
A Closer Look 
at the IBM Personal Computer 

What microcomputer has color 
graphics like the Apple II, an 
80-column display like the TRS-80 
Model II, a redefinable character set 
like the Atari 800, a 16-bit micro­
processor like the Texas Instruments 
TI 99/4, an expanded memory space 
like the Apple III, a full-function 
uppercase and lowercase keyboard 
like the TRS-80 Model III, and BASIC 
color graphics like the TRS-80 Color 
Computer? Answer: the IBM Per­
sonal Computer, which is a synthesis 
of the best the microcomputer in­
dustry has offered to date . It has a 
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number of interesting features and a 
few flaws, but it is easily the best­
designed microcomputer to date. In 
this article, I will take a closer look at 
the IBM Personal Computer, inside 
and outside. 

An Overview 
The IBM Personal Computer 

(photos 1 and 2) is housed in two 
units, the keyboard and the System 
Unit .  The keyboard (photo 3) has a 
standard typewriter layout with the 
addition of a numeric keypad to the 
right, a set of function keys to the 

Photo 1: The IBM Personal Computer System with a non-IBM color monitor. 

left, and miscellaneous other keys to 
bring the total number to 83 . It is con­
nected by a coiled cable to the System 
Unit, which houses the Intel 8088 
microprocessor, the 40 K-byte ex­
tended Microsoft BASIC in ROM 
(read-only memory), up to 64 K 
bytes of dynamic memory, up to two 
disk drives, a cassette interface, a 
built-in speaker, and five expansion 
slots. (Extra dynamic memory cards 
placed in expansion slots can bring 
the total up to 256 K bytes . )  

Other peripherals include the IBM 
Monochrome Display (shown in 
photo 2) and the IBM 80 CPS 
(characters per second) Matrix 



Printer (shown with the optional 
printer stand in photo 1) .  

What's It Going to Cost? 
The IBM Personal Computer is an 

impressive unit .  But how much is it 
going to cost? Although the compo­
nent prices in the "At a Glance" text­
box look reasonable (the System Unit 
and keyboard are only $1265), the 
price of a usable configuration is 
somewhat higher. The higher cost is 
due to a marketing technique called 
unbundling, which is common in the 
computer industry and a trademark 
of IBM in particular. When a system 
is unbundled, components that usual­
ly are priced as one are priced sepa­
rately. In the case of the IBM Per­
sonal Computer, the main unit needs 
one of two video-display adapter 
cards, a monitor or television set, a 
cable, and perhaps an external radio­
frequency (RF) modulator. 

Table 1a shows several sample con­
figurations of the IBM Personal Com­
puter, and tables 1b and 1c show the 
list prices of comparable Apple II and 
Radio Shack TRS-80 Model III units 
with 48 K bytes of memory and one 
disk drive. The IBM unit is somewhat 
more expensive than the standard 
configurations (note that the Apple II 
Plus is less expensive if you want only 
40-column uppercase output) .  Still, 
you get a lot more for your money. 

Video-Display Options 
One thing not commonly under- Photo 2: The IBM Personal Computer System with the IBM Monochrome Display. 

stood about the IBM Personal Com-
puter is that you must choose be­
tween two separate ways of getting 
video output . The Monochrome 
Display and Printer Adapter gives 
high-quality black-and-white output 
only, while the Color/ Graphics 
Monitor Adapter can produce color 
graphics or text. Each takes one of the 
five expansion slots available on the 
IBM motherboard (called the System 
Board by IBM) . While you could 
have both kinds of output by using 
both adapter cards, most people will 
not want to tie up the extra slot (more 
on that later) . 

The monochrome adapter card is 
most suited to IBM machines that wiil 
be used in an office environment 

- --- -

only. The adapter card gives you a Photo 3: The IBM Personal Computer keyboard unit. 

· -
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Photo 4: The 256 characters available on the IBM Personal Computer video display. 

sharp 25-line by 80-column display 
with well-formed characters. A 9 by 
14 dot matrix is used, and characters 
are displayed within a 7 by 9 dot 
matrix; this makes for an extremely 
readable screen, an important factor 
if you are using the computer for long 
periods of time. 

Among the 256 charac ters 
available are miscellaneous graphics 
characters (musical note, male and 
female symbols), all standard upper­
case and lowercase letters, numbers, 
punctuation, some familiar foreign­
language, Greek, and mathematics 
symbols, and a set of rectangular 
shapes that can be combined to create 
rectangles and lined tables. A display 
of the full 256-character set is shown 
in photo 4 .  

Although you can use a suitable 
monitor if you want, the IBM Mono­
chrome Display is also available . The 
IBM monitor has a green-phosphor 
tube and matches the appearance of 
the rest of the system. 

The monochrome adapter card 
contains 4 K bytes of on-board 
memory. (In this article, 8 bits will be 
referred to as a "byte, " as opposed to 
a 16-bit "word.") The on-board 
display memory prevents the 
available system memory from being 
steadily decreased by peripheral 
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cards. In addition, 
a r c h i t e c ture  of  

due 
t h e  

t o  the 
8 0 8 8  

m icrop rocess or ,  t h e  on-board 
memory itself does not reduce the 
main memory address space available 
to the IBM microcomputer; in con­
trast, the memory taken by the video 
display of an 8-bit microcomputer 
always reduces its 64 K-byte work­
space. 

The manuals will set 
the standard for 

all microcomputer 
documentation in 

the future. 

Twenty-five lines of 80 characters 
each amounts  to only 2000 
characters, yet the on-board display · 
memory has 4096 bytes. The reason 
for this is that the IBM Personal Com­
puter always uses two bytes per 
stored character, regardless of the 
adapter card used. When the mono­
chrome adapter card is used, in­
dividual characters can have any of 
the following characteristics: invisible 
(white-on-white, black-on-black) ,  
blinking, high-intensity, or  underline . 
The permissible combinations of 
these are shown in figure 1 .  

One final advantage of the mono­
chrome adapter card is that it in­
cludes an interface to the IBM 80 CPS 
Matrix Printer, which saves you the 
expense of an IBM Printer Adapter 
card (around $150) and one expan­
sion slot. 

Of course, the main disadvantage 
of the monochrome adapter card is 
that it does not produce color 
graphics. As you can see from photos 
Sa through Sd, this is some disadvan­
tage. The graphics available through 
the color I graphics adapter card are 
very good-slightly better than color 
graphics on existing microcomputers, 
and they are more versatile and easier 
to use. 

Color/Graphics Monitor Adapter 
Residing in one of the five expan­

sion slots in the System Unit, the 
Color/Graphics Monitor Adapter has 
16 K bytes of on-board memory, can 
display two kinds of text and two 
(actually, three) kinds of graphics, 
and allows you to connect to a black­
and-white monitor or to a color 
monitor with composite or RGB (red­
green-blue) input, or to a color tele­
vision. The color pictures accom­
panying this article were made with a 
$1000 RGB color monitor, so don't 
expect such stunning graphics to 
come from your composite monitor 
or an ordinary color television. (RGB 
monitors are more expensive and pro­
duce better images because they have 
separate red, green, and blue inputs 
to get a more detailed image. For an 
RGB monitor to work properly with 
the color I graphics adapter card, it 
must accept the following signals: 
red, green, blue, intensity, horizontal 
drive, vertical drive, and ground. 
RGB monitors that do not have an in­
tensity signal can display only 8 of 
the possible 16 colors. )  

Let's consider graphics first .  The 
IBM color/graphics adapter card has 
three color-graphics resolutions, only 
two of which are supported by the 
system software in ROM . The first 
mode, the IBM low-resolution mode, 
is unsupported by IBM . It gives you a 
display of 100 rows and 160 pixels 
(picture elements), each of which can 
be any of the standard 16 colors (for 
the color list, see table 2) .  IBM 



I I I CHARACTER CODE ­
EVEN ADDRESS (Ml 

BACKG ROUND DATA 
L------------ B L I N K  B I T  

BACKGROUND FOREGROUND RESU L  T l NG 
CHARACTER 

B 2  B 1  B O F 2 F 1  FO 

0 0 0 .0 0 0 NON D I SPLAY (BLACK ON BLAC K )  

0 0 0 0 0 1 NORMAL UNDER L I NED CHARACTER 

0 0 0 1 1 1 NORMAL CHARACTER 

1 1 1 0 0 0 REVERSE CHARACTE R 
( BLACK ON WH ITE l 

1 1 1 1 1 1 NON D I SPLAY ( WH I T E  ON WH I TE ) 

Figure 1: Character storage within the monochrome adapter board. 

representatives told me that the only 
way to use this mode is to directly 
address the Motorola 6845 CRT Con­
troller, which is at the heart of both 
the monochrome and color/graphics 
adapter cards. (For both units, the 
6845 device is addressed through two 
ports: hexadecimal 3D4 and 3D5; 
more information on this is given in 
Technical Reference, the IBM Per­
sonal Computer manual. ) 

The IBM medium-resolution mode 
is comparable to what Apple calls its 
high-resolution mode. It allows 200 
rows of 320 pixels each, with four 
possible colors. (The Apple II allows 
four colors plus black and white . )  
The colors are referred to  in memory 
as colors 0 through 3. Color 0 can be 
any of the 16 colors available, while 
colors 1 through 3 are set by choosing 
one of two three-color sets. Set 1 pro­
duces cyan, magenta, and white, 
while set 2 produces green, red, and 
brown; only the colors from one set 
are available at any one time. Each 
byte represents 4 pixels; the mapping 
scheme is shown in figure 2.  

The IBM high-resolution mode uses 
a white-on-black image and gives you 
control of 200 rows of 640 pixels 
each. (Although it is not a well­
known fact, the Apple II can display 
a resolution of 192 by 560 on a black­
and-white monitor, although there 
are some limitations to pixel locations 

and the mode must be supported by 
user-supplied software . )  In the IBM 
high-resolution mode, the mapping of 
graphics bytes to video scan lines is 
the same as for medium-resolution 
graphics, but each byte represents 8 
pixels. 

Photos 6a and 6b show one edge of 
the screen to highlight the differences 
between IBM medium-resolution and 
high-resolution graphics. As you 
would expect, corresponding lines in 
the IBM high-resolution mode are 
finer drawn, but I can't see that much 
difference between the two modes. 

The color I graphics adapter card 
supports two text formats: the first, 
suitable for color televisions and 
composite monitors, is 25 rows of 40 
characters each, while the second, 
usable by RGB monitors only, is 25 
rows of 80 characters each. The card 
displays characters in an 8 by 8 dot 
matr\x, with characters being drawn 
in a 5 by 7 dot matrix . 

