10.

11.

12.

13.

14.

15.

16.

17.

SECTION 4

OPERATING, TESTING AND DEBUGGING PROGRAMS

REFERENCE
NUMBER

4-4

4.5

4.7

4.8

4-9

4-11

4-12

40-1

40-2

40-3

40-4

40-5

40-6

40-7

4-21

40-8

409

PROGRAM

Paper Tape Edit Routine

IOMEC Series 3 Cartritape to Intel MCS-4
Parity Checker/Generator

Parity Generator, ASCI| Character

Delay Subroutines

High Speed Printer Interface
TOUCHTONE® Keyboard Scanner
Bowmar TP 3100 Printer Routine

TP 3100

1/O Test

8 Digit Register Display

Mod 40/Silent 700 Interface

PROM Utility Dump Program

Pro Forma

Peripheral Interface Routine for a Thermal Strip Printer
MCS-4/40 Dissembler

Right Jusitified Hexadecimal Data Shifter



€



MICROCOMPUTER USER'S
LIBRARY SUBMITTAL FORM  =er. wo._u-u

intal

/,._,\ [R4004 []s8008 []8080 {use additional sheets if necessary)
5 y
Program 5
Title Paper Tape Edit
Function | permit operator to edit a program in paper tape. Lines
may be added, corrected, or deleted to yenerate a new
tape with having to manually control or jog the tape
reader.
See attached writeup.
Required ) .
Hardware ASR 33 téletype
Switch inputs on ports 1, 2, 3
Required | _ ___
Software
Input | mpy Reader or Keyboard
Parameters
Ly
Output .
Resuits | TTY Printer/Punch

Character read displayed on poxts 2, 3.

Registers Modified: Maximum Subroutine Nesting Level:
ALL 2
RAM Required: None for storaage Assembier/Compiler Used:
1 for RAM output port SIM4 Hardware Assembler
ROM Required: Programmer:

233 locations, on
1 - PROM P. B. Close

Company: HYDE PARK ELEC., INC,.
Dayton, Ohio 45440




INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER'S LIBRARY

o
1. Complete Submittal Form as follows: (Please print or type)
a. Processor {check appropriate box)
b. Program title: Name or brief description of program function
c. Function: Detailed description of operations performed by the program
d. Required hardware:
For example: TTY onport Oand 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e Required software:
For example: TTY routine
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
gd. Output results:  Values to be expected in registers, memory areas or on output poris

h. Program details (for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nexting level
i. Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler
IBM 370 Fortran IV L)
I Programmer and company s
)
|

2. Asource listing of the program must be included. This should be the output listing of a compile or assembly.
Extra information such as symbol table or code dumps should not be inctuded.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s ;
verification after he has transcribed and assembled the program in question. '

©1974/Printed in U.S,A./MCS-065-0374-1K



Paper Tape Edit Program

To edit programs punched in paper tape, it is necessary
to read the incorrect tape, and to add, correct, or delete
lines to generate a new tape. This program operates in conjunc-
tion with an ASR 33 Teletype machine to edit tape, without ever
having to jog the tape reader. Since tape reading halts at the
start of a new line, an incorrect line or lines may be skipped
on the old tape, and new lines added as required. One other
feature is the ability to read and punch tape until a preselected
character is reached, and then halt.

To run the program, the options, or modes, are read in
through ROM port 1, where one of four bits is set to a one or
true ( = 0 volts). If all are zero, the program will wait
until one bit is set to a 1. The options are as follows:

Bit 0 ON: Read paper tape and echo print/punch as long as this
bit is on. If it is turned off, halt after reading
and printing a line feed, and then check the other
mode bits.

Bit 1 ON: Momentarily turning on this bit will permit the
operator to enter one line into the keyboard. Entry
terminates after a line feed has been entered and
Bit 1 is off. When off, check the other mode bits.

Bit 2 ON: Momentarily turning on this bit will cause the
reader to advance one line on the tape without
printing or punching. Reading halts after the
reading of a line feed character. Other mode bits
are then checked.

Bit 3 ON: Momentarily turning on this bit will initiate tape
reading and printing/punching, which will continue
until the detection and printing of a specific
character (and bit 3 is off). The code for the
character is set into the switches for ports 2 and
3, where port 2 is the MSW. For example, characters
such as ?,!,%*,etc., might be placed in the tape
(comment area) to mark the end of subroutines, or
break points.

As each character is read from tape or entered into the
keyboard, the code is sent out on ports 2 and 3. The program
takes one PROM.

9-30~74

P. B. Close

HYDE PARK ELECTRONICS, INC.
Dayton, Ohio 45440



6-27-74

Teletype Input Codes - Even Parity

Input Character Port 2 Port 3
g 0011 0000
1 1011 0001
2 1011 0010
3 0011 0011
4 1011 0100
5 0011 0101
6 0011 0110
7 1011 0111
8 1011 1000
9 0011 1001
A 0100 0001 ;
B 0100 0010 |
C 1100 0011 |
D 0100 0100 |
E 1100 0101 |
F 1100 0110 f
G 0100 0111 ‘
H 0100 1000 ,
I 1100 1001
J 1100 1010
K 0100 1011
L 1100 1100 |
M 0100 1101 |
N 0100 1110 ;
0 1100 1111 |
2 0101 0000 I
0 1101 0001
R 1101 0010
S 0101 0011
T 1101 0100
U 0101 0101
v 0101 0110
W 1101 0111 |
X 1101 1000 !
Y 0101 1001 |
Z 0101 1010
; 1011 1011
; 1010 1100
; 0010 1110
/ 1010 1111




Y

Input Character

?

= (dash)
~ (over N)

(over 7)

I 2~~~

(under=-
~ score)
Return
Line Feed
Bell
[ (over K)
N

+
]
<

'
"Hexe is"

(Sprocket only)

- Delete
Space

Port 2 Port 3
0011 1111
0011 1010
0010 1101
1101 1110
0010 0001
0010 0010
1010 0011
0010 0100
-1010 0101
1010Q 0110
0010 011l
0010 1000
1010 1001
1010 1010
1011 1101
0101 1111
1000 1101
0000 1010
1000 0111
1101 1011
0101 1100
0010 1011
1101 1101
0011 1100
1011 1110
0000 0000
1111 1111
1010 0000



0:

is

23

4

5:

63

T

9 MSA
10
113
12:
13:
15:
162
183
19
21
223
2471
26¢MS1
28:
30
323
343
36:M52
38:
40
42:
44
463:M53
483
50¢
52¢
543
56:MS4
s8:
509
60:
61
623
63¢
641
653MSS

NOP
NOP
FiM
SRC
LDM
WMP
FiM
SRC
CLB
RDR
RAR
JOC
RAR
JOoC
RAR
JOocC

Joc
JUN
JMS

A I
g wm gl 8 TR

T T s
Daas\f LU N e {')‘J/l“'\l-’b)

PBC Nov 22 1974

/TAPE EDIT PROGRAM REVISED 6-30-74

aP 0
gP

6P 16
6P

MS1
MS2
MS3
MS4

MSA
TEN

FIVM 5P 10

JMS

‘JNZ

JUN
JMS
Fiu
JMS
JNZ
JUN
JMS
FIlW
JMS
JNZ
JUN
FiM
SRC
RDR
XCH
ING
SRC
RDR
XCH
JMS

CFE
MSi
MSA
ST

SP 10
CFE
Ms2
Msa
TNP
5P 180
CFE
MS3
Ms5A
4P 32
4P

18
4P

It
TEN



67
692
71
73:3CFE
743
752
716¢
T8¢
79¢
80
gi:
832
B4:CF1
853 TEN
87¢
883
893
90sST
91:.
93:
43572
963
97¢
993
101sTEST
183
104
105
1063
187
109
11i:
112¢
113
114:
115:
116¢
117:8T1
1193
1203
121
i22:
123:
i24:
1253
1262
1272
128:
1293
130
131
133
1353
137
138:
140
i4i:
1423
laa:
145sEND
147:
1483

JIMS
JNZ
JUN
CLB
LD 3
SUB
JNZ
CHC
LD 2
SUB
JNZ
BBL
BBL
FiM
LDM
SRC
WMP
CLB
FiM
SRC
JTZ
WMP
JMS
FIM
182
SRC
RDR
CMA
WMP
JMS
FIM
LDM
XCH
LDM
XCH
LDM
XCH
JMS
CLC
SRC
RDR
cMa
WMP
RAR
LD 2
RAR
XCH

LD 3

RAR
XCH
JMS
182
JMS
LDM
FIM
SRG
WHMP
JMS
NOP
Fim
SRC
LD 2

CFE
MSS
M3A

It
CFl

10
CFi

0

!

2P 64
1

2p

2P 64
2P
ST2

SBR1
gP 13
I TEST
oP

SBR2
1) Y

nHLPRwe e

BR1

gP

2

3
SBRZ
4 STi
SBR1
i

0% 0
opP

SBR2

7P 32
7P



O

231:3%

1493 WRR

iS0s INC la
{512 SRC TP
152¢ LD 3

153¢ ¥WRR

154¢ BBL 0
155:SBRI FIM 0P 0
157sL1 ISZ2 0 L!¢
1592 15Z 1 L1
1613 BRL 0
162:SBR2 FIM 0P 8
t64:L2 182 0 L2
1663 1Sz 1 L2
1683 BBL 8
169sTNP FIM 2P 64
171z LDM |
172 SRC 2P
173: WMP

1743 CLB _
1783 FIM 2P 64
177¢ SRC 2P
178:TT2 JTZ TT2
188 WMP

181 JMS SBR1
183 FiM 0P 13
185sTT3 ISZ | TT3
1873 SRC OP
1883 RDR

1892 GMA

198 NOP

1913 JHMS SBR2
1¢3: FiM 6P 0
198¢ LDM 0O
1963 ACH 2
1973 LbM 8
1983 XCH 3
199¢: LDM B

200 ¢ XCH 4
201:TT1 JMS SBRI
283 CLC

2043 SRC 6P
205: RDR

2063 A

207 NQOP

2083 RAR

2093 LD 2

2103 RAR

2i1s XCH 2
2122 LD 3
2183 RAR

2143 XCH 3
215: JMS SBR2-
2173 182 4 TTH
2193 JMS SBRI
221 L.DM 1
222 FiM 0P §
2243 SRC 8P
225s WMP

2263 JMS SBR2
2082 HMOP

2293 JON END



BPNPPNPPNF

BPNPPPPPPF

BPPPPNNPNF

BENPNPPPNPF

0 s BPPPPEPPPF

4: BPPNPPPENF
PPPNPPPPF
12: BNNNNPNNPF
163 BPPPNPPNPF
PPNPNNNPF
24: BPNPPPPPPF
28 : BPPNPNPNPF
323 BEPPNNNPPF
363 BPNPNPPPPF
40 : BPNPNPPPPF
44 s BPNPPPPPPF
48 s BPPNPNPNPBF
52 : BPPPNNNEPPF
56: BPPNPNPPPF
60 : BNPNNNPNPF
64 s BNPNNNPNNF

PPPPNPPNF
763 BPPPNNNPPF
803 BNPPNNPNPF
843 BNNPPPPPNF
88: BEPNPPNPNF
963 BNNNPPPPNF
104 s BNNNPNPNPF

112: BNPNNPPNPF

. L BPPPPPRPPF
SsBNNPMNPPENF
9 : BPPNPNNPNF

1@ : BNNNNPPPPF

1 3: BPPEPNPRHPF BPPPNNPNPF

BPPNPPNPPF

21 s BNNNNPNNPF

BPPPPNPPNF
BPPPPNPNPF
BPPPNNPNPF
BPNPNNPNPF
BPNPPNPPNF
BPPPPNPPNF
BPPPPNPNPF
BPPNPNNNPF
BEPPNPPPPPF

61 s BPNNPNPPPF

18 s BNNNNPNNPF
22: BPPPNPPNPF
26: BPNPNPPPPF
30 :BPNPNPPPPF
34 : BPNPPPPPPF
38 : BPPNPNPNPF
42 ; BPPPNNNPPF
46: BPNPNPPEPF
50 : BPNPNPPPPF
54 : BPNPPPPPPF
58 : BPPNPNPPNF

65: BPNPNPPPPF BPNPNPNPENF

69 : BPEPNNNPPF BPNPPPPPNF
733

BNNNNPPPPF
BPNPNPNPPF

74 :BNPNPPPNNF
78 : BNNNNPPNNF

62 : BPPNPNPPNF

Tl

2: BPPNPPPPPF BPPPPPPPPF
6 BNNNPPPPNF

7 s BPPNPNNPPF

{1 s BNNNPNPNPF

15: BNNNNPNNPF

19 : BPPPNPPNPF
BPPNNNPPPF
BPNPNPNPNF
BPNPPNPPNF
BPPPPNPPNF
BEPPPPNPNPBF
BPPNPPNPPF
BNPNPNPPNF
BPNPPNPPNF
BPPPPNPPNF

59 : BNNNPNPNPF
633 BNNNPNPNPF

67: BPNPNFPPPRF
BPNPPPPPPF

75: BNPPNNPNNF

79 : BNPNPPPNPF

93 : BPPNPPNPNF
101 :BPNNNPPPNF BPNNPPNPNF

109

81 : BPPPNNNPPF BPNPNPNPPF
85 s BPPNPPNPPF BPNPPPPPRF
89 : BNNNPPPPNF

97: BPNPNPPPPF BNPPNNPNNF
105 : BNNNNPNPPF

BPPNPPPPPF BPPPPPPPPF
1133 BNNPNPPPPF

90 : BNNNNPPPPF
94 ¢ BPPPNPPPNF BPNPNNNNPF

83 : BNNPPPPPPF
87 : BNNPFNPPPNF

99 : BPPNPPPPPF

103: BPPNPPPPNF
106 BNNNPPPPNF
111:BNNPNPPPPF
1143 BNPNNPPNNF

91 s BPPNPPNPPF

107: BPNPNPPPPF

1 15: BNNPNNPPPF

116: BNPNNPNPPF {17:BPNPNPPPPF BNPPNNPNNF § 19 : BNNNNPPPNF

1201 BPPNPPPPNF 121 :BNNNPNPNPF 1223 BNNNNPNPPF 1233 BNNNPPPPNF

124 : BNNNNPNNPF 125 :BNPNPPPNPF 1263 BNNNNPNNPF 127: BN PNNPPNPF

1283 BNPNPPPNNF 129 :BNNNNPNNPF  130: BNPNNPPNNF 131: BPNPNPPPPF
BNPNPPPNPF 133:BPNNNPNPPF BPNNNPNPNF 135: BPHPNPPPPF
BNPPNNPNNF 137:BNNPNPPPNF 1383 BPPNPPPPPF BPPPPRPPPPF

140 : BPPNPPPPNF 141 sBNNNPPPPNF 142:BPNPNPPPPF BNPNPPPNPF

1443 BPPPPPPPPF  145:BPPNPNNNPF BPPNPPPPPF 147: BPPNPNNNNF

1483 BNPNPPPNPF 1493BNNNPPPNPF 150: BPNNPNNNPF 151 s BPPNPNNNNF

152 s BNPNPPENNF 153:BNNNPPPNPF [543 BNNPPPPPPF 155: BPPNPPPPPF
BEPPPPPPPF 157 : BPNNNPPPPF BNPPNNNPNF 159 : BPNNNPPPNF
BNPPNNNPNF 161 :BNNPPPPPPF 162:BPPNPPPPPF BPPPPNPPPF

164 s BPNNNPPPPF BNPNPPNPPF 166:BPNNNPPPNF BN PN PPN PPF

168 s BNNPPPPPPF 169 : BPPNPPNPPF BPNPPPPPPF 171 :BNNPNPPPNF

172: BPPNPPNPNF  173:BNNNPPPPNF 1743 BNNNNPPPPF 1 75s BPPNPPNPPF
BPNPPPPPPF [ 77 :BPPNPPNPNF 178:BPPPNPPPNF BNPNNPPNPF
180 s BNNNPPPPNF 181: BPNPNPPPPF BNPPNNPNNF 183s BPPNPPPPPF
BPPPPNNENF 185:BPNNNPPPNF BNPNNNPPNF 187: BPPNPPPPNF

188 ; BNNNPNPNPF 189 : BNNNNPNPPF 190: BPPPPPPPPF 191 :BPNPNPPPPF
BNPNPPPNPF (93:BPPNPPPPPF BPPPPPPPPF 195 : BNNPNPPPPF

1963 BNPNNPPNPF [97: BNNPNPPPPF 198 : BNPNNPPNNF 199 : BUNPNNPPPF

2003 BNPNNPNPPF 201 :BPNPNPPPPF BNPPNNPNNF 203 : BNNNNPPPNF

204:BPPNPPPPNF 205 :BNNNPNPNPF 2063 BNNNNPNPPF 207: BPPPPPPPPF

208: BNNNNPNNPF 209 :BNPNPPPNPF 2103 BNNNNPNNPF 211 s BNPNNPPNPF

2123 BNPNPPPNNF 213:BNNNNPNNPF 214: BNPNNPPNNF 215:BPNPNPPPPF

BNPNPPPNPF 217 BPNNNPNPPF BNNPPNPPNF 219: BPNPNPPPPF
BNPPNNPNNF 221 :BNNPNPPPNF 222: BPPNPPPPPF BPPPPPPPPF
2243 BPPNPPPPNF 225:BNNNPPPPNF 226: BPNPNPPPPF BNPNPPPNPF
228: BPPPPPPPPF 229 : BPNPPPPPPF BNPPNPPPNF 231
F



MICROCOMPUTER USER'S
intl __ LIBRARY SUBMITTAL FORM . io. o

4004 (] 8008 [} 8080 {uss additionsl shaets if necessary)
Program .
Title IOMEC SERIES THREE (S-3) CARTRITAPE TO INTEL Mcs-4
Function This package of firm ware routines allow full control of
the Iomec S-3 by the MCS-4.
Required Reference FIG #1 & FIG #2
Hardware
Required EXECUTIVE
Software
Input SRWAL  SRDEL
Parameters SRTWD  SRDL1
SRTRD SRWEF
SRBOT SRRWD
SREOT SRBSK
SRTRE SREOF
Output SEE INDIVIDUAL ROUTINES
Results
Reglistors Modified: Maximum Subroutine Nesting Lovel:
RAM Required: "I Assamblar/Compiler Used:
2
ROM Required: Programmar:
256 BYTES CARL R. BOEHME
Company:
IOMEC

Page 1



MICROCOMPUTER USER'S
BRARY SUBMITTAL FORM

intgl

xl4004 ([Jsoos []sos0 {use gdditional sheats if necessary) U
Program '
Title SRTRE
Function This routine samples the CRC-Error (TRE) status of the
S-3. The TRE status is returned via R4.
C(R4) = 15 A Tape Read Error was detected,
C(R4) = 0 No Tape Read Error detected.
Required
Hardware
Required
Software
Input P6<0
Paramaeters
)
Output P6 = 0 Selected
Resuits C<«TRE
R4<«TRE
MuX (1,0)
Registers Modifled: Maximum Subroutine Nesting Lavel:
1
RAM Reqyuired: Assembiar/Compiler Used:
TYMSHARE V2.2
ROM Required: Programmer: w
CARL R. BOEHME
Company:
IOMEC




MICROCOMPUTER USER'S
I LIBRARY SUBMITTAL FORM

(\ - ikJ4004 [Jsoos []8080 {use sdditional shaets if necessary)
y .
Program
Title SRSBK
Function This routine causes the tape to backspace one record

SPECIAL CASES
1. BOT

A. Tape at BOT - operation is never initiated
B. BOT detected - operation is terminated

Required
Hardware 2. File Mark (FM) - During the back space operation a
FM is treated as a record.

Required SRBOT
Software SRDL1
SRDEL

input

Parameters

m /

\\ 1 /

Output Cc(C) = BOT c(C) =1
Results P7+0 P1<20¢ Selected
P6<0 A<0
P5+«U/D
P1<«200@
A<0
Registers Modified: Maximum Subroutine Nesting Lavsi:
2
RAM Required: Asssmbler/Compiler Used:
TYMSHARE V2.2
/-\ ROM Required: Programmer:
- CARL R. BOEHME
Company:
IOMEC




MICROCOMPUTER USER'S

l“tel LIBRARY SUBMITTAL FORM

Program
Title

Function

Required
Hardware

Required
Software

input
Parameters

Output
Results

KX4004 [Jecos []8080 {use additiona! sheets it necessary)
SRRWD
This routine causes the series three to rewind the tape
to BOT at high speed (211IPs).
SRBOT
SRDEL
P7+0
P6<0
P5<«U/D
P1l+40@
C<BOT
A+0
Mux (1,0)
ﬁenl'stm'Modiﬁed: B Meximum Subroutine Nesting Level:
2
RAM Required: Assembler/Compiler Used:
TYMSHARE V2.2
ROM Required: Programmer:
CARL R. BOEHME
Company:
IOMEC

»



Ente
Program
Title

Function

Required
Hardware

Required
Software

input
Parameters

o

Output
Results

[

MICROCOMPUTER USER'S

LIBRARY SUBMITTAL FORM

Flao04 [Jecos [7]8080 {use edditional sheets if necessary)

SRWAL

This routine samples the file protected switch (WALO)} on

the S-3.

c (C)
c (C)

I u

P7«0 Selected

1 FILE PROTECTED
0

The WALO status is returned via the C bit.

FILE UNPROTECTED; OK TO WRITE.

A<Q
C+WALO'
Registers Modified: Maximum Subroutine Nesting Level:
1
RAM Required: Assembler/Compiler Used:
TYMSHARE V2.2
ROM Required: Programmer:

2

CARL R. BOEHME

Company:

IOMEC




=]

MICROCOMPUTER USER'S
LIBRARY SUBMITTAL FORM

intgl

(J400s [Jsoos []8080

{use sdditiona! gheets if necessary)

Program
Title SRDEL
SRDL1
Function A general purpose timer routine which is used to
effect delays in the normal instruction stream.
SRDL1 Provides a 89.55 MSEC delay.
Required
Hardware
Required The 1's compliment of the desired delay time is passed to
Software the subroutine Via P7 (MSB) and P6 (LSB).
Input The minimum delay increment is 84.80 MSEC. The maximum
rameters delay which may be caused, with one JMS, is 5.535 seconds.
When large delays are required it is often possible to
initialize only P7. The average resultant error is 10.85
sec. The maximum is 21.708 MSEC and the minimum is zero.
Additional processing time is absorbed by the BBL instruc-
tion.
Output P7<«0
Results P6+0
P5+«U/D
A+Q
Reglsters Modified: Maximum Subroutine Nesting Level:
1
RAM Reauired: Assembler/Compiier Used:
TYMSHARE V2.2
ROM Reguired: Programmer:
CARL R. BOEHME
Company:
IOMEC




MICROCOMPUTER USER'S
- e LIBRARY SUBMITTAL FORM
_ Inte
(\ y

fJac04 [ 8008 {J soso {use additional sheets if necassary)
Program '
Title SRECH
Function This routine causes the S-3 to search at high spped
(211IPS), for the next file mark (FM). Detection of a
FM causes the operation to terminate with the tape head
positioned after the FM.
In the event a FM does not occur before EOT, the detection
of EOT terminates the operation.
Required
Hardwars
Required SRBOT
Software SREOT
SRDEL
input
Parameters
Qutput P1+400@
Results P6+0
P5+U/D
C<EQT
A+Q
MUX (1,0)
Héglltel’l Modified: ) Maximum Subroutine Nesting Level:
RAM Required: ' Assembiar/Complier Used:
TYMSHARE V2.2
/""’3 ROM Required: Programmer:
- | ' CARL R. BOEHME
Company:
IOMEC




intel

Program
Title

Function

Required

Hardware

Required
Software

Input
Parameters

Output
Results

MICROCOMPUTER USER'S

LIBRARY SUBMITTAL FORM

4004 [Jsoos [J80so

SREOT

S-3. The

c(C)
c (C)

This routine samples the End of Tape (EOT) status of the

EOT status is returned Via the C bit.

1 EOT was encountered.
0 EOT foil has not been detected.

P7+0 Selected

C<«EOT
MUX (1,0)
A<0
Regtsters Modified: Maximum Subroutine Nesting Level:
1
RAM Requjred: Assambler/Compiler Used:
TYMSHARE V2.2
ROM Required: Programmer:
CARL. R. BOEHME
Company:
IOMEC

{use additional sheats if necessary) U



MICROCOMPUTER USER'S
intei LIBRARY SUBMITTAL FORM

fd 4004 8008 [ 8080 (use additiongl sheats if necessary)
Program )
Title SRTRD
Function SEE ATTACHED SHEET
R Tomec Data Formatter and Data Buffer.
Hardware
Required SRBOT
Software SRDL1
SRDEL
SRTRE
"~ input
Parameters
Qutput P7+0
Results P6+<0
P5+U/D
P3+(R4<+TRE; R5<«FM)
P1+20@
PO+ (RO+0; R1+EOT)
Ragisters Modified: ' Maximum Subroutine Nesting Level:
2
RAM Required: Assemblar/Compiler Used:
TYMSHARE V2.2
fﬂ\ ROM Required: Programmer:
CARL R. BOEHME
Company:
IOMEC




SRTRD CONT. U
FUNCTION

This routine is used to recover a record of data from
tape.

SPECIAL CASES

1. EOT - EOT status is sensed only if the read operation
started with the tape positioned at BOT. If EOT
is encountered before data is encountered,
(perfectly clean tape), the operation is terminated.

2. FILEMARK - If a FM is encountered the operation is
terminated and R5<«FM status.

¢ (Rl) = 15 EOT Detected

¢ (Rl) = 0 EOT not detected

¢ (R5) = 15 FM detected

¢ (R5) = 0 Record read and FM not detected
c (R4) = 15 Read Error detected

¢ (R4) = 0 No Read Error detected

10



in
mte

Program
Title

Function

Required

Hardware

Required
Software

Input
Parameters

(‘\)

COutput
Resuits

MICROCOMPUTER USER'S
I LIBRARY SUBMITTAL FORM

4004 [Jeo0s [Js080

{use additiona) sheats if necessary)

SRTWD

SEE ATTACHED SHEET

Iomec Data formatter, Write Control logic and Data Buffer.

SRDEL
SRDL1
SRBOT
SREOT
SRTRE

P7+0
P6+«0
P5+U/D
P4+TRE
Pl«20¢g
A<0
C+EOQOT
MUX (1,0)

Reglsters Modified:

Maximum Subroutine Nesting Level:
2

RAM Required:

Assembler/Compiler Used:
TYMSHARE V2,2

ROM Required:

Programmer:
CARL R. BOEHME

Company:
IOMEC

11



SRTWD CONT. U
FUNCTION:
This routine is used to write a record of data on tape.
SPECIAL CASES
1. BOT -~ A section of tape, 9.2" in length, is erased
before the recording process is begun. This
BOT gap eliminates the possiblity of read
errors ocurring in the vicinity of the BOT
splice.

2. READ AFTER WRITE

If the S-3 includes Read after Write capablity
R4 will contain the valid Write Error status.

3. EOT - EOT status is returned Via the C bit.

¢ (R4) = 15 Write Error detected
c (R4) = 0 No Write Error detected
c (C) = 1 EOT detected
c (C) = 0 EOT not detected
CONSIDERATIONS Ku)

1. Upon detection of EOT it is good practice to consider
the tape full.

2. Editing of records should not be allowed. If editing
is required consider all of the records after the
edited record unrecoverable.

12
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BOT

CRC-DN

EQT

GF

GR

HS

MXA (Ao ,Al)

TDF

TFM-EN

TRD~CLK

TRD-DAT

TRD-EN

TRE

TWD~CLK

TWD-DAT

TWD-EN

WALO

WCTM

WDTM

True when the tape is positioned at the Beginning Of Tape.

True after the Cyclic Redundancy Check (CRC) charactews
have been written on tape.

True when the End Of Tape foil is detected.

Go Forward; When true, moves tape in the forward direction.
Go Reverse; When true, moves tape in the reverse direction.
High Speed; When true, primes the tape unit to move tape at
21 ips instead of 7 ips. May be used in conjunction with GF

or GR.

Multiplexer Address Lines; selects one of 4 possible sourses
of data for Rom Port 0. Syn MUX (Ao,Al)

Tape Data Field; true when the tape head is sensing a flux
reversal.

Tape File Mark Enable; causes A 16 bit File mark to be
written on tape.

Tape Read Clock; read clock generated by the formatter and

used to shift the read data into the 1024 bit Buffer Resister.

Tape Read Data; data recovered from tape during a read
operation.

Tape Read Enable; when true enables the read data decoders

Tape Read Error; true when the contents of the CRC register
is not zero.

Tape Write Clock; when true requests the next bit of data to
be written.

Tape Write Data; data to be written on tape.
Tape Write Enable; when true enables write control logic to
write a record or five on tape and enables the Recirculate

logic for the Buffer Register.

Write Allow; true if Write Allow pin is installed in tape
cartridge.

Write CRC Time; when true writes the contents of the CRC
feed back shift register on tape.

Write Data Time; When true writes the contents of the 1024
bit Buffer Register on tape.

Write Mode Function; when true turns on S-3 Write Amplifier.
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% -
0256 00046 § FIv F7 ©
00000 Jy»
0258 00047 SRGL P7
025% 00216 " LM &
0260 00225§¢ WMP S /Mux 1,0
0261 00234° KDR /EGTS sWwALLsThE
‘0262 00245 ; ' KAL
0263 00192, bBL O
0264 00032 SRRhD, Fiv PO 400
00032 v ~ g
0266 oocaa SRC PO
0267 00209, LLd 1
0268 00226 § « WkK /hg=]
0269 00081.3h01> JMS SRbu1 /C=keT
(m) . 00131 &
: 0871 iy SRC P1
10272 5 JCN C1 RwL2
" 0274 LD~ &D _ =
- 0BT . WRR /CR=1 -
Q276 . JUN RWD1
. 0278 « FIM P7.3670
A 002478 . : )
0280 OGOB]HQ JVS SRDEL /190rS
5 ooo7zﬁ‘ =
0288 00226%; WK / bR=U
50283 00192§% BEL ©



. 0284 00046 ;SRWAL

7.
0286
. 0287
0288
- 0e&9
0290 ;
0291 00246:;
0292 00192 "
0293 00081 SRSBK»
’ oonalh
029% 00018 "
00066 .
0297 00035 .
0298 00 =
0299 O
" oaou (

030?_ :
'0304'

0304

0310 00025 SBK1,
. 00054.:
0312 00046 SBKXI:

0322 00192 'SBKXO0s
+ 0323 0004@ SRUL1

kW

SKC
LDy
WP
RDK

- RBk

RAR
bEL
JVE

JON
SRO

LDy
WKREK

"JNS

JCN
JWS
JON
JUN

JCN

BN

CFIN

Jvs

" SKC
- WkE

Jk S

BbL
Fim

/E@T,ECT>WALO >TRE

P71 0
P7
g:17
/hUR 150
0 /LehRLE"

SRBOT -
Ci SbKXO
F1
&0

. /Gk=1
SRDL1
11 SkK1
SKBGT
Ci1 SEKX1

SBK2

T1 SEK1.

F7 3760
F6 1770
SKUEL
P

/ 6R=0
SRDL 1

o
P71 3730

Z1lr BET

/eQhs

/1F TLF

71k EBBT

71k TLF

/308

/e OME

ThEN

THEN
THEN

THEN

71\

SEk1

DONE

WATT



0331 00127
'D333-' 00126

. 0335 001927

4871700048

0325 ,00044 -
00223

0327 0o1£s5 SRDEL:
00080

0329 00124 .
00081

00082
00071

0336 00058

0338 00065
00071 .
0340 00081 BRIWD»
, 00131 . ¥
0342 00035
0343 00214
0344 0226,
| 0345 00026

0349 00058
00091
0351 00046
00191

0353 00081
00071

0355 £0046 T

00250

0351 00044
00191
'0359 *poogy’
. 00071

“ Q361" 00035
0362 00215
036300226 4
0364 00220
oaes;oooa7

0367 00234 ayoa,
0368400245 i
9369“00096 5

fgoi1i

jéoeaa“
| 00044 .
00103
00084
0007}
00035
‘DORLD
poLes ,
0380 000BL -

T 00067 g@

JM S

F b

Fly

Jrvs

SRC

L
WREK
L
SkL
wWivp
RUR
RKAL
JCN

FIN

Fim’

S

SkC
Lt
Whkh
JM S

- P& 3370

- PT 2770

FHENS
R13 LEL1
k12 bLELE

R1S LEL3

R14 SKDEL

0

i PS .

F5
SRLEL

SRbBOT

. F1

6
WM s GF =1

CO Twul /1F bGT THEN CENT
SRBET
C1 TWDS -
71435 LUk,
SKRDEL

F7 3720
P6 2770
SRUEL 71100

Fl &« :
7 Ok sWMF s TWU-ENE]

12D
P7
/NUX=E1s 1

» /C=CkL-LN
CoO TwL3

P7 376C
P6 1470
SRDEL /33v8 -
F1
z

/Gh3TWL=EN=0
SkLL1 /EUNS

/1F BGT ThEN WAILIT -

/1r CRC=UN ThEN CONT



o382
0384

03&6
0387

0389

0391
0392
0393
0394
0395
0396
0397
0398
0399
0400
0401
0402
0403
0404
0405

0407
040&
0409
0410
0412
Qa1 4
‘0416
04117
0418
419
“Bag 1

0423

“Q4g7
0428

e

043

D434,

04dé

£438

00067
0425:00041 " ¥

0426

00061

0008&1
00142
00081
00000
00192
00034
00016
00046
00000
00047
00216
0022%
00234
00245
00245
00192
00045
00216
00225
00234

00246 -
00208

00180
00026
00153
00223

ot

Y
@

SREOT,

00180

00192
00032
00000
00038
00000
00081

00134

00035

" TREX»
SRTRD»

poz212

00226
00040
00032

00018 7

00174
£H00g1

,ooalg'*“‘

00226
00065

00131

00018
00174
o004
ooRes
00081
00071
000a1

JMD
S8

BBL
FIm

FlM

SKC
LDM
WP
kDR
RAL
RAL
BBL
SKC
LDM
Wi pP

KDK

RAR
LD
XCH
JCN

LDM
XCH
bbL
F I
FIM
JMS
SRC
LDV

WKK
FIN

ACN

J¥S

SRC
LDM
WRR
JUN

QMS

JUN

bl

JMS

5kC

SRTKE /1F TRF TEREN Re=15

SREWT

Pl 200
P7 ©

F7

8L
/MUX=150
/bulsbblsWALL s TRE

/C=b81
P& /INSURE Pé6=0
gD /MUX 150

/C=TRE

0 /A=0

R4

(O TREX /1F TKE THEN CONT
15D

K4

0

PO ©

P3 0

SRBGT

Pl

4

/GF =1
P& 400 /PACRGN 2)

C1 TkbL1 /1F BOT'ThEN CGNT
SKkDL1 /BONS
P4
10b :
/TRD-EN=1
TRDS
SRbGT /C=boT
C1 TRLLI. ZIFBET' THEN LN
F7 3370
SRukL 70eTE

Fa



0439 ©0218 LUV 10D
0440 00226 WkR /TRU=-EN=1
0441 00045 § SKC P6
- 0442 00216 Lub &L ZdUXCEsU)
(ﬁv 0443 00225 Wi P
0444 Q0234 TRD1, RDk FEL1skeTsALL "5 ThE
044d 00245 KAL
0446 00026 JCN CU TRL3 71F kLl THEN kilel5
00196
0448 00223 LDM 15D
Q449 00177 .., XCh K1  /K1«EQT FLG
0450 PCO6S JUN TRDX
00214 V.,
0452 00017 TRP3,  JCN TO TRDI /1F TDF THEN:- CON1
PO1ES '
0454 Q0017 TRPS. JCN 10 TRDS /1F TDF THEN CENT
DO198E .o,
Q456 00046 FIv PT 377
0025%
P4a58 00044 ™ FIN P6 1770
o127
0460 00081 . JVS SKDEL /10MS
000671
0462 00025 JCN T1 TRDEZ /1F TDF THEN TkbL2
00212 i - "
D464 00223 | LDM 15D
0465 00181 ° XCH kS :
, D466 00065 JUN TRDX . /¢d FLG SET
00214 o )
(M\\ 0468 00025 TRD2,  JUN T1 TkbZ /1F TDF ThEN WAIl
v’ pogi12
@470 00046 TRPX» FINM P7 377¢
00255 -
0472 Q0081 . - JMS SKRDEL /23rS
poo7T1
@474 0D0O035 SRC F1
0475 00240, CLB
0476 DO2RE WRR /GF =0
0477 QOQ4Y SKC P4 /ZPacCger 2)
R478 00210 LbyV 2
04792 00286 WRR /TRL EN=0 :
QABO 00081 WMS SRIKE /R4=1KE
. DO142 ‘
0482 00081 JvS SkbL1 7&0MS
00067 % ~
gag4 80192 1 BEL 0O
@485 00034 SRERS», FIlM Pl 20€
i 00016 »
0487 00035 SKRC P1
0488 00214 & LLy 6 j
Q489 00226 WKR N /wMF=ls GF=1
« 0480 00046 Flv P7 3520 °
i boes4
p4g92 Vo0&t ~ JNMS SKDEL 7430MS -
& " D007l ‘
() hasa D0RIO LDV ©
- 0495 V0226 WRR /7 GF 0
0a%e PHOOBL JbS SKbDL1 /80MS
o 00067
Gase 00081 . JVS SRE@T
W 90000

@oree . BbBL C



MICROCOMPUTER USER'S
int[  LIBRARY SUBMITTAL FORM re:. xo._ur

‘d ~ El4004 []8008 []8080 (use additional sheets if necessary)

Program
Title | Parity Checker/Generator

Function | Routine to check or generate parity for 8-bit byte in Pg.
Utilizes modulo-2 counting technique.

Required | Any MCS-4 system

Hardware

Required | None: Routine for use in larger program
Software

input | Any 8-bit byte in P@

Parameters

&

Output |Carry bit = § for even parity

Results |Carry bit = 1 for odd parity

(use CMC instruction for complement of above)
Also R13 indicates # of ones in byte

Registers Modified: Maximum Subroutine Nesting Level:
R13, R14, R15, ACC, C None

RANM Requiredt Assemb o TP R Assembler on
None G.E. Timesharing

m ROM Required: Programmer:
d 20 J. Parchesky

Execution time: 48 to 56 co""mﬁ'étawtype Corporation
cycles (depends on data) Miami, Florida




1. Complete Submittal Form as follows: (Please print or type} L,/J

Processor (check appropriate box)
Program title: Name or brief description of program function
Function: Detailed description of operations performed by the program
Required hardware:
For example: TTY onport 0and 1

Interrupt circuitry

1/0 Interface

Machine line and configuration for cross products
e. Required software:
For example: TTY routine

Floating point package

Support software required for cross products

oo oe

f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nexting level
i Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler
IBM 370 Fortran IV 4

i Programmer and company U

2, A source listing of the program must be included. This should be the output listing of a compile or assembly.
Extra information such as symbol table or code dumps should not be included.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembied the program in question.

©1974/Printed in U.S.A./MCS-065-0374-1K



M

w FILE1® 65/714/74
ASSEMBLY OF FILE1 ON 95/14/74 AT 103900EDT

/PARITY CHECKER/GENERATOR

/ROUTINE TO CHECK OR GENERATE PARITY FOR 8 BIT BYTE IN P@
/RESULTs CARRY BIT = @ FOR EVEN PARITY3 = | FOR ODD PARITY
/P@ IS UNDISTURBEDs R13» R14» R15, AND ACC ARE CHANGED

/
0088 98046 Al, FIM P7 204 /SET R15 TO -43 R14 TO -4
06204
0862 DE240 CLB /CLEAR R13
9P03 80189 XCH R13
0094 80161 LD 2 /GET LOWER 4 BITS
0065 DB246 A2s RAR /SHIFT RIGHT
0086 BB026 JCN CZ A3 /INCREMENT R13 IF A ONE BIT
08009
2908 62109 INC R13
6909 P8127 A3s ISZ Ri5 A2 /REPEAT 4 TIMES
0000s
@811 00160 LD éé}ﬁ P /GET HIGHER 4 BITS
9012 08246 Ads RAR /SHIFT RIGHT
8613 09826 JCN CZ AS /INCREMENT R13 IF A ONE BIT
™ 00016
/ 6015 00109 INC R13
8016 90126 AS» IS2 R14 A4 /REPEAT 4 TIMES
60012
9618 09173 LD R13 /SHIFT PARITY BIT INTO CARRY
2019 0P246 RAR



- intg

Program
Title

Function

Required
Hardware

Required
Software

input
Parameters

@,

A y

QOutput
Results

MICROCOMPUTER USER'S

LIBRARY SUBMITTAL FORM

Ref. No. uy-8

I
&l4004 [J8oos []8080

(use additional sheats if necessary)

Routine to add even parity bit
Pg.

Any MCS-4 system

None:

Parity Generator, ASCII Character

Utilizes modulo-2 counting technique.

Routine for use in larger program

7-bit ASCII character in P@; MSB of RZ is "don't care"

to 7-bit ASCII character in

RF, R13, R14, R15, ACC, C

8-bit ASCII character in P§ with MSB of Rf as even parity
bit. :
Registers Modified: Maximum Subroutine Nesting Level:

None

RAM Required:

Assemblier/Compiler Used:
Irntg‘f'e}isns& Assembler on

None G.E. Timesharing

ROM Required: Programmer:
25 bytes J. Parchesky
Execution Time: 48-55 cmm"ﬁ:atatype Corporation
cycles (depends on data) Miami, Florida




1. Complete Submittal Form as follows: (Please print or type) KW)

Processor (check appropriate box)
Program title: Name or brief description of program function
Function: Detailed description of operations performed by the program
Required hardware:
For example: TTY onport Oand 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products
f. input parameters:  Description of register values, memory areas or values accepted from input ports

o e o

. Output results:  Values to be expected in registers, memory areas or on output ports
h.  Program details (for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nexting level
i. Assembler/Compiler Used:
For example: PL/M
Intetlec 8 Macro Assembler
IBM 370 Fortran IV

i Programmer and company U

2. A source listing of the program must be included. This should be the output listing of a compile or assembly.
Extra information such as symbotl table or code dumps should not be included.

3. A est program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

©1974/Printed in U.S.A./MCS-065-0374-1K



&

FILE2® @s5/14/74
ASSEMBLY OF FILE2 ON @5/14/74 AT 16316EDT

/PARITY GENERATOR: ASC1I CHARACTER

/ROUTINE TO ADD EVEN PARITY BIT TO 7 BIT ASCII CHARACTER
/IN P@. MSB OF P@ C(R@®) IS A “DON°'T CARE".

/RESULT: 8 BIT ASCII CHARACTER IN P8 WITH MSB = EVEN PARITY

Y .
P000 0846 Bis FIM P7 2280 /SET RiS TO -43 R14 TO -3
00220
0002 00240 CLB /CLEAR R13
0003 90189 XCH Ri3
@004 00161 LD Ri /6ET LOWER 4 BITS
@005 00246 B2» RAR /SHIFT RIGHT
6006 BOO26 JCN CZ B3 7INCREMENT R13 IF A ONE BIT
@289
@868 008109 ING R13
8009 63127 B3» ISE RiS B2 /REPEAT 4 TIMES
00605
@611 806166 LD RO /GET HIGHER 3 BITS
8612 0G246 B4s RAR /SHIFT RIGHT
6013 66026 JCN C& BS /INCREMENT R13 IF A ONE BIT
(nj 60616
| @015 901069 ING R13
G616 B0126 BSs 1S R14 B4 /REPEAT 3 TIMES
80012
@018 BO246 RAR /ELIMINATE THE “DON'T CARE"
8619 00176 XCH RO /TEMP SAVE HIGHER 3 BITS
@020 90173 LD R13 /GET PARITY BIT
@921 0246 RAR /SHIFT TO CARRY
o022 00160 LD RO /RETRIEVE HIGHER 3 BITS
9823 00246 RAR /ROTATE WITH CARRY TO PROPER PO
SITION

@24 @8176 XCH RE /SAVE IN RS



S
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O

¥

Program
Title

Function

Required
Hardware

Required
Software

input
Parameters

Output
Results

MICROCOMPUTER USER'S

4004 [Jso08 []80s0 (use edditional shests if necessary)

Delay Subroutines

To conditionally generate a selectable time delay or
1. 1 thru 256 MS in one MS increments
2. 1 thru 256 quarterseconds in one quartersecond incre-
ments
3. 1 thru 15 minutes in one minute increments

Y

i .

.
; N/A Lot g f" P AR

}

o e
g 14 S h .
e Lf’ N Aty A Pt e LBl ZT’ i
{ 2D, (2}‘/@"'; A

§
5

: L) ] s e
ey ALy . N s 3
zﬂj b Al "tf A, LA A b %«« ZQ,,»;ﬁrxﬂ,avﬁ,

P7, P5, and RY hold the two's complement of the number spe-
cifying the desired delay in milliseconds, quartersecond,
or minutes respectively. The carry is either set or reset
depending on the type of delay desired; unconditional or
conditional. The test signal input to the processor unit
is used to terminate a conditional delay prematurely.

The content of index registers R9 thru R15 is altered. The
subroutines always return with a zero in the acaoumulator
for an unconditional delay (CY=1). They return with a
fifteen in the accumulator for a conditional delay (CY=0)
that was terminated prematurely, or with a zero in the
accumulator for a conditional delay that timed out completely?

I LIBRARY SUBMITTAL FORM =zet. no._u-9

i

oy b et Ry, ﬁ/
i e " 1) = ’g L: ik 3 . B ‘7'2 € i g A
{; {/f A NP L . P (f& o ry = e a7 gi;w.{u/f.,,aﬂy\ ’5 iZe’/ s g ._WLL%;{ 2
j. _1,1 ‘3;3, e E" i 3 . h/ . i’i e? . . » .
5535? itw s A0 vgﬁixwﬁiﬂ%? /ﬂdzéw% o |
o
7
Registers Modified;” Maximum Subroutine Nesting Level: ﬁ
; N VS Dz{/u?
CY, ACC, R9 thru R15 Two Bs M) .
RAM Requiréd: Assembier/Compiler Used:
')f"
‘None Tymshare
ROM-Required: Programmer:
,‘c?
’ One Jobst E. Jesse
i Company:
) ! IOMEC
SRR R é [//j, o ,,l(*{‘ Y Z,\ L,}} g atd Ll )

P



1.  Complete Submittal Form as follows: (Please print or type)

Processor (check appropriate box)
Program title: Name or brief description of program function
Function: Detailed description of operations performed by the program
Required hardware:
For example: TTY on port Oand 1
" Interrupt circuitry

i/0 Interface

Machine line and configuration for cross products
e. Required software:
For example: TTY routine

Floating point package

Support software required for cross products

o e oo

f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Qutput results: Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nexting level
i. Assembler/Compiler Used:
For example: PL/M
intellec 8 Macro Assembler
IBM 370 Fortran IV
i. Programmer and company

2. A source listing of the program must be included. This should be the output listing of a compile or assembly.
Extra information such as symbol table or code dumps should not be included.

3. A test program which assures the validity of the contributed program must be included. This is for the user's
verification after he has transcribed and assembled the program in question.

©1974/Printed in U.S5.A./MCS-085-0374-1K
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/DELAY SUBROUTINE

/-

/

NN NN N NN NN N NN

1)

\

|~

/ﬁA%MMLQ.L;L@;&J LA 5N

/

R A rias ppr AAAL QAN e d )

Z[‘i
H I
A Y i~ 2 ")} A
‘/THIS ROUTINE GENERATES A
S -

1-256 MILLISECOND DELAY:

W/ ARGUMENTS: (P7) = 2'S LGMPLIVENT OF THE
NUMBER SFECIFYING ThE DESIRED LELAY IN
MILLISECUNDS

~Cy. = = Q..

BND—TESF——=—F - FOK EARLY EXIT T80
BE ACTIVE

W/ RETURN: CACC)» (P6)s (FT7) ALTEKED

W/ CALL:

JVMS M-SDLY

/DELAY = ((€92) X (2°'S CONMPLe BF (P7)) +5) X (10.8&)

/

S -

FMICROGSECBNLS

/Twd SUBROUTINE ADDRESS LEVELS KENMAINING

-

/

/ ONE
/-

2>

/7 3

NNN NN NS NN VAN N

L]

1/4-64 SECONDS DELAY:

W/ ARGUMENTS:

bBe ACT

(PS) = 2'S COMPLINENT @F THE
NUMBEK SPECIFYING THE DESIRED DELAY IN
QUARTER SECONDS

IvE

W/ RETURNg C(ALC)H»

W/ CALL:s

CAEE —
FOR EARLY EXIT T&

L a——

(R9Ys> (P5)s (P6)s (P7) ALTEKED

JV3S @SDLY

SUBROGUTINE ADDRESS LEVEL KEMAINING

1=-15 MINUTES DELAY:

W/ ARGUMENTS:

MINUTES

ANY-
ACTIVE

W/ RETURNS CACCYs (K9)s (FS)s (F6)s (PT7)s ALTE ki L

W/ CALL3s

(k9) = 2'S COMPLINENT GF THE
NUMBER SPECIFYING THE DESIREL DELAY IN

TEST

Ly =707
e}

7

£z f
Fek EARLY EXIT 10 bk

JMS MILLY



/ONE SUEREUTINE ADDKESS LEVEL kENMALINING

g -

/NOTE: LESS THAN ONE PERCENT Ekhkik ek DELAYS CF MERE

/

/

/-

v IDLYS

@ SDLY»

kTh12>s

FTK13s

ThaN TEN MILLISECONDS AN

CYCLES
F1t PS 16 o
“JUN 6SDLY+2 7 _
CLut 1S _.; s ¢k =
\Xt.h K9 ' %

CFIV PT 5 &

-

(JmS) ¢ SDLY

JCN NZA EXIT
157 K11 @SbLY+2
157 R10 QSDLY+2
I'sz K9 MIDLY
CBBL 0 e e
JON 13 EXIT
LUy 13

xLH K12

NCP

NG P

Ly 4 )
XCH K13 ’
I1S7 k13
1Sz K12 KIK13
152 R15 MSDLY
1S7 Kl1a RTR12

¥y
* gy

JJ Whm@%g i&%@ﬁ ( l,zfi’/)

10 %LS INSTRUCTION

=

|
|

A T (g ?’
[ Guics Sexend
{
i

v i
4

gﬁﬁ“ﬁ B/-LWY%E

1}
~ /TLME _EUT

Y 7
i)

‘faﬁﬁi

\s
d| N
(N
I
it

%

/12 )

.

