
0000 

cooo 

cooo 

cooo 00 
C001 00 
C002 E2CE R 

COOi! 

cooii 

COOII ES £602 R 
C001 CB 
coos EB £619 R 
coos CB 
cooc EB £626 R 
COOF CB 
C010 E8 E632 R 
C013 CB 
C01ll E8 E63C R 
C017 CB 
co ,a E8 E643 R 
C01B CB 
co ,c ES E650 R 
co,r CB 
C020 ES E665 R 
C023 CB 
C0211 ES E66D R 
C02T CB 
C028 E8 ESE~ R 
C02B CB 
C02C EB E1 F6 R 
C02F CB 
C030 ES E266 R 
C033 CB 
C0311 EB CF9F R 
C03T CB 
C03B EB D6llO R 
C03B CB 

C03C DBBC R 
C03E 0000 
C040 113 IIF 50 59 52 119 

117 118 511 20 28 113 
29 20 20 20 

C050 4F IIC 49 56 115 511 
511 119 20 31 39 38 
311 20 20 20 

co6o 

C060 

ROM BIOS Listing 

;BOOT ROH - AT&T PERSONAL COMPUTER 6300 
;Rev. 1,0 - HAY 19611 

page 60,132 

ROM BIOS 
Listing 

> ---------------=11-------"=11=-== --=---=--------- : == =:================= 
Filer•eo·e: flags. sro 

Thi:J file oonta1ns the temporary conditional a:,sembly flag 
definitions and includes of the other assecibly modules. 

; :::: :: : 11::: =::::=::II: 11: 11:: II:,: 1111 :011: "",:II:==::=::::::"":,::;:,::~:> 0 0: 0: II::: 

; Hecrc l'ef ini lj ~•r i 

; HASH does not let you code a • jump intersepent direct• instruction, so 
; this macro simulatea tbat instruction. 

jmpr macro arg1 ,arg2 ; ; USAGE: jmpf aeg, ott 
db OEAh 
dw arg2 
dw arg1 
endm 

Code Declare tion 

code segment public 'ROM' ; link code segments first 

ORG 

flags_datal 

cbk_lo 
ro111_id 
rom_mt 

flags_data1 

far_call:, 

call 
re< 
call 
ro< 
call 
ro< 
call 
ro< 
call 

"' call 

"' call 

"' call 

"' e.-11 
ro, 
call 
ro< 
call ,., 
call 
ro, 
call 
re< 
call 
rot 

dv 
dv 
db 

db 

far_calls 

code ends 

08:code, ds:ncth1ng, es:notbing, ss:nothing 

OCOOOh 

proc 

db i space for checksum of FOOO:COOO to FOOO:DFFF 
db ; ROH identifier, 
dt1 mastab ; offset of 111astab in ROH. 

endp 

proc tor 

DString 

DCrLf 

DColon 

DHexLong 

DHexWord 

DHexByte 

OHexNib 

DNum 

DNumW 

rom_checksum 

rtc_chk 

memtst 

h_init 

h_rmt 

offset banner_111 
0 
'COPYRIGHT (CJ 

'OLIVETTI 19811 

endp 

tar call table: tbe u8er does a far call to 
FOOO:COII, a near call 1:,, done to the proper 
routine, and a far return back to the user. 

; FOOO: coo ii 

; FOOO: C008 

; FOOO:COOC 

j FOOO:C010 

FOOO:COPI 

FOOO :C018 

FOOO:C01C 

FOOO:C020 

FOOO:C024 

FOOO:C028 

FOOO:C02C 

; FOOO :COJO 

FOOO:C034 

FOOO: C038 

(3 bytes per near call) 
(1 byte per far· reh1rn) 

pointer to banner 
For aligning the copyright message. 

j Include:'\ of A!O~f'Cllbly Yodulc:: 

;include f}9g~.a:u:1 
ir.clude sysdata.aaCll 

Filer.ca:f,: 

{this module) 

sys data.arc 

This is the port equate and .syatem data definition module. 
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0000 
0030 
0040 
B000 
B800 
FOOO 

" 0007 
= 0008 
= OOOD 
" OOOA 

= 0000 

0000 
0001 

0002 
0003 
0004 
0005 
0006 
0007 

= 0008 
: 0008 
= 0009 
= OOOA 
: QOOB 
= oooc 
= 0000 
= 0000 
= OOOE 
= OOOF 

: 0080 
: 0082 
" 0061 
= 0083 

= 0004 
= 0000 

= 0058 

= 00111 

0056 

0043 

= 0000 

= cc:::c 
= 0021 

= 0013 

8-38

r 
C 
C 
C 
C 
C 
C 
C 
C 

(See flags. src for cond1 tional a::<%t-mbly flafs, •. J 

i--""========"="=======•"•========,,=============""'"""""""·----------=:c.:c 

------------------- . .

Global Ccn:star.t::, 
,---------------------------- ·········---------- ------ -- -

absO_seg 
stack_seg 
data_seg 
para_mono 
para_graph 
code_seg 

., " 
equ 
"'" 
"'" 
"'" 
"'" 

00000h 
00030h 
OOOIIOh 
OBOOOh 
OB800h 
OFOOOh 

C BEi. .,, 007h 
C BS 
C CR 
C LF 
C 
C NOL 
C 
C 

.,, 008h 

., " OODh 
"'" OOAh 

"'" 

C AT&T PERSONAL COMPUTER Addresses 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

'----------------------------------------------- -----

18237A p_doa Controller PQrl Addresses 
.----------------------------- - ----------- --·-- -- ----

dma_addr_O 
dria_count_O 
dma_addr _ 1 
dma_count_1 
dma_addr_2 
dma_count_2 
dma_addr_3 
dma_count_3 

dma_statua 
dma_command 
dma_request 
dma_mask_bi t 
dma_mode 
dma_rr_ol r 

.,, 

.,, 

., " 
"'" 
"'" 
"'" 
"'" 
"'" 

"'" 
.,, 
.,, 
"'" 
.,, 
.,, 

dma_temp 
dma_maater_clr equ 
dma_mask_cl r 
dma_maa�_write equ 

''" 

''" 

dma_aegm_O 
dma_aegm_1 
dma_segm_2 
dma_segm_3 

.,, 
"'" 
.,, 
.,, 

OOb 
01. 
02h 
OJh 
,.. 

05h 
o6b 
07' 

••• 

OBh 
09h 
OAh 
OBh 
OCh 
ODh 
ODh 
OEh 
OFh 

080h 
082h 
081 h 
083h 

16-bit address register - channel O - refresh 
16-bit count register 
16-bit address register - channel 1 - not used 
16-bit count register 
16-bit address register - channel 2 - FDU 
16-bit count register 
16-bit address register - channel 3 - display 
16-bit count register 

8-bit read :status register 
8-bit write command register 
4-bit write requ11st register 
II-bit (write) set/clear one ai.ask register bit 
6-bit write mode register 

(write) clear byte pointer flip/flop 
8-bi t read temporary register 

(write) master clear command 
II-bit (write) clear all mask register bits 
4-bit write all maak register bits at once 

RAM refresh - l!xll-bit high nibble segment port 
not ueed 
FDU 
die play TEMP 

i8237A p_d:na controller constants 

; dma_oo1u1and port: 

dma_cmd_disable equ 
dma_cmd_enable equ 

dma_mode_O 

dma_mode_1 

dma_mode_2 

dma_mode_3 

"'" 

dma_mask_bit port: 

dma_unmask_O equ 

OOllh 
OOOh 

058h 

0111 h 

056h 

043h 

OOOh 

bit 10 memory-to-memory/-I/0 enable 
bit 12 controller disable 
bit 13 co11pressed/-normal timing 
bit Iii rotating/-fixed priority 
bit #5 extended1-1ate write selection 
bit #6 DREQ active low/-high 
bit 17 DACK active higbt~low 

controller disable {bit 12) command 
; memory-to-I/0,controller enable,normal 

fixed priority, late write, DREQ/-DACK 

channel O, read, autoinitialize, inc
rement, single mode for RAM refresh. 
channel 1, verify, autoinit disabled, 
increment, aingle !!)Ode for not used. 
channel 2, write, autoinitiali:z:e, inc
rel!lent, single mode for f'DU, 
channel 3, verify, autoinit diaatled, 
incre1i1ent, single !!)ode for display, 

bits 10-1: channel select 
bit I 2: set/-clr mask bit (off/-on) 

turn on channel O for RAM refresh. 

i8259A Prcgram111able Interrupt Controller Port Addressee 

C �j c_(I 020h 
021 h 

8259A ·control' port (AO " OJ 
82�9A "data• port (AO " 1) C pic_l 

C 
C 
C 
C 

C 
C 
C 

C 

pic_iow1 

iB259A Progra!llmable Interrupt Controller Command: 

.,, 013h IC\o'1 for both master & slave i;ic' s 
bit #0 1: ICWI! to follow (w/veotor bas,;) 
bit 11 = 1: :aingle code (no Bl aves or icwJ) 

r", 

r\ 

� 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

,-- -----
' 

' ,- ---- --

equ 

equ 

equ 

,,, .,. 
;- -- --- - -------------------- -- -- --. -. -- --------- ----- --------- -------- -



" 0008 
• 0008 

II OOOD 

" OOP'P' 

" 0020 

" 0060 
• 0061 
., 0066 

.. oou 
• 00,1 
• 00112 
• 00,3 

= 0036 
"' 0074 
"' 0086 

= 0000 

= 0013 

= 0266 

:: 0050 
= 0052 

= 0060 
= 0061 

= 0064 

= 0062 
= 0065 
= 0066 

pio_icv2 .,, O08h 
p1o_iov3 .,, 0O8b 

p1c_1ov4 .,, OODh 

pic_ott_mak .,, OPPh 

pic_a.001 .,, 020b 

pic_aeoi_O .,, 06Gb 
pic_ooo1_1 .,, 061b 
p1c_aoo1_6 "" 066b 

ROM BIOS 
Listing 

bit 12 : O: call addl-coa J.nter••l or 8 bJteo 
(don't care if 8086 110do -- al va711 Hlotora II 
byte interval) 
1)1t 13 • 0: odgo triggered 
interrupt vootor baao addroaa (INTa 08h - OPh) 
if cancado 11odo , aod IR3 la a 
alava, 8259A h raprosra■■od tnoludins 1ov3 
b1t to • 1: 8086 ■ode 
bit 11 • O: nor11al ond_ot_illt 
bit 12 • 1: 11pooit1 ■aoter tor buttered ■ode 
( apocifiea alaTo tor buttered aoda ) 
bit f3 • 1: buftorod ■ode 
bit f4 • O: not apooial tullJ nut.ed 
pie interrupt 11:aak bit.a (all h.t.errupt.11 oft) 

non-apooific and-of-interrupt 

apooiflo end-of-interrupt tor IRO; 18253 p_ti■or 
apectrtc ond-ot-tnterrupt tor IBO; 180,u kb 
apoottic ond-ot-intorrupt tor IR6: tdu 

. 18253 p_tt■or Port Addroaaoa ;----------------------------------------------------------------------
p_82'"5LO 
p_825L1 
p_825L2 
p_8253_ctrl 

.,, .,, .,, .,, 
; 8253 p_t111or O - rte iotorrupt - IBO • IRT 08b 
; 8253 p_tt■or 1 - ■o■or7 rotreob p_d■ a 
; 8253 p_tt■or 2 - tone generator tor apoakor 
; 8253 p_tt■or control port 

; 18253 p_t1mer Control Bytes 

bit 10 
bita 11-3 

bits 111-5 
bits 16-7 

tOcmd 
t1 cmd 
t2cmd 

-> Binary Code Decimal (BCD) Enable 
-> Mode (0-5) 000 Hodo 0: Interrupt on Terminal Count 

001 Hodo 1: Proara111111ablo One-Shot 
x10 Hodo 2: Rate Oonorator 
x11 Hodo 3: Square wave Rato Oenorator 
100 Hodo II: Software Triggered Strobe 
101 Hodo 5: Hardware Triggered Strobe 

-> Read/Load Inatruotion (0-3) 
-> Select Counter (0-2) 

.,, .,, .,, 
036h 
0711h 
0B6h 

; oo 11 011 O -> p_8253_0, lob tat, mode 3, no BCD 
; 01 11 010 o -> p_8253_1, lob 1St, mode 2, no BCD 
; 10 11 011 O -> p_8253_2, lab lat, mode 3, no BCD 

' 18253 p_timor Count.a 

; 8253 input b 1.2288 MHz (3.6864/3) or a period of 813.8 naeo • 0,814 uaeo 
; Note: PC input ta 1.19318 MH2 or a period of 838.1 naoc • 0,838 ueoo 

tocount oqu o ; = 65,536 -> {1,228,800 H2)/(65,536) ■ 18,75 inta/aeo 

;t1count equ 

tlcount equ 

t2count equ 

,, 

'" 

; -> (1,193,180 Hz)/(65,536} ■ 18,21 1nta/uo 

OLD refresh cycle • 9 1(813.8 naoo} • 7,32 uaao 

REAL refresh cycle • 19 1 (813,8 naoc) • 15,5 uaeo 
< 15,625 usoo minimum required. { ia 18 • aatety??) 

( 1.2288 MHZ)/{2*6111) • 1.00 kH2 tone 

. ZB530 Sorial Communication Controllor 

(acc_data_x port addreasea are indexed from the scc_ctl_x 
port addresses. Soo com. arc.) 

acc_ctl_a 
acc_ctl_b 

.,, .,, 050h 
052h 

; 801'1 keyboard Controller 

p_kacan 
p_kctrl 

.,, .,, 060h 
061 h 

; write to sec pointer resister CO•f'h), 
; thon read or write trom selected rogiater. 

bit 17: 
bit 16: 
bit 15: 
bit 14: 
bits 13 & 12: 
bit 11: 
bit 10: 

re3ot interrupt pending 
kb clock reset 
I/0 channel (HMI) enable 
RAH parity {NHI) enable 
not used 
speaker data 
speaker sate to p_B253_2 

kb_statua .,, 064h bit 11: 
bit. 10: 

input buffer (ok to write byte) 
output buffer (byte to be read) 

General Control Ports 
C ; -------------- -- -- -- -- •• •- ----- ---------- -- --- -•-------- ----- •- •••• •• • 

ControlB 
CommControl 
sys_conf_a 

e,:u .,, .,, 
062h 
065h 
066h 

8087, etc. 

bit 17 
bit 16 
bit 15 
bit fl! 

2764/-2732 i!OH's 
not used 
sec 8530 chip installed 
8087 installed 

8-39 



ROM BIOS 
Listing 

= 0067 

= 0080 
"' 00110 
= 0020 
= 0010 
= 0009 
:: 0008 
= 0004 
= 0003 
= 0002 
:: 0001 

= 0201 

= 03BC 

= 0378 

= 0278 

= 03D4 

= 03B4 

" 03F8 

= 03FA 

" 02F8 

:: 02FA 

8-40 

C 
C 

bit 13: 256k x 1 RAH used 
RAH configure tion 

c aye_conr_b 
C 

.,. 067h 
bita 12 - #0 
bits 17 - #6 
bits 15 - #4 
bits 13 - 12 
bit 11: 

(number of FDOs)-1 
reserved tor monitor type 
reserved for HOU type 
"fast• FDU start up 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

bits 10: 96 tpi FDU 

,----------------------------------------------------------- ---
; 58174A Clock Calendar 

; (See calendar, arc) 
,---------------------------------------------------------------
;----------------------------------------------------------- -
; FDU 6 HDU Disk Driver Error Codes 

t1me_out equ 
eeek_error equ 
fdc_error equ 
1:rc_error equ 
d111a_ses._orror equ 
dma_error equ 
sect_not_found equ 
vrite_protect equ 
addr_mark_error equ 
cnd_orror equ 

80h 

"' 20h 
,Oh ,,. 
08h , .. 
03h 
02h 
01 h 

.----------------------------------------------------------------------
; Gama Card 
;----------------------------------------------------------------------
game_card 201h 

Parallel Printer Interface 

(prt_atat_x & prt_omd_x port addresses are indexed from tbe 
prt_data_x port addresses. See prt. arc.) 

prt_data_a 
; prt_atat_a 
; prt_omd_a 

prt_data_b 
; prt_stat_b 
; prt_o111d_b 

''" ''" .,. 

03BCb 
03BDb 
03BEh 

0378h 
0379h 
037Ah 

on mother board 

C prt_data_c .,. .,. .,. 0278h 
0279b 
027Ah 

C ; prt_.:itat_o 
C ; prt_cmd_c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

;----------------------------------------------------------------------
Color and Monochrome Video Controller 

(xxxxx_data, xxxxx_mode, xxxxx_status, xxxxx_LPcloar, and 
xxxxx_LPPreaet port addresses are indexed from the xxxxx_Pointer 
port addressee for color & display. See vid.arc and graph.arc.) 

;----------------------------------------------------------------------
; Color Controller. 

oolor_pointer ''" 0304h 68115 pointer to internal regs 

; Monochrome Controller. 

v_pointer ''" 03B4h 6845 pointer to internal regs 

;-------------------
INS8250 Asynchronous Co111muni cation Chip 

(com_int_x, oom_lctl_x, co111_111otl_x, oom_lstat_x, and 
COlll_matat_x port addresses are indexed from the com_data_x 
port addresses. See com, arc.) 

;-------------------------------------------------------------··-------
oom_data_a equ 
; com_int_a equ 
oom_id_i:1 equ 
; com_lotl_a equ 
; oom_111otl_a equ 
; ccrn_lstat_a equ 
; com_rr.stat_a equ 

COlll_da ta_b eq u 
; com_int_b equ 
com_id_b equ 
i com_lotl_b equ 
; co111_mctl_b equ 
; ccm_l.:itat_b equ 
; com_mstat_b equ 

03F8h 
03F9h 
03FAh 
03FBh 
03FCh 
03FDh 
03FEh 

02F8h 
02F9h 
02FAh 
02FBh 
02FCh 
02FDh 
02FEh 

channel A 8250 data register/low byte baud 
channel A 8250 high byte baud count register 
channel A 8250 check for presence register 
channel A 8250 line control register 
channel A 8250 modem control register 
channel A 8250 line status: register 

; channel A 8250 111odem status register 

; channel B 8250 data register/low byte baud 
channel B 8250 high byte baud count register 
channel B 8250 check for presence register 
channel B 8250 line control register 
channel B 8250 modem control register 
channel B 8250 line status register 
channel B 8250 modem statue register 

;----------·-- --------------------------------------------------·-----
Keyboarci Constante 

; -· • ::hift flag equatee within kb_fl ui.. 



.~. 

~ 

0080 
0040 
0020 
0010 
0008 
0001 

" 0080 
: 00110 
:: 0020 
: 0010 
" 0008 
:: 00011 
:: 0002 
:: 0001 

= 001 D 
= 002A 
= 0036 
= 0038 
= 003A 
= 0011 ~ 
= 00 46 
: 0052 
= 0053 

0000 

0000 
000 4 
0008 
oooc 
0010 
0014 

OC18 
001 C 

0020 
0024 

0028 
002c 
0030 

0034 
0038 

003c 

0040 
0044 
0048 
004C 
0050 
00511 
0058 
005C 
0060 
0064 
0068 
006C 
0010 
007'1 
0078 
007C 

0080 

11111??? 
???????? 
?1111111 
11111111 
777711?? 
1?11???? 

???????? 
?1????77 

???????? 
???????? 

???????? 
???????? 
???????? 

?????7?7 
?77?7?7? 

??????7? 

???????? 
???????? 
???????? 
111111?? 
???????? 
?????111 
???????? 
???????? 
????11?? 
???????? 
111????? 
1111???? 
?111111? 
???????? 
11111111 
1111111? 

ROM BIOS 
Listing 

inaert_mode equ 
capa_lock_mode equ 
num_lock_mode equ 
scrl_lock_mode equ 
pause_mode equ 
dlx_kb equ 

80h 
40h 
20h 
10h 
08h 
01 h 

1n11ert state in action 
oaps lock atate toggled 
num lock state toggled 
scroll lock atate toggled 
pause toggled 
del u:ii:e keyboard 

;---- shift flag equatea within kb_flag_1 

inaert_ahift equ 
capa_lock_ahift equ 
num_lock_ahift equ 
scrl_lock_ahift equ 
lllt_abif"t equ 
cntrl_sbift equ 
1 eft_ah 1ft eq u 
right_shift equ 

••• ••• 
20h 
10h ... ... 
02h 
01h 

; insert key depresaed 
; cap:.i lock key depressed 
;, num lock key depre:,aed 
; scroll lock key depreasod 

alternate shift key depreaaed 
; control shift key depressed 
; left shift key d8preaaed 
; right shirt key doprossod 

;---- Scan codea ror special function keys 

cntrl_key equ 
left_shlrt_key equ 
r1ght_sh1ft_key equ 
al t_key equ 
caps_lock_key equ 
num_lock_key equ 
scrl_lock_key equ 
in.sert_key equ 
delete_key equ 

29 

" " " 58 
69 
70 
82 
8J 

Data Declarations 

control key acan code 
left shift acan code 
right ahift scan code 
alt shift key .scan code 
shirt lock acan code 
number lock scan code 
scroll lock key scan code 
insert key sean code 
delete key scan code 

Interrupt Locations (dummy data segment to define constant orrsetal 

absO segment publ le 'RAH' ; at absO_aeg 
assume cs:nothing, ds:noth1ng, es:nothing, sa:nothing 

; CPU Interrupt Routines 

intOOlocn 
into 1 locn 
1nt02locn 
into 3locn 
int04locn 
int05locn 

dd 
dd 
dd 
dd 
dd 
dd 

in t06 locn dd 
::.r.tC? locn dd 

divide by :.ero 
single step trap 
nmi parity trap 
break interrupt 
divide overflow 
print screen 

---------------------------------------------------------------------------
c ; iB259A Hardware Interrupt Routines 

~r.tDBlocn 
1nt09loen 

intOAloen 
C intOBloco 
c intOClocn 
C 
C intODlocn 
C 1nt0Elocn 
C 
C intOFlocn 
C 

dd 

•• .. .. .. .. .. .. 

18253 rte interrupt 
; 180111 kb interrupt 

bard diok interrupt 
floppy diak interrupt 

C ------ ---------•. •- - - --- - - - -- - - ---- -- -- -- - -- --•. -- -- ---- .. -- •••• --- --- - -- -- • 
C ; Software Interrupt Routines 
C • --- - -- --------- -- •••••••••• -- •• -• •• •--- -- --- ----- •------ - -- •• -- --- •••••••• -
C 
C 
C 
C 
C 
C 
C 
C 

display requ.eot 
equip111ont roqueal 
111e111ory size requca,t 
diak I/0 requeot 
aerial communication request 
caoaette request 
kb requoat 
printer rcquoat 
caaaetto BASIC pointer 
boot-atrop request 
time of day roqucat 
kb break pointer 
p_ti ■er break pointer 
display parameter pointer 
diok parameter pointer 

1nt1 Olocn 
int11locn 
1nt12locn 
int13locn 
int.1 lllocn 
int15locn 
int16locn 
int 17locn 
int18locn 
1nt19loen 
1nt1 Alocn 
int1Bloea 
1nt1Cloca 
int 1 Dlocn 
int1Elocn 
int1Flocn 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. grapbica cbar-.ntcr e:11:tenaiona pointer 

C ab:sO ends 

; RAH alack 
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0000 

OC"·GO 

0000 

0000 

0008 

0010 
0012 
0013 
0015 

0017 
0018 
0019 
001A 
001C 

001E 

003E 
003F 
00-'iO 
00111 

0042 
00112 
0042 

0049 
OOH 
004C 
004E 
0050 

0060 
0062 
0063 
0065 
0066 

0067 
0069 
0068 

006C 
006E 
0070 

0071 
0072 

OOH 
0075 

8-42 

04 [ 
???? 

04 
???? 

1??? 
?? 
???? 

02 
?? 

?? 
?? 
?? 
11?? 
1??? 

10 
??1? 

?? 
?? 
?? 
?? 

07 [ 
?? 

?? 
???? 
1??? 
???? 

oe c 
???? 

11?? 
?? 
???? 
?? 
?? 

???? 
???? 
?? 

???? 
???? 
?? 

?? 
???'l 

?? 
?? 

C stack_ram aegment publ 1c 'RAH• at atack_seg 
C 
r :,t.ack_rtitl ends 
C 

g ' .!-yete~ Data Arec 
C ,---------. - •••• - •••••••.•••• --·. ----- ---------------------------------
C 
C data see;ment public 'RAH' ; at data_seg 
C assume cs :nothing, ds :nothing, es :no thine,, as :nothing 
C 

r ,-------------------------- -------- ------ -------
c ; Data Arca 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ROH Bios Data Area 

rs232_addr .. ' dup (?) 

printer_addr .. 4 dup (?) 

avitch_bi ta .. ? 
mrg_tat db ? 
memory_a1ze ,. ? 
mfg_err_flag db ' dup (?) 

Keyboard Data Area 

kb_flas db 
kb_flag_1 db 
al t_input db 
buffer_heed .. 
buffer_tail .. 
kb_buffer .. 16 dup (?} 

l 

0040: 0000 

0040:0006 

00110:0010 
00110:0012 
00110:0013 
00110:0015 

0040:0017 
00110:0018 
0040:0019 
0040:001A 
OO.l!0:001C 

0040:001£ 

C 
C 

Floppy Diskette Data Area 

C aeok_etat.1111 db 
C motor_atatua db 
C motor_count db 
c diakette_statua db 
C 
C 
C 
C 

Citd_bl ock 
hd_error 
nec_5tat1111 

label 
label 
db 

byte 
byte 
7 dup {?) 

Video Display Data Area 

00110: 003E 
0040:00JF 
00110:00.l!O 
00110:00111 

00110: 0042 
0040:0042 
00110: 0042 

OOll0:0049 
OOII0:004A 
00110: OOIIC 

v_mode 
v_width 
v_heigh t 
v_top 
v_curpoa 

db .. ,. .. .. ? ; 00110:00IIE 
8 dup (?) i 0040:0050 

v_curaize dw 
C v_apage db 
C v_baoe66115 dw 
C v_Jx6 db 
C v_col or pal db 
C 
C Optional Poot Data Area 
C 
C io_rom_init dw 
C io_rom_seg dw 
C intr_flag db 
C 
C 16253 p_limer Data Area 
C 
C t_Iov_order dw 
C t_hi_order dw 
C t_overflow db 
C 
C Sy11tem Data Area 
C 
C bio5_break db 
C r~tet_flot:. clw 
C 
C Fixed Ci.:ik I!ata Area 
C 
C disk_status db 
C hf_num db 

00110: 0060 
OOllO :0062 
00110: 0063 
00110:0065 
0040:0066 

i 0040:0067 
; OOllo:0069 

OOII0:006B 

i 00ll0:006C 
i OOll0:006E 

00110:0070 

0040: 0071 
00110: 0072 

OOll0:00711 
0040:0075 

addreasea of rs232 adapters 

addresses of printers 

state of DI p SW i tcb es 
initialization f'lag 
memory a1ze in kbytea 
error codes for manufacturing 

keyboard shift flag atatua byte 
second byte of keyboard status 
alternate keypad entry 
keyboard output pointer offset 
keyboard input pointer offset 

room for 15 entries: head "' 

tail implies buffer ia empty 

floppy disk restore status bits 
floppy disk motor status bits 
floppy disk turn oft oounter 
floppy disk driver atatuB byte 

HDU command block buffer 
HDU sense byte buffer 
:.itatua bytes from NEC controller 

CRT mode 
CRT number of colUIIUlS (often db) 
CRT length of video ram in bytes 
CRT video ram buffer address 
cursor tor each of up to 8 pagea 

v_curs_type sets cursor value 

option ROM init routine offset 
option RON init routine segment 
occurrence or interrupt flag 

low word of 18253 p_ttmer count 
high word or 18253 p_timer count 
time rolled over flag 

bit #7 set if break key hit 
"' 123llh if keyboard reset hit 

fixed disk driver status byte 
fixed disk drive count 



~. 

0076 77 
0077 ?? 

0078 04 
77 

OOTC 04 [ 
77 

0080 ???? 
0082 ?'l?? 

0084 ???????? 

ooee 

0000 

0000 
CO6O 

co6o 

co6o 

C060 00 00 00 00 00 00 
00 00 

C068 00 00 00 00 00 00 
00 00 

CO7O 00 00 7E 81 AS 81 
81 BD 

CO78 99 81 7E 00 00 00 
00 00 

COBO 00 00 7E FF DB FF 
FF C3 

co88 ET ET FF TE 00 00 
00 00 

C090 00 00 00 36 7F 7F 
7F 7F 

C098 3E1CO8OOOOOO 
00 00 

COAO 00 00 00 08 1C 3E 
7F 3E 

COA8 1C 08 00 00 00 00 
00 00 

COBO 00 00 18 3C JC ET 
ET ET 

COBS 18 18 JC 00 00 00 
00 00 

coco 00 00 18 JC TE FF 
FF 7E 

coca 18 18 JC 00 00 00 
00 00 

CODD 00 00 00 00 00 18 
JC JC 

CODS 18 00 00 00 00 00 
00 00 

COED FF FF FF FF FF ET 
CJ CJ 

COE8 CJ E7 FF FF FF FF 
FF FF 

COFO 00 00 00 00 JC 24 
il2 42 

COFB 24 JC 00 00 00 00 
00 00 

C1OO FF FF FF FF CJ 99 
BD BD 

Cl 08 BO 99 CJ FF FF FF 
FF FF 

Cl 10 00 00 1F 07 OD 19 
78 cc 

C118 cc cc 78 00 00 00 
00 00 

C120 00 00 JC 66 66 66 
JC 18 

Cl 28 TE 18 18 00 00 00 
00 00 

C130 00 00 18 14 12 12 
12 14 

C138 10 70 PO PO 60 00 
00 00 

C 
C 

control_byte db 
port_off db 

ROM BIOS 
Listing 

; 0040:0076 fixed disk control byte options 
; 0040:0Ci77 fixed disk port offset 

Printer & RS-232 Tiuio-Out Dota Areos 

printer_t_out db 4 dup (? l 0040:0078 printer time-out variables 

serial_t_out db 4 dup (?) ; 0040:007C RS-232 time-out variables 

Additional Keyboard Data Area 

C buffer_start 
C buffer_enC:: 

dw 
dw 

; 0040:0080 
i OOliO:OOf!2 

offset of kb_buf fer = 001 E 
off~et of' kb_buffer_end = 003E 

C 
C 
C 
C 
C 
C 
C 
C 

;-------------------- --- ----------------- -- -- -- -- -- --- ---- - ---- --- -----
Data Area 

Master Table Pointer. 

master_tbl_ptr dd ; 0040:0084 pointer to master table 

data ends 

Video RAM 
C • -- - - - - -- -- -- - - - • - - - - - - - -- - • •• • • • • - - - - - -- -- --- --- - - - -- - -- -- -- - - - • - • - • - -

C 

v_raD1 seg111ent public 'RAH' ; at pa ra_mono 

v_raDI ends 
code segD1ent public 'ROH' 

assuD1e oa:code, da:nothing, es:nothing, se:nothing 

font_lo_8x16 label byte ; 2048 byte::i 
include fontlo16,aam 

fontlo16 proc near System Font Table for K24 

DB OOh, OOh, OOh, OOh, OOh, OOh, OOh, OOh 

DB OOb, OOh, OOh, OOh, OOh, OOh, OOh, OOb 

DB OOh, OOh, 07eh, 081 h, Oa5h, 081 h, 081 b, Obdb 

DB 099b,081h,07eb,OOh,OOh,OOh,OOh,OOh ; 

DB OOh, OOh, 07eb, 0 ffh, Od bh, Offh, 0 ffb, Oc3h 

DB Oe7b,Oe7h,Offb,07eb,OOh,OOh,OOb,OOb ; 

DB OOh, OOh, OOh, 036h, 07 fh 1 07fh, 07fh, 07fb 

DB 03eb, 0 1 ch, 0 Sh, OOh, OOh, 0 Oh, OOh, OOb 

DB OOb, OOh, OOh, O 8b, 01ch,03eh, 07 fh, o 3eh 

DB O 1 ch, 0 Sb, OOh, OOh, OOh, 00h, OOh, OOh 

DB OOh, ooh, D 1 Sh, 03Ch, 03Ch, Oe7b, Oe7h, oe711 

DB 01Sh,018h,03ch 1 00h,OOh,OOh,OOh,OOb ; 

DB OOh, ODb, 0 1 Sb, 03ch, 07 eh, 0 ffh, 0 ffh, 07 eh 

DB O 18h, 018h, 0 Job, OOh, 00h, OOh, OOb, OOh 

DB OOh, OOh, OOh, OOh, OOh, 0 18h, OJ ch, 03ch 

DB O 18h, OOh, OOh, OOb, OOh, OOh, OOh, OOb 

DB Offh, 0 ffh, 0 ffh, 0 ffh, 0 ffb, 0 e7b, Oc3b, Oe3h 

DB Oc3h, Oe7h, 0 ffh, Offh, 0 ffh, 0 ffh, Offb, 0 ffb 

DB OOh, OOh, OOh, OOh, O]ch, 024h, Oli2b, 042b 

DB 02lib, O]ch, OOh, OOh, OOh, OOh, OOh, OOh 

DB O ffh, 0 ffh, 0 ffh, 0 ffh, 0 c3h 1 0 99h, Obdh, Obdb 

DB Obdh, 0 99b, Oo 3h, O ffh, a ffh, 0 ffh, D ff'h, D ffh 

DB OOh, 0 Oh, 0 1 fh, 07 h, Odh, 0 19h, 07Sh, Oceb 

C DB Occb,Occh,078h,OOh,OOh,OOh,OOb,OOb ; 
C 
C DB OOb, ooh, 030h, 066b, 066h, 066h, 03cb, 018h 
C 
C DB 07ob,018h,018h,OOh,OOh,OOh,OOb,OOh ; 
C 
C DB OOh,OOb,018b,014h,012h,012b,012b,014b 
C 
C DB 010h,070h,OfOb,OfOb,060b,OOh,OOb,OOb 
C 
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ROM BIOS 
Listing 

Cll.10 00 00 1F 11 1F 11 
11 11 

C148 13 37 77 72 20 00 
00 00 

Cl 50 00 00 ,a ,a DB 3C 
27 3C 

Ct58 DB 18 18000000 
00 00 

C160 00 00 40 60 70 7C 
7F 7C 

C168 70 60 40 00 00 00 
00 00 

C170 00 00 01 03 07 1F 
7F 1 F 

Ct78 07 03 01 00 00 00 
00 00 

Ct80 00 00 18 3C 7E 18 
18 18 

Ct88 7E 3C 18 00 00 00 
00 00 

C190 00 00 33 33 33 33 
33 33 

C198 00 00 33 00 00 00 
00 00 

cao 00 00 7F DB DB DB 
7B 1B 

CUB 1 B 1 B 18 00 00 00 
00 00 

C1BO 00 3E 6 3 3 0 1 C 36 
63 63 

C1B8 36 1C 06 63 31!: 00 
00 00 

C1CO 00 00 00 00 00 00 
00 00 

C1C8 7B 71!: U 00 00 00 
00 00 

C1DO 00 00 18 3C 7E 1B 
1 a ,a 

C1D8 7B 3C 18 P'F 00 00 
00 00 

Ctl!:O 00 00 1 8 3C 7E 18 
18 18 

Cll!:8 1 a 18 18 oo oo oo 
00 00 

C1FO 00 00 18 1B 18 18 
18 18 

C1P8 7E 3C 18 00 00 00 
00 00 

C200 00 00 00 00 oc 06 
7F 06 

C208 oc 00 00 00 00 00 
00 00 

C210 00 00 00 00 18 30 
7F 30 

C218 18 00 00 00 00 00 
00 00 

C220 00 00 00 00 60 60 
60 60 

C228 7F 7P 00 00 00 00 
00 00 

C230 00 00 00 00 211 112 
FF 112 

C238 211 00 00 00 00 00 
00 00 

C240 00 00 00 00 00 00 
00 1B 

C248 3C 7B FF 00 00 00 
00 00 

C250 00 00 00 00 00 FP' 
7B 3C 

C258 18 00 00 00 00 00 
00 00 

C260 00 00 00 00 00 00 
00 00 

C268 00 00 00 00 00 00 
00 00 

C270 00 00 18 3C 3C 3C 
18 18 

C278 00 18 18 00 00 00 
00 00 

C280 00 00 66 66 211 00 
00 00 

C288 00 00 00 00 00 00 
00 00 

C290 00 00 36 36 7Y 36 
36 36 

C298 7F 36 36 00 00 00 
00 00 

C2AO 08 08 3E 63 60 60 
3E 03 

C2A8 03 63 JE 08 08 00 
00 00 

C2B0 00 00 00 61 63 06 
oc 18 

C2B8 30 63 113 00 00 00 
00 00 

c2co 00 00 1C 36 36 1C 
3B 6E 

C2C8 66 66 3B 00 00 00 
00 00 

8-44 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

.r'\ 
DB OOh, OOb, 01fb,011b,01th, 011 b, 011b, 011 b 

DB 0 13h, 037b, 07 7h, 072h, 020h, ooh, 0 Oh, OOb 

DB OOb, OOh, 018b, 01 Bb, Odbh 1 03cb, 0 e7 h, 03Clb 

DB Od bh, 018h, 0 18h, OOh, OOh, 00b 1 OOb, OOb ; 

DB OOb, OOb, 040h, 060h 1 070b 1 07ab, 07 th, 07ch 

DB 070h, 06011, 0 40b, ooh, Ooh, DOil, OOh, DOil 10 

DB OOb, OOh, 0 1 b, 03b, 07b, 0 1 fb, 07th,01 fb 

DB 07h, 03h, 01 h, OOb, ooh, OOb, OOh, OOb 11 

DB OOb, OOb, 0 18b, O)ab, 07eb, 018b 1 018b, 018b 

DB 07ah, OJ ob ,O 18b, OOb, DOil, OOb, OOb, OOb ; 12 

DB OOb, OOh, 033h, 033b, 033b, 033b, 033b, 033b 

DB OOb, 00b 1 033b, OOb, OOb, OOb, OOb, OOb 13 

DB OOb, OOb, 07 fb, Odbb, Odbb, Odbb, 07bb, 01 bb 

DB 01bb, 01bb, 01 bb, OOb, OOb, OOb, OOb, OOb ; ,. 
DB OOb, 03eb, 063b, 03Ob,01 oh, 036b, 063h, 063h 

DB 036h, 0 lob, 06b, 063h, 0 3eb, OOb, 00b 1 OOb 15 

DB OOb, OOb, OOh, OOh, OOb I OOb, ooh, OOb 

DB 07oh, 07 oh, 07 ob, OOb, OOh, 00b 1 00b 1 OOb " 
DB OOb, OOh, 018b, 03ob, 07eh,01Sb,01Sb,01 Sh 

DB 07 ob, 03oh, 018b, orrh, OOh, OOh, OOb, OOb ; 17 

DB OOb, OOh, 01 Sb, 03ob 1 07eb, O 18b, 0 1Sb,018h r'\ 
DB 018h, 018h, 018h, ooh, OOh, OOb, OOh, OOh ; 18 

DB OOb, OOh, 018h, 0t8b,018b, 018h,018b,O 18b 

DB 07eb, 03ob ,o 18b, ooh, OOb, OOh, OOb, OOb 19 

DB OOb, OOb, OOb, ooh, Ooh, 06b, 07 rh, 06b 

DB Ooh' OOh, OOh, OOb, OOb, OOb, OOb, Ooh 1a 

DB OOb, OOb, OOb, OOb, 0 1 Sb, 030b, 07th, 030b 

DB 018b, OOb, OOb, OOh, oott, OOh, OOb, OOb 1b 

DB OOb, OOb, OOb, OOh, 060h, 060b 1 06 Ob, 06 Ob 

DB 07 fh, 07 th, OOb, OOh, OOb, OOb, OOb, OOb 1o 

DB OOb, OOb, OOh, ooh, 0211h, 0112h, Ofth, 0112b 

DB 0211h, OOb, OOh, ooh, OOb, OOh, 0 Ob, OOh 1d 

DB OOh, Ooh, OOh, Ooh, OOh, OOb, Ooh, 0 1 Sb 

DB 03ob, 07eb, 0 ffb, OOh, OOh, OOh, OOh, OOb 1 o 

DB OOh, o Ob, OOh, ooh, OOb, O rrh, 07 eh, 03oh 

OB 01 Sb, OOh, OOh, OOb, OOb, ooh, OOb, OOb " 
DB OOb, OOb, OOb, OOb, OOb, OOb, OOb, OOb 

DB OOb, OOb, OOb, OOb, OOb, OOb, OOb, OOb ' 20 

DB OOb, OOb, 018h, 03ob, 03cb, 03ob, 018b, 018b 

DB OOh, 018h, 018b, OOb, OOb, OOh, OOb, OOh ;'I' 21 

DB OOb, OOh, 066b, 066b, 0211b, OOb, OOb, OOh 

DB OOh, OOb, OOb, OOh, OOb, OOh, OOh, OOb ; '•' 22 

'~ DB OOb, 0 Oh, 0 36b, 036h, 07 fh, 0 36b, 036h, 036h 

DB 07 fh, 036h, 0 36b, 00b 1 0 Oh I OOh, OOb, 0 Oh j ff I 23 

OB 08b, 0 8h, 03oh, 063h, 060h, 060h, 03 eh, 0 3h 

DB 03h, 063h, 03eh, 08h, 08h, OOh, OOh, ooh ;'$' 2' 

DB OOh, OOh,OOh, 061 h, 063h, 06h, Ocih, 018h 

DB 03 Oh, 06 3h, 0 43 h, OOh, OOh, 0 Oh, 0 Oh, OOh ,.,. 25 

DB OOh, OOh, o 1 ch, 036h, 036h, 0 1ob,03bb, 06eh 

OB 066h, 066h, 03bb, ooh, ooh, OOb, OOb, OOh ; •&• 26 



~ 
C2DO 00 00 30 30 30 60 C DB 

00 00 C 
C2D8 00 00 08 00 00 00 C DB 

00 00 C 
C2BO 00 00 oc 18 30 30 C DB 

30 30 C 
C2E8 30 18 oc 00 00 00 C DB 

00 00 C 
C2FO 00 00 30 18 oc oc C DB 

oc oc C 
C2F8 oc ,a 30 oo oo oo C DB 

00 00 C 
C300 00 00 00 00 66 3C C DB 

FF JC C 
C308 66 00 00 00 00 00 C DB 

00 00 C 
C310 00 00 00 00 18 1 8 C DB 

7£ 18 C 
C31B 18 00 00 00 00 00 C DB 

00 00 C 
C320 00 00 00 00 00 00 C DB 

00 00 C 
C328 tB 18 18 30 00 00 C DB 

00 00 C 
C330 00 00 00 00 00 00 C DB 

7E ,00 C 
C338 00 00 00 00 00 00 C DB 

00 00 C 
C3liO 00 00 00 00 00 00 C DB 

00 00 C 
C3.U 00 18 18 00 00 00 C DB 

00 00 C 
C350 00 00 01 03 06 oc C DB 

18 30 C 
C358 60 110 00 00 00 00 C DB 

00 00 C 
C360 00 00 3B 63 67 6F C DB 

7B 73 C 
C368 63 63 3B 00 00 00 C DB 

~ 
00 00 C 

C370 00 00 OC 1 C 3C OC C DB 
oc oc C 

C378 OC OC 3F 00 00 00 C DB 
00 00 C 

C380 00 00 3B 63 03 06 C DB 
oc 18 C 

C388 30 63 7F 00 00 00 C DB 
00 00 C 

C390 00 00 3B 63 03 03 C DB 
3B 03 C 

C398 03 63 3B 00 00 00 C DB 
00 00 C 

C310 00 00 06 OB 1 B 36 C DB 
66 7F C 

C3J8 06 06 OF 00 00 00 C DB 
00 00 C 

C3BO 00 00 7F 60 60 60 C DB 
7B 03 C 

C3B8 03 63 3£ 00 00 00 C DB 
00 00 C 

C3CO 00 00 1C 30 60 60 C DB 
7B 63 

C3C8 63 63 3B 00 00 00 DB 
00 00 C 

C3D0 00 00 7F 63 03 06 C DB 
oc 18 C 

C3D8 18 18 18 00 00 00 C DB 
00 00 C 

C3EO 00 00 3B 63 63 63 C DB 
3B 63 C 

C3E8 63 63 3B 00 00 00 C DB 
00 00 C 

C3FO 00 00 38 63 63 63 C DB 
3F 03 C 

C3F8 03 06 1C 00 00 00 C DB 
00 00 C 

C400 00 00 00 18 18 00 C DB 
00 00 C 

C408 181800000000 C DB 
00 00 C 

C410 oo oo oo , a , a oo C DB 
00 00 C 

.~ 
C418 18 18 30 00 00 00 C DB 

00 00 C 
C420 00 00 06 oc 18 30 C DB 

60 30 C 
C428 18 oc 06 00 00 00 C DB 

00 00 C 
C430 00 00 00 00 7B 00 C DB 

00 00 C 
C438 7B 00 00 00 00 00 C DB 

00 00 
Cll40 00006030180C DB 

06 oc 
C448 183060000000 DB 

00 00 
C450 00 00 3E 63 63 06 DB 

oc oc 
C458 00 oc oc 00 00 00 DB 

00 00 

OOh, OOh, 030h, 030h, 030h 1 06 Ob, OOh, OOh 

OOb, OOh, OOh, OOb, OOb, OOb, OOb, OOb ; I I I 27 

OOb, Ooh, Och, 018h, 030b, 030b, 030b, 030h 

030b, 018b, Och, OOb,OOb, OOh, OOb, OOb ;•(• 28 

OOb, OOb, 030b, 018b, Ooh, Ooh, Och, Och 

Ooh, 0 18h, 030h, OOb, OOh I OOh, 0 Oh, OOb ;•)• 29 

OOh, OOh, OOb, OOb, 066h, 03oh, 0 ffh, 0 )ob 

066h, ooh, OOh, OOh, OOb, OOh, OOb, OOb 
j •· I 

,. 
OOb, OOb, OOb, OOb, 018b, 018b 1 07ch, O 18b 

018b, 00b, 00b, 00b, 00h, 00h, 00b, 00b ;'+' 2b 

OOb, OOb, OOb, OOb, OOb, OOb, OOb, OOb 

01Sh,01Sh,018h, 0 30b, OOb, OOh, ooh, ooh ;• t I 20 

00h, 00h, 00h, OOh, OOh, OOh, 07 oh, OOh 

OOh, Ooh, ooh, ooh, OOb, ooh, 00h, ooh ; '-' 2d 

OOh, OOh, OOh, OOh, OOh, OOh, OOb, OOh 

OOb, 01 Sb, 01 Sh, OOh,OOh, OOh, OOb, OOh ;• • ' 20 

OOh, OOb, 01 h, 03h, 06h, Ooh, 0 18h, 030h 

060h, O'IOh, OOh, OOh,OOh, OOh, OOh, OOh ; 'I' 2t 

OOh, OOb, 03ob, 063h, 067h, 06 th, 07bb, 07 3h 

063h, 063h, 038b, ooh, OOb, OOh, OOb, OOh j IQ f 30 

ooh, OOb, Oob, O 1ob, 03ob, Ooh, Ooh, Ooh 

Oob, Och, 03fb, ooh, OOb, OOh, OOb, OOh ;•1• 31 

OOb, OOb, 03ob, 063b, 03b, 06h, Ooh, 018b 

030b, 063b, 07tb, OOb, OOb, 00b 1 OOb, OOb j '2' 32 

OOb, OOb, 03ob, 063b 0 03b 1 03b 1 03ob, 03b 

03h, 063h, 03ob, OOb, OOb, OOb, OOb, OOb i 1 3 I 33 

00b 1 OOb, 06b, 0 ob, 0 1ob 1 0 36b, 066b, 07 th 

06b, 06b, orb, OOb, OOh, OOh, OOh, OOh i ,4 1 3' 

00 b, OOb, 07 th, 06 Oh, 06 Ob, 06 Ob, 07 ob, 03b 

03b 1 063h, 03ob, 00h 0 00b 1 OOh, OOb, OOb i '5' 35 

OOb, Ooh, 01cb, 030b,060b, 060b, 07eb, 063b 

063b, 063b, 03eh, OOb, OOb, OOb, OOh, OOh i 1 6 1 36 

OOb, OOb, 07 th, 063h, 03b, 06b, Ooh, 0 18b 

018h, 018h, 018b, OOh, OOb, OOb, 0 Ob, OOh j '7' 37 

OOb, Ooh, O )oh, 063h, 063h, 063h, 030h, 063h 

063b, 063h, 03eh, OOb, OOb, OOb, OOb, OOh ;•a• ,. 
OOb, OOb, 03ob, 063h,063h, 063b, 03fb, 03b 

03b, 06b, 01 ob, OOb, OOb, OOb, OOb, OOb ; 19 I 39 

OOh, OOb, ooh, 018b,018b, OOh, OOb, OOb 

018h, 0 18h, OOb, OOb, OOh, OOb, OOh, OOh ;•:• 3• 

OOb, OOh, OOh, 018b, 0 18h, OOh, OOb, OOb 

0 1Bh,01 8h, 030h, OOb, OOh, OOb, OOh, OOb ;';' lb 

OOh, Ooh, 06h, Och, 0 18b, 030b, 060b, 030b 

018h, Och, 06b, ooh, OOh, ooh, OOb, OOh ; '<' 3• 

OOh, OOh, OOh, OOh, 07eb, OOb, OOb, OOb 

07oh, OOh, OOh, OOh, OOb, OOh, OOb, OOb ;'=' 3d 

OOh, OOh, 06 Oh, 030h, 0 1 Sh, Ooh, 06h, Ooh 

0 18h, 0 30h, 06 Oh, OOb, OOh, OOh, OOh, 0 Oh ;'>' 3• 

OOh, Ooh, 03eh, 063h,063h, 06h, Ooh, Ooh 

OOh, Ooh, Och, OOb, OOb, OOb, OOh, OOb i '1' 3f 

ROM BIOS 
Listing 
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ROM BIOS 
Listing 

Cll60 00 00 ]E 63 63 6F 
6F 6F 

C466 6B 60 ]E 00 00 00 
00 00 

c1110 00 00 08 1C 36 63 
63 7F 

C478 63 63 63 00 00 00 
00 00 

C480 00 00 7B 33 33 32 
3B 33 

C488 33 33 7E 00 00 00 
00 00 

C490 00 00 1E 33 60 60 
60 60 

C498 60 33 1 E 00 00 00 
00 00 

CHO 00 00 7C 36 33 33 
33 33 

CHS 33 36 7C 00 00 00 
00 00 

C4BO 00 00 7P 33 30 34 
3C 311 

C.1188 30 33 7F 00 00 00 
00 00 

CIJCO 00 00 7F 31 311 3C 
3C 3/i 

CJIC8 30 30 78 00 00 00 
00 00 

CIIDO 00 00 1B 33 60 60 
60 6r 

CIID8 63 33 1D 00 00 00 
00 00 

C4EO 00 00 63 63 63 63 
7F 63 

CIIE8 63 63 63 00 00 00 
00 00 

C4FO 00 00 3C 18 18 18 
18 18 

CIIFB 18 18 3C 00 00 00 
00 00 

C500 oo oo or 06 06 06 
06 06 

C508 66 66 3C 00 00 00 
00 00 

C510 00 00 73 33 36 36 
3C 36 

C518 36 33 73 00 00 00 
00 00 

C520 00 00 78 30 30 30 
30 30 

C528 30 33 7F 00 00 00 
00 00 

C530 00 00 63 77 7F 6B 
63 63 

C538 63 63 63 00 00 00 
00 00 

C5110 00 00 63 73 7B 7F 
6F 67 

C5118 63 63 63 00 00 00 
00 00 

C550 00 00 ,c 36 63 63 
63 63 

C558 63 36 ,c 00 00 00 
00 00 

C560 00 00 7B 33 33 33 
3E 30 

C568 30 30 78 00 00 00 
00 00 

C570 00 00 ,c 36 63 63 
63 63 

C578 6B 3E 1C 06 03 00 
00 00 

C580 00 00 7E 33 33 33 
3E 36 

C588 33 33 33 00 00 00 
00 00 

C590 00 00 3E 63 63 30 ,c 06 
C598 63 63 3E 00 00 00 

00 00 
CSAO 00 00 7 E 5 A 18 18 

18 18 
CSAB 18 18 3C 00 00 00 

00 00 
CSBO 00 00 63 63 63 63 

63 63 
C5B8 63 63 3E 00 00 00 

00 00 
csco 00 00 63 63 63 63 

63 63 
csca 36 1C08000000 

00 00 
CSDO 00 00 63 63 63 63 

63 6B 
CSDB 6B 7F 36 00 00 00 

00 00 
CSEO 00 00 63 63 63 36 

1C 36 
C5E8 63 63 63 00 00 00 

00 00 
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DB 

DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 
C DB 
C 

~ 
OOh, OOb, O]eh, 063h, 063b, 06 rh, 06th, 06th 

06eb, 060h, O]eb, ooh, OOh, OOb, OOb, OOh ;'I!' 40 

00b, 00b, 08h, 0 tab 1 0 ]6h 1 063b, 063h, 07 th 

063b, 063h, 063b, 00h 1 00h, 00b, 00b, 00b ; 'A' 41 

OOh, OOh, 07 eh, O]]h, 0 33h, 032b, O)eh, 033h 

033h, 0 33h, 07 eh, OOh, OOb, OOb, OOb, ooh ; •a• 42 

OOb, OOh, 01 eh, O]]b, 060h, 060b, 06 Ob, 06 Oh 

060b, 033h, 0 1 eh, OOh, OOb, 00b 1 OOb, OOb ; IC' 43 

00b, 00b, 07ob, 0]6b, 0]]b, 033h, 033h, 0]]h 

033b, 036h, 07oh, OOb, OOb, OOh,OOh, OOb i 'D' .. 
OOb, 00b,07fb, 033h, 030b, 0311h, 03cb, 034b 

030b, 033b, 07 fb, OOb, OOb, OOb, OOb, OOb ; 'E' " 
OOb, 00b,07!b, 031 h, 034b, 03cb, 03cb, 0311b 

030b, 030h, 078b, OOb, OOb, OOb, OOb, OOb ; ,,, .. 
OOb, OOb,O 1 eh, 033b, 060b, 06 Ob, 060b, 06 fb 

063b, 033b, O 1 db, ooh, OOb, OOb, OOb, OOb ; 'G' " 
OOb, OOh, 063b, 063h, 063h, 063b, 07 !b 1 063h 

063h, 063h, 063h, ooh, OOh, OOh, OOh, Ooh ;'H' .. 
OOh, 00b,03ch, 018b, 018b,O 18b1 018h, 018b 

01Bh,01Sb,03ch, OOb, OOh I OOb, OOb, OOb I' l' 49 

OOb, OOh, o Ch, 06h, 06b, 06b 1 06b, 06 b 

066b, 066b, 03Gb, OOb, OOb, OOb,OOb, OOb ; 'J' .. 
OOb, OOh, 07 3b, 0 33b, 0 36b, 0 36h, 0 3cb, 0 36b 

036b, 03311, 073b, 00b 1 OOb, OOb,OOb, OOb ; '(' •• 
OOb, OOb, 07 8b, 030b, 03 Ob, 030b, 0 30b, 0 3 Ob 

030b, 033b, 07 rh, ooh, OOb, OOb, 0 Ob, OOb ; 'L' .. 
OOb, 0 Ob, 06 3b, 07 7b, 07 Cb, 06 bb 1 0 63 b, 0 6 3h 

063b, 063b, 063b, OOb, OOb, OOb, OOb, OOb ; 'H' •• 
OOb, OOb, 063b, 07 311 1 07bb, 07 rh 1 06 fh, 067b 

063b, 063b, 063h, OOb, OOb, OOb, OOb, ooh i 'N• 4o 

OOb, OOh, 01 ch, 036h 1 06 3h 1 06 3h, 063b, 063b 

063h, 036h, O 1 ch, OOh, OOb, Ooh, OOh, OOb ; •o• " 
ooh, OOb, 07Gb, 033h, 033h, 033b, OJeb, O 30b 

030h, 0 30h, 078b, ooh, OOb, OOh, OOb, OOh j Ip, 50 

OOb, OOb, 0 1ch, 036b, 063b, 063b, 063h, 063b 

06bb, 03eb, 01cb, 06b, 03b, Ooh, OOb, OOb ; 'Q' 51 

OOb, 0 Ob, 07 eb, 0 33 b, 0 33 b, 0 33 b, 0 3 eb, 0 36b 

033b, 033b, 033h, OOb, OOb, OOb,OOb, OOb ;'R' 52 

OOb, OOb, 03eb, 063h, 063b, 030b, 01cb, 06b 

063h, 063b, OJ eh, OOh, OOh, OOh,OOh, OOb ; •s• 53 

OOb, OOh, 07eh, OS ah, 018b, 01Sb,01Sh,01 Sh 

018h, 018h, 03ch,00h, OOh, OOh,OOh, OOh i 'T' 54 

.~ OOh, OOh, 063h 1 06 3b, 063b, 06 3h 1 063h 1 06 3h 

063h, 063h, 03eb, OOh, OOh, 0 Oh, OOh, OOb i I U' 55 

OOh, OOh, 063h, 063h, 063b, 06 3h, 063 h, 063h 

036 h, 0 1cb, 0 Sb, OOh, OOh, Ooh, OOh, OOh ; •v• " 
OOh, 0 Oh, 06 3h, 063h, 063 h, 063h, 063h, 06bh 

06bb, 07 th, 0 36h, 0 Oh, OOh, OOh, 0 Oh, OOh i 'W' 57 

OOb, OOh, 063b,063h, 063h, 036h, 0 lob, 0 36h 

063b, 063h, 063h, OOh, OOb, OOh, OOh, OOh ; 'x• SB 



~ 

C5FO 00 00 66 66 66 66 C DB 
66 3C C 

C5F8 18 18 3C 00 00 00 C DB 
00 00 C 

C600 00 OD 7F 63 06 OC C DB 
18 30 C 

C608 60 63 7F 00 00 00 C DB 
00 00 C 

C610 00 00 3C 30 30 30 C DB 
30 30 C 

C618 30 30 3C 00 00 00 C DB 
00 00 C 

C620 0000110603018 C DB 
oc 06 C 

C628 03 01 00 00 00 00 C DB 
00 00 C 

C630 00 00 3C OC OC DC C DB 
oc oc C 

C638 DC DC 3C 00 00 00 C DB 
00 00 C 

C6110 08 1C 36 63 00 DO C DB 
00 00 C 

C648 00 00 00 00 00 00 C DB 
00 00 C 

C650 00 00 00 00 00 00 C DB 
00 00 C 

C65B 00 00 00 00 00 00 C DB 
7F 00 C 

C660 tB 18 oc 00 oo oo C DB 
00 00 C 

C668 00 00 00 00 00 00 C DB 
00 00 

C670 00 oo 00 00 00 3C DB 
06 3B 

C678 66 66 3B 00 00 00 DB 
00 00 

C680 00 00 70 30 30 3B DB 
33 33 

C688 33 33 6E 00 00 00 DB 

~ 00 00 
C690 00 00 00 00 00 3B DB 

63 60 
C698 60 63 3B 00 00 00 DB 

00 00 
C6.AO 00 00 OB 06 06 3B DB 

66 66 
cue 66 66 3B 00 00 00 DB 

00 00 
C6BO 00 00 00 00 00 32 C DB 

63 7F C 
C6B8 60 63 3B 00 00 00 C DB 

00 00 C 
C6CO 00 00 1E 33 30 30 C DB 

7C 30 C 
C6C8 30 30 78 00 00 00 C DB 

00 00 C 
C6DO 00 00 00 00 00 3B C DB 

66 66 C 
C6D8 66 66 3E 06 66 3C C DB 

00 00 C 
C6EO 00 00 70 30 36 3B C DB 

33 33 C 
C6E8 33 33 73 00 00 00 C DB 

00 00 C 
C6FO 00 00 OC OC 00 1C C DB 

oc oc C 
C6F8 OC OC 1 E 00 00 00 C DB 

00 00 C 
C700 00 00 OC OC 00 lC C DB 

oc oc C 
C708 oc oc oc oc cc 78 C DB 

00 00 
C710 00 00 70 30 30 33 DB 

36 JC 
C718 36 33 73 00 00 00 DB 

00 00 
C720 00 00 ,c oc oc oc DB 

oc oc 
C72B oc oc 1 E 00 00 00 DB 

00 00 
C730 00 00 00 00 00 66 DB 

7F 6B 

.~ 
C738 6B 6B 6B 00 00 00 DB 

00 00 C 
C740 00 00 00 00 00 6E C DB 

33 33 C 
C7118 33 33 33 00 00 00 C DB 

00 00 C 
C750 00 00 00 00 00 3E C DB 

63 63 C 
C758 63 63 3E 00 00 00 C DB 

00 00 C 
C760 00 00 00 00 00 6E C DB 

33 33 C 
C768 33 33 3E 30 30 78 C DB 

00 00 C 
c770 00 00 00 00 00 3B C DB 

66 66 C 
C778 66 66 3E 06 06 OF C DB 

00 00 C 

OOh, 00b 1 066 b, 066 b, 066b 1 066b, 066b, 03cb 

01Bb,01 Sb, 03ch, OOb, OOh, Ooh, OOb, OOb ; 'Y' 

OOb, 0 Oh, 07 fb, 06 3h, 06h, Oob, 0 1 Bh, 030b 

06 Ob, 063h, 07 fb, OOb, OOb, OOb, OOb, OOb i 'z, 

OOb, OOb, O3cb, O3Ob, O3Ob, O30h, O3Ob, O3Oh 

030h, 030h, 03cb, 00b, OOb, OOb, OOb, OOb ;'[' 

00h, OOh, OliOb, 060b, 030b, 0 18h, Och, 06b 

03h, 01 b, ooh, OOb ,OOh, OOb, OOb, OOb i I \1 

OOb, OOb, 03cb, Ooh, Ooh, Ooh, Ooh, Ooh 

Ooh, Ooh, 03ob, OOh, OOb, OOb, 0 Oh, OOb ;•}• 

08h, 01 ch, 036h, 063h, OOh, OOb, OOb, OOb 

OOb,OOb, OOb, OOh,OOh, OOh, OOb, OOh ;•"'• 

OOb, OOh, OOh, OOh,OOb, OOh, OOh, OOh 

OOb, OOb, OOb, OOh, ooh, OOh, 07 tb, OOh ;•_ 

018h, 01 Bh, Och, OOb, OOb, OOb, OOb I OOb 

OOb, OOh, OOh, OOb, OOb, OOh, OOb, 0 Ob ;••· 

OOh, OOb, OOh, OOh, OOb, 0 30h, 06h, 03eb 

066b, 066b, 03bb, OOb, OOb, OOb I OOb, 0 Ob j I al 

OOb, OOb, 070h, 030b, 030b, 03eb, 033h, 033h 

033b, 033h, 06eb, OOb, OOb, OOb ,OOb, OOb ; 'b' 

OOb, OOb, OOh, OOh, OOh, 03eb, 063b, 06 Ob 

060b, 063b, 03eh, OOb, OOh, OOh, OOh, OOb ; 'c' 

OOh, OOh, Oeh, 06h, 06h, 03eb, 066b, 066b 

066b, 066b, 03bb, OOh, OOh, OOb, 0 Oh, OOb ; Id' 

OOb I OOb, QOb I OOb, OOb, 03 eh 1 063b, 07 th 

060b, 063b, 03eb, OOb, OOb, ooh, OOh, OOb ;•e• 

OOb, OOh. O 1 eb, 033h, 030h, 030h, 07cb, 030b 

030b, 030b, 07 Sb, Ooh, OOb, Ooh, OOh, OOh ; •r• 
OOb, OOb, OOb, OOh, ooh, OJbb, o66b, 066h 

066b, 066h, 0 ]eh, 06b, 066b, O]cb ,OOh, OOh 

OOb, OOb,O?Ob, 030b, 036b, 03bb, 0 33b, 033h 

033b, 033b, 07 ]b, OOb, OOb, OOb, 00b, 0 Ob i I bl 

0 Oh, ooh, Och, Och, 0Ob,01 Cb, Och, Och 

Och, Och, 0 1eh, OOb, OOb, OOh, ooh, OOh ; '1' 

OOh, OOh, Ooh, Och, OOb, 01 Cb, Och, Och 

Och, Ooh, Och, Och, Ooob, 07 Bb, OOb, OOb ;'J' 

OOb, OOb, 070b, 030b, 030h, 033b, 036h, 0 Job 

0 36h, 0 33h, 073h, OOb, OOh, OOb, OOh, OOh ; 'k' 

OOh, OOh, 01 ch, Oob, Och, Ooh, Och, Ooh 

Och, Ooh 1 01 eb, OOb, OOh, ooh, OOb, OOh ; '1• 

OOb, OOb, OOb 1 00h I OOh, 066b, 07 fb, 06bh 

06bb, 06bb, 06bb, OOh, OOb, OOh, OOh, 00h ; 'm' 

OOb I OOb, OOb, OOb ,OOb, 06eb, 0 33b, 0 33h 

033b 1 0 33h, 0 33h, 00h I OOh, OOb, OOh, 00h ; •n• 

OOb, OOb, ooh, OOh, OOb, 03eb, 063b, 0 63b 

06 3h, 06 3b, 03eh, OOh, 00 h, o Oh, OOh, OOb ; •o• 

OOh, OOb, OOh, OOh, ooh, 06 eh, 033h, 033b 

033h, 033b, 0 )eh, 030h, O]Ob, 07 Sh I OOh, 0 Oh 

OOh, OOh, OOh I OOh, 0 Ob, 0 3hh, 066b, 066b 

066h, 066h, O)eb, 06b, 06h, 0 fh, 00h, OOb ; 'q' 

59 

,. 

,. 

,. 

5d 

5• 

5t 

60 

61 

62 

63 

64 

65 

66 

68 

" 
6a 

6b 

•• 

" 
6e 

" 

71 

; •a• 67 

; 'P' 70 

ROM BIOS 
Listing 
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ROM BIOS 
Listing 

C780 00 00 00 00 00 6E 
3B 30 

C788 30 30 78 00 00 00 
00 00 

C790 00 00 00 00 00 3E 
63 38 

C798 OE 63 3£ 00 00 00 
00 00 

cu.o oo oo oo oa ,e n 
18 18 

cu.a 18 1B OB 00 00 00 
00 00 

C7B0 00 00 00 00 00 66 
66 66 

C7B6 66 66 3B 00 00 00 
00 00 

c7co 00 00 00 00 00 63 
63 63 

C7C8 36 ,c 08 00 00 00 
00 00 

C7D0 00 00 00 00 00 63 
6B 6B 

C7D8 6B 7F 36 00 00 00 
00 00 

cuo 00 00 00 00 00 63 
36 1 C 

C7E8 1C 36 63 00 00 00 
00 00 

C7FO 00 00 00 00 00 63 
66 66 

C7F8 66 66 3B 06 66 JC 
00 00 

CBOO 00 00 00 00 00 7F 
66 oc 

C808 18 33 7F 00 00 00 
00 00 

C810 00 00 OB 18 18 18 
70 18 

C818 18 18 OB 00 00 00 
00 00 

C820 00 00 18 18 18 18 
00 18 

C828 18 18 18 00 00 00 
00 00 

C830 oo oo 10 1a 1a 18 
OB 18 

C838 , a , a 10 oo oo oo 
00 00 

C8110 00 00 3B 6B 00 00 
00 00 

C81J8 00 00 00 00 00 00 
00 00 

C850 00 00 00 00 08 1C 
36 63 

C858 63 11 00 00 00 00 
00 00 

C860 

C860 

C860 

C860 1£ 33 60 33 
C861J U 08 04 08 
C868 66 00 66 66 
C86C 66 66 66 3B 
C870 06 oc 00 1E 
C874 33 3F 30 1B 
C878 08 111 00 3C 
C87C 063E663B 
C880 00 36 00 JC 
C884 06JB663B 
case 30 18 00 JC 
case 06 JB 66 3B 
C890 08 1 II 08 JC 
C8911 06 3 E 6 6 3B 
C698 JC666066 
C89C JC 08 011 08 
C8J.O 18 3.11 00 3E 
CU.II 63 7F 60 3B 
C8A8 00 36 00 3! 
CBAC 63 7F 60 3E 
C8B0 30 18 00 3C 
C8Bll 667B603C 
C8BB 00 36 00 ,c 
C8BC oc oc oc 1E 
C8CO 08 111 00 1 C 
CBCII oc oc oc 1E 
ceca 3018001c 
cecc oc oc oc 1E 
C8DO 6600183C 
C8D11 66 7E 66 66 
C8D8 18211183C 
C8DC 66766666 
C8EO OC187F31 
C8E4 JC 30 31 7F 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

r\ 
DB OOb, OOb, OOb, OOb, ooh, 06eb, 03bh, 030b 

DB 030b, 030b, 078b, OOb, OOb, OOb, OOb ,OOb ; 'r• 72 

DB OOb, OOb, OOb, OOb, OOb, 03eb, 063b, 038b 

DB Oeb, 063b, 03eb, ooh, OOb, OOb, OOb, OOb ; •a• 73 

DB OOb, OOb,OOb, O8b, 018b, O7eb, 018b, 018b 

DB 0t8b,01 bb, Oeb, OOb, OOb, OOb, OOb, OOb ; •t• " 
DB OOh, OOb, OOb, OOb, 0 Ob, 066b, 066 b, 0 66 b 

DB 066b, 066b, 03bb, OOb, OOb, OOb,OOb, OOb ; 'u' 75 

DB OOb, OOb, OOb, OOb, 00b 1 063b 1 063b 1 063b 

DB 036b, 0 tcb, 08b, 00b 1 OOb, 00b 1 00b 1 OOb ; •v• " 
DB OOb, OOb, OOb, OOb, OOh, 063b 1 06bb, 06bb 

DB 06bb, 07 fb, 0 36b; OOb, 00b, OOb, OOb, 00b ; •w• 77 

DB OOb, OOb,OOb, 00b 1 OOb, 063b, 036b 1 01 ch 

DB 01 ch, 036b, 063b, OOb, OOh, OOb I OOb I OOb ; •x• 78 

DB OOb, o Ob, ooh, OOh, o Ob, 063 b, 066 h, 0 66 h 

DB 066b, 066h, 03eb, 06h, 066b, 03oh, ooh, OOb ; '1' 79 

DB OOh, OOb,OOb,OOh, OOb, 07 th, 066h, Ooh 

DB 018b, 033h, 07th, OOb, OOh, OOb,OOh, OOh ; •z• 7a 

DB OOb, OOb,Oeb, 01Bh,018h, 018h,070h,O 18h 

DB 018b, 016h, Ooh, OOh, OOb,OOh 1 OOh, OOb i'{' 7b 

~ DB OOb, OOb,O 18b, 018b, 018b, 018b, OOb, 018b 

DB 018h,018b, 0 1 Sb, OOb, OOh, ooh, OOb, OOb ,•1• 1, 

DB OOb, OOb,070h, 018b, 018b, 0 18b 1 0ob,018b 

DB 018b, 0 18b, 070h, OOh, OOb, 00b 1 OOb, OOb ; •) • 7d 

DB OOb, OOb, 03bb, 06eb, 00b, 00b, OOb, OOb 

DB OOb, OOb, OOb, OOb, OOb, OOb, OOb, OOb ,,-, 7• 

DB OOb, OOb, OOb, OOb, 0 8b 1 01cb, OJ6b, 063b 

DB 063b, 07 rh, OOb, ooh, OOb, OOb, OOh, OOb ; ,-, 1t 

;Bnd ot ront matrix 

fo11t1016 endp 

font_hi_Bx8 labol byta l 1024 bytoii. 
iaolude to11thi8.aii.m 

tonthi8 proc near 
SystamFont ; <hi_mediumrea> (H24) 8 x 8 font table for H24 

DB 01 eh, 033b, 060b, 033b 
DB 01 oh ,08b,04 b ,08b 
DB 066h, 00b 1 066h, 066h 
DB 066h ,066h, 066h ,O 3bh 
DB 06h, Ooh, OOh, 01 eh 
DB 033h ,03fh ,030h ,O 1 eh 
DB 081:i, 014b, OOh, 0 3ch 
DB 06h, 03eh, 066 b, OJbb 
DB OOb, 036h, OOh, OJ oh 
DB 06h, 03eh, 066 h, OJbh 
DB 030h, 018h, OOh, 0 Joh 
DB 06 h, 03eb, 066 h, 0 Jbh 
DB 08b,014h, 08b, 03ob 
D. 06 b ,o]eb, 066 b, OJbh 
DB OJ ch, 066 h, 060h, 066 h 
DB 03cb ,08h,OII h ,OBb 
DB O 18h, 0]4h, OOh, OJ eh 
DB 063h ,07fb,060b ,OJ eh 
DB OOb, 036h, OOb, 03eh 
DB 063h, 07fb ,060b ,O)eb 
DB 030b, 018h, OOb, 03ch 
DB 066h ,07eb,060h ,03ob 
DB OOh, 036b, OOh, 0 lob 
DB Ocb' Och, Ocb,Ol eb 
DB 08b, 01.llh, OOh, 0 lob 
DB Och, Ocb, Och ,01 eh 
DB 030h, 018h, OOh, 0 lcb 
DB Och, Och, Och ,01 ob 
DB O 66h, 0 Ob, 0 1 8b, 0 Joh 
DB 066 h, OT eh, 066 h, 066b 
DB 018b, 02tib, 018b,03oh 
DB 066b, Ofoh ,066h, 066h 
DB Och, 018h, 07 fh, 031 h 
DB 0 Jch ,030h ,03 1 b, 07th 10 



~ 

C8E8 00 36 IIB OF C DB 
CBEC 36585D36 C DB 
C8F0 001F2849 C DB 
C8FII 4F79484F C DB 
care 081'1001C C DB 
care 36 63 36 \C C DB 
C900 00 36 00 1C C DB 
c9011 36 63 36 IC C DB 
C908 301soo1c C DB 
C90C 36 63 36 \C C DB 
C910 081110066 C DB 
C914 66 66 66 3B C DB 
C918 30180066 C DB 
C'., lC 66 66 66 3B C DB 
c920 66 00 66 66 C DB 
C92ll 66 3B 06 78 C DB 
C928 0036001C C DB 
c92c 36 63 36 \C C DB 
C930 00 63 00 63 C DB 
c9311 63 63 63 38 C DB 
C938 08083Bl!O C DB 
C93C 40380808 C DB 
C9ll0 OE1B183C C DB 
C9llll 18 18 39 7B C DB 
C9.ri8 22111083B C DB 
C911C 08 38 08 08 C DB 
C950 704872112 C DB 
C95.IJ 117 112 ll2 01 C DB 
C958 OC121038 C DB 
C95C 10105020 C DB 
C960 06 OC 00 3C C DB 
C964 06 3E 66 3B C DB 
c96B 06 OC 00 1C C DB 
C96C ocococn C DB 
C910 06 OC 00 tC C Di 
C97ll 36 63 36 1 C C DB 
C978 06 oc 00 66 C DB 
C97C 66 66 66 3B C DB 

~ 
cg BO 33 CC 00 7C C DB 
C984 66 66 66 66 C DB 
c9sa 33CC6373 C DB 
C98C 78 6P 67 63 C DB 
C990 00 3C 06 3B C DB 
C9911 66 3B 00 7P C DB 
C998 oo tc 36 63 C DB 
c99c 36 1C 00 7P C DB 
C9AO 18001818 C DB 
C9AII 30 46 3C 00 C DB 
C918 00 00 7P 60 C DB 
C9AC 60000000 C DB 
C9BO 00 00 7F 03 C DB 
C9B4 03 00 00 00 C DB 
C9B8 20 62 211 28 C DB 
C9BC 16 21 112 07 C DB 
cgco 2062242A C DB 
cg c~ t62A4F02 C DB 
C9C8 18180018 C DB 
C9CC 1 8 3C 3C 18 C DB 
C9DO 001B366C C DB 
C9Dli 361B0000 C DB 
C9D8 00 6C 36 1 B C DB 
C9DC 36 6c oo 00 C DB 
C9EO 22 88 22 88 C DB 
cgs, 22 88 22 88 C DB 
C9E8 55 U 55 AA C DB 
C9EC 55 U 55 AA C DB 
C9FO CE 77 CE 77 C DB 
C9FII CE77CE77 C DB 
C9F8 18181818 C DB 
C9FC 18 18 18 18 C DB 
CAOO 181818F8 C DB 
CAOII 18181818 C DB 
CA08 1818P818 C DB 
CAOC F8181818 C DB 
CA10 36 36 36 F6 C DB 
CAH 36 36 36 36 C DB 
CA 18 00 00 00 FE C DB 
CAlC 36 36 36 36 C DB 
CA20 00 00 PB 18 C DB 
CA24 F8 18 18 18 C DB 
CA2S 36 36 F6 36 C DB 
CA2C F6 36 36 36 C DB 

~ 
CA30 36 36 36 36 C DB 
CA34 36 36 36 36 C DB 
CA38 00 00 FE 06 C DB 
CA3C F6 36 36 36 C DB 
CAIIO 36 36 F6 06 C DB 
CA44 FE 00 00 00 C DB 
CAll8 36 36 36 FE C DB 
CAliC 00 00 00 00 C DB 
CA50 1818F818 C DB 
CA511 FB 00 00 00 C DB 
CA5 8 00 00 00 F8 C DB 
CA5C 18 , a , a 1 a C DB 
CA60 18 18 18 tF C DB 
CA64 00 00 00 00 C DB 
Cl68 18 18 1 8 f'F C DB 
CA6C 00 00 00 00 C DB 
CA70 00 00 00 FF C DB 
CA74 18 18 18 18 C DB 

OOb ,036b, 04bb ,0th 
038 b, 058h, OS db, 036h 11 
00h, 0 1fh, 028h, 0119b 
Ollf b, 079b ,Oll8b ,Ollth 12 
08b, 0 1 llb, OOb, 01 ob 
036b ,063h ,036b ,O 1 ob 13 
00b, 036b, 00b, 01ob 
036b ,063h,036b ,O 1 ob " 030b, 0 18h, OOb, 01 ob 
036h ,063b ,036b ,O 1 ob 15 
08b 1 01 lib, 00h,066h 
066 b, 066 b, 066 b, 03bh 16 
030h, 01 Bh, ooh, 066b 
066 b, 066 b, 066b, 03bh 11 
066b, OOb, 066h, 066b 
066b ,03oh,06b, 018b 18 
00b, 036b, 00b, 0 1cb 
036h,063b,036b 1 0 lob " OOb, 063h, OOb, 063h 
063b, 063b, 063b, 03eb " 0 Sh, O 8b, O 3ub, 0 l!Ob 
040b ,03eb ,OB b, 08b lb 
Oeh,O 1bh, 018b, 03ob 
018b ,018b ,039b 1 07eb \o 
022b, 01 lib, 08b, 03eb 
08b ,03ob,08b ,08b \d 
070b, OIISb, 072b, OIJ2b 
0117h ,Oll2b ,Oll2b ,O 1b " Oob, o 12b,010b, 038h 
010 b ,O 1 Oh ,050b 1 020b " 06b, Ooh, OOb, 03ob 
06b 1 03ob ,066b, 03bb 20 
06b, Ooh, OOb, 0 tob 
Ooh, Ooh, Oob,01 eb ;'I' 21 
06b, Ooh, OOb, 0 1cb 
036 b,063b,o36b,O 1 ob ; ••• 22 
06b, Oob, OOh, 066b 
o66b ,o66b ,066 h, 03bh ; .,, 23 
033h, Ooob, OOb, 07ob 
066 b, 066h ,066 b ,066h ; ,,, .. 
033b, Oooh, 063h, 073b 
07 bb, 06t b, 067 b, 06 3b ; •s' 25 
OOb, 03ob, 06b, 03eb 
066b, 03bh,OOb, 07th ; 16 I 26 
OOb ,O 1ob, 036b, 063b 
036 h ,o 1 ob ,ooh, 07th ;••· 27 
01 Sh, OOh, 01Sh,018h 
030b ,O 46b, 03oh ,OOh j t ( I 28 
OOh, OOb, 07 th, 060b 
060h, OOh ,ooh, OOb ; ')' 29 
OOb, OOb, 07 th, 03h 
03b ,OOh,OOh ,OOb ; ... .. 
020b, 062h, 0211h, 028b 
016b ,021 b,042b 0 07b ; '+' 2b 
020h, 062h, 0211h, 02ah 
016 b 1 02ab ,Olltb 1 02b ;',' 20 
018b, 018b, oob,O 1 Sh 
0 18b, 03ob I OJ ob 1 0 18b ; ·-' 2d 
OOb, 0 1 bb, 036h, 06ob 
036h,O 1 bb,OOb ,OOb ;• 2• 
00b 1 o6ob, 036b, 01bb 
036b,06ob,OOb ,OOb ; 'I' 2t 
022b, 088b, 022b, 088b 
022b, 088h ,022b, 088h ; '0' 30 
055h, 0 aah, 055h, 0 aah 
055 b ,Oaab ,055 h ,0e.ab ;'1' 31 
Ooeh, 077h, Ooeb, 077b 
Ooeh,077b,Oceb,077b ; '2 • 32 
018b, 0t8h,018b, 018b 
018h,O 18b,O 18b,O 18b ; '3' ll 
018b, 018b, 0 t8b, Ot8b 
018b ,O 18b ,O 1 Bh,O 18b ; 14 I i• 
018h, 01 Bb, Ot8b,O 18b 
0 re b, 0 18 b, 0 ,ab ,o 18b ;'5' 35 
036h, 0 36b, 0 36b, 0 f6h 
036 b ,036h, 036 h, 036h ;•6• 36 
00h 1 00b,00b,Ofeb 
036b ,036b ,036h,036b ; '7' l7 
OOb, OOb, 0 t8b, 0 18b 
0 t8h ,O 18b,O 1 Bh,O 18b ; 0 8 I 38 
036b, 036b, 0 t6b, 036b 
0 f6b ,036 b, 036 b, 036h ;'9' 39 
0 36h, 036h, 036h, 036b 
036 h ,036b, 036h, 036b ;•:• l• 
OOh I OOh, 0 feb, 06h 
O f6 h, 036 b, 036 b, 036h ;•;• 3b 
036h, 036b, 0 f6 h, 06b 
Oteh ,OOh ,ooh' 00h ;'<' lo 
036h, 0 36b, 036b, Oteh 
00h ,00b,OOb ,OOb ;•:• ld 
018b, 01 Bh, 0 t8h, 0 1 Sh 
o rah, ooh ,ooh, ooh ;'>' l• 
OOh, OOh, OOb, 0 f8h 
0 18 b ,o 18b,018h, 018h ;'?' lf 
018h,O 18b, 018b,O 1 fh 
OOb, 00b ,00b ,00b ; •e• ,. 
018h, 018b, 01 Sb, Otfh 
00h ,00h,00b ,OOb i 'A' " 00h, ooh, 00b, Otth 
01 Bh ,o 18b, 01 Bb ,018b i 'B' 112 

ROM BIOS 
Listing 
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ROM BIOS 
Listing 

CUB 18 18 18 1F 
CA7C 18 18 18 18 
CASO 00 00 00 FF 
CAB4 00 00 00 00 
CABS ,a ,a ,an 
CABC ,a , a ,a ,a 
CA90 ,a ,a ,,. ,a 
CA91& tF , a , a , a 
CA98 36 36 36 37 
CA9C 36 36 36 36 
CAAO 36 36 37 30 
CAAi! 3F 00 00 00 
cue 00 00 3F 30 
cue 37 36 36 36 
CABO 36 36 F7 00 
CABII FF 00 00 00 
C188 00 00 FF 00 
CABC F7 36 36 36 
CACO 36 36 37 30 
C1C4 37 34 34 34 
Cl CS 00 00 FF 00 
CA.CC PP 00 00 00 
ClDO 36 36 P7 00 
C1D4 P7 36 36 36 
CADS 18 18 PF 00 
CADC pp 00 00 00 
CUD 36 36 36 FF 
CUii 00 00 00 00 
CUB 00 00 Ff' 00 
ClBC FF 18 18 18 
CAPO 00 00 00 PF 
C1P4 36 36 36 36 
CAPS 36 36 36 3P 
CAPC 00 00 00 00 
CBOO 18 18 1F 18 
CB04 1FOOOOOO 
CB06 00001P18 
CBOC 1P 18 18 18 
CB10 00 00 00 3F 
CB1li 36 36 36 36 
CB18 36 36 36 n 
CB1C 36 36 36 36 
CB20 1818FP18 
CBH FP181818 
CB2B 181818F8 
CB2C 00 00 00 00 
CB30 00 00 00 1F 
CB34 18 18 18 18 
CB38 FF PF PF PP 
CB3C PP FF PF PP ca•• 00 00 00 00 
CBU PP PF FF FF 
CB.118 ro ro ro ro 
CBIIC ro ro ro ro 
CB50 OP OP OF OF 
CB511 OP OP OF OF 
CB58 PP PF PP f'F 
CB5C 00 00 00 00 
CB60 00 00 3B 6E 
CB611 6C 6C 6B 3B 
CB68 3E 63 7E 63 
CB6C 637E6060 
CB70 00 7B 32 30 
CB711 30 30 30 78 
Ca78 00 O 1 TF SIi 
CB7C 14 111 14 14 
CB80 007F6t30 
CBBII 18 30 61 7F 
CB88 00 00 IF 34 
CB8C 62 62 311 18 
CB90 00 36 36 36 
CB94 3C 30 30 60 
CB98 00 3B 6E QC 
CB9C oc oc 00 00 
CBAII 66 3C 18 3C 
CB!8 00 1C 36 63 
CBAC 7F63361C 
CBBO 00 1C 36 63 
CBBII 63 36 36 11 
CBB8 1 E 30 18 OC 
CBBC 3E 66 66 3C 
CBCO 00 00 76 DB 
CBC4 DB6EOOOO 
CBC8 03 06 7E DB 
CBCC DB7E60CO 
CBDO 00 ,c 30 60 
CBDII 7C60301C 
CBDB 00003E63 
CBDC 63 63 63 63 
CBEO 00 00 3E 00 
CBEI& 3E003EOO 
CBE8 18 18 7E 18 
CBEC 18007EOO 
CBFO 1 8 oc 06 oc 
CBFI& 18003EOO 
CBF8 OC183018 
CBFC OC 00 3E 00 
ccoo OE1B1B18 
CCOll 18181818 
ccoa 18 18 18 18 
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C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C D8 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 
C DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 

018b,018b, 018b, 01 th 
0 t8b,O 18b,O 16b 1 018h 
00b.-00h, 00b, 0 tth 

; IC' " ooh ,00b ,00h ,00b ; ID' " 018b, 018h,O 18h,Offb 
018h, 018b ,O 18b 1 01 Sb ; IE' " 018b, 01 Sh,O 1fh,O 18b 
01 th, o 1 Sb ,0 18h 1 01 Sb ; 'P' " 036h, 0 36b, 036b, 037b 
036b ,036b ,036b ,036b ; '0' " 036b, 036h, 037h, 030b 
03fb,00h,00b ,00b ;'H' "8 
OOb, 00b,03fb 1 030b 
037h,036h 1 036 b ,036h ; 'I' 49 
036b, 036h, 0 t7b 1 OOh 
0ffb I 00b,00b,00b ; I JI JI& 
ooh, 00b,0ffb, 00b 
0 f7 b, 036h ,036b ,036b ; 'I' Jfb 
036h 1 036b, 031b, 030b 
037 b 1 034b ,034b ,034b i 'L' 4c 
00b, 0 Ob,Otth, OOb 
0ftb I OOb,OOb 1 00b ;'H' .. 
036h 1 036h, Ot7b 1 OOb 
0t7b ,036b,036b ,036b ; 'IP lie 
018h 1 01 Sb,Ottb,OOb 
Ott b ,OOb,OOb ,OOb i I QI 4f 
036b, 036b 1 036b, Ottb 
OOb,OOb,OOb, OOb ; I pt 50 
OOb, 00b, 0tth,00b 
Ottb, 018h ,018b ,O 18b ; 'Q' 51 
OOb, 0 0h 1 00b 1 0 ttb 
036b, 036h ,036h ,036h ; IR' 52 
036b, 036h, 036b, 03th 
OOb ,OOb ,00h ,OOb ; ISi 53 
018h, 018b, 0 1th, 0 18b 
01th I OOb ,OOh, OOb ; 'T' 5, 
OOb,OOb, 01th,018b 
01tb,O 18b ,O 18b ,O 18b ; '0' S5 
OOb,O Ob, 00b 1 03th 
036b,036h 1 036h 1 036b j I yt " ~ 036b, 036b 1 036b, Otth 
036b, 036b,036b,036b ; •v• 57 
01Bh,018b, Ottb, 018b 
Ottb ,018b,O 18b,O 18b ; 1 1 1 58 
018b, 018b, 018b, Ot8b 
OOb ,OOb,OOb ,OOb i' I' 59 
OOb, 0Ob,OOb,01 th 
018b ,018b,O 18b,018b ; •z• 5a 
Otth, Otth, Ottb, Ottb 
Ott b, Ottb ,Otth,Ottb ,•c• Sb 
OOb t ooh, OOb,OOb 
Otth ,ottb,Ottb,Ottb ; '\' Sc 
0 rob, OtOb,OtOb,OtOb 
OtOh 1 0tOb 1 0tOh,OtOb ; 1 ]' 5d 
O th, 0th, 0th, Otb 
Otb ,orb 10th ,0th j 1 ~ I 5 el 

Ottb, 0 tt'b. 1 Otrb 1 0 tt'b 
OOb ,OOb 1 00h ,OOb ; '-' 51' 
OOb, OOb, 03bb, 06 eh 
06cb, 06oh, 06eb, 03bb ; '. • 60 
03eb, 063h 1 07ob 1 063b 
063h, 070b ,060b 1 060h ; • a• 61 
OOb, 07 eh, 032h, 030b 
030h 1 030b 1 030b, 078b I I b' 62 
OOh, 0 1 h, 07 t'b, 0511h 
0111 b,O 1 .lfb 1 014h 1 014h ; 'C 1 63 
OOh, 07 th, 061 h 1 030h 
018h, 030h, 061 b, 07th i 'd' 64 
OOh, OOb, 01 tb,034h 
062h, 062b ,034b,O 18h ; I et " OOh 1 036h, 036h, 036b 
0 3ch, 030h,030h,060h ; •t• " OOb, 03bb, 06eb, Och 
Och, 0cb,00h ,OOb ;•g• " 066h, 03ch ,018h, 03ch i 'b' " OOh ,O 1 ch,036h ,063b 
07 fh, 063h, 036h, 01cb ; I 11 " OOb 1 0 1 ch ,036h, 063 b 
063h, 036h, 036h, 077h ; 'J' 6a 
01 eh ,030b ,018b, Och 
03eh, 066h, 066b, 03ch ; 'kl 6b 
OOh, OOh, 076b I Odbb 
Odbb, 06eh, OOh, 0 Oh i '1 1 60 
03h ,06 h, 07eh, Odbh 
Odbh, 07 eh, 060h, OoOh ; 'm' " OOh ,O 1 ch, 030b, 06 Oh 
07ch, 060h, 0 30h, 0 lob ; 'n' ,, 
OOb ,Ooh. 03eb, 063b 
063h, 063h 1 063b 1 063b ; , o• 6r 
OOh ,OOh,03eh ,OOh 
03eb, 00b 1 03Gb 1 00b ; 'p' 70 
018h ,018 b, 07 eh ,O 18b 
0 18h, OOb, 07 eh, OOb j 'q' 71 
018h, Och, 06h, Ooh 
018h, 00h, 0 3eh I OOb ; 'r• 72 
Och 1 018b ,030b ,O 18b 
Och, 0 Oh, 03eh, OOh ; •s• 73 
Oeh 1 01 bb ,O 1 bb ,018b 
018h, 018h 1 018h, 018h ; •t• 711 
018h ,O 18b,O 18b ,O 18b 



~\ 

ccoc 18 DB DB 70 C 
CC10 00 1 8 18 00 C 
CC111 3E 00 18 18 C 
CC18 00 00 3B 6B C 
CC1C 00 3B 6B 00 C 
CC2O 00 38 6C 6C C 
CC211 38 00 00 00 C 
CC28 00183C3C C 
CC2C 18000000 C 
CC30 00 00 00 18 C 
CC3li 18000000 C 
CC38 OF OC OC OC C 
CC3C OC 6C 3C 1C C 
cello 6c363636 C 
CCU 36 00 00 00 C 
cell& 08 1'l o, 08 C 
CCH 101C0000 C 
ccso 00 1C 1C 1C C 
ccs• 1C1C0000 C 
CC58 00 00 00 00 C 
CC5C 00 00 00 00 C 

C 
C 

CC60 C 

CC60 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

CC60 C 

~ 
C 
C 

CC60 C 
C 
C 
C 
C 
C 

" ooco C 
• ooc, C 
,. OOC2 C 
,. OOC3 C 
,. OOCII C 
" OOC5 C 
" OOC6 C 
= OOC7 C 

C 
,. ooce C 
= OOC9 C 
= OOCA C 
= OOCB C 
II oocc C 
= OOCD C 

C 
" OOCE C 
= OOCP C 
= 00D0 C 
= 0001 
= OOD2 
" OOD3 
= OODll 
" OOD5 
" OOD6 
" OOD7 

: OOD8 

CC60 

CC60 00 

~ CC61 00 
CC62 FF 
CC63 CJ 
cc64 FE 
CC65 OF 
CC56 " 

CC67 

CC67 1B1B 
CC69 181B 
CC6B 1B1B 
CC6D CDCD 

ROM BIOS 
Listing 

DB 018b, Od8b, Od8b, O7Ob ; •u• 75 
DB OOb 1 01 Sb 1 018b ,OOb 
DB 03Gb 1 00h,O 1Sb,018b i 1 V 1 ,, 
DB Ooh, OOb, 03bb, 06ob 
DB 00b 1 03bb, 06eb, OOb ; 'w' 77 
DB OOb, 038b, 06ob, 06cb 
DB 038b, 00b, 00b, 00b i •x• 7B 
DB OOb 1 01 Sb, 03cb ,OJ ob 
DB 0 18h, OOb, OOh, OOb ; 'Y' 79 
DB 00b ,ooh ,00b ,o 18 b 
DB 0 18h, OOb, OOh, OOb ; 'z' ,. 
DB orb,Oob,Oob,Oob 
DB Ooh, 06ch, 03oh, 01cb ; I{ 1 7b 
DB 06cb 1 036b, 036 b, 036b 
DB 036b,00b, 00b, 00b ; •I, 10 
DB 08h,014b,Ollb,08b 
DB 01 Ob, 0 lob, OOb,OOb ; '}' 7d 
DB OOb,O tob,O 1 ob ,o 1 ob 
DB 01ob, 01 ob I OOb, OOb j ,-, ,. 
DB 00b 1 00b ,OOb 1 00b 
DB OOb, OOb, OOb, OOb " ;Bod or root matrix 

rontb18 ondp 

oodo oodo 

inoludo kbdata.aom 

>=•a:,: 111::,: """"''"'" a: ■ a::::: lllllllfll: 1111: a: II- --c -----C - ___ ,: ___ C---llllll 11111111 ll ■ = I: 