Although the IBM microcomputer 
has separate text and graphics modes, 
text can be displayed while in the 
graphics mode. If you are in graphics 
mode and want to print text, you 
simply give the appropriate com­
mand (for example, PRINT when in 
BASIC) and the computer draws the 

Photos Sa-Sd: Four examples of IBM 
medium-resolution color graphics. 
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characters on the graphics screen 
automatically. An example of this is 
shown in photo 7. While using a text 
screen, you have access to the same 
256-character set used by the 
monochrome adapter card. If you are 
using a graphics screen, you have ac­
cess to only the bottom 128 

1 a  

characters (some symbols, all punc­
tuation, digits, uppercase and lower­
case letters) .  The top 128 characters 
can be user defined by pointing inter­
rupt vector hexadecimal 1F (con­
tained in hexadecimal memory loca­
tions 7C through 7F) to the beginning 
of a 1 K-byte area that defines the 

I BM Personal  Computer (suggested retail p rices) 

48 K·byte cassette-based uni) with color/g raphics adapter card 

all the above, plus one floppy-disk drive, adapter card, and DOS software 

$1 745 

$2575 

allthe above, plus 1 6  K bytes more (total ,  64 K bytes) and game adapter 
card $2720 

$3290 

$3830 

all the above, plus a second disk drive 

all the above, plus one 64 K·byte card (tota l ,  1 28 K bytes) 

1 b  
Apple I I  P lus  

1 c  

48 K·byte Apple I I  Plus with one floppy-disk drive and DOS software 

all of the above, plus Videx Videoterm and Enhancer I I  (to modify 
Apple for 80-column display and upper· and lowercase keyboard) 

Radio Shack TRS-80 Model I l l  

4 8  K·byte unit with one floppy-disk d rive and DOS software 

$2 1 75 

$2788 

$ 1 995 

Table 1: Prices for several versions of the IBM Personal Computer and roughly com­
parable Apple II Plus and Radio Shack TRS-80 Model III microcomputers. The ver­
sions to be compared are shaded. 

I ntens i ty . Red B i t  Green Bi t  Blue B i t  Color 

0 0 0 0 Black 
0 0 0 1 Blue 
0 0 1 0 Green 
0 0 1 1 Cyan 

0 1 0 0 Red 
0 1 0 1 Magenta 
0 1 1 0 Brown 
0 1 1 Light Gray 

0 0 0 Dark Gray 
0 0 1 Light Blue 
0 1 0 Light Green 
0 1 1 Light Cyan 

0 0 Light Red 
0 1 Light Magenta 
1 0 Yellow 

1 White 

Table 2: The 16 ava.ilable colors on the IBM Personal Computer, and their represen­
tation in memory. When only the first eight colors are available (intensity = O),  they 

. can be represented with only the bottom three bits. 
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dot pattern of the top 128 characters, 
8 bytes per character. 

In the text modes, each character 
can be one of sixteen colors, with the 
background of that character being 
one of eight colors, or the text can be 
displayed without a color signal (for 
black-and-white monitors).  This is 
done automatically in BASIC with 
the COLOR statement.  The data that 
cause a given combination are stored 
in the attribute byte for each 
character. Figure 3 shows the layout 
of the data in the attribute byte, and 
photo 8 shows an example of multiple 
background and foreground colors 
used with text .  

Since the color/graphics adapter 
card has 16 K bytes of memory and 
the two kinds of text pages take only 
2000 and 4000 bytes, respectively, 
you can store up to four 80-column 
pages of text or eight 40-column 
pages at once. In addition, you can 
specify the display of a page indepen­
dent of the page actually being writ­
ten to at the moment.  In BASIC, all 
this is available from the SCREEN 
statement. 

Inside . the Main Unit 
The IBM Personal Computer is as 

well designed on the inside as it is on 
the outside. As shown in photo 9a, 
the five expansion slots are in the up­
per left corner, the memory and an 
internal speaker are in the lower left 
corner, and the floppy-disk drives (if 
any) are in the lower right corner. 
Figure 4 shows the signals on the IBM 
expansion slot, and table 3 gives the 
full names of the signals. The bus 
allows four DMA (direct-memory ac­
cess) channels, one of which is used to 
refresh the dynamic memory, the 
others for high-speed DMA data 
transfer between memory and periph­
eral cards. In addition, the bus sup­
ports eight levels of interrupts, six of 
which are available to the user. 

The system memory is shown in 
detail in photo 9b . The set of eight 
large integrated circuits with gold 
faces is the 40 K-byte extended 
Microsoft BASIC in ROM . Notice the 
empty socket at the bottom of the 
same row; this can house an 8 K-byte 
ROM or EPROM (erasable program­
mable read-only memory). Just to the 



right of the ROMs are four rows of 
4116 dynamic memory rated with an 
access time of 250 ns . Only the first 
row is filled in a 16 K-byte IBM 
microcomputer; successive rows are 
filled to bring the microcomputer to 
64 K bytes before additional memory 
is added through the expansion slots. 

Notice that there are nine in­
tegrated circuits per row. The device 
on the extreme left is used as a parity 
bit .  To increase the reliability of the 
system, IBM has made all user 
memory ( i .e . ,  all the memory used 
for programs and data) 9 bits wide. 
When a parity error is detected, the 
IBM microcomputer issues the ap­
propriate error message and stops 
whatever program is running; this 
prevents an application program 
from continuing if it has read the 
memory incorrectly. 

In the middle of the right half of the 
board are two DIP (dual inline 
package) switches that set certain 
parameters of the system. The posi­
tions of these switches tell the IBM 
microcomputer how many disk 
drives are installed, what kind of 
video device is attached, and how 
much memory is in the system. These 
switches are usually hidden by the 

R G B 

floppy-disk-drive cables, as shown in 
photo 9a . 

Photo 9c shows the Intel 8088 
microprocessor (the large device in 
the center) and, above it, an in­
tegrated circuit socket identified by 
IBM only as an "auxiliary processor 
socke t . "  An IBM representative 
would only say that the slot could 
house "any architecturally compat­
ible processor," but it is probable that 
the device to go in that slot is an Intel 
8087, a mathematics coprocessor 
device. With the appropriate soft­
ware, the Intel 8087 or something 
similar could improve the perfor­
mance of the IBM microcomputer. 

Photo 9d shows one of the IBM 
peripheral cards, the 64KB Memory 
Expansion Option. This card is in­
teresting in that it uses two modified 
4116 16 K-bit dynamic memory 
devices "piggybacked" into each 
18-pin socket .  IBM was buying a lot 
of these two years ago-now we 
know where they went. 

The Intel 8088 itself is functionally 
equivalent to the 16-bit Intel 8086 
microprocessor, except that all 16-bit 
input/output (I/0) is done 8 bits at a 
time, with the help of a few extra sup­
port devices. Even though the 8088 

CHARACTER CODE ­
EVEN ADDRESS ! Ml 

ATT R I BUTE CODE ­
ODD ADDRESS ( M + I )  

L_ __ FOREGROUND COLOR (SEE TABLE 2 l 
L-------- BACKGROUND COLOR !SEE TABLE 2 )  

'------------ B L I N K  B IT 

Figure 2: IBM medium-resolution-graphics storage within the color/graphics adapter 
board. 

I C l :  co I Cl : co I C l :  c o  I Cl :co I 

P I XE L  0 

C l  

0 

0 

I 

I 

2 

co COLOR NUMBER 

0 0 

I I 

0 2 

I 3 

WHERE FROM ? 

ANY OF 16 COLORS 

} '"" " " "" 
COLOR SET 

Figure 3 :  Character storage within the color/graphics adapter board. 

has the same instruction set as the 
16-bit 8086 microprocessor, the 
necessity of funneling all data 
through an 8-bit path degrades the 
8088's performance to the point 

6a 

6b 

Photo 6: Close-up views of equivalent 
screen images using IBM medium­
resolution (photo 6a) and high-resolution 
(photo 6b) graphics. 

Photo 7: An example of combining text 
and graphics on the same video screen. 
The program shown, when run, generates 
the circular image just above it. 
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Signal  Name 

osc 
CLK 
RESET DRV 
AO th rough A1 9 

DO th rough 07 
ALE 
110 CH CK 
110 CH ROY 

I RQ2 th rough IRQ? 
lOR 
lOW 
MEMR 

MEMW 
DR01 th rough DRQ3 
DACKO through DACK3 
AEN 
TIC 

Descript ion 

1 4.3 1 8 1 8  MHz oscillator signal 
4.77 M Hz system clock 
reset d r iver; resets system logic 
address bits 0 (low) th rough 19 (h igh) 

data bits 0 th rough 7 
address latch enable 
1/0 channel check 
1/0 channel ready 

interrupt request 2 (h ighest prior ity) th rough 7 ( lowest) 
1/0 read command l ine 
1 /0 write command l ine 
memory read command l ine · 

memory write command l ine 
DMA request 1 th rough 3 
DMA acknowledge 0 th rough 3 
address enable 
terminal count 

Table 3: Signal names and descriptions for the IBM Personal Compute1· System 
Board I/0 Channel (expansion slot). See also figure 4 .  

S IG NAL NAM 

GND 
RESET DRV 

+ 5V 
I RQ2 

- 5VDC 
D RQ 2  
-1 2V 

RESERVED 
+ 1 2V 
G ND 

MEMW 
MEMR 
lOW 
I 0 R 

DACK3 
DR03 

DAC K l  
DRO l 

DACKO 
CLOCK 
I RQ 7 

I R Q 6 
IRQ 5 
I RQ 4  
I RQ 3 

DACK2 
TIC 
ALE 
+5V 
osc 
GND 

E 

r-::--

......__ 

\ 

I-- 8 1 A l -

I-- -

I-- -
I-- -
I-- -

I-- -

I-- -
I-- -

I-- -

I-- 810 AlO -

I-- -

I-- -
I-- -
I-- -

I-- -
I-- -
I-- -
I-- -
I-- -
I-- 820 A20 -

I-- -
I-- -
I-- -
I-- -
I-- -
I-- -
I-- -

I-- -
I-- -

I-- -

I-- 831 A3 1 -

1\ SIGNAL NAME 

r-::- 1 1 0  CH CK 
D7 
D6 
D5 
D4 
D3 
D2 
D l 
DO 
1 / 0 CH RDY 
AEN 
Al9 
AlB 
Al7 
Al6 
Al5 
Al4 
Al3 
Al2 
Al l 
AlO 
A9 
AS 
A7 
A6 
AS 
A4 
A3 
A2 
Al 

L.......:- AO 

\ COM PONENT S IDE 
Figure 4: Electrical signals on the IBM System Board 110 Channel (expansion slot). See 
table 3 for signal descriptions. 
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where it is more like a fast 8-bit 
microprocessor with an extended in­
struction set than it is a 16-bit micro­
processor. After all, how much pro­
cessing can you do on a number 
without accessing memory again? 