C

EBL O <7 /TIVE OUT
Ex11, bEL 15 /EARLY EXIT
i :

/GFPTILNS FRUVIDED:

He UNCBNDITIUNAL LELAY:
Sk1 (HE CARRY (CY=1) BEFORE
ENTERING ANY ONE €F THE 1ThkER TIME DELAY SUBREGUTINES.
whEN THE LESIREL DELAY EXPIRES THE PROGRAM BRANCHES
BACK wWITh A ZERG IN THE ACCUMULATER.

Ke CENDITICONAL DELAY:
FESET THE (i~kY (CY=0) BEFORE

ENTERING ANY CGNE OF TRE THREE TIME DELAY SUBROUTINES.
THE PROGRANV BRANCHES BACK FI1THER WITH A FIFTEEN IN
THE ACLLMULATE R AS fwEh AS [kE TEST SIGNAL T 1HE
CPU CKFIP (4G04) 1S £UTIVATEUs R WITH A 7EKE IN THE

\ ACCUNMLLATIGK 1k TRE LESIhe DELAY EXPlkEL bekORE THE
IEST SlidaL 1S ACTIVATrL.

NOTE: THE 1TEST SIGNAY 1S RSSUMEL 10 HBE A LEVEL €k A
FULSE GF MokE ThAN ONE MILLISECOND LUKATI1ON.

- - - - - - - - - - - - - o - - - - & - - - e

\\\\\\\\\\\\\\\\\\\



/

/

/-
0000
0001

G003
0t 4
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0G0e
0007
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0011
0012

A

0014
0015
0016
0017
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00zé6
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0030
0031
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0034
0035
0036
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0045
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00040
Q0000
00360
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00342
003
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U010
o115
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00240
00341
D56
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o120
00151
00342
00024
00014
00031
00026

00322
00120
00115

00140
00240
00341
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00330
00120
00132
00342
00024
00033
00031
00045
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00120
00115

00140
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START .
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/-

0071
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0100
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/-
0107
0110
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0113

/-
0115

o117
o120
0121

0123
0124
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/.-

00341
00337
0Ce 7t
00120
00126
00342
00024
00052
0003t
064

15.4
uleo
0115

00372
U a0
00341
00052
00374
00120
00132
00342
00034
00107
00160
00072
00100
0000
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/-
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MICROCOMPUTER USER’S e
inte LEBRARY SUBMETTAL FORM Ref . No._u;u_*_“l

q & 4004 [J 4040 ([ 8008 {J 8080 {use additional sheets if necessary)
{ _—

P Program

Title HSP (High Speed Printer Interface)

HSP is a subroutine which writes the ASCII character, stored
in IR2 and IR3 to a Centronics 101 High Speed Printer.
The routine waits for the Printer to acknowledge receipt
of the character before existing.

Function

(Note: wusing this high speed printer with the Intellec
4 Assembler Version 3.0 Modified, will speed up pass

2 listing by more than 10 times)

Required
Hardware 4004, 4008, 4009, ROM output Ports 6, 7, 8
ROM input port 8

(see attached logic diagram)

Required
Software None

Input | mhe ASCII value of the character to be printed should be in

Parameters | jhdex registers 2 and 3 with the most significant nibble in
R2 and least significant in R3.
&
Output
Results N/A
Registers Modified: Assembler/Compiler Used:
IR4, IR5 Intellec 4 Resident
Assembler version.-3.0
RAM Required: Programmer:
None Daniel D. Hammond
md—:—— T o o Company.:_‘ T ) S T
/ﬂkﬁ 17 locations " Automation Associates, Inc.
Maximum Subrod:tine Nesting Level: “—Address: T -
P, O. Drawer I
One Cape Canaveral, FL 32920

98-0348



ENSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER'S LIBRARY

<

1 Complete Submittal Form as follows (Please print or type)
a. Processor (check appropriate box}
b. Program title: Name or brief description of program function
c. Function: Detailed description of operations performed by the program
d. Required hardware:

For example: TTY onport Oand 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e. Required software’
For example: TTY routine
Floating point package
Support software required for cross products

f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Qutput results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)

1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4. Maximum subroutine nesting level
i Assembler/Compiler Used:
: For example: PL/M
Intellec 8 Macro Assembler

1BM 370 Fortran IV ' U
i Programmer, company and address
2. A source listing of the program must be included. This should be the output listing of a compile or assembly,

Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

Y our program will be photo-copied for publication in the User’s Library. Please send an original, clear, un-marked copy.

Send completed documentation to:

Intel Corporation

User’s Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051

MCS465-0275-2K
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000z
0003
0004
0006
000D
0004

0000
000z
0004
0006
0008
0009
00038
000D
000F
0011

0013

0015
0017
0018
0018
0c14
001RB
001¢C
001D
001&
001F
00z0
0021
0022
0023
0025

2230
24D0
5015
7304
62

7404
220D
50156
2204
5015
4000

2660

A

66
27
A2
E2
66
<7
k2

6
1A21
Co

) we we we wo we

N

\]

EQU
Eou
EQU
EQU
CR kQU
LF EQU

o=
(o208

s we ws

TSTHSP:FIM
FIN
JMS
152
INC
152
FIM
JMS
FIM
JMS
JUX

I we wo we we we wo ws we

w2
J
'

FIM
SRC
LD
WRR
INC
SRC
LD
WRR
INC
SRC
WRR
RDR
LAR
JNG
BEL
END

(20 SRRV

OAH

R2s 308
R4, 0D0OH
HSP
R3y $=~2
R2

R4, $-5
R2, CR
HSP
R2,LF
HSP
TSTHSP

R6, 60H
R6
R3
R6

R6
R2

R6
R6

<&
J
N

“9e W e we we we

MO VB WEe WP WE WP WO Wwh WO WO e

WRITE ASCII CHARACTER

o we we “eo we

-e

V8 W wo we Mo we

R L R T D L 2 R R R R R e R I R 2R B I 3 26 45 1 S SN

HSP TEST ROUTINE (PRINT ASCII COLUMNS 354 & £ ON HeS. FRIATEF

ASSIGN INDEX LEGISTERS

k2 AND RZ TO Ii USED FOL OUTPUT BUFFEK
k4 TO BE USED AS COLUMMN COUNTER

R6,R7 TO BE USED IN PORT SELECTION
ASCII VALUE OF CARRIAGE RETURN

ASCII VALUE OF LINE FEED

START PRINTING WITH ASCII ©
SET COLUMN COUNTER = -3
PRINT CHARACTER

INCREMENT ASCII ROW
INCREMENT ASCII COLUMN
INCREMENT COLUMN COUNTEE, SKIP IF ZERO
LOAD CARRIAGE RETURN '

SEND CR TO PRINTER

LOAD LINE FEED

SEND L¥ TO PRINTER

LOOP

e R T S R R TR ST R R SR R TRV RS ST INL

IN R2,R3 TO HIGH SPEED PRINTER

ACCESS ROM PORTS.
SELECT LS PORT

WRITE LS HIBBLE TO ROM6 OUTPUT PGRT
INCREMENT PORT SELECTION
SELECT MS PORT

WRITE MS NIBBLE TO ROMY OUTPUT PORT

ACCESS PORT 8 (CONTROL PORT)

STROBE DATA TO PRINTEk « RESET ACK FLOP
READ STATE OF ACK FLOP

ROTAlL ACK BIT INTC. CAKRY/LINE

WALIT FOR ACK

EX1T
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ZQAElDEFHHI!}LMNHPHR TWVNXYZE\]’

TUMWXYZENT
@ADFDEFGHTJPLMNDFHRLTUVNXYZE\]“

r@AD,DEFhHIdlLMNDFLRHTHVWXYZE\] &
PEARCTEFGHI JELMNOFRRETUVHXYZIN] +

FRABCDEFGHIIKLMNOFORETUVHXYZINI "¢
FEABCDEFGHT JELMNOPRRETUVWXYZIN] "+
FRAECDEFGHIJELMMOPRRETUVWXYZENI e
SPRABCDEFGHI JELMNOFQRETUVWXY ZIN ] -
PRARCDEFGHI JKLMNOFORET VWX Y I DI+
TRABCDEFGHI L MNOFGRETUVWX Y ZLN 7=
FEARBCIEFGHT JELMNOFPORET VWX r ZIN ] +
PRABCTUEFGHT JWLMNOFORZTUVKXY T IV ] «
FEABCDEFGHI JELMNOFC %Tuvwxvgt‘l'«
(=R P@ARCIEFGHT M LMNOFORZT SWXY 20T -
»{«ef@ﬁIrDEFﬁHlf}LMNﬂFWR’ IVWEY L [\J 4
=R PRARCIEFGHT R LMNOFORETUVKWXY ZIN] "

I=RPRABCIEFGHI JHLMNOPORETUVKWXYZEN]

- e e e e s s

e e e wa e e me w

L A

L S S N S T

, =R PRARCTEFGH I JELMNOFGRETUVWXYZ LN 37+
i T PEABCDEFGH I JKLMNOPRRSTUVWXYZIN] "+
i T PRABCUEFGHI ELMNOPRRETUVWXY ZIN] "+
P L PRABCDEFGHI LMNOFGRETIUWVWXYZINT  «
P CEPRABCIEFGHI MLMNOPGRE T WRXY T 12 -

PRINT OUT  PRODICED
BY ~TSTHSES

(PRINTED B’ QgQTﬁoWC{\DA

@



s

VIl TN e FIVIE &WF § BN Wbl o

LIBRARY SUBMITTAL FORM FRef. No. _40-2

" [ 4004 [¥ 4040 [Jgo008 [18080 [J3000 (use additional sheets if necessar

Program

Title TP3100

Function This is a Subroutine which provides a Software Interface
to a Bowmar TP3100 Thermal Printer. The Subroutine pro-
vides all timing as well as control and character print
functions.

Required .
Hardware Bowmar TP3100 Thermal Printer
Nortec 4881 Character Generator Chip (Sold with above
printer) wired as shown on attached schematic.
Required None
Software
Input Stack Registers 2 & 3 contain the 7-Bit ASCII Equivalent
Parameters of the character to be printed.
The Test Line is connected to End-of-Travel Switch in
Printer (See attached schematic)
Stack Register 14 is used to store the current step
position of the Print Head stepping motor.
Ram Port 3 outputs stepper motor commands
Output Rom output Ports 2 & 3 output the 7-Bit ASCII| Character
Results to the Printer.

Ram Port 2 Bit 0 is Print Command

Registers Modified: Assembler/Compiler Used:

0,1 Dow Intel 4 Batch/Time Share
Assembler

RAM Required: Programmer:

None Richard J. Brod
ROM Required: Company:

129 Words Dow Chemical U.S.A.
Maximum Subroutine Nesting Level: Address:

1 Freeport, Tx 77541

98-03¢



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)
a. Processor {check appropriate box)
b. Program title: Name or brief description of program function
c. Function: Detailed description of operations performed by the program
d. Required hardware:

For example: TTY onport 0and 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products

f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values 1o be expected in registers, memory areas or on output ports
h. Program details (for resident products only)

1. Registers modified

2. RAM required (bytes)

3. ROM required (bytes)

4, Maximum subroutine nesting level

i Assembler/Compiler Used:

For example: PL/M
Intellec 8 Macro Assembler
IBM 370 Fortran IV

j. Programmer, company and address

2, A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user's
verification after he has transcribed and assembled the program in question.

4, A source paper tape of the contributed program is required. This insures that a clear, original copy ofthe
program is available to photo-copy for publication in a User’s Library update publication.

|

Send completed documentation to:

Intel Corporation

User’s Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051




1000

2,000
3000
4+.000
54000
6000
7000

8. 000
9. 000
10. 000
11000
12000
13000
14.000
15000
16.000
17 G00
18,000

19000
20. 000
21.000
22.000

23000
24.000
25+ 000
26.000
27.000
28.000
29.000
30-000
31.000
32.000
33-000
34.000
35.000
36.000
370060
38.000
39.000
40-000

41.000
42-000

43000
440000
45.000
46000
47+ 000

48.000

0000
0001
0002
0003
0004
0005
0006
0007
0008
6009
0010
0011
0o0i2
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0026
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
00a7
0048
0049
0050
0051
0052
0083
0054
Q0S5
0056
0057
0058
0059
0060
0061
D062
0063
0064

0000
0001
0002
0003
0004
0005
0006
0007
0008
0009
000A
000B
000C
000D
00CE
000F
0010
00113

0012
0013
00i4
0615
0016

0017

0018
0019
001a
001B
001C
00!D
001E
001F
0020
go2i

0022
06023
0024
0025
0026
0027
0028
0029
0o02a
002B
0062C
002D
002E
002F
0030
003¢

0032
0033
0034
0035
0036
0037
0038
0039
003Aa
003B
003C
Q03D
003E
003F
0040

0020
000C
00F9O
QOFD
OCAE
0081
00B 1
001a
000a
0060
0030
00631
0015
0014
001F
0010
00DO
00BE
00D9
0040
0035
00D1
0O0BE
o0DAa
0040
0035
o0p2
O0BE
00D6
0040
0035
00D3
OOBE
00DS
0040
0035
001F
0010
0015
00iA
0020
0024
00590
0002
0011
0028
0050
0000
0050
0000
0050
0000
Q0CO
0020
006C0
0021
OQE!
0020
0000
0071
0038
0070
003B
0071
003F

FUDSTEP.»

FRSTEP,s

NC.

BTL.

STEPI,

STEP2,

STEP3,

STEPA&,

BTL2s

RETRACE.

STEPs

DL1i»

DL2»

FIM OF BTL /LUHD Braved TABLE Abbeess

for  [fewT HEAD

CLB /4 foewaed S7EF

DCL

LD i4

aADbD |

XCH 1

JCN 10 NC

e - .//
JegenT s7el PesiTion 7o Beawc
/ﬂw X -ThéL & FPDRESS

INC O
FIN OP
JIN OP
STEP2

TABIL CopwARD STEANE
gggi Benyert THELE 7o rd(,w,: Pew 7 1#6AD .

STEP!

—

LpM O —
3 Accumucst
ey C i e T STEF

aud C
Egg g'rgp Posizions [2e6AS TER (@14>

/ BeawcH o NEXT STEp posizion) INSTRUCTIovS

LDM 1
XCH la
LDM OAH
JUN STEP

LDM 2
XCH 14
LDM 6
JUN STEP

LDM 3
XCH 14
LDM S
JUN STEP

0+STEP4
0+STEP) / Beawncs 7
0+STEP2 .
0+STEP3 e e s
FIM OP BTL2 (Load foawch "L L0 cace

gee ol Eereace
o Pant HeRd

JMS FRSTEP /fLeeace one S7€P

JCN 1| RETRACE /keer Lemncss ow7ie Pews Hedl
GWD o TiAveL Cow TACTS CLeSs,

JMS F¥DSTEP
forwaer STEP Tles Times 7o

o w7 He® HomE
G Tl J2S 1770 K.

JMS FYDSTEP
JMS FWDSTEP

BBL ©
FIM OP OCOH Now we'LL oUTRPIT STEP CommAnDS

SelecT RAM PeRT 3

SRC OP
WMP / ISSUE STEP CommnwD

FIM OP O
IsSZ ! DLi
R~ mS
I1SZ 0 DL1

ISZ § DL2



49.000
50.000
51.000
52.000
53-000
54.000
55. 000
56+000
57000
58.000
£9.000
60.000
61.000
62000
63000
64000
65000
66 000
67000
686000
69000
70000
71.000
72,000
73000
74,000
75000
76.000
77000
780000
79000
80,000
81.000
82.000
83,000
84-000
85,000
86.000
87.000
88.000
89,000

90.000
91.000

0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081}
0082
0083
0084
0085
0086
0087
0088
0089
00990
0091
0092

0093 -

0094
0095
0096
0097
6098
0099
0100
0101
0io2
03103
0104
0105
0106
0107
0108
0109
0110
01ii
oti2
0113
0ila
0115
0iié
0817
oiis
0119
0120
giait
gie2
0123
0i24
025
0126
0127
0128
0129

0041
0042
0043
0044
0045
0046
00647
0048
0049
0044
004B
004C
004D
O04E
004F
0050
0051
0052
0053
0054
0055
00Sé
0057
0058
0059
00354
005B
005C
00SD
00SE
O0SF
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
006a
006B
006G
006D
O06E
006F
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0074
0078
007¢C
007D
007E
Q07F
0080
0081

0070
Q03F
0020
001F
0071
0045
0670
0045
0020
00CO
0021
Q0F0
C0OE §
00C0
00F0
Q0FD
0020
0020
poal
00A2
00E2
0060
o021t
00A3
OQEZ2
0020
0080
0021
00D}
O0E1
0020
6000
0071
0061
0070
0061
00713
0065
0070
0065
00290
00F8
0071
006B
0070
0068
0020
0080
0021
00F0
00E1
0020
0000
0071
0076
0070
0076
0020
00D1
0071
007¢
0070
007¢
00C0O
0001

DL3,»

PRINT,»

PDL1i,

PDL2»

PDL3.

CDL1.

CbL2.

15Z 0 DL2

FiM OP 1FH
1SZ ! DL3
I1SZ 6 DL3
FIM OP QOCOH

THeN Clepre S7ep Command,
gig op Popt Hemd HAS Moved
YMP 6vE STEP.
BBL 0 _ .
CLB / Pant Rovrwe. AscT EQUUE o
DCL cuprAcTeR 7o Be PowTed IS IN

STACIC eebisTeRS 2 AKD 3.
Fin oF 208/ SeLecT I?am )008‘{‘ ;l
SRC OP

3332 / were Veper 3 BiTs oF CHARACTER.

INC O
SRC OP

i & £ CHARACTER 70
WRR weire Lowsr 4 BT © S 3.

FIM OP 80H

SRC op /Serect Ram foer &L

LDM |
WMP [ Issve PRNT CommAnP

FIM OP O P

182 1 PDLI N/J\MS
18Z 0 PDLI

1sZz 1 PDLZ2

1SZ 0 PDL2

FIM OP OF8H

isZ & PDL3J

1sZ 0 PDL3J

FIM OP 8OH

SRC 0P
CLB

WMP
FIM OP O

THEN CLepe P@WT GmmaAand

Le7 Pen7 Herd

182 1 ChLL Coot. P v mS.

1Sz 0 CDLI
FIM OP ODIH
1Sz 1 CDL2
1SZ 0 CpL2

BBL 0O
+END



1.000

2.000
3.000
4.000
5.000

6+000
7-000
8.000
8500

9.000
§10.000
11-000

i2-000

13-000
14.000

15000
16000
17000
18000
19,000
20,000
21.000
22.000
23.000
28,0060
25.000

26.000

27-000
28.000
29. 000

30,000

31.000
320000
33.000
34-.000
35000
36000
37000

38.000
39.000
400000

0000
0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
go1i2
0013
0014
0013
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0635
0036
0037
0038
0039
0040
0041
0042
0043
0044
0048
0046
0047
0048
0049
0050
0051
0052

0000
0001
0002
0003
0004
0005
0006
0007
0008
0009
0004
000B
000C
000D
00CE
O00F
0010
0011
0012
€013
0014
0015
0016
0017
oc1i8
0019
00ia
001iB
0010
00iD
001E
00!F
0020
0021
0022
0023
0024
0083
0026
0027
0028
6029
co2a
002B
ooac
002D
002E
002F
0030
00313
0032
0033
0034

e Poseam Vsiwe TP3100  SvBkouTHE

TS Pooseam INNTS A CHARACTER Feom THE

0050
00BC
00D1
QO0E 1
00BE
0050
0063
O0FO
00D8
00B7
0450
00BC
00EA
00Fé
goia
000C
0050
00Cé
O0E1
0050
00Co
00EA
00F4
O0E1}
COF6
goaz2
00F6
goB2
00A3
00F6
00B3
0077
0013
00s0
00COo
o0D1
QQ0E!}
0050
Q0CO
0050
00C6
00B2
O0FS
O0F §
O0F6
00B2
00a2
00icC
0038
00D3
0083
0014
0005

STs

TTI,

Ti.

T2»

TELETYPE AMND ECHIES

JMS

L DM
WHMP
XCH
JMS

cLB
LDM
XCH
JMS

RDR
RAR
JCN

JMS

WMP
JMS

RDR
cMa
WMP
RAR

LD 2

RAR
XCH

LD 3

RAR
XCH
IsZ

JMS

LDM
WMP
JMS

JMS

XCH
RAL
CcLC
RAR
XCH

LD 2

JCN

LDM
ADD
JCN

J 7T oN THE TP Reive’.

SR@

' SILENCE TTY

Y4 / Lopp | INTO PRINT HERD STEP PosiTioR EHISTER
RETRACE /sqp pawr Hemd 70 Home Posi7rons

8

ZRG TTY INPUT

P
PoUTINE

10 T!

SBR1

SBR2

2

SBR2

SBR1

Remove Prerty BiT

2

12 NGRTN )
CHECIL CHARACTER

3 7 SEE IF ITS A
: CARRIAGE ReTuen)
4 sf___,_ IF T 1S, Jump gack. 7o S7



41.000
48,000
49.000
50.000

51.000
52.000
53.000
54.000
55.000
56000

57.000
$8.000
59-.000
60,000
61000
62,000
63000
64.000
64+ 100
64.200
65-000

66.000
66100
660200
67000

100.000
100.100
100.200
101.000

102.000
102+100
102.200
103.000

104.000
105000
106.000
107000
108.000
109.000
116.000
111.000
112.000
112.500

113.000
114.000

£15.000
118,000
119-.000

00S3
0054
0055
0056
0087
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
008s
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0210
0111
0112
0113
0lia
0115
0116

0035
0036
0037
0038
06039
003Aa
003B
003C
003D
003E
003F
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0044
004B
004C
004D
004E
004F
0050
0051
oos2
0053
0054
005S
0056
0057
0058
0059
005a
005B
005C
00SD
Q0S5E
005F
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
006A
0068
006C
006D
Q06E
006F
0070
0071
co72
0073
0074

0050
008a
0050
003B
0040
0007
0020
0047
00F0
O0FD
00CAE
0081
Q0B !
0ola
0045
0060
0030
0031
0050
0055
005a
0048
00DO
OO0BE
00D9
0040
0070
00D}
00BE
o0DA
0040
0070
oopa
OOBE
00Dé6
0040
0070
00D3
00BE
00DS
0040
0070
00s5a
004B
0050
0058
0020
Q0SF
0050
003D
0011
0063
0050
0038
0050
0038
0050
003B
00CO
0020
00CO
0021
00E !
0020

NGRTN.»

FWDSTEP.,

FRS5TEP,

NG,

BTL.»

STEP1.

STEP2,

STEP3.

STEP4,

BTL2»

RETRACE.»

STEP.

JMS

JMS

JUN

FIM

CLB
DCL

PRINT /& Ciis

nepcreR 1S MaT A CE, PANT
17

FUDSTEP /srer Pov7 Hesd FkwekD

TT1 [JfeT HMITHER CrrRRCTER Film =T/

OP BTL

LD 14

ADD
XCH
JCN

INC
FIN
JIN

i
!
10 NC

0
oP
OoP

STEP2
STEP3
STEP4
STEP!

LDM
XCH
LDM
JUN

LDM
XCH
LDM
JUN

LDH
XCH
LDM
JUN

LDM
XCH
LDM
JUN

0

14

9
STEP

!

14
OAH
STEP

2

14

é
STEP

3

t4

5
STEP

0+STEP4
O+STEPI
0+5TEP2
Q+STEP3

FiM
JMS

JCN

BBL
FIM

SRC
WMP
FiM

0P BTL2
FRSTEP
1 RETRACE
FWDSTEP
FWDSTEP
FUDSTEP

0
OP OCOH

OP

cP 0

TP3100

SUBRIVTINE

i A
U



2

120.000
121000
122,000
123.000
124.000
125.000
126000
127000
i28.000
129.000
130000
131,000
132.000
133-000
134000
135000
136000
138.000
139000
140,000
141000
143-000
144000
145,000
146000
147 - 000
148.000
149. 000
150000
151,000
152,000
153000
154+ 000
155,000
156000
157.000
158.000
159000
160000
161.000

162-000

0117
0118
0119
0iao
gl2g
giz22
0123
0124
oies
0126
0127
0128
o129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0t4a1
0142
0143
0ta4
0145
0846
0147
0148
0149
0150
0151
0152
0153
0154
0158
0i56
0157
0158
0159
0160
0161
0162
0163
0lés
0165
0166
0ie67
0168
0169
0i70
0171
o172
0173
0174
0175
0176
0177
0178
0179

0075
0076
0077
0078
0079
0074
0078
007C
007D
007E
Q07F
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
008a
0088
008C
008D
008E
OG8F
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099

00%A -

009B
009¢C
009D
00SE
009F
00A0
00a1
00a2
00A3
00a4
00AS
00a6
00A7
00A8
00A9
00AA
00AB
00AC
09AD
O0AE
00AF
00BO
00B!t
00B2
00B3

0000
0071
0076
0070
0076
0071
0074
0070
0074
0020
00LF
0071
0080
0070
0080
0020
00CO
0021
00F 0
00E1}
00C0
Q0FO0
Q0FD
0020
0020
o021
0042
00E2
0060
0021
00A3
00EZ2
0020
0080
0021
00D1
0CE!}
0020
0000
0071
009C
0070
009C
0071
00A0
0070
00A0
0020
OOF8
0071
0046
0070
00A6
0020
0080
0021
00F 0
O0E!
0020
0000
0071
c0B1
0070

DLi,s

DL2s

DL3»

PRINT.

PDL 1.

PDL2.,

PDL3.»

CDL 1.

ISZ 1 DL
ISZ ¢ pLi
ISZ } DL2
isz 0 pDL2
FIM OP IFH
ISZ 1 DL3
ISZ 0 DL3
FIM OP OCOH
SRC 0P

CLB

WMP

BBL O

CcLB

DCL

FiM OP 20H
SRC OP

LD 2

WRR

INC O

SRC OP

LD 3

VRR

FIM OP 80OH
SRC ¢P

LDM 1

WMP

FIM OP O
1SZ 1 PDLI
ISZ 0 PDL!
ISZ 1 pPDL2
iSZ 0 PDL2

FIM OP OF8H
ISz 1| PDL3
ISZ 0 PDL3
FIM OP 80H
SRC OP

CLB

WMP

FIM OP O
ISZ § CDL1

ISZ 0 CDL1i




163.000
164.000
165000

166000
167.000

168.000
169.000
170000
171.000
172.000
173.000
174000
175000

176000
177000

0180
0181
o182
0183
0184
0185
0186
0187
0188
0189
0190
0191
gi92
0193
0194
0195
0196
0197
0198
0199
0200
0201
0202
0203
0204
0205

00B4 00B1
0085 0020
00B6 0ODI
0087 0071
00B8 00B7
00B9 0070
00BA 00B7
0OBB 60CO
00BC 0020
00BD 0000
00BE 0021
00BF 00CO
00C0 0020
00C! 003C
00C2 0071
00C3 00C2
00Ca 0070
00CS 00C2
00Cé 0020
00C7 003C
00C8 0071
00C9 00C8
00CAa 0070
00CB 00C8
60CC 00CO
00CD 0001

-=HEX== ==-DEC-~

BTL
BTL2
CDL!
CDL2
DL}
DL2
DL3
FRSTEP
FYDSTEP
Ll

Lz

NC
NORTN
PDL1}
PDL2
PDL3
PRINT
RETRACE
SBR1
SBR2
SR@

ST
STEP
STEP!
STEP2
STEP3
STEP4
TT1

Ti

T2

gk
0047
00SF
00B1
00B7
0076
0074
0080
003D
003B
coce
00¢c2
0045
0035
009C
0040
0046
008a
0063
00Cé6
00CO
00BC
0005
0070
004B
0050
0085
0054
0007
0006C
0013

0 ERR@RS

HRk
0071
0095
0177
0183
0118
o122
0128
0061
0059
0200
0194
0069
0053
0156
0160
0166
0138
0099
0198
0192
0188
000S
oiia
0075
0080
0085
0090
0007
0012
0019

CcbhL2,

SR,

SBR2»

L2,

SBR1i,

Lis

FIM
IsZ
15z

BBL
FIM

SRC
BBL
FIM
1s2
182
FIM
isz
isz

BBL
+END

OP ODiH
! ¢bL2
0 CbL2

0
OP O

OoP

0

OP 60
1 L2
0 L2
OP 60
! Li

0 L1

TTY
TIMING  EouTINES
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I LIBRARY SUBMITTAL FORM rr. . _40-3

inta

O 4004 [ 4040 [ 8008 [J 8080 O 3000 (use additional sheets if necessa
Program
Title 1/0 Test
Function To exercise all 1/0 lines to allow for troubleshooting of
system design, wiring errors, and chip malfunctions.
Required
Hardware User's system
Bequired No additional software
Software
Input
Parameters No initialization required
P A1l RAM and ROM output ports shall appear to be 4 bit
el synchronous up counters updating in order of their designation
from 0-15. Input port strobes will appear following the
output port strobe of the same address.
Registers Modified: Assembler/Compiler Used:
0, 1, 2,3 4004 Macro Assembler, Ver. 2.4
RAM Required: Programmer:
-0- Lee Jay Mandell
ROM Required: Company:
21 bytes Waugh Controls Corp.
Maximum Subroutine Nesting Level: Address:
0 9001 Fullbright Ave.
Chatsworth, CA 91311

98-034



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER'S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)
a. Processor {check appropriate box)
b. Program title: Name or brief description of program function
c. Function: Detailed description of operations performed by the program
d. Required hardware:

For example: TTY on port 0 and 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products

f. fnput parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)

1. Registers modified

2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nesting level
i Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler
IBM 370 Fortran |V

i Programmer, company and address

2, A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

4. A source paper tape of the contributed program is required. This insures that a clear, original copy ofthe
program is available to photo-copy for publication in a User's Library update publication.

Send completed documentation to:

Intel Corporation

User’s Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051
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4004 MACRD ASSEMBLER, VER 2,4 ERRORS ® 0 PAGE 1

0000
0000
0002
0003
0004
0005
0007
0008
0009
000A
0008

pool

00gD
00oF
0010
0012
0013

ND PROGRAM ERRORS

2000
Al
41
E2
221C
82
FD
Fi
F5
B2
El
7307
EA
7002
61
4002

$1/0 TEST PROGRAM
$BY LEE JAY MANDELL
pWAUGH CONTROLS CORP,
J
]

GRG ¢
TEST) FIM 0,00H
LogPs LD 1

8RC 0

WRR

FIM 2,1CH
RAMp XCH 2

DCL

cLC

RAL

XCH 2

WMP

18Z 3, ,RAM

RDR

182 ©0,LOQP

INCG 8

JUN LOOP

END

JWRITE ROM OUTPUT PORT

JWRITE RAM OUTPUT PORT
JREAD ROM INPUT PORT
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g ¢ Ref. No. 40-4
intgl  LIBRARY SUBMITTAL FORM "' - -

’ X 2004 [X 4040 1 8008 1 8080 O 3000 {use additional sheets if necessa

Program
Title

Function

Required
Hardware

Required
Software

Input
Parameters

Output
Results

8 DIGIT REGISTER DISPLAY

Display 8 digits of data

2 output ports, MC 14511CP 7 segment decoder, MC 14028CcP
octal decoder, MC 75491P segment drawer (2), MC 75492P digit driver
(2), FNA-37 LED display, 1.5K resistor pack T

See attachment

See attachment

8 digit octal realtime display

Registers Modified: ) 1| Assembler/Compiler Used:
0,1,2,3,4,5 L4004 Macro Assembler, Ver. 2.4
RAM Required: Programmer:
None G. Barrowcliff
ROM Required: Company:
28 words LTV Aerospace
Maximum Subroutine Nesting Level: Address:
1 306 Shadow Lane

Euless, Texas 76039 .
. , 98-03¢



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1." Complete Submittal Form as follows: (Please print or type)
a. Processor (check appropriate box)
b. Program titie: Name or brief description of program fungtion
c, Function: Detailed description of operations performed by the program
d. Required hardware:

Far example: TTY on port 0 and 1
Interrupt circuitry
1/Q Interface
Machine line and ¢configuration for cross products
e, Required software:
For example: TTY routine .
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, mempory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memaory argas or on output ports
h, Program details {for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4. Maximum subroutine nesting level
i Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler
IBM 370 Fortran |V

Programmer, company and address

—

2, Asource listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or cade dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verjfication after he has transcribed and assembled the program in question.

4, A source paper tape of the contributed program is required, This insures that a clear, original copy ofthe
program is available to photo-copy for publication in a User's Library update publication.

Send completed documentation to;

Intel Corporation

User’s Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051




The display is a Fairchild FNA 37 and is designed for use in a
calculator. The display ts a seven segment, 9 digit, LED,
decimal model but, in this application, it is used as an 8 digit
octal display.

The display requires two output ports, one to select the digit and
one for the data to be displayed.

The hardware is connected for +15V and ground logic levels; however,
if the system has a +5V, -9V power supply, the hardware will also
operate at those levels providing the current timiting resistor
pack is changed to ~680 to 8202 . The display is intended for
diagnostic work and draws approximately 4 MA when on. Any value
which can be loaded in the accumulator can be displayed.

The program included has three segments. The section labeled Start
is simply a jump to the Test routine. The Load routine sets the
registers for masking the MSB of the data, sets the output port
numbers (Port 4 = digit port number, Port 5 is the data port),
loads the display data in the accumulator and calls the display
routine. The display routine is general purpose and displays the
accum data on the digit specified in the upper register of the data
port pair. The loop at the end is the 4 MS delay and can be called
as a general purpose delay from anywhere.

While this display is designed for displaying octal data, by using
a National MM74C48 decoder, all 16 states could be displayed
uniquely thus providing a hex display.
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6009 00
uoot 85008
6003 4000
0005 09
0006 2048
pogR 22350
00OHA Al
pogB 5011
oo T10A
GogF Co
0010 o
0011 21
0ei2 B3
0013 £2
0014 F2
0015 B3
0016 23
0017 E2
goge 2407
go01aA 7414
001C  751A

NO PROGRAM ERRORS

START

LOADS

RLOODPS

DISPLAYS

DELENT}
DISLOOPS

!

H
18 DIGIT REGISTER DISPLAY

§
H

JMS
JUN
NOP
FIM
FINM

JHE
182
BBL
8BL
SRC
XCH
WRR
1AC
XCH
SRC
WRR

182
18¢
END

NOP
LOAD
START
0pQ048H pDIGIT PORT IN RQ
2,080H §PATA PORT IN R2
Lo 1
PISPLAY
1, RLODP
0
0
Y ISELECT DIGIT PORT
3 gDATA TO R)Y, DIGIT # TOU ALCUM
)BELECT DIGIT
§SET FOR NEXT CALL
3 $01G+1 TO R3I,DATA TO ACCUM
2 §SELECT DATA PORT
FIM 4,007H
4,DISLOOP
5,DISLOOP

W
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Program
Title

Function

Required
Hardware

Required
Software

Input
Parameters

&

Output
Resuits

!ﬁ)

MICROCOMPUTER USER'S

LIBRARY SUE

40-5

MITTAL FORM ®ef- ¥

% inte

[0 4004 [X4040 [1s8o008 [ 3080

{use additional sheets if necessary)

Intellec 4/MOD 40-Silent 700 Interface

SEE ATTACHED NOTE

Registers Modified:

Assembler/Compiler Used:

RAM Reqguired:

Programmer:

Phil Jensen

ROM Required:

Company:

Maximum Subroutine Nesting Level:

Dallas, Texas

Address: 6350 LBJ Freeway #178

75240

98-034B



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1. Compilete Submittal Form as follows: (Please print or type)
a. Processor {check appropriate hox)
b. Program title: Name or briéf description of program function
c Function: Detailed description of operations performed by the program
d Required hardware:

j.

For example: TTY onport 0 and 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
Required software:
For example: TTY routine
Floating point package
Support software required for cross products
Input parameters:  Description of register values, memory areas or values accepted from input ports
Output results:  Values to be expected in registers, memory areas or on output ports
Program details {for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nesting level
Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler
{BM 370 Fortran IV

Programmer, company and address

2; A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

Your program will be photo-copied for publication in the User’s Library. Please send an original, clear, un-marked copy.

Send completed documentation to:

Intel Corporation

User’s Library _
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051



Intellec 4/Mod 40 - Silent 700 Interface

Introduction

This note describes an interface between the Intellec 4/Mod 40
Microcomputer Development System and the Texas Instruments
"Silent 700" Electronic Data Terminal.

The interface consists of an Intellec/Silent 700 adapter.

In addition, the "Silent 700" terminal and Intellec 4/Mod 40
must be modified. The adapter and equipment modifications
are described in this note.

The interface was designed for use with the basic Intellec
configuration (imm 4-44A) and a Model 733ASR terminal
equipped with the 1200 Baud Transmission option and either
the Automatic Device Control (ADC) option or Remote Device
Control (RDC) option.

Intellec/Silent 700 Adapter

The Intellec/Silent 700 adapter connects the Intellec to
the terminal interface cable and translates the current
loop signals from the Intellec to RS232C signals for the
terminal. A schematic of the adapter is shown in figure 1.

Silent 700 Modifications

1. Raise the cover on the terminal, loosen the two retaining
screws on the rear card cage cover, and remove the cover.

2. Remove the 1200 baud transmitter card and locate networks
217 and Z18.

3. Cut the etch between 217 pin 2 and the VCC bus. This
bus connects Z17 pin 2, 217 pin 4 and 713 pin 14.

4. Cut the etch between Z18 pin 1 and the feedthru located
next to Z17 pin 1.

5. Connect a jumper wire from Z17 pin 2 to the feedthru
located next to Zl1l7 pin 1 (this feedthru was disconnected
from zZ18 pin 1).

6. Connect a jumper wire from Z18 pin 1 to Z18 pin 14.

7. Replace the 1200 baud transmitter card in the card cage.
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8. Remove the 1200 baud receiver card from the card cage
and remove resistor R10 from the card.

9. Replace the 1200 baud receiver card in the card cage,
replace the card cage cover, and secure with the two
retaining screws. This completes the "Silent 700" modifi-
cations.

Intellec Hardware Modifications

Refer to figure 2 for the following modifications.

1. Place the Intellec upside-down on a flat surface,
remove the five bottom cover retaining screws and remove
the bottom cover.

2. Connect a jumper wire between J43 pin 8 and the gfound
bus located on the left side of the mother boaxd.

3. Reverse the wires on J43 pins 3 and 4.

4. Connect a jumper wire accross the 220 ohm resistor
located at the rear-left corner of the mother board.

5. Replace the bottom cover on the Intellec and secure with

the five retaining screws. This completes the Intellec
hardware modifications.

o I -

Wires on pins
3 &4. ¢~ Jumpexr Wire

Jumper Wire =]
accross resistor -$— Ground Bus - Mother Board

Figure 2. 1Intellec 4/Mod 40 Bottom View



Intellec Software Modifications

Refer to the Intellec 4/Mod 40 Operators Manual for the
following modifications.

1. Using a Teletype, transfer the Intellec 4 monitor program
from paper tape to RAM memory and modify according to
figure 3.

2. Transfer the modified monitor program from RAM memory
to four 4702A EPROMs.

3. Connect a jumper wire between Jl pins 5 and 6 on the
Intellec/Silent 700 adapter.

4. Using a Teletype, transfer the Intellec 4 assembler
program from paper tape to RAM memory and modify according
to figure 4.

5. Disconnect the Teletype from the Intellec and connect
the "Silent 700" terminal wvia the adapter.

6. Set the data rate switch on the "Silent 700" terminal
to 10 characters per second.

7. Using the "Silent 700" terminal, transfer the modified
assembler program from RAM memory to cassette.

8. Turn off the Intellec, open the top cover and remove
the CPU module.

9. Replace the four monitor EPROMs on the CPU module with
the four EPROMs that were programmed.

10. Replacve the CPU module in the Intellec and close the
top cover.

11. Remove the jumper wire between J1 pins 5 and 6 on the

Intellec/Silent 700 adapter. This completes the interface
modifications.

Operational Considerations

The modifications described in this note do not effect

the basic operation of either the Intellec or the "Silent
700" terminal. Refer to the Intellec 4/Mod 40 Operators
Manual and the "Silent 700" Operators Manual to perform the
desired operations.

The following points should be remembered when using the
Intellec with the terminal:

1. A higher storage efficiency will be realized if data is
recorded on cassette in the CONTINUOUS mode. Hex memory dumps
and object programs produced by the assembler should be recorded
in this mode. When recording in hex format, over 50,000 bytes
of data can be stored or each side of a cassette.

- -

7

-



2. Source programs should be recorded in the LINE mode
to simplify editing.

3. Data recorded on cassette should be followed with an
X-OFF character. The X-OFF character will automatically
stop the cassette after data has been read from the playback
transport.

4. If a read error occurs while loading an object program,
the Intellec will automatically stop the cassette. To
restart, depress the BLOCK REVERSE switch twice to reposition
the record in error and enter an "R" command. The tape will
restart from this point.
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gTL 733887 TERMINAL CONTRDL PROGRRM

fMODIFICATIONS TO INTELLEC 4 MONITOR, VERSION 2,1
?
sna? S$TavT EQU 7 JROGNITOR RESTART POINT
GOFA LER EGu GF hH JEKROR TRAP
Gope ORrG ZAH i COMMAND TRAP
BOZA A0F A JLn LEK
a03a (kG 3nn 1J COMMAND TRAP
00 3A 4GFA Jith LER
a63¢C 1084 JIR LER sk COMMAND TRAF
0 3F 4GFR JUH LER sl COMMAND TRAR
?
SCASOBFTTEH/PRINTER QUTPUT FOUTINE (390 8AUD)
[
RS UkG H18
uoel 2030 £z F 1w HedUH
{1083 21 SRC v
HAEE 82 Lt ¢
D0oES K4 w ke
0856 A3 Lo 3
00uT £E8 wRY
£
;CHARACTER DISASBEMBLY ROUTTHE
?
IR RS 2u0y Fis Gpu
QGHA 21 HRC 2
Uou® Ny L G
nogl Fi WHMP
aeel 0g LD H
ORE B4 ACH %
JoEF %393 JES LY
prat 4%8p JUN gin
Geg3 4108 Claz JUN 1
i
IREYRQARD I&PUT ROUTINE (300 Ball)
¥
goan fRG gon
GESD  S50By ki JMS CKs
NDGIF 1090 JE L KI
BaAl EA ROR
D0RZ Fo RAR
poaAl 1AM J Swd
QGAS 5108 JMS 1
DOAT 4081 i co
[4
JCARGSETTE. InPUT KQUTIHE (1200 BAUD)
8
(G049 S(¢By RY: JMG KRS
DOAS 1093 JNg CIa

s
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OQAD
GOAE
HEVELRE
O0Ey
pui?
gnBa
(685

guRe
ik ?
gory
nast
Yobh
1e3=14
noca
gnc1
guc2
oG4
Locs
aug?
gnge

DUFE
GUFE

166
DYun

Gilok
giuk
01Ge
niyh
QI0F
Qi1o
G141
312
0ri3
0118
0tin
0117
0118
uite
0117
Q3 tH
n4yc
gL
Q11K

2644
27
no
Bl
2211
BgR1
4CGAY

2640
27
21
£1
2000
21
EA
Fo
18CY
Ci
76C0
71C0
of

4390

40hy

5397
2640
27
E1
2000
21
Dy
4
5393
£a
Fq
Fe
A2
Fo
B2
A3
¥Fa
B3
7413

VER 2,4

Fin
S5KkC
Lolib
whp
Bit
T
JUN

ERBURAE = o PAGE

Dy AOH
o]
3

211K
Co

RY

;
$InPUT BIT STATUS CRECK

»

Ksg

Lo}

CK1g

DOR?

)

1

;CHARACTER ASSEMBLY ROUTINE

3
cr:

Clig

FIM
SR
LD
WP
Fis
SRC
RDH
RAH
JNC
BHL
L87
182
BRI

G
JiR

ORG
Jiin

JHus
Fim
SRC
vi Mg
FIm
akQ
LDM®
XCH
Jné
KRR
C¥4a
RAR
Lo

Ak
XCH
Lo

RAR
XC#H
132

6@ 44 H
b
i

(a0
g

pCK

1
JeCK1Y
foUKY
g

st

UFkH
STUP

1ol
R1

DLYi
by 0K
]

(g0
Y

B

4
bLy2

LS .S

2oCT1H

2

§20 MS TIME OQUT

PERROR TRAP

FCASSETTIE INPUT TRAP
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0126
w127
ata23
utzi
gy 2%8
v12o
0147

0243
H243
g244

285
P28RA
287
beun
(17289
028k
288
gz2ul
Ozl
O028F
g2uF
0291
0293
3294
4298
0797
(1299
p2en
Q298
024C
6299
(G298
029¢
G249
gz2h1
U272
H7h6

03i0
H3t2

D375
0375
2376
WENE
N37%
3374
$3iB

5393
By
)
Fi
Fh
v
Co

20
G

Fi
B2
Fh
B2
B3
Fo
A3
7
E1l
$39'3
7480
Dl
El
5393
2030
21
EC
B2
AV
53

" A4

E4
AS
ES
2000

24CF -

4375
4390

Fo
92
1080
po
£y
93

COtt

CrC

VER 2.4

VR
ACH
RAL
CLe
KUR
ACH
BRL

LR
whp
NP

ORG
cLe
XCH
RAR
(Ch
XTH
EAhR
ATH
icc
WMy
JHS
18%
LDM
WM g
JUEG
FIn
SRC
RDY
ACH
kD
ACh
LD
WwiRQ
Ld
AR
FIN
Fiw
JUH

UFEG
JU N

DRG
cLe
shig
J&
LD
cuc
Sib

FREURS

pLY?2
5

~N

24 3H

286H

e B

PLYI2
4,001

pLY?
0304
]

W

[ ¥ 4

GgO
G UCFH
gRrU

3tun
STAP

3754
p

oLy
oY

¢ PAGE 3

sFAST FPROGRAM MOD

325 M8 PRINTER SYNC DELAY

$EQF TRAP
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n37C¢ 18y VALY BLY
0378 2448 FIM 2o 4EH 1165 M8 CARRIAGE RTN SYNC

n3an Towy phys I18%Z CueLA
0352 7180 1582 100X
2381 T4Ry 182 GpuLY
Q386 T8EQ 18Z 5,L0Y
i3dw 2030 FXi e dnd
3ad 21 Sk i)
G3pR N EDg
338C B4 ECH 4
B38D LAY D1
U3gE L) KCH 8
G3ARE 2000 Py VR
(1341 21 SkC i
5397 co bBRL o

¥

pBIT TIVINMG RODTINE

.