; Filooamo I kb. data: USA-ASCII 

' ' Thia modulo inoludoa tho keyboard ooan oodo tranalation data 
tor different keyboarda. 

i C:llf"""""" "" """"" llllll :lllll 1111&1:Cl:lf:: 1111: 1111 .. :l:l:::, ,:;: ,:,: ::: s,s,:,::::::s,:,::11111111111111111111.II 

oodo oegmont publ 10 1 ROH' 
aoaw1u1 oo:oodo, da:notbine; 1 oa:nothing, ao:notbing 

kb_data1 proo 

·----------------------------------------------------------------------
; opooioLoaaea 

kbino oqu 
kboap oqu 
kbDWI oqu 
kboor oqu 
kba.l t oqu 
kbotl oqu 
icbloh oqu 
kbrob oqu 

kbroo oqu 
kbbrk .,, 
pauae ''" kbprt ''" kbnul ''" kHOHE ''" 
kdoc9 oqu 
kdoo8 ''" kdcto7 ''" kdeo6 ... 
kdeos ''" kdctc4 ... 
kdo03 aqu 
kdoc2 oqu 
kdoo1 ... 
kdeoO ... 
kdblO oqu 

OCOb 
OC1b 
OC2b 
OC3b 
OCllb 
OC5b 
OC6b 
OC7b 

OC8b 
OC9b 
DC.lb 
OCBb 
OCCb 
OCDb 

; kb_iooort_lock 
; kb_oapo_looic 
i kb_n11111_look 
; kb_ooroll_lock 
i kb_alt_look 
; kb_oontrol_lock 
i kb_l_obitt_look 
; kb_r_obitt_lock 

; kb_rosot 
j kb_break 

kb_pau.u1 
kb_prin t_a cree n 
kb_r:11111 
kb_none 

OCEb kb_al t_do 0_9 
OCPb kb_alt_doo_S 
ODOh kb_alt_doo_7 
0D1b kb_alt_doo_6 
0D2b kb_alt_doo_s 
0D3b kb_al t_doc_ll 
ODllb ; kb_al t_de 0_3 
0D5b ; kb_al t_doc_2 
0D6h ; kb_al t_doo_1 
OD7b ; kb_al t_doo_o 

OD8h ; kb_double_zero 

{min_caae) 

(mid_caoo) 

(ma:z_oaae) 

; ----------------------------------------------------------------------
7 CapLk Bytes 

kb_oap_flaga label byte 

db 00000000b a oa ncode 00 ( OOb) - 07 ( 07h) ESC to ,, ' 
db 00000000b ' acanoodo 08 (OBh) 15 ( OFh} '7' to HT 
db 11111111b aoanoode " ( 10h) - 23 { 17h) 'q' to ,,, 
db 1100001 lb aoanoode 24 { 18h) - 31 { 1 Fh) '0' & 'p' to 'a' 
db 111111 tOb ' acanoode 32 { 20h) - 39 (27h) ,,, to 'l' 
db 0000111 lb ' ecanoodo 110 (28h) - " ( 2Fh l •:• to ,,, to '•' 
db 11100000b ' aoanoode 48 {30h) - 55 (37h} ',, to ' .. to 

. -- --- --- -- -- --- ----- ------- ------ --- --- --- -- -- -- -- ----- -- ----------- --
Alpha be ti o (Higratol"y) ]Olivetti I Other I 

kb_data_table label byte .. .. .. .. 
( 1Bh) t 100h + ( 1Bh) 
(1Bb) • 100b + (1Bb) 
( 1Bh) t 100h + ( 1Bb) 
kll'OHE • 100h + kNOHE 

01 Olh 

I KB l KBs I 

ESC 
ESC 
ESC 
lilone 

ESC 
ESC 
ESC 
Hone 

(BASE) 
(SHIFT) 
(CTL) 
(ALT) 

& ',, 
& •;• 
to •v• 
to '" 
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ROM BIOS 
Listing 

CC6F 3131 
CC71 2121 
CC73 CDCD 
CC75 7800 
CC77 3232 
CC79 2240 
CC7B CDCC 
CC7D 7900 
CC7F 3333 
cca, 2323 
CC83 CDCD 
CC85 7AOO 
CC87 311311 
CC89 211211 
CC8B CDCD 
CC6D 7B00 
CC6F 3535 
CC91 2525 
CC93 coco 
CC95 ?COO 
CC97 3636 
CC99 265B 
CC9B CDlE 
CC9D 7DOO 
CC9F 3737 
CCA1 2726 
CCA3 CDCD 
CCA5 7EOO 
CC17 3838 
CC19 2821 
CCAB CDCD 
CCAD 7FOO 
CClF 3939 
CCB1 2928 
CCB3 CDCD 
CCB5 8000 
CCB7 3030 
CCB9 5F29 
CCBB 1FCD 
CCBD 8100 
CCBF 2D2D 
CCC1 3D5F 
CCC3 CD1F 
CCC5 8200 
CCC7 5E3D 
CCC9 7E2B 
CCCB 1ECD 
CCCD 8300 
CCCF 0808 
CCD1 0808 
CCD3 7F7F 
CCD5 CDCD 
CCD7 0909 
CCD9 OFOO 
CCDB CDCD 
CCDD CDCD 
CCDF 7171 
CCE1 5151 
CCB3 1111 
CCE5 1000 
CCE7 7777 
CCE9 5757 
CCEB 1717 
CCED 1100 
CCEF 6565 
CCF1 115115 
CCF3 0505 
CCFS 1200 
CCP7 7272 
CCF9 5252 
CCFB 1212 
CCFD 1300 
CCFF 711711 
CDOl 511511 
CD03 111111 
CD05 11100 
CD07 7979 
CD09 5959 
CDOB 1919 
CDOD 1500 
CDOF 7575 
CD11 5555 
CD13 1515 
CD15 1600 
CD17 6969 
CD19 49119 
CD1B 0909 
CD1D 1700 
CD1F 6F6F 
CD21 4F4F 
CD23 OFOF 
CD25 1800 
CD27 7070 
CD29 5050 
CD2B 1010 
CD2D 1900 
CD2F 405B 
CD31 607B 
CD33 CC1B 
CD35 CDCD 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

dv (31b) • 100b + (31b) 
dv (21b) • 100b + (21b) 
dv kNONE • 100b + kNONE 
dv 7800h 
dv (32b) . 100b + (32b) 
dv (22b) • 100h + (40h) 
dv kNONE I 100b + kbn11l 
dv 7900h 
dv (33b) I 100b + (33h) 
dv (23b) • 100h + (23b) 
dv kNONE ■ 1 OOb + kNONE 
dv 7100b 
dv (34b) I 100b + (311h) 
dv (24b) I 100b + (24h) 
dv kNONE • 100b + kNONE 
dv 7B00b 
dv (35b} t 100h + (35h) 
dv (25b) I 100b + (25h) 
dv kNONE • 100b + kNONE 
dv 7C00h 
dv (36b) 1 100b + (36b) 
dv (26b) I 100b + (5Eb) 
dv kNONE • 100b + ( 1Eb) 
dv 7D00b 
dv (37b) . 100b + (37b) 
dv (27b) I 100b. + (26h) 
dv kNONE • 100b. + kNONE 
dv 7E00b. 
dv (38b) I 100b. + (38b) 
dv (28b) • 100b + (2Ab) 
dv kNONE I 100b. + kNONE 
dv 7FOOb. 
dv (39h) 1 100b. + {39h) 
dv (29b) • 100h + (28b) 
dv kNONB • 100b. + kNONB 
dv 8000b 
dv (30b) I 100b + (30b) 
dv {5Fh) • 100b + {29h) 
dv (1Fb) . 100b + kNONE 
dv 8100b 
dv (2Db) I 10011 + (2Dl1) 
dv (3D11) • 100h + (5Fl1) 
dv kNONE I 100b + (lFh) 
dv 820011 
dv (5Eh) • 10011 + (3D11) 
dv (7Eb) I 100b. + (2Bb) 
dv (1Bb) . 100b + kNONE 
dv 8300b 
dv (0811) I 100h + (08h) 
dv (08b) • 100b + (08b) 
dv {7Fh) I 100b + (7Fl1) 
dv kNORE • 10011 + kHONE 
dv (09h) I 100b + (09h) 
dv OFOOb 
dv kNONB • 10011 + kNONE 
dv lr:NONB I 10011 + lr:NONB 
dv (71b) • 100b + (71b) 
dv (51b) I 10011 + (51b) 
dv (1th) I 10011 + ( 1111) 
dv 1000b 
dv {77b) 1 100b + (77b) 
dv (57h) I 100b + {5711) 
dv (17b) . 100b + ( 17b) 
dv 1100b 
dv (6511) . 10011 + (6511) 
dv (11511) I 100b + (115h) 
dv (05b) I 100b + (05b) 
dv 1200b 
dv (72b) I 10011 + (72b) 
dv (52b) . 100b + (52b) 
dv (12b) . 100h + { 12b) 
dv 1300h 
dv (7411) I 100b. + (7411) 
dv (511b) I 100h + (54b) 
dv (14b) . 100b. + (14b) 
dv 1110011 
dv (79h) I 100h + (79b) 
dv (59b) 100h + (59b) 
dv ( 19h) 100h + (1911) 
dv 1500b 
dv {75b) . 100b + {75b) 
dv (55h) I 100h + (55h) 
dv { 15h) . 100h + (15b) 
dv t600h 
dv {69h) . 100h + (69h) 
dv (119h) I l()Oh + {49h) 
dv (09h} I 100h + {09h) 
dv 1700h 
dv {6Fh) . 100h + (6Fh) 
dv (4Fh) I 100h + (4Fh) 
dv (OFh) . 100b. + (OFb} 
dv 1800h 
dv (70h) I 100h + (70h) 
dv {50h) I 10011 + (5011) 
dv ( 10h) I 100h + (10h) 
dv 1900h 
dv (40h) I 100h + (5Bh) 
dv (60h) • 10011 + (7Bh) 
dv kbnul . 100h + ( 1Bh) 
dv kNONE 1 100h + kNONE 

02 02b 

None None 
1120 

03 03h : 2 

• None NOL,::l03(A@) 

1121 
04 Olah 3 

I 
None None 
1122 

05 05b ' • I I 
None Hone 
1123 

06 06h 5 5 
j j 
None None 
11211 

07 07h 6 

• 
None RS(' .. ') 

1125 
08 08b ; 

None None 
1126 

09 09b 8 8 
{ . 
None Nona 
X127 

10 OAb 9 
) 
Non6 None 
1128 

11 OBb 0 0 

Us ("_l 
) 
None 

1129 
12 OCl1 

Nona is ("_l 

13 ODb 
~130 

RS ("") Nona 
1131 

14 OEb BS BS 
BS BS 
DEL DEL 
None None 

15 OFh BT BT 
BHT::115 
None None 
None None 

16 10b q • Q Q 
DC1 ( "Q) DC1( "Q) 
116 

17 11b V 

w • ETB("W) ETB('"'W) 
117 

18 12b . . 
E E 
ENQ( "El ENQ( "E) 
IIB 

19 13b ' ' B B 
DC2( "R) DC2{ "R) 
119 

20 1411 t t 
T T 
DCII( "T) DCII( "T) 
120 

21 15b y y 
I I 
EH ("Y) EM ("Y) 
X21 

22 16b " " u u 
NAK("U) NAK("U) 

(\ X22 
23 17h 1 1 

I I 
HT ("I) HT ("I) 
X23 

24 18h 0 0 

0 0 
SI ("O) SI ( ~O) x,, 

25 19h p p 
p p 
DLE{ ~P) DLE("p) 
X25 

26 1Ab ! [ 
{ 

NUL::X03( "!!) ESC("[) 
None None 



~ 

CD37 5B5D C .. (5Bb) I 100b + (5Db) 
CD39 787D C .. (7Bh) I 100b + (7Db) 
CD3B 1811) C .. (1Bb) • ,ooh+ (1Db) 
CD3I> CDCD C .. ldlONB 1 100b + kNONE 
CD3P ODOD C .. (ODb} 1 100h + (ODb) 
CIJll1 ODOD C .. (ODb} 1 100h + {ODb) 
CD1-3 OAOA C .. (OAh} • 100h + (OAh) 
CD45 CDCD C .. kNOJfB 1 100h + ldfO!lE 
CD47 cscs C .. llbctl 1 100h + kbot.l 
CDll9 C5C5 C .. kboU 1 100b + kbotl 
CDIJB C5C5 C .. kbotl I 100b + kbot.l 
CDIJD cscs C .. kbotl • 100b + kbctl 
CD4P 6161 C .. (61b) 1 100h + (61b) 
CD51 ,.,_, C .. (41h) 1 100h + (11th) 
CD53 0101 C .. (01b) I 100h + (Olb) 
CD55 uoo C .. 1BOOh 
CD57 7373 C .. C73h) 1 100h + (73h) 
CD59 5353 C .. (53b) 1 100h + (53h) 
CDSB 1313 C .. ( 13b) 1 100b + ( 13h) 
CD5D ,roo C .. ,,ooh 
CDSP 6461:1 C .. (60) • ,ooh+ (611b) 
CD61 .IJIIU C .. (llllb) • 100b + (llllb) 
CD63 oio11 C .. (04h) • 100b + (Ub) 
CD65 2000 C .. 2000b 
CD67 6666 C .. (66h) • 100h + (66b) 
CD69 4U6 C .. (116b) • 100b + (116b) 
CD6B 0606 C .. (06h) 1 100b + (06b) 
CD6D 2100 C .. 210011 
CD6f 6767 C •• {6Tb) • 100b + (67b) 
CD71 IJ7.l'7 C .. (llfh) • 100b + (11Tb} 
CD73 0707 C .. (07h) • 100b + (07b) 
CD75 2200 C •• 2200b 
CD?T 6868 C ,. (68b) • 100b + {68b) 
CD79 118118 C .. (118b) • 100.b + ("8b) 
CD?B 0808 C dv tOSh) • 100b + (08b) 
CD'1D 2300 C .. 2300h 
ctnv uu C .. (Uh) • 100h + (Ub) 
Cl:181 IUIU C .. (lU.b) I 100h + (II.lb) 

~ 
CD83 O.lO! C .. (Olb) • 10011 + (Olb) 
CD85 2U0 C .. 21100h 
CD87 6B6B C dv (68b) • t00b + (6Bb) 
CD89 IIBIIB C ,. (IIBb) • 100b + (Uh) , ... 080B C .. (OBh} • 100b + (OBh) 
CD8D 2500 C .. 2500b 
CD8F 6C6C C .. {6Cb) I 100b + (6Ch) 
CD91 IIC.IIC C .. (l:!Cb) I 100h + (liCb) 
CD93 ococ C .. (OCh) • 100h + (OCh) 
CD95 2600 C .. 2600h 
CD9'1 3B3B C .. (3811) • 100h + (3Bb) 
CD99 2B3A C .. (2B11) I 100b + (3Ab) 
CD9B CDCD C .. kNOlfE • 10011 + kNOllE 
cogo CDCD C .. kBORE • 100b + kNONE 
CD9F 3A?7 C .. (3All) • 100b + ( 27b) 
cou 2!22 C .. (2!b) • 100h + (22b) 
CD13 COCD C .. kNON£ • 1 OOb + kHONE 
CDIS coco C .. kNOHB • 10011 + kNOHB 
CDJ.7 5060 C .. (SDb) • 10Gb + (60h) 
CDJ.9 7071 C .. (jDb} • 100b + (Uh) 
CDIB 1DCD C .. ( 10b) I 100b + kNOHE 
CDID CDCD C .. kNONe • 100b + kNOHE 
COIF C6C6 C dv kbleb • 100b + kbl.,h 
CDBl C6C6 C dv kblsh • 100h + kbleb 
CDB3 C6C6 C .. kbllllll • 100h + kbllllh 
COBS C6C6 C .. kbleb 1 100h + kblab 
CDB7 5C5C C .. (5Cb) • 100b + ( 5Cb) 
CDB9 7C7C C ,. ('1Ch) 1 100b + (7Cb) 
COBB 1C1C C .. ( 1Cb) 1 \OOb + { 1Cb) 
CODD coco C .. ldlOllE • 100h + kHONE 
CDBF 717A C .. (7Ab) I 100b + {7Ah) 
CDC1 SASA C .. (5Ab) • lOOb + {5lh) 
CDC3 UH C .. ( 1Ab) • 100b+ (1Ah) 
CDC5 2COO C .. 2COOb 
CDC7 7878 C .. (78h) . tOOb + (78b.) 
CDC9 5858 C .. (58b) I 100b + (58b) 
CDCB 1S18 C .. ( 18h) • lOOb + ( Hlh) 
CDCD 2000 C .. 2D00b 
CDCF 6363 C .. (63tl) • 100b + (63b) 
CDD1 11343 C .. C•3h) • ,ooh • (1;3b) 
CDD3 0303 C .. (03h) • 100h + (03b) 
CDD5 2EOO C .. 2E00b 
CDD? 7676 C .. (76b) • 100h + (76b) 

~ 
CDD9 5656 C .. (56b) 1 100h + {56b) 
CDDB 1616 C .. (16b) • 100b + (16b) 
CODD 2FOO C .. 2F00b 
CDDF 6262 C .. (62b) • 100b + (62b) 
COE1 .112.112 C .. (li2b) • 100b + (4211) 
CDE3 0202 C .. (02b) • tOOb + (02h) 
CDE5 3000 C .. 3000b 
CDE7 6E6E C .. (6Eb) • 100b + (6Bbl 
CDE9 4EIIE C .. (Hb) • 100h + (Uh) 
CDEB OEOE C .. (OEh) • 100b + (OEb) 
CDED 3100 C ,. 3100b 
CDEF 6D60 C .. (60h) . 100b + (6Dh) 
CDF1 4DliD C ,. (4Db) • 100h + (.l!Db) 
CllF3 ODOD C .. (ODh) . 100h + (0011} 
CDF5 3200 C .. 320011 
CDF7 2C2C C .. (2Ch) . tOOh + {2Cb) 
CDF9 3c3c C .. (JCb) I 100h + (3Cb) 
cora CDCD C .. kNONE • 100h + kNONE 
CDFD CDCD C .. lcliONE • 100h + kNONE 

27 1Bb 

28 1Ch 

29 1Dh 

30 1Bb 

31 ,.. 

32 20h 

33 2th 

3li 22b 

35 23h 

36 211b 

37 25b 

38 26b 

39 2711 

40 28b 

41 "' 
112 21b 

43 2Bb 

4.11 2Cb 

45 2Db 

li6 2Eh 

117 2Fb 

l:18 30b 

119 31b 

50 32:h 

,, 33h 

[ l 
{ ) 
ESC(,.[) GS { A]) 

Jfone None 
CR CR 
CR CR 
LF LF 
Noae None 
Ctrl Ctrl 
Ctrl Ctrl 
Ctrl Ctrl 
Ctrl Ctrl . . 
' ' SOB('"&) SOH("A) 
130 . . 
s s 
DC3("S) DC3(,.S) 
131 
d d 
D D 
BOT("'D) BOT("'D) 
132 
r r 
• F 
.lCl{"'F} .lCI("'P) 
133 

• • Q Q 
BEL("G) BBL("'G) 
13' 
h 
H H 
8s ("'BJ BS ( "B) 
135 
J J 
J J 
LP ("J) LY ("',J) 
136 
k k 

' ' iT ("'l) 'i'T ("I[) 

137 
l l 
L L 
FF ( .. L) FF ("L) 
138 

' . 
Nono Nono 
Nooe lono 

Nono Nono 
Nono Mono 
l 
I 
OS ("'J) Nono 
None Nono 
LSlltt LShtt 
LSbtt LSbtt 
LSbtt LSbtt 
LSbtt LSbtt 
\ \ 
l l 
PS ('"\) FS ("\) 
Nono Kono 

' ' z z 
SUB("Z) S'OB( "Z) , .. 
' ' X X 
CAN("X) CAN("X) 
1'5 . . 
C C 
ETX('"C) BTI( .. C) ,., . y 

' ' Sili("Y} SYli{"V) 
X'7 
b b 
B B 
STl{'"B) STX("B) 
X48 

' ' ' ' SO ('"N) SO ("Ill 

"' . . 
M M 
CR ("H} CR ("H) 
15Q 

None None 
None Hone 

ROM BIOS 
Listing 
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ROM BIOS 
Listing 

CDFF 2E2E 
CE0t 3E3E 
CE03 CDCD 
CE05 CDCD 
CE07 2F2F 
CE09 3F3F 
CEOB CDCD 
CEOD CDCD 

CEOF C7C7 
CEl l C7C7 
CEt 3 C7C7 
cE1 s c7c7 
CE17 2A2A 
CE19 CBCB 
CE1 B 7200 
CE1D CDCD 
CE1F CIIC4 
CE21 CIIC4 
CE23 C4CII 
CE25 C4 C4 
CE27 2020 
CE29 2020 
CE2B 2020 
CE2D 2020 
CE2F C1C1 
CE31 C1C1 
CE33 C1C1 
CE35 C1C1 
CE37 3B00 
CE39 51100 
CE3B 5E00 
CE3D 6800 
CE3F )COO 
CE41 5500 
CE43 5FOO 
CEl!5 6900 
CE47 3D00 
CE49 5600 
CEIIB 6000 
CEIID 6!00 
CE.l!F 3E00 
CESl 5700 
CE53 6100 
CE55 6B00 
CE57 3P00 
CE59 5800 
CESB 6200 
CESD 6COO 
CE5F 11000 
CE61 5900 
CE63 6300 
CE65 6DOO 
CE67 11100 
CE69 5AOO 
CB6B 61100 
CE6D 6EOO 
CE6F 11200 
CE71 5B00 
CE73 6500 
CE75 6FOO 
CE77 11300 
CE79 5COO 
CE7B 6600 
CE7D 7000 
CE7F lll!OO 
CE81 5DOO 
CE83 6700 
CE85 7100 
CE87 C2C2 
CE89 C2C2 
CE8B CACA 
CE8D C2C2 
CEBF C3C3 
CE91 C3C3 
CE93 C9C9 
CE95 C3C3 

CE97 117 00 
CE99 3737 
CE9B 7700 
CE9D DODO 
CE9F Ji800 
CEA1 3838 
CEA3 CDCD 
CEA5 CFCF' 
CEA7 11900 
CEA9 3939 
CEAB 81100 
CEAD CECE 
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.. .. .. .. .. .. .. .. 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ., .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

.. .. .. ., .. .. .. .. ,. .. ,, .. 

(2Eh) 
( 3Eh) • 
kNONE I 
kNONE 
( 2Fh) 1 

(3Fb) 1 
kNONE I 
kNONE 1 

10Ch + (2Eb) 
100b + ()Ehl 
100h + kNONE 
100h + kNONE 
100h + (2Fh) 
100h + (3Fh) 
100h + kN0NE 
10011 + kNONE 

Alphabetic (Non~Higratory) 

kbroh • 100b + kbrob 
kbrah • 100h + kbrah 
kbrah • 100h + kbrsh 
kbrah 100h + kbrah 
(2Ah) • 100h + (2Ah) 
kbprt • 100h + kbprt 

7200h 
kNONE • 1 OOh + kNONE 
kbalt • 100h + kbalt 
kbalt • 100h + kbalt 
kbalt • 100h + kbalt 
kbalt • 100b + kbalt 
(20b) • 100h + (20h) 
(20b) • 100b + (20h) 
(20h) • 100b + (20h) 
(20h) • 100b + (20h) 
kbcap • 100h + kboap 
kbcap • 100b + kbcap 
kboap • 100h + kbcap 
kbcap 1 100b + kbcap 

3B00h 
5400h 
5E00h 
6800h 
3COOb 
5500b 
5FOOh 
6900h 
3D00h 
5600h 
6000h 
6AOOb 
3E00b 
5700b 
61 ooh 
6BOOb 
3FOOb 
5800h 
6200h 
6COOb 
IIOOOb 
5900h 
6300b 
6D00b 
11100b 
5.lOOb 
61100h 
6EOOb 
11200b 
5B00b 
6500h 
6FOOb 
11300b 
scoob 
6600b 
7000h 
41100h 
5DOOb 
6700b 
7100h 

kbnum • 100b + kbnlUII 
kbnum 1 100h + kbnum 
pauaa • 100b + pauae 
kbnum • 100h + kbnum 
kbaor • 100h + kbacr 
kbacr • 100b + kbacr 
kbbrk • 100h + kbbrk 
kbacr 1 100h + kbaor 

Numeric Keypad 

11700h 
(37h) • 100b + {37h) 

7700h 
kdec7 • 100h + kdec7 

IIBOOh 
(38h) • 100b + (38h) 
kNONE • 100b + kNONE 
kdeo8 • 100h + kdeo8 

4900h 
(39h) 1 100h + (39h) 

8400h 
kdeo9 100b + kdec9 

52 34b 

53 35b 

511 36b 

55 37b 

56 38h 

57 39b 

58 3Ah 

59 ]Bh 

60 ]Cb 

61 3Db 

62 3Eb 

63 3Fb 

64 ~Oh 

65 1l1t1 

66 42b 

67 43b 

68 llllb 

69 115h 

70 46h 

71 117b 

72 48b 

73 49h 

> 
None 
None 
I 

' None 
None 

> 
None 
None 
I 

' None 
None 

I0livottiJ0ther I 
I KB I !Ba 

RSbft RSbft 
RShft RSbft 
RSbft RShft 
RShft RSbft . . 
PrtSc PrtSo 
11111 
None None 
ALT ALT 
ALT ALT 
ALT ALT 
ALT ALT 
SP SP 
SP SP 
SP SP 
SP SP 
CapLk CapLk 
CapLk CapLk 
CapLk CapLk 
CapLk CapLk 
FOhX59 
F11 =X84 
F21 =X9il 
F31 =1104 
F02=X60 
F12::X85 
F22=l95 
F32=l105 
F03=161 
Fl 3=186 
F23=196 
F33::X106 
FOhX62 
Fl 4::187 
F24=X97 
F34=X107 
P05=X63 
P15,,X88 
F25::X98 
F35:X108 
F06::X611 
Fl 6:189 
F26::X99 
F]6:X109 
F07::X65 
F17:X90 
F27:1100 
p37,.1110 
F08=1.66 
F1811191 
F28;1101 
F38=X111 
F09"X67 
F19:X92 
F29:X102 
F39=X112 
F10a:168 
F20=193 
F]Oa::1103 
FIIO:X113 
NumLk NumLk 
NumLk NumLk 
Pau:se Pause 
NumLk NumLk 
ScrLk ScrLk 
ScrLk ScrLk 
Break Break 
ScrLk ScrLk 

l011vett1 JOtber I 
I K:B I KB:s I 

Bome=X71 
7 7 
X 119 
XDec7 XDeo7 
Up ,,x72 
8 8 
None None 
XDec8 XDec8 
PgUpa:X73 
9 9 
X 132 
1Dec9 XDecg 



~ 
CEAF 2D2D 
CEBl 202D 
CEB3 coco 
CEBS coco 
CEB7 11B00 
CEB9 31;311 
CEBB 7300 
CEBD 03D3 
CEBF coco 
CECl 3535 
CEC3 coco 
CECS D2D2 
CEC7 4D00 
CEC9 3636 C 
CECB 71100 C 
CECO 01D1 C 
CECF 2B2B C 
CED1 2B2B C 
CED3 coco C 
CED5 coco C 
CED7 4FOO C 
CED9 3131 C 
CEDB 7500 C 
CEDD D6D6 C 
CEOF 5000 C 
CEE1 3232 C 
CEE3 CDCD C 
CEES DSD5 C 
CEE7 5100 C 
CEE9 3333 C 
CEEB 7600 C 
CEED 011011 C 
CEEF coco 
CEF1 3030 
CEF3 coco 
CEFS D7D7 
CEF7 5300 C 
CEF9 2E2E C 
CEFB ceca C 

~ 
CEFD C8C8 C 

C 
C 
C 
C 
C 
C 

CEFF 0808 C 
CFOl 0808 C 
CF03 coco C 
CF05 coco C 
CF07 CBCB C 
CF09 CBCB C 
CFOB 7200 C 
CFOD CDCD C 
CFOF CACA C 
CFl 1 CACA C 
CF13 CACA C 
CF15 CA Cl C 
CF\7 0000 C 
CF19 000D C 
CF1B 0101 
CF1D CDCD 
CF1F IIBOO 
CF21 7300 
CF23 7300 
CF25 7300 
CF27 5000 
CF29 5000 
CF2B 5000 
CF20 5000 
CF2F 11000 
CF31 7"00 
CF33 7400 
CF35 7400 
CF37 4800 
CF39 11700 
CF)B 11700 
CF3D 11700 
CF3F C9C9 
CF Ill C9C9 
CF'3 C9C9 
cF,5 cgcg 

~ 
CF-7 C9C9 
CF49 C9C9 
CF-B C9C9 
CF40 C9C9 
CFIIF C2C2 
CF51 C2C2 
CF53 CACA 
CF55 C2C2 
CF57 2F2F 
CF59 2F2F 
CF5B CDCD 
CF5D CDCD 
CF5F 5400 
CF61 5400 
CF63 51100 
CF65 51100 
CF67 5500 
CF69 5500 

dw (2Dh) 100h + (20h) 
dw (2Dh) . 100h + (2Dh) 
dw kNONE ,ooh• kNONE 
dw kllONE . 100h + kNONE 
dw 4B00h 
dw (311h) . 100h + {311h) 
dw 7300h 
dw kdec4 100h + kdec4 
dw kNONE . ,ooh + kNONE 
dw {)Sh) 100h + (35h) 
dw kNONE 1 100b + kNONE 
dw kdeo5 100h + kdec5 
dw II DO Oh 
dw (36b} . 100h + (36b) 
dw 71100b 
dw kd.606 . 100b + kdec6 
dw {2Bh) . 100h + (2Bh) 

dw (2Bh) ,ooh + (2Bb) ,. kNONE t 100h + kNONE ,. kNONE 100h + kNONE ,. 4FOOh ,. (31h) . 100h + (31h) 
dw 7500h 
dw kdec1 . 100h + lr:dec1 ,. 5000h ,. {32h) . 100h + (32h) 
dw k!IONE . ,ooh + lr:NONE .. lr:dec2 100h + kdec2 ,. 5100h ,. (33h) 100h + (33h) ,. 7600b ,. kdeo3 . 100h + kdeo3 
dw kbina . 100h + lcbina ,. (30h) . 100h + ()Oh) 
dw lcNONE • 100b + kNONE 
dw lcdecO . 100h + kdecO ,. 5300b ,. (2Eh) . 100b + (2Eh) ,. lcbres . 100b + kbres ,. kbres . 100h + kbres 

74 4Ah 

None 
None 

75 '5h Left=X75 

' X115 
XDeo4 

76 ,Ch None 
5 
None 
XDec5 

77 •o• Rgbt=X77 
6 
1116 
XDec6 

78 4Eh 

None 
None 

79 '" Eod =X79 , 
X117 
XOec1 

80 50h Down,,xao 
2 
None 
IDeo2 

" 51 h PgDn,,181 
3 
1118 
1Deo3 

82 52h INS:182 
0 
None 
lOeoO 

83 53h DEL :183 

Reset. 
Reaet 

None 
None 

' 
XDec4 
None 
5 
None 
XDec5 

6 

XDec6 

None 
None 

1 

XDecl 

2 
None 
XDec2 

3 

lDeo3 
INS:182 
0 
None 
XDecO 

Reaet. 
Reaet 

ROM BIOS 
Listing 

----------------------------------------------------------------------
Function Keypad I Olivet ti l Other I 

I .. I "' I ----------------------------------------------------------------------
,. lcdblO . 100h + kdblO " 54h -00 00 ,. kdblO . 100h + kdblO 00 00 
dw kNONE . 100h + kNONE None No11e ,. kNONE . 100h + kNONE No11e None ,. kbprt . 100h + lcbprt 85 55h PrtSo PrtSo ,. kbprt . 100h + kbprt PrtSc PrtSo ,. 7200h 11111 ,. kNONE . 100h + kNONE Hone None ,. pause . 100b + pause 86 56h Pause Pauae ,. pauae . 100h + pauae Pauae Pause ,. pauso . 100h + pauae Pause Pauso 
dw pauso . 100h + pauao Pauao Paui,o ,. (ODh) 100h + (ODh) 87 57h CR CR ,. (ODh) . 100h + (ODh) CR CR 
dw (OAh) . 100h + (OAh) LF LF .. kNONE 100h + lr:HOHE Nono No110 ,. II BO Oh 88 58h L.e!tsl75 
dw 731)9)-. Rev Word "'1115 ,. 7300h Rov word 1115 .. 7300h Rov Word : 1115 ,. 5000h 89 59h Oown=l80 .. 5000h Downz:180 ,. 5000h Dow11=l80 
dw 5000h 00WElll180 ,. II DO Oh 90 5Ah Rght.:177 ,. 7400h Adv Word 1116 ,. 7400h Adv Word " 1116 ,. 7400h Adv Word Xl 16 
dw 11800h 91 5Bh Up =172 
dw 4700h Home:171 ,. 11700ll Homo=l71 ,. 4700h Homo:171 ,. kbbrk . 100h + kbbrk 92 5Ch Break Broak 
dw kbbrk 100h + kbbrk Break Br oak 
dw kbbrk 100h + kbbrk Break Break .. kbbrk 100h + kbbrk Break Broak ,. kbbrk • 100h + kbbrk 93 5Dh Broak Broak ,. kbbrk . 100h + kbbrk Break Broak ,. kbbrk • 100h + kbbrk Broak Broak ,. kbbrk . 100h + kbbrk Break Break 
dw kbn11111 100h + kbnum " 5Eh NumLk Numl.k ,. kbnum 100b + kbnum Numl.k Nu111L.k ,. pause . 100b + pauso Pauso Pause ,. lcbnum . 100h + lr:bnum NumLk NumL.k ,. (2Fb) . 100h + (2Fb) 95 5Fb I I ,. (2Fb) 100b + (2Fh} I I 
dw kNONE • 100b + kNONE Nono Nono ,. kNONE . 100b + kNONE Nono No11e ,. 5400b " 60b F11cX84 ,. 5400h F11=X84 
dw 51100h F11,,X84 ,. 51400b Fl 1 :X811 ,. 5500b 97 61 h F12=l85 ,. 5500b F12:cl85 
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ROM BIOS 
Listing 

CF6B 
CF6D 
CF6F 
CF71 
CF73 
CF75 
CF77 
CF79 
CF7B 
CF7D 
CF7F 
CF81 
CF83 
CF85 
CF87 
CF89 
CF8B 
CF8D 
CFBF 
CF91 
CF93 
CF95 
CF97 
CF99 
CF9B 
CF9D 

CF9F 

CF9F 

CF9F 

• 0000 

II 0001 

II QQQ2 

• 0007 

= 0009 

1t OOOF 

II QQ1Q 
• 0011 
= 0012 

" 0014 

" 0014 

" 0007 
11 000B 
" 0011 
= OOFF 

" 0011 

" 0320 
z: 0320 
= 0321 
" 0321 
z: 0322 
" 0322 

8-56 

5500 
5500 
5600 
5600 
5600 
5600 
5700 
5700 
5700 
5700 
5800 
5800 
5800 
5800 
5900 
5900 
5900 
5900 
SAOO 
SAOO 
SAOO 
5100 
5B00 
5800 
5B00 
5800 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

.. .. 
dw .. 
dw 
dw 
dw 
dw 
dw .. 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 

5500b 
5500h 
5600b 
5600h 
5600h 
5600b 
5700h 
5700h 
5700h 
5700h 
5800b 
5800b 
5800b 
5800b 
5900h 
5900h 
5900b 
5900b 
SAO Oh 
SAOOh 
SAO Ob 
SAOOb 
5B00b 
5B00b 
SBOOb 
5B00b 

F12..X85 
F1211X8S 

98 62h F13:X86 
r,3 .. xa6 
F13=X86 
F13..X86 

99 63b F1 lli:X87 
F1hX87 
F1'..X87 
F11111X87 

100 6J:lb F15=188 
F15..X88 
F15=188 
F15o188 

101 65b F16..X89 
F16i:X89 
F16=X89 
F16=X89 

102 66b F17..X90 
,,7 ... 190 
F17..X90 
F171tl90 

103 67b F18..X91 
F18..X91 
r,a .. 191 
F18a191 

C kb_data1 
C 

ondp 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

code and a 
incl uda bdu. aam 

' - ,._,. = :11 === == "" - ==- - ""- -- =•" == == = =• """ =- --~ - - - -- -- "=• """ ....... =-- --- ---=- -
Filename: bdu, arc 

Thia module inoludea HDD aupport. 
; 
• - - - =-= - "=" -= - " - - - - - - - - - -- " .. " ="" """"" = - - - - - -- - - - - "= - - "" = "" •• = ,:,c """"""" -

code segment pubUo • ROH' 
aaaume oo:codo, da:nothing, oa:notbing, 1111:nothing 

; 1111111 COHH,AIIDS .iVAILABLE FROM INTERRUPT t3 f#lfff# 

roeet_int 

atatua_int 

road_int 
;vrite_int 
;obktrk_int 
;t11ttrk_int 
;tmtbad_int 
tmtdrv_int 

;rood_param_int 
aaaign_param_int 
;rlong_int 
;vlong_int 
;aoek_int 
;reaet2_int 
;rbutt_int 
vbutt_int 

tat_drv_rdy_int 
rooal_int 
ral!ldiag_int 
;drvdiag_int 

... OOb 

oqu 01b ... 02b ... 03b ... . .. ... 05b ... 06,; ... .,. 
... ... ... 09b ... ... ... Obb ... . .. ... Odb ... . .. 
equ Otb ... , .. ... llb ... 12h ... 13b 

;reset diaka (according to drive#) 
; a:u1ign...para111 
;return atatua of laat operation 
; (dhk_atatua) in al 
;road aootora trou diok 
;write 11eotora to diak 
;check track 
;format track 

: :::~ ww- .,ac, ,., 11ck 
;format drive atarting at tbe 

indicated track 

;road the current drive paramotora 
;aaaign paramatora to drivoa, 
;road long (512 data+ 4 ecol 
;write long 
;aook cylinder 
;aamo a11 OOb 
;road aeotor butter 
;write aector butter 

;teat drive ready 
;recalibrate drive (nook track 00) 
;controller ram diagnoatic 
;drivo diagnoatic 

... 

c bxdiag_int ... 14b ;controller internal diagnootio 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

max_int ... '" ;maximum interrupt command number 

; 1111111 INT13 STATUS CODES 1111111 

; Theae are put into tho diak_atatua byte in data_aeg vben there 111 an error. 

;reoet_err 
init_err 
badtraok_err 
eoo_uaad_arr 
oenae_err 

... ... ... 
equ ... 

OSb 
07b 
Obb 
Ith 

Otrb 

; 111111# CONTROLLER INFORMATION ####### 

; drivea_par_bx 
; drivoa_per_po 
; bxea_per_po 
i porta_per_bx 
oeotora_per_traok 

... 
''" ... ... ... 

2 
8 • • 

17 

; 1111111 CONTROLLER PORTS 1111111 

read_port 
writ e_port 
atatua_port 
roaot_port 
SW'itch_port 
aoloot_port 

... ... 
•• u 

''" •• u ... 
320b 
320h 
321 b 
321 h 
322h 
322h 

;diak roaet (1nt13-00) tailed 
;aaaign parameter (1nt13-09) tailed 
;bad track 
;eco uaed to corraot data 
;roquoot aenso tailed 

;max number ot dr1vee on a controller 
;max number ot drivea on a po 
;max number or bxea on a po 
;number of i/o port.a tor a controller 
;compatible fixed format 

read data port 
write data port 
road controller hardware a,tatuo 
write to reaet controller hardware 
road tho drivetypa 11witohe11 
write to aeleot controller 



:: 0323 

:: 0002 

:: 0020 

:: 0008 
,. 0004 
" 0002 
:: 0001 

" 0002 
" 0001 

" 0000 
II 0001 

= 0003 
• 0004 
II 0005 
" 0006 
• 0007 
" 0008 

" 000.l 
II QQQB 

" oooc 
" OOOD 
" OOOE 
II DOOP 

II OOBO 

0083 
0014 
OD.ES 
0016 

" 003F 

ROM BIOS 
Listing 

C mask_port 
C 

... 323h ;write to maak p_dma and interrupt:.s 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

i 11#1111 CONTROLLER REGISTER BITS 11##11# 

i Thia is tbe completion status byte received in the read_port after 
; command completion, 

;com pl etion_atatua: 
b_o_drive 
h_o_err 

... ... OEOh 
002h 

; bi ta 17 to 5 
i bit #1 

; Thia is the controller hardvare status read from atatua_port. 

;hdu_atatua: 
hdu_irq5 •• u 020h bit 15 
bdu_dreqJ ... O10h bit #4 
bdu_bay oqu 006b b1 t f3 
bdu_od oqu 004h bit #2 
bdu_io oqu 002b bit ,, 
bdu_req oqu OO1h bit IO 

This i::, tbe controller p_dma and interrupt mask written to mask_port. 

;maek_port_cmd: maak_port_bank equ 
,u1ek_port_into equ 
maek_por t_dmao eq u 

008b 
002h 
001b 

Tbeae are the bite for a drive in the awitoh. 

awitoh_llUlSk oqu 0011001 lh 

1111111 CONTROLLER COMMANDS 1111111 

; bit #3 
; bit #1 
; bit #0 

; The first byte of the omd_blook (COB) ie the controller command. 
; The upper 3 bit a are the olaeo (either O or 7, all reoet or all aet), 
; The lower 5 bita are the opcode (Oto 31). 

; odb_O record claaa:3, opcode :5 

; Claaa o Controller Commands: OOO?'l???b. 

tet_drv_rdy_bx equ 
reoal_bx equ 
; reaerved 
aeneo_bx 
fmtdrv_bx 
obktrk_bx 
fmttrk_b:x 
fmtbad_b:x 
read_b:x 
; reoorved 

... 
•• u ... 
oqu ... 
oqu 

vrite_b:x oqu 
aoek_b:x equ 
aaeign_paran_b:x oqu 
read_ooo_bx equ 
rbuff_b:x equ 
vbuff_b:x equ 

OOh 
01. 
02h 
O3h 

'" 05b 
06b 
07h 
08b ,,. 
OAb 
OBb 
OCb 
OOb 
OEh 
OFh 

i Claaa 7 Controller Commanda: 111?'l???b. 

ramdias.....bx 
; rooervod 
; reaerved 
drvdia&....bx 
bxdi ag_bx 
rlons.....b:x 
vlong_b:x 

oqu 

oqu 
oqu 
equ 
equ 

OEOh 
OE1 b 
OE2h 
OE3h 
OEllb 
OE5b 
OE6b 

i ,,,,,,, CONTROLLER COB BJTES 111111# 

; Tho remainder of the omd_blook bytoo {COB) are defined aa follova: 

odb_1 record 

; cdb_2 

; odb_3 

; odb_4 

; odb_5 

zzp :2, drivooum: 1, beadoum :5 

record 

record 

record 

record 

oylbi:2, aecnum:6 

eyllov :8 

zzf:3, interleave:S 

retry:1, uoe_ecc:1, zzg:3, atepoode:3 

i 1#1##11 SENSE BYTES FOR REQUEST SENSE COMMAND ##1#### 

; Bytea returned when a requeat aonae command is iaaued in response to an error. 

ae naeO: eenaeo_val_addr oqu 080h ' '" " aenaeO_type equ 030b ' bit a 15 ' • aenaeO_oode equ OOFb ' bitD #3 to 0 
oenaeO_mak OQU 03Fb eenaeO_ type+ oena eO_co de 

aenael: aenao1_drive oqu 020b bit 15 
oenae1_bead oqu 01Fh bits #4 to 0 

senae2: aenao2_oylb1 oqu OCOb bi ta 17 ' 6 
aenae2_eeotor oqu 03Fh bit 15 to 0 

aanee3: se nao2_oy llow oqu OFFb bi ta " to O 

1111#11 HARD DISK PARAMETER TABLE 1#11#11 
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ROM BIOS 
Listing 

0000 0132 
0002 04 
0003 0132 
0005 0000 
0007 OB 
0008 05 
0009 oc 
000 A 84 
000B 28 
oooc 00 00 00 00 

0010 

" 00117 

,. 00118 

= 0003 
" 0007 

= 0082 

CF9F 

CF9F 33 co 
CF.11 8£ D8 
CF13 BE CO 

CF.15 FA 

CFA6 C7 06 00311 R D62F R 
CFlC SC OE 0036 R 

CFBO A1 OOIIC R 
CFB3 A3 0100 
CFB6 A 1 OOIIE R 
CFB9 A3 0102 

CFBC C7 06 00IIC R D1AB R 
CFC2 SC OE 004£ R 

CFC6 C7 06 0064 R DOE9 R 

8-58 

C 
C ; Tbi8 18 a table which is indexed by the switch 8ettinge to determine 
C ; the parameter.s for each drive. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

parameter_table struc 

p_cy ls dw 
p_heads db 
p_write_cur dw 
p_preoomp dw 
p_eoc_len db 
p_control_byte db 
p_timeout db 
p_rmt_timeout db 
p_drvdiag_timeout db 
p_zzj db 

parameter_table ende 

306d ,. 
306d 

0d 
11d ,. 
Ooh 

Ob4b 
028h 
0 ,o ,o ,o 

;number or cylinders 
;number of heads 
;reduced write current 
;vrita preoompensation 
;maximum eoo burot length 
;enable retry, enable ecc, 70uaec ateps 
;standard timeout 
;timeout for format drive 
;th1eout for teet drive ready 

i 1111111 p_dma SYSTEH (8237) ##1#111 

read_mode ... 01000111b ;write to dma_mode 
;7:6 aingle mode 
;5:5 addreaa increment 

write_mode 

allow_d.ma3 
dlaellow_d.ma3 

hdu_dma_:u.1gm 

... 

... ... 
''" 

;4:4 autoinit disable 
;3:2 read 
; 1: 0 channel 3 

0100101 lb ;write to dma_mode 
;7:6 single mode 
; 5: 5 addr ass i norement 
;11:11 autoinit disable 
;3:2 write 
;1:0 ohannel3 

00000011b 
00000111b 

;write to dma_maok_bit to allow 
;or diaallow dma3 interrupt 

082b ;port aete top 4 bits of 20-bit p_dma addreu 

; 1111111 MACROS 11#1111 

; Input to a regiater from a port. 
; Won 1 t work vben the index baa to cauae a carry to high byte. 

in port .,. 
add 
in 
endm 

inrg, inpt 
dx,1npt ;get the port number for the base controller 
dl,byte ptr da:[port_ott) ;add port_orr for the correct bx 
inrg, dx 

; Output from a regiater to a port. 
i Ditto. 

outport maorc 
mov ... 
oot 
endm 

outpt,outrg 
dx, out pt ;get tbe port nW11ber tor the baae controller 
dl,byte ptr ds:[port_off] ;add port_oft tor the oorroot bx 
dx, outrg 

;==.,.,.,,11, bd2. aam - - --- -- ----- -- --- - - "-" __ ., ""'"'""""""'""''"' """'""""-
Power on aelr teat 

aaaume oa:oode, ds:nothing, es:notbing, ae:notb1ng 

b_init proo 

Install vectors. 

ol1 

cs:code, da:abaO, ea:abaO, aa:nothiog 

ax,ax 
ds,ax 
es, ax 

satisfy assumptiooo 
de II aa " ax " abeO_aag 

dioabla during critical code. 

Inatall HDU bardvare interrupt aervice routine. 

vord ptr ds:[iritODlocn+OOOOh],cs:{ottoet h_int) 
word ptr ds: [int0Dloon+0002b), ca 

; Tranofer old FDU int 13 vector to the new int 40 FDU location. 

mov .. , ax,vord ptr ds:[int13lccn+0000h] 
word ptr ds:[(11 1 40b.)+OOOOb],ax 
ax,word ptr ds:[1nt13loon+0002b] 
word ptr ds: [ { 41 40b) +0002h], ax 

; Inatall new HDU request int 13 vector. 

mov ... word ptr ds: [intl 3locn+OOOOh], en: (offset h_io) 
word ptr ds:[int13loon+0002b],cs 

Inatall new HDU l>oot-atrap int 19 vector 

word ptr de: [1ntl 9locn+0000b], cs: (offset h_boot) 



~ 
CFCC ac OE 0066 a 

CFDO C7 06 0104 D14B R 
CF06 SC OE 0106 

CFOA FB 

CFDB B8 0040 
CFDE SE D6 

CFEO C6 06 00711 R 00 
CFE5 C6 06 0075 R 01 C 

C 
C 
C 

CFEl B9 OOOA C 
C 

CFED C 
C 

CFED BA 16 0075 R C 
CFF1 DO E2 C 
CFF3 80 E2 FC C 
CFF6 88 16 0077 R C 
CFFA EB D581 R C 

C 
C 
C 

CFFD 86 00 C 
CFFF SA 16 0075 R C 

C 
0003 FE CA C 

~. 
D005 80 CA 80 C 

C 
C 
C 

D008 BIi 12 C 
0001 CD 13 C 
DOOC 72 SC C 

C 
DOOE B4 14 C 

C 
D010 CD 13 C 
D012 72 56 C 

C 
C 
C 
C 

001.1; C7 06 006C R 0000 C 
C 
C 
C 
C 

DOH 81 3E 007 2 R 123 4 C 
D020 75 06 C 

C 
0022 C 

C 
0022 C7 06 006C R 0132 C 

C 
C 
C 

0028 C 
C 

0028 " C 
D029 E4 21 C 
0028 24 FE C 
002D E6 21 C 
D02F FB C 

C 
D030 B4 09 C 
0032 CD 13 C 
0034 72 3B C 

C 
0036 C 
0036 B4 10 C 

~ 
0036 CD 13 C 
D03A 73 OB C 
D03C 81 3E 006C R 0168 C 

C 
D0112 72 F2 C 
0044 EB 24 90 C 

C 
00117 C 
00117 Bli 11 C 
D049 CD 13 C 
DOIIB 72 24 C 

C 
C 
C 

DOl!D ac ca C 
004P 8B co C 
D051 33 DB C 

C 
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word ptr ds: [1nt19locn+0002h], cs 

Install new int 41 HDU paraneter table pointer 

mov word ptr ds:[(4 1 41h)+OOOOh],oa:(offset hdu_parm_tbl) 
oiov word ptr ds:((4•41h)+0002h],os 

sti ; exit critical code. 

Initialhe stuff in low memory, 

os:oode, ds:data, os:absO, sa:notbing 

ax,data_aeg satisfy asaumptions. 
da,ax 

byte ptr ds: [disk_statua] ,O 
byte ptr ds:[hf_num),1 

Reset the controller. 

clear errors. 
assume 1 bard disk. 

ox, 10 

init_oontroller_lp: 

;try to reset controller up to 10 times 

mo, 
obl 
aod 
mo, 
call 

dl,byte ptr ds:[bf_numl 
dl,1 
dl, 11111100b 
byte ptr ds:[port_off],dl 
raset_bx 

;get the current bd number 
;make it look 11 ke 
;all index 
;fake for reset_bx 
;reset that controller 

; Set up dl to call int13. 

dh,O ;clear db 
dl,byte ptr d11:[hf_num] ;number or HDUa (.1.n.:iremented in thia 

; loop) 
dee dl ;oompenaate for zero-origin 

dl,80h ;flag as a bard disk number 

; Test the controller. 

mo, 
int 
Jo 

ab, ramdiaa_int 
13b 
post_no_more_drivea 

;sat up for int13 - controller ram test 

;if error returned 

ab, bxdi ag_int ;aet up for int13 - controller internal test 
test 

int 
Jo 

13b 
poat_no_more_drives 

; Set up p_timor for timeout of tet_rdy. 

;if error returned 

word ptr de:(t_low_order],0•18 ; start counting at zero seconds 
; t_low_order oounta 
; 18timea/seo. 

Test system ra8et_flag. 

omp word ptr ds:[reset_flag],01234b ; terst flag for reaet function. 
Jne init_start_timer ; skip if not CTL ALT DEL reboot 

i.nit_drive_lp: 

word ptr ds:[t_low_order],17•18 ; only give 3 seconds if 

i ni t_star t_timer: 

; warm boot or not first disk 
t_low_order oounts 

18times/seo. 

; get interrupt mask 
oli 
io 
and 

'"' oti 

al,pio_1 
al,OFEb 
pio_1 ,al 

; un-mask p_timer interrupt IRO 
; set the controller 

mo, 
int 
Jo 

ini t_try_drive: 

ab, assign_pa ram_int 
13b 
post_loae 

;assign drive parameters according to 
;switob aettings on bx board 

mov ab, tst_drv_rdy_int ;test drive ready 
int 13h 
Jno init_drive_win 
omp word ptr ds:[t_low_order],20'18; t_low_order oounte 

; 18timea/seo. 
Jb init_try_drive ;if not given enough time yet, go back 
Jmp post_no_more_drivea. ;if given enough time and still losing 

ini t_drive_win: 
mo, 
int 
Jo 

mov 
xo, 

ab, recal_iut 
13b 
post_loee 

es:oode 

ax, cs 
es,ax 
bx, bx 

;recalibrate drive 

;satisfy assumption 

;initialize offset (es:bx) 
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0053 BIi OF 
0055 BO 01 
D057 CD 13 
D059 72 16 

1)058 FE 06 0075 R 
DOSF FE C2 
0061 F6 06 0075 R O 1 
D066 74 BA 
0068 EB 83 

D06A 
D06A FE OE 0075 R 

DO6E EB 13 90 

D071 
D071 FE OE 0075 R 

0075 BD OOOF 
D078 BE DOA2 R 
DO7B EB ESFA R 
D07E EB DOBB R 
0081 .. ,. 
D083 
D083 AO 0075 R 
D086 OA CO 
DOBB 75 OB 

D08.l BE DOAE R 
D08D EB ESFA R 
0090 EB 09 

0092 
0092 EB E650 R 

DO95 BE DOA6 R 
0098 ES ESFA R 

DO9B E8 E619 R 

DO9E E8 DSFA R 
DOA1 C3 

0012 20 4E 6F 74 
DOA6 20 52 65 61 64 79 

20 00 
DOAE 20 4E 6F 7Ji 20 50 

72 65 73 65 6E 7/,1 
00 

DOBB 

DOBB 

DOBB B8 OE28 
DOBE CD 10 

DOCO AO 0042 R 
DOC) 211 3F 
DOCS EB B6143 R 

DOCS 88 OE2 9 
DOCB CD 10 

DOCD C3 

DOCE 

DOCE 

DOCE 50 
DOCF 80 3£ OOH R 00 
D0D4 71111 

D0D6 BA 0322 
D0D9 0216007711 
DODD EC 
DODE 24 AO 
DOEO 3C 80 
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C 
C 
C 
C 
C 

~ 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C ,. ,. ,. 
C 
C 

mov 
iot 
J• 

ah,wbuff_int 
al,O 1 
13h 
post_lo:,e 

;write 11ector buffer a11 a te11t 
;one block length 

; Looks like ve got another bard diokl 

inc byte ptr ds:[bt_num) ;point to tho next one 
inc dl ;register for calling 1nt13 
test byte ptr de:[hf_nWD),01h ;have we proceeded to a now controller? 
J% init_drive_lp ;no, go !nit second drive on this one 
J111p init_controller_lp ;and go back • 

Come here when an attempt to initialize a drive or controller fails. 
If (at least) one good controller le found, then continue. 

post_no_more_drive11: 
dee byte ptr di!: [hf_num] ;restore hf_num 

Jop post_win ; could be FDO system only 

Come here if there wa11 clearly an error during initialization. 

pa11t_lose: 
doo byte ptr de: [bf_num] ;anticipation disproved 

; Output an error 111esaage 

;post_massaga: 

mov 
call 
oall 
jmp 

poat_vin: 
mov 
or 
jn, 

p_110111e: 

mov 
call 
jop 

call 

oov 
call 

p_dlsp: call 

call 
rot 

b_bad_m 
b_good_m 

b_abs_m 

b_init endp 

bp,Ofb 
ai,ce:(offeet h_bad_m) 
DRomString 
abow_senae 
abort p_diap 

al,byte ptr da:[ht_num] 
al, al 
p_aome 

sl,011:(offset h_aba_m) 
DRomString 
short p_disp 

DHexNib 

si, cs: (otfaet b_gaad_m) 
DRomString 

DCrLf 

diaa ble_di ek_interrupt s 

db 
db 

db 

Not' 
Ready ', NUL 

Not Present• ,NUL 

;error flag 
;atring tor error '1701' (BDU) 
;display 111eaaage on screen 
;display the sense bite 

; nWDber of bard disks. 
; are there any fixed disks. 

; message for no BDU 

message for 'HDU' 

purpooely no NULi 1111 

sbow_sense proo 

Displays the error sense oode (ab), where a la the type and b is tbe code. 

;di a.play a ' (' mov 
INT 

oov 
and 
call 

oov 
INT 

ret 

ax,(0Eb•100h)+ 1 (' 

,Oh 

al, byte ptr da: [bd_error l 
al,sen11eO_msk 
DBezByte 

ax, ( 0Eh'100b)+') • 
10h 

;got the error oode 
;ia.olate the type aod code bit11 
;diaplay error type aod code 

;display a ')' 

11how_sent1e endp 

maybe_sbov_sen:,e proo 

; Sb.ow aense information if switch 8 io aero (oloaed) and 6 is one (open). 
; To be used for field maintenance. 

pu:,h 
oop 
J• 
inport 
mov 
add 

'" and 
omp 

., 
byte ptr da: [diek_11tatu11) ,O 
m_exit ;if no error, do not display 
a1,11witoh_port ;read tbe awitobea 
dx, switcb_port ;get tbe port nU111ber tor the base controller 
dl,byte ptr ds:[port_oftl ;add port_off for the oorreot bx 
al,dx 
al,OaOh ;maok a1,1itches 8 and 6 
al,OBOh ;are they =10b? 



DOE2 75 03 

DOEii EB DOBB R 

DOE7 
D0£7 58 
DOES C3 
DOE9 

D0£9 

D0£9 33 co 
DOES 8£ DB 
DOED 8B co 

DOBF .. 
DOFO C7 06 0104 D11&B R 
DOF6 Be OB 0106 

~ DOFl , FB 

DOFB B8 00.110 
DOFE BE D8 

D100 B9 0003 
1)103 82 00 
D105 EB D12! R 
0108 72 02 
1)10.& EB 13 

D10C 
D10C B9 0003 
D10F B2 80 
1)111 EB D12A R 
D11'i 72 OE 

Dl 16 26: 81 38 7DFE U55 
D11D 75 05 

Dl lF 
D11F 28: FF 28 0126 R 

D12.II 
D124 CD 18 

D126 7C00 
0128 0000 

D12.& 

D12A 

~ D12! 
D12A 84 00 
012c CD 13 

D128 72 14 

D130 B4 02 
D02 BO O 1 

D134 BB 7COO 

0137 51 

0138 BS 00 
D13A B1 01 
D13C 86 00 

C 
C 
C 
C 

J•• 
call 

.111_e:1:J.t 

ab ow_se nse 
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;if ao, display sense 

C m_exit: 
;back to caller C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
r. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

pop 
rat 

may ba_ab ov_ae nae andp 

; :=::::::~ hd3, aa;i 110:11111111========"•======"""'"'""'"'" a:c:====:===::::::111111 
; Thie 18 called from the ROH Bioa after the hard diek baa been initialized, 
; It attempts to re?,d and 1n1Uate a master boot block tram logical aeotor O or 
; the tloppy disk, and then rrom the bard diak. 
1 ----= == IIQ: 0:111111 ·--------•Ill 111111111: g:i;" II""• -- IICC II. C. __ ,:: -• "'"" a:Q: D Ill a:111 •- ------- SIii 

aaauma oa:code, da:nothing, ea:notbing, sa:nothiog 

h_boot proo far 

Install vectors. 

xor ... 
co:code, 

a:1:,a:1: 
da,a:1: 
es,ax 

da:absO, es:abaO, aa:nothing 

; aatiaty aaaumptiona 
; da o ea III ax = abeO_aag 

011 ; di11able during critical code. 

Install new int 111 BDU parameter table pointer. 

word ptr dad ( ll*llth)+OOOOb] 1 cs: (ottset hdu_parm_tbl) 
word ptr da:[(4•41h)+0002b],oa 

Inotall new FDU parameter table pointer. 

.. , 
word ptr da :[int1 Elooo+OOOOb] ,ca: (offset td_parma) 
word ptr da: [iot1 Eloon+0002b], cs 

; exit critical code. 

; Attempt to raoet the diakatte. Hotor otartup time requires 3 trlea. 

.. , 
oall 
Jo 
Jmp 

oo:oode, da:data, oo:absO, aa:notbing 

ax,data_aes 
ds,ax 

ox, 3 
dl ,O 
boot_a_diak 
b_try_bdu 
obort b_ok 

; aatlaty aaaumptloos. 

; 3 retries 
;drive n1.1111ber zero (soft diak A:) 
;try to boot fr011 floppy 
;failed - try the bard diek 
;Jump to the boot code it we eucceded 

; olae boot fro111 the bard disk. 

b_try_hdu: 

b_ok: 

... ... 
call 
Jo 

••P 
Joo 

J•P 

CJ:, 3 ; 3 retries 
dl, 80h 
boot_a_diak 
b_tailed 

;drive number 80b (hard diak C:) 
;try to boot from bard disk 
;if this tailed too, then ezit. 

word ptr ea:[07C00b+510d],OA.l55b 
b_failad 

dw ord ptr cs: [ boot_1od1 rect] 

;la it the code? 
;oode tooter 

;Jump to boot code it correct 

b_failed: 

"' 
boot_iodi rect 

, .. 
dw 
dw 

07C00b 
absO_aeg 

; initiate reboot tbrougb ROH BASIC INT. 

; Jump indirect to boot coda at 0:7COO 

h_boot endp 

boot_a_diak proc 

; Set dl=disk nU111ber and call tb1o proc. 
; It will reset and try to read ox timea (lo caae there 111 a read error). 
; If it suooeed:1, J.t will return witb CY110. If it fail a, 1t will leave CJu1. 

b_lp: 

"'' 1,, 
Jo 

puah 

.. , ... 

ab, re:,et_int 
13b 

b_loat 

ab, read_iot 
al, 1 

bx, 07C00h 

ch,O 
cl, 1 
db,O 

;roaet the disk 

;if the operation loat 

;if it worked, read from tbe diak 
;one aector 

;offset for the boot_area. 

;save the retry oouot 

;cylinder 0 
;oector 1 (loweat aeotor) 
;bead 0 
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013E CD 13 

D140 59 

D141 72 01 

0143 CJ 

011111 
D144 80 FC 80 
D147 EO El 
0149 F9 
DlliA CJ 

D14B 

014B 

014B O 132 
0140 02 
D14E 0132 
D150 0000 
D152 OB 
0153 00 
D154 oc 
0155 BO 
0156 28 
0157 00 00 00 00 

D15B 0177 
D15D 08 
015E 0177 
D160 0000 
0162 OB 
D163 05 
D164 oc 
D165 .. 
D166 28 
0167 00 00 00 00 

016B 0132 
0160 06 
0161!: 0080 
0170 0100 
0172 OB 
D173 05 
01711 oc 
0175 B4 
0176 28 
0177 00 00 00 00 

D17B 0132 
D170 " D17E 0132 
0180 0000 
0182 OB 
D183 05 
D1811 oc 
0185 .. 
0186 28 
0187 00 00 00 00 

D18B 0132 
D18D 02 
018B 0080 
0190 0132 
0192 OB 
0193 05 
0191& oc 
D195 B4 
D1 96 28 
0197 00 00 00 00 

019B 0284 
019D 05 
D19E 0080 
DUO 0080 
0112 OB 
DU.3 05 
DU.Ji oc 
DU.5 .. 
0116 2B 
D1A7 00 00 00 00 

DUB 
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C 
C 
C 
C 
C 
C 
C 
C 

lot 

pop 

jc 

C b_lost: 
C 
C 
C 
C 
C 
C 
C 
C 

cmp 
loopne 
otc 
rot 

boot_a_diek 

hdu_parm_tbl: 

1Jb 

b_lost 

ah,time_out 
b_lp 

endp 

;atte111pt read 

;restore retry count 

;if it worked, return to caJ.ler 

;return with no carry 

;if it vaa a timeout, 
;otherwise, another chance 
;dropped through loop 
;return with carry 

C 
C 
C 
C 
C 
C 

; The next aix are the supported driveo: 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

parameter_table <,2d, 1 , ,oOb> ;type o: 5mb drive 

parameter_table <375d,8d,375d> ;type 1: 211111b drive 

parameter_tabl e < ,6d, 128d, 256d> ; type 2: 15mb drive 

para111eter_table <> ;type 3: 10mb drive 

C ; (dotaul t) 
C parameter_table <, 2d, 128d, 306d> ;type 4; Syquoat SQ306 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C parameter_t.able <6411d,5d,12Bd,128d> ;type 5: CDC Wren 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C ; , .. End of bard diak parametera. 
C 
C i "'""=,..,,, bd4. aam -"""""- ___ =-===-'"""' == ==----------------- _____ ., 
C ; Interrupt 13h - BDU I/0 requeat 
C '-=-=------ --- ------------="" "" =- -" - == == =-= "" "- "-" =-----------------=-= 
C 
C h_io proo far 
C aoeume oa:code, da:nothing, ee:nothing, as:nothing 
C 
C ; Debugging code to display all calla to this procedure. 



~ 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DIAB F6 C2 so C 
D1AE 75 05 C 
D1B0 CD 40 C 

C 
0182 C 
D1B2 CA 0002 

D1 BS 
D185 FB 
01 B6 80 FC 00 
01B9 75 09 
D1BB CD 40 

01B0 80 FA 87 
D1C0 77 FO 

C 
D1 C2 B4 00 C 

C 
01 CII C 
D1C1' 57 C 
D1C5 " C 
D1C6 06 C 
D1C7 1E C 
D1C8 53 C 
D1 Cg 51 C 
D1CA 52 C 

C 
C 
C 

rs,\ 
C 
C 

D1CB 50 C 
D1CC B8 00110 C 
D1CF 8E 08 C 
D1D1 58 C 

C 
D1D2 88 " 0076 R C 

C 
01116 80 FC 01 C 
D1119 T5 03 C 
D1DB ., D263 R C 

C 
C 
C 
C 

D1 DB C 
D1DE .. " C 
DUO 88 OE OOU C 
Dll!:11 88 2E 00115 C 
D1E8 !2 0046 R C 

C 
D1BB 06 C 
D1BC 53 C 
D1BD K8 DSC1 R C 
D1PO 26: BA 47 08 C 
D1Pll 5B C 
D1P5 07 C 
D1P6 12 001l7 B C 

C 
C 
C 

D1F9 " C2 C 
D1PB " 7F C 
D1FD 3J. 06 0075 R C 
0201 T3 57 C 

C 
D203 50 C 
02011 00 EO C 
D206 " FC C 
D208 A2 0077 R C 
D20B 58 C 

C 

~ 
020C B1 05 C 
D20B 02 •• C 
D210 BO .. 1F 
0213 01 C6 
0215 A2 00113 R 

0218 80 re ,. 
021B 77 30 

D21D 8A Cll 
D21F DO EO 
D221 00 BO 
D223 •• 00 
0225 05 D26D R 
D226 8B FO 

pu11b ax 
mo, al, ab 
call DHexByte 

"" al, dl 
call DHex!l'ib 
call DColon 
pop 

teat dl,080b 
Jo, hard_diak_1nt1 3 

'"' OOh 

ret_rrom_40: 
ret 

; 

teat HDU 
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tlag bit ". is this an HDU command? 
1 r not, pasa to the FD'O' driver 

and then return, saving flags 

bard_diak_int 13: 
•ti enable interrupt.a 
cop ah,reaet_int l ia thii, a reaet command? ,,. b_sav e_regs 

'"' OOh ; it "· must reaet FDU also 

o,p dl, 87b " the number abaurd? 
J• ret_tro11_4o if so, return without HOU 

ah, reaet_int perform a hard disk reset 

h_aave_regs: 
puab di 
push ., 
push 
push .. 
puab ,, 
push 0% 

push ., 
; Set up de: 888J118Dt. 

888\11110 oa:oode, da :data, es:nothin&, aa:nothing 

push u 
az, da ta_aeg l 11at1aty a1111umptioni,. ... da,ax 

pop 

byte ptr da: [oo ntrol_by te), dl ;retain drive specifier 

omp ab, at atua_irat ;ia it . atatua requeat? 

'" b_make_odb 
Jmp atatu11, ;treat aa a apeoial caae 

; Set up acme of the COB. 

b_make_odb: ... ol ;bx aeotora are 0-16, Dot 1-17 
byte pt, da: [ omd_blook+2), ol ;cylinder-bi and sector 

mov byte ptr da:[omd_block+3),oh ;cylinder-low 
mo, byte ptr da:[011d_bloc1t+ll),al ;interleave or block count 

puah .. 
puab bx 
oall get_drivaty pe_veotor ;point to parma for tbia drha 

al, eo.: { bx+p_oontrol_byte] ;gi,t the control byte 
pop bx 
pop e, 
mo, byte pt, da: [ cmd_block+S], al ;put it in the odb 

; Set up tbe port_orr with tbe port ottaet for tbe drive. 

mo, al ,dl HDU drive number ... al ,07Fb ; maok off HDU flag bit #7 
omp al,byte ptr ds:(ht_num) count or eou•a 
Jao h_bad_oommand l error it too high 

puo.h ax 
•hl al, 1 ;multiply by 2 ... al,11111100b ; provide port orraet 
moT byte ptr da:[port_ott],al ;at.ore tor "'e by port routine 
pop 

mo, cl, drivenum i ab 1ft tor cdb drive# 
ohl al, ol .. , db, (maak beadnum) ; get tho bita tor bead number 

al, dh ; abare drive# with bead number 
byte ptr da: [ cmd_bl ook+ 1], al ;store into the driTe/bead byte 

; Set up an 1ndez to UH the b_cmd_table. 

omp ab,max_int ;bighaot-numbarad valid int13 oommand 
J. h_bad_ccmmand ;error it out of range 

oo, al, ab ;get th a command code 
ohl al, 1 ;multiply command by ll ••• 
ahl al, 1 ;tor indexing or table 
mo, ah,O ;zero top 8 bit a ••• az,offaet b_omd_table ;now we point to t.be command in the table 

ai,ax ;we'll uae oa:(ai] to index the table 
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D22A 2E: 8A A4 0000 
D22F 88 26 0042 R 

D233 2B: 8A 84 0003 

D238 C6 06 0074 R 00 
D23D 2E: FF 911 0001 

D242 
0242 E8 D5FA R 
D245 E8 DOCE R 

D248 8A 26 0074 R 
D21:!C 80 FC 01 
D2,F F5 

D250 51 
0251 59 
0252 5B 
D25'.3 IF 
D2511 07 
D255 5E 
D256 5F 

D257 CA 0002 

D25A 
D25A C6 06 00711 • 01 
D25F BO 00 
D261 EB DF 

D263 
D263 AO 0074 R 
D266 C6 06 0074 R OD 
D26B EB D5 

0000 DD 
0001 0000 
0003 00 
OOOJJ 

D26D 

D260 oc 
D26B 0504 R 
D270 00 

D271 00 
D272 0000 
D274 00 

0275 08 
D276 D2C1 B 
D278 ., 
D279 •• D27J. D2C1 R 
D27C •• 
D27D 05 
D27E D33E R 
D280 00 

D281 06 
D282 D33E R 
D28~ 00 

D285 07 
D286 D33E R 
D288 00 

D289 •• D28A D33E R 
D28C DO 

D28D 00 
D28E D4DF R 
D290 00 

D291 oc 
D292 D504 R 
D2911 00 

8-64 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Now we can finish setup of the oommand. 
If it' a a p_dma operation, the oomcnand subroutine will be 
called with al=p_dma mode byte for 8237, 

ab, C8: [81], bx_opcode 
byte ptr da:[cmd_blcck+Dl,ah 

al, cs: ( .d]. h_cmd_mode_dma 

;get the opcode for the odb 
;and put it in place 

;p_dma aiode byte (read/write) 

mo, 

call 
byte ptr da:[diak_statua],O ; clear errors. 
os: (si). h_omd_aubr ; call subroutine to execute comlHDd 

h_finisb: 
call 
call 

... 
di oa bl e_di sk_interrupta 
maybe_sbov_aenae 

ah,byte ptr da:(diok_otatua] 
ab,1 

pop dx 
pop ex 
pop bx 
pop ds 
pop e8 
pop 81 
pop di 

; get the atatua code from ciper, 
; if nonzero, clear CF 
; now CF reflects error atatua, 

ret ;return, preserving flagB 

h_bad_oocimand: 
mov byte ptr d8:[d1ak_8tatua],omd_error ;bad command to 1nt13 

;clear burst length 
;and ex! t 

mov al,O 
jmp h_finhh 

; Special code for return_atatua. 

atatuo: 

mov 
Jmp 

al,byte ptr do:[diak_otatuol 
byte ptr da:(dialc_atatua},O 
b_finiah 

;return atatu8 from last command 
;tbia command was auccaaatul I 
;and oxi t 

i Tbio io the atructure tor the table which allows command diapatob. 

b_omd_atruo 
bx_opoode 
b_omd_8ubr 
b_omd_mode_dma 
b_011d_atruo 

a true 
db .. 
db 
eod8 

Ob 
Ob 
Ob 

;opcode tor the b:x (cdb byto O) 
;addreea of command routine 
;code tor 8237 read/write 

; Thia 18 the table itaelt, Bach entry ccrreaponds to a command. 

h_omd_table: 

b_cmd_8truc <&881 gn_para111_bx, assigo_param > ; 00 reaet 

b_omd_8truc <Ob, Ob> ;01 statue 

b_omd_atruc <read_bx, h_d111a, read_moda> ; 02 read 

b_cmd_atruo <write_bz, b_dma, write_mode> ;03 write 

b_cmd_atruo <cbktrk_b:x, b_ndma> ;OIi cbktrk 

b_omd_8truc <rmttrk_bx, b_ndma> ;05 f'mttrk 

h_omd_Btruo <fmtbad_b:x, h_ndma> ; 06 fmt bad 

b_omd_atruc <fmtdrv_bx, h_ndma> ; 07 fmtdrv 

h_omd_struc <Ob, read_param> ;08 read_para111 

h_omd_8truo <aaai go_pa ram_bx, aaai gn_pa ram> ;09 aasign_param 



D295 E5 
D296 D2C1 R 
D298 47 

0299 E6 
D29A D2C1 R 
D29C 11B 

0290 OB 
D29B D33E R 
D2AO 00 

D2A1 OC 
D2A2 D5011 R 
D2AII 00 

D215 OE 
D2A6 D2C1 R 
D2A8 47 

D219 OF 
D2U D2C1 R 
D2AC IJB 

D2AD 00 
D21B D33B fl 
0280 00 

D281 01 
D2B2 D33B R 
D2B11 00 

0285 EO 
0286 D33B R 
D2B8 00 

02B9 B3 
D28! D33B ft 
DZBC 00 

02B0 BIi 
D2BE 033E R 
D2CO 00 

02C1 

D2C1 

D2C1 FA 
D2C2 86 OB 

D2CII ec co 
D2C6 B1 OIi 
D2C8 D3 CO 
D2CA 8A ES 
02cc 2ll FO 

D2CE 03 D8 
02D0 80 05 00 

0203 E6 OC 

0205 8A C3 
02D7 E6 06 

D2D9 8A C7 
D2DB B6 06 

D2DD SA CS 
D2DF 24 OF 
D2EI E6 82 

02B3 AO 0042 R 

D2E6 3C ES 
D2E8 74 38 
D2EA 3C E6 
D2BC 74 34 

D2££ 3C OE 
D2FO 74 3A 
D2F2 3C OF 
D2F~ 7li 36 

ROM BIOS 
Listing 

C h_cmd_atruc 
C 

<rl ong_bx, h_dma, read_mode> ;Oa rlong 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

b_0111d_.struc <wlong_bx, b_dma, write_mode> ; Ob wlons 

b_cmd_11truc <aeelc_bx, h_ndma> ; Oo aeek 

b_omd_struc <aasign_param_bx, aanign_param> ; Od reaet 

b_cmd_atruc <rbutt_bx, b_dma, read_moda > ; Oe rbutt 

b_cmd_struc <wbutf_bx, b_dma, write_mode> ;Ot wbutt 

b_cmd_atruc <tet_drv_rdy_bx, h_ndllla> ; 10 tet_drv_rdJ 

b_omd_atruc <reoal_bx, b_ndma> ; 11 reoal 

b_cmd_atruc <ramdiag_bx, b_ndma> ; 12 ram di as 

b_omd_atruc <drvdiag_bx, b_ndaa> ; 13 drvgdiag 

b_cmd_otruc <bxdiag_bx, b_ndllla> ;14 bxdiag 

... ,. endp 

; Thia procedure ia called bJ 1nt13 when a command requiroo a p_dma operation. 
; The al regJ.ster abould oontain tho h_omd_modo_dma. 

b_dma proo 

011 

'"' dma_mode, al 
; dJ.aable interrupta 
; net tho p_daa mode 

Convert es:bx to an aboolute 20~b1t addraaa tor data, 

.. , 
,01 ... 
... 
oot .. , .. , 
... 
and .. , 

ax, ea 
ol ,4 
ax, ol 
ob, al 
al,OtOb 

bx, ax 
ob,O 

al, bl 
dma_addr_3,al 

al, bb 
dma_addr_3,al 

al, ob 
al, OFb 
bdu_dllla_aegm' al 

al,byte ptr dll;[omd_blook+O] 

; got oa 
; rotate II bite (116) 

now it'a aligned vitb bx 
; save tba top nibble ot addreoa 
; ol ear low nibble 

; add the otfaat ot the addresa 
; propagate CF (20-bit addJ.tJ.on) 

Cb : 20-bJ.t addreaa bi D1bblo 
; bx = 20-bit ottaat ot addroaa 

I olear the t'irl!lt/lut tt 

output low byte ot addreaa 

; output high byte of addreoa 

restore top Dibble of addreaa 
; maak tba Dibble 
; to bank aalaot rog1atar 

; set command from amd_blook 

; If it ia a rlons or wlons, it'a limited to one block {516 chars) 
Noto that if rlons or vlong ia requeated, the length 111 not ohooked, 

omp 
Ja 
oop 
J. 

al, rl ong_bx 
h_dma_lons 
al ,wlong_bx 
b_dma_long 

; 18 command rlong_bx? 

; ia command wlong_bx? 

It it 1.11 a rbuft or wbut'f, it'a forced to cu1e block {512 cbara) 
Note that if rbuff or vbuff 18 requested, tbe length ia not obeoked. .. , 

J• 
omp 
J• 

al, rbutt_bx 
h_dma_butf 
al, wbuft'_bx 
b_dma_butt 

; is command rbutt'_bx? 

; ia command wbutt_bx? 

Sot up the number of bytea tor a normal command. 
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ROM BIOS 
Listing 

D2F6 80 3E OO.li6 R 80 
D2FB 77 39 

D2FD B1 09 
D2FP AO 00116 R 
D302 03 BO 

0304 
0304 48 

D305 E6 07 
D307 86 C4 
D309 E6 07 
D30B 86 C4 

D30D FB 

0308 03 C3 
D310 72 24 

D312 BO 03 
D3tll B8 D3DD R 
D317 72 31 

D319 BO 03 
D318 E6 OA 

D31D EB D43B R 
D320 EB 28 

0322 
D322 C6 06 00116 R O 1 
D327 BB 020.IJ 
D32A EB D8 

D33C 
D32C C6 06 00116 R O 1 
D331 B8 0200 
0334 BB CB 

0336 
D336 1"B 
D33T P9 
D338 C6 06 0074 R 09 
D33D Cl 

D33B 

D33B 

D33E BO 02 
D340 B8 D3DD R 
D343 72 05 

03,115 E8 Dll]B R 
D)\8 EB 00 

D3U 

D3U 

D3-111 80 3E OO?ll R 00 
D34P 75 01 
D351 C3 

0352 
0352 C6 06 0042 R 03 
0357 BO 00 
D359 B8 D3DD R 
D35C 72 75 

D35E 89 0004 
0361 B8 0000 
D364 SB F8 

D366 
0366 B4 OB 
D368 EB D418 R 
D368 72 66 

D36D BA 0320 
0370 02 16 0077 R 

8-66 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

... 
Ja 

byte ptr da :[omd_bloolr:+11 J ,080b 
b_dma_err 

Determine number or bytoa to tra.nsror. 

mov 
abl 

cl ,9b 
al,byte ptr da:[cmd_block+11] 
a:z, ol 

too many b1ook11 requested? 
(6.l!k HAM/512 bytes per aeotor) 

; multiply 512 timen 
; ••• block count 

to make byte count 

C h_dma_lan: 
C dee ; a:z = byte count - 1 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C+ 
C+ 

out 
xcbg 
out 
xobg 

oti 

add 
Jo 

dma_count_3, al 
al,ab 
dma_oount_3, al 
al,ab 

ax, bll: 
b_dma_orr 

; output low byte ot count 

output high byte ot count 
a:z = byte count - 1 

; critical code ia over 

compute la11t byte to tranater 
; it carry tlag eet, overtlov 11 

; Bnablo and allow interrupts trom p_dma 1 and iaaue command. 

mov 
call 
Jo 

mov 
out 

oall 
J•P 

al, ( maalc_port_inte+maalc_port_dmae) 
conmand ; aend the cdb out to the bll: 
b_orr_obk return orror 

al I allov_dma3 
dma_Jllaak_bi t I al 

b_omd_vait 
abort b_err_obk 

allow interrupt:, 
; trom the p_dma channel 

; wait tor command oompletiol:l 
; check for p011ai ble error 

Por rlons and vlons oommanda: 

b._dma_lons: 

mov 
jmp 

byte ptr da:(omd_blook+4] 1 01b 
ax,512d + lid 
b_dma_len 

one block ma:zi11um 
length ot data + eoo 

Por rbutt and vbutt commanda: 

b._dma_butt: 
•ov 
mov 
Jmp 

b_dllla_orr: 

b._dma 

Oti 
oto 
mov 
,ot 

endp 

byto ptr da:[cmd_bloot+ll] ,01b 
a:z 1 512d 
b_dma_len 

one block ma:zimWII 
length ot data 

enable interrupt& 
; not carry tlag. 

byte ptr da: [diak_atatua], dma_aeg_error 

; Thia procedure ia called by int13 vban a non-p_dma command ia requeated, 

b._ndma 

b_ndma 

prco 

mov 
oall 
Jo 

call 
J•P 

endp 

b_err_obk 

omp 
J•• 
ut 

al, maak_port_inte 
0011mand 
b_err_obk 

b_omd_vait 
:short b_orr_obk 

proc 

; allow b:z interrupt at cmd co111pletion 
; aond the odb out to the b:z 
; return error 

; wait tor tho command to complete 
; check ror poaaible error 

byte ptr dn:[dink_nhtv-] 1 0 
b_bad_err 

; check atatua tlag trom command 

; no error - looking good 

perform roquont 11en11e command 11ame drive number. 

b_had_err: 

mov 
call 
j. 

e_read_senoe: 
mov 
call 
Jo 
in port 
•o• 
add 

byte ptr ds:(cmd_blcok+O],aenae_b:z 
al,O interrupt and p_dma for bx 
command aend out the command 
e_lose aeoae command lent 

cx,4 
&J: ,o 
di, ax 

accept 4 data+ 1 atatus byte 

; uaed aa index of array 

ah, ( hdu_bsy+ hdu_io+hdu_req) bay-cd+io+ req 
wait_for_atatue ; wait for atatua byte ready 
e_loae ; jump if error 
al,read_port ; read data 
dx, read_port ;get the port number for tbe baae controller 
dl,byte ptr da:(port_off] ;add port_off for the correct b:z 



~ 
D3711 EC 
D375 88 85 0042 R 
0379 47 
D37A E2 EA 

D37C BIi OF 
037 E E8 D418 R 
0381 72 50 

D383 Bl 0320 
D386 02 16 0077 R 
D38! EC 

D38B !8 02 
D38D 75 44 

D38P AO 0042 R 
0392 2ll 3F 
D394 BB Dli9P R 
D397 2B: D7 
0399 12 0074 R 
D39C JC 11 
D39B 75 32 

0310 C6 06 OOJl2 R OD 
D315 BO 00 
D317 EB D3DD R 
D3U 72 27 

D3AC B4 OB 
03.1.E BB 0418 R 
D3B1 72 20 

D3B3 BA 0320 
D386 02 16 0077 R 
D3Bl EC 
D3BB a, ca 

~. D38D BIi OP 
D3B1' BB 01118 R 
D3C2 72 OF 

D3Cll Bl 0320 
D3C7 02 16 0077 R 
D3CB EC 
DJCC 18 02 
D3CB 75 03 

0300 BA C1 
D3D2 
D3D2 C3 

03D3 
03D3 EB D5011 R 
0306 C6 06 0074 R FF 
D30B F9 
DJDC C3 

D30D 

DJDD 

DJDD BA 0322 
D3EO 02 16 0077 R 
D3E4 EE 

D3E5 BA 0323 
D31!:8 02 16 0077 R 
DJBC '' 
DJED B.IJ OD 
DJEF E8 D418 R 
D3F2 72 23 
DJFJJ FC 

.~ 
D3F5 BE 00112 R 

D3F8 
D3F8 AC 

D3F9 BA 0320 
D3FC 02 16 0077 R 
0400 EE 
0401 89 0000 

0404 

D404 BA 0321 
0407 02 16 0077 R 
0408 EC 
DIIOC AB 01 
DIIOE E1 F4 

C+ 
C 
C 
C 
C 
C 
C 
C 
C 
C+ 
C+ 
C+ 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C+ 
C+ 
C+ 
C 
C 
C 
C 
C 
C 
C+ 
C+ 
C+ 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C+ 
C+ 
C+ 
C 
C 
C+ 
c. 
C• 
C 
C 
C 
C 
C 
C 
C 

in ... 
ioo 
loop .. , 
oall 
Jc 
ioport ... 
add 
iD 

teat 
Jo, ... 
and ... 
xlat .. , .. , 
Joo 

al,dx 
byte ptr da:[bd_error+di],al 
di 
e_read_aenae 

; store in array 

ROM BIOS 
Listing 

ab, ( bdu_bsy+ bdu_od+bdu_io+bdu_req} ; bay+ od+ io+req 
wai t_for_atatus ; wait tor status byte ready 
e_lose ; J 11111p it error 
al,read_port ; read the statue byte 
dx, read__port ;get tbe port number tor the baae controller 
dl,byte ptr da:[port_ott] ;add port_otf for the correct bx 
al, dx 

al, h_c_err 
e_loae 

al,byte ptr da:(bd__error+O] 
al, aenaeO_mak 
bx, ottaet b~error_table 
oa:byte ptr b~error_table 
byte ptr da;[diak_atatua],al 
al, eoo_uaed_err 
h_err_ret 

; check atatua byte 
; leave it we bad alf.nae error 

; set tirat aonae byte 
; ioolate the typo and code bite 

; get the doe error code 
; store the status 
; waa it a correctable eoo err? 
; if not, return 

Road eoo burat length. 

... 
call 
J 0 ... 
call 
Jo 
inport ... 
add 
1o 

... 
call 
Jo 
inport ... 
add 
iD 
tut 
Jo, 

byte ptr da:[omd_blook+O),read_eco_bx 
al,O ; interrupt mask ,. no interrupts 
C0DUll.8Dd 
e_loae 

ab, (bdu_bay+bdu_io+bdu_req) ; bsy~od+io+req 
wai t_for_ata tus 
e_loao 
al,read_port ; road tbe burst length 
dx,read_port ;get the port number tor the baae controller 
dl,byto ptr da:[port_oft] ;add port_otf for the correct bx 
al,dx 
ol,aJ. ; save it for a moment 

ab, ( bdu_bay+bdu_od+bdu_io+hdu_req) ; bay• od+io+req 
wait_for_atatua ; read the status b:,te 
e_loae 
al,read_port 
dx, road_port ;set the port number tor tbe baae controller 
dl,byte ptr da:(port_off] ;add port_ott tor the correct bx 
al ,dx 
al ,b_o_err ; obeok completion atatua 
e_loae 

mov 
b_err_rot: 

ret 

al, cl ; set burat length back 

; Sense tailed, Try to recover. 

e_lo1ut: 
call 
mov 
,to 
ret 

aasisn_param ;reaet controller and aasign parameters 
byte ptr da:[diak_atatua],senae_err ;aenae failed 

b_err_obk endp 

i Sood a CDB to tbo bx. 
; The al register zsbould be aet to a mask_port_cmd. 

command proc 

out.port aelect_port,al ;select controller 
mov dx, =ieleot_port ;get tbe port number tor the base controller 
add dl,byte ptr da:[port_off] ;add port_otf for the correct bx 
out dx, al 

out.port mask_port, al ;allow interrupts and maybe p_dma 
mov dx,ma.ak_port ;get the port number tor the baae controller 
add dl,byte ptr ds:[port_ott] ;add port_off for tbe correct bx 
out dx, al ... 
call 
Jo 
cld 

ah, ( bdu_bsy• bdu_od+bdu_req) ; b.ay+ cd•io+req 
wai t_tor_atatua ;wait for controller to setup for cmd 
o_finisb ;leave if timed out 

;clear direction: count up with [ai] 
ai,d1a1:(oftaet cmd_blook) ;use si as index 

C aend_odb_byte: 
C lodab ;set a byte of odb 
C out.port wri.te_port,al ;send it to bx 

mov dx, write_port ;set the port number for the baae controller C+ 
C+ 
C+ 
C 
C 

add dl,byte ptr da:[port_off] ;add port_oft for tbe correct bx 
out dx, al 

ox,O ; prepare for loop 

C o_wait: 
C in port al, statua_port ;check status 
C+ mov dx,atatua_port ;get the port number for the baae controller 
C+ add dl,byte ptr d.a:[port_off] ;add port_oft for the correct bx 
C+ in al, dx 
C teat al, bdu_req ; is sta tu9 val id? 
C loopz o_wait ;wait for valid or timeout 
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ROM BIOS 
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D410 2Ji 07 
D412 JC 05 
Dlll/J H £2 
Dl:116 F8 
Dll17 
D417 C3 

Dll18 

Dll18 

D418 so 
D419 51 
D41l B9 0000 
D41D 

D111D Bl 0321 
DUO 02 16 0077 a 
DUii EC 
D1125 18 01 
D421 81 FIJ 
D.1129 24 OF 
D112B 31 c, 
D42D fJI 09 
D112F C6 06 0074 R 80 
D11311 F9 
o.ii35 
D1135 59 
D1136 58 
D437 C3 

0438 
Dll38 •• Dli39 EB Fl 
D113B 

Dll]B 

Dll3B .. 
Dll3C BIi 21 
D.\3£ 211 DF 
DUO £6 21 
DU2 •• 
D,\ll] 33 co 
D,U15 8B co 
DIPl7 26: Cl.I 36 0104 

DIIIIC 87 00 
DUB 26: 81 SC 09 
Dli52 80 3E 00U R 04 

0457 75 07 
D1159 26: BA SC OA 
045D EB OC 90 
D1160 
Dll60 80 ]E 00112 R £3 

Dll65 75 OIi 
D1167 26: 8A SC OB 

Dll6B 
D116B 01 E3 

D46D 

D46D BA 0321 
DJi70 02 16 0077 R 
04711 EC 
D475 AB 20 
D477 75 OD 
0479 £2 F2 

D47B •• D47C 75 BF 

D47E C6 06 0071i R 80 
0483 EB OF 90 

01186 

D1186 BA 0320 
D1189 02 16 0077 R 
D48D EC 
D48E 211 02 
D1190 08 06 00711 R 

8-68 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C• 
C• 
C• 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c. 
c, 
<• 
C 
C 
C 
C 
C 

ond 
omp 
Jo 
olo 

o_t'inisb: 
ret 

command ondp 

al,07b 
al, (bdu_cd+hdu_req) 
aend_cdb_byte 

;mask lov 3 bi ta 
;i:i it still looking for cd+out? 
;yeis - go isend another byte 

;done isending all bytea, ao return 

; Wait for istatun from bx {apeoified in ab), or 8l88 tia8 out. 

wai t_tor_atatun proo 

pu"h 
push .,. 

r_waiting: 
inport 

"" add 
1n 
teat 
loop& 
eod 
oap 
J• 
mo, 
,to 

r_r11:11sb: 
pop 
pop 
rot 

bx_ready: 
olo 

., 
ox,O 

al,atatua_port ;read bz atatua 
dx,atatua_port ;get tbe port number tor tbe baae controller 
dl,byte ptr da:(port_ort] ;edd port_orr tor tbe oorreot bz 
al,dx 
al, bdu_req 
r_waitins 
al 1 0tb 
al,ab 
bx_ready 

;look tor validity or atatua 
;loop 1t not valid yet 
;get lov 4 bits 
;teat tor tbe epeoitied etatua 

byte ptr da:[diak_atatua],time_out ;took too long to aeleot 
;flag error 

;sot tbe req 
jmp r_tiniab 

wait_tor_atatua eodp 

; Wait tor a 001111and to complete. 

b_omd_wait proc 

oli 
1o .. , .. , 
oti 

"" loo 

al, pic_1 
al ,ODFb 
pio_1 ,al 

ea:abaO 

az,ax: 
ea,ax: 
ai,dvord ptr ea=[(4 1 ~1b)] 

ea:notbing 

; get interrupt 11aak 
; un-maak BDU interrupt IR5 
; aot tho controller 

; oa = ax: : abaO_aeg 
; ea points to abeO_aog segment 
; ea:111 pointa to bdu_parm_tbl 

Determine timeout oouot. 

"" omp 

Joo 
oov 
Jmp 

W1 l 
omp 

Joo 

bb,O ;zero top byte or count 
bl,ea:byte ptr [ai],p_timeout ;standard timeout 
byte ptr da:[omd_blook+O],rmtdrv_bx: ;but ia it a format 

;drive command? ., 
bl,ea:byte ptr [ai].p_rmt_timeout ., 
byte ptr da:[omd_blook+O] ,drvdi&LbX: 

W2 
bl,aa:byte ptr [111].p_drvdias_timeout 

;tmtdrv timeout 

;but ia it a drive 
;diagnoatic? 

