Programming Duickics

KIM-1 Multiplication and Division

James C Couchman, General Dynamics Corp, Fort Worth
Division, POB 748, Fort Worth TX 76101

When I bought a MOS Technology KIM-1 microcom-
puter to use in a specific control function, it arrived with
a set of comprehensive instruction, programming, and
hardware books. As soon as I connected a 5 V power
supply, | was able to interact with the machine through
the hexadecimal keyboard and light-emitting diode (LED)
display. It was a bit more difficult to get our Teletype to
work with the KIM-1, but with a slight adjustment to the
teleprinter timing, the problem was cured. .

The KIM-1 is still a real bargain, with features in-
cluding the 6502 microprocessor, 2 K bytes of read-only
memory (containing the Keyboard Input Monitor from
which the name is derived), an interval timer, fifteen
input and output lines, 1 K bytes of programmable
memory (with address logic for 16 K bytes), and prob-
ably some features | have not yet discovered.

Since the KIM-1 is programmed in machine language
using a set of fifty-six instructions, [ believe that the best
way to learn to program it is to not just read about it, but
do it. One should just start writing code, and, in time, the
power of the basic instruction set will really be under-
stood and appreciated,

Once the user is familiar with the capabilities of the
KIM-1, he begins to wish that it could do more. One tool
that provides more capability is a set of software routines
that perform sixteen-bit multiplication and division on
the 6502 processor. After I searched for a suitable set of
routines, [ concluded that I would have to write my own,

To prevent you from having to “reinvent the wheel,”
I am presenting these routines here. In developing these
routines, [ enlisted the invaluable assistance of my
associates G R Arnett and ] R Williamson. These routines
should work without much difficulty on other 6502-
based computers,

Sixteen-Bit Routines

These routines can multiply and divide two 16-bit
signed quantities together and produce a signed 16-bit
result. The routines are written as relocatable sub-
routines.

In multiplication, the high-order byte of the first
multiplicand is loaded into hexadecimal location 0000,
and the low-order byte into location 0001. The high-
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order byte of the second multiplicand is put into location
0006, and the low-order byte into location 0007.

In division, the high-order byte of the divisor is loaded
into hexadecimal location 0000; the low-order byte into
location 0001. The high-order byte of the dividend is
placed into location 0006, and the low-order byte is load-
ed into location 0007, If the value of the divisor is zero,
the division routine will return control to the calling pro-
gram.

For both the multiplication and the division routines,
the answer is returned in hexadecimal locations 0002
(high-order} and 0003 (low-order byte). It should not be
very hard to change this if need be.

An example of a simple calling routine is shown in
listing 1. The calling sequence is essentially the same for
both multiplication and for division; only the value con-
tained in the two bytes that follow the jump-to-sub-
routine (JSR} instruction must be changed.

Listing 1a: Calling sequence for 16-bit multiply subroutine.

Address Code

0007 20 (JSR)
0008 00

0009 0l (multiply}
O00A A9 (LDA)
0C0B 00

000C FO

000D FC

Listing 1b: Calling sequence for 16-bit divide subroutine.

Address Code
0007 20 (JSR)
0008 30

0009 00 {divide)
000A A9 (LDA)
C00B 00

000C FC

000D FC



Cirele 165 on inquiry card.

Disc/3

MART, INC.

DO IT YOURSELF

LOW-LOW PRIGES

ANADEX Printer, DP 8000 . ............ $ 845.00
CENTRONIX 730 Matrix Printer . ........
{with 4 free zip pack ribbons)

HAZELTINE 1520 .................... 1319.00
NEC Spinwriter 5510 (RO} ............. 2643.00
{inc. forms tracton

SORC IQ 140 (Assembled) ............. 1245.00
TI 810 Basic {upper & lower case) .. . 1669.00
TI 994 Personal Computer . ............ 1150.00
TEC 511 CRT (upper & lowercase) ...... 799.00
LA 34 DEC Writer Teleprinter .......... 1195.00

CARTRIDGES « DISKETTES « MAG TAPE
ACCESSORIES

ADDS, CENTRONICS, HAZELTINE, IMSAI, LEAR
SIEGLER, TECHTRAN, TI, VECTOR GRAPHICS
AND OTHERS

STOAE HOURS: 9 AMM.-5:30 P.M. Mon. through Fri.
Call or write for quotes or information.