2393 2020 DLY2: Flw GedOn 16891 US PELAY
1398 7695 184 Qs 8

/”\ 03497 200 DLyt Fle g, 1od $367 US DELAY
-— G3IAR Te94 132 (g8
G3Gn iy alp
Gaag ceG BRE 1
;
pPPLAYRACK STUP RUUTINFE

G390 2213 alf0PE FlIs £0130

H39F 508] WMS ]

O3A 4Gy Jii START
IR

ND PROGRAM LKRRURS
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0040
0640
0042
unss
0Oe4C

020E
070E
Nn21d
0211
p212
0213
0214

0215
0217

p21R
0219
p21A
p218
021C
0218
p21¥
02¢n
0221
02472
n223
0224

022%
(0240
n227
p229
02724
022¢C
0220

022F
D231
D23z

}
;01 733 ASR TERMINAL CONTROL PROGRAM

!
JMUDIFICATIONS YU INTELLEC 4 ASSEMBLER, VERSION 3,0

GRG 408
0OnQuony he Np0,0,0, AEME, V3L 0K
41534D34
20863328
3058

3
;CASSETTE/PRINTER QUTPUT RQUTINE (300G BAUD)
}
ORG 20KH
2440 cos FiM 44 40H
25 8RC 4
A2 Lo 2
B4 wRY
A3 Ln 3
€5 WRi
!
JCHARACTER DISASSERBLY ROUTIRE (1200 BAUD)
§
2400 Fin 4,0
25 SRC 4 QQ,>
£l WM e
no LD 0
ng Lom 8
B4 ACH 4
8287 JME DLY2
Fi ¢ci1:  CLC
B2 XCH 2
Fé RAK
B2 ) Sod | 2
B3 p ok ;! 3
Fe RAR
B3 XCH 3
k] TCC
B wMp
5287 JMB DLY2
741K 18%Z 4,001
D1 LDM |
Ei wMp
5287 JHS pLY2
}
2440 Flk §,40H
25 SRC 4
BEC ~ RODQ
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0233
0234
02395
023h
pZ233
p23n
0238
p23iC
023E
G23F
247
(0241
0243
0245
D247
0249
Q24P
0240

0254
0254
0256
g2s¢®
fn299
2254
023C
025¢E

0267
327
D264
Deéuh
0267
(269
264
gz26C
0260
G26F
yang
027
62173

9275
GeT?

B2
ED
83
2600
24CF
F o
92
145
DL
Fy
a3
10458
244t
7645
7745
7445
7548
co

5275
1C54
£

1454
5291
4208

8275
1464
5291
BE
{408
Cu
2640
27
Do
E1
2211
320€
4200

2644
27

ACH
RD1
(CH
Fim
Flu
cLn
aus
JHZ
LD
gL
SUB
JNZ
Flnm
DLY: 132
I5%2
i8%
IsZ
© pRL
¢
sREYBRARD
H
DRG
nlg J MG
JNEZ
RDK
RAK
JNE
JHEB
JUn
$
1CASSETTE

&

flg MMS
JZ
JHE
RDZ
JZ
BRL

Rilwg FIH
sRE
LM
wMp
Flnm
JME
JUi

i

2

3
Dol '
G, CFH $25 M8 PRINTER SYNC DELAY

i

&
DLy
GO

3

DLY

4 4FH $16% MBS CARRIAGE RETURH DELAY
bebLY

TolLY

4,0LY

50LY

]

INPUT KOUTINE (300 BAUD)Y

254H
CKs
K1

E=d
Cl
co

INPUT ROUTINE (1200 BAWD)

CKS
X0
g1

cn

2
Bp4on
6.

0

2¢11H

ca

RI

$TNPUT 81T STATUS ChECK

H
CK&s  F I
SRHC

byp40H
b
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027%
G219
9278
027<C
0n2790
027E
027F
0281
0282
0284
286

U287
D28
p2886
0290
DzaF
p29u

02491
3293
1298
3296
Nz2497
0293
p29A
g298

(29%

Q29E
029¥F
G2A0
0241
0742
243
pzAl
02R5
0246
D247
(12498
248
02A0
p24b
G268k
072AF
e

Dy
K1
2409
25
EA
Fé
1ABZ
o1
7470
757D
Ca

2624
T68Y
2019
TeRD
0
co

288
2649
27
£
2400
25
Dg
R4
5987
E4
Fé

A2
Fo
B2
A3
£%
A3
749C
5287
B2
Fs

o

Fi
Fé
B2
ol €}

LOM
wHp
Flu
gec
CKit kDR
RAR
JNC
BRL
DCRe ISZ
152
BBL
H

ERRURS = 0 PAGE 3

peR

1
deCKY
5,0K1
0

$HIT TIMING ROUTING

[

DLEY23 KFIn
182

DLYY: FIM
152
NOPp
“BL

) =s we w=x

13 JMS
FIp
sRge
nMP
Flu

CItg J8bd

b'ZQH
Bed
pelOH
6,8

v

LY
Bl
6

440
4

2

4
DLY2

120 “S TIME QUT

1691 U5 DELAY

367 US DELAY

CHARACTER ASSEMBLY ROUTINE (1200 BAUD)

€
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m 0203 ARG 20 3H $1RI TRAP
- 0203 426¢ Jhn RI
H
i
LbCF2 e GCF2H
UCr2 2230 Fiw 24304
BCFa 3208 JHE cu
OCF& 52086 JMs on
uiFe 2413 E I 29 13H
DCFaA 5208 J#3 ce
USFC Qo BEL i}
EHD

HD PROGRAM ERKURS

T
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Program
Title

Function

Required
Hardware

Required
Software

Input
Parameters

Output
Results

VI Sr i A Al IVED] % 8 kel N W adlhmi N\ &F

B i ef. No. 40-6
intgl  UBRARY SUBMITTAL FORM:-:. - 1t

X 4004 [X4040 1 8008 18080 (use additional sheets if necessar

PDUP: PROM Dump Utility Program

This is a program to dump the contents of a PROM in the
front panel socket onto the teletype printer. The first
address and first word is always printed out in the form

n OO_OO"
as address-contents. All subsequent address-contents listing
are printed out only if the contents of the resgpective
location are different from the contents of the previous
location.

The Intellec 4 and ASR-33 are required.

There is no additional required software.

No input 1is required.

The output results are
00-00 Al~Cl A2~C2 ... An-Cn
in the form address-contents.

See the program listing for further description.

Registers Modified: Assembler/Compiler Used:

0-5,E,F Intellec 4 V3.0

RAM Required: Programmer:

none - {Mark Rothstein

ROM Required: Company:

77 (Hex) words G & R Associates

Maximum Subroutine Nesting Level: Address: 207 16
gl 15401 Pegg Court, Bowie, MD

98-03:



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1. Complete Submi;ctal Form as follows: (Please print or type)
a. Processor (check appropriate hox)
b. Program title: Name or briéf description of program function
c. Function: Detailed description of operations performed by the program
d. Required hardware:

For example: TTY onport 0 and 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nesting level
i. Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler
1BM 370 Fortran IV

i Programmer, company and address

2, A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary,

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question,

Your program will be photo-copied for publication in the User’s Library. Please send an original, clear, un-marked copy.

Send completed documentation to:

Intel Corporation

User’'s Library :
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051

O
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PAGE 4 PROM NUMP UTILITY PROGRAM V1.0 5/16/75

" C ET T S 222 22 2 o3 ookl ok o koloiok e ok ook ok dok ek ok R ek Rk kR k& 2 ok o ek o ok g ok ok o el ok Rk
¢
' ¢ THLIS STAND-ALONE UTILITY PROGRAM WILL ALLOW A USER WITH AN INTELLEC
. ¢ 4MOD4 OR 4MOD40 AND TELETYPEWRITER TO VERY RAPIDLY CHECK THE CONTENTS
¢ OF A PROM, PROVIDED THAT ALL, OR NFEARLY ALL, OF THE WORDS STORED IN
C  THE PROM ARE THE SAME
c
¢ CHECKING A PROM FOR COMPLETE ERASURE TAKES LESS THAN 1 SEC AFTER
C THE TTY PRINTS OUT "00-00"
. o {ADDRESS-CONTENTS)
C  ALL CHANGES ARE ALSO PRINTED OUT IN THIS FORMAT.
¢ THIS IS COMPARED TO THE TWO MINUTES REQUIRED FOR THE MONITOR SYSTFM
: C  PROM PROGRAMMING ROUTINE {WITH THE PROGRAMMER POWER OFF, OF COURSE)
c
. ¢ THIS PROGRAM IS ALSD USEFUL FOR CHECKING TD SEE THAT ALL BITS OF A
’ ¢  PROM CAN BE PROGRAMMED. A USER MAY PROGRAM OASH INTO ALL THE WORDS
C OF A PROM, AND THEN CHECK IT, ERASE THE PROM, PROGRAM O5AH AND CHECK
C IT AGAIN.
C
c
C  INPUT: NONF
C OUTPUT: 00-00 Al—Cl A2-C2 ... AN-CN®
. c WHERE Aly A2,...7AN ARE THE ADDRESSES WHERE CHANGES OCCUR
c AND Cly C2reossCN ARE THE CONTENTS AT THOSE ADDRESSES.
c 4 INDICATES THAT THE PROGRAM HAS REACHED PROM
c LOCATTION FF AND HAS FINISHED.
c
. €  THIS PROGRAM CONTAINS NO CARRIAGE RETURN.
¢ IT SHOULD BE USED FOR DUMPING PROMS WITH FEWER THAN 12 WORD
C  CHANGE BOUNDARIES.
c
C **#************#*****#*#*****#****#*#*#******#***#**#************************
€ <THIS PROGRAM WAS ASSEMBLED AND TESTED ON AN INTELLEC 4MOD40>
C s 3 Sk ekl e e e e ek e K ***********#***#***********#********************************
c
299 99 NOP
201 20 90 FIM 0 00 INITIAL PROM ADDRESS
993 22 OF FIM 2 OF "PREVIOUSY DATA
C e e ok e o e 3k i ok ok e o e ok e ook ok ok gl el e Rk ke ok ok s ek e e o ook e ke ok ek o s o o o o e e e e e o e e ke ok o
c PROM ACCESS ROUTINE.
005 24 00 #PR 1 FIM & 29 ADDRESS THE PROM
007 25 SRC 5
008 AO Lo 0 LOWER 4 BITS
399 E2 WRR
004 64 INC 4 REG 4=1
008 25 SRC 5
0o0¢ AL LD 1 UPPER & BITS
00D E2 WRR
30E 64 INC 4 REG 4=2
00F 25 SRC 5 GET READY TO READ



o

PAGE 5 PROM DUMP UTILITY PROGRAM V1.0 5/16/775 u
319 EA RDR READ LOWER & BITS
ol1l 86 XCH 6 STORE TEMP IN REG 6
012 A6 LD 6
013 Fl cLC
014 92 SuB 2 COMPARE WITH PREVIOUS
15 B85 XCH S DATA
16 64 *PR 2 INC & REG 4=3
Q17 25 SRC 5
018 EA RDR READ UPPER &4 DATA BITS
019 B7 XCH 7 STORE TEMP IN REG 7
atA A7 Lo 7
018 Fl cLe
otcC 93 sSus 3 COMPARE
oD 1C 2C JCN Al E2 IF NOT ZERO, PRINT PROM CONTENTS AT THIS ADDRESS
OlF A5 b 5
020 1c 2C JCN Al E2 IF NOT ZERQ, PRINT PROM CONTENTS AT THIS ADDRESS
022 70 05 ®*PR3 1SZ 0 PRl GO FROM ADDRESS 00 TO FF
024 71 05 1SZ 1 PR1
026 2E 5€ FIM E 5E 4
c END OF LOOP
Cc
C ookl Sk ool ok ook ol esfege st o e s ook et e ok e oo R R e Aol ook ok o ook ok ok Ao ko
028 50 4E JMS PRINY ALL DONE.
024 1C 24 *END JCN Al END °
c
C koo ookl okt fode ekl s e e oo ook ool e ok ok o e ok i koK B ke Sk oo Aok ok ok e e e ook ok e
C
C PRINT OUT PROM ADDRESS—-CONTENTS. THEN UPDATE REG 2,3
02C 2E 20 *E2 FIM E 20 SPACFE
J2E 50 4E JMS PRINT
330 Al Lo 1 FIRST ADDRESS DIGIT
031 50 46 JMS PRNT PRINT,
333 AD L o SECOND ADDRESS DIGET
034 50 46 JMS PRNT PRINT. / \‘.
236 2E 2D FIM E 2D q=le
038 50 4E JMS PRINT . \.’}
034 Ab LD & NOW FIRST DATA DIGIT
a38 50 46 JMS PRNT
03D A7 Lo 7 NCW SECOND DATA DIGIT
03E 50 46 JMS PRNT
040 a6 Lh 6 NOW UPDATF REG 2
041 B2 XCH 2
042 A7 LD 7 AND REG 3
243 83 XCH 3
J44 43 22 JUN PR3 RETURN YO THE LOOP
c
€ sekargotokdokookdof ook ok oo ook Rt sl e ookl Ao B e e o e o e e o e o X ook ek ke ke e s e e ol o ke e e ok ok
[»
[ PRINT ROUTINES:
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PAGE

046
047
048
049
044
04C
040
O4E
050
051

052
053
055
056
057
058
059
054A
358
05¢C

L]
05E
060
062
063
064
266
068
D64
06C

06E
a70
0712
074
075

Fe
RF
D3
BE
iA
6F
6F
28
29
FO

El
50
Fl
BE
Fé
BE
BF
Fé
BF
F7

El
79

D1
El
50
52
2C
7D
7C

2C
70
7C
co

%€

08

68

*PRNT

#PRINT

*0100P

*oLY
2

PROM DUMP UTILITY PROGRAM V1.D 5/16/75

C

DAA
XCH
LDM
XCH
JCN
INC
NC
FiM
SRC
CcLB

WMP
IMS
cLe
XCH
RAR
XCH
XCH
RAR
XCH
TceC

WMP
1sZ
IMS
LOM
WMP
JMS
JMS
FIM
[ y4
15z

FIM
1sz
152
8BL
END

REGISTERS E & F CONTAIN THE CHARACTER TN B8E PRINTED.
PRINT OUT A& NUMBER I[F A NUMBER

F

3 PUT 3 IN REGISTER E FOR A NUMBER
F

€O PRINT

E OTHERWISE A LETTER

F ADD 1 TO REG'S E & F
8 28 TIY OUTPUT WITH RETURN THRU DELAY SUBROUTINE
9

DLY

E

F

F

F

9 DLOOP

oLy

1

DLY

DLY RUNS TNTO DUY

C 3C

D L2

c L2

€ 3C

DLt

C Lt

9



@UTPUT AND OPERATION OF THE MONITOR
SYSTEM CHANGE AND PDUP. 6/3/75.

o

oR

<PDUP N@VW L@ADED INTO RAM.>
<CLEAR PROM M@UNTED IN S@CKET.>
. 00-001 _

<THAT'S ALL THERE IS T@ IT.>

B~



" MICROCOMPUTER USER'S
intel LIBRARY SUBMITTAL FORM ret. xo. _sn1_

/.\\,\J {Ja004 []so008 []8080 d4040 (use additional sheets if necessary
Program - .
Title PRO FORMA
Function This programme assists in the compiling of source code tapes by

eliminating errors and typing mistakes.

In the keyboard mode it will only transmit characters to the paper
tape punch that are valid in the context of the system assembly
language, and automatically formats individual lines and pages to suit.

It also provides editing facilities similar to the system assembler
but includes extra functions for error removal and tape interleaving.

Required
Hardware T?Y on Ports O and 1
High Speed Reader on Ports Optional.
Required None
Software ®

Input As described from TTY and High Speed Reader.

f-'\ Parameters
Qutput "Clean" programme tapes in an acceptable format are obtained from the
Results paper tape punch.

Registers Modified: Maximum Subroutine Nesting Level:
Bank O:~ Nos. O to 1
Bank l:- Nos. O and ey Beek
RAM Required: Assembler/Compiler Used:
Up to 108 Bytes Assembler Version 3.0
1 |
E ROM Required: Programmer:
1255 Bytes A. G. Treves.
Company:St. Peter Street
Maidstone - Kent ME16 QOSP
an1gnA




INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)
a. Processor {check appropriate box)
b. Program title: Name or brief description of program function
c. Function: Detailed description of operations performed by the program
d. Required hardware:

For example: TTY onport Oand 1
interrupt circuitry
1/0 Interface
Machine line and configuration for cross products

e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products

f. Input parameters:  Description of register values, memory areas or values accepted from input ports
a. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)

1. Registers modified

2, RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nexting level
i Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler
1BM 370 Fortran IV

i Programmer and company

2. A source listing of the program must be included. This should be the output listing of a compile or assembly.
Extra information such as symbol table or code dumps should not be included.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

WCS407-1274-2K



0000
0000
goot
0003
0005
6007

0009
0003
000D
00CF
0011
0013
6015

0017

po1io
061B
go1D
001F
0021
0023
0025
go27
0029
0028
goaep
002F
0031
0C33
HRIRERS:
027
C 39
0034
go3e
ARG
803D
0C3E
0O3F

p84at

004z

Ac4a4
0046
994%
foap
anac
g0z
Boar
gosl
cazs
goca

HGES

0A

54BA
54C5
S4E3
2CFD

S2E0
540F
5246
s440
2¢at
52C0
E457
2C50
52C0

‘5246

54E3
2CFE
S2E0
2CF5

2071

400
2008
5370
1435
5344
7D2F
Tcex
SLE6
2C60
2D
e
E4
Dl
ES
0E
20CE
0&
2101

[OX IR AR

SRR R
N B
fom)

[ e I IR NG|
I

el

Ta74

P&AP

F3

1262

‘e

Vo e

ke Ve La ue

TREROP SHARDS LIMITED INTELLEC PROGRAMME
DROGPAMME:=- TS 001 PREV:~ 004

TITLE:- TFRO FORMA COMPILED 2ND JULY 1975

...........................................

lLQBEL;;SQDE;QEEBQND;E;;L;;;;;;;DQMEEQI; _____________

>
*J
*70

ORG
SBo
Ji S
J4S

JMS’

FIy

%E-S

#33C
JMs
JU1S
JUS
JMS
FIM
JMS
JHS
FIM
Jus
JMS
JMS
FIt
JMS
FI
FiM
JuS
FIv

aTa: g8

[N
~

o on I
N N

J = T

n
,._]
[#3]
.
o) Gy 1 C,

T

LEAD

ULINE

SCLY

12,~3 AND 255 SPRINT 3 SPACES

SPACE

sT! 3PPINT PPOGPAMME HEADEP
CPLF2

NEXT $PRINT ‘PPQCGRAMME:=- T8
12, 40H 3SRC FOR PaM Cl, ™0

sSTe 3READ AND STORE 3 NIUMBEPRS
NEXTI :

12,508 $SRC FOR =AM Cls,R1 - PEV NO..
g§T2

crLr2

SCLY

12,-2 AND 255 3PRINT 2 SPACES

SPACE

12,-11 AND 255

0,HDG3 AND 255

BLKEOT

12,=40 AND 255 340 LETTE® TITLE
DCODE s JUMD TQ DECODE HRD CHAT
cTs 3JIRiP QUT IF CLPF
T ITE B SUISE PRINT IT
12, 874 3TEAD OTHER LETTE™S
3™RI1UT LINEZ HEADET
38=C FO™ FAM ClsP2
3CONTAINS “AEE HO.
490 285 JLINT COTNT IST. TIME

CrLT

waG

12, S 3CET gyt
DeOnL JT T IS8T CHaAPR
HEYLY 318 SFLE

LARE 3IS SRmACE

LATZL SIS ALPHA

LATEL ;i ? oF @



g )
[

DOy n aan

SN Ao BT o B B> G B |

7

(3O OO O MDD

DO OMOOOOMODDOoOooD
O D

[
Gy O ON O

2

b B I T B B A

O oo
O oo
~ GO
o]

LR

0072
ce74
0C75
0077
6072
0279
G373

pe7e
0o7F%
HEHE

gcaee
aca2
0285
0oa7
9032
YA
0CsD
CO8E
gean
p991
0993
(094
cpes
0027
ngoe
ggoa
209%cC
open
000w

00Al
0043
00AS
COAT
0049
oAz
neap
0CAE
f02¢0
CoEe
06B4
CO0E6
0CE7
g0B%
002E
LoD

¥3
1478
2404
5294
1C4%
4101
Sl44
7053
LC72
53740
Fi

(&)
n

e
R I 4]

B RS B RS WS 6, BEAO IS I B
QRO UMW O

it
=1 o

[#5)
-3
o]

1 = (1
QI
>
I~

LS

1 (o )
~J

3 U - ]
I
[ s w

sl
5370
| RAYAA)
Fg
taant
¥e
1aal
Fg
1489
Fe
1489
e
1459
FE
146l

4089

5344
2220
5344
2AD6
5370
laaa
F8

14FE
5344
52370
ta44
Fg

14C1
5344
TELRE

TARZ

.
2

°
4

°
Ed

[l
e
i T
[T

s ee

«Q
o
[
t=)

CODE2:

OPP:

R

el
B

JHS
Jz
pAcC
DAC
JN7Z
JiS
187
JUS
JZ
Dac
J7
DAC
Jz

‘DAC

J7
DAC
J7
DAC
J7Z

PROGTAMME:- TS 001

COM 1

£, 04
MATCH
NEYT3
EDIT
WRITE
13,La21
LAB2
CCODE

SPACE
12, JEEH

DCODE

NEVLY

CODE
TRITE
13, CODE.
DCOLE
NEWLY

orPR
Sphe
CODEZ
CODE2
CODEZ

oPr
copE2

VRITE
2, 20H
WRITE
10,-42 AWND
DCODEL
N EWLN

CoM3

VRITE
DCODE
NEVLY

$+10
VRITE
- 11,8-9
10,8~-11

318 S/COLOW
SJEOT CODE

3PRINT CHAR
JINC COWNT

31S ALPHALWNUMRE,? OR @
3JWRP IF INUVALID

3 COLON RE@D.

JYRITE COLON OR SPACE

3ADD EYTPA SPACE

JSET COWNT JF 2 FOR CODT CHECK

3CRPL¥F FOIRID

S3JIHP IF MOT ALDHA (\»/

JPRINT ALPHA
SBACK DR ANOTHER LETTER

5 CRLTF F3IMD

3 SPACE

3 ALPEA

3? 0ORr @ - TPY A4AGAIN
3S/CILON = TPY AGAIV
JCOLOW = TPY AGAIY
SWIME

JURITE LAST SYMEQOL

3 SPACE

255 5 CHAPACTE® COWMT

5 CPLF

SRE-ENTER HERE IF NOT SPACEL



00BF
goc!t
6o0cCc3
00CS
gocT7
goce
g0CB
00CD
08CE
00D0
cope
f0Da4
00D6
30D8
geoo
cona
gcom
00DD
00DE
GCDF
¢oE!
COEZ
002
GOLE
0OE7
0CE®
00EB
08ED
0CEF
00F1

00F3

6C0FS

0CF7

0OF9
00FE
0C0FD
0CFF

0101
gioz
010s
G107
0102
g10E
giep
0135=
fror
0L1¢
cliz
0113
Cria
gits
tiié
0118
g119
LIz
011D
BILF
fiz1
g122
0123

4044
5344
7209
7TACS
4044
5370
taass
e

{CRY
5344
ToDf
Tan0
agaa
w1

s

g4

ICES
AR

83D

24EC
DF

=26

S2E0
S54E3
TGED
TAED
4aGas
53780
tans
5344

T
ir

find
[
3

O N NN

oot O
Fe I e B B e |

ER=N R A=

I

e
53¢
2 Z £an e
5344
5223
.
53123
P
28T
P
™
LA
o
-
13
19

N ) O 0N FE QY e D T ) e e I DO
[ B =i W5 )
moe o

LT D U UL TS 1D € e 7] D> 5] () +

k)
fing

Yo

S PROGRAMMES ~

Z

TS 001 PREV:- 004

PAGE NUMBER:~ 03

....................................................

LABELL _CODE_QPERSNUD.Z ;;;;;;;;;;CQ”UrNI;;;;;;;;;;;;;;'

° -
2

COm2: JiKS

COtil:

Q

@]

W
oo T e g

JIN
J¥S
IS7
1587
JU
JME
Jz

DAC
JHZ
JMS
157
RS
J 1]
CLC
LD
ADD
JHZ
LD

¥ CH
FI¥
LD
XCH

JUS
1S%

187
Jimr e

JUE
J7
Jrig

JUH

T ] "‘, =l -

'
1
- I G

ERIT:  JiS

Tononin X

50

&=

Do R T B B B
Y <

[ e ISt i oY

can

N EVLN

WRITE

11,5+6
105 5+4
WEWLY |
DCODE
NEWLNY

0PR+24
WTITE
11s3+6
105 8+4
NEVLW

13
10,
15

2
SEACE
SCLAN
115,%+6
10, 8+4
B TTghe]

3PRIWT 1ST SPACE

2+ 3
3
12,30
14,10
TCTH
FCTS
3

i3S
FCTS

3THIS IS STA®T JF TRPIG CYCLE
ET

sJUP IF WOT UTHME

$PPOCESS HIME
JCLEATS PP.S 12 & !4



0125
g127
g12¢e
g12B
012D
012F
0131
0133
0135
0137
0139
0138

013D

013F
0141l
0143
145
0147
giae
0l4axn
014D
014E
gis0
0151
0152
0154
0156
0158
01ca
g15C
018E
0160
0162
0164
0166
0168
0lea
016C
016E
016F
0171
0173
0178
0177
017¢
0174
017C
0178
0180
71g¢2
0184
0186
0138
018

0184
0198
018D

018F

6191
0193
0195
0197
8199

5303
206F
410D
2432
5294
1C33
A2B3
2448
5294
1cal
5303
5298
144F
4180
2anpn
5294
1C56
5303
5298
1C30
DF

2000
21

E7

52AF
4101
2424
5294
1Cé4
283F
26FF
5303
416F
2441
seon
1C6C
L4044
5293
6B

S23F
2453
5294
1C72
Dt

4188
2443
5294
1489
223F
5344
5244
4101
E4

o

ES

5303

5298

1C80
S2AE
41F1
5254
2400
529A

.
2

°
rd

Lo

Y
k4

E

Iz}

E

PROGRAMIMEs~ TS (01

JMS
FI¥
JIN EDI
FIv 4, % *
JMS MATCH
JUZ § + 4
JIN FINAL
FIM 45 °K*
JMS MATCH
JNz S+10
JMS REDI
JMS CPD
JzZ  3+17
JN ER
FIM 4, *J*
J¥S MATCH
JNZ $+17
JHMS REDI
JMS CPD
JNZ ER
LD OFH
FI1i1 0,00
SeC 0

VR3

JMS LF
JUN EDIT
FIM 4, °5°*
JMSE MATCH
JNZ ED3
FIM 8, 3FH
FIM 105 0FFH
JIMS REDI
JUN ED4
FIM 4. °A°
JMS MATCH
JNZ S + 4
JUN NEWLN
JMS RE10
I8NC 11
JMS Snl
FIM 4, °8°
JHS MATCH
JNZ & + 5
LD 1

JU EDS
FIM 4, °C*
JMS MATCE
J7  EDS
R FIM 25, %7 *
J¥S VWPITE
JMS CRLF
JUW EDIT
135241

CLB

wR1

JMS REDI
JMS CRD
JNZ ER
JMS LF
JUN EDI3
JMS PTPD
FIM 4,00
JMS MATCH

RED1
0, ED4 AND

D2

Dé6:

004 TAGE MINIZER:~ (4

CHAR

VIDIFIEDR ADD® )R JIMi»

FJUHT HE™

1z)

IF¥ N0

B

FO0P ®WT™ OFF

FOP

CAPR. PET

Yo
=
)
[#2]
-
)
o

J
[6¢]

3SET COTHT

JFPAM CO0,P1,STO IS SET AS
31 = SKIP (0 = COPY

JRAM CO0,R15,ST1 SET 7ZEPF3

........



Lo %o

'PP.OG?AI"EI'/IE;- TS 001 REV:- 004 PAGE NUMBEP:~ 05

Ed
10a4 JNZ ED7 3J1MP IF NOT MNULL
524F , JMS Sm1i
ED PD1 SREAD PAY C0,R1,STI
1495 J7 ED6
4101 JIB EDIT
2438 ED7: FIM 4, %3 *
5204 JMS MATCH
2000 FIi 0500
1CB8 JNZ ED9
5254 EDS%: JiS PTRD
2404 FIM 4, 944
5294 Ji1S MATCH
1caC JNZ EDB
4195 J1®] ED6
5254 JHUS ©T=D
2n9n EDO: FI & 4,2nH 3LO0OK FOR AS™FTISK
al=y JMS MATCH
1£AC J7 ED8
21 SnC 0
A2 LD 2
61 149G 1
21 STC 0
£3 LD 3
0 1T
7108 187 1,%+32
59 18NC 0
2402 FIM 4, CAH
5294 JMS HATCH
126 Ju7 ED9-2
528F Jimg gmy
E mDO
1CED J¥7 EDLI2
opne FIi1 0,00
o1 EDIQ:  S7C 9§
A TR
e TCH 2
61 190 1
21 smg 0
TG a0
2 ¥CH 3
o404 FItl 45 04H
5004 J118 HMATCH
| iNas) J7  EDL1
5344 T TE
7IE7 1,5+2
&0
21D5
5344 EE1l:s
524
Pty ED12:
o1
E5 SUPITE DA £0,™1,8TI
SCFrF 2013
SETF
5244
£295
41l




o0

N

s
FCTH
FCTS
FCT6
PTRD
sl

s0



23

3 TPERQ® SHARPS LIMITED INTELLEC PROGPAMME
s :

3PPOGRAMME:- TS 002 REV:i- 104

H

3 TITLE:- PRI FOTIHA PTe 2. 2¢JULe 1278

R

LABEL: CODE_QPERAMUD. S L . L EOEMEIT. ... ...

N Ok Ve

ok
Qnmnmnmunnd

e
X

dok

%
(o]

607G 290H

2000 FCT s
240490
26090
5224 FCTI1:
1417

(|
3 —
[y
)

Do o
4]

3 4

B % 3P7 + RIS = R7Y
I LD 3P6 + Pla = °6
g ADD 13 35R5 + 12 = 75
ES %CH 5 3P4 o+ Pl2 = P4

negoo iF) Oy~
"
"~
“ (@}
— U1 e 0 Oh = O ~] = =3

2¢ ADD 12

B4 WCH &

5031 FCTZ2: J%s FCT4
7006 187 £,FCTI
~a LD 4

B8 FEH

A5 LD

A6 LD

B ¥CH O
AT LD
BE WCH 11
co 2BL

5} €D s = v N MO NN

A8 FCT3: LD 3THIS &2 SHIFTS I PLACE
F6 AR JRIGHT PGPS & TO 11X
B3 YCH

AQ LD @©
Fé PAP

BG XeH ©
£ L 10

6 BAR
BA R 10
AFE LD Il

T TAP

BR -¥CH 11
ch BZL O
i TCT4: CLC
LT LD 1
S TAL

2T YCHE OLE



0235
0236
0237
0238
8239

g23A
g23RB
623C
023D
023E
G23F
624l
g24s
0244
g245
0246
Be4a7
62438
0249
p2an
1248
824C
024D
024gr
G§24F
8250
0251
0252
0254
0255
6256
0257

0258

0254
025¢C

025D

025k
025F
0261
0262
0264
0266
0267
0268
0269
028A
jz268
26D
B26E
026F
0271
0273
02175
0277
0278
0279
ge7a
g273
te7c
827D
927E
027F

AE

FS
BE
AD
F5

BD
AC
F5
EC
€0
2CCG0
2E06
co
Fl
AR
8F
BE
Ah
8E
BA
A9

8D

B9
A8
8C
B8
co
535F
£C
Fé6
F7
E6
425E
535F
D1
E6
EF
1064
D1
4300
2240
23
DO
E2
D8 -
E2
2600
EA
F5
179
766D
776D
736L
01
0g
6
B#:
25
EA
F4
B3
64

3 .
3PROGRAMME:~ TS 0§02 PEV:- 104 PAGE NIUMEEPR:- 02

Tee

dLABELL _QUDREQRERAND ... . L CQUMENZD Ll L.l

.
>

FCTSe

PTED:

DE2Y

PT3:

XCH

ADD

iyl
RIS 3PAM C0,R0,8T3
3

LD t4a
BAL
¥CH 14
LD I3
PLL

VCH 13
LD 12
PAL

¥CH 12
BEL O

FI¥ 12,00
Fiv 12,00
BEFXL 0

cLC
LD 1
ADD
HCH
LD
ADD

—

-
A

¢

—
—

Gt ft b
o o

LD
ADD
X CH
LD

(&)

XCH
REL
JHS
DO
PaP
TCC
vne 3
JUN PT 3 RIT 0 OWLY
JUS SBRQ '

LOM 1

TR0

=

1 0w 00D = P
)

jux}
J
=]

C8,P0, 8T8 SET 1

JN7 PT2
LD¥ 1

JIW FPREA
Fiv 2, 40H
srC 2

LD 0
53]
LD
veR
FIiY 6,00

PDR

DAL

JHGC PT4

187 6,PT3

182 T7-PT3

187 23,PT3

HLT . $MUT JUMD ER IF FOP 4004

yo®P

LDM 6 (w,)
¥CH 4

SPC 4

DR

cHMa

¥CH 3

19¢C 4

SET = PTP TFESET = TY

feal



280
0271
LT
1283
6254
0255
0o%s
0257
289
0284
028C

128K
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e
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G

L4344

Q
ae)

Q
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I
3
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o2l Q=0 D

A

10SF
ct

220
5344
2204

CE
S2as
Tina
T0R4L
Ca
SA4CS
Sara
g1
SATIS

RS

L) Ix

GO ES: I
9 PSS I
o1
o I

£~ W
wirE
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'
L
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S344

Q
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;LEBIL:E .

.
Ed

SPC
2EP
cra
PAL
cLcC
PAFR
CH
JIis
rDE
JNZ
JIR
BBL

FIM
S
BEL
FIN
Fin
22L
FIti
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CORE_QREZRID_Z

4, 10K
4
c

35 0CH
10,808
it

45 0DH

3THIS &/7 MATCHES P 2 TO
3REGe FFe 4
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§2ED

02ED
02E2
- G2E4
02E6
G2E8

0300

63090
0301
0303
0304

0306-

8307
0308
‘030A
030B
030¢€
039D
030E
0318
0311
0312
0314
0316
0317
04318
0319
0314
g31n
e31n
031E
031F
32l
g322
0323
0324
0325
6327
0328
0329
0324
9228
g832cC
032D
032E
C32F
£330
0331
0333
0338
0336
2328
033y
£33a
330
132E
033F

2220
5344
7DEOD
7CEQ
co

DF
4304

2600
27
Eé

‘2640

27
El
D8
B4
S535F
EA
Fé
1A10
5369
27
El
2rF
ES
EE
1CLF
ED
El

5363

EA
Fi
ES
EE
1629
ED
El
ED
F6
ag
F&
B2
a3
F6
B3
T41F
5363
EE
1C3A
Dt

536&3
5359
B2
F5

© we Ye
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i
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EAD:

PROGRAMML°-

TS 002 REV:-

ic4 PAGE NUMBER:- (4

ORG

JMS

1SZ

Isz

BBL
$C

Ebl: LDM

10: PDR

Il: JHS

-t
o

FiM.

2EO0H

2, 20H
WRITE
13, SPACE
12, SPACE
0

300H

TIO

SERI

14

[X%]

wW N

mn > W

SADVANCE

READER

JREG4A - RBIT CIUWTER

HIFT TO CAR®Y

SHI
LO0» VAITIMG FOR STAPT EIT
4o S5MSEC DELAY

Ve Yo e

JBIT TO0 LIMK

FEET UPPER NIEBRZLE
FJSHIFT IN CARPY

2 SAVE UPPER WIEBBLE.
3GET LOVE®R WIBBLE
JSHEFT IV CARRY

i SAVE LOYWER NMNIRELE
5 GET ALL & BITS
3870 BIT !

JECHO STOP BIT T

~C DELAY
E PARITY



8340
0341
0342
0343

0344
0346
6347
0348
0349
034B
034C
034D
034E
034F
0350
0351
0352
0353
0354
0356
0358
0359
035A
035C
035E
035F
8361
0362
0363
8365
0387
0369
036R
036D
036F

0370
0372
0373
0375
0376
8377
0378
0374
037R
037C
937D
0377
0380
9381
0352
0384
0385
0357
0388
023%¢
C"lfl-ﬂ

(R

03

03(.:’"‘

KES
0390
039t

Fl
Fé
B2
co -

535F
El
D8

5363
Fi
B2
Fé
B2
B3

Foé

B3
F7
El
7449
5363
D1
El

5363
co
2E00
2F
co
2E3C

TF65.
7TEGS.

2E3C
TF6R

TEGE

] @
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P NWwP =W
=J
=3

T e 0 D F e DU

5363

DPAGE NUMBER:=

$PPOGRAMME:- TS 002 REV:- 104 05
e B e . e SRR R R R R R
:LABEL:.CQDE. QPEBRND.-: il COMMENTLILLILllllLILLlL
3
CLC
RAR
XCH 2
BBL 0
WRITE: JMS SBRO
wVMP
LDM 8
XCH 4 3REG 4 = BIT COINT
T01s JMS SBR2 39. 09 MESEC DELAT
CLC ’
XCH & 2 $SHIFT 8 BITS =T
RAR
XCH 2
¥CH 3
PAR
XCH 3
TCC 3CARRY TO ACC
WNP .
1872 4,701 $CONTINUE LOOPING
J¥MS SBR2 $39..09 MS DELAY
LoM 1 3STOP BIT 1
WP
J#S  SBI
JMS SBR2 3 MORE DELAYS!
R 3= M 3RETURH
SRRO: FiM 14,0
SRC 14
BBL O
SBR2: FIM 14,60 39. 09 ¥SEC DELAY
Lo 187 15,L2
157 14,L2
SER1: FIM 14,60
il 187 1I55L1
1s7Z 145L1
BE 0
DCODE: J¥S PEAD
' LD 2 3iie SeRBe OF CHAT TO ACC
JN7 0§+ 12 3TEST FD= CP AND LF IF 7EFD
€LC
LD 0AH SVALTE OF LIME FFED
S1'E 3
Jz s + 7 sJUMP IF LF FOUNC
CLC
LDM 0DH $val OF C°
i 3
Jil7 S+ 11 $IVUALID CHAT IF JIMP
BEL 0O 3CPLF EXIT
DAG
DAC .
JIZ % + 7 $TEST 1MSR FOR §° 0T OTHEP SGY
LB 3
Ji7 % + 2
BREL 1 $SPACT FOIWD
38L& 3OTHER SIGY
DaC
JNZ § + 18
LD 5 STRSTING FOT™ NUHR OF SGW¥
ADD 3 TADD S+1 TN CAUSE O/FLDT
JC § + 23 FIF G907 I
BEL 6
Ju7 5 + 3 F TEST FO9™
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1ADB
EC
F2
FB
B4
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B3
5344
2230
2D
ED
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co
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FAGEL:

PAGE2: F

BEL
DAC
JNZ
BBL
sSuUB
JH 7
BEL
DAC
JHNZ
LD

JZ,

BRL
DaC
JNZ
LDM
ADD
JC

us}
Iy

WS n
S NN e
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05-63

ULINE
NEXT

12,408

PAGEZ2

HEXT

12,508
PAGEZ2
12,-21
0, HDGS
BELXOT
125 60H
12

2, 30H

PAGEL

3
VRITE
2s 30H
12

&
WRITE
NEXT2

Ny

25 30H
12

AND 2

AN D
LN D

PAGE NUMEER:~- (06

LLABELL_CODE.QRERAMD.Z

2 COLOW FOIM™D

JTEST &/€0L0DY
3S8/COL3Y FOIMID

SOTHEP SIEI
3¥AS ALPATARITICAL
55

3CALL P0G O
3¥0™ SRC 1M &/™

5 CALL PRPEV

255
255

C



03EC
C3ED
03EE
03FD
03F2
03F3
03F4
03F5
03F7
03F¢
03FA
03FB
¢3FC
03FE

0400

0400
040l
0403
0404
0405
ga0é
0407
0409
ga0n
ga0c
040

facrF
0411
0413
0415
0416

041E

gaes

C42E

0437

0449
0aa2
Qans
0446
gaa7

0asT7
g4so
gase
g4asr
QLR

32
5344
Fi
Dl
81
21
1a0a
60
7000
7C00
co

2CDh6
2016
5400

co
20545245
42475220
53484152
5053240
4C4a94D49
54454420
20
LOAESL4LS
L4CaTL343
20
50524F47
52414D4D
45

2CF0
2047
5400

ceo
3B50524F
47524140
ADAS3A2D
20545320

HIHEE -

7

-
Ed

BLXOT:

HDG:

WEXTs

HDGts

DB

DE

FIv
FIY
J¥S
°RL
D=

400H

2 3THIS &/= BLOCKS 0OI'T ASCII CHAFPS STIFPED

WRITE $AT ADDPESS STARTING AT COWUT-
STENTS OF PP G, ¥N0 OF Y0ORDS 70

1 SBE IV RP 2.

1

t

S+3

0

13,ELIEOT

12, EL¥OT

0

12,=-42 £1D 255 3PRINT 42 CHARS

0,HDG AND 255
BLI#OT

0

# TRERQP *

’SHARPS *

°LIMITED *

*INTELLEC °*

*DROGPAMM T 4

12,~-16 AND 255
0>HDBGl AND 255
BLKOT

0

3 PPOGPAMME: -

TS

12,-8 AdD 258

L,HPG2 AJdD 285

? ELXOT

G

4 TEV:i-~



Quass
04564
a6
gasc
C4GE
G470

J471

a487¢

5246
2CD7
z237¢
5400
sS4ace
of¢!

20205449
54404534
202020

AnaCal a2
454C302¢0
AIATLLLS
E04FER4E

FENTE:

i1 S
FIM
FiM
JES
JME
2FL

o

Dr

CPLF2

12,-41 A4D 255
0.HDG4& AND 255
ELXOT

L0

i

O R0 il
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048cC

94E5

A PARaTs]
J47C

04TFE

.caco

tace
CLC4h

nace
0acT
g4c?
TACE
04CD
Qacr
04Dl
04D3
04D5

04Ds
Q4Dy
tape
04Da
864DC
34DD
GapF
04ED

Laza

C4EQ
04ES
a7

Sealdaras

20382020

20202020
20202020
£34F4DAD
454E54
6D

3ji5)

20282020
20205041
ATAB2C4E
S54DAR4S
523420240
ze

zZCCa
2208
5344
TDER
TCHRE
ce

3PPOGRAMME:- TS 002 NEV:- 104 PAGE WUMBER:~- 08
R B AR - L]
ALBEELL CQLE OPECRED. ;L . COWMEENT . .______..
3
DE “‘RAND 3
DE  ‘COWMMENT”
oL D 3 CAPRPIAGE RETURY
D2 ODH
H#DG5: DB ¢ PAGE NIMEE”’
DE *me-~ ¢
$SUBRPOUTINES
LEAD: Fiif 12,-60 AYD 255 3PIRJCHES 60 NUL&S
FIM 250
JMS VWRITE
187 12,8-2
187 12,%-4
32L 0
ULINE: Ji§ CPLF2+2 JPUNCH $CPLF; 54 U/LINE
JHMS SCLM
ULO: FI¥ 12,-53 AND 255 SEITRY IF 2CRLF NOT RERD
FIif 2, °_*"
JMS TPITE
1S7Z 13,1L0+2
187 12,UL0+2
JME& CRLF2
BEL §.°°
NUMPD: JiS DCODE $THIS S/R TESTS FOR NUMEPRAL
DAC
SRC 12
J7  $+5.
eLC
FIM 4. 11 300M™ -1 OF NIMDB FLAG
ADD 5
JNZ NUMPD
BRRL 0
SCLW: FIM 25 3BH 3ASCII VALUE OF COLOW
J¥S WRITE
BBL 0
END



3 TREBOP SHARPS LIMITED INTELLEC PROGRAMME
H

;PROGPAMME:~- TS 123 REV:~ 456

3

TITLE:- PRO FORMA - DESCPRIPTION AND TEST

LLOEELL.CODE_QPEBAND : __ . _CQUMENT. . L.._L..._.-

- D e - s . -
°

3
#J
#$C

Be e

;=-TITLE AND HEADING--

4

50JCE THE PPOGPAMME HAS BEEN LOADED AND RESET
3IT WILL PINCH 60 NULLS FOP A LEAD TAPE AND

5 START TYPING THE ABOVE HEADIMNG. AFTER TYPING

5 *PROGPAMME :- TS * IT ¥ILL VAIT FOR 3 NIMRERS
3T0 BE TYPED IN AND AGAIN VAIT AFTE®R ‘*REV :-°* =
STHESE NUMBERS WILL BE REPEATED OY SUCCESIVE

JPAGE HEADERS.

3THE PPOCGPAMME WILL PINCH °TITLE® WEEY A 40
3 CHARACTL® STPING CAY RE TYPED.A CAPPIAGE
SRETURN (CP) EMDING THIS SEQUENCE DPRMATUPELY
3THE PEMAINDEP OF THE HEADIWG UILL THEV BE
JPIMICHED £WD THE ®FPOCRAMME EJITE® THE EDIT
JPHASE AND TYPE £ ASTEZTISH "

SPACGE HEADERSs 'WLESS SUDPPFEISSED BY TEST
5°0: % VILL RE PINCHED EVERPY 70 LINES THUS
SGIVING A4 SIZED SHEETS AND AS THEY START
SVITH %3 % VILL TE ICJIORED IW TAPE EDITS

3 o
3

5==EDIT PHASE--~

A TH COMMAIDS WHICH CAN BE GIVEN -
;8L EVCERTION OF ‘*A°% aND ‘:*

;CO ; VITH (C™)-

3T 1AMAS DS .
JCAVSE 7, (C™)s (LFYs ASTERISKe TO EBE PPIVTED
STHE COMMANDS APE

c WHICH COPIES 1 LINE OF TAPE

VHICH CORIES N LITES OF TAPE

$C THICH COPIES ALL VALID LIVES UNTIL A NULL
J WHICH ASSIGYS HIGH SPEED TARE FPEADER

Yo Ve Mo \s Ue
B
(@]

5 K THICH ASSIGYNS TTY TARE READEw

3 8 WHICH SHIPS | LIWE OF TAPE

SHE VHICH SWIPS N VALID LIMNES OF TATRE

;8¢ WHICH SKIPS ALL VALID LINES ™MITIL A NILL
. VHICH COMPLETES LAST PAGE,PIRICHES 60

; MULLS AND HALTS

5 A PROGRAMME EJTERS KEYDOARD PHASE

>

3 NOTE 1. “N“* IS A& MULTI DIGIT DECIMaL

H NUMEER :

H M0TE 2. LINES VILL BE IGNOTED FOP

3 COPYING AND SKIPIHNG IT THEY

H CONTAIN AN ASTERISK OP IF THLY
3 START VWITH ‘5% 0% EOT

;

H

3=~KEYB0A®D PHASE-~-

7
3ALL SUBSEQUENT LINES TYPED IY AT THE KEYRJA®D
3WILL BE CORIED TO THE PUNCE- IF VALID,(CP)
JENDING A LINE '

$-AUTOMATIC LINE DELETE- . _

‘$1F A MISTAKE IS MADE AT ANY POINT I¥ A LINE
JTHEN THE TYPING OF &N ASTERISK WILL CALSE THE
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DPROGRAMME:~ TS 1283  REV:=~ 456 OAGE HMIMEBEER:- 02

)

— 6 =)

B i

6 0 D

e s6 8% aos o

¢

— )

JLINE TO BE IGIDRED IN SURSESUEMT COBVING OTETAT
3I0NS.

i

3 IN ORDEP T0Q END THE KEVROAPD THASE EOT
3¢(CONTROL AMD °*D* ) SHOULD EBE TYPED AT & NEU
SLINE TEE ©POCGRAMME WILL THEN REVERT EACK ™0
3THE EDIT PHASE '

7
H .
J=KEYBOATD PHASE FORMMATS-
; .
3 =1S8T CHATRACTER IN A& WEV LINE-
3
3 (Cm) 0= (LFY BEGINS AMOTHER LINE
3 J WILL SPACE &,5.,4ND ENTER COMWEIT FIEZLD
H (g™) WILL S ACE UP® TO THE CODE FIELD
HHX
3 LLTHARETIC CHAPACTES,?07& WILL EE PIRJCHED
i &7 1D CAUSE THE LABEL FIELD TO LE EMTETED
3 ALL QTHER CHAPACTERS APART FPONM EOT AFE
H 1CGH0ZED.
5 =-LAFEL FIELD-
H

5 = TQ0 5 CHAPACTEPS CAJ BE PTINTED
2 ALTHANITERIGC,? AND @ APE PINFCHED
E (LF) AMD “3°’ APE IGIOPED
3 (SP) AYD %:” &DD A COLOW AMD SPACE
5 70 CODE FIELD
3
3 =CODE FIELD - 1ST TWQ CHARACTERS-
7
5 (C®) AND (LF) STAPT & YEV LINE
5 OTHEPWISE O¥LY ALPHARETICAL CHATACTEFS
5 APE PINCHED
3
3 =CODE FIELD - LAST CHAPACTEP®
3
3 QLY ALPHAMIEE®IC OP (SP) PUNCHED
5 £H FYTPA SPACE IS IMSEPTED AJD THE.
5 OPE®AND FIELD TITEPED
Y.
ant
plpl
i
3 -QPEP&ND FIELD-
3 .
3 1ST CHATACTEP - (S®) CAUSES COMMEIT FIELD
5 TO BE EJTESED, OTHEPVISE CHAPACTE® IS
3 DINICHED
3

)

L OTHE®™ OPERAYD CHAPACTERS -
2 SPACES QCCH? SUVCCESSIVELY THEY
MMEST FIELD IS ENTERED OTHERPVISE

[ad
%

ue Ve ‘s
o5
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s P Ref. No. 40-8
= lntei LIBRARY SUBMITTAL FORM rer. »

I b X 4004 [0 4040 7] 8008 [d 8080 J 3000 (use additional sheets if necessa

Program

Title MCS-4/40 DISSEMBLER

Function To convert MCS-4 or MCS-40 machine code program back into mnemonic
or assembly code to assist modification of program, etc.

Required MCS-4 with two pages of program store, plus 1/0 program store and
Hardware /0 device.
Required Input subroutine to supply next instruction in sequence as addressed

Software by IR.8 and 9. Output subroutine to output undefined-parity ASCII
characters to T.P. or TTY etc.

Input
Parameters Instruction returned in IR.2 and 3; IR6, 8 and 9 not to be affected.
il The input subroutine called from page 5 locations 2 and 3 by JUN,

Output Output characters, undefined-parity ASCIl, output in IR2, 3 for
Results output to TTY etc. Registers 0-9 to be unaffected. The output will
be a program listing in normal mnemohic code format as shown in the
listings of the program enciosed.

Registers Modified: Assembler/Compiler Used:
0-9 OWN

RAM Required: Programmer:

— NONE A. F. Drummond
- ROM Required: Company:

512 words + |/0 program Plessey Company Ltd.