;drvdiag timeout 

Now we can wait for the interrupt, 

w2: 
ohl 

wait_for_irq5: 

bx, 1 ;double the timeout for the 
; 8086. 

inport al,statua_port 
mov 
odd 
1ft 
teat 
Jn, 
loop 

doo 
Jn, 

mov 
Jmp 

w_it a_done: 
inport 

dx,statua_port ;get tho port number for tho baae controller 
dl, byte ptr da: [port_off] ;add port_orr for the correct bz 
al,dx 
al,hdu_irq5 ;vas there an interrupt yet? 
w_ita_done 
wait_for_irq5 

,, 
wait_for_irq5 

;outer timing loop 

byte ptr da:[diak_atatua],time_out 
w_finiab 

;we tell tbrougb 

al,read_port ;read statue byte 
C+ mov dx,read_port ;get the port number tor the baae controller 
C+ add dl,byte ptr ds=[port_off] ;11ad port_orr for tbe correct bx 
C+ in al, dx 
C and al,h_o_err ;get completion error bit 
C byte ptr da:[diak_atatua],al ;h_err_ohk vill look at it 
C 



0494 
D11911 80 00 

Dl:196 BA 0323 
D1199 02 16 0077 R 
Dll9D EB 

D49B C3 

D119F 

D"9F 

Dll9F 

D119P 00 20 40 20 
DIU3 80 00 20 00 
DU7 40 00 00 00 
DUB 00 00 00 00 

DUP 10 10 02 00 
D1183 U llO 00 00 
01187 11 OB 00 00 
0488 00 00 00 00 

o•or 
D.\DP 
DUO 

DU3 
DU6 
DU9 
DUB 
DUD 
DOF 

DIIP2 
DIIP6 

D4P8 

0 1 02 00 00 
oc [ 

00 

20201000 
oc [ 

•• 88 D5C1 R 

26: 8B OP 
83 89 02 
86 89 
DO C9 
CO C9 
so cg 11 

00 

26: 8J 77 02 
FB CB 

a, 16 001s a 

DUC 07 

Dll:PD 58 
DllPB 5B 
D4PP' 58 

0500 51 
D501 52 
0502 50 

D503 C3 
D50-' 

05011 

oso• EB D581 R 

D5 07 06 

0508 C6 06 00Ji2 R 0C 
0500 C6 06 00113 R 00 
0512 80 26 0076 R FE 
D517 EB D532 R 
DSU 72 14 

D51 C 07 
0510 06 

D51£ C6 06 00112 R 0C 
0523 C6 06 001'3 R 20 
0528 80 OE 0076 R 01 
0520 ES 0532 R 

D530 
0530 07 
0531 CJ 

0532 

v_tinisb: 
mov al,O 
out port mask_port, al 

ROM BIOS 
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;turn off controller interrupta 

C+ 
C+ 
C+ 
C 
C 
C 

mov dx,maak_port ;get the port number for the base C!Ontrollar 
add dl,byta ptr ds:[port_off] ;add port_off for tbe oorreot bx 
out dx, al 

rot 

C b_omd_vait 
C 
C 
C 
C 
C 

b_da ta 1 proo 

bx_error_tabla: 
; Type D errora 

andp 

C db O, fdo_orror, aeek_error, fdo_error 
C db time_out, O, fdo_error, 0 
C db aeek_error, O, O, O 
C db O,O,O,O 
C ; Type 1 
C 
C 
C 
C 

error a 

•• •• •• •• c ;Type 2 errora 
C db 
C db 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

;Type 3 errora 

•• •• 

b_data1 ondp 

;=="""'"" bd5.a.e;m 

oro_error, cro_error, addr_mark_error, 0 
aect_not_found, aeek_error, O, o 
acc_uaed_err, badtraok_err, O, O 
o, 0, 0, 0 

omd_error, addr_mark_error, o, 0 
12 dup(O) 

fdo_error, fdo_error, oro_error, 0 
12 dup(O) 

C 
C 
C 
C 
C 
C 
C 
C 

read_param 
puab 
oall 

proc 
00 ;aava caller' a ea: regii:,ter 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

... ... 
xobs 

.. , 
doo 

pop 

pop 
pop 
pop 

puab 
puab 
puab 

rot 
read_param 

get_drivety pe_veotor 

ex, ea: [bx]. p_cy la 
ox,2d 
ch, al 
ol, 1 
cl, 1 
al, aoctora_per_track 

db, ea: [bx]. p_beada 

•• 

;loada es vitb pointer & bx vitb oftaet 

;get number of cylinders 
;aubtraot 2: zero origin and diag traoll: 
;put lov-ordar in ob 
;put high-order 2 bita 
;in top of cl 
;fixed, not Yariable 

;number of beada 
;zero origin 

dl,byte ptr da;[bf_num] ;count of bard diaka 

.. 
bx .. .. ,, 

endp 

;aave the return addreaa 
;trash the dx 
;and ox from tho caller 

;puab new parametera 
;tor caller to reoeivo 
;replace return addroaa 

C ; Perform a reaet and aaaign parametera for the dr1vea. 
C ; Note: paraaetera muat be aaalgned tor BOTH drive a on tho oboaon controller. 
C 
C 
C 

aaaign_param 

c oall 
C 
C puab 
C 
C 
C mov 
c and 
c oall 
C Jo 
C 
C pop 
C puab 
C 
C 

c or 
C call 
C 
c ap_finlah: 
C pop 
C ret 
C 
C aaaign_param 
C 

proo 

reset_bx 

byte ptr ds:[omd_block+O],aaoign_param_bz 
byto ptr ds:[emd_block+11,0 
byte ptr da:[oontrol_byte],Ofeb 
aasign__param_1 
ap_finiah 

byte ptr da:[omd_block+O],aasign_param_bx 
byte ptr da: [cmd_block+1 l, (mask dri-venum) 
byte ptr ds:[control_byte],01h 
asaign_para111_1 

endp 

;aet cdb 
;assume drive O 

;a:uign parama 
;JllllP if OX: 

; sot cdb 
;assume drive 1 

;assign params 

8-69 
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0532 
D532 BO 00 
D5311 ES D3DD R 
D537 72 63 

D539 ES D5C1 ' 
053C 26: SA 47 O 1 
D540 EB D590 R 
0543 72 57 

D5115 26: BA 07 
05118 EB D590 R 
05118 72 4F 

D54D 26: BA 47 02 
0551 EB 0590 R 
0554 72 46 

D556 26: BA 117 OIi 
D55A EB 059D R 
D55D 72 3D 

D55F 26: BA 117 03 
D563 EB D590 R 
0566 72 34 

D568 26: 8A 117 06 
D56C EB D590 R 
D56F 72 2B 

0571 26: 8A 117 05 
D575 EB D59D R 
0578 72 22 

0571 26: BA 47 07 
057E EB 059D R 
0581 72 19 

0583 B4 OF 
D585 EB D418 R 
0588 72 12 

D58A Bl 0320 
0580 02160077R 
0591 ,c 
0592 AB 02 
D5911 H 06 
D596 C6 06 OOH R 07 
D598 F9 

D59C 
D59C C3 

D59D 

0590 

0590 50 
059B B4 09 
0510 BB 0418 R 
D5A3 58 
D5A4 73 01 
D5A6 C3 

D5A7 

D5A7 BA 0320 
osu 02 16 0077 R 
D5AE .. 
DSAF F8 
05B0 C3 

05B1 

D581 

D5B1 BA 0321 
D584 02 16 0077 R 
05B8 .. 
D5B9 51 
DSBA 89 0100 
D58D E2 FE 
DSBF 59 
OSCO C3 
D5C1 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C+ 
C+ 
C+ 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C+ 
C+ 
C+ 
C 
C 
C 
C 
C 
C 
C 
C 
C+ 
C+ 
C+ 
C 
C 
C 
C 
C 
C 
C 
C 
C 

assign_param_1 proc 
mov al,O 
call comnand 

; no interrupts desired 
;send the cdb 

Jc a_finish 

; Send the 8 byte:, of drive parameters as PIO. 

call get_drivety pe_ veotor ;snare pointer to the table 

; send msb before 1-llb 

mov al,os:byte ptr (bx}.p_cyls+1 
call data_out 
j c a_fini ah 

mov al,oa:byte ptr [bx].p_cyls 
call data_out 
jc a_finish 

mov al,es:[bx],p_heads 
call data_out 
jc a_f1nish 

mov al,ea:byte ptr [bx),p_write_cur+1 
call data_out 
j c a_fioi sh 

mov al,es:byte ptr {bxl.p_write_cur 
call data_out 
jc a_tiniah 

mov al,es:byte ptr [bx).p_precomp+1 
call data_out 
Jo a_fini:1h 

mov al,oa:byte ptr {bx].p_preoomp 
call data_out 
Jc a_finish 

mov al,es:(bx].p_ecc_len 
call data_out 
jc a_fini sh 

; Note that control byte is handled differently, •• See near b_malco_odb, 

mo, 
oall 
jo 

ab, { hdu_bay+ bdu_od+hdu_io+hdu_req) 
wai t_for_statua 
a_fini sh 

; bsy+ od+ io+req 

inport al,read_port ;read tho statue byte 
mov dx,road_port ;get the port number tor tbo baao controller 
add dl,byte ptr da:[port_orr) ;add port_orr tor the correct bx 
in al,dx 
test al,b_o_orr ;did we do ok? 
Jz a_tinisb 

byte ptr da:[diak_atatua),init_err ;no 

a_tinisb: 
ret 

assigo_param_l eodp 

; Send a byte of data out the write_port. 

proo 

" 
data_out 

pu.sb 
mov 
call 
pop 
Joo 
ret 

ab, ( bdu_bsy+ bdu_req) 
wai t_ror_atatua 

" do_ready ;if it didn't time out, output the data 

do_ready: 
outport write_port,al ;write it out 
mov dx,write_port ;get the port number for the baae controller 
add dl,byto ptr da:[port_ott] ;add port_orr for the correct bz 
out dx, al 
clc ;no problem 
cet 

data_out endp 

reset_hx proc 

outport reset_port,al ;reaet controller 
mov dx,reset_port ;get the port number for the baoe oontroller 
add dl,byte ptr da:(port_ott] ;add port_otf for tho oorreot b:x 
out dx, al 
puoh ox 
mov ox,100b ;wait in a loop 
loop $ 
pop 
cet 

reaet_bx endp 

Returns with eo:(bx] pointing to the drivetype vector for the oeleoted drive. 



D5C1 

D5C1 50 

D5C2 33 co 
DSCII 8E CO 
D5C6 26: C,11 1 E O 1011 

DSCB 52 

DSCC BA 0322 
DSCF 02 16 0077 R 
D5D3 BC 
DSPII 51 
D5D5 2• 7F 

D5D7 F6 06 0076 R 01 
DSDC 75 01' 
DSDB DO 88 
DSBO DO ES 

D582 
D5B2 211 33 
D5 E-' 8A EO 
0586 DO BC 
0588 DO BC 
DS!A 01 CII 

~ DSEC DO BO 
DSBI! DO EO 
DSFO DO BO 
D5P2 DO EO 
DSFII B.11 00 
DSP6 03 08 

DSP8 58 
D5F9 C3 
DSU 

DSF4 

DSFA 52 
DSPB St 
DSPC 50 
DSFD 1B 

DSFB BS 00110 
D601 8B D8 

0603 FA 
D6011 E4 21 
D606 oc 20 
0608 E6 21 
D60A •• 
060B BS 00 
D60D 8A OE 0075 R 
0611 " 0612 D1 " D614 711 10 

0616 

~ D616 BO 00 
0618 8B D1 
0611 .. 
0618 01 E2 
0610 01 E2 
D61P 81 C2 0323 
0623 EE 

D6211 E2 FO 

0626 
0626 BO 07 
D628 E6 OA 

062A 1F 
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C 
C 
C 
C 
C 
C 

The bit:i are selected from the switch ae tollovs: 

C ; 

av itch 
bit 
drive O 
drive 1 

C set_drivetype_vector 
C 
C 
C 
C 
C 

puah 

e::,:ab::,O 

ax,ax 
e::,,aJ: 

I 1 I 2 I 3 I 4 I 7 I B 
0 1 2 3 6 7 
0 

proc 

; ea " ax .. absO_seg C 
C 
C 
C 
C 
C 
C 

xoc .,, 
loo bJ:,dword ptr ea:[(11•41b)] 

; ea points to absO_::,og segment 
; ea:bx po1nt::, to bdu_parm_tbl 

C+ 
C+ 
C+ 
C 
C 
C 
C 
C 
C 
C 
C 
C g_maak: 

puah 
1nport 
mo, ... 
" pop .. , 
test 
jnx .. , .. , 

C and 
C mov 
C ehr 
C ebr 
C 
C 
C 
C 
C 
C 
C 
C 
C 

obl 
ohl 
obl 
obl ... 
add 

pop 

ea:notbing ., 
al,awitcb_port ;road aw1tcbee en 0011troller board 
d:r., ewitcb_port ;get tho port number tor tbe baeo oontroller 
dl,byte ptr d11:{port_ott] ;add port_ott tor tho correct b:r. 
al,d:r. 
dX 
al 1 O7tb jignore top awitobl 

byte ptr da:[oontrol_byte] ,O1b ;wa::, tbia controller drive one? 
g_maalr. 
al, 1 
al, 1 

al,OO11OO11b 
ab, al 
ab, 1 
ab, 1 
al ,ab 

al, 1 
al, 1 
al, 1 
al, 1 
ab,O 
b:z, BJ: 

;to get drive zero, 
; ebitt twice r1gbt 

;get awHob_ma::,k bito tor this drivetypo 
;get top two bit::, from bits US 
; , , into bito 2&3 

;oombine with low 2 bite 

;multiply by 16 tor ottaet 1D table 

;add oftoet to baH or para.11_table 

C 
C 
C 
C 
C 

'" get_drive type_veotor endp 

di ::,abl e_di ak_interrupt::, proc C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Diaablea interrupt.a from all bJ: controller::, on tbe ayatom, 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

puab 
puab 
puab 
puab 

,, 
8X 

" 
; Set up da: oegment. 

,11 
in 
o, 
out 
,u 

... 
ino .. , 
j, 

v_re::,et_bx: 

da:data 

ax, data_aeg 
da,ax 

al,p1o_1 
al, O2Ob 
p1c_1 ,al 

cb,O 
cl,byte ptr da:[bt_nu.m] 

ox, 1 
v_disallow 

C ; Reset oontroller ex by sending maak byte, 
C ... 

doo 

al ,O 
dx, CJ: 

dx 

aatiafy ao111111ptions. 

got interrupt maalr. 
1 turn oft IR5 
; and aet the new mask 

;number of drive::, 
;11.ake 1 t into 
; ••• number of controller::, 
;it zero, di::,allow 

;mask to 1mpoee on bx 
;sat controller nu.mber 
;we go from 0-3, not 1-Ji 

C ahl dJ:, 1 ;aake it an offset (Ii ports/bx) 
C abl 
C add 
c out 
C 
C loop 
C 
C v_d1eallow: 
C mov 
C out 
C 
C aaaume 
C pop 

dx, 1 
dx,mask_port 
dx, al 

v_reoet_bx 

al I disallow_dma3 
dma_maak_bi t, al 

da :nothing ,. 

;now bx-> oontroller 

;command to turn oft dma3 interrupt.a 
; eand it 
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D62B 58 
D62C 59 
D62D SA 
D62B C3 

D62F 

D62F 

D62F 50 

D630 BO 20 
D632 86 20 

D6)11 BO 07 
0636 E6 01 

D638 Ell 21 
D63! oc 20 
D63C B6 21 

D63E 58 
D63P CF 

06110 

D640 

D640 BE D6AC R 
D6113 EB ESFA R 

D6116 32 811 
D648 CD 16 

D64! 3C 71 
D64C 74 115 
D611E 3C 51 
D650 711 41 

D652 E8 8619 R 

0655 2C 31 
0657 72 3E 
D659 oc 80 
D65B BA DO 

D65D FC 
D65E 06 
D65F " D660 07 
D661 61 EC 0200 

0665 BB FC 
0667 BB 6C6C 
D66A B9 0100 
D66D F3/ AB 

D66F B8 OFOl 
D672 BB DC 

D6711 B6 00 

D676 CD 13 

D678 8B E7 
D67A 07 

D67B 72 1A 

8-72 

pop 
pop 
pop 

"' 
" dx 

disable_diak_intarrupta e1:1dp 

i=========================::::c:::::z:::::::==============a:=::::=====----== 
; Interrupt ODh - handle interrupt from oontroller 
i=====:c===========-========::,::;:,:::z:,:::::::================,.=======::::::: 

; This is run when the hard disk causes an interrupt due to command completion. 

b_int proo 

push 

mov 
o,t 

mov 
o,t 

1, o, 
o,t 

pop 
iret 

al,pio_neoi 
pio_O,al 

al, di sal lov_dma3 
dma_mask_bit,al 

al ,p1o_1 
al 1 020h 
p10_1,a1 

;command for 8259 

;command for 8237 

get interrupt mask 
turn off IRS 
and aet the new mask 

b_int endp 

i"'"'"""" dtofmt.asm ====""''"'"""""""""""""""'"""""'"'""'"""""'""'""'""'"""'"" 
HDU Phyisioal Formatting Utility 

; 
; Formatting utility to perform phyisical fort11at of hard dis.Ir: drive 
; uising DTC-5150B1 controller. Callis int 13h to provide dis.Ir: aervioais. 
; 
; Uaa thia program when you firat uaa a new dis.Ir:, Then uBe FDISK and 
; FORMAT programe to finieh the job. 
; 
; The ueer can isupply an argument number for any hard di1S.lr: on the ayat6llll. 
; e:z: 1=drive o, 2=drivi:, d. 

aaaume ca:codi:,, da:nothing, ea:nothing, sa:nothing 

h_fmt proo 

; Write greeting and prompt for drive number. 
; Drives are numbered the aame way as in the industry standard •FDISK• utility. 

mov ai,oe:(offaet h_intro_m) ;greetins atring 
call DRomString 

xor ab,ah ah = 0. 
INT 16h set a keystroke. 

omp al,'q' ;check for quit code 
ja finished ;eject if uaer typed a Q 
cmp al, •Q• 
je finished 

oall DCrLf 

.,, 
Jo 

al,' 1' 
no_hard_diak 
al ,080h 
dl,al 

range should be '1' to 1 8 1 

if negative, incorrect number 
aet HDU flag bit 17. 
prepare drive code for 1nt13 

Create a 512 byte :sector buffer of 6Ch in RAH (on the stack!). 

old 
push 
PU5b. 

; clear direction flag. 
; ::save regi::stera. 

pop ee ; ea gets i,::s. 
sub ap,512 i make room on ::stack! 

mo, 
,ap 

di,ap 
ax,06C6Cb 
c:z,(512/2) 
atoaw 

; ee:di points to :stack buffer. 
; word fill pattern. 
; number of words to fill. 
; fill atack buffer. 
; di ::saves original stack pointer 

; Write the ataok sector buffer with the 06Ch code to fill data fields on drive, 

INT 

mov 
pop 

Jo 

ax,(wbuff_int 1 100h)+1 ; prepare for write sector of 1 buffer. 
bx,ap ; e::s:bx pointa to stack buffer {of 06Cb) 

ex 11,1 :i:ero, 
dh,O clear head number. 

13h 

sp,di 

no_bard_diak 

call for write .sector buffer 

re.store original stack pointer, 
restore registers. 

error writing sector buffer 

Print measase that we are formatting the drive. 



D67D BE D733 R 
D680 BB E5FA R 

D683 88 0706 
D686 B9 0001 

D689 CD 13 
D68B 72 12 

D68D BE D750 R 
D690 ES E5F1 R 

D693 
0693 ES E619 R 
D6 96 C3 

D697 
D697 BB 07811 R 
D691 BS B5FA R 
D69D BB N 

D69P 
D69P BE D7B7 R 
0612 B8 E5P.l R 

D6J.5 81 C4 
D6J.7 BS E6-'i3 R 

D6U BB E7 

DUC 

DUC 

DUC 116 69 78 65 64 20 
IPI 69 73 6B 20 116 
6P 72 60 61 711 711 
69 68 67 20 55 74 
69 6C. 69 H 79 OD 
OA 

D6CB 111 6C 6C 20 611 61 
714 61 20 6F 6B 20 
711 68 65 20 73 70 
65 63 69 66 69 65 
U 20 66 69 78 65 
64 20 6-' 69 73 68 
20 77 69 6C 6C 20 
62 65 20 65 72 61 
73 65 6JI 2E 

D6FP OD 01 
0701 115 6E 711 65 72 20 

66 69 78 65 611 20 
6ll 69 73 6B 20 6B 
75 60 62 65 72 20 
28 31 20 7ll 6F 20 
38 29 20 6F 72 20 
22 51 22 20 711 6P 
20 71 75 69 711 31 
20 00 

D733 OD OA 46 6F 72 60 
61 74 74 69 6E 67 
20 46 69 78 65 6ll 
20 .1!11 69 73 68 2£ 
2B 28 OD OA 00 

0750 116 6F 72 6D 61 7' 
20 69 73 20 63 6F 
6D 70 6C 65 74 65 
2E OD OA 

D765 50 72 6F 63 65 65 
64 20 77 69 711 68 
20 116 114 119 53 U 
20 61 6E 611 20 116 
4P 52 IID 111 511 2E 
00 

D78- 45 72 72 6F 72 3A 
20 4E 6F 20 66 69 
78 65 611 20 64 69 
73 68 20 611 72 69 
76 65 20 65 78 69 
73 711 73 20 66 6F 
72 20 H 68 69 73 
20 6E 75 6D 62 65 
72 2E 00 

D7B7 46 6F 72 6D 61 74 
20 45 72 72 6F 72 
2E 20 20 43 6F 611 
65 3A 20 00 

D7CD 

ROM BIOS 
Listing 

... 
oall 

ai,ea:(offaot b_fmt_m) ;text for informational moaaage 
DRo.mString 

Format tba driva, 

ax,(fmtdrv_int 1 100bl+6 ; format driva w1tb interleave of 6 
ox,01b ; start vitb aaotor zero 

C 
C ; Rote tbat ds ia retained from above, 
C 
C IliT 13b 
c Jc rorma t_orror 
C 
C mov ai 1 oa:(off1H1t b_paaa_m) 
C oall DRomString 
C 
C finiabed: 

oal 1 DCrLf 

"' 
no_bard_diok: 

C IIIOV 
C oall 
C J11p 
C 
C 
C fol'llla t_error: 
c mov 
C call 
C 
C mov 
C oall 
C 
C Jmp 
C 
C b_fmt endp 
C 
C b_data2 proo 
C 

ai,oa:(offoet h_nona_m) 
ORomString 
abort finiabed 

ai,011:(offut b_arr_m) 
DRomString 

al, ab 
DHe xB1t e 

abort finished 

format tbe drive 
problem during format 

; return to caller 

;give error meaaase 

;exit 

;give error meaaase 

; print orror oode in ab 

C b_intro_m 
C 

db 'Fi:rod Diak Formatting Ut1l1ty' ,CR,LP 

C 
C 
C 
C 
C db 'All data OD tho apeoified fixed diak V1ll be araaod, 1 

C 
C 
C 
C 
C 
C 
C 
C 
C db CR, LF 
C db 'Enter f1:rod diak number (1 to 8) or "Q• to quit: ,NOL 

C 
c b_fmt_m 
C 
C 
C 
C 
C 
C b_paaa_m 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C b_none_m 
C 
C 
C 
C 
C 
C 
C 

C 
C 
c b_err_m 
C 
C 
C 
C 
C b_deta2 endp 
C 

db CR,LF,•Formatt1og Fixod Diak, •• •,CR,LF 1 NIJL 

db 'Format ia complete,• ,CR,LF 

db 'Proceed with FDISIC and FORMAT,' ,NOL 

db 'Error: Ne fixed diak drive exist.a for tbia number,•,NUL 

db 'Format Error. Code: , NUL 
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ROM BIOS 
Listing 

D7CD 

D7CD 

D7CD 

D7CD 32 BIi 
D7CF C3 

0700 

D7D0 

D7D0 52 
07D1 51 

D7D2 50 
D7D3 B8 0815 R 
D7D6 8A CII 
07D8 26: 22 05 
D70B 5A 
D7DC FB C1 
D7DE 80 FE 05 
D7E1 7F 02 
D7E3 FE Cl 
D7E:5 
D7E5 D2 CO 

D7E7 59 
D7E8 5A 
D7E9 CJ 

D7EA 

8-74 

C code enda 
C include graph.aa111 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

•"-""""----------"----------""""""""""""""""""""""--------------,:-------,,=--=-"" 
Fila name: graph. oro 

This module inoludaa tba four grapbios runotions for INT 10h. 

; 
,---:a:=cc:cc::c:c:c:cc::::c1n,:c:i:c:i:c:c:z,.,,.,.,.,,..,.,,.,,.,.,,,.,.,.,.,,..,.,.,.,.,.,,,,, ________ ,.., ____ ,.,.,. 

page 

,--- INT 10h Qraphioa Support 

oode 

Huat preserve bx, oz, dx and return values in ax 

J.11 other regii,tora are aaved aad reatored by video diapatoher. 

Entered with the following in ragiatera: 
al, bx, ox, dx intact (Ht by INT 10 invoker) 
ab ,. v_mode 

eegm.ent public I ROH' 
aeeu.me cs: code, de :data, ee :v_ram, ea :notbing 

,=--==::::::c:ci:1>1>:11s:11::1<:c:cc:::c:::aa11g:,:1111g,:,:""'"""""""-cco:-c"--------i:-11111111111111 

R1Jad Light P,en 

Input: Nona. 
Output: ab 

ah 

Traeb: None, 

function code " 04b. 

= 0 l1gbt p1Jn evitob not down/not triggered 
11 1 impli1Je: 
(db,dl) 11 (rov,aol) or obaraotar ligbt pan 

position rrom (O,O) 
oh 
bx 

??? 

= raster lino ( 0-199) 
" pixel oolumn (0-319,0-639) 

s:rt_ligbt_pen proo 

,or 
rot 

grf_ligbt_pen 

page 

ah,ab ; return ab = O for now (al intact). •• 

andp 

,--------""--""""-""'===•===••===11==•=======-=--=-=-------:c=----"------11=••=•••1111 
; 
; 
; 
; 

Read Dot function code = ODb 

reada a pixel from tbe indicated looat1on returning ite value. 
valid in graphics modea only. 

Input: 

Output: 

Saved: 

AB = CRT Hoda 
DX = row (0, .199 in Had, & Hi-Rea,, o •• 399 in Ultra Rea Hodo) 
CX II column (0 •• 319 in Had, O .• 639 in Hi & Ultra Rea. Hodea) 

AL = dot value read 
AH II maek of pixel in byte (from g_addr) 

BX, CX, DX (Video dispatcher 11avea the rest) 

grf_read_dot proo 

pusb 
pusb 

push 
call 
mov .. , 
pop 
ino 
omp 
Jg 
inc 

g_j ofy_dot: 
rol 

pop 
pop 
rot 

grf_read_dot 

page 

dx 

ax 
g_addr 
al,ah 
al,byta ptr ea:[di] 
dx 
nl 
db,5 
g_jofy_dot 
ol 

al,cl 

ox 
dx 

endp 

Write Dot 

eave regiatera 

eave crt mode (bigh byte) 
compute addreaa & maek 
copy mask 

; .AND with byte containing pixol 
; db " crt mode 
; prep for wraparound l1Jft (B & W) 
; color? 
; jump if not 
; prep for wraparound left (color) 

right Justify pixel 

restore registers 

function code" Och 

writes a pixel, with the indicated value, at the indicated location. 



D7E.l 

D7El 52 
D7BB 51 
D7BC 50 

D7ED EB D815 R 
D7FO 26: 8.l 05 
D7F3 5A 
D7FII 52 
D7F5 o, 02 
D7F7 78 06 
D7F9 F6 D4 
D7FB 22 C4 
D7P'D P6 D11 
DTFP 
D7FF FB C1 
D801 80 FE 05 
0804 TP 02 
D806 VB C1 
0808 
D808 02 CA 
D801 22 DII 
D80C 32 C2 
D80B 261 88 05 

~ 0811 58 
D812 59 
D813 5A 
D81ll C3 

0815 

C 
C 
C 
C 
C 
C 
C 
C 

D815 C 
C 
C 
C 
C 

D815 51 C 
D816 BD 000 1 C 
D819 88 CD C 
D81B 80 FC 40 C 
D81E 72 06 C 
D820 BD 0002 C 
D823 89 0003 C 

C 

~ 
D826 C 
D826 33 FF C 
0828 23 CA C 
D82A 74 06 C 
D82C C 
D82C 81 C7 2000 C 
0830 E2 FA C 

C 
C 
C 

D832 C 
D832 57 C 
D833 ea FA C 
D835- BB CD C 
D837 D3 EF C 

C 
D839 BB D7 C 
0838 B9 01106 C 

ROM BIOS 
Listing 

vaU.d 1n grapbioa modes only. 

Input: 
AL II dot value to write (1 or 2 bits depending on mode, 

right Juatif1ed). Bit 7 11 1 apeoifies XOR tbe value 
With tbe pixel at DX, ex 

AH II CRT Hode 
DX II row (0-399} (the actual value deponda on the mode} 
CX II column (0-639) (the valuea are not range checked) 

Saved: Al, Bl, Cl, DI (Video diapatober 11avea tbe reat) 

grf_vrite_dot proo 

puab 
puab 
puab 

call .,. 
pop 
puah ., 
J• 
mot 
amd 
mot 

g_xorbit: 
1mo 
,op 
Jg 
imo 

g__al ign_do t: 

preserve working ragiatera 

; compute addreaa & maak g_addr 
al, byte .. ptr aa:[di] ; tetoh byte trom video memory 

; get v_mode & dot value to write .. 
dl I dl 
g_xorbit .. 
al,ah .. 
ol 
dh 1 5 
g_al ign_do t 
ol 

; reaave 
; ia the XOR bit aet? 
; Jump if yea 
; invert maak 

clear bit a for nev pizel 
reatore maak for later 

prop for wraparound right (b&v} 
color ? 
jump it DO 
prop for wraparound right (oolor) 

ror dl, ol ; align nev pi:ul 
and dl,ab ; 11trip ott nonwpiJ:el bita (xor bit, etc) 

pop 
pop 
pop 
"t 

al,dl ; OR or XOR in new pixel depending oa bit 
byte ptr ea:[d1],a1 ; update video meaor1 

ox .. ; restore regiatar:, 

grf_vrite_dot endp 

page 
;1111,.a11s11z:11s1111111111::1111"""""""s111,:1111:z:a1111c""""""="'""""""""""""1111111:11:i::11:,.11iaa:=11111111111111 

' 

Thia aubroutino doterminea the video RAH byte looation 
ot tbe indicated rov oolW111 value. Tbe current grapbioa mode 
i1J taken into aooount. 

IRPUT: 

OUTPUT: 

AH II ourreat graphic1J mode 
DX II rov value (0-399) 
ex II column value (0-639) 

DI II byte addraaa of pixel location in video ram 
AH II maak of pixel in byte 
CL II f of bita from left end of byte to loftmoat bit in maak 

DESTROYED: 
AL, ex, DX, BP 

. -------------------------------------------- ------------------- ----------------
g_addr proo 

convert row-count to a nmod 4 11 value; 
multiply it by 2000H for offaet to 1Jtart of v_ram aubarea 

puah .. , .,. 
••P 
Jb 

" bp, 1 
ex, bp 
ab,64 
g_akp_1 
bp,2 
ex, 3 

di, di 

; 1Jave column count 
; llhift count; aaaume not 640xJIOO 
; multiplier; aaaume not 640xll00 
; video mode 611 or 727 

-no: Jmp 
-yea; change shift count 
-yea: change multiplier 

init offaet amount 
g_akp_1: ... ... 

J• 
ox, dx 
g_1Jkp_3 

get least sis, bit(s} from row oount 

g_:,kp_2: 

••• loop 
di,2000H 
g_akp_2 

; Jtnp if nothing to add 
i mini-c,.ultiply loop 

add v_ram aub-area size 
do it again (maybe l 

; add bytes for the row coordinate to the offset into the v_ram aubarea. 

g_akp_3: 
push di 

di,dx 
ox, bp 
di, cl 

dx, di 
ex,0406H 

temp, atoro offaet 
DX<--rov count 
CX<--mode-rolated ahitt val 
got lrowa into a v_ram aubarea 

; aave a 00py for a moment 
; mult, di by 80 [rova-->byte off.aet] 

8-75 



ROM BIOS 
Listing 

D83E DJ E7 
D640 SA CD 
D8112 DJ E2 
D81111 OJ FA 

D846 59 
D8117 OJ " D8119 5A 

D811A B9 0703 
D811D 80 FC 05 
D850 7F OJ 
D852 ., 0302 
0855 

D855 22 EA 
D857 D3 EA 

D859 03 FA 

D85B 80 F9 03 
D85E 74 02 
D860 DO ES 

D862 
D862 86 CD 
D864 B4 80 
D866 D2 EC 
D868 80 FD 03 
D86B 74 06 
D86D 8A C4 
D86F DO EB 
D871 0A EO 

0873 
D873 CJ 

D8H 

D874 

D874 53 
D875 51 
0876 52 

D877 BD 0050 

D87A 50 
D87B SB C1 
D87D ES DBSF R 
0880 BB F8 

0882 o6 
D883 1F 

D8811 2B D1 
D886 81 C2 0101 

D88A " D88B B3 02 
D88D BA CB 

8-76 

,al 
mov 
,al 
add 

pop 
add 
pop 

; find column 

mov 
oop 
Jg 
mov 

g_11kp_4: 

di,cl 
ol,oh 
dx,cl 
di,dx 

di,cx ,, 
orr1u1t 

cx,703H 
ah,5 
g_skp_ 4 
ox,302H 

[ fast multiply-
by-80] 

lsubaroa byte offset for this row 

retrieve subarea beginning• s offset 
off.:,et from Btart of v_ram 
restore column count 

initialize for black & white 
color ? 
ex = 703H (black & white) 
ex= 302H (color) 

; CL : shift count to divide column by pixels per byte ••. 
; 3 for b&w (divide by 8}, 2 for color (divide by 4) 
; CH " remainder• s 1uak during division (7 for b&w , 3 for color} 
; DX = column 
; DI = addreae to oolu111n O of requested row 

aod 
ohr 

oh,dl 
dx,ol 

; get division• a remainder in CH 
; perform diviaion 

DX = quotient = column• s byte offset from start of row 
CH = remainder (= pixel's offset into byte) 

add 

NOW: 

omp 
J• 
obl 

g_bi tmask: 
xohg 
mov 
ohr 
omp 

J• 
mov 
obr 

g_skp_S: 
rot 

s....addr endp 

page 

di,dx ; DI = pixel's byte address 

DI = address of byte containing the pixel 
CH = pixel offset into byte (remainder) 
CL " 3 (black & white) or 2 (color) 

cl,3 
s....bitmask 
cb,1 

ol,ob 
ab,80H 
ab, cl 
ob,3 
g_skp_S 
al,ab 
al, 1 
ah,al 

black & white? 
Jump if yee 
color: convert to bit offset 

load CL, preaerve "mode• 
, ut high bit in byte 
; maak pixe1•a leftmost bit 

bleak & vhite? 
, JU111P it yes 
; oolor: oreate 2-bit mask 

DI " byte addresa, AS = pixel maak, 
CL" bit offset: pixel•a left11.oat bit 

; Scroll Up In Oraphioa Mode 
i 
; Soroll up the number of linos apeoitied within the opeoified screen 

area (window). 

C i 

Input: 
AL " nU111ber of lines to be aorolled up ( zero 

means clear tho window) 
BH " till pattern to be used 
CH, CL " uppor 1 eft corner of window in which to soroll 
DH, DL = lower right corner or window in wbioh to scroll 
DS " data sogment 
ES " graphics refresh ram isegment 

S1wed: BX, CX, DX (Video diepatoher isaves the rest} 

grf_graphios_up proo 

pueh 
push 
push 

old 

push 
mov 
call 

'"' add 

pop 

bx 

" dx 

bp,80 

ax,cx 
g_ours_off 
di,ax 

" ds 

dx, ex 
dx,101H 

bl,2 
cl,bl 

; ss.ve 
tbo 

registers 

;dir. flag = inoreCDent (from v_sorl_up) 
;offset to next eoanline (CLO => +80) 

;save mode, I rows to scroll 
; compute address of window' e 
; upper left ccrner 
; aave in DI for string instructions 

;set DS to video ram for string inst. 

;compute wiodov•s dimonsions 
DH " height, DL = width 

;AH = mode, AL " I rows to scroll 

;# interlace areas= 2 for modes 4,5,6 
; I soanlines per 1. a. = 4 for modes -72 



~ 
D88F 80 FC 4 0 
D892 72 06 
D894 B3 04 
D896 74 02 
D898 DO F9 

D89A 
D89A D2 EO 
D89C D2 E6 
D89E as ca 
08AO 80 FD 06 
08A3 7D 04 
D8A5 01 E7 
D8A7 DO E2 

D8A9 
0819 81 E1 DOFF 
081D 74 JC 

OSJ.F 8B Cl 
08B1 SA E9 
08B3 86 F5 

D8B5 8B F7 
D8B7 B1 04 
D8B9 03 EO 
D88B 03 FO 
D8BD 01 EO 
D8BF 01 ED 
D8C1 03 FO 

D8C3 8A E5 
D8C5 21 E6 

D8C7 33 C9 

DBC9 

~ 

08C9 

D8C9 56 
D8CA 57 
DSCB 53 

oacc 
D8CC 57 
D8CD 56 
D8CE U Cl 
D800 F3/ JII 
D8D2 5E 
D803 5F 
08011 81 CT 2000 
0808 81 C6 2000 
D8DC FE CB 
D8DE 75 EC 

OBED 5B 
D8E1 5F 
D8B2 SE 

~ D8£3 03 FD 
D8£5 03 F5 
D8B7 FE CC 
08£9 75 DB 

D8EB 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

cmp 
jb 
mo, 

J• 

g_tst_mod: 
sal 
nl .,. 
cmp 
Jga 
nl 
Hl 

ah, 611 
LtSt_mod 
bl,4 
g_tst_mod 
ol,1 

al, cl 
dh 1 cl 
ex, ax 
cb,6 
g__set_up 
di,1 
dl, 1 

Jump if mode= 4,5,6 

ROM BIOS 
Listing 

I interlace areas = 4 tor modes 64 & 72 
Jump it 111ode = 64 
I aoanlines per 1.a. = 2 tor mode 72 

;convert number of rows to number or 
; acanlines per interlace area 
;CH = 111ode, CL " I acanlines to scroll 
;are vein a medium resolution mode ? 
;Jump if no 
;double number of bytes per character 

g_set_up: 
aod 
J• 

;get address of lines to scroll in refresh ralll lllelllory 
cx,OOFFH ;ex = I of acanlinea to scroll per 1. a. 
Lfiller ;if zero, go fill all or vindov 

mov ax, ex 
mov ch, cl 
xohg db,ob 

mov Bi,di 
CIOV cl,4 
sal ax, ol 
add al,ax 
sal ax, 1 
aal ax,1 
add s1,ax 

mov ah,oh 
sub ah, db 

J11p short &,...8-0rollar 

grf_grapbios_up andp 

page 

;tuke DB = # acanlines to fill per i.a. 
AX 11 # scanlines to scroll • • 
CH = I aoanlines in vindov • 

;compute address or acanline to be 
scrolled to top of window; 
<window's address> + 
(<I scanlines to aoroll per 1.a.> • 

<I bytes per soanline " 80>) 

;compute # of scanlines per 1, a. 
to be moved 

; CH 11 0 tor REP counter 

;go scroll up ai:id fill 

i ,: : =::::::: :: ,: : 1",:,:,:,:; :: ,: : : :: ; ; ,: : : : ,: D1' II,::::=!!!!,:,::::: If::::::: 1111 =:::::::,:!::II"'"' If If 11,: II 

Scroll rovs in graphics refresh memory 

Input: 
Number or acanlines per interlace area to be moved 
Number or interlace areas 

C ; 

AH = 
BL = 
CH = 
DI :: 

0 

C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Out put: 

SI = 
DL :: 
BP :: 

Deotination scanline addreaa of tirat byte to till 
Source acanline address or tirat byte to fill 
Number or bytes to fill in each aoanline 
orraet to next aoanlii:ie (+/• 80) 

DI " address or fir.st byte to be tilled 
AH :: 0 

IIL,BH,CH,DL,DH 1 BP preserved 

g_Doroller proo 

pu8h 
push 
push 

.. 
di 
bx 

;aave original source 
; and destination addreaaes 
;aave interlace areas count (BL) 

g_m_area: 
push 
push .,. 

;Hove 
di 

lnterl ace Area a Loop 

"' pop 
pop 
add 
add 
doo 
Jo, 

pop 
pop 
pop 
add 
add 

'" Jo, 

.. 
cl, dl 
lllOVSb 
,1 
di 
di ,2000H 
si,2000H 
bl 
Llll_area 

bx 
d1 
•1 
di, bp 
a!, bp 
ab 
g_ecroller 

jmp abort &....filler 

g_acroller endp 

page 

;save interlace area 
; addre11aes 
;count or bytes to be moved 
;move the acanline 
;restore 1cterlace area 
; addre11aea 
;ne.zt interlace area 
; addresaea 
;loop to move one eoanline in 

each interlace area 

;restore interlace areas count (BL) 
;restore original source 
; and deatination addresaea 
;addreaa next soai:iline in 
; eacb interlace area 
;loop to move •all• aoanl1ne=i in 
; each interlace area 

;now fill in the gap 

t =-=-- ---------- -- --- -- --- ------ ------== -- -1111"11" ,.,.,. ____ ------ -= -11 II 1111 D 111111 ZI- -------

; 
Fill rovs ia grapbios refresh 111emory with the till pattern 

Input: 
BL = Number or interlace area11 

8-77 



ROM BIOS 
Listing 

DBEB 

DBEB 8A C7 

D8BD 
D8ED 57 
DBEE 52 

DBEF 
D8EF 57 
D8FO BA CA 
D6F2 F3/ U 
DBFII 5F 
D8F5 03 FD 
DBF7 FB CE 
D8F9 75 F4 

DBFB 5A 
D8FC 5F 
D8FD 81 C7 2000 
D901 FE CB 
D903 75 B8 

D905 5A 
D906 59 
D907 5B 
0908 C3 

0909 

0909 

D909 53 
D90A 51 
D90B 52 

D90C BD FFBO 

D90F 50 
D910 BB C2 
D912 " DBSF R 
D915 8B FB 

0917 06 
D918 1F 

0919 2B 01 
D91B 81 C2 0101 

D91F 58 

D920 83 02 
D922 BA CB 
D924 80 FC 40 
D927 72 06 
D929 B3 04 
D92B 711 02 
D92D DO F9 

D92F 
D92F 02 EO 
D931 D2 " D933 80 FC 06 
D936 70 05 
D938 D1 E7 

8-78 

C 
C 
C 

BH Fill pattern to be used 
CH 0 
DL Nucnber of bytes to fill in each 5oanline 
DH Nucnber of acanlinea to 1'111 in eaoh interlace area 
DI Deatination acanline address of first byte to fill 
BP offset to next scanline (+/- BO) 

Output: 
AL = fill pattern 
AH " 0 

g_filler proo 

g__f_l_lp: 
push 
push 

al, bb ;AL " fill pattern for STOSS instruction 

;Fill Interlace Areas Loop 
di ;save interlace area addreaa 
dz ;save aoanlinea count (DH) 

C g__f_a_lp: ;Fill soanline11 Loop 
di C push ;save eoanline addre:u1 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

g_filler 

page 

mov 
,op 
pop 
add 
doo 
Jn, 

pop 
pop 
add 
dee 
Jo, 

pop 
pop 
pop 
rot 

cl,dl 
ato11b 
di 
di,bp 
db 
g_f_D_lp 

d% 
di 
di,20008 
bl 
g_f_i_lp 

d% .. 
b% 

endp 

;count of byte11 to fill in acanline 
;fill aoanllne 
;restore BOanline addreaa 
;next aoanline in interlace arc,a 
;fill an interlace area 

;restore ,:,oanline11 count (DH) 
;restore interlace area addrcuu, 
;next interlace area addreaa 
;fill next interlace area 

;rel!ltore 
tbe 

; regioters 
;exit i,croll routine 

; Scroll Down In Oraphio11 Mode 

; 

Sorell down the n11111ber of 11111,11 opecified within the apeoifiad 11oreen 
area (window), 

Input: 
AL number of lines to be scrolled up ( zero 

means clear the vindow) 
BH = till pattern to be used 
CH,CL = upper left corner of window in whiob to aoroll 
DH, DL = lover right oorner of window in vbicb to ooroll 
DS = data aegment 
ES = grapbioo retresb ram segment 

saved: BX, CI, DI (Video dispatcher save1,1 the rest) 

;-------------------------------------------------------------------------------
C grf_graphios_dovn proc near 

push 
puob. 
push 

'" 
push 
mov 
call 

push 
pop 

,ub 
add 

pop 

omp 
Jb 
mov 
J• 

g_cmp_mod: 
,al 
,al 
omp 

"' ,al 

b% 
o, 
d, 

bp,-80 

ax,dx 
s....our1.1_off 
di,ax 

., 
d• 

dx,c:x 
dx,101H 

bl,2 
ol,bl 
ah,611 
jLOmp_mod 
bl,11 
ILCmp_mod 
ol,1 

al,cl 
dh,ol 
ah,6 
1LSetdown 
di,1 

the 
registers 

;dir. flag = doorem6nt (from v_sorl_dn} 
;offset to next soanlin6 (STD => -80) 

;save mode, I rows to soroll 
; compute address of window• a 
; lower right corner 
; save in DI for string i1u1truotiona 

;set DS to video ram for string inst. 

;compute window• a dimensions 
DH = height, DL = width 

;AH " mode, AL " I row:, to aoroll 

;# interlace areas: 2 for modes 11,5,6 
;I scanlinea per La. = II for mod6a -72 

jump if mode : 4 ,5,6 
# interlace areas : 11 for 111odes 611 & 72 
jump if JQOdo " 64 
I scanlinea per La. = 2 for mode 72 

convert number of rO'lla to number of 
scanlinea per interlace area 

are we in a 1Qediu111 rllaolution 111ode ? 
jump if no 
double number of bytes per character 

-----



~ .. 

D93A DO E2 
093C 47 

D930 
D93D BE 0050 
0940 03 E6 
D9112 83 EE 50 
D9115 03 FE 
09117 as ca 
09119 a, E1 OOFF 
D911D 74 gc 

D9-'IF 8B C1 
0951 81 £9 
0953 86 FS 

0955 6B F7 
D957 Bl 011 
0959 D3 EO 
D95B 28 FO 
D950 D1 BO 
D95F D1 BO 
D961 2B FO 

0963 8A ES 
0965 2A £6 

0967 33 cg 

0969 E9 D8C9 R 

D96C 

D96C 

Og6C 53 
D96D 51 
D96E 52 

D96F 8J DC 
0971 Al 0050 R 
D9711 £8 DBSP R 
D977 8B PO 

0979 8A CJ 
0978 B9 00011 
D97E 33 DB 
D980 JC 40 
0982 72 08 
09811 B3 OIi 
D986 74 OIi 
0988 D1 F'9 
0981 33 DB 

D98C 
D98C CS 3E 00811 R 
D990 cs 79 06 
0993 1E 
D994 06 
0995 1F 
0996 07 

0997 D1 " D999 83 CJ 08 

D99C 2B £3 
D99E 8B EC 
D9A0 BA 0002 

~ D9A3 JC 06 
D9A5 1c 33 
D9A7 74 03 

D9!9 BA 00011 

D9AC 
D9AC 51 
D9AD 56 
D9AE 8B CA 

D9B0 
09B0 8A 04 
D9B2 88 116 00 
0985 " D9B6 81 C6 2000 
D9BA E2 FIi 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

.. 1 

'"' 
g_setdown: ... 

oal ... 
add ... 
aod 
j, 

... 
xohg 

mov 
aal ... 
.. 1 
oal ... 
mov ... 
Jmp 

dl, 1 
di 

ROM BIOS 
Listing 

;address last byte 1n bottom rov 

;get acldreao of lines to ooroll in refresh RAH memory 
111,80 ;addrena bottom acanlloe lo 1.a. 
Bi, ol 
Bi ,80 
di, Bi 
oz, ax 
oz,OOFf'H 
g_fUler 

ax, ex 
oh, cl 
dh, ch 

al, di 
cl,4 
az, cl 
si,az 
ax, 1 
az, 1 
111, az 

ah,oh 
ah,dh 

oz, ex 

g_aoroller 

;CH = mode, CL c I aoanlloea to acroll 
;CL = I of 11canlloea to scroll per i.a. 
;it zero, go fill all of viodov 

;make DH = I scanlineB to fill per i.a. 
AI • I soanlinea to scroll • • 
CH = I soanl Inoa in window 11 

;oompute addreas of ecanline to be 
scrolled to top of vindov: 
<vindov'B address> -
(<I aoanlinea to ooroll per 1.a.> • 

<I bytes per aoanlioa = 80>) 

;compute I ot Boanllnea par i.a, 
to ba moved 

;CH " 0 tor REP counter 

;go scroll dovn and till 

C grt_grapbloa_dovn 
C 

eodp 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

page 
; : aa:=-a:=c:nm11n-----c:m11aa-----c::-:m:----=nn:mm:------c-::ncca---m11m11m------m11 
i . 

s:rapbios_road - read the oharaotar at the currant cursor 
pool tion on the aoraan, or zero. 

; Input: none 
i 

Output: AL " character at the currant ouraor poa1t1on or zero 

i Savad: BI, CI, DI (video dispatcher eavea the rest) 

;-------------------------------------------------------------------------------
s:rt_graphloe_road proc 

puah 
puah 
pu:sb 

ex 
dx 

; save 

rogistara 

bl,ah ;BL eaves v_moda 
mov ax,vord ptr d8:[v_ourpoa] 
call g_ouro_otf ;get address of cursor position 

g_lde_r: 

... 
Jb ... 
Jo 

ldo 
ld, 
push 
pu:ih 
pop 
pop 

oal 
odd ... 
mov 
mov 
omp 
Jl 
Je 

oi,az ;cave aa a pointer tor later 

al, bl 
cx,4 
bx, bx 
al,6ll 
g_ld.s_r 
bl ,4 
g_lds_r 
oz, 1 
bz, bx 

;AL aavea v_aode 
;I scanllnea per I.a. : ll tor modes ·72 
;make BI110 tor modes 4,5,6 

;Jump if mode"' 4,5 1 6 
;make BXall tor mode 64 
;Jump tr mode "' 64 
;I scanlineB per 1.a, " 2 tor mode 72 
;make BI:O for aode 72 

;(BX: font pointer orfaet in master table) 
di,dword ptr da:[maater_tbl_ptr] ;got pointer to master table 
di,dword ptr d.s:(d1+6][bz] ;get pointer to ront•.s lat 128 ohara 
d:i ;ICHG DS,ES .. 
" ;DS :SI -> graflx ram read 100at.1on ??? 

;ES :DI -> font•:i 1st 128 characters 

bx, 1 ;make BXa8 for modes 4 ,5 ,6,72 
bx,8 ; BX=16 for mode 64 
;(BX= n11111ber of font bytes per oharacter) 

sp, bz 
bp,sp 
dll:, 2 
al ,6 
g_rd_med 
g_rdloop 

;get atack apace for font bytes 
;:iave pointer to stack apace 
;number of interlace areas (mode11 4,5,6) 
; check graphics mode 
;jump if in medium re:iolution mode (4,5) 
;Jump if in 640x200 resolution mode (6) 

; we•re in super resolution (6110.-.:1100) mode (64 & 72) 

g_rdl cop: 
push 
push 

g_rd_ia: ... 
'"' add 
loop 

dx,11 ;number of interlace areaa 

o1 
ex, dz 

al, [Si] 
[bp], al 
bp 
Bi,2000H 
g_rd_ia 

;Read Scanllnea Loop for 110th 6110z200 and 640x400 
;save I or 8canl1nee. per interlace area 
;save current addr. in interlace area 11 
;!nit. counter: I of interlace areas 

;Read Interlace Area Loop 
;get byte from grafix ram 
;save on reaerve<I ataok 
;buaip reserved ataok address 
;address nezt interlace area 

8-79 
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D9BC SE 
D9BD 83 C6 50 
D9 CO 59 
D9C1 E2 E9 

D9C3 83 FA OIi 
D9C6 75 47 
D9C8 8B F5 
D9CA 2B F3 
D9CC F6 04 ao 
D9CF 74 3E 
0901 8B CB 
D9D3 
D903 F6 111 
D9D5 46 
D906 E2 FB 
D9D8 EB 35 

D9DA 
D9DA 01 E6 

D9DC 
D9DC 51 
09 DD 56 
D9DB 89 0002 
D9E1 
D921 51 
D9E2 88 04 
D9EII 86 EO 

D9E6 F7 DO 
D9E8 88 DO 
D9EA D1 B2 
D91!:C 23 DO 
D9EE F7 02 

D9FO 32 CO 
D9F2 89 0008 
D9PS 
D9P5 D1 El 
D9P7 D1 U 
D9F9 DO D8 
ogn E2 PS 

D9PD 88 Ji6 00 
0100 iis 
0101 81 C6 2000 
D105 59 
0106 B2 D9 

DAO 8 5 E 
DA09 83 C6 50 
DAOC 59 
0100 E2 CD 

DIOP 

DIOP 2B EB 
DA1t 8B FS 
D113 32 CO 
DA15 
Dl 15 16 
DA16 1i" 
DA17 89 0080 

Dl1A 
DAU 51 
D118 88 CB 
DA1D 57 
DA1B 56 
DA 1F F3/ A6 
DA21 SE 
0122 SF 
0123 59 
DA2.II 711 20 
DA26 03 FB 
DA28 FE CO 
DA2A E2 EE 

DA2C 01 CO 
DA2E 711 23 
DA30 83 PB 10 
D.133 74 08 

0135 BE 09 

DA37 C4 3E 007C R 

DA3B EB OC 

DA3D 
DA3D 2E: BE lE E5F2 R 
DA42 CS 3E 00611 R 
DAli6 CII 70 OE 

DA49 
DA49 BC CO 

8-80 

C 
C 
C 
C 
C 
C 

pop 
add 
pop 
loop 

o1 
ei ,80 .. 
g_rdloop 

C cmp dx,11 
C jne g_mat.chb 
C gi,OV 81,bp 
C eub e1,bx 

;root.ore interlace area 11 addreaa 
;addresa next aoanline in each 1. a. 
;reetore I of scanlines counter 

;are ve in mode 64 or 72 (640x400}? 
;Jump it no (rever:ie video not allowed) 
;point t.o first byte in at.eek eave area 

C t.eot byte pt.r [51],BOH ;ia upper left bit of char = 0 or 1 ? 
;Jump it O (not reversed video) C Jz g_mat.ohb 

C mov ex, bx ;number of char bytes counter 
C g_unreveree_video_loop: 
C not byte ptr [si] ;reverse the reveraed byte for matching 

;addrese next char byte C inc ei 
C loop g_unreverae_video_loop 
C Jmp obort g_matcbb ;nov find tbe char in the font table, 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

g_rd_111ed: 
oal 

g_medget: 
puab 
pueb 
mo, 

s..._med_ia: 
puob 
mo, 
xobs 

not 
mo, 
abl 
and 
not 

mo, 
g_med_b1 t: 

'" abr 
rcr 
loop 

mo, 
inc 
add 
pop 
loop 

pop 
add 
pop 
loop 

g_111atchb: ... 
xor 

g_t_cont: 
puob 
pop 

g_t_maob: 
puob 
mo, 
puob 
puob 
repe 
pop 
pop 
pop 
jo 
add 
inc 
loop 

ei, 1 

.. 
,1 
cx,2 .. 
ax,[Bi] 
ah,al 

dx,ax 
dz, 1 
dx,ax 
dx 

al ,al 
OJ: 18 

dz, 1 
dz,1 

;Read Medium Resolution 
;double graf ra111 point.cir (2 bytes/obar) 

;Get feat bytee in medium resolution (320 I 200) mode 
;aeve I acanlinea per i.e. counter 
;eave current scanline addreae 
;init, I interlace areas counter 

;save 1.a. counter 
;get 2 byteB of 1 char from video memory 
;order tbe.m logicu.lly 

;map background pi:r.ela to O, 
foreground pixels to 1 

;clear result accumulator 
;prepare to process 8 bit.a 

; ignore unuaed bit 

al, 1 
g_med_bit 

;load carry vith mapped pi:r.el value 
;rotate it into re:n1lt aooW1ulator 
;proceae ncu:t bit of cberaotor 

[bp],al 
bp 
ai, 2000H .. 
g_med_ia 

a1 
ai ,80 
ox 
g_medget 

bp, bx 
o1, bp 
al I al .. 
da 
c:r:, 128 

0:1, bx 
di .. 
ompsb 
o1 
di o, 
g_t_exit. 
d1, bx 
al 
s..._r_maoh 

;aa,-e font byte on rese"ed stack 
;bump reserved stack pointer 
;addraaa next interlace area 
;reatore 1. a. counter 
;prooaae nezt La. or charaoter 

jraatore eoanline addreea 
;addreaa next 11011nline 
;restore acanlinea counter 
;prooeaa next uoenline of character 

;Hatch Font Byte: find character 

;point to firnt byte in ataok aave area 
;pointer to font bytes from gret rem 
;index to font bytes (at.art vitb O) 

Get Font Byte Hat.oh Control 
jaetup at.ring compare registers 
;DS :SI -> a tack area v/gratix ram byt.011 
;loop control ht 128 aao11 ohara. 

;Get Font Byte Hat.ob Loop 
;eave loop counter 
;counter for string compare 
;aave font pointer 
;save pointer to atack save area 
;screen bytes match font byteu ? 
;retrieve pointer to atack eave area 
;retrieve, point.or to tonmt byte table 
;reatore loop counter 
;if mat.ob go to exit code 
;addreaa next font in table 
;bump aac11 index 
;go back if 111ore ohare to aearob tor 

no match in firat 128 ascii character set - look tor uoer•a second aet 

or 
j, 
omp 
J• 

Bl ,al 
g_f_exit 
bx, 16 
g_8x16_2 

de, ox 
asau111e da:absO 

;have ve scanned both 128 char 1/2a ? 
;jump if yea 
;are ve in 111ode 64 ? 
;jump it yea 

;move zero to segment register 

lee di,dword ptr d:i:(1nt1Floon] ;get pointer to 2nd half or 8x8 font 
assume da:data 
jmp sbort g_test_addr ;see if font is really there 

g_8x16_2: 
mov 
lda 
lo• 

g_teat_addr: 

;get 2nd half of 8x16 font. 
da,vord ptr ca:[aet_da_vord] ;aet DS to data segment 
di,dword ptr da:[maator_tbl_ptr] ;get pointer to maater table 
di,dword ptr da:[d1+1"] ;get pointer to 2nd halt of 8x16 font 

ax, ea ;check it font table la set up 



DA4B OB C7 
DA4D 74 04 
DA4F BO 80 
DA51 EB C2 

0153 
DA53 03 E3 
DA55 5A 
DA56 59 
DA57 5B 
0158 C3 

DA59 

D159 

D.l59 53 
D.&5.& 51 
D15B 52 

DASC 88 DO 

~ 
DASB A1 0050 R 
DJ.61 BB D85F R 
01611 88 PB 

DA66 80 FA 80 
D169 72 26 

DA68 so u ao 
DA6E 80 PB 110 
D.&71 75 09 

D173 CS 36 0084 R 
Dl.77 CS 711 OE 

DJ.TA EB 08 

DA7C 
DUC 33 F6 
DUE BE DE 

DASO C5 36 007C R 

DA811 
D1811 BC D8 
DA86 OB C6 
DABS 75 10 
DABA 32 D2 
DABC 2E: SE 1E B5F2 R 

D191 
DA91 53 

DA92 33 DB 
0194 80 FE 40 
DA97 72 06 
DA99 B3 04 
DA9B 711 02 

~ 
OA9D 33 DB 

DA9F 
DA9F CS 36 00811 R 
DAA3 cs 70 06 

DAA6 5B 

DAA7 
DAA7 51 
DUB 33 co 
DAAA BA C2 
DAAC B1 03 
DAAE 03 EO 
DABO 59 
DAB1 03 FO 

DAB3 82 OIi 

C 
C 
C 
C 
C 

or ax, di 
Jz &...f_ex1t. 
mov al,128 
Jmp short g_f_oont 

ROM BIOS 
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if zero11, than no ueer font table 
no table, Juet go to eJ:lt 
ofteet to 2nd 1/2 of aacii eet 
go baot to try reet of aecl i eet 

c s_r_,u:1t: ;either the character le found, or al = 0 
;reetore etaok pointer C add ap, bJ: 

dx C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

pop 
pop 
pop 
rot 

ox 
bx 

; r eetore 
tbo 

reg1eterB 

grf_graph 1oa_read endp 

page 
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' 
' 
' ' 

grapb1oa_vrlte - vrlte a obaracter to tbe acreen 

Input: 

saved: 

AL = 
BL = 

ex = 
DS = 
BS "' 

character to vrJ.te 
Foresround color attribute 
bit 7 • 1: xor obaraoter vltb graphic:, ram 
nu11bcir of obaraoter11 to vr1te 
data oegment 
grapbloe ram eepent 

BX, ex, DI (video d1apatcher 11avea tho roat) 

j•------------------------------------------------------------------------------
grf_graph loa_vrl te proc 

push 
push 
pueb 

bX 
ex 
dx 

;oave 
; the 

reg111tere 

mov dx,ax ;DH: ort mode, DL= char to vrite 
; locate beginning of character in graphics ram 

mov ax,vord ptr da:[v_curpoo] 
call &.,.cure_off ;get addreeo of oureor position 
mov dl,ax ; pointer to graphics looatioa 

j determine if character 1o from let or 2nd halt of tabla 
omp dl,128 ;lo it 1D first 1/2 of ASCII aat? 
Jb g__aelfont ;Jump 1t in tot 1/2 (O -> 127) 

; character (128 -> 255) 1D in 2nd 1/2 of font table 

a_8x8_2: 

aub 
omp 
Joo 

ldo 
ld• 

dl, 1 28 
dh,64 
g_Bx8_2 

;make zero origin for font tabla lookup 
;are va 11:f, mode 64 ? 
;Jump if no 

eJ.,dvord ptr da:[maeter_tbl_ptr] ;get pointer to master table 
ol,dvord ptr da:(a1+111] ;get pointer to 2nd half of h16 font 

jmp abort g__addr_tut ;ace it tent tabla ia reall1 there 

aa11u111e , .. 
s1, a1 
ds, al 
do :a bsO 

;sat 2nd balf ot 8x8 toot table 
;move zero to aegment ragieter 

ai,dword ptr da:[1nt1FlocnJ ;get pointer to 2nd half of BxB font 
d:, :data 

c g_addr_ta:,t: 
C 
C 
C 
C 
C 
C 

C 
C 

or 
Jo, ,o, 

ax, ds 
ax, a1 
g__detmoda 
dl, dl 

;cbeok it font tabla is sat up 
;if zero:,, then no 2nd half ot table 
;continue it font table is present 
;subatituto null character 

mov ds, word ptr 
jmp abort g__salfont 

cs:[set_da_word] ;re11tora data aegment register 
;and continua in 1st half ot toot table 

character (0 -> 127) is in lat 1/2 of font table 

g_eolfont: 
pullh 

g_lda_v: 

xor 
cop 
Jb 

Jc 

, .. 
lda 

pop 

&...detmode: 
push 

mo, 
ool 
pop 
odd 

b, 

b:x, bx 
dh,611 
g__lds_v 
bl, Ii 
g__lds_w 
b:x, bx 

;preserve regJ.atar 

;make BX=O tor modes Ii ,5 ,6 

;jump it mode : Ii ,5 ,6 
;make Bl,:II for mode 64 
;jump it mode " 64 
;make BX=O for mode 72 

; (BX: font pointer offset in master table) 
si,dword ptr da:[mastar_tbl_ptr) ;get pointer to master tabla 
sl,dword ptr d.111:[01+6][b:x] ;get pointer to font•a lat 128 chars 

bx 

ax, ax 
al, dl 
cl, 3 
ax, cl 
c, 
si, ax 

dl ,4 

;restore register 

;determine graphico mode 

;get aaci1 code in AX 

; to multiply by 
8 (font bytes par cbaraotarl 

;and add to addreaa of font tabla 

;# acanline:, par 1.a. (modes 11,5,6,64) 

8-81 
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DAB5 8o FE 06 
DABS 7C 49 
DJBA 74 OF 

DABC 60 PE 118 
D.lBF B6 •• DAC1 75 OJI 

DAC3 
DAC3 82 02 
DAC, EB 09 

DAC7 
DlC7 03 PO 
DAC9 EB 05 

DACB 
DACB 66 02 
DICD 8o CB 01 

DADO 
DADO 51 
DlD1 56 
DAD2 57 
DAD3 33 C9 
DADS " Cl 

DlD7 
DJ.D7 51 
D1D8 57 
DJ.D9 .. CE 

DlDB 
DJ.DB AC 
DJ.DC F6 C3 01 
DlDF 75 02 
D1B1 F6 DO 
DU3 
D1B3 OJ DB 
DJB5 79 03 
DA.ET 26: 32 05 
DlEA 
DUA 26: 88 05 
DUD 61 C7 2000 
DAF1 82 " 
D1F3 5F 
DlF\ 63 C7 50 
D1F7 59 
DU'S 82 DD 

DAFA 5F 
DIFB ., 
DAFC 5E 
DAFD 59 
DJFE 82 DO 
DBOO EB 55 90 

DB03 
DB03 D1 E7 
DB05 81 D3 
DB07 61 E3 0003 
DBOB 2E: 81 9F DB5B R 
DB10 6A rB 
DB12 68 EB 

DBH 
DB14 51 
DB15 56 
DB16 57 
DB17 B9 0004 

DB 1 A 
DB1A 51 
DB1 B 57 
DB1 C B9 0002 

DB1F 
DB1F 51 
DB20 AC 

DB11" 51 
DB20 AC 
DB21 8A EO 
DB23 B9 0008 

DB26 
DB26 DO EC 
DB28 DI DB 
DB2A DO E6 
DB2C DI DB 
DB2B E2 F6 

DB30 23 DD 
DB32 86 FB 
DB3 II OA D2 
DB36 ?9 OJ 
DB38 26: ll ID 

8-82 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

r", 
.. , dh ,6 ;whiob resolution are we ulling? 
Jl B ... Jned_vr ;Jump it modium reaolution (modeu 4 & 5) 
Jo g_bi_vr ;Jump 1t 6JI0x200 resolution (mode 6) 

;va•re in 640.:r:400 reaolution 
cmp db, 72 ;mode 72? ... db,11 ;# interlace areat1 = • tor modee 64 & 72 
jDO g_auper_vr 

g_tioytext: ;640xll00 resolution (mode 72) 
mov dl ,2 ;I aoanlinea per 1.a. = 2 tor mode 72 
Jmp obort g_ropobar 

g_auper_vr: ;640z.400 reaolution (mode 64) 
add 111,ax ;multiply aaoii code by t 6 bytoa/obar 
Jmp abort g_repohar 

g_bi_wr: ;Hi-resolution Character Write 
db,2 ;interlace areas count (even/odd) 
bl, 1 ;mode 6 doesn 1 t allow reverse video 

g_rapobar: ;Repeat Character Loop 
puzsh ox i zsave character repoat count 
puzsh " ;save source addroaa ( font table) 
puob di ; aave deotinatioD addr. (sraf1x ram) 

ox, ox jprepare loop counter 
cl, dl ;soanlines per interlace area count or 

g_lioalp: ;Soanline Loop 
puob ox ;aave acanlinoa per i.a. oouotor 
puab di ;aava interlace area f1 addreos 

cl, db ;init. interlace araao counter (2 or li) 

g_i_a_lp: ;Ioterlace Area Loop 
lodab ;get bJte frc11 font tabla 
teat bl, 1 ;raveraa video? 
jDZ s....t_:a:or ;Jump if no 
not al ;revaroe video 

g_t_:a:or: ;Teat For IOR 
or bl, bl ;IOR the char. with grafi:a: ram? r"'I Jno g_v_byte ;Jump if no 
zor al,eo:[di} ilOR vitb grafi:a: ram 

g_v_byte: ;Write Byte 
mov ea: [di J, al ;write byte 1n srafi:a: ram 
add di,20001:1 jaddrese next 1Dterlaoe area 
loop g_i_a_lp 

pop di ;reatore interlace area I\ addraoa 
odd di, 80 ;address next aoaDline in each 1, a, 
pop oz ;reatore scanlinea per 1.a. COUDter 
loop g_li nel p 

pop di ;restore obar•a grafix rat11 addraaa 
inc di ;addreaa DeJ:t obaraoter in grafix ram 
pop .. ;raatora char• a font table addreaa 
pop oz ;raatoro character repeat count 
loop g_ropchar ;repeat the character 
Jmp s....rat urn ;exit 

s....mod_vr: ;Modi WI Resolution Character Write 
ool di, 1 ;double grar ru pointer (2 bJtaa/char) 
mov dl, bl ;DL aavoa XOR bit input pa ram (bit 7) 
and bx,0003H ;Bh foreground color (& table offaet) 

bl, 011 :g_col or _tabl o[b:a:] ;propagate color through byte 
bh, bl ;propagate color through word 
bp, bx ;BP aavoa vord ot color maaka 

LOhar_lp: ;Repeat. Character Loop 
push ox ; aave character repeat. counter 
puah .. i save aouroe addroaa ( font table) 
puab d1 ; aave destination addr. (grafix ram) 

ox,4 ii Di t. aoanline.a par 1.a. oountar 

L8Can_lp: ;Soanlina Loop 
puah ., j8ave aoanline11 por 1, a, counter 
push d1 ;save interlace araa I\ addreaa 

ex, 2 ;1n1t.. int.erlaoe aroaa counter 

g_ia_lp: ;Interlace Area Loop 
push ; eave 1. a. counter 
lodab ;get 

push ;save 1.a. counter ~ lodab jget a byte from the font table 
ah, al ;copy it 
CJ:, 8 ;in1 t, loop counter (8 b1ta/byte) 

'--.. 

g_exp_byt.: ;Expand Byte Loop 
obr ah, 1 ;load carry with font byto bit 
••r bx:, 1 ;rotate it into expansion accumulator 
obr al, 1 ;load carry with aame bit aa bet ore 
rcr bx, 1 ;double the bit 
loop &...e:ip_byt ;expand font byte bit a 

aad bx:, bp color pix:ela with foreground oolor 
xohg bh, bl reorder tho bytes for grafix ram 
or dl I dl ia the XOR bit oot ? 
Jn• g_med_atore jump if no 

bx,ea:[d1] XOR with grafix ram 



~ 
DB3B 
DB3B 26: 89 1D 
DB3E 81 C7 2000 
DB42 59 
DB43 E2 DA 

DB45 5F 
DBJ:6 83 CT 50 C 
DB'l9 59 C 
DBIIA E2 CE C 

C 
DBl;C 5F C 
DBIID " C 
DBJIE 47 C 
DB'IF 5E C 
DBSO 59 C 
0851 E2 Cl C 

C 
DB53 8.l E3 C 
DB55 8.1. CT C 

C 
0857 C 
D857 5A C 
D858 59 C 
0859 5B C 
DBSA C3 

DBSB 

DBSB 00 
DBSC 55 
DBSD AA 
DBSE FF 

DBSf' 

~ 

DB5F 

ROM BIOS 
Listing 

g_mod_etore: 
mo, er,:[di),bx 
add di ,2000H 
pop ox 
loop &...ia_lp 

pop di 
add di,80 
pop " loop g,_rscan_lp 

pop di 
ino di 
inO di 
pop •i 
pop " loop s....cbar_lp 

ab, bl 
al, bb 

g_return: 
pop dx 
pop ox 
pop bx 
rot 

g_oolor_table label byte 

db oooooooos 
db 010101018 
db 1010101 OB 
db 111111118 

grt_grapb ioa_wri te endp 

page 

update grarix ram 
addreaa next interlace area 
re.store 1. a. loop counter 
next interlace area 

;restore interlace area #1 addreno 
;addreaa next :i.canline in each 1. a. 
;restore acanltne loop counter 
;next acanline 

;restore char• a gratix ram addreaa 
;addraaa next character in grartx ram 

;reatore obar•n font table addraaa 
;reatore oharaoter repeat oount 
;repeat tbe charaoter 

;return Al with last word written 

;Return Crom Wr1ta Char 
;raatora 

tho 
rag1atara 

;Table oC foreground colors extended to byte 

;color 0 
;color 1 
;col or 2 
;color 3 

(bit pattern: 00) 
(bit pattern: 10) 
(bit pattern: 01) 
(b1t pattern: 11l 

I II 1:,: II - - - - - D II II II D II - - - - - - II" II II,: - : - - - - - - - ,: : IZ - - - - - : - II II. a - - - ,a - IZ ":: - ,: - - - - - - - - - - - : - - - - - "II 

C I - - - -- ,.,. "" - """ - - - .. """ "" - - -- - - - ""II" - - - - - - """ " - - - - - - - -- - - - " - - - - - II= - - - - - - -- - - - - • 

Get ottaet into graphioa ram retreah memory which oorreBponda to 
tho ourrent ouraor poaition (or any arbitrary obaraoter poaition), 

Input: Al " ourrent curaor poa1Uon (AL= Column I, AH " Row #) 

Output: AI " ottaot into graphics ram 

;-------------------------------------------------------------------------------
g__oura_orr proc 

8-83 



ROM BIOS 
Listing 

DBSF 51 
DB60 BA EB 
DB62 8A C4 

D864 B1 01 
D866 80 3E 00119 ... 
D86B 74 02 
D86D FE Cl 
DB6F 
DB6F D2 EO 
DB71 32 C9 
0B73 86 £9 
D875 F6 26 004A R 
D879 03 Cl 
DB7B 59 
DB7C CJ 

D87D 

D87D 

0B7D 

DB7D 

D870 90 

DB7E DDB2 R 
0B80 DDBB R 
0B82 DDC7 R 
D88.11 DDD3 R 
0B86 DDE2 R 
D88B DE51 R 
DBBA DE6B R 

DBBC 52 65 73 69 6JI 65 
6E 74 20 1111 69 61 
67 6E 6P 73 74 69 
63730D0A 

DBA2 52 65 76 20 31 2E 
30 20 20 11D 61 79 
20 31 3 9 3 8 34 OD 
OA OA 00 

D881 OD OA 50 72 69 6D 
61 72 79 20 U 6F 
6F 74 20 53 711 72 
61 70 2£ 2E 2E OD 
OA 00 

DBD1 507269606172 
79 20 112 6F 6F 74 
2D 53 74 72 61 70 
20 1111 119 53 4B 20 
52 45 41 411 20 45 
52 52 IIF 52 2E OD 
00 

DBF6 20 20 20 20 20 20 
20 20 20 20 20 20 
20 20 20 20 20 20 
20 20 20 20 20 20 
20 20 20 20 20 20 
20 20 20 20 20 OD 
00 

DC1 B 2A 20 49 6C 6C 65 
67 61 6C 20 49 6E 
746572727570 
74 20 4E 6F 2£ 20 
00 

DC34 68 20 61 74 20 00 
DC3A 20 2A 00 

DC3D 20 50 61 73 73 OD 
DA OD 

DCIIS 20 46 61 69 6c oo 

DCIIB 43 50 55 20 28 69 
38 30 38 36 29 20 
00 

DCSB 52 4F IID 20 IID 6F 
64 75 6c 65 20 20 
00 

DC65 44 4D 41 20 54 69 
6D 65 72 20 20 20 
00 

DC72 411 IID '41 20 43 6F 
6E 711 72 6F 6C 20 
00 
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s...72: 

mo, 
omp 
Je 
1no 

ohl 

'" xohs 
m,l 
odd 
pop 
rot 

ex ;.eavo work regieter 
ch,al ;bold column nUDber 
al,ab ;row number to al 

cl,1 ;mode 72 abirt count (multiply• 2) 
byte ptr da:[v_mode),72 
g_72 ;Ju.mp if mode 72 
cl ;mode -72 abitt count (multiply • 11) 

al, cl 
ol, cl 
ch, ol 
byte ptr da:(v_width] 
ax, ox 

;multiply row I by rowa per byte 
;zero cut the ebitt count 
;move column number for add 
;multiply by bytes per columnn 
;compute orraet into refresh ram 
;restore reglater 
;and return to caller 

g_cura_otr endp 

code end11 
include pwrup1.aam 

•""""""""""""""""""""""---,. .... -- .. ,. ..... ------=----,. .... ,. ... ,.----------------
Filename: pwrup1. ero 

Thie module includea CPU, ROH, 8253 p_dma p_t1mor, & 8237 p_dma 
Controller teats. 

0 ,:::::: - : : 11 ■ • ll II U ■ - - - - - - - - - -- 11 ll - - - • • • lt lt - • - • - - - - - :c - - : lt - • - lt - • • • lt: -- • - -- - - - --

code segment public • ROM' 

pl_data1 

11tack_rom 

banner_m 

bt_m 

ht_morr 

os:code, da:nothing, 1110:nothing, sa:nothing 

proc 

,. ,. ,. ,. ,. ,. ,. 
" 

i_rom 
i_rom_ret 
1_dmat 
1_dmat_ret 
l_dmao 
l_dmac_ret 
l_plc 

; word-align ataok_ro11 

; return Crom i_opu 
; return from ro111,....oheokaum 
; return from i_rom 
i return from rto_obk 
; return from i_dmat 
; return from meat.et 
; return from i_Uac 

'Resident Dlagnoatloo• ,CR,LF 

db •Rev 1.0 Hay 1984 1 ,CR,LF,LF,NUL 

" CR, LP'' I Primary Boot-Strap ••• ''CR' LP' HOL 

" 'Primary Boot-Strap DIS!t READ ERROR.• ,CR,HOL 

; Tbls line mu.at have aame number or blanke aa the preceding baa cbaraotera: 
bt_apaoes db I ',CR,NOL 

111_m1 

11l_m2 
111_m3 

paaa_m 

ra11_m 

i_cpu_m 

i_rom_m 

i_dmat_m 

i_dmao_m 

" 

" " 
" 
" 
" 
" 
" 
" 

.. Illegal Interrupt No, 'I NOL 

'h at , NOL 
• •, HUL 

Paaa',CR,LP,lfOL 

Fall',HUL 

'CPU ( 18086) ,NOL Paaa/Fail 

'ROH Module I NUL Pan/Fail 

1 DHA Timer I NOL Paas/Fail 

• DHA control ,NOL Paoo/Pail 



~ 
DCTP 119 6E 711 65 72 72 

75 70 74 73 20 20 
00 

DC8C 56 69 611 65 6F 20 
42 6F 61 72 6.!l 20 
00 

DC99 4E 50 55 20 28 69 
38 30 38 37 29 20 
00 

DCA6 52 Sil 20 113 6C 6P 
63 6B 20 20 20 20 
00 

DCB3 3A IIC IIF 00 
DCB7 3A 48 l:19 00 
DCBB 3.1 U 52 00 
DCBF 48 65 79 62 6F 61 

72 611 20 20 20 20 
00 

DCCC 31 53 54 00 
DCDO 50 72 69 6E 711 65 

72 20 50 6F 72 711 
00 

DCDD 53 65 72 69 61 6c 
20 43 6F 6D 6D 2E 
00 

DCU 20 68 62 20 52 111 
4D 20 20 00 

DCFil 4P 70 H 69 6F 6E 
61 6C 20 52 4F 11D 
00 

DD01 46 6C 6F 70 70 79 
20 28 41 3A 29 20 
00 

DDOB 116 6C 6P 70 70 79 
20 28 112 3.& 29 20 
00 

D018 20 Ii! 6P 74 
DD1F 20 52 65 61 64 79 

OD O& 00 

~ OD28 li6 69 78 65 64 20 
411 69 73 68 20 20 
00 

DD35 53 65 6c 65 63 74 
20 II 1 6C 74 65 72 
6E 61 7'I 65 20 43 
50 55 20 28 79 2F 
6E293F00 

D051 OF 
DD52 07 
DD53 " DDSII 03 
DDSS OF 
DDS6 03 
DD57 07 
DD58 OF 
DD59 0, 

DDSA 

DDSA 

DD5A FA 
DD5B BO 110 
DDSD BA 0378 
D060 EE 
DD61 FC 

~ 
DD62 

DD62 B8 FFOO 
DD65 " DD66 79 25 
DD68 75 23 
DD6A 78 21 
DD6C 73 1 F 

DD6E 37 

ROM BIOS 
Listing 

C i_pic_m 
C 

db 'Interrupt a •, NUL Paos/Fa1l/Fa1l :H:r: 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

i_d_m db • Video Board •, NUL Paas/Fa1l 

i_npu_m db 'HPU (18087) • ,NUL Paaa/Fa1l 

i_rtc_m db 'RT Clock • ,NUL Paaa/Fa1l/Fail :LO, HI, NR 

i_rtc_lo_m 
i_rtc_bi_m 
i_rtc_nr_m 
i_kb_m 

db 
db 
db 
db 

':LO',NOL 
':HI' ,NOL 
':NR' ,NOL 

Error 11 (muat remain in 
Error 12 order tor addr. 

i_kb_at_m 
i_prt_m 

1_com_m 

db 
db 

db 

Error 13 oaloulatloal) 
• 1:ey board t I NOL Pasa/Fa1l/Fa11 :ST 

I :ST' ,NUL 
• Printer Port' 1 HUL Pau/Fa1l :xx 

'Serial Comm.• ,NUL Pans/Fail ::r::r: 

i_RAtLm 

i_optROtLm 

db 

db 

' kb RAH ',NOL 

'Optional ROH' ,NOL 

Paaa/Fail :oo :yOOO: zzzz :vvvv :rrrr 

Pana/Fail ::r:z:r::r: 

i_tduA_m 

i_tduB_m 

i_tdu_not_m 
1_rdu_rdy_m 

i_bdu_m 

db 

db 

db 
db 

db 

'Floppy (A:) 1 ,NUL Ready/Not Ready/Fail ::r::r: 

'Floppy {B:) •,NOL 

' Not• i purpoauly no NOL 11111 
• Roady•, CR,LF,NOL 

'Fi:r:ad Disk • ,NUL Pe.ea/Fail ::r:.:r: 

i_al t_sel eot_m db 'Saleot Alternate CPU (y/n)? 1 ,NOL 

1_oal_v11l 

p1_datal 

db 
db 
db 
db 
db 
db 
db 
db 
db 

db 
db 
db 
db 
db 
db 
db 
db 
db 

endp 

'Disk Diagnoatica. :r::r:z.:r:.:r:• 
'Loop Diagaoatioa. zz.:r::r::r:• 
'Primary Bootstrap Floppy (A:) Not Roady 
'Insert ayatem di11k and type any key.• 
'Primary Bootstrap Floppy (A:) Fail:.:r:.:r: 1 

'Primary Bootstrap Floppy (B:l Fail::r::r:• 
'Primary Bootstrap Fixed Diak Fail:.:r:x• 
'Seleot Operating Sy:,,tem? 
• serial Boots trap• 

OFb .,. 
OFb 
03b ... 
03h 
07h 
OFb 
01b 

; port 074b = unite or minutes 
; port 075h II tena of minuteis 

port 076b II unite or bour11 
port 077b II tena of boura 
port 078b • unite or daya 
port 079b • teaa of daye 
port 07 Ab = day of vook 
port 07Bb = tena of montba 
port 07Cb II uni to of montbo 

( 0-9) 
(0-5) 
(0-9) 
(0-2) 
(0-9) 
(0-3) 
(0-7) 
(0-9) 
(0-1) 

- 1111-: -- ______ ,:_,:_1111:a :: -""-----------: -11-: 1111-- -11 II: - _,: -- -11 --- -- -- : aa11 •,: 11 

di agnostics_ 1 proo near 
e1111u111e co :oode, de :aoth ins, ea :nothing, 11.e :nothing 

Cli .. , 
oot 
old 

al, 40h 
d:r:, 378h 
dx, al 

disable interrupt.e 
Check Point 10 
parallel port data port eddreaa 
output "Running- Checkpoint o• 
clear atring direction flag 

. ---- ------------------------------- ------- -- -------- -------- -- -------------
; 8086 CPU Te.et 

. --- ------- -- --- -- -- --- ---------- -------- --- -- ---------------- --------------
i_cpu: 

Flaga Taat (All Set): SF, ZF, AF, PF, CF & OF. 
(E:r:erci.eea flag11 and acou111ulator only.) .. , 

sahf 
jo, 
jo, 
Jnp 
jnb 

ax, OFFOOb 

i_cpu_err 
i_cpu_err 
1_cpu_err 
i_cpu_err 

ah : ell 1 'a; al • all 0•11 
aet SF, ZF, AF, PF, & CF 
SF set? it not, abort 
ZF aet? it not, abort 
PF aet? if not, abort 
CF set? if not, abort 

to test 1f AF 111 11et, al IIIUllt be <= 9 
if AF 11et, then: {Ei.b +=1) :a o; 
al ,. ((al+6) & OFhJ== 6; CF= AF :a:: 1 
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ROM BIOS 
Listing 

DD6F 73 IC 
DD71 01 Ell 
D073 75 18 

0D75 BO 40 
DD77 02 co 
DD79 71 12 

DD7B 33 co 
DD7D 9E 
DD7E 78 OD 
D080 76 OB 
DD82 TA 09 

DD84 37 

DD85 72 06 
DD87 03 co 
DD89 75 02 

DDBB 71 11 

D08D 
0D8D ac ca 
DDBF BB DB 
0D91 BB DO 
DD93 BC DB7E R 

0D96 BE DC48 R 
D099 32 E4 
D09B 89 EOE9 R 

DD9B 
DD9E ,ac ca 
DD10 BE 08 
0012 BE DO 
DDAll BC DBTE R 

DDU BO 41 
0D19 Bl 0378 
DDAC .. 
DDJD BO 00 
DD.U' B6 61 
D0B1 C3 

DDB2 

DDB2 BE EOOO 
DDB5 E9 E5E5 R 
DDB8 
DOBB 74 06 

DDBA 
DDBA BE DC58 R 
DDBD E9 E0E9 R 

DDCO 
DDCO BO 112 
DDC2 BA 0378 
DDC5 EE 
DDC6 C3 

DDCT 

DDCT BO 04 
DDC9 E6 OB 

DDCB BO 711 
DDCD BA 0041 
DODO E9 E1F6 R 
DDD3 
D0D3 71! 06 
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jnb 

" jn, 

oo, ... 
jno 

i_opu_err 
ab,ab 
i_opu_err 

al,40b 
al, al 
i_cpu_err 

; CF = AF eet? if not, abort 
; ab " O? if not, abort 

; ab :: 0 
; al :: 40b + 40b :: 80b :: -128 
; OF set? if not, abort 

Fl ago Te:,t (All Resat): SF, ZF, AF, PF, CF & OF, 
(Exeroisea tlaga and aooumulator only.) 

xor 
Bahf 
jo 
jbo 
jp 

jb ... 
jn, 

Jno 

ax,ax 

i_cpu_err 
i_cpu_err 
1_opu_err 

i_opu_err 
ai:,ai: 
i_opti_err 

i_cpu_ok 

i aJ: = 0 
; reset SF, ZF, AF, PF, & CF 
; SF reset? if not, abort 
; ZF or CF reset? if not, abort 
; PF reset? if not, abort 

; to ta11t if AF reset, al muat be <= 9 
; if AF reset, then: ah unchanged; 
; al :: (al & OFb) == o; CF = AF ,.,, 0 
; CF .. AF re11et? if not, abort 
; ei: = O? if not, abort 

; ai: = O + 0 = 0, eo ebould be no OF. 
OF reaet? if not, abort 

ce:code, da:code, es:ab110, aa:code 

i_cpu_err: 
ai:, co eatiefy aeeumptiona 
da,ai: 
s11, ai: uaa ROH • z,tack' 
ep,oa:(off11et 11tack_rom) 

11i,011:(off11at i_cpu_m) 
zor ab,ah ; clear ab (cio error number to report) 
jmp !_fatal ; !_fatal will 'rot' to i_rom 

i_opu_ok: .,. 
mo, 

ax, oe 
de,ai: 

; ea tiefy azseumptions 

mov as, ax uae ROH 'ataolc' 
mov ep,011:(offoet otaok_rom) 

al ,lllb 
dx,)78h 

out di:,al 
Rez,et the keyboard 

mov al,O 
out p_kotrl ,al 

Chock Point 11 
; parallel port data port addrooe 
; outPut •Running- Checkpoint 1• 

ret ; will 'rot• to 1_rom 

ROH Module Tut 
;---------------------------------------------------------------------------

ce:code, ds :code, ee:aboO, ee:code 

i_rom: 

C ; Calculate Cbaokaw:i of ROH, 

mo, 
jmp 

i_rom_ret: 
j, 

i_rom_err: 
•o• 
jmp 

i_rom_ok: 

mo, 
o,t 
rot 

::,i,OEOOOh 
rom_cbackeum 

i_rom__ok 

e1,cs:{off::1at i_rom_m) 
i_fatal 

al ,42b 
dx,)78b 
dx,al 

; ROH starts at da:si = FOOO:EOOO 
; • call' rom_cbecksum 
; will • rat• here 

ab bae illegal cheolceum 
!_fatal will • rat• to i_dmat 

Check Poicit 12 
parallel port data port address 

; output "Running- Checkpoint 2" 
; will 'rot' to i_dmat 

,------- ----------------- ------------------------------------ --
i 8253 p_dma p_timer Test 

asau111e cs:t;lode, da :code, ea:abeO, as:code 

i_dmat: 

Disable 8237A p_dna Controller before the testing cf the 8253 p_dma p_timer channel. 

mo, 
o,t 

al, dma_cmd_dieable 
dma_ccmmand, al 

; disable p_dma controller command 

Proceed with the testing of the 8253 p_dma p_timer channel ( )p_8253_1. 

oo, 
jmp 

1_dmat_rot: 
j, 

al,074h 
dx,p_8253_1 
rtc_chk 

i_d1.1at_ok 

; 01 11 10 0 -> p_8253_1 1 lab 1:it, mode 2, no BCD 
:iolect p_dma refresh counter 
'call' rtc_chk 
will 'rot' here 



DDD5 
DDD5 BE DC65 
DDDB E9 EOE9 

DDDB 
DDDB BO 113 
DDDD BA 0378 
DDEO EE 
DDE1 C3 

DDE2 

DDE2 86 OD 

DDBII BIi O 1 

DDB6 BIi OD 
DDIB O.l CO 
DDU 75 72 

~ 
DDBC BB FFPP 

DDBF 

DDEF BJ. 0007 

DDF2 
DDF2 8B C3 
DDFli BB 
DDPS " DDF6 EC 
DDF7 BA EO 
DDP9 BC 

DDPA 38 C3 
DDPC BIi 02 
DDPB 75 SE 

D100 " DB01 79 BF 

DE03 ,, 
DEOII 74 £9 

DE06 BO FF 
DE08 E6 01 
DEOA E6 01 

~ 
DEOC BO 58 
DEDE E6 OB 

DE10 BO 00 
D112 E6 08 

DE14 BO 00 
DE16 E6 DA 

DE18 BO 711 
DEU E6 113 

C 
C 

ROM.BIOS 
Listing 

C i_dma t_err: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

... 
jap 

i_dmat_ok: 

"" oot 

"' 

ei,ca:(offeet i_dmat_m) 
1_ratal 

al,43b 
dx,378h 
dx, al 

; ah haa error oodo to report. 
; i_fatal will • rot' to i_dmao 

; Chock Point 13 
; parallel port data port addraaa 
; output •Running- Checkpoint 3" 
; will 'rat 1 to i_dmac 

8237 p_dma Controller Teat -- Te11t Chip1a Operation & Channel Hogiatere 

The 8237A p_dma Controller vaa disabled before the testing ot the 
; 8253 p_dma p_timer obannel. 
'-------------------------------------- --- -- -- ---- -- --- ----- -- ---- -

oa;oode, da:ooda, aa:ab110, aa10ode 

i_dmac; 

; Send a ·maister alear' to 8237 p_dma Controller. 

oat dma_ma11tor_cl r, al ; eend maeter clear to port 

; The dD.a_oommand, dma_atatuo, dD.a_roqueot, dma_tomp, and dma_tt regietora 
; are cleared, and the dma_maok rogiatar 111 oat (all off). 
i Taot readable oontrol ragiatoro: dma_atatuo & dma_tamp) 

in 
o, 
Jo: 

ab, 1 

al, dma_tamp 
al, al 
i_dmac_arr 

TEMP Error 11 

al • 07 
it not, abort 

; Teot all 8 16-bit readablo/vriteabla obannal rosiotara (addraaa and oount 
: regiatar11 tor all II obannelo, i.e., porta O tbroush 7) vitb regiatar bit teat: 
: (dma_addr_x & dma_oouDt_x are teated vitb OPPFFb and tben Ob tor x • O to 3.) 

1_dmao_paoa2: 

i_dmao_lp1 
mov 
o,t 
oat ,. 
mov ,. ... 
mov 
j .. 

,., 
jo, 

iao 
j: 

bx,OFPFPh 

dx,7 

ax, bx 
dx, al 
dx, al 
al, dx 
ab, al 
al, dx 

ax, bx 
ab,2 
1_dmao_arr 

" i_dmao_lp 

bX 
1_dmao_paaa2 

; bx • O all bite raaot 

; outer loop , 
; it 1 llt paaa, bx ■ OPFPFb 
; it 2nd paaa, bz • Ob 
; loop oou.11.tor and port addreaal 11 

; inner. loop 
; get bit t.eet pattern 
; write lbv byte ot addrou/oou11t 
; vrita high byte of_ addroaa/oount 
; road lov byte of addreaa/oount 

HVO lov byte in ab 
read high b)'ta of addroaa/oount 

does vbat•11 boon road • toot pattern? 
TEMP Brror 12 
it not, abort 

; did we decrOllent paat port addre,u O? 
; it not, continue aame paaa tor all 8. 

; 1at paaa'l U ao, bz • OrPFFb & loop 
; 2nd paaa'l if 110, bz • O & oontinua 

; Vo are done testing all 8 16-bit readable/writeable channel ros111tora (addrou 
; and oount regiatara for all Ji obannala) vitb tho tolloving ra11ulta: All tho 
; addrooa rogiatora (dma_addr_x) and oount ragiataro (dma_oount_x) have boon 
I 1n1t1alizod to zero. 