Disc/3

MART, INC.

1840 LINCOLN BLVD.,
SANTA MONICA, CA 90404
(213) 450-5911

the ULTIMATE in
CHEAP VIDEO

BOOK &KIT
ONLY $42.95

Don Lancasters "Cheap Vndm concept allows almost
unlimited options, including:

# Sorolling- Full performance cursor.

# Line/Character formats of 16/32, 24/80, 32/64....
or almost anything.

% Graphics-up to 256 X 256 B&W;: 96 X 128 COLOR
(requires low-cost option modules)
# Works with 6502, 6800 and other micros.

SPECIAL OFFER: Buy the Kit (upper case alpha-
numeric option included ) & get the Book at 1/2 price.
AR ELECTRONICS, DEPT 118, 1020W. WILSHIRE BLVD.. OKLAHOMA CITY, OK 73118
I'm Sold, PLEASE RUSH..... () SEND FREE CATALOG
() TVT-658 Kit & Cheap Video Cockbook - $42.95 lenclosed)

(3 TVT-8538 Kitonly (book required for assembly)-$38.95

name:,

city:
B0 ELECTRONICS Dept. 3B,

state: zip:
1020 W. WILSHIRE BLVD., OKLAHOMA CITY. DK 73116
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Circle 166 on inquiry card.

The assembler mnemonics and hexadecimal code for
the multiplication subroutine are given in listing 2. The
division subroutine is given in similar form in listing 3.
The multiplication subroutine is shown in hexadecimal
memory-dump form in listing 4; the division code in that
form in listing 5.

My collegues and I hope that these programs will help
other KIM-1 users. We know that having had them pre-
pared for us would have saved us much time.

Listing 2: Relocatable subroutine to perform multiplication of
16-bit quantities on the 6502 microprocessor as used in the MOS
Technology KIM-1. Both assembler mnemonics and hexa-
decimal code are given. Entry point is hexadecimal location
0100.

Address M i Hexadecimal Code
0100 CLC 8
0101 CLD D8
0102 LDA §0 A9 00
0104 TAX AA
0105 STA 0002 85 02
0107 STA 0003 85 03
0109 LDA 0000 A5 00
010B BNE DO 11
010D LDA 0001 AS 01
O10F BEQ Fo oC
0111 CMP §#1 Co 01
0113 BNE Do 1D
0115 LDA 0006 A5 06
0117 STA 0002 85 02
0119 LDA 0007 A5 07
011B STA 0003 85 03
011D RTS 60
0l1E BPL 10 12
0120 INX EB
0121 LDA 0001 A5 01
0123 CLC 18
0124 EOR FF 49 FF
0126 ADC #1 63 01
0128 STA 0001 85 01
OI2A LDA 0000 A5 00
012C EOR FF 49 FF
Ol12E ADC #0 68 00
0130 STA 0000 85 00
0132 LDA 0006 AS 06
0134 BNE DO 26
0136 LDA 0007 A5 07
0138 BEQ Fo 18
013A CMP #1 Ce 0l
013C BNE Do 32
013E DEX CA
013F BNE DO 12
0141 LDA 000! A5 01
0143 CLC 18
0144 ECR FF 49 FF
0146 ADC #1 69 01
0148 STA 0003 85 03
014A CDA 0000 A5 00
014C EOR FF 49 FF
014E ADC #0 69 00
0150 STA 0002 85 02
0152 RTS €0
0183 LDA 0001 A5 01
Q185 STA €003 85 03
0157 LDA 0000 A5 00
0159 STA 0002 85 02
0I5B RTS 60
015C BPL 10 12
OISE INX E8
0I5F LDA 0007 A5 07

Listing 2 continued on page 215



Listing 2 continued:

0161 CLC 18
0162 EOR FF 49 FF
0164 ADC #1 69 01
0166 STA 0007 85 07
0168 LDA 0006 A5 06
016A ECR FF 49 FF
016C ADC §0 69 00
016E STA Q006 85 06
0170 LDA 0000 AS5 00
0172 STA 0004 85 04
0174 LDA 0001 A5 01
0176 STA 0005 85 05
0178 LDA 0003 AS 03
Ql7A CLC 18
Q178 ADC 0001 65 01
017D STA 0003 85 03
Q17F LDA 0002 A5 02
0181 ADC 0000 65 00
0183 STA 0002 85 02
0185 SEC 38
0186 LDA 0007 A5 07
0188 SBC #1 E9 01
018A STA 0007 85 07
018C LDA 0006 A5 06
Ol18E SBC 0 ES 00
0180 STA 0006 85 06
0192 CMP §0 C9 00
0194 BNE DO E2
0196 LDA 0007 A5 07
0198 CMP #0 C9 00
CI9A BNE DO DC
019C DEX CA
018D BNE DO 15
019F LDA 0002 A5 02
ClAl EOR FF 49 FF
C1A3 STA 0002 85 02
0145 LDA 0003 AS 03
01A7 EOR FF 49 FF
0lA8 CLC 18
01AA ADC #1 69 01
QIAC STA 0003 85 03
QlAE LDA 0002 A5 02
01BO ADC #0 69 00
01B2 STA 0002 85 02
01B4 RTS 60

Listing 3: Relocatable subroutine to perform division of 16-bit
quantities on the 6502 microprocessor of the KIM-1, with
assembler mnemonics. Entry point is hexadecimal location 0030.

Address M i Hexadecimal Code
0030 CLC 18
0031 CLD D8
0032 LDA #0 A9 00
0034 TAX AA
003s STA 02 85 02
0037 STA 03 85 03
0038 LDA 00 AS 00
003B BNE DO 05
003D LDA 01 A5 01
003F BNE DO 15
0041 RTS 60
0042 BPL 10 12
0044 INX E8
0045 LDA 0! A5 01
0047 CLC 18
0048 EOR FF 49 FF
004A ADC #1 69 01
004C STA 01 85 01
004E LDA 00 A5 00
0050 EOR FF 48 FF

Listing 3 continued on page 216

Circle 167 on inquiry card.

CATCHTHE =0
S$-100 INC. ©) 5-'90 ©6)
!
BUS!
LIST SPECIAL
PRICE CASH
PRICE
S.D. SBC-100 Kit 295.00 199.00
Anadex Printer DP8000 w/Tractor
U/L Case Serial or Parallel 995.00 850.00
S.D. Z-80 Starter Kit w/PI0 340.00 210.00

Shugart SA400 Bare Drive Dual

Density 450.00 295.00
Godbout 8K UNKIT Econoram I 129.00 110.00
Morrow's Thinker Toys

Switchboard /0 Assembled and

Tested 259.00 221.00

Subject to Available Quantities e Prices Guoted Include Cash Discounts.
Shipping & insurance Extra,

We carry all major fines such as
$.D. Systems, Cromemco, IMSAI, Vector Graphic, North Star,
Sanyo, ECT, TEI, Godbout, Thinker Toys, Hazeltine, IMC
For a special cash price, telephone us.

Bus .......S—‘UU,H‘IC.
Address .....7 White Place
Clark, N.J. 07066

Interface ....201-382-1318

Zg - SYSTEMS

. 64K RAM BOARD

1

The Zg-SYSTEMS 64K RAM
board is designed lo operate
in any Z80 based microcom-
puter having S-100 bus. It
uses 16K dynamic RAM chips,

Compatible with Cr¢ o
and M/PM multiuser. Fully
assembled, burned in, &
tested, Available from stock
to 60 days

& features: As low as $500.00 in
—Board select quantities of 100
—Bank select
—Transparent on-board Price ofone ..... ... $695,00

refresh PCboardonly ....... $59.00
—2 or 4MHz operation With 16K RAM . .... $359.00
(w/ no wait state) Plus shipping charges
—Memory disable e =
FLOPPY DISK
CONTROLLER .
Handles with no modilication ; iy .
up lor - R

Use CP/M Disk Operaling System
Using the 1771 LSI controller -

* 4 standard 8" drives
(Shugan or compatible) or

* 3 minidrives 5° Price of one...