Still, the IBM microcomputer com­
bines the architecture of a 16-bit 
machine with the cost advantages of 
using familiar 8-bit memory and 
system design. The 8088 microproces­
sor in the IBM microcomputer runs at 
4 . 77 MHz. 

The disk drives are soft-sectored, 
double-density, single-sided drives 
that use MFM (modified frequency 
modulation) encoding. The floppy­
disk drive uses 40 tracks per disk, 
with eight 512-byte sectors per track. 
This results in 163,840 bytes of 
storage per drive. The drive has a 
motor-start time of 500 ms, a track­
to-track seek time of 8 ms, and a data 
transfer rate of 250 K bits (not bytes) 
per second. 

The IBM Personal Computer in­
cludes a cassette-recorder interface 
that connects to any good-quality 
cassette recorder through . a user­
supplied cable. The IBM micro­
computer can be configured to use 
either the microphone or the auxiliary 
input of the recorder by changing a 
jumper on the bottom of the main 
printed-circuit board in the System 
Unit .  The data-transfer rate is be­
tween 1000 and 2000 bits per second 
(bps), depending on the content of the 
data . The signals used to control a 
cassette recorder are motor control, 
ground, data in, and data out. 

The right side of the back panel of 
the main unit (photo 10) contains 
whatever sockets are made available 
by the peripheral cards plugged into 
the expansion slots. Unused slots are 
masked by metal plates to prevent the 
escape of any RF radiation. The 
bottom left corner of the panel con­
tains the power plug to the IBM 
Monochrome Display and the plug 
for the main power supply. In the 
bottom center of the panel are S-pin 
DIN plugs that go to the keyboard 
(left) and the cassette tape recorder 
(right). 

The Keyboard 
The keyboard (see photo 3) is one 



of the most important components of 
any computer bec�use it is the 
primary device through which you 
give instructions to the computer. 
Most existing microcomputers have 
something wrong with their keyboard 
design; the most common errors are 
functions unavailable from the 
keyboard and poor keyboard layout. 
With one exception, the IBM key­
board seems to be faultless. It is, bar 
none, the best keyboard on any 
microcomputer. 

The IBM keyboard abounds with 
good features. The keys have a nice 
"feel" to them and give tactile and 
audible feedback when pressed. The 
keyboard is a separate unit that can 
be placed up to several feet away 
from the main unit .  It is light enough 
to rest and use in your lap . The keys 
themselves are "sculpted" -that is, an 
imaginary plane touching all the key 
tops has a slight concave curve to it .  
The keyboard has two plastic feet 
that can be used to tilt it up when it is 
used on a flat surface. A plastic ledge 
just above the top row of keys can be 
used to prop an open book between 
the video display and the keyboard . 

Several keyboard features deserve 
more description. The right side of 
the keyboard contains a numeric 
keypad that doubles, in certain situa­
tions, as a set of text and cursor­
movement keys. The left side con­
tains ten function keys, whose func­
tions can change with the application. 
(The twenty-fifth line of the video 
display can be used to illustrate their 
current use, and you can redefine 
these keys at any time from BASIC . )  

Three keys must be pressed simul­
taneously to restart the system: Ctrl, 
Alt, and Del; it takes two hands to do 
this. Depressing the Ctrl and Scroll 
Lock/Break keys interrupts a running 
BASIC program. The up-arrow 
(shift) and PrtSc keys cause the text 
contents of the video display to be 
printed. Ctrl plus Num Lock causes 
the executing BASIC program to 
pause; the next key pressed causes i t  
to resume. 

The Alt key lets you generate any 
extended ASCII value from 1 to 255, 

even if that code is not otherwise 
generated by the keyboard. By 
holding down the Alt key and typing 

Photo 8: An example showing the independence of foreground and background colors 
when using the text mode of the color/graphics adapter board. 

a number between 1 and 255 on the 
numeric keypad, that code is gener­
ated when the Alt key is released . 
(For some reason, the IBM unit I tried 
would not generate 0 with the Alt 
key. However, 0 could be generated 
by Ctrl plus the 2 key on the top row 
of the keyboard. )  

By not having a full  
product l ine, the IBM 

Personal Computer 
may fall  prey to 

hardware and software 
incompatibi I ity. 

Another nice feature of the IBM 
keyboard is its 10-character type­
ahead buffer, which keeps you from 
losing keystrokes if you type infor­
mation into the IBM microcomputer 
before it is ready to receive it .  In addi­
tion, the system software is written 
such that every key has an auto­
repeat feature; i . e . ,  every key repeats 
its function if it is held down for more 
than half a second. 

My one complaint against the key­
board is minor. The right and left 
shift keys are one key farther away 
from the center of the board than 
most people are used to. This means 
that, until you get used to reaching 
for the shift keys, you will accident­
ally type the slash and reverse-slash 
keys instead. This problem is minor, 
however, compared to some of the 
gigantic mistakes made on almost 
every other microcomputer key­
board. The IBM Personal Computer 
is a delight to use largely because of 
its keyboard. 

System Startup 
When the IBM Personal Computer 

is first turned on, a series of fourteen 
tests are performed on the system, 
and any errors are reported im­
mediately. These include tests of the 
8088 microprocessor, the internal 
ROM, the main memory, the video­
display adapter card, the keyboard, 
the cassette recorder (if attached). 
and the floppy-disk system. The 
memory test includes five different 
read/write tests of the entire user­
memory area, each using a different 
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9a 

9b 

9c 

9d 
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bit pattern for testing. Because of 
this, the initial startup of the IBM 
microcomputer may take between 5 
seconds and about 1.5 minutes, 
depending on how much memory is 
in the machine. For example, in my 
test a 64 K-byte, disk-based machine 
took about 18 seconds to complete its 
initial tests and about 25 seconds 
more to complete the bootup of the 
machine . When the system is 
restarted from the keyboard with the 
Ctrl-Alt-Del triad of keys, the system 
tests are omitted, thus greatly reduc­
ing the delay associated with reboot­
ing. 

Three Levels of BASIC 
Because BASIC is the most com­

monly used programming language, I 
plan to describe some of the features 
of the 40 K-byte extended Microsoft 
BASIC in great detail. But before I 

Command 

start talking about the more promi­
nent features of BASIC, I'll look at 
the three kinds of BASIC that are 
available with the IBM Personal 
Computer. 

Cassette BASIC is the simplest 
BASIC you can get. It is available on 
every IBM microcomputer, and it is 
contained in the 40 K bytes of ROM 
mentioned before. In addition to the 
standard features that are associated 
with Microsoft BASIC, Cassette 
BASIC gives you the ability to plot 
points and draw lines in both the IBM 
medium- and high-resolution modes, 
to make sounds through the internal 
speaker, and to use light pens and 
joysticks. 

Disk BASIC, which requires at 
least 32 K bytes of memory and one 
floppy-disk drive, occupies extra user 
memory which can be added to the 
ROM version of BASIC . The IBM 

Descr ipt ion 

AUTO 
BLOAD 
BSAVE 

generates l ine numbers automatical ly 
. load machine·language (binary) prog ram 
save machine-language prog ram 

CLEAR 
CONT 
DELETE 

EDIT 
FI LES 
KILL 

LIST 
LLIST 
LOAD 

M ERGE 
NAM E 
N EW 

REN UM 
RESET 
RUN 

clear prog ram variables 
cont inue interrupted prog ram 
deletes a range of BASIC l ines 

edit a line of BASIC 
list all or selected files on disk 
delete a disk fi le 

list BASIC l ines 
l ist BAS IC l ines to pr inter 
load a BASIC prog ram f i le 

merge a BASIC program f i le into an existing program 
rename a disk fi le 
erase current program 

renumber BASIC program 
close al l d isk f i les 
load and run prog ram 

SAVE save cu rrent prog ram 
SYSTEM exit BASIC and return to DOS 
TRON, TROFF turn tracing option on and off 

Table 4a: A summary of IBM BASIC commands. 

Photo 9: Inside the IBM Personal Computer System Unit. Photo 9a shows the overall 
interior of the un it; the floppy-disk drives are in the lower right corner, and the expan­
sion slots are in the upper left. Photo 9b is a detailed shot of the expansion slots (left) , 
the BASIC in ROM (large devices with gold faces, center), and the workspace memory 
(right). Photo 9c shows the Intel 8088 microprocessor (bottom) and the empty "aux­
iliary processor socket" (just above the 8088). Photo 9d shows the IBM 64KB Memory 
Expansion Option card, which holds 64 K bytes of memory. Notice that two 4116-like 
devices are "piggybacked" into one socket. 



DOS (disk operating system) takes 
12 K bytes of user memory, and disk 
BASIC adds about another 12 K 
bytes (depending on certain options). 
Disk BASIC adds a large number of 
disk input and output options, access 
to a date and time-of-day clock, the 
ability to store and redraw rec­
tangular areas of graphic images, 
communications support using a 
standard RS-232C port, and software 
support for two extra printers. Disk 
BASIC is called by typing "BASIC" 
from the DOS prompt. 

Advanced BASIC, which requires 
at least 48 K bytes of memory and 
one floppy-disk drive, occupies an 
additional 5 K bytes of user memory 
(for a total overhead of about 29 K 
bytes). Advanced BASIC adds event 
trapping, some advanced graphics 
commands, and an advanced music­
playing command (all of these are 
covered in greater detail later) . Ad­
vanced BASIC is called by typing 
"BASICA" from the DOS prompt.  

Tables 4a,  4b, and 4c list the com­
mands, statements, and functions of 
IBM BASIC. 

The BASIC Program Editor 
The BASIC Program Editor, com­

mon to all the versions of IBM 
BASIC, allows you to make changes 
far more quickly and easily than is 
possible on other microcomputers. I t  
i s  a full-screen editor in  that changes 
can be made to a program line by use 
of the four arrow keys and the Ctrl 
(control), Ins (insert), Del (delete), 
and End keys. If the new line (enter) 
key is pressed while the cursor is 
anywhere on the program line where 
changes have just been made, the 
changed line takes the place of the old 
line . With the BASIC Program 

. Editor, changing a program is as easy 
as it would be if the text of the pro­
gram were being manipulated by a 
word processor. 