; Load 6Jlk (OPFPPb+1) count tor RAH retresb p_dma oontroller obannel. 

mov 
oat 
oat 

al,OFPb 
dma_oount_O, al 
dma_oount_O, al 

; lov byte ot count tor 64k RAH ratraab 
; high byte of oount for 64k RAH ratreab 

; Load moda tor RAH ratrasb p_dma controller obannel: obannal O, read, auto
; 1nitial1:u, inorement, 11ingla mode. .. , 

oat 
al, dm 11._moda_O 
dma_moda, al 

; mode tor RAM retreab 

; Enable p_dma oontroller: mamory-to-I/0, controller enable, normal, fixed 
; priority, late write, and l>RBQ/·DACl, 

mov 
oat 

al, dma_cmd_enabl o 
dma_oommand, al 

; enable p_d11111 controllor 

; The maatar clear command above baa maakod ott all obannala, Nov, wo ·unmask' 
; tho RAH rofroah dma_maak bit, p_dlla RAH rafreoh bogino tor tbo tirat time! 

mov 
o,t 

al, dma_unmaak_O 
dma_maak_bi t, al 

; turn on RAH refresh channel O 

Program p_82S3_1 ot 18253 p_timor to proper valua tor RAH retraab. .. , 
oat 

al,t1omd 
p_8253_otrl,al 

i aalaot p_dma rofreah counter 
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ROM BIOS 
Listing 

DE1C BB 0013 
DE1F E6 .111 
DE21 SA C4 
DE23 E6 41 

DE25 B4 03 
DE27 E4 08 
DE29 A8 10 
DE2B 75 31 

DE2D BA OOOB 

DE30 BO 41 
DE32 EE 

DE33 BO 56 
DE35 " 
DE36 BO 43 
DE38 EE 

DR39 32 co 
DE3B BA 0083 

DB3E 
DE3E BE 
DE3P FE CA 
DB41 78 PB 

D8113 28: SE 1E E5F2 R 
D8118 SB 36 0072 R 

DE4C 33 D2 
D848 89 8266 R 
D851 

0851 28: BE 1E E5F2 R 
DE56 89 36 0072 R 

DE5A B4 OIi 
DESC 74 06 

DESE 
DESE BE DC72 R 
D861 89 EOE9 R 

D864 
D864 BO 411 
DE66 BA 0378 
DE69 EE 
DE6A C3 

DE6B 
DE6B B8 0030 
DE6E 8E DO 
DE70 BC 0100 

DE73 EB E1DC R 

DE76 33 F6 
DE78 BB FE 
DE7A B9 01FE 

DE7D BB DEDC R 
DEBO AB 
DE81 ac ca 

8-88 

C 
C 
C 

mov 
out 
mov 
out 

ax, tloount 
p_8253_1,al 
al,ah 
p_8253_1 ,al 

; load p_dma refresh count 

C ; Check dma_atatua for 'hot• p_dma request from p_8253_1. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

mov 
in 
teat 
jo, 

ah,3 
al, dma_atatua 
al,010h 
Ldmao_err 

; TEMP Error #3 
; teat for RAH refresh requez,t in zstatus 
; bit #4 -> channel O requeat 
; if 'hot• p_dma requeat iis there, abort 

Initialize other p_dma counters and modes. 

dx,dma_modCI 

; Initialize p_dma channel 1 not used. 

mov 
out 

al,dma_moda_1 
dx, al 

Initialize p_dma channel 2 FDU. 

mov 
out 

al, dma_mode_2 
dx,al 

; mode for not used 

; mode for FDU 

C ; Initialize p_dllla channel 3 ~~-~-
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

mov 
out 

al, dma_mode_3 
dx, al 

; mode for diisplay 

Initialize p_dma Segment Nibble Latches to zero. 
(dma_eegm_x for x "' 0 to 3 ia port addresaea 80h to 83h). 

i_dmao_nib: 
out 
deo 
J• 

al, al 
dx,083h 

dx,al 
dl 
i_dmao_nib 

; al :::i 0 
; loop counter and port addreai,I 
; dx "' dma_aep_3 "' 083h 

; when dl goes from 80h (-128) to 
; 07Fh {+127) we will exit 

; 8237 p_dma Controller Teat -- Tez,t Lowest 64k bank of RAH 

xo, 
jmp 

i_dmao_ret: 

mov 
j, 

i_dt11.ao_err: 
mov 
jmp 

i_dmac_ok: 

mov 
out 
r8t 

aaaume oa:oode, da:data, es:abeo, aa:code 

de, word ptr ca: [ ae t_da_wordJ 
ai,word ptr ds: [reaet_flagJ 

; satisfy aaisumptiona 
; save reset_tlag 

dx, dx 
memtst 

; dx "' O; test 0000:0 to 0000:FFFF 
; 'call' memtat 
; will 'rat' here 

ds,word ptr cs:(set_da_word] 
word ptr ds: [reset_flagJ, ai 

; satisfy assumptio1:1s 
; reatore reaet_tlag 

ah,11 
i_dmao_ok 

ai,oa:(offset i_d111ac_m) 
i_fatal 

al,411h 
dx,378b 
dx, al 

; TEMP Error #4 

ah ha$ error code to report, 
i_flltal will • ret• to i_pio 

Check Point 14 
parallel port data port address 

; output "Running- Checkpoint Ip 
; will 'ret• to_pic 

; 8259A Pro.l!irammable Interrupt Controller Test, 

asau111e os:oode, ds:data, es:absO, ss:staok_ram 

C i_pic: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

mov 
mov 

ax, stack_seg 
ss,ax 
sp,100h 

;Initialize RAH Stack 
; on lower tested memory 

Initialize & Disable 8259A Programmable Interrupt Controller. 

call 

Inatall Interrupt Vectors for diagnoatics, 

; Install unexpected diagnostic interrupt vectors. 

ai,ai 
di,ai 
cx,(OIIOOh-OOOllh)/2 

ax,cs:(offaet i_pic_err) 

ax, cs 

; es:ai = absO_seg:intOOloon 
; es :di = absO_seg:intOOlocn 
; words rro111 o :0004h to O :OIIOOh 

i,tore offaet i_pic_err 

; store eestnent address 



·.~ 

DE63 AB 
DE84 F3/ 26: AS 

DE87 B8 DEA9 R 
DE8A 33 FF 
DE8C Bl 05 

DE8E 
DE8E AB 
DEBF " DE90 " DE91 05 0004 
DE94 E2 F8 

DE96 B8 FF23 R C 
DE99 BF 0020 R C 
DE9C Bl 08 C 

C 
DE9E C 
DE9E AB C 
DE9F 47 C 
DEAO " C 
DEA1 E2 FB C 

C 
C 
C 

DEA3 B7 09 C 
C 
C 

DEA5 F6 F5 C 
DBA7 EB 33 C 
DBA9 C 

C 

~ 
C 

DU9 53 C 
DUA 9D C 
DBAB EB 2F C 
DBAD C 

C 
DEAD CD 02 C 
DB&F EB 2B C 
D181 C 

C 
DBB1 cc C 
DBB2 90 C 
DEB3 EB 27 C 
DEBS C 

C 
Dl!:B5 CE C 
0886 90 C 
DBB7 EB 23 C 
D8B9 C 

C 
C 
C 
C 
C 

DBB9 BO 01 C 
C 

DEBB C 
DEBB 88 EtED R C ... , 75 ,c C 
DECO DO DO C 
DEC2 73 F7 C 

C 
DIC4 BO FF C 
DBC6 E8 E1ED R C 
DBC9 75 11 C 

C 
C 
C 
C 
C 

DECB FB C 
DECC 33 C9 C 
DECE 82 FE C 

~ 
C 

DEDO AO 0068 R C 
DBD3 OA CO C 
DBD5 H 311 C 

C 
C 
C 

DED7 C 
DED7 ., C 
DSD8 DO DB C 
DBDA 73 FB C 

C 
C 

DEDC C 
DEDC BC 0100 C 

C 
DEDF 51 C 

C 
\. .. C 

ROM BIOS 
Listing 

atasw ; ea:di = abs0_seg:int00locn + II 
rep word ptr es:0004b,vord ptr es:OOOOb ; replicate vector 

Iqstall aortvare diagnostic interrupt vectors. 

ax,cs:(offset i_pic_O_ok) ; ax = offaet i_pic_O_ok 

1_p1 c_aor t: 
stosw 

di, di 
cl ,5 

ino di 
inc di 
add ax,11 
loop i_pic_soft 

011 :di = abaO_aeg:intOOlocn 
load INT' a Ob through llh. 

; ax = (11 1 x)+( i_pic_O_ok) 
; ea :di gets offset i_pic_J:..ok 
; skip segment {already = ca) 

; i_pic_x_ok are 4 bytea apart 
until ox D 0. 

Inatall hardware diagnostic interrupt vectors. 

ax,cs:{offsat ill_int) ; ax = offset 111_111.t 

i_pic_bard: 
11to11w 

di,ea: (offaet int08locn) 
cl, 8 

inc di 
inc di 
loop i_pic_hard 

; ea: di = a b110_aeg :int08looo 
; load INT 1 11 8b through Fh, 

; ea:di gets offaet ill_int 
; akip 11egmeot (already ,. oa) 

; until ox ,. 0. 

; Teat aoftvare interrupt a firat (cl " O if error). 

'" Jop 
1_p1 o_o_ok: 

pu11b 
popf 
Jop 

i_pi c_ 1_ok: 

INT 
jop 

i_pi c_2_ok: 

INT .. , 
Jop 

i_pi 0_3_ok: 

INTO ... 
Jop 

i_pi c_ll_ok: 

bb,09b 

,, 
abort i_pic_err 

,, 
abort i_pic_arr 

02h 
abort i_pic_err 

03h 

abort i_pi c_err 

abort i_pic_err 

; Teat hardware interrupta aeoond. 

bx baa ita Btb and 11th bita aat. 

ex = 0 from loop above. 
generate a divide-by-:i:ero INT OOb 

bh " 09h. set trap & OF flaga in bx 
(bits 8 and 11 of flag:J), 
put trap flaga on ataok 

; generate a single-atop trap INT 01b 
; muat be II bytea loogl 

; generate a aoftware interrupt INT 02b 
i must be 4 bytea longl 

; generate a 1-byte break-poiat INT 03b 
; muet be II byte a long I 

; OF overflow flag ie atill aet. 
; generate an overflow interrupt INT Ollb 
; muat be 4 bytea longl 

; Teat B2591 PIC interrupt mask vitb teat patterns (cl = 0 if error). 

i_pic_te11t: 
call 
Joo 
,ol 

J•• .. , 
oall 
J•• 

al, 1 

i_out_mask 
1_p1c_err 
al, 1 
i_pic_teat 

al,OFFb 
i_out_maDk 
i_pic_err 

; initialize mask value " 1 

; output pattern, teat input 
; if not same pattern, abort. 
; rot.at.a test pattern 
; teat again, it not riniabed 

; teat pattern of all ones 
; output pattern, teat input 
; if not Da111e pattern, abort 

; Look for 'bot• (active though maaked off) PIC interrupts (cl " IRI if error). 

Enable Interrupts for the very first timel 

'" ,., 
loop 

., 
J• 

al, byte ptr da: [intr_flag} 
al, al 
1_pic_ok 

; enable interrupts 
; delay awhile, waiting tor 
; a 'bot• interrupt. 

; get the flag rro111 1ll_int 
; intr_flag ,. 07 
; if ao, ve•re all done. 

Convert 'bot• interrupt 111a11k (bit pattern) to IRI (1 to 8 error code). 

i_pic_bot: 
iDo ,., 
jnb 

i_pic_err: 

puab 

al, 1 
i_pic_bot 

ap,100b 

; ox .. O from loop above. 
; increment ox (IRl+1). 
; mask' a leaat Dignifioaot bit. 
; if not aet, continue. 
; (exit with cl " 1 to 8.) 

; cl = 0 or failing PIC "hot• active Ifll 
; re-initialize stack 

; Dav o error code. 

; Inatall Vactor Table. ; aet 1nt.10locn = code_aeg:v_io, and 
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ROM BIOS 
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DEEO EB E1AO R 

DEE3 " E1118 R 

DEE6 BE DC7F R 
DEE9 EB ESFA R 

DEEC BE DC45 R 
DEEF EB ESFA R 

DEF2 59 
DEF3 OA C9 
DEF5 711 OE 

DEF7 EB E626 R 
DEFA B8 08118 
DEFD CD 10 
DEPF BA Cl 
DF01 " DF02 EB E650 R 

DFOS 
DFOS BB E619 R 
DF08 EB 07 

DPOA " 
DFOB 
DFOB BO 45 
DFOD BA 0378 
DF10 EE 

DF11 

DP11 BC 0100 
DF111 88 EUO R 

DF17 EB EUB R 

DPU 
DF11 BE DB8C R 
DP1D EB BSP'A R 

DF20 BE DCU R 
DF23 EB !SF! R 
DF26 BE DC3D R 
DP29 BB BSFA R 

DP2C BE DC58 R 
DF2F EB E5FA R 
DP32 BE DC3D R 
DF35 BB BSFA R 

DF38 BE DC65 R 
DF3B EB BSFA R 
DF3B BE DC]D R 
DFll1 EB ESFA R 

OFIPI BB DCT2 R 
DFll7 EB BSFA R 
DF4A BE DCJD R 
DP4D E8 ESFA R 

DF50 BB DC7F R 
DF53 BB BSFA R 
DP56 BE DCJD R 
DP59 BB ESFA R 

DFSC 

DFSC ao oo•o 

DFSF 88 36 0072 R 
DP63 a, EB 1234 
DF67 33 PF 

8-90 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

call i_vector 

In1 t1al he Video. 

call i_d_init 

Display error message. ... 
call ... 
call 

pop 
o, 
j, 

ai,ca:(offaet 1_p1c_m) 
DRomStrins 

a1,oa:(cffaet faU_m) 
DRcmStr1ns 

ox 
ol,ol 
1_p1c_no_hot 

aet 1nt1Dlccn m oode_seg:v_parma. 

d.1aplay failing teat meange, 

dtaplay fail meaaage. 

; reatore error cede. 
; cl z: O? 
; if so, ve• re done. 

Display 'bot• interrupt number :Hx. (vhere x 1a the IR# from O to 7) 

oall 
mov 

'" ... 
doo 
call 

i_pic_no_bot: 

DColon 
ax, (0Eb'100h)+' H' 

"" al, cl .. 
DHoxN1b 

call DCrLf 
Jmp short i_pio_end. 

hlt 

1_p1o_ck: ... ... 
o,t 

1_p1c_end.: 

al,115h 
dx,37Bh 
dx 1 al 

i Inatall Vector Table, 

mov 
call 

ap, 100h 
i_vector 

display a colon, 
display 'bot' interrupt aymbol, 

transfer error code. 
error cede ( 1 to 8) to (0 to 7) IR#, 
diaplay loveat nibble, 

; Check Point #5 
; parallel port data pert addreaa 
; output "Running- Cbeckpoint 5" 

; re-initialize ataok 

,---------------------------------------------------------------------------
; Determine System Configuration from Svitcbea and Initialize Video, 

call i_d_init 

Diaplay Paaaing Error Meaaagea ;---------------------------------------------------------------------------
d1ap_paaa: ... 

call ... 
call 
mov 
call 

mov 
call 
mov 
call 

mov 
call ... 
call ... 
oall ... 
call ... 
call ... 
call 

ai,ca:(offset banner_m) 
DRcmString 

ai,ca:(cffaet i_cpu_m) 
DRomString 
s1,cs:(offaet pasa_m) 
DRomString 

ai,ca:(oftset i_rom_ml 
DRomString 
ai,ca:(offHt pasa_m) 
DRomStrina: 

ai, oa:(ottaet i_dmat_1:1) 
DRomStrins 
ai 1 c11: (offset paaa_m) 
DRomStrins 

ai,cs:(offset i_dmao_m) 
DRcmStrins 
ai,ca:(cffset paaa_m) 
DRomStrins 

ai,oa:(otfaat i_pic_m) 
DRcmStrins 
si, ca: (offaet paaa_m) 
DRomString 

; Size & clear RAM at every 64k byte bank past the lowest 64k. 

RAl'l...si:U_tst: 
assume cs:oode, da:data, sa:abaO, as:atack_ram 

bp,64 ;initialize memory count 

mov ai ,word ptr ds: [reaet_tlag] ; set warm bocttlag 
aub a1 101234h ; shO Hf CTL ALT DBL sequence. 

di,d.1 ; offset " OOOOh 

·-·· 



DF69 BA 1000 
DF6C 
DF6C BE C2 

DF6E 26: 8B 05 
OF7 1 P7 DO 
DF73 26: 89 05 

DF76 26: 88 1D 

OF79 38 C3 
DF7B FT DO 
DF7D 75 2C 

DF7F 26: 89 05 
DF82 08 F6 
DF84 711 10 

DF86 ES E266 R 
DF89 75 3E 

DFBB 83 CS 40 
ore E 56 
DF8F B8 OEOD 
DF92 CD 1 0 

DF911 8B CS 
DF96 88 0003 
DF99 EB E66D R 
DF9C BE DCEA R 
DF9F ES E5FA R 

DFA2 51 

DFA3 
DFA3 80 C6 10 
DFJ.6 80 FE AO 
DFA9 72 C1 

DFAB 
DFJB OB F6 
DFAO 7'I 06 
DFAF BE DC3D R 
DP'll2 EB E5f'.l R ... , 
DFBS 33 CO 
DFB7 81 CO 
DFB9 8A C6 
DFBB 01 EO 
OP'BO Dt !O 

DFBF 2E: BE 1E E5F2 R 
DFCII A3 00 13 R 

DFC7 EB 30 

DPC9 

DFC9 52 
DFCA 1B 
DFCB 50 

DFCC E6 E619 R 
DFCF aE DCli5 R 
DFD2 E8 E5FA R 

DFD5 E8 E:6 26 R 

DFDB Eli 66 
DFOA 211 OF 
DFDC EB E6113 R 

~ DFDP E6 E626 R 

DP'E2 BE DA 
DFEli BB C7 
OFE6 EB E632 R 

DPE9 E6 E626 R 

DFEC 1 F 
DFED 8B C3 
DFEF EB £632 R 
DFP2 ES E619 R 

DFP5 1F 
DFF6 5A 
OFF7 EB BC 

C 

,o, 
RAH_ab;e_lp: 

mo, 
not 

.. , 
not 
Joo 

.. 
J• 

oall 

j "' ... 
puah 
mo, 
INT 

... 
call 
mo, 
call 

C pop 
C 
C RAM_ahe_.nxt: 
C add 
C cmp 
C jb 
C 
C 
c RAH_a1ze_end: 

or 
J• 
mov 
call 

RAJLa1ze_ood_1: 

dx, 1000h 

ee, dx 

ax,vord ptr ea:[di] 
u 
word ptr ea:[d1l,ax 

bx,word ptr e~ [di) 

ax, bx 
u 
RAM_i'1ze_e.nd 

word ptr ea:[dil,ax 
a1, ai 
RAH_aiz e_axt. 

111ecitat 
RULorror 

bp,611 .. 
ax,OEODb 
10H 

ax, bp 
bx ,3 
l)NumW 
a1,oa:(oftaet i_R.&H_m) 
DRomStriag .. 
db, 10b 
dh,OAOb 
RAM_aize_lp 

ROM BIOS 
Listing 

; at.art at 1000:0000 (dx keeps ngmeat) 

; get segment 

read ezioting ra111 value 
; comple11ent 1t 

vr1te complement baok to RAH 

; read back from RAH 

; ver1fy to teat tor end of RAH 
; re0reate or1g1aal value 

if verify ta.ils, at end or RAH 

reatore or1gi11al value back to RAH 
teat varm boot tlag 

; if CTL- ALT DEL aequence, 
don't clear memory 
teat and clear memory 
teat rlag from storage teat 

; increment a1ze 
; save Warm Boot Flag 

put out a CR 

; dii,play teated RAH 

retrieve War11 Boot Flag 

maximum RAH " 6~0k 10 • 64k 
next aegment 
top ot RAK yet (1000:0000)? 
1f not, coDt1nue, 

aaoume oa:oode, da:data, ea :a baO, aa:ataok_ram 

al, ai 
RAtLa1ze_end_1 
a1,oa:(oftaet paaa_m) 
DRomStr1ng 

teat warm boot rlag 
1f CTL ALT DEL aequence, 

;D1aplay OJ: 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

xor ax,a.x 
; b.x :c RAM s1zo/16 
i u 0 

C 
C 
C 

... 
obl 
ohl 

ea, a.x 
al, db 
ax, 1 
ax, 1 

; aatiaty aaaumptiona ea = 0 abaO_aeg 
i a.x = (RAH aize/16)/256 • RAH ai&e/llk 

ax (RAH a1zo/41c) • 2 RAK a1&e/2k 
; ax (RAK aize/2k) 2 RAH a1u/1k 

da, vord ptr oa: [ ae t_da_vord] 
word ptr da: (m.emory_aize], ax 

; reatore data segment pointer 

C 
C 
C 
C 

GoTo 01aplay Paaaing Keaaagaa 

J11p abort 1_aal ;Go obaak oloak calendar 

C 

C 
C 
C 
C 

RAH_error: 

C puah 
C push 
C puab 
C 
C call 
C mov 
c call 
C 
C call 
C 
C 1, 
C and 
C call 
C 
C eal l 
C 
C 
C mov 
C call 
C 
C call 
C 
C pop 
c mov 
C call 
C call 
C 
C pop 
C pop 
C jmp 
C 

Error meaaage lookalike: Pa11:oo:y000:zzzz:vwvv:rrrr 

., .. ., 
DCrLr 

where; oc fl.lH oont1guret1on nWtber 
yOOO Sosmant or failure dx " ea 
zzzz • Otfaet of failure di 
vvvv Data that vaa written " ax 
rrrr Data that waa read " bx 

;aavo railing aegmont 
;eave de 
; uvo ra1ling teat pattern. 

a1,oa;(otfnt ta11_m) 
DRo.mStr1ng 

;Carriage Return, Line Food 

display tail measage. 

OColon 

al,syti_oont_a 
al, OPb 
OHexByte 

DColon 

ds,dx 
ax, d1 
DHexLong 

DCol on .. 
ax, bx 
Ol:loxLoDg 
DCrLr .. ., 
abort RAH_a1ze_end_1 

; diaplay a colon 

; get RAH oont1guration, 
111aak valid bite. 

; diaplay RAH configuration. 

; d1aplay a oolon 

; de = ta111ne: segment dx 
; ax " failing aogm.ent = 41 
; display da :ax 

; display a colon 

; da failing teat pattern" on ataoll: 
j ax "' what vaa raa.: " bx 
; diaplay d:ii:ax 

;:ra:iitoro d.s 
;restore tailing segment 
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DFF9 

DFF9 B4 FE 
DFFB CD 1 A 

DFFD B8 000A 
EOOO 86 C2 
8002 F6 F2 

B0011 3D OOOA 
B007 73 15 

E009 80 FE JC 
EOOC 73 1 O 

BOOE 80 F9 JC 
E011 73 OB 

E013 80 FD 18 
E016 73 06 

BO 18 81 FB OB6A 

BO 1C 72 5D 

BO 1E 

BOH: 33 co 
8020 E6 70 
8022 E6 7E 

B0211 BE DD51 • B027 B9 0009 
E02A Bl 007,li 

E02D 
E02D 2B: AC 
B02F 8A EO 
E031 EE 

E032 EC 
£033 22 C4 
£035 3! CII 
8037 75 28 

8039 42 
EOJA E2 Fl 

EOJC BO 07 
E03E B2 TF 
ED40 EE 
so.ii, EC 
E042 EC 
£043 EC 
E0411 24 07 
£046 2C OT 
B0118 75 17 

E04A B1 09 
E0IIC B2 74 
E04E 
E04E EE 

B04F EC 
£050 24 OF 
E052 75 OD 

E054 42 
E055 E2 F7 

E057 B2 7F 
£059 EE 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

; HH58174 Clock Calendar Device Teat 
,----------------------------------------------

assume cs:code, ds:data, es:abso, as:atack_ram 

i_cal: 

Read Clock Calendar Device. 

mo, 
int 

ah,-2 
1Ab 

Check time & date read. 

Hundredths of Seconds. 

lllOV ax, 1 0 
xchg al,dl 
div dl 

cmp ax,10 
jae 1_cal_1_1_80 

; Secondo. 

'"' j .. 

i Minutes. 

Hours. 

Days. 

,., 
jaa 

cmp 
j .. 

cmp 

j b 

i_cal_ 1_1_80: 

dh, 60 
i_cal_1_1_80 

01, 60 
i_oal 1 1 80 

oh,2ii 
i_eal_1_1_80 

bx, ( 2 1 366) +( 61 365) 

i_cal_end 

Initialh:e and Stop Clock. 

out 

'"' 
ax, ax 
70b 1 al 
7Eh, al 

bx = day {from 1-1 of leap year) 
oh = hour 
cl " minutes 
dh = seconds 
dl " hundredths of seconds 

ax = 10; dl = hundredths 
ax = hundredths; dl = 10 
ah = remainder, al = quotient 
{ can only read tenths of :ieconda.) 
ab should = o, and al should ba < 10. 
if not, test chip & write 1-1-80. 

dh = seconds should be < 60, 
if not, te11t chip & write 1-1-80. 

cl II minutes should be < 60. 
1f not, test chip l write 1-1-80. 

ch = hour should be < 211. 
if not, test obip & write 1-1-80. 

; bx = day from leap year 1110d B should 
; be < (0-2921) " (O-OB69h) 
; if so, valid time & day, skip teat. 

else invalid time & day, write 1-1-80. 

; ax = 0 
; test only port II out of te11t mode 
; atop/start port " stop clock 

l Output teat pattern of maximum value with all bitB set to read/writable portn. 

Bi, ca: (offset i_cal_val) 
ox,9 ch keeps o; ox = 9 
dx,0074b db keeps O; dx ,. 74b 

i_oal_max: 
loda byte ptr ca:[ai] 
mov ab, al 
out dx, al 

in al,dx 
and al,ah 
cmp al,ah 
jnz i_cal_err 

inc dx 
loop i_cal_max 

al,07b 
mov dl, 7Fb 
out dx, al 
in al,dx 
in al,dx 
in al, dx 
and al,07h 
aub al,0711 
jnz i_cal_err 

al get cs:Bi (da OV8rriddenl), 
save 111aximut11 value. 
portB 74 through 7C (unito ot minutoa 
to tens of" 111.ontho) get max value. 

; read it back. 
; mask valid bita. 

ia it equal to the value writto11? 
if not, abort, 

; increment to next port 

; db kept O; dx : 7P'b 
; interrupt (year t11od 8) gets OFb. 
; muot do 'in' from this port 3 ttmea. 

; mask valid bits. 
; io it equal to the value written? 
; if not, abort, 

; Write out Oh {bits of lower nibble reset) teat pattern to read/writable porta. 

mo, 
i_oal_O: 

ol, 9 
dl, 7 4h 

out dx, al 

in al,dx 
and al,OFh 
jnz i_cal_err 

ino dx 
loop i_cal_O 

1110v dl,7Fh 
out dx,al 

i al kept Oh. 
; oh k8pt O; ex = 9 
; db kept o; dX = 74h 

; ports 74 through 7C (units ot minuten 
; to tens of months) get Oh. 
; read it back. 
; mask valid bito {lower nibble) = Ob? 

it not, abort. 

; increment to next port 

; db kept o; dx = 7Fh 
; interrupt (year mod 8) gets OP'h. 



~ 

EOSA EC 
E05B EC 
E05C EC 
E05D 24 OF 
EOSF 74 12 

E061 
E061 BE DCA6 R 
E06l! E8 E5FA R 
E067 BE DC.IJ5 R 
E06J. 88 ESFA R 
E06D E8 E6t9 R 
E070 EB 01 

£072 .. 
E073 

E073 33 DB 
£075 33 C9 

8077 84 FF 
E079 CD 1A 

8078 

B07B 

~. B07B BE DCA6 R 
BOU £8 ESFA R 

B081 BO 34 
8083 BA 0040 
B086 BS E1F6 R 
E089 75 28 

£08B 80 01 
E08D B6 61 

E08F BO BIi 
£091 BA 00Jl2 
E09!i ES EtP6 R 

8097 BO 00 
8099 E6 61 

E098 75 lC 

E09D BO 36 
E09F 86 43 

EOA1 88 0000 
EOAll E6 40 
EOA6 8A C4 
BOAS E6 .l!O 

BOU. BO B6 
EOAC E6 113 

EOAE B8 0266 

~ 
EOB1 E6 112 
EOB3 8A C4 
EOB5 E6 112 

EOB7 EB 1C 

EOB9 
E0B9 BE DC.115 R 
EOBC £8 ESFA R 

EOBF BE DCAF R 
E0C2 SA C4 
BOC.II 32 £4 
EOC6 D1 ED 

EOC8 D1 BO 
BOCA 03 PO 
EOCC EB ESFA R 
EOCF EB E619 R 

C 
C 
C 

in 
in 
in 
and 
Jz 

al, dx 
al, dX 
al, dx 
al ,OFb 
1_oaL01t 

ROM BIOS 
Listing 

; mu11t do 'in' from tbia port 3 time11. 

; maak valid bita (lover nibble} ., Oh? 
i it ao, wo•ra all done. 
; oltse, abort, 

C i_cal_err: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

"" call 
mo, 
call 
call 
Jmp 

blt 

i_oal_ok: 

d,011:(orrut i_rtc_m) 
DRomStr1ng 
01,011:(ortaet fail_m} 
DRomString 
DCrLt 
11bort i_oal_ok 

bx, bx 
ox,ox 

dioplay tail maaoage. 

try to write 1-1-80, regardlosa ••• 

; 1-1-80 18 day 0. 
; boura & minutes = o. 

; Write & Start Clook Calendar Device, 

mo, 
int 

1_oal_end: 

ah, -1 ,.. 
; bx " day (trom 1-1 ot leap yoar) 
; ob II hour 
; cl " minutes 
; Output: ab 11 -1 1mpl1ea dato/t111e err. 

ab " 0 implies data/time 01. 

·---------------------------------------------------------------------------
; 18253 Roal-Time Time Clock Teat (p_8253_1 tooted 11:t i_daat) ;---------------------------------------------------------------------------

aasu.mo 011:oode, da:data, es:abaO, 1111:staok__ram 

i_rtc: 

; String to be dieplayed regardless ot results. 

mo, 
oall 

31,oo:(ottaet Lrtc_m) 
DRomString 

; Teat 18253 real-time olook interrupt p_timer oountor (p_8253_0). 

mo, 
oall 
Jn• 

al,034h 
dz, p_8253_0 
rto_obk 
i_rto_err 

i 00 11 010 0 -> p_8253_0, llib 1at, mode 2, no BCD 
; aalect real-time clock counter 

; J.t n:, ab baa error code to report. 

; Teat 18253 tone generator p_tiaer counter (p_8253_2). 

mo, 
out 

"" mo, 
call 

mo, 
out 

Jnz 

al, 1 
p_kotrl, al 

al ,OB4b 
dz, p_8253_2 
rtc_obk 

al 1 0 
p_kotrl, al 

i_rtc_err 

; clear kb interruptis, reset kb, diaabl6 parity 
; turn ott apeaker data -- bit 11 

turn on speaker gate to p_8253_2 -- bit 10 

10 11 010 0 -> p_8253_2, lllb ht, mode 2, DO BCD 
Select tone generator oounttir 

clear kb interrupt11 1 re11at kb, di:sable parity 
turn orr 11peakar data & gate -- bit11 11 & 10 

it nz, ab ba11 error code to report. 

Initialize 18253 real-time clock interrupt p_timer counter (p_8253_0). 

mo, 
out 

mo, 
o•t 
mo, 
out 

al, tOomd 
p_8253_otrl, al 

ax, tOoount 
i,,_8253-0,al 
al, ah 
p_8253_0,al 

11eleot ralll time clook counter 

load real time clock count 

Initialize 18253 tone generator p_timar oounter (p_8253_2). 

mo, 
o•t 

mo, 
out 
mo, 
out 

Jmp 

al, t2cmd 
p_8253_ctrl,al 

ax, t2oount 
p_B253_2, al 
al, ab 
p_8253_2, al 

11hort 1_rtc_ok 

; 11alect tone generator counter 

; load tone generator count 

C i_rtc_ 
C mo, 

call 
11i,ca:(ortaet tail_m) 
DRomString 

; ah hae error code to report. 

; display rail 1111111aage. C 
C 
C 
C 
C ,or 

shl .. , 
add 
call 
call 

ai,c11:{ot'faat i_rtc_lo_m-(4•1)) 
al,ah ; al II error oode " (1, 2 or, 3) 
ah,ah ; a:x " error code :: (1, 2 or, 3} 
ax,1 ; ax o 21 (error code) " (2, JI, or 6) 
a:x,1 ; ax" l!•(arror code) 11 (4, 8; or 12) 
111,ax ; index to (LO, HI, or NR meaaage,) 
DRomString ; di11play failing mode. 
DCrLt 
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EOD2 EB OD 

EOD4 F4 

BODS 
EOD5 BE DC3D R 
EOD8 EB B5FA R 

BODS BO 48 
EODD BA 0316 
EOEO EE 

EOE1 
EOE1 B8 OE07 
EOEll CD 10 

EOE6 E9 E2E4 R 

EOE9 

EOE9 

BOB9 BO 04 
EOBB B6 08 

BOBO £6 OD 

BOBF BO P'F 
B0F1 £6 01 
BOP3 B6 01 

BOPS BO 58 
BOP7 B6 OB 

E0P9 BO 00 
BOPB B6 08 

BOFD BO 00 
BOPF B6 DA 

8101 BO 74 
8103 £6 43 

£105 BO 13 
£107 £6 41 
£109 32 co 
E10B £6 1;1 

£10D BC D7 
E10F BB EC 
8111 BA 0030 
£114 88 D2 
£116 BC 0100 

£119 50 

B11A E8 E1DC R 

£11D " E1AO R 
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C 
C 
C 
C 
C 

,., 
hlt 

ohort i_rtc_end 

C 1_rto_ok: 
c mov Bi,011:(offnet pa1u1_m) 

DRomString C oall 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 

.. , 
·"' 

Ill ,48h 
dx,378h 
dx,al 

Cheak Point 18 
parallel port data port addre.1u 
output "Running- Cheokpoint 8 11 

i_rto_end: .. , 
1nt 

,., 

ax 1 ( 0Eh 1 1 OOh)+BEL 
!Oh 

beop koyboard 

011:oodo, do:nothing, ee:nothing, ea:etaok_ram 

dia4nostios_1 

poi nit 

endp 

,------------------------ -------------
; Fatal Error Routine. 
; 

Input: 011:01 • point a to ottoot ot tailing error me11oago 
H ah <> 0 1 do DHaxByto or ab, 
it ab • O, do nothing (Just print error). 

Output: Nono. 

Traah: al, dx, & 111 dootroyed, 

i_tatal proo near 
a1uume 011:oode, da:nothing, ea:nothing, 1111:nothing 

Dioable 8237.l p_dma Controller, .. , .. , al, dm'-omd_d1Hble 
dma_00111111and 1 al 

i dioable p_dma controller oommand 

; send a 'muter olear• to 8237 p_dma controller. 

·"' dm'-maistor_olr, al i oisnd maotor clear port any sarba&• 

i Load 64k (OFFFFb+1) count ror RAH rarrub p_dma oontrollor obannol. .. , .. , .. , al,OFFb 
dma_oount_O, al 
dma_oount_O,al 

; low byta ot 001u1t tor 64k RAH rotruh 
; high byte or count ror 611k RAH rotroob 

I Load mode !or RAK ro!roob p_dma oontrollor ob annal: oh annal O, road, auto-
1n1t1al1z•, 1noromant 1 11inglo mode, .. , .. , al 1 dmi....moda_o 

dma_modo, al 
; modo tor RAM rot rub 

Enable p_dma oontrollar: memory-tc-l/0, controller enable, normal, tizod 
priority, lato write, and DREQ/·DACI. ... 

·"' 
al, dma_c111d_1u1ablo 
dma_oommand, al 

i enable p_dma controller 

Tho maotor clear command above hao raaokod oft all cbannolo, Nov, vo 'unmaok• 
tho RAH rorroob dma_maok bit, p_dma RAH rotroob bogino !or tho tirot t11UI .. , .. , al, dma....unmaok_O 

dm'-ma11lc_bit, al 
; turn on RAH retrooh channel 0 

Program p_8253_1 or 18253 p_Umor to proper value tor RAH re!roob, .. , .. , .. , 
o,t ,., .. , 
.. , .. , 
puob 

al I tlomd 
p_8253_otrl,al 

al, tloount 
p_8253_1,al 
al ,al 
p_8253_1,al 

a1111ume oa:oode, 

d1,oo 
bp,op 
dx, otaclc_aeg 
a11,dx 
ap, 100b 

ooleot p_dma rorro11h oountor 

load p_dma refreoh count 

d11:notbing, oa:noth1ng, 110:ataok_ram 

; aave otaok pointer 

; aave error code 

Initialize & Disable 8259A Programmable Interrupt Controller, 

call 1_p1c_init 

Install Vector Table, 

oall i_voctor 

Ini ti sl izo Video. 

net 1nt10locn = code_aeg:v_1o, and 
aet 1nt1Dlocn = code_aeg:v_parma. 

{\ 



~ 

E120 .. E148 R 

E123 58 

E124 EB ESFA R 

£127 BE DC45 R 
E12A ES B5PA R 

E12D OA Ell 
El 2F 74 08 

E131 ES !626 R 

El 311 BA C4 
B136 EB E643 R 

Bl 39 
E1 39 " E619 R 

Et 3C BA 0378 
E13F EC 
£140 311 3P 
EH2 •• 
B143 BE 07 
BUS 8B ES 

E1'17 .. 
E148 

~ 

81118 

E148 1B 

E1'19 BS 0040 
E111C BE DB 

El 4E BO 30 
E150 &3 0010 R 
El 53 CD 10 

El 55 B8 0003 
E158 A3 0010 fl 
El SB CD 10 

E1 SD E4 67 

El SP 211 FO 

E161 OC OD 

~ 
El 63 BA ca 
£165 BS 03 

El 67 211 30 
E169 74 1 C 
E16B JC 30 
El 6D 75 1£ 

El 6F 1E 
E170 88 B000 
E173 BE DB 
E175 BO AS 
El 77 A2 0000 
E17 A SA 26 0000 
El 7E 1F 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

call i_d_inlt 

Display error message, 

pop 

call 

mov 
call 

or 
j, 

call 

mo, 
call 

DRomString 

111,011:(ortaet fail_m) 
DRoaString 

ab,ah 
i_tatal_rat 

DCol OD 

al I ah 
DHnByte 

restore error code 

display string at cs:ai, 

display tail meaaage. 

ab = 07 
it so, DO arguments 

display a colon 

display error code 

ROM BIOS 
Listing 

C 1_tatal_ret: 
C oall 
C 

DCrLt 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

;Output fatal error atatua tor manufacturing teats 

mov 
in 

; parallel port addreoa 
; read last checkpoint \lalua 

xor 
out 

dlC, 378b 
al,dlC 
al,03tb 
dJ:,al 

; aJ:traot obeckpoint number trom atatuo 
; output •Not 01: - number• 

:u1,di 
11p 1 bp 

oa :code, ds:notbing, ee:notbing, as:notbing 

; restore stack pointer 
mov 

"' 
blt 

i_tatal endp 

;---------------------------------------------------------------------------
Determine System Configuration troa Svitobea and Enable Video. 

Input: None, 
Output: None, 

Traeb: ax &. OJ: deetroyed, 
I•--••••-••-••••••-•-• -- ••• ------• •• •• • -- • -• •• -- •-••-• ••- --• -- • • •• -- •- •• • •--

i_d_ini t proo near 
aaaWlle oa:code, da:notbing, es:notbing, 110:staok_ram 

puah d• ; save registers 

; lnitializo botb boards. 

assume oa:oode, 

ax, da ta_aeg 
de,ax 

ds:data, aa:notbing, ss:ataok_ram 

Initialize monochrome board. 

... 
INT 

al,30b 
word ptr da:(svitcb_bit11],ax 
!Ob 

Initialize color board, 

; do = SJ: = data_sag 11 001$0b. 
(ah = 0.) 

; avitcb_bi ts ror monochrome. 
; aet data tor monochrome. 
; ab " 0 = \l_aet_mode. 

mov 
INT 

aJ:,0003b 
word ptr ds:[svitcb_bits],ax 
!Oh 

; avitcb_bits for not monochrome. 
; sat data for color, 
; ab = O " v_aet_mode. 

Determine system oonfiguration trom switcbea (low byte or awitob_bita). 

io 

and 

ond 
J• 
omp 
Jo, 

puah 

mov 
mov 
mov 
mov 
pop 

al, aya_oonf_b 

al, OF Ob 

al ,OODb 

cl, al 
oh,03h 

; read high nibble or 
; aystem configuration svitobes. 
; bite 17 - #6: {number of FDU's)-1 
; bite #5 - #ZI: monitor type 
; maak off low nibble (keep higb nibble) 
; of low byte; clear high byte. 
; ALWAYS 611k planar RAH and > ■ 1 PDUI 

; ol is ok, eJ:cepts bits #5 &. #4. 
; initialize display to mode 13 (default). 

; ieolate display switch ea (bite #5 & fill. 
; if zero, default to BOx25 color. 
; is it tbe monochrome board? 

al,030h 
i_d_80x25 
al ,030h 
i_d_ok if not, ll0x25 or BOx25 color ok, 

assume os:code, ds:v_ram, 

d• 
ax, para_mono 
d3, ax 
al ,OA5h 
byte ptr da:[OOOOhl,al 
ah, byte ptr ds: [OOOOh] 
do 

ea:notbing, ss:stack_ram 

; aave ds = data_aeg = OOZIOb. 
; satisfy asaumptiona 

tast pattern 
if so, is monochrome there? 
read monochrome RAH 
restore 'ds ~ data_seg = OOIIOb. 
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ROM BIOS 
Listing 

E17F 3A C4 
E181 75 04 

8183 B5 07 
8185 EB 06 

E187 
E187 80 E1 " E18A 80 C9 20 

E18D 

B18D 32 E4 
E18F 8.l C1 
8191 A3 0010 R 

819• AB 20 
E196 75 02 
8198 BS 01 
E19A 

B19J 8A cs 
E19C CD 10 

8198 1F 
B19F C3 

8110 

BUO 

BUO 1B 
BU1 06 
BU.2 57 
BU.3 56 

E1AII 33 FF 
EU.6 BB DP 
BUB BB C7 
E1U BB PP23 R 
BUD B9 0008 

E1BO .. 
E1B1 SC OD 
E1B3 '7 
E1B4 '7 
E1B5 E2 F9 

E1B7 C7 06 0014 R FP54 R 
E1BD C7 06 0008 R FB5F R 

EIC3 Bc ca 
E1C5 BE DB 
B1C7 BE PEF3 R 

BICA B1 " 
E1CC A5 
EICD AB 
E1CE E2 FC 

E1DO 33 co 

E1D2 B9 01B8 

E1D5 F3/ AB 

E1D7 " E1D8 5F 
E1D9 07 
El DA 1F 
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C 
C 
C 
C 
C 
C 
C 
C 

omp ,., 
mov 
jmp 

a:uumo oe:oode, 

al,ab 
i_d_80x25 

ob,07b 
ebort i_d_ok 

da:data, oe:notbing, a11:ataok_ram 

; if monochrome RAH 1a there, 
; then the board muat be there I 
; 1 f not, dofaul t to 80x25 color 
; if tbera, we believe awitcbos, 
; initialize display to mode #7, 

C i_d_80x25: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 

and 

1-d_oli::: 

ol,OBFh 
ol,020b 

reset bit #4 for 80:x:25 color. 
set bit #5 for 80:x:25 color. 

; Set system configuration (:,witob_bite} from awitohoe. 

ab,ab 
al, ol 
word· ptr da:(awitcb_bita],ax 

i ab " 0, 
; got data from awitoboa. 
; aavo data from switoboe 

Determine mode to initializo di11oplay monitor (from 11owitche11,). 

tei,,t 
jn, .,. 

i_d_mode: 

al,020h 
i_d_mode 
ob,01h 

In1t1al1ze de111re board (from 11owitohe11,). 

1_d._1D1t 

mov 
INT 

pop 
rot 

al, oh 
10b 

,. 
endp 

In11otall Veotor Table 

Input: None. 
Output: None, 

Trazsh: ax = ex = 0 de11otroyed. 

does user want IIOx25 oolor? 

if 11oo, iDitialba mode 11. 

; transfer display mode to al. 
; ab = 0 = v_i:,et_mod.e. 

; routore rogi11oter11, 

C '-----------------------------•------------------•-••-•• ••• -----
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

i_veotor 

puab 
puuh 
puuh 
puub 

proo 

,, .. 
di .. 

011, :ood.e, do :nothing, 011,:nothing, a11,:11,taok_ram 

; 11,ave resiuteru 

Initialize Interrupt Vootora OOb through 07h to known routinea. 

oa:oodo, do:abaO, ea:abuO, as:11,tao~ra111 

i_YeoO: stosv 

di,di 
d11o,di 
e11, 1 ~i 
ax, cs: ( offset ill_int) 
ex, (07h-00b)+1 

mov word ptr da:{di],cB 
inc di 
inc di 
loop i_vooO 

; 11oati11fy a3auaptiono 
; da " ea " ax ,. abaO_seg = 0 
; ea:di = ab11,0_11eg:intOOloon 
; ax " off11,ot ill_int 
; load INT 1 11, OOb through 07b, 

; aa :di++ get a offset 111_1nt 
; e11,:di gets oa 

di++ 

; until ox = o. 

; load INT• s 02h and 05h 
word ptr da:{int05locn],oa:(off3et B_int) 
word ptr ds:~int02loon],cB:(offa~t tLint) 

Initialize Interrupt Veotora 08h through 1Eh to known routineB. 

i_veo8: 1110vsw 
Btosw 

asBume oa:oode, da:code, ea:abaO, 311,:atack_ram 

ax, ca 
d8 1 8X 
11oi,cB:(uff3et i_vec_thl) 

cl, ( 1Fh-08h)+1 

aa t1i,,fy aasumptions 
ds " ax :: ca 
d11o:si " code_seg:i_veo_tbl 
es :di :: abBO_seg:int08locn 
load INT's 08h through 1Fh. 

loop i_vec8 

ea:di++ geti,, da:a1 (offaet) 
cs:di++ gets ax:: CB (segment) 
until ex ~ o. 

Initialize Interrupt Vectors 20h and above to zero. 

rop 

pop 
pop 
pop 
pop 

ax, ax 

cx,((03F0h-0060h)/2) 

stosw 

,1 
d1 .. ,, 

; ax ~ 0 
; es:di = ahaO_seg:int20locn 
; clear 0:0080h to 0:03POh 
; don't blow away :,tack! 
; es:di++ gets O 

; restore registers 



E1 DB C3 

E1 DC 

El DC 

E1 DC BA 0020 
E1DF BO 13 
B1E1 EE 

E1 E2 42 
E1B3 BO 08 
E1E5 EB 

E1B6 BO OD 
E1E8 EE 

E1 E9 BO FF 
E1EB EB 
E1 EC C3 

E1BD 

~ 

BUD 

E1BD B6 21 
E1 BP 8A EO 
B1 Pl BIi 21 
E1F3 3A EO 
B1F5 C3 

E1F6 

E1F6 

E1 F6 BA EO 
EIFB 89 FFFF 

E1FB 8B D9 

~ 
E1 FD E6 43 

El FF 32 co 
E201 " E202 FE CO 
£2011 EE 

£205 
£205 BA C4 
£207 211 co 
£209 E6 113 

£20B EC 
E20C 22 D8 
!20E EC 
E20F 22 F8 

E211 OB DB 

C 
C 
C 
C 
C 
C 

,et 

!_vector endp 

ROM BIOS 
Listing 

i ----- --- - -- - -- - - - - - -- - - - - - - ---- --- -- --- -- -- - - - --- -- - -- -- - - - - - -- --- --- - - - - - -
Initialize & Disable B259A Programmable Interrupt Controller. 

Input: None. 
Output: None. 

Traab: al & dx destroyed. 
C ' --- -- • -- ---- ••• --- -- -- -- • --- -- •• -- ----- -- • ·- -- ---- -- - -- •••••• --- -- ---- --- •• 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

1_pic_1n1t 

mov 
out 

ino 
mov 
out 

mo• 
out 

"" out 
cot 

1_p1o_1n1t 

proo 
aaaume oa:ooda, 

dx, pic_o 
al,p1c_1ov1 
dx, al 

d, 
al, pi o_i ov2 
dx, al 

al, p1o_1ow4 
dx, al 

al, pi o_ot t_mak 
dx, al 

endp 

da:notbing, ea:notbing, ss:atack_ram 

dx " pJ.o_O (8259A 'control' port) 
edge triggered, aingle, 1cv4 to follow 

dx = p1c_1 (8259A 'data• port) 
interrupt vaotor baae addraaa 

Bi nee va ara aingla moda (no slave), akip icv3 

; dx = pio_1 (8259A 'data• port) 
; not spacial fully neoted, buttered, 
; master, normal end_of_int, 8086 mode 

; mask all interrupte ott tor now 
; dx " p1c_1 (8259A 'data• port) 

,--------------------------------------- ------ ----- ---
; Output Mask to 8259A Programmable Interrupt Controller. 
; 

Input: AL = maak pattern 

Output: Flags 

Traab: ah daatroyed. 

1_out_meak proo near 
aa/Jume oa:oode, d/J:notbing, ea:notbing, as:ataok_ro.111 

out 
mov 
1o .. , 
,et 

i_out_maak 

pio_1,al 
ab, al 
al,pio_1 
ah,al 

endp 

;output interrupt maak pattern 
;eave pat.taro tor oompar 
; get maak from 8259 
;the aame ? 
;return tlaga = reeult of oompare 

. ----- --- -- -- ------ -- -- --------- -- -- -- ----- ----------- --- ----- -- -------
; 8253 p_timer teat tor one p_timer counter channel 

Input: al 
d, 

Output: 'Zf 
ah 

= 8253 p_timer control byte 
= port address of 8253 p_timar data (counter} 

aet (z status} if no error; reaet (nz atatus} if error 
= Error codes: 0 •> No Error I 

1 -> Low below time interval window, 
2 •> High above time interval window. 
3 -> No Re.spon/Je. 

C ; Traab: al, bx & ex destroyed. 
C • ------------ --- ••• -- ----. --- -------------- ------ ---------- ----------- -
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

rto_chk proc 
os:oode, ds:nothing, es:notbing, as:nothing 

ah, al ; save control byte tor later. 
ox, OFFFFh ; tiaie out tor both Register Bit Teat.a. 

; Register Blt Teat (All Reset): Count down from 1DOb until all bits reset. 

out 

,o, 
o,t 
ino 
out 

bx, ex 

p_8253_otrl, al 

al, al 
dx, al ., 
dx, al 

rtc_chk_re aet_l p: 
mov al, ah 
and al,OCOh 
out p_8253_otrl,al 

in 
and 
in 
and 

al, dx 
bl, al 
al,dx 
bb, al 

bx, bx 

; bx gets all Ha bite aet. 

aend 18253 p_timer control byte. 

; al a OOh 
i load low byte or p_timer count. 
; al = 01 h 
; load high byte of p_timer count. 

; get control byte for read. 
; maak art all but top 2 bit.a. 
; send latching control byte for read. 

; get low byte or p_timer count. 
; 'and' lov byte. 
; get high byte of p_timer count. 
; 'and' high byte. 

;iabx=O? 

, 8-97 ',_ 



ROM BIOS 
Listing 

E213 74 05 
E215 E2 EE 

E217 
E217 B4 03 
13:219 C3 

E211 

B21A 33 DB 

E21C 8.l C4 
E21E E6 43 

B220 32 co 
E222 .. 
B223 EE 

E224 
E224 BJ C4 
E226 24 co 
E228 B6 43 

E22A EC 
B22B OA D8 
E22D ,c 
E22B O.& P8 

E230 81 PB FPPP 
B234, nos 
B236 E2 EC 

8238 
B238 BIi 03 
E23A C3 

B23B 

B23B 81 C4 
B23D 24 co 
B23P E6 43 

E241 •c 
E242 81 DB 
B2411 ,c 
8245 BJ PB 

E2Zl7 BA ell 
E249 211 co .... E6 43 

B2.IID EC 
E211E BA ca 
8250 ,c 
8251 8A E8 

EZ53 2B D9 

E255 BIi 02 
E257 83 PB OB 
E25A 77 09 

E25C FE cc 
E25 B 83 FB OIi 
E261 12 02 

E263 FE cc 

E265 
E265 
E265 C3 

E266 

E266 

8266 89 8000 
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C 
C 
C 
C 

J• 
loop 

r to_chk_re se t_ok 
rto_chk_reaet_lp 

; if ao, we•ra dona. 
; if not, continua reading. 
; (Rota: loopa leaa than 16 times.) 

C rto_cbk_raoet_err: ; time out. 
C mov ab,3 ; Error 13. (Ro Reaponae.) 
C ret ; return nz atatua (loop leavea zr olc). 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

rtc_chk_reaet_ok: 

; Regiotor Bit Tut (All Set): 

mo, 
out 

,or 
out 
out 

rto_ohk_BOt_lp: 
mo, .. , 
out 

,. 
or ,. 
emp 
J• 
loop 

rto_obk_aet_orr: 

bz, bx 

al, ab 
p_8253_otrl 1 al 

al, al 
dx, al 
dz, al 

al, ab 
al, 0C0b 
p_8253_otrl, al 

al, dx 
bl, al 
al ,dz 
bb,al 

bx,OFFFFb 
rto_obk_aet_ok 
rto_cbk_aet_lp 

11.0Y ab,3 
ret 

rto_obk_oet_ok: 

Count dovn from. Ob (FFFFb+1) until all bita set. 

; bx geta all ita bite reaet. 

; get control byte tor load. 
send 18253 p_til:ler control byte. 

al ,. OOb 
load lov byte or p_timor count, 
load bigb byto of p_timer oount, 

; get oontrol byte for read. 
; mask arr all but top 2 bitn. 
; aend latobins control byte for read, 

; get lov byte or p_timer count, 
i 'or• lov byte. 
; get bigb byte or p_timer count. 
; • or' bigb byte, 

i 1a bs II OFFFFb? 
i if ao, ve•re dono. 
; if not, oontinuo roading. 
; (Noto: loopa leaa than 16 times,) 

; time out. 
; Error 13. (Ro Roaponae.) 
; return oz atatua (loop loavea zt ok), 

p_timer Time Window Teat: Tut p_timer veraua CPU & aee it it talla vitbil:I apeo. 

mo, .. , 
out 

lo .. , ,. 
mo, .. , 
out 

,. .. , ,. 
oub 

al, ab 
al, OCOb 
p_B253_otrl, al 

al, dx 
bl, al 
al, dx 
bh,al 

al, ab 
el, OCOb 
p_B253_otrl, al 

al, ds 
ol, ol 
al, dx 
ob, al 

bx, cs 

; get control byte tor road, 
; maak oft all but top 2 bita. 
j aend latching ocotrol byta for read, 

get lov byte or p_tiur count, 
, aava low byte. 
J get bigb byte of p_timer count. 
; aave higb byte, 

; get control byte for read. 
; maak off all but top 2 bitn • 

aond latching control byte for road. 

got low byte or p_timor count. 
aavo low byte, 
got bigb byte of p_timer count, 
aava higb byte. 

calculate time difference. 

Dc Time Range Checking (11 (11 bx (11 10. 

mo, ... 
Ja 

, .. ... 
Jb 

,,o 
rto_chk_bigh: 
rto_ohk_low: 

rot 

rto_ohlc endp 

ah,2 
bx, 1 Iii 
rtc_cbk_bigh 

•h 
bx, ij 
rtc_chk_low 

'" 

Error 12. (High above time window,) 

return nz atatua. ( Ja baa zf reaet,) 

Error 11. {Low below time window.) 

return nz atatua. ( Jb haa zf reset, 

Error 10. (No Error!) return z atatua, 

RAM {611k) Storage Teat, 

Input: dx 

Output: zf 

Trash: 

ea :di ., . , 

Nono. 

= aegment or RAM to be tasted 

" net {z atatue) it no error; react {nz zitatuzi) it error 
: dx:di II tail1ng RAM looation it error; eltie di II o. 
:c teat pattern (what wae written). 
" it error, wbet van read • 
:c number left to teat if error; elzie ex :: o. 

;----------------------------------------------------------------------
ceaitzit proo near 

aseume oa:oode, 

ex,08000h 

d11:nothing, e11:nothing, as:nothing 

; get word count 
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£269 SE C2 
E26B 33 FF 
E26D 
E26D BB C7 
E26F AB 
E270 E2 FB 
E272 81!: DA 
E27JI 33 DB 
£276 B9 8000 
E279 
E279 8B 07 
E27B 38 C3 
E27D 75 2C 
E27F 43 
E280 ,3 
E281 E2 F6 

E283 B9 8000 
E286 
8286 8B C? 
B288 P7 DO 
E28A AB 
£28B £2 F9 

E28D B9 8000 

£290 
£290 88 07 
£292 F7 DO 
£2911 3B C3 
£2 96 75 OF 

£298 ,3 
£299 43 
E29A B2 Fl! 
E29C B8 0000 
E29F B9 8000 
E2A2 F3/ AB 

~ 
E2A4 OB CO .... C3 

E2A7 
B2A7 P'7 DO 
E2A9 P7 D3 

"'" ""' 93 
E2AC C3 

B2.lD 

£21D 

E2AD 

E2AD 

E2AD IIF 70 74 69 6F 6E 
61 6C 20 52 4F 11D 
2061742000 

E2BE 03BC 
E2C0 0378 
E2C2 0278 
E2CII 0000 

~ 
B2C6 0052 
E2C8 0050 

E2CA £5115 R 
E2CC FOOD 

E2CE 0016 

£200 CC67 R 
£202 FOOO 

B2Dll FA6E R 
£206 FOOD 

£2D8 C060 R 
E2DA FOOO 

E2DC 0000 

C 
C ea,dx 

ROM BIOS 
Listing 

C ::i:or di I di 

(Uk " 32k • 2 bytea/word) 

ea:di " addreaa 
C memtat_wl: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

stosw 
loop 

mo, 
memtat_r1: 

omp 
jno 
ino 
ino 
loop 

mov 
memtat_v2: 

mov 
oot 
stoznr 
loop 

memtat_r2: 
mo, 

not 
omp 
Jn• 

ino 
ino 
loop 

mov 
rop 

momtat_err_c: 
not 
not 

memtat_err: 
:icchs 
rot 

memtat 

oode ends 

ax, di 

memtat_w1 
da, dx 
b.z, bx 
ex, 08000h 

ax, (bx] 
ax, h:ic 
memtat_err .. 
bx 
memtat_r1 

ex, 08000h 

a:ic, di 

memtat_w2 

ex, 08000h 

ax, (bx] 
ax 
ax, bx 
memtat_err_o 

bx 
b, 
memtat_r2 
ax,o 
c.z,08000b 
atoaw 
a.z, ax 

.. 
b, 

ax, bx 

endp 

include pvrupO.aom 

;data = offset 

;da:bx " addreaa 
; word count 

;read data 
;verify data 

;next addreai, 

; word count 
; addreea ia already ok 
; data = offset 
; complement it 
;till memory 

; word count 

; read data 
; oompleaient 
; verify 

; update addreaa 

; to clear memory 
; word oount 

;aet Zf' 

i error during complemented 
i addreu test 

;return ree;iatora as apeoitied 

I """"11------------11"111111111111"11"-----=-------=ll•,:-=:llllll"--"""'"""--"""""""II 
; Filename: pvrupO. arc 

Thia module includea temporary hardware initialization. 

oode 

includes Diagno11tio11 
Cold Boot 
Device Drivera 

aegmant public • ROH' 
aaaum.e oa:oode 1 da:nothing, ei,:notbing, ss:notbing 

pO_da ta 1 

opt_ROILm 

p_tbl .. .. .. .. 
aoo_tbl dw .. 
al t_ret dw .. 
mastab dw .. .. .. .. .. 

dv .. 

proc 

db 'Optional ROH at ',NOL 

prt_data_a 
prt_data_b 
prt_data_o 
0 

i,co_otl_b 
i,aa_otl_a 

i_al t_reatart 
code_seg 

( (mt_end)-(mutab)) 

kb_data_table 
code_ees 

ront_1o_8x8 
code_eog 

font_lo_8x16 
code_aeg 

printer in port addreaa apace 
alvaye on mother board • 
printer in port addreaa apace 
no printer 

ra232 sec obannel B 
rs232 sec channel A 

; OOh zaooo reetart eequence oftaet 
; Ollb Z8000 reatart aequenoe aogmant 

; OOh maater tabla byte length 

; 02b lcb xlation table offaet 
; Ollb kb xlation table segment. 

; 06b 1at 128 char. 11 8z8 font otteot 
; 08b 1st 128 cbar. o 8:18 tont eegment 

OAb 1at 128 char.a 8x16 font offaet 
OCh 1at 128 cbar,3 8x16 font aesmont 

OEh 2nd 128 char. s 8x16 font offset 

8-99 



ROM BIOS 
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E2DE 0000 

B2EO 0000 
B2 B2 0000 

B2EIJ 

B2E4 

E2E4 

82811 
B2B7 
B2B9 

., .. 
E2BC 

B2BD 
B2F0 
B2F2 

B2P3 
B2P5 

B2F1 
B2P9 
B2PC 

8300 
8302 

£3011 
830/i 
E306 
8308 
E30A 
E30C 
830B 
8310 
8313 
8313 

1315 
8317 

BS 0040 
SE DB 
8B co 

9C 
Fl 

BA 0061 
BO 40 

•• 
33 cg 
B2 PB 

BIi O 1 
BB BS81 R 
89 OB 0072 R 

33 C9 
82 VB 

BIi 64 
!8 01 
711 09 
Ell 60 
3C .U 
75 FIJ 
A3 0072 R 

82 BP 

33 cg 
82 FE 

8319 C7 06 00811 H E2CE R 
B31P ac OE 0086 H 

8323 BB 001£ R 
8326 A3 001.l R 
E329 A3 001C R 
B32C !3 0080 R 

B32F C7 06 0082 R 003£ R 

E335 80 26 0017 R DF 
E33A 80 26 0018 R FE 

E33F 84 05 
8341 EB £581 R 

EH4 33 C9 
£346 
£346 E4 611 
£348 AB 01 
E3llA 75 05 
EJIIC E2 F8 
E34E BB 11 90 

E351 
£351 E4 60 
£353 AB 01 
£355 74 OA 
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C 
C 
C 
C 
C 
C 

dw 

dw 
dw 

10h 2nd 128 char, a 8x16 font segment 

12b nott font utility offset 
1'1b nott font ut111 ty segment 

16h etc.,, 
C at_end 
C 

label word 

eadp C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

pO_data1 

'------------------ -- ---------- ---------------- ---------
; Initialize tba baaio bardvara, 

Sat up tba interrupt pointera, 
Initialise all RAM variablaa, 
Claar the aoraan, 

painit 

Initialize the disk dr1Tara, 
and perform tha aold boot, 

pro a 

aa:aode, da:data, ea:data, aa:ataak_ram 

oov 
oov 

az,data_aeg 
da, ax 
ea, ax 

Initialize Keyboard Controller. 

puaht 
•11 ... ... ... 
xo, 
loop ... 
oall 

dx, p_kotrl 
al ,liOb 
d:r, al 

ox, ox • 
ab,1 
lcb_omd_eend 
word ptr da: [reaet_tlag), ox 

xor ox, ox 
loop i 

; aatiaty aaaumptiooa 

; aave flasa and 
i disable intarrupta 

; dx " p_kotrl 
; remove keyboard reaat 

; delay 

enable aelf teat 

delay 

Fluah any keyboard aoan coda and atora AAh if ve set it, 

kb_fluah: 
in 
teat 
J• 
in .. , 
Joo 

"" lcb_fluab_baok: 
loop 

xo, 
loop 

al,kb_atatua 
al, 1 
kb_fluab_baok 
al, p_kaoan 
al,OAAh 
lcb_fluab 
word ptr da:[raaat_flag],ax 

lcb_fluab 

ox, ox • 
Initialize Syatem variabla11. 

; sat 80111 atatua 
; tut output buffer bit 
; Jump if no oharaoter pending 
; get aoaD oode from data port 
; verity keyboard preaent 

; keyboard praaent 

;loop it zero 

; delay 

word ptr da: [ master_tbl_ptr+OOOOb], ca: (ottaet maatab) 
word ptr da: [111aatar_t bl_ptr+0002h], ca 

Initialize Eoyboard Driver Variablaa. 

oov 
oov 

ax, do: (otfaat lcb_buffor) 
word ptr da:[buffer_boad},ax 
word ptr da: [buffer_tail] ,ax 
vord ptr da:[buffar_atart],ax 

; pointer to beginning or butter 
; koyboard output pointer o1'taet 
; keyboard input pointer ot1'Ht 
; keepa beginning of buf1'er 

word ptr da:[buffer_end],da:(offaet kb_buffar)+(size kb_buffar) 

; Assume firat not Deluxe Keyboard 

and by to ptr do; [kb_flag], (not num_look_mode) 
and byte ptr do: [kb_flag_1], (not dlx_kb) 

; Send command to request ID code fro111 keyboard. 

"" oall 

xor 
tb_typa_vait: 

1o 
teat 
J•• 

loop 
J•• 

ltb_ty pa_read: 
io 
teat 
J• 

ah,05H 
kb_omd_aend 

ex, ox 

al, kb_ata tus 
al, I 
lcb_typa_read 
lcb_type_wait 
kb_not_dlx 

al, p_lcsoan 
al ,O1H 
kb_not_dlx 

; Read ke7board type 
; -· aend command, 

; set up timeout count 

; get port status 
; data byte available? 
; if ao, go read it , • 
; alae wait awhile longer. 

timeout, default to non-dlx 

read ID byte,. 
deluxe kbd. bit aat? 

; 01H bit aet, ao initialize to Deluxe Keyboard. 



8357 80 OE 0017 R 20 
B35C 80 OB 0018 R 01 

8361 

E361 9D 

BJ62 BO 111 
83611 BF 0078 R 
8367 B9 000.li 
EJ6J P3/ AA 

B36C BO 01 
B36B BF 007C R 
8371 B9 OOOII 
E374 F3/ U 

B376 BC CS 
B378 8B 08 

B371 32 DB 

837C BF 0008 R 
B37P BE B2BE R 

8382 
8382 1D 
8383 OB CO 
B385 H 111 

8387 88 DO 
B389 BO AS 
8388 iB 
B38C 86 Cl! 
B38B EC 
838' 31 Cl! 
8391 75 BP 

B393 8B C2 
B395 AB 

8396 80 C3 110 

B399 BB 87 

B398 

8398 BF 0000 R 

8398 BA 03FA 
8311 BC 
8312 18 PB 
831-' 75 OT 

BJA6 88 03P8 
El 19 AB 

BJU. 80 C3 02 

EJAD 

BJ.AD BA 02PA 
83B0 EC 
83B1 AB PS 
E3B3 75 OT 

1385 88 02P8 
83B8 AB 

8389 Bo CJ 02 

BJBC 
BJBC Ell 66 
BJBE AB 20 
E]CO 74 08 

EJC2 BE B2C6 R 
E3C5 A5 
B3C6 AS 

E3C7 80 C3 04 
BJCA 

EJCA BA 0201 
EJCD EC 
B3CE AS OF 
E3DO 75 03 

E3D2 BO C3 10 

C 
C 
C 

o, o, byte ptr da:[lr:b_tlag],DWD_loo)L.111ode 
byte ptr da:[lcb_tlag_1),dlx_lcb 

ROM BIOS 
Listing 

C kb_aot_dlx: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

popr restore interrupt
enable state. 

; InitiaJ.1:18 Printor & Communioation (RS-232) Driver Yariablen. 

mo, 

"' 
mov ,., 

al, 1 llh 
di, da: ( offset printer_t_out) 
ex, 4 
stoab 

al ,01~ 
di,da:(o1'faat aerial_t_out) 
cx,J:I 
atoab 

Determine Parallel Port Configuration. 

; printer default timeout " 20 

; ea:di gets al 

; printer de1'ault timeout " 01 

; ea:di geta al 

oa :oode, da:oode, ea:data, aa:atack.__ram 

i_prt_loop: 
lodsv o, 
J• 

mov 
ou, 
xobg 
in .. , 
J•• 
atosv 

add 

Jmp 

i_pr t_e xi t : 

az,ca 
do,az 

bl, bl 

di, oo: (offaet printer_addr) 
ai,do:(offaet p_tbl) 

az,ax 
i_prt_ezit 

dz,ax 
al ,OA5b 
dx, al 
al,ah 
al, dx 
al,ah 
i_pr;-_1oop 

az,dz 

bl,OIIOh 

i_prt_loop 

aatiafy aaaumptione 

clear big!:! byte of av1tcb_b1to 

; ea:di pointa at pr1nter_baaa 
; addreaaes of printor ports 

; az gets de :oi port addrees. 
; valid port addree117 
; ez1t if invalid port addre1111 

; traneter to data register 
; load teat pattorn 
; output test pattern, 
; mov ab,al; traab al; • delay. 
; input test pattorn back, 
; vbat ve read ,. teat pattern 7 

11' not, loop ao port is abaeat 
aloe, printer port· 10 present 
retrieve port address 

; ea:d1 Jete az. 

; add to high byte of 11v1toh_bito 

; will so around loop 3 times 

; DetermJ.ae Co.111111uaicat1oa (HS-232} Configuration {SCC Z8530 & IRS8250'a). 

mo, 
in 
teat 

J•• 

atosv 

add 

di,oa:(offaet rB232_addr) 

dx, 00111_id_a 
al,dx 
al, 0F8b 
i_ao_com_a 

ax, co111_da ta_a 

bl, 002b 

; oa:di pointa at ra232_baee 

read interrupt I.D. register 
; tor first 8250 port. 
; bJ.ts 13-7 aro always lov if 
; J.oatalled. 

; 1r preaoot, load addreaa of 
; 1'1rat 8250 data port. 
; ea:di gets ax, 
; add to high byte of ewitoh_bit!ll 

C 1_no_com_a: ; eB:di pointB nezt empty word 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

mo, 
in 
teat 
JO& 

add 

i_DO_Co111_b: 
in 
teat 
J• 

... 
i_no_sccs: 

dx, com_id_b 
al,dx 
al ,0F8b 
i_no_com_b 

ax, com_da ta_b 

bl ,002b 

al, sy3_cont_a 
al ,020b 
i_no_soca 

ai, da: {offset sco_tbl) 

bl,2•(002b) 

; Determine Game Card ContiguratJ.on. 

mo, 

'" test 
j n, 

add 

dx, game_card 
al, dx 
al, OFh 
i_no_game_card 

bl,010h 

; read interrupt I. D. register 
; for seoond 8250 port. 
, bite 13•7 are alvaya lov if 
; J.natalled. 

; it preaent, load addresa of 
second 8250 data port, 

; oa:di geta ax. 
: add to big!:! byte of av1tob_b1ta 

; read av1tch .settioga to teBt 
; tor sec Z8530 cbJ.p 
; bit 15: sec chip iaatalled 
; if not, don't load sec table 

sec Z8530 oontrol ports 
a1waya 2 ports 
ea:d1 gets da:3i (tvioe) 

; add to big!:! byte of ew1tob_b1ta 
; ea :di points nozt ompty vord 

get same card address. 
bite 10·3 aro low it installed 

; akJ.p, it not pre:Jent 

; add to high byte or svitch_bits 
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E305 

E3D5 26: 88 1E 0011 

E3DA BO FC 
E)DC BA 0021 
E3DF " 
B3B0 BO 61 
E3B2 Bl 0020 
B3B5 .. 
B3B6 FB 

B3B7 Bil 01 
B3B9 33 D2 ., .. CD 17 

B3BD B9 000-
B3P0 
E3P0 BB PPB3 

E3P3 BB 01 
83P5 .. 
B]P6 CD 14 
B3P8 E2 F6 

E3PA BB CBOO 

B3FO 
£3FD 88 DB 
B3PF 33 P6 

Bli01 81 3C AA55 
Eli05 75 113 

U07 BE B21D R 
BllOA B8 BSPl R 

BUD 33 co 
EllOP ES 8632 R 

8412 BB 0E20 
&415 CD 10 

8417 88 0040 
E41A BB CO 
!41 C 33 P6 

841 E 33 co 
8420 8A 6-'I 02 
8423 01 EO 

Elli25 50 
8426 B1 OIi 
81128 D3 EB 
Eli2A. 03 J)8 
E42C 59 

E42D BB ESEB R 

81130 74 03 
8432 89 E5D5 R 

E435 
E435 53 

C 
C 
C 
C 

R C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

81136 26: C7 06 0067 R 0003 C 
E430 26 = BC 18 0069 R C 
£11112 26: FF 18 0067 R 

8447 5B 

8448 EB 04 

EIIO 
8114A 81 C3 0080 
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1_11o_ga111e_card: 

; Initialize Higb Byte of awitoh_bita. 

byte ptr ea:[awitob_b1ta+t],bl ; aave high byte of awltob_bita 

; Initialize 18259A PIC with appropriate interrupt mask and enable interrupt,. 

mov 
mov 
out 

al,10111100b 
al,11111100b 
dx, pio_l 
dx, al 

; p_timer & kb & dak at tbill point 
; p_timer & kb only at tbia point. 
; now aet proper interrupt maak 

; send apecitic end ot interrupt {SEOI) to pie 'command' port tor keyboard. 

mov 
oot 

'" 

al 1 pic_aeo1_1 
dX, pic_O 
dx, al 

In! ti al iz e Parallel Printer Interface. 

xor 
INT 

ab, 1 
dx, dx 
1Tb 

; apocific end or interrupt 
; to pio 'command' p~rt. 

enable interrupts 

; initialize printer ••. 
; ••• port o 

; Initialize all 4 (2) !8530 Serial Coamunication Controller. 
; NOTE: Special function code (FF) tor power up ONLY initialization ot 8530 

mov ax,, 
ra_ini t: 

mov 

mov ... 
INT 

ax, 1111111111100011 b 

dx,cx 
dx 
14b 

loop ra_init 

; 1n1t1a11zo sec RS-232 
; 9600 baud,none, 1 atop & 8 data 
; port nua.ber = loop - 1 

,--------------------------------------------------------------------------
;Teat tor and Initialize optional ROHa 

aaa\lllle o:, :code, da :nothing, ea :nothing, as:notb~ng 

load starting aogmo0t 

rom_aoan_loop: 
da, bx 
1111, al 

cmp word ptr da:[ai],OAA55b 
jne rom_acan_next 

mov 
oall 

xor 
call ... 
INT 

mov 
xor 

111,oa:(otraet opt_ROtt....,n) 
DRoaString 

ax, ax 
DHexLong 

ax,(OBb•1ooh)+ 1 

' .. 
ax, data_aog 
011, ax 
111,11 

bz baa pending segment 
offset OOOOh 

iadioate ROH detected 

d11:ax po1nt11 at ROH 

put out SPACE 

aa t1 ary aaaumpt1on11 
, tor ea in roQ_obeok 
; da:ai points to ROH to check 

Nov: da:111 = pointer to ROH to be teated 
bz = da = pending segment of ROM under teat 
ea: = data segment 

aaaume cs:code, ds:notbing, ea:data, aa:notbing 

mov 
ohl 

push .. , 
obr 
add 
pop 

call ,, 
Jmp 

rom_cbksum_ok: 

az, az 
ab,byte ptr da:(si+2) 
ax, 1 

., 
cl," 
ax, cl 
bz,az 

rom_ch eckaum_cnt 

rom_chksum_ok 
rom_err 

i clear al 
i ax : (ROH lengtb/512) • 256 
; az : (ROH lengtb/512) 1 512 
; ax : ROM length in bytes 
; save ROM length 

; advance segment for next ROM 
; by the number of paragraphs 
; restore ROH length in ox 

; get the checksum of' tbe ox
; byte ROH. 
; 01 if' the cbeck:,um was zero 

error tbe checksum wa:,n• t zero 

push bx save the segiiient tor next ROH 

word ptr es:[io_rom_init],0003h 
mov word ptr es:(io_rom_seg],ds 
call dword ptr es:Iio_rom_init] initialize the ROH 

pop bz restore segment f'or nezt ROH 

Jmp short rom_:,can_ezit 

rom_acan_next: 
add bx,(800h/10b) ; add 2k to the pending segment 



~ 

~ 

E411E 
EHE 81 FB F600 
E452 7C 19 

USII 33 co 
Ell56 BE DB 

E458 !1 0104 
BQSB OB 06 0106 
EOSF !5 ,c 

E461 BE DD28 R 
Ell611 EB ESPA R 

Ell67 EB CP9P R 

B46& 2E: BB 1E E5F2 R 
Ell6P 80 3E 0075 R 00 
81174 75 07 

11176 BC 0100 
B-179 FA 
81171 88 EIAO R 

B47D 

8117D FA 

nu BA 0021 
8"81 BC 

B-1182 24 PC 
B4811 BB 

B.1185 33 co 
£1187 Bl DB 
B'89 CT 06 0060 R F860 R 
BUF BC OE 0062 R 

B03 •• 

£11:911 33 co 
8496 33 DB 
E498 33 C9 
8119! 33 D2 
E49C CD 13 

EOE BE D001 R 
BUI EB ESPA R 

E4A4 BD 0003 
El!AT 
E4A7 88 0201 

BIU.l 33 DB 
sue BE DB 
BUB 88 C3 
BUD BB 7C00 

8483 89 0001 
E4B6 33 D2 

E4B8 55 
EIIB9 50 
EIIBA 06 
EIIBB CD 13 
848D 07 
E4BE " E4~F 5D 

E4C0 73 oa 
E4C2 4D 
EilC3 75 E2 

84C5 BE D01B R 

ROM BIOS 
Listing 

C rom_acan_e:a:it: 
C omp bx,OF600b 

rom_scan_loop 
; are we done? 

c Jnge ; if not, continue 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

I - ---•- --- • • •• •• • •• •• • •• •• • •• • • •·•• •• ••• • •• •• •• •- -- •• - -• ••• • •• ••• •• • ••• •• •• • 

; HDU Teat 

on:code, dn:abaO, es:notbing, ns:stack_ram 

ax, ax 
da, ax 

; satiaty assumptions 

Check 1nt 111b to eee 1r an7 one in.:,talled a HDU para111eter table pointer, 

or 
Jnz 

ax,word ptr da:[(ll•lllh)+OOOOb] 
ax,word ptr dn:[(l!•41bh0002bJ 
i_bdu_ok ; if' so, let them be ••• 

If not, call HDO initialization routine, 

mov 
oall 

call 

mov 
omp ,., 
"" oli 
call 

i_bdu_ok: 

s1, ca: ( or rae t i_hdu_m) 
DRomString 

h_init 

; print teat message 

011:code, da:data, ea:notbing, as:atac~ram 

d11,word ptr oa:[set_da_word] 
byte ptr da:[ht_oum],O 
i_bdu_ok 

ap, 1 OOh 

i_veotor 

; i,atiisty aasumptiooi, 
; number or hard diaka, 
; it ok, leave everything alone. 

; re-initialize at.a.ck 
; disable interrupt.a 
; ro-inatall old veotora 

Clean Up after Option ROH' a 

oli 

mov ,. 
lilld ... 
out 

mov 
mov 

•ti 

; FDU Teat 

dx, pio_1 
al,dx 
al,10111100b 
al,11111100b 
dx, al 

oa:code, da:absO, 

ax,ax 
da, ax 

disable interrupt.a 

get current interrupt maak 

p_timar & kb & dak at tbia point. 
p_timer & kb muat be on at thin point. 

ea:notbing, aa:staok_ram 

word ptr da:[iat18locn+0000b),oa:{otfaet bt_int) 
word ptr da:(iat18locn+0002b],o:, ; (ROM BASIC not available) 

; enable interrupt.a 

Initialize Floppy Diak Controller and related Driver Variablea 

,or 
INT 

ax, ax 
bx, bx 
ox, ox 
dx, dx 
13b 

; initialize the diak routine.o 

Dummy Disk Attachment Teet to Spin Op Drive tor INT 19b (boot-strap). 

mov 
call 

mov 
i_tdu_lp: 

puah 
puab 
puab 
INT 
pop 
pop 
pop 

Joo 

'" ,., 

ai,c.s:(offaet i_fduA_m) 
DRomString 

bp, 3 

ax,0201h 

bx, bx 
da, bx 
es, bx 
bx, 7C00h 

cx,0001h 
dx, dx 

bp .. 
13b .. 
bp 

i_fdu_ok 
bp 
i_fdu_lp 

s1, cs: (otraet 1_fdu_not_m) 

; print teat message 

; loop counter 

; read one sector 

; xfer_aegm.ent 
; xfer_otfaet 

; track 0; sector 1 
; head O; drive 0 

; save retry count 
; save rat.urn registers 

; bx, ex, dx, & ds preserved 
; restore return registers 

; restore ret.ry count 

; error during read? 
; if" so, decrement retry count 
; and try again 

; drive not ready message. 
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E4C8 EB 03 

E4CA 
E4CA BE DD1F R 

E4CD 
E4CD EB ESFA R 

E4DO BA 0061 
E4D3 EC 
E4D4 OC 30 
E4D6 EE 

EIID7 
E4D7 9C 
E4D8 50 
E4D9 53 
E4DA 51 
E4DB 52 
EIIDC 55 
E4DD 57 
EIIDE 56 
E4DF lE 
EIIEO 06 

E41!!1 2E: BE 1E E5F2 R 
E4E6 Al 0072 ii 
E4E9 3C AA 
E4EB 711 03 
E4ED EB 7D 90 

E4FO. 

EIIFO FA 

E4F1 33 CO 
EllF3 BE DB 
E4F5 8B 16 0000 
B4F9 52 
E4FA !2 0000 

EIIFD BA B0C1 
E500 BO 01 
E502 EE 
E503 B9 OOFF 

E506 
E506 80 3E 0000 01 
ESOB 7,!i 04 
ESOD &2 F7 
ESOF EB 56 

&511 
E511 58 
E512 !3 0000 
E515 50 
E516 PB 
E517 EB E619 R 
E51A BE OD35 R 
E51D EB E5Pi R 
E520 33 02 

E522 
B:522 B4 01 
E524 CD 16 
E526 711 PA 

E52B 32 E4 
E52A CD 16 
E52C OC 20 
E52E 3C 79 
E530 711 02 
E532 BO 6E 

E534 
E534 B4 OE 
E536 CD 10 
E53B 3C 79 
E53A 75 2B 
E53C EB E619 R 

E53P FA 
E540 C6 06 0000 OF 

E545 
E545 BA 80C\ 
E548 BO 01 
E54A EE 

E54B B9 OOFF 
E54E E2 FE 
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C 
C 

jmp 

i_fdu_ok: 

short i_fdu_end 

s1,c-,:(offut i_fdu_rdy_m) drive ready message. 

C 1_fdu_end: 
C call DR01:1String 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Initialize & enable NHI's (parity register). 

mo, 
in 
or 
o,t 

dx, p_kctrl 
al,dx 
al,030h 
dx,al 

; enable bits #5 & #II 

; It alternate processor is available, let user select which one to uee. 

i_alt_cpu: 
puobf 
push 
push 
push 
pueh 
puab 
puob 
push 
push 
push 

mo, 
omp 
J• 
jmp 

i_alt_cont: 

ax 

" " dx 
bp 
di 
oi ,. 
oa:code, ds:data, es:notbina;, 

ds,word ptr os:[set_ds_word] 
ax,vord ptr ds:[reaet_flagJ 
al ,OAAh 
i_alt_oont 
i_init_end 

; preserve state for int 19h 

ss:nothing 

satisfy assumptions 
get result of keyboard test 
is keyboard attached? 
Jump if yes (continue) 
jump if no (in mfg) 

oli ; disable interupto 

011:code, da:abZJO, es:nothing, a:,:notbing 

mo• 
o,t 

1_alt_te11t: 

az,az 
da,az 
dz,vord ptr da:O 
dx 
byte ptr ds:O,al 

dx,80C1b 
al, 1 
dx,al 
ox,OPFb 

cmp byto ptr dZJ:0,0lh 
Jo i_alt_found 
loop i_alt_teZJt 
Jmp 11hort i_alt_ocid 

1_alt_round: 
pop 
mo, 
puish 
,ti 
call 
mo, 
call 

ax 
word ptr da:O,az 

DCrLf 
19!,ca:(offaet i_alt_ZJeleot_ml 
DRomStrina: 
dz,dx 

aet up absolute zero address 
for alternate opu semaphore 

11ave word at 0:0 

requeat alt opu id (O:O O) 

; ZBOOO liaiaon port 
AL=l atarta ZBOOO 
try to boot zaooo 
loop counter 

, baa the 11emaphore ohanged'l 
; jump if yoa (ZBOOO id 1) 
; wait for zaooo to gain oontrol 

Jump: no alternate opu 

reatore word at O :O 

; reaave for future pop 
; enable interupta 

; ask uaer if alt. opu uaed 

; for int 14b 

c 1_alt_1nq: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

mo, 
INT 
j, 

xo, 
INT 
or 
omp 
Jo 

i_alt_ecbo: 
mo, 
INT 
omp 
Jn• 
call 

,11 

ab, 1 
16h 
t_al t_inq 

ah,ab 
16h 
al ,001ooooob 
al, 'Y' 
1_a1t_ecbo 
al, 1n• 

ah,OEh 
10h 
al, 'Y' 
i_alt_end 
DCrLf 

; has a key been atruclt'l 

1 f not, stay in loop 

if 110, get the keyatroke 

force lower oaae 
did usor mean •yea" 

; Jump if yoa 
forae "o.o• 

; eobo "yR or "n" 

; was answer "ye-, 11 

jump if no 

byto ptr d1:1:0 ,OFb 
di11able interupts 
tall zaooo to take 

1_alt_restart: 
dx,80C1b 

mov al, 1 
out dx, al 

mov cx,OFFh 
loop $ 

; entry for re-entering Z8000 (a311ume O :O 11etup) 
; ZBOOO liaison port 

AL=l atarta zaooo 
pass control to zaooo 

loop counter 
; watt for ZBOOO to gain control 

.r-\ 



.~ 

E550 33 co 
E552 SE D8 
E554 80 3E 0000 10 
E559 72 oc 
E55B BC CB 
E55D 8E CO 
E55F BD E2CA II 

£562 EA 
£563 0000 
£565 0000 

E567 
£567 58 
E568 A3 0000 
E56B FB 

E56C 
E56C BA 0378 
E56F BO 80 
£571 " 
£572 07 
8573 1F 
£574 SE 
1575 SF 
£576 SD 
E577 SA 
£578 59 
£579 58 
ESTA 56 
£57B ,. 
BSTC EB B619 R 
B57F CD 19 

BS 81 

~ 
B581 

"'" 8581 £1' 64 
8583 ,a 02 
8585 75 FA 

8587 8A C4 
8589 £6 60 
B58B C3 

B>BC 

B58C 

B58C 

B58C 

C+ 
C+ 
C+ 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

,o, 
mo, 
,op 
Jb 
oo, 
mo, 
oo, 
Jmpr 
db .. .. 

; ve• re here onl 
ax, ax 
ds, ax 
byte ptr da:0,10h 
i_al t_end 
ax, ca 
ea, ax 
bp,otrset alt_ret 
0 ,o 
OE Ab 
0 
0 

End of Initialization, 

i_al t_end; 
pop ., 
mo, word ptr da:O,ax 
•tl 

1_1ni t_end: 
dx,0378h 

mo, al' Sob 

°"' dx, al 

pop .. 
pop .. 
pop .. 
pop di 
pop bp 
pop ,, 
pop " pop " pop 
popf 

aall DCrLf 
INT 19b 

pcinit oridp 

ROM BIOS 
Listing 

if zaooo relea11ed control 
reset segment regiater 

to abaolute zero 
ia a Jump requeated? 
no, try to boot (or oraahl 
pass return regiatera ao that: 

jmp ea:[bp] 
reatart.11 Z8000 aa doairad 

interaagment direct Jmp to 0:0 

; restore word at O;O 

enable interupta 

printer port 
or atatua 
tell mtg teat.er 

; restore at.ate for boot 

; go to boot-ntrap routine 

C ; Sond command in AH to keyboard interface proce11sor. AX 111 u11od, 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

11:b_cmd_eand proo near 

kb_Clllld_vlup: ,. 
teat 
Jo, 

mov 

'"' ,., 
kb_cmd_send endp 

code enda 

al• kb_nta tua 
el, 1 Ob 
kb_cmd_wlup 

al, ab 
p_kaca n, al 

include pvrup2 ,a11m 

; get 80111 port otatua 
; ready to receive? 

; ready, aend command 

; :,.:::::::::::111111 ■ 111111ze1111111111:1111 ■ 11111111111111:::::111111111:::1111:=======11111111111111=11ze:1111:11111111 

; i'ilename: pvrup2. ,11ro 

Tbia modulo ineludea 8259 Interrupt, Video Controller, 8087 
RPU, and 8253 & HM581n Clock teat.a, 

;a======•=1111111111=•1111111111111111aa1111111111======11:1>aa111111==:1,::=:a1111111111111111111111,:i::111111 

code segment publ io 'ROH• 
aaawu1 oe :code, da :nothing, ea :nothing, aa :not.bins 

•:;:;I:::: 11111111 D 11: 1111 IO: 11 IO: a II a It It It 1111111111: II:::: 11,: 11: 1111 a 111111 :,:,,::::: :::11111 II Ill: II II II a"""""" Ill: 11 

; Note: Ve are called from ill_int ONLY (see vootor.aro), and 
; ntaok looll:a like thia: 

Higb Addreaa ; J------------------1 <-- 11p before ill_int trap 
; (10) I return f:,v tlaga 1 1------------------1 
; (OB) I return ca :segment I ; 1------------------1 

(OC) I return ip ortaet I 

(OA) 

(08) 

(06) 

1------------------1 <-- ap after ill_int trap 
I ax I 
1------------------1 
I dll I 1------------------1 <-- .sp after ill_int puaboa 
I near call hero I 

(04) 
1------------------1 <-- sp attar ill_int calla ill_trap 
I ax I 

ill_trap 

(02) 

(00) 

1------------------1 
I dx I 
1------------------1 
I at I 1------------------1 <-- sp after ill_trap pusboa 

Low Addreaa 

os:code, da:nothing, ea:nothing, .s1:1:nothing 

proc 
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ROM BIOS 
Listing 

E56C 50 
E58D 52 
E58E " E58F E8 EF4F R 

E592 E8 ESCII R 
E:595 BE DC1B R 
E598 E8 ESFA R 

E59B 8B F1I 
E59D 36: BE SC OE 
E5A1 36: BB 711 OC 

E5A5 '" ESA6 BA 04 
ESAB E8 E:6113 R 
ESAB 4E 
ESAC BB C6 

ESAE BE DC34 R 
E5B1 B8 ESFA R 

E5B4 EB £632 R 

E5B7 BE DC3A R 
ESBA EB ESFA R 
ESBD EB ESC4 R 

ESCO 5E 
E5C1 51 
E5C2 58 
E5C3 C3 

E5C4 BS E:619 R 
E5C7 82 2A 

E5C9 B8 0E2A 
ESCC CD 10 
BSCE FE CA 
ESDO 75 F7 
E5D2 EB 115 90 

E5D5 

ESDS 

E5D5 

ESDS 

ESDS BC D8 
B5D7 26: 88 26 0015 R 

ESDC BE DC1'5 R 
ESDF EB ESFA R 
E5E2 BB 35 90 

ESES 

ESE5 

8-106 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

; Turn off floppy disk drives. 

push 
pu.sb 
puah 

call 

call 
mo, 
call 

doo 
mov 
oall 
deo 

mov 
call 

call 

mov 
call 
call 

pop 
pop 
pop 
rot 

ax 
dx 
e1 

stop_disk 

ill_ln 
sl, cs: (offset ill_m1) 
DRomString 

si,sp 
ds,word ptr a.s:[:31+0Eb] 
si,word ptr aa:[ai+OCh] 

,, 
al,byte ptr ds:(51] 
DHexByte 

" ax, 51 

51, os: (offset ill_1112) 
DRomString 

DHexLong 

ei,c5:(off5et 111_m3) 
DRomString 
ill_ln 

,, 
dx 

; save registers 

destroys ax & dx 

part 1 of message 

ca paat si, dx,ax, ret, da, ax,ip 
ip past si,dx,ax,ret, ds,ax 

ai points to interrupt number 
print illegal interrupt number 

si points to interrupt inatr. 
save pointer 

part 2 of message 

print illegal ca:ip = ds:az 

part 3 of message 

; restore registers 

C ill_ln: oall 
C 

DCrLf 
dl,42 

prints a line of ·••a 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ill_lp: !DOV 
INT 

ax, (0Eh•100h)+( ·••) 
10h 

ill_trap 

'" Jo, 
Jmp 

dl 
111_1p 
DCrLf 

endp 

oode endi, 
iaolude pvrup3.asm 

,=-===----------------------------------"'"-----""""·,,""""""'"""""-"""""" 
; Filename: pwrup3. src 
i 
i 
i 
i 

oode 

This module inoludes 80111 keyboard, oommunioation LSI, RAH, and 
optional ROH tests. 

segment publio I ROH' 

assume os:code, ds:nothing, es:data, isa:nothing 

Input: ds = segment of ROH under teat 
= firmware data segment 

Trash: All other registers except bx destroyed ( in general). 

c roai_orr 
C 

proc near 
aaaU111e os:code, d5:nothing, ea:data, as:notbing 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

rom_orr 

mov 
oall 
Jmp 

ax,ds 
byte ptr es:(mfg_err_flag),ah 

si,os:(offset fail_m) 
DRomString 
DCrLf 

endp 

; high byte of ROH addreaa 

; indioate ROH tailed 

cs:code, da :nothing, ea :nothing, as :nothing 

,------------------ ----------------------------------
; Input: da :ai = pointer to ROH to be teBted 

Output: ah 
ox ,, 
,r 

= checksum for the ROH 
a 0 
= pointer to byte past ROM 
= state of checksum for the ROH 

Trash: al destroyed, 

rom_<1hecksum proc near 
assume ca:code, da:nothing, eB:nothing, as:nothing 

r\ 
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E5B5 B9 2000 

E5E8 
ES ES 33 co 

E5EA 
ESRA AC 
E5EB 02 E0 
E5ED E2 FB 

E5EF OA E4 
E5F1 CJ 

E5F2 

E5F2 

BSF2 

ESF2 

~ 
BSP2 OOllO 

ESPII 

BSPli 

BSPII 2E: 8B 1E E5F2 R 
ESP9 C3 

ESfl 

BSPA 

ESFA " BSP'B OB 
ESPC ,, 
BSFD ES B602 R 
E600 ,. 
!601 C3 
!602 

£602 

£602 50 
!603 53 
£604 56 
£605 gc 
£606 re 
E607 B3 01 
E609 AC 
E60A 01 co 
E60C 711 06 
E60! a.\ OB 
£610 CD 10 

~\ 
!612 EB rs 
B6111 
£614 9D 
£615 SE 
£616 5B 
£617 58 s6 ,a C3 
£619 

£619 

£619 so 
E6U BB O BOD 
£61D CD 10 
E61F B8 0E0A 
£622 CD 10 
£6211 58 

ROM BIOS 
Listing 

C 
C 

cx,2000h 

C rom_checlc.sum_cnt: 
c ax, ax clear ab 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

rom_cbeclcsum_loop: 
lodsb 

'" ah, al 
loop rom_ch ecksum_loop 

ah,ah 

r0111_checksum endp 

code ends 
include pvrup4. aam 

12 al get a da :al 
3 

17 

i: ,:" ",:::::,:: :: "'" ___ It a 11" IE",: __ :,: 11,:,:,: a_:,:,: - - - - - - - - - - - - - - - - - - - - - - - - - - ,S •"It= It 

Filename: pwrup4, arc 

This module includes disk drive tests, :iystem 1n1t1al1zatioa, 
keyboard boot-strap optiona, and meaaage routines. 