Maximum Subroutine Nesting Level: Address:

Poole, Dorset

1 United Kingdom

98-034



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)

a. Processor {check appropriate box)
b Program title: Name or brief description of program function
c. Function: Detailed description of operations performed by the program
d Required hardware:
For example: TTY onport Oand 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e, Required software:
For example: TTY routine
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
gd. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required {bytes)
4, Maximum subroutine nesting level
i Assembler/Compiler Used:
For example: PL/M
Inteliec 8 Macro Assembler ) ;
IBM 370 Fortran |V W/

i. Programmer, company and address

2. A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question,

4, A source paper tape of the contributed program is required. This insures that a clear, original copy ofthe

program is available to photo-copy for publication in a User’s Library update publication.
{

Send completed documentation to:

{ntel Corporation

User's Library
Microcomputer Systems
3065 Bowers Avenue -
Santa Clara, California 95051

MC8877-475-2K



MCS-4/40 DISSEMBLER PROGRAM,

Introduction,

Whatever kind of MCS-4 or MCS-40 system is used,it will eventually
happen that a working program has to be listed in assembly, or mmemonic, code.
Under normal circumstances there is no way to do this.

This program, which may be run on either MCS-4 or MCS-40 systems,
will dissemble - convert machine code back into mmemonic code ~ a program which
might be in ROM, PROM, or RAM, or input via paper tape, etc. It will dissemble
using the MCS-40 instruction set, which includes the MCS-4 set. The program
occupies two pages of program store, and is written for pages 4 and 5.

Output,

The output is in ASCII, but with the e¥$th bit not giving even parity.
If parity is needed for the output device, it may be generated using the authors
parity generator/checker annex program, replacing the e%ﬁth bit with it's
complement if the parity happens to be odd.

The output subroutine is called via a JUN in page 5, location 0.
This JUN will peint to the location of the output subroutine. The subroutine
may use two levels of subroutine itself, being the first call from the master
program,

This subroutine must return index registers O to '11, decimal 0 - 9,
unchanged, but may effect anything else, Index registers 2 and 3, or P.1,
contain the character to be output,

Input.

The input subroutine must return the next byte in sequence of the
program to be dissembled, in index registers 2 and 3, or P,1, The sequence
number of this byte is available in registers '10 and '11, decimal 8 and 9,
or P.4, This is essential if a FIN is to be used to access the input data,

It must not affect the contents of registers 6,'10 or '11, decimal
6,8,0or 9.

This subroutine also may call two more levels of subroutine,

Access to the input subroutine is via page 5, location 02, where a
JUN points to the start of the input subroutine.



Results,

The dissembler outputs all numerical data in OCTAL, and each line is
preceded by it's address,

Two-byte instructions are on one line. In the case of FIM instructions,
the second byte output shows the contents of the two registers separately,

Instructions referring to register pairs use the pair terminology,
that is, P,0 to P.7.

Decimal Version.

A version of the program is available in which the output data is in
decimal rather than octal, and this is given in decimal since those who want it
will presumably want the program in decimal.

No hexadecimal version has been written, though it would present no

problems at all, since it is the authors opinion that the hexadecimal notation
is an infernal machination of the devil!

Modifications.

Certain features may be omitted by simple changes in the program,
These are:
i) The 'P' notation may be dropped by changing page 4, location 166
from JCN 12 to JCN 10, and location 076 to NOP,

ii) The two-register form of outputting the second byte of FIMs
may be dropped by changing page 4, location 250 from JCN 2
to JCN O,

In this latter case, instruction locations 274 to 345 inclusive are

unused and so may be replaced with input/output subprograms, accessed via the
JUNs at the top of page 5.

Typical Output.

A typical output would look like this:

116 FIM £3 16; 7
120 SRC P3

121 LDM 17

122 WRR

123 JCN 10 102

and so on,

S

i

»,



PN

Method.

The system works by comparing the instruction with each of the possible
machine codes in turn, .starting from the largest, DEL, These are stored in page 5.
When the test instruction is equal to or larger than the machine code, then that is,
normally, the code in question.

The three immediately succeding locations in the lookup table are the
three characters of the mnemonic code, But the most significant bit of each, that
which normally is the even-parity bit, is used as a control bit. The significance
of the three of them, in turn, is;

i) There exists an alternative mnemonic code which is chosen or not

according to the least significant bit of the input instruction.

It also thgre fore specifies that a register pair is referred to
by the OPA part of the instruction, e.g. FIM & SRC, FIN & JIN.

ii) The next byte of input is data, or the instruction is a two-byte
instruction. e.g. JCN, JUN etc,

iii) The OPA part of the instruction is to be output as data, e.g. ADD 3,

If there is a choice, then a FLAG is set before the least significant bit
of the instruction is tested, so that when the second part is output it will be
output in P format. This flag is examined again when the second byte is output,
if it is output, so that it will be output in two four-bit halves,

Non-—-existant instructions are output as N/U, these being '377, '376
and '017.

A,F Drummond,
The Plessey Co. Ltd.,
Poole, Dorset, U,K,



000
002
004
005
006
007
010
o012
013
Cl4
015
016
020
021
oaz
024
025
026
030
032
034
036
040
042
043
044
045
046
047
050
051
053
054
055
056
060
062
063
065
066
067
071
072
073
074
075
076
077
101
108

FIM
FIM
LD

X CH
LD

XCH
JMS
L DM
XCH
LD

XCH
JMS
LD

XCH
JMS
LD

XCH
JMS
FIiM
JMS
JMS
FIM
JMs
CLB
LD

suUB
XCH
cMC
LD

SUB
JCN
INC
INC
INC
157
157
INC
JMS
LD

RAL
JCN
L bM
X CH
CLC
LD

RAR
XCH
JCN
INC
INC

et U J
- 0O W
[eR e
e ‘es

346

000

NWH>RWNIDWS W

000

000
125
000
002

-
k4

376

o= unw

N W

040
040

374

0O N et O o= s e e (O (O

12 105

12 105

Address starts at zero
FLAG set to zero

Load Address into input

1" .
of Binary to Octal"
conversion subroutine,

Perform conversion,

First character in ASCII
Output character via page 5.
Output second character,
Output third character,

Qutput 'space' character,
Input instruction to be dissembled.

. Start location of lookup table = 04,

look up instruction code,

Compare instruction to be dissembled with
code returned from lookup table...
store the least significant 4 bits in i.r.7

Goto 062 if difference is positive or zero.
Increment PO on to next code in look up
table, and try that.

Goto 040 to try next omne.

Increment i.r. 1 to give location of first
mnemonic character, and read it.

CY = most significant bit of character.
If CY == 0, character is OK - output it.

FLAG (i,r.6) = 1000

Divide difference {(i.r.7) by 2, because
this instruction may refer to a
register pair, e.g. a FIM

If least significant bit was O, output char,

Flse, read next mnemonic and output that,

(



1031827

105
106
107

LD
XCH
LD

110XCH

i1l
113
114

JMS
LD
XCH

1151INC

116
117
120
122
123
124
i25
i26
127
131
132
133
i34
135
136
140
ial
142
143
144
146
147
151
153
155
156
157
160
162
163
164
165
166
170
172
174
175
176
177
200
201

LD

XCH
JMS
LD

RAL
TCC
ADD
XCH
JMS
LD

XCH
INC
LD

XCH
JMS
LD

RAL
TCC
XKCH
JMs
LD

JCN
FIM
JMS
LD

RAL
XCH
JCN
INC
INC
LD

RAL
JCN
FIM
JMS
LD

RAR
XCH
L D™
XEH
JMS

1 062

0
4
1

(@R E)

U~

N ww

DN—=0n O Lo

000

374

000

374

000
207

125
000

164

172
53
000

000

Goto read next mnemonic.

Store lookup table address in pair 2.
Output first mmemonic character,

Increment lookup table address to
P O and....

Read next mmemonic code,

If most significant bit of this character =1,
then increment FLAG to 1001 or 0001,

#1..S.B, of FLAG says This is two-byte instruction,”
Output this mmemonic.

Increment lookup table address to P O

and read third mnemonic code,

Most significant bit of this character
stored in i.r. 4
#i,r.4 says '"Output OPA as numeric data"
Output this third character.

If i,r.4 = 0, goto 207 -~ Output CRLF,.
Output "space" character.

Most significant bit of difference goes to..

carry, i.r.7 = difference less M.S.B,
If M,S.B, = 0, leave last ouptut character = space.
Else convert it to ASCII '1°'

If M,S.,B, of FLAG = 0, output this character,
either 'space' or '1°
Else put character = ASCII 'P°’

Output ‘space', '1', or 'P', as appropriate,
Difference less M,S.B, rotated back to position.

Convert to ASCII,

Output 1§5t significant part of OPA,



203 LD 6 1 Load FLAG...

204 RAR } J If least significant bit is 1..

205 JCN 2 231 -~ then go to 231.

207 FIM Pl 10315 r Else do CRLF, Load ASCII C.R. to pl

211 JMS 5 000 Output C.R,

213 FIM P1 0312 Load ASCII L.,F, to P1

215 JM5 5 000 Output L,F,

217 1s5Z 11 002 Increment input instruction address..

221 152 10 002 \y return to start if not zero.

223 JMS 5 000 go to output L.F,.....

225 ISz 11 223 sixteen of them, as paper runout,

227 JCN 10 227 A Goto 227 - i.e. STOP., Now needs system reset.
231 FIM Pt 123 O . Load ASCII 'space'

233 JMS 5 000 Output ‘'space',

235 1Sz 11 240 Increment next instruction address to read
237 INC 10 second byte of two-byte instruction,

240 JMS 5 002 Read that second byte.

242 LD 2

243 XCH 4 Transfer this byte to p2

244 LD 3

245 XCH 5

246 LD 6 Load FLAG,

247 RAL

250 JCN 2 274 — If most significant bit = 1, output data in two parts.
252 JMS 4 346 Else convert data to octal.

254 LDM 3 A

255 XCH 2 Make first character into ASCII

256 LD 7

257 XCH 3

260 JMS S 000 Output first character,

262 LD 4 \% '

263 XCH 3 Load second character,

264 JMS 5 000 Output second character.

266 LD 5

267 XCH 3 Load third character,

270 JMS 5 000 Output third character.

272 JCN 10 207 — Jump to 207, output CRLF etc,

274 LD 4 o

275 RAL Most significant bit of I.R.4 is first digit.
276 XCH 4

277 FIM Pt 12 0 Load character to be output as ASCII 'space',
301 JCN 12 305 If character to be output is a 0, leave as space,
303 INC 3

304 INC 2 N Else convert ASCII 'space' to '1'

305 JMS 5 000 Output first character, space or '1’',

307 LD 4

310 RAR Loa# second character.,

311 XCH 3 _

312 LDM 3 Make it into ASCII,.

313 XCH 2



314
316
320
322
324
325
326
327
331
332
333
335
336
337
340
341
342
344
346
347
350
351
352
353
354
355
356
357
360
361
362
363
364
365
366
367
370
371
373
374
375
376
377

JMS
FIM
JMS
FIM
LD

RAL
X CH
JCN
INC
INC
JMS
LD

RAR
KCH
L DM
X CH
JMS
JCN
L DM
XCH
LD

XCH
XCH
LD

RAL
TCC
XcH
RAL
XCH
RAL
X CH
TCC
ADD
XCH
LD

RAR
XCH

187

BBL
NOP
NOP
FIN
BBL

LD woU»

t— -
DU ENOTTOUNWW

-~ W w

OO =

000
13513
000
125 O

333

000

000
207

350

Output second character.

Load character as ASCII ';'

Output semicolon,

Load character as ASCII 'space',

Most significant bit of i.r.5 is first digit.

If it is 0, lewve character as 'space',

Else convert ASCII 'space' to '1',
Output first character, space or 'l',

Load second character,
Make into ASCII

Output second character,
Goto 207; output CRLF,

¥*¥Start of 'Binary to Octal Conversion” subroutine.

Juggle contents of i.r. 4&, P2, around to
get most significant two bits in i.r.7,

next less significant three bits in i.r.4,
and least significant three bits in i.r.S5.

Return from subroutine,

Used in process of dissembling this program taking
the input from RAM program store containing this
program,



000
001
002
003
004
005
006
007
010
011
012
013
014
015
016
017
020
021
022
023
024
025
026
027
030
031
032
033
034
035
036
037
040
041
042
043
044
045
046
047
050
051
052
053
054
055
056
057
060
061
062

106
200
106
300
376
i16
257
125
375
104
103
114
374
113
102
120
373
104
101
101
372
123
i24
103
371
124
103
123
370
104
101
103
367
124
103
103
366
122
101
122
365
122
101
114
364
103
115
101
363
103
115

Page 5
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oY

trefu?

-\

(



063
064
065
066
067
070
071
o72
073
074
Q75
076
077
100
101
102
103
104
105
106
107
110
i1t
112
113
ii4
115
116
117
120
121
ige
ias
124
i25
i26
127
130
131
132
133
134
135
136
137
140
14t
142
143
144
145
146

103
362
111
101
103
361
103
114
103
360
103
114
102
357
i22
104
063
356
122
104
g62
355
122
104
061
354
122
104
060
353
101
104
115
352
122
104

122

351
122
104
115
350
123
102
115
347
127
122

063

346
127
122



147
150
151
152
153
154
155
156
157
160
161
162
163
164
165
166
167
170
171
172
173
174
175
176
177
200
201
202
203
204
205
206
207
210
211
212
213
214
215
216
217
220
221
222
223
224
225
226
227
230
231
232

062
345
127
122
061
344
127
122
060
343
127
120
115
342
127
122
122
341
127
115
120
340
127
122
115
320
114
104
315
300
102
102
314
260
130
103
310
240
114
104
240
220
123
ias
302
200
101
104
304
160
111
323



233
234
235

332
140
111

236116

237
240
241

242
243
244
245
246
247
250
251

252
253
254
255
256
257
260
261

262
263
264
265
266
267
270
271

272
273
274
275
276
277
300
301

302
303
304
305
306
307
310
311

3te
313
314
315
316

303
120
112
315
323
100
112
325
316
060
306
111
316
060
112
111
316
040
306
311
315
040
123
122
303
020
112
303
316
017
ile6
257
125
016
122
120
115
015
104
i11
116
014
105
111
116
013
123
102



317
320
321
322
323
324
325
326
327
330
331
332
333
334
335
336
337
340
341
342
343
344
345
346
347
350
351
352
353
354
355
356
357

360

361
362
363
364
365
366
367
370
371
372
373
374
375
376
377

061
0ie
123
102
060
011
104
102
061
010
i04
102
060
007
101
116
067
006
101
116
066
005
117
122
065
004
117
122
064
003
114
103
122
oo2
102
102
123
001
110
114
124
000
116
117
120
c62
300
064
300

FIN 2
oL
FIN 4
BoL



Page a5 DEUMAL  VERSION

000 FIM P4 03 O
002 FIM P3 05 O
004 LD

005 XCH
006 LD

007 XCH
008 JMS
010 LD
011 XcH
012 LD

013 XKCH
014 JMS
016 LD

017 XCH
018 JHS
020 LD

021 XCH
022 JMS
024 FIM
026 JMS
028 JMS
030 FIM
032 JMS
034 CLB
035 LD

036 SUB
037 XCH
038 CMC
039 LD

040 SUB
041 JCN
043 INC
044 INC
045 INC
046 1SZ
043 187
050 INC
051 JMS
053 LD

054 RAL
055 JCN1O 069

057 LDM 3

058 XCH 6

059 CLC

060 LD 7

061 RAR

062 XCH 7 _ _ Chamge to NOT to de ‘' notation
063 JCN 10 069 '

065 INC ¢

O N &R

229

000

000

000
105 O
000
.002
03 4
254

o

U
OV UWOUUMWHEUIWIDDWHW

050

032
032

252

DD N 4= D e = = == DO D



066

067
069
070
071
072
073
075
076
077
078
079
080

082,

083
084
085
086
087
089
090
091
0922
093
094
096
097
094
099

INC

152
LD

XCH
LD

XCH
JMS
LD

XCd
INC
LD

KCH
JMS
LD

RAL
TCC
ADD
XCH
JMS
LD

XCH
INC
LD

XCH
JMS
LD

RAL
TCC
XCH

100JM5

102
103
105
107
109
110
111
112

113

115
116
117
118
119
i21
123
125
126
127
128

LD

JCN
FIiM
JMS
LD

CLC
bAA
XCd
JCN
INC
INC
LD

RAL
JCN
FIM
JMS
LD

X CH
L.D¥
XCH

DA SN ODUIUN DO =

DA~ O R

4

050

000

252

000

252

5 000

4
4

135
1035
000

117

123
S5
000

0

Cl«ange to TCN 8

123

o CQV'D]’ ‘P‘ nobantion.

(



129
131
132
133
135
137
139
141
143
145
1417
149
151
153
155
157
159
160
162
163
164
165
166
167
168
170
172
173
174
175
176
178
179
180
182
183
i84
186
188
189
190
191

192
194
196
197
198
200
201
202

JMS
LD

RAR
JCN
FIM
Ji4S
FIM
JMS
1sZ
1sz
JMS
157
JCN
FIM
JMS
187
INC
JMS
LD

X CH
LD

XCH
LD

RAL
JCN
JMS
LDM
XCH
LD

XCH
JMS
LD

XCH
JMS
LD

XCH
JMS
JCN
LD

CLC
DAA
X CH

FIM
JCN
INC
INC
JMS
LD

XEH
L.DM

g
o

g

d
AU WHODUROVUG = ROV RO =W =00

SNV WU WHBEUVWIDWED

WWwHhotw

000

153

8513

000

0310

000
ooe2
002
000
147
151
10;5
000
160

ooe

i88

229

000

000

000
135

105
198

000

('_\qow\ge

as

Tngle
L1 (3

o TCeNO

rumbey.

122

o

ole

second byte of Fiv



203
204
206
208
210
212
213
214
215
217
218
219
221
222
223
224
225
227
229
231
232
233
234
235
236
237
238
239
240
241
243
244
245

246

247
248
249
250
251
253
254
255

X CH
JMS

2
5

FIVP1

JMS
FIM
LD

DAA
XCH
JCN
INC
INC
JMS
LD

XcH
LDM
K CH
JMS
JCN
FIM
CLC
LD

baa
K CH
LD

RAL
XCH
LD

RAL
XCH
1sZ
L DM
XCH
DAA
XCd
XCH
XKCH
L.DM
XCH
Y4
BBL
FIN
BBL

5
Pl
5

‘T -
ORXRUMDWWULLMMWNO WM

w N o]

o w

VO =N

it

0o
OV OO= = U1 b

000

11511

000
105 O

0o
L
\O

000

000
135
13512

232

235
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) ® ef. No. 40-9
Intel LIBRARY SUBMITTAL FORM  Fef. to. 77

X1 4004 14040 [18o008 [ 8080 '] 3000 (use additional sheets if necessary

i

Program

Title RIGHT JUSTIFIED HEXADECIMAL DATA SHIFTER

Function Shifts Hexadecimal Digit (Four binary bits) into RAM Right Justified.

input Parameters: P5 points to Main Memory Character of most
significant hexadecimal location +1.

Required ACC = Hexadecimal digit to be shifted in.
Hardware

Qutput Parameters: Most significant hexadecimal digit is lost;
Required each hexadecimal digit has been shifted to

next most significant location; (ACC) has been

SOftware 3 ° o e 3 .
shifted into the least significant location.

Input

L Parameters

H

Output
Results
Registers Modified: Assembler/Compiter Used:
R9, R8, R3 ASF4 (Tymshare Inc.)
RAM Required: Programmer:
'l 1 chip K. M. Steiner
L : ROM Required: Company:
2L Bytes CAMB I ON
Maximum Subroutine Nesting Level: Address:
0 5 Bay State Road
Cambridge, MA 021 38

98-034¢



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1. Complete Submittal Form as follows: {Please print or type)

Processor {check appropriate box)

Program titie: Name or brief description of program function

Function: Detailed description of operations performed by the program

a o oo

Required hardware:
For example: TTY onport 0and 1
interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details {for resident products only)
1. Registers modified
2. RAM required {bytes)
3. ROM required {bytes)
4, Maximum subroutine nesting level
i Assembler/Compiler Used:
For example: PL/M
intellec 8 Macro Assembler
IBM 370 Fortran |V

j- Programmer, company and address

2. A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user's
verification after he has transcribed and assembled the program in question,

4, A source paper tape of the contributed program is required. This insures that a clear, original copy ofthe
program is available to photo-copy for publication in a User's Library update publication.

Send completed documentation to:

Intel Corporation

User's Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051

¢

MCS877-475-2K



Explanation:

This routiné shifts hexadecimal digits (1 4-bit byte) into RAM one by one, leaving the
resulting hexadecimal number right justified.

Example:

Figure 1.

RR1: 0000 0QCO 0090 0A4B
(Char. 15 is left most digit).

With P5 = 000101018 and (ACC) = 0011B.
After calling shift, RR7T will have:

Figure 2.
0000 0000 0090 A43B

(Note that 9 and the B remain; they are out of the range of the shift, but
that the 0 in Char. 4 of Figure 1 has been lost in Figure 2.)

The number of hex digits shifted depends on the content of index register 9. In the
following program, R9 = 11008 indicating o number of lenght 16 bits or 4 Hex digits.

if a shiff of 6 hex digits is required, R9 = 1010. in other words, R? is the two's com~
plement of the number of hex digits to be shiffed. The change can be made at location
1 of the program, changing LDM 11008 to the correct value.

K . M. Steiner
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10.

11.

12.

13.

14.

15.

16.

SECTION 5

MATH AND NUMERICAL MANIPULATION PROGRAMS

REFERENCE

NUMBER PROGRAM
4-1- L Chebyshev Approximation Fu‘nctions
42 . ASCH to EBCDIC Code Conversion
46 . Bit Manipulation Routine
410 Lo Universal Logic Subroutine
413 L. Data Compare Routine
414 L 4 Digit Multiply
415 .. "4 Digit BCD to Binary Converter
416 L. Moble Mean Program

40100 L Floating Point Arithmetic Subroutine Package
4011 Lo, HEXBCD
4012 Lo o . Fast Binary Multiply: Selectable Bit Precision and Constant

Execute Time

4-22 . Fast Decimal Multiply Routine
423 Automatic Digital Integration
424 L. Multiply/Divide 8 Decimal Numbers
425 L. Complement Decimal
S 8-bit Binary to BCD Conversion
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intal LI3RARY SUB

Pfrogram
Title

Function

Required
Hardware

Required
Software

Input
Paraimeters

Output
Results

YWCROCOMPUTER USER'S

MITTAL FORM  zer. wo. 410

GJacos [Jsovs [ 8080

{use additional sheets if necessary)

arctangent, natural logarithm (loge),-and exponential
functions (e*). It also contains routines for performing
addition, complement, multiplication, and division on 64
bit binary numbers.

None

None

See attached description of each subroutine.

See attached description of each subroutine.

A Chebyshev Approximation Package Jg;

The package contains approximation routines for sine, eosine, |

Registers Modified: - .y Maximum Subroutine Nesting Level:
See attached . .
RAM Required: ' d : ; Assembler/Compiler Used:
36 bytes 4004 Cross Assembler
ROM Required: ) - | Programmer:
768 bytes
Company:

R

- ' 55
%‘\TE'FF mu;i



1.  Complete Submittal Form as follows: (Please print or type)

j.

o0 oe

Processor (check appropriate box)
Program title: Name or brief description of program function
Function: Detailed descri%tion of operations performed by the program
Required hardware: J
Forexample:  TTY onport Oand 1
Interrupt circuitry
/0 Interface
Machine line and configuration for cross products
Required software:
For example: TTY routine
Floating point package e
Support software required for cross products
Input parameters: .‘Dﬁescription of register values, memory areas or values accepted from input ports
Output results: Values to be expected in registers, memory areas or on output ports
Program details (for resident products only)
1. Registers modified
2. RAM required (bytes)
3.  ROM required {bytes)
4, Maximum subroutine nexting level
Assembler/Compiter Used:
For example: PL/M
Intellec 8 Macro Assembler
iBM 370 Fortran 1V
Programmer and company

" "v
L

2. A source listing of the program must be included. This should be the output listing of a compile or assembly.
Extra information such as symbol table or code dumps should not be included.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s

~ verification after he has transcribed and assembled the program in question.

©1974/Printed in U.S.A./MCS-065-0374-1K



A CHEBYSHEV APPROXIMATION ROUTINE

FOR THE MCS-4 COMPUTER

This routine allows evaluation of transcendental functions such as
the trigonometric functions, logarithms, and exponentials. The
trigonometric functions Sin, Cos, and Arctan are included in the
package. Other functions can be easily added by including the
proper Chebyshev coefficients in the ROM. A fixed-point arithmetic
package is also provided with the Chebyshev routines, including
addition, subtraction, multiplication, and division.

INTEL CORPORATION
January, 1973




1, Introductlon,

This document describes the use of a Chebyshev approxi-
mation routine for the INTEL MCS-4 computer., This routine
allows evaluation of transcendental functions such as the
trigonometric functions, logarithms, and exponentials, The
trigonometric functions Sin, Cos, and Arctan are included in
the package} Other functions can be easily added by includ-

ind the proper Chebyshev coefficients in the ROMN,

A fixed-point arithmetic package 1is also provided with
the Chebyshev routines, including addition, subtraction, multi-

plication, and division,

2, Overall Organization,

The Chebyshev approximation routine and arithmetic pack-
age occupy pages 0 and 1 of the ROM, as shown in Figure 1,
Chebyshev coefficients for Sin, Cos, and Arctan are located
in page 2 of the ROM, Additional coefficients for other func-
tions would normally be placed into the pages which follow,
although they can be placed into page 2 if the trigonometric

functions are not needed,

The Chebyshev routine is logically separated from the
Chebyshev coefficients through the following mechanism,
Address 0 of page 0 contains a branch to page 1, and, as
currently implemented, the first instruction on page 1 is a
branch to page 2, where the user®s program would normelly begin.
The Chebyshev routine is "width" 2; that is, 1t uses two of the
address stack elements., Thus, the routine (including Sin, Cos,

and Arctan) can be called from a subroutine of the user's program,

_iLn % and eX¥ have been recently added, see Appendix A.
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page 2 AND
ARITHMBETIC
PACKAGE
I
7~ [ 81N, cos, AND
branch
to ARCTAN COEF=-
page 3
\\Nk FICIENTS
USER®’S
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Organization of Data in the RAM,

Status
Char 2

]
;

Precision
(number of
Hex Digits)



-3

All arithmetic is performed on 64-bit RAM registers. The
arithmetic is binary, with a fixed number of Hexadecimal places
of precision, Negative numbers are represented in 16°s comple-
ment form, with the sign in status character 0 of the register,
Note that the least significant digit of & number is at the
left of the register, as shown in Figure 2, Thus, the number
must be read “"backwards," The number of Hexadecimal digits of

precision is placed into status character 2,

3. The Chebyshev RHoutine,

The Chebyshev approximation routine evaluates the first

terms of the Chebyshev series
oo

f(x) =;g:;arTr(x)
L=

according to the recurrence relation

Ppe1=bns2=0
bj = 2XDy,] = Pju2 + 83 J=nyne=lyeeee0
£(x) = $(by=by),
where 881500098, aTre the Chebyshev coefficients for the
function being approximated, The characteristics of the Cheby-

shev routine are given in Table I,

In order to be of any value, the Chebyshev routine must
be combined with a set of coefficients for computing varlous

functions, Examples are given in the following paragraphs,

4, Sin, Cos, and Arctan Routines,
The Sin, Cos, and Arctan functions are lmplemented through

the Chebyshev routine, In each case, the routines load the
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TABLE I
ROUTINE NAME CHEB
I 003 003
ENTRY ADDRESS 16 ‘o
LENGTH 3074,

REGISTERS USED

RO,R1,R2,R3,R%,R5,R6,R7,R8,R9,RA,BB,RC,

QBE’

Status Characters 2 and 3 of the RBAM
register contalning 2x are also used,

INPUT PARAMETERS

The register palr (RO,Rl) addresses the
ROM location of the Chebyshev coeffi-
cients,

{R4,R5) addresses the RAM register
containing the value 2x,

(R2,R3), (R6,R7), (R8,R9) address tem-
porary RAM registers used for b,, bJ 1e
and b3+2° respectively, J g

OUTPUT PARAMETERS

(R2,R3) addressses the an register eon-
taining the value f(x),

TIMING 650 - 850 msec, depending upon the
number of terms evaluated in the Cheby-
shev series

Assumed
Least Significant Digit Hex Point Status
{‘ 6 Char 0
0123435 7 8 9 A B C
EEREEEREEE ‘T’ﬂ [‘.‘ﬂsasn
7 Diglt Praction 2 Digit Whole Part

(Number May Be in Complement Form)

Figure 2, Form of input parameters and output results for Sin,

Cos, end Aretan functions,

1

executed.

The RAM register addressed by R2, R3 upon return may differ from
the RAM register addressed by RZ,

R3 at the time the call was

C

»
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base address of the appropriate table in the BOM and branch
to the Chebyshev routine, The characteristics of the Sin,

Cos, and Arctan routines are given in Tables I1II, III, and IV,

Note that the value of 2x must be provided to these routines
in the form given in Pigure 3, The result is returned in this
form as well, Errors appear in the 27th bit position of the
fraction in both the Sin and Cos, Error is found in the 2374
bit position in the case of Arctan, Note, however, that the
result of the Arctan call must be multiplied by x to get the
final result, Hence, accuracy of the result is increased in

most cases,

As mentioned previously, additional functions can be im-

plemented by filling a ROM with the appropriate Chebyshev

coefficients, Note, however, that the Chebyshev routine addresses

these constants through the LOADT subroutine (see address 20216
of the Appendix), The LOADT must be on the page containing the
constants since the ROM is loaded through a FIN instructions,

If additional constants are placed into following pages (to
implement Ln x, for example), the LOADT routine must be expanded
so that it passes control to a similar routine on the page con-
taining these new constants, This is most easily accomplished
by setting a status character upon entry to the new functions

this character then acts as a flag upon entry to LOADT,



-60
TABLE 11

ROUTINE NAME

SINE: computes Singf s =l€x £ 1

ENTRY POINT ADDRESS

20316 523}(2

REGISTERS USED

(same as CHEB)

INPUT PARAMETERS

Same as CHEB, except (RO,Rl) is set
automatically before the call to CHEB,

(R4,R5) must address the RAM registey
containing 2x in the form shown in
Pigure 3,

OUTPUT PARAMETERS

(R2,R3) addresses the value of Sin % ip
the form shown in Figure 3, 7z

TIMING

Approximately 650 msec per call

TABLE III

ROUTINE NAME

COSINE: computes Cos Tféx., =] € X<L1

ENTRY POINT ADDRESS

23416 56410

REGISTERS USED

(Same as CHEB)

INPUT PARAMETERS

{Same as SINE)

OUTPUT PARAMETERS

(R2,R3) addresses the value of COS!%E in
the form shown in Figure 3,

TIMING

Approximately 750 msee per call,

TABLE IV

ROUTINE NAME

ARCTAN: computes ATretan X gfor z £ 0, and 1

ENTRY POINT ADDRESS

25Dy 6054

REGISTERS USED

(Same as CHEB)

INPUT PARAMETERS

(Same as SINE, COSINE)

OUTPUT PARAMETERS

(R2,R3) addresses the result of the call in
the form shown in Figure 3, The result must
then be multiplied by x to get the value of
Arctan %, 1 £x£1 (result is in Rhadians),

TIMING

Approximately 850 msec per call,




Gonstants can be referenced by loading the base address
into (BO,Bl) and successively calling the LOADT routine, Each
call to LOADT brings the next pair of Hexadecimal digits into
the register pair (RA,RB) (registers 10 and 11),

Finally, it should be noted that the content of the accumu-
lator upon exit from the above routines indicates any error
conditions whieh occur during the computations, If the routlines
complete normally then the accumulator is zero upon exit; the
accumulator is non-zero when an error has occurred (e,g., over-

flow during multiplication),

5, The Arithmetic Package,

The arithmetic functions provide facilitles for fixed point
addition, subtraction, multiplication, and division., The charac-
teristics of these routines are given in Tables V through VIII,
The addition subroutine can be used for subtraetion by first
invoking the COMPLEMENT subroutine on one of the arguments,

After the sddition, the COMPLEMENT subroutine is invoked again

on the same register to restors the operand to its original form.

Note that MULTIPLY and DIVIDE expect their arguments 1in
signed magnitude form, Thus, negative numbers can first be
complemented to get their magnitudes, Multipliecation or division

is then performed upon the magnitudes, The operands can then
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TABLE V

ROUTINE NAME

ADDITION: computes the sum of two aligned
fixed-point numbers in true or complement
form,

ENTRY POINT ADDRESS

09416 148 10

REGISTERS USED

R2, R3, R8, R9, R13, R14, R15

INPUT PARAMETERS

(R2,R3) and (R8,R9) address two RAM regis=
ters which are either true or complement
form, The numbers must be aligned so that
their Hexadecimal points correspond, The
sign characters must also be set, as

shown in Figure 2 (it is not necessary to
include the precision character),

OUTPUT PARAMETERS

(R2,R3) addresses the RAM register contain-
ing the result of the addition, ACC=0 if
no overflow occurred,

TABLE VI

ROUTINE NAME

COMPLEMENT: changes & number into its
16°s complement form with sign,

ENTRY POINT ADDRESS

116 278

16 10

REGISTERS USED

RS, RA (R10), RB (R1l), RD (R13)

INPUT PABAMETERS

(RA,RB) addresses a RAM reglster to be
changed to 16°s complement form., Note
that two successive calls to COMPLE-
MENT with the same register results in
the original value,

OUTPUT PARAMETERS

(RA,RB) addresses the RAM register con-
taining the complemented number,
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TABLE VII

ROUTINE NAME

MULTIPLY: computes the product of two
aligned fixed-point numbers in true
form,

ENTRY POINT ADDRESS

REGISTERS USED

R2, R3, R4, R5, R6, R7?, RA(R1(), RD (R13),
RE (R14), RF (R15).

INPUT PARAMETERS

The RAM registers addressed by (R4,R5) and
(R6,R7) are multiplied together, The re-
sult is placed in the register addressed
by (R2,R3).

Status character 2 of the RAM register ad-
dressed by (R4,R5) must contain the pre-
cision p to be maintained throughout the
multiplication, All operands must be al-
igned so that there are 2p places after
the Hexadecimal point., Thus, if p=7, the
Hexadecimal point is assumed between char-
acters 13 and 14 of the RAM registers,

OUTPUT PARAMETERS

ACC=0 upon exit if no overflow occurred,

(R2,R3) addresses the result of the multi-
plication, with 2p Hexadecimal places of
precision

TIMING

Approximately 40 msec per call (dependent
upon the operands involved),
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TABLE VIII

|HOUTINE NAME

DIVIDE: divides (possibly unaligned)
fixed-point numbers

ENTRY POINT ADDRESS

1’+216 32210

REGISTERS USED

R2, R3, R4, R5, R6, R?7, R8, R9, RA(R10),
BRB(R11l), RC(R12), RD(R13), RE(R14), RF,

INPUT PARAMETERS

The RAM register addressed by (R2,R3) is
divided by the register addressed by
(R6,RB7)., The numbers must be in true
form, with precision given in status
character 2 of each operand, as shown
in Pigure 2, The numbers need not be
aligned,

The precision desired in the quotient
must be given in status character 2 of
the RAM gquotient register which is
addressed by (R8,R9).

(R4,R5) must address a temporary RAM
working register,

OUTPUT PARAMETERS

(R8,R9) addresses the RAM register
contalning the quotient, in the form
shown in Figure 2,

The remainder can be recoversd from the
register addressed by (R4,R5), This
number, however, 1s shifted toward the
high order position by an amount given
by RE (R14), Thus, it must be shifted
back before the remainder is eorrect,

ACC=0 if no overflow or underflow
oceurred,

TIMING

Approximately 1900 msec per call,
depending upon the operands involved,

-

¢
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be restored by re-complementing them after the multiplication

or division.

6. Disclaimer,

The author has tested the above routines for a number of
cases and believes that they are correct, The auther, however,
is not responsible for the program's correctness, but will

endeavor to make corrections to errors which are found,
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APPENDIX A

This Appendix ddcuments the use of the logarithm and
exponential routines which were added to the subroutines
previously described, The characteristics of these routines

are given in Tables IX and X.

LN computes the natural logarithm of & number s as
follows:

1, determine the number t such that 8 = t12® where
1<t<2 (or #<t<l) and m is an appropriate integer., The value
of t can be determined by shifting the number 8 until 1t
reaches the Hexadecimal point, The number of positlons
shifted eorresponds to my The value which is sent to the
LN routine is then determined in step 2,

2, Compute X = 3(t-1)/(t+l), and send the value 2x
to the LN routine (or equivalently, 2x 3'6(t-1)/(t¢1)),

3, The value returned by LN is the natural logarithm
of t, Thus, In 8 = In t ¢+ m(In 2), The matural logarithm
of 2 18 0,6931 4718 0559 9453,

The argument which is sent to the EXP routine must
be first multiplied by 2 (shift one position toward the @est
significant position).
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TABLE IX

ROUTINE NAME

LN: computes the natural logarithm
as described in the text,

ENTRY POINT ADDRESS

29216 65819

REGISTERS USED

(same as CHEB)

INPUT PARAMETERS

Same as CHEB, except (RO,Rl) is set
automatically before the call to
CHEB

(R#,R5) must address a RAM register
containing 2x in the form shown in
Figure 3 (2x is computed as shown in
the text)

OUTPUT PARAMETERS

(R2,R3) address the value of the
natural logarithm of t (see text)

TIMING approximately 500 msec
TABLE X

ROUTINE NAME EXP: computes e* -1<x<1

ENTRY POINT ADDRESS 23516 69310

REGISTERS USED

(Same as CHEB)

INPUT PARAMETERS

Seme a3 CHEB, except (RO,Rl) 1is set
automatically before the call to
CHEB,

(R4,R5) must address a RAM register
csontaining the value 2x in the form
shown in Figure 3,

OUTPUT PARAMETERS

(R2,R3) addresses the RAM reglster con~
taining the value eX,

TIMING

Approximately 500 msec
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ASSEMBLY OF CHEBY.DAT ON 1@~-JAN=73 AT 11:26

2000

THE FIRST CONSTANT IN EACH OF THE TABLES IN PAGE 2 PROVIDE
PARAMETERS T0 THE CHEBYSHEV APPROXIMATION ROUTINE, THE CONSTANT
IS OF THE FORM "NM", GIVEN THAT N' TERMS ARE TO BE COMPUTED,

N IS 16 = N' (N' CANNOT EXCEED 16), THE CONSTANT M DETERMINES
THE PRECISION OF THE RESULT: 2M DECIMAL PLACES ARE RETAINED IN
THE MULTIPLICATION PROCESSES, EACH CONSTANT REPRESENTING THE
CHEBYCHEV COEFFICIENTS ARE ENTERED IN 2'S COMPLEMENT FORM (ACTUA
IN 16'S COMPLEMENT FORM) WHERE EACH CONSTANT IS GIVEN BY

"Q ccCc CC .., CC CCCC s™

WHERE Q@ = @ IF THE COEFFJCIENT 1S ZERO, OTHERWISE @ 1S THE NUMB
OF ZEROES WHICH APPEAR IN THE LEAST SIGNIFICANT DIGITS OF THE HE
DECIMAL CONSTANT (THIS TECHNIQUE 1S USED TO ELIMINATE EXTRA TABL
ENTRIES IN THE ROM), THE C'S IN THE ABOVE FORM REPRESENT THE
COEFFICIENT (PLACED INTO THE ROM IN REVERSE ORDER), THE S IS A
CHARACTER S@-S51~-52-83 WHERE S2 = S1 = g, 82 IS THE SIGN OF THE
FICIENT (S2 = B IF IN TRUE FORM AND 1 IF COMPLEMENTED), S§3 = @
FOLLOWING CHEBYCHEV COEFFIECIENT IS 2ER0 AND 1 OTHERWISE,

o908 NOP

go102 JUN CONPG

poaee

pa122 CHEB ., JMS LOADT

Poso2

P @252 LD 12 /T

n@274 XCH 12 / N

B @253 LD 11 / TP

20345 SRC 24 / X2

o346 WR 2

Pa321 LOM 1

09277 XCH 15 / SUBIND
COMPLEMENT X2 IF 1T IS NEGATIVE

D3245 SRC 24 / X2

08354 RDO

po@24 JCN AZ NOCOP

2e@27

03347 WR 3

fp244 L0 ea / X2

Bg272 XCH 10 / C

28320 LDM @

89273 XCH 11 / CP

goi21 JMS COMPE

2pB26



0320 NOCOP, LDM )
0pB43 ZER0B., SRC g2
Pa340 WRM
20047 SRC 06
00340 WRM
@147 INC 8?7
20163 1S2 @3 ZEROB
o630
23344 WRO
gp@as 8RC g2
0p344 WRO
ROTATE B (J), B (J+1), AND B (J+2)
go242 RECUR, LD p2
2p266 XCH gé
0@270 XCH 08
gp262 XCH 22
B (J) # 2XeB(J+1)
29320 LOM ]
PRR4s ZEROJ» SRC g2
a3 40 WR M
00463 182 23 ZEROJ
opB47
PB344 WRO@
0oQ47 SRC 26
PA354 RDO
0p347 WR3
oep24 JCN AZ MULT
0pB73
COMPLEMENT B (J+1)
o246 LD g6
ep272 XCH ie
2360 cLB
09273 XCH 11
gg12t JMS COMPE
pap26
20100 JUN MULT
2pB73
MULT CAN BE CALLED AS A SUBROUTINE
pe322 MULTP, LDM 2
op277 XCH 15
FIXED POINT MULTIPLICATION ROUTINE
P00 45 MULT, SRC 24
Po356 RD2
P@276 XCH 14
0@256 LD 14
0e267 XCH 87
?o36d cLs
0g272 XCH 10
noB47 MUL1, 8RC gé
29351 RDM
20024 JCN AZ SKIPK

S N

N N

BJ

BJ1 i \
BJ1P

BJP

BJ

/ BJ
BJ1
BJ2
BJ

BJ
BJP

BJ1

BJ1

cP

SUBIND

X2

BJ1P

BJl



@112

00147

3364 CMA
0362 TAC
00275 XCH 13
82252 COUNK, LD 10
00263 XCH 23
B2 86 LD 14
60265 XCH g5
092 45 COUNT, LD g5
pe@24 JEN AZ ADDXB
87123
00745 SRC B4
pA35L RDM
07145 INC o5
? 02 43 ADDXB, SRC B2
88353 ADM
00340 WRM
60163 182 @3 COUNT
gp115
7 6932 JEN CZ NOVER
97133
Pe30L BBL 1
002 45 NOVER, LD g5
0824 JCN AZ ENDCK
00145
88345 CHECX, SRC B4
00351 ROM
00024 JCN AZ NOVED
08143
00301 BBL 1
201 65 NOVEQD, 152 85 CHECX
0136
0p175 ENDCK, 1S 13 COUNK
8@ 1L
Bo152 SKIPK, INC 10
80167 18 2 @7 MULL / BJIP
pe102

CY MUST BE ZERO AT THIS POINT
08257 LD 15
00366 RAR
B @0 24 JCN AB CONTN
00157
00329 BBL 0

MAY HAVE TO COMPLEMENT BJL AGAIN
063 60 CONTN, CLB
05276 XCH 14
0eg4e7 SRC 26
00357 RD3
00p24 JCN AZ NOCOM
05177
80360 cLB
00347 WR3
00324 LDM 1
00276 XCH 14
008246 LD 26
D272 XCH 10
00247 LD B7

SN NN N

~

A

X2P
BJ

BJP

X2P

X2

X2P

SUBIND

BJ1

BJ1
BJ1P



BL74
2175

/

@177
0200
p201
g292
2203
paga4

206
@207
210
g2 11
g212

p214
p215
g216
P2 17
ge2n

ge22

224
p225
p226
ge27
P238
p231
232
233
02 34
235

0237
240
241
pa242
8243
p244

246

2250
g2 51
g252
0253
254

p256

00273
pgi12i
od26

XCH
JMS

SET SIGN OF RESULT

pop4s5
29357
236
Pp366
Pp367
opp24
2@p214
Pp242
8p272
Pp360
Bp273
pg121
0pa26

NOCOM,

SRC
RD3
SuB
RAR
TCC
JCN

LD

XCH
CLB
XCH
JMS

11
COMPE

g4
14

AZ POSML

22
12

11
COMPE

COMPLEMENT B (J+2) AND ADD INTO B (J)

@250
ge272
pp251
0273
@121
2 oG 26
20100
o226

ADD CAN ALSO BE

ep322
0e277
@361
PeBS51
23351
DRBa3
Pp353
0B34¢
22151
20163
2@227
2@367
09275
20051
gp354
o276
go121
oopB56
0p024
@251
03301
28361
B@257
2@366
2pg24
0p257
23300

POSML,

ADD,

PASTD,
ADD1,

NOVEL,

LD
XCH
LD
XCH
JMS

JUN

CALLED AS A SUBROUTINE

LOM
XCH
cLC
SRC
ROM
SRC
ADM
WRM
INC
I§Z

TCC
XCH
SRC
RDO
XCH
JMS

JCN

BBL
cLC
LD

RAR
JCN

BBL

28
19
29
11
COMPE

PASTD

2
15

28
g2

29
@3 ADDL / BJP

13
08

14
CHKSN

AZ NOVEL
i
i5
AZ CONT1
2

/ 8§

/ BJ
/ C

/CP

BJ2

BJZ2P
cP

| ™
(@}

/ SUBIND
/ BJ2
/ BJ

/ BJ2P

K
/ BJ2

/ SUBIND



/
/
8257

P2 61

263
p264
AR
/

/

/

265
09266
B267
8270
P71
272
273
g274

@276
g277
6308
P301
B3@2
B3B3
G304

B306
B3@7
p31i@
311
B8 12
2313
B3 14
8315

8317

B321
B3 22
2323
B3 24

326
327
0330
p331
B3 32
B333
Bp334
B335

8337

NOW ADD CONSTANT FROM ROM

Goa32
o322
ggi22
dge@2
ep252
00263
't CLC

WE ASSUME LOADT RETURNS

@253
fog43
P@353
00340
02143
0B367
e@275
20122
poa02
Bp255
Pp366
@252
20043
20353
Bp340
Bo163
G265

CONT1,

ADD2,

CHECK SIGNS

Bo367
@275
20253
BB366
p@276
60367
B0277
@@121
pe056
gon24
pB324
28301
o321
0a277
Ba174
BBo42

BlJ)1#(B(J)=B(J+2))/2

P@361
Bposy
B@E351
D043
Ba353
Bp340
03151
09163
Bo327
28367

ZCOEF,
NXTEM,

ADD3,

JCN
JMS

LD
XCH

LD

SRC
ADM
WRM
INC
TCC
XCH
JMS

LD

RAR
LD

SRC
ADM
WRM
ISZ

TCC
XCH
LD

RAR
XCH
TCC
XCH
JMS

JCN

BBL
LDM
XCH
ISZ

CLC
SRC
RDM
SRC
ADM
WRM
INC
182

TcC

CZ ZCOEF
LOADT

12
23

WITH CY#0

11
g2
23

13
LOADT

13
i0
22

3 ADD2

13
13

14

15
CHKSN

AZ NXTEM

i
i
48
12 RECUR

ge
g2

@9

B3 ADD3I / BJP

AN

BuP

™

BJ

BJP

BJP

K
TP

S
SUBIND

SUBIND
N

BJ2
BJ

BJ2P



B340
B34l
B3 42
@343
@3 44

B346

350

8351
@352
B353
354
@355

@357
p360
2361
2362
8363

8365
B3 66
8367
@370
@371
p372
8373
374
@375

0400
g401

2403
24 04
B4 05
426
2407

P411
p412
413

2415
p416
@417
@420
@421
@422
423

B425

0@275
2aB51
0p354
02276
goiel
22936
cpa24
pa351
00301

NOW SHIFT LEFT ONE POSITION TO DIVIDE BY 2

Pop43
29354
gp276
Bp256
pog24
Bn365
?p2 42
B@272
20329
2p273
gp121
70026
20361
B2 54
20364
2p2 63
30043
29351
03366
G073 40
Bo174
BR366
8256
gp256
Bo024
goail
2@242
2p272
20320
Pp273
P@iel
o026

SOVRL,

NOVRL,

NOCM1,
SHLET,

XCH
SRC
RDO
XCH
JMS

JCN
BBL

SRC
RDO
XCH
LD

JCN

LD

XCH
LDM
XCH
JMS

CLC
LD

CMA
XCH
SRC
ROM
RAR
WR M
1SZ

LD
JCN

LD

XCH
LDM
XCH
JMS

13
B8

14
CHKSN

AZ NOVRL
1

g2

14
14
AZ NOCM1

g2

10

]

11
COMPE

12

g3
g2

12 SHLET

14
AZ NOCM2

g2

10

2

1
COMPE

MAY HAVE TO RESTORE NEGATIVE X2

poB45
6B357
gep24
eap25
03360
08347
@n244
0@272
pp320
B@273
p@i21
PeB26
0g300

NOCM2,

NOCM3,

SRC
RD3
JCN

cLB
WR 3
LD
XCH
LOM
XCH
JMS

BBL

g4
AZ NOCM3

24
18

11
COMPE

/

N ™

=

NN

AR

AN

BJ

BJP
BJ

BJ

cP

X2

X2

cP



d

/ COMPLEMENT THE NUMBER IN C

/ 2 SHARES REGISTER WITH X2P

/

p4a26 B03I20 - COMPE, LDM @

@427 0p275 XCH 13

p4a30 0@320 LDM 0]

P431 0p265 XCH 25

2432 00372 STC

p4a33 2pp53 CLOOP,» SRC 12

0434 008351 RDM

P435 00364 CMA

B436 @B@2085 ADD 25

G437 2@340 WRM

044@ 23153 INC 11

ga41 Op175 182 13
29333

P443 BoB22 JCN CN
20053

445 0@354 RD@

p446 BR364 CMA

@447 0@366 RAR

BASD 0@367 TCC

g4a51 00344 WRO

g452 0300 BBL 2

P453 0Q360 POSCM, CLB

Ba54 20344 WRO

9455 00300 BBL @

9456 GOB43 CHKSN, SRC 82

B457 B354 RDO

P46 BO364 CLC

P461 0p216 ADD 14

Pé62 0a370 DAC

B463 Bp024 JCN AZ
2oB74

p465 Q@361 ClL.C

p466 03256 LD 14

g4 67 0Op235 SuB 13

0470 Bpo24 JCN AZ
eon73

9472 2p301 BBL i

B473 003920 SIGNK, BBL g

p474 0@255 DIFSN, LD 13

P475 0@366 RAR

Ba76 o363 CMC

B477 20367 TCC

@500 00344 WRO

P501 0030 BBL )

/

/

/ BY

/

/ IN

/

/ OF EACH REGISTER,

/

/

/ FIRST ZERO OUT REGISTERS

/

p502 02360 DIviE, CLB

B583 00851 ZEROR, SRC 28

@504 0p340 WRM

cLoop
POSCM

/ BJ

/ 8

DIFSN / OTHERWISE SAME SIGN

AN
=

S IGNK

FIXED POINT DIVISION ROUTINE, THE REGISTER ADDRESSED
(A,AP) 1S DIVIDED BY THE REGISTER ADDRESSED BY (C,CP),
RESULTING QUOTIENT 1S PLACED IN REGISTER (Q,Q0P) WITH REMA]INDER
(R;RP), THE NUMBER OF DIGITS FOLLOWING THE HEX POINT IN

THE OPERANDS AND QUOTIENT MUST BE STORED IN STATUS CHARACTER 2

THE



22045
20340
P @145
69171
20103

DETERMINE THE NUMBER OF
PLACING A INTO R

2o360
ep273
0p283
22364
20263
eop43
29351
o034
@127
@173
2114
0103
2346

OTHERWISE DIVISION INTO

29253
? 0265
20360
00263
2oo43
22351
200845
0p340
@0143
09165
Pp133
2p253
@276
AoR43
p@B356
gp213

209273

Ba367
Bp272

LOCZR,

FNDZR,

CoPYA,

SRC
WR M
INC
1S2

CLB
XCH
LD

CMA
XCH
SRC
RDM
JCN

182
JUN

Lo

XCH
cLe
XCH
SRC
ROM
SRC
WRM
INC
1S Z

LD

XCH
SRC
RD2
ADD
XCH
TcC
XCH

24
25

g9 ZEROR

/
/

RP
QP

POSITIONS TO SHIFT A WHILE

11
i1

p3
g2

AN FNDZR
11 LOCZR
ENDIV

2ERO

11
25

g3
@2

B4

23.
@5 COPYA

11
14
ge

11
11

19

A N

™~ N\

NN S N ~ - N

AN

/

N NOW CONTS THE VALUE OF (PA+NA) WHICH IS

A 1S SHIFTED APPROPRIATELY INTO R,

POSITION OF C

20360
00275
g8255
PB364
o267
20047
29351
2og34
3166
00175
2154

LOCZ1,

cL8
XCH
LD

CMA
XCH
SRC
ROM
JCN

ISZ

13
13

a7
o6

AN FNDZ1
13 LOC21

= a

™

/

NP
NP

AP

NP

NP
RP

AP
A

R

AP
RP
NP

SHFTA
A

NP
NP

N
USED BELOW

NOW LOCATE HIGH ORDER

KP
KP

cP

KP



/

2565
g5 66

B633
@634
0635
@6 36
B637

(“\ B640

. P64
0643

B645

OTHERWISE DIVISION BY ZERO

pp3081 BBL 1
20255 FNDZ1, LD 13 / KP
2277 XCH 15 / SHFTC

COMPUTE THE POSITION TO START THE QUOTIENT BY!