In addition, the Alt key has a 
special function within BASI C .  
Simultaneously pressing Alt and a let­
ter of the alphabet causes a pre­
defined BASIC keyword to be printed 
on the screen.  For example, Alt plus 
C causes the word "COLOR" to be 
printed. This "shorthand" method is 
often helpful when you are typing in 

a long BASIC program. Graphics in BASIC 
Along the same lines, all levels of 

IBM BASIC have the AUTO (auto­
matic line numbering), RENUM (re­
number a BASIC program), and 
MERGE (merge two programs) com­
mands-all very useful commands 
that are often absent or awkward to 
use in other microcomputers. 

The following summarizes most of 
the graphics commands available 
from BASIC:  

• COLOR (all BASICs) is  used to 
choose the four colors available in the 
IBM medium-resolution mode. As 
stated before, color 0 can be any of 

At a Glance 

Product Name 
The IBM Personal Computer 

Manufacturer 
International Business Machines Corporation 
Information Systems Division 
Entry Systems Business 
POB 1 328 
Boca RatOf), FL 33432 

Components 
System Unit 

Size: width 20 inches. depth l 6 inches. height .S .5 inches; weight (without disk drives) 2 J 
pounds, (with two disk drives) 28 pounds 

Electrical needs: J 20 VAC 
Processor: Intel 8088 
Cycle Time: main storage. 4 1 0  nanoseconds; access, 250 nanoseconds 
Memory: 40 K bytes of built-in ROM (read-only memory), 

16 K bytes of user RAM (random-access read/ 
write memory); expandable to 256 K bytes 

Standard: keyboard for data and text entry; audio-cassette recorder conn ector; five 
expansion slots for memory, display. printer, communications. and game 
adapters; built-in speaker for music programming; power-on automatic self­
test of system components; BASIC-la nguage interpreter; 16 K bytes of user 
RAM (al l  user RAM includes parity bit) 

Keyboard: total of 83 keys for data and text entry; includes J 0 keys for numeric entry 
and cursor control, I 0 special function keys, and ASCII characters and special 
graphics characters (total 256 characters) ; a utomatic repeat on all keys; 
adjustable typing angle; detachable six-foot coil cable 

Disk drives: up to two 5-inch floppy-disk drives. 1 60 K bytes each (will a ccommodate 4 
drives in future) 

Operating Systems 
IBM Personal Computer DOS (Microsoft) 

Software Available for IBM Personal Computer DOS 
BASIC interpreter (Microsoft) standard; extended BASIC interpreter (Microsoft) S 40; Pascal 
compiler (Microsoft) S 300; VisiCa/c (Personal Software) S 200; EasyWriter ( Information 
Un limited Software) S 1 7 5; General Ledger, Accounts Receivable. Accounts Payable 
(Peachtree Software) S 595 each; asynchronous communications support S 40; Adventure 
(Microsoft) S 30; Advanced diagnostics package s / 5 5 

Hardware Prices 
System Unit 1 6  K-byte RAM. keyboard 
System Unit 48 K-byte RAM. keyboard, single floppy-disk drive, disk-drive adapter 
Monochrome video display 
Combination monochrome-display adapter and printer adapter 
Color-graphics-monitor adapter 
16 K-byte memory-expansion kit 

32 K-byte memory-expansion kit 
64 K-byte memory-expansion kit 
Disk-drive adapter 
Disk drive (5-inch floppy disks) 
Asynchronous communications adapter 
G ame-control adapter 
Keyboard 
Printer 
Printer adapter 
Printer cable 
Printer stand 

S / 265 
2235 

345 
335 
300 

90 
325 
540 
220 
570 
I SO 

5 5  
270 
7 5 5  
I SO 

5 5 -
5 5  
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the 16 available colors, while colors 1 
through 3 are chosen from two 
available color sets. (In the text 
mode, COLOR sets the foreground, 
background, and border colors . )  
• LINE (all BASICs) allows you to 
draw a line, outline a box, or fill in a 
box in whatever colors are available. 
• SCREEN (all BASICs) : "SCREEN 
n" is used to choose text mode (n = O),  
IBM medium-resolution graphics 
(n = I ) ,  or IBM high-resolution 
graphics (n  = 2 ) .  I n  tex t mode,  
SCREEN can also generate a black­
and-white text image and .. choose 
which of several pages are to be in­
dependently viewed and written to. 
•GET and PUT (disk BASIC) :  GET 
allows you to save the graphic image 
within a specified rectangular area 
into a BASIC array. PUT allows the 
stored image to be redrawn at any 
point on the screen, in one of five 
ways: PSET (replace the existing 
image with the s tored image ) ,  
PRESET (replace with the inverse of 
the stored image), XOR (exclusive-or 
the existing and stored images), OR 
(add the stored image to the existing 
image), AND (selectively restore the 
stored image, using the existing image 
as a logical mask) .  
• CIRCLE (advanced BASIC) allows 
you to draw a circle or ellipse with a 
given center, color, radius, and ec­
centricity. In addition, an arc (partial 
circle) may be drawn (the begin and 
end points of the arc can be 
specified) ;  optionally, either or both 
endpoints can be connected to the 
center point. (This last feature exists 
but is not documented in the descrip­
tion of the CIRCLE command in the 
IBM BASIC manual. The end points 
must have an absolute value less than 
or equal to 21r. The same arc is drawn 
regardless of the sign of the end point; 
if the end point is negative, however, 
it is connected to the center point . )  
• PAINT (advanced BASIC) lets you 
specify a starting point, a color, and a 
boundary color. PAINT then starts 
painting the screen the given color 
from the starting point outward until 
it reaches the boundary color. 

Subroutine Interrupts in BASIC 
A very unusual and useful feature 

of the IBM BASIC is its ability to stop 

46 january 1982 © BYrE Publications Inc 

Statement 

BEEP 
CALL 
CHAIN 

CI RCLE 
CLOSE 
CLS 

COLOR 
COM . . .  ON/OFF/STOP 
COMMON 

DATA 
DATE$ 
DEF FN . . .  

DEF SEG 
DEF USR 
DIM 

DRAW 
END 
ERASE 

ERROR 
FIELD 
FOR . . .  TO . . .  STEP 

GET (disk 1/0) 
GET (graphics) 
GOSUB 

GOTO 
I F  . . .  THEN . . .  ELSE 
I N PUT 

KEY ON/OFF 
KEY 
KEY . . .  ON/OFF 

LET 
L INE 
L INE I N PUT 

LOCATE 
LPRINT 
LPRINT US ING 

Descr ipt ion 

beep the internal speaker 
call machine-language subroutine  from BASIC 
execute a new program ,  reta ining values of program 
variables 

draw circle, e l l ipse, a rc ,  or pie·shaped wedge 
close data file 
clear video screen 

set foreground and background colors 
enable/disable activation of ON COM . . .  GOS U B  
mechanism t o  pass variables t o  CHAI N ed program 

standard DATA statement 
set date 
user-defined fu nction 

define cu rrent segment of memory 
define sta rt ing address for USR cal l  
d imension arrays 

draw a graphics command str ing 
end program 
reclaim memory from arrays no longer being used 

simulate a given error condition 
defines fields with in a fi le buffer 
standard FOR loop 

get a record from a random-access fi le 
put g raphics information from screen to array 
execute subroutine 

continue execution at specified l ine 
standard I F  statement 
read data from keyboard or  data f i le 

turn display of funct ion keys on 25th line on or off 
redef ine one of ten function keys 
enable/d isable activation of ON KEY GOSUB 

standard assignment statement (e.g . ,  LET A= 3) 
draw l ine ,  box, or solid box on graphics screen 
read an entire line from keyboard or data f i le 

position cu rsor 
print to pr inter 
pr int to pr inter according to a g iven format 

Table 4b: A summary of IBM BASIC statements. 

execution of a BASIC program to ser­
vice an external interrupt before con­
tinuing the BASIC program. What 
makes this interrupt capability dif­
ferent from that of any other micro­
computer is that the interrupt routine 
is not a machine-language program 
but a BASIC subroutine within the 
BASIC program being used. The 
interrupting events are: a keypress 
from any of the four cursor­
movement keys or the ten function 
keys, incoming information from the 
IBM Asynchronous Communications 

Adapter card, activation of the light 
pen, or a keypress from a joystick 
trigger button. 

The form of these statements is 

ON event GOSUB line 

where event is COMn, KEY(n), PEN, 
or STRIG(n) (joystick trigger), and 
line is the beginning line number of a 
BASIC subroutine . Another condi­
tion for the execution of the sub­
routine is for the event to be ac­
tivated, which is done by an 



Statement 

LSET 
M ID$ 
MOTOR 

N EXT 
ON COM/KEY/PEN/ 

STRIG . . .  GOSU B  
ON ERROR GOTO 

ON . . .  GOSU B  
O N  . . .  GOTO 
OPEN 

OPTION BASE 
OUT 
PAINT 

PEN ON/OFF/STOP 
POKE 
PRINT 

PR INT USING 
PRESET 
PSET 

PUT (disk 1/0) 
PUT (graphics) 
RANDOMIZE 

READ 
REM 
RESTORE 

RESUME 
RETU RN 
RSET 

SCREEN 
SOU ND 
STOP 

STRIG ON/OFF 
STRIG . . .  ON/OFF 
SWAP 

TIME$ 
WAIT 
WEND 

WH I LE 

WRITE 

Descr ipt ion 

left-justify a str ing wi th in  a field 
substr ing substitution statement 
control cassette recorder motor 

ends FOR loop 
interrupt by given event to BASIC subroutine (see text 

for details) 
enable error-trapping routine 

standard computed GOSUB statement 
standard computed GOTO statement 
open a disk or  communications f i le 

al lows array subscripts to start at 0 or 1 
output a byte to a port 
fi l l an area of the g raphics screen with color 

enable/disable activation of ON PEN GOSUB 
put a specified va lue into a byte 
print to video display or f i le 

pr int to video display or  f i le according to a given format 
plot a g raphics point in the background color 
plot a g raphics point in a given color 

write a record to a random-access fi le 
draw a stored image onto the graphics screen 
start a new pseudo-random number sequence 

read info rmation f rom DATA statements 
standard remark statement 
reset pointer to DATA statements 

retu rn f rom an er ror routine 
return from a subroutine 
r ight-justify a string with in a field 

choose text or  g raphics screen for video display 
generate sound from the speaker 
stop program execution 

enable/disable joystick button 
enable/disable activation of ON STRIG . . .  GOSUB 
exchange the values of two variables 

set t ime 
standard Microsoft WAIT statement 
end W H I LE loop 

program loop t hat executes as long as a given condi­
tion is true 

output data to video screen or f i le 

associated set of BASIC commands. 
For example, if the statement 

is executed, using the light pen causes 
the subroutine to be executed as soon 
as a PEN ON statement is executed. 
Similar statements are available for 
COMn and KEY(n), but not for 
STRIG(n) _  

PEN ON 

is executed and the ON PEN state­
ment exists in the program, the 
subroutine will be executed the next 
time the light pen is used_ If 

PEN OFF 

is executed, the use of the light pen 
will not cause the subroutine to be ex­
ecuted. If the statement 

PEN STOP 

With these statements, a program 
can immediately respond to certain 
events that may or may not happen. 