;:--==----------11=----------=:=-=-===------------------------:--:-::111111 

code aegment public • ROH' 
asaUllle ca:code, da:nothing, ea:nothing, sa:nothing 

I :_::::_;a::a::a:a:::::::::::::::::::::::c::,:::::::::::::::,::,::,:,:,::111111:lt 

; Utility Routinea: 

DRomString DStrirlg 
; DHexLong DHexVord 
; DNum DNumW 

DCrLr 
DHexByte 

DCol on 
DH'!l xNi b 

,---""""""------"=--11c11:c-c-11=11111111:a11a11----------------------:11c:c11c1111= 

p4_da ta1 

aot_da_word 

p4_data1 

aot_da 

aet_da 

mo, 
rot 

proo 

.. 
andp 

proo 
888WIIO 

data_aog 2 by tea 11 o olooka 

; aet da to firmware data aegment 
oa :oode, da :nothing, 08 :nothing, 88 :nothing 

da,vord ptr oa:(aet_da_vord] ; 5 byto:i 2+9+6 " 17 olooka 
; 1 byte 11 8 olooka 
; -------

endp 
I ___ -= __________ 111111: -11,: 1111ll11 .. 1111111111111111111111 c - : E - - : - - - - - -- --- -- - :c - :: II 11111111111111 

; Dhplay ASCII String Ut111t1ea 
•"""""""-"""--"-"""'""'"""'"""""""""""""""""""------------------11111111111111 ■ :11 

DRomString 

µuah 
puel:I 
pop 
oall 

proo 
aaauma .. 
" .. 

oear ; Diaplaya NOL ter1I1inated atriog at oa zai 
oa: code, da :nothing, ea :nothi11g, a8 :nothing 

all reg18tera saved 
ds geto oa 

C pop 
DString .. restore da 

C rot 
C DRomStri11g 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DString 

DS_lp: 

DS_ret: 

DString 

DCrLf 

puah 
puab 
pueh 
puabt 
old 
mo, 
lodab 
or 
jo 
mo, 
INT 
jop 

popr 
pop 
pop 
pop 
rot 

pu11h 
mo, 
INT 
mo• 
INT 
pop 

endp 

proc 
aaaume 

near ; Diaplaya NOL terminated atring at da:ai 
011:oode, da:oothiag, oa:notbing, 118:notbing 

ax .. ., 
bl, 1 

al, al 
DS_ret 
ah,OEh 
10h 
abort DS_lp 

., .. 
endp 

; all rogiatora & tlaga aavod 

; auto incro.ment 
; aeleot foreground color tor gratix modea 
; al get a da :8i and ai++ 
; NUL 1 

; tty emulator 

; restore registers & tlag8 

proo near ; D18playa a CR & LF. 
aasume oa: oode, da :nothing, ea :nothing, 811 :nothing 
ax all reg18tera preserYed 
ax, (OEh•100h)+CR 
10b ; tty emulator 
ax, (0Eh•1 OOh )+L F 
10b tty emulator 

reatora ax 
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ROM BIOS 
Listing 

E625 CJ 
E626 

E626 

E626 So 
E627 53 
E628 B3 01 
E62A B8 0E3A 
E62D CD 10 
E62F 5B 
E630 58 
E631 CJ 
E632 

E632 

E632 50 
E633 ac 08 
E635 E8 E63C R 

E638 E8 E626 R 

E63B 58 

E63C 

E63C 

E63C 50 
E63D 8A C4 
E63P E8 E643 R 
E6.1!2 58 

E6ll3 

E643 

E643 50 
E6"4 oo ca 
E646 oo ca 
E648 oo ca 
E64J oo ca 
E64C ES E650 R 
E611F 58 

E650 

E650 

E650 50 
E651 53 
E652 BJ 01 
E6511 211 OF 
E656 Oil 30 
E658 JC 39 
B65A 76 02 
E65C OIi 07 
E65E BIi OE 
E660 CD 10 
E662 5B 
8663 58 
E6611 CJ 
E665 

E665 

E665 53 
E666 33 DB 
E668 EB E66D R 
E66B 5B 
E66C CJ 
E66D 

E66D 

E66D 50 
E66E 53 
E66F 51 
E670 52 
8671 56 

E672 BE 000A 
E675 33 C9 
E677 
E677 33 D2 
E679 F7 F6 

8-108 

,ot 
OCrLf 

DColon 

pu3h 
push 

"" INT 
pop 
pop 
rot 

DColon 

C 

endp 

proc 

ox 
bx 

near ; Diz,plays a ': '. 
ca:code, da:nothing, ea:nothing, ss:nothing 

; all registers preserved 

bl,1 ; select foreground color for grafix modes 
ax, (OEh'100h)+':' 
\Oh 
b, 

endp 

tty e111ulator 
restore registers 

C ; Display Hexadeoimal Number in CII Ut1l1t1es 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

•""""""""""·----------------=--------· 
DHexLong 

pusb 
mo, 
call 

call 

pop 
Jmp 

DHexLona: 

DHezword 

pu:,b 
oov 
call 
pop 
jop 

DHe::rWord 

DHexByte 

push 

ror 
call 
pop 
Jmp 

DHn:Byte 

DHaxNib 

puob 
push 
oov 
aod 
add 
omp 
jbo 
add 

NibOk: mov 
INT 
pop 
pop 
rot 

DHexNib 

proc near ; Displayi, da:ax in ASCII 
aaa11111e ca:code, da:nothlng, ea:notbiog, as:nothing 

ax,da 
DHexWord 

DColon 

ax 

; all registers preserved 
; diisplay .segment firz,,t 

display a colon 

restore ax 
abort DHexWord tall through: display oft set second 

endp 

proc 

., 
al,ah 
DHexByte 
ax 

near ; Di11plays ax in ASCII 
oa :oodo, ds :nothing, es :nothing, ss :nothing 

; all rogi:,ters preserved 

; display high byte first 
; restore ax 

short DHexByte ; fall through: display low byte second 

endp 

proo 

., 
al, 1 
al, 1 
al,1 
al ,1 
DHexNib 
ax 

near ; Display:, al in ASCII 
os :code, ds :nothing, es :nothing, as :notbiog 

; all registera preserved 

; move high nibble to low nibble 
; dhplay higb nibble in ASCII 

restore ax 
abort DHexHib tall through: display low nibble in ASCII 

endp 

proo 
as:,ume ., 
bx 
bl,1 
al,Otb 
al, 101 

al, '9' 
HibOk 

near ; Di11play11 low nibble of al in .lSCII 
cs: code, ds :nothing, 011 :nothing, zss :nothing 

all registers preHrved 

11eleot foreground color tor grafix modee 
clear high nibble 

•o• <: al <= '9' ? 
al, 'A'-'0'-10 
ah,OEh tty emulator 
\Ob 
bx reistore rogiisterzs 

ondp 

C 1 :a::ca-"""""""'"""'-""""'"'"-"'"'"""""""·--"-"-·"-----------------=---------
C i Display Decimal NUlJl.ber in ASCII Utilities 

C ,-'--=--=---------------------------=·•""'"'"'"''"'"""'"'"-""'·"·"--"-""'"''"'""' 
C 
C DNum 
C 
C 
C 
C 
C 
C 
C DNum 
C 
C DNumw 
C 
C 
C 
C 
C 
C 
C 
C 
C 

push 
xo, 
call 
pop 
,ot 

push 
push 
push 
pueb 
push 

C xor 
C DNu111W_loop: 

,or 

"' 

proo 
assume 
bx 
bx,bx 
DNumW 
bx 

endp 

proo 
assume 

ax 
bx 
ox ,, ,, 
ai,10 
ox, ox 

dx, dx ,, 

near ; Dieplays decimal of ax in ASCII in min width 
cs: code, d:, :nothing, es :nothing, es :nothing 

; all rogi:,ters pre:,ervod 
; minimum width 

display ax 
restore bx 

; Di8play8 decimal of ax in ASCII of width bx 
08 :code, da :nothing, 08 :nothing, ss :nothing 

; all rogii,tora preserved 

decimal modulus 
clear digit counter 

dx:ax " decimal number 
db " 0 
dl " remainder " (0-9) 



~ 
E678 52 
E67C " E67D OB CO 
B67F 75 F6 

£681 28 D9 
E683 76 08 

B685 
£685 •• DE20 
£688 CD 10 
E68A •• E68B 75 FB 

E680 
£68D 83 01 
B68F 58 
E690 011 30 
E692 
E69• 
E696 

B698 
E699 
E691. 
B69B 
E69C 
B69D 
£698 

B69E 

B69B 

B6F2 

E6F2 

•• " CD " 82 F5 

5E 
5A 
59 
5B 
58 
C3 

E6F2 B9 F860 R 

E6P5 

E6P5 

E6F5 

= 0080 
= 0020 
: 0008 
: 0004 
= 0002 
: 0001 

"' 0020 
: 0010 

: 0002 
= 0001 

: 0004 
" 0001 

ROM BIOS 
Listing 

ax = quotient " bigber order digits 
pusb .. 
10, ., ax, ax 
j" DNumW_loop 

C ... bx, ox 
C j •• DNumW_skip 

C 
C DNumV_spaoee: 
C mo, ax, {0Eb•1oob)+' 
C INT ,Oh 
C ... bZ 
C jo, DNumV_:,pacea 
C 
C DNu111W_akip: 
C mo, bl I, 

pop 
C add al,' 0' 
C mo, ab,OEh 
C ,., !Oh 
C loop DNue1W_aki p 
C 
C pop s1 
C pop dz 

pop oz 
pop bz 
pop 
,et 

DNumV andp 

code ends 

C include bootl .(UHII 

C 

save the digit on stack 
increment count of vba t' a on stack 
are we done? 

aubtract digit count from width 
skip spaces it bI 13 not ) CZ 

di apl ay a space 

decrement count of spaces 
keep going 

foreground col or f'or grat!J: modes 
remove digJ.t from stack 
convert to ASCII 
diaplay tho digit 

restore registers 

C , ,.,.,.,,,,_,.,.,..,.,----111:11"11---,.-:--,.-------------------------11-----11---11-----
C ; Filename: boot.1.src 
C i 
c Tbia modula includaa tba ORG'd jump to IRT 19b (boot2.arc) 
C 
C •" - --"-"""""' - -- _,.,. ,.,.,._ -- ·" _,.,. __ - - _,. __ ,. - -- - -- -- - --- - - - "-- -- -- _,. """ ,,_ -- "-
C 
C codo aogmont. public 'ROH' 
c oo:code, da:nothing, ea:notb1ng, ao:notbing 
C 
C ORO OE6P2b 
C 
C bt_jmp proc 
C 
C jmp bt_int ; neoeaoary jump tor ORG 

bt_jmp endp 

code enda 
c include ooml .aom 

0 II,. ____ •-••"•••-"":. II••--• 1' a:,:•• -- -"'" - • • - - -• -- • •• -• -• -• • "" -••• -- • _,. ____ • 

; Filename: com1.src 

Thie module, 00112, and com3 aupply IRT 111h. 

i II 10::,:::,:: 10 II 10 11::"::,: 10: II 10::::,: = II 10 II 10::,;": II 10:: "":::: 10 II:;;::: II II 1111""::::::": 11:"":,:: 

c code seg1:1e11t public 'ROH' 
aaa1U11e oa:oode, ds:noth1ng, ea:notbing, sa:nothing 

C • - ------ •• •• ----- ------- --• --- ------ --- --- ----------- --- ----- -- --- -- ---
C ; INS8250 Compatible Line Statue Bit.a (ah) for Z8530 sec Re-Happing 
C , - --- - - - - - - - -- ----- -- --- -- - -- - - -- --- -- - -- --- - - - - -- ----- --- ----- -- -- - - --
C 
C 

C 
C 
C 

oom_to 
com_txd 
com_re 
oom_pe 

C com_oe 
C com_rxd 
C 

equ 
equ ... .. , .. , 
oqu 

80b 
20b 
08h 
04b 
02h 
01b 

; time out error (bit #7) 
; tranamit ready (bit #5) 
; rraming error (bit #3) 
; parity error ( bit #2) 
; overrun error {bit #1) 
; receive ready (bit #0) 

C i ----- --- -- -- -- --- -- --- --- -- •---- -- •--------- -- ------- -- -------- -------
C ; INS8250 Coe11patible Modem Statue Bits (all for Z8530 sec Ra-Happing 
C • - - -- -- - - -- - - -- -•. - • - -- - - - -- -- - - -- - -- --- - - -- • -- - - ---- --- -- ----- -- - - -- --
C 
c 00111._dsr 
C oom_cta 
C 

.. , ... 20b 
!Oh 

~ ; INS8250 Compatible Hodem Control Bit.a. 

; data set ready (bit 15) 
; clear to send (bit Ill) 

C ' - - -- --- -- ---- -- --- --- -- --- --- - ----- ----- --- - - - - -- -- - -- ---------- -- ----
C 
C oom_rt:i 
C COCll_dtr 
C 

•• u ... 02h 
01h 

; requeat to send (bit #1) 
; data terminal ready (bit. #0) 

~ ; Z8530 sec Status Register (Read Register 10) 
C ' ••• --- - -- •• -- -- --- --- -- -- - -- - --- -- --- ----- -- - ---- -- --- -- --- -- -- - ----- -
C 
C aco_txd 
c aac_rxd 
C 

., " 
e,o o'" 

01h 
; transmit ready (bit #2) 
; receive ready (bit #0) 

C , ----- - - - - - -- -- --- -- --- -- -- - ---- -- • - - -- --- -- -- - ---- ------- ---- -- - ------
C ; Z8530 sec Error Register (Read Register 11) 

8-109 



ROM BIOS 
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:: 00110 
"0020 
: 0010 

E729 

E729 

E729 0,11 
E72B 0300 
E72D 0180 
E72P ooco 
8731 0060 
8733 0030 
E735 0018 
E737 oooc 

8739 

E739 

8739 

E739 FB 

E73A 55 

E73B 83 FA 04 
E73E 73 JD 

8740 8B E8 
B7112 80 FC FF 
EH5 75 02 
E747 32 Ell 

8749 
E749 60 FC 03 
E74C 77 2F 

E74E 52 
E74F 51 
E750 53 
E751 " 

8-110 

C ;----------------------------------------------------------------------
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

aoc_re 
:ioo_oe 
BCC_pe 

oqu 
oqu 
equ 

40b 
20b 
,Oh 

; framing error (bit #6) 
; overrun error (bit #5) 
; parity error (bit fl!) 

,----------------------------- -------------------------------
INS8250 Aaynohronoue Commun1oat1on Chip Baud Rate Time Constanta 
(baud rate generator rsignal iis J.68611 MHz put through a 
divide-by-2 circuit. 

( (3,686,400 Hz)/2) = Input Freq. 
Time Constant = --------------------------------

( 16}•(baud rate) 

ORG OE729h 

oom_data1 proc 

oom_baud dw 10117 110 baud (0) ,. 768 150 baud (1) ,. 364 300 baud (2) ,. 192 600 baud (3) ,. 96 1200 baud (4) ,. " 21100 baud (5) ,. " 11800 baud (6) ,. 12 9600 baud (7) 

.111,t 

oom_data1 endp 

,--------------------------- -----
i Z8530 Serial Communication Controller Baud Rate Time Con11tanta 
; (baud rate generator aignal ia 3,68611 MHz) 
; (NO divide-by-2 circuit! 111) 

(3,686,400 Rz) :: Input Freq. 
Time Conatant = ---------------------------- - 2 

(16)•(2)•(baud rate) 

; NOTE: Theae values are the SAHE as the above EXCEPT for the - 21111 
;----------------------------------------------------------------------
;soo_baud dw 10-'15 110 baud (O) 

, liat 

dw 
dw 
dw 
dw 
dw 
dw 
dw 

Assumes: 

Similarly: 

766 150 baud (1) 
382 300 baud (2) 
190 600 baud (3) ,, 1200 baud (4) 
46 21100 baud (5) 
22 -'1800 baud (6) 
,0 9600 baud (7) 

INS8250 port addreuses are > 256, That ia, the 
high byte of the port addreua is nonzero, if and 
only if, the port i:i a INS8250, (e.g. com_a ports 
are 03F8h - 03FFh & oom_b ports are 02F8b - 02FFh,) 

Z8530 port addre:rne11 are < 256. That ie, the 
high byte of the port addre11s is zero, if and 
only if, the port ia a Z8530, (e.g. aoo_a ports 
are 0050h - 0051b & 11oc_b port11 are 0052h - 0053h,) 

Z8530 Note: For the reset during power-up, DTR and RTS mu11t be 
set low which ie the only difference from a normal 
reset (AB=O). Thia ie accompliehed by a special 
function code (Afl::iOFFh), 

jaa================a:=::,::::,::,::,::,:::,,a:,:::a::::::::::::,:,:,:,:,:,:::,::::::::,:::::::z,a:,:,::::,:::a:1> 

ORG OE739h 

serial_io proc near 

r11,_norm: 

,ti 

push .. , 
'" 
mo, .. , 
'"' .. , ,. 
push 
pu:sh 
push 
push 

cs:code, da:notbing, ea:nothing, su:nothing 

bp 

dx,4 
ra_nop 

bp,ax 
ah,OFFh 
r:;i_norm 
ah,ah 

ab,03h 
rs_nop 

dx 
ox 
bx .. 

enable interrupts 

savo register 

4 RS-232 channel11 allowed max 

save original function code 
power-up reset? 
jump if no 
same a11 reset, BP remembers FF 

input out of range? 

cs :code, ds:data, es:notbing, sa:nothing 

save registers 

save ds 

r\, 



&752 2£: 8£ 1£ E5F2 R 

ET57 8B DA 
E759 33 C9 
E75B 8A 8F OOTC R 
E75F DI E3 
E761 8B 97 0000 R 

E765 1F 

E766 OB 02 
&768 " 10 

E76A OA F6 
E76C 75 03 

E76E 80 " 04 

£771 
£771 8A DC 
E773 DI E3 
E775 2E: FF 91 E7TF R 

E77A 
E77A 5B 
E77B 59 
E77C 5A 
E77D 
E77D SD 
£778 CF 

E77F E78F R 
E781 ESEC R 

.~ 
t783 E92A R 
£785 E87F R 
E787 F57 3 R 
E789 891B R 
E78B E94D R 
E78D ESSA R 

E78F 

E78F 

E78F 52 

E790 SA ES 

E792 BO 80 

£7911 83 C2 03 
£797 EE 
£798 ES E8E2 R 

~ E79B 8A DD 
E79D 81 E3 00 EO 
E7l1 B1 OIi 
E7A3 D2 EB 

E7A5 2E: BB 87 £729 R 

E7U 5A 
E?AB EE 
E7AC ES £8£2 R 

E7AF SA ell 
E7B1 42 
E7B2 EE 
E7B3 ES E8E2 R 

E7B6 BA C5 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

... 
•bl 

pop 

" J• 

" Ju 

add 

ra_ok: 
mov 
ohl 
call 

ra_ret: 
pop 
pop 
pop 

rs_oop: 
pop 
irat 

ds, vord ,,, cs; {::iet_ds_vord] 

bx, dx 
ex, ex 
cl,byte pt, ds: [bx+serial_t_out I 
bx, 1 
dx,vord ptr d::i: [ bx• ra232_addr J 

,, 

ROM BIOS 
Listing 

sa ti sty a:,sumptiona 

get port number (0-3) 
i clear oh 
; get RS-232 time-out 
; make word 1ndex 

set address of RS-232 
i data port 

re.store ds 

cs:code, ds :nothing, es:notbing, ss :nothing 

dx, dx RS-232 port present? 
ra_ret if not, leave 

db, db i are ve a IRS8250 chip? 
rs_ok if "• take Jump 

ah,~ ir sec zas30 a&! ' to function 

bl, ah bx function number 
bx, 1 bx • 2•(tunot1on number) 
oa:[bx+(orraet rs_tbl)] perform r1.1232 function 

bx restore registers 
ox 
dx 

bp 

; INT 14b Jucap Table 
' ---------- --- -------- -- -- ---------- --- ----------- ------
re_tbl dw 

dw 
dw 
dw ,. ,. ,. 
dw 

COCll_i!li.t 
com_pb 
coca_gb 
com_stat 
sco_ioit 
soc_pb 
ooo_gb 
eoo_:itat 

11erial_io endp 

i ab " OOb for INS8250 
; ab " 01b for INS8250 
i ab = 02b for IHS8250 
i ab = 03b for INS8250 
; ab ,. ooh tor sec z8530 
; ab " 01 h tor sec Z8530 
; ah " 02b tor sec z8530 
; ah = 03b for sec Z8530 

' Initialize RS-232 Interface, 

Io put: al = 
" . 

Output: ax " 

input parametero 
addreaa of RS-232 channel 
RS-232 channel atatua 

al initializes port with: bit I 7 6 5 II 3 2 1 0 

Sa11d (BBB): 
0:11011 1200 
1 ■ 150 5 ll 2400 
2 • 300 6 =s 11800 
3 II 600 7 II 9600 

Parit:, (PP): 
J:0 " Hooe 
01 : Odd 
11 " ?van 

+-+-+-+•+-+-+-+•+ 
IBIBIBIPIPISIDIDI 
+-+-+-+•+-+-+-+•+ 
Stop Sita {SJ: Data Bit a {DD): 
0 " 1 10 = 7 
1 " 2 11 = 8 

(00 = 5?) 
( 01 = 61) 

Aaaumes: com_int_x .. com_data_x + 1 = dx + 1 
com_lctl_x " oom_data_x + 3 " dx + 3 

C • --- --• - - -- --- -• - - • • ---- --• •- -- ---•- ----- ---•• ------• •• •· ----- ·• -------

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

com_1o1 t 

puab 

"' '"' call 

mov .. , 
mov 

'" 
pop 

'"' call 

mov 

'"' '"' call 

proc i ab II OOb 
aaaume ca :code, da :nothing, e11 :ootbing, i,a :notbing 

dx ; i,ove dx = oom_data_x 

cb, al 

al, 080b 

dx, 3 
dx, al 
ra_dly 

bl, ch 
bx,111ooooob 
cl ,II 
bl, cl 

ax,word ptr ca:[bx+com_baud] 

dx 
dx, al 
ra_dly 

al, ah 
dx 
dx, al 
ra_dly 

al, oh 

; eave input parametero. 

; acoeea divisor latch cf 
; baud oourit register, 
; dx " com_lctl_x 
; write to line control regiator 

; get input parameters. 
; get bita #5, 6, & 7 (clear bb) 

; move to bita #1,2,& 3 
; bx ia word index 
; get B250 baud count 

; reatore d:x = com_data_:x 
; output low b:,te of baud rate 

; tranafer high byte to low byte 
; dx = com_int_x 
; output bigb byte of baud rate 

; get input parameters. 

8-111 



ROM BIOS 
Listing 

E7B8 
E7BA 
E7BB 
E?BC 
E7BD 

E7CO 
E7C2 
E7C3 
E7Cll 

E7C5 
E7C6 

E7C9 

E7C9 

E1C9 

E82E 

E82E 

24 1F 
'2 
42 
EE 
E8 E8E2 R 

32 co 

" .. 
" .. 
E9 E87F R 

E82E FB 
E82F 1E 
E830 2E: BE 1 E E5F2 R 
£835 53 

E836 80 FC 01 
E839 72 OA 
E83B 711 23 
E83D 80 FC 02 
£840 74 27 

£842 58 
E843 1F 
£844 CF 

E8ll5 

E845 

B8115 FB 
ES.1!6 EB E8511 fl 

8-112 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

... 
ioo 
100 
out 
call 

'°' '" doc 
out ... 
Jmp 

el,00011111 b ., 
" d:1,al 
l"ll_dly 

al ,al ,, 
dx 
dx,al 

dx 
OOlll_atat 

; get bits 10 tbru 14 

; dx = com,_l otl_x 
; write to l 1ne control regiater 
; cU11able aoce1111 divieor latob, 
; sat data & atop bita, & parity 

; disable all 1nterruptal I 

; dx = 00111_1ot_x 
; write to interrupt ID register 

; dx = com_da ta_x 
; return atatua 

C oom_init 
C 

endp 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

code enda 
include, kb1.aam 

• - - - - - - - - - " - "It,:: C II - - - - - - - ,: DI'" ■:: - - -- - -- - - - - a II a II: - - - - - - - :: l"I II II - : - C: - -- - -11 

; Filename: kb1. arc 
; 

TbiB module includes IHT 09b & 16h. 

•""--"""""""""""""'""""",,"""""""'"'""""""""""""'"'""""""--=1111s11c1111-11-=11-1111 

oode segment public 'ROH' 
aneWlle oe:code, de:notbing, ee:notb1ng, ne:notbing 

• 11 a:------111111-11111111---,,.,--,.111:111:1111,.--------11111E1:----------c1:111111111111-=~----11 
; INT 16b -- 180411 Keyboard sortvare Interrupt Request Routine 
; :11::c:=:::11cc11111111ll:,.c:i;:i;:=::11SIICCllllllll""""""""""""""""""""-IISllllll""ll"--IICll:a,: 

' Input: ab 
Output: ah 

c function nW11ber (OOb (: ab <= 03b) 
" (ab - 2) 1r ah )11 2 

Traab: Nono. (b:11: 6 da if ROH ntack) 

Note: Tho stack never gete deeper than 6 vordel 11 

1------------------1 
I return row nago I 
1------------------1 
I return ca segment I 
1------------------1 
I return 1p orreet I 
1------------------' 
I 4a I 
1------------------I 
I b:11: I 
1------------------1 
I 1 near c,ll I 
1-------------------1 

81gb Addreee 
<-- sp (at entry & e:1:it) 

<-- .sp art.er kb trap 

<-- sp (at itB deepentll) 
Low AddresB 

I_ :i; ____ - - - ____ l:il II II - - - - ,: II - "" 1111 II - - - - - - - - - - ::t ___ II_ II II_ - - - - - - _ S __ II II II II ____ - - - C 

k.._1o 

lc_ret: 

k_io 

k_read 

ORO 

proo 

'" push 
mov 
pueb 

oop 
Jb 
Je 
cmp 
jo 

pop 
pop 
iret 

endp 

OB82Eb 

oe:oode, de:nothing, es:notbing, BB:notb1ng 

.. 
da,vord ptr oe:(eet_ds_vord] 
bx 

; enable interrupts I I 
; .save de 
; avoid potential stack problemn 
i ne.ve blC 

oe:code, 

ah, 1 
k_read 
k_look 
ab,2 
k_etat 

de ;data, e:,:notb1ng, ss:nothing 

., .. 
; ah (c 1 ? 
; jump ir ab 11 0 
; jump iC ah 11 1 
; ab=2 ? 

; reatoro registers 

Wait tor key and extract if from the keyboard buffer. 

Output: ah " raw scan code 

Trash: 

al : ASCII translated key ., 
ah = translated key 
al " ooh 

Ncne. 

011:oodo, do:data, eB:nothing, BB:nothing 

'" call k_oee 
; enable interrupts (again) 
; ia there a character prei,,ent? 



~ 

sa.-9 111 FA 
E811B ES E86E R 
E811E 89 1E 001A R 
8852 BB EE 

88511 FA 
E855 8B 18 OOH R 
E859 38 1B 001C R 
E85D SB 07 
B85F C3 

E860 

8860 

8860 .. B8511 R 

B863 •• E86!i 58 

"" " B866 Cl 0002 

8869 

E869 

B869 AO 0017 R 
E86C EB D4 

886£ 

E86E 

B86E 43 
E86F 113 
E870 3B 1 E 0082 R 
E8711 75 OIi 
E876 es 1 E 0080 R 
ESH 
E87A C3 

E87B 

£87B 

E87B 

C 
C 
C 

J• 
call .,. 
J•P 

lc_read 
k_adv_ptr 
word ptr da:[butter_baad],bz 
abort k_ret 

ROM BIOS 
Listing 

lnterrupta come back diaabledl 
loop until :iometbi11g in butter 
move pointer to next poeition 
ntore value in variable 

C k_aeo: cli ; dioable intarruptal I 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

k_read 

.,, 
omp 
mov 
rot 

endp 

bx,word ptr da:(butter_bead) 
bx, word ptr da: [butter_tail] 
ax,word ptr Qa:[bx] 

; get pointer to bead of butter 
; if equal, then nothing there 
i get ooac code and aaoii code 

I•••••••••••••••••••••••• - -- - --•-• - • - •• --- -- •• - • •- -- - -- -• - -• •• -- -• -• •• • 
; Chock11 tor key in keyboard butter, but doea not extract it, 
i 

' ' ' ' i 
' ' ' 
' ' ' 

Output: it key ill in burrer, then: 
zr = o (nz " reoet} 
ah = rav aoan code 
al = ASCII tranalated key 

or 
ah = tranalated key 
al = OOb 

elae: 
zr = 1 ( z " eat) 
ax = 16th previoua key 

Traeh: ax 111 traabed it keyboard butter 1a empty, 
: -- ------ -- -- --------------------------- ---------- ---- -- ---------------
k_look proo 

aaeumo 

call 

'" pop 
pop 
rot 

k_look ondp 

tar ; muat be rarl 111 
ca:oode, da:data, ea:nothing, aa:nothing 

k_aee 

,, .. 
2 

; 10 there a character preaent? 
; 1ntorrupta come back diaabledl 
; muat return iaterr11pta enabled 
; reatore regiatera 
; blov avay tlago returning: 
; zt & az " k_aee output, & ati 

I - •• •• •- - •- •- - • - -- -•• •- ••• •••- •• •• • •- ••• •-• •- •• •- •• •• ••• •• •• •• ••••• •• •• 

Jl:oturna keyboard ahitt atate kb_tlag in al. 

oui put: ab = o. 
al " kb_tlag 

Traab: Hone. 

k_atat prcc 

mo, 
Jmp 

c11:code, da:data, ea:notbing, aa:notbing 

al,byte ptr da:[kb_flag] 
abort lc__ret 

; got the ohitt llt&tua th.go 

c k_atat 
C 

endp 

C 
C 
C 
C 
C 

Advances kb_buffer ring buffer pointer, 

Input: bx 
Output: bx 

; Traah: Hone. C 
C 
C 

. ----------- --- -- ----- --- ------------------- --- -- ---------- ------------
k_adv_ptr proc C 

C 
C 

llll5ume oa:oode, da:data, e11:nothing, oa:nothing 

ioo 
ioO 

••P 
Joo 
mov 

k_adv_end: 
rot 

k_adv_ptr 

code enda 

C include com2. aam 
C 

,, ., 
bx, word ptr da: [ butfer_end] 
k_adv_end 
bx,word ptr da:[buffer_1StartJ 

endp 

; move to next word in liet 

; end ot burrer ? 
; no, continue 
; yes, buffer to b1:1ginning 

C ; ==::: """"""= ==="""'""====: :====:,,=::: = == == "" = "": =====: '"' ="" :: '"' '"" == == = = 
C ; Filename: com2 • .,re 
C 
C • """"------="=-------""--""------"-----------="-""-------"-""------"""-
C 
C code segment public 'ROM' 
C asaume cs:code, ds:notbins, es:nothins, ss:nothins 
C 

f!ead Status of RS~232 Interface. (ra_atat) 

Input: dx = if db : O, then address of Z8530 channel (acc_ctl_x). 
if db <> O, then address of 8250 data port (coai_data_x}, 

Output: ax= RS-232 (INS8250-cocnpat1blel channel statu::1. 
Traah: Hone. 

8-113 



ROM BIOS 
Listing 

E87B 

E87B OA F6 
E87D 74 OB 

E87F 

E87F 52 
E880 83 C2 05 
E883 EC 
£8811 BA EO 

£686 42 
£887 EC 
EBBS 5A 
£889 CJ 

888! 

EBBA 33 co 
E88C EE 
E88D EB E8E2 R 
£890 EC 

8891 AB 04 
B893 7-4 03 

E895 80 cc 20 
£898 

8898 AB O 1 
1891 74 03 

E89C 80 cc 01 
E89F 

E89F BO O 1 
B8A1 EE 
E8A2 EB E8B2 R 
E8A5 EC 

E8A6 AB 110 
E8A8 H 03 

EBAA 80 cc 08 
EBAD 

BUD AB 10 
ES.AF 74 03 

8881 80 cc 04 .... 
£8811 AB 20 
8886 74 03 

88B8 80 cc 02 
8888 

EBBB BO 30 
E88D CJ 

EBBB 

8-114 

C 
C 
C 
C 
C 
C 

Assume a: 

ra_st at pr oc 
os :code, 

dh I db 
acc_sta t 

com_lstat_x = com_data_x + 5 = dx + 5 {line status) 
com_matat_x :: com_data_x + 6 = dx + 6 (modem status) 

; ah :: O3h 
da :nothing, es :nothing, as :no thins: 

are we a sec Z8530 chip? 
if so, take jump 

C com_stat: INS8250 read status routine. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

; Oet Line Status. 

push 
add 
in 

" dx ,5 
al, dx 
ab, al 

; Get Modem Status. 

'" '" pop 

"' 
soo_stat: 

,, 
al,dx ,, 

; Get Channel Status. 

,o, 
o,t 
call 

teat 
jz 

o, 
aoo_no_txd: 

teat ,, 
aoo_no_rxd: 

ax, ax 
dx, al 
rs_dly 
al,dx 

al,scc_tltd 
acc_no_txd 

ab, com_txd 

al, soo_rxd 
acc_no_rxd 

ab, com_rxd 

; Get Error Status, 

mo, 
o,t 
call 
in 

test ,, 

al, 1 
dx, al 
rs_dly 
al,dx 

al, scc_fe 
scc_no_fe 

; aav e dx = com_da ta_x 
; dx = 0O111_latat_x 
; get line status 
; line status comes baok in bigb byte 

dx = oom_toBtat_x 
get modem status in low byte 
restore dx "' com_data_x 

; SCC Z8530 read atatua routine. 

al ,. aelecta O i ab = 
dx " aco_otl_x 

get channel status 

teat tor transmit ready 

if so, set INS82S0-compatlbla bit. 

test for receive ready 

if so, set DIS8250-oompatible bit. 

; get errors 
; dx = acc_ctl_x 

get error status 

test tor framing error 

o, 
C aco_no_fe: 

ab, com_fe it 10 1 set INS8250-oompatlble bit. 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

teat 
jz 

o, 
aoc_no_pe: 

teat ,, 
aco_no_oe: 

al ,acc_pe 
aoc_no_pe 

ab, com_pe 

al, soo_oe 
soc_no_oe 

ab, com_oe 

teat tor parity error 

it ao, aet INS8250-compatlble bit. 

test tor overrun error 

; if ao, set INS8250-oompatible bit. 

; Set Modem Status. 

mo, 
,et 

al, ( com_dsr+ oom_ot a) al = DSR and CTS 

ra_stat endp 

Vait for Statu::i of RS-232 Interface. (rs_wa) 

Input; ab = 
ox = 
dx = 

Output: AH = 
ZF " 

RS-232 channel status tor which to vai t 
RS-232 time-out 
if db a O, then address of Z653O channel (scc_otl_x). 
if db <> O, then address of 8250 data port to poll. 

Status. 
set, if status matobea. 
reset, if time-out. 

Traab: al & b:r: destroyed. 

com_latat_x " com_data_x + 5 " dx + 5 (line atatua) 
com_matat_x = com_data_x + 6 = dx + 6 (modem status) 



~ 
EBBE 

B8BE 51 
E88F 33 DB 
E8C1 87 CB 

E8C3 
B8C3 OA P6 
E8C5 75 06 

B8C7 32 co 
E8C9 BB 
E8CA BB E8E2 R 

ESCO 
E8CD BC 
BBCB SA FB 
B8DO 22 CII 
EBD2 3A CII 

B8D4 TII 08 

B8D6 B2 EB .... PB CB 
B8DA 75 £7 

BBDC OA B.\ .... .... 81 87 
8810 59 
B8B1 C3 

BBB2 

B8B2 

~ B8B2 ,c 
B8B3 ,, 
BBBII B9 0008 
EBBT 82 Fl!: 
B8B9 59 
BBB& ,. .... C3 

B8BC 

EBEC 

EBEC 52 
EBED 50 

EBEB 80 03 
B8FO 83 C2 04 
EBF3 BB 

EBFII B4 30 

~ 
E8F6 '2 
E8F7 '2 
EBFB EB E8BE R 
EBFB 75 13 

EBFD B.11 20 
EB.FF .. 
£900 EB B8BE R 
£903 75 OB 

8905 ,, 
8906 SA DB 
£908 EB £878 R 
8908 BA C3 
E90D SA 
E90! BE 

ROM BIOS 
Listing 

C ra_v.s proc 
C &D8Ulll8 

C 
C puab 
C :ii:or 
C xobg 
C 
c ra_v11_lp: 
C o, 
C JDZ 
C 
C :zor 
c out 
C call 
C 
C ra_va_oom: 
C 1o 
C 11.ov 
C a11d 
C amp 
C 
C J• 
C 
C loop 
C dee 
C Jl!.Z 
C 
C o, 
C r11_va_ex1t: 
C IIOY 
C pop 
C rat 
C 
C ra_va oadp 
C 
C 
C ra_dly proc 
C 
C 
C 
C 
C 
C ris_lp: 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ra_dly 

puisbf 
puab .,, 
loop 
pop 
popt 

"' 
endp 

ca:oode, da:notbing, ea:11otbing, 1u,:notb1ng 

; 11ave time-out 
bx,bx 
ex, bx 

db,db 
ro_va_com 

al ,al 
dz, al 
ra_dly 

al I dz 
bb, al 
al, ah 
al, ab 

ra_va_e:zit 

ra_va_lp 
bl 
ra_va_lp 

ab,ab 

ab,bb 
ox 

near 

; olear bx 
; BL nov baa ra232_time_out. 

; are VO an INS8250 obip? 
; if ao, take JWIIIP 

; al " aoleota O on sec Z8530 
; dx = aco_otl_x 

; get channel atatua 
; aava atatua in BH. 
J maak bite vo•re waiting for 
; a.re they all on? 

; if ao, exit with zf ut 

; inner loop 

; outer loop 

; time-eut, e:r:1 t vitb zt reaet 

; move atatua to AB • 
; re11tore time-out 

a1u111De oa:code, da:notb1ng, ei,;notb1ng, isisrnotb1ng 

OJ: ,8 
ra_lp 

ca:code, da:notbina, ea:notbing, aa:notbing 

INS8250 Put Byh {oom_pb) & sec Z8530 Put Byte (acc_pb) 

Tranamit Cbaractar to RS-232 Interface. 

Input: al • eharaoter to transmit 
RS-232 time-out 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

... 
dx = if db= o, then addreaa ot Z8530 channel (aoo_otl_x). 

1f db <> O, tbeo addreaa of 8250 data port {oom_dat&..,.x). 
Output: ah = line atatua 
Traah: bz destroyed. 

Aaaumea: com_motl_x = oom_data_x • II = dx + II 
com_lata t_x = oom_data_x • 5 " dx + 5 
com_matat_x = oom_data_x + 6 " dx + 6 

sco_data_.z = aoo_otl_x + 1 " dx + 1 
C , • --- -----· ------------ --- --- ---- --- • -- --- -- •• - ---- -- --- ••• -- ----------
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

oom_pb proo 

puah 
puab 

mo, 
add 
out 

mo, 
loo 

'" call 

'"' mo, 

'" call 
Jn, 

pop 
mo, 
oall 
mo, 
pop 
out 

; ab a 01b 
c.:, :code, da :nothing, ea :nothing, a.:, :nothing 

dx 

al, (com_rta+com_dtr} 
dx,4 
dx, al 

ab, (com_dar+com_cta) 
dx 
dx 
rs_va 
rs_pbe 

ah, com_txd ,, 
rs_va 
ra_pbe 

" bl, al 
ra_atat 
al, bl ,, 
dx, al 

; aav e dx = com_da ta_x 
; save obaracter to output in al 

i 3ignal RTS & DTR 
; dx " oom_mctl_x 
; aend to modem control register 

; wait for DSR 6 CTS 

; dx " oom_matat_x 
; wait for modem atatua register 
; if time-out, take jump 

; wait for transmit ready 
; dx :r. com_l ota t_x 
; wait for line status register 

if tillia-out, take Jump 

reatora character to output in al 
eave character input/output in bl 
get retur11 atatu:11 
re.store character input/output in al 
restore dx ,. com_data_x 
elae, output tbe character 

; exit for put and get byte 
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ROM BIOS 
Listing 

E90F 

B90F c3 

B910 
E910 5B 
B911 5A 

B912 B8 B87B R 
B915 8A C3 
£917 80 cc 80 
B91A C3 

E91B 

B91B 

B9U 52 
B91C 50 

B91 I> Bil OIi 
B91F £8 B8BE R 
8922 75 BC 

B921' 58 
1925 " 8926 BB 

£927 51 
B928 BB ES 

B92.A 

B92A 

B92A 52 
B92B BO 01 
£92D 83 C2 04 
£930 BE 

B931 84 20 
£933 " B934 " £935 EB EBBE R 
E938 75 OE 

E93A B4 01 
E93C 4A 
E93D ES E8BE R 
E9110 75 06 

£9112 80 " OE 
E9115 5A 
£946 EC 
£9117 C3 

£9,118 
£9118 5A 

£9119 80 cc Bo 
E94C Cl 

£911D 

£911D 

E911D 52 

E94E B4 01 
£950 E8 ESBE R 
£953 75 F3 

E955 " 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ra_pb_gb: 

ret 

rs_pbe: 

if sec Z8530, dx II eoo_otl_x 

exit for put byte error 

oom_pb 

aoo_pb 

IIOC_pb 

pop 
pop 

call 
mov 
or 
rot 

endp 

proc 
aaaume 

puab 
puab 

mov 
call 
Jn, 

pop , .. 
out 

pop 
Jmp 

andp 

bx 
dx 

re_atat 
al, bl 
ab, oom_te 

reatore character to output 1D bl 
; it sec Z8530, restore dx • aoo_ctl_x 
; elae INS8250, restore dx c oom_data_x 

; got return etatu11 
; restore obaraotar to output in al 
; indicate timeout error 

ca: code, 
; ab = 01b 

da:nothing, ea:110tbiog, 1sa:11otbiog 

dx 

ab, aoo_txd 
ra_va 
ra_pbe 

ax 
dx 
dx, al 

dx 
abort ra_pb_gb 

; save dx II aoo_otl_x 
; eave obaraotar to output in al 

; wait for transmit ready 

; if time-out, take Jump 

; restore obaraoter to output in al 
; d1t = ooo_datlL.lt 
; elaa, output tba obaraotar 

; reotora dlt II aoo_otl_1t 

.---------------------------------------------------------------

com_gb 

ra_gbe: 

com_gb 

ncc_gb 

IHS8250 Get Byte (oom_gb) & sec Z8530 Get Byte (aoo_gb) 

Reoeiva Character to RS-232 Interface. 

Input: ox II RS-232 time-out 
dx = if db "' O, tben address of Z8530 obannal {aoo_otl_x). 

it dh <> o, then address of 8250 data port (oom_data_z). 
Output: al = character rooeived 

ab " line otatus 
Trash: bx destroyed. 

A11011111ea: 

proc 
aaaume 

puah 
mov 
add 
out 

mov ... , .. 
call 
Jn, 

mo, 
do, 
call 
Jn, ... 
pop 
in 
rot 

pop 

or 
rot 

andp 

proo 

push .. , 
call 
jn, 

100 

oom_motl_x II oom_data_x + II = dx + II 
oom_latat_x = oom_data_x + 5 = dx + 5 
oom_mstat_x " oom_data_x + 6 = dx + 6 

aoo_data_x " soo_otl_x + 1 = dx + 1 

; ah = 02b 
oa:code, da:notbing, eo:nothing, aa:notbing 

dx 
al, oom_dtr 
dx, II 
dx, al 

ab, oom_dar 
dx 
dx 
ra_va 
ra_gbe 

ah, oom_rxd 
dx 
ra_ws 
ra_gbe 

ab, OEh 
dx 
al, dx 

dx 

ab, oom_te 

; save dx " com_data_x 
; signal DTR 
; dx " oom_motl_x 
; .aend to modem control regiator 

; wait for DSR 

; dx " com_matat_x 
: wait for modem atatua register 
; if time-out, take jump 

; wait for receive ready 
; dx " oom_latat_x 
; wait for line atat.ua register 

if time-out, take Jump 

; Only interested on low nibble, 
restore dx " oom_data_x 
elae get character 

; exit for get byte error 
; if sec ZB530, reatore dx = acc_ctl_J: 
; elae IHS8250, restore dx = com_datu._x 
; ind1cu.te timeout error 

i ah : 02h 
os:code, ds:nothing, es:nothing, aa:nothing 

dx ; save dx " soo_ctl_x 

ah, aoo_rxd 
rs_ws 
re_gbe 

dx 

; wait for receive ready 

if time-out., t.ake jump 

; dx = sco_data_x 



E956 BC 

E957 SA 
E958 EB BS 

E95A 
E95A 

E95A 

£987 

E987 

E987 FB 
E988 ,c 

E989 " E98A 53 

~ 
E98B " E98C 52 
E98D " E98K 57 
E98F 1E 
E990 2E: 8E 1E E5F2 II 
E995 .. 
£996 Ell 60 
E998 8A EO 

E99A BA 0061 
E99D EC 
E99E 8A DB 

E9AO oc 80 
E9A2 EE 

E9A3 BA C3 
E9A5 EE 

E9A6 SA CII 

E9A8 3C FF 
E9AA 75 06 

E9AC EB EBC3 R 
E9AF E9 EASE R .... 

~ 

E9B2 211 7F 

E9Btl Ctl 3E 00811 R 
EgBB 26: CII 7D 02 

E9BC 33 DB 
E9BE 33 cg 
E9 CO 8A2E0017R 

E9CII 8A DB 
E9C6 D1 E3 
E9C8 D1 E3 

ROM BIOS 
Listing 

C 
C 
C 
C 
C 

in 

pop 
jnp 

el, dx 

dx 
abort ra_pb_gb 

elae get character 

rootore dx = aoo_otl_x 

C acc_gb endp 
C code e nde 
C include kb2.asm 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

,---------------"-"""""--------=---""""- _________________ ,,_,._,.,. .. ,._,. __ ,._ 
Filename: kb2. 11ro 

Tb.is module includes INT 09b & 16h, 

I••••.••_.••••••,: II i, C :0 C • • • • •: • • • • "" "IZ,:: II•.••••••••-• -- -- •• a: .:a•" I:" II 11a: II a 11 

code segment publ io 'ROH• 
011:oode, da:notbing, ea:notbing, sa:nothing 

ORG OE987b 

I _______ - - - - - - - - - : '1""" :l - - a" ,a. II II II:: - - : II II - - -- - - - - - - - - - -- - - - - - - - : : : II II II"""" 

; IlfT 09h -- i80li1A leyboard Hardware Interrupt Service Routine 
; 

Hote: 'make' -> key ia depreaaed -> OOh + key acan oode 
; • break' -> key ia releaaed -> 80h + key aoan oode 
,-=-------------"""-"==,.=----------'"""-="'-------------------"""-=-==---

k_int proc 

,ti 
old 

puah 
pui:ih 
pui:ih 
puab 
pui,h 
puah 
pui,h 

near 
oa:oodo, da:notbing, ea:nothing, aa:notbing 

u 
bx 
ox 
dx 
,1 
di ,. 

; re-enablo intorrupta 
; clear direotioD tlag 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

mov 
pui,h 

da,vord ptr ca:(aet_da_vord] ; avoJ.d potential atack problema 

aaaume oa:code, da:data, ea:notbJ.ng, aa:nothing 
C 

; Get the acan code. C 
C 
C 
C 

in al, p_kacan 
ah, el 

get acan codo tram data port 
aave aoan oode in ah 

C 
C 
C 
C 
C 
C 
C 
C 

; Reaet the keyboard. ... 
" 
" 
'"' 

'"' 

dx, p_kctrl 
al, dx 
bl, al 

al, 060h 
dx, al 

al, bl 
dx, al 

get control port addreaa 
get the atotua 
aave the atatua in bl 

; aet bit 17 -- reaet 
; reaet keyboard 

; retrieve original atatua 
aend it back to keyboard 

Rotrieve the aoan code in both al & ah. 

al, ah acan code in both regiatera 

; Teat for overrun acen code from keyboard " OFFh. 
; lfott1: 20 key acan codea can be buttered up by the keyboard. 

C k_ok: 
C 

cmp 
jn, 

call 
jmp 

al ,OFFh 
k_ok 

k_beep 
k_nop 

; an overrun acan code? 
it not, continue 

; beep the apeaker 

C --- -- ----- -- --- -- - -- - - - -- -- -- -- --- -- --- -- --- -- -- ----- -- ---- --- -- ---- --
C ah = acan code {make/break) al = acan node (make/break) 
C bx ? 
C ex = ? 
C dx = ? 
C ea :di = ? 
C -- - -- -- - --- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -- - - - --- - - - - - - - - -- - - - - -- - - ---
C 
C and al,07Fh ; al " acan code make 
C 
c lea di,dword ptr da:[maater_tbl_ptr] ; ea:di points to master table 

le:s di,dword ptr ea:[di+0002h] ; ea:di points to p_lcscan table 

'" '" 
mn, 
sbl 
sbl 

bx, bx 
ex, ex 
ch, byte ptr da:[kb_tlag) 

bl, al 
bx, 1 
bx, 1 

clear bh 
; clear cl 

; bx " scan code make 
; bx " 2•(acan code make) 
; bx = 4•(scan code make) 

8-117 



ROM BIOS 
Listing 

E9CA ,. 
E9CB F6 C5 08 
E9CB 75 32 

E9DO ,. 
E9D1 F6 C5 04 
E9D4 75 2C 

E9D6 4B 

E9D7 3C 37 
B9D9 77 oc 

E9DB F6 cs iio 
E9DB 74 1C 

E9&0 ES EB85 ii 
E9B3 73 17 

E9ES EB OD 

E9E7 

E9E7 3C 117 
E9E9 72 11 
f.9BB 3C 53 
B9BD 77 OD 
B9KF F6 CS 20 
E9F2 74 08 

E9P4 
E9Fll F6 C$ 03 
E9F7 H 09 

E9F9 ,. 
E9P'A EB 06 

E9FC 
E9PC F6 CS OJ 
B9FF 75 01 
EA01 •• 
EA02 
IU.02 D1 El 
EA04 03 FB 

EA06 26: BB 15 

EA09 33 DB 
EAOB 8A DA 
EAOD F6 06 0018 
EA12 711 02 

EA111 BA DE 

EA16 

EA16 DA D2 
EA18 711 1C 

EA1 A 80 FB CO 
EA1D 72 17 
EA1F 80 FB D8 
EA22 77 12 

EA24 BO FB ca 
EA27 72 04 

EA29 DA E4 
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R 01 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

,b ,, 
ob ,, 
ea :di 

'" 
teat 
jnz 

deo 

teat 
j" 

'" 

11 aaan oode (a,.ake/braak) 
= 4•(aoan code make) 11 ll•al 
= kb_tlag 
• 1 
= p_ksoan baoa 

,, 
ob,alt_abitt 
k_ix 

,, 
ob, ontrl_ahift .._ .. 
,, 

al = eoan ooda (make) 

al= 0 

; bx = 4•(acan coda maka)-1 

; alt state? 
if ao, baa bigbest priority 

bx = .tt•(acao oode make)-2 

control state? 
if ao, next bigheat priority 

bx : i!•(aoan code make)-3 

C i Handle CapLk Caee, 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

... 
J• 

teat 
J• 

call 
job 

Jmp 

k_no_oap: 

al ,55 
lc_no_oap 

cb,oapa_loolc_mode 
lc_no_look 

k_b1t 
k_no_lock 

short k_look 

i Handle NumLk Ca.ea, 

k_look: 

... 
jb 
,mp 
Ja 
teat 
J• 

teat 
J• 

doo 
Jmp 

k_no_lock: 
teat 
jo, , .. 
jmp 

al,71 
lc_no_look 
al,83 
k_no_look 
ob, n11111_look_moda 
k_no_look 

oh, (l aft_ahif t+ri gb t_abitt) 
k_h 

,, 
abort k_ix 

ob, (l eft_ah ift+righ t_ahift) 
k_1X ,, 
abort k_ix 

0 (11 SOUi code <= (7•8)-1 
teat Nu11Lk case. 

; caplook state? 
it not, test sbitt atates 

; set kb_cap_flasa bit in of 
; (Joel awap if or ut 

; bonor oapa lock. 

scan code >= 71? 

aoan oode <= 83? 

; numlook state? 
it not, teat abift atatea 

; either cape or num look, 
; it ao, and shift state 
; also true 

bz = 4•(acan oode make)-4 
(base oaae) 

neither oaps or cum lock. 
(shift atate) 

bx ,. 4•(aoan code make)-4 
(base case) tall tbrougb 

C k_ix: bx = index into p_kacan table 
bx = p_ksoan word index C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

k_xlat: 

ohl 
add 

mo, 
teat 
J• 

bx,1 
di,bx 

dx,word ptr ea: [di l 

bx,bx 
bl,dl 
byte ptr da:[kb_flag_1],dlx_kb 
k_xlat 

bl, dh 

add p_kacan base & index 

set data word from table 

clear bh 
; move translated key to bx 
; are we a deluxe keyboard 
; key 

; move translated deluze 
; key to key 
; bx baa translated byte (bb:O) 

' ab II acan code (make/break) al = aoan code (make) 
bx II deluxe keyboard translated byte (bh " O) 
ch = kb_flaa cl = O 
dx = ea: [di l (could be deluxe key code) 
es :di II p_kaoen baee + p_kaoan scan code word index 

Registers are all loaded up. 

dl,dl 
k_no_caae 

; Test for special ca.sea. 

omp 
jb .. , 
J• 

bl,OCOh 
k_no_oase 
bl,OD8h 
k_no_oase 

; Teat for • break' of special .. , 
jb 

bl,OC8h 
k_Jmp 

ah,ah 

Start going through the cases, 

; deluxe scan codes are 
; NEVER apeoial oaaeal 111 

xlated byte special case? 
if not, handle unapeoial oaae 
OCOh <=- xlated byte <z OD8h 
if 110, do the special function 

is xlated byte a shift key? 
if so, do • break' of shift key 
OCOh <= xlated byte< OC6h 



EA2B 78 2E 

EA2D 
EA2D 8B F3 
El2F D1 E6 
BA31 28: FF A4 EA66 R 

EA36 

EA36 OA Ell 
EA38 78 21 

EA3A F6 06 0016 R 08 
EA3F 74 OB 
EA41 3C 45 
EA43 74 16 
EAIIS 80 26 0018 R '1 
EAU EB OF 

EAIIC 

EAIIC OA D2 
U4E 75 04 

EA50 SB C2 
EA52 EB 02 

EA5ll 
BA5JI 8A C3 

U.56 

U.56 ES EBAD R 

.~ BA59 711 03 

EASB 

EASB ES EBAII R 

EASE 07 
£ASP 1F 
EA60 5F 
EA61 5E 
EA62 5A 
EA63 59 
EA64 5B 
EA65 58 
EA66 CF 

U.67 80 ., oc 
EA6A 80 FD OC 
EA6D 75 EC 

EA6F C7 06 0012 R 1234 
EA75 ., DD5A R 

EA78 
EA78 80 OE 001 B R 08 

EA7D EB EBA4 R 

EA80 80 3E 0049 R 07 

~ 
U85 74 OB 

BA87 88 16 0063 R 
EABB 83 C2 04 
BABE AO 0065 R 
EA91 EE 

EA92 F6 06 0018 R 08 
EA97 75 F9 
BA99 EB C3 

EA9B EB EBA4 R 
EA9E CD 05 
EAAO EB BC 

k_jmp: 

J• 

... .. , 
Jmp 

k_none 

ROM BIOS 
Listing 

; nothing for • break' of other a. 

; jump to special caae routine. 
si,bx ; if :io, si geta :ipecial iadex 
:ii,1 ; make it a word index 
cs: [d+( (offset k_caae)-{ 2•OCOh))) 

C k_no_caae: 

; Test for • break' of non special caae. 

or 
J• 

ab, ah 
k_none ; do nothing if "break' or key. 

; Test for • unpauae• caae. 

teat 
Jz ,., 
J• .. , 
Jmp 

byte pt.r d11:[kb_flag__1],pause_modc 
k_no_hold 
al, nu.m_lock_key 
k_none 
byte pt.r da:[kb_flag__1 ],not pause_mode 
abort k_non11 

are we in hold at.ate? 
if not, continue, 
don't clear bold at.ate 
on nu111_lock_key (Pause). 
reset hold at.ate bit & 
ignore the key. 

C k_no_hold: 

c ; Test for deluxe scan code, 
C 
C or dl,dl 
C J nz k_no_xco de 
C 
C ax, dx 
c Jmp abort k_buf 
C 
C k_no_:zcode: 
C al, bl 
C 
C k_buf: 
C 
C cal 1 k_try 
C Jz k_nop 

lc_none: 

; move deluxe key to scan code 
; put all into t.be buffer 

; move translated keJ to key 

; put all into kb_bufter. 
; try to put ax iato kb_buffer. 
; zf DCt {z) if buffer la full 
; zf reset Caz) if buffer got ax 

; 110aa code trsaalate to nothing 

; Send apecifio end of interrupt (SEOI) to pie • com.t11and' port. 

call k_eoi ; 11end specific end of interrupt. 

k_nop: pop aa ; rc.,toro regi11ters without iaauing SEOI 
pop ds 
pop di 
pop al 

c pop dx 
C pop ex 
C pop bx 
C pop 
C iret 
C 
C • ----------- -- - -• •••••••••••• ••--- -- ••• ----- ---- ----- ----- -• ••••••••••• 

; Test for ay11tem reaet. sequence. 'make' only. 
; -------- ------------ -- --------------- -- ------------ -- ---------------- -
k_res: and ch, ( al t_ah itt+ on trl_ah ift) 

omp ch, ( al t_ah ift+ cntrl_ahif't) ' ia it CTL ALT shift? 
Joe k_none 

' CTL ALT DEL aystem reaet. 

word ptr ds:[reaet_flae;],O1234h ' .. , flag tor warm boot 
Jmp diagnost.1O11_1 re-boot 

i Pause waiting for another key. "make' only. 

C k_pause: 
byte pt.r ds:[kb_flaL1],pauae_111.odo ; ut the pause bit, 

call k_eoi ; send .,pecifio end of interrupt 

; Note: Video not disabled during vertical retrace, 

omp 
Je 

add 
mov 
out 

k_hol d: test 
jnz 
jop 

byte ptr da:[v_111.ode],7 ; never on a monochrome card 
k_hold 

dx,word ptr ds:[v_base6845] ; get 6845 pointer register 
dx,4 ; get 68-'iS mode control register 
al,byte ptr ds:[v_3x8] ; get tbe video mode last sent 
dx, al ; enable video 

byte ptr ds:(kb_flag_1],pause_mode ; teat tbe pause bit. 
k_hold ; loop until pause bit cleared 
abort k_nop 

; -- ---------- --- ------- ------ --- ----- --- -- -- ------------------------- --
Print Screen sequence. 'make' only. 

;----------------------------------------------------------------------
k_prt: call 

INT 
Jmp 

k_eoi 
5h 
short k_nop 

; send specific and of interrupt. 
; issue print. screen interrupt. 
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EA.l2 88 0300 
EU.5 EB lF 

EAU BO 80 
EU.9 EB £ADIi R 

EUC OA B:11 
BAAB 78 AB 
EABO 88 5200 
EAB3 EB A1 

EAB5 BO 110 
EAB7 ES EAD4 R 
EABA ., 0, 
EABC EB EB63 R 
EABF EB 9A 

EAC1 BO 20 
EAC3 EB EAD4 R 
EAC6 81 02 
EAC8 EB EB59 R 
EACB EB F2 

U.CD BO 10 
Ba.CF £8 EJ.DII R 
EJ.D2 EB EB 

E&D4 01 Ell 
E.&06 78 OF 

EADS 8.11 06 0018 R 
EADC 75 08 

EADE 08 06 0018 R 
IUE2 30 06 0017 R 
EAE6 Cl 

EAE7 F6 DO 
EAE9 20 06 0018 R 
EAED Cl 

EAEE BO 08 
EAFO EB EBOF R 

EAF3 33 co 
E.&FS 86 06 0019 R 
EAF9 DA CO 
E.lFB H C2 
IUFD E9 El56 R 

EBOO BO 0-" 
EB02 EB 06 

£BO4 BO 02 
£BO6 EB 02 

EB08 BO O 1 

EBOA 
EBOA EB EBOF R 
EBOD EB BO 

EBOF OA Eli 
EB11 78 05 

£813 08 06 0017 R 
£B17 Cl 

£818 F6 DO .. ,. 20 06 0017 R 
EB1E Cl 

EBlF 41 
8820 ., 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

; Deluxe code put HUL into kb_butrer. 'make' only. 

k_nul: mov 
Jmp 

ax,0300h 
ohort k_buf 

; HUL:a:103 
; put ax into the buffer 

·----------------------------------------------------------------------
; Four state obitts. 'make' & • break' in kb_flag_1 plu11 biatory in kb_flag. 
;----------------------------------------------------------------------
)Lini,: IIIOY 

call 

o, 
j, 
mo, 
jmp 

](_cap: mov 
call .,, 
call 

k_non1: Jmp 

](__num: mov 
call 
mo, 
call 
Jmp 

k_acr: mov 
call 
Jmp 

](_Jatos: or 
J• 

test 
jn, 

,o, 
k_4ret: rat 

k_4res: not 
aod 

'°' 

al, inaert_ab 1ft 
k_Jitog 

ah, ah 
lc_none 
ax, ( inae rt_key • 1 OOb) +OOh 
k_buf 

al, ca ps_locl(__ab 1ft 
k_4tos 
ol,00000001b 
k_LED_cap 
short k_nona 

al, D\lal_locl(__sh 1ft 
k_4tog 
cl, 0000001 Ob 
k_LED_num 
ahort k_non1 

al, aorl_locl(__ab 1ft 
k_4tog 
obort k_DOD1 

ah,ab 
k_4rei:i 

byte ptr d:1: [kb_flag_l l., al 
k_llret 

byte ptr ds:[kb_tlas._1],al 
byte ptr d:,:[kb_flag],al 

al 
byte ptr da:[kb_flag_1) 1 al 

; IRS togs].e look 
; toggle 4 atate 

la INS toggle ·make' ? 
if not, exit 

i elae, ax geta deluxe INS key 
put ax into the buffer 

i CAPS LOCK toggle look 
toggle I& state 
CAPS LOCK LED h bit #0. 
aend LED information 

; HOH LOCK toggle look 
; toggle Ji -istate 
; NOH LOCI LED la bit #1. 

aond LED information 

; SCROLL LOCI toggle look 
; toggle II state 

; 111 toggle abift 'make' 1 
; if • break' reset kb_tlag_t 

if ·make', test bit. 
return if already preaaed 

aet the bit. 
toggle kb_tlag biatory. 

; if ·break•, reaet bit only. 

j----------------------------------------------------------------------
; Tvo otate shifts. 'make' l 'break' in kb_rlag only. 
·----------------------------------------------------------------------
l(__alt: IIIOY 

call 
al, al t_ab 1ft 
k_2tog 

xor ax, ax 
xcbg al,byte ptr da:[alt_input] 
or al,al 
Je k_nonl 
Jmp k_buf 

ILctl: 
Jmp 

k,_lah: mov 
jmp 

l(_rab: mov 

k_2ret: 

Jmp 

call 
Jmp 

k_2tog: or 
J• 

k_2res: not 
and 
,at 

al, cntrl_abift 
abort k_2ret 

al,left_llhift 
short k_2ret 

al' righ t_:,b ift 
ahort lc_2ret 

k_2tog 
:,bort k_non1 

ah, ah 
k_2re:, 

byte ptr d:,:(lcb_flag],al 

al 
byte ptr do:[kb_flag],al 

: Alternate Numeric Keypad. 'make• only. 

; ALT aet/reaet kb_tlag 
; toggle 2 atato 

; acan code or ab :a O. 
; al t_input get a O. 
; vaa al t_input O? 
; if" ao, do not.bing. 
; elae, put it into buf"f"ar. 

i CTL iset/reiset kb_f"lag 
toggle 2 atate and return 

i LEFT SHIFT set/reset kb_flag 
; toggle 2 state and return 

RIGHT SHIFT set/resat kb_tlag 
fall through 

toggle 2 at.ate 

i:, i:iet/reset ahif"t 'make' 'l 
if 'break', reset bit only, 

; if' ·make•, sot bit only. 

; if' 'break', reaet only • 

; ------ --- ----- --- ---- --------------------------------- -- --------------
k_alt9: inc 
k_alt8: inc 

; Alternate Numeric Keypad #9 
; Alternate Numeric Keypad #8 



~ 

EB21 " EB22 " EB23 " £B24 " EB25 " £B26 " EB27 41 
EB28 

EB28 80 0A 
EB2A F6 26 0019 R 
EB2E 02 C1 
EB30 A2 0019 R 
EB33 EB SA 

£835 BO 30 
EB37 EB £BAI> R 
EB3A 74 03 
EB3C £9 EA56 R 

EB3F £9 EA5 E R 

EBll2 BB 001E R 
EB-'i5 89 1 E 001A R .... 89 1£ 001C R 
EB,IID C6 06 0071 R 60 
EB52 CD 18 
£854 33 co .. ,, £9 EA56 R 

~ 
£B59 

EB59 

EB59 P'6 06 0018 R 01 
EBSE 74 03 
£B60 80 Fl 80 

EB63 
EB63 OA Ell 
£865 78 1 D 

£867 8ll060017R 
£868 74 03 
EB6D 80 Fl 80 

£B70 
EBTO Ell 611 
EB72 AS 02 
£B74 75 FA 

EBT6 BO 13 
£878 £6 60 

£871 
EBTA £4 611 
EB7C AB 02 
EBTE 75 FA 

£B80 BA C1 

~ 
£B82 £6 60 
EB84 
£B84 C3 

£885 

£B85 

C lc_al t7 
C lc_alt6 
C k_al t5 
C k_altll 
C lc_al t3 
C k_al t2 
C k_alt1 
C k_al to 
C 
C 
C 
C 
C 
C 
C 

ioo 
1no 
1no 
ino 
1oc 
100 
ino 

mo, 

mul 
add .,. 
Jmp 

" c, 

al, 1 O 
byte ptr da:(alt_input] 
al, cl 
byte ptr da:[elt_input],al 
.short k_non1 

ROM BIOS 
Listing 

Alternate Numeric Keypad 11 
Alternate Numeric Keypad 16 
Alternate Numeric Keypad 15 
Alternate Numeric Keypad Ill 
Alternate Numeric Ieypad 13 
Alternate Numeric Keypad 12 
Alternate Numeric i::eyped 11 
Alternate Numeric Keypad 10 

; alt_input = (10 1 alt_1nput)+cl 

C 
C 
C 
C 
C 
C 
C 

'------------------------------------------------ -------- -

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

; Double Zaro on leypad. 'make' only. 

k_oo: .,. 
cell 
J• 
Jmp 

k_nop 1: Jmp 

al,' 0' 
k,_try 
k_nop1 
k,_but 

k_nop 

; try to put aJC into kb_buffer. 
; zf aet {z} if buffer ia full 
; zf reaet (nz) if buffer got ax 
; put it into buffer, again. 

. ---------- -- -- -- ----------------------------- -------------------------
; Break key Bequence. 'make' only, 
,--------------------------------------- -------- --------- -------
k_brk: 

k_int 

mov 
mov 
INT 

'" Jmp 

endp 

b:ic, dB: (orraet kb_buffer) 
word ptr da:[buffer_bead],bx 
word ptr dB: [buffer_tail], b:ic 
byte ptr da:[bioo_break],80h 
\Bh 
ax, ex 
k_buf 

; reaet buffer to empty 

; turn on bios_break bit 
; break interrupt vector 
; ax gets deluxe OOb 
; put az into the buffer 

. -- -- --- --- -- -- ------- --- ----- -- ---------- -- ----- -- -- -- ----- -- -- -- ---- -
; Put a keyboard LED' a in correct atato after CAPS/RUH LOCK. 

Input: ah " a can oode {make or break) 
al " kb_flag bit for CAPS/NUH LOCK (oapa_lock_ahitt or num_look_Bbift) 
cl a 00000001b tor CAPS LOCK LEO or 00000010b for NOH LOCK LEO. 

Out.put: None. 

TraBh: al 6 cl destroyed. 

lcLED_num proo near 
aBawne co:code, do:data, ea:notbing, Ba:notb1ng 

teat 
J• 

k_LED_cap: 

" J• 

teat 
J• 

'" 
k_LED_omd: 

in 
teat 
jn, 

mov 
out 

byte ptr da: [kb_flag_1], dlx_kb 
k_LED_oap 
cl, 10000000b 

ah, ah 
k,_LED_ret 

bJte ptr da:[kb_flag],al 
k_LED_cmd 
cl, 10000000b 

al,kb_statua 
a1,0000001ob 
k_LED_cmd 

al, 013h 
p_kacan,al 

; are we a deluze keyboard 
; if kb 1 LED ia num_lock 
i 1f deluxe kb, LED 1a 

-num_lock 

; 1:t CAPS/NOH LOCK 'make' ? 
; if not, exit 

; is CAPS/HUH LOCIC kb_rlag aet 7 
; 1f not, LED data 1D ok. 
; else, flip .senae of LED data. 

; polling loop to aend 0011mand. 
; got 80111 atatua 
; test input buffer bit 

if not ok to write cmd, loop. 

keyboard 'LED' oommand. 
send keyboard 'LED' command. 

C k_LED_da t: polling loop to aend data. 
get 80111 statue C in 

C teat ; teat input buffer bit 
C J nz 

al,kb_statua 
al ,0000001ob 
k_LED_dat ; if not ok to write data, loop. 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

1 

.,. 
out 

k_LED_rot: 

al, cl 
p_kacan,al 

; retrieve keyboard 'LED' data. 
; Bend keyboard 'LED' data, 

"' 
k_LED_num endp 

; Oet kb_oap_flaga bit into the oarry flag {of}. 

' ' 
' 
' ' 

Input: al " a can codo (make) 
cl " 0 
ea:di ,. p_kacan baaa 

Output: of set if kb_oap_flaga b1t 

Traah: :,1 destroyed. 
; ----------------------------------------------------------------------
k_bit proo near 

aaaume ca:oode, da:data, ea:nothing, aa:nothing 
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£B85 8B F3 

£B87 33 DB 
EB89 8A DB 

BBBB B1 03 
£88D D3 CB 

EBSF B1 03 
&B91 02 C7 

£B93 8A CF 
8895 32 FF 

EB97 26: 8! 5 9 F9 

EB9B D2 D3 
E89D 32 cg .... DO D3 

EBA1 88 DB 
BBA3 C3 .... 

.... 
EBA.II PA 
BBA5 BO 61 
BB.&7 BA 0020 
EBU BB 
BUB FB 
EBAC C3 

BBAD 

.... 
EBAD 88 1! 001C R 
EBBl 8B F3 
BBB3 &8 E86E R 

EBB6 38 1E 001A R .... 74 07 

EBBC 89 011 .... 89 1£ 001C R 
EBC2 C3 

EBC3 

BBC3 

BBC3 E8 EBA4 ' 
EBC6 BA 0061 
EBC9 EC 
EBCA SA BO 

BBCC 83 80 

EBCE 24 FC 
EDDO EE 

EBD1 89 0048 
EBDIJ E2 FB 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

mo, 
ror 

mo, 
rol 

rol 
xor 
rol 

mo, 
rot 

al, bx 

bx,bx 
bl, al 

cl ,3 
bx, el 

cl ,3 
bh, ol 

cl, bb 
bb, bb 

bl,byte ptr os=[di+bx-7] 

bl, ol 
ol, ol 
bl, 1 

bx, a1 

; :,ava bx 

; clear bb 
; bx = aoao code (make} index 
; bx " 00000000 OOxnyyy 

; rotate right bz 3 
; bx = n100000 OOOOOJ:J:l[ 

; rotate loft bb 3 
; b:ic ., OOOOOyyy 00000:ic:ic:ic 
; bh = remainder = ( 0-7) 
; bl = quotient 11 (0-6) 

; cl = remainder = (0-7} 
; b:ic ., quotient = (0-6} 

bl ., proper cap_rlags byte 

rotate (0-7) timu into b1t 17 
cl ., 0 
rotate into ct bit 17 

restore bx 

C k_b1t 
C 

ondp 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

,---------------------------- ---------- ---
i Input: None. 
i Out.put: Hone, 

' Trash: al & dx deatroyed, 
,--------------------------- - -
k_eoi proo 

; Send 11peoitio ond of interrupt (SB0I) to pie 'command' port. 

k_eol 

oli 

mo, 
out 
ot1 
rot 

endp 

al, p1o_aeo1_1 
dx, p1o_O 
d:ic, al 

; disable iotorrupt11 
; apeoitio end of interrupt 
; command to pio • command' port. 

; enable interrupts 

;-------------------------------------------------------------- -------
; Try to put az ioto tbo kb_butter. 

' Input: ax ., vord to put in kb_buffer. 
Output: zf aet (z) 1r buffer ia full. (a:1: traabed) 

zf reaet (oz) if butter got a:ic. (ax aaved) 

Traah: bx, c:ic, dz, & ai destroyed (in general). 
j --- -- -- - -- -- - -- ---- - -- ----- -- --- -- - ------ --- -- ----------- --- ----------

k_try proo 
888\IIIIC 

mov 
mo, 
oall .. , 
J• 

mo, 
rot 

near 
os:code, ds:data, ea:notbing, ,113:notbing 

bx,word ptr do:(buffer_ta11] 
oi, b:ic 
k_adv_ptr 

bx,word ptr d3:[buffer_bead] 
k_beep 

vord ptr da:[siJ,ax 
word ptr do:(buffer_tail],bx 

; get butter end pointer 
; 3ave the value 
; advance the tail 

; bas the buffer wrapped around 

; zt ia reaet {oz} 
; atore tbe value 
; move tbe pointer up 
; return zf reset (nz) 

C k_try 
C 

endp 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

; ----------------- -- -- ------------- -- -- -- ---------------------------- --
; Input: None, 

k_beep 

k_lp: 

Output: zf set (z) alwaya. 

Traah: aJ:, bl, ex, & dx destroyed. 

proc 

oall 

•o• 
1n 

"' out 

mo, 
loop 

ca:code, ds:data, e11:notbing, 

k_eo1 

dx, p_kctrl 
al,dx 
ab,al 

bl, 80h 

al, OF Ch 
dx, al 

ox, 118h 
$ 

aa:notbing 

; 5end apecific end of interrupt 

get kb control port address 
get control data 
save control data 

outer loop counter 

turn off speaker data 

eet up oou.ot 
delay awhile 



~ 

EBD6 oc 02 
EBD8 EE 

EBD9 89 00118 
EEDC E2 FE 

EBDE FE CB 
EESO 75 EC 

EEE2 8A C4 .... EE 
EEES C3 

EBE6 

EBB6 

EBE6 EU.7 R 

'"'' BABS R 
EBB& IUC1 • EEBC KACD R 
EEBB BABE R 
EBFO BB00 R 
l!BF2 EBOII R .... EB08 R 

EBF6 EA67 R .... EBll2 R .... BAT8 R 
l!BFC U9B R 
EBFE E.&A2 R 
ECOO EASB R 

EC02 BB1F R 
Eco• EB20 R 
EC06 EB21 • EC08 EB22 R 
ECOi. EB23 R 

~ 
ECOC EB24 R 
ECOE EB25 R 
EC10 EB26 R 
BC12 EB27 R 
EC1'1 EB28 R 

EC16 EB35 R 

EC18 

EC18 

EC18 

EC18 

BC18 BA 03FII 90 
EC1C EC 
EC1D 3C 10 
EC1F 75 OE 
EC21 AO 0041 • 
EC2ll 50 
EC25 33 co 
EC27 8B DO 
EC29 CD 13 
EC2B " EC2C 12 0041 • EC2F 
EC2F C3 

EC30 

EC30 

~ 
: oooc 
= OOOE 
: OOOF 

( = 0001 
= 0000 

: 0025 

C 
C 
C 
C 
C 
C 
C 
C 
C 

k_boe p 

lc_data 1 

lc_ca110 

t_data1 

code 
incl udo 

., 
o,t .. , 
loop ... 
Jn• .. , 
out 
,ot 

proc .. 
dv 
dv 
dv 
dv 
dv 
dv 
dv 

dv 
dv 
dv 
dv 
dv 
dv 

dv 
dv 
dv .. 
dv .. .. 
dv 
dv 
dv .. 
endp 

ends 
tdull. aam 

al ,02b 
dx 1 al 

ex, II Sb 

• 
bl 
k_lp 

al,ah 
dx, al 

endp 

k_iu kbina 
k_cap kboap 
k_num kbnum 
k_aor kbaor 
k_alt. kbal t 
k_otl kbotl 
k_lab kblab 
k_rsb kbrsb 

k_rea kbres 
11:_brk kbbrk 
k_pauae pause 
k_prt. kbprt 
t_nul kbnul 
k_ncne HONE 

k_al t.9 kde09 
k_altB kdec8 
k_alt.7 ; lr:dec7 
t_al t6 kdeo6 
k_al t.5 kdec5 
t_al t4 kdac4 
11:_al t3 kdac3 
k_alt2 lr:dec2 
lr:_alt.1 kdeot 
k_al t.0 kdecO 

k_OO ; kdblO 

; 

; 

(OCOb) 

(OC8b) 

( 0D8b) 

turn on :,peaker 

oet ,, count 
delay awhile 

ROM BIOS 
Listing 

deore~allt outer loop counter 

zf' 111 set <•l 
ro11tore control dsta 

return zf .. , Czl 

•make' • break• 

I 
l 
l 
I 
I 
l 
l 
I 

'make' only 

C ; ; i; ii; iii;; i; i;; ii; iii iii iii;; ii; i; i; ii; i; ii;;;;; i; ii; i; i;; i; iii ii;; iii iii;;;; 
C 
C code segment. publ 1c • ROH' 
C oa:codo, da:data, ea:notblng, aa:not.hlns 

c f_noo_raaet proo 

dx, f_nec_at.atus 
al,dx 
al, 1 Oh 
r_neo_reaa t_ret 

... 
in 
oop 
Joo ... 
push 
xo, .. , 
int 

al, d1skette_atatus 

ax,ax 
dx,ax 
13b 

pop ax 
mov diaketta_atatua, al 

f_nec_re ae t_rot: 
,ot 

f_nac_raaat endp 

code ends 

C include tdut.asm 
C 
C ;;,;;;,;;,;.,;;;;;;;;;;;;;;;;;, EQUATES 
C ; Controller conataota 
C 
C f_srt_48 
c f_srt_96 

f_hut 
f_hlt 

c f_ndma 

f_motor_wait 

f_dr1ve equ 
f_bead equ 
f_DUll!SOQS aqu 
r_coll!mand aqu 
f_bufoff equ 
f_aecnum equ 
r_cyl equ 
f_real_drlve aqu 

., ' .,. 
''" ''" equ ... 
[bp+Ol 
[bp+I J 
(bp+2] 
( bp+3] 
{bp+ll] 
(bp+6] 
[bp+7] 
[bp+8] 

11 OOb 
111 Ob 
1111b 
1 
0 

37 

; NEC status port 

; NEC busy. 
; no. 
; save from previous operation . 

; resat call. 

; restore from previous op. 

; ; i; i;; iii i; ii; i;; i;;; i; ii;;; i;; i; 

48TPI Step Rate Time (6 ms (! 11 Hhz) 
96TPI Step Rat.a Tiu (11 ms (! 4 Hhz) 
!lead Unload Time (480 ms (! 4 Hhz) 
Head Load Time (I.I ma @ II Hhz) 
Hot. DMA bit. (0 : dma on) 

; no. of RTC t.icks before turning 
; motor off, (f_motor_walt x 55ms) 

byte pointer. 
byte pointer. 
byte pointer, 
byte pointer. 
word pointer. 
byte pointer. 
byte pointer. 
byte pointer, 

8-123 
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: OJF2 
= OJFII 
= 03F5 

: 00E6 
= oocs 
= OOJiD 
= 0007 
= 0008 
11 0004 
= 0003 
" OOOF 

EC30 

EC59 
EC59 

EC59 FB 
£CSA 55 
EC5B 1E 
ECSC 56 
ECSD 57 
BCSE 52 
ECSF 51 
EC60 53 
EC61 so 
EC62 52 
EC63 BB EC 

EC65 2E: 8E 1E B5F2 R 
EC6A 80 26 003F R OF 
EC6F 80 FA 0 1 
EC72 77 05 
EC7)1 80 FC 05 
EC77 76 07 
EC79 
EC79 C6 06 0041 R O 1 
EC7E EB 1 B 
ECBO 
ECBO FC 
EC81 EB EFAD R 
EC8Q 32 FF 
EC86 8A DC 
EC88 DI E3 
EC8A 2E: FF A7 EC8F R 

EC8F 

EC8F ECBF R 
EC91 EC9B R 
EC93 ED65 R 
EC95 ED39 R 
EC97 ED65 R 
EC99 ED39 R 

EC9B 

BC9B EB EC18 R 
EC9E BB 0002 
ECAt EB EllFF R 
ECA4 A2 0040 R 

ECA7 32 co 
BCA9 BA 26 00111 R 

ECAD 80 FC 01 
BCBO F5 

ECB1 8B ES 
ECBJ SB 
ECB4 5B 
ECBS SB 
ECB6 59 
ECB7 SA 
ECB8 5F 
ECB9 SE 
ECBA IF 
ECBB 5D 

ECBC CA 0002 

ECBF 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Floppy Disk port addresses 

r_motor _port 
f_nec_status 
r_ncc_da ta 

... ... 
•• u 

Floppy Disk commands 

r_rcad_cmd 
r_write_cmd 
r_rormat_cmd 
f_recal_cmd 
f_snsint_cmd 
f_snsdrv_omd 
r_speoify_omd 
f_seek_omd 

... ... ... ... .. " ... .. " ... 

03F2h 
03Fllb 
03F5h 

OE6h 
OC5h 
0l&Db 
007h 
008b 
00llb 
003h 
OOFh 

drive select port 
disk controller status port 
disk controller data port 

read data 
write data 
format 
recalibrate 
sense interrupt 
sense drive 
specify 
seek 

; i;; i; i; ii l ii l i; ii;;; iii; iii ii; CODE ; ; iii i; ii; i; i; i;; ii;; iii i;;; iii i, iii l iii ii 

code segment publ le 'ROH' 
assume cs:code, ds:data, es:oothing, ss:notbing 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

ORC OEC59b 
fd_io proo fa, 

•ti ; enable interupts 
push bp 
push .. 
push ,1 
push di 
push ,, bead I drive# 
push " oy l. • aeo# 
push ., ; buffer offset 
push ,x ; com111and • fee cs 
push ,, this one gets moditied(96 TPI) 

bp, sp ; BP preserves SP throughout 

teat command cede & use Jump table to jump to appropriate routine 

f_io1: 

mo, 

"' omp 
J• 
omp 
J .. 

Jmp 
dieketto_io1: 

old 
cell 

mov ... 
jmp 

de,word ptr cs:[set_de_wc..rd) 
motor_statue, OFh 
dl, 1 
f_io1 
ab,5 
diskette_iol 

di okett o_et a tue, omd_error 
abort f_io_ret 

f_obeck_valid 
bh, bb 
bl,ab 
bx, 1 
os:[f_table.bx) 

; DS : de. ta_aeg ( II0b) 
; preserve motor on bits. 
; max. drives 
; drive out ot range. 
; max. command. 
; COIIIIIUl.nd 111 range 

; 01 h 
; quick return 

; Autoinorement for atringa, 
; Will not return if error. 
; clear bigb byte 
; move selection into low byte 
; mul t1ply by 2 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;.;;; 

f_table label word 

dv 
dv 
dv 
dv 
dv 
dv 

r_reset 
f_io_ret 
f_rda ta 
f_vdata 
r_rdata 
f_wdata 

AH : 0 (reaet) 
AH " 1 (status) 
AH " 2 (read) 
AH : 3 (write) 
AH : II (verify) 
AH "' 5 (format) 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

t_io_ret: 
; f_ntic_reuet lo located in tbe module called upecial.src. 

call f_nec_reset ; reuet if necessary. 
mov bx,2 ; motor_wait parameter, 
call f_get_var ; Returna O in AH. 

cmp 

mo, 
pop 
pop 
pop 
pop 
pop 
pop 
pop 
pop 
pop 

td_io endp 

motor_count, al ; motor abut oft value. 

al, al 
ab, diskette_statu:, 

ab, 1 

sp, bp .. .. ., 
" ,, 
di 
Bi ,, ., 

; zero AL. 

for safety sake. 
discard DX. 
discard AX. 

(\. 



BCBF 

ECBF FA 

ECCO BO 66 
ECC2 BA 0020 
ECCS EE 

BCC6 '2 
ECC7 EC 
ECC8 211 BF 
ECCA EE 

ECCB AO 003F R 
ECCE 24 OF 
ECDO 111 OB 
ECD2 8A BO 
BCDII B1 " ECD6 D2 EO 

BCD8 
ECD8 DO EC 
ECDA 72 OIi 
BCDC FE CO 
ECDB EB F8 
ECBO 

~ 
ECBO C6 06 00111 R 00 
£CBS oc 08 
ECB7 BA 03F2 
ECEA EE 
ECBB OC OIi 
ECBD C6 06 0038 R 00 
ECF2 EE 
ECF3 FB 
ECF4 EB EF82 R 

ECF7 B4 03 
ECP9 E8 EEOC R 
ECFC BB 0000 
ECFF EB EOFF R 
ED02 BA ED 
EDOII EB EEOC R 
BD07 BB 0001 
EDDA EB EOFF R 
EDOD 81 BO 
EDOF EB EEOC R 

ED12 EB 87 

EDU 

EDU 

£D14 C6 06 0040 R FF 
£019 BA 11£ 00 
ED1C BO 01 
ED1E D2 EO 
£D20 811 06 003F R 
ED24 75 12 
ED26 A2 003F R 
ED29 8A Et 
ED2B Bl OIi 
ED2D 02 EO 
ED2F OC OC 
ED31 OA C4 
ED33 BA 03f'2 
ED36 EE 
ED37 F9 

ED38 
ED38 C3 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ROM BIOS 
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;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;j;;;;;;;;;;;;;; 

Reaet and reprogram tbe FDC without turning the motors off. 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;iiliiiiiiiiiiiiiiiiiiliiiiii 

r_reaet proc near 

011 

mo, 
mov .. , 
"' " "' out 

al 1 pic_11eoi_6 
dx,pic_O 
dx, al 

dz 
al, dx 
al, 1 0111111b. 
dz, al 

; disable interrupts 

; 11peolf10 end of interrupt 
; to pie • command' port. 

i pie 'data• port. 
; read maBk. 
; enable IR6. 

C ; Develop maak tor motor control port. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

mov ... 
Jz 

mov 
•hl 

al,motor_atatua 
al ,OFb 
t_r2 
ab, al 
cl ,II 
al, ol 

; A motor 1:, on. Find out wbicb one. 

t_r1: 

r_r2: 

.. , 
J 0 
ino 
Jmp 

ab, 1 
r_r2 
al 
abort t_r1 

; which motor la running? 
; blow ott bigb 4 bite. 
; no motoro running. 

; move to bigb nib. 

determine drive aeleot 
from motor enable bit. 

Reset signal baa to be maintained tor at leaat 1 II olocka. 

"" out ... .. , 
oti 
oall 

mov 
call ... 
call 
mov 
call ... 
call ... 
call 

Jmp 

f_reset endp 

diskette_atatua,O 
al ,8 
dx, f_motor_port 
dx, al 
al, II 
aeek_atatua,O 
dx, al 

r_aie 

ab, t_apecify_cmd 
r_put_byte 
bx, 0 
f_get_var 
!lb, al 
r_put_byte 
bx, 1 
t_get_var 
ah, al 
r_put_byte 

f_io_ret 

aet bit 3. 

aend reaet aignal. 
aat bit 2. 

clear raoet. 

oenae int. otatua 

tot apecity byte. 

2nd opacity byte . 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

( t_motor _on) 

INPUT: 

OUTPUT: Carry :iet if motor was off, cleared othervl:ie. 

DESTROYS: AX, CI 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

f_motor_on 

... 
obl 
teat ,., 
mov .. , 
oot 

'" 
r_mo_ret: 

"' 

proc 

motor _count, OFFh 
ol, f_drive 
al, 1 
al, cl 
al ,motor_sta tu.11 
f_mo_rat 
motor_:,tatua, al 
ah, cl 
cl,4 
al, cl 
al,OCb 
al, ab 
dx, f_motor_port 
dx, al 

; max, time for motor, 
; drive. 

; maak ror motor atatua. 
; teat alwaya clear:i carry. 
; already running. 
; sat correot bit. 
; drive into AH. 

; motor on bit t.o b!gb nibble. 
; set bits 2 & 3 (0000 1100). 
; drive bit:, ( 0 & t). 

; turn on tbe motor. 
; motor was off indicator. 
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ED39 

ED39 

ED39 EB E014 R 
BDJC 73 1B 

ED3E Ell 67 
ED40 F6 DO 
£0112 24 02 
ED.1&11 8A CS 
£D46 BA 007D 
ED49 D3 E2 
EDU BB OOOA 
EDJIE: ES EDFF R 
£D51 32 E4 
ED53 F7 E2 
£D55 au ca 
ED57 
£D57 ES EPll7 R 
EDSA £2 FB 

EDSC 
BD5C 80 OE 003F R 80 
ED61 BO IU 

£D63 EB 22 
£065 

Etl65 

ED65 80 26 003F R 7F 
ED6A £8 ED14 R 
ED6D 73 OE 

ED6P Ell 67 
ED71 18 02 
£D73 75 08 
£D75 B9 01FII 

ED78 
ED78 EB EFll7 R 
BD7B B2 ra 

BD7D 
ED7D BO 116 

ED7P 80 7E 03 04 
£D83 75 02 
BD85 BO 112 

ED87 

B087 

BD87 C6 06 0040 R FF 
ED8C EB EE:73 R 

ED8? 06 
£D90 IE 
Ei>91 07 
ED92 32 co 
ED94 89 0007 
ED97 BF 00112 R 
ED9A F3/ AA 
ED9C 07 

ED9D EB EECD R 

EDAO BA 56 03 
EDA) B4 C5 
EDA5 80 FA 03 
BDA6 74 09 
EDAA BIi 40 
EDAC 80 FA 05 
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C r_motor_on endp 
C 
C i;;; i; i; i;; i; i;;; i; i;;; ii; ii; i; i; ii; ii;;;; iii;; i; i;; i; ii;; iii; i;; i;;;; i; i; i; ii; 
C 
c f_wdata proc 
C 
C 
C call r_motor_ ; eeta carry if motor waa off. 

jnc f_vd1 ; motor wall on, 11kip delay. 

'" not ... 
mov 
ahl 
mnv 
call 
,or 

""' C IIIOV 

c r_vd_loop: 
C oall 
C loop 
C 
C 
C 
C 
C 

f_wd1: 

Jmp 
t_wdata endp 

al,1:1y11_conf_b 

" al ,2 
cl, al 
dx, 125 
dx, cl 
bx; 10 
t_get_var 
ah, ah ., 
ex, ex 

t_wait_one_ma 
t_wd_loop 

motor _at.a tus, 080h 
al,04Ab 

abort f_rv_common 

read avltch. 
, toggle the aenae, 
; iaolate slow motor bit, 

; 125 ma delay to start vltb. 
j 125 X 4 
; motor at.art delay para111eter. 

returns para111. in AL. 
, for good measure. 
; AX haa total delay 

; set high bit, indicate write. 
; DHA mode byte: channel 2, 
; aingle mode, road transfer 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

t_rdata proc 

... 
oall , .. motor _at.a tua, 07Pb 

f_motor_on 
r_rd1 

alow motor delay loop 

,. 
teat ,., 

t_rd_loop: 
call 
loop 

t_rd1: 

omp 
jne 

t_rdate endp 

al,ay11_conf_b 
al,2 
f_rd1 
cx,500 

r_vai t_one_1u 
r_rd_loop 

al ,046b 

byte ptr f_commend,11 
r_rv_coe11mon 
al,Oll2b 

; clear high bit, indioate read 

motor was on, no delay. 

read configuration switch( HI) 
bit 1 = alov drive bit 
1 = 250 11111 motoro, no delay 
approx. 500 11111 delay tor 
11lov notor11 

DHA 111ode by ta: channel 2, 
11ingle 111ode, vrite tran11fer. 
Ia it a verify command? 
No, muat bave been a read. 
DHA 111ode byte: obannel 2, 
single mode, verify transfer. 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

Common (f_rw_co111e11onl 

IHPUT: AL dma mode byte. 

OUTPUT: 

DESTROYS: 

C ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

t_rv_co111mon 

mov 
call 

proc 

not or _count, OFFh 
r_aet_1ma 

Clear out status from previous operation. 

pu11b 
push 
pop 
xor 
mnv 

rnp 
pop 

call 

mov 
mov 
omp 
je 
mnv 
••P 

.. .. .. 
al, al 
cx,1 
di, offset nec_atatus 
stoab 

f_aeek 

dl, byte ptr f_command 
ah, t_write_omd 
dl 1 3 
t_rw1 
ab, f_format_cmd 
dl ,5 

long wait. 
pass 111ode byte on tbrougb. 

; On return, f_drive baa 
; head bit or' d in. 

; get com111and 

; Ia it a write command? 
; yea 

; Ia it a format com111and? 



~ 
EDAF 7ll 02 
EDB1 84 E6 
EDB3 
EDB3 ES EEOC R 
EDB6 8A 66 00 
EDB9 ES EEOC R 
EDBC 80 7 E 03 05 
EDCO 711 15 
EDC2 8A 66 07 
EDC5 EB EEOC R 
EDC8 8A 66 01 
EDCB 80 Ell 01 
EDCE EB EEOC R 
EDD1 BA 66 06 
EDDJi E8 EEOC R 

EDD7 
EDD? B9 0004 
EDDA BB 0003 
EDDI> 
BDDD BB EDFF R 
EDED 8A BO 
EDE2 EB BBOC R 
EDB5 •l 
EDB!i 83 PB 05 
EDE9 75 09 
EDBB 80 7E 03 05 
EDBP' 75 03 
EDF1 BB O 007 
BDFII 
EDF.II E2 B7 

EDF6 EB EF8D R 
EDF9 EB EB29 R 

EDFC 

~ 
EDFC .. EC9B R 

EDFF 

EOFF 

EOFF 1E 
EEOO 33 co 
EE02 BE DB 

EEO.II C5 36 0078 R 
EE08 8A 00 
EEOA 1F 

&BOB Cl 

EEOC 

~ 
EEOC 

EEOC ES EF6B R 
EEOF AB 40 

EE11 75 05 
EE13 " EEn SA C4 
EE1tl EE 

EE17 
EE17 Cl 

EElB 
EE18 C6 06 0041 R 20 
EE1 D E9 EC9B R 

EE20 

C 
C 

Jo t_n,1 
ab, r_read_cmd 

; yes 

ROM BIOS 
Listing 

; muat be read or verity, 
c r_rv1: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

call 
mo, 
call 
omp 
J• 
mov 
call 
mov 
aod 
oall 
mo, 
oall 

t_put_by te 
ab, r_drive 
t_put_byte 
byte ptr r_ccmmand,5 
r_nr_akip 
ab,t_cyl 
t_put_byte 
ab, t_bead 
ab, 1 
r_put_byte 
ab, r_aeonum 
r_put_byte 

; Oat bytes 3,11,S,6 from table. 