10 :# (PCeNC) + PQ =~ (PA * NA) / N

WHERE PCs PQ, PA ARE THE PRECISION OF C, @, AND A, AND

NA AND NC ARE THE NUMBFR OF POSITIONS A AND C WHERE SHIFTED,

B 3356 RD 2

80215 ADD 13 / KP
29275 XCH 13 / KP
80367 TCC

0274 XCH 12 / K
28951 SRC 28 / Q
23356 RD2

90215 ADD 13 / KP
29275 XCH 13 / Ke
pr320 LOM )

op214 ADD 12 /K
0p274 XCH 12 / K
BO361, cLC

80255 LD 13 / KP
80233 sUB 11 / NP
BE271 XCH B9 / QP
03363 cMC

2p254 LD 12 / K
00232 SUB 10 / N
00022 JCN CN NOUNE

B@216

00300 BBL )

BpB34 NOUNE, JCN AN DOVRL

80372

OTHERWISE STARTING POSITION IN @ IS STORED IN QP
NOW SHIFT DIVISOR TO EXTREME RIGHT SIDE

8p337 LDM i5

@2 73 XCH 11 / NP
hp246 LD L) / C

Bp272 XCH 18 / N

2og 47 CoOPY1i, SRC g6 / C

28351 ROM

2pB53 SRC 18 N

20340 WRM

0p247 LD a7 / CP
goB24 JCN AZ PCcOP1

pa@242

ge370 DAC

00267 XCH a7 / CP
0p253 LD i1 / NP
2e370 DAC

B@273 XCH 11 / NP
00101 JUN corPyl

pp224

@253 PCOPL, LD i1 / NP
oea24 JCN AZ SUBO

pp254

ge370 DAC



22273 XCH 11
8gas3 SRC 18
) 8p320 LDM @

23340 WRM
2104 JUN FCO
pR242
6o360 SUBO., cLB
bp263 XCH 23
a3 60 SUB1, CLB
B@265 XCH @5
29253 LD 11
Bo267 XCH @7
80245 SRC B4
23351 suB2, ROM
Braa7 SRC 26
20350 SBM
Bpa45 SRC o4
Bp340 WRM
2363 CMC
23145 INC 25
2pB45 SRC P4
83167 1S#Z a7
6p263
00245 LD 25
cRe24 JCN AZ
2p304
23351 ROM
2@227 SUB 27
P340 WRM
Pa363 CMC
2am22 CHKCY: JCN CN
Pp311

OTHERWISE INCREMENT COUNTER
P0143 INC 23
221081 JUN Sus
23256

ADD C TO R ONCE 70 RESTORE
B@28%3 CRYOT, LD 11
0p267 XCH
20360 cL.B
PB265 XCH 25
2og47 ADD4, SRC g6
#@351 ROM
20@45 SRC B4
P2353 ADM
2p340 WRM
B@145 INC 25
2@167 152 87
22315
@p245 Lo 25
oepa4 JCN AZ
20334
28367 TCC
BrD45 SRC @4
BB353 ADM
20340 WRM

P1

suB2 7/ Cp

CHKCY

CRYOT

1

a7

ADD4 / CP

SKPAD

| N NN ~

A S

~N S

CNT

RP
NP
cP

RP

cP

CNT

NP

RP

RP

CP



NOW WRITE COUNTER INTO Q

pe@51
pp243
20340
23251
e@p24
B@346
ea37d
2@271
23173
pB254

NOW SHIFT R BACK

PB360
29273
29257
02267
poo 47
22351
2oB53
349
02153
20167
2@352

NOW FILL WITH ZEROES ON

P2253
P o024
Bp371
P@@>53
Bp360
2p340
20173
Bo364
Ze300
Pa301
#5142
g@i083
o Rol
209872
@372
?p320
Zo201
B@2 61
0e320
pp20d
Zp260
0300

SINE (PI#X/2),

SKPAD,

ENDIV,

corPyZ2,

FILLZ,

PFILL,
DOVRL,

CONP G,
LOADT,

SRC
Lo
WRM
LD
JCN

DAC
XCH
182

CLB
XCH
LD

XCH
SRC
ROM
SRC
WRM
INC
18 Z

LD
JCN

SRC
CLB
WRM
IS#

BBL
BBL

JUN

FIN
STC
LOM
ADD
XCH
LOM
ADD
XCH
BBL

78
23

a9
AZ ENDIV

29
11 SUBO 7/ NP

i1
15
a7
26

10

11

@7 coPY2
RIGHT

11
AZ PFILL

10

11 FILLZ

g
1

#4256
10

]
R1
R1
)
R@
RO
2

NN

~ e e

AN

CNT

apP

QP

NP
SHFTC
cP

NP
cP

NP

NP

=1 <#X<#1, WHERE X#2 1S PRECOMPUTED AND PLACED

INTO THE RAM REGISTER ADDRESSED BY X2, AND BJ» BJ1i, AND BJ2 ALL

ADDRESS FREE RAM RCGCISTERS WHICH ARE USED IN THE CHEBYSHEV APPROX
MATION THE RESULY IS RETURNED IN THE REGISTER ADDRESSED BY BJ
(THESE CONVENTIONS HOLD FOR THE OTHER FUNCTIONS WHICH FOLLOW ALS

SET UP THE ADDRESSES OF THE ROM CONSTANTS



1013 00pn4o SINE, FIM @2 SINCN

BoBi7
1015 00100 JUN CHEB
PoGO3
/
/
B
1617 20107 SINCN, Q1000111
/
1026 0p@142 21100010
1821 80377 11111111
1622 809377 11111111
1623 28377 11111113
1024 03377 113111111
1825 03362 11110010
/
1026 00142 1100010
127 0@351 11191601
ip30 29000 o200 0000
1031 20000 poeBooer
1832 22000 2o 000000
1633 00020 pEoaeeen
/
1034 20151 21101001
1035 00pAa0 PP100000
1036 09233 16011011
1837 B@377 11111111
1040 00377 11111111
1641 00362 11110019
/
1842 006157 01101111
1043 00255 10191101
1044 0@i06 p1L000110
1645 00041 00100001
1046 Po000 0000020
1047 00300 00 20 20 20
/
1650 03153 g1101011
1851 00363 111108011
10652 0@127 P1p10111
1253 29254 10101100
1054 @337 11411111
1055 003362 111100108
/
1856 090151 21101001
1057 @0124 01210100
1660 00306 11900110
1061 00062 P0110010
1862 20041 P0100001
1663 dpaee P00 0000
/
/ COSINE (PI#X/2), «1<#X<#1
/ .
1064 0040 COSIE, FIM 2@ cOScN
eoe70
1066 20100 JUN CHEB
eo003
/
1670 00127 COSCN, Q1010111
/

1071 9915@ 01101000



aae77
28377
@377
6@377
p@362

99153
03164
00160
200600
20208
poeda

Pa156
22025
00350
Bn337
28377
0n362

P@153
g@@55
p@1L72
0eo47
2 a000
2og 0o

g@152
P p253
epB27
2 @0 40
gp217
pp362

P@143
00264
29352
2@241
2p360
20089

ARCTAN (X), ~i<#X<#i, RESULT MUST BE MULTIPLIED BY X

ppo40
o141
@0100
02883

oon27

22149
20166
88377
08377
ee377
Pp362

20153
oogee
20100
g 00 00

ARCTN,

ATNCN,

PP111111
11114111
11111111
11111111
i1110010

01101011
01110000
21110000
ujulluglolil)
00 00 00 20
peerRIa0

1161119
poP10101
11191000
11011111
11111111
11110010

21121011
0121101
1111010
PP100111
g0 0o 0800
0P 000000

21101010
12101011
Po@10111
20 10 0o oo
18001111
11110010

p1100011
10110100
00121010
10100001
111160600
g0 09 00 00

FIM

JUN

peP10111

01100000
21110110
11111111
11111111
13111141
11112010

g1101@11
00010000
01000000
00 00 62 00

@3 ATNCN



1154 200 eo 0D 0207

1155 00000 PO B0 08 00

/

1156 09157 p1101111

1157 00050 00101000

1160 08116 p1P01110

1161 89377 11111111

1162 009377 11111111

1163 00362 11110818

/

1164 00140 01180000

1165 20114 61001100

1166 00954 02181100

1167 20000 PO 00 B0 90

1178 20000 0000000

1171 20000 p0 00 00 79

/

1172 80145 1100101

1173 00153 01101011

1174 00165 01110101

1175 @257 10171111

1176 08377 11111111

1177 20362 11110010

/

1200 00155 21101101

1201 B 154 p1 161100

1202 80311 11901001

1203 09322 11010010

1204 20000 00 20 00 90

1205 00000 0% 600700

/

1206 00150 01101000

1207 00203 10000011

1210 80064 00110100

1211 00344 11100100

1212 0@357 11101111

1213 00362 11110010

/

1214 09150 611010690

1215 00926 2210110

1216 00143 1102011

1217 90103 01000011

1220 #9301 | 11000001

1221 #0000 po 00 02 00

/

/ COMPUTES LN S BY FIRST EXPRESSING S AS S#T#2#8M WHERE

/ 1/2<#T<#L, LN S IS THEN LN T « MeLN 2, NOTE THAT T IS EASILY FO

/ BY "NORMALIZING" THE ARGUMENT S, M IS THE NUMBER OF POSITIONS S

/ IS SHIFTED. LN (2) # ,6931 4718 8559 9450

/

1222 00040 LN, Fim 8 LNCON / ScC
p0226

1224 0100 JUN CHEB
o003

/

1226 00147 LNCON, 01180111

/

1227 00146 21100110 "

1230 00360 11110000

1231 20000 20 00 0C 0¢

1232 2a000 or 3¢ ee 0@

C



1233 00000 peroeooo

1234 00000 poonones

/

1235 20145 11001061
(“71236 pB371 11111001
71237 00840 po1000 00

12402 20000 08 00 60 20

1241 00000 cooeeeee

1242 0o0@0 pooo00 R

/

1243 20142 11000102

1244 @213 10001011

1245 203087 11000111

1246 00000 02000000

1247 00000 pees0e 00

12590 00a09 Poope0 00

/

1251 202144 01100100

1252 2304 11000100

1253 002131 01211001

1254 08261 10110021

1255 00000 popopOB0a

1256 0000 00000000

/

1257 22140 21100020

1260 03314 110011900

1261 0300 11200000

1262 @277 10111111

1263 29240 101000800

i264 09909 PooR o000
&7
el EXP (X)

/

1265 0p040 EXP, FIM g8 EXPCN / SC

p@271
1267 20100 JUN CHEB
20003

/

1271 09147 EXPCN, @1160@111

/

1272 82157 1121111

1273 00040 03120008

1274 00000 20 29 0o o0

1275 200080 0000000

1276 Co0 08 @0 20 20 00

1277 06801 PP oB 0801

/

1300 00159 01101000

1301 20123 21010011

1302 2oda8 eeo00000

1363 00890 02000000

1304 0p000 P2 000000

1305 2ogol e o000 01

/

1386 06151 01101061
/”“%307 @245 10120101
Lo 4318 00960 pP110000

1311 20000 pe P2 0000

1312 oo 20 00 0o 0e 00

1313 po@di eeo00001



1314 00150
1315 9g222
1316 09362
1317 20000
1320 00000
1321 Zopel

1322 09153
1323 2@304
1324 0@223
1325 00040
1326 290020
1327 @0p01

/

1330 80144
1331 0@p202
1332 28306
1333 24141
1334 09290
1335 0g9a01

1336 2p150
1337 00359
1340 00251
1341 69133
1342 20003
1343 Qoo01

1344 @0p144
1345 208367
1346 20260
1347 20205
1350 20190
1351 20p21

/

1352 29151
1353 208270
1354 2@214
1355 dpi121
1356 00@41
1357 2oool

1360 0p147
1361 #9151
1362 29311
1363 00870
1364 @202
1365 90001

D

SYMBOL TABLE:

ADD poB224
ADD1 @@0227
ADDZ2 980265
ADD3 @o@327
ADD4 @BO715

01101000
190010010
11110010
oeoBoo 00
0perd000
poeEopal

21101011
11000100
10010011
70 10 00 09
popBoe e
PooBORo]1

giripeioe
100020 12
11000110
P1100001
02 00 20 28
goooeRs1

01101000
11101000
18101801
1911011
08000030
2R OPBP 61

P1100100
11110111
1110000
10002101
1000000
Peo20031

1121001
10111000
10001100
21010001
Pp1000 01
peee0e a1

P1100111
01181001
11001001
0111000
10000010
0eo00001

DIFSN 000474
DIVIE 000522
DOVRL @08772
ENDCK 202145
ENCTv 0PB746

NOVED 200143
NOVER Q00133
NOVRL 802351
NXTEM 002324
PasTD ¢o0226



O

ADDXB
ARCTN
ATNCN
CHEB

CHECX
CHKCY
CHKSN
cLoorP
COMPE
CONPG
CONT1
CONTN
COPYL
corpy2
COPYA
COSCN
COSIE
COUNK
COUNT
CRYOT

Po0123
01135
221141
poBea3
pRB136
poB7034
goa456
p0B433
280426
201090
pRB257
peB157
poB624
go2752
pEes33
pB1074%
po1064
ge8111
goa1L5
802711

EXP
EXPCN
FILLZ
FNDZ1
FNDZR
LN
LNCON
LOADT
L0oC21
LOCZR
MUL1
MULT
MUL TP
N OC M1
NOCM2
NOCM3
NOCOM
NOCOP
NOUNE
NOVEL

001265
p@1271
ppa764
gee566
poR527
pBL222
201226
poi1eg2
2e@B55 4
goa514
poB182
p00a873
po287 3
P02365
pooal
goB425
goB177
ooape7
gpa6le
BR@251

PCOPL
PFILL
POSCM
POSML
RECUR
SHLET
S IGNK
SINCN
S INE

SKIPK
SKPAD
SOVRL
SuBi

sSuB?2

sSuBo

ZCOEF
ZEROB
ZEROJ
ZEROR

goves2
BRa771
pRAB453
0214
groo42
PoB 366
goB473
p010817
201013
n20147
0o0734
po0350
P00656
p00663
proes54
pBB322
poeo3e
oeoBav?
zo2583



MICROCOMPUTER USER'S
BRARY SUBMITTAL FORM ret. o u-2

|nte LIE

] 4004 ] sco8 {0 soso {use additional sheets if necessary)

Program

Title | Code Conversion: ASCII to EBCDIC

Function | Table and routine to perform 7-bit ASCII to 8-bit EBCDIC
code conversion. Full table with 128 entries provided.

Required | Any MCS-4 system with at least 2 pages of program memory
Hardware | (table cannot reside in page @ without modification).

Required | None: Routine for use in larger program
Software

input | Any 7-bit ASCII character in P@ MSB of Rf must be zero.
Parameters

M

S ) -

Output | Corresponding 8-bit EBCDIC character in P§ (or other register
Results |patr as desired).

Registers Modified: Maximum Subroutine Nesting Levei:
RF, R1 None
ired: Assembier/Compiler Used:
Ra Renulred Intel AGM4 Assembler on
None G.E. Timesharing
ROM Regyired: ' Programmer-
O eﬂgd for table; 1 for con- :
version instruction. . J. Parchesky

! : .
' Come i\%*tatype Corporation
Miami, Flori4a

)




1.  Complete Submittal Form as follows: (Please print or type)

Processor (check appropriate box)
Program title: Name or brief description of program function
Function: Detailed description of operations performed by the program
Required hardware:
For example: TTY on port Oand 1
I nterrupt circuitry
/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products onty)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nexting level
i Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler
1BM 370 Fortran IV

j- Programmer and company

a0 T e

2, A source listing of the program must be included. This shouid be the output listing of a compile or assembly.

Extra information such as symbol table or code dumps should not be inciuded.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

©1974/Printed in U.S,A./MCS-065-0374-1 K



&

&

FILE30 95/14/74
ASSEMBLY OF FILE3 ON ©5/14/74 AT 1033SEDT

/ASCII TO EBCDIC CODE CONVERSION TABLE
/THE TABLE OCCUPIES THE FIRST 128 LOCATIONS OF
/ANY PROGRAM MEMORY PAGE EXCEPT PAGE 83
/THE ADDRESS OF A LOCATION IS THE ASCII CHARACTER
/THE CONTENT OF THAT LOCATION IS THE EDCDIC CHARACTER.
/THE FIN INSTRUCTION IS USED TO ACCOMPLISH THE
/ACTUAL CODE CONVERSION (SEE MCS-4 USERS MANUALY.
/TWO VARIATIONS OF THE CODE CONVERSION ROUTINE
/ARE POSSIBLES
/ 1) THE TWO INSTRUCTIONS IMMEDIATELY FOLLOWING
THE TABLE ARES CNVRT, FIN PG
BBL ©
IN WHICH CASE THE CODE CONVERSION MAY BE PERFORMED
ANY WHERE IN THE PROGRAM WITH A SUBROUTINE CALL
SUCH ASs JMS CNVRT /CONVERT ASCII TO EBCDIC

2> THE FIN INSTRUCTION IS PART OF A LARGER
ROUTINE THAT OCCUPIES THE LAST 128 LOCATIONS
LOCATED ON THE SAME PAGE WITH THE TABLE.

FOR EXAMPLE: FIN WAS ONE BYTE OF A 67 BYTE
OUTPUT-TO=-MAG-TAPE SUBROUTINE LOCATED ON THE SAME
PAGE WITH THE THE TABLE IN THE AUTHOR'S ORIGINAL
PROGRAM.

/THE TABLE 1S GIVEN IN DECIMAL SO THAT PSEUDO OPS
/ARE NOT REQUIRED

NN RN NN NN Y

/

%256 Z/COR %512 OR *768 ETC.)
9256 00020 TABLE, 0 /NUL
9257 00001 1 /SOH
9258 @8e82 e /STK
9259 900063 3 /ETX
P260 B00SS 1) /EQT
P261 608045 45 /ENQ
2262 00046 46 Z7ACK
8263 90047 47 /BEL
0264 80022 22 /BS

0265 90005 S /HT

@266 0OB37 37 /LF

9267 00011 11 /VT

9268 00012 12 /FF

0269 90013 13 /€R

P279 00014 14 /80

09271 80815 15 /S1

@272 00016 1V /DLE
P273 08017 17 /BC1}
0274 00018 18 /DC2

9275 00019 19 /DC3



FILE3@

6276
8277
3278
8279
0280
9281
pes2
0283
0284
2285
@286
8287
0288
@289
6299
8291
0292
3293
8294
8295
9296
8297
@298
8299
G300
@381
2302
9393
6384
@305
2306
@307
B398
@309
0310
8311
#9312
8313
8314
@315
9316
8317
6318
9319
0320
@321
6322
8323
8324
#8325

80060
PBD6!
BP8s56
#0038
26624
Bee2s
20663
86639
20628
86029
020309
Goe3t
00064
20879
gBi27
po123
30691
091068
20080
@o12S
2ea77
20093
@ga92
20678
26187
6eaE9 6
#6875
Beas7
80240
Be241
Be242
02243
Bo244
38245
60246
20247
26248
08249
#e123
20824
8es876
Bo126
60110
111
Po124
9193
o194
8195
fe196
88197

85714774

69
61
58
38

24

25
63
39
28
29
30
31
64
79
127
123
921
108
80
12s
77
93
92
78
187
96
75
97
240
241
242
243
244
245
246
247
248
249
123
24
76
126
110
11t
124
193
194
195
196
197

/bCa
/NAK
/SYN
/ETB
/GCAN
/EM
/SUB
/ESC
/FS
/@GS
/RS
/US
/SP

/“
/#
/%
7%
/&
/'
/¢
/£
Vg
VL 4
o

Fo

o4
/0
/1
/72
/3
/4
7S
/6
77
/8
/9
/3

/3

/<
/=
/>
/?
/7@
/A
/B
/C
/D
/E



y

FILE3®

p326
8327
8328
8329
2339
8331
8332
2333
2334
8335
8336
8337
8338
8339
8348
8341
9342
8343
8344
8345
B346
8347
8348
8349
2356
6351
@3s2
P353
8354
@355
8356
#6357
2358
2359
8366
8361
@362
@363
@364
B36S
G366
8367
#8368
?369
8370
8371
8372
8373
@374
8375

28198
Ba1959
P0200
B0201
90209
gg210
pp211
gozia
99213
go214
g0215
ge21é
ge217
goeaeé
Bo227
29228
20229
20236
60231
goeaz
90233
20874
poea4
20090
86095
BB189
gaiat
©e129
62130
80131
pEi132
go133
GBi34
Pe13S
BB136
BB137
80145
PB146
02147
09148
80149
26156
20151
@01352
ge153
poté2
@8163
PB164
08165
go166

85/14/74

198
199
209
201
209
216
eit
212
213
214
215
216
217
226
227
228
229
230
231
232
233
T4

224
96

95

189
121
129
136
131
132
133
134
135
136
137
145
146
147
148
149
156
15¢
152
153
i62
163
164
165
166

/F
/7€
’H
/71
7Jd
7K
7L
4
/N
/0
/P
/8
/R
/S
/T
/U
/v
4
/X
/Y
/B
/8
AN
/73
/¢
/BACK ARROW
/GRAVE ACCENT
/ANLOWER CASE
/B\
ZCN\
/BN
ZEN
ZFN
76\
ZHN
7IN
I\
KN
LN
4 N
/NN
70N\
7P\
78\
7R\
/8N
/TN
7UN
VATAN
/W



FILE30

8376
8377
9378
6379
8386
2381
@382
8383
@384
2385

B8167
06168
@8169
ger92
83186
20268
22161
00687
09048
g@192

85714774

CNVRT,

167
168
169
ige
196
208
161

7

FIN PO
BBL 0

XN

YN\

ZEN

/LEFT BRACKET
/VERTICAL LINE
/RIGHT BRACKET
/TILDE

/DEL



®

Program
Title

Function

Required
Hardware

Required
Software

Input
Parameters

QOutput
Results

MICROCOMPUTER USER'S

intl  UBRARY SUBMITTAL FORM ret. ro. i-s

4004 []soog []8080 (use additional shests if necessary)

Bit Manipulation Routine

AND, OR, XOR, COMPARE set unselected bits,

clear selected bits,test ones (unselected bits are set
to zero and selected ones bits are set to zero. If all
selected bits are one, result will be zero and may be
tested with JCN A%Z, ACCU ZERO)

4004 and 39 instructions

None

As shown, the word and select bits are loaded immediate.
In most cases they will come from data memory or input
ports. The control bits should be in IR3, the instruction
in IR3P, and the word in the accumulator.

The result will be found in IR2.

Registers Modified: Maximum Subroutine Nesting Level:

IR 0-7 One
RAM Required: Assembler/Compiler Used:

None Intellec 4 Version 1.0
ROM Required: Programmer:

39 Instructions Paul F, Fitts

Company:
INNOVATEK ENT.




i Complete Submittal Form as follows (Please print or type)

Processor (check appropriate box)
Program title: Name or brief description of program function
Function: Detailed description of operations performed by the program
Required hardware:
For example: TTY onport Oand 1

Interrupt circuitry

/0 Interface

Machine line and configuration for cross products
e Required software-
For example- TTY routine

Floating point package

Support software required for cross products

0 0 o o

f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4. Maximum subroutine nexting level
i Assembler/Compiler Used:
For example: PL/M
tntellec 8 Macro Assembler
1BM 370 Fortran tV
i Programmer and company

2. A source listing of the program must be included. This should be the output listing of a compile or assembly.

Extra information such as symbol table or code dumps should not be included.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

©1974/Printed in U.S.A./MCS-065-0374-1K



s/
NsSTRT»1LDM
12 ~ XCH
2 FIM
ae LDM
SH JMS
7: SRC
8: JUN
10e =
16:BIT>, FIM
18:BLP» XCH
193 RAL
20 XCH
21 TCC
22 ADD
23 XCH
24: TCC
253 ADD
262 XCH
27 LD
28 XCH .
29 RAL
37 XCH
31 JIN
32 STC
33 cMC
34z JCN
36¢ JCN
38 JCN
402 RAL
412 KCH
42¢ 182
44 BBL
453 %

BIT MANIPULATION ROUTINE

3P

B1I
iP
ST
16
2p

0
0
0

n

32

T

RT

12

259
241
243

BLP

INSTRUCTION WORD

oo

SSRRS

nolo

01N

nnLn

1

SBNSN

S 8]

nnnn
nool
0010
NNl
0ineg
0111
ni1e

D111

INNOVATEK ENT.
SMITHFIELD ROAD
MILLERTON, N. Y. 12546

914 - 373.9122

/BIT MANIPULATION MAY 29,1974

/CNTRL 'BITS TO OPR ON
/0PN TO PERFORM
/WORD TO OPFR ON

/PERMIT OBSFFUATION ON PANEL

/LP CNTR

/CNTRL BITS TO ACCU
/CNTRL BIT TO LINK
/SAVE CNTRL BITS

/INC ADRS

/PROP CARRY

/RESTORE CNTRL BITS
/VWORD TO ACCU

/WORD BIT TO LINK
/MODIFIED WORD TO ACCU

/CLG
/CMC
/STC
/CLC
/CMC

ON
ON
OoN
oN
ON

H
1 TEST ONES

1/ OR SET SEL BITS/0OR CMPL CNTRL BITS
1/ CLR SEL BITS/AND TEST ZEROS

1/0 XOR/ COMPARE

/STORE MODIFIED BITS

/LOOP

/RETURN

SELECT BITS WORD OPR ON

D110
0110
N1
110
111N
110
U110

SR Y]

0101
0101
0101
1101
0101
7191
SRESH

n1nd

RESULT
0019
1100
it
1101
nnonl
05100
0011

1100

FUNCTION

TEST ONES
COMPARE

OR

OR CMPL CNTRL BS
SET SEL BITS

AND

XOR

COMPARE (SAME 1)



MICROCOMPUTER USER'S
e} § LIBRARY SUBWMITTAL FORM  ref. no. 4-10

Program
Title | Universal Logic Subroutines August 2, 1974

” K]4004 []8008 []8080 (use additional sheets if necessary)

Function | Forms logical AND, OR, XOR, XOR functions bdetween the
contents of Index Registers 0 and 1. Two entry labels

are used, "AND" and "OR". Calling the subroutine with

"AND" results in the logical AND in IRO and the XOR in

IR1. A subroutine call with "OR" yields the logical OR

in IR0 and the X0k in IR1. Execution time: 50 machine cycles.

Required
Hardware

Required
Software

input

.. "wameters | Operand A in Index Register O

. Operand B in Index Register 1
Carry state (0 or 1)

"AND [} 1 OR "
output (IRO) = A B (IRO) = A+ B
gy (IR1) = A®B (I31) = Xé8
(IR2) = 0 (IrR2) = 15
Carry state unchanged
Accumulator = 0O
(IR3) = O
Registers Modified: Maximum Subroutine Nesting Levei:
IR 0,1,2,7 3
RAM Required: Assembler/Compiler Used:
(I‘\ None MAC4
- ROM Required: Prograrnmer:
19 bytes Richard C. Lee
Company:
Boonton Electronics Corp.




4004 MACRD ASZEMBLERs YER 2.1 ERRORE = 0 PAGE |

anoo 22FR OrRR: FIM 2:2951 VIRE = 1S5, IRZ = 11
0onz 4000 Jt ETR
noog 2R ANDD: FIM Zs11 SIRZ = 0. Ir2=11
0N 4000 MM ETR

RS [ Lok: LD 2 SFETCH AND-OR CONTROL
vz Fa R SROTATE IM DRTA EIT TO MEB
oooH =0 ADD O APERFORM LOGIC ON MSE
Q00E B 2L SROTATE ANMD-OR TO RACC. =0R TO CY
oooc ED =CH 0 SZAYE PRRTIAL “ANDT IM IRO
DO0OL 31 ETR: LD 1 fFETCH OPERRAND
Q0GE FS REL sROTATE MEE TO CYs X0OR TO LEB
anoe Bl LML I sTAYE FARTIAL RESULT IM IRL
onia F303 R ZaL0OB sL0O0F FOR ALL BITS
naie 1 BEL 0 IRETURNE CVY UNCHRNGED

EMND
HO FROGRAM CRRORS



. MICROCOMPUTER USER'S
lntei LIBRARY SUBMITTAL FORM ref. vo. 4-13

{x]4004 [Jsoos ([]8080 [] 4040 {use additional sheets if necessary)

Program

Title DACMP (data compare)

Program compares two 8-digit numbers and returns a pointer
to the greater in the carry.

Function

Required MCS-4 4ool4, 1 RAM, 1 ROM.

Hardware

Required None
Software

Input IRPO contains pointer to least significant digit of #1 number,
Parameters IRP1 contains pointer to least significant digit of #2 number

™

Ooutput | Carry = 0 if PO is greater or equal. Vrg i 2,
Resuits Carry 1 if Pl is greater. cq ber 2,3
PO and Pl are restored to their original values.

Registers Modified: Maximum Subroutine Nesting Levei:
6 5 14 , 15 3
RAM Required: Assembier/Compiler Used:
2 registers ASFU
q ROM Required: Programmer:
' 35 locations Lyndon Calerdine
! Company:
Communications Components




MCS407-1274-2K

INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER'S LIBRARY

Complete Submittal Form as follows: (Please print or type) ("/1.

a e T e

j.

Processor {check appropriate box)
Program title: Name or brief description of program function
Function: Detailed description of operations performed by the program
Required hardware:
For example: TTY on port 0 and 1
Interrupt circuitry
1/0 interface
Machine line and configuration for cross products
Required software:
For example: TTY routine
Floating point package
Support software required for cross products
Input parameters:  Description of register values, memory areas or values accepted from input ports
Output results:  Values to be expected in registers, memory areas or on output ports

Program details (for resident products only)}
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nexting level
Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler
|BM 370 Fortran IV e

) )/ Y
Programmer and company \v)

A source listing of the program must be included. This should be the output listing of a compile or assembly.
Extra information such as symbol table or code dumps should not be included.

A test program which assures the validity of the contribuied program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.



BRI A
0ol
s

DN

Nl B e

>

EOCRETY IETY TS Y INYY IO |

1

[

o l:‘
1e,
2

b2
/.‘-/:'3

falndl

Y

J Ap&CMP- THIS R
/THE CONTENTS

/TO GNE TF R

JIF EOUAL THE

“§§?\“\

?iA : ff?

{:) / gn} g“_ ’E? {‘,\}' Aol X w% s /Mﬁftﬂj?),{/{/z
Pl <' rins 8 LAl A LTad
o , ; f

GUTINE COMPRARES THE ARSOILUTE mAGNITUDE oF
OF TWN RAM REGIITERS “WE CORPY 1S SET
16 SREATER ET 70 & IF PO 1§ REATER
CORRY I‘:S SET TO &

i CTACME. DM £ COTMPARE FE T ETIGHT DIGITS
152 XiTH o W A= LR THONTE &~
141 Lo FSET P RESTORE
L0 XCH 14 FIR1A=DORIGINAL TR 1
143 LG = ZLOAN DRTGOIRT
121 XiZH 15 FETORE IN TRLS
215 Lom 7 FRITINT T MOST SI6 OIGTT
a8 g I ot SCLEAR CARRY FOR ADD
129 ATT 1 FRGINT T MOST 2106 DIGIT OF FO
177 XiZH 1 FETORE OIN FO .
215 Lom 7 /A0D 7 TOOIR 3
41 [ FLILLEAR CARRY FOR ATD
131 Ann 3 FEGINT T MIST ST DIGIT OF Ry
17 XirH 3 FETORE OIN TR S
z41 LM, I FLLEAR CARRY FOR ZLUBTRALT
35 SRC F1 2 FSELELT P
2EE R FREAD MOST S1G OIGIT
ooy SR PO FRELECLT PO
23E . M . FESUBTRACT MOST STIG DIGIT
zé}“i" JEN AN DA FTF NOT EfinL. RETURN
145 N
163 Lo = A.0060 FOINTER
z4a oac FROINT TO NEXT MO2T ST0 OIGIT
172 XCH 3 IR TORE
141 LE 1 SEOINT T NEXD DIGIT RO
48 GAal SNEYT MOST 10 LUGIT
\ 77 XrH i FESTORE
11& 152 4 ; 0ACm FA NI~ o T o {3 =

241 : LG
174 OAaC., LD 14
DR Ly 15
172 XioH 2

- f
&Akéﬂ J loem  Vedda
yi‘ Q@Vf% =z }/

5% cﬁer%:;g%

FCL_EDR CARRY TF EmbdlL
[RESTORE PO

SRESTORE Fi

’
FRETURN WITH O IN ACEC

Thra  ro v Jodh i ¢7’ 15 Zﬁﬁy&%‘

P

)Zﬂ’”w AL et Do @f [ o fﬂ rq e

| o A b it
/ i D Lo AT e fES

A

_L@h4

7



MICROCOMPUTER USER'S
I LIBRARY SUBMITTAL FORM  ret. wo. u-14
inte

K 4004 4040 ™ 8008 1 8080 {use additional sheets t necessary)

Program L. . . .
Tite | Four Digit by Four Digit Multiplier Subroutine

Function | Takes the four digits in the multiplicand area of RWM and
multiplies them by the four digits in the multiplier area
and leaves the eight digit result in a result area. The
result area is not automatically cleared so that partial
sums of successive products are easily accumulated.
Otherwise, a ten byte subroutine to clear the result area
is recommended. This result clearing subroutine is also
included. Both the multiplier and multiplicand are left
unchanged and can be used again repetitively. By loading
four digit numbers moved in to the multiplicand. Worst
case time is in the range of 25 milliseconds.

Required None
Hardware

Required

None
Software

input
Parameters

Program

Details 1. Uses accumulator and registers 15 and g thru 11.

2. RWM required is Bank g, RAM § and:
Locations @ thru 7 = LSD to MSD Result area
Locations 8 thru 11 = LSD to MSD of Multiplier
Locations 12 thru 15 = LSD to MSD of Multiplicand

3. ROM required is 62 bytes. The ten byte subroutine to
clear the result area is also included for reference
purposes.

4. In use it requires one subroutine call. Therefore it
goes one level deeper in the stack than the subroutine

itself.

Registers Modified: Assembler/Compiler Used:

Accumulator and 15 and g thru o B

11 Hardware Assembler Ag74f - A@743
RAM Required: Programmer:

Main memory work g - 15 Roger Camp R
ROM Required: Company:

62 bytes Camp Instruments
Maximum Subroutine Nesting Level: Address: ]

! 1046 Gaskill
One | Ames, Towa 50010

98-034B
&
e



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)
a. Processor {check appropriate box)
b. Program title: Name or brief description of program function
c. Function: Detailed description of operations performed by the program
d. Required hardware:

For example: TTY on port O and 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products

e. Reguired software:
For example: TTY routine
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)
1. Registers modified
2. RAM required {bytes)
3. ROM required (bytes)
4, Maximum subroutine nesting level
i. Assembler/Compiler Used:
For example: PL/M
Inteilec 8 Macro Assembler |

1BM 370 Fortran 1V U

j. Programmer, company and address

2. A source listing of the program must be included. This should be the output fisting of a compile or assembly,
Extra information such as symbot table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user's
verification after he has transcribed and assembled the program in question.

Your program will be photo-copied for publication in the User’s Library. Please send an original, clear, un-marked copy.

Send completed documentaticn to:

intel Corporation

User’s Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051

C

MCS465-0275-2K
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/xkx C] FAR REQULT ARFA SURRAUTINE skek*

CLRRFS,
TIm
CLR
SRC @P
WRM
INC 1

ISz 11,

BBL @

TIM AP, P
5p 2

*<3

/xkk MULTIPLY SIRRQUTINE sokx

MLPLY

RRL
MIDIGIT
rOM
JAZ
cva
IAC

XCH

ENTR3 FI
1D
XCH
LD
XCH

CLC

LD

QIR

CMA

18C

¥CH
ENTR2 LD
XCH
_GLB

/7 SRC

[ RDM
ENTR! SR
ADM

DAA

WRM

JC7

TCC

INC

1ez
NOCRY 1IN
Ive

LD

TN mP,a

1P
P
P
4P
MIDIGIT
1
9
MIDIGIT
!
9
MIDIGIT
1
9
MIDI IT
W o
SRC AP '

19

v‘vv

read 4»* {o ar¢,
,_,—%iug"/“é. &

ED
Ao

el -}

M 3P 19 ros

lu—», ~~“xé’,'

3 nEgx Ty 7
l B ;i
D . aa
¢

g eog T
18 socn oo
11 20 = J’r”"f
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CiZh ¢ 4
/ i

T

NOCRY

5
11, "vTR
C 1@
3
3

¥XCH 5

187 .
1S8Z
FND RRL

7, ENTR2
15 JENTR3
2

15 PUEH DL

%



Cr/*¥xk CLEAF FESIN T aARen QURSOIT [T sk

P:CLRRES, TIV ¢P ¢

2 ™ BB E
4: CLR

5: GRC P

€¢: WRM

7: INC 1

R: ISZ 11,%-3
I#: RRL @

i1

Ile/%%x MULTIPLY SURRQUTINE s

L1eMLPLY, FIM gp @

13 wimh 1P g

15 Fiv oo @

172 FIM 3P 12

19: FIm 4P g

21 JMS MIDIGIT ™ S
22 INC 1 &%dl
241 INC © U SR
25¢ JMS MIDIGIT o
27¢ INC 1 £ S
28 INC o 6
29 JMS MIDIGIT =
31 INC | -
32 INC 9 /
33 JMS ¥IDIGIT !
35¢ RRL ¢ : y
36€:M[DIGIT €PC 4P — o
37 R DM 1

38+ JAZ FAD | VRS ¢
40 s cMp i Reads It
A1 IAC J

42 ¢ XCH 15

43:ENTR3 FIM 3P, 12

45 LD 1

46 XCH 3

A7 LD i

4% XCH 5

49y CLE

50 LD™ @

51¢ SUR 2

52 crMa

52 TAC

54 XCH 16

55¢FNTR2 1D I#

56 ¢ XCH 11

57 CLB

581 SRC 3P

59¢ RDM

€AsENTR1 SRC 2P

A1 ADM

Q2 DAA

€3¢ WM

€ae JC7 MNCPY

£ e TCC

R7¢ Iwn s

€e e 1S7 1, TNTR

7¢ +NOCRY INC 17

71 INC 3

70 LD 2

73 XCH S

T4 1SZ 7, ENTRD

7€ 1SZ 15,FNTRZ

72¢END BRL 7

760 .



intgl

Program
Title

Function

Required
Hardware

Required
Software

Input
Parameters

Output
Results

MICROCOMPUTER USER'S

TRANSLATE HEX

Translates a paper tape, represented in the hexadecimal
format, back into menmonic code.

Teletype at Port 0 and 1

None
None
TTY-output
Registers Modified: Maximum Subroutine Nesting Level:
0 through 15 (all) 3 (all)
RAM Required: Assembler/Compiler Used:
None Intellec 4 Version 1.0
ROM Required: Programmer:
512 bytes Urs Mueller
Company:
Autophon AG

LIBRARY SUBMITTAL FORM =Ret. no. u-1g

4004 [Jsoos []8080 [] 4040 (use additional sheets if necessary)




MCS407-1274-2K

INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER'S LIBRARY

Complete Submittal Form as follows: (Please print or type)

a0 oo

i

A source listing of the program must be included. This should be the output listing of a compile or assembly.

Processor (check appropriate box)
Program title: Name or brief description of program function
Function: Detailed description of operations performed by the program
Required hardware:
For example: TTY onport 0and 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
Required software:
For example: TTY routine
Floating point package
Support software required for cross products
Input parameters:  Description of register values, memory areas or values accepted from input ports
Output results:  Values to be expected in registers, memory areas or on output ports

' Program details (for resident products only)

1. Registers modified

2. RAM required (bytes)

3. ROM required (bytes)

4, Maximum subroutine nexting level

Assembler/Compiler Used:

For example: PL/M
Intetlec 8 Macro Assembler
IBM 370 Fortran |V

Programmer and company

Extra information such as symbol table or code dumps should not be included.

A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.



TESTPROGRAMM FUER TRANSLATE HEX

2 1004032092011011252121233831429250F460610E
:100L41CCETB718309CATBCCODCEGELIECESEAESEGETEF
: 1034000 0ESE9EAEBECEDEEEFFEFIF2F3F4FSF6F7D4
1 J804L30IZF8FOFAFEFCFDFEFFES

« 5208 :
535] 430 NOP

g1 431 ~e?

1011 492 - JCN o 11 ouTPUT
2¢21 404 FIM P 21
21 406 SRC P
23 487 - SRC 1P
30 498 FIN gP
31 439 JIN gP
4@9@ - 4gA JUN @90
S50F4 49c JMS = @F4
60 4@E INC 4}
61 AQF INC 1
7871 419 1Sz @ 71
89 412 aDD 0@
9 413 SUB 3
AD 414 LD 2
By - 415 XCH 0
ca 416 BBL 2
D@ 417 LDM 7}
EZ 418  URM

El 419 WMD

E2 41a WRR
" E3 418 WPM

E4 41C  WRO

E5 41D  WRI

E6 41E WR2

E7 41F WR3

ES 429 SBM

E9 421 RDM

EA © o422 RDR

EB 423  ADM

EC 424 RDYZ

ED 425  RD1

EE 426 RD2

EF . .427 - RD3

F@ 428 CLB

F1 429 .. CLC

F2 424 IAC

F3 428  CMC

F4 42C. CMA

F5 - 42D RAL

F& 42E RAR

F7 _42F TCC

F8 430 DAC

F9 431 TCS

Fa 632 STC

FB 433 Daa

FC 434 KBP

FD 435 DCL

FE 436 =e?

FF 437 s



Object:

Limitation:

Condition:

Comment to TRANSLATE HEX

Sometimes the program shall be changed directly
in the program memory. Then the initial source
program disagrees with the content of memory.
This program can limited recover the source
program from a paper tape in W-file.

Jump address, labels, data etc. are reproduced in
HEX code. Available data standing in the place
of instructions in the program are not recogniz-
able. Therefore, they will be interpreteddlike
instructions.

The first instruction of TRANSLATE HEX has to be
assembled at the number ¢ respectively n x 256,

The symbols used in the comment have the following meaning:

N:

XYZ:

AB:

Input

Output

number of instructions that are contained in
the following file

address of an instruction

'instruction or half-instruetion in HEX code

N=16

:Tﬂ?ﬁﬁﬁﬁﬂBﬁ9ﬂAﬁBﬂCﬁDQJEﬂE1E2E3E14E5E6E7/IEF
N XY  ABAB

~




— et s s
(o 0 s IO B0~ B N R A IS IO IS N
@ 00 00 €0 v 95 eo 02 A6 SC 05 ¢

x
(13

19

20
22
23:
243
26:
27:
28
30
31

‘33:

34:
36
37:
39:
4@
413
43
44z
46
47
49
58:
51:
52
54:

553

56:

58

591
60
61
621
63:
65

663

67:
69
70
Tis
72¢
73:
74z
75
76

/
/
/
S
0K, FIM
JMS3
FIM
JMS
JMS
JMS
JMS
JMS

TRANSLATE H

TART,FIM 5P g

1P 13
PRL
1P 1@
PRL
RNW
WCOo
WSP
WSP

LD 14

. XCH

JMS

3
PRD

LD 15

XCH
JMS
LD

XCH
JMS
INC
JMS
LD
JCN

3

PRD

10

3

PRD

10
WSP
12
12 vaL

LD 13

JCN
LDM
XCH
JUN
1AC
JCN
1AC
JCN
1.DM
CLC
SUB
JCN

VAL,

WUM,

4 VAL
15
13
ACI

4 ACL

4 101
2

i2
12 wumi

LD 13

‘RAR
JCN
LDM
XCH
WUM1.,LDM
CLC
SUB
JCN
LD
“RAR
JCN
LDM
XCH
WUM2,LD
XCH
XCH
LDM
XCH

.

JUN

2 WUMI
15

12

3

1e
12 wuM2
13

2 wuM2
14

12

12

13

12

4

9

WIN

/N=0,2

/RETURN

E X

=0

/LINE FEED
/L0AD A,B (IF NEW FILE LOAD X,Y )

/URITE A
/SPACE

/WRITE X

»B

/WRITE Y

/WRITE
/Z=2+1
/SPACE

/JUMP 1

z

F A#0

/JUMP IF B=08

708=0,B#
/VALID

@C(INVALID INSTRUCTION),DO LIKE "FF"
INSTRUCTION

7A=15 ACCUMULATOR INSTRUCTION

/A=14 INPUT-QUTPUT-INSTRUCTION
/WORK UP MAGHINE INSTRUCTIONS

/ (BECAU

SE FIM/SRC AND FIN/JIN HAS SAME "A"™)

/INTERCHANGE A AND B



78:AC1, LDM 10

79z XCH ©

80 JUN WIN

823101, LDM 12

83: XCH 9

843:WINs, LDM 4 /WRITE INSTRUCTION
851 XCH 6 /1R6=4

86 LD 13

87 XCH 1

88 LD 9

89: XCH ¢

90 ¢ FIN 1P /FETCH CODED DATA
91 LD 2

92 CLC

932 RAR :

943 XCH 8 /STORE REST OF CODE
953 LDM @

96 ADD &

97: XCH 2

98: - JMS PRL /PRINT }ST LETTER
100 INC 9

101 LD 9

192:¢ XCH @

123 LD 13

1943 XCH 1 _

1051 FIN 1P /FETCH 2ND DATA
106: LD 2

187: - XCH 7

198 CLB

199 XCH 8§

1102 RAR

11t XCH 8

1123 LDM @

113: ADD 6

114z " XCH 2

115:. . JMS PRL /PRINT 2ND LETTER
118 LDM 2

119: ADD 8

120 " XCH 2

121: LD 7

122: XCH 3

1233  JMS PRL /PRINT 3RD LETTER
125 INC 9

126: LD 9 :
127: JCN 12 0K /JUMP IF IT WAS NO ACCUMULATOR INSTRUGTION
129: JMS WSP /SPACE

131 LD 13 a

1322 JCN 4 0K /JUMP IF IT WAS A NOP
134 JUN P7

136:CONs, .LD 12 7/ SBR"CONVERSE"
137: CcLC

138 RAR

139: XCH 3

140: JMS PRD

1423 FIM 1P 80

Laac JMS PRL

146 BBL @

147:WCO, LD 12 /SBR "WRITE CODE"
148 XCH 3

149 JMS PRD

i151¢ LD 13

152 XCH 3

153: JMS PRD

155¢ BBL @

156:SR@, FIM 0 @

158¢ SRC @

159:  BBL ¢



163
161:
1622
1632
164
165
166
167
168:
169:
170
171
172
1733
174:
175
176
1773
1783
179
180
181
182
183
184

185 -

i86:
187:
188
189
19@:
1912
i92:
193:
194
195
1963
197:
198
199:
200
201:
202
2@3:
204
205:

206

207
208
209:
210
211:
212:
213:
214
215:
216
217:
218:
219:
220
221
2222
223
224

131
131
137
131
131
146
210
148
132
212
179

132

203
132
127
127

44

60.