DRAW and PLAY 
One of the most innovative 

features of the IBM BASIC is the use 
of predefined BASIC strings to 
specify a series of draw commands 
(for DRAW) or note-playing com-

mands (for PLAY) _ These strings 
have their origins in the Apple II 
shape tables; but, by extending the 
syntax and allowing the "table" to 
take the form of standard strings that 
can be manipulated by the BASIC 
program itself, the concept has been 
greatly improved. 

Table 5 lists the commands 
available within a DRAW string_ To 
draw a long, narrow rectangle, we 
simply define 

A$ = "R40;UlO;L40;D10" 

This draws 40 units to the right, 10 
up, 40 to the left, and 10 down_ If we 
execute the statement 

DRAW A$ 

the rectangle will be drawn from 
wherever the graphics cursor happens 
to be at that time_ 

One of the most powerful features 
of this graphics-command language is 
the ability to call one string from 
another. For example, to rotate this 
box 90 degrees counterclockwise, we 
could simply command 

DRAW "Al ;XA$;" 

(AI calls for a 90-degree rotation, and 
XA$; executes string A$. )  In addition, 
any command can take its argument 
from an existing variable, so that if 
we say 

DRAW "A = I;XA$;" 

the image will be rotated an 
I-multiple of 90 degrees before being 
drawn_ Note the presence of the 
semicolon at the end of the X com­
mand; this is necessary for the com­
mand to work. 

Photo 11 shows the listing and the 
run of a program that first draws the 
string A$, then draws it in all its rota­
tions . The PSET. statement simply 
moves the graphics cursor to a new 
location before drawing. 

The PLAY sta tement works 
similarly to the DRAW statement, 
but with a different set of commands. 
For example, the statement 

PLAY "Cl;D#2;G - 4" 
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F u nct ion 

ABS 
ASC 
ATN 

CDBL 
CHR$ 
CINT 

cos 
CSNG 
CSRL IN  

CVD 
CVI 
cvs 
EOF 
ERL 
ERR 

EXP 
FIX 
FRE 

H EX$ 

I N  KEY$ 
INP  

I NPUT$ 
INSTR 
INT 

LEFT$ 
LEN 
LOF 

LOG 
LPOS 
M ID$ 

MKD$ 
MKI$ 
MKS$ 

OCT$ 

PEEK 
PEN 

Descr ipt ion 

absolute va lue 
convert ASCI I  character to i ts numeric va lue 
arctangent 

conv<:Jrt to double-precision number 
converts number to equ ivalent ASC I I  character 
round to nearest integer 

cosine 
convert to single-precision number 
returns row number of cu rrent cursor position 

convert string to double-precision number 
convert string to integer 
convert str ing to sing le-precision number 

logical test for end-of-file condit ion 
l ine number of an error that has j ust occu rred 
error code of an error  that has j ust occurred 

exponential function, base e 
truncate to an integer value 
amount of workspace left unused 

converts number to a string conta in ing a hexadecimal number 
equivalent to the or ig inal number 
read a characte r f rom the keyboard 
read 8-bit value from port 

read characters f rom a file 
f ind substr ing with in  a given str ing 
largest integer less than or equal to argument 

take substring start ing with f i rst character 
length of a str ing 
amount of space in a fi le 

natural logar i thm 
carriage posit ion of printer 
extract a substr ing from a g iven str ing 

convert a double-precision number to a str ing 
convert an in teger to a string 
convert a single-precision number to a string 

converts number to a string contain ing an octal number equivalent 
to the original number 
read value of byte in memory 
read light pen 

POINT get color number point on graphics screen 
POS cu rsor column position 
RIGHT$ take substr ing ending with last character 

RND random n umber 
SCREEN character or color at given position (text mode only) 
SGN sign of argument 

S IN sine 
SPACE$ creates a string ful l  of spaces 
SPC pr ints spaces 

SQR 
STICK 
STR$ 

square root 
get coord inates of joystick 
converts a number to a string 

STR I N G$ creates a str ing f i l led with one ASC I I  constant 
TAB spaces over to an absolute pr int  position 
TAN tangent 

· 

USR ca l l  machine-language subroutine 
VAL converts str ing to numeric valu e 
VARPTR get address of variable; or get f i le control block of a fi le 

Table 4c: A summary of IBM BASIC functions. 
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plays a whole C note, a half D-sharp 
note, and a quarter G-flat note . Many 
variations are possible, including oc­
tave and tempo change, note length, 
pauses, substring execution, and 
variable command parameters. In ad­
dition, a sequence of up to 32 notes 
can be stored in a buffer and played 
in background-that is, the BASIC 
program continues to execute, and 
the music is played independently by 
the buffer . 

Communications Files 
If the IBM Asynchronous Com­

munications Adapter is installed in 
the IBM Personal Computer, a 
BASIC program can interact with a 
remote device as if it were a simple 
disk file . GET and PUT can be used, 
as well as the l/0 statements INPUT 
#f, LINE INPUT #f, INPUT$, PRINT 
#f, PRINT #f USING, and WRITE#f. 
In all these cases, f is a file specifica­
tion that has a device name of 
COMl: or COM2 : .  Thus more peo­
ple can write programs that use 
remote devices, because BASIC 
automatically takes care of most of 
the communication details. 

The IBM DOS 
The IBM disk operating system 

(DOS) (written by Microsoft with 
help from Seattle Computer Pro­
ducts) bears a superficial resemblance 
to Digital Research's CP/M operating 
system. (For example, the IBM DOS 
gives the prompt "A > ". )  However, 
the IBM DOS is a scaled-down ver­
sion of Microsoft's 16-bit Unix look­
alike, the Xenix operating system. In 
addition, the commands are better 
worded than in CP/M . For example, 
the cryptic 

PIP B :NEWFILEl = A:MYFILEl 

of CP/M is replaced by 

COPY A:MYFILEl B :NEWFILEl 

which copies MYFILEl from drive A 
to drive B, where it will be named 
NEWFILEl.  Other commands include 
ERASE (to delete a file), FORMAT 
(to format a floppy disk), RENAME 
(to rename a file) ,  DIR (to list the 
directory of a disk), DATE (to set the 
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date), and TIME (to set the system 
clock) .  

The IBM DOS floppy disk contains 
BASIC and BASICA (the disk and ad­
vanced BASICs), as well as some disk 
utility programs. LINK combines ob­
ject files (created by an assembler or 
compiler) into a form that can be 
executed . DEBUG allows you to 
examine both memory and disk files 
and debug a machine-language pro­
gram. Photo 12 shows the DEBUG 
program tracing the execution of a 
program and displaying all the 8088 
registers. 

Another feature of the IBM DOS is 
the file AUTOEXEC. BAT. If a disk 
file with this name is present on the 
disk used to start the system, it is 
automatically executed as soon as the 

IBM microcomputer is working. The 
" .BAT" suffix marks it as a batch file, 
which is a text file of statements that 
are executed sequentially as if they 
had been typed in from the keyboard 
in a manner similar to a CP/M sub­
mit ( .SUB) file or an Apple II EXEC 
file. Because the AUTOEXEC.BAT 
file is a batch file, it can perform 
many operations before giving con­
trol to the user. 

The IBM BIOS 
All software interacts with the 

hardware of the IBM microcomputer 
through part of the DOS called the 
BIOS (basic input/output system) .  In 
the IBM microcomputer, all calls to 
the BIOS are done as 8088 software 
interrupts. There are 256 such inter-

Com m and 

Un 
Descr ipt ion 

move up n steps 
Dn 
Ln 
Rn 
En 
Fn 
Gn 
Hn 
Mx,y 
Bx,y 
Nx, y 
An 
Cn 
Sn 
Xstring$; 

move down n steps 
move left n steps 
move right n steps 
move diagonal ly up and to the right n steps 

move d iagonally down and to the right n steps 
move diagonally down and to the left n · steps 
move diagonally up and to the left n steps 
move to point (x,y) or (if in relative mode) move (x,y) un its from 
cu rrent posit ion;  plot a point 
same as M,  but no point is plotted 

same as M, but return to original location when finished 
set angle as a multiple of 90 degrees (n = 0 through 3) 
set cu rrent color to n 
set scale factor (step size) 
execute substring string$ 

Table 5: Commands for the DRA W statement. 

'W - ---· - - � 
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Photo 10: The back panel of the IBM Personal Computer. See the text for a description 
of the plugs and sockets. 
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rupts available on the 8088, of which 
193 are used by DOS and BASIC. 

BASIC uses many of the reserved 
interrupts to interact with the rest of 
the machine. By using the interrupts 
as "hooks" to the actual routines, 
which are stored in high memory (see 
table 6), the system can add new 
devices and change the behavior of 
existing ones by writing new routines 
in user memory and changing the 
appropriate interrupt vectors to point 
to the new code. In fact, this is how 
the disk and advanced BASICs add 
features to the cassette BASIC in 
ROM. In the same way, a program­
mer with sufficient skill can extend 
the behavior of the IBM Personal 
Computer by modifying the BIOS 
and placing the commands needed to 
patch them into the system into an 
AUTOEXEC.BAT file; the batch file 
should end with a program that ex­
ecutes an INT 27 interrupt, which 
allows the code to remain in the 
system until it is turned off. Much 
technical information (including an 
80-page fully documented listing of 
the IBM BIOS) is included in the 
manual Technical Reference. 

One interesting use of the IBM 
BIOS relates to the IBM keyboard. 
The keyboard, which contains an In­
tel 8048 microprocessor, does not 
deliver ASCII codes to the System 
Unit .  Instead, it delivers two scan 
codes per keypress: one when the key 
is pressed, and a different one when 
the key is released. The IBM BIOS 
decodes the scan codes into an 
extended ASCII code that can return 
256 one-byte codes and several two­
byte codes for each keypress. 