; send command. 
; bas bead and drive bits, 

; was it a format ccmgi,and? 
yGs, skip nest 3 parama. 

blov ott high 7 bita. 

; It we are formatting then we need bytes 3,4 17,8 fr0111 table. 

r_rv_akip: 

r_rv2: 

r_rw3: 

call 
mov 
call 
ino 
omp 
Joo 
amp 
Joo 

loop 

call 
call 

r_rw_rcit: 
jmp 

r_rw_oommon 

0:11:,4 
bz, 3 

t_get_var 
ab, al 
t_put_byte 
bx 
bz,s 
r_rw3 
byte ptr t_oommand,5 
r_rw3 
b:11: 1 7 

t_n,2 

t_wait_tor_nc,c 
r_get_byte 

t_io_ret 

endp 

; no. bytez, per sector. 

; time to check tor format? 
i No. 
; wao it 11. format oogi,mand? 
i 00, 
; 7th parameter 10 table. 

sot tbe reaulto. 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

Got specified byte from fdu parameter table (t_get_var) 

INPUT: 

OUTPUT: 

DESTROYS: 

BX 

AL 

'" 

parameter number (0 ~ 10) 

The rc,queated byte. 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

r_get_var 

push 

ldo ... 
pop 

proo .. 
ax, az 
da,az 

da:aboO 

si,dword ptr [int1Elocn) 
al,[buoi] .. 

ao11ume ds:data 
rot 

r_get_var an1P 

segment o 

tell asae.111bler sos 0: 

DS:SI points to table 

tell aaae.111bler aeg 40: 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

Send a byte to the NEC controller (f_put_byte) 

INPUT: .. byte to output • 

OUTPUT: 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

r_put_byte proc 

.liat 

call 
teat 

jo, 

'"' 

r_nec_rdy 
al, llOh 

t_pb_erret .. 
CIOV al,ah 
out dx,al 

r_pb_ret: 
rot 

t_pb_erret: . ., 
jmp 

r_put_byte 

diskette_otatus, fdc_error 
r_io_ret 

endp 

; returns MSR byte in At.. 
; direotioii bit. 

; \irong direction. 
i NEC data port 3F5h 
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EE20 

EE20 
EE20 04 
EE21 00 
EE22 10 
EE23 o8 
EE24 00 
EE25 04 
EE26 03 
BB27 02 
BE28 20 

EE29 

8£29 

BE29 06 
EE21 ,. 
BB:28 07 
BB2C BF 00.112 R 
EE2F 88 F7 
BB31 89 0007 
EE34 
EB311 EB EF6B R 

Bs:37 18 10 
EE39 74 36 
EE3B A8 40 
EE3D 74 05 
BE3F " EEIIO EC 
EE41 Al 
EEIJ2 £2 FD 
EEll4 
££1111 807B0300 
EB.118 711 27 
EBH AC 
BEl!B A8 20 
EEIID 75 22 
BE4F A8 CO 
EB51 H 1A 

EB53 C6 06 00111 
EE58 AC 
EE59 B9 0008 
EESC 33 DB 
EE5E 
EESE DO CO 
EE60 72 03 
EE62 ., 
EE63 £2 F9 
££65 

R 20 

EE65 2£: 8A 87 BE20 R 
BEU 12 0041 R 
EE6D 
EE6D 07 
EE6E E9 EC9B R 

EB71 
EE71 07 
EE72 C3 

EE73 

EE73 

EE73 C6 06 0041 R 09 
EE78 E6 OC 
EE7A E6 OB 
EE7C 8B 5E 011 
EE7F Be CO 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

Read the results bytes from the NEC controller (fdu_data1) 

INPUT: 

OUTPUT: 

DESTROYS: DI, SI C 
C 
C 
C 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

C tdu_data1 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

r_sb_table 
db 
db 
db 
db 
db 
db 
db 
db 
db 

tdu_data1 

r_set_byte 

pu:,b 
puab 
pop 

mov 
t_gb_loop: 

oall 

te:s.t 
j, 
test 
j, 

"' in 
:,tosb 
loop 

r_sb_out~ 
omp 
J• 
lod:,b 
te:,t 
jn, 

test 
3, 

proc 

label 
4 
0 
1 Oh 
a 
0 

' 3 
2 
20b 

endp 

proc 

., 
d, .. 

byte 

di,oftaet nac_atatua 
si, di 
ex, 7 

t_nec_rdy 

al, 10b 
t_gb_rat 
al, II Oh 
f_gb_out ., 
al, dx 

t_gb_loop 

byte ptr r_cociimand,O 
f_gb_ret 

al ,20b 
t_gb_ret 
al ,OCOh 
t_gb_Jmp 

mov dl:,ketta_atatua, tdo_arror 
lod:,b 

,or 
C t_gb_loop1: 
C rol 
C Jo 
C inc 
C loop 
C t_gb_decode: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

mov 
t_gb_Jmp: 

pop 
jmp 

r_gb_ret: 
pop 
rot 

r_get_byte 

ex, 8 
bx, bx 

al,1 
t_gb_daoode 
h 
t_gb_loopl 

al, ca :f_gb_tabl e(bx] 
diakette_:,tatua, al 

., 
f_lo_ret 

endp 

record not found. 
dummy 
ore error, 
dma error. 
dummy. 
aector not found. 
write protect, 
address mark error. 
tdo error. 

; ES :DI io now ready tor ato11b, 
; ottaet ot nao_atatua in SI, 
; maximum no. of byta11, 

; Returns MSR byte in AL. 
; will not return it error. 
i buoy bit. 
i dona. 
i direction bit. 
i wrong direction. 
; point to nee data port (3F5b) 

; waa it re:,et command? 
; yeo. 
; get STO 1Q AL. 
; :,eek end? 
i ye:,, 

get ST1 in AL. 

C 
C 
C 
C 
C 
C 
C 
C 
C 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

; Teat for boundary oroaa1ng oaae then program the 
; DMA controller (f_aet_dma). 

INPUT: mode byte AL 
ES segment of user butter. 

OUTPUT: 

DESTROYS: AX, BX, ex, DI 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

t_:,et_dma 

o,t 

proc 

diaket te_status, dma_sag_error 
dma_rr_clr, al 
dm a_mode, al 
bx,word ptr t_butort 
ax, e8 

set to known state. 
3end mode byte. 
orr8et of user buffer. 
offset of user buffer. 



~ 
EE81 81 " C 
EE83 D3 co C 
EE85 8A E8 C 
EE87 80 E5 OF C 
EEBA 24 FO C 
EE8C 03 D8 C 
EE8B 7J 02 C 
EE90 FE C5 C 
El!:92 C 
BB92 .. C5 C 
EE911 E6 a, C 
EE96 BO 06 C 
EE98 E6 OA C 
B£9A •• C3 C 
E£9C E6 •• C 
EB9E .. C7 C 
EEAO E6 ., C 
EU2 88 03 -· C 
EUii BB ~93 C 
BB17 EB FF R C 
BUA .. ca C 
EUC 81 66 02 C 
EBAF 32 co C 
EBBI D1 •• C 
EEB3 D3 •• C ... , .. C 
EEB6 03 DO C 
EBBS 73 03 C 
EEB& ., EC9B R C 
EEBD C 
EBBD E6 05 C 
EEBF 8A " C 
EEC! E6 05 C 
EEC3 BO 02 C 
EBC5 E6 •• C 
EEC7 C6 06 00111 R 00 C 
8ECC C 
EECC C3 C 
EECD C 

EECD 
C 

EECD 8A 4E 00 C 
BEDO BO 01 C 
EED2 D2 £0 C 
EEDll 811 06 003£ R C 
EBD8 75 28 C 
EBDA 08 06 003£ a C 

C 
C 
C 

EEDE 89 0002 C 
EEE1 C 
EP.E1 BIi 07 C 
EEB3 51 C 
EEEll .. EEOC R C 
EEE7 8A 66 00 C 
EBBA .. EEOC R C 
EEED . E8 EF82 R C 
EEFO 59 C 

C 
C 

EEF1 F6 06 OOll2 R CO C 
EEF6 74 OA C 
EEF8 £2 £7 C 
EEFA C6 06 OOln R ,o C 
EEFF £9 EC9B R C 

C 
EF02 C 
EF02 B-11 OF C 
£FOIi £8 EEOC R C 

~\ 
C 

EF07 81 46 01 C 
EFOA 211 01 C 
EFOC DO EO C 
EFOE DO BO C 
EF10 OA 116 00 C 
EF13 88 116 00 C 
EF16 8A EO C 
EF18 EB EEOC R C 
EF1B 8 A 66 07 C 
£Fl£ " 116 01 80 C 
BF22 711 02 C 
EF211 DO Ell C 
EF26 C 
EF26 E8 EEOC R C 
EF29 E8 EF82 R C 

C 

"" cl,4 
col ax, cl 

"" ob,al 
aod cb, OFb 
and al, OFOb .. , bx, ax 
Joo r_ad1 ... oh 

r_ad1: 
mo, al, ch 
'"t dma_aegm_2, al 

al, 6 
out d111a_maak_b1 t, al 

al, bl 
out dma_addr_2, al ... al, bb 
out dma_addr_2, al 

d:z:, bx ... bx,3 
call f_get_var 

cl, al 
ab, r_numaeca 

xo, al, al .. , ax, 1 
ahl a,;, ol ,., u 
add d,;,a,; 
Joo f_ad2 
Jmp f_1o_rot 

f_ad2: 
out dma_count_2,al ... al,ah 
out dma_count_2,al 

"" al ,2 
out dm_a_maalt...-bi t, 81 .. , diakette_atatu~, 0 

f_ad_ret: 
,ot 

f_:,et_dma eodp 

l 

l 

l 

l 

l 

ROM BIOS 
Listing 

shift oouot 
move high nib around. 
aave high nib. 
isolate high oi b 
prepare tor offaat caloula tioD 
20 bit calculation. 

high ... 
high nib. to latoh 

di Bable obannal 2. 

1 ow byte of address. 

b18h byte of addreaa. 
save buffer offset, 
byteis/aaotor pa ram 
gat param from table 
eave for shift count 
get l11ector:s. 
AX #sectors X 256 
Al faaotors z 128 
multiply by bytea/aector. 
DHAC oounta zero. 
add count to orraot 

; edt boundary oroaa1ag, 

l low byte of count. 

; h1gb byte of count. 

l enable channel 2 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

Seek (t_aeek) 

INPUT: 

OUTPUT: 

DESTROYS: 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

f_eeek proc near ... ... 
abl 
teat 
J•• 
" 

cl, f_dr1ve 
al, 1 
al, ol 
eaek_ntatua, al 
r_.s1 
aeek_atatua, al 

; get drivol aa ebHt count . 

; mask for reoal. 

; no recal. required. 
; aet the oorroaponding bit. 

; Two recalibrate commanda required 10 the oaae or 96 TPI drivea. ... 
f_.s_reoal: 

mov 
pueh 
call 
mov 
oall 
call ,,, 

cx,2 

ah, f_reoal_omd 
oz 
t_put_byte 
ah, t_drive 
t_put_by te 
r_aia 

; loop count for 96 T_PI 

; r ecal. command 
; eave it, 

; drive bit. 
; end of command phase • 
; Senao Interrupt Statue 
; re:,tore it. 

possibly teat bit II aa voll (equipment check, ,,track O not reaobed) 
teat nec_atatus,OCOh 
jz f_a1 ; equipment OIC ao restore, 
loop t_a_rocal 
mov diakette_atatus, .aeek_error 
Jmp t_io_ret 

f_a1: 
ah, f_aeek_omd 

call f_put_byte 
prepare second byte of aeek command, 

mov al,f_head 
and al,1 
ahl al, 1 
ahl al, 1 

i blov off bigb 7 bit.a. 
; move head to bit 2, 

al, f_dr1ve 
t_drive, al 

; combine drive bit vith beat' 
; and a ave it, 

f_cont: 

IIIOV ah, al 
call f_put_byte 
mov ah, f'_cyl 
teat byte ptr f_bead,80h 
Jz f_coDt 
shl ah, 1 

call 
call 

f'_put_byte 
f_a13 

; test 80 track bit. 

j Oyl X 2 

; end of seek command. 
; Sense Interrupt Status 
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EF2C F6 06 001&2 

EF31 75 13 
BF33 BB 0009 
BF36 EB EDFF R 
BP39 OA CO 
EF38 74 09 
BF3D 8A CB 
EF3F 32 ED 
EF41 
EF41 E8 EF47 R 
EF411 E2 FB 
EF46 
EF46 C3 

EF47 

EF47 
EF47 51 
EF48 B9 0176 
EFIIB E2 FE 
EFIID 59 
EFU C3 
EF4F 

EFIIF 

EF4F 80 OC 
EF51 BA 03F2 
EPS4 EE 
EF55 C3 
EF56 

8-130 

R CO C 
C 
C 
C 
C 
C 
C 
C 

te.:st 

jnz 
mov 
call 
or 
jz 

neo_ata tua, OCOh 

r_a_ret 
bx,9 
t_set_var 
al ,al 
r_o_ret 
01 ,al 

; teat for aeek end, 

; head 11ettla parameter. 

; bead aettlo " O. 
; uae aettle parm, al loop index 

C XOI" ob, ob 
C r_bead_settle: 
C call r_vai t_one_m11 

t_baad_aattle C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

loop 
t_s_ret: 

ret 

r_aeek endp 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

One millhacond delay loop (approximately) 

The CALL 1.:, 19 olooka. 
The oaller11 LOOP at11te111e11t la 17 clooka. 
No rlasa atfcotod. 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

r_wai t_one_ms 
pu:,h 

v_ona: loop 
pop 
rot 

r_vai t_one_ms 

proo 
ox 
cx,374 
v_one 
ox 

endp 

11 clocks 
ll cl oolr:a 
( 17 x Cl) + 5 olooka 
8 clooka 
16 clocka 

;;;;;;;;;;;;;;;;;;;;iiiiiiiiiiiiii;jjjjiiiiiiiijjjjjjjiiiiiiiiiiiiiiiiiiiiiiiii 
J 
; Thia routine la called by the tlmer_int routine when motor_oount = 0 
J 
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

atop_diBk 

mov 
out 
rot 

atop_disk 

include fdu2. a11m 

prcc 

al, OCb 
dx,f_motor_port 
dx,al 

endp 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;1;;;;;;;;;;;;;; 

INPUT: 

OUTPUT: 

DESTROYS: 

NSB of aeek_11tatua la aet J.f REC interrupta. 

nothing 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;jjjjjjjjjj;;;;;;;;;;;;;;;j;;;;;;;;;;;;;;;;; 



~ 

~ 

EF57 

EF57 

EF57 FB 
EF58 50 
EF59 1 E 
EF5A BO 66 
EFSC E6 20 
EFSE 2E: 8E 1E E5F2 R 
EF63 80 OE 003E R 80 
EF68 1F 
EF69 58 
EF6! CF 
EF6B 

EF6B 

EF6B 51 
EF6C 33 C9 
EF6E 
EF6E BA 03FII 
EF71 EC 
EF72 AB 80 
EF74 75 OA 
EF76 E2 F6 
EF78 C6 06 00111 R 80 
EF7D E9 EC9B R 
EF80 
EF80 59 
EF81 Cl 

EF82 

EF82 

EF82 E8 EFSD R 
EF85 .. 08 
EF87 E8 EEOC R 
EF8A " EE29 R 

EF8D 

EF8D 

EF60 fB 
EF8E 51 
EF8F " 03E8 
EF92 
EF92 " 06 003E R 80 
EF97 75 00 
EF99 EB EFll7 R 
EF9C " " EF9E C6 06 0011\ R 80 
EFAJ E9 EC9B R 
EFA6 
EFA6 so " 003E R 7f 
EFAB 59 
EFAC CJ 

EFAD 

C 
C 
C 

ORO 0EF57h 

ROM BIOS 
Listing 

C !d_int 
C 

proo 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

rd_int 

,ti 
puah 
push 
mo, 
out 

or 
pop 
pop 
iret 
endp 

" ,, 
al,pic_5eo1_6 
pio_o, al 
d:,, word ptr cs: [ set_ds_vord] 
aeek_sta tua, 80h ,. 

eDllble iDterupts 

specific end or iDterupt 
send to 8259 
set DS to segment 40b 
interupt indicator 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 
; 
; 
; 

NEC ready ( f_nao_rdy l 

INPUT: 

OIJ1PUT: 

DESTROYS: 

AL 
ox 

HaiD Status Register byte. 
PoiDtS to port 3F4b 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

r_nec_rdy proo 

cx,cx 
r_nr1: 

mo, 
io 
teat 
jn, 
loop 

dx, r_nec_atatu:, 
al,dx 

; Hain status register(JF4b) 

mo, 
jmp 

r_nr_ret: 
pop ,., 

r_nec_rdy 

al,080b 
r_nr_ret 
r_nr1 
diskette_status, time_out 
r_1o_ret 

endp 

i RQH 
; NEC is ready. 

; Took too loDg to respond. 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

Sense Interrupt Status {r_sis). 

INPUT: 

OU'IPtlT: 

DESTROYS: 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

r_o1s proc 

call 
mo, 
call 
jmp 

f_sis endp 

f_wait_for_nec 
ah, f_snsint_cmd 
f_put_byte 
f_get_byte 

no return on error. 
end of oommand phase. 
no return on error. 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

Wait for NEC to interupt on completion of execution phu.se or 
time out if NEC never interupts (f_wait_for_nec). 

INPUTS: 

OU'IPUTS: 

iiiiiiiiiiiiii;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

f_wait_for_noc proc 

at! ; enable interupts 
push " cx,1000 wait a while . noc: -
test seek_status,80h ; test HS8 ( int_flag) 
ja, w_nec_ret. 
call f_wai t_one_ms 
loop w_noc 
mo, diskette_status, time_out 
jmp r_io_ret 

w_nec_ rat· 

'"' seelc_status,07Fh ; clear HSB. 
pop ,., 

r_wai t _for_nec endp 
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t:rAD ';,O 
t:t'AE t:11 67 
HBO 211 01 
HB;> t,O C8 
f:F8ij 30 ij6 0 1 
r:nn ·19 oc 
t: F89 A8 80 
H88 7"., 08 
u·ao c6 06 00111 11 01 
t:f'C? E? EqB R 

r:rcc:, 'J B 
HC6 C3 

El'C'/ 

EFC7 

£f'C7 

HC7 

EFC7 CF 
EFC8 02 
EFC9 " EFCA 02 
HCB 08 
EFCC " HCO FF 
EFCE " HCF F6 
EFDO 19 
Ef'Dl °" 
EFD2 

EFD2 

EFD2 
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;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;:;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

Chock Val id ( r_cbeck_val id) 

Tb1o rou.tina deterainea tbe'val1d1ty or the request baaed 011 
drive type (110 or 80 trk) and media typo (llO or 80 trk) 

Blt. 7 or 11ya_conr_b port: 
Bit 7 of head paracnter(DH): 

drive 

0 = 110 trk drive, 1 " 80 trk drive 
0 = 40 trk media, 1 = 80 trk media 

1-----------' 
I o I 1 I 

---1-----------1 
I O l r/w I r/w I 

media ---1-----------1 
I 1 I n/a I r/w : 

---1-----------1 
OUTPUT: The HSB or the drive parameter at bp+1 is aet 

if the drive la 80 track and the 111edia 1.s 40 track, 
Thh 111 used by :,eek to determine if double stepping 
is necessary, 

::;;;;;;:;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

f_check_val.ld proc 

pu:,h 

'" a,d 

'" Ju 
test 
Ja, 

J •P 

al,sy:,_conf_b 
al, 1 
al, 1 
f_head, al 
f_cv_ret. 
al, 80h 
r_cv_ret. 
d 1 s ke t t e_:,ta tu:,, cm d_err or 
f _10_ rel 

; :,witcb. port. 
; blow off high 7 bit:, 
; move it into the high bit 

head param. (xor clear:, carry) 
media & drive agree 
I:, drive 80 track. 
It was. 

f cv ret 
pop 

"' 
C f_check_valid er.dp 

include fdu].asm 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 
fd_ parms 

This 111 the set. of parameters required for di11kette operation. 
They are pointed to by interrupt vector 1 Eh (0:78h). To modify 
the parameters, build another parameter block and point disk_pointer 
t.o 1 t. 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

ORO OEFC7h 

fdu_dat.a2 proc 

" _parm:, label byte 

db ( f_srt._118 .. , 
db ( f_hlt obi 1) 
db r_motor_wait 
db 2 
db ' db 02Ah 
db OFFh 
db 050h 
db OF6h 
db 25 
db ' 

" f_hut . f_ndma 
; SRT + HUT 
; HLT + OHA mode 
; motor oft' delay 

512 bytes per sector 
; EOT last sector on cyl 
; gap length 
i OTL 
; gap length ror format. 
; fill byte ror format 
; bead settle time (ms) 
; motor start time 

fdu_data2 endp 

code ends 
include prt, esm 

1 - _:: C - - - : - - - - - - - " - - - - - - - C 11 = - - - - : : 11 -- - - - - - : - - " - - - - Ca 1111 :0 :0 - - - - - - - - - --- : - -

F1leneme: prt.sro 

Thia module includes INT 17h. 

1 " _ - - "" - - " - " - - - - - " -- - -- -- •• 11 C: '"' "• ••• •• - •- - - -- C •• C. •• •• IE"--------••• QIE C 

C code segment public • ROH' 
assume c:,:code, ds:nothing, es:nothing, ss:notbing 

INT 17h -- Printer Software Interrupt Request Routine 

Input: ah" 0 
al • 

" . Output: ah= 
al • 

Input: ah = 1 
d, • 

Output: ab " 

print cbaracter 
character t.o print 
printer port number (0,1,2,3) 
status of priater: bit #0 oet it' time out 
character to print (preserved) 

initialize tbe printer port 
printer port number (0,1,2,3) 
status or printer 



.~\ 

EFD2 

EFD2 

EFD2 FB 

EFD3 83 FA 04 
EFD6 73 32 

~ EFD8 51 
EFD9 52 
EFDA 57 
EFDB 86 c, 
EFDD IE 
£FOE 2£: 8£ 1E E5F2 R 

EFE3 8B FA 
EFES 33 C9 
EFE7 8A 80 0078 R 
EFEB D1 El 
EFED 03 FF 
EFEF 8B 95 0008 R 

EFF3 IF 

EFF11 OB 02 
EFF6 7'I OD 

EFF8 33 FF 

EFFA OA CO 
EFFC 74 OD 

EFFE ., 
EFFF 2C 02 
FOO 1 72 24 

F003 74 2F 

FOOS 86 C4 

FOOT 5F 
FOOS 5A 
F009 59 
FOO! CF 

~\ 

POOB BA CII 
FOOD EE 

ROM BIOS 
Listing 

C al preserved 
C 
C Input: ah " 2 raad the printer status 
C dx" printer port nu111ber (0,1,2,3) 
C Output: ah = status of printer 
C 
C Traah: ah = (ah - 2) 1r ah > 2 
C al preserved 
C 
C Assumes: prt_stat_x = prt_data_x + 1 = dx • 
C prt_cmd_x = prt_data_x + 2 = dx + 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Printer Status Byte fro111 prt_stat_x: 

bi l #0 = 

bi ta #1-2 : 
bit #3 " 
bit #4 = 
bit. #5 = 
bit #6 : 
bit 17 : 

time-out on printing character (p_out). 
.set by software; no hardware significance. 
no significance {always cleared). 
hardware: I/0 error, 
hardware: selected. 
hardware: out of paper. 
hardware: acknowledge. 
hardware: not buay. 

"Good" Statuses are: 90h & 10h if a print.or is connected. 
30h if printer is disconnected. 

ORO OEFD2b 

p_io proc 

•ti 

omp 
J .. 

push 
push 
pueh 
xchg 

push 

xo, 
mo, 
,al 
add 

pop 

or 
j, 

or 
J• 

ioo 

'"' Jb 

J• 

p_ret: xchg 

pop 

cs:code, ds:nothing, ea:nothing, ss:nothing 

dx, II 
p_nop 

enable interrupts 

; II printers allowed max 

ca:code, da:data, ea:nothing, ::is:nothing 

ox 
dx 
di 
al, ah 

., 
ds,word ptr cs:[set_d~Lword) 

di,dx 
ex, ex 
cl,byte ptr ds:[di+printer_t_out] 
ex, 1 
di, di 
dx,word ptr ds:[di+printer_addr] ., 

save registers 

reverse al & ah 
ah saves al throughout 
save ds 
satisfy assumptions 

; get port number (0-3) 
; clear ch 
; get printer t.ime-out 
; double it ~ faster cpu 
; make word index 
; get address of printer 
; data port 
; restore ds 

cs:code, ds:nothing, es:nothing, ss:nothins 

dx, dx 
p_ret 

di, di 

al, al 
p_out 

dx 

al, 2 
p_init 

al, ah 

di 

is a printer there? 

clear di 

; al " O? 
; dx " prt_data_x 

dx " prt_stat_x 

al = 1 < 2? 
dx " prt_stat_x 
al " 2? 
dx = prt_stat_x 

reverse al & ah back 
ah saved al throughout 
restore registers 

pop dx 
pop 

p_nop: iret 

Print Character to Parallel Printer Interface. 

; 

oharacter to print 
printer t1me-out 

C ; 

Input: ah = 
ex • 
dx = 
di = 

address of printer data port (prt_data_x). 
0 

; Output: ah = character to print 
al = status of printer: bit 10 set if t1me out 
dx = address of printer atatua port (prt_stat_x), 

Traah: & di destroyed, 

c Assumes: prt_stat_x " prt_data_x + 1 ,. dx + 1 
C prt_cmd_x = prt_data_x + 2 = dx + 2 
C • ------------ - -- ------- -- -------- -- --------- - -- --- ------- - ---------- - --
C 
C ca:code, d11:notbi1:1g 1 ea:nothing, ss:1:1othing 
C 
C p_out: mov al,ab ; get character to print 
C out dx, al ; output character 
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ROM BIOS 
Listing 

FOOE 

F00F 
F010 
F012 

F01'1 

F016 
F017 
F019 
FOlB 

FO ID 
F01 E 
F020 
F021 
F022 
F023 
F02 ~ 

F025 

F027 
F029 
F02A 

F02B 
F020 

F02F 
F031 
F032 

F033 

F034 
F035 
F037 
F039 

F03B 

F03B 

= 0004 
= 0007 

F03B 

F045 

F045 

" 
EC 
24 F8 , . ., 
78 07 

4F 
75 F6 
£2 F4 
EB £8 

42 
BO OD 
EE 
90 
48 
EE 

" 
EB OD 

BO o8 
42 
EE 

BS 05 
E2 " 
BO oc 
EE 
90 

4A 

EC 
24 FB 
311 118 
EB CA 

F045 FOFC R 
FOll7 F1 E9 R 
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C 

'"' d, 

p_lp: in al, dz 
and al ,0F8h 

al ,049b 

Js p_ok 

doe di 
jn, p_lp 
loop p_lp 
Jmp short p_ret 

p_ok: ino d, 
mo, al ,0Dh 

'"' dx, al 

"'' doe 

'"' dx, al 
doe d, 

Jmp ahcrt ,_ stat 

dx = prt_stat_x 

get printer status 
clear bogus printer bits 
flip acknowledge & I/0 err bit 

; & set printer time-out bit. #0 
; wait for not busy bit #7 set 

; inner loop counter 
inner loop 
Outer loop 
return status with time-out 

dx = prt_cmd_x 
set atrobe high (al = ODh) 

1:1et strobe low (al = 0Ch) 

dx = prt_stat_x 

' Initialize Parallel Printer Inter"facc, 

p_ini t: 

Input: ah = 
dx = 

Output: al :: 
dx = 

Trash: ex :: 

byte to return in al. 
address of printer status port (prt_stat_x). 
status of printer 
address of printer status port (prt_stat_x). 
o destroyed. 

prt_stat_x = prt_data_x + 1 = dx + 1 
prt_cmd_x = prt_dala_x + 2 = dx + 2 

cs:code, ds:nothing, es:nothing, iu,:nothing 

mo, al ,08h 
inc " '"' dx, al 

mo, ch, 05h 
loop I 

al ,OCh 

'"' dx, al 

"'' 
doe d, 
Jmp short p_stat 

request init (hold line low) 
dx = prt_cmd_x 

delay awhile (ex = 05?7hl 

disable interupt.s, cnanual Ir 
(init done - line .set high) 

dx = prt_.stat_x 
fall through 

;----------------------------------------------------------------------
Read Status of Parallel Printer Interface. 

Input: dx = 

Output: al= 
dx = 

Assumes: 

address or printer :1tatus port (prt_atat_x). 

status of printer 
address of printer status port {prt_atat_x). 

prt_stat_x = prt_data_x + 1 = dx + 1 

C ; - - -- ---- - ---- - -- -- - -- -- - - - -- - - - - - -- - - - - - - - - - - - - - - - - - - -- - - - - - -- - -- -- - - -
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

cs:code, ds:nothing, es:nothing, ss:nothing 

p_stat: in 
aod 

p_io 

,or 
Jmp 

endp 

code ends 
include vid.asm 

al ,dx 
al, OF8h 
al ,048h 
short p_ret 

get printer atatus 
clear bogus printer bits 
flip acknowledge & I/0 err bit 
exit 

, _________________________ ,. _______ ,.,.,.,,,,,,,,,,,,,."-=:----------------------" 
; Filename: vid. src 

Thia module includes INT 10h, the display routines, 
; 

; These constants must be defined {amount to scroll/clear during vert retrace): 
V_KSCROLL equ II ; 4 revs, plus 
V_KCL EAR eq u 7 

codo segment public • ROM' 
assume cs:code, ds:oothing, es:nothing, ss:nothing 

. -------- - . ---------- --- ----- ---- --- ---------- ----- -- --- -- -------------
ROH data 

ORO 

v_data1 proc 

v_tbl dv 
dv 

OFOll5h 

v_set_mode 
v_curs_type 

ah = OOh 
ah 11 01 h 



~ 

~ 

F0.119 F1F7 R 
FOIIB F215 R 
FOIID D7CD R 
FO IIF F22C R 
F051 F27F R 
F053 F35B R 
F055 F37C R 
F057 F3A6 R 
F059 F)DF R 
F058 FIii A R 
F05D D7£l R 
F05F 07D0 R 
F06 I Fll.116 R 
F063 FIICF R 

F065 

F065 

F065 

F06'J FB 
F066 BO FC OF 
F069 ,., J8 

F06B 06 
F06C " F06D 2t:: 8E 1 E E5F2 
F072 57 
F07 3 " F0711 " 
F07S 50 

F076 8A " F078 02 " F07 A 98 
F07 B 50 

F07C BF 8800 
F07F AO 001 O ' ros2 A8 20 
F084 711 08 
F086 " ,o 
FOBS 711 QI,! 

F08A a, c1 raoo 
F08£ 
FOB£ BE C7 

F090 5F 

F091 " F092 BA 26 0049 ' F096 8B EB 

F098 FC 

' 

F099 2E: FF 95 F045 R 

F09E ,. 
F09F 5E 
FOAO 5F 
FDA I " FOA2 07 
FOA3 
FDA) er 

FOA4 

F0AII 

FOAII 

F0AII 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. 

v_cura_poa 
v_r_cur11_po:1 
grf_l1ght_pen 
v_page 
v_scrl_up 
v_scrl_dn 
v_rac 
v_wac 
v_vc 
v_col 
grr_vr1te_dot 
grr_read_dot 
v_ter11inal 
v_stat 

ah 02b .. OJh .. 04b .. '" .. 06h 
ah 07 h 
ah 08h .. 09h 
ab OAh 
ab 08h 
•b OCb 
ab , .. 
•b OEh 
ah OFh 

ROM BIOS 
Listing 

(see graph, arc) 

{see grapb . .src) 
( see gra pb. src) 

C v_data1 endp 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

,-·--------------"=----=------------·---=---•"'4===------------------=--
INT 10h -- Video Interrupt Service Routine, 

··------~~-~;;-~;u-ri;;;:· -------------- ---------------------

v_lo 

-- Segment. registers properly loaded. 
-- CALL:, routines with: -- al, bx, ex, dx intact 

Input: ah 

ORG 

cop 
J• 

OP065h 

ah,OFh 
v_nop 

-- ah = v_mode 
-- si = 2 • {function that vaa in ab) 
-- di = bits ,~ & 5 of svitch_bit.a 
-- bp = value or ax to be returned 

function number (OOh <= ah (; OFh) 

(bp, Si, di, ds, & es if IIOH stack) 

cs:code, ds:nothing, ea:nothing, ss:nothing 

enable interrupt.a 
input out of range? 

push 
push 
mo, 
push 
push 
push 

.. .. 
ds,vord ptr cs [set_ds_word] 
di 

save •trashable' registers 

avoid potential stack problems 

push 

mo, 
add ',. 
push 

,1 
bp 

al, ah 
al, ah 

cs:code, da:data, 

di, pa ra_graph 

ea:nothing, s::i:nothing 

al "' function nuaber 
• 2 

save for- CALL later. 

get screen segment , , 
mo, 
test 
J• 
test 
J• ... 

al,byte ptr ds:(awitch_bitsl 
al ,20h 

check switch bits , . 

v_colour: 

pop 

pop 
mo, 
mo, 

old 
call 

pop 
pop 
pop 

v_colour 
al, 10h 
v_colour 
d 1, para_mono- para_graph 

ea, di 

d1 

" ah, byte ptr ds: { v_mode] 
bp, ax 

cs:[di+(orrset v_tbl)] 

bp 
,1 
di 

pop da 
pop 

v_nop: 

v_io endp 

if either is O, it's 
•. color diaplay boar-d 

.. it• s a monochrome board 

set es = video ram 

; Oct index to call table. 

; restore ax 
get display dr-iver mode 

bp saves ax throughout 
, {r-eturn ah = v_mode 
; unless specific ret. value) 

; String ops move UP, mostly. 
; perfor-m display function 

; restore • trashed' registers 
; (destroyed if ROH stack) 

I "'---------•-•--•-"""•-•:0:0:0--•--------•IIZO,l_,:,a,r:rD::r-----------•""•"""""" 

ORO OFOA'lb 

v_data2 proc 

v_parms label byte 

; 6845 Parameters exoept register 3b (Horizontal Synch Width). 
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ROM BIOS 
Listing 

FOAII 38 28 2D 06 
FOA8 1F 06 19 lC 
FOAC 02 07 06 07 
FOBO 00 00 00 00 

FOBII 71 50 5A OC 
FOBS lF 06 19 lC 
FOBC 02 07 06 07 
FOCO 00 00 00 00 

FOC4 38 28 2D 06 
FOC8 7F 06 611 70 
FOCC 02 01 06 07 
FODO 00 00 00 00 

FOD4 61 50 52 OF 
FOD8 19 06 19 19 
FODC 02 OD OB OC 
FOEO 00 00 00 00 

FOE4 0800 
FOE6 1000 
FOES 4000 
FOEA 4000 

FOEC 28 
FOED 28 
FOEE 50 
FOEF 50 
FOFO 28 
FOF1 28 
FOF2 50 
FOF3 50 

FOF4 2C 
FOF5 28 
FOF6 20 
F0F7 29 
FOF8 2A 
FOF9 2E 
FOFA 1 E 
FOFB 29 

FOFC 

FOFC 

FOFC 52 
FOFD 51 

FOFE 32 E4 
F100 BA 03D4 

F103 F6 06 0010 R 10 
P108 74 OD 
F10A F6 06 0010 R 20 
F10F 711 06 

Fl 11 BB 0107 

Fl 14 83 C2 EO 

Fl 17 
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C v_md_llO 
C 
C 
C 
C 
C v_md_80 
C 
C 
C 
C 
C v_md_gr aph 
C 
C 
C 
C 
C v_md_mono 
C 
C 
C 
C , list 
C 
C v_md_len 
C 
C 
C 
C ;only in 1050 
C 
C v_md_wid 
C 
C 
C 
C 
C 
C 
C 
C • list 
C v_md_enable 
C 
C 
C 
C 
C 
C 
C 
C • list 
C v_data2 endp 
C 

db 
db 
db 
db 

db 
db 
db 
db 

db 
db 
db 
db 

db 
db 
db 
db 

dw 
dw 
dw 
dw 
dw 

db 
db 
db 
db 
db 
db 
db 
db 

db 
db 
db 
db 
db 
db 
db 
db 

38h,2Bh,2Dh,06h 
1Fh,06h, 19h, 1Ch 
02h,07h,06h,0Th 
OOh,OOh,OOh,OOh 

71h,50h,5Ah,0Ch ; 
1Fh,06h, 19h, 1Ch 
02h,07h,06h,07h ; 
OOh,OOb,OOh,OOh 

38h,28h,2Dh,05h 
7Fh,06b,64h,70h ; 
02h,01b,06h,07h 
OOh,OOh,OOh,OOh 

51h,50h,52h 1 0Fb 
19h,06h, 19b, 19h 
02h,ODh,OBh,OCh 
OOh,OOb,OOh,OOh 

2048 
4096 
153811 
15384 
32768 ,. ,. 
80 
80 ,. ,. 
80 
80 

2Ch 
28h 
20h 
29h 
2Ah 
2Eh 
1Eh 
29h 

text ,. 
' 25 

mode 0 -> monochrome 
aiode 1 -> color 

text 80 ' 25 
mode 2 -> monochrome 
t11ode l -> color 

graphics 
mode 4 -> 320 X 200 color 
mode 5 -> 320 X 200 monochrome 
mode 6 _, ... X 200 monochrome 

monochrome card 80 ' 25 
mode 7 -> monochrome card 

l!Ox25 modes 0 ' 80x2S modes 2 ' graphics modes 11 ' mode 6 
modes " ' 72 

0 -> text ,., 25 monochrome 
1 -> text 40x 25 color 
2 -> text 80, 25 monochro111e 
l 

_, text 80x 25 color 

' -> graphics 320x200 color 
5 

_, graphics 320x200 monochrome 
6 -> graphics 6110x200 monochrome 
7 

_, text 80, 25 monochrome card 

0 -> text ,., 25 monochrome 
1 _, text 4ox 25 color 
2 

_, text so, 25 monochrome 
l -> text Box 25 color 

' -> graphics 320x200 color 
5 -> graphics 320x200 monochrotne 
6 _, graphics 51'0x200 monochrome 
7 -> text 80, 25 monochrome card 

C ;:.:.==:======::::==•==::::====================,,==,,,,=====:c::a:=====:=-==:: 
C 
C ,----------------------------------------------------------------------
C ; Set Mode & Clear Screen ah :: OOh 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Input: al = mode = 0 -> text 40x 25 monochrome 
1 -> text 40x 25 color 

= 2 -> text 80x 25 monochrome 
= 3 -> text Box 25 color 
= 4 -> graphics 320x200 color 
" 5 -> graphics 320x200 monochrome 
= 6 -> graphics 540x200 monocbrotne 
" 7 -> text Box 25 monochrome card 
= 511 -> graphics 640x400 monochro111e 
= 72 -> graphics 640x400 tnonochrome tinytext 

Output: ab " OOh 

Assume: 

v_set_mode 

push 
push 

al = v_colorpal 

contents of v_base5845 
(contents of v_base6845)+1 
(contents or v_base6845l+4 
(contents of v_base6845)+5 
(contents of v_bsse681!5)+6 
(contents of v_base68115)+10 

si & di destroyed. 

: pointer register 
= data register 
= mode control register 
= overacan register 
= status register 
= mode control register 12 

cs :code, ds:data, ea:v_ram, ss:nothing 

d, save dx 
; save ex 

(3D4b) 
(3D5h) 
(3D8h) 
(3D9hl 
(3DAh) 
(JDEh) 

; Get Color/Monochrome dependent stuff. 

test 
j% 
test 
j% 

add 

ab,ab 
dx,color_pointer 

byte ptr da:[awitcb_bits],10h 
v_.se t_mode_col or 
byte ptr ds:[switcb_b1ts),20h 
v_oet_mode_color 

ax,0107b 

; AH : mode ctrl., color board 
; color 6845 pointer register. 

monochrome board? 
if not, skip monochrome :,tuff". 

It's a monochrome board, so,. 
( AH, AL) = (overwrite mode 

, for monochrome, mono. mode) 
dx, v_pointer-color_pointer; monochrome pointer regi11tor. 

v_aet_mode_color: 

; Save CRT Mode & 6845 addreaa, and reset display monitor with mode control. 

(\ 
'-----'' 

r", 



~ 

~ 

F11 T 
F11 A 
F11E 
F120 
Y123 
F1211 
F127 

A2 00119 R 
89 16 0063 R 
86 EO 
83 C2 OIi 
EE 
83 EA OIi 
8A C4 

Fl29 1 E 

FIZA 33 F6 
F12C SE DE 
F12E CS 36 00711 R 

Fl 32 89 0010 
F1 35 3C 02 
F 137 7 2 OE 
F139 0 3 F 1 
F 13B 3 C O 4 
Fl 3D 72 08 
Fl 3F 03 FI 
Fl111 )C 07 
F1113 7') 02 
Fl45 0 3 Fl 

Fl 117 

Ft47 BO 10 

Fl II 9 2A CI 
F1l18 EE 
F\H " FIIID AC 
Fl 4 E EE 
FlllF " Fl 50 E2 " 

Fl 52 IF 

F1 53 SA C4 
F1S5 32 E4 
FIST 88 FO 

Fl59 89 2 000 

F15C 3C 011 
FIS E 72 OE 
F160 JC 07 
F162 711 08 
F 1611 72 02 
F166 OT ET 
Fl &8 
F\68 33 co 
F16A EB 05 

Fl 6C 
Fl 5C B5 08 
F 16 E 
F16 E 88 0720 
F171 
F 171 33 f'F 
F173 FJ/ AB 

F175 83 C2 06 
F118 EC 
F119 211 10 
F 1 ~8 DO ED 
F17D DO ED 

FIH' 8] FE 110 
Fl82 72 011 
FIH .. 
Fl 85 B ! 0006 

f188 

'" xcba ... 
out ... 

byte ptr 
word ptr 
ah, al 
dx, II 
d1,al 
dx, II 
al, ah 

da:(v_cnodel,al ; .save en do, 

ROM BIOS 
Listing 

da:[v_bau68115],dJ: :iave 66115 pointer register, 
AHi:mode, ALumode ctrl. 
get 6845 mode control register 
reset display 
restore 68Q5 address • 
restore 111,ode in al 

; Get polntor to display parameters. 

push 

,ov , .. 
.. 
Si 1 81 
da, 81 

; save ds = da ta_seg 

cs:code, ds:absO, es:v_ram, s8:0otbing 

a1,dword ptr da:[intlDlocn] 
satisfy assumptions 
display paracuter pointer 

ds:s1 1n ettect points to ca:v_parms. 

assume os:oode, ds:code, es:v_ram, ss:nothing 

Determine which set or para111eters to use from mode. 

"' cmp 
Jb ... 
cmp 
J b ... 
cmp 
j,o ... 

ex, 16 
al, 2 
v_eet_mode_lp 
al, ox 
al, II 
v_set_mode_lp 
si, ex 
al, 7 
v_set_mode_lp 
si, ex 

count of parameters 
IIOx25 mode? (O & 17) 
it so, we•re done 
next set or parameters 
80x25 mode? (2 & 31) 
if so, ve•re done 
next set ot parameters 

; graphics mode? (11,5 1 6,611,721) 
; if so, we• re done 
; else, monoobro11e card (7) 

Loop through 6845 initialization table outputting register number and data 

C v_set_mode_lp: 

al, 16 

sub al, cl 
dx, al 

inc dx 
l odsb 
out dx, al 
dee dx 
loop v_aet_cnode_lp 

; get 6845 register number = 
; "' (16 - cl} (unscrambled) 

output to regi11ter port 
point to 68115 data register 
get parm value: al gets da:ai 
output to data port 
point back to pointer register 
next register 
dx : pointer register 

os:oode, ds:data, es:v_ram, ss:nothing 

pop .. 
al, ah 

C ah, ah 
C si, ax 
C 
C1 Clear the 8creen. 
C 

cx,2000h 

cmp al, II 
jb v_md_olr_8k 
cmp al,7 
Ju v_md_olr_2k 
Jb v_md_clr_graphica 
ahl ex, 1 

v_md_ cl r_graph ics: 

jmp 

v_md_ol r _2k: ... 
v_md_ol r _Bk: 

mov 
v_md_clr: 

'" "' 

ax, ax 
short v_md_elr 

ch, 08h 

ax,(7*100h)+(' •) 

di, di 
stosw 

; set mode control register #2 

; Handle underline on shades-of-gray monitor. ... dx, 6 
in al ,dx ... al ,O !Oh 
ohl al, I ... al, I 

Handle double acan line modes 6Q & 72. 

,., 
Jb ... 

v_md_dbl. 

Si, 6Q 
v_md_dbl 
u 
111,6 

restore da = data_aeg 

save mode in ah & al 
ax = mode 
si = mode hence ••• 

assume Bk vorde to clear 

IIOx25 or 80x25 text modee 0-37 
; if so, clear 8k worda. 
; monochrome card mode 7? 

it eo, clear 2k worda. 
graphics mode 11-6 clear 8k wds 

mode 611 & 72 clear 16k vda 

graphics mode 
clear screen with zeroea 

ox : 0800h 

clear with attribute & apace 

es:di geta ax 

; dJ: = pointer regiater 
; get 68115 otatue register 
; gat CRT statua 
; isolate color/ahadea bit 14 
; mova it to underline bit #6 

; dJ: :: 68Q5 atatue register 
; modes O through 77 
; if 110 1 .single scan line mode 
; else mode 611 or 72, aet bit 10 
; 111.odaa 611 & 72 look like mode 6 

f ro111 nov on 

; double ecan line mode. 
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F188 83 C2 04 
F18B EE 

Fl8C 2E: BA 811 FOFII R 
Fl 91 A2 0065 R 

F194 83 EA 06 
F197 EE 

F198 33 CO 
F19A 2E: 8A 811 FOEC R 
F19F A3 004! R 

Fl A2 81 £6 000E 
F1A6 2£: 8B 811 FOEii R 
Fl AB A3 OOIIC R 

Fl AE BO 3 0 
Fl BO BA 26 0049 R 
F1B4 80 FC 06 
F1B7 72 OD 

F1B9 7-11 09 

F1BB 80 FC 110 
F1BE 72 06 

F1C0 Dl 26 004C R 

Fl C4 
F1CII BO 3F 

F1C6 
F1C6 A2 0066 R 
Fl C9 42 
F 1 CA EE 

F1CB 1 E 
FlCC 07 

F1CD BF 0050 R 
FlD0 B9 0008 
F1D3 33 CO 
F1D5 F3/ AB 

F1D7 A3 00IIE R 
F1DA A2 0062 R 
.F1DD C7 06 0060 R 0607 

Fl £3 AO 0066 R 
Fl E6 5 9 
F1£7 5A 
Fl EB C3 

Fl E9 

F1E9 

F1E9 89 OE 0060 R 

Fl ED BB F9 

FlEF BIJ OA 
F1F1 EB F262 R 

FtF4 BA C 1 
FlF6 C3 
F1F7 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

'" '"' 
dx,11 
dx, al 

; Enable display monitor with mode control. 

al,byte ptr cs:[ai+v_md_enable) 

get mode control regiater 12 

byte ptr ds:(v_JxBJ,al ; save tbe value for later 
; dx = mode control register #2 

sub dx,6 get 6845 mode control regiater 
out dx,al enable display 

Determine width & length or screen. 

ax, ax 
al,byte ptr ca:[ai+v_md_wid] 
word ptr da:[v_widthl,ax 

si ,OEh 
ax ,word ptr cs: [ si+v_md_len l 
word ptr ds:(v_haightl,ax 

Sat up overscan register & v_colorpal. 

al ,O]Oh 

cl ear ah 

make word index divided by 2 

; v_colorpal for modes 0-5 & 7 
mo, 
cmp 
J b 

ah, byte ptr ds: ( v_m.ode] 
ah, 6 

retrieve ,_mode 
modes 0-5 ? 

J• 

omp 
J b 

,., 
v_ovr_not_ok: 

v_ov r_ok 

v_ovr_not_ok 

ah, 611 
v_ovr_ok 

word ptr ds:(v_height), 1 

al ,03Fh 

if so, we•re ok. 

640x200 graphics mode 6 ? 
if so, change v_colorpal 

6110x400 graphics mode 611, ?2 ? 
if not, we•re ok. 

if so we set v_height wrong, 
double v_height from 16k to 32k 

: v_colorpal for modes 6,611,72 

C v_ovr_ok: dx " 68115 mode control register 
; save the value for later C mov byte ptr ds :[ v_col or pal], al ,, C inc ; get 68~5 overacan register 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

o,t dx, al 

Clear all cursor positions. 

push 
pop 

cs:code, ds:data, 

,, 
di,ds:(offset v_curpos) 
ex 1 8 
ax, ax 
stosw 

ea:data, ss:nothing 

; set es : firmware data area 

get address [defined by DB] 

ax : 0 
: es:di gets ax = 0 

Clear other firmware data variables (ax " O), 

Clean up. 

mo, 
pop 
pop 

"' 
se t_mode 

word ptr ds:[v_topl,ax ; set starting offset to O 
byte ptr d.s:[v_apage],al ; set current active page to 0 
word ptr ds:[v_cursize],0607h ; s·et cursor mode 

al,byte ptr ds:[v_colorpal) 

" ,, 
endp 

restore ex 
restore dx 

C , --- -- ---------- ------ --- -- --- -- - -- -- -- -- --- ------------ --- --- -------- -
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Set Cursor Value 

Input: ch 
ol 

Output: ah 
,1 

ah = O th 

= bits #0-4 = starting line for cursor 
" bits #0-4 " ending line for 
= 1 0 
:: cl 

Trash: si & di destroyed. (111 " dx; di " ex) 

v_curs_type 

mo, 
call 

mo, 

"' v_curs_type 

proc 
ca:code, da:data, ea:v_ram, as:nothing 

word ptr da:[v_curaize].ox 

di, ex 

ah, 10 
v_6845 

al, cl 

endp 

save the cursor value 

di savea ox 

68115 ournor net register = 10 
.set curoor; ah 6845 geta ax 

ai = dx destroyed 
ah " prenerved = 10; al a cl 
di reatores ex 

reotoro al with original ol 



Fl F7 

f'1f'7 88 F9 

f'lf'9 BA CF 
F1FB BB Fl 
F1f'D 81 E6 0007 
F20 l 03 F6 

F203 89 911 0050 R 

F2O7 3A 3E 0062 R 
nos 711 03 

FZOD 88 CF 
F20F CJ 

F21 O 
f'210 8B " F212 EB 112 90 

F215 

~ 

FZ15 

F215 8B C2 
f'?17 BB CB 
f'219 BA OF 
~•21 B 81 E3 0007 
F21 F D1 E3 
F:?21 8B 97 0050 R 
F225 8B 09 
Fll7 6B OE 0060 H 
F22B CJ 

F22C 

~ 
F22C 

F22C 25 0007 
F22F 8B EB 

F231 A2 0062 R 
F2311 74 08 

F236 8B FA 
F238 F7 26 OOIIC R 
F23C 8B 07 

P23E 
F23E 13 DOU R 
F2111 01 re 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Sot Curoor Post tton ah : O'Zh 

Input: bh " page number (0-7) 
(db,dl) = (row,col) or curreot cursor rrom (0,0) 

Out put: 1 r bh v_apage, ab = 111 

ROM BIOS 
Listing 

else, 
al = low byte or cursor poaition 
ah : v_mode 
al " pre3erved 

Traah: sJ. & di destroyed. {:,1 " dx, d1 " ex) 

C v_curs_pos 
C 

proc 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

v_set_ 

mo, 

'"' "' 
omp 
J. 

,o, 

"' 
'" Jop 

c-,:code, ds:data, 

di, ex 

cl, bh 
si, ex 
.,1,7 
-,1,s1 

es:v_ram, 

word ptr ds:(si+v_curposl,dx 

bh,byte ptr do:[v_apage) 
v_set_curs 

ex, di 

ax, dx 
v_set_cur_pos 

ss:nothing 

mask to 8 page1:1 
•2 => word index 

:,ave the cursor posit.ion 

if active page, put the cursor 
on the acreen. 
not active page, ao Just 
restore ex 
and exit 

active page, so aet cursor •• 
ax gets cursor position 
set cursor; ah 68115 geta ex 

a1 " dx destroyed 
ah = preserved : 111 
al = low byte of curaor poan 

v_curs_pos endp 

Read Cur-,or ah = 03h 

Input: bh :: page nlllllber (0-7) 
Output: (dh,dl) :: (rov,coll of current cursor from (O,O) 

(ch, cl l :: current cursor mode setting 
:: dx 

Tra:th: None. 

v_r_curs_poa proc 

'" .. , 
ohl 

,o, 

"' 

ca:code, ds:data, ea:v_ram, sa:noth1ng 

ax, dx 
ex, bx 
bl I bh 
bx, 07 h 
bx, 1 
dx,word ptr da:[bx+v_curpoa] 
bx, ex 
cx,vord ptr ds:[v_curs1ze] 

aave bx 

page nlllllber mod 8 
page number =iod 8 word index 

; reatore bx 

v_r_curs_pos endp 

. Read Light Pen (aee graph.ere) ab "Ollb 

. Set Active Display Page ah : 05h 

Input: al " new page number (0-7 for mode a 0-1; 0-3 tor 2-3) 
Output: 6845 is react to display the new active page 

ah = 1 ~ 
al = low byte or curaor position 

Traah: bp, ai & di deotroyed. (ai a dx, di " ex) 
: ---- -- --- ------------- --- ------------------------ --- ------------------
v_page proc 

and 

mo, 
oul 

cs: code, 

ax,07b 
bp,ax 

da:data, ea:v_ram, 

byte ptr da:[v_apage],al 
v_page_o 

d1, dx 
word ptr da:[v_he1gbt] 
dx, di 

sa:notbing 

page nWllber mod 8 
save ax = page number mod 8 

save active page number (0-7) 
page number :: O? 

save dz 
dZ:az" (page numbar)•v_beigbt 
restore dx 

v_page_O: 
mo, ... word ptr da:[v_top],ax 

ax, 1 
oave atarting addreaa of page 
divide bJ 2 tor byte count 
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F243 6B F9 

F245 as ca 
F2Ji7 BIi OC 
F249 ES F262 R 

F24C BB C5 
F211E D1 EO 
F250 8B FO 
F252 8B 84 0050 R 

F256 

F256 E8 F52B R 
F259 03 06 ool!E R 
F25D D1 F8 

F25F B5 " F261 91 

F262 

F262 8B F2 
F264 EB F273 R 
F267 FE C4 
F269 8A E9 
F26B EB F27 3 R 
F26E 8B D6 
F270 8B CF 
F272 C3 
F273 

F273 

F273 8B 16 0063 R 
F277 BA CII 
F27 9 EE 

F27 A 4 2 
F27B 8A CS 
F27D EE 
F27E C3 

F27F 

F27F 

P27F EB F53C R 
F282 72 03 
F284 E9 D67 4 R 
F287 

8-140 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

mov 
call 

mov 
shl 

d1, ex 

ex, ax 
ah, 12 
v_6845 

az, bp 
ax, I 
si, ax 
ax,vord ptr ds:[si+v_curpos] 

ex gets offset of active page 
6845 cursor set address = 12 
set cursor; ab 6845 gets ex 
si = dx destroyed 
ah = preserved = 12; al = cl 
di restores ex 

; restore ax = page number 110d 8 
; page number mod 8 word index 

C v_set_cur _pos: 

: get page's cursor position 

;(ah,al) = (row,col) cursor pos. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

call 
odd 

mov 
xchg 

v_poan 
ax,vord ptr da:[v_top] 
ax, 1 

ch, 14 
ex, ax 

di = value to return in ex 
(ah,al) -> ax offset; si trash 
add offset of active page 
divide by 2 for byte count 

6845 cursor pos register = 14 

; Now: ah = 681!5 register selection 

v_6 845: 

v_page 

oh 
ol 
di 

mov 
call 

mov 
call 

"t 
endp 

= first data byte to (ah) 6845 internal register 
= :rncond data byte to (ah+1) 6845 internal register 
" value to return in ex 

; program 6845 cursor: 

si, dx 
v_out_byte 
ab 
ch, cl 
v_out_byte 
dx, si 
ex, di 

: save dll 
; output to 68115 

next 68115 register 
get the register input 
output to 68115 
restore dx value 
set up return value 

·------------------------------------------------------------------------------
Output two byte to the selected 6845 registers 

Input: ah 
oh 
01 
di 

= 6845 register selection 
= first data byte to (ah) 6845 internal register 
= second data byte to (ah+l) 6845 internal register 
= value to return in ex 

A:35ugie: contents of v_baee6845 
(contents of v_base68ll5)+1 

= pointer register 
data register 

Output: ah 
al 

v_out_byte proc 

= 6845 register selection 
" second data byte 
= di 

cs:code, ds:data, ea:v_rac, sa:nothing 

mo• 
out 

'"' mo• 
out 
cot 

dx,word ptr ds:[v_base681J5] 
al,ab 
dx, al 

d, 
al, ch 
dx, al 

get 6815 pointer register 
get the register address 
select the data register 

next register 
get second data byte 
output a data byte to 6B45 

C v_out_byte 
C 

endp 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

. scroll Active .: -;e Up ah = 06h 

Input: if al~ 0, then clear entire window with attribute in bh 
else, al= number of rows to ·scroll' up 

= number of rows to clear at bottom of window 
bh : attribute to be used on blank row(s) 
(ch,ol) = {row,col) of upper left corner of window from (O,O) 
(dh,dl) = {row,col) or lower right corner of' window from {O,O) 

Output: ah = attribute to be used on blank row(sl 
if v_mode : 7, al = 20b : space 
else al " v_3x8 

As::iume: {contents or v_base68.li.5)+6 : status register 

; Trash: bp, si, & di deatroyed. (bx thru dx destroyed if IWH stack) 
. --------------------------------- -------- -- ----------- - -- ------------ -
v_scrl_up 

call 
Jb 
Jmp 

v_txt_up: 

proc 

011:code, 

v_txt_md 
v_txt_up 
grr_graph ics_up 

d.s:data, ea:v_ram, as:nothing 

all registori:i presorved 

Jump if graphics 



F287 52 
F288 51 
F289 53 

F28A BA DB 
P'28C 88 C1 
F28E EB FIIDE R 
f'291 7'I 62 

f'29] 03 FO 

F295 
F295 8A El 

F297 60 3E 0049 • 07 
F29C 711 119 

F29E 8 A CA 

F2A0 
F2AO 52 
F2A1 BB 16 006] R 
FUS 83 CZ 06 

F2!8 06 
F2A9 ,r 

F?AA 
F2U EC 

~ 
F2M! DO D8 
F2AD 72 FB 

F2AF " 
F2B0 
F2BO EC 
f'2B1 DO 08 
F2B3 73 FB 

F2B5 A5 

F2B6 EC 

F2B7 BA 0040 
F2BA BE DA 
F2BC 5A 

P280 ., 
F2BE 75 OA 

F2CO 03 F5 

F2C2 03 FD 

F2Cll FE CC 
F2C6 7'I 2C 

F2C8 BA CA 

F2CA 

~ F2CA FB 
F2CB AB 08 
F2CD " " 
F2CF BO OIi 

F201 
F201 1E 
P2D2 06 
P2D3 1F 
F2DII F)/ A5 
F2D6 ,, 
F2D7 03 P5 

puoh 
puah 
pUl!lb 

mo, 
call 
J• 

d, 

" ., 
bl, al 
ax, ex 
v_scrl_pos 
v_clr_bot 

aave regiatera 

aave line count 

ROM BIOS 
·Listing 

paaa upper left coordinates •••• 
to common scroll poaJ.Uoning routine 
clear rowa it notbJ.og to move 

; Scroll cl rows up. 

;v_mv_up: ... si, SJ: ; add (byte:,/rov)•(rova to scroll) to 
; 'from• addresa tor scroll 

; Scroll cl r-ovs up/down (ba:1ed on bp & direction flag OF), 

v_mv: 

,mp 
J• 

v_mv_lp: 
push 

"" ... 
puah 
pop 

ah, cl 

byte ptr d:s:(v_mode],7 
v_mv_tlp 

cl, dl 

d, 

; ah geta number of rova to move " cl 

Jump to faat loop 

of columns to move up/down per row 

; save dx 
dx,word ptr da:[v_baae6845] 
<!x, 6 

; get 6845 pointer regJ.ster 
; get 68115 status register 

., .. cs:code, da:v_ram, ea:v_raai, as:nothing 

; satisfy assumptions 
; ds gets es 

c ; Wait for horizontal retrace .. , 

v_mv_hi: 

c v_mv_lo: 

C ,11at 

10 

'" Jo 

oll 

'" "' Joo 

al ,dx 
al, 1 
v_mv_h1 

al ,dx 
al, t 
v_mv_lo 

; get CRT statua 
; test display enable (bit 10) 
; wait ror display enable lov (cf) 

interupta are disabled •• 

; disable now 

; 08 get CRT status 
; 02 teat display enable (bit 10) 
; 16/0• ¥ait for display enable hi (or) 

; 18 move word (e1J:di gets ds:ai) 

; Wor:st (8+2+16)+(8+2+11)+( 18) 8 58 cycles"' 72.SS of 80 cycles 

al, dx 08 get CRT status (vert synch slow) 

os:code, ds:data, es:v_ram, aa:nothing 

pop 

, .. 
Ja, 

add 

odd 

doe 
J• 

dx, da ta_seg 
da, dx 

v_mv_nxt 

31, bp 

di, bp 

ah 
v_mv_end 

cl, dl 

" 02 
08 

satisfy assumptions 

restore dx 

03 deoroment column:, to move 
Oll/16 did we move the last column? 

03 add/subtract number of bytes 
to :,kip in rov to/from 'from• 
addreaa tor scroll up/down 

03 add/:,ubtraot number or bytea 
to skip ill row to/from 'to• 
addreaa ror :,croll up/down 

03 decrement rows to move 
4/16 did we move the laat row? 

02 DUlllber or columna to move 
up/down per row 

c ; Worst case: (58)+(8+11+2+8)+(3+4)+{3+3}+(3+1J+2) ,, 102 cycles" 12.75 uaec 

v_mv_n:1:t: 

,ti 
test 
J• 

al ,08b 
v_mv_past 

; enable interrupts immediatC!lY 
; OIi obeck ror vertical retrace 
; 16/0II Jump paat vertical retrace code 

; We get here if vertical retrace haa atarted •• , 

al, V_KSCROLL 

v_m.,._rov: 
puel:I d:, 
puab es 
pop ds 
,op 
pop ... 

movav 
d, 

:,1, bp 

NOTE: interrupts diubled tor 1 .1mal 
04 at moat V_ll:SCROLL rove per 

vertioal retrace , •• 

11+17 1 80 111oye row (ea:di get:, ee:si) 

03 add/~ubtract number ot bytea 
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f2D9 OJ FD 

F2DB FE CC 
F20D 7 II 15 

F2DF BA CA 

F2E1 FE ca 
F2E3 75 EC 

F2E5 
F2E5 EB B9 

F2E7 
F2E7 8A CA 
F2E9 FJ/ 26: A5 

F2EC 03 FS 

F2EE 03 FD 

F2FO FE CC 
F2F2 75 F3 

F2F4 
F2FII FB 

F2F5 

F2F5 

F2F5 BA £7 
F2F7 80 JE 00119 
F2FC 74 41 

F2FE 8A CA 

F300 
F]OO B7 20 

F302 52 

R 07 

F303 BB 16 0063 ll 
F307 83 C2 06 

F30A 
F30A EC 
FJ0B DO D8 
FJOD 72 FB 
FJ0F FA 

F310 
F310 EC 
F311 DO DB 
F313 73 FB 

F315 BA C7 

F317 AB 

F318 EC 
F319 5A 

F31A " F31B 75 OB 

F31D 03 FD 

F31F FE CB 
F321 74 28 

F323 BA CA 

F325 

F325 FB 
F326 AB 08 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

odd 

doe 
J• 

doe 
Jo, 

di, bp 

oh 
v_i:iv_end 

cl, dl 

" v_mv_row 

OJ 

to skip in row to/from • from• 
address for 11croll up/down 
add/subtract number of bytes 
to skip in row to/from • to' 
address for scroll up/down 

03 decrement rows to move 
04/16 did we lll0ve the last row 

02 

OJ 
04/ 16 

number of columns to move 
up/down per row 

; Worst case: [ 98]+( 11+11+4 l +[ 6 1 ( 1369•3+3•3+4+2+3 l 1 +( 51 16 }+( 4) 
; = 98+12+8322+80+11 = 8516 cycles= 88.711 1 9600 cycles: 1.065ms < 1.2ms 

v_mv_past: 
Jmp 

v_mv_flp: 
mo, 
rep 

add 

add 

:.ihort v_mv_lp 

; ah has number of rows to move 
cl,dl ; number of columns to move 

word ptr es:{dil,word ptr es:(si] 
move the row (es:di gets ea:sil 

ai,bp add number of bytes to akip in row to 
"from' address for scroll 

di,bp add number of bytes to skip in rcw to 
•to' address for scroll 

dee ah 
Jnz v_~v_flp 

v_cmv_end: 
,ti 

; Clear bl rows below. 

v_ol r_bot: 

; enable interrupts immediately 

; Clear bl rows below/above if scroll up/down (based on bp & direction flag DF). 

v_clr: 

mo, 
cmp 
J. 

v_clr_lp: 

push 
mo, 
add 

ah, bh 
byte ptr ds: ( v_mode J, 7 
v_cl r_fast 

cl, dl 

bh, I • 

Jump to fast loop 

cl = no. of columns to clear per row 
(bl " number of row:i to clear) 

bh blanking character 

save dx 
dx,word ptr ds:(v_base6845] 
dx, 6 

get 6845 pointer register 
get 6845 statu11 register 

; Wait for horizontal retrace ... 

v_cl r_hi: 
in ,c, 
JC 
cli 

v_cl r_lo: 

'" 
Jnc 

.list 

al, dx 
al, 1 
v_cl r_hi 

al, dx 
al, 1 
v_cl r_lo 

al, bh 

; wait till we're in a 11canline 
; get CRT status 
; test display enable (bit 10) 
j wait for display enable low (cf) 

disable ints first,. 

wait till start or horiz. blanking 
08 get CRT status 
02 test display enable (bit 10) 
16/011 wait for di:iplay enable hi (cf) 

02 al= bh= • • = blanking character 

stosw clear word (e:i:di gets ax) 

; Worst case: (8+2+16)+(8+2+4)+{2+11) = 53 cycles" 66.25J of 80 cycles 

in 
pop 

doe 
Jo, 

odd 

doe 
J, 

al, dx 
dx 

v_ol r_nxt 

di, bp 

bl 
v_acrl_rot 

cl, dl 

08 
08 

get CRT statu5 (vert .:,ynch slow) 
restore dx 

03 decrement columns to clear 
04/16 did we cove the last column? 

OJ add/subtract numbor of bytes 
to skip in row to/froai •to' 
address for clear for up/down 

03 decrement rows to clear 
; 011/16 did wo clear the last row? 

; 02 number of columns to clear 
per row 

; Worst case: {53}+(8+8)+(3+11)+(3)+(3+11+2) = 88 cycles= 11.00 usec 

v_clr_nxt: 

,ti 
test al, 08b " cbeck for vertical retrace 



~ 

~ 

F328 ,. 12 

P'32A 8 A C7 

f'32C 87 07 

F)2E 
F)2E F)/ AB 

FJ30 03 FD 

F332 FE ca 
F3]4 74 1S 

F336 8A CA 

F338 FE CF 
f'33A 7 ~ F2 

f3]C 
F33C FB 
f331; EB C 1 

rnr 
F 3 3F BO 20 

F 3 4 1 
t"jQ1 BA CA 
f343 "' AB 
F 3115 0] FD 

~· 3 4 '/ fE CB 
n49 75 F6 

F3113 
f34B FB 

t"3H so H 00119 
F3'.>1 711 03 
•·353 AO 0065 ' F)S6 

f356 FC 
F35'i ,. 
F358 59 
f359 5A 
F35A C3 

F356 

F]SB 

f'35B FD 

F)5C ES FS]C R 
F35F 72 03 
F36l E9 0909 R 
F361! 

F364 52 
PJ65 51 
F 366 53 

R 07 

J• v_clr_past 

ROM BIOS 
Listing 

; 16/0ll JUIIIP past vertical retrace code 

We get here 1r vertical retrace baa started,,. 

al, bh 

; NOTE: interrupta disabled tor 1.1mel 

02 

04 

al= bh = • = blanking cb aract er 

at most 7 (not 10} rows per paae 

v clr_row 
cop 09+10•80 clear the row (e:1:di get:, ax) 

odd 

'" J• 

di, bp 

bl 
v_scrl_ret 

cl, dl 

bh 
v_cl r_row 

03 add/.subtract number or bytes 
to skip in row to/from 'to' 
address tor clear for up/down 

03 decrement rows to clear 
; Ob/16 did we clear the last row? 

02 number of col u.mns to cl ear 
up/down per row 

03 still working on 10 scan lines?? 
OIi/ 16 

W or:st case: ( 88 ) ♦ { 4+ 1h2+ll) +[ 1 o• ( 809+ 3+ 3+Ji+2+3) ]+ [ 9• 16 )+( 4) 
= 88+1Ji•82b0+144+11 = 81'90 cycles :. 88.bJij • 9600 cycles :. 1.061as < 1.2ms 

C v clr_paat: 
•tl 
Jop 3hort v_cl r_l p 

; enable interrupts immediately 

v_clr_raat: 
al'' , 

ah has attribute for blank line(s) 
; al = blanking character 
; {bl = number of rovs to clear) 

; number of columns to clear 
; clear the row (es:di gets ax) 

v_clr_flp: 
mo• 
rep 
odd 

cl, dl 
stosv 
di, bp ; add number of bytes to skip in row to 

; "to• sddreo:, for scroll 
dee bl 
jn:t. v_cl r_flp 

C v_scrl_ret: ; common clean up routine 
ati ; enable interrupts immediately 

cmp byte ptr ds:[v_mode],7 
Je v_scrl_mode_7 
mov al,byte ptr ds;[v_3.r.8J 

c v_scrl_mode_7: 

We d1d't disable display during vertical retrace ... 

Clean up. 

old 
pop 
pop 
pop dx .. , 

in case we are 'call'ed & scroll down 
restore registers 

v_scrl_up endp 

C ; Scroll Active Page Down ah : 07 h 

Input: if al = o, then clear entire window with attribute in bh 
else, al : number of rows to 'scroll' down 

" number of rovs to clear at top of window 
bh : attribute to be used on blank rov(s) 
{ch,cl) a {row,col) of upper left corner of window from (O,O) 
(dh,dl) = (row,col) of lower right corner of window from (O,O) 

output: ah = attribute to be used on blank rov(s} 
if v_e1ode = 7, al " 20b : spaoe 
el .3e al : v_3.r.8 

Assume: {contents of v_base68115)+6 : status register 

Trash: bp, s1, & di destroyed. (bx tbru dx destroyed if ROH stack) 

v_scrl_dn proc 

"' 
oall 
Jb 
Jmp 

c v_t.r.t_dn; 

push 
pu3h 
push 

cs:code, da:data, ea:v_ram, :111:notbing 

v_t.xt_md 
v_txt_dn 
srf_graph ics_dow n 

,, ., ., 

; NOTE: scroll down everyt.bins backwards 

all registers preserved 

jump if graph1CII 

save resisters 
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ROM BIOS 
Listing 

F367 6A DB 
F369 8B C2 
F36B EB F4DE R 
F36E 74 07 

F370 
F370 2B FO 

F372 F7 DD 
F3711 E9 F295 R 

F377 
F377 F7 DD 
F379 E9 F2F5 R 

F37C 

F37C 

F37C ES F53C R 
F37F 72 03 
F381 E9 D96C R 
F384 

F3811 8B FB 
F386 EB FSOD R 

F389 8B F2 
f'38B BA 0006 
F38E 03 16 0063 R 

F392 
F392 EC 
F393 DO D8 
F395 72 FB 
F397 FA 

F398 
F398 EC 
F399 DO D8 
F39B 73 FB 

F39D 26: BB 07 
F3AO FB 

F3A1 8B D6 
F3A3 8B OF 
F3A5 Cl 

F3A6 

F3A6 

F3A6 EB F53C R 
F3A9 72 03 
F3AB E9 DA59 R 
FJAE 

8-144 

C 

mov 
call ,, 

bl,al 
ax,dx 
v_scrl_pos 
v_olr_top 

Scroll cl rows down, 

v_mv_dn: 

'"' 
"'• ,., 

si, ax 

bp 
V_IIV 

Clear bl rows above. 

V_clr_top: ... 
J•P 

bp 
v_clr 

:,ave line count 
pa:,s lower rigbt coordinates .••• 
to common scroll po::,itioning routine 
clear rows if nothing to move 

subtract {bytes/row)•(rows to scroll) 
frotll 'froc:i• addre5s for scroll 
negate number of bytes to skip per row 
now identical to scroll upl 

negate number of bytes i:.o skip per row 
now identical to v_clr_bot I 

C v_scrl_dn 
C 

endp 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

v_rac 

Read Attribute & Character at Cursor ah : 08h 

Input: hh 
Output: al 

ah 

= current active display page (0-7) 
= character read 
= attribute of character read 

Assume: (contel\ts of v_base68115)+6 = status register 

Ti-ash: si & di destroyed, (si = dx; di = hx) 

proc 

call 
Jb 
Jmp 

cs:code, ds:data, es:v_ram, ss:nothing 

v_txt_md 
v_txt_rac 
grf_graph ios_read 

all registers preserved 

jump if graphics 
v_txt_rac: 

mov 
call 

add 

di,bx 
v_fpos 

si, dx 
dx,6 

,, 
; ax & si destroyed. 
; bx = offset ir.to current page 

; save dx 

dx,word ptr ds:[v_base68115] 
; get 6845 status reg, offaet 
; add 6845 pointer 

C ; Wait for horizontal retrace. • . we can• t reed the screen during a trace 
C ; without disturbing the screen image. 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

v_rac_inl ine: 

'" '" Jo 
,11 

v_rac_inhlank: 

al,dx 
al, 1 
v_rac_inline 

in al ,dx 
rcr al, 1 
jnc v_rac_inblank 

mov 
ati 

mov 
mov ,., 

ax, es:[bx] 

dx, si 
bx, di 

make sure we're in a scanline 
get hori:;. retrace blanking status 
test foi- horiz. retrace , 
wait for display enable low (cf) 
diaable ints FIRST 

; wait for blanking: 

got retrace blanking status 
test display enable (bit #0) 
try again if still in scanline, 

char. and attr. now in AX 
enable interrupts immediately 

restore dx 
restore bx 

C v_rac 
C 

endp 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

;----------------------------------------------------------------------

v_vac 

Write Attribute & Charlicter at Cursor ah = 09h 

Input: al " character to write 
bh 
bl 
ox 
bp 

= current 8.otive display page {0-7) 
= attribute of character to write 

counter of characters to write 
: value to return in ax 

Output: al 
ah 

= character to write 
" attribute of character to write 

Assume: (content.i, of v_base6845)+6 = status rogiater 

Tra.i,h: bp, ai & di. destroyed. (ai m ex; dx if ROH stack) 

proo 

call 
Jb 
Jmp 

cs:oodo, da:data, es:v_ram, .i,s:nothing 

v_txt_md 
v_txt_wao 
grr_graph ios_wri to 

all rogistora preaerve(I 

; jump if graphic.i, 
v_txt_wac: 



F3.lE 88 YB C 
C 

F3B0 EB FSOD R C 
C 

F383 87 DF C 
C 

F385 BB CS C 
F3B7 8A E3 C 
F3B9 88 ES C 

C 
F3BB 88 F1 C 
f3B0 " C 
f]BE 88 16 006] ' C 
F]C2 8] CZ 06 C 

ncs 
F]C5 EC 
F3C6 DO DB 
F3C8 7 2 FB 
F]CA FA 

nee 
F ]CB " nee 00 08 
f]CE 7 3 FB 

f"3D0 8D C, 
F3D2 " 
F3D3 ., 
f'3Dli ,. 

" f3D6 AD 

~ f307 ,. 
F3D8 " EB 

F3DA 
P3DA f8 

F]DB " F]DC •• CE 
f3DE C3 

f3'.lF 

C 
C 
C 

F]DF C 
C 
C 
C 

F3DF EB F53C R C 
F]E2 72 03 C 
F]EII E9 DA59 II C 
F3E7 C 

C 
F]E7 88 FB C 

C 
F3E9 EB F50D II C 

C 
C 

F]EC 87 DF C 

~ 
C 
C 

F]EE as Fl C 
F]FO 52 C 

C 
F]Fl 8B D5 C 
F]F3 BA C2 C 
F3F5 ea EB C 

C 
F3F7 BA 0006 C 
F3FA 03 16 0063 R C 

C 
C 
C 

F3FE C 
C 

F3FE C 
t']FE BC C 
F]FF DO DB C 

call 

xchg 

'" push ... 

di, bz 

V_fpOII 

b.z, di 

ax, bp 
ah, bl 
bp, ax 

si, ex 

" 

; save bx 

ax & si destroyed. 

ROM BIOS 
Listing 

bx a oftaet ioto current page 
reatorc, bz; di = tranarer offset 

restore a:r. 
trao:,ter attribute byte to ab 
1111.ve attribute & character in bp 

save ex 
aave dx 

dx,vord ptr da;[v_base6845] get 68115 pointer register 
get 68115 status register dx ,6 

; wait for horizontal retrace blank interval . ,, 

v_wac_hi: 

" '" J 0 

ol 1 

v_wac_lo: 

'" '" Joo 

'" 

al,dx 
al, 1 
v_vac_h1 

al, dx 
al, 1 
v_vac_lo 

ax,bp 

; wait till we're in a scanline .• 
get CRT atatua 
test display enable {bit 10) 
wait for display enable low (er) 
disable inta FIRST 

now wait till atart or blanking .. 
08 get CRT status 
02 teat display enable {bit 10) 
16/04 wait tor display enable hi {er) 

02 restore ax 
11 es: di gets ax (attribute & char) 

jz v_wac_end 

02 

OIi/ 16 
11 di gets ax (attribute & char) sto sw 

worst (8+2+16J.(8+2+4l+(2+11l+(2+4+11) = 70 cycles= 87.51 or 80 cycles 

•tl 
loop 

v_wac_end: 
•tl 

pop .,, 
cet 

v_wac endp 

v_wac_hJ 

" ex, si 

enable interrupts im111ediately 
do it ex ti111es 

enable interrupts immediately 

restore dx 
restore ex 

Write Character at Cursor Position ah "' 0 Ah 

Input: al 
bh 

bp 
Cut put: al 

ah 

= character to write 
= current active display page {0-7) 
= counter of characters to write 
• value to return in ax 
= character to write 
= top byte or offset ot character in page 0 

Assume: (contents of v_bese66115)+6 = status register 

Trash: si l di de11troyed, (ei = CJ:i dir if ROH stack) 

v_wc proc 

call 
J b 
Jmp 

v_txt_wc: 

call 

cs:code, ds:data, ea:v_ram, as:nothing 

v_txt_md 
v_txt_wc 
grt _graph ic:,_wri te 

di, bx 

v_rpos 

; all registers preserved 

Jump if grapbica 

save bx 

; ai destroyed, 
; ax = offset iato page 0 
; bx = offset iato current page 

xchg bx, d1 ; restore bx; di = trao::sfer offset 

puah 

.,, .,, 

111, ox .. 
d:r.:, bp 
al, dl 
bp, ax 

dx, 6 

; save ox 
; aave dx 

retrieve character ill dl 
get char in al (ah "' attr.) 
bp : (at.tr. char) 

.,, 
add dx,vord ptr ds :[v_baae6Bl:15] 

get 68115 statue register 
get 68115 pointer regiater 

; Wait tor borizoatal retrace ••• 

v_vc_ne:r.:t: 

v_vc_hi: 
lo al ,d:r.: 

al, 1 
get CRT statua 
teat diaplay enable {bit 10) 

8-145 



ROM BIOS 
Listing 

FIIO 1 72 FB 
FII03 FA 

F4011 
F4011 EC 
FII05 DO 06 
F407 73 FB 

F409 8B C5 
F40B " 
FIIOC " F40D 74 06 
FIIOF ., 
Fll10 AA 

F411 FB 
Fll12 " F413 " " 
F415 
F415 FB 

F1116 5A 
Fll17 BB CE 
F419 C3 

F111A 

FIil A 

F41A AO 0066 R 

F41 D BB FA 
Fii 1 F BB F3 

Fll21 OA FF 
F423 711 OA 

F425 211 DF 
Fll27 DO DB 
Fll29 73 OB 
F112B oc 20 
F112D EB 07 

Fll2F 
Fll2F 80 E3 1F 
Fll32 211 EO 
FJIJII OA C3 

F1136 
F.1436 BA 0005 
F439 03 16 0063 R 
F43D " 
F113E 8B DE 
F1140 8B D7 

F442 A2 0066 R 
F445 C3 

Fll46 

8-146 

C 
C 
C 

v_wc_lo: 

je 
,11 

in 

"' jno ... 
stosb 

'" 

v_wc_h1 

al, dx 
al, 1 
v_wc_lo 

ax, bp 

wait for display enable low (cf) 
diaable ints FIRST 

08 get CRT status 
02 test display enable (bit #0) 
16/011 wait for display enable hi (cf) 

02 
11 

02 

restore ax = (attr, char) 
es:di gets al (character) 

C ,list 
C J• 

ioc 
v_wc_end 
di 

04/ 16 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

02 skip past attribute byte 

stosb 11 es:di gets al (character) 

i Worst case: (8+2+16)+(8+2+4)+(2+11)+(2+11+2+11) = 72 cycles= 901 of 80 cycles 

'" inc 
loop 

di 
v_wc_next 

enable interrupts immediately 
skip pa:,t attribute byte 
do it ex times 

v_wc_end: 

'" enable interrupts immediately 

v_wc 

,., ... 
"' 
endp 

" cx,si 
restore dx 
restore ex 

,-------------------------- --------- --- -
; Set Overscan, Back, & Foreground Colors ah = OBh 

Input: bb 
bl 

Output: ah 
,1 

= palette color ID to set (0-127) 
= color value to be used with that color ID 
= v_mode 
= new v_colorpal 

Assume: (contents of v_base68115)+5 = over:,can register 

Trash: si & di destroyed. (:,1 = bx; di = dx) 
j -- -- -- -- - - - - -- - - - - - - - - - - - - - - - - -- - - --- -- - - - - - - - --- - - - - - - - -- - -- - - - - - - - - -

v_col proc 

" J• 

and 

'°' jnb 

" jop 

cs:code, ds:data, es:v_ram, 

al,byte ptr ds:(v_colorpal] 

di, dx 
si, bx 

bh, bh 
v_col_O 

al, ODFh 
bl, 1 
v_col_1 
al ,20h 
short v_col_1 

ss:nothing 

get current palette 

; save dx 
; :,ave bx 

; palette color ID " 0? 
; handle color ID 0 

clear palette select bit #5 
test new color (bit #0) 
if bit #0 set, all done 
else set palette select bit #5 

C v_col_O: 
c and bl ,01Fh 

al,OEOh 
al, bl 

; save bits #0-4 of new color 
C and ; clear bits #0-11 of old color 

; and combine the two. C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

v_col_1: 

v_col 

... 
odd 
out 

... 
"' 
endp 

dx, 5 
dx,word ptr ds:{v_base6845] 
dx,al 

bx, Si 
dx, di 

byte ptr ds:[v_colorpall,al 

get 68t15 overseen reg. offset 
add 68115 pointer register 
output selection 

restore bx 
restore dx 

save the value for later 

'----------- ----- -- -- ------ ----- ------------------ --- --------- - --------
; Write Dot (aae graph.srol ah : OCb 

'------------------------- ------ -- -------- --------------- - --
; Read Dot (see graph. sro) ah = 0Dh 

Terminal Emulator to active page ah = OEh 

Input: al " character to write 
bl = foreground color in graphics mode 
bp = value to return in ax 

Output: All regiatera oaved. 

Traah: oi & di destroyed. (ai = ox; di " bx; dx if ROH otack) 



FU6 

F1146 3C 07 
FUS 75 03 

nu £9 F5H R 

f411D 
F44D 52 
F-4 E 8B F 1 
F 4 50 88 FB 

f:152 B7 07 
ns11 22 3E 0062 R 

nsa BIi O) 
FIISA CD 10 

F45C SB CS 
F~ 5 !:: 89 0001 
n61 84 OA 

F46 3 3C OA 
F465 74 " Fll6 7 3C OD 
Pl69 7 II 6 0 
fll6 B 3C 08 
f46D 711 511 

~ 
f'll6F CD 10 

n11 Ft: C2 
Fll73 ]A 16 00IIA R 
f477 "/,! ,, 
t'479 32 0<' 

Fll7 8 80 ]E 00119 ' " neo BIi 3 1 
F482 711 02 
f484 '" 

,, 
Fll86 3A F4 
FIi 88 74 07 
f48A FE C6 
FIIB C 
t'48C BIi 02 
Fll8t'. EB 29 90 

fll91 
Fll91 BIi 02 
fll9] CD 10 

F49S 32 £4 
Fll97 F.8 F53C R 
f49A 7 3 04 

F49C .. oe 
Fll9E CD 10 

FIIA.O 
fll AO 33 C9 

FIIA2 8A FC 
FIi Al.I 88 060 l 

FUT " 16 004 A R 
FIi AB eo EA o 1 
F4 AE 80 3 E 0049 ' " F4B3 " 31 
F4 B5 74 02 
F487 " ,e 

FIi B9 
F489 CD 10 
FliBB 

F4BB BB CS 
FIIBD BB OF 
F48F 8B CE 
FIIC1 SA 
f'IIC2 CJ 

FIIC3 OA 02 
FIICS 711y.q 
FIIC7 FE CA 
FIIC9 EB C1 

v_term1nal proc aear 

ROM BIOS 
Listing 

ca:codo, da:data, 8'.s:v_ram, aa:noth1ng 

'"' , .. al, BEL 
v_tor111_nob11ll 

jmp v_bel l 

v_ter1:11_nobell: 
puah dt 

111, Cll 
d1 1 b.1 

: Get poa1 t1on 1n active page. 

•o• .. , 
INT 

bh ,07h 
bh,byta ptr ds:(v_apage] 

ah, OJh 
10h 

ax, bp 
cx,1 
ah, 0 .t.h 

; 1:1 it bell character? 

save dx 

:,ave bx 

;mask for page number, HOD 8 
get active page number (0-7) 

call v_r_curs_pos 
(dh,dl) = {row,col) of cursor 
(ch,cl) = cursor e11ode setting 

restore ax 
character count for write char 
function code for write char 

Handle special ca,es; dx has (row,col) of current cursor position. 

'"' J. 
cop 
J. 
eop 
J. 

al, LF 
v_l f 
al, CR 
v_cr 
al, BS 
v_bs 

Normal Case: write the character 

INT 

'"" .. , 
Jb 

v_lf: ccip 

J• 

v_l row: CClP 

J. 
ioe 

v_set_new_cur: 

,., 
v_scrl_tty: 

mo, 
INT 

call 
Job 

mo, 
INT 

10h 

dl 
dl,byte ptr d:i:[v_v1dth] 
v_:,et_new_cur 

dl I dl 

byte ptr ds:[v_mode],72 
ah,49 
v_lrow 
ah, 2 4 
dh, ah 
v_scrl_tty 
dh 

ah, 02h 
v_term_ret 

ah,02h 
10h 

ah, ah 
v_txt_111d 
v_s orl_ tty _graphics 

ah ,08h 
10h 

v_sc rl_t ty_gra phi cs: 
ex, ex 

mo, 
>'b 

C cmp 
C 
C J • 
C 
C 
C v_term_ret: 
C INT 
C v_terllLrlOp: 
C 
C Clean up. 
C 
C 
C CIOV 

C mov 
C pop 
C ret 
C 
C 
C v_bs: or 
C Jz 
C dee 
C Jmp 

bh, ah 
ax,0601h 

dl,byte ptr ds:[v_width] 
dl, 1 
byte ptr ds [v_e10<1eJ ,72 
dh, 4 9 
v_teri:n_ret 
dh, 2 ~ 

10h 

ax, bp 
bx, di 
ex, s1 ,, 

dl ,dl 
v_term_nop 
dl 
v_.set_now_cur 

is it a line feed? 

is it a carriage return? 

; ts it a backspace? 

to write the character 

1ncree11ent the oolullln 
column overflow? 
set new cursor position 

carriage return cursor 

; !:d!hi1 ::!11s! 2r!ws 
Ju111p if 111ode 72 
modes 4,5,6,6~ have 25 rows 
are we at last row yet? 
if yes, go scroll the screen 
otherwise, inc to next row 

call v_cura_poa to set new 
cursor position 

(dh,dll = (row,col) = (24,0) or (1'9,0) 
call v_curs_pos to aet cursor 
and so that ve can read back 
the proper attribute byte 

ah :: 0 for graph lea 
are we text mode? 
JuC11p if graphic.s 

call v_rac 
to get attribute byte in ah 

(cb,cl):: upper left (row,coll 
:: (0,0) 

11tore attribute in bh 
call v_oorl_up to scroll 
one line with attribute bh 
(dh,dll= lower right (row,coll 
coluC11n :: v_width-1 
is this mode 72 ? 
if yea then row 11 49 
Jump if 111ode = 72 
if not C11ode 72 then row 2~ 

restore ax 
restore bx 
re.store ox 
ro.,toro dx 

back .space -· column :: 0 ? 
don't change cursor position 
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FIICB 32 D2 
FIICD EB BD 

F4CF 

FIICF 

FIICF BA 26 OOIIA R 
F403 AO 0049 R 
F11D6 BA 3E 0062 R 
FIIDA 80 E7 07 
F4DD C3 

FIIDE 

FIIDE 

F11DE EB F52B R 

F4E1 2A FS 
F4E3 FE C6 
F4E5 2A D1 
F4E7 FE C2 

8-148 

C 
C 

v_cr: ,o, 
J•P 

dl,dl ; carriage return 
v_11e t_new_c ur 

C v_termlnal endp 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

'-------- --- -------- ------- -- --- --- -- -- --- --- -- --- -- --- --- ----- ---- --
i Read Current Video Status ah = OFh 

; Input: None, 
; Output: ah nWDber of character columns on acreen 

display mode currently aet al 
; bh current active dlaplay page (0-7) 

v_atat 

Traah: 

proc 

mo, 

'"' .. , 

None. 

ca:code, da:data, ea:v_ram, aa:nothing 

ah,byte ptr da:[v_width) 
al,byte ptr d$:(v_1:1ode] 
bh,byte ptr da:[v_apage) 
bh, 07h ; page nuE11ber mod 8 

v_stat endp 
page 

t • •••••••••••",:••:•••••••,:• ••• ••--• ---• •• ""•:EE•--•-•-: -- •• •"" """ """"". 

Common acroll po:,it.ioning and register initialization routine. 

Input: (ab,all = starting (row,col) position from (O,O) 
: (ch,cl) for up/ (dh,dl) for down 

bh = attribute to be used on blank row(sl 
if bl = o, then clear entire window with attribute in bh 
el11e, bl = number or rows to 'scroll' up/ down 

= number or row:, to clear at top / bottom of window 
(cb,cl) "' (row,col} or upper lert corner of window from (O,O) 
(dh,dl) = (row,col) of lower right corner or window from (O,o) 

( oh, cl) 
♦- - ---- - -------- -- -- "" --- -- -- - --♦ 
I I 

I 

' +- - - - - - - - - - - --- - - - - - - - - -- - - - - - - "+ 
bl I I I 

V +••• "" """"""""""""" "" """""" ---- •+ 
( dh, dl) 

Output: zf = state of bl at entry {nz if scroll; z if clear only) 
: (number of bytes/roll) • {number of ro113 to scroll) 

bh 
if bl 

else, 

oh 

( db, dl) 

bp ,, 
di ,, 

: (2 1 bl • v_width) 
" attribute to be uaed on blank line(a) 
0 at entry, then clear entire window with bl attribute 
bl : dh : window height to clear 
bl = number of rows to '3croll• up/ down 

= number or rows to clear at top / bottom or window 

= number of rows to move 
: delta of upper and lower coordinates-bl : {db-bl) 
= delta of upper left and lower right coordinates 
" window height and width 
= number of bytes NOT to move per row (2 1 (v_width -dl}) 
= • from' address for scroll 
: 'to• address for scroll 
= data_seg (preserved) 
= para_mono 

<-- bp -> <-- bp -> 
♦--- --- -- - -- - - - - - - - - - - - - - - - - - - - - - -- - -- -- -- - - - -- - ♦ 
I si, di off:,et if up 
I +---- •• --- -- -------- --- -- ------ -+ 
I I<------------ dl -------------> I 
I I I 
I I l dh 
I +------------------- ------------ + 
I bl I I I 
I v +--------------·-·;;:·d;-:;;:;;·~/ down 

C '------------- --- ------- --------------------- ----- ---- --· •• --- ------- "" 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

page 
v_scrl_po5 

call 

'"' '"' '"' '"' 

proc 

v_poan 

dh, ch 
dh 
dl, cl 
dl 

ca:code, d11:data, ea:v_ram, s11:nothing 

{ah,al) -> ax offset; ai trash 

(dh,dl) gets delta (drcw,dccl) 
dh c number or rows 

dl " number or coluaina 



~ 
F4£9 8B )6 004£ R 
FUD OJ FO 
Flil!F 8B FE 

Flffl 33 C9 
nn 8A CA 
FIIF5 Al OOIU R 
Flff8 8B £8 
FliFA 2B £9 
F/ilfC D1 " 
FHE DO EO 
F500 F6 El 

F502 .. CE 
F504 2A CB 

F506 OA DB 
F508 75 02 

F50A 8 A DE 

FSOC 
FSOC CJ 

FSOD 

~ 
F5 OD 

F50D 8A CT 
F50f 33 OB 
f';,11 25 0007 
FS 14 8B FO 
F516 74 07 

F51EI 
F518 OJ 1 lc OOIIC R 
FS 1 C ,, 
F51D 75 " 
F5 If 
FS 1 F 01 " F521 88 Bl! 0050 ' FS25 EB f52B R 
n2s 03 DB 
F52A CJ 

F52B 

F52B 

F52B 88 FO 
F52D 81 £6 OOH 
F531 BA CII 
F533 F6 26 004A R 
F537 03 C6 
F539 01 £0 
F53B CJ 

F53C 

F53C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

.. , 
add 

'"' ahl 

•hl 

'"' .. , 
'"' ., 
Jo, 

:s1,vord ptr da:[v_top} 
t11,ax 
di I i,i 

ex, ex 
cl, dl 
ax,vord ptr da:[v_w1dth] 
bp,ax 
bp, ex 
bp, 1 

al, 1 
bl 

cl, db 
cl, bl 

bl, bl 
v_:, c rl_mv_and_cl r 

bl, db 

v_:,crl_mv_and clr 

"' 
v_scrl_po:s 

page 
endp 

ROM BIOS 
Listing 

get orrset ot active pali:e 
add offaet in page :) •trom• 
, 'to• addresses. 

init count register to zero. 
cz = number of columna " dl 
get screen width 
bp • v_widtb 
bp : I v_widtb - dl) 
bp • 2 I (v_widtb • dl) 

al 2 • v_width 
2 1 v_width 1 no. ot rowB 

cl <: n11111ber of rova to move 

: if rowB to scroll, 
then, move & clear row, return nz. 

else clear db rowii only, return z. 