49
61
29
193
"33
51
49
51
52
17

195

255
255
183
215

247

183
119
119
119
119
147
146
210
129.
82
82
82
g2
210
13
34
208

18
34
50
2109
212
36
212

29
36
52
206

/CODED DATA



1AC
JCN
1AC
JCN

4 MIS5

4 MI2

LD 13

DAC
JCN
DAC
JCN

-DAC

JCN
DAC
JCN
DAC
JCN
DAC
DAC
JCN
JMS
JUN
JMS
JUN
JMS
JMS
JUN
JMS
JUN
JMS
JMS

4 MI3
4 MI2
4 MI2
4 MI4

4 MI4

4 MI3
WCH
0K
CON
OK
WCH
Wwsp
TWI
WCH
TWI
CON
WSP

225: 138
226: 179
227: 138
228: 170
229: 2g2
230: 137
. 231: 233
232: 129
233: 179
234: '12°
235: 152
2363 130
237: 140
238: 134
239: 134
240 ¢ 15
241: 227
242: 50
243: 233
244 229
245: 61
246: 62
247 163
248 2 68
249: 37
250 4
251: 131
252: 194
253: 212
254: 233
255s 217
256:P7.,
257
259

- 268
262:
263
2643
266:
267
269:
270 ¢
272
273
275:
276
278
279
280
282:MI1l,
284
286:M12,
288
290 :MI13,
292:
294 ¢
296:M14,
298
300 :MI5,
302:
304:TWI »
306:
307
308:
310
311
3i2:

JMS RNV
LD 12
XCH 3
JMS PRD
LD 13
XCH 3
JMS' PRD

/INC,ADD, SUB,LDsXCH5 BBL s LDM
/SRCLJINLFIN

/JCN,ISZ

/JUNs JMS
/FIM

/TWO WORD INSTRUCTION
/PRINT NEW A

/PRINT NEW B



314:
316:
318:
320:
322
323:
325:PRD,
326
327:
328:
33@:
331:
332
334:PRI.
335:
336
337
338:PRL,
3402
341
342
343:TO1,
345
346:
347:
348 ¢
349:
350:
351:
352:
353
354:
356:
358
359:
360
362:
364:
365:
366
367
368 :RCH.
369:
373
372
373:
374:
375:
376
378:T10.,
379:
380
382:
384
385:
36é:
387¢
388:T111,

FIM

JMS T

JMS
JMS
INC
JUN
CLC
LDM
ADD
JCN
LDM
XCH
JUN

IAC

XCH
LDM
XCH
JMS
WMP
LDM
XCH
JMS
CLC
XCH
RAR
XCH
XCH
RAR
XCH
TCC
WMP
152
JMS
LDM
WMP
JMS
JMS
BBL
NOP
NOP
NOP
CLC
LDM
FIM
SRC
WMP
LDM
XCH
JMS
RDR
RAR
JNC
JMS
SRC
WMP
SRC
WMP
JMS

RL——
3
4
2/ gl

SRO

8
4

SBR2

W N

4 TO1L

SBR2

SBR2
SBR2

/RETURN

/SPACE

/PRINT NFY A AND B AGAIYV
72=2+1

/PRINT A DIGIT (TTY-OUTPUT)

/PRINT A LETTER (TTY-OUTPUT)

i

/READ CHARACTER FROM TAPE READEF




393 RDR

391 cMA
392 RAR

393: LD 2

394: RAR

395¢ XCH 2
396: LD 3

397 RAR

398 XCH 3
399: 1SZ 4 T1t
491 s JMS SBR2
433: LDM 1

404 ¢ WMP

4@5s JMS SBR2
407 JMS SBR1
499: XCH 2
41Q: RAL

411 CLC

4123 RAR

413 XCH 2
414: CLC

415 LDM 13
416¢ ADD 2
417: CcLC

418 JCN 4 RCH!
420 LDM 9
421 ADD 3
422 XCH 3
423:RCH2,BBL @
4243RCH1,LDM 6
425¢ ADD 3
426¢ JCN 12 RCH2
428 BBL |
429:SBR2,FIM @ 60
431:L2, 1SZ 1 L2
433 1SZ2 @ L2
435:SBR1,FIM @ 68
437:L1, ISZ { L1
439 1SZ ¢ L1
441 BBL @
442:RNW, LD 10
443 CcLC

Lad s SUB 11
4452 JCN 12 RN3
447:RN1, JMS RCH
449 JCN 4 RNI
451 s JMS RCH

4533 LD 3

/NO":'"WAS READ

/":"WAS READ
/9.29 MS DELAY

/4455 MS DELAY

/READ NEXT WORD

/JUMP IF Z#N
/WAIT FOR ":



4543 JCN 4 RN4

4561 CLB

457z XCH 11 /STORE N (2=16)

458 JMS RCH

460 JUN RN2

462:RN4, JMS RCH

464 LD 3

465:END, JCN 4 LOOP /1F ":00@'" WAS READ

4673 XCH 11

468 :RN2, JMS RCH

479 JMS RCH

4723 LD 3

473 XCH 14 /STORE X

474 JMS RCH

476 LD 3

477 XCH 15 /STORE Y .

478 JMS RCH :

4809 JMS RCH ;o
4823 JMS RCH ) ‘
484 XCH 10 /72=0 L

485:RN3, JMS RCH ¢y
487 LD 3 éi>
488 XCH 12 /STORE A _ <
489 JMS RCH 7
491 LD 3 -
492 XCH 13 /STORE B i
493: BBL O /
494:LO0P,JUN LOOP

496:WSP, LDM 13 JWRITE SPACE (3 BLANCS)

497: XCH 9

498 :WSP1,FIM 1P 32

500 JMS PRL

5023 1SZ 9 WSPI

504 BBL @

5@5:WCH, LD 12 /WRITE CHARACTER (B)

506 XCH 3

537 JMS PRD

509 BBL O

510:



MICROCOMPUTER USER'S
BRARY SUBMITTAL FORM =ret. no. u-15

~ Intgl

4004 XZ 4040 [ 8008 [J 8080 {use additional sheets if necessary)

Program
Title 4Digit BCD to Binary Converter

Function This subroutine converts a 4 digit binary coded decimal number into

its straight binary equivalent. The 4 digit BCD numbers are placed in
4 registers by the calling voutine, and the binary equivalents are
returned in the same 4 registers by this subroutine. In addition,

this subroutine needs 2 more registers for work space. The registers
are coded symbolicly, thus the actual registers used can be easily
assigned at assemble time. Accumulator and carry contents are ignored
at entry and zeroed at return. This subroutine does not call any other
subroutines (internal or external). It needs 69 words of ROM for
program storage and no RAM or I/0 ports.

Required
Hardware

The execution time of this subroutine is always 69 cycles, independent
of the number that is being converted. This makes it possible to
incorporate it in an I/0 timing loop and utilize the CPU while it is
Required | waiting for I/0.

Software
The conversion method used in this subroutine is described in the source
code in detail. Basicly, the conversion is decomposed into additions
Input and multiplications by 16, 8, or 2. The decomposition is optimized
Parameters in such a way that a minimum number of steps of additions and multi-

(‘“W plications are needed and that at each step a minimum number of bits

¥ are needed. Multiply by 16 is done by moving the lower significant
words (4 bit each) to higher significant words. Multiply by 8 is done
by rotate-right and then moving to higher significant words. Multiply
by 2 is done by rotate-left.

A test program is included. This test program uses a 4-register BCD
counter and a 4-register binary counter. Both counters are initialized
to zeroes and incremented by decimal add (using DAA instruction) and
Output binary add. 1In each step, the BCD counter is copied to another set

Results of 4 registers and the converter subroutine is called. The result of
the conversion is then compared with the binary counter. The test is
finished when the BCD counter reaches 9999. This takes about 14 seconds.

Registers Modified: Assembler/Compiler Used:
Six registers (any six) PDP-9 Cross Assembler
RAM Required: : Programmer:
None Lichen Wang

T/“\, ROM Required: Company:

i 69 words ' SLAC, Stanford University

Maximum Subroutine Nesting Level l Address: S T o
None . Box 4349, Stamford, Ca. 94305

98-0348B



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1. Complete Submittal Form as follows: (Please print or type}

Processor (check appropriate box)

Program title: Name or brief description of program function

Function: Detailed description of operations performed by the program

a e oo

Required hardware:
For example: TTY onport Oand 1
Interrupt circuitry
/0 !nterface
Machine tine and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nesting level
i Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler

IBM 370 Fortran IV U
Programmer, company and address
2. A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

J.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

Your program will be photo-copied for publication in the User’s Library. Please send an original, clear, un-marked copy.

Send completed documentation to:

Intel Corporation

User's Library
Microcomputer Sysiems
3065 Bowers Avenue

Santa Clara, California 95051

MCS465-0275-2K
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sk ok ok ok sk ok %k sk ok k %k k k *k %k ok sk k k

*« 4 DIGIT BCD TO BINARY CONVERTER

* FOR INTEL 4204 OR 4040 *

%k sk vk dk ok dk ¥ ok sk %k sk ok k ok ok ok ok % ok

* REGISTER ASSIGNMENT %

REG,¢ INPUT BCD: OUTPUT BINARY:
=9 / THOUSANDS DIGIT A, MOST SIGNIFICANT
=1 / HUNDREDS DIGIT B, SECOND 4.
=2 / TENS DIGIT C, THIRD eos
=3 / UNIT DIGIT D, LEAST oTa
=4 / z FE= WORK SPACE - - -
=5 4 SRR WORK SPACE -~

THIS SUBROUTINE NEEDS FOUR REGISTERS TO PASS
INPUT OUTPUT PARAMETERS AND TWO ADDITIORNAL
REGISTERS FOR WORK SPACE., THE REGISTERS USED
ARE CODED SYMBOLICALLY, THUS AT ASSEMBLE TIME
THE USER CAN ASSIGN ANY SIX DISTINCT REGISTERS
THAT HE WISHES TO USE BY CHANGING THE ABOVE
ASSIGNMENT TABLE,

THE CARRY (CY) AND THE ACCUMULATOR (AC) ARE BOTH
ZEROED AT RETURN,

THIS SUBROUTINE DOES NOT CALL OTHER SUBROUTINES,
THUS IT USES ONLY ONE LEVEL OF THE STACK.

* HARDWARE REQUIREMENT %

THIS SUBROUTINE NEEDS 69 WORDS OF ROM PROGRAM
STORAGE, IT DOES NOT NEED ANY RAM OR 1/0 PORT,

* EXECUTION TIME =

THE EXECUTION TIME IS INDEPENDENT OF DATA AND IS
ALWAYS 69 CYCLES (745,2 USEC), THIS MAKES IT

POSSIBLE TO BE INCORPORATED INSIDE AN I/0 TIMING
LOOP AND UTILIZE THE CPU WHILE IT IS WAITING 1/0,

* METHOD USED =*

TO CALCUL ATE:
1BD0xA+ ] BPxB+ 1 OxC+D=50%2% ( | Bk A+B)+ (1 8%C+D)
WE DEFINE:
Uz=2%( 1Bk A+B) = 2% (8x A+B+2% A)
V= (1 @xC+D)=8%xC+D+2x%C
THEN:
1000x A+ | OO%B+ 1 BxC+D=S5Bx - V= ([ €k U+ V) +2% (1 % U+ D)

NOTE THAT U AND V NEED TWO 4-BIT WORDS EACH
WHEREAS (16%U+V) AND (16%xU+U) NEED THREE 4-BIT
WORDS EACH AND THE FINAL ANSWER WNEEDS FOUR

4-BIT WORDS. 1IN THE COMMENT FIELD, WE USE THE
CHARACTER ":" BETWEEN REGISTER NAMFS TO INDICATE
MUTI-WORD,



DTOB PAGE 2

/

/ FIRST WE DO 8%A+B, WE NEED 2 WORDS, HIGH AND LOW
32800 361 DTOB, CLC /CY=0
PeeB] 240 LD RA /CY¥=@, AC=A
pPoa@2 368 RAR /AC3CY=8%A
BEOB3 264 XCH RE /CY¥z=8%xA LOW, RE=8xA HIGH
000204 320 LDM 0 /CY=z=8%A LOW, AC=0
poBAB5 366 RAR /CY¥=@, AC=8%A LOW
p238Ss 201 ADD RB /CY: AC=8%A+B LOW
20287 251 XCH RB /CY=8xA+B LOW OVF, RB=8%A+B LOW
22218 367 TCC /CY=0, AC=8%xA+B LOW OVF
0301t 204 ADD RE /CY¥=z=@8, AC=8%A+B HIGH
goi2 268 XCH RA /CY=0, AC=A, RA:RB=8xA+B

/

/ NOW ADD 2xA TO 8%A+B, STILL 2 WORDS LONG
pe213 365 RAL /CYe AC=2x%A
02814 265 XCH RF /CYz2%A HIGH, RF=2%A LOW
BoB15 367 TCC /CY¥=@, AC=2%xA HIGH
@oBis 265 XCH RF /CY=0, AC=2%xA LOW, RF=2%xA HIGH
goe17 201 ADD RB /CY8 AC=10%A+B LOW
fB0208 265 XCH RF /CY=10xA+B LOW OVF, AC=2%A HIGH
poe2i 200 ADD RA /CY=@, ACeRF=10%A+B

/

/ NEXT FIND U=2%(18A+B), STILL 2 WORDS LONG
poB22 265 \ XCH RF /AC= |0 A+B LOW, RF=z[@%xA+B HIGH
pRv23 365 RAL _ /CYsAC=U LOV
go@24 265 XCK RF /AC=10%A+B HIGH, RF=U LOW
28325 365 RAL /CY¥=0, AC=U HIGH
pad268 264 XCH RE /CY¥=8, REsRF=U

/

/  Vz1@%C+D=8%xC+D+2«C IS CALCULATED THE SAME WAY
BRG27 242 LD RC /7CY¥=08, AC=C
p2838 366 RAR /AC2CY=8%C
p2831 261 XCH RB /CY=8%C LOW, RB=8x%C HIGH
Boa32 320 LDM @ /CY=8xC LOW, AC=0
BoR33 366 RAR /CY¥=@, AC=8%C LOW
poB34 203 ADD RD /CYs AC=8%C+D LoW
PRB35 263 XCH RD /CY=8%C+D LOW OVF, RD=8%C+D LOW
#2836 367 TCcC /CY¥=0, AC=8%C+D LOW OVF
ped37T 201 ADD RB /CY=08, AC=8%xC+D HIGH
G2043 262 XCH RC /CY¥=%, AC=C, RC2RD=8%C+D
poB41 365 RAL /CYg AC=2%C
poBAZ 268 XCH RA /CY=2%C HIGH, RA=2xC LOW
@0243 367 TCC /CY¥=0, AC=2%C HIGH
paB4a4 260 XCH RA /CY¥=2, AC=2%C LOW, RA=2%C HIGH
BBe45 203 ADD RD /CY2AC={2%C+D LOW
poB46 260 XCH RA /CY=10xC+D LOW OVF, AC=2%C HIGH
p204T 282 ADD RC /CY=0, AC2RA=10xC+D=V

/

/ NOW DO [6x+V, THIS NEEDS 3 WORDS, HIGH MED LoOW
poas59 2085 ADD RF /CY2AC=16x+V MED
Ggeas1 263 XCH RD /RD=16%xU+V MED, RAz=V=16%xU+V LOW
pea52 387 TCC /CY¥=8, AC=[6%x+V MED OVF
pOA53 204 ADD RE /CY=8, AC=16%+V HIGH

P2854 262 XCH RC /CY=3, RCeRDsRA=[6x KV

C



®

D

DTOB

@Ba55
oG5S
7aes7
po2607
23881

P2@62
7o263
PBO64
P2BE5
P2BES
BABST
@872
#0371
P2372

aga73
pRo74A
BeB75
pAAETS
aoaT7
ne120
p21081
2p102
nRLIo3
20104

PIP V7a

>

245
204
261
367
204

265
385
261
385
285
365
264
367
269

201
263
205
262
204
261
387
200
268
300
663

PAGE

3

/
/ SAME WAY WE CAN DO 17#Uz16% U+
LD RF  /CY=@, AC=U LOW
ADD RE  /CYSAC=17%U MED
XCH RB /RBz17%U MED
TCC /CY=0, ACzT7xU MED OVF
ADD RE  /CY=®, AC:RBsRFz{7%U
/
/ MAKE 34%Uz2%(17%U> BY ROTATE LEFT
XCH RF /AC=17%U LOW, RF=z17%U HIGH

RAL /CYsAC=34%U LOW

XCH RB /AC= 17+ U MED, RB=34%U LoOW

RAL /CY2 AC=34%U MED

XCH RF /AC=17x%U HIGH, RF=34%xU MED

RAL /CY¢AC=34%U HIGH

XCH RE /CY=34%U HIGH OVF, RE=34%xU HIGH
ICC /CY¥=8, AC=34%U HIGH OVF

XCH RA /AC=16%H+V LOW, RA:RE:RF3sRB=34xU
/
/ FINALLY, WE ADD 16%W+V AND 34%U TO GET THE ANSWER
ADD RB /CY2AC=50%+B LOW
XCH RD
ADD RF /CY: AC=52xU+V MED
XCH RC /AC= 6% HV HIGH, RC=50%H4V MED
ADD RE /CY:AC=50%+V HIGH
XCH RB /CY=HIGH OVF, RB=5@%H+V HIGH
TCC /CY=8, AC=HIGH OVF
ADD RA /AC=50% ¥V OVF
XCH RA /RA=5@% U+V OVF
BBL @ /CY=9, AC=0, RAsRB$RC:RD=ANSWER
o END
NO ERROR LINES



(’“) TEST.DTOB PAGE

ne2oe
20001
20002
nPR03
n2004
202085
poo36
p0807

o019
eea1}
peet2
P2013
20814
AeB15
ABALe

(”\> eee17

pe020
28021

a0p22

o0
enl
g2
0023
oA
225

208
227
210
211
212
213
214
215

246
220
250
200
@52
7Aoo
P54
200

246
260
247
261
250
262
251
283

{21
2092

361

1

/ %k sk sk ok ko sk ok k %k sk sk sk sk k % Xk % %k %
/ sk TEST *
/ % 4 DIGIT BCD To BINARY CONVERTER =
/ * FOR INTEL 4084 OR 4040 *
/ B sk sk sk ok %k k ok ok sk sk sk sk ok ok ok ok ok ok
/
/ % REGISTER ASSIGNMENT =
/
/ REG,: INPUT BCD: OUTPUT BINARY:
RA=Q / THOUSANDS DIGIT A, MOST SIGNIFICANT
RB=t / HUNDREDS DIGIT B, SECOND L.
RC=2 / TENS DIGIT C, THIRD eee
RD=3 / UNIT DIGIT D, LEAST T
RE=4 / - = = WORK SPACE - - -
RF=5 / - - - WORK SPACE - - -
/
RG=6 / THOUSANDS DIGIT FOR BCD COUNTER
RH=7 / HUNDREDS
R1z=8 / TENS
RJ=9 / UNIT
RK=10 / MOST SIGNIFICAND PART OF BINARY COUNTER
RL=1} / SECOND
RM=12 / THIRD
RN=13 / LEAST
/ _
/ THIS PROGRAM TESTS THE 4 DIGIT BCD TO BINARY
/ CONVERTER., IT TAKES ABOUT !4 SECONDS TQ TEST
/ ALL THE CONVERSIONS FROM 20088 TO 9999,
/ FOR 4940 THE PROGRAM WILL HALT AT ERROR., FOR
/ 4004 THE HALT INSTRUCTION SHOULD BE CHANGED TO
/ A JUN; % INSTRUCTION,
f
/ INITIALIZE BCD AND BINARY COUNTERS
BGN, FIM RGy 2

FIm Rl O

FIM RKs @

FIM RMg 0O

/ COPY BCD COUNTER INTO INPUT
COP, LD RG
XCH RA
LD RH
XCH RB
LD RI
XCH RC
LD RJ
XCH RD
/ CALL SUBROUTINE DTNB ON PAGE 1
JMS 13 DTOB

/ COMPARE OUTPUT WITH BINARY COUNTER
CLC



TEST.DTOB PAGE 2

@0023 240 LD RA

00824 232 SUB RK

p0E25 030 JCN AZ; CK1

AnB26 B30

¢0027 001 HLT JOR JUNg % FOR 4004

00830 361 CK!, CLC

00031 241 LD RB

00832 233 SUB RL

00033 B30 JCN AZ3 CK2

00834 036

63835 801 HLT /OR JUN; * FOR 4004

0o036 361 cX2, CLC

00037 242 LD RC

00048 234 SUB RM

60041 030 JCN AZ3 CK3

00042 D44

20043 001 HLT JOR JUN; * FOR 4004

00044 361 CK3, GCLC

00045 243 LD RD

00046 235 SUB RN

006a7 030 JCN AZ3 CKa

20058 052

60851 001 HLT JOR JUN3 * FOR 4004
/ 1F ALL COMPARES, INCREMENT BINARY COUNTER

63052 372 CX4, STC

200653 367 TCC

#0054 215 ADD RN

00055 275 XCH RN

pB656 367 TCC

00057 214 ADD RM

00060 274 XCH RM

08B61 367 TGC

0PBs2 213 ADD RL

APAS3 273 XCH RL

00664 367 TCC

08065 212 ADD RX

00866 272 XCH RK
/ INCREMENT BCD COUNTER

06067 372 STC

Be070 367 TCC

BEETL 211 ADD RJ

00072 373 DAA

20873 271 XCH RJ

00074 367 TCC

a6875 210 ADD RI

#0076 373 DAA

A0077 270 XCH RI

02100 367 TCC

80101 207 ADD RH

ge162 373 DAA

00183 267 XCH RH

06104 367 TCC

60105 206 ADD RG

60106 373 DAA

ABI07 266 XCH RG



-

TEST,DTOB PAGE

22119
o111
go112
Po2113

PIP V7A

>

832
210
 §ol)
200
0092

3
/ 1F BCD:=@0G6 Ton 9999, GO BACK TO COPY AND TEST
/ IF BCD=10060 (OVERFLOW), GO TO BEGINNING
JCN CZ3 COP
JUN O; BGN

'END
NO ERROR LINES



Program
Title

Function

Required
Hardware

Required
Software

input
Parameters

Output
Results

- MICROCOMPUTER USER'S

3RARY SUBMITTAL FORM

intQF

KX4004 [J8008 []8080 [J4040

(use additional sheets if necessary)

MOBLE MEAN PROGRAM

MCS4 OR MCS40 SYSTEM

MAC40 ASSEMBLER

VAL2 (TENTH), VAL3 (HUND.)

CALCULATES THE MEAN BETWEEN THE CURRENT VALUE OF A 3 DECADES BCD
NUMBER AND THE PREVIOUS 4 VALUES

THE NEW VALUE IS ASSUMED TO BE IN THE 3 INDEX REGISTERS VALI(UNITS),

THE MEAN IS RETURNED IN THE INDEX REGISTERS VAL1 VALZ VAL3

Ref. No. 4-16

Registers Modified: Maximum Subroutine Nesting Level:
n® 3 + n% FOR THE MEAN ALLOC. 0
RAM Required i "Assembler/Compiler Used
1 REGISTER (16 CHARACTERS) MAC40
ROM Required: Programmer:
68 E. MASSETTI
Company:
Lab. Massetti Milano ITALY




INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER'S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)
a. Processor (check appropriate box)
b. Program title: Name or brief description of program function
c. Function: Detailed description of operations performed by the program
d. Required hardware:
For example: TTY onport Oand 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports

g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details {for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nexting level
i Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler f
IBM 370 Fortran |V K..)

i. Programmer and company

2. A source listing of the program must be included. This should be the output listing of a compile or assembly.
Extra information such as symbol table or code dumps should not be included.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

CS407-1274-2K L



{f“} MACRO RSZEMBLER. WER 2.2 ERRDRS = 0 PAGE 1

-1

1]

MOELE MERN FROGRAM

s as

1]

i INIZIALIZE THE FROGRAM PRRAMETERS

ooan BHkMH EQL 0 SMOBLE MEAN RESISTER ALLOCATION

ooung POIMT EQ) O $POIMTER INDEX RESISTER ALLOCARTION

oone WAL1  EQ) 2 51 DECADE INDEX REGISTER ALLOCATION

I VAL EB) 3 §& DECADE IMDEX REGIZTER RLLOCATION

IE VALZ EQU 4 §2 DECADE IMDEX REGISTER ALLOCATION

noos YAL4 EQU 5 §4 DECADE INDEX REGISTER ALLOCATION

ano0e COUNT ERU & $L00P COUMTER INDEX RREGISTER ALLOCATION
i THE MEW %ALUE IS ATIUMED TO BE INM THE RESISTER YAL1 TO WAL3
# WITH 3 BCD DECADEE FRECISION

SWRITE A MEW YALUE IM THE MOBLE MEAN RESIZTER

g

noog MMERNM:

aoon oo LDM BMKMM SZELECT THE MORLE MERM REGISTER

nony FD DL

U2 2l TRC POINT

ADB Rz LD “AL1 sLOARD THE LEAST RIGHIFICRNT DECRDE OF THE,EE§§
noog EN WErM VALUE
oons &1 IMC POINT+1 N
aoons 21 SRC POINT

ooy Az LD VARLe

noas EQ R

anos &1 IHC POINT+1

aooR cl ZRC POINT

O00E =1 LD wAL:Z

oooc ED =

ooon riin 12 POIMT+1sMHZERDO STESY IF POINTER=D

oooF 51 IHC POINT+1

5 CALCULATE THE 2UM OF ALL THE S VRLUES OF THE MEARNM

ang1a MZERD:

oola e 0c FIM COMMTs 12 s INMIZIARLIZA LOOP EDUﬁ*ER

goiz Fo CLE

o1z BS “CH YAL4 SINIZIALIZE THE MOST MISHIFICANT DECADE
onig 21 LOOF: ERC POINT

Dois RZ LD YALl

pots EB RDM s =2UM OF YRLUES

aniv FR JULsTS]

ooie”  BE HCH YRL1

119 &1 INC POINT+1

Loha 2t TRC POINT

aoie & LD vRLe

anic EE HITM



4004 MACED AZSEMELER. WER 2.2 ERRORT = 0 FAGE &

O01n FE TRA

DoiE B2 HoH VALE

noiF &1 IHC POIMT+]

guzn 21 SRC POINT

a2 g LD “ALZ

onzg EE ADH

ooz FE DEA

onz4 E4 witH WARLZ

NY P 157 FOIMT+1sHOTZE STEST FOINTER FOR ZEEROQ

4
1)
E

ooy 1 IMC POIMT+1 PiFOIMTER=13
nozs AZE HOTZE: JHC TEET i CARRY TRHOUGH DECADES
onzA 5 IMHC WAL4

TEET: IZZ COUMT.LOOP $TEEZT FOR END OF WALUESZ

H
B

S OnNEER

md T Fr = o e T

&
e 1 IHC FOIMT+1 FREST POINTER
O0O2E i IHC FOIMT+L 5TO THE MEXT EMTRY
D0OzEF iz2 I=7 FOIMT+1.FOLLO
HCH] el ING POINT+1
: DIYIDE THE SUM EY 5
H

‘ooze F1 FOLLO: CLC i

noas 2 LD YALL  SWALL TO YAL4 MULTIPLIED EY 2 AMD LIVIDED BQwJ

00=d a3z ADD ALl TWALLeZ

nnss FE I'HA

]S A3 LD WARLZ
t H 3

e = A0D W sWALZeS
ooz FE DARA

el BZ #woH WARLL so10
on=d Hed LD R 3

anze 24 AOD YALT  SWAL Fel
nozc FE DAA

oosh B3 ACH VAL f410
On0=E HS L0 wAL4

O03F a5 ADD wHLd SWALdeD
oo FE TiRA

gl E4 ACH WALZE s~

(R Fi CLE

L 8¢ ES “CH VALY sYALG=D

THE MOELE MEAN I% NOW IM THE IMDEX REGISTERT YAL1 TO)
< VALY

EMD
NO FROGFAM ERRORS

4

-



[ra]

4004 MACRO AZZEMELER. YER 2.2 ERRORS = 0 FAGE

SYHMEOL TRELE

+ 01

"
]

’—
Lo
00
= U

by

Laar 0014
FOINT 0000
YRLZ oong

—

EHEMN - 0000 COUMT 0008 FOLLO
MMERM 0000 + NOTZE 002z MZERD
TE=T nozE VAL anoz WAL
VAL ooos

P}
P}

o~
L]
-}
o)

¥
b

READY



intal

Program
Title

Function

Required
Hardware

Required
Software

Input
Parameters

Qutput
Resuits

MICROCOMPUTER USER'S

LIBRARY SUBMITTAL FORM

Ref. No. 40-11

[Jacoa []soo8 [7]8080 4040

(use additional sheets if necessary)

HEXBCD

None

Self supporting

IR 15 = LSD)

Value 0 —-255 Decimal

LSD = located in IR2

Convert 2 digit HEX Value to decimal range - FF

Any value 00 - FF located in register pair 7 (IR 14 = MSD,

IR pair O & 1 used for routine

MSD = located in IR O
MIDD = located in IR1

Registers Modified:

0, 1, 2, 3

Maximum Subroutine Nesting Level:

One + initial call

RAM Required:

None

Assembler/Compiler Used:
Intellec 4/40 Ver 3.0

ROM Required:

231

Programmer:

Charles M, Miller

Company:

Auvdio Services, Inc.

3140 East Jefferson Ave,
Detroit Michigan 48207



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

Complete Submittal Form as follows: (Please print or type)

a Processor (check appropriate box) )
b Program title: Name or brief description of program function
c. Function: Detailed description of operations performed by the program
d Required hardware:
For example: TTY on port Oand 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only):
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4. Maximum subroutine nexting leve!
i Assembler/Compiler Used:
For example: PL/M .
Intellec 8 Macro Assembler L
I1BM 370 Fortran 1V -

j. Programmer and company

A source listing of the program must be included, This should be the output listing of a compile or assembly.
Extra information such as symbol table or code dumps should not be included.

A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.



2000
g2
2004
2205
go06

oee7

2008
8829
2o0A

2@0B

22ecC

B@oD

VRGF

2010

2011
2013
2014
golie6
2218
2a19

2014

go1B
ga1cC
221D

@a1F
2020
P22l

2@22

2923

- 81

2000
2200

F1

AF

FB
B2

Bl

AE

Fq
B3
7310

co

D8
5018
D&
5018
400D
Fl
g2
FB
B2
D2

. 81
QO1E

FB

- Bl
- D@

89
BO
Co

HEXBCD:

AAA:

BBB:

ADER:

FIM 2.2
2.0

FiM
CLC

LD 15

DAA
XCH

ADD

XcH

2

1

i

LD l4

cMA
XCH
15z

. BBL
LDM.
JMS

LDM
JMS
JUN
CLC

ADD

DAA
XCH
LDM
ADD
DAA
XCH
LDM

ADD

XCH

. BBL
"END

OO -

3

s CLEAR WORK AREA

1]
5. '

SREAD LSD HEX DIGIT
$STORE LSD DECIMAL VALUE-

5 CARRY TO MIDe DIGIT
JSTORE MID. DIGIT

s READ MSD HEX DIGIT

JSTORE AND USE AS COUNTER

3.BBB 5 IF ZERO THEN BEBL

2

8

ADER

8

ADER"
AAA

2

2
]
1

JPREPARE TG ALDD 8

3PREPARE TO ADD 8 AGAIN

5THIS IS A THREE DIGIT ADD ROUUTINE



2000
agee
goo4
@oo>5
BBOS
pe@a7
22088
Beeo

200a

20C
BOCE
Go10
2@l
@012
0013
go14
8015
2G16
217
2018
019
20 1B
2e1¢C

221D
Q1F

20 20
222
go24
2825
@026
2827

Bo28

Bo29

gaza

BE2B
822C
@22D
@O2F

pgeF

2E64
508°C
A2
B2
Al
Bl
AQ
BO
4034
20808
2200
Fl
AF
FB
B2
g1
Bl
AE
F4
B3
731¢C
C@
D8
5824
D8.
5024
4919
Fl
g2
FB
B2
D@
81
FB
Bl
Do
8@

. BO

ca

SJHEX TO BCD TEST PROGRAM.
SWITH THE "S"COMMAND FROM THE MONITOR MUDE

3THE FIM INSTRUCTION (LOGCATION 2-1) CAN BE MODIFIED

3TO LOAD ANY TWO DIGIT HEX NUMBER INTG IR PAIR 7
STHEN WITH THE PROGRAM RUNNING IN- RAM:THE

JRESULTS CAN BE SEEN DURING "X3" WHEN THE
3XCH2,15@ INSTRUCTIONS AT THE BEGINNING OF

5 THE PROERAM ARE EXECUTEDo

)
.
&
°
K4

TEST:

LOOP:

HEXBCD:

AAA:

BBB:

ADER:

FIM
JMS

L 2

XCH
LD 1
XCH

LD @

- XCH

JUN
FIM
FIM
CLC
LD 1
DAA.
XCH
ADD
XCH
LD 1
CMA
XCH
1sz
BBL
LDM
JMS
L DM
JMS
JUN
CLC
ADD
DAA
XCH
LDM
ADD
DAA
XCH
L.DM
ADD
XCH'
BBL
END

14,64H 3VALUE TO CONVERT

HEXEBCD

2 5LSD DECIMAL VALUE

1 ;MIDD DECIMAL VALUE

@ 5MSD DECIMAL VALUE

LOOP | '

8,8 3CLEAR WORK AREA

23@ 5 ve

5 SREAD LSD HEX DIGIT

2 5STORE LSD DECIMAL VALUE

1 3CARRY TO MID. DIGIT

1 STORE MID. DIGIT

4 SREAD MSD HEX DIGIT

3 3STORE AND USE AS COUNTER

3,BBB 51F ZERO. THEN BEL

i ) .

&  \;PREPARE TO ADD &

ADER .

8 SPREPARE TO ADD 8 AGAIN

ADER

AAA | |
5THIS 1S A THREE DIGIT ADD RGUTINE

2

2

2

1

1

?

2

@.

]

y -
{ /

o’

C



MICROCOMPUTER USER'S

. o R Ref. No. 40-12
lntei LIBRARY SUBMITTAL FORM *f

-~
} %1 4004 (X 4040 ] 8008 1 8080 {use additional sheets if necessary)
Program
Title FAST BINARY MULTIPLY: SELECTABLE BIT-PRECISION & CONSTANT EXECUTE
TIME.
Function
See the attached functional description & CPU register map.
In general, the user loads the input variables to CPU registers
and specifies one of five (5) multiply precisions (12x12,12x8,8x8,
Lx8,4xk4) via a code character in register E.
Required
Hardware Only for the User Test Routine. See the attached User Test Routine
discussion and schematic.
Required
Software The User Test Routine requires the INTELLEC MONITOR ''S'' command to
specify bit-precision and input variables.
{nput
"‘\ Raramesees See the attached Functional description.
Output
Results See the attached Functional description. The Multiply subroutine
returns with the Product in registers 8 thru D, depending on
selected bit-precision.
The User Test Routine displays the contents of all CPU product
registers on several hexadecimal, LED lamp-banks. A timing pulse
is generated, bracketing the MULTIPLY subroutine, thus allowing
a measurement of execution time.
Registers Modified: From 7 to 15 CPU regs Assembler/Compiler Used:
depending on selected bit-precisign INTELLEC 4 ASSEMBLER:VERSION 3.0
RAM Required: Programmer:
N NONE Richard J. Fabbri
! ROM Required: MULTIPLY = 136 Bytes Company:
L*l LOOK-UP TABLE = 256 Bytes CBS Laboratories
Maximuh Subradtine Neestig LavetVY BYytes Address:
| et ols % 227 High Ridge Road
Two Stamford, Conn. 06905

98-034B



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)
a. Processor (check appropriate box)
b. Program title: Name or brief description of program function
C. Function: Detailed description of operations performed by the program
d. Required hardware:

For example: TTY onport Oand 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products

f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details {for resident products only)

1. Registers modified

2. RAM required (bytes)

3. ROM required (bytes)

4, Maximum subroutine nesting level

i Assembler/Compiler Used:

For example: PL/M
Intellec 8 Macro Assembler
IBM 370 Fortran 1V

j- Programmer, company and address

2. A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user's
verification after he has transcribed and assembled the program in question.

Your program will be photo-copied for publication in the User’s Library. Please send an original, clear, un-marked copy.

Send completed documentation to:

Intel Corporation

User’s Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051



&

FUNCTION:

A "Look-Up" table(storing all possible 4*LBit products) technique
is used to multiply five, user-selectable Bit-precisions,namely:

12%12,12%8 ,8%8 L*8 h#l,

These particular precisions are suited to the variety of
calculations encountered with L4 to 12Bit A/D data. It is interesting
to note that useful signal processing factors such as 2/4r and 1/J7
are approximated to 12Bit, 1/2 LSB accuracy by 8Bit constants:

2/%=@.A3H 147 =¢.B5H.

Furthermore, this multiply subroutine features a constant execute
time for each selected precision i.e. independent of the variables'
particular value. The L-Bit CPU user can thus readily«include
multiplication in time-dependent, control applications.

This technique also yields a very fast multiply i.e. 12¥12Bit
in 2.16f§ msec. Contrasting, 8%8Bit utilizing the "shift and add"
(Booth) algorithm requires 8@P to L5HF usec. All five multiply
execute times are given in the Source program listing.

The idea behind this subroutine is to treat binary numbers as a
sum of weighted hexadecimal digits. So, if "A"™ and "B" are 12-Bit
numbers, then:

A*B = (A3A2A1)*(B3B2B1).
A 12¥12Bit multiplication is then expressed:
8 b
(A3%¥27) + (A2%27) + Al

(33*28) + (32*2h) + Bl

L Al*B1
A2*Bl*2h
8 A1¥B2%2
A3*B1*28
A2*B2*28
12 AT%*B3*2
A3*B2*212
6 AD¥B3¥D

A3*B3*21

The individual 4*LBit products are "looked-up" via a FIN P3
instruction. By placing the FIN at the last byte of a page, the
bytes of the next page can be(and are) accessed (via PP) as the
8-Bit products of the U-Bit numbers in R§ and Rl. Since BBL must
occupy the first byte of this look-up table(page), then several
instructions must(and do) determine if PP = @FH previous to
addressing the table,



These 8-Bit products are then added to each other with a proper
attention paid to their relative binary weighting, completing the
total multiply function. A register map of the initialized sub-
routine is as follows:

?E CODE |7T|— |F CODE:

; Po= L¥y = (A1)*(B1)
jc| cé |6fC5 |D E= L¥§ = (A1)*(B2B1)
: D= 8%*8 = (A2A1)%*(B2Bl)
fAl ch |5] ¢c3 |B C = 12%8 = (A3A2A1)%(B2B1)
b B = 12%12 = (A3A2A1)%(B3B2B1)
8! ce ikl c1 |9

6|Int. |3|Prod|T

ih A3 |21 B3 |5
'2 A2 {1l B2 |3

w§ Al @] Bl |1

There are three things the user must do to initialize this sub-
routine. First, the variables(A3A2A1B3B2B1l) must be entered, to
the desired precision, as per the above register map. Second, enter
the Bit-precision code. Third, all expected product(C6C5CLC3C2C1)
registers must be cleared to $H and the contents of P3 saved if
otherwise important. The "A¥B" subroutine is now called. A return,
with the product found in RC,RD,RA,RB,R8,R9, occurs when the selected
precision is reached since the routine procedes logically through
increasing precision(s*h to 12%12) via ISZ interogation of the Bit
precision code register RE.

A table of input variable and product registers, as a function
of degired Bit-precision and execute time, is given in the Source
program listing.



ASSEMBLER V3.0

D000
001
a8g2
9603
0B 4
0B85
Boo6
o007
pBo8
2089
PBPA
2ooB
20aC
515101
PROE
OooF
2000
ppoe
poB4
gaa6
PoG3
OB2A
29BC
BOOE

*$C

SMULTIPLY:

BIT

3 PRECI SION

3 (4¥%C4)
3 (4)Y%(8)
3 (BY*(8)
3C¢12)%(8)

3C12)%(12)

PRECISION SELECTED BY REG®E®™

INPUT VARIABLES'
REGISTERS:

E (4 2 8)%(5 3 1)

- o s e e e oo e A ah e oED P W

F
E
D (X X¥% (X X)
C
B

PRODUCT FOUND
IN REGISTERS:

FAST/MULTIPLE~-PRECISIONS/CONST-EXECUTE TIME

EXECUTE
TIMES
194, 4US
442.8U5
928.8US
1.415MS
20 160MS

INITIALIZATION®

INPUT VARIABLES INITIALIZED IN REGISTERS 8/5.
EXPECTED PRODUCT REGISTERS INITIALIZED TO O
REGISTERS 6&7 STORE INTERMEDIATE VALUES.

EXECUTE TIME IS INDEPENDENT OF INPUT VALUES.

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQu
EQU
EQu
EQU
EQU
EQU
EQu
EQU
EQU
EQU
EQY
EQU
EQU
EQU
EQU
EQU
EQU

1]

RIS WK

o b ek et et
H WD -8

15



A1

BAL1D
pAL2
BA13
DAl 4
PA1S
PA16
7ga18

BAL9
BA1A
PA1B

BA1C
BALE
QALF
2A20
BA21
gA22
PA23
BA24
BA25
BAZ27T

PA28
pA29
BA2A

PA2B
BA2D
DACE
BA2F
BA30
BA31
pA32

BA33
BA34
0A35

PA36
PA38
ZA39
BA3A
BA3B
PA3C
BA3D
PA3IE
@A3F
ALY
BAA41
PA43

AXB:
SEF 4
A7
B9
Ab
B8
7E19
CF

C4ax8g:s
B3
Bi
B3

SEF4
Fi
A7
88
B8
A6
8B
BB
TE28
CE

C8X8:
B2
BO
B2

5EF 4
A7
8B
BB
A6
8A
BA

B3
B1
B3

S5EF 4
A7
88
B8
Ab
8B
BB
Do
8A
BA
TE44
Cb

ORG

JMS
LD

XCH
LD

XCH
152
BBL

KCH
XCH
XCH

JMS
CcLC
LD

ADD
XCH
LD

ADD
XCH
1S5z
BBL

XCH
XCH
XCH

JMS
LD

ADD
XCH
LD

ADD
XCH

XCH
KCH
XCH

JMS
LB

ADD
XCH
LD

ADD
XCH
LDM
ADD
XCH
Isz
BBL

2A1QH

Max 4

R7

R9

R6

R8

RE s C4X8
PFH

R3
R1
R3

Max 4

R7
R8
R8
Ré6
RB
RB
RE» C8X8
QEH

R2
RO
R2

M4xX 4
R7
RB
RB
R6
RA
RA

R3
R1
R3

Max 4
R7
R8
R8
Ré6
RB
RB

4]

RA
RA
RE» C12X8
9DH

3 ARBITRARY "MULTIPLY® ORIGIN

3 RETURNS WITH P3=Al*%Bl.

3 4X4BIT PRECISION CHOSEN?
SENDS AT 4X4BIT MULTIPLY.
3SRETURNS WITH 4X4BIT _
3 PRODUCT IN REGISTERS: 8&9.

3$CONTINUES AT 4X8 ROUTINE.
3RESULTS

3 IN

3P2=A1,B2

3RETURNS WITH P3=A1%*B2

24X8BIT PRECISION CHOSEN?
3ENDS AT 4X8BIT MULTIPLY.
$RETURNS WITH 4X8BIT
3PRODUCT IN REGISTERS:B»8&9.

S5CONTINUES AT 8X8 ROUTINE.
3RESULTS

3 IN

s P=A2, B2

3RETURNS WITH P3=AZ2%B2

3 RESULTS
3 IN
3 PB=A2,B1

35 RETURNS WITH P3=A2%Bi

38X8BIT PRECISION CHOSEN?
$ ENDS AT 8X8BIT MULTIPLY.



PAL4
BA45
BA46

BA47
BA49
DA4A
ZA4B
pA4C
BA4D
QA4E
BA4F
PASD
BAS1

BAS52

RAS3
DAS4

BA55
BAST
BAS8
BA59
FGASA
BASB
BASC
BASD
BASF

BAGD
gA61
BA62

PA63
PAa6S
BA66
BA6T
pA6S
BARY
BAGA

PALR
BAKC
Ga6b

BAGE
BATE
BAT1
BATZ
GAT3
AT 4

C12X8:
B4
B9
B4

SEF 4
A7
8B
BB
A6
8A
BA
D@
8D
BD

B3
Bi
B3

SEF 4
a7
8A
BA
A6
8D
BD
7E6D
ccC

cizies
BS
Bi
BS

SEF 4
AT
8D
BD
A6
8C
BC

Ba
BO
B4

SEF 4
A7
ga
BA
A6
8D

XCH
XCH
XCH

JMS
LD

ADD
XCH
LD

ADD
XCH
LDM
ADD
XCH

XCH

XCH
XCH

JMS

LD

ADD
XCH
LD

ADD
XCH
187
BBL

XCH
XCH
XCH

JMS
LD

ADD
XCH
LD

ADD
XCH

XCH-

XCH
XCH

Jms
LD
ADPD
XCH.
LD
ADD

R4
RO
R4

M4X 4
R7
RB
RB
Ré6
RA
RA

0

RD
RD

R3
Rt
R3

M4x 4

R7

RA

RA

Ré6

RD

RD
REsCt212
2CH

RS
R1
R5

Max 4
R7
RD
RD
Ré6
RC
RC

R4
RO
R4

Max 4
R7
RA
RA
R6
RD

3RKETURNS WITH 8X8BIT
3 PRODUCT IN REGISTERS:
3A>Bs8&9«

3CONTINUES AT 12X8 ROUTINE.
3RESULTS

3 IN

3 PP=A3sBi

3 RETURNS WITH P3=A3%Bli

3RESULTS
5 IN
3 PB=A3sB2

3 RETURNS WITH P3=A3%B2

3 12X8BIT PRECISION CHOSEN?
$ENDS AT 12X8BIT MULTIPLYs
SRETURNS WITH 12X8BIT

3 PRODUCT IN REGISTERS:
3D>AsBs8&TF e

3 CONTINUES AT 12X12 ROUTINE.
3RESULTS

s IN

3 P2=A3,B3

3 RETURNS WITH P3=A3%B3

3 RESULTS
5 IN
3 PB=A2,B3

s RETURNS WITH P3=A2%B3



BATS
PAT 6
BATT
PATS

BAT9
BATA
2ATB

BATC
PATE
BATF
PABQA
72481
BAg2
BAB3
DAB 4
BABS
BAB6
PAGT
BABE
BAB9
DABA

PEDGD
PEDD

DEF 4

PEF 4
REFS
PEFT
GEFS8
REFA
QEFB

PEFC
BEFD
QEFE

GEFF

BD
Do
8C
BC

B2
B@
B2

SEF 4
A7
8B
BB
Ab
8A
BA
bg
8D
BD
D@
8C
BC
CB

20

AR
1CFC
At
1CFF
36
co

1%}
08
Po

36

Max4s

ANZ B3

ANZ 1

XCH
LDM
ADD
XCH

XCH
XCH
XCH

JMS
LD

ADD
XCH
LD

ADD
XCH
LDM
ADD
XCH
L.DM
ADD
XCH
BBL

ORG
NOP

ORG

LD
JCN
LD

- JCN

FIN
BBL

NOP
NOP
NGP

FIN

END

RD

RC
RC

R2
RO
R2

Max 4
R7
RB
RB
R6
RA
RA

RD
RD

RC
RC
2BH

DEBOH

PEF 4H

RO
ACHs ANZO
R1
OCHs ANZ 1
P3
7]

P3

3 RESULTS
s IN
3PB=A1-B3

35 RETURNS WITH P3=A1%B3

s ENDS AT 12X12BIT MULTIPLY.
sRETURNS WITH 12X12BIT

3 PRODUCT IN REGISTERS:
3CsD2AsBsBEI

3 ANY PROGRAM PAGE-BYTE(Q@@)H.
3THIS IS THE *“LOOK~-UP TABLE
3VALUE CORRESPONDING TO:
3(PHIR(PHI=C(BBIH=""NOP*"»

3SPECIFIC ORIGIN WITHIN

3 ARBITRARY PROGRAM PAGE"E".

34X4BIT MULTIPLY SUBROUTINE

3 EMPLOYING A "LOOK-UP TABLE®"
3TO EVALUATE 4%4BIT PRODUCTS

315 RO=0H?

31S Ri=@H?
3 LOOKS-UP*"s (QBIH=C(BHY* (BH)
3RETURNS WITH P3=(80)H

$EXECUTION TIME DELAY
3 COMPENSATING FOR THE THREE
3 POSSIBLE SUBROUTINE PATHS.