How Fast Is IBM BASIC? 
Surprisingly, IBM BASIC is not 

much faster than its 8-bit counter­
parts. Table 7 compares the execution 
times of five BASIC programs on 
several popular microcomputers; the 
programs themselves are in listing 1 .  
The first four benchmarks test an 
empty do-loop, division, subroutine 
jumps, and the MID$ string function. 
The fifth test is a slightly modified 
version of Jim Gilbreath's Sieve of 
Eratosthenes benchmark program 
(see "A High-Level Language Bench­
mark ,"  September 1981 BYTE, page 
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180); note that the algorithm accesses 
lots of memory but uses only addition 
and subtraction. 

The results of these comparisons 
are not encouraging. For example, 
IBM BASIC is somewhat faster than 
Applesoft, but the difference is 
modest, and Applesoft is one of the 
slower microcomputer BASICs. (All 
the BASICs tested are versions of 
Microsoft BASIC . )  A comparison of 
IBM BASIC to Microsoft MBASIC 
4.51 running on a 4-MHz Z80-based 
machine shows MBASIC to be faster 
in everything but division; this last 

Address 
(in Hexadecimal) 

00000 
00080 

00400 
00500 
1 0000 (decimal 64 K) 
40000 (256 K) 

AOOOO (640 K) 
A4000 (656 K) 

COOOO (786 K) 

FOOOO (960 K) 
F4000 (976 K) 

F6000 (984 K) 

FEOOO { 1 0 1 6  K) 

Locat ion 

on System Board 

on memory card 
not available now; 
reserved for future 
expansion 
? 
on video boards 

? 

? 
on System Board 

makes sense in that the 8088 micro­
processor has a hardware divide in­
struction, which accounts for its 
better performance in . the division 
benchmark. Still, it seems that IBM 
BASIC does not have a definite 
superiority over its 8-bit counter­
parts. 

Although I hesitate to draw conclu­
sions about the IBM microcomputer's 
performance in disk-based or 
machine-language programs, it is 
obvious that the IBM microcomputer 
does not gain a speed advantage from 
its memory access-the 8088 micro-

Type Funct ion 

RAM BIOS interrupt vectors 
BIOS available inter· 
rupt vectors 
BIOS data area 
workspace memory 
workspace memory 
proposed workspace 
memory 

? reserved 
RAM reserved for all forms 

of video display (note 
1 )  

? memory expansion 
area 

? reserved 
ROM/PROM 8 K·byte slot available 

for user programs 
ROM 40 K·byte BASIC in 

ROM 
BIOS code in ROM 

Note 1 :  Not a l l  th is space is currently in use. The memory for the monochrome adapter 
card starts at hexadecimal BOOOO (704 K bytes), and the memory for the 
color/graphics card starts at hexadecimal B8000 (736 K bytes). 

Table 6: Memory map of the IBM Personal Computer. 

4 M Hz Z80 Radio S hack 
I BM Applesoft M BASIC 4.51 TRS·80 Model I I  

rat io rat i o  rat io 
Benchmark t ime  t ime  t o  I B M  t ime  to  I B M t ime t o  I B M  

empty do-loop 6.43 6.66 1 .04 5.81 0.904 7.98 1 .24 
division 23.8 29.0 1 .22 24.9 1 .05 1 9.4 0.8 1 5  
subroutine jump 1 2 .4 1 3 .9 1 . 1 2  9.4 0.758 1 7 . 1  1 .38 
M I D$ (substring) 23.0 32.3 1 .40 1 8.6 0.809 24.8 1 .08 
prime number 1 90 241 1 .27 1 51 0.795 1 89 0.995 

program 

Table 7: Benchmark results for the IBM Personal Computer against several 8-bit 
microcomputers: an Apple II Plus running Applesoft BASIC, a 4 MHz Z80 
microcomputer running MBASIC 4 .51 ,  and a Radio Shack TRS-80 Model II running 
Model II BASIC. All times (given in seconds) and ratios are valid to three significant 
digits. See listing 1 for the actual benchmark programs. 
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Listing 1 :  BASIC benchmark programs 
used in table 7. Listing la tests an empty 
do-loop; the two constants are included to 
allow the isolation of the features being 
tested in listings 1 b  and lc .  Listing l b  tests 
the division operation. Listing lc  tests a 
subroutine call-and-retu rn sequence. 
Listing ld tests the MID$ (subst,·ing ex­
traction) operation .  Listing le is the Sieve 
of Eratosthenes algorithm to generate 
prime numbers; it is used as a composite 
benchmark of several BASIC features 
working together in a short, but non­
trivial, program. 

la 

60 (..'o=<2 . " !l K::B 
80 B=::: . 1 4 l �:j9  

1 00 F OR I '= 1 TO �;(>(>() 
:::::::o NE X T  I 

lb 

60 f4=2 . 7 1. 828 
80 8 = :5 .  1 4 1  �;9 
1 0 0 F OF;: I = :l T O  ::;ooo 
1 20 C=A / B  

::::20 N E X T  I 

lc 

60 l'o=2 .  7 1 828 
80 B=:3 .  1 4 1  �;9 
1 00 F O F: I = 1  TU ::.;ooo 
1 20 GO SUB 1 00 0  

320 N E X T  I 

:::A o  END 

1 000 F:ETURN 

ld 

8 0  A $ = " ab c d e f g h i j k l m " 
1 00 FOR 1 = 1  T O  5000 

1 20 B $ = M I D$ ( A $ , 6 , 6 ) 

320 N E X T  I · 

le 
S I :Z. E =7000 

2 D I M  F L A G S < 7 0 0 1 l 
3 PF\� l i'� T 1 1 Dn l y  1 i t e r at i on '1 
5 COUNT=O 

6 FOR I = 1  T O  S I Z E 

7 FLAGS ( I ) "' 1 

8 NE X T  I 

9 F OR I =O TO S I Z E 

1 0  I F  F L A G S < I l =O THEN 1. 8 
1 1. F'Fd 1'1E= I +  H-::; 

1 2  f:::= I + P R  I 1'1E 

1 3  I F  K >S I Z E T H E N  1 7  
1 4  FLAEiE; < I< )  =0 

1 !:-i  f< =K+PF I MI:O:: 

1 6  GOTD 1 :3 

1 7  COUNT=COUN T + 1  

1 8  NE X T  I 

1 9  PR I I\l T  C O U N T , "  p r- i rn!2S' " 
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processor has to get memory one byte 
at a time, like the 8-bit 6502 and Z80. 
Still, this does not fully account for 
the IBM microcomputer's modest per­
formance . Perhaps IBM's BASIC has 
only been translated from its 8-bit 
predecessors and not optimized for 
the 8088's instruction set. 

Documentation 
IBM uses the slogan "The IBM of 

Personal Computers" in one of its 
advertisements . The manuals that ac­
company the IBM microcomputer 
and various pieces of software could 
likewise be called . 'The IBM of 
Documentation . "  They will set the 
standard for all microcomputer 
documentation in the future. Not 
only are they well packaged, well 
organized, and easy to understand, 
but they are also complete. With the 
inclusion of the manual Technical 
Reference, the IBM Personal Com-

Photo 11: A demonstration of the DRA W 
command. See the text for details. 

Photo 12: An example of the DEBUG pro- . 
gram at work. 
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puter is as well documented as any 
existing microcomputer, and the 
documentation is available much 
earlier in the life of this machine than 
it has been for other machines. 

Each manual is in a hardcover 
D-ring binder with its own slip cover. 
The pages are 14 by 21.6 em (5 .5 by 
8 .5  inches), and the binder is built so 
that the opened book lies flat. In­
cluded with the minimal configura­
tion IBM microcomputer are manuals 
titled Guide to Operations and 
BASIC. A separate boxed manual is 
given with each software package; 
some IBM Personal Computer pro­
ducts have softcover documentation 
booklets. 

Guide to Operations explains the 
capabilities of the IBM Personal 
Computer system and provides infor­
mation to be used in the setup and in­
itial operation of the microcomputer. 
A 145-page section called "Opera­
tions" describes the IBM keyboard 
layout and usage, the IBM 80 CPS 
Matrix Printer, the IBM DOS, and 
selected information on IBM BASIC. 
Other sections tell you what to do if 
the IBM microcomputer doesn't 
work, what additional peripherals are 
available for the system, and how to 
prepare the system to physically 
move it to another location. The 
manual is written in a friendly, 
tutorial manner and includes the 
basic information that most manuals 
take for granted (i .e. , how to turn the 
machine on, how to start BASIC) .  

BASIC is 406 pages long and con­
tains a 258-page section that fully 
describes each BASIC command, 
function, statement, and variable. 
Each BASIC keyword is documented 
under several headings: format (the 

. syntax of the keyword), versions ( the 
version or versions of IBM BASIC 
under which the keyword is avail­
able), remarks (a commentary that 
further explains the use of the 
keyword), and an example. Other 
sections describe the use of the BASIC 
Program Editor, floppy-disk I/0, 
communications files, and other 
topics. 

The Reference Manual 
The manual Technical Reference 

deserves special recognition simply 

for its existence. It is 372 pages long 
and is in three sections, plus appen­
dixes; its price is a modest $36. Sec­
tion 1 gives a short overview of the 
IBM Personal Computer System and 
some of its internal workings . Section 
2, which is 147 pages long, gives a 
functional specification for every 
piece of hardware in the IBM Per­
sonal Computer product line. This in­
cludes highly detailed specifications 
of the operation of the hardware, 
pinouts for peripheral connectors, 
and connection diagrams showing 
how to interface IBM peripheral cards 
with non-IBM devices. Section 3 
describes the IBM BIOS.  Five appen­
dixes give additional information, in­
cluding a complete, commented 
listing of the. IBM BIOS and 
schematics for all hardware in the 
system. 

I'm sure that adventurous micro­
computer enthusiasts will discover 
many more things about the IBM 
microcomputer as they buy and use 
the machine. But Technical Reference 
gives us a tremendous amount of in­
formation from the start. Most com­
puter enthusiasts will want to have a 
copy of this book. 

Sales and Service 
Many companies are trying to 

become authorized IBM dealers; at 
the time of this writing, all Com­
puterland stores are authorized 
dealers, and Sears Roebuck and Com­
pany has announced plans to sell the 
IBM Personal Computer through its 
Sears Business Systems Centers. IBM 
itself will sell its microcomputer 
through the IBM Product Centers in 
Baltimore, Philadelphia, and San 
Francisco .  Since a potential dealer has 
to qualify as an authorized repair 
center before a dealership will be 
awarded, service will always be avail­
able from the dealer that sold you the 
unit.  

