











Fig. 6
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writing to the diskette—resulting in more serious, business-oriented
faster throughput without noticeable applications.

“‘wait states.”’ Although this lack of
DMA is probably not too significant for
most home users, accessory devices that
add the capability will be in demand for

Saying It With Pictures
The color graphics capabilities of the
PCjr are built-in, not added as an ac-

cessory as is done with the PC. The
graphics implementation is an enhanced
version of the PC’s Color/Graphics
Adapter card. The PCjr differs,
however, in that system memory is
shared between the processor and
display. There are two distinct operating
modes: (1) alphanumeric and (2) graphic
[see Fig. 6]. These are further broken
down into seven screen modes (two
alphanumeric and five graphic)—each
with a unique set of memory re-
quirements, colors, and resolutions.
[The resolution of a display is measured
in picture elements called ¢‘pixels.”” On
the PCjr’s screen, each pixel is a small
rectangle of light that is either turned on
or off, or given one of the 16 unique col-
ors. The resolution of a screen is ex-
pressed in dimensions of pixels horizon-
tally by pixels vertically—Ed.}

The microprocessor and video display
share the 64K-bytes of RAM on the
PCjr system board, accessing the data
8 bits at a time. This supports the
40-column alpha mode and 3 of the
graphics modes: 160 x 200 (low resolu-
tion) with 16 colors, 320 X 200
(medium resolution) with 4 colors, and
640 x 200 (high resolution) with 2 col-
ors. This means that the Entry Model
of the PCjr (for $669) cannot display 80
columns of text, medium resolution
graphics with more than 4 colors, or
high-resolution graphics with more than
2 colors.

If the 64KB Memory and Display Ex-
pansion Option (included with the
diskette drive and controller board in the
Enhanced Model for $1269) is installed
on the PCjr, the memory is reconfigured
so that all the even bytes reside on the
system board, and all the odd bytes
reside on the expansion card. This
means that the data is accessed 16 bits
at a time instead of just 8. With the
PCjr’s architecture, this ‘“‘double fetch”’
[a discussion of bandwidth constraints
is beyond the scope of this article—Ed.]
allows it to support 80-column alpha,
320 X 200 (medium resolution) with 16
colors, and 640 x 200 (high resolution)

" Fig. 7 .
Video Graphics Modes Available On The PCjr
Video 64K  Cartridge  Compatible With
screen Memory Available Expansion BASIC IBM PC Color/Graphics
Mode Resolution Required Colors Required Required Adapter
0 40/82,5%“” AMK  16M6  NONES  NONO VESIVES
. 320% 200 16K 4 NO NO YES
2 640x 200 16K 2 NO NO YES
3 160x 200 16K 16 NO YES NO
«4 320% 200 16K 4 NO YES NO
5 320% 200 32K 16 YES YES NO
6 640 200 32K 4 YES YES NO
’ltwte: Mode 4 {only available on PCjr) has a variable palette whereas Mode 1 (compatible with PC) does not.

Screen Mode: the video graphics mode set with the
SCREEN-command.

Resolution: the screen resolution. The first value on
the chart is the number of horizontal pixels, and the
second number is the number of vertical pixels.
Video Memory Required: buffer size specifies the
amount of memory needed to use the'mode specified.
Mode 0 is a special case in which two values are given.
The first value refers to a 40-column screen and the
second to an 80-column screen.

Available Colors: the number in this column indicates
the maximum number of colors which can be
displayed on the screen at any one time.

64K Expansion Required: some modes require more
memory to store the screen contents than others. in
these cases (indicated by YES on the chart) the 64k
Memory Expansion must be installed.

Cartridge BASIC Required: a YES indicates that this
mode is unavailable through Cassette BASIC.
Compatible with IBM Color/Graphics Adapter: YES
indicates compatibility with PC equipped with this
board.
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Fig. 8 — This listing demonstrates some of the new or modified graphic screen commands available in Car-
tridge BASIC using the 64KB Memory and Display Expansion card. The 32K of memory reserved by Line 140
is hecessary for the high-resolution modes (SCREENS 5 and 6) called for in lines 180 and 260.

1lo|o| [r|EpM| [N|EW] |s|c|r|E|E[N Molp|els| |Flo[r| Tju|E| [p|c|i]r

11/0] REEM

12/0| REEM [R|E/S|ER|VIE| |3|2|K| O[F| MEMOR|Y| |FlO|R| |TH|E
s|P|L|A|Y

1(3l0| RIEM

1(a|0| [c|LE|ARR| |,|,|,|3/2|7|6|8]!