ZF indicates atate of BL at entry 

; Calculates video ram burrer orrsat of a character in tl!xt mode 

In put: bh 
Output: bx 

= current active di.splay page (0-7) 
= oft.set of character in text mode at display page 
= (page nU111berl 1 (v_height)+offaet of v_curpoa(bh) 
" offaet of character in tezt mode from page O 

Tra.!h: s1 = delJtl"oyed. 

v_fpos proc 

'" "' 
J• 

cs:code, d.s:data, es:v_ram, as:nothing 

al, bh 
bx, bx 
ax,07h 
si ,ax 
v_fpos_O 

; al geta page nllllber 
i bz : 0 

ax = page number mod 8 
si keepa page number mod 8 
page number = 07 

C v_fpos_lp: 
C add bx,word ptr da:[v_beight] .. optimization: word multipli

cation by leaB than 8 without 
destroying dx (or ox). '" Ju v_fpos_lp 

C 
C 
C 
C 
C 
C 
C 
C 
C 

v_fpoB_O: 
ohl Si I 1 

bx = (page n11111ber) 1 (v_heigbt} 
page number mod 8 word index 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

v_fpoa 

v_posn 

C v_poBn 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C v_txt_md 

.. , 
call ... ax, word ptr de :(Bi+v_curpoa] 

v_posn 
bx, ax 

(ah, al) -> ax offset; ai traah 
bx = (page)•(v_height)+offset 

endp 

Calculates video ram buffer offaet of a character in text mode 

Input: (ah,al) = (row,col) poaition 
Output: ax = offset of character in text mode. 

Trash: Bi deBtroyed, 

oa:code, ds:data, ea:v_ram, aa:nothing 

"" "' 
si, ax 
si, OFFh 
al, ah 
byte ptr ds:(v_width] 
ax, Bi 

ai lleepa column (al} 
, al geta row (ah) 
; ax geta (rov • v_vidth) 
; az geta (row • v_vidtb)+ column 

.. , .,, 
add 
•hl ax, 1 ; ax gets 2•((row • v_width)+oolumn) 

"' 
endp 

Ia v_mode text or graphics or black/white card? 

Input: Bone. 
Output: carry flag (of) aet if text, carry flag cleared if grapbics. 

Text Hodea: 0 to 3 and 7 
Graphioa Hodea: 4 to 6, 6~, and 72 

Traab: Bone. 

proc 
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ROM BIOS 
Listing 

FSJC 80 JE 00119 R 011 
FS-"1 72 09 

F543 80 3E 00119 R 07 
F5118 74 02 
FSIIA F8 
F511B c, 
F54C 
F511C F9 
FSIID CJ 

F54E 

F511 E 

FSI& E ,0 

f"'.> 4F BO " F'.,<; 1 E6 43 
F':>S] 80 00 
F5'.>5 E6 " F??7 80 06 
F559 E6 " 
F~-':>8 "' " F'.>'.>D " EO 
FSSF oc 03 
F56 1 " " 
F:>63 51 
F564 B9 ooce 
F56 7 
F'.,67 E8 EFn ' F56A " " F?6C 59 

p.,6D 8A C4 

f56 F " 61 

F571 58 
f57 2 CJ 

F57 3 

F57 3 

F57 3 

F573 

F57 3 8A E8 

F575 32 co 
F577 EE 
F578 ES E8E2 R 
F57B EC 
F57C EB E8E2 R 

F57F BO 09 
F581 EE 
F582 EB E8E2 R 
F585 BO C 1 
F587 EE 
F588 EB EB E2 ' 
F58B BO OIi 
F58D EE 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

omp 
J b 

cop 
J. 
cl C 

assume cs:code, ds:data, es:v_ram, ss:nothing 

byte ptr da:[v_mode],11 
v_txt_ok 

byte ptr ds:[.,_mode),7 
v_txt_ok 

; graphics mode {CF " 0) 
; modes II to 6, 611, aad 72 

C v_txt_ok: 
C ate ; text mode (CF = 1) 

; modes O to 3 and 7 C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

v_txt_md endp 

. Handle BEL character: Beeps the speaker. 

No parameters. 

; --- - ---- -- --- -- --- ----- ----- ------ --- -- ---------- ---------------------
v_bol l proc near 

push 

oot ... 
oot .. , 
oot 

'" 

push ... 
bel 1 wait: 

- call 
loop 
pop 

oot 

pop 

"' 
v_bell endp 

code end:i 

assume cs:code, ds:data, 

al, t2cmd 
p_8253_ctrl,al 
al ,OOh 
p_8253_2, al 
al, 06h 
p_8253_2, al 

al,p_kctrl 
ah, al 
al ,03h 
p_kctrl,al 

C, 

ex, 200 

F _wai t_one_m.s 
bell_wait 

al, ah 
p_kctrl, al 

es:v_ram, ss:nothing 

p_8253_2, lsb 1st, mode 3,no BCD 

p_timer count 
least signlf"lcant byte 

mo::it ::ilgnif"icant byte 

get control data 
save control :itatus 
turn speaker on 

;512 msec 

;wait for 1 ms 

; re:itore control statue 

; return f"rom v_term 

C include comJ.a:1111 

Filename: com3. src 
C ; = =:" =: =:":" = = = "" :c: :: : """::":"::::::::::::::::: =: = "" "" ======:= == == == == = 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

code segment publ 1c • ROH' 
assume cs:code, ds:nothing, ea:nothing, ss:nolhing 

INS8250 Asynchronous Communication Chip Baud Rate Time Constante 
(baud rate generator signal ie 3,68611 MHz put through a 
divide-by-2 circuit). 

((3,686,1100 Hz)/2) ,. Input Freq. 
Time Con:itant = ---------•------------•---------

( l6) 1 (baud rate) 
. -- -- ----- ------ -- - -- ----- -- ----- -------- --- -- -------------------------
ecc_ini t 

oot 
call 
in 
call 

mo, 

oot 
oall ... 
oot 
oal 1 

near ; ab = OOb 
cs:code, ds:oothing, es:notbing, ss:notbing 

cb, al 

al,al 
dJ:, al 
r:i_dly 
al,dx 
rs_dly 

al ,9 
dx, al 
ra_dly 
al, 11000001b 
d:z:, al 
ra_dly 

al ,4 
d2:, al 

save input parameters. 

dummy read on scc_ctl_x 

insures proper regiater addr. 

select write regiater 19 
reset and di:,able int 

bv reset, st=O, mie•dis, nv•1 

eeleot write regieter ,_ 
tranef"er parameters 



F58E " E8E2 R call rs_dly 

F591 BO " al, 0 10001 00b 

F593 8A ES mov ah, ch 
F595 60 E4 04 ... ah ,000001 00b 
F598 DO .. ohl ah, 1 
F59A •• " al ,ah 

F59C 8A £5 mov ah, ch 
F59E Bo " 1' "' ah,00011000b 
F5A1 B1 OJ mov cl, 3 
F5A3 02 EC ohr ah, cl 
F5A5 OA Cl! al, ah 

F5A7 EE oot dx, al 
F5 AS EB £8£2 R call rs_dly 

F5AB 60 06 al, 11 

F5AD EE oot dx, al 
FSA£ E6 E8E2 R call rs_dly 
F5B1 BO 55 oov al,01010101b 
F5B3 EE °"' dx, al 
F5B4 EB EB E2 R call rs_dly 

F5B7 BO OC al, 12 
F5B9 EE o,t dx, al 
F5BA E6 £8£2 R cal 1 rs_dly 

FSBD 8A DD oov bl, ch 
F5BF 61 El OOEO '"' bx,11100000b 
F5C3 B1 ., oov cl, II 
F5C5 02 EB ,hr bl, cl 

NOTE: Th eae values are the SAHE .. the com_ 

C ' ax,word ptr ca: (bx+acc_baudJ 

F5C7 2E: BB 87 E729 R mov ax,word ptr cs:[bx+com_baud) 
FSCC 46 '" FSCD 46 '" 
FSCE " °"' dx, al 
FSCF EB E8E2 R call rs_dly 

F5D2 BO OD mov al, 13 
FSDII EE o,t dx, al 
F5D5 EB E8E2 R call ra_dly 

F5D8 " " mov al, ah 
FSDA EE o,t dx, al 
FSDB EB ES E2 R call ra_dly 

F5DE BO OE mov al, 111 
F5 EO EE oot dx, al 
F5E1 E6 E8E2 R call r.s_dly 
F5E11 BO 03 al,OOOOOOllb 
F5E6 EE o,t dx, al 
F5E7 " ES E2 R call rs_dly 

FSEA BO 01 mov al, 1 
F5EC EE oot dx, al 
FSED " ES E2 R oal l rs_dl y 
F5FO 32 co al, al 
F5F2 EE oot dx, al 
F5F3 EB E8E2 R call rs_dly 

F5P6 BO OJ mov al, 3 
FSF8 EE o,t dx, al 
FSF9 E6 EB E2 R call ra_dly 

FSFC BO 01 al, 0000000 lb 

FSFE 6A DD ,ov bl, ch 
F600 61 El 0003 .,, bx,0000001 lb 
F604 2E: BA A7 F62E R ah, byte ptr 0, ·[bx+acc_dbit] 
F609 B1 06 mov cl ,6 
F60B D2 .. C ,bl ah, cl 
F60D 0A C4 C al,ah 

C 
F60F EE C o,t dx, al 
F610 " E8E2 R C call ra_dly 

C 
F613 BO 05 C mov al ,5 
F615 EE C o,t dx, al 
F616 E6 E8E2 R C call ra_dly 

F619 60 OB mov al ,00001000b 
F61B 95 xchg ax, bp 
F61C OA .. or ah, ah 
F61E 95 xchg ax, bp 
F61F 75 02 Jo, 8CC_pvrup 
F621 BO 8A al,10001010b 

F623 aoo_pvrup: 
F623 DO EC ohr ah, 1 
F625 0A c, o, al, ah 
P627 EE oot d:1:,al 
P628 EB E8E2 R call rs_dly 

' 

ROM BIOS 
Listing 

16x, 8-bi t synch, 1 or 2 stop 

got input parameters. 
get b1 t 12 
move to bit 13 
· or' the bit 

,., 1 nput parameters. 
got bits #J • . 
move to bits #0 . 1 

or' tho bi ts 

all done I! J 

select wr1 te register ,,, 
clock !!lode control 

00 x, r:br, l:br, txc o, tx ok 

select write register #12 
lw byte or baud rate con st 

get input parameters. 
got bits 15' 6, • 7 { clear bh) 

move to bits # 1 ,2 ,& l 
bx is wore index 

baud EXCEPT roe the - 21 11 I 

get 8530 baud count 

get 8250 baud count 
and subtract 21111 I 

' output low byte or baud rate 

; select write register 11 J 

' high byte of baud rate con at 

out put high byte of baud rate 

ael ect write register ". baud rate generator e na bl c 

baud generator enable • source 

select write register 11 
data xrer mode definition 

r, dis, ply no apec, ,. di, .. , d1, 

ael ect write register OJ 
hD parameters and control 

RxD enable 

get input parameters. 
get bits #0 . 1 ( clear bh) 

move data bi ts to .. . 7 
'or' tho data bits 

select write register 15 
hD parameters and control 

T•D enabled, (power-up value) 
got original function code 
1 a 1 t 0 or FF? 
restore AX 
jump if original AH:OFFh 
TxD,DTR,RTS enabled, {normal) 

move bits " • 7 to #5 • 6 
'or' tho bits 
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F62B E9 E88.l R 

F62E 00 
F62F 02 
F630 01 
F631 OJ 

F632 

F632 

F632 

F8111 

F841 

FBll1 FB 
F8112 " F6113 BB 0040 
F846 BE D8 

F8118 A1 0013 R 
F84B 1F 

FB11C CF 

F84D 

F811D 

F84D 

F84D FB 
F84E " F84F BB 00110 
FB52 BE D8 

F8511 A1 0010 R 
F857 1F 

f858 CF 

F659 

F859 

FB59 

F659 F9 
F85A " 86 
F85C C2 0002 

F85F 

F85F 

8-152 

,., tscc_otat ; return 8tatus 

i Z8530 Compatible Data-Bit Det1n1t1ona tor Happing bits 

acc_dbit db 
db 
db 
db 

:scc_i n1 t endp 

C code end::s 

include 

OOb 
10b 
O lb 
11b 

5 data bit:, (O) (non- ) 
6 data bit:, ( 1 l (non- ) 
T data bit.\'! (2) 
8 data bit is ( 3) 

;=:========.,=========:=:=:===-----===================:======:=========== 
Filename: 

Thi:, module includes INT 12h, 1th, & 15h. 

code :ieglllent public • ROH' 
assume c.s:code, da:nothing, es:nothing, ss:nothing 

INT 12h -- me111ory size detect 

ORG OFB41h 

111_81ze proc 
cs:code, ds:nothing, es:nothing, so:nothing 

"' push ds .,. 
.,. ax,data_seg 

ds,ax 

cs:code, ds:data, es:nothing, ss:nothing 

ax,word ptr ds:[memory_size] 
pop ds 

m_size endp 

1 INT 11 h -- equipment check 

ORG OF8~Dh 

C m_equip proc 
cs:code, ds:nothing, ea:nothing, ss:nothing 

"' push ds 
ax,data_seg 
ds,ax 

cs:code, ds:data, es:nothing, so:nothing 

mov ax,word ptr ds:[switch_bits] 
pop ds 

iret 

C m_equip endp 

INT 15h -- cassotte 1/0 

ORG OF859b 

m_cass proc 
cs:code, ds:nothing, ea:nothing, ss:notbing 

'" .. , 
iret 

m_caas endp 

code ends 
include n.mi, asm 

ah,86b 
2 

Filename: nm 1. :ire 

Tb1o module includes INT 02b. 

; error 



~ 
F85F 

F85F 

F85F 

F85F CF 

F860 

F860 

C 
C 
C 
C 
C 
C 
C 
C 
C 

F860 C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

F860 C 
C 
C 

F860 ,. C 
F861 55 C 

~ 
F862 56 C 

C 
C 

F863 2E: 8 B 1 E E5F2 R C 
F868 C7 06 0084 R E2CE R C 
F86E 8C DE 0086 R C 

C 
F872 BE D8B7 R C 
F875 £8 E5FA R C 

C 
F878 32 DB C 
F87 A 53 C 

C 
C 

F87B C 
F87B 33 co C 
F87D BE DB C 
F87F SE CO C 

C 

ROM BIOS 
Listing 

code 11egment public 'ROH' 
1111sume cs:code, ds:nothing, e.s:nothing, as:nothing 

INT 02h 
;------- --- ---------- --- -- --- --- --- -- -- --- -- ------ -- ------- ------- ---

ORO OF85Fh 

n_int proc near 
cs:code, ds:nothing, es:nothing, 1111:nothing 

iret 

n_int endp 

code ends 

include boot2. asm 

i = = =: = =. "= = = = = "= = =: = = = = = = = =: = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 
Filename: boot. src 

Thia module includes IIIT 19h. 

;::::::: .. ::•:,c::-------------------------------------==-==--------------
code segment public 'ROM' 

assume cs:code, ds:nothing, es:nothing, ss:nothing 

,-------~;;·;;; -- Cold boot routine: 

This code reads Track O, Side 0, Sector o into mea:ory at 
; 0000:7C00 and iret•s into the secondary boot-strap loader 
,------====::11:::::::::::z::::::::::::::;:=:::=====:::::::::::-:::::-----

; Note: The stack looks like tbia at exitllll 

High Address 
•------------------' <-- sp (at entry & exit) 
I return fsw flags I 
'------------------' 
: return cs segment: 
'----------------- - I 
I return ip offset : 
•----------------··' <-- sp after INT 19h trap 
I saved si, bp I 
I••----------------' <-- spat loading of return address 

Low Address 

Out put: 
(OL) : Driver Number 

(DH) = Head Number 
(CH) " Cylinder Number 
(CL) = Sector Number 

(AH) = Successful status = O. 
( AL) : Number of Sectors read 

OOh -> Floppy Drive (A:); 
Olh -> t'loppy Drive (B:); 
80h -> Fixed Disk (C:). ) 

The:,e three parameters will 
specify the booted partition 
in the case or the fixed disk. ] 

(in order to read 512 bytes. ] 

(£S:BX) Address or the transfer [0000:7COO) 
( DS :BX) 

{CS:IP) Addrees of entry point [0000:7COO] 

(SS:SP) " Stack Segment and Pointer are left intact from the INT 
19h invocation for multi-tasking environments. 

(IF) : The interrupt enable flag is left intact from the INT 
19h invocation for multi-taaking environments. 

Trash: bp deatoryed, (si, di, & bp preserved,) 

bt_int proo 

bt_o: 

... 
punb 
pu:,b 

cs:code, da:notbing, ea:notbing, ss:notbing 

•• .. enable 1nterrupts 
save BP 6 SI 

ds:data reset 111aater table ptr to ROM 
da,word ptr oa:(set_da_word] ; satisfy assumption 

mov word ptr ds:[master_tbl_ptr+OOOOh],ce:(offaet mastab) 
mov word ptr ds: [master_tbl_ptr+0002h], ca 

mov 
call 

XO, 

push 

a1,ca:(otfaet bt_ml 
DRomString 

bl, bl 
bx 

da:abaO, en:absO 

ax,ax 
ds,ax 
eo,ax 

boot strap message 
print banner 

disable error message blinking 
blink status 

boot strap outer loop 
AX ,. abeO_seg. 
satisfy assumptions 
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ROM BIOS 
Listing 

F881 CT 06 0076 EFC7 R 
F867 BC OE 007A 

F88B BO 0003 
F88E 

F88E 33 co 
F890 8B D8 
F892 as ca 
F694 BB DO 
FB96 CD 13 
f898 72 OA 

F89A BB 0201 

F89D 87 7C 

F89F 

F8AO o6 
F8Al co 13 
F8A3 07 

F8A4 
F8A4 73 " 
F8A6 ,. 
F8A7 OA 08 
F8A9 74 OE 

FBAB BE D8D1 
FBAE 76 03 
FBBO BE DBF6 

F6B3 
F8B3 E8 E5FA 
F8B6 BO f3 80 

F8B9 
F8B9 53 
FBBA 40 
F8BB 75 0, 

FBBD 58 
FBBE 60 CB 01 
F8C1 53 

FBC2 EB 87 

F8C4 
F8Cll BE DBF6 
F8C7 E8 E5FA 
FBCA 5E 
F8CB 5E 
F8CC 88 EC 
FBCE 89 5£ 02 
FBDl Be 46 04 
F8D4 50 
F8D5 CF 

F8D6 

F8D6 

F8D6 

F8D6 

F8D6 0000 
F808 016E 
F8DA 02DB 
F8DC 01148 
F8DE 05B5 
F8EO 0723 
F8E2 0890 
FS E~ 0 9 FD 
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R 

R 

" 

C ; Re11et rd_par11111 t11ble vector. 

word ptr d11: [ictl l!:locn .. O],cs (offset fd_par11111) 
word ptr d11: [1nt1 Elocn+2l. ca 

In1t111.li:z:e retry loop. 

bp,3 
bt_i: 

Initial 1:z e the driver. 

INT 
Jc 

ax,ax 
bx,ax 
cx,ax 
dx,ax 
13h 
bt_nxt 

Read the boot sector. 

bt_nxt: 

blnk: 

C bt_dec: 

bt_ok: 

pu:ih 
!HT 
pop 

pop 

j, 

J• 

call 

push 
doc 

'"' 
push 

Jmp 

call 
pop 
pop 

pop 
iret 

bt_int endp 

C code ends 

ax,0201h 

bh,7Ch 

es 
1Jh 

bt_ok 

b, 
bl,bl 
bt_dec 

si ,cs:(offset bt_111arr) 
bt_blnk 
si ,cs: (offset bt_spaces) 

DRomString 
bl,10000000b 

,, 
bp 
bt_i 

,, 
bl,1 ,, 
bt_o 

si ,cs:(offset bt_spaces) 
DRomString 
si 
Si 
bp,sp 
word ptr ss :(bp+2), bx 
word ptr ss: ( bp+II] ,as 
bp 

C include calendar. 83111 

retry counter 
boot retry inner loop 

AX= O. 
BX= 0, 
ex= o. 
ox = o. 

try again, if error 

read one sector 
bl: 0. 
xfer addres:J = ES :BX " 0:7C00 
ex" 0. 
track 0; sector 1 
dx = O. 
head O; drive O 

save return registers 
BX, cx,ox,sI, DI,BP, & DS saved 
restore return registers 

jump if no error during read 

get blink atatua 
have 3 retries been co111pleted? 
ju111p if no 

blink error message on 
blink state from BL above 
blink error message off 

blink error message 
toggle blink state 

resave blink status 
decrement retry count 
and, try again 

get blink status 
enable error message blinking 
save new status 

and try again, for now. 

blink error message off 

discard blink status 
restore SI 

return IP = BX = 7C00b 
return CS = ES = 0000h 
restore BP 
return flags 

;--=============:====::::::===:=========-=====-=====================::: 
Filenae11e: cal. src 

Thia 111odule includes c_read and c_vrite of INT 1Ah. 

C ;====··-----------·-----------::c--•------------------------------------

code seg111ent public 'ROH' 
cs:code, ds:notbing, es:notbing, ss:notbing 

c_data1 proc 

; Days per year. 

c_dy_yr dw 

'" ,, ,, ,, ,, ,, ,, 

(0 1 366)+(01365) 
(1 1366)+(0 1 365) 
(1 1 366)+(1 1 365) 
( 1•366)+(2 1 365) 
( 1 1 366)+(3 1 365) 
(2 1 366)+(3 1 365) 
(21 366)+(4 1 365) 
( 2 1366)+(5 1365) 

Days p6r month. 

year 0 
year 1 
year 2 
Y6ar 3 
year 4 
fear 5 
yao.r 6 
year 7 

leap year • O 
l6ap year • 1 
leap y6ar • 2 
leap yaar • 3 
leap year + O 
leap year • 1 
leap 1ear • 2 
leap yaar • 3 



~ 

~ 

F8E6 1F 
F8E7 1C 
F8E8 1 F 
F81!9 1 E 
F8EA 1F 
F8EB 1E 
F8EC 1 F 
F8ED 1F 
F8EE 1 E 
F8EF 1 F 
F8F0 1 E 
F8F1 1 F 

F8F2 

F8F2 

F8F2 50 

F8F3 BA 007F 
F8F6 EC 
FSF7 EC 
F8F8 ES F9115 fl 

F8FB 8A EB 

FBFD a2 1c 
FSFF ES F958 fl 

F902 48 

F903 SB D8 

F905 " F906 EB F95S R 

F909 " 
F90A 8B DO 

F90C " F90D 78 08 

F90F 
F90F ES F9FD R 
F912 03 DO 
F91'1 .. 
F915 79 F8 

F917 

F917 33 DB 
F919 8A DD 
F91B D1 E3 
F91D 2!: 03 97 F8D6 R 

F922 8B DA 

F92ll B2 77 

C 
C 
C 
C 
C 
C 
C 
C 

ROM BIOS 
Listing 

c_dy_mo db 31 Ill On th 0 '" db 28 month 1 '" db 31 month 2 '" db JO cionth 3 ,,, 
db 31 month ' ,., 
db JO month 5 J.a 
db 31 month ' '" db 31 month 7 '"• db JO month 8 s,, 
db 31 111onth 9 o,t 
db JO aionth A '" db 31 month B '" 

c_data\ endp 

Read or Write Clock Calendar Device {c_read) 

Input: ah = Write Clock Calendar Device, then: 
bx = day (froll: 1-1 of leap year up to 12-31 of leap year+7) 

(0-2921) = [0-B69h) 
ch = hour (0-23) 
cl = 11:1nutes (0-59) 

Ovtput: ah = -1 implies date/time error 
ah= 0 implies date/time OK 

Input: ah= -2 Read Clock Calendar Device, then: 
Output: bx = day (frotn 1-1 of leap year up to 12-31 of leap year+7) 

Trash: 

ch • hour 
cl= 
dh : 
dl : 

None. 

minutes 
seconds 
hundredths of seconds 

C i = = == = = = = "=== = == = = = = = = = = = E = =: = = = = = =: = = = == = = =: = = = = = = = = = = = = = = = =: =: = = = = = = = 
C 

C 

c_read proc 
a:,:,ume cs:code, ds:noth1ng, es:noth1ng, :,s:nothing 

; Save registers, 

Years, 

push 

mo, 
1" 
1" 
call 

dx,7Fh 
al, dx 
al, dx 
c_rBCD 

ch, al 

Month a, 

Day:,, 

mo, 
call 

'" 

deo 
call 

dee 

dl, 07Ch 
c_rhex 

bx, ax 

,, 
c_rhex 

Calculate Day (ax has day). 

dx, ax 

Calculate Month (bx haa month). 

c_rmlp: 

o_rmO: 

dee bx 
ja c_rCllO 

call 

"' doe 

J•• 

c_gdays 
dx, ax 
b, 
c_rml p 

Calculate Year (ch ha:1 month). 

; interrupts {years mod 8) 

al = years 

ch = saves year mod 8 

; dl = tena of months port = 7Ch 
; Input: dl = tens of mon.s port = 7Ch 
; Output: ax = hex of months (1-12) 

dx = day of week port = 7Ah 
= Clap month (1-12) to month (0-11) 

; bx= saves month (0-11) 

; dl = tens of days port = 79h 
; Input: dl = t.ena of days port = 79h 
; Output: ax = hex of days (1-7) 
; dx = tens of hours port " 77h 
; ax= map days (1-7) to days (0-7) 

dx = day 

prev ioua month 
jump if it was zero 

get days per month 
dx = day + current month 
previous month 

i zero case 
; dX = day + month 

bx, bx ; cl ear bb 
bl,Ch ; get year cod 8 

C shl b:i.:,1 ; make word index 
C add dx,word ptr c11:(bx+c_dy_yr] 
C 
C b:i.:, dX bx = day + month + year 
C 
C Hour a. 
C 
C dl,077b dl tens of boura port = 77b 
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ROM BIOS 
Listing 

F926 E8 F958 R 

F929 8A EB 

F92B ES F958 R 

F92E a a ca 

F9]0 EB F958 R 

F93 3 8A FO 

F935 S2 

F936 ES F9 4 ';, R 
F939 8A EO 
F9]B 32 co 
F9]D EB F962 R 

F91'0 SA 
F9 41 8A DO 

~- 9 4 3 58 
F94:i C3 

F9115 ,, 
F91'6 B9 000 3 
F9119 32 F6 

F94B EC 
F94C 211 OF 
t'94E ]C DA 
f9';,0 72 04 

~-952 E? f7 
F954 BO O 1 

F956 
F956 59 
F957 CJ 

F958 

F958 

F958 EB F9115 R 
F95B BA EO 
F95D 4A 
F95 E EB F945 R 
F961 4A 

F962 

F962 

F962 BA n 
F964 DO E6 
F966 DO E6 
F968 02 Fll 
F96A DO E6 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

cal 1 

Hinutes, 

call 

c_rbex 

Ch ,al 

c_rhe:i: 

Cl, al 

Input: dl " ten11 of boura port = 77h 
Output: ax = hexadecimal or hour a 

di: = tena of min • .s port = 75b 
cb hour:, 

dl tens of minuteo port = 75h 
Input: dl " ten a or min. a port = 75h 
Output: ax = hexadecimal of mi nut.ea 

; dx = tell.II or sec, 8 port • 73h 
; cl " minutes 

C ; Seconds, 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

call 

push 

c_rhex 

dh, al 

d, 

; Hundredths or Seconds. 

call 

'" cal 1 

pop 

c_rBCD 
ah, al 
al,al 
c_BCD2hex 

d, 
dl, al 

Restore registers. 

pop 
cot 

; dl = tens or second:, port = 73h 
; Input: dl = tene or sec.sport= 73h 
; Output: ax" bexadecl111al or eeconds 

dx = tenths or secs port= 71h 
dh : :,econds 

; save seconds (dh) 

; dl = :enths or seconds port = 71h 
; al = tenths or aeconda 
; move tent.ha or second:, to high byte 
; ax " BCD of hundredths of seconds 
; ax "' hex of hundredths of aeconds 

; restore ::ieconds (db) 
; dl " hex of hundredths of aeoonds 

C c_rBCD: push 
C ex, 3 

dh, db 

save ex 
try 3 t1111es only 111 
clear dh C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

c_rBl p: in 
a,d 

al, d'IC 
al,' 'h 
al, J 
c_rBret 

get the byte 
clear high nibble 
is it le::is than 10? 
if ao, return 

c_rBret: 

c_read 

emp 
Jb 

loop 

pop 

"'' 
endp 

c_rB 1 p 
al, 1 

else, try again 
if timeout, return one. 

restore ex 

i Convert to Hex (c_rhex) 

Ii,puts both BCD bytes and convert.II to hexdeclaial word. 

1, ·.it: dl = pointer to tens of whatever port 
o, ... put; ax = hexadecimal word (ah = O) 

dx " pointer to tens of previou9 port (dh : 0) 

Trash: None. 
C • -- ---- -- - - - -- - - - -- - - -- - - - - - - - - --- --- - -- -- -- -- --- -- -- --- -- - - --- --- -- - - -
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c_rhex 

c_rhex 

proc 

call 
mov 
doc 
call 
doc 

Jmp 

endp 

cs:code, da:notbing, e.s:nothing, ss:nothing 

c_rBCD 
ah,al 
a, 
c_rBCD 
d, 

short c_BCD2hex 

; in from tena of whatever 
; move tens of whatever to high b7te 

dx points to uni ta or whatever port 
in from uni.ts or whatever 
dx points to tens or previoua port 

fall through 

j -- -- - -- -- - - - -- --- - - -- - -- - - - -- -- - -- --- -- -- -- --- --- -- -- - -- -- - -- -- ---- -- -

i 
i BCD to Hnadecimal (a_BCD2hox) 

Input: ah " high BCD digit 
al = low BCD digit 

Output: ax = bexadeai111a1 byto (ab -= O) 
db n 0 

Trash: None. . -- -- - -- -- -- ------ -- --- ---------- -- --- -- -- --- -------------- ------- ---
c_BCD2bex 

mo, 
ohl 
•bl 
odd 
•bl 

proc 

dh, ab 
dh, 1 
dh, 1 
dh,ab 
db, 1 

aa:codo, da:nothing, oa:notbing, sa:notbing 

db 
db 
db 
db 
db 

hi BCD digit 
2•{bi BCD digit) 
11•(bi BCD digit) 
5•(b1 BCD digit) 

1o•(b1 BCD digit) 



~ 

~ 

F96C 02 C6 
F96E 32 Ell 
F970 32 F6 
F972 C3 

F973 

F973 

F973 80 F9 JC 
F976 73 73 
F978 80 FD 18 
F97B 73 6£ 
F97D a, FB 0B6A 
F981 73 68 

F98] 50 
F98JI 53 
Fges 51 
F986 52 

F987 33 co 
F989 E6 70 
F98B £6 7E 

F98D B2 711 
F98F 8.l Cl 
F991 £8 F9EC R 

F994 SA C5 
F996 EB F9EC R 

F999 88 D3 
F99B BB 001 0 
F99E 
F99E •• F99F •• F9AO 2£: 38 97 F8D6 R 
F9A5 72 P7 

F9'7 2£: 28 97 F8D6 R 
F9AC D1 EB 
F9AE BA 2B 

F9BO BB FFFF 
F9B3 
F9B] '3 
P9B11 ES F9FD R 
F987 28 DO 
F9B9 73 re 
F9BB 03 C2 

F98D B2 78 
F9BP •• F9CO EB F9EC R 

F9C3 '2 
F9CII 88 C] 
F9C6 •• F9C7 ES F9BC R 

C 
C 
C 
C 
C 

add .. , ,., 
C o_BCD2bex 
C 

al, dh 
ah, ah 
dh, db 

endp 

ROM BIOS 
Listing 

; a.1 " 1o•(h1 BCD d1git)+(low BCD digit) 
i ax a 10 1 (h1 BCD digit)+(lov BCD digit) 
; dh 11 0 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

;- ------- -------- -- -------- -- -- ---. -- ------- --- ------------------ --- -- -
; Write Clock Calendar Device (c_write) 

C 

; Input: ah= -1 
i bx = 

' ' ob = 
cl= 

Output: ah = -1 
ah : O 

Trash: Rone. 

o_write proo near 

day (ri-0111 1-1 or leap year up to 12-31 
(0-2921) " (O-B69h) 
hour (0-23) 
111inutea {0-59) 
impliea dilte/ti111e error 
implies date/time Ok 

or leap year+?) 

C 
C 

C 
C 
C 

asaume oa:code, da:oothing, es:nothing, a11:nothing 

C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

Check ror errora, .. , 
J•• 
0111P 
J•• .. , 
J•• 

cl, 60 
o_werr 
oh, 24 
c_werr 
bx, {2•)66)+(6•365) 
c_verr 

Save registera. 

push 
push 
push 
puah 

ax .. 
" d, 

Initialhe and Stop Clock. .. , 
c out 

ax, ax 
70h, al 
7Eh, al C out 

C 
C Minutes. 
C 
C 

C mov 

; Roura. 

call 

iiiov 
call 

dl ,074h 
al, cl 
c_whex 

al, ch 
c_vhex 

Calculate Year. 

o_vylp: 

dx, bx 
bx, ( a•2) 

dee bx 
dee bx 

cl II minutes (0-59) 

ch " hour {0-23) 

bx " day rrom leap year mod 8 
: (0-2921) = (0-0B69h) 

; ax = 0 
; teat only port = out or test mode 
; atop/start port "' atop clock 

; dl a units or minutes port " 74h 
; al " minutes {0-59) 
; Input: al = hexadecimal or lllinutea 
; dl " unita or min.a port = 74h 
; Output: ax : trash 

dx " unita or hours port = 76h 

dl = unita or houra port = 76h 
al = hours (0-23) 
Input: al = hexadecimal of hours 

dl = units or hours port = 76h 
Output: ax = trash 

dx II unit.a of daya port = 78h 

; dx = day rrom leap year mod 8 
; word index of year 

c111p dx,word ptr cs:[bx+c_dy_yr] 
Jb c_wylp 

C 

C 
C 
C 

... .,, dx,word ptr ca:(bx+c_dy_yrJ 
bx, 1 

dx = saves day of year 
bl • year mod 8 

ch, bl 

C 
C 
C 

Calculate Daya & Months. 

c c_vmlp: 
C 
C 
C 
C 

C 
Daya. 

ino 
call ... 
J•• 
odd 

C IIIOV 
c inc 
C cill l 
C 
C 
C 
C ; Hontba, 
C 
c ino 
C IIIOV 
c ino 
c call 
C 

bx, -1 .. 
c_gdaya 
dx, ax 
c_vmlp 

ax, dx 

dl,078h 

c_whex 

d• 
ax,bx 
ox 
c_vbex 

ch = saves year mod 8 

start at January 

; next month 
; get days per month 

; bx= month (0-11) 
; ax " day (0-1) 

dl " unit.a of days port = 78h 
al • map daya (0-?) to daya (1-?) 
Input: al I hexadecimal or days 

dl ~ units of daya port 11 78h 
Output: ax " traah . 

dx " day of week port "' TAh 

dl • unit.is or montha port• 7Bh 
al • month (0-11) 
al a map month (0-11) to month (1-12) 
Input: al I hexadecimal of month a 

dl I unit.a or moo.a port 1 7Bb 
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ROM BIOS 
Listing 

F9CA BO 08 
F9CC 8A CD 
F9 CE 80 " OJ 
i'9D1 02 EB 
F9D3 " 
F9 ri11 " F9D5 42 
F9D6 8A C5 
F9D8 OC OB 
F9DA EE 
F9DB 90 
F9DC EC 
F9DD ,. 
F9DE EC 
F9DF 90 
F9E0 EC 

F9E1 BO FF 
F9 E3 4A 
F9EII EE 

F9 I:'.~ 5A 
F9E6 ,, 
F9 E7 " F9E8 " F9 E9 32 " 
F9!::B 
F9 EB CJ 

F9EC 

f'9EC 

f'9EC 32 Ell 
F9 Ef. B6 011. 
F9FO F6 F6 

F9f'2 86 c~ 

F9f'I& 32 f'6 
F9F6 EE 
f'9f'7 8A C4 
F9F9 " F9f'A EE 
F9f'B " F9FC C3 

F9FD 

F9FD 

f'9FO 33 CO 
F9Ff' 2E: 8A 87 F8E6 JI 

FAO~ 80 FB 01 
FA07 75 06 

FA09 F6 C5 03 
FAOC 75 01 

FAOE -110 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Leap Jeara. 

Tears. 

... 
obr 
out 

'"' '"' 
or 
o,t 

""' 

al,08h 
cl, Cb 
cl ,03h 
al, cl 
dx, al 

.. .. 
al, ch 
al,OSh 
dx, al 

in al, dx 

'"' in al, dx 
oop 
in al, dx 

Start Clock. ... 
'" out 

al ,OFFh ., 
dx, al 

Restore reg1ater11, 

pop dx 
pop ex 
pop bx 
pop 

ah, ah 

c_verr; 
rot 

c_vrite endp 

;- Output: ax = trash 
dx : leap year port " 7Db 

; dz = leap year port = 7Db 
; 111et leap year bit 
; get year mod 8 
; get year mod Ji 
; abift leap year bit into poe1t1on 

dz = atop/atart : 7Eb 
dx ,. interrupt : 7Fh 
get year mod 6 
set 'repeated interrupt' bit 

; al : OFFh 
; dx : atop/start = 7Eh 
; s.tart clock 

ah = o 

ah : 

; Conver-ta hexadecimal byte to BCD and outputs both bytes. (c_whex) 

Input: al = hexadecimal byte 
dl = pointer to units of whatever port 

Output: dx = pointer to units of next port (dh " O) 

Traah: ax destroyed. 

C c_whex proc 

C 
C 
C 
C 
C 
C c_whex 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

cs:code, ds:nothing, es:nothing, sa:nothing 

ah, ah ... dh, 10 ... db 

xchg al, ah 

dh, db 
oot dx, al 
mo, al, ah 

'"' 
,, 

oot dx, al 

"' 
., 

rot 

endp 

; ax " hexadecimal byte 
; dh " divisor 
; ah " remainder = low BCD digit (0-9) 
i al " quot.lent : high BCD digit 

ah : quot.lent : bigb BCD digit 
al : remainder " low BCD digit {0-9) 

dx point.a to unit.a or vhatever port 
out to units of wba t aver 
move teno of whatever to low byte 
dx point.a to teno of whatever port 

, out to t.ena of what.ever 
; dx pointe to un1ta of next port 

Get Days per Month. (c_gdays) 

This routine calculates the number or days 
per month based on the year without checking validity of month, 

Input: bx 
ch 

Out put : 

Trash: None. 

= month (asaumea bz < 12) 
" year 
= daya in month, if month valid; elae garbage 

i ---- - --- - -- - - - - - - - - -- - - - - - - - - - - -- -- - - - - - - -- - --- ---- --- -- --------------C 
C 
C 
C 
C 

c_gdays proc 

omp 
Jo, 

teat 
Jo, 

,,. 

cia:code, ds:nothing, 

ax, ax 
al, os: [ bx+c_dy_mo] 

bl,1 
o_gret 

ob,OJb 
c_gret 

e:i.:notbing, aa:notbing 

; clear ab 

ta la February? 
if not February, return 

if year" O mod II, leap year 
if not leap year, ax " 28tb, so return 

; load ax witb February 29tb 



~ 

FAOF Cl C 
C 

FA10 C 
C 

FA10 C 

FA10 

FA6E 
FA6E 

FA6E 

FA6E 00 00 00 00 
F!72 00 00 00 00 
FA76 7E 81 A5 81 
FA7A BD 99 81 " FA7E 7E FF DB FF 
FA62 Cl E7 FF 7E 
FA86 36 7F 7F 7F 
FA8A lE ,c 08 00 
FABE 08 1C 3E 7F 
FA92 lE 1C 08 00 
FA96 18 JC E7 E7 
FA9A 66 18 18 JC 
FA9E " lC 7E FF 
FAA2 FF 7E 18 JC 
FAA6 00 00 18 3C 
FAAA JC 1 a 00 DD 
FAAE FF FF E7 Cl 
FAB2 Cl ,; FF FF 
FAB6 00 JC " 42 
FABA 42 " lC 00 

~ 
FABE FF C3 " BO 
FAC2 BD 99 Cl FF 
FAC6 IF 07 DD 19 
FAC1 78 cc cc 78 
FACE JC 66 66 lC 
FAD2 18 7E 18 18 
FAD6 18 " 12 12 
FADA 1 ll 70 FO 60 
FADE " 11 IF 11 
FAE2 1l l7 72 2D 
FAE6 18 DS JC E7 
FAEA JC DB 18 00 
FAEE 40 70 7C 7F 
FAF2 7C 70 " 00 
FAF6 01 07 IF 7F 
FAFA lF 07 01 00 
FAFE " lC 7E " FB02 18 7 E lC 18 
FB06 00 ll ll ll 
FBOA ll 00 ll 00 
FBOE 7F DB OB 7B 
FB12 " 1B 1 B 00 
FB16 JE 61 JC 66 
FB1A 66 JC 86 7C 
FB1 E 00 00 DD DD 
FB22 7E7E7EOO 
FB26 18 JC 7E " FB2A 7 E 3C 18 " FB2E 18 lC 7E " FB32 " " " 18 
FB36 18 " " " FB3A 18 7E JC " FB3E oc 06 7F 06 C 
FBIJ2 DC 00 00 00 C 
FB.116 " 30 7F lO C 
FBIJA " 00 00 00 C .... 00006060 C 
FB52 60 7F 7F 00 C 
FB56 00 2Q 66 FF C 
FB5A 66 " 00 00 C 
FB5E 00 00 " JC C 
FB62 7E FF 00 00 C 
FB66 DO FF TE JC 

~ 
FB6A 18 00 00 00 
FB6E DO 00 00 00 
FB72 00 00 00 00 
FB76 18 JC JC " PB7A 18 00 18 00 
FB7B 36 36 " DO 
FB82 OD DO 00 00 
FB86 36 36 7F 36 
FBBA 7F 36 36 00 
FBBE " 3! 60 lC 
FB92 06 7C " 00 
FB96 00 63 66 oc 
FB9A " ll ll 00 
FB9E 1 C 36 1C lB 
FBA2 6E 66 3B 00 
FBl6 " 18 30 00 
FBAA 00 00 00 00 
FBAE oc " JO lO 
PBB2 30 30 " oc 

c_gret: rot 

c_gdays endp 

code ends 

ROM BIQS 
ListiQg 

. ------------------ ---- ---- --- --- --------------- --- ------- -- --- ------- -
ORG' d Font Tables 

. ---- -- -- --- ------- --- ----- -- ---- -- -- --- -- --- ---------- ------- ---------
code segment public 'ROM 1 

assume cs: code, ds :nothing, e.s:nothing, ss :nothing 

ORG OFA6Eh 
font_ lo 8x8 label by le 
in elude-fontl 08. a SIii 

fontlo8 proc near System Font Table for H2' 

DB OOh,OOh,OOh,OOh 
DB OOh,OOh,OOh,OOh 
DB 07eh, 081 h, OaSh,081 b 
DB Obdb, 099 h, 081 h, 07 eh 
OB 07 eh, 0 ffh, Od bh, 0 ffh 
DB Oc3 h, 0 e7 h, Off h, 07 eh 
DB OJE h, 07 th, 07 fh, 07 fh 
DB O]eh, 0 1 ob, 08 b ,OOh 
DB 08b, 0 1 ch, 0 ]eh, 07 fh 
DB O]eh ,o 1 oh, 08h ,OOh 
DB 018h, OJ ch, Oe7h, 0 e7h 
DB 066h ,O 1 Bh,O 18b ,03ch 
DB 018h, 03ch, 07oh, Offh 
DB Offh ,07eh ,O 18h, 03ch 
DB OOh,OOh,0\8h,03ch 
DB OJ ch ,O 1 Bh ,OOh ,OOh 
DB Offh, 0 ffh, Oe7h, Oc)h 
DB Oc3 h, O e7 h, Off h, Ofrh 
OB OOh,0 ]Ch, 0211h, 0112h 
DB 0112 h, 024 h 1 0 ]ch ,OOh 
DB Offh, Oc ]h 1 0 99h, Obdh 
DB Obdh, 099 h, Oc] h, Offh 
DB 01 fh,07h, Odh ,O 19h 
DB 078 h, Occh, Occh, 078h 
DB 03cb, 066h, 066h, O 3ch 
DB 018 h, 07oh,018h, 0 18h 
DB 018h,O 1Uh,012h, 012h 
DB 014 h, 070h, 0 fOh, 060h 
DB OHh, 011h,01th,O 1 lh 
DB 013h, 037h, 072h ,020h 
DB O 18h, Od bh, 0 ]ch, 0 e7 h 
DB 03ch, Od bh ,0 18 h ,OOh 
DB 040h, 070h, 07ch, 07 fh 
DB 07oh, 070 h ,OIIOh, OOh 10 
DB 01 h, 07 h, 0 1 fh, 07 fh 
DB Olfh,07h,Olh,00h 
DB o 18h, 03ch ,07 eh, o 18h 
DB 018h, 07eh, 03ch ,O 18h 12 
DB OOh, 0 33h, 0 3 3 h, 0 33h 
DB 033 h ,OO h; 033 h, OOh 1J 
DB 07 fh, Odbh, Odbh, 07bh 
DB 01 bh ,O 1 bh ,O 1 bh ,OOh 14 
DB 03eh, 061 h, 03ch, 066h 
DB 066 h, 0 3 oh, 0 86 h, 07ch 15 
DB OOh,OOh,OOh,OOh 
OB 07eh, 07 oh, 07eh, OOh " DB 018h, 03ch ,O?eh, 018h 
DB 07eb, O]oh, 018h, 07eh 17 
DB 018h, 03ch, 07eh, 018h 
DB 018h ,018h, 018h ,0 18h " DB 018h,O 18h, 018h,O 18h 
DB 018h, 07eh, 0 Jch ,o 18h 19 
DB Och, 06h, 07 fh, 06h 
DB Och ,OOh, OOh ,OOh " DB O 1Bh,030h, 07 fh, 030h 
DB 018 h ,OOh ,OOh, OOb 1b 
DB OOh, OOh, 060h, 060h 
DB 060h, 07fh, 07fb ,OOh 1o 
DB OOb, 024b, 066b, 0 ffb 
DB 066h ,0211 h, OOh, OOh 1d 
DB OOh,OOh, 018h, 03ch 
DB 07eh, orrh, OOh, OOh 1• 
DB OOb, O ffh, 07eh, 03oh 
DB 018h,OOh,OOh,OOh 1f 
DB OOh,OOh,OOh,OOh 
DB OOh,OOh,OOh,OOh 20 
DB 01 Bb, 03oh, 03oh, 018h 
DB O 18h,00h,O 1 Bh ,ooh ;'I' 21 
DB 036h, 036h, 014h, OOh 
DB OOb ,00 h, 00 b, OOh ;•ft• 22 
DB 036 b, 0 36h, 07 fh, 0 36b 
DB 07t'b, 036 b, 036 h ,OOh j If I 2l 
DB 018h,03eh,060h, 03ch 
DB 06 h, 07ch, 0 18 h, ooh ,.,, 24 
DB OOh, 0 6 3 b, 06 6 h, Och 
DB 0 18 b, 0 3 3 h, 0 33h, OOh ''$' 25 
DB 0 lob, 036h, 0 1ch,03bh 
DB 06eb ,066 h, 03bh I OOb ; •& I 26 
DB 0 18h, 0 18h, 030b, OOb 
DB OOb, OOh ,OOh ,OOb 27 
DB Och, 0 18h, 030h, 030b 
DB O]Oh ,030b ,O 18h, Och ;'(' " 

8-159 



ROM BIOS 
Listing 

.... 30 18 oc oc 
PBBA OCOC1830 
FBBE 00 66 JC FF 
FBC2 3C 66 00 00 
FBC6 O(! 18 18 7 E 
FBCA 18180000 
FBCE 00 00 00 00 
FBD2 00 18 18 30 
f'BD6 0000007£ 
FBDA 00 00 00 00 
FBDE 00 00 00 00 
hE2 00 18 18 00 
FBE6 03 06 oc " FBEA 30 60 110 00 
FBEE JE63676F 
FBF2 78733£00 
FBF6 oc 1 C OC OC 
FBFA OC QC JF 00 
FBFE IF 33 03 OE 
FC02 183JJF00 
FC06 IE )3 03 OE 
FCO A 03331£00 
FCOE OE 1 E 36 66 
FC1 2 7F 06 OF 00 
FC 16 3F 30 3E 03 
FCl A 03331EOO 
FC IE OE18303E 
FC22 33331£00 
FC26 3F 33 03 06 
FC2A oc oc oc 00 
FC2E 1E33331E 
FC32 33331£00 
FC36 1E 33 31 1F 
FC)A 03 06 IC 00 
FC3E 00 18 18 00 
FC42 00 18 18 00 
FCll6 oo , a , 8 oo 
FCII A 00 , a , 8 30 
FCIIE 06 oc 18 30 
FC52 180Co6oo 
FC56 00 00 7E 00 
FCS A 007EOOOO 
FCSE 30180C06 
FC62 oc 18 JO 00 
FC66 3£6)0306 
FC6A oc 00 oc 00 
FC6E 3 E 6 3 6F 6F 
FC72 6E60JEOO 
FC76 08 1 C 36 63 
FC7A 'IF 63 63 00 
FC7E 7E33333E 
FC82 33337EOO 
FC86 1EJ36060 
FCSA " 33 1 E 00 
FC8E 7C ]6 33 33 
FC92 33 36 7c oo 
FC96 7F 31 34 JC 
FC9A 311 31 7F 00 
FC9E 7F31343C 
FCA2 34 30 78 00 
FCA6 1E3]6060 
f'CAA 67 3 3 10 00 
FCAE 6 3 63 63 7F 
FCB2 6 3 6 3 63 00 
FCB6 3C 18 1 8 ,, 
FCBA " 1 a 3c oo 
FCBE 0 F 06 06 06 
FCC2 66663coo 
FCC6 73 36 3C 38 
FCCA JC 36 13 00 
FCCE 78303030 
FCD2 30 33 7F 00 
FCD6 63 77 7F 6B 
FCDA 63636300 
f'CDE 63737B6F 
FCE2 67636300 
FCE6 1C366363 
FCEA 63 36 ,c 00 
FCEE 7E33333E 
f'CF2 30 30 78 00 
FCf'6 1C 36 63 63 
FCFA 63 36 IC 07 
FCPE 7£33333£ 
FD02 36 33 33 00 
FD06 JE6330l8 
FDOA 06 6 3 3 E 00 
FDOE 7ESAt818 
FD12 18 18 JC 00 
FD16 63636363 
FD1A 63633£00 
FD1 E 63 63 63 63 
FD22 36 ,c 08 00 
FD26 6363636B 
FD2A 6B7FJ600 
FD2E 6)63361C 
FD32 36 63 63 00 
FD36 66 66 66 JC 
FD)A 18 18 JC 00 
FD3E 7F 63 06 oc 
PD42 18 33 7F 00 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

r\-
DB 030h, 018h,Oob, Oeb 
DB Ocb, Och, 0 18 b, 030b ;')' 29 
DB OOb, 066h, 0 Job, 0 ttb 
DB 03ob ,066b ,OOb ,OOb i •• I ,. 
DB OOb, 018b 1 018b, 07ob 
DB 018b ,0 18b ,00h ,00b ; '+' ,. 
DB 00b, 00b, 00h, 00b 
DB ooh ;o 1 eh, 01a b, 030b ;• ,. 
DB OOb, 0 Oh, 0 Oh, 07 ob 
DB OOh, 00 Ii ,00 h ,OOb ; ,_' 2d 
DB gg~: g~:ti ;g~e~~goh DB ;• ,. 
DB 03h, 06h, Ooh, O 18h 
DB 030 h, O6Oh 1 0.IJO b, OOh i 1/ I " DB OJ oh, 06 3h, 067h, 06 fh 
DB 07bb, 07 Jb ,OJob,OOb ; •o• 30 
DB Och, 01cb, Och, Och 
DB Och, Ooh ,03fb ,OOh ;'1' 31 
DB 01 fb, 033h, 03h, 0 eh 
DB 0 18h ,OJ lb, 03th ,OOh i '2 I 32 
DB 01eh,033h, 03b, Oeb 
DB 03h ,033h ,o 1 eh ,ooh i'3' 33 
DB Oeh, 0 1eh,036h; o66h 
DB 07f'h,06h,Oth,Oqh j 04 I i• 
DB 03 th, 0 30h, OJ oh, 0 3h 
DB 03h, 033 h, 01 oh, OOb i '5' 35 
DB Oeh, 0 18h, 030h, 0 ]eh 
DB 033h, 033 h 1 01 ob, 00h ; •6• 36 
DB 03th, Ol)h, 03h, o6b 
DB Och, Och, Och,OOb ; 07 I 37 
DB 0 1 eh, 033h, 033h, 01 eh 
DB 033h ,033h ,O 1 eh ,OOh ; '8' 38 
DB 01eh,033h, 031h,01 fh 
DB 03h ,06h ,O 1 ch ,OOh ; '9' 39 
DB OOh, 018h, 018h; OOh 
DB 00 h, 0 18 h 1 0 18 h, 00h ;':' 3• 
DB OOh, 018h, 018h, OOh 
DB OOh ,O 18h ,O 18h ,OJ Oh ;•;• lb 
DB 06h, 0cti, 018h, O)Oh 
DB 018h 1 0ch106h,OOh ;'<' 3o 
DB 00h 1 OOh, 07 eh, OOh 
DB OOh, 07eh ,OOh ,OOh . - 3d 
DB 030h, 018h, Och, 06h 
DB Ocb ,O 18h ,O]Oh,OOh i ')' 3• 
DB OJ eh, 063b, O)h, 06b 
DB Och ,ooh' Och ,OQh ; '1' Jr 
DB 03eh, 06 3h, 06 th, 06 fh 
DB 06eh ,060h ,03eh ,OOh ; ,,, .. 
DB 08h, 0 1ch, 0 36h, 063b 
DB 07f h, 06 3 h 1 06 3 h, ~Oh ; 'A' " DB 07 eh, 033h, 033h, 03eh 
DB 03 3 h, 033h, 07eh ,OOh i 'B' " DB 0 leh 1 033h, 060h, 060h 
DB 061 h ,033h,O 1 eh ,OOh ; • c• 43 
DB 07ch, 036h, 033h, 033b 
DB 033h ,036h, 07cti,OOh i 'D' ., 
DB 07 fh, 031 b, 0]4h, O)ch 
DB 03" h, 031 b ,07tb, OOb i' E' " DB 07 fh, 031 h, 0311b, OJ ch 
DB 0311 h ,030h, 078h ,OOh i 'F• 116 
DB O 1 eh, 033h, 060h, 060h 
DB 06 7 h, Ol]h ,O 1 db ,OOb i'G' " DB 06 3h, 063h, 063 b, 07 fh 
DB 063 h, 063h 1 063h ,OOti. i' H' .. 
DB O]oh ,018h, 018h,018h 
D. 0 18 h ,o 18h, 0 ]oh, ooh i'l' ,9 
DB ~t:11 ~~26 ~~ g3~~~ OOb DB ; 'J t .. 
DB 07 )h, 036b, O)ob, 038h 
DB 03cb, 036h ,07 3h, OOh ;'k' •• 
DB 078h, O]Oh, OJ.Ob, O~Ob 
DB 030h ,Q33b, 07th ,OOb ; 'L' ,, 
DB 063h, 07lb,07 fb,06bb 
DB 063h ,063h ,063b, OOh ; 'K' lld 
DB 063b, 07]h, 07bb 1 06th 
DB 067 h, 06 3b, 06 3 b ,OOh i 'N' lie 
DB 0 lob, OJ6b 1 063b, 063b 
DB 063 h ,036 h ,o 1 oh ,OO!t ; '0' " DB 07 eb, O)]b, 033h, 0 3eb 
DB 030h, 030h, 078 h, OOh i 'P' SO 
DB 01oh,036 h, 063b, 063b 
DB 06)b ,036b ,O 1 cb ,Olh ; 'Q' 51 
DB 07 eh, 033b, O)]b, OJ ob 
DB 036 h, 033b,033b,00b ; 'R' 52 
DB O)eb, 063b, 030h, 0 18b 
DB 06b, 063h I O]eb ,OOh ; •s• 53 
DB Oleb, 05ab, 018b, 018b 
DB 018b,018b 0 03ob,00b ;•T• 511 
DB 063b, 063b, 063b, 063h 
DB 06)b, 063 b, O)eb, OOh ; '0' 55 
DB 063 b, 063b 1 063b, 063b 
DB 036 b, 0 1 ob ,08b, OOb ; 'V' 56 
DB ~63b, 063b, 063b, 06bh 
DB 06bb, 07rb, 036b ,OOh ; 'V' 57 
DB 06]b, 063b, 036b, 0 lcb 
DB 036b, 063b,06)b ,OOb ; 0 I' 58 
DB 066b,066b, 066b, 03cb 
DB 018b ,O 18b,O)ob,00h ; • r• 59 
DB 07 fh, 063b, 06b, Och 
DB 018b, 033b ,07fh ,OOb ; ''Z' Sa 



FD116 3C 30 30 30 
FDIIA 30 30 JC 00 
FD4E 20 30 18 OC 
FD52 06 03 01 00 
FD56 JC OC OC OC 
FD5A OC QC JC 00 
FD5E 08 1C 36 63 
FD62 00 00 00 00 
FD66 00 00 00 00 
FD6A 00 00 7F 00 
FD6E 18 16 OC 00 
FD72 00 00 00 oo 
FD76 00 00 JC 06 
FD7A 3E 66 38 00 
FD7E 70 30 3E 33 
FD82 33 33 6E 00 
FD86 00 00 3£ 61 
FD8A 60 61 3E 00 
FD8E OE 06 3E 66 
FD92 66 66 3B 00 
FD96 00 00 3£ 63 
FD9A 7F 60 JF 00 
FD9E lE 33 30 7C 
FDA2 30 30 78 00 
FDA6 00 00 3B 66 
FDAA 66 3£ 116 JC 
FDAE 70 30 36 JF 
FDB2 33 33 73 00 
FDB6 OC 00 1C OC 
FDBA OC OC 1E 00 
FOBE OC 00 IE OC 
FDC2 OC CC CC 78 
FDC6 70 30 33 36 
FDCA JC 36 73 00 
FDCE 1 C OC OC OC 
FDD2 OC QC 1 E O 0 
F006 00 00 66 7F 
FDOA 6B 68 6B 00 
FODE 00 00 6£ 33 
FDE2 33 33 33 oo 
FDE6 00 00 1E 33 
FDEA 33 33 1£ 00 
FDEE 00 00 6£ 33 
FDF2 33 JE 30 78 
FDF6 00 00 3B 66 
FDFA 66 JE 06 OF 
FDFE 00 00 6£ 3B 
FE02 30 30 78 00 
FE06 00 00 3F 60 
FEOA JC 03 7£ 00 
FEDE 08 18 3E 18 
FE12 18 1B OE 00 
FE16 00 00 66 66 
FE1A 66 66 3B 00 
FE1E 00 00 63 63 
FE22 36 1C 08 00 
FE26 00 00 63 68 
FE2A 68 7F 36 00 
FE2E 00 00 63 36 
FE32 1C 36 63 00 
FE36 00 00 66 66 
FE3A 66 3E 06 7C 
FE3E 00 00 7E 4C 
FE42 18 32 7E 00 
FE46 OE 18 18 70 
FEU 18 18 OE 00 
FE4E 18 18 18 00 
FE52 18 18 18 00 
FE56 70 18 18 OE 
FE5A 18 18 70 00 
FE5E 3B 6E 00 00 
FE62 00 00 00 00 
FE66 00 08 1C 36 
FE6A 63 63 7F 00 

FE6E 

FE6E 

FE6E 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

;End of 

fontlo8 

code 

incl ud.e 

; 

DB 03ch, 0 30h, 0 30h 1 0 30h 
DB 030 h, 030 h, o 3oh, OOh ;'[' 5b 
DB 020h, OJOh, 0 1 Sb, Och 
DB 06h,03h,01h,00h ;'\' ,, 
DB 03ch ,Och ,ooh,Och 
DB Och, Och, 03ch ,OOb ;')' 5d 
DB 08h, 0 1ch,036h, 063h 
DB 00h I OOh, OOh ,OOh . ' ~' ,. 
DB OOh,OOt- JOh,OOh 
DB OOh ,001 l7fh,OOh - 5f 
DB 018h,O 11,h,Ooh I OOh .,., DB 00 h, OOh, ooh, OOh 60 
DB OOh, 00h, 0 30h, 06h 
DB 03eh, 066h ,0 3 bh, OOh ; 'a' 61 
DB 070h, 030h, O 3 eh, o 33h 
DB 03 3 h, 03 3 h, 06eh I OOh ;'b' " DB OOh, OOh, 03eh, 06 l h 
DB 060h 1 061 h ,OJeh,OOh ;'o' 63 
DB Oeh, 06h, OJ eh, 066h 
DB 066 h, 066h ,O 3bh ,OOh ; 'd' " DB 00h, OOh, 0 ]eh, 063h 
DB 07( h, 060h, 0 3rh, OOh ; 'e' 65 
DB 01 eh, 033h, OJ Oh, 07oh 
DB 030h ,030h 1 078h ,OOh ; 'r• 66 
DB 0 Oh, OOh, 0 3bh, 066 h 
DB 066h,OJeh,0116 h, OJ oh ; '8' 67 
DB 070b, 030h, 0 36 h, 03 rh 
DB 033h ,033h, 073h ,OOb ; 'h' 66 
DB Ooh,OOh,Olch,Ooh 
DB Och,Och,Oleh,OOh ;'i' 69 
DB Och,OOh,01eh,Ooh 
DB Och, Ooch, Ocob, 078h ;'j' ,. 
DB 070h, 030h, 033h, 0 36h 
DB 03cb ,036 b, 073h ,ooh ; 'k' 6b 
DB Olcb ,Och ,Och ,Och 
DB Och,Och,Oleh,OOh ;'1' ,, 
DB OOh, 00h,066h, 07 fh 
DB 06 bh, 06 bh, 0 6 bh, OOb ; 'm' 6d 
DB OOh, OOh, 06 eh, 0 33b 
DB 033h, 033h, 03 3h ,OOb ; 'n' .. 
DB OOh, OOh,O 1 eh, 033b 
DB 033 h, 033h ,01 eh, OOb ; '0' 6f 
DB OOh, OOh, o6eh, 033 h 
DB 033 h, 03 eh, 0 30 h, 07 Bh j 'p' 70 
DB OOh, 0 Oh, 03bh, 066 h 
DB 066 h ,03eh, 06 h, Ofb ; 'q' 71 
DB OOb, OOb, 06eh, 0 Jbb 
DB OJ Oh ,OJOb, 078b ,OOb ; • r' 72 
DB OOh, 00 h, 0 3 fh, 060h 
DB o Joh, 03 h, 01 eh ,ooh ;•s• 73 
DB 08h,O 18h,O)eh, 018h 
DB 018 b ,o 1 bh ,Oeh ,ooh j 't. 74 
DB OOb, OOh, 066h, 066h 
DB 066b ,066 b, 0 Jbb ,OOh ; •u• 75 
DB OOh, OOh ,063h, 06 3 h 
DB 036h,O 1 ch ,08h ,ooh ; IV' 76 
DB OOh, OOh 1 06 Jh, 06bh 
DB 06 bh, 07f h, 036 h, ooh ; •w• 7T 
DB OOh, OOh, 063h, 036h 
DB 0 1 oh, 036h, 063h ,OOh ; •x' 76 
DB OOh I OOh, 066h, 066h 
DB 066 h, 03 eh, 06 h, 07ch ; 'y' 79 
DB OOh, OOh, 07 eh, 0 llch 
DB 018h ,032h, 07eh ,OOh ; I z I 7• 
DB Oeh, O 18h, 018b,070h 
DB 018h ,O 1 Bh ,Oeh ,OOh ;'{' 7b 
DB 018h, 0 18h, 018h, OOh 
DB 018h ,018h ,018b ,OOb ;'1' 70 
DB 070h, 018h, 018h, Oeh 
DB 0 18 h, 0 1 Sh, 070h ,OOh ;')' 7d 
DB 03bh, 06 eh, OOh, 0 Oh 
DB OOh, OOb ,00 b ,OOh ;•·· 7• 
DB OOh, 08h, O 1 ch, 0 J6h 
DB 063h ,063 b, 07fh ,OOb 7f 
font matrix 

endp 

ends 

rte, abm 

Filename: 

Thia module includes INT 08h & 1Ah. 

ROM BIOS 
Listing 

;:::::::::::::::::=======:ir:=====ir====:==:=========:==:======::c,,;;:::== 

c code 
C 
C 
C 
C 
C 
C 
C 
C 
C 

aescient public 'ROH' 
aaaW11e ca:code, da:notbins, ea:nothing, aa:nothing 

INT 1Ah -- Ticie of Day Software Interrupt Request Routine 

Input: ab = O Read the Clook, then: 
Output: ex " 

dx = 
al ::: 

High Portion or Clock ( t_hi_orderl 
Low Portion of Clock (t low order) 
1 if' 211 boura have elap;od (t_overflov); O otherwise 
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' 

ROM BIOS 
Listing 

FE6E 

fE6E 

FE6F. fB 

FE6F 80 FC FE 
FE72 75 OIi 

FE74 E8 F8F2 R 
FE71 CF 
FE78 

FE78 72 011 

FE7A E8 F97 3 R 
f'E7D CF 
FE7 E 

FE7 E 1E 
FE7F " E5FII ' 
FE82 FA 

FE83 80 EC O 1 
FE86 73 OD 

FESS 32 E4 
FEB A 8BOE006ER 
FE8 E 8B 16 006C R 
fE92 AO 0070 R 

FE95 75 oc 

FE97 89 OE 006E 
FE9B 89 16 006C 
FE9F 88 26 0070 

FEA3 1 F 
FEAII CF 

FEA5 

FEA5 

FEA5 

FEAS 50 
FEA6 52 
FEA7 1£ 

FEA8 2E: BE IE ESF2 

FEAD FE OE 0040 R 

8-162 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

' 

Input: ab= 1 Sat the Clock, then: 
cz = High Portion or Clock (t_ht_ordor) 
dx = Lov Portion ot Clock (t_lov_order) 

trash: ab:: (ab - 1) it ab<> 0,-1, or -2 

Input: ab = -1 Write Clock Calendar Device, then: 
bx = day (from 1-1 or leap year up to 12-31 of leap year+?) 

{0-2921) = (O-B69h) 
ch = hour (0-23) 
cl " mtnutea (0-59) 

Output: ah= -1 lmpliea date/time error 
ah= 0 implies date/time OK 

Input: ah= -2 Raad Clock Calendar Device, then: 
Output: bx= day (from 1-1 of leap year up to 12-31 of leap year+7) 

ch = hour 
cl = minutes 
dh : 5econds 
dl = hundredths of seconds 

Tra5h: None. 

ORG OFE6Eh 

t_day proc 
cs:code, ds:notbing, es:notbing, ss:notbing 

sti ; enable interrupt:, 

t_nFE: 

t_nFF: 

emp 
Joo 

cal 1 
iret 

Jb 

cal 1 
iret 

ah,OFEh 
t_nFE 

c_read 

t_nFF 

c_write 

; ZF :set if FEb, CF reaet if FFb 
; ab = -2 = OFEh ? 

; read calendar chip 

ab : -1 = OFFb > OFEb 1 

set calendar obip 

cs:code, ds.1ata, ea:notbing, ss:nothing 

push 
call 

el 1 

'"' J•• 

,, 
set_ds 

ah, 1 
t_set 

Read Time of Day. 

t_:tet: J II~ 

ah, ah 
cx,vord ptr da: [ t_hi_order] 
dx,vord ptr da: [t_lov_order) 
al,byte ptr da:[t_overflow) 

t_end 

; Set Time of Day. 

t_end: pop 
iret 

t_day endp 

word ptr ds:Ct_hi_order],ox 
word ptr da:[t_low_order),dx 
byte ptr dai[t_overflow),ah 

,. 

:1ave registers 
satisfy assumptions 

interrupts offl 
(shared variables) 

DON'T DECREMENT (CF needed I) 
ah = 0 < 1? 

ab:O&ZFsetl 

t_overflow = 0 by setting t1mel 
fall through {ah " 0 & ZF set) 

; was ah = 1? (iis ab = O now)? 

it's ok, if we foll tbrousb, 
(a bit slower, but smaller!) 
abcO (inalloasea .•. ) 

restore registers 

, "a •••••••• •:..:= ••••••• - - a ••• - •• - ••.",::a" II" 11• •a •••••• __ •,.,,"•-•=. -- : ,: z a,: 
; INT 08h -- 18253 p_timer Hardware Interrupt Service Routine 
'" = =- =------ ------------ __________ ,.,.,.,.,.,.. """""=--------"""----------·"" 

ORG 

t_1nt proc 

pusb 
push 
push 

OFEA5b 

cs:code, ds:notbing, es:notbiDS, isis:notbing 

interrupts orr1 

.. ,, ,, 

( abarod varia blea) 

preserve rogisteris 

cs:code, da:data, os:notbing, sa:notbing 

ds,word ptr cs:[:,et_ds_word] 

Handle turniDS: orf floppy disk drive motor, 

satisfy aesU111ption 

doe byte ptr ds:[motor_aount) decrement motor on count 



~ 
f'E81 75 08 C 

C 
FEB3 E8 EF4F R C 
FEB6 80 26 003F R FO C 

C 
FEBB C 

C 
C 
C 

FEBB FF 06 006C R C 
FEBF 75 OIi C 

C 
FEC1 FF 06 006E R C 
FEC5 C 

C 
C 
C 

FEC5 81 3 E 006C R 0080 C 
FECB 75 14 C 

C 
FECD 83 3E 006E R 18 C 
FED2 75 OD C 

C 
FED!! C6 06 0070 R 01 C 
FED9 33 co C 
FEDB A3 006C R C 
FEDE A3 oo6E R C 
FEE1 C 

C 
FEE1 FB C 

C 
C 
C 

FEE2 CD IC C 
C 
C 
C 
C 

FEEi! BO 60 C 

.~ 
FEE6 E6 20 C 

C 
FEE8 1F C 
FEE9 5A C 
FEBA 58 C 
FEEB CF C 

C 
FEEC C 

C 
FEEC C 

C 
C 
C 
C 
C 
C 

C 
FEEC C 

C 
C 

FEF3 C 
C 

FEF3 C 
C 

FBF3 PEAS R C 
FEP5 E987 R C 
FEF7 FF23 R C 
FBF9 FF23 R C 
FEFB FF23 R C 
FEPD FF23 R C 
FEFF EF57 R C 
FFO 1 FF23 R C 

C 
FF03 F065 R C 
FF0S F84D R C 
FF07 F841 R C 

~ 
FP09 BC59 R C 
FF0B E739 R C 
FPOD F859 R C 
FFOF E82E R C 
FF11 EFD2 R C 

C 
FF13 F860 R C 
FF15 F860 R C 
PP17 FE6E R C 
FF19 FF4B R C 
FF1B FF4B R C 
FP1D FOAi! R C 
FF1F EFC7 R C 
FF21 C860 R C 

C 
FF23 C 

C 
C 
C 

ROM BIOS 
Listing 

Jnz t_inc :should ve turn otf drive? 

call atop_disk if so, stop disk mot.or 
and byte ptr da:[1110tor_statua),0F0h clear low nibble of status 

t_inc: 

Increment lone p_timer count 

t_hi: 

,., 
jo, 

'"' 

word ptr ds:[t_low_orderl 
t_h1 

word ptr ds:[t_hi_order] 

; increment low byte of counter 
skip t_h !_order 

increment high byte of counter 

; Handle 24 hour overflow situation 

cmp word ptr da;[t_low_orderl,OOBOb ; has 24 hours elapsed? 
jne t_ofl ; 1f not, skip t_overflow 

t_otl: 

,., 
Jn• 

'" 

word ptr da: [t_hi_order] ,24 
t_ofl 

byte ptr da:[t_overflowl,O\h 
ax, ax 
word ptr da:[t_low_orderl,ax 
word ptr ds:(t_hi_order),ax 

; has 24 hours elapsed? 
; if not, skip t_overflow 

enable interrupts 
(no more shared variables) 

; Invoke any user p_ti111er break routine. 

INT 1 Ch 

; Send specific erid of interrupt {SEOIJ to pie ·com1:1and' port AFTER p_timer 
break, because user may be out-to-lunch for quite awhile •••. 

mo, 

'"' ,,, 
'" pop 
iret 

t_int endp 

code enda 

al, pic_saoi_O 
pic_O,al 

,, 
dx 

include veotor,aam 

apecific end cf interrupt command 
to pie • command port. 

restore registers 

;========= .... ========:::::=======:============ ====:===::== == == ===a:======a:= 
Filename: vector. arc 

This module includes the table or ROH interrupt vectors & 111_1nt 
hardware diagnostic & illegal software interrupt service routine, 

'-------------- ----- ---os-1 i:s4--------- -- - ---- -- -- --- -- - --- --- --- -

code segaent publ 1c 'ROH' 
cs:code, ds:nothing, ea:nothing, as:nothing 

ORG 

i_vec_tbl 

dv 
dv 
dv 
dv 
dv 
dv 
dv 
dv 

dv .. .. 
dv 
dv 
dv 
dv 
dv 

OFEF3h 

proc 

t_int 
k_int 
Ul_int 
ill_int 
Ul_int 
ill_int 
fd_int 
ill_int 

v_io 
m_equip 
m_aize 
fd_io 
serial_io 
m_caaa 
k_io 
p_io 

; int08locn 
; 1nt09locn 
; intOAlocn 

intOBlocn 
i ntOCl ocn 
intODlocn 
intOElocn 
intOFlocn 

int10locn 
1nt11locn 
int12locn 
inti 3loon 
int14locn 
inti Slocn 
int16locn 
int 17locn 

see rte. src 
see kb. src 

see dsk, src 

see vid. src 

see dsk. arc 

see 111em. arc 
see kb, :,re 
see prn. src 

dv .. .. .. 
dv ,. 
dv 
dv 

bt_int 
bt_int 
t_day 
dummy_iret 
dummy_iret 
v_parms 
fd_parms 
ront_hi_8x8 

int18locn 
int19locn 
intl Alocn 
int18locn 
i nt1 Clocn 
int 1 Dlocn 
inttElocn 
int 1 Flocn 

(We Don• t Have BASIC!} 
see boot. src 
see rte.arc 
see kb, src 
see rte, arc 
see vid, arc 
aee dak. arc 
aee graph. src 

i_voc_tbl endp 

. --------- ------ -- ----- --- ----------- ------------- ----- -- -- -- --------- -- -
; Interrupt Routine for Unused Hardware t, Illegal Software Interrupts 
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ROM BIOS 
Listing 

PP23 

FF23 

FF23 50 

FF211 B8 FFOB 
FF27 E6 20 

FF29 1£ 

FF2A E4 20 
FFZC OA CO 
t'F2E 711 OE 

FF30 8A EO 
FF32 £4 21 
FF34 OA C4 
FF36 £6 2\ 

FF38 BO 20 
FF3A E6 20 

FFJC EB 03 

FF3E 

FFJE " ES BC R 

FF41 

FF41 E8 E5F4 R 
FF44 88 26 0068 

FF48 " FFll9 58 
FFIIA CF 

FF4B 

FFllB 

FF4B 
FFIIB CF 

FF4C CF 
FF4D CF 
FFllE CF 
FFH CF 
FFSO CF 
FF51 CF 
FF52 CF 
FF53 CF 

FFSII 

FF54 

FF54 

8-164 

R 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ORO 

ill_int proc 

pu11h .. , 
out 

pu11b 

ce:code, d11:11otbing, ea:nothing, ss:notbing 

OFF23b 

ax, (0FFh•100b)+0Bb 
pic_O, al 

,, 

; trap tor illegal interrupts 

; save registers 
; ah = -1; illegal software trap 
; al = OCV3 -- read PIC' s 
; in-aervioe register 

; save registers & delay 

Detercnine whether it 1a a hardwaro or software i1:1terrupt. 

al, pic_O 
al, al 
11 l_sw 

; get active rte IR# 
; are any aotive? 
; if not, illegal software trap. 

If hardware interrupt, disable the 8259 PIC from further interrupts. .. , 
i' 

" "' .. , .. , 
ah, al 
al, pie_\ 
al, ah 
pic_l, al 

al, pi c_neoi 
pic_O, al 

; return active PIC IR# 
; OC\rl1 -- get PIC interrupt mask 
; shut oft (set) IR# bit, 
j send PIC new 1Dask, 

; OCW2 -- send PIC a 
; nonspecific end_of_int 

Return ah = active PIC Interrupt !lumber in intr_flag. 

j ., 3hort ill_rlg 

C 111 
C 

illegal software trap; ah = -1 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

; Turn off floppy disk drives and notify 

call 
, list 

lll_trap 

cs :code, ds :nothing, 

every register but ds aavedl 

es:nothing, ss:nothing 

ill_flg; ; set illegal trap flag, 
; illegal aoftvare trap; ah :: -1 

call 

,,, ,., 
1 ret 

ill_int endp 

ORO 

cs:code, ds:data, es:nothing, 

set_ds 
byte ptr ds:(intr_flag],ah .. 

ss:notbing 

:satisfy aasU111ptiona. 
return interrupt flag, 

restore registers, 
give user a second chance 

cs :code, ds :nothing, ea:nothing, ss:nothing 

OFF4Bh i ORO OFFIIBh through OFF53h 

dummy_i rat proc near 'BREAK' koy interrupt ( 1Bh) 
iret p_timer break interrupt (lCh) 

iret OFF4Ch -- in case someone is 
iret OFF4Dh 
iret OFF II Eh 
iret OFFIIFh 
iret OFFS Oh 
iret OFF51 h 
iret OFF52h 
iret OFF53h 

dummy_iret endp 

code ends 
include prnscr,aslll 

·------- .. ,, ....... --------- .. -- ...... ,,--------==•11•"=--------- ... ----------------
; Filename: proser.arc 
i 

Thia module includea IRT 05h. 

,------------"""--------"=--------------"""""--------•=----"-------"""-

code segment public • ROH• 
assume cs:code, ds:nothing, es=nothing, ss:notbiDg 

INT 05b -- Print Screen 

Input: None. 
Output: None. 
Tra111b: None. (0111ea byte at 50:0 11 40:0100 aa moDitor look: 

0 indioatoa monitor not looked. 
1 indicates monitor looked. 

-1 indicates printer error. 

f\ 



f'F511 

FFSII 

FF54 IE 

FF55 2E: BE 1E E5F2 R 

FF5A 52 
FF5B B2 01 
FFSD FO/ 86 16 0100 
FF62 FE CA 
FF64 74 4C 
FF66 FB 

FF67 51 
FF68 53 
FF69 50 

FF6A BIi OF 
FF6C CD 10 

FF6E 8A DC 

FFTO " 03 
FF72 co 10 

FF74 BA EB 
FF76 52 
FF77 ., FF 

FF79 BA 0000 

FFTC EB FFBS R 
FF7F 75 211 

FF81 E8 FFC9 R 

FF84 3C 00 
FF86 75 02 
FF88 BO 20 
FF8A 

FFBA EB FFBC R 
FFBD 75 16 

FFBF FE C2 
FF91 3A DS 
FF93 7C EC 

FF95 EB FFBS R 
FF98 75 OB 

FF9A 32 02 
FF9C FE C6 
FF9E 80 FE 1 9 
FFA1 7C DE 

FFA3 33 cg 

FFA5 5A 
FFA6 Bl! 02 
FFAB CD 10 

FFAA FB 

FFAB 88 OE 0100 

FFAF 58 
FFBO 5B ,,., 59 
FFB2 5A 
FFBl ,. 
,re, CF 

ROM BIOS 
Listing 

C 
C ORO OFF54h 
C 
C a_int proc 
C 111111W11e ca:code, ds:nothing, ea:notbins, sa:nothing 
C 
C puab ds ; aave d.:s 
C 
C cs:code, ds:data, ea:nothing, 1111:notbing 

da,word ptr c.:i:(aet_d:,_word] ; 11atiafy aaaumptiona 

look 

push 
oo, 
xohg ,., 
J• 
•ti 

push 
push 
push 

dx 
dl, 1 
byto ptr da:[100hl,dl 
dl 
a_nop 

ex 
bx 

; Get Current Video Width. 

mo, 
INT 

ah,OFh 
10b 

bl, ah 
C 
C ; Get Current Cursor Position. 
C 
C mov ah,03h 
C INT 10h 

mov ch, bl 
puah dx 

C cl, -1 
C 
C ; Loop Through the Screen. 
C 
c dx,o 
C 
C call s_eol 
C j nz s_err 

a_lp: call s_get 

Hap Invalid Characters to Space. 

a_ok: 

o,p 
Joe 

al, 0 
s_ok 
al,' 

C ; Print the Character. 

C 

call 
J., 

s_out 
s_err 

C Advance to Next Character. 
C 
C dl "' C dl,oh e,p 
C s_lp jl 
C 
c s_eol call 
C s_err Jo, 
C 
C dl,dl ,or 
C dh "' C dh,25 cop 
C s_lp jl 
C 

,or C cx,cx 
C short s_err jop 
C 

a_err: pop C dx 
C ah,02h mo, 
C 10h INT 
C 
C 

C 
C 

,,1 

1 = locked 
check monitor lock 
already looked ? 
ir set, do nothing 

; enable interrupts arter 
; monitor lock code! 111 

; aave registers 

call v_video_state 
Output: ah = crt_cols 

al = er t_mode 
bh = active_page 

save ah = crt_ools 

; cal 1 v_read_curaor 
; Input: bh = aotive_page 
; Out put: 
; (dh,dl) = (rov,col) of cursor 
; (ch,cl) = curaor mode setting 

;get crt_cola 
aave row, col or cursor 
initialize cl = printer error 

(dh,dl) = (row,col) of origin 

print a new line 
; any errors? 

; get next character from screen 

; check validity of character, 
; if valid, we•re ok. 
; if invalid, print a space. 

; any errors? 

advance coluain ( 1-crt_cola) 
dl < ch = crt_cola? 
if ao, continue 

elae print a nev line 
any errors? 

; aiove column back to O 
advance row {1-25) 
dh < 25 
if ao, continue 

act cl = printer no error 
rall through 

restore dx:(row,col} of cursor 
call v_set_cpos 
Input: bb = aotive_page 

dx =(rov, col) of ouraor 

; disable interrupts during 
; monitor lock code I 111 

C byte ptr ds:[lOOhl,ol reaet monitor look 
C 
C pop ax ; restore regiatera 
C pop ., 
C pop ox 
C a_riop: pop ,, 
C pop .. 
C iret 
C 
C 
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ROM BIOS 
Listing 

,.., BO OA 
FF'B7 EB FFBC R ,,., 

FFBC 
FFBC 
FFBO 
FFCO 
FFC2 
FFCII 

FFC5 
FFC8 
FFC9 

FFC9 
FFCB 

FFCD 
FFCF 

FFDl 

HD2 

~-,02 

FFD2 

HFO 

FFFO 

BO OD 

52 
BA 0000 
84 00 
CD 17 
5A 

F6 C4 01 
C3 

,. 02 
co \0 

BIi 08 
CD 10 

C3 

FFFO EA 
FFF1 DD5A R 
FFF3 FOOO 

FFF':> 30 35 2F 30 33 2F 
38 311 

FFFD 00 

f'Fl-'E 

FFFE 

Ha cros; 

IN PORT 
J HPF 
OUT PORT. 

N a en e 

Structures and records; 

CDB_1 , 
ZZ P. • 
DR IV ENUH 
HEADHUH •• 

H_CHD_STRUC. 
BX_OPCODE •• 
H_CHD_SUBR •• 
H_CHD_HODE_DHA 

P ARAHETER_T ABLE. 
P_CYLS • 

N a III e 

P_HEADS, , , 
P_WRITE_CU ~ •• 
P_PRECOHP .•• 
P_ECC_LEN ••• 
P_CONTROL_BYTE , 
P_TIHEOUT •••• 
P_FHT_TIHEOUT. , , 
P _ DRV DI AG_ 'UHEOU T, 
P_Zp. 

Seg111ents and groups; 

ABSO ••• 
CODE , , , 
DATA • • 
STACK_RAH. 
V_RAH .. 

Symbol;,: 

8-166 

N a III e 

C a_eol: mo, 
call 
mo, 
Jmp 

al, LF 
a_out 
al, CR 

print LF & CR 

print CR 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

a_out: 

s_get: 

puz,b 
mo, ,o, 
INT 
pop 
test 
teat 
rot 

,., 
INT 

short 3_out 

dx 
dx, O 
ab, 0 
17b ,, 
ab,025h 
ah,00lh 

fall through 

; print.a out byte in al 
; eave dx 
i address printer port O, 
; write byte to port 0 

; restore dx 
; teat for any errors? 
; teat for ti111e out? 

; Set Cursor Pollition and get character e cure, position 

ah, 02h 
\Oh 

call v_set_cpoa 
Input: bh " active_page 

dx =(row,ool) of cursor 
; Read Character at cur:sor Po:tition. 

s_1nt 

code 

mo, 
INT 

endp 

ends 

ah,08b 
\Ob 

call v_read_ac_current 
Input: bb = aotive_page 
Out. put: al = character read 

ah = attribute 

• CPU Syste111 Reset Vector 

code seg111ent public 'ROH' 

ORO 

db 
dw 
dw 

db 

chk_hi db 

code ends ... 
Length 

0005 
0001 
0005 

Width 
Sb 1ft 

0008 
0006 
0005 
0000 
ooo• 
0000 
0001 
0003 
0010 
0000 
0002 
0003 
0005 
orio1 
0008 
0009 
OOOA 
OOOB 
oooc 

Size 

0080 
FFFE 
0088 
0000 
000!) 

cs:code, da:nothing, es:nothing, ss:nothing 

OFFFOh FOOO:FFPO = FFFFO = FFFF:0000 

proc 

OE Ah ; jmp interaegment FOOO: ( offset diagnost1oa_1) 
diagnostioa_l instruction pointer oa:(offset diagnoatioa_l) 
code_seg code segment FOOOh 

I 05/ QJ/ 811 t release curker (exactly 8 bytes! 111) 

space for checksum of FOOO:EOOO to FOOO:FPPF 

endp 

I fields 
Width Mask Initial 

0003 
0002 ooco 0000 
0001 0020 0000 
0005 001F 0000 
0003 

OOOA 

align comb1 ne class 

PARA PUBLIC 'RAH' 
PARA PUBLIC 'ROH• 
PARA PUBLIC 'RAH• 
PARA PUBLIC 'RAH' 
PARA PUBLIC 'RAH' 

('\ 
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~\ 
N • m . 

ABSO_SEG 
ADDR_HARK_ERROR. 
ALLOW_DHA3 
ALT_INPOT. 
ALT_J:EY. 
ALT_RET. 
ALT_SHIFT, 
AP_FIN.'.l:SH. 
ASSIGN_PARAH 
ASSIGN_PARAH_1 
ASS IGN_PARAH_B X. 
AS SIG N_PAR AH_IN T 
1..:_FINISH 
BADTRACK_ERR 
BANNER_H 
BEL. 
BELL_WAIT. 
BIOS_BREU: 
BOOT_A_DISK. 
BOOT_IND!RECT. 
BS 
BT_BLNK. 
BT_DEC 
BT_I 
BT_INT 
BT_JKP 
BT_H 
BT_HERR. 
BT_NXT 
BT_O 
BT_OI. 
BT_SPACES. 
BUFFER_END 
BUFFER_HEAD. 
BUFFER_START 
BUFFER_TAIL. 
BXDUG_BX. 