IBM is also offering warranty ex­
tensions to increase the 90-day war­
ranty that comes with the machine to 
-one year, as well as annual main­
tenance contracts. The prices are 
reasonable; for example, the prices 
for a 48 K-byte system with one flop­
py disk and the monochrome display 
are $154 for the warranty extension 



reader han m and 1 
punched eards interchangably/111"' 
including many colors of pen or 
pencil .  Absolutely no operator 
adjustment required. Includes a 
number of switch-selectable features for 
application tailoring without extra cost. 
• Reads strobe marks right or left, or self-clocking on both 

80 column punch and mark-sense cards. 
• RS-232 ASCI I  output (with Hol lerith to ASCI I  conversion 

if necessary), or parallel TTL output. 
• Six in-per-sec. card feedthru, or auto return to the front 

after read. 
A built-in self test feature checks all 1 3  channels with a 
diagnostic card. The Model 1 21 -4 operates on 50 /60 CPS. 

· Specify voltage as either 1 1  0 or 230 VAC. 
The Model 1 21 -4 is the most flexible and capable hand-fed 
card reader on the market at any price, and the price is right. 
You' l l  find it to be ideal for a variety of inventory control and 
data col lection tasks. Call or write for more information on 
the latest optoelectronic solution from HEI .  

The Optoelectronic Specialists 

HEi inc. 
Victoria, MN 55386 • 61 2-44 3-2500 
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and $196 for the annual maintenance 
contract. On the other hand, the 
prices for the IBM 80 CPS Matrix 
Printer (which has a lot of moving 
parts) are $141 and $179, respec­
tively. 

Prices may become a source of 
potential bad feelings between you 
and the dealer. The prices quoted in 
the "At a Glance" textbox are sug­
gested r e t a i l  p r i ces that  are 
guaranteed to be in effect only at the 
three IBM Product Centers, listed 
above. Dealer prices may vary from 
this somewhat-expect a variation 
between $10 and $100 on most pro­
ducts, depending on their suggested 
price. However, at the time of this 
writing, one authorized IBM dealer is 
sel l ing the Peach tree Software 
business packages (General Ledger, 
Accounts Receivable, and Accounts 
Payable) at $995 each, a full $400 
above the IBM suggested price of 

Advanced BASIC adds 
event trapping, some 

advanced graphics 
commands, and an 

advanced m usic-playing 
command. 

$595 . Since the IBM suggested price 
includes a sufficient profit margin for 
most products, I think this price 
(which I confirmed with the dealer) is 
exorbitant. 

The moral is to shop around for the 
best prices, if you can.  However, this 
may be difficult for two reasons. 
First, IBM is probably going to 
authorize only one dealer per 
geographic area, at least initially. 
Second, the IBM microcomputer pro­
duct line is probably not going to be 
available by mail for quite some time. 
Another problem with buying soft­
ware from a dealer in a distant city is 
that the dealer is going to be responsi­
ble for software support. Still, for 
$400, I would be tempted to buy my 
software in another city and make 
some long-distance calls when I need­
ed software support. 

Other Vendors 
When the IBM Personal Computer 

was introduced last fall, IBM was the 

Circ le  248 on i nquiry card. -



sole supplier of both hardware and 
software . But potential hardware and 
software vendors have wasted no 
time in providing products for what 
they feel will be a very popular 
microcomputer. In particular, Life­
boat Associates announced last Oc­
tober that it is "making available 
most of its existing applications pro­
grams to serve users of IBM's new -
16-bit Personal Computer. "  When 
this is accomplished, it will do a lot to 
ease the shortage of business and 
applications software that currently 
exists for the IBM Personal Com­
puter. 

(In a related development, Lifeboat 
also announced that it will be selling 
all its 16-bit software for the SB-86 
operating system, which is its name 
for the IBM disk operating system. 
The fact that IBM, Microsoft, and 
Lifeboat have put their names behind 
this 16-bit operating system poses a 
serious threat to Digital Research's 
prospects of dominating the 16-bit 
market with its new CP /M-86 8086 

operating system, as it has the 8-bit 
arena with its popular CP/M 8080 
operating system. )  

As for hardware, several gaps will, 
for the moment, be filled by outside 
vendors. IBM does not currently sup­
ply a high-quality RGB color 
monitor, a letter-quality printer, or 
any of the special input devices pro­
vided for in the system (joystick, light 
pen, paddles) . IBM's position is that 
the potential demand for these pro­
ducts will cause third-party vendors 
to independently market them. (In 
the next section, I will discuss some 
problems with this philosophy. )  In 
addition, the expansion slots provide 
the opportunity to interface the IBM 
microcomputer with many outside 
devices. Given a reasonable period of 
time, plenty of hardware and soft­
ware will probably be developed for 
the IBM Personal Computer. 

One other item of interest is the 
announcement of a new magazine 
called PC: The Independent Guide to 
the IBM Personal Computer. It is 

A new and powerful computer has been born , • •  
the System 83. The versatile UNIX* operating system 

pilots the System 83's raw power through a myriad of 
software such as "C", FORTRAN, PASCAL, BASIC, COBOL, 

and even Networking. Step into a bold new frontier with more 
' power than you ever dreamed possible. 

0 UNIX Y7 configured by UNISOFT** 0 Full IEEE 696/S-100 Com­
patability 0 MC68000 8MHz Processor 0 32-Bit Data Operations 

with 32-Bit Internal Registers 0 16-Bit Data 
Transfer Operations 0 Memory 
Management Allows 
Concurrent Use of 
Mapped and Non­

mapped Address space 
Main Memory Directly 

Addressable 0 7 Vectored Interrupt levels 
0 256 Kb of RAM with Parity Per Board Slot 
• UNIX is a trademark of Bell Laboratories and is su pported on the 

DUAL System 83 by U N ISOFT 
**UN ISOFT is a trademark of UN 150FT Corporation of Berkeley, CA. 
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published by David Bunell, of Soft­
ware Communica tions, Inc . ,  44 
Montgomery St . ,  San Francisco, CA 
94104; subscriptions are $12 for 12 
issues. It should be of great interest to 
owners of the IBM Personal Com­
puter. 

Current Weaknesses 
The IBM Personal Computer is a 

very good machine, but it does have 
some shortcomings. This is no reflec­
tion on IBM's ability to design a 
microcomputer; rather, it is a reflec­
tion of the trade-offs between 
capability and cost that had to be 
made to make the machine com­
petitive in the existing market. 

The most serious weakness of the 
IBM Personal Computer is the small 
number of expansion slots available 
for future use . Note that I say "for 
future use"; one slot is taken up by a 
video adapter card (or two if you 
want both kinds of display), and 
another is taken up for each of the 
following devices : the 5 % -inch 
Diskette Adapter card (if you want a 
floppy disk) ,  the Asynchronous 
Communications Adapter card (if 
you want an RS-232C port), the 
Printer Adapter card (if you have the 
color I graphics video card and want a 
parallel printer), and the Game Con­
trol Adapter card (if you want 
joysticks or game paddles) .  Since you 
need an empty expansion slot for 
each 64 K bytes of memory above 
the first 64 K bytes, it is obvious that 
you cannot put everything into the 
IBM microcomputer that you might 
want to.  The most frequently en­
countered limitation is the amount of 
memory you can have in the micro­
computer; if you want a floppy disk 
and the RS-232C card, you can have 
only ( ! )  192 K bytes of memory-all 
five slots are filled. With a moment's 
reflection, you will see that the ex­
pansion slots in the IBM Personal 
Computer will fill rather quickly. 

At the moment, the IBM Personal 
Computer system is weak with 
respect to word processing. First, 
IBM does not market a letter-quality 
printer. This means that, if you want 
to do word processing on the IBM 
microcomputer, you have to trust 
that your IBM dealer will also sell 
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TWO TO 
REMEMBER 
The Ultimate 
Dynamic IEEE 696/ 
S-100 Memory . . .  
Available now from Dual Systems : 
DMEM/256 memory boards. Put 
the most density of memory ever 
available on your IEEE/S-100 bus. 
Get industrial-grade quality with 
this ruggedly built board ; it's 
been burned in  for 168 hours. 

0 FULL 256 Kb on a single board. 
0 TWO I NDEPENDANTLY 

ADDRESSABLE 128 Kb BLOCKS. 

0 RUNS IN 8 MHz System. 
0 RUNS AT. 4 MHz BUS SPEED 

(no wait states). 
0 RUNS IN 8 OR 16-BIT systems 

with 8 or 16-bit wide data paths. 
0 EXTENDED 24-BIT ADDRESSING 
0 PARITY ERROR DETECTION ­

generates either interrupt or 
bus error signals on error. 

0 DMEM/256K . . . . . . . . . . . $1245 
0 DMEM/256KP ( Parity) . . .  $1345 

Static IEEE/S-100 
Memory with 
Non-Volatility 
The Dual Systems CMEM memory 
boards combine high speed 
CMOS memories with new 5-10 
year lithium batteries to give you 
the nonvolatility of an EPROM 
board while retaining the instant 
writability of a high-speed 
read/write RAM. 

0 RUNS AT 6 MHz 
( no wait states). 

0 8 OR 16-BIT with 8 or 16-bit 
wide data paths. 

0 EXTENDED 24-BIT 
ADDRESSING and bank select. 

0 CMEM/32K . . . . . . . . . . . . . $895 
0 CMEM/16K . . . . . . . . . . . . . $795 
0 CMEM/8K . . . . . . . . . . . . . . $695 
OEM and Dealer pricing is available. 

Sales representatives i n  most metropolitan areas. 

system reliability/system integrity 

DUAL SYSTEMS 

720 Chan n i ng Way, Berkeley 94710 
(415) 549-3854 · Telex : 1 72029 SPX 
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you a letter-quality printer and cable 
that will work properly with your 
software. This problem of com­
patibility has been very common in 
the microcomputer industry to date. 
It is surprising that IBM, which has 
worked so hard in some other areas 
to avoid this problem, has literally 
left it to chance here. 

Of course, the explanation of 
"limited resources" can be given here, 
too . That is, if IBM had waited until 
it had everything lined up, the pro­
duct would not have been introduced 
as early as it has been . Still, the 
criticism stands that, by not pro­
viding a full product line, the IBM 
Personal Computer system, through 
no fault of its own, may fall prey to 
hardware and software incompatibil­
ity, thus creating still more dis­
appointed microcompufer users. 