Run with 2 or 4 MHz CPU PC board only.

SEND FOR FREE INFORMATION

6 months warranty on our boards with normal use
25-SYSTEMS

PO Box 1847, San Diego, CA 92112
(714) 447-3997
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Listing 3 continued:

0052
0054
0036
0058
005A.
005C
00SE

0062

00B2

ADC §0
STA 00
LDA 06
BNE
LDA 07
BEQ
CMP #1
BNE

BNE

LDA 01
CLC

ECR FF
ADC #1
STA 03
LDA 00
EOR FF
ADC #0
STA 02
RTS

LDA 0l
STA 03
LDA 00
STA 02
RTS

BPL

INX

LDA 07
CLC

EOR FF
ADC #1
STA 07
LDA 06
EOR FF
ADC §0
STA 06
LDA 03
CLC

ADC 1
STA 03
LDA 02
ADC 0
STA 02
SEC

LDA 01
SBC 07
STA 01
LDA 00
SBC 06
STA 00
LDA 00
BMI

BNE

69 00

00B4 LDA 01 As 01
00B6 BNE DO DC
00B8 BEQ F0 0D
00BA SEC 38
00BB LDA 03 A5 03
00BD SBC #1 E9 01
00BF STA 03 85 03
00C1 LDA 02 A5 02
00C3 SBC #0 E9 00
00C5 STA 02 85 02
00C7 DEX CA
00C8 BNE DO 15
00CA LDA 02 AS 02
00CC ECR FF 49 FF
00CE STA 02 85 02
00D0 LDA 03 AS 03
00D2 ECR FF 49 FF
00D4 CLC 18
00DS ADC #1 83 01
00D7 STA 03 85 03
00D9 LDA 02 A5 02
00DB ADC #0 69 00
00DD STA 02 85 02
00DF RTS 60

Listing 4: Multiplication subroutine in hexadecimal memory-
dump form.

1 1801001 8DBAFO0AAB5028503IA500D01 LASOIFOOCCS0 I DO DASOSES09TA
1 18011B02A507650360101 2E6AS0118A9FF6901850 1A50049FF5900081D
1 1801 308500A506D026AS0TFO18C901DOIRCADO I 2AS0 1 1849FFE901DA0E
51801 YFF 18503, 101

5 180160071849FF6901850TAS0649FF69008506A5008504A50185050618
3 180176A5031865018503A5026500850238A507E90 1 850TASOSEOCOTCO
51801 900DOEZAS0TC 15A50249FF8502A503490BES
3 1801ABFF 186901850 )600C N70982
5 0000080008 (4]

Listing 5: Division subroutine in hexadecimal memory-dump
form.

31800301 12850, SAS01D015601012EBAS01 | 80BCT
1 18004849FF 69018501 F&69008 DO26ASOTFOLIBCIN 10992
3 180060D03I2CADO12AS0 1 1 BA9FF 6901 BS0IAS0049FF4900850260A50A00
3 180078018503A5006502601012E8AS071849FF45018507AS0649FFOBAS
3 18009069008506A5031869018503A5026900850238A50ESO785010735
i) 50 1D0DCFOUDIBAS03IEFD 1 850B00
5 1800CO03ASO2E 1 50349FF 18690} 850A0F
3 1800DBOIAS026900850260002A3F ICIBIF I EIEIEIEFEIEIETETATFOTBE
5 0000080008 W

"The purpose of computation
1s insight not numbers  —aamming

DR. DOBB'S I

P.O. Box E, Dept. G

OURNAL (Software and systems for small computers)
, Menlo Park, CA 94025 - $15 for 10 issues - Remember to include your name, address and zip with your check.
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