3 LOOKS-UP"” THE 8BIT PRODUCT
30F (R®Y*C(R1)» VIA THE _
3"LOOK~-UP TABLE" STORED IN

3 THE NEXT PROGRAM PAGE.
SRETURNS WITH P3=(ROY*(R1),

-



USER TEST PROGRAM(FUNCTION):

The user's test program is designed to allow a quick and
complete test of the "A¥B" subroutine. Four banks of four LED
lamps{each), two LED indicators and one momentary switch(total
parts cost approx. $6.00) are used to display the contents of
all six(6) product registers. Via the INTELLEC MONITOR "S"
command, the user enters up to six hexadecimal digits represent-
ing the input variables{A3A2A1B3B2B1l) and the Bit-precision code
character(see the User Test Program source listing for specifics).

Cycling the INTELLEC System Test "HOLD" switch causes CLC3C2C1
to be displayed and a "Start" LED to light. The "Start" LED signi-
fies the contents of the four LED lamp-banks to, in fact, be
che3c2cl. If the "Next Bits" switch is depressed next, the two
most significant lamp-banks will now display C6 & C5 while the
"Wext Bits" LED will light and the "Start" and two least signif-
icant lamp-banks will extinguish.

A "one" pulse is available at ROM Port 2, Bit 2 during the
"A¥B" execute time. This pulse can be used to measure the
multiply's execution time. Note that this pulse is actually 21.6us
longer than the Source program listed values and is due to extra
instructions required by the User Test Program to output this
timing pulse.

A circuit schematic of the LED lamp-banks, indicator LED's and
"lext Bits" switch INTELLEC connections is inecluded in this soft-
ware package.
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3030k
0RB1
0RB2

o83

PRV 4
2085
20086
1:10N}
2008
@eoB9
BRoA
Po9B
veocC
pROD
DOgE
DBoF
gane
Poo2
boB4
ARG E
9008
0BaA
200C
POBE
2020

0000

0231

voB2

2023
pOBS
poBGT

51430
poOOB
@D

23]

DF

BE

20FF
22FF
24FF

2800
2A00
2C00

*3C

3USER'S TEST PROGRAM FOR MULTIPLY SUBROUTINE.
3DISPLAYS CONTENTS OF ALL PRODUCT REGISTERS VIA
3 FOUR BANKS OF FOUR LED LAMPS EACH (16 TOTAL).
3 TWO MOMENTARY CONTACT SWITCHES INITIATE THE
SMULTIPLYC("START"™) ROUTINE AND CONTROL THE LED
3 DISPLAY(”NEXT BITS").A TIMING PULSE IS OUTPUT
3AT ROM PORT 2 BIT 2 WHICH IS HIGH(S VOLTS)

3 DURING THE MULTIPLY SUBROUTINE EXECUTION TIME.

RO
R1
R2
R3
R4
RS
R6
R7
R8
R9
RA
RB
RC
RD
RE
RF
PO
P1
P2
P3
P4
PS
Pé
P7

INIT:

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
F Qi
EQU
EQU
EQU
EQU
EOU
ORG
NOP

L DM

XCH

FIM
FIM
FIM

FIMm
FIM

FIM

VRN NN DWW -

[ ey
H WO -

15

DOGH

OFH

RE

PBs, OFFH
P1,BFFH
P2, BFFH

P4, O0H
PSs B0H
Pés D0BH

3 SELECTED BY "RAM" SWITCH.

3 SELECTS THE MULTIPLY'S BIT
3 PRECISION AS FOLLOWS:

3 F= 4X4 = (A1Y%(B1)

3 E= 4X8 = (A1)Y*(B2B1)
3 D= 8X8 = (A2A1)Y*x(B2B1)
3 C=12X8 =CA3A2A1X*(B2B1)

B=12X12=(A3A2A1)>*(B3B2B1)

3 R = A1 /7 Rl = Bl
3 R@ = A2 /7 Rl = B2
3 R = A3 /7 Rt = B3

SINITIALIZES ALL
3 PRODUCT REGISTERS
3TO ZEROCHEX) .



DOOF
vo11

@13
PB15

2017
0219
Vo1A
201B

po1C

GRLE
PO1F

Bo20
pR22
0823
pR24

2025
pa27
pPEs
0o29

P02A
po2c
PB2D
PO2E

PR2F
PB31
Be32
8033

034
2036

P37
0038
2039
2038

1913
400F

505D
110F

2620
27
D7
E2

5A10

D1

E2

2600
27
A9
E1l

2640
27
A8
E1l

2680
27
AB
El

26CH
27
AA
E1

2610
27

EA
Fé
1A3D
4937

START:

RETST:

NXTBS:

RREAD:

JCN
JUN

JM3
JCN

FIM
SRC
L.DM
WRK

JMS

LDM

WRR

FIMm
SKRC
LD

WMP

FIm
SRC
LD

WMP

FIM
SRC
LD

WMP

FIM
SRC
LD

WMP

FIMm
SRC

RDR
RAR
JCN
JUN

9s RETST
START

DELAY
1> START

F3s,20H
P3
7

AXB

P3, 00H
P3
R9

P3s 40H
P3
R8

P3,80H
P3
RB

P35 8COH
P3
RA

P3s 10H
P3

©AHs RREAD
NXTBS

3WAITS FOR *START" COM'De.

3 "LOCPING" WHILE WAITING FO
3"START"C(TEST) SIGNAL.

3 "RETEST"... TIME DELAY AND
3 SECOND LOOK AT TEST SIGNAL
3 DE-BOGUNCES TEST SWITCH AND
3 DE-CORRELATES NOISE.

3 TURNS-0OFF

3""START" & "NEXT BITS' LED
3LAMPS. OUTPUTS A "HIGH"
3(+5V)Y TG ROM PORT 2 BIT 2.

3GOES TO MULTIPLY SUBROUTINI

3 TURNS-ON ""START"” LED LAMP
3 AND QUTPUTS A “LOW®'(BV)
3TO ROM PORT 2 BIT 2.

sDISPLAYS C1 OF:
3C6 CS5 C4 C3 C2 C1
$AT THE FIRST ’
3LED LAMP BANK. ’\0/

3DISPLAYS C2 OF:
3C6 C5 C4 C3 C2 Ci
3 AT THE SECOND
sLED LAMP BANK.

3DISPLAYS C3 OF:
3C6 CS5 €C4 C3 C2 Ci
3AT THE THIRD

SLED LAMP BANK.

3DISPLAYS C4 OF:
3C6 CS5 C4 C3 C2 C1
3AT THE FOURTH
SLED LAMP BANK.

SWAITS FOR 'NEXT BITSY COM*'D

3""LOOPING" WHILE
SWAITING FOR THE
3"NEXT BITS™

3 COMMAND» ( )

3"RE'READ“0° oTIME DELAY
3 AND SECOND LOOK AT THE
3“NEXT BITS” COMMAND.



J

o@3D
PO3F
Vo 40
o241

2043
2845
0o 46
D47

2048
PB4
ne 4B

P2 4C
PO 4F
0o 4F
Qese
Pe51
PB53

V54
PB55

pUs56
2358
2059
@a5A

POSE

295D
PO 5F
P26 1
pB63
PA1D

gA10

BEF 4

GEF 4

585D
EA
Fé
1237

2600
27
bo
E1l

2648
27
El

2680
27
AD
E1l

26C0
27
AC
El

2629
27
D2
E2

4001

2662

765F
T75F
Ce

SEF 4

AD

DELAY:

WAIT:

AXB:

Max4:

JMS
RDR
RAR
JCN

FI#
SRC
L DM
WMP

FIiMm
SRC
WMP

FIM
SRC
LD

WMP
FIM
SRC

LD
WMP

FIM
SRC
LDM
WRR

JUN

FiMm

152
152
BBL

ORG

JMS

ORG

LD

END

DELAY

2sNXTBS

P3, 00H
P3
P

P3, 40H
P3

P35 80H
P3
RD

P3-,98C@H
P3
RC

P3s2¢H
P3
2

INIT

P3s 62H
RésWAIT
R7>WAIT
2

BDA1OH

Max 4

PEF 4H

RO

3 TURNS=0OFF
3 THE FIRST
3LED LAMP
3 BANK .

3 TURNS-0OFF THE
3 SECOND LED
5LAMP BANK.

s DISPLAYS CS OF:
3C6 CS C4 C3 C2 C1
3AT THE THIRD
3LED LAMP BANK.,

sDISPLAYS Cé OF:
3Cé6 C5 C4 C3 C2 Ct
3AT THE FOURTH
sLED LAMP BANK.

3 TURNS-0OFF THE
3"“START"™ LED AND
3 TURNS-ON THE

$ "NEXT BITS"™ LED.

3 5-MILLISEC TIME DELAY.

sLOCATICON OF
$ THE MULTIPLY
3 SUBROUTINE.

sLOCATION OF THE
35C4)%C4) BIT
SMULTIPLY SUBROUTINE.



Program
Title

Function

Required
Hardware

Required
Software

Input
Parameters

Output
Results

inte

l@

MICROCOMPUTER USER'S

LIBRARY SUBMITTAL FORM Ref- %o 422

K1 4004 O 4040 [ 8008 ] 8080 71 3000 {use additional sheets if necessary)
Fast Decimal Multiplication Routine
This subroutine computes the product of two
fixed point decimal numbers A x B = C where:
A= 8 digits maximum
B= 8 digits maximum
c = 16 digits maximum
The multiply algorithm used is a table look
up of the product of a digit of "A" and a digit
of "'B'. This product is then added to the ''C"
register which accumulates the total product.
This technique of multiplication is fast
(k.7 msec maximum to multiply two 4 digit numbers)
giving a substantial time savings compared to the
method of ''over and over addition'. Table Took up
multiply requires 2 adds per digit while ''over and
over addition requires up to 9 adds per digit for
worst case. The sacrifice for this time savings
is increased ROM memory requirements for table storage,
INPUT PARAMETERS:
P2 Location of LSD of A
P3 Location of LSD of B
P6 Location of LSD of C
R14 16-number of digits in B
R15 16-number of digits in A
OUTPUT PARAMETERS:
Product is contained in C register;
Number of digits in C = number of digits
in A + number of digits in B;
A and B registers are not affected.
Registers Modified: ALL Assembler/Compiler Used:
RO —R15 4004 Macro Assembler, Ver. 2.4
RAM Required: Programmer:
32 x 4 bits maximum Anthony J. Molusis
ROM Required: Company:
200 x 8 bits maximum ACCO Bristol
Maximum Subroutine Nesting Level: Address: Bristol Street
Waterbury, Connecticut 06720
One Level

98-034C




INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)
a. Processor {check appropriate box)
b. Program title: Name or brief description of program function
c. Function: Detailed description of operations performed by the program
d. Required hardware:

For example: TTY on port O and 1
fnterrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for ¢cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
Program details (for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nesting level
i Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler
IBM 370 Fortran 1V

i Programmer, company and address

2, A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

4, A source paper tape of the contributed program is required. This insures that a clear, original copy ofthe
program is available to photo-copy for publication in a User's Library update publication.

Send completed documentation to:

intel Corporation

User's Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051

MCS877-475-2K



&

REGISTERS USED:

Ro - Digit of A A

N ?g. } for look up of A x B (By)

Rl - Ditit of B (Bn)

Pl - Product of A x B (AN x By)

P2 - Location of A (La)

P3 - Location of B (Lp)

R8 - lé6-number of digits in A (temporary) (16-Np')

R9 - Location of A (temporary) (La')

P5 - Location of C (temporary) (L)

P6 - Location of C (Le)

R14 - l6-number of digits in B (16-NR)

R15 - l6-number of digits in A (16~N3yn)

RAM MEMORY:

15 0
REG "A" ! A3 A2 Al Ap
REG "Bll B3 B2 Bl BO
REG "C" C7 Cg C5 C4 C3 C2 C1 Cop

INDEX REG:




MEMORY REQUIREMENTS: &_J
RAM: 32 Locations
{ C = 16 Locations (maximum)
A, B = 16 Locations (maximum)
ROM: Subroutine 46 Locations
Table *154 Locations

TIMING:

Total Locations 200
*NOTE: 54 Locations in the table are not used;

could be used to store constants.

4 digit number x 4 digit number - 4.74 msec. regardless
of the value of the digits.

MULTIPLY TABLE LOOKUP

Ay is loaded into register 0, By is loaded into register 1.

Pair ¢ is sent out as an address; at this address, the
product AN X By is stored. The table must be stored in a
certain location; at the beginning of a ROM page; the
multiply subroutine must be on the same page as the table.

Ay By ROM LOCATIONS ROM CONTENTS L‘.)
0 0 0 000000O0O0O = 0
0 1 1 S s

0 5 2 : :

0 9 9 : :

1 0 16 : :

1 1 17 00000001 = 1
19 25 ; =

2 0 32 ] H

2 : (AyxBy) 1 (AanxBN) 0

9 9 153 10000001 - 81

»
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4004 MACRO ASSEMBLER, VER 2,4 ERRURS = O PAGE 1

0661
noo3g
goep?
DUGA
QUQA
DUG2
Qo002
poG4
0oGe
poGe
nool
gogo

goen
pog1
Qu02
peG3
g4
aeas
0406
aeo7
good
Q009
0004
pugh
000C
goob
pogE
QUGF
golo
0611
0013
0G4

ao1s

00
EA
B4
EA
BS
EA
B6
EA
87
EA
BC
EA
BD
EA
BF
EA
BE
5015

00

AS

TQ EQU 91N y
TN EQi 09H \w,)
Ty EQU 0gH
CZ EQU QAH
CO  Ewld 0AH
CN  EQU n2H
Ci1 EQU p2H
BZ EQU 04H
AG EQU 04H
AN  EQU OCH
NZA EGU oCH
NG EQU ogH
)
}
3FAST DECIMAL MULTIPLICATION ROUTINE
!
JTHIS SUBROQUTINE COMPUTES THE PRODUCT OF TwO FIXED
jPOINT DECIMAL NUMBFRS A X B 3 U WHERE:
JA = B DIGITS MAXIMUNM
18 & 8 DIGITS MAXIHUM
1C & 16 DIGITS MAXIMUM
}
s
}
NQP
RDR -
ACH 4
RDR "/
XCH 5
RDR
XCH &
RDR
XCH 7
RDR
XCH 12
RDR
XCH 13
RDR
ACH 15
RDR
XCH 14
JIMS MPY
NOP
NQP

e BO GR W W0 w8

MPYs LD 5

.



4004 MACRO ASSEMBLER,

0016
0017
o138
0019
0014
goie

goic

potb
0o1E
001F
0020
poat
002l
0u23
0024
0025
pozs
0027
0028
0029
po2a
pozse
pueC
002b
0602€E
0Q2F
0030
0c3y
0032
0033
0035
vk}
0038
on39
003A
0038

0603C

o 3b
00 3E
poIr
9940
0042

G100
3100
a164
G108
01oa

B9
AD
88
AC
8A
AF
B8
27
E9
By
25
E9
BO
32
F7
82
B2
2B
A3
EB
FB
EQ
68
28
Ag
EB
Fg
EQ
65
7820
6B
1A3C
F7
28
EB
EG
67
AD
A9
3]
TELT
o

o w o

0Go00000
0¢00000Y
0000

60010403

MPR}

MPR}

MPCH

XCH
LD
ACH
LD
SH
LD
XCH
SRC
ROM
ACH
SRC
RDM
ACH
FIN
CC
ADD
XCH
5RC
LD
ADM
Daa
WRM
ING
SRC
LD
ADM
DaA
WHM
ING
182
ING
JON
T¢C
8RC
ADM
WRM
InNG
INC
LD
Cit
I1sz
BBL

UrG
pB

(32

VER 2,4 ERRURS = ¢ PAGE 2

9
i3

-11

i2
10
18
8
&

e P

Qo deiv BN N2 B O

11
10

BsMPR
1
CQ'MPG

10

13

3
14,MPA

256
0s0s05000,0,0,040,0C

00102¢39415,66746,9



4004 “ACRD ASSEMBLER,

010K
0112
0114
G118
011
011E
G122
0149
U1e8
p12C
0130
0132
0136
0134
013C
0140
0144
0146
0144
014¢€
Q1590
0154
0158
01%A
01%€
0162

04050607
0809
06020406
08101214
jsis
Q0030609
12151821
2427
DGO040812
162024728
3236
00051015
202530135
4045
00001218
24303642
48%4
00071421
28354249
56643
0ooB1624
32404656
6472
00091827
36455463
7281

ND PRUOGRAM ERRORS

¥l - we =s

VER 2,4 ERRURS s 0 PAGE 3

DB

b8

DB

pa

DB

Da

pe

Grp204s0,8,16418,20,22,24
0,3,609,18,21,24,33,36,39
0p4,8)18422,32,36,40,50,54
0s5¢16021432,37,49,53,64,69
Dp0e1Br24,30,548,54,66,72,84
0p7,20033,40,53,66,73,86,9%9
0sB8r22,36,50464,72,80,100,114

079024039,54,69,84,99,114,129



55114
INTEL MCS*Q SIMULATOR V2.2

FOR INSTRUCTION LISTs TYPE Qs

DATA FILE NAME=

T

CY CTR RESET
*

B19

*,

01

L3

FI

INPUT FILE NAME=
DATA

%

M3 .
¥3(280H3=

M1
WDC2BCHY =
CEOCD800000B56783503
X
J8
CY CTR RESET
BREAK EXIT:
19 NOP g 9 150509140838346C @ 3 7 447 = 4.77F msge

*

E3 |
GOCCOIBE0TO06652 0800 AXB = ¢

/234 X 5678 = 700 665 2

Q%

_)

50g0g00000081234 40906

%

O
CODCCEIBIOE05678 2000

¢

Q

%

SOFF



3SIMA , ‘
INTEL MCS-4 SIMULATOR V2.2

FOR INSTRUCTION LIST, TYPE Q¢

DATA FILE NAME=

oY CTR. RESET

k.

319

k.

3

*ILLEGAL COMMAND
=

3

:u

1 7
NPUT FILE NAME=
WTA

123

(20 CHY=

1008000 0800089999088080
1

'DL2GCHY=
Po0a0083080095909°00088

{7
¥ CTR RESET
REAK EXIT:

19 NOP 8 @ 999100148038348C ¢ 3

3
0O0OBA099980001. 0OBY

g
CEoOBET03609999 0060

2 |
PO0P200008889999 BUGG

NFE

‘= 474 msec

A R B |
7999 X 9999 = 7798 0004

s ’.\
v



= intal

X1 4004 [1J4040 (18008 [1 38080 [J 3000 (use additional sheets if necess

Program
Title

Function

Required
Hardware

Required
Software

Input
Parameters

Qutput
Results

BVl VWl W ST & 1 LN LN

LIBRARY SUBMITTAL FORM Fef- to-

AUTOMATIC DIGITAL INTEGRATION

Program will detect and integrate peaks from an amino acid analyzer
and type out the area under the peak on the teletype. Program will
detect saddle peaks and do simple baseline correction.

TTY on ROM port 1.
18 bit A-D converter on ROM input ports
L (MSB 4 bits), 5 (middle 4 bits)
and 6 (LSB 2 bits of A-D appear in MSB
2 bits of port). A=D convert flag is
LSB of port @.
Clock that goes off every .133 sec. clock flag
appears on LSB of ROM port 3.

A-D values in log form on ROM ports 4, 5, and 6.

TTY Printout: time since the start of the run
to the midpoint of the peak, area under the
peak corrected for baseline, and baseline value.

Registers Modified: Assembler/Compiler Used:

ALL PDP-8 Assembler, PAL [Il modified

to accept MCSL code and output hex

RAM Required: Programmer:

2 chips Alex Perel
ROM Required: Company:

5 ROMs Stanford Medical Center
Maximum Subroutine Nesting Level: Address: Rm 5067, Stanford

3 Med. Centet

Stanford.CA- 94305

98-034



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)

Processor (check appropriate hox)

Program title: Name or brief description of program function

Function: Detailed description of operations performed by the program

o 0 T o

Required hardware:
For example: TTY onport Oand 1
Interrupt circuitry
}/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4. Maximum subroutine nesting level
i. Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler i
IBM 370 Fortran IV {

j. Programmer, company and address

2. A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

4, A source paper tape of the contributed program is required. This insures that a clear, original copy ofthe
program is available to photo-copy for publication in a User's Library update publication,

Send completed documentation to:

Intel Corporation

User’s Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051




901
oeo2
2003
2004
pees
po06
2007
p098
2069
o109
po11
pate
213
PRt a
PPiIS
pB16
2817
7918
#0919
po2o
pe2!
pR22
#2023
peza
pB25
P26
pee7
fo28
ge29
2830

NOTES ON THE LISTING FORvMAT.

THE LINE NIMBFRS (FXTREME LEFT HAND COLIMN)Y ARF IN
DECIMAL, THE LOCATION NOS. AND LOCATION CONTENTS
(NEXT 2 COLIMNS) ARE IN HEXADECIMAL, AND THE

NOS. USED IN THE INSTRUCTION PART (E.G. "FIM P13 123°
ARE IN OCTAL.

CARE MUST BE TAKEN IN USING THE LOCATION CONTENTS
COLLMN. THE LEFT-MOST CHARACTER IN THIS COLUIMN

IS ALWAYS @ AND THE NEXT CHARACTFR IS USUALLY
IGNOKEDs SO THAT THE ACTUAL CONTENTS OF THF
SPECIFIED LOCATION ARE THE RIGHT-MOST 2 CHARACTERS
IN THE COLIMN. THF EXCEPTIONS ARE THF “JMS™ AND
“JUN" INSTRUETIONS. FOR THESF INSTRUCTIONSs THF
g% AS THE 2ND DIGIT FROM THF LEFT SIGNIFIFS THAT
THE RIGHT-MO ST CHARACTER IN THF COLUMN, WHICH

IS ALWAYS 0, IS TO BE REFLACED RY THF 2ND

DIGIT FROM THE LEFT IN THF NEXT LINE WHFN FORMING THF
CONTENTS OF THIS LINE. FOR EXAMPLEF,

LOC. CONTENTS INST,
ti 28 40
12 PSé3 JIN 3 LAREL

THEN THE ACTUAL CONTFNTS OF LOC. 11 IS 454 AND
THE CONTENTS OF LOC. 12 IS 63H: THE 5" IN THF
ZND LINE RFPLACES THE TRAILING @ IN THF FIRST.

3* IS CONSIDERED EQUIVALFNT TO CR=-LF RBY THF ASSEMELFR.



" RECORD 1

o001
poo2
oan3
o4
pOos
2Peé
1440
p2o8
o8
Poi10
ol
ee12
7013
o1 4
po15
pB16
po17
po18
po19
2020
2021
po22
pe23
o224
2025
pB26
ge27
o228
029
2030
@831
Pe32
P033
PO34
2a35
036
0037
2038
B039
PO 40
B4l
0042
2043
Bo44
@ as
pe a6
o047
7048
2049
4]53:14]
@a51
pas2
PB53

PAGE 1

MADI: AUTO. DIGITAL INTFGRATION FOR MCS4e 4/21/775

ZAUTOMATIC DIGITAL INTEGRATION FOR MCS4e

/THIS PROGRAM, MADI, IS THF COWNTFRPART

/0F ADI FOR THE MCS4 COMPUTFR. MADI WILL
ZINTEGKATF THF AREA INDFR PFAKS TAKEN

/FRFOM AN OMINO ACID ANALYSER. THF START
/ADDRFSS IS e 5 ROM CHIPS AND 2 RAM

/CHIPS ARE USFD BY THE PROGRAM, AS WELL

/AS A& 1@ BIT A-D CONVERTER AND A CLOCK.

/THE A-D SIGNAL RANGFS FROM QACBASFLINF)

/10 1777 (MAX.)s AND IS THF LOC OF THF
/ZO0UTPUT FROM THF AVMINO ACID ANALYSFRe THF
/SL.0OPF OF THF SIGNAL IS FVALUATFD BY USING

/ THE SAVITZKY-(COLAY LEAST SGUARFS TFCH-
/NIQUF ON S BUNCHFS AT A TIMFs FACH RUNCH
/CONSISTING OF 16 A-D SAMMPLFS TOKFN 133 SFC-
/ONDS APART. A PEAKX STARTS WHEN THF SLOPF
/EXCEEDS A PREDETERMINFD MINIMIM. AT

/THIS POINT, THE PROGRAVM TYPES "B (REGINNING) AND
/BEGINS INTEGRATING. THE BASFLINE,FOR

/BOTH BEFORE-PEAK AND AFTER-PEAKX PURPDSFS
/1S THE AVERAGE VALUF OF THF LAST PINCH

/0F DATA TAKEN BRFFORF THF PFAK BFGAN. WHEN
/THE SLOPF TURNS <@, THF SIGNAL HAS JUST
/PASSED A PEAK. IF THE PEAK FEXCEFFDS A
/PRE-DFETERMINED MINIMIM, THEN IT IS ACCFP-
/TED AS A LEGITIMATF PEAK ("™"-MIDPOINT-I8 TYPFD)
/AND THE PROGRAYM WAITS FOR A RETURN T
/BASFLINE.(IF NOT, THFE PROGRMM IMNOKRFE

/THE PEAK, TYPES AN "F* (FALSF PFAK) AND WAITS
/FOR EITHER A RFTURN TO

/BASELINE OR THEFE START OF A LECGITIMATF
/PEAK). WHEN THF BASFLINF IS5 SFENCS SUC-
/CESSIVE SLOPF VALUES WHOSF ABRSOLUTFE

/VALUES ARE SMALL)Y. THF PROGRAM TYPKFS OUT
/"E" (END OF PEAK) AND THEN

/THE NO. OF THE PFAK, THE TIME IN MINUTFES
/T0 THE MIDPOINT OF THF PFAK FROM THE
/BEGINNING OF THE EXPERIMENT, THE ARFA
/INDER THE PEAK, AND THF BASFLINF VALUF
/USED IN CORRFCTING THE ARFA OF THF PEAK.
/THE PROGRAM HAS THE ABILITY T0 RECD G-

/NIZE A SERIES OF SADDLF PFAK S (PROGRAY
/TYPES **S"™)e IN THIS CASFs THF

/BASFLINF VALUF BFFORF ALL BUT THE LAST PFAK IS
ZUSED IN CORRFCTING THE ARFA OF FACH

/PEAK, AND THF BASELINF VALUE AFTER THF

/SET OF PEAKS IS USED IN CORRECTING THF ARFA
/0F THF LAST PEAK.

/1F A NON-SADDLE PEAK WAS

/PRECEDED BY A BUFFER PFAK, WITHOUT ANY
/RECOGNIZABLE PRASELINE IN BETWEFN » THEN

/THE BASFLINE VALUF AFTER THF PFAX TS ACGAIN



RECORD 1

BP54
PassS
poS6
pOs7
2058
2659

noen
Zo61

Pe62
PO63
2o64
2065
066

MADI: AUTO. DIGITAL INTFGRATION FOR MCS4e 4/21/75

ZUSED T0 CORRFCT THF AREA OF THF PFAK.
/CORRECTFD ARFA= ARFA- ( BASFLINF:LENGTH OF PFAK).
/

/MAXIMIM RINNING TIMF IN SFCONDS 1S 64000%
JCSOMPLES/BINCHY®C SFCo/ SAMPLEY S

/

/REFERFNCEF St

V4

/MO0 THING AND DIFFFRENTIATION OF DATA RY
/SIMPLIFIFD LEAST SQUARFS PROCEFDURES. :
/8. SAVITZKY AND M. GOLAYs ANALYTICAL CHEMISTRY.
/VOLe 36: NOe 8, JILY 19646



REOORD 2

2801
pee2
0003
PB4
P2e0S
006
poB7
P008
poB9
po10
P31
poie
P@13
814
8215
po16
op17
pB18
P619
pe20
po2t
pe22
pR23
po24
po25
po26
027
pe28
ge2s
2030
P031
PR32
P833
po34
2835
o836
2837
P38
P@39
PR 40
vo4at
2042
0043
PR L4
A 45
PR 46
0B 47
70 48
o 49
056
351
pas2
2053
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MADI: AUTO. DIGITAL INTEGRATION FOR MCS4e 4/9/75

/AUTOMATIC DIGITAL INTEGRATION FOR MCS4.

/EQUATES.

RG= 1] /REGISTER ASSIGNMENTS.

Rl= 1

R2= 2

R3= 3

Rdé= 4

RS= 5

Ré= 6

R7= 7

R8= i

R9= il

Ri@= 12

Ril= 13

Fi12= 14

R13= 15

Ri 4= 16

R15= 17

P@o= @ /REGISTER PAIR ASSIGNMENTS.
Pi= 2

pPe= y] )
P3= 6 i
Fe 1o )
PS= 12

Pé= 14

P7= 16

/TEST CONDITIONS:

ZC= i2 /ZER0O CARRY

NZ C= 2 / CARRY #0

Z A= 4 /ACC=0@

NZ A= 14 /ACCHD

TSZ= 1 /TEST SIGNAL=@
TENZ= 11 /TEST SIGNAL #0

/ ADDRESS ACCESSES LOW ORDER 4 BITS
/CHIP @, REGISTER @

PKNO= 0 /NO. OF CURRENT PEAK
MCLO K= 1 /NO. OF SAMPLES SINCE BEGINNING: CHARS
/1= 4o MUST FOLLOW PKNO!!
SDLFLG= 5 /8= NOT IN SADDLF3 1= IN
/ SADILE- IN SECOND PART
BFPFL G= 6 /@=NO BUFFER PEAK» 1=BUFFER PEAK
BL AFLG=7 /@=NOT IN PEAK FOLLOWING BUFFER PX.
/1=PK. FOLLOWING BUFFFR PFAK
MCSVB= 10 /CLOCK READING AT START OF PEAK:
/CHARS. 8- 11
MCSW=14 /CLOCK READING AT MIDPOINT OF o
/PEAK: CHARS. 12-15 W/
MCSVE= 54 JMCLOCK AT END OF PEAK:

/CHIP@> R.2s CHARS. 12-15



RECORD 2

POS4
P85S
0856
pes57
P858
BO59
Po60
peé6l
pBs2
P63
Po6a
PBES
0066
o867
2068
PP 69
P70
o071
pe72
8073
po74
B75
pe76
BO77
2078
poB79
228 @
Po8 1
pog 2
#9083

PAGE 4

MADI s

NPB=20

/FSF1

/MCLOCK

AUTO. DIGITAL INTEGRATION FOR MCS4s 4&9/7S

/NO. OF SAMPLE/BUNCH=16D.
(SFCe/BINCH)Y/ 60, FSPIx*
sMINUTES SINCE START OF EXPERIMENT.

/ASSIMING 16 SAMPLES/BINCH AT AN INTERVAL OF 133
/ SECe/ SAMPLEs FSPIz.0356D=.0000 1001 @016B.

/IN 2°S COMPLEMENT FORMs THIS IS <1111 6110 1110R=
/.F6E He FOR PURPOSES OF THFE PROGRAM, WF NFED ONLY

/WORRY ABOUT THE “6E* AND JUST USF THF *“F” TO

/PLACE THE HEX POINT,

FSPL 1= 16 /LSB &4 BITS IN 2°8S COMPFLEMENT.

FSPIg=s 6 /MIDDLE 4 BITS OF FRACTION PART IN
72°S COMPLEFMENT.

FPBCH2=2@# 72 BINCHES IN PAST:CHIP @5 Re 15 CHRS.0=-5

FPBCH1=26 /1 BINCH IN PAST:CHIP #s Re 1, CHARS. 6~-11

FCBCH= 4@ /CURRENT BUNCH: CHIP @, RFGoe 25 CHARSs -5

FFBCH 1= 46 /1 BINCH IN FUTUREsCHP 0> Re 2, CHRSo 6~ 11

FFBCH2= 62 /72 BINCHES IN PAST:CHIP®s Re 35 CHARS. 8- 5

FTEMP=66 /TEMP. STORACE: CHIP®s Re 35 CHARSo 6~ 11

FTEMPi= 100 /TEMP. STORAGE:CHIP 15 Re @5 CHARS.0=-5

FARFA= 106 ZOREA INDER PFAXsCHIP 15, Re@®s CHARSs 6~ 11

FBL=126 /BASELINE BEFORF START OF PEAK:CHIP 1|
/Re1s CHARS. 6-11

FMLL 1= 140 /CHIP 15Re 2

BELL= 7

CLFLG= 682 /PORT 3., CLOCK FLAG.

ADi= 140 /PORT 6 LSB 2 BITS OF A-D APPFAR IN
/MSB 2 BITS.

ADCs= 126 /PORT S MIDDLE 4 BITS OF A=D.

AD3= 180 /PORT 4 MSB 4 BITS OF A=Do



'RECO RD

2001
pe02
P23
002 4
9885
p0B6
poe7
o008
poB9
P10
2011
po12
PB13
P14
2615
pe16
217
0918
P19
peze
po21
pe22
2023
f024
0025
pa26
27
oo2es8
P029
PB30
9831
2632
9233
2834
8035
PB36
0837
9038
039
8040
041
o6 42
go43
PB44
PB 45
PR 46
Bo47
po48
P0 49
0250
2851
2a52
#9853

PAGE S

3

VJalily)
20061
gooe
2903
2004
PRB5
PBB6
Ped7
7ee8
BoB9
po0A
o008
206C
200D
PB0E
P00F
6810
pel1
2012

pa13
P01 4
@e15
BB16
o117
90218
Pa19
poiA
po1B
pe1C
981D
09 1E
PO1F

2o
po21
ppe2
po23
po24
pe25s
P26
2027
Po2s
P29
paz2a
poz2B

pooo
peoo
P850
20C6
08 58
2300
po2e
720690
20DB
08 59
B4sSs
78 56
219C
2850
gi9C
P8 50
p19C
28 50
@19C

020
2eas
2eDbD
78 S0
B4a65
08 50
gisC
28 56
0490
poF2
20F 2
#e1C
Bo18

2022

2010
o024
9056
2e2bA
P8 50
P46D
28 50
g19cC
98 5@
2400
poF2

MADI: AUTO. DIGITAL INTEGRATION FOR MCS4e 4/9/75

/BUTOMATIC DIGITAL INTEGRATION FOR MCS4. k~/)
JINITIALIZE PROGRAM. COLLECT DATA. DETECT PEAKS.
ngRT s NOP

NOP

JMS 3 CLEAR /CLEAR CLOCK FLAGs TTY PORT.

JMS 3 PRMSG /PRINT HEADER ON TTY.

FIM P@3 PKNO /ZFRO OUT PKNO AND MCLOCK.

LY 13 /THIS ASSIMFS THEY ARF

JYE 3ZERD /CONTIGUOUS IN RAM!

JMS 3 BUNCH /COLLECT FIRST 4

JYS 3 BUNCH /BUNCHES OF DATA

J4S s BUNCH

JMS s BINCH

/LOCATE PEAKS BY EXAMINING 1ST DERIVATIVE

/USING SAVITZKY-GOLAY. COLLECT DATA IN BINCHFS \
/AS A WAY OF SMOOTHING. WHEN PEAK IS LOCATED wa/
ZINTEGRATE AREA.

Ch» FIM P® s SDLFLG /SET SDLFLG, BFPFLG» BLAFLG =0
L% 15 /ASSIMF CONTIGUOUS IN RAM
JMS 3ZERD

CD1» JMS 3 BINCH

JMS sDECID /NO. IN AC ON

IAC /RETURN WILL

1aC /DETERMINE WHAT HAS OCCURED
JON NZAsCDI /NOTHING IF AC NOT #0

/FPOSSIBLE START OF PEAX
Ch2» FIM P1 3 FPBCH2 /SAVE BASFLINE

FIM P2 3 FEL /BEFORE PRO CEEDINGe
LDM 12

JMS 3 TRANS
JMS 3 BINCH /SEE IF TREND CONTINUFS

JMS 3 DECID K")
1AC



RECORD 3
PB54 082C
8OSS 92D
0856 ©O02E
0o57

?2958

0059 OO82F
0060 0639
2061 9031
ové62 @832
2063 0B33
PO64s BB34
BB6S 6935
066 0836
Po6e7T 06837
Po68 O3B
PoB69 0PB39
0078 ©0B83A
P27 0B63B
po72 803C
073 ©8083D
PO74 @O3E
B75 ©@03F
0076 BR40
BBT7 @04l
2078 0042
@879 09843
PO82 0OB44
231 99asS
PoB2 0846
2083 ©D47T
0084 0048
#0985 @849
0086 ©0an
0887 ©84B
8088 ©84C
2089

eese ov4aD
8091 @OB4E
092 GB4F
O3 0BS5S
o994 @851
9095 6852
P96 BBS3
BB97 00854
Be98 ©0ess
0099 0@56
2100

gtar 0es7
2182 0058
ZIe3 6659
2104 Q@OSA
IS @858
2106 @05€C
e1a7 0esb
PAGE 6

goF2
861C
@018

poe2
0610
po24
00 46
2oDA
08 50
Pa6D
0020
po16
po22
BB 46
poba
0850
2190
2850
477
2820
P21
pB22
0008
po24
peB4
28 5@
B4TF
po22
20 42
98 50
B33F
2850
219C

28 50
0400
PoF2
0014
2057
@eF2
oL 4
2857
08 40
2e35B

e8 50
BaT7
28 40
00 4B
P8 56
2477
28 50

MADI¢

AUTO »

IAC

JON

DIGI TAL INTEGRATION FOR MCS4. 4/9/75

NZA 3 CD1t

/PEAK HAS STARTED

CDh3s

CD4»

CbhSs

€Db5As

FiM

FiM
LDv

JMS
FIM

FIM
L DM

JMS
JM S
FIv
Fim
FiM
JMS
FIM
JMS
J4S
JMS
IAC

JCN
EAC

JCN

JUN

JM S
JIN

JMS

P1 3 FPBCH2 /INTFGRATE PEAK UP TO FCRCH

P2 3 FAREA
12

3 TRANS
PB® 3 FPBCHI1

Pi1 3 FAREA
12

3 ADDR

3 ADAR

PO 3 MCLOCK
Pt s MCSVB
P2 3 &

3 MCSTR

Pt 5102

3 PRCHR

3 BUNCH

3 DECID

ZA 3 CDS

ZA 3 CDS

3 CDhsA

$ ADAR
$ Cha

3 ADAR

/ADD IN CURRENT ARFA.
/ SAVE CLOCK READING

/AT TIME OF START OF PEAK.

/PRINT B"

/CONTINUF INTEGRATING
/INTIL SLOPE CHANGES

/FROM >@ TO <0

/SLOPE >8 STILL

/SLOPE <@« PEAK
/AT FPBCH1?

/ADDP IN CURRENT AREA.
/GFT SOMF MORE

ZADD IN AREA.



RECORD 3
9188 @OSE
P1@% BOSF
0110 0060
pill @061
piie2 0662
0113 09663
fil4a Q064
#115 @065
P116 0066
P117 ©OB67
9118 0068
g119

2120 0069
121 ©06éA
6122 00éB
9123 866C
2124 Q06D
#8125 @06F
p126 OB6F
P127 @070
8128 0071
129 @872
Bi132 68673
9131 @074
pi3z @075
133 8076
8134 0077
2135 9878
136 80879
#137 @874
p138 @GO07B
Pi139 @87C
P148 007D
P14y BO7E
@142 ODTF
P143 0089
Plaa 0081
#1455 0082
Bla6 @083
2147 0@BBA4
o148 @085
0149 (G086
pise @e87
P151 0088
2152 @089
P1S3 0BesaA
2154 ©908B
8155 @esC
p156 208D
2157 OB8E
$158 QO8F
2159 086090
2168 9091
P161 @092

PAGE 7

p19C
28 59
Bago
POF2
0o14
Pe57
PBF2
Beta
0857
28 56
2181

821C
@OBE
0022
80 4D
28 50
B33F
78 58
8477
0020
2001
@022
000C
0024
9003
08 50
@ 47F
98 50
@19¢C
9850
0 400
POF 2
POF 2
@OF2
POF 2
0814
0087
28 S50
0477
28 40
@079
p02C
o000
98 50
8477
08 S50
219C

78 50

D409
poF2
2214
209 A
PBF2

MADI ¢

CDé»

CDéB»

GDéC»

CD78,

Cch7s

AUTO .

JMS

JMS
iAaC

JCN
1AC

JCN

Ji S

JCN
FiM
JUS
JM s
Fim
FIM
FiM
JMS
JM s
JM S
IAC
IAaC
1AC
1AC
JCN
JMS
JUN
FIM
JM s

JM S

JM S
[ac

-JCN

IaC

PIGI TAL INTEGRATION FOR MCS4. &9/75

$ BUINCH

s DECID
ZA3 CDS

Zps CDS

35 PKSZ

NZA 3 CD12A
Pt 3115

3 PRCHR

s ADAR

P2 3 MCLOCK
Pt 3 MCSW
P2 3 3

8 MCSTR

$ BINCH

s DECID

ZAsCD7A
3 ADAR
3 CDéC
P6 3 @
$ ADAR
3 BUNCH

s DECID

ZA 3 CD8

/SEE IF 2 SUCCESSIVE SLOPFES
/ARE NEGATIVE.

/SLOPE POS. IGNORE WHAT
/JUST HAPPENFD.

/SLOPE <@. SFE IF PEAK
/1S LARGE ENOUGH.

/NOs FALSE PFAK.

/PRINT "M*s PEAK OK.

/ADD IN CURRENT BINCH.

/ SAVE MCLOCK AT MIDPOINT

/WAIT FOR LARGE NEGe SLOPE

/BEFORE TESTING FOR RETURN
/T0 BASFLINE.

/LARGE NEGe SLOPE SEEN.
/SIGNAL STILL NEAR PEAK. ADD
/IN AREA AND WATT SOME MORF.
/PUT =16 IN R13=BLCTR

/ADD IN CURRENT AREA.

/GET NEXT BUNCH

/SFE WHAT HAPPENED.

/RETURN TO BASELINE?



RECORD 3
Bi62 0893
8163 @094
B164a G095
P165 0896
0166 0097
P167 0098
2168 @899
8169 08094
P176 0098
8171 @99C
6172 069D
#1733 B69E
174 BOBSF
B175 00AP
#1786 B8A1
177 B8ne
178 B0A3
2179 00h4
D188 B8AS
Pi181 @6A6
@182 @6A7
pi183 0048
P184 @BAS
D185 20LA
pi86 ©GOAB
#4187 @6acC
9188 00aD
3189 BPOAE
2198 0eAF
8191 0OBY
@192 @oBi
2193 o8B2
6194 ©68B3
9195 ©0B4
P16 @8BS
B197 ©9Bs
p198 @eB7
$199 @888
9200 00B9
9201 09BA
9202 ©008BB
22063 0eBC
9204 @6BD
22@S GOBE
@206 OOBF
p207 ©6Ce
2208 ©@6C1
gz2ee o0ece
9216 006C3
P2t ©06C4a
g2i12 0ecs
p213

2214

8215

PAGE 8

P01 4
PECH
garF?
eo14
2989 A
o8 40
e6B87
#87D
2089
0e29
6626
pB21
PBES
ggic
2913
gp2ee
2045
2858
@33F
@20
a0 1
Po22
p82C
go24
86062
98 56
GarF
2020
o805
#2221
BBES
g81C
PaC2
9920
Bea7
2021
POE9
pB1C
26CA
78 50
8200
P8 40
0913
08 46
@15F
238 49
7108
78 40
2100
98 46
@116

JCN ZA 3 CD9A
1AC

JCN ZA 3 CDS8
JUN 3 CD7A

cD8. ISZ R13 3 CD7
FIM P® 3 BFPFLEG
SRC P®
RDM
JON NZA 3 CD
Fim Pt 3185
JM48 3 PRCHR
FiM P@ 3 MCLOCK
FIM Pl 3 MCSVE
FIM P2 3 2
JYME 3 MCSTR
FiM P® 3 SDLFLG
SRC P@
RDM
JCN NZaA 3 CDS8B
FIM PO 3 BLAFLG
SRC P®
RDM
JCN NZA 3 CDlaa
J4S 3 DTOT
JIN 3 CD

CD12as JinNs CD12

ChoA. JiNs CD9

CD8Bs JUN: CDBA

Chidgh, JiNs CDia

MADI: AUTO. DIGITAL INTEGRATION FOR MCS4. 4/9/75

/START OF SADDLE?

/RESFT COWTER

/716TH CONSECUTIVE SMALL
/SLOPE? YES

/BUFFER PEA&K?

/YES. IGNORE

/PRINT *E*s REAL PF&K. RETURN
/T0O BASELINE

/SUBTRACT 2 FROM

/MCLOCK AND STORE

ZIN MCSVE

/2ND PART OF SADDLE?

/YES

/PEAK FOLLOWING BUFFER
/PEAK?

/YES

/NO. OULTPUT DATA
/START OVER

/RERCUTE JON*S TO NEXT PROM

ZINITIALIZE QUTPUT PORTS.



PAGE 9

RECORD 3
p216

217 @68Cé
0218 @88C7
8219 00C8
p220 ©0C9
g221 00CA
g222 09oBCB
p223 @ocCC
p224 906CD
9225 @OCE
p226 OQO6CF
pa27

PODF
0020
eoRe
021
PeE2
poOF O
0060
evel
PRE2
P0CH

MADI ¢

CLEAR,

AUTO.

LM

FIM
SRC
WRR
c.B
INC
SRC
WRR
BBL

DIGITAL INTEGRATION FOR MCS4e 4/9/75

FPo3 @
PO

RO
P@

/CLEAR CLOCK ON PORT 8.

/STOP TTY ON PORT 1o



REOORD 4
0001

pape

0883

o044 G190
00PS> 0101
peas 61e2
see7 0163
P08 0104
0009 0185
210 0B106
P11 8107
P12 0168
pp13 ©169
PB1a 016A
2015 @198
polée B10C
0617 @1eD
2218 @18E
G19 OGLIOF
o2 0110
pB21 0111
pe2e o112
P23 0113
pe24 Q114
PB25 B115
pB26 Oi1ts
po27T B6117
ge2g 0118
pees 6119
0038 011A
831 @11B
32 ©11C
9833 911D
P834 @11E
@835 OG11F
9936 0120
9837 0121
PB38 @122
B39 G123
PR4e@ D124
Bo4ay @125
po42 0126
o433 @127
PB44 5128
PB4s

29 46

PO 47

BB 48

20 49

650

2851 08129
ves2 @124
P053 0i12B

PAGE

1@

p@22
0016
PB24
P56
28DA
28 50
p46D
28 58
p2oe
@8 4@
P213
7850
219C
78 50
0400
POF2
POF 2
214
2115
P8 40
o817
gg22
906
P23
BOE9S
pe1C
B16A
o222
P0S3
@8 59
@33F
Pe2e
o001
po2e2
gp2cC
pa24
geae
P8 50
PATF
#2850
p20e

2029
poo1
pp22

MADI

AUTO .

DIGHTAL

INTEGRATION FOR MCS4. 479715

/AUTOMATIC DIGITAL INTEGRATION FOR MCSd.

* 400

CD8As

CDh9»

CD1@s

FiM

FiM
LDM

JMS

JIN

JME
JM S
1AC
iAC
JCN
JIN
FIM
SRC
RDM
JCN
FIM
JMS
FIM
FiM
FI™
JM S

JMS

Pt 3 FPBCH2 /USFE FPBCHZ AS

P2 3 FBL /BASFLINE
12
3 TRANS
$ DTOT /0UTPUT 2ND PART OF SADDLFS
s CD
8 BUNCH
3 DECID /72 POS. DERIV. IN A
/ROW MFAN SADDLF
ZA 3 CDip / SADDLEF
3 CD7a /NG SADDLE
Pl 3 BFPFLG /REAL PEAK STARTING
Pi /AFTER BUFFFR PFAK?
NZA 3 CD13 /YFS
Pl 5123 /NO. SADDLE PFAKX. PRINT *S8*
3 PRCHR

P@s MCLOCK /STORE CURRENT TIMF-2

Pt s MC
P2 2
sMCSTR

s DIOT

SVE /AS END OF PEAX

ZOUTPUT DATA ON PREVIOQUS PK.

ZINTEGRATE CURRENT PEAK:

/COMPENSATE FOR THE TIMF USED TO PRINT OUT
/ THE DATA (APPROX.
/ARES TO APPROXIMATE THE BRINCHES NOT TAKEN.

CDit,

5 SEC«) BY ADDING IN EXTRA

FIM PP3 MCLOCK /SAVE START TIMF OF PEAK.