Another weakness of the IBM Per­
sonal Computer as a word processor 
is the lack of versatile word­
processing software to drive the 
machine. The only word processor 
available at the time of this writing is 
Information Unlimited's EasyWriter. 
I was given a chance to work with the 
EasyWriter word processor on the 
IBM microcomputer, and I found a 
few things I didn't like about i t .  In 
general, the software didn't seem to 
be of the same caliber as, say, 
VisiCalc or the Peachtree business 
packages. Specifically, at times the 
software left me not knowing exactly 
what to do next, and I found the 
scrolling-both up and down-to be 
slow. (Scrolling down is understand­
ably slow because the entire screen 
has to be rewritten, but scrolling up is 
usually fast, whether it be on a 
memory-mapped video display or a 
terminal .  On the IBM EasyWriter, the 
scrolling is as slow going up as it is 
going down. )  I have used the Apple II 
version of EasyWriter extensively, 
and my opinion of it is the same as for 
the IBM version: it is a good piece of 
software for the money, but it isn't as 
versatile as some applications re­
quire. 

I'm sure that Magic Wand, Word­
Star, or something similar will be 
available very soon for the IBM 
microcomputer, but EasyWriter is the 
only choice for the moment.  My ad-

vice is : if you have an IBM Personal 
Computer, use the EasyWriter pack­
age a lot before you buy it .  If you are 
looking for a system to be used 
primarily for word processing and 
you can't afford to wait for better 
software, I suggest that you look at 
other existing systems, such as the 
Radio Shack TRS-80 Model II or the 
Xerox 820 . The IBM system, as it cur­
rently stands, does not compare 
favorably with these other systems. 

Another limitation of the IBM Per­
sonal Computer is that, even though 
up to 256 K bytes of memory are 
available, the extended Microsoft 
BASIC cannot access more than a 
64 K-byte workspace (I assume this 
includes both program and data) ,  
even though the IBM Pascal Compiler 
(also by Microsoft) and other pro­
posed system software are said to be 
able to access all the workspace 
memory in the machine. Sixty­
four K bytes seems to be so much 
memory, especially since we are used 
to program, data, and the BASIC in­
terpreter fitting . into 64 K bytes. Still, 
it's unfortunate that all that extra 
memory (which is one of the main 
reasons for buying the machine) can't 
be used by BASIC, the computer 
language that will probably most 
often be used on the machine . 

Another weakness that must be 
mentioned is an extension of one 
previously discussed: the IBM dealer 
will have to supply certain useful or 
even vital components of a complete 
IBM microcomputer system. IBM 
says it has no interest in manufactur­
ing color monitors, letter-quality 
printers, joysticks, or light pens, nor 
can IBM supply you with the cables 
that will have to be made to connect 
these devices to the IBM micro­
computer. In addition, if you want to 
connect your IBM microcomputer to 
a standard color TV (which is what 
most people will do), you will have to 
rely again on the judgment of your 
IBM dealer for the correct cable and 
RF modulator. I'm sure that in most 
cases no serious problems will arise, 
but by not making the entire product 
line itself, IBM has lost its guarantee 
of total system compatibility . 

As someone not unacquainted with 
the programming of games, I found a 
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Toughest Boards 
in Town . . .  
I EEE 696/S-1 00 
NON-STOP CLOCK 
Keeps ti me with power off. O u r  
i n d ustrial clock util izes a new 
l ith i u m  battery for 3-9 years use. 
Easiest clock to program you'll ever 
see. Runs in all 5-100 syste ms. 

0 Year, date, hrs,  m ins, sees, msecs. 
0 Uses new LSI CMOS chip. 
0 Vectored interrupts. 
0 CLK-24 . . . . . . . . . . . . . . . . . . . .  5250 

AID C ONVERTER 
I EEE696/S-100 AIM-12 i n d ustrial 
standard m o d u l e  designed for 
industrial analog-to-digital use. 
0 Runs in  al l  S-100 systems. 
0 32-channel, 1 6-diffe rential 0 1 2-bit 
resolution/accuracy. 0 25-microsecond 
conversions.  
0 Instrumentation ampl ifier. 
0 BAS I C  program provided. 0 AIM-12, 
5695 or 5785 w/1-1000 gain transducer 
ampl ifier. 

DIA C ONVERTER 
AOM-12 I EEE6961S-100 i n d ustrial 
level d igital-to-analog (D/ A) 
converter. 
0 1 2-bit ± 1/2 L .S .B.  accuracy over 
full 0-70°C tem perature range. 
0 Outputs 0-10, ± 5, or ± 10 volts. 
0 Short circuit protection, all outputs. 
0 Switch-programmable for m u ltiple 
boards. 
0 AOM-12, 5575 

VIC 4-20 
Stand ard output for i n d ustrial 
control 4-20 rnA D/A converter. 
Used i n  conj u n ction with the 
DIA board. 

VIC4-20, 5445. 

DUAL 77 Data Acquisition 
and Control System-

Bui lt to industrial standards; designed 
for severe environ m ents. BASIC 
language makes programming easy. 
Access to hundreds of sensors. 
Expandabi lity to meet your increased 
needs. Nonvolatile memory. Power 
interruption recovery with automatic 
restart. DUAL 77 is economical; 
55985 & up. 

system reliability/system integrity 

DUAL SYSTEMS 
720 Channing Way, Berkeley 94710 
(415) 549-3854 • Telex : 172029 SPX 
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few inadequacies with the graphics 
commands of the extended Microsoft 
BASIC.  Although the graphics­
definition language is excellent, 
shapes are allowed to rotate only in 
90-degree increments. In addition, the 
only way I found to detect the colli­
sion of a drawn shape with the con­
tents of the screen is through a 
POINT function that gives the color 
number of a given point on the 
screen. Although this can, with some 
effort, be used for that purpose, it 
falls far short of the methods of de­
tecting collisions available on the 
Apple II and the Atari 400/800 com­
puters. Perhaps some enthusiastic 
programmer will find a memory loca­
tion that indicates whether or not a 
drawn shape has collided with 
another image on the screen. In any 
case, these are small criticisms of a 
machine that does so many things so 
well. 

Speculations 
One interesting thing about IBM is 

that it refuses to acknowledge the 
existence of any product that is not 
ready to be put on dealers' shelves 
t o m orrow . A l t h o u g h  t h i s  i s  
frustrating a t  times, i t  i s  a refreshing 
change from some companies' prac­
tice of announcing a product even 
before its design is finished. Here are 
some speculations about future IBM 
Personal Computer products. The 
first two are almost assured, while the 
rest follow in increasing degree of 
uncertainty. 

• Two more disk drives. Although, at 
the time of this writing, IBM main­
tains that only two disk drives are 
avai lable  for  the IBM micro­
computer, Technical Reference in­
dicates in several places that provi­
sion is made for two external disk 
drives to be connected to the 5%-inch 
Diskette Drive Adapter via the DB-37 
connector on the back of the adapter 
card. (See the leftmost plug in the ex­
pansion slot area in photo 10 . )  
• An 808618088 macro assembler. 
The Technical Reference bibliog­
raphy lists a manual for the IBM Per­
sonal Computer Macro Assembler. It 
may be available by the time you 
read this article. 

Now we start with the specula­
tions: 

• SofTech  M icrosys tems ' UCSD 
p-System. IBM announced that this 
operating system would be available 
for the IBM Personal Computer; this 
would make UCSD Pascal, FOR­
TRAN, and BASIC available, and it 
would allow the IBM microcomputer 
to run the same programs as other 
UCSD systems . However, IBM 
would not give me any availability 
dates. 
•A typing tutorial program. This 
was mentioned once in the front of 
the IBM Guide to Operations-but 
then, so were j oysticks and RF 
modulators. Microsoft may adapt its 
Typing Tutor for the IBM Personal 
Computer. 
•An official letter-quality printer and 
a major-league word processor. IBM 
may have plans to do this, or it may 
be relying on manufacturers' eager­
ness to expand their potential market .  
Someone will probably do it ,  but it 
may not be IBM . 
•An "expansion box" to increase the 
number of .peripheral cards that can 
be placed in the computer at one 
time. This would resolve a design 
limitation of the IBM Personal Com­
puter as it now exists. 
•A 128 K-byte (or more) memory 
board. As the 64 K-bit memory ICs 
decrease in price and be�ome more 
available, IBM may market expan­
sion boards that hold more than their 
current 64 K-byte limit .  This would 
free up one or two expansion slots, 
but it might also allow the IBM Per­
sonal Computer to hold more than 
256 K bytes. 
• A database management system. 
This, like many other business pack­
ages, is needed to strengthen the posi­
tion of the IBM microcomputer in the 
business area. 
•An official RGB color monitor. I 
don't think IBM is going to go for this 
one, but it should. I have seen three 
separate IBM Personal Computers 
with RGB monitors. In all three cases, 
the monitor used did not have an in­
put for the intensity signal and so 
could display only eight of the sixteen 
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possible colors. This is, again, a situa­
tion where IBM has surrendered the 
guarantee of complete compatibility 
by not manufacturing the product 
itself. 
•A Winchester hard disk (the bigger, 
the better). Admittedly, this is a real 
guess, but it would make the IBM 
Personal Computer more attractive 
for certain business applications. The 
Apple III, a direct competitor to the 
IBM microcomputer, is now being of­
fered with a Winchester disk. Is IBM 
going to ignore this? 
•Memory expansion past 256 K 
bytes. It may be possible to replace 
the 16 K-bit 4116 dynamic memory 
integrated circuits with the new 
64 K-bit devices, both on the main 
printed-circuit board and on the 
memory-expansion cards. If this can 
be done, the theoretical memory limit 
is the 20-bit, one-megabyte address­
ing limit of the 8088 microprocessor. 
The actual limit is somewhat less than 
that-a memory map in the Technical 
Reference manual (see table 6) allows 
room for "future expansion" of 576 K 
bytes, for a total of 832 K bytes. 

Summary 
When I look at the several inches of 

IBM Personal Computer manuals 
that fill my bookshelf, I am reminded 
that there is so much about this 
system that I have left out .  Still, I 
have tried to talk about the most ex­
citing and most important aspects of 
the system. The genius of the people 
who designed the IBM micro­
computer is that they managed to do 
every thing conventionally but  
well-the IBM Personal Computer 
doesn't have any startling innova­
tions, but it also lacks the moderate­
to-fatal design problems that have 
plagued other microcomputers. 

The IBM Personal Comptuer isn't 
as well supported as the Radio Shack 
TRS-80 family or the Apple II, but 
then it hasn't been around very long. 
In two years or so, I think the IBM 
microcomputer will be one of the 
most popular and best-supported 
microcomputers around. This micro­
computer is as close as I've ever seen 
to being all things to everybody. IBM 
should be proud of the people who 
designed it .  • 

Circle 319 on inquiry card. 
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