1/50| [R|EM]

1/6/0| [R[EM| |s|E|L|E|c|T| M|E[D|1{UM [RIE|s|olL|UlT|1|ON| [(|3]2]0
o)) W/I|TH| [1/6] ICO|L/OR[S

1/7/0{ REEM

1/80| |s|C[RIE[E|N| |5

1916 REEM

2(0i0| [R|EM| |s|E|L|E|C|T| |A| [R|E|D| |FlO[R|E|GIR/O/UIN|D| |(|4])],
MHITE B|AICKK|G{R[O|UNID| |(|1/5])

2|1/0| [RIEM

2120 lclo|Llolr| |4],|1|5

2/3/0| [REM

2\a/0| [R[EM! [S|E|L|E|C|T| |H|{I|GH| [R|E|S|OIL{U|T|IO[N| |(|6|4|0|x|2
W1|T/H| |4 [ClO|L/O|R|S

2|5/0| [RIEM

2/6/0| [S|ICRIE[E|N| |6

2(7/0| [R[EM

2/8|0| [RIEM! |CH|AN|G|E| [P|A|LIE|T|T|E| [CIO|L/OR| [#|2| [T|O| [R|E
a|)

2(9/0 EM

3\0/0| [plAlL|E|T|T|E| |2[,|4

31/0| [E[ND

with 4 colors. To see this last high-
resolution mode properly (Screen Mode
6) requires a compatible RGBI monitor
[see Fig. 3A]. Because most of the
mountain of forthcoming third-party
educational, entertainment and produc-
tivity software will undoubtedly be re-
quiring the versatility of either 16-color
medium resolution or 80-column text
displays, the 128K-byte Enhanced
Model will be the standard in the PCjr
world.

The PCjr offers its programmers a
rich development environment—
especially in 16-color medium-resolution
mode (Screen Mode 5). The 320 pixels
of horizontal resolution by 200 pixels in
the vertical direction allow well-defined
graphic images. There is, however, a
small price to pay—you must allocate
32K-bytes of your total 128K-bytes of
system RAM to the video display. You
do this in Cartridge BASIC with the
statement:

CLEAR ,,,32768

A Sound Comparison
Between the PCjr and TI-99/4A 100

Although the T1-99/4A and the 1BM PCjr use the same Texas Instruments 110
sound chip, there are major differences in the way each system creates
sound or music. Tl BASIC uses a single command—CALL SOUND—to create
both sound effects and music. IBM PCjr Cartridge BASIC has three different 120
commands—SOUND, NOISE, and PLAY—that control the sound chip.

The PCjr’'s SOUND command is similar to the TI command CALL SOUND.

Both let you specify the frequency, duration, and volume of a tone. The 130
difference is that with the TI command you can specify all three voices

plus the noise channel within a single command. All three tones and the

noise that are created will have the same duration. On the PCjr, each of 140
the three voices is activated with a separate SOUND command, and the
noise channel is activated with NOISE. This may seem awkward at first, 150
but it has its advantages: Because the individual voices are set up with their

own SOUND commands, each voice can have a different duration.

PCjr Cartridge BASIC has a third command—PLAY—which is unlike
anything found in TI BASIC. The PLAY command lets you set up a string 160
of sub-commands to compose music with the actual notes (instead of by 170
frequency). A program can play three of these command strings at the same
time, with each string controlling one of the three voices. The noise chan- 180
nel can’t be directly inserted into the PLAY command, but if the music 190
is playing in the background mode (e.g., the program continues while the
music buffer plays), then the NOISE command can be used to mix noise
with the three voices. The placement of the noise within the music chain 200
of commands can be calculated by testing one of the three voices to deter-
mine the number of notes left in the buffer. When the program is creating
sounds or playing music in the foreground mode, the statement that is 210
creating the sound must finish executing before the program proceeds to
the next statement. 220

Line No.

Explanation of the Sample Program

Purpose
Turns on the sound chip and turns off the internal piezoelec-
tric speaker.
Places the sound in background mode. All sounds created
with the SOUND command and PLAY command will be
placed in the music buffer.
Places a tone in the music buffer with a frequency of 110Hz,
a duration of 20 clock ticks (each clock tick is 18.5 ms.), and
a volume of 15. The output is to voice #0.
Places the string of music commands into the default music
buffer (voice #0). These notes follow the tone created in line
120 because they are on the same voice channel.
Places a tone of 220Hz in the music buffer for voice #0
following the PLAY command string from line 130.
Places a tone of 440Hz into the first position of the music
buffer for voice #1. This tone will start at the same time that
the tone from line 120 starts because they are in the same
position in the music buffer. )
Tests the buffer for the number of remaining unplayed notes.
When the number of notes left reaches four, the program
branches to line 190. Subroutine returns; program halts.
Continues checking the buffer.
Places a tone of 440Hz in the music buffer for voice #1. This
note will start to play when there are four notes left in the
buffer for voice #0.
Places a tone of 880Hz into the buffer for voice #2. This tone
will play at the same time as the tone from line 190 and the
note G from voice #0.
Turns on the noise generator at the same time as the tones in
lines 190, 200, and the note G in voice #0.
Exits the subroutine.

BACKGROUND MUSIC BUFFER
four notes left (see lines 160, 170)

910 11 12 13 14

100 BEEP OFF: SOUND ON [ lc:

JITITITTT L

120 SOUND 110, 20, 15, 0

110 PLAY “MB” % ;[21
L

130 PLAY “C#DEF#GAB”’

140 SOUND 220, 20, 15, 0

8 9 10 1 12 13 14

150 SOUND 440, 20, 15, 1

160 A=PLAY (3) iél I l l

TTTTTITTTITIT]

PN 4

VOICE 1
PLAY (2}

170 IF A=4 THEN GOSUB 190: END
180 GOTO 160

190 SOUND 440, 20, 15, 1

8 9 10 11 12 13 14

200 SOUND 880, 20, 15, 2

L]

TTTITITTIT]

VOICE 2
PLAY (1)

210 NOISE I, 15, 20 _—_—ﬁ

220 RETURN

NOISE CHANNEL
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