~\ 
BXOUG_INT 
Bl_ERROR_TABLE 
~l_READY 
B_FAILED 
B_LOST 
B_LP 
B_OK 
B_TRY_HDU. 
CAPS_LOCK_KEY. 
CAPS_LOCK_HODE 
CAPS_LOCK_SHIFT. 
CHKTRK_BX, 
CHK_Hl 
CHK_LO 
CHD_BLOC!t. 
CMD_t!!IROR. 
CNTRL_KEY. 
CNTRL_SHIFT. 
CODE_SEG 
COLOR_POINTER. 
COMMAND. 
COMM CONTROL. 
COH_IIAUO 
COH_CTS. 
COH_DATA1. 
COH_DATA_A 
COH_DATA_B 
COH_DSR, 
COH_DTR. 
COH_FE 
COH_QB 
COH_ID_A 
COH_ID_B 
COH_INIT 
COH_OB 
COH_PB 
~OH_PE 
COH_RTS. 
COH_RID. 
COH_STAT 
COH_TB • 
COH_TXD, 

~ 
CONTROLS 
CONTROL_B YTB 
CR 
CRC_ERROR, 
C_BCD2SEX. 
C_DATA1. 
C_DI_MO. 
C_DY_IR. 
C_PINISB 
c_aous. 
c_9RBT 
C_RBCD 
C_RBLP 
C_RBRBT. 
C_RUD 
C_RHKI 
C_RHO. 
C_RHLP 

Type Value 

Number 0000 
Number 0002 
Number 0003 
L BYTE 0019 
Number 0038 
L VORD £2CA 
Number 0008 
L NEAR D530 
N PROC D5011 
N PROC 0532 
Number oooc 
Number 0009 
L NEAR D59C 
Number 000B 
L BYTE DB8C 
Number 0007 
L NEAR F567 
L BYTE 0071 
N PROC D12A 
L WORD 0126 
Number 0008 
L NEAR F8B3 
L NEAR F8B9 
L NEAR F88E 
N PROC F860 
N PROC E6F2 
L BYTE DBB7 
L BYTE DBD1 
L NEAR F8AII 
L NEAR F87B 
L NEAR FBCII 
L BYTE DBF6 
L WORD 0082 
L WORD 001A 
L WORD 0080 
L WORD 001C 
Number OOEII 
Number 00111 
L NEAR Dll9F 
L NEAR 01138 
L NEAR 01211 
L NEAR 011111 
L NEAR D12A 
L NEAR D11F 
L NEAR 01 oc 
Number 003A 
Nu111ber 0040 
Number 0040 
Number 0005 
L BYTE FFFD 
L BYTE coco 
L BYTE 00112 
NWllber 0001 
NWllber 0010 
Number 00011 
Number FOOO 
Nui:iber 03011 
N PROC D3DD 
Number 0065 
L WORD E729 
Number 0010 
N PROC E729 
Number 03F8 
Num.ber 02F8 
Nu111ber 0020 
Nu111ber 0001 
Nuaber 0008 
N PROC E92A 
lhmber 03FA 
Nuci.ber 02FA 
N PROC E78F 
Nu1:1ber 0002 
N PROC E8EC 
Nui:iber 0004 
Number 0002 
Nu11ber 0001 
L NEAR E87F 
Num.ber 0080 
Number 0020 
Nu111ber 0062 
L BYTE 0076 
Nu1:1ber 0000 
Number 0010 
N PROC F962 
N PROC F806 
L BYTE F8E6 
L WORD F806 
L NEAR 01117 
N PROC P9FD 
L NEAR PAOP 
L NEAR F9115 
L NEAR F911B 
L NEAR P956 
N PROC F8F2 
N PROC F958 
L NEAR F917 
L NEAR F90F 

Attr 

DATA 

CODE 

CODE 
CODE 
CODE 

CODE 

CODE 

CODE 
DATA 
CODE 
CODE 

CQDE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
DATA 
DATA 
DATA 
DATA 

CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 

CODE 
CODE 
DATA 

CODE 

CODE 

CODE 

CODE 

CODE 

CODE 

CODE 

DATA 

CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
COOK 
CODE 
COOK 
CODE 
CODE 

Lengtb :002£ 
Length :006B 

Length :0021 

Length :0076 
Length :0003 

Length :003B 

Length :0010 

Length :::0023 

Length =003A 

Length =002F 

Length :0011 
Length =001C 

Longth :0013 

Length =0066 
Length =OOOA 
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C_WAIT 
C_WERR 
C_WHEX 
C_WKLP 
C_WRITE. 
C_VYLP 
DATA_OUT 
DATA_SEG 
DCOLON 
DCRLF. 
DELETE_KEY 
DHEXBrTE 
DHEXLONG 
DHEXNIB. 
DHEXWORD 
DIAGNOSTICS_!, 
DIS AB LE_DIS K_IN TERRU PTS. 
DISALLOW _DHA3. 
DISKETTE 101 
OISKETTE_STATUS, 
DISK STATIJS. -
DISP_PASS. 
DLX_KB 

0 DHA ADDR - -
DHA ADDR 1 - -
DHA_ADDR_2 
DHA ADDR _, 
DHA_CH D_DIS ABLE. 
DHA - CHO_ ENABLE 
DHA _COMMAND. 
DHA _COUNT_O. 
DHA _COUNT_l. 
DHA _COUNT_2. 
DHA_COUNT_3. 
DHA _ERROR. 
DHA_FF_CL R 
DHA_HASK_BIT 
DHA_HASK_CLR 
DHA_HASK_WRITE 
DHA_HASTER_CLR 
DHA MODE 
DHA _HODE_O 
DHA HOOE 1 - -
DHA_HODE_2 
DHA_HODE_3 
DHA_REQUEST. 
DHA _SECH_O 
DHA_SEGH_l 
DHA - SEGH_2 
DHA_SEGH_3 
DHA_SEG_ERROR. 
DHA_STATUS 
DHA _TEHP 
DHA_UNHASK_O 
DNUH 
DNUHW. 
DNUHW _LOOP 
DNUHW_SKIP 
DNUHW SPACES 
DO_READY 
DR OHS TR ING 
DRVDIAG_BX 
DSTRING. 
DS_LP. 
DS RET 
DUHHY_IRET 
ECC_USEO_ ERR 
E_LOSE 
E_READ_SENSE • 
FAIL _H 
FAR _CALLS. 
FDC_ERROR. 
FDU _DATA1. 
FDU_DATA2. 
FD_INT 
FO_IO. 
FD_PARHS 
FINISHED 
FLAGS_DATA1, 
FHTBAD_BX. 
FHTDRV _BX. 
FHTORV INT 
FHTTRK=BX. 
FON TH 18. 
FONTL016 
FON TL 08. 
FONT_HI_8X8. 
FONT_L0_8X16 
FONT_L0_8X8. 
FORHAT_ERROR 
F_BUFOFF 
F _CHEC!t_VALID. 
F_COHHAND. 
F_CONT • 
F_CV_RET 
F_CYL, 
F_DRIVE. 
F_FORHAT_CHD 
F_GB_DECOOE. 
F_GB_JHP 
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r"\ 
L NEAR D~OII CODE 
L NEAR F9EB CODE 
H PROC F9EC CODE Length ::0011 
L NEAR F9B3 CODE 
H PROC P973 CODE Length =0079 
L NEAR F99E CODE 
H PROC D59D CODE Length :00111 
Number 00110 
N PROC E626 CODE Length :OOOC 
H PROC E619 CODE Length a:000D 
Number 0053 

" PROC E6113 CODE Length =000D 
H PROC E632 CODE Length :OOOA 

" PROC E:650 CODE Length =0015 

" PROC E63C CODE Length :0007 

" PROC DDSA CODE Length =036F 

" PROC DSFA CODE Length :10035 
Number 0007 
L NEAR ECBO CODE 
L BYTE 00111 DATA 
L BYTE 0074 DATA 
L NEAR OF1 A CODE 
Number 0001 
Number 0000 
Number 0002 
Number 00011 
Number 0006 
Number 0004 
Number 0000 
Number 0008 
Number 0001 
Number 0003 
Number 0005 
Number 0007 
Nucaber 0008 
Number oooc 
Number OOOA 
Number OOOE 
Number OOOF 
Number 000D 

('\, Number OOOB 
Nucaber 0058 
Numb1:1r 0041 
Number 0056 
Number 00113 
Numb1:1r 0009 
Number 0080 
Numb1:1r 0082 
Numb1:1r 0081 
Number 0083 
Number 0009 
Number 0008 
Number OOOD 
Number 0000 

" PROC E665 CODE Length =0008 

" PROC E66D CODE Length =0031 

L NEAR E677 CODE 
L NEAR E68D CODE 
L NEAR E685 CODE 
L NEAR D5A7 CODE 
H PROC E5FA CODE Length =0008 
Number OOE3 

" PROC E602 CODE Length .. 0011 
L NEAR E609 CODE 
L NEAR E614 CODE 

" PROC FF4B CODE Length =0009 
Numb1:1r 0011 
L NEAR D3D3 CODE 
L NEAR 0366 CODE 
L BYTE DCl&5 CODE 
F PROC COOII CODE Lengtb =005C 
Number 0020 

" PROC EE20 CODE Length =0009 

" PROC EFC7 CODE Length =000B 
N PROC EF57 CODE Length .. 00111 
F PROC EC59 CODE Length :0066 
L BYTE EFC7 CODE 
L NEAR 0693 CODE 

" PROC cooo CODE Length :0004 
Number 0007 
Number 0001& 
Humber 0007 
Number 0006 

~ " PROC C860 CODE Length :0400 

" PROC C060 CODE Leagtb =0800 
H PROC FA6E CODE Longt.b ,z0400 
L BYTE C860 CODE 
L BYTE C060 CODE 
L BYTE FA6E CODE 
L NEAR D69F CODE 
To:r.t [bp+II] 

" PROC EFAD CODE Length =001A 
Text [bp+3] 
L NEAR EF26 CODE 
L NEAR EFC5 CODE 
Te:r.t [bp+7] 
To:r.t [bp+O] 
Number 0040 
L NEAR EE65 CODE 
L NEAR EE6D CODE 



.~ 

F_0B_L00P. 
P'_GB_L00P1 
F_0B_0UT 
F_GB_RET 
F_GB_TlBLE • 
F_GET_BJTE 
F_GEIT_VAH. 
F_HEAD 
F_K6AD_SETTLE. 
F_HLT. 
F_HUT. 
,_101. 
F_IO_RET 
F_H0T0R_0N 
F_HOTOR_PORT 
F_HOTOR_WAIT 
F_H0_RET 
F_NDHA 
F_NEC_DATA 
F_NEC_RDY. 
F_NEC_RESET. 
F •• NEC_RESET_RET, 
F_NEC_STATUS 
F_NR1. 
F_NR_RET 
F_NUHSECS. 
F_PB_ERRET 
F_Pll_RET 
F_PUT_BYTE 
P_Rl 
F_R2 
F_RD1. 
F_RDATA. 
F_RD_LOOP. 
F_READ_CHD 
F_REAL_ DRIVE 
F_RECAL_CHD. 
F_RESET, 
F_RW1, 

~ 
F_RW2. 
F_RW3. 
F_RW_COHHON, 
P_RW_RET 
P_RV_SkIP. 
v_s, 
P_SD1. 
F_SD2. 
P_SD_RET 
F_SECNUH • 
F_SEEK 
F_SEEK_CHD 
F_SET_DHA, 
F_SIS. 
F_SNSDRV_CHD 
F_SNSINT_ CHD 
F_SPECIFY_CHD. 
F_SRT_118 
F_S11t_96 
F_S_RECAL. 
F_S_RET. 
F_TABLE. 
F_WAIT_FOR_HEC 
F_VAIT_ONE_MS. 
F_VD1, 
F_VDATA, 
F_WD_LOOP. 
F_WRITE_CHD. 
OAHB_CARD. 
0 BT_DR IV ETYPE_ VECTOR 
GR F_GRAPBICS_DOVN. 
G RF_GRAPBICS_READ. 
GRF_GRA PBICS_U P. 
GRF_GRAPBICS_WRITE • 
GRF_LIGBT_PEN. 
GRF_READ_DOT • 
ORF_WRITE_DOT. 
0_72 
G_8I16_2 
o_ex0_2. 
G_ADDR 
G_ADDR_Tl!:ST, 
G_ALIGN_DOT, 

~ G_BITHAS!t. 
G_CHAR_LP. 
G_CHP_HOD. 
G_COLOR_TABLE. 
G_CURS_OFF • 
G_DETHODB. 
G_BIP_ BIT. 
G_Fil.LER 
G_F_CONT 
O_F_EIIT 
O_F_I_LP 
O_F_HACH 
G_F_S_LP 
G_HI.....VR. 
G_ll_LP. 
G_I_A_LP 
G_JSFl_DOT • 
O_LDS_R. 

L NEAR EE3ll 
L NEAR EE5E 
L NEAR EE44 
L NEAR EE71 
L BYTE EE20 
N PROC EE29 
N PROC EDFF 
Text (bp+1] 
L NEAR EFll1 
N1,1111ber 0001 
Nu111ber OOOF 
L NEAR EC79 
L NEAR EC9B 
N PROC E014 
Number 03F2 
Number 0025 
L NEAR ED38 
Number 0000 
Number 03F5 
N PROC EF6B 
N PROC EC18 
L NEAR EC2F 
Number 03n 
L NEAR EF6E 
L NEAR EFBO 
Text [ bp+2] 
L NEAR EE1 8 
L NEAR EE17 
N PROC EEOC 
L NEAR ECD8 
L NEAR ECEO 
L NEAR ED7D 
N PROC ED65 
L NEAR ED78 
Number OOE6 
Text [t,p+B] 
Nu111.ber 0007 
H PROC ECBF 
L NEAR EDB3 
L NEAR EDDD 
L NEAR EDF4 
N PROC EDB7 
L NEAR EDFC 
L NEAR EDD7 
L NEAR EF02 
L NEAR EE92 
L NEAR EEBD 
L NEAR EECC 
Text [bp+6] 
N PROC EECD 
Nu111. be r OOOF 
N PROC EE73 
N PROC EF82 
N umber 00011 
Humber 0008 
N umber 0003 
Number oooc 
Number 000£ 
L NEAR EEE1 
L NEAR EF116 
L WORD EC8F 
N PROC EFBD 
N PROC EF117 
L NEAR ED5C 
N PROC ED39 
L NEAR £D57 
Number OOC5 
Number 0201 
N PROC D5Cl 
N PROC D909 
N PROC 096c 
N PROC 0874 
N PROC DA59 
N PROC D7CD 
N PROC D7DO 
N PROC D7EA 
L NEAR DB6F 
L NEAR DA3D 
L NEAR DA7C 
N PROC 0815 
L NEAR DA84 
L NEAR D808 
L NEAR D862 
L NEAR DB14 
L NEAR D92F 
L BYTE 085B 
N PROC DB5F 
L NEAR DAA7 
L NEAR DB26 
N PROC 08 EB 
L NEAR DA 15 
L NEAR DA53 
L NEAR OBED 
L NEAR DA1A 
L NEAR D8EF 
L NEAR DACB 
L NBAR DB1F 
L NEAR DADB 
L NEAR D7E5 
L NEAR D98C 

CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 

CODE 

CODE 
CODE 
CODE 

CODE 

CODE 
CODE 
CODE 

CODE 
CODE 

CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 

CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 

CODE 

CODE 
CODE 

CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 

CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 

Length :OOliA 
Length :000D 

Length =0025 

Length =0017 
Length ,;QQ18 

Length =0014 

Length :0022 

Length =0055 

Length =0078 

Length =007A 

Length =005A 
Length =000B 

Length =0020 
Length :00008 

Length =002C 

Length ::0039 
Length :0063 
Length :a:OOED 
Length :a:0055 
Length :0106 
Length =0003 
Length :001A 
Length =002B 

Length =005F 

Length .,Q01 E 

Length a:001 E 
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CLLDS_W. 
G_L IN ELP 
G_HlSll'. 
G_HATCHB 
G_HEDGET 
G_HED_BIT. 

•-HED_IA • 
G_HED_STORE. 
G_HED_WR 
G_H_AREA 
G_RDLOOP 
G_RD_IA. 
G_RD_HED 
G_REPCHAII. 
G_RETURN 
G_SCUI_LP. 
G_SCROL1.£R 
G_SELFONT. 
G_SETDOWN. 
G_SET_UP 
G_SJtP_ 1. 
G_SKP_2, 
G_SkP _3, 
G_SKP_II, 
G_SKP_5. 
G_SUPER_\IR 
G_ TEST_ADDR, 
G_TINYTEXT 
G_ TST_HOD. 
G_T_XOR. ...... ' 
G_UNREV ERSE_ VIDEO_ LOOP 
G_W_BITE 
a_ XO RB IT 
HARD_OISK_INTI 3. 
HDU_BSY. 
H DU_C D 
HDU_DHA_SEGH • 
H DU_IO 
HDU_IRQ5 
HDU_PARH_TBL 
HDU_REQ. 
HO_ERROR 
HF_NUH 
H_ABS_H. 
H_BAD_COHHAND. 
H_BAD_H. 
H_BOOT 
a_cHo_TABLE. 
H_CHD_WAIT 
H_C_ERR. 
H_DATA\. 
H_DATA2. 
H_DHA, 
H_DHA_BUFF 
H_DHA_ERR. 
H_DHA_LEN. 
H_DHA_LONG 
H_ERJI_CHlt. 
JLERR_M. 
H_ERR_RET. 
H_FINISH 
H_FHT. 
H_FHT_H. 
H_GOOD_H 
H_HAO_ERR. 
H_INIT 
H_ INT. 
H_INTRO_H. 
H_IO 
JLHAltE_CDB 

•-NOMA 
H_NONE_H 

•-PASS _H • 
H_SAVE_REGS. 
ILL_FLG, 
ILL_INT, 
ILL_LN 
ILL_LP 
ILL_H1 
ILL_H2 
I!.l._H3 
ILL_SV 
ILL_TRAP 
IN IT_CoNtiioi.LER~LP 
INIT_DRIVE_LP. 
IN IT_ DR IV E_V IN 
UUT_ERR 
INIT_START_TIHER 
IN IT_ TRY_DR IVE 
INSERT_KEY 
INSERT_HODE. 
INSERT_SHIFT 
INTOOLOCN, 
INT01LOCN, 
INT02LOCN. 
INT03LOCN. 
IRTOIILOCN. 
DfTOSLOCN. 
1NT06LOCN. 
INTOTLOCN. 
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~ 
L NEAR DA9f' CODE '--
L NUR DIDl CODE 
L NEAR D5E2 CODE 
L NUR DIOP' CODE 
L NEAR D9DC CODE 
L NEAR D91'5 CODE 
L NEAR D9E1 CODE 
L KUR 0838 CODE 
L NEAR D803 CODE 
L NEAR D8CC CODE 
L NEAR D9AC CODE 
L NEAR 0980 CODE 
L NEAR D9DA CODE 
L HUR DADO CODE 
L NEAR D857 CODE 
L NUR DB1A CODE 
N PROC D8C9 CODE Length :0022 
L NEAR Dl91 CODE 
L NEAR D93D CODE 
L NEAR D8A9 CODE 
L NEAR 0826 CODE 
L NEAR D82C CODE 
L NEAR 0832 CODE 
L NEAR D855 CODE 
L NEAR 0873 CODE 
L NEAR DAC7 CODE 
L NEAR DA49 CODE 
L NEAR DAC3 CODE 
L NEAR D89A CODE 
L NEAR D1E3 CODE 
L NEAR D9D3 CODE 
L NEAR DAEA CODE 
L NEAR DTFF CODE 
L NEAR DI B5 CODE 
Number 0008 
Number 00011 
Number 0082 
Number 0002 
Number 0020 
L NEAR D\11B CODE ~ Number 0001 
L BYTE 00112 DUA 
L BYTE 0015 DATA 
L BYTE DOAE CODE 
L NEAR D25A CODE 
L BYTE DOA2 CODE 

' PROC DOE9 CODE Length =0041 
L NEAR D26D CODE 
N PROC DHB CODE Length 1100611 
Number 0002 
N PROC D119P CODE Length 1100110 
N PROC 06AC CODE Lengtb =0121 
N PROC D2C1 CODE Length .. 0070 
L NEAR D32C CODE 
L NEAR D336 CODE 
L NEAR D3011 CODE 
L NEAR 0322 CODE 
N PROC D3U CODE Length ,.0093 
L BYTE 07B7 CODE 
L NEAR 0302 CODE 
L NEAR 02112 CODE 
N PROC D6110 CODE Lengtb =006C 
L BYTE 0733 CODE 
L BYT! OOA6 CODE 
L NEAR 0352 CODE 
N PROC CP9P CODE Length =011C 
N PflOC 062P CODE Length ::0011 
L BYTE D6AC CODE 
F PROC D1AB CODE Lengtb :0116 
L NEAR 01DE CODE 
N PROC DBE CODE Length :OOOC 
L BYTE 07811 CODE 
L BYTE 0750 CODE 
L NEAR D\CII CODE 
L NEAR FF41 CODE 
N PROC FP23 CODE Lengtb =0028 
L NEAR ES C4 CODE 
L NEAR E5C9 CODE 
L BYTE DC1B CODE 
L BITE DC311 CODE 
L BYTE DC3A CODE 
L NEAR PF3E CODE 

,r'\ N PROC E58C CODE Length .. 00119 
L NEAR CFED CODE 
L NEAR 0022 CODE 
L NEAR D0"7 CODE 
Number 0007 
L NEAR 0028 CODE 
L NEAR D036 CODE 
Nu111ber 0052 
Number 0080 
NW11ber 0080 
L DVORD 0000 ... , 
L DVORD 00011 ABSO 
L DVORD 0008 AB30 
L DVORD OOOC 030 
L DVORD 0010 ABSO 
L DWORD 0014 ABSO 
L DVORD 0018 ... , 
' DVORD 001C ABSO 



~ 

1HT08LOCH. 
IHT09LOCH. 
INTO.ll.OCN. 
IHTOBLOCH. 
INTO CL OCH, 
IHTODLOCN. 
INTO EL OCH. 
lHTOPLOCN. 
INTIOLOCN. 
INTI 1LOCH, 
IHTl2LOCH. 
INT13LOCN. 
IHT14LOCH, 
IKT15LOCN. 
IHTI 6LOCN, 
llfT17LOCH. 
IHT18LOCN. 
IKT19LOCN, 
INTI ALO CH. 
IHTIBLOCN. 
INTI CLOCK. 
INT1DLOCN, 
INTI ELOCN. 
INTI FLOCH. 
INTR_FLAQ, 
IO_ROH_INIT, 
IO_ROH_SEO 
I_ALT_CONT • 
I_ALT_CPU. 
I_ALT_ECHO , 
LALT_END. 
I_ALT_FOUND. 
I_ALT_INQ. 
I_AL T_REST ART. 
LAL T_SBI. ECT_H • 
LALT_TBST • 
LCAL. 
LCAL_O. 

~ 
LcA1._,_,~aO 
LCAL_BND. 
LCAL_ERR. 
LCAL_HAI. 
LCAL_OI , 
LCAL_VAL. 
LCOH_H. 
LCPU. 
I_CPO_ERR, 
I_CPO_M. 
LCPU_OI • 
I_DMJC • 
I_DHAC_ERR • 
I_DMAC_LP. 
I_DHAC_M • 
I_DMAC_NIB • 
I_DHAC_OI. 
I_DHAC_PASS2 
I_DHAC_RST • 
I_DHAT , 
I_DHAT_ERR , 
I_DH!T_H • 
LDMAT_OI. 
l_DHAT_RET • 
I_D_80X25, 
I_D_INIT , 
I_D_H. 
I_D_HODE • 
I_D_Ol • 
I_P.AT AL. 
LPATAL_RET, 
LFDOA_H • 
I_FDUB_M • 
I_FDU_END, 
I_FDU_LP , 
I_FDU_NOT_H. 
I_FDU_OI • 
I_FDU_RDY_H. 
I_BDU_H. 
I_HDU_Ol • 
I_IN IT_EN D • 
I_KB_H , 
I_KB_ST_H. 

~ 
I_NO_COl-l...A , 
I_HO_COH_B • 
I_NO_GAME_CARD • 
I_NO_SCCS. 
I_NPU_H, 
I_OPTROH_H • 
I_out_HASJ: • 
I_PIC. 
I_PIC_O_OJ: • 
I_PIC_l_OI • 
I_PIC_2_0k • 
I_PI C_3_0P.: , 
I_PIC_4_0k • 
I_PIC_EHD. 
I_PIC_ERR. 
I_PIC_HARD • 
I_PIC_HOT. 
I_PIC_INIT • 
I_PIC_H, 

L DW0RD 0020 
L DVORD 0024 
L DVORD 0028 
L DWORD ooze 
L DVORD 0030 
L DVORD 0034 
L DW0RD 0038 
L DVORD 003C 
L DVORD 0040 
L DVORD 0044 
L DVORD 0048 
L DVORD OOIJC 
L DVORD 0050 
L DVORD 0054 
L DVORD 0058 
L DVORD 005C 
L DVORD 0060 
L DVORD 0064 
L DV0RD 0068 
L DVORD 006C 
L DV0RD 0070 
L DVORD 00711 
L DVORD 0078 
L DVORD 007C 
L BYTE 0068 
L VORD 0067 
L WORD 0069 
L NEAR E4FO 
L NBAR EIID7 
L NBAR E534 
L NEAR E567 
L NBAR E511 
L NBAR 8522 
L NBAR E5115 
L BYTE DD35 
L NEAR E506 
L NEAR DFF9 
L NEAR E04E 
L NEAR EO 1E 
L NBAR B07B 
L NEAR E061 
L NEAR E02D 
L NKAR E073 
L BYTE DD51 
L BYTB DCDD 
L NEAR 0062 
L NEAR DD8D 
L BYTB DC4B 
L NBAR DD9E 
L NEAR DDE2 
L REAR DE5E 
L NEAR DDF2 
L BYTE DC72 
L NEAR DE3E 
L NEAR DE6ll 
L NEAR DDEF 
L NEAR DE51 
L NEAR DDC7 
L NBAR DDD5 
L BYTE DC65 
L NBAR DDDB 
L NEAR DDD3 
L NEAR £187 
N PROC £1118 
L BYTB DC8C 
L HUR Et 9A 
L NEAR Et 80 
N PROC EOE9 
L NEAR E139 
L BITE DDOt 
L BITE DODE 
L NEAR E4CD 
L NEAR E4A7 
L BYTE D01B 
L NEAR E4CA 
L BITE DD1F 
L BITE D028 
L NEAR E47D 
L N!Ail E56C 
L BYTE DCBF 
L BYTE DCCC 
L NEAR E3AD 
L NEAil E3BC 
L NEAR E3D5 
L NEAH EJCA 
L BYTE DC99 
L BYTE DCFII 
N PROC E1ED 
L NEAR DE6B 
L HEAR DEA9 
L NEAR DEAD 
L NEAR DEBl 
L NEAR DEBS 
L NEAR DEB9 
L NEAR DFll 
L NEAR DEDC 
L HEAR DE9E 
L NEAil DED7 
N PROC E1DC 
L BYTE DC7F 

ABSO 
ABSO 
ABSO 
ABSO 
ABSO 
ABSO 
ABSO 
ABSO 
&BSO 
ABSO 
ABSO 
ABSO 
ABSO 
ABSO 
&BSO 
ABSO 
&BSO 
ABSO 
ABSO 
ABSO 
&BSO 
ABSO 
ABSO 
ABSO 
DATA 
DATA 
DATA 
CODE 
CODE 
CODE 
CODE 
CODB 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 

Length ::::0058 

Length :::005F 

Length aa0009 

Length =0011 
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I_PIC_NO_HOT 
I_PIC_OlC 
I_PIC_SOl'T 
I_PIC_TEST 
I_PRT_EIIT 
l_PRT_LOOP 
I_PRT_H. 
I_R.Ut_H. 
I_ROH ••• 
I_ROH_ERR, 
I_IIOH_H. 
I_R0H_0K 
l_ROH_RET. 
l_RTC, 
I_RTC_ENO. 
I_RTC_ERR. 
l_RTC_Hl_H 
I_RTC_LO_H 
I_RTC_H. 
l_RTC_N R_H 
I_RTC_OK 
I_VECO 
l_ VEC8 
!_VECTOR 
l_VEC_TBL. 
KB ALT, 
KBBRK. 
ICBCAP. 
KB CTL. 
KBINS. 
KBLSH. 
KBNUL. 
KBNUH. 
KBPRT. 
KBR ES. 
KBRSH. 
KBSCR. 
KB_BUFFER. 
KB_CAP_FLAGS 
KB_CHD_SENO. 
KB_CHD_WLUP. 
KB_OATA1 ••• 
KB_DATA_TABLE, 
KB_FL AG. 
KB_FL.I.G_l. 
KB_f"LUSH 
KB_FLUSH_BACK. 
KB_NOT_DL X 
KB_STATUS. 
KB_TYPE_REAII 
KB_TYPE_WAlT 
KDBLO, 
KDE CO. 
KDEC1. 
KDEC2. 
KDECJ. 
KDEC4. 
KDE CS, 
KDEC6. 
K DEC7, 
KDECS. 
KDEC9. 
kNOHE. 
K_OO 
K_2 RES 
K_2RET 
K_2TOG 
IC_4RES 
K_.11 RET 
k_4TOG 
K_ADV_END. 
IC_ADV_PTR. 
K_ALT. 
K_AL TO 
K_ALT1 
K_AL T2 
K_AL T3 
IC_ALTII 
K_AL TS 
l_ALT6 
l_AL T7 
l_ALT8 
l_AL T9 
l_BEEP 
K_BIT. 
l_BRIC. 
l_BUF. 
l_CAP. 
K_CASE 
l_CTL. 
K_DATA1. 
IC_EOI. 
K_HOLD 
x_u,s. 
IC_INT, 
l_IO 
K_IX 
IC_JHP. 
IC_LED_CAP. 
K_LED_CHD. 
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L NEAR llP05 CODE 
L NEAR DF'OB CODE 
L NEAR DE8E CODE 
L NEAR DEBB COllE 
L NEAR 1!398 CODE 
L NEAR E382 CODE 
L BYTE DCDO CODE 
L BYTE DCEA CODE 
L NEAR ll0B2 CODE 
L NEAR DDBA CODE 
L BYTE OC58 CODE 
L NEAR DDCO CODE 
L NEAR DDB8 CODE 
L NEAR E07B CODE 
L NEAR EO E1 CODE 
L NEAR EOB9 CODE 
L BYTE DCB7 CODE 
L B'tTE: DCB3 CO DE 
L BYTE DCA6 CODE 
L BYTE DCBB CODE 
L NEAR EOD5 CODE 
L NEAR E1 BO CODE 
L NEAR E1 CC CODE 
N PROC E1 AO CODE Length :003C 
N PROC FEF3 CODE Length :0030 
Number OOC4 
Number OOC9 
Nu111ber OOC1 
Nu111ber OOC5 
Number OOCO 
Nulllber OOC6 
Number OOCC 
Number 00C2 
Nulllber OOCB 
Nulllber ooca 
Number OOC7 
Number OOC3 
L WORD 001E DATA Length :.0010 
L BYTE CC60 CODE 
N PROC E581 CODE Length :OOOB 
L NEAR E581 CODE 
N PROC CC60 CODE Length =033F 
L BYTE CC67 CODE 
L BYTE 0017 DATA 
L BYTE oo,a DATA 
L NEAR E304 CODE 
L NEAR E313 CODE 
L NEAR E36l CODE 
Number 0064 
L NEAR E351 CODE 
L NEAR E346 CODE 
Number OOD8 
Number OOD7 
Number 0006 
Number 00D5 
Number 0004 
Nulllber 0003 
Number 0002 
Number 00D1 
Number 0000 
Number OOCF 
Number OOCE 
Number OOCD 
L NEAR EB35 CODE 
L NEAR EB18 CODE 
L NEAR EBOA CODE 
L NEAR EBOF CODE 
L NEAR EAE7 CODE 
L NEAR EAE6 CODE 
L NEAR EAD4 CODE 
L NEAR E87A CODE 
N PROC E86E CODE Lungth =0000 
L NEAR EAEE CO DE 
L NEAR EB28 CODE 
L NEAR EB27 CODE 
L NEAR EB26 CODE 
L NEAR EB25 CODE 
L NEAR EB24 CODE 
L NEAR EB23 CODE 
L NEAR EB22 CODE 
L NEAR EB21 CODE 
L NEAR EB20 CODE 
L NEAR EB 1 F CODE 
N PROC EBC3 CODE Length =0023 
N PROC EB85 CODE Length :001F 
L NEAR EB42 CODE 
L NEAR EA56 CODE 
L NEAR EAB5 CODE 
L WORD EBE6 CODE 
L NEAR EBOO CODE 
N PROC EBE6 CODE Length 110032 
N PROC EBA4 CODE Length .. 0009 
L NEAR EA92 CODE 
L NBAR EAA7 CODE 
N PROC E987 CODE Length ,.01D2 
N PROC E82E CODE Length 1>0017 
L NEAR EA02 CODE 
L NBAR EA2D CODE 
L NBAR EB63 CODE 
L NEAR EB70 CODE 
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K_LED_DAT. 
K_LED_NtlH, 
K_LED_RET. 
K_LOCK 
K_LOOK 
K_LP 
K_LSH, 
K_NON1 
K _NONE 
K_NOP. 
K_NOP1 
K_NO_CAP 
K_NO_CASE. 
l(_NO_HOLD. 
K_N0_L0CIC. 
K_NO_XCODE 
K_NUL. 
K_NUH. 
K_OK 
K_PAOSE. 
K_PRT. 
K_READ 
K_RES, 
K_RET. 
K_RSH. 
K_SCR. 
K_SEE, 
K_STAT 
K_TRY. 
K_XLAT 
LEFT_SHIFT 
LEFT_SHIFT_KEY 
LF 
HASK_PORT, 
HASK_PORT_DHAE 
HASK_POflT_ INTE 
HAS'?AB 
HASTER_TBL_PTR 
HAX_INT. 

~ 
MA YB E_SH ow_s ENS E 
MEHORY_SIZ E, 
HEHTST 
HEHTST_ERR 
HEMTST_ERR_C 
HEHTST_Rl. 
HEHTST_R2, 
HEHTST_W1. 
MEHTS'r_W2. 
HFG_ERR_FLAG 
HFG_TST. 
HOTOR_COUNT. 
HOTOR_STATUS 
HT_END 
H_CASS 
H_EQUIP. 
H_EXIT 
H_SIZE 
NEC_STATUS 
NIB OK. 
NO_HARD_DISK 
NOL. 
NUH_LOCK_KEY 
NUH_LOCK_HODE, 
NUH_LOCK_SHIFT 
N_INT. 
OPT_ROH_H, 
PO_OATA1 
P1_DATA1 
P4_DATA1 
PARA_GRAPH 
PARA_HONO. 
PASS_H 
PAUSE. 
PAUSE_HODE 
PCINIT 
PIC_O. 
PIC_1. 
PIC_ICW1 
PIC_ICW2 
PIC_ICW3 
PIC_ICWII 

~ 
PIC_NEOI 
PIC_OFF_HSI. 
PIC_SBOI_O 
PIC_SEOI_l 
PIC_SBOl_6 
PORT_OFF 
POST_LOSB. 
POST_NO_HO RE_DRIY ES. 
POST_WIN 
PRINTER_ADDR 
PRINTER_T_OUT. 
PRT_DATA_A • 
PRT_DATA_B 
PRT_DATA_C 
P_825LO 
P_8253_1 
P_8253_2 
P_825LCTRL. 
P_DISP 

L NEAR EB7A 
N PROC EB59 
L NEAR EB84 
L NEAR E9F4 
F PROC E860 
L NEAR EBCE 
L NEAR EB04 
L NEAR EABF 
L NEAR EA5B 
L NEAR EASE 
L NEAR EB3F 
L NEAR E9E7 
L NEAfl EA36 
L NEAR EA4C 
L NEAR E9FC 
L NEAR EA54 
L NEAR EAA2 
L NEAR EAC1 
L NEAR E9B2 
L NEAR EA78 
L NEAR EA9B 
N PROC £8115 
L NEAR EA67 
L NEAR £842 
L NEAR EB08 
LNEAR EACD 
L NEAR £854 
N PROC £869 
N PROC EBAD 
L NEAR EA16 
Number 0002 
llu111ber 002A 
Number OOOA 
Number 0323 
Number 0001 
Number 0002 
L WORD E2CE 
L DWORD 00811 
Number 00111 
N PROC DOCE 
L WORD 0013 
N PROC E266 
L NEAR E2AB 
L NEAR E2A7 
L NEAR E279 
L NEAR E290 
L NEAR E26D 
L NEAR £286 
L BYTE 0015 
L BYTE 0012 
L BYTE 0040 
L BYTE 003F 
L WORD E2EII 
N PROC F859 
N PROC F84D 
L NEAR DOE7 
N PROC F8111 
L BYTE 0042 
L NEAR E65E 
L NEAR 0697 
Number 0000 
Number 0045 
Number 0020 
Number 0020 
N PROC F85F 
L BYTE E2AD 
N PROC E2AD 
N PROC DB7D 
N PROC E5F2 
Number 8800 
Number 8000 
L BYTE DC3D 
Number OOCA 
Number 0008 
N PROC E2E4 
Number 0020 
Number 0021 
Number 0013 
Nu111ber 0008 
NU111ber 0008 
Number 0000 
Number 0020 
Nu111ber OOFF 
Number 0060 
N11111ber 0061 
Number 0066 
L BYTE 0077 
L NEAR 0071 
L NEAR D06A 
L NEAR 0083 
L WORD 0008 
L BYTE 0078 
Number 03BC 
NUlllber 0378 
Number 0278 
Number ooiio 
Number ooii, 
Number 0042 
Number 0043 
L NEAR D09B 

CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 

CODE 
DATA 

CODE 
DATA 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
DATA 
DATA 
DATA 
DATA 
CODE 
CODE 
CODE 
CODE 
CODE 
DATA 
CODE 
CODE 

CODE 
CODE 
CODE 
CODE 
CODE 

CODE 

CODE 

DATA 
CODE 
CODE 
CODE 
DATA 
DATA 

CODE 

Lengtb =002C 

Length =0009 

Length =001B 

Length :a:0005 
Length =0016 

Length =0018 

Length =00117 

Length :0002 

Length a:0006 
Length =OOOC 

Length :OOOC 
Length :0007 

Length a:0001 

Length =0037 
Length a:O 1DD 
Length =0002 

Length a:0290 

Length :0004 
Leogtb =0004 
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P_IHIT 
P_IO 
P_lCTRL. 
P_lSCIH. 
P_LP 
P_NOP. 
P_Ol 
P_OUT, 
P_RET. 
P_SOHE 
P_STIT 
P_TBL. 
RlHDIAG_BI 
RAHDIAG_INT. 
R AH_ERROR. 
RAH_SIZE_END • 
RAH_SIZE_END_1 
RAH_S IZ E_L P. 
RAH_SIZ E_NXT 
RAH_SIZE_TST 
RBUf'F_BX , , 
READ_BI ••• 
READ_ECC_BX. 
READ_INT 
READ_HOD&. 
READ_PARAH 
READ_PORT. 
RECAL_BX 
RECAL_INT. 
RESET_BX 
RES ET_FL AG 
RESET_INT. 
RESET_PORT 
RET_FROH_~O. 
RIGHT_SHIFT. 
RIGHT_SHIFT_(&J. 
RLONG_BX 
ROH_CHECICSUH • 
ROH_CH ECk:SUH_CliT 
ROH_CHECKSUH_LOOP. 
ROH_CHKSUH_OI. 
ROH_ERR. 
ROH_ID 
ROH_HT 
ROH_SCAN_EXI T, 
ROH_SCAN_LOOP. 
ROH_SCA!l_NEX't. 
RS232_ADDR 
RS_DL J 
RS_GBE • 
RS_INIT. 
RS_LP. 
RS_NOP • 
RS_NORH. 
RS_OIC. 
RS_PBE 
RS_PB_GB 
RS_RET 
RS_STAT. 
RS_TBL 
RS_WS. 
RS_WS_COH. 
RS_WS_EXIT 
RS_WS_LP 
RTC_CHI. 
RTC_CHl:_HIGH 
RTC_CHIC_LOW •••• 
RTC_CH\t_RESET_EIIR. 
RTC_CHK_RES ET_L P 
RTC_CH K_R ESET_O l 
RTC_CH K_SET_ERJ!. 
RTC_CHK_SET_LP 
RTC_CHK_SET_Ol 
R_FINISH 
R_V.UTING. 
SCC_CTL_A. 
SCC_CTL_B. 
SCC_DBIT 
SCC_FE 
scc_GB 
SCC_INIT 
SCC_NO_FE, 
scc_NO_OE, 
SCC_NO_PE. 
scc_NO_RXD 
SCC_NO_TXD 
SCC_OE 
SCC_PB 
SCC_PE 
SCC_PVRUP. 
SCC_RID. 
scc_sur 
SCC_TBL. 
scc_TID. 
S CRL_LOCk_ll:E?, 
SCRL_LOCLHODE 
S CRL_LOC(_SJIIP'T, 
SECTORS_PER_TRACI. 
SECT_NOT_FOOND 
SEE!l:_BI. 
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L NEAR F027 
N PROC EFD2 
Number 0061 
Number 0060 
L NEAR FOOF 
L NIUR FOO! 
L HEAR P'01D 
L NEAR P'OOB 
L HUR FOOS 
L NBAR D092 
L NE.&R F0311 
L WORD E2BE 
Number OOEO 
Number 0012 
L NEAR DFC9 
L NEAR DFAB 
L NEAR Df'BS 
L NEAR DP'6C 
L NEAR DFA3 
L NEAR DF5C 
Number OOOE 
Number 0008 
Number OOOD 
Number 00D2 
Number 00"7 
N PROC DIIDP 
Number 0320 
Number 0001 
Number 0011 
N PROC D581 
L WORD 0072 
Number 0000 
Number 0321 
L NEAR D1B2 
Number 0001 
Number 0036 
Number OOE5 
N PROC E5E5 
L NEAR ESE8 
L NEAR E5£A 
L NEAR Ell35 
N PROC E5D5 
L BYTE C001 
L WORD C002 
L NEAR E411E 
L NEAR EJFD 
L NEAR EIIIIA 
L WORD 0000 
N PROC E8E2 
L NEAR £9118 
L NEAR E3PO 
L NEAR E8E7 
L NEAR E77D 
L NEAR £7119 
L NEAR 8771 
L NEAR E910 
L NEAR E90F 
L NEAR B77A 
N PROC E87B 
L WORD B77F 
N PROC E8BE 
L NEAR E8CD 
L NEAR E8DE 
L HUR 68C3 
N PROC E1F6 
L NEAR £265 
L NEAR E265 
L NEAR £217 
L NEAR E205 
L NEAR £21! 
L NEAR E238 
L NEAR E224 
L NEAR E23B 
L NEAR D435 
L NEAR D"1D 
Number 0050 
Number 0052 
L BYTE F62E 
Number 00110 
N PROC E911D 
N PROC F573 
L NEAR E8i\D 
L NEAR E8BB 
L NEAR £8B11 
L NEAR E89F 
L NEAR 8898 
Number 0020 
N PROC B918 
Number 0010 
L NUR F623 
Number 0001 
L NUR £881 
L WORD B2C6 
N1111ber 00011 
Numbpr 00116 
Number 0010 
Nlimber 0010 
Number 0011 
Number 00011 
Number 000B 

CODE 
CODE Length =(!069 

CODE 
CODE 
CODE 
COD! 
CODE 
CODE 
COD! 
CODE 

COD! 
CODE 
CODE 
CODE 
CODE 
CODE 

CODE Length =0025 

CODE Length =0010 
DATA 

CODE 

CODE Length =OOOD 
CODE 
CODE 
CODE 
CODE Length =0010 
CODE 
CODE 
CODE 
CODE 
CODE 
DATA Length =0004 
CODE Length =OOOA 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE Length ,.0043 
CODE 
CODE Length .. 0024 
CODE 
CODE 
CODE 
CODE Length •0070 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 

CODE 

CODE Length cOOOD 
CODE Length :OOBF 
CODE 
CODE 
CODE 
CODE 
CODE 

CODE Length =DOOP 

CODE 

CODE 
CODE 

r'\ 
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SKBI_ERROR • Number 
SBU_STATUS, L BYTE 
SBLI!CT_PORT. Number 
SEND_CDB_BYTE, L NEAR 
SENSEO_HSI Number 
SENSE_BI lh1mber 
SENSE_ERR. Number 
S!RUL_IO. H PROC 
SERIAL_T_OOT • L BYTE 
SET_DS H PROC 
SET_DS_WORD. L WORD 
SBOW_SENSE H PROC 
STACl_ROH. L WORD 
STACI_SEG. Number 
STATUS L NEAR 
nnus_1n Number 
STATOS_PORT. Number 
STOP_DISI. N PROC 
SV ITCH_BITS, L WORD 
SVITCH_PORT. Number 
SYS_COHF_A Number 
Sl'S_CONF_B Number 
S_EOL. L NEAR 
S_ERR. L NEAR 
S_GET. L NEAR 
S_IRT. N PROC 
S_LP • L NEAR 
S_NOP. L NEAR 
S_OIC L NEAR 
s_oor. L NEAR 
TOCHD, Number 
TOCOUNT. Number 
T1CHD. Number 
T1COUNT. Number 
T2CHD. Number 
T2COUHT. NWllber 
TIHE_OUT Number 
TST_DRV_RDY_BX Number 

~ 
TST_DRV_RDY_INT, Number 
T_DAY. N PROC 
T_END. L NEAR 
T_HI L NEAR 
T_HI_ORDER L WORD 
T_INC. L NEAR 
T_INT. N PROC 
T_LOII_ORDER, L WORD 
T_NFE. L NEAR 
T_NFF. L NEAR 
T_OFL. L NEAR 
?_OVERFLOW L BYTE 
T_SET. L NEAR 
VECTOR H PROC 
v_3u. L BYTE 
V_68115 L NEAR 
V_APAGE. L BYTE 
V_BASE6845 L ilORD 
V_BELL N PROC 
v_ss L NEAR 
V_CLR. L NEAR 
V_CLR_BOT, L NEAR 
V_CLR_FAST L NEAR 
V_CLJLPLP. L NEAR 
V_CLR_HI L NEAR 
v_cLll_LO L NEAR 
v_cLB_LP L NEAR 
V_CLR_NXT. L NEAR 
V_CLR_PAST L NEAR 
V_CLR_ROV. L NEAR 
V_CLR_TOP. L NEAR 
V_COL. H PROC 
V_COLORPAL L BYTE 
V_COLODR L HEAR 
V_COL_O. L NEAR 
Y_COL_1, L NEAR 
V_CR L NEAR 
V_CURPOS., L I/ORD 
V_CDRSIZE. L VORD 
V_CDRS_POS N PROC 
V_CURS_TYPE. N PROC 
V_DATA1. N PROC 
V_DATA2. N PROC 

~. 

V_DISALLOW L HEAR 
V_FPOS N PROC 
V_FPOS_O L HEAR 
V_FPOS_LP. L HEAR 
V_HEIGBT L VORD 
V_IO N PROC 
V_ICCLEAR N1111ber 
Y_ISCROLL. Nwabor 
V_LF • L NEAR 
V_LROW L IIEAR 
V_HD_IIO. L BYTE 
V_HD_80. L BITE 
V_HD_~LR t. NEAR 
V_MD_CLR_21. L BEAR 
V_MD_CLR_81C. L WEAR 
Y_HD_CL R_GRAFR I CS. L BEAR 
V_MD_DBL L NEAR 
V_MD_EN.IBLE, L BITE 
V_HD_ORAPll L BYTE 

OOJ:10 
003E DATA 
0322 
D3F8 CODE 
003F 
0003 
DOFF 
E739 CODE 
001c DAU 
E5F4 CODE 
E5F2 CODE 
DOBB CODE 
D87 E CODE 
0030 
0263 CODE 
0001 
0321 
EF4F CODE 
0010 DATA 
0322 
0066 
0067 
FFB5 CODE 
FFA5 CODE 
FFC9 CODE 
FF54 CODE 
FF81 CODE 
FFB2 CODE 
FF8A CODE 
FFBC CODE 
0036 
0000 
00711 
0013 
00B6 
0266 
0080 
0000 
0010 
FE6E CODE 
FEA3 CODE 
FEC5 CODE 
006E DATA 
FEBB CODE 
FEA5 CODE 
oo6c DATA 
FE78 CODE 
FE7E CODE 
FEE1 CODE 
0070 DATA 
FE95 CODE 
FFFO CODE 
0065 DATA 
F262 CODE 
0062 DATA 
0063 DATA 
F54E CODE 
FIIC3 CODE 
F2F5 CODE 
F2F5 CODE 
F33F CODE 
F341 CODE 
F30A CODE 
P310 CODE 
F300 CODE 
F325 CODE 
F33C CODE 
F32E CODE 
F377 CODE 
P41A CODE 
0066 DATA 
F08E CODE 
F42F CODE 
F436 CODE 
F4CB CODE 
0050 DATA 
0060 DATA 
F1F7 CODE 
F1E9 CODE 
F045 CODE 
FOAII CODE 
D6:26 CODE 
F50D CODE 
F51 F CODE 
F518 CODE 
00.IIC DATA 
F065 CODE 
0007 
00011 
Fll7B CODE 
Fil86 CODE 
FOAi! CODE 
FOBII CODE 
P171 CODE 
F16C CODE 
P16E CODE 
f'168 CODE 
F188 CODE 
FOFII CODE 
FOCI! CODE 

Lengtb =0056 
Length :000J:I 
Length =0006 

Length aQO 13 

Length =0007 

Length =007E 

Length =0037 

Length =00117 

Length =OOOE 

Length =0025 

Length 11002C 

Length 110008 

Length =001E 
Length ,:QOOE 
Length :0020 
Length ~oosa 
Length 11001 E 

Longth :003F 
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V_HD_LEN 
V_HD_HONO. 
V_HD_WID 
V_HODE 
V_HV 
V_HV_DN, 
V_MV_END 
V_HY_FLP 
Y_KV_HI. 
Y_HV_LO. 
V_HV_LP. 
V_HY_NIT • 
Y_HV_PAST. 
V_HY_ROV 
V_NOP. 
V_OUT_BYTE 
V_OVR_NOT_OI 
V_OVR_OIC 
V_PAGE • 
V_PAGE_O 
v_PARHS. 
V_POINTER. 
Y_POSN 
Y_RAC. 
V_RA.C_INBLANK. 
V_RAC_INLINE 
Y_RESET_BX 
V_R_CURS_POS 
V_SCRL_DN, 
V_SCRL_HODE_7. 
V_SCRL_HV_All D_CL R. 
V_SCRL_POS 
V_SCRL_Rl!:T 
V_SCRL_TTY 
V_SCRL_TTI_GRAPHICS. 
V_SCRL_UP. 
V_SET_CURS • 
V_SET_CUR_POS. 
V_SET_HODE •• ~ 

Y_SET_HODE_COLOR 
V_SET_HODE_LP. 
V_SET_NEV_CD R. 
Y_STAT 
V_TBL. 
V_TERHINAL 
V_TERH_NOBELL. 
V_TERH_NOP 
V_TERH_RET 
V_TOP. 
V_TIT_DN 
V_TXT_HD • 
V_TIT_OX 
V_TIT_R!C. 
V_TXT_UP 
V_TXT_VAC. 
V_TXT_VC 
V_VAC. 
V_VAC_END, 
V_WAC_HI 
V_VAC_LO 
v_wc 
v_vc_END • 
v_wc_a1. 
v_wc_Lo. 
v_vc_NEXT. 
Y_VIDTH. ., ., 
WAIT_FO!LIRQ5. 
WAI T_FO R_STATU S, 
VBUFF_BX 
WBUFF_INT, 
WLONG_BX 
WRITE_BX 
WRITE_MODE 
WRITE_PORT • 
WRITE_PROTECT. 
V_FINISH 
V_ITS_DOHE • 
V_HEC. 

•-NEC_RET. 
W_ONE. 

Warning SeverB 
Error 11, Errors 
0 0 

8-176 

r"-
L WORD F0E4 CODE 
L BYTE FOOi.i CODE 
L BYTE FDEC CODE 
L BYTE 0049 DATA 
L NEAR F295 CODE 
L NEAR F370 CODE 
L NEAR F2F4 CODE 
L NEAR F2E7 CODE 
L NEAR F2AA CODE 
L NEAR F2B0 CODE 
L NEAR F2AO CODE 
L NEAR F2CA CODE 
L NEAR F2E5 CODE 
L NEAR F2D1 CODE 
L NEAR FOA3 CODE 
N PROC F273 CODE Lengtb =OOOC 
L HUR F1C4 CODE 
L HBAR F1C6 CODE 
N PROC F22C CODE Leriath 110047 
L NEAR F23E CODE 
L BYTE FOA4 CODE 
Number 0384 
N PROC F52B CODE Lonstb .. 0011 
N PROC F37C CODE Lenatb 11002A 
L NEAR F398 CODE 
L NEAR F392 CODE 
L NEAR D616 CODE 
N PROC F215 CODE Lengtb rr0017 
N PROC F35B CODE Length rr0021 
L HEAR F356 CODE 
L NEAR F50C CODE 
N PROC FIIDE CODE Length 10002P 
L NEAR F34B CODE 
L NEAR Fll91 CODE 
L NEAR FUO CODE 
N PROC F27f' CODE Length 1100DC 
L NEAR F210 CODE 
L NEAR F256 CODE 
N PROC FOFC CODE Lengtb 1100ED 
L NEAR F117 CODE 
L NEAR F1117 CODE 
L NEAR F48C CODE 
N PROC F4CF CODE Length :OOOF 
L WORD F045 CODE 
N PROC F446 CODE Length =0089 
L NEAR F44D CODE 
L NEAR F4BB CODE 
L NEAR F4B9 CODE 
L WORD 004E DATA 
L NEAR F364 CODE 
N PROC F53C CODE Length .. 0012 
L NEAR F5llC CODE 
L NEAR F38ll CODE 
L NEAR F287 CODE 
L NEAR F3AE CODE 
L NEAR F3E7 CODE 
N PROC F3A6 CODE Length :0039 
L NEAR F3DA CODE 
L NEAR F3C5 CODE 
L NEAR F3CB CODE 
N PROC F3DF CODE Length 10003B 
L NEAR F415 CODE 
L NEAR F3FB CODE 
L NEAR FII04 CODE 
L NEAR P3FE CODE 
L WORD 004A DATA 
L NEAR Dll60 CODE 
L NEAR Dll6B CODE 
L NEAR D46D CODE 
N PROC Dll18 CODE Length 110023 
Number OOOF 
Number OOOF 
Number OOE6 
Number OOOA 
Number 004B 
Number 0320 
Number 0003 
L NEAR Dll9ll CODE 
L HEAR D486 CODE 
L NEAR BF92 CODE 
L NEAR EFA.6 CODE 
L HEAR EFIIB CODE ,I'\ 



ROM BIOS 
Change List 

ROM BIOS Change List 

ROM Rev 1.1 August 10, H)H4 
Aug 8 16:40 1984 fdul.src: 
Fix random value in DX during reset causing 
problem 

Add 
es 

Line 73 
push 
cmp 
JZ 

ah, 0 ;Is it a reset command? 
diskette_i0I ;Yes, so ignore drive 

;param. 

Line 12~1 Add 
pop es 

Aug 8 16:40 1984 fdul.src: 
Allow verify operation without valid buffer point
er (buffer not required) 

xor bx,bx 
mov es,bx 

;Fool the DMAC into 
;thinking there is a full 
;segment to play with. 

Do not range check head number 
Change 

and ah,l ;blow off high 7 bits. 
to 

and ah,07Fh ;blow off bit 7. 

Aug 8 16:41 1984 flags.src: 
Change date of release in ROM 

db '05/03/84' ;release marker (exactly 
;8 bytes!!!!) 

to 
db '08/10/84' ;release marker (exactly 

;8 bytes!!!!) 

Aug 8 16:43 1984 fontl08.src: 
Change 8 X 8 font to improve italics as dis
played by 3rd party software 

8-177 
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Change List 

Changed 

8-178 

DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

00h,00h,00h,00h 
00h,00h,00h,00h 
07 eh,081h,0a5h,081h 
0bdh,099h,081h,07 eh 
07 eh,0ffh,0dbh,0ffh 
0c3h,0e7h,0ffh,07 eh 
036h,07fh,07fh,07fh 
03eh,0lch,08h,00h 
08h,0lch,03eh,07fh 
03eh,Olch,08h,00h 
018h,03ch,0e7h,0e7h 
066h,018h,018h,03ch 
018h,03ch,07 eh,0ffh 
0ffh,07 eh,018h,03ch 
00h,00h,018h,03ch 
03ch,018h,00h,00h 
0ffh,0ffh,0e7h,0c3h 
0c3h,0e7h,0ffh,0ffh 
00h,03ch,024h,042h 
042h,024h,03ch,00h 
0ffh,0c3h,099h,0bdh 
0bdh,099h,0c3h,0ffh 
0lfh,07h,0dh,019h 
078h,0cch,0cch,078h 
03ch,066h,066h,03ch 
018h,07 eh,018h,018h 
018h,014h,012h,012h 
014h,070h,0f0h,060h 
0lfh,011h,0lfh,011h 
013h,037h,072h,020h 
018h,0dbh,03ch,0e7h 
03ch,0dbh,018h,00h 
040h,070h,07 ch,07fh 
07 ch,070h,040h,00h 
0lh,07h,Olfh,07fh 
0lfh,07h,0lh,00h 
018h,03ch,07eh,018h 
018h,07 eh,03ch,018h 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

a 

b 

C 

d 

e 

f ~ 

10 

11 

12 



~ 

DB 00h,033h,033h,033h 
DB 033h,00h,033h,00h 
DB 07fh,0dbh,0dbh,07bh 
DB 01 bh,01 bh,01 bh,00h 
DB 03eh,061h,03ch,066h 
DB 066h,03ch,086h,07 ch 
DB 00h,00h,00h,00h 
DB 07 eh,07 eh,07 eh,00h 
DB 018h,03ch,07eh,018h 
DB 07 eh,03ch,018h,07 eh 
DB 018h,03ch,07 eh,018h 
DB 018h,018h,018h,018h 
DB 018h,018h,018h,018h 
DB 018h,07 eh,03ch,018h 
DB 0ch,06h,07fh,06h 
DB 0ch,00h,00h,00h 
DB 018h,030h,07fh,030h 
DB 018h,00h,00h,00h 
DB 00h,00h,060h,060h 
DB 060h,07fh,07fh,00h 
DB 00h,024h,066h,0ffh 
DB 066h,024h,00h,00h 
DB 00h,00h,018h,03ch 
DB 07 eh,0ffh,00h,00h 
DB 00h,0ffh,07 eh,03ch 
DB 018h,00h,00h,00h 
DB 00h,00h,00h,00h 
DB 00h,00h,00h,00h 
DB 018h,03ch,03ch,018h 
DB 018h,00h,018h,00h 
DB 036h,036h,014h,00h 
DB 00h,00h,00h,00h 

'~ DB 036h,036h,07fh,036h 
DB 07fh,036h,036h,00h 
DB 018h,03eh,060h,03ch 
DB 06h,07 ch,018h,00h 
DB 00h,063h,066h,0ch 
DB 018h,033h,033h,00h 

ROM BIOS 
Change List 

13 

14 

15 

16 

17 

18 

19 

la 

lb 

le 

ld 

le 

1f 

'' 20 

'!' 21 

,,,, 
22 

'#' 23 

'$' 24 

'%' 25 

8-179 
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8-180 

DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

0lch,036h,0lch,03bh 
06eh,066h,03bh,00h 
018h,018h,030h,00h 
00h,00h,00h,00h 
0ch,018h,030h,030h 
030h,030h,018h,0ch 
030h,018h,0ch,0ch 
0ch,0ch,018h,030h 
00h,066h,03ch,0ffh 
03ch,066h,00h,00h 
00h,018h,018h,07eh 
018h,018h,00h,00h 
00h,00h,00h,00h 
00h,018h,018h,030h 
00h,00h,00h,07 eh 
00h,00h,00h,00h 
00h,00h,00h,00h 
00h,018h,018h,00h 
03h,06h,0ch,018h 
030h,060h,040h,00h 
03eh,063h,067h,06fh 
07bh,073h,03eh,00h 
0ch,0 lch,0ch,0ch 
0ch,0ch,03fh,00h 
0 lfh,033h,03h,0eh 
018h,033h,03fh,00h 
0leh,033h,03h,0eh 
03h,033h,0leh,00h 
0eh,Oleh,036h,066h 
07fh,06h,0fh,00h 
03fh,030h,03eh,03h 
03h,033h,0leh,00h 
0eh,018h,030h,03eh 
033h,033h,0leh,00h 
03fh,033h,03h,06h 
0ch,0ch,0ch,00h 
0leh,033h,033h,0leh 
033h,033h,0leh,00h 

'&' 26 

''' 27 

'(' 28 

')' 29 

'*' 2a 

'+' 2b 

'' 2c 

' -' 2d 

'' 2e 

'/' 2f 

'0' 30 

'1' 31 

'2' 32 

'3' 33 

'4' 34 

'5' 35 
~ 

'6' 36 

'7' 37 

'8' 38 



~\ 

DB 0leh,033h,031h,0lfh 
DB 03h,06h,0lch,00h 
DB 00h,018h,018h,00h 
DB 00h,018h,018h,00h 
DB 00h,018h,018h,00h 
DB 00h,0i8h,018h,030h 
DB 06h,0ch,018h,030h 
DB 018h,0ch,06h,00h 
DB 00h,00h,07 eh,00h 
DB 00h,07 eh,00h,00h 
DB 030h,018h,0ch,06h 
DB 0ch,018h,030h,00h 
DB 03eh,063h,03h,06h 
DB 0ch,00h,0ch,00h 
DB 03eh,063h,06fh,06fh 
DB 06eh,060h,03eh,00h 
DB 08h,0lch,036h,063h 
DB 07fh,063h,063h,00h 
DB 07 eh,033h,033h,03eh 
DB 033h,033h,07 eh,00h 
DB dleh,033h,060h,060h 
DB 061h,033h,0leh,00h 
DB 07 ch,036h,033h,033h 
DB 033h,036h,07 ch,00h 
DB 07fh,03lh,034h,03ch 
DB 034h,03lh,07fh,00h 
DB 07fh,03lh,034h,03ch 
DB 034h,030h,078h,00h 
DB 0leh,033h,060h,060h 
DB 067h,033h,0ldh,00h 
DB 063h,063h,063h,07fh 
DB 063h,063h,063h,00h 

.~ DB 03ch,018h,018h,018h 
DB 018h,018h,03ch,00h 
DB 0fh,06h,06h,06h 
DB 066h,066h,03ch,00h 
DB 073h,036h,03ch,038h 
DB 03ch,036h,073h,00h 

ROM BIOS 
Change List 

'9' 39 

'·' 3a 

'·' 3b 
' 

'<' 3c 

,_, 
3d 

'>' 3e 

'?' 3f 

'@' 40 

'A' 41 

'B' 42 

'C' 43 

'D' 44 

'E' 45 

'F' 46 

'G' 47 

'H' 48 

'I' 49 

'J' 4a 

'K' 4b 

8-181 
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Change List 

8-182 

DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

078h,030h,030h,030h 
030h,033h,07fb,00h 
063h,077h,07fb,06bh 
063h,063h,063h,00h 
063h,073h,07bh,06fb 
067h,063h,063h,00h 
0lch,036ch,063h,063h 
063h,036h,0lch,00h 
07 eh,033h,033h,03eh 
030h,030h,078h,00h 
0lch,036h,063h,063h 
063h,036h,0lch,07h 
07 eh,033h,033h,03eh 
036h,033h,033h,00h 
03eh,063h,030h,018h 
06h,063h,03eh,00h 
07 eh,05ah,018h,018h 
018h,018h,03ch,00h 
063h,063h,063h,063h 
063h,063h,03eh,00h 
063h,063h,063h,063h 
036h,0lch,08h,00h 
063h,063h,063h,06bh 
06bh,07fb,036h,00h 
063h,063h,036h,0lch 
036h,063h,063h,00h 
066h,066h,066h,03ch 
018h,018h,03ch,00h 
07fn,063h,06h,0ch 
018h,033h,07fb,00h 
03ch,030h,030h,030h 
030h,030h,03ch,00h 
020h,030h,018h,0ch 
06h,03h,0lh,00h 
03ch,0ch,0ch,0ch 
0ch,0ch,03ch,00h 
08h,0lch,036h,063h 
00h,00h,00h,00h 

I~ 

'L' 4c 

'M' 4d 

'N' 4e 

'O' 4f 

'P' 50 

'Q' 51 

'R' 52 

'S' 53 ~ 

'T' 54 

'U' 55 

'V' 56 

'W' 57 

'X' 58 

'Y' 59 

'Z' 5a 

'[' 5b 
(\ 

'\' 5c 

']' 5d 

' ' 5e 



DB 00h,00h,00h,00h 
DB 00h,00h,07fh,00h 
DB 018h,018h,0ch,00h 
DB 00h,00h,00h,00h 
DB 00h,00h,03ch,06h 
DB 03eh,066h,03bh,00h 
DB 070h,030h,03eh,033h 
DB 033h,033h,06eh,00h 
DB 00h,00h,03eh,061h 
DB 060h,061h,03eh,00h 
DB 0eh,06h,03eh,066h 
DB 066h,066h,03bh,00h 
DB 00h,00h,03eh,063h 
DB 07fh,060h,03fh,00h 
DB 0leh,033h,030h,07 ch 
DB 030h,030h,078h,00h 
DB 00h,00h,03bh,066h 
DB 066h,03eh,046h,03ch 
DB 070h,030h,036h,03fh 
DB 033h,033h,073h,00h 
DB 0ch,00h,0lch,0ch 
DB 0ch,0ch,0leh,00h 
DB 0ch,00h,0leh,0ch 
DB 0ch,0cch,0cch,078h 
DB 070h,030h,033h,036h 
DB 03ch,036h,073h,00h 
DB 0lch,0ch,0ch,0ch 
DB 0ch,0ch,0leh,00h 
DB 00h,00h,066h,07fh 
DB 06bh,06bh,06bh,00h 
DB 00h,00h,06eh,033h 
DB 033h,033h,033h,00h 
DB 00h,00h,0leh,033h 
DB 033h,033h,0leh,00h 
DB 00h,00h,06eh,033h 
DB 033h,03eh,030h,078h 
DB 00h,00h,03bh,066h 
DB 066h,03eh,06h,0fh 
DB 00h,00h,06eh,03bh 

ROM BIOS 
Change List 

' ' 5f 

'' 60 

'a' 61 

'b' 62 

'c' 63 

'd' 64 

'e' 65 

'f' 66 

'g' 67 

'h' 68 

'i' 69 

'j' 6a 

'k' 6b 

'l' 6c 

'm' 6d 

'n' 6e 

'o' 6f 

'p' 70 

'q' 71 

8-183 



ROM BIOS 
Change List 

to 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

8-184 

DB 030h,030h,078h,00h 'r' 
DB 00h,00h,03fh,060h 
DB 03ch,03h,07 eh,OOh 's' 
DB 08h,018h,03eh,018h 
DB 018h,01 bh,Oeh,OOh 't' 
DB 00h,00h,066h,066h 
DB 066h,066h,03bh,00h 'u' 
DB 00h,00h,063h,063h 
DB 036h,Olch,08h,00h 'v' 
DB 00h,00h,063h,06bh 
DB 06bh,07fh,036h,00h 'w' 

DB 00h,00h,063h,036h 
DB Olch,036h;063h,00h 'x' 
DB 00h,00h,066h,066h 
DB 066h,03eh,06h,07 ch 'y' 
DB 00h,00h,07eh,04ch 
DB 018h,032h,07eh,00h 'z' 
DB Oeh,018h,018h,070h 
DB 018h,018h,Oeh,00h '{' 
DB Och,Och,OOh,OOh 
DB Och,Och,Och,OOh , I ' 
DB 070h,018h,018h,Oeh 
DB 018h,018h,070h,00h '}' 
DB 03bh,06eh,00h,00h 
DB OOh,OOh,OOh,OOh 

,_, 

DB 00h,08h,Olch,036h 
DB 063h,063h,07fh,00h 

OOh,OOh,OOh,OOh,OOh,OOh,OOh,OOh 
7 eh,8lh,Oa5h,8lh,Obdh,99h,81h, 7 eh 
7 eh,Offh,Odbh,Offh,Oc3h,Oe7h,Offh, 7 eh 
6ch,Ofeh,Ofeh,Ofeh, 7 ch,38h,1 Oh,OOh 
10h,38h, 7 ch,Ofeh, 7 ch,38h, 1 Oh,OOh 
38h, 7 ch,38h,Ofeh,Ofeh, 7 ch,38h, 7 ch 
1 Oh, 10h,38h, 7 ch,Ofeh, 7 ch,38h, 7 ch 
00h,00h,18h,3ch,3ch,18h,00h,00h 

' Offh,Offh,Oe7h,Oc3h,Oc3h,Oe7h,Offh,Offh ; 
00h,3ch,66h,42h,42h,66h,3ch,00h 

' 
Offh,Oc3h,99h,Obdh,Obdh,99h,Oc3h,Offh ; 

72 

73 

74 

75 

76 

77 

78 

79 

7a 

7b 

7c 

7d 

7e 

7f 

0 
1 
2 
3 
4 r"', 
5 
6 
7 
8 
9 
a 



~\ 
DB 0fh,07h,0fh, 7 dh,0cch,0cch,0cch, 78h 
DB 3ch,66h,66h,66h,3ch,18h, 7 eh, 18h 
DB 3fh,33h,3fh,30h,30h,70h,0f0h,0e0h 
DB 7fh,63h,7fh,63h,63h,67h,0e6h,0c0h 
DB 99h,5ah,3ch,0e7h,0e7h,3ch,5ah,99h 
DB 80h,0e0h,0f8h,0feh,0f8h,0e0h,80h,00h 
DB 02h,0eh,3eh,0feh,3eh,0eh,02h,00h 
DB 18h,3ch, 7 eh, 18h,18h, 7 eh,3ch,18h 
DB 66h,66h,66h,66h,66h,00h,66h,00h 
DB 7fh,0dbh,0dbh, 7bh,1 bh, 1 bh,1 bh,00h 
DB 3eh,63h,38h,6ch,6ch,38h,0cch, 78h 
DB 00h,00h,00h,00h, 7 eh, 7 eh, 7 eh,00h 
DB 18h,3ch, 7 eh,18h, 7 eh,3ch, 18h,0ffh 
DB 18h,3ch,7eh,18h,18h,18h,18h,00h 
DB 18h,18h,18h,18h, 7eh,3ch,18h,00h 
DB 00h,18h,0ch,0feh,0ch,18h,00h,00h 
DB 00h,30h,60h,0feh,60h,30h,00h,00h 
DB 00h,00h,0c0h,0c0h,0c0h,0feh,00h,00h 
DB 00h,24h,66h,0fth,66h,24h,00h,00h 
DB 00h,18h,3ch, 7 eh,0fth,0fth,00h,00h 
DB 00h,0ffh,0fth, 7 eh,3ch, 18h,00h,00h 
DB 00h,00h,00h,00h,00h,00h,00h,00h 
DB 30h, 78h, 78h,30h,30h,00h,30h,00h 
DB 6ch,6ch,6ch,00h,00h,00h,00h,00h 
DB 6ch,6ch,0feh,6ch,0feh,6ch,6ch,00h 
DB 30h, 7 ch,0c0h, 78h,0ch,0f8h,30h,00h 
DB 00h,0c6h,0cch,18h,30h,66h,0c6h,00h 
DB 38h,6ch,38h, 76h,0dch,0cch, 76h,00h 
DB 60h,60h,0c0h,00h,00h,00h,00h,00h 
DB 18h,30h,60h,60h,60h,30h,18h,00h 
DB 60h,30h,18h,18h,18h,30h,60h,00h 
DB 00h,66h,3ch,0fth,3ch,66h,00h,00h 

~ DB 00h,30h,30h,0fch,30h,30h,00h,00h 
DB 00h,00h,00h,00h,00h,30h,30h,60h 
DB 00h,00h,00h,0fch,00h,00h,00h,00h 
DB 00h,00h,00h,00h,00h,30h,30h,00h 
DB 06h,0ch,18h,30h,60h,0c0h,80h,00h 
DB 7 ch,0c6h,0ceh,0deh,0f6h,0e6h, 7 ch,00h 

ROM BIOS 
Change List 

b 
C 

d 
e 
f 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
la 
lb 
le 
ld 
le 

' 
1f 

·'' 20 
' •'I' 21 '. 
·'"' 22 
' ;'#' 23 
;'$' 24 
;'%' 25 
;'&' 26 
"' 27 
' ;'(' 28 
:')' 29 
·'*' 2a 
;'+' 2b 
·'' 2c 
'' ;'-' 2d 
·' -' 2e 
' ;'/' 2f 
;'0' 30 
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DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

8-186 

~ 
30h,70h,30h,30h,30h,30h,0fch,00h ;'1' 31 
78h,0cch,0ch,38h,60h,0cch,0fch,00h ;'2' 32 
78h,0cch,0ch,38h,0ch,0cch, 78h,00h ;'3' 33 
lch,3ch,6ch,0cch,0feh,0ch,leh,00h ;'4' 34 
0fch,0c0h,0f8h,0ch,0ch,0cch, 78h,00h ;'5' 35 
38h,60h,0c0h,0f8h,0cch,0cch, 78h,00h ;'6' 36 
0fch,0cch,0ch,18h,30h,30h,30h,00h ;'7' 37 
78h,0cch,0cch, 78h,0cch,0cch, 78h,00h ;'8' 38 
78h,0cch,0cch, 7 ch,0ch,18h, 70h,00h ;'9' 39 
00h,30h,30h,00h,00h,30h,30h,00h ·'·' 3a '. 
00h,30h,30h,00h,00h,30h,30h,60h ·'·' 3b 

'' 18h,30h,60h,0c0h,60h,30h,l8h,00h ;'<' 3c 
00h,00h,0fch,00h,00h,0fch,00h,00h ·'=' 3d 

' 60h,30h,18h,0ch,18h,30h,60h,00h ;'>' 3e 
78h,0cch,0ch,18h,30h,00h,30h,00h •'?' 3f '. 
7 ch,0c6h,0deh,0deh,0deh,0c0h, 78h,00h ;'@' 40 r"\ 
30h, 78h,0cch,0cch,0fch,0cch,0cch,00h ;'A' 41 
0fch,66h,66h, 7 ch,66h,66h,0fch,00h ;'B' 42 
3ch,66h,0c0h,0c0h,0c0h,66h,3ch,00h ;'C' 43 
0f8h,6ch,66h,66h,66h,6ch,0f8h,00h ;'D' 44 
0feh,62h,68h,78h,68h,62h,0feh,00h ;'E' 45 
0feh,62h,68h, 78h,68h,60h,0filh,00h ;'F' 46 
3ch,66h,0c0h,0c0h,0ceh,66h,3eh,00h ;'G' 47 
0cch,0cch,0cch,0fch,0cch,0cch,0cch,00h ;'H' 48 
78h,30h,30h,30h,30h,30h, 78h,00h ;'I' 49 
leh,0ch,0ch,0ch,0cch,0cch,78h,00h ;'J' 4a 
0e6h,66h,6ch, 78h,6ch,66h,0e6h,00h ;'K' 4b 
0filh,60h,60h,60h,62h,66h,0feh,00h ;'L' 4c 
0c6h,0eeh,0feh,0feh,0d6h,0c6h,0c6h,00h ;'M' 4d 
0c6h,0e6h,0f6h,0deh,0ceh,0c6h,0c6h,00h ;'N' 4e 
38h,6ch,0c6h,0c6h,0c6h,6ch,38h,00h ;'O' 4f 
0fch,66h,66h, 7ch,60h,60h,0filh,00h ;'P' 50 
78h,0cch,0cch,0cch,0dch,78h,lch,00h ;'Q' 51 ,r-'\ 
0fch,66h,66h,7ch,6ch,66h,0e6h,00h ;'R' 52 
78h,0cch,0e0h, 70h, lch,0cch, 78h,00h ;'S' 53 
0fch,0b4h,30h,30h,30h,30h, 78h,00h ;'T' 54 
0cch,0cch,0cch,0cch,0cch,0cch,0fch,00h ;'U' 55 
0cch,0cch,0cch,0cch,0cch, 78h,30h,00h ;'V' 56 
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0c6h,0c6h,0c6h,0d6h,0feh,0eeh,0c6h,00h;'W' 57 
0c6h,0c6h,6ch,38h,38h,6ch,0c6h,00h ;'X' 58 
0cch,0cch,0cch, 78h,30h,30h, 78h,00h ;'Y' 59 
0feh,0c6h,8ch,18h,32h,66h,0feh,00h ;'Z' 5a 
78h,60h,60h,60h,60h,60h, 78h,00h ;'[' 5b 
0c0h,60h,30h,18h,0ch,06h,02h,00h ;'\' 5c 
78h,18h,18h,18h,18h,18h,78h,00h ;']' 5d 
10h,38h,6ch,0c6h,00h,00h,00h,00h ·' 

, 
5e , 

00h,00h,00h,00h,00h,00h,00h,0ffh ;'-' 5f 
30h,30h,18h,00h,00h,00h,00h,00h ·"' 60 , 
00h,00h, 78h,0ch, 7 ch,0cch, 76h,00h ;'a' 61 
0e0h,60h,60h, 7 ch,66h,66h,0dch,00h ;'b' 62 
00h,00h, 78h,0cch,0c0h,0cch, 78h,00h ;'c' 63 
lch,0ch,0ch, 7 ch,0cch,0cch, 76h,00h ;'d' 64 
00h,00h, 78h,0cch,0fch,0c0h, 78h,00h ;'e' 65 
38h,6ch,60h,0f0h,60h,60h,0f0h,00h ;'f 66 
00h,00h, 76h,0cch,0cch, 7 ch,0ch,0f8h ;'g' 67 
0e0h,60h,6ch, 76h,66h,66h,0e6h,00h ;'h' 68 
30h,00h, 70h,30h,30h,30h, 78h,00h ;'i' 69 
0ch,00h,0ch,0ch,0ch,0cch,0cch, 78h ;'j' 6a 
0e0h,60h,66h,6ch, 78h,6ch,0e6h,00h ;'k' 6b 
70h,30h,30h,30h,30h,30h,78h,00h ;'l' 6c 
00h,00h,0cch,0feh,0feh,0d6h,0c6h,00h ;'m' 6d 
00h,00h,0f8h,0cch,0cch,0cch,0cch,00h ;'n' 6e 
00h,00h, 78h,0cch,0cch,0cch, 78h,00h ;'o' 6f 
00h,00h,0dch,66h,66h, 7 ch,60h,0f0h ;'p' 70 
00h,00h, 76h,0cch,0cch, 7 ch,0ch,leh ;'q' 71 
00h,00h,0dch, 76h,66h,60h,0f0h,00h ;'r' 72 
00h,00h, 7 ch,0c0h, 78h,0ch,0f8h,00h ;'s' 73 
10h,30h, 7 ch,30h,30h,34h,18h,00h ;'t' 74 
00h,00h,0cch,0cch,0cch,0cch, 76h,00h ;'u' 75 
00h,00h,0cch,0cch,0cch, 78h,30h,00h ;'v' 76 
00h,00h,0c6h,0d6h,0feh,0feh,6ch,00h ;'w' 77 
00h,00h,0c6h,6ch,38h,6ch,0c6h,00h ;'x' 78 
00h,00h,0cch,0cch,0cch, 7 ch,0ch,0f8h ;'y' 79 
00h,00h,0fch,98h,30h,64h,0fch,00h ;'z' 7a 
lch,30h,30h,0e0h,30h,30h,lch,00h ;'{' 7b 
18h,18h,18h,00h,18h,18h,18h,00h ;'I' 7c 
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DB 0e0h,30h,30h,lch,30h,30h,0e0h,00h 
DB 76h,0dch,00h,00h,00h,00h,00h,00h 
DB 00h,10h,38h,6ch,0c6h,0c6h,0feh,00h 

;'}' 7d 
;'~' 7e 
;' ' 7f 

Aug 8 16:44 1984 graph.src: 
Solved 640 X 400 inverse video mode problem 

Changed 
test byte ptr [si],80H ;is upper left bit of 

;char= 0 or 1? 
to 

test byte ptr ss:[si],80H ;is upper left bit of 
;char= 0 or 1? 

Changed 
not byte ptr [si] 

to 
not byte ptr ss:[si] 

;reverse the reversed 
;byte for matching 

;reverse the reversed 
;byte for matching 

Aug 8 16:48 1984 pwrupl.src: 
Changed release date and disphy on boot 

Changed 
banner _m db 

db 

to 
db 

banner_m db 

db 

"Resident Diagnostics",CR,LF 
"Rev 1.0 May 1984",CR,LF,LF, 
NUL 

"Rev 1.1 Aug 1984",CR,LF,LF 
"Resident Diagnostics" ,CR,LF, 
LF 
NUL 

(\ 



Notes on Enhancements 
in ROM BIOS 1.21 

ROM BIOS 
1.21 

Introduction These notes describe the differences between the 
1.0, 1.1 and 1.21 ROM BIOS for the AT&T PC 
6300. The notes first describe the differences 
between the 1.0 and 1.1 ROMs, then describe the 
differences between the 1.1 and 1.21 ROMs. 

Differences The differences between the 1.0 and 1.1 ROM 
Between are: 
ROM 1.0 
and 
ROMl.1 

• In the floppy disk utility, the random value of 
the DX register is fixed. 

• In the floppy disk utility, the verify operation 
without a valid buffer pointer is allowed. 

• In the floppy disk utility, the value checking for 
head number has been eliminated. 

• The ROM release date has been changed to 
08/10/84. 

• The 8x8 font has been changed to improve ital
ics displayed by some third-party software. 

• The 640x400 inverse video mode now works 
properly. 

• The displayed release marker has been changed 
to "Rev 1.1." 

• LOTUS™ Symphony runs on the 1.1 ROM. 

These changes are explained in detail in the 
"System Programmer's Guide" on pages 8-177 to 
8-188. 
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Differences 
Between 
ROMl.1 
and 
ROM 1.21 

8-190 

ROM BIOS 1.21 was introduced to solve prob
lems with the use of external vendor's hard disk 
expansion boxes, to support the 20 megabyte 
hard disk drives, and to better initialize the 
second communications port. 

The differences between ROM 1.1 and 1.21 are: 

• The code sent to the parallel port during power 
up diagnostics has been changed from 80H to 
3fH. 

• In INT 15H, a near return has been changed to 
a far return. 

• INT 18H is enhanced to display a message ~ 
"ROM BASIC not present, Press RESET to 
reboot ... " and wait for a key press before 
re-booting. 

• Code has been added to reset the Display 
Enhancement Board during a warm boot. 

• The reset code has been changed to origin at 
0E05Bh. 

• The floppy disk drive motor delay has been 
changed from a range of 0-500 milliseconds to 
250-750 milliseconds. 

• The order of executing HDU code and external 
ROM code has been reversed to execute the 
internal HDU code, then check for optional 
ROMs. 
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• In order to simplify support for external hard 
disk drives with controllers other than the DTC 
controller, a check of DIPSW-1 position 3 on the 
motherboard (at location 7W) has been added. 
:Position 3 of DIPSW-1 has been defined as: 

ON = use indigenous hard disk code 
OFF= use external hard disk code 

• A test has been added to check for the presence 
of the 8530 alternate communications chip. 

• The initialization of COM2: has been improved. 

• Code has been added in an INT lOH routine that 
enables the video after scroll up is performed. 

• An incompatibility that prevented the Softech 
P-System from booting has been corrected. 

• The high 128 characters of the 8x8 font and the 
low 128 characters of the 8x16 font have been 
changed to provide better alignment of the 
characters within the 8x8 and 8x16 fonts. 

• Support for 20 megabyte disk drives has been 
added to the disk parameter table. Drive type 6 
is a Seagate ST225, drive type 7 is a Miniscribe 
3425, and drive type 8 is a CMI 6426. 

8-191 



ROM BIOS 
1.21 

8-192 

• The disk parameters for the CDC WREN drive 
have been changed to 697 cylinders to allow for 
the full capacity of the drive. · 

• Support in INT UH was added for 8087 switch 
setting. 

• The ROM release date has been changed to 
02/28/85. 

• The displayed release marker has been changed 
to "Rev 1.21." 



ROM BIOS 
1.21 ROM Revision 1.1 to ROM 

Revision 1.21 Source File Differences 

8/10/84 2/14/85 
< = roml. 1 > ::.o rom1.20 

Source Module: 

call rs stat 

> ; ; cal 1 rs_stat 

Source Nodule: 

comm2.src 

get return status 

; get return status 

fdul. src 

> * mikef 9/18/84 
) * mikef 01/11/85 
> * mikef 02/14/85 

< jz diskette io1 

j= diskette io2 

cld 

jnz f _rd 1 

Changed motor delay routine. 
If reset cmd don't do check valid. 
Made the reset code callable. 

Yes, so ignore drive par:m. 

Yes, so ignore drive pa.rm. 

Autoincrement for strings. 

= 250 ms motors, no delay 

mov cx.250 *ED60* 
jn= f_rd_loop *ED63* ' = 500 ms motors, 

Source Module: 

9/18/84 Changed reset pointer to point to org'ed * mikef 
> * location. 
> * mi kef 10/02/84 Included hdul.asm 

> include pwrupla.asm 

> include hdul.asm 

> include int18.asm 
> 

> 

dw 

dw 

db 

db 

diagnostics_! 

i _hard_reset 

'08/10/84' 

'02/14/85' 

ins~ruction pointer cs: (offset diagnostics_1) 

inst;-uction pointer cs: (offset i_hard_reset) 

release marker (exactly 8 bytes!!!!) 

release marker (exactly 8 bytes!!!!) 
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Source "odula: 

< 

< * NAME DATE 
< * ---- ----
< * robert 
< * robert 

> * name 
> * > * seagrave 
< fonthi8 endp 

> fonthiB endp 

Source Module: 

< * NAME DATE 
< * ---- ----
< * robert 
< * robert 

> * NAME 
> * > * seagrave 
> * yin 

Source Nodule: 

> * mi kef 

fonthiB.src 

ACTION 

4/30/84 Corrected 
5/01/84 Corrected char 182 

date action 

12/13/84 new font table 

fontlo16.src 

ACTION 

4/30/84 corrected •p•. 
5/4/84 corrected 

DATE ACTION 

12/14/84 new font table 
2/5/85 new font table 

graph.src 

2/13/85 Moved grf_light_pen to vid.src. 

,--------------------------------------------------=----------=------------
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

Read Light Pen function code= 04h 

Input: 
Output: 

ah 

Trash: 

None. 
ah O light pen switch not down/not triggered 
= 1 implies: 
(dh,dl> = (row,col> of character light pen 

position from <O,O> 
ch raster line (0-199) 
bx pixel column (0-319,0-639) 

None. ??? 

< ,-------------------------------------------
< 
< 
< 
< 

grf _Ii ght_pen 

xor ah,ah 
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proc near 

return ah 0 for now Cal intact) ••• 
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< rat 
< 
< grf_light_pen endp 

Saurc• Module1 hdu.src 

< I* 
< * 
< * NAME 

> I* NAME 

> * mikef 
> * 
> * mikef 
> * 
> * mikef 
> * mikef 
> * mikef 
> * mikef 

* mikef 
> * mikef 
> * 
< int 

DATE 

DATE 

ACTION 

ACTION 

10/02/84 Moved h data2 to hdul.src to make rem in 
low rem for an ORG. 

10/23/84 Changed documentation describing dip 
switches. 

11/02/84 Fixed bug in reset call. 
12/06/84 Corrected no. of cyls for CDC drive. 
12/18/84 Added type 6 and type 7 drives. 
12/20/84 Corrected write precomp for Seagate ST225. 
01/08/84 Changed int 19 to jmp bt_int. 
01/21/84 Added type 8 in parameter_table and changed 

some other parameters per Olivetti memo. 

18h 

> jmp bt int 
> ; int 19h 
INT. 

*D124* 

initiate reboot through ROM BASIC INT. 

initiate reboot through floppy. 
; initiate reboot through ROM BASIC 

< hdu_parm_tbl: 

> hdu_parm_tbl proc near 

< The next six are the supported drives: 

> The next nine are the supported drives: 

> 
> 
> 
> 
> 

parameter_table <> ;type 3: 10mb drive 

;type 3: 10mb drive *D17C* parameter_table <,,,128> 

parameter_table 

parameter_table 
parameter_table 
parameter _table 

<644d,5d,128d,12Bd> ;type 5: CDC Wren 

<697d,5d,697d,O> ;type 5: CDC Wren 
<612,4,256,256,,3> ;type 6: Seagate ST225. 
<612,4,128,128,,3> ;type 7: Miniscribe 3425 

; and CMI CM 4426. 
*DlCC* parameter_table (640,4,256,256,,3> ;type 8: CMI CM6426. 

hdu_parm_tbl endp 

int 40h if not, pass to the FDU driver 
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< 

> " int 40h 
> jmp near 
> 

< int 40h 

> " int 40h 
> pushf 
> 
> push cs 
> cal I near 

ptr fd -io 

ptr fd _io 

; if not, pass to the FDU driver 
*D1E1* ;; rem floppy driver. 
;; will not return. 

if so, must reset FDU also 

if so, must reset FOU also 
; ; simulate an int because 

;; fd_io simulates an iret. 
*DlEE* ;; Make it look like a far call. 

*DlEF* ;; rem floppy driver. 

> Test to see if the vector at location O: 100 points to me. If it does 
> ; means that an optional rom thinks I'm the floppy driver so 1 • 11 just 
return. 
> 

< drive Q 0 2 3 
< drive I 0 2 3 

,, drive 0 <) 2 3 
> '' 

drive I I) 2 3 

> 

and al, 07fh ; ignore top switch! 

> ,, and al,07fh ; ignore top switch! 

< h_data2 proc 

< h_intro_m 

< h_fmt_m 
< 
< h_pass_m 

db 
db 
db 

< db 
< 
< h_none_m 
nLlmber. ', NUL 
< 
< h_err_m 

< h_data2 endp 
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db 'Fixed Disk Formatting Utility~,cR,LF 
'All data on the specified fixed disk will be erased.' 
CR,LF . 
"Enter fixed disk number (1 to B> or ''Q'' to quit: ,,NUL 

db CR,LF,'Formatting Fixed Oisk ••• '~CR,LF,NUL 

db 'Format is complete.',CR,LF 
'Proceed with FDlSK and F0RMAT.',NUL 

db 'Error: No fixed disk drive exists for this 

db 'Format Error. Code: ',NUL 

it 



~ 

~ 

~ource Module: mem.src 

< I* 
< * 

< * NAME DATE ACTION 

> I* NAME DATE ACTION 

\ < * 

> * mikef 9/18/84 Changed m_cass proc to far. 

> 

< m_cass proc near 

> m_cass proc far *F8F9* 

Source Module: nmi.src 

< I* 
< * 
< * NAME DATE ACTION 

> '* NAME DATE ACTION 

> * > * 
mikef 12/06/84 

error 
And ENABLE_PARITV 

Added code to inform user that a parity 
happend. 

> 
> 

< assume cs:code, ds:nothing, es:nothing, ss:nothing 

> push ax *FBSF* 
> in al,ControlC 
> 
> 
> 
> 
> 
> 
> n 
> 
> 

and 
j:z 
mov 
rol 
jc 
mov 

1: 
call 
hlt 

> n_out: 

al,OCOh 
n out 
si,offset 
al, 1 
n 1 
si,offset 

DRomString 

> pop ax 

Source Module: 

< 
< 
< I* 
< * 
< * NAME DATE 

> I* NAME DATE 

parity1_m 

parity2_m 

*F874* 

pwrupO.src 

High two bits indicate parity. 
Mask of low 6 bits. 
It wasn't a parity interrupt! 
System board message. 

E;.:pansion board message. 

ROM BIOS 
1.21 

> * mikef 

ACTION 

ACTION 

9/18/84 Changed OK code to parallel port for mfg. 
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> * mi kef 10/02/84 Changed int 18 trap to go to ~basi c_trap'. 
> * mikef 10/ 11 /84 Added test to see if 8530 is really there. 
> 
> 
> 

> 

> 
> 
> 
> 
> 

* mikef 11/20/84 Now executes internal HDU code before 
* optional ROM checking. 

* mikef 12/07/84 Changed OK code to ~3Fh' for mfg. 
* mikef 12/13/84 Added call to enable parity interrupt. 
* mi kef 12/17/84 Added switch reading for indiginous HOU code. 

mov al ,OFh *E2FB* '' out sec ct! _a,al ;; read register 15. 
in al,scc_ctl_a ;; 
test al, 1 '' Jnz i -no -secs *E303* " 

LSB of rr15 is always o. 

; Call inte'rnal HOU ini t code. 
·------------------------------------------------------------------------' 

> 

assume cs:code, ds:absO, es:nothing, ss:stack_ram 

:-:or a>:, a>: 
mov ds,ax 

*E33D* ; satisfy assumptions 

in al,sys_conf_b 
test al,4 

; ; port 67h. 

jnz i hdu ok 
,, test switch bit 2 
,, if set, skip init 

mov si, cs: (offset i hdu_m> 
call DRomString print test message 

call h_init 

ass1.1me cs:code, ds:data, es:nothing~ ss:stack_ram 

mov 
cmp 
jnz 

ds,word ptr cs:Cset_ds_wordJ 
byte ptr ds:[hf_numJ,O 
i _hdu_ok if ok, 

; satisfy assumptions 
; number of hard disks. 

leave everything alone. 

> mov sp,100h ; re-initialize stack 
disable interrupts 
re-install old vectors 

> cli 
> call i_vector 
> sti *E363* 

_hdu_ok: 
> 
> ,------------------
< 

-------------------------------
< HDU Test 
< --------------------------------------------------------------------
< 

assume cs:code, ds:absO, es:nothing, ss:stack_ram 
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< 
< 
< 
< 

xor a>e, a>< 
mov ds, ax 

satisfy assumptions 

< ; Check int 41h to see if any one installed a HDU parameter table 
pointer. 
< 
< mov 

or 
j nz 

ax,word ptr ds:C<4*41h)+0000hl 
ax,word ptr ds:C(4*41h)+0002hl 
i _hdu_ck ; if so, 1 et them be ••• 

< If not, call HOU initialization routine. 

< 

mov si,cs: (offset i_hdu_m> 
call ORomString 

< call h_init 
< 

print test message 

< 
< 

assume cs:code, ds:data, es:nothing, ss:stack_ram 

mov ds,word ptr cs:Eset_ds_word] ; satisfy assumptions 
c:mp byte ptr ds: [hf _num],O ; number of hard disks. 
jnz i_hdt.1_ok if ok, leave everything alone. 

mov sp, 100h 
cli 
cal 1 i _ vector 

< i_hdu_ok: 
< 

call DCrLf 

< 

< and al,IOIIIIOOb 

; re-initialize stack 
disable interrupts 
re-install old vectors 

*E3BE* ;; 

p_timer I!, l:b I!, dsk at this point. 

assume cs:code, ds:absO, es:nothing, ss:stack_ram 

< xor 
< mov 
< mov 
< mov 
available> 
< 

ax,ax 
ds,ax 
word ptr ds:Cint!Blocn+OOOOhl,cs: (offset 

word ptr ds:Cint18locn+0002hJ,cs 

< Initialize & enable NMJ•s (parity register). 
< 

mov dx,p_kctrl 
in al ,dx 

bt_int> 
(ROM BASIC not 

or al,030h 
out dx,al 

enable bits #5 I!< #4 

ROM BIOS 
1.21 

8-199 



ROMBIOS 
1.21 

mov J!l,l,80h 

mov al,3Fh 

Source l'todule1 

DK status 

*E49E* ; OK status 

pwrupt.src 

Put in erg for reset vector. 
Added parity stuff. 

> 
> 
> 

* mikef 
• mi kef 
* mlkef 

09/18/84 
12/10/84 
01/08/85 Clear the screen before printing messages. 

db 'Rev 1.1·,cR,LF,LF 

db 'Rev 1.20·,cR,LF,LF 

> or c::-:,c>c *DD6E!* ;; if zero then it was a parity error. 
j nz 

> mov 
.... i d e: 

i de ;; 
si,cs: (offset parity1_m) *DD6C* ;; 

> 
> 

mov ax,3 
int !Oh 

> skip_parity: 

*DD28* 
*DD28* 

mode coBO 
Clear screen. 

< 
< 

assume cs:code, ds;data, es:absO, ss:stack_ram 

ORG OE05Bh 

i_h~rd_reset proc 
jmp diagnostics_1 

i hard reset endp 

push ds 

;; 

; save registers 

> ,, Here is the code for putting the DEB in Transparent Mode. 

push ax *E05E* 
> push dx 
> mov dx,03DDh ;; DEB I/0 Address Register port address 
> mov al, I " 

select Mode Control Register 
out dx,al 

> 
> inc dx ,, DEB Mode Control Register address 
> inc dx 

dee al " 
set DEB Transparent Mode 

out dx, al '' > pop dx 
> pop ax *E06C* 

8-200 



r-\ 

> 
> 

> 
> 
> 

push 

mov 

in 
and 
shr 
shr 
shr 
or 

da save 

al,cl 

a.l,sys_conf_a *EOB4* 
al,O!Oh ; 
al, 1 Move 
al, 1 
al, 1 
al,cl *EOBE* 

registers 

get data from 

; Read port 
Keep 8087 bit 
to bit one. 

; get data 

switches. 

66h. 
only. 

from switches. 

ROM BIOS 
1.21 

> ; NOTE: If CX is zero and ZF is nz then parity error occured. 

> 
> ; ; 

> 
> 

Toggle parity latch 
in al,p_ kc:trl *E1A1* 
or al, 30h 
out p_kctr l, al 
and al,OCFh 
out p_kctrl,al *E1A9* 

Source Module: pwrup4.src 

< I* 
* 
* 

> I* 

NAME DATE 

NAME DATE 

ACTION 

ACTION 

" read B port. (61hl 

'' toggle bits 4 lie 5. 

" 
" 

'' 

> * mikef 12/06/84 Added ~enable_parity' 

> 

> enable_parity 
> 

proc ;; 

> 

> 
> 
> 
> 
> 

push 
in 
or 
out 
and 
out 
mov 
out 
pop 
ret 

ax *E5C5* 
al,p_kc:trl 
al,30h 
p_kc:trl,al 
al,OCFh 
p_kctrl,al 
al,nmi_enable 
nmi_enable_port,al 
ax 

, , read B port. C61h) 
;; enable bits 4 lie 5. 
,, 
;; 

, , 80h. 
;; defined in sysdata.src <AOh) 

parityl_m db 
parity2_m db 

'Parity error on system board',NUL ;; 
'Parity error on expansion board',NUL ;; 

*E61C* 
enable_parity endp ;; 
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Source t1odule1 

< Control8 

> Contro!C 
> 
> 

< 

> 
> 

sysdata.src 

equ 062h; 8087, etc. 

equ 062h ; bit 
bit 116: 
bit 111: 

bits 113 

bit 113 
bit 112 

-

#7: Ram parity check. 

112: 

1/0 channel parity check. 
8087 installed 

reserved for HDU type 

not defined. 
- 0 = use indiginous HDU code. 

> 1 = do not use indiginous HDU code. 

> nmi_enable equ 80h 
> nmi_enable_port equ OAOh 

Source Module: vector.src 

dw 

dw 

bt_int 

basic_trap 

int181ocn 

int18locn 

CWe Don't Have BASIC!) 

see int18.src 

Source Module: 

< I* 
* 
* NAME DATE 

> I* NAME DATE 

vid.src 

ACTION 

ACTION 

> * mikef 10/25/84 Added code in scroll up to enable video. 
> * mikef 02/13/85 Moved grf_light_pen from graph.src to here. 

> mov dx,03D8h *F356* ;; video enable register. 
> out dx, al *F359* ;; enable video. 

We did't disable display during vertical retrace .•• 

>; We did't disable display during vertical retrace ••• but enable it 
anyway. 
> 
> 
,-------=================================================================== 
':• 

> 
> 
> 
> 
> 
> 
> 
> 
> 

8-202 

Read Light Pen function code= 04h 

Input: 
Output: 

ah 

None. 
ah O light pen switch not down/not triggered 
= 1 implies:. 
(dh,dl) = <row,col) of character light pen 

position from <O,O) 
ch raster line (0-199) 
bx pixel column (0-319,0-639) 



> 
> 
> 
> 
> 

Trash: 

> grf _Ii ght_pen 

> 
> 

xor ah, ah 
ret 

None. ??? 

proc near 

> grf_light_pen endp 

return ah 

ROM BIOS 
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0 for now <al intact) •.. 
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