. MADI: AUTO. DIGHTAL INTEGRATION FOR MCS4. 49715
RECORD a4

/ \
0054 ©12C 0008 FIM P13MCSVR (M,/
9055 912D 0024
9056 O12F 920D2 FIM P23 2 /=TIMF OF FFBCH2-2
2057 @12F 0850
@058 0130 047F J1S 3SMCSTR
6059 ©131 @022
0060 8132 9020 FIM P13 FCBCH /APPROXIMATE THF MISSING
PR61 @133 Q@24
P062 0134 PB4 FIM P23 FAREA  /INFO. FROM THE KNOWN
063 0135 @ODA LDY 12 7 INFO.
P64 0136 0850
0865 0137 ©@46D JMS s TRANS
@066 B138 0856
8067 ©139 B19C JMS 3 BUINCH /DON'T WORRY ABOUT SLOPF
0068 O@13A 08SP
0069 ©013B 0477 JMS 3 ADAR /CHANGES HERF.
0070 ©13C 0850
@071 ©13D ©19C JMS 3 BUNCH /FCBCH IS NOW LAST BUNCH
8072 ©@13E 0850
0073 B13F 8477 JMS 3 ADAR / TAKEN BFFORF PRINTOUT.
0074 0140 085O
PB7S @141 0477 JMS 3 ADAR /ADD IT IN TWICF.
0076 @142 P850
6077 @143 ©019C JMS 3 BUNCH /NOW FCBCH=1ST BUNCH
0078 @144 DP8SQ
0079 0145 ©477 JMS 3 ADAR / TAKEN AFTFR PRINTOUT. &w/
0080 0146 0850
0981 0147 8477 JMS 3 ADAR /8DD IT IN TWICF.
POB2 0148 0020
@883 0149 0036 FIM P@s FTEMP  /SET FTEMP=2, THEN ADD IT
0084 B14A 0021 SRC P@ /IN TO MCLOCK TO COMPENSATE
P985 ©14B 0@BD2 LDM 2 /FOR MISSING BINCHFS.
0086 ©14C OOEQ WRM
PP87 ©14D @061 INC R1 /ACCESS NFXT 4 BITS.
6088 @14F GODC LD 14 /SET REST OF FTEMP 10 Q.
@089 ©14F 0850
PO9@ 0150 0465 JMS 3ZERO
2091 @151 0020
P92 @152 0836 FIM P@s FTEMP
0093 @153 0022
P84 0154 0001 FIM Pis MCLOCK /SET MCLOCK=MCLOCK+2
9095 @155 00DC LDM 14
2096 @156 0850
0097 0157 0190 JYS 3 ADDR
6098 0158 @B22
9099 0159 ©08S FIM P1sSDLFLG /SFT SADDLF FLAG=1 (IN SADILE)
0190 ©15A 9023 SRC P1
9161 ©P1SB @ODI LDY 1§
6102 ©15C ©REQ WRM
2103 @15D 0840 -
G104 O@15F PO4B JUN 3CDa4 /OOLLECT DATA: WATCH FOR PFAK 'L/

0185 @15F 0822
0106 0160 0OBG6 CD12» FIM Pi1 3 BFPFLG /PROBAR.LY BUFFFR PEAK

PAGE 11
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RECORD 4

21867 0161
p198 0162
109 ©B163
110 @164
111 PO165
p112 0166
#1113 0167
Pita 0168
P11S 0169
P116 @16A
2117 Q168
#2118 B16C
/119 B16D
1206 Bi6E
pi21 @16F
pree @170
2123 0171
pi124 P12
@125 @173
P126 6174
pie27 9175
pi28 0176
129 0177
130 2178
p131 @179
Pi32 @17A
@133 @178
134 @17C
135 ©17D
P136 O@1I17E
137 ©Q17F
P138 0180
0139

?149

g14a1

B142

D143

B144

D145

@146

2147

a143 @181
P149 @182
2150

B151

152 0183
P153 0184
154 0185
2155 @186
2156 @187
@157 @188
@158

#2159

pL6P

12

223
2eD1
P0EQ
Bez2
P46
28 5@
@33F
08 49
pes7
geze
2eD6
PB23
PeF@
OOE®
gp22
poa7
pe23
poD1
POED
28 40
oR2F
ppe2
o220
gE24
PBSé
pebaA
P8 S@
D46D
08 50
2o
28 ai
2013

ge2e
2018

pe23
POF 1
oeD3
POF8
go1A
218F

MADI s

Ch13s

CD1 4

AUTO .

SRC
L DM
WM
FiM
JMS
JIN
FiM
SRC
LB
WRMY
FIM
SRC
L DM
Wi
SN
FiM

FIM
LM

JM S

JM S

JIN

DIGHTAL INTFGRATION FOR MCS4. a4/97 75

P /SET BFPFLG=1

1

Pis 106 ZOUTPUT "F* FOR FALSF PEAK.
3 PRCHR

3 CD7A

P1 5 BFPFLG /BUFFER PEAK OVER
P1 /S8FT FLAG TO B

P1 3 BLAFLG /USE"RASFLINF AFTER"

Pt /AS BRASFLINF BEFORE AND AFTER
i /SFEFT BLAFLG=1
3 CD3

Pt 8 FCBCH /RFAL PEAX FOLLOWING

P2 3 FBL / SPURIOUIS PFAK THAT DIDN®T

12 /TO BASFLINF

s TRANS /USE “RASFLINE AFTFR* AS Rolo.
3 DTOT

s CD

/S8EF IF SIZF OF PFAX IS LARGF
/ENOUGH T0 BE A LEGITIMATE PFAK.
/CALLING SF@UENCE:

/
/
/

PX SZ

JME
BEL
BEL

Fim

SRC
cC
L DM
SBY

JCN
/18
/1F

3 PKSZ
1 /PFAK TOO SMALL
4] /PEAK OXK
P1 35 FPBCHi1+2 /THI S OODF MAY

/HAVE TO BE CHANCGED WITH
/EXPERIFNCFo

P1 /FPRCH1 HAS PEAK VALUF.

3 /BINARY PTe 1S BFTWFFN CHARS.
/2 & 3. IF 16 SAMPLFS ARF

ZC 3 PKSZ1 /TAKFEN PER BINCH, THE SIM

BETWEEN @ AND 16
FACH OF THE A-D RFADINGS IS AT LFAST

/.25 ON THF OPTICAL DFNSITY SCALE



RECORD 4

@161
P162

2163

@164

@165 0189
P166 0184
@167 @18R
2168 218C
@169 @18D
0170 @18E
2171 @18F
@172

#6173

2174

@175

@176

2177

2178 0190
2179 0191
9180 0192
6181 09193
@182 0194
#183 @195
0184 0196
9185 0197
@186 @198
#187 ©199
2188 ©@19A
P189 G19B
0190

PAGF 13

P263
P023
POES
201C
218F
geci
20Co

20B7
POFO
P22t
POE9
P23
QOEER
GOED
b6l
263
28717
7192
20Co

MADI:

PKSZ1»

/ADDITION ROUTINES.

AUTO.

DIGHTAL INTEGRATION FOR MCS4e. 497175

/WHICH RINS FROM @ TO 2, THEN THE SUM
/WILL BE AT LEAST o4 TFST FOR THIS AND
/RETURN ACCORDINGLY.

INC
SRC
RDM

JCN NZAs PKSZ1

BBL
BBL

/T0 ADD IN.

/AC=°(N0.

ADDR>

ADDR1>»

XCH
CLR
SRC
RDM
SRC
ADvM
WRY
INC
INC

Isz
BBL

R3
P

i
o

/CGET NEXT HIGHFR 4 BITS.
/IF HIGH 4 BITS ARE NOT @,
/THEN WE HAVE A PEAK.

/NO PEA&K
/PEAK.

P@® CONTAINS ADDRESS OF NOo.

P1 CONTAINS DFESTINATION ADDRESS

R7

P@

P1

R1

R3

R73 ADDR1
(4

OF CHARS.=HEX DIGITS).

/SAVE COWNT IN R7.

ZGET NOo
/ADD INe.

/ STORE.
ZPOINT TO NEXT NG

/GET NEXT Si™.



RECORD 5
PBa1

poa2

pEo3

Po0 4

eees

2ooe6

o7

peas  @i19cC
2ee9 619D
2010 ©19E
2@11 @I19F
poi12 O1AD
9813 B1A1
P14 0142
pO1S B1A3
PB16 BiA4
pB17 @145
PR18 O1A6
pBi19 B1A7
oe2¢ G1A8
po21 21A9
pe22 O1AA
o023 91AB
P24 G1AC
2025 @1AD
6026 O1AE
o027 OL1AF
o028 01BO
0629 @1Bt
8032 01B2
o831 ©1B3
2832 ©1B4
833 BIBS
pB34 91Bé6
PB3s5 0iB7
P36 @1iB8
P37 @1iBy
2038 pHIBA
9239 ©O1BB
po40 @1BC
6241 @1BD
PB42 G1BE
P43 O1BF
PR4as ©B1CH
pe4s @1C1
pBasc B1C2
2047 @1C3
a8 Pi1C4a
oB49 B1C5
2050 ©1Cé
#B51 01C7
852 01C8
2as3 0109
PAGE 14

po22
oo16
pe24
pe1e
20DA
28 5@
P46D
paze2
2020
PB24
Po16
peDA
28 50
Ba6b
goee
2026
pB24
o220
aeba
@850
pa6b
pe22
P30
pB24
pe26
feDaA
9858
B46D
peee
2030
PaDA
28 50
Ba6s
po2¢
2036
@aDA
2850
2465
PO2E
OFF@
poee
8630
2023
POEA
PoF 6
202

MADI: AUTO.

/COLLECT DATA
/6-D WHEN CLOCK FLAG COMES UP.
/AS PUSHDOWN STACK.

BUNCH, FIM

FiM
LM

JMS
FiM

FIM
L DM

JM S
FiIM

FiM
L DM

JMS
Fim

FIM
LM

JM S

FIm
L DM

JMS

FiM
L DM

JM S
FIM

BCHt» FIiM

SRC

DIGITAL INTEGRATION FOR MCS4. 4/9/75%
/AUTOMATIC DIGITAL INTEGRATION FOR MCSa4.
FOR FFBCH2 IN BINCHES OF 'NPB". SAMPLFE
USE FFBCH1, FCBCHseee
CLOCK RINNING ON FNTRY.
P13 FPBCH1 / SAVE FPBCHI> FCBCHs FTCo
P23 FPBCH?2
12
3 TRANS
P13sFCBCH / SAVF FCBCH
P23 FPBCH I
i2
2 TRAN S
PisFFBCH1 / SAVE FFBCHI
P2s FCBCH
12
$ TRANS
Pis FFBCH?2
P23 FFBCH 1
i2
3 TRANS
PB@sFFBCH2 /SET FFBCHZ=0
te
3ZERO
POs FTEMP /3ET FTEMP=9
i2
$ZERO
P73-NPB /GET NPB=NO. OF SAMPLFS/BUNCH.
P1s CLFLE& /CLOCK FLAG.
P /WAIT FOR FLAGs CLEAR
/WITH OONVFRT COMMAND.

BCH1A, RDR
RAR

NOP



RECORD 5
P854 BI1CA
2055 0O1CB
@856

2857

8058

9059

0060

61 ©1CC
o622 91CD
P63 OICE
P64 OICF
P965 01DO
P66 01D1
oR6T B1D2
PP68 @1D3
069 ©1D4
oBTe 8i1D5
P271 ©O1D6
872 O1D7
P73 ©1D8
o674 ©1D9
8075 @1DA
P76 @1DB
877 B1DC
0078 ©91DD
0079 @1DE
po80 @1DF
P81 OBI1E0
peg2 O1iE}
P83 BIE2
P984 GI1ES3
pe8S OlE4
pBBé OI1ES
8687 BLES6
#0988 OIET
0989 @1EB
0o09@ G1E9
Go9 1

pR9 2

209 3

PO 4 OGIEA
ge9S5S BI1EB
P96 BIEC
#B97 @1ED
P998 OIEE
2099 OIEF
2100 OI1F0
$101 PiIF1
P12 BIF2
2183 BI1F3
2184 B1F4
2105

P186

2107

PAGE

15

812
01C7

gee2
Pooo
0823
26DC
POE2
PODF
PRE2
po2a
BB36
p@ee
0060
28 50
PIFS
poe2
BO50
08 50
BiF5
0e22
o049
08 50
PIFS
P0206
P036
po22
PB30
PoDA
28 5@
p199
PO7F
B1C4a

pee2
0001
POF@
26D1
023
POEB
Q0EQ
263
poie
@1EE
oeCo

MADI: AUTO. DICGITAL INTECGRATION FOR MCS4e. 4/9/75

JCN NZCsBCH1A

/SAMPLE A-D AND STORE 10 BIT RESULT IN LSB 12
/BITS OF FTEMP. LSB 2 BITS OF FTEMP ARE LNUSED.
/@=BASFLINE3 1777=HIGHEST POSSIBLE PEAK.

FIM P13 @ /START A-D CONVEFRSION

SRC P1 /WITH CONVFRT COMMAND
BCH1B, LD¥ 14

WRER /AND CLEAR CLOCK

LpM 17

WRR

FIM P2sFTEMP /READ A-D AND STORE IN FTEMP.

FIM P13 AD1 /PLS=60 Hs LSB 2 BITS
JMS 3 RDSTR

FIM P13 AD2 /PLS=S@ H» MIDDLE 4 BITS

J4S 3 RDSTR

FIM P13 AD3 /PLS=40 H, MSB 4 BITS U
JMS 3 RDSTR

FIM POsFTEMP /ADD IN A-D RFADING

FIM P13sFFBCH2
LDM 12

JMS 3 ADDR
ISZ Ri1SsBCH! /GET ANO THER SAMPLF.

/ALL SAMPLES COLLECTED FOR THIS BWNCH. UPDATE
/MASTER CLOOK.

FIM P1sMOLOCK
CLB
LD¥ 1 /ADD 1 TO LOW 4 BITS.
BCH3» SRC P1
ADM
WRM
INC R3 /GET NEXT 4 BITS AND ADD IN

JCN NZCs BCH3 /CARRY IF NECESSARY. ASSIME NO
BEL @ /OVERFLOW FROM MSB 4 BITS!!! (\')

/GET A-D BITS POINTED TO BY P1 AND STORE



)

"RECORD 5

2108
o129
2110
@111 BIFS
o112 O1Fé
6113 OIF7
Pl1i4 O1IF8
8115 O1F9
Pp116 @1FaA
Pi17 GIFB
p118

PAGE 16

Bo23
PREA
9825
POF 4
POED
0065
86Co

MADI: AUTO. DIGITAL INTEGRATION FOR MCS4.

/IN CHAR. POINTED TO BY P2. INCRs P2 FOR
/NEXT TIME AROWND.

RDSTRs SRC Pi
RDR /READ BITS.
SRC P2
o416
WRM /7 STORE
INC R5
BEL ©

4,97 1%



RECORD 6
0801

seee

2003

P04

0oBS

opR6

2007

o0o8

0009

vo1o

911

PpB12 0200
P13 0201
Pela 0282
PB1IS 8203
@16 0204
ge17 9295
PO18 0206
019 0267
pg20 0208
21 0209
Bo22 020A
pe23 0288
024 020C
2825 020D
P926 OQ20E
o827 O20F
228 0210
o2y B211
B30 g212
Pp31 0213
gpo32 0214
PB33

B34

2035

BB36

2837

0938 ©B215
D39 B216
e 0217
P41 6218
PB42 0219
043 B821A
9844 ©21B
845 @21C
po4a6 921D
PR47 @G21E
2048 B21F
P04 0220
20586 0221
2851 222
ees52 9223

PAGE

17

2850
2336
pm22
o060
2823
POEY
PoF2
PRED
2020
BB36

2B21
POED
0961
PoDD
P8 59
B465S
28 50
B378B
9oDC
08 56
249D

PB2o
0036
28DA
28 S0
P4a6s
po22
geecC
PB24
P@36
PeDC
78 50
B4aé6D
P@DE
POB5
2eDh6

MADI: AUTO. DIGITAL INTEGRATION FOR MCS4. 4/9/75

/AUTOMATIC DIGITAL INTEGRATION FOR MCS4.

/MISCs ROUTINES.

* 1000

/OUTPUT DATA TO TTY. MCSVR HAS START TIMF OF PFAKs
/MCSVE HAS STOP TIME3 FBL HAS BEFORE AND AFTER

/BASELINEs MCSW HAS MIDPOINT TIMF OF PEAX.
/FAREA HAS AREA OF PEAK.

DTO T» JMS 3 CRLF /0UTPUT CR-LF

FIM P13 PKNO /OUTPUT PEAK NOo. TO TTY.

SRC P!

RDM

I1AC

WM

FIM P@sFTEMP /STORE CHAR. IN FTEMP FOR PRNU
Mo

SRC P@

WM

INC R1 /ZERD OUT REST OF FTEMPs

LDM 15

JvS sZERO

JM4S 3 PRNUM

LDM 14 /PRINT SOME SPACES.

JMS 3 PRSPC

/FSPI=(SECONDS/BWNCH)/Z 68> SO MCSW*FSPI=
/MINUTES SINCE BEGINNING OF EXPERIMENT.
/FORM PRODUCT AND OUTPUT.

FIM P2sFTEMP /PUT MCSW IN FTEMP BECAUSFE
LM 12 /FTEMP AND FTEMP1 HAVE 6
JMS 3ZEROC /HEX CHARS.

FIM P1sMCSW

FIM P2sFTEMP

LM 14 /USE LSB 4 CHARS.

JMS 3 TRANS

LDM FSPI1 /GET LSB a4 BITS IN 2°S COM-
XCH RS /PLEMENT FORM.

LDM FSPI2 /MIDDLE &4 BITS OF FRACTIONAL

-



RECORD 6
#0953 @224
@054 0225
@955 @226
2056
0057
g0es8 @227
@059 @228
PB60 @229
#0061 022A
062 P22B
0063 @22C
@064 822D
9065 022E
P66 @22F
2067
0068
0069 0230
0976 0231
0871 0232
@072 233
PB73 0234
0074 0235
POT5 8236
o876 0237
2977 0238
@878 ©239
8079 923A
0280 @238
9081 923C
- pe82 @23D
0083 @23F
PO8 4 B23F
PO8S D240
P86 D241
PO8T @242
0088 @243
9089 P44
2090 0245
091 0246
092 P247
2093 0248
P09 & @249
oR9S @2 4k
0096 B24B
897 824C
0098 ©24D
0099 B24E
P102 ©24F
2101 0250
2102 B2S1
103 0252
2184 9253
2105 0254
2106 0255
 PAGE 18

peB4
08 SO
2208

ge22
0043
pB24
9036
2eDD
28 59
46D
28 50
p378

70206
043
200D
28 50
B465
2850
BGapS
pBee
Po2E
2856
D33F
0022
PO 43
623
POE9
Bapz2
0030
PPB3
P8 56
B33F
gobC
P850
49D
6020
0836
BoDA
98 506
Bags
poe2
0oes
o224
PB36
gapC
28 50
BaeD
o222
Pe36
28DA

MADI:

AUTO.

XCH

JMS

DIGITAL INTFGRATION FOR MCS4. 4/9/75

R4 /PART. MSB & BITS=1111l, SO

sMiL AD /THEY JUST SHIFT HEX POINT,.

/HEX POINT NOW BETWEEN FTEMP1+2 AND FTEMPIi+ 3.

FIm

FIM
L DM

JM S

JMS

/NOW OUTPUT

DTO T55

Fim
L Dv

JM S
JM 8
FIm
JMS
FIM
SRC
RDM

FIM
X CH

JMS
LM

JM S

FiM
L DM

JM s

Fim

FIM
L DY

JMS

FIM
LDv

Pis FTEMP1+3 /STORE INTEGER PART OF PRODUCT

P2sFTEMP ZIN FTEMP.
15

3TRANS
3 PRNLM
FRACTIONAL PART TO 1 PLACF.

PR:FTEMP1+3 /7 SET REST OF FTEMP1 TO @.
15

$ZEFRO

sMiL 19 /ADD FTEMP! TO ITSELF 1@ TIMES
P13 56 JO0UTPUT "o ™

$ PRCHR

PisFTEMP1+3 /GFT 1ST DECo PLACF.

P

Pis 60

R3 /CONVERT TO ASCI1I

$ PRCHR

14 /PRINT SPACES

s PRSPC

POSFTEMP /COMPUTE STOP TIMF-START

12 /TIME. STORE RESWLT IN FTEMP
3ZERO

P1sMCSVB /STORE MCSVB

P2s FTEMP /IN FTEMP
14

3 TRANS

PisFTEMP /PUT -MCSVB IN FTEMP.
i1e



RECORD 6
P17 9256
2198 8257
P19 0258
110 8259
111 @254
@112 pP25B
113 ©25C
g114 025D
2115 @25k
G116

2117

2118 025F
p119 @260
pi2e 0261
p121 @262
gi122 0263
2123 06264
124 p265
p125 0266
p126 0267
127 0268
P18 0269
P129 B26A
pi13p Q268
2131 @26C
g132

PAGE 19

28 5@
P49 2
2020
paecC
paz?
PB36
gebA
28 5@
P190

pa22
pa 58
0023
POFO
2oES8
0BS5S
PB63
PB23
PeF3
peDo
POE8
0oB4
28 50
0248

MADI: AUTO.

FIM

FIM
LM

JMS

DIGITAL INTEGRATION FOR MCS4e 4/79/75

3 COMP
P@sMCSVE /NOW SUBTRACT MCSVB

PisFTEMP
i2

$ ADDR

/NOW MULTIPLY TIME OF PEAK RY BASFLINFE TO FIND
/ARFA TO SUBTRACT FROM FAREA.

FIM
SRC
CLB
SBM
X CH
INC
SRC
oMC
L DM
SBM
X CH

JM S

Pis FBL+2
P1
/GET -FHEL
RS /LOW DRDER 4 BITSe
R3 /GET HIGH ORDFR 4 BITS.
P1
7
R4 / SAVE IN Rd4.
sMLLAD /FORM PRODUCT AND STORF IN
MP1

FTE



RECORD 7

2001

9002

2903

BRB4

OB Q26D
PB06 026F
PPOT 0B26F
pGo8 0270
2009 ©271
o1 o272
PB11 0273
pB12 9274
PB1I3 @275
oo14 0276
2B1S 9277
0616 0278
2817

o118 ©B279
219 0274
o020 0278
0821 ©27C
pge2 @27D
99023 B27E
gee4a @27F
PB2S 02806
0Bz6 B281
0027 @282
ppes

pae9

2039

2231

P32

PB33 6283
P34 @284
PB35 9285
036 0286
@237 9287
P38 0288
2632 0289
PB4 @28A
Po41 9288
42 ©28C
0043 628D
0044 @28E
A4S ©@28F
P46 0290
2847 0291
P48 Be92
PB49 9293
POS68 ©p29a
PBS1 0295
BBS2 0296
0053 @297
PAGE 20

peze
B0 49
2@DA
28 50
a9 2
ve22
9048
0029
0040
28DC
28 56
Bi19@

PB24
9036
po22
20 49
20DD
98 59
46D
0oOF o
28 50
2378

Pe2e
00 48
2eDaA
P850
B465
gez2
P08
pB24
00 40
PBDE
28 58
@46D
2eDC
28 5@
049D
pee2
VO2E
08 50
@33F
BoODF
@0BF

MADI: AUTO.

DIGI TAL INTEGRATION FOR MCS4. 4/9/75

/AUTOMATIC DIGITAL INTEGRATION FOR MCS4.

/DATA OUTPUT.

FIM
L DM

JM s
FIiM

FIM
L DM

JMS

DTOTés FIM

Fim
L DM

JMS
LB

JM S

/MILTIPLY FBL BY

PisFTEMP1
12

3 COMP
Pi3FAREA+2

PPsFTEMPI
{4

$ ADDR

P2sFTEMP

Pis FAREA+3
5

$ TRANS

s PRNLM

CONTINUED.

/SFT FTEMP1=-FTEMP1

/AND FIND FARFA- ARFA INDER

/BASELINF. NOTE THAT BINARY
/POINTS ARE ALIGNED> SINCE BIN.

/POINT OF FAREA IS BFTWFEN
/FAREA+2 AND FARFA+ 3

ZO0UTPUT AREA

1@ AND THEN BY 10 AGAIN.

/PICK OFF THE DECIMAL CHARS. GFNFRATED AND

/OUTPUT.
Fim
LD
JMS
FiM

FIM
L D4

JM S
L DM

JMS
FIMm
JYS

L DM
XCH

PO:FTEMP1
12

$ZERO
PisFBL+2

P23 FTEMP1
16

s TRANS
14

3 PRSPC
Pi356
3$ PRCHR

16
R1S

/SET FTEMPI=@

/FBL+2 AND FBEL+3 CONTAIN MSR

/8 BITS OF FRACTIONAL PART OF
/ BVERAGE

/BASEL INE VALUFE.

7/ SPACE O VER.

/ l'. "

/G0 THROUGH LOOP TWICF



RECORD 7
PES4 @298
PB55 9299
2056 B29A
9857 @298
o958 ©29C
PB59 029D
06668 O29E
061 ©B29F
PB62 O2A0
PR63 ©B2A1
po64 0O2A2
P65 ©B2A3
Po66 B2A4
Pe67 ©D2AS
P68 B2A6
o669 B2AT
po70
2871
Pe12
9673
P74
P75 ©02A8
2076 @249
PR77T B28A
2078 @2AB
079 ©2aC
0080 ©2AD
2981 @2AFE
po82 B2AF
- PO83 Q2BY
pO84 @2B1
pe8s @2B2
P86 ©2B3
PP87 02Ba
0988 @2BS
Po89 02B6
0090 ©2B7
2091 092B8
po92 ©92B9
2093 @2BA
P29 4 ©2BB
2095 ©2BC
pP96 ©2BD
#2097 @2BE
0098 ©2BF
0299

PAGE 21

28 590
B4AAS
020
ge 42
po21
POES
po22
0839
928B3
00FQ
PoE®
8850
@33F
BoTF
0298
poce

202o
20 40
PPDA
P8 50
0465
PPAS
201C
ger4
PoAr4
po1C
p2R4
PoCo
o2
PB36
p@22
2040
poDA
28 5@
0190
151 ]
p2B4
PB74
p2B4
20Co

MADI: AUTO. DIGITAL INTFGRATION FOR MCS4. 4/9/75

DTO Té6A»

/MULTIPLY FTEMP BY NO. IN P2, WHICH IS IN 2°S
RS=L SB 4 BITSs Ra=MSB 4 BITSe
FIND RESILT BY ADDING.

/COMPLEMENT FORMe
/STORE RESILT IN FTEMPI1,

MLL ADs

MLULADY»

JYS sMLL 1@ /MULTIPLY BY 1@

FIM PBsFTEMP1+2 /GET WHAT®S TO LEFT OF "o"
SRC P9

RDM

FIM P13 60 /CONVERT TO ASCII

XCH R3

CLB /SET THIS CHAR. TO @ SO THAT
WRM /NEXT OUTPUT IS NOT AFFECTED
JMS 3 PRCHR /0 UTPUT

1SZ R153DTOT6A
BBL © /ALL DONE.

FIM PAsFTEMP1 /STORE RFSILT HERFE.
LbM 12

JMS 3ZERO
LD RS /M AKE SURE P2#0.

JCN NZ A3 MULADI
LD R4

JON NZ A3 MLLADI
BBL © /O0xF TEMP=0s RETURN.

FIM POsFTEMP /ADD UP FTEMP NO. OF

FIM PI1sFTEMP1 /INDICATED BY P2.
LDM 12

JMS 3 ADDR
I1SZ RSsMULADI

1SZ RasMLLAD!
BEL @ /ALL DONFe.

TIMFS



RECORD 8
0e61

pea2

0063

PoB4

2005

Pvas

Peo7

P08

o009

o110

PB11 0368
012 02301
P13 ©382
PP14 @303
PB1S B304
Po16 @30S
@017 @386
2018 9307
2819 0308
2020 0309
8221 030A
022 B30B
9823 9308C
po24 ©30D
2325 @G3IRE
0026 B3BF
9027 0310
poes @311
2829 @312
pe30 G313
#8311 0314
2832 8315
2033 ©B316
B34 6317
B35 8318
0036 9319
Y37 ©831A
0838 ©31B
0839 @931C
0040 @31D
G641 @31E
oB42 @31F
BPB43 0320
P04y @321
BO4s 9322
Bo46 2323
P47 @324
P48 0325
P04 @326
0056 0327
P05t @328
2052 @329
PoS3 032A

PAGE

22

pe2e
2316
0832
PB73
9308
P72
2308
pece
o632
88 50
B33F
P871
0302
Po68
08 4@
p3p2
pooY
0009
2oeb
P2OD
08D
e6oA
oPoA
266A
020
0020
PO 4F
20 4F
002F
0820
0020
0020
0029
o229
PBS4
20 49
004D
BB 45
0629
B2
0020
P20
20 41

MADI: AUTO. DIGITAL INTEGRATION FOR MCS4e 4/9/75

/AUTOMATIC DIGITAL INTEGRATION FOR MCS4.
/MISCs ROUTINES.

* 1400

/PRINT MESSAGE ON TTY. P® POINTS TO START OF

/MESSAGEs 1 CHAR. PER LOCATION. -1 ENDS THE
/ STRIN Go

PRMSGs FIM P@3sMHDR

PRMS2, FIN P1 /GET CHAR.
I1SZ R33PMM St /TEST FOR =1
ISZ R23PRMSH

BBL @ /END OF STRING
PRMSt, FIN P1 /RESTORE CHAR.

JMS 3 PRCHR
ISZ RisPRMS?2 /GET NEXT CHAR.
INC RO
JIN 3 PRMS2
MHDRs 00 003 15315 /°NO0. TIME ARFA BebLo®

153123 123 123 4063 40

11631173 563 403 403 403 403 403 124311131155 105



RECORD 8
PPS54 ©32B
@055 ©32C
@056 832D
P9S57 ©032F
9058

@859 ©32F
PO6R 0330
0661 0331
0062 0332
9063 0333
P64 (G334
@065 0335
P66

0A67

P63

0069 0336
@070 0337
0071 9338
9072 0339
@073 ©033A
0074 ©33B
0675 B833C
9876 33D
@077 B33E
0678

2079

0080

@P81 @33F
PO82 0349
@083 @34l
PP84 0342
PO8S 0343
0086 0344
PP87 0345
0P88 B346
Pe89 0347
0090 0343
@091 8349
P092 B34A
@093 B34B
P94 B34C
PP95 034D
0096 ©34E
@097 B34F
0098 0356
#8099 @351
@100 0352
0101 0353
9102 B354
@103 8355
@104 8356
@185 8357
0106 0358
2107 08359
PAGE 23

2852
PO 4S5
0043
vv20

P020
po2o
po 42
PO2E
20 4C
PO2E
PFFF

pe22
PeoD
78 50
D33F
pe22
PODA
78 50
P33F
PaCo

o224
P10
9925
PBE2
P0D8
POB6
POF B
o8 40
9362
@OF 1
ooB2
POF &
POR2
28B3
POF 6
P2B3
ooF7
POE?
276
D34S
20D1
28 40
B362
P0D1
PRE2
o6D2
28 4@

MADI: AUTO.

DIGITAL INTEGRATION FOR MCS4. 4/9/7S5

43 403 493 403 1013 1223 1053 1015 403

493 4@3 1023 S65 1143 56

%}

/PRINT CR-LF ON TTY.

CRLF>  FIM
JMS
FIM

JM S
BEL

/PRINT CHAR

PRCHR, FIM
SRC
WRR
L DM
KCH
70 1» CLB

JUN
TO 1A, CLC
XCH
RAR
X CH
XCH
RAR
XCH
TCC
WRF

1sz
LM

JIN
TO1Bs Lo
WRR
L DM

Pi1315

$ PRCHR

Piz12

$ PRCHR
2

IN P! ON TTY.

P23 28 /PORT 1t TTY OUTPUT,
p2
/ START BIT.
io
R& /R6=BIT COINTER.
3 SBR2
R? /SHIFT 8 BITS RIGHT
R2
R3
k3
7/ CARRY T0 ACC
/ASCII BIT.
R63 101 /GET REST OF BITS
1 /FLAG FOR WHFRE TO RETURN.
s SBR2
| /STOP BIT 1
/STOP BIT.
2 /FLAG.



PAGE

RECORD 8
P108 @354
@109 ©3SB
@110 ©835C
@111 835D
@112 @35E
G113 @35F
P114 0360
8115 0361
P116 0362
@117 0363
@118 @364
0119. 8365
0120 @366
2121 8367
P122 B368
@123 0369
@124 9368
3125 OB36R
9126 ©36C
@127 836D
?128 O36E
2129 @36F
6136 8370
6131 8371
#132 9372
0133 @373
9134 8374
@135 @375
0136 8376
@137 @377
@138 9378
8139 8379
@142 B837A
81 41

B142

6143

g1 44

1 45

@146

o147

@148 @378
@149 ©37C
@150 937D
@151 @37E
6152 @37F
@153 0380
9154 0381
@155 @382
@156

@157 @383
2158 8384
@159

0160

g161

24

8362
29D3
98 40
#3662
Pp@Da
08 40
p362
peCce
2024
683C
2875
0364
0074
0364
0p24
P83C
0075
#36A
074
B36A
6e14
9348
PeF8
0014
B356
PoF8
@014
B3SB
POF8
Bo1 4
B3SE
28 40
2361

poD6
9OBE
#@BDE
PeBD
PoFe
#8oBC
POFQ
poBB

0020
0308

MADI: AUTO. DIGITAL INTEGRATION FOR MCS4. 49775

JIN 3 SBR2
T01C» LDM 3
JIN3 SBR2
TO1E» LeM 4
JUIN3 SBR2
T01Ds BBL @
SBR2» FIM P2374 /9.09 MS DELAY
L2 ISZ RSsL2
ISZ Rasl?

SBR1» FIM P23s74
L1 ISZ RS5sL 1
ISZ RasL

JCN ZA3sTO1A /AC 1S FLAGe USF IT TO RETURN.
DAC

JCN ZAsTO 1B
DAC

JCN ZAasTO1C
DAC

JCN ZA3STOIF

JUN 3T01D
/PRINT NO. IN FTEMP T0 FTEMP+2. OUTPUT 4 CHARS.:
/EITHER LEADING SPACES OR DIGITS. NOTE THAT THE INPULT

/MUST OCCUPY 12 BITS AND BE <4220 AND THAT
/THE INPUT NO. IS DESTROYFD.

PRNWM, LDM 6 /G0 THROUGH BCD LOGOP 1@ TIMES
XCH R14
LDM 16 /AFTER 1ST 2 CARRIES ARE IN,
XCH R13 ZO0UTPUT LEADING CHAR.
CLB
XCH Ri2 /CARRIFS STORED HERE.
CLB /USE Rit AS FLAG: @=NO DIGITS
XCH R11i /OUTPUT YETe #0 MEANS A DIGIT

/HAS BEEN OUTPUT.

FIM P@s TBLE /SET UP ACCEFSS TO TABLF OF
/CONSTANTS FOR BCD CONVERSION. GET THE 3 HEX CONSTANTS
/ REPRESENTING ONE OF THE VALUES 200G, 1000800500
/1@ SUBTRACT FROM THE NO. POINTED TO IN P1 AND



RECORD 8
g162

9163 0385
164 @386
#165 0387
166 0388
2167 ©389
#1688 @38A
169 ©38B
0176 038C
171 938D
172 ©O38E
P173 @B38F
2174 @390
8175 8391
0176 8392
P177 ©393
178 @394
@179 @395
P180 B396
2181 8397
Pig2 9398
2183 0399
PiB84 @394
7185 B398
6186 ©39C
6187 639D
#i88 @39E
7189 ©O39F
P199@ ©23A0
19! ©3Aa1
@192 B3A2
2193 B3A3
194 QA3A4
B195 B3AS
B196 @346
197 @3A7
2198 0348
2199 6349
2260 ©G3AA
9201 O3AB
p202 @3AC
6203 ©93AD
0204 @3AE
0205 @3AF
0206 ©@3BO
22087 @3B1
0208 ©3B2
0209 ©3B3
219 ©3B4a
#2211 P3BS
p212 B®3B6
9213 ©3B7
PAGE 25

O2F @
0926
Po6o
gp22
2036
P34
08923
OOES
8295
PBF 3

0027
POED
9063
20867
0023
0OE9
P9 4
P0F 3
@827
POE®
o871
239C
0060
PB34
#9263
2967
po23
PoE9
P95
o227
PRED
paAcC
POFS5S
P@BC
PBAC
POF 6
PD1A
83B2

pB22
PR60
P24
BB36
20DD
28 50
@46D
207D
23C9
BBAC
po1C
P3BF
g0AB

MADI ¢

AUTO .

DIGITAL INTEGRATION FOR MCS4. &9/75

/SAVE THE RESULT IN FMLIL 1.

PRNM 15

PRNM 2,

PRNM 3»

LB
FIM

FiM
FIN
SRC
RDM
SUB
MC

SRC
WRM
INC
INC
SRC
RDM
SUB
MC
SRC
WRM

I3z
INC
FIN
INC
INC
SRC
RDM
SUB
SRC
WRM

P3s FMLL 1

P13 FTEMP
pe
P1

RS

NG
P3

R3
R7
Pi

Ra

P3

Ris PRNM2
R®
P2
R3
R7
P1

RS
P3

LD Ri2

RAL
XCH

Ri2

LD RI2

RAR

JCON

FIM

FIM
L DM

JUS

| 574

ZC3s PRNM 3
T

PisFMUL 1

P2sFTEMP
15

3 TRANS

R1 33 PRNM 5A

LD R12

JCN NZ A3 PRNM 4
LD Rit

/SAVE RESILT HERE.

/LOW ORDER 4 RITS IN RS
/JMIDDLE 4 IN R4

/SET CARRY FOR CORRECT BORFROWI
/ SAVE RESILT

/ACCESS NEXT CHAR.

/STORE IN NEXT PLACF.
/GET NEXT 4 BITS OF NOe

/GET HIGH 4 BITS FROM TBLF.
/R5=HIGH 4 BITS

/GET NEXT NO.
/STORE IN NEXT PLACF.

/GET CARRIES STORED SO FAR.

/PUT CARRY BACK IN TO TEST IT.

/1F CARRY=0s THEN THIS CONSTAN

/715 TOO LARGF.

/CONSTAN T<INPUT.
/REPLACE INPUT WITH INPUT-

/ CONSTAN T.

ZOUTPUT NOT READY.
/0UTPUT NO. IN Rt2

/DON*'T OUTPUT LEADING ZEROFS.



RECORD 8
P214 03B8
8215 @3B9
#216 ©3BA
9217 ©3BB
@218 ©3BC
@219 @3BD
9226 @3BE
@221 @3BF
#9222 ©3CO
@223 03Ci
@224 03C2
8225 ©03C3
@226 ©83C4
@227 ©3C5
8228 93Cé
9229 @3C7
#9230 83C8
@231 83C9
@232 93CA
#233 B3CB
@234 ©93CC
. 8235 93CD
8236
9237
9238
0239
@240 ©3CE
@241 @3CF
pe42 @3DD
0243 @3D1
@244 @3D2
8245 ©3D3
@246 @3D4
@247 G3DS
@248 @3D6
8249 G3D7
9250
8251 @3D8
2252 @3D9
8253 @3DA
8254 @3DB
8255 @3DC
9256 ©3DD
#6257 @3DE
@258 @3DF
0259 B3E0
9260 ©3E1
@261 O3E2
@262 @3E3
8263 @3E4
@264 @3ES
@266 OG3ET
8267 O3ES
PAGE 26

ge1C
@3BE
pp22
ge2o
98 40
83C3
PoOFe
goee
Pe30
g9B3
0068
28 5@
B33F
O0F9
@eBC
#0DC
29BD
6071
83CC
vo60
PeTE
#385

vo24
86836
pazs
P0E9
peee
2838
poB3
P8 50
@33F
PoCce

oeDo
P87
29ES
2083
0020
o633
Po90
0801
20C8
0000
BB64
0608
PBSO
P00

0006
Po14

JON NZAs PRNM3A
FiIM Pis a0

JWN  3PRNMS
PENM3A, (LB

PRNMa2, FIM Pisé@
XCH R3
INC R11

PRNMS, JMS 3 PRCHR
LB
XCH Ri12
LDM 14
XCH Ri3

PRNM S5A, ISZ Ri13PRNM6
INC RG

PRNM 6, ISZ R1 43 PRNM 1

MADI: AUTO. DIGITAL INTEGRATION FOR MCS4e &9/7S

/LEADING 8. OQUTPUT SPACE

/INSTEAD.

/SET FLAG.

/SET R12 TO 0 AGAIN.
/RESFT COWNTER TO 4 BITS.

/UPDATE POINTER TO CONSTANTS

/GET ALL 16.

/LAST DIGIT TO OUTPUT IS WHAT REMAINS IN LSB

/74 BITS IN FTEMP.

FIM P2sFTEMP
SRC P2
RDM

FIM Pis 60
XCH R3

JMS 2 PRCHR
BBR. @

TBLE, 320
7
358
3
40
3
220
1

31030
1482 @
1202 0

5030

/CONVERT TO ASCIlI

/2000. LSB 8 BITS FIRSTs
/MSB 4 BITS. =7D@H

/7 1000= 3E8H

/8 @06=320H

7 408= 19 0H

/7 200=C8H
/7 100= 644
/8 0= 56H

0265 O3E6 2628
7 40= 28H

THEN



MADI
RECORD 8

p268 ©3E9 0000
0269 Q3EA 0802A
02790 O3EB 0000
271

PAGE 27

AUTO.

2430

1230

DIGI TAL INTEGRATION FOR MCS4.

/7 28=144

/10



RECORD 9
2801

eeg2

8083

PeG4

BBBS

PBBé

P07

Po#8

pee9

610

o811

po12

o813

8314

PB1S

Po16

2017

P18

peio

0029 0GP0
7821 B461
2022 @492
023 0463
P24 Q4G4
0625 @405
2026 G406
Pe27 G487
P28 G428
029 D499
2030 ©4aBA
PB31 0408
ve32 ©946C
0933 @48D
D034 Q40FE
0835 Q4apF
2836 0419
6637 B4il
2038 Q412
0B3% Ba13
o480 Q414
0041 9415
BB42 G416
2043 Q417
PP44 Bais
R4S Q419
Pes6 0Qala
PB4aT1 ©Q4iB
Po48 ©G4iC
Be49 @41D
8052 QalE
0SSt @4iF
PAGE 28

p@22
pB1@
pe24
BB36
28DA
28 5@
@46D
pe22
2836
2ebA
28 56
a9 2
po2o
oe3@
gpe2
pB36
2@bA
28 59
@190
2920
P36
@22
PB36
peDA
28 560
2196
020
peze
ppe2
BR236
gaba
#8506

MADI: A

/AUTOMATIC DIGITAL

/M1 SCe

* 2000

UTO. DIGITAL INTEGRATION FOR MCS4e 479775

ROUTINES.

INTEGRATION FOR MCS4e.

/EVALUATE 1ST DERIVATIVE OF THIS SIGNAL AT FCBCH.
/F'CFCBCHY BY THE SAVITZKY-GOLAY LEAST S@UARFS
/ALGORITHM FOR 5 POINTS AND RETURN AS FOLLOWS:

/7

/BBL 17

/BBL 16
/BBL 15
/’

/BBL 14

7

@<F°(FCBCH)<FMPS=MINIMIM SLOPF FOR START OF PF

aK

s F>=FMPS

s ~FMPS<F‘<@: SIGNAL PROBABLY NEAR
BASELINF OR PFAK.

¢ F'<¢=-FMPSs
AL

SIGNAL PROBABELY DFSCENDING AFTER PF

/CONVOLUTE THE SEQUENCE FFBCH2sFFBCH 1, FCRCHs FPRCH 1,

/FPBCH2s

DECI D»

WITH THE SEQUFNCE 25 1s@s= 1526

FIM PisFPBCH2 /TRANSFER FPBCH2 TO FTFMP

FIM P23 FTEMP

LDM 12

JMS 3 TRANS

FIM PisFTEMP /NEGATE FTEMP

LM 12

JMS 3 COMP

FIM PO:FFBCH?Z /FIND FFBCHZ2-FPBCH2

FIM PisFTEMP

Lbv 12

J4S 3 ADDR

FIM POSFTEMP /DOUBLF RESILT

FIM P13 FTEMP

LDM 12

J¥8 32 ADDR

FIM P@3SFFBCH1 /ADD IN FFBCH1

FIM PI1sFTEMP

LM i2



¢

MADI: AUTO. DIGITAL INTEGRATION FOR MCS4s &/9/75
RECORD 9
PRS2 @420 BI190 JMS 3 ADDR
PB53 B421 0822
P854 @422 0016 FIM P13FPBCH1
PPSS @423 0824
0056 424 OO4P FIM P23 FTEMPIH /AND SUBTRACT FPBCH1.
2057 @425 GODA LM 12
PBS8 G426 9850
BpPS9 B427 46D JMS 3 TRANS
Po68 8428 BB22
0061 G429 D4R FIM P1sFTEMP1
Besz G428 BBDA LDv 12
063 ©042B 9850
@664 @42C p492 JMS 3 COMP
Bae6> G420 0220
PO66 @42FE OO40 FiM POsFTEMPI
PP67T Ba2F g@22
BPP68 D438 BPO36 FIM PI13FTEMP
PBes @431 OBDA LDM 12
PA70 ©B432 O85SH
PB71 @433 0190 JMS 3 ADDR /SLOPF NOW IN FTEMP.
PO72 0434 0022
P73 Ba35 BB3B FIM PIsFTEMP+S /SEE IF SLOPE=@
0874 G436 2023 SRC P1
PB7S @437 BOE9 RDM
PB76 @438 BOFS RAL
87T 8439 0812
OpT8 Ba3A Ba4ai JCN NZCs DCD2 /<@
979 D43B @85S0
P8O 43C @44C JH4S 3 TEST />@. SFF IF LARGE OR SMALL.
2681 043D 0914
0882 G43F Pa49 JCN Z A3 DCD1
Pe83 @43F BOCF BBL 17 /SMeLL POS. SLOPE.
PeB4 G448 OOCE DCDI1s BBEL 16 /LLARGE POS. SLOPE
2985 @441 @022
PO86 B442 @036 DCD2s FIM PisFTEMP
PE87T 443 BBDA LM 12
PO88 G444 856
B89 B445 pB492 JMS 2 COMP /NEGATE SLOPEs THEN
PA9B @446 0850 '
Pe91 0447 G4a4C JMS 3 TEST /TEST FOR LARGE OR
o922 448 0PIC
PP93 0449 Ba4aB JCON NZ A3 DCD3 7 SMALL VALUE
B9 4 v44n @BCC BBL 14 /LARGE NEG. SLOPE
9095 ©Ga4B @BCD DCD3» BEL 15 /SMALL NEGe SLOPF.
089 6
0097
P098 /ROUTINE T0 TEST IF SLOPE IN FTEMP>SOME MINIMIM.
0899 /RETURN AS FOLLOWS:
f1é0 / BBL 17 /SMALL SLOPF
P11t / BBEL © /LARGE SLOPE
0182
1903 @44C 0822
1G4 Q44D 8037 TEST, FIM PisFTEMP+1 /THESE INSTRUCTIONS MAY HAVE T

o
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RECORD 9
8185

9186

2107

P18

P189 Qa4E
P1i@ @aaF
P11l @456
P112 HasSi
P113 @asSe
Bl14 @a4aS3
P11S B4aS4
Pii6 @4a5s
B117 @456
#9118 ©as57
P119 Qassg
0120 9459
Pi121 pasa
@i22 @45B
P123 @4sC
@124 @aSD
@125 @4SE
P126 G4SF
B127 @468
Bieg @asl
B123 @462
P13 ©Das3
131 G464
#1332

#8133

P134

9135

P136

G137 @465
2138 Q466
#9139 G467
B140 D468
0141 Ba69
B14a2 @464
0143 B4éB
Pl4a4 946C
2145

9146

D147

p148

2149

P150

8151 @G46D
B152 @46E
P153 Q46F
8154 B470
P1SS B8471
0156 Pa72
8157 B473

PAGE 38

2823
PBF 1
eebs
POES
B6R1A
D464
PB63
#0923
PBE9S
P21C
Baé 4
P63
pe23
BOES
8Bi1C
D464
2063
2023
POES
001C
Paga
POCF
28Co

goB2
BOF O
o021
PPED
P61
poT2
D467
20Ce

POB6
29023
BRE9
geas
O0ED
PB63
PB65

MADI: AUTOs DIGITAL INTEGRATION FOR MCS4. 4/9/717Ss

TEST1»

/BE CHANGED WITH EXPERIENCE. ASSIME FOR NOW
/THAT A SLOPE>.0000 1600¢(2) INDICATES ONSET OF

7 PEAK

SRC
ac
LD™
SBM

JCON
INC
SRC
RDM

JON
INC
SRC
RDM

JON
INC
SRC
RDM

JCN
BBL
BEL

A

P1

10

ZCs TEST1H
R3
P1

NZ A3 TESTH
R3
Pi

NZ A3 TEST1
R3
Pi

NZ A3 TESTI
17
]

THE BINARY FOINT OF FTEMP IS LOCATED
/BETWEEN CHARS.

2 AND 3.

/LOOK AT MIDDLE 4 BITS OF
/0F FRACTIONAL PART.
/=.0000 1000

/BORROW GENERATED.
/NO BORROW. CHECK HIGHER ORDER
/BITS T0O SFE IF THEY ARF NON-@

/LARGF SLOPE
/GET FTEMP+3

/GET HIGH 4 BITS OF SLOPF.

/SMALL POS. SLOPF.
/LARGE POSe. SLOPE.

/SET N CHARS. T0 @. AC=-N ON ENTRY. ADDRESS OF

/LEAST SIG.

ZERD»

/ TRANSFER N CHARS.

XCH
CLB
SRC
WRM
INC

182
BBL

CHAR. IN P® ON ENTRY.

R2

P2

R1

R23ZERC+ 2
0

/KEEP COINT HERE.

/SET CHAR TO @.
/SET UP NEXT ONE.

/ALL DONE.

FROM ADDRESS POINTED T0 BY

/P1 TO ADDRESS POINTED TO BY P2. -N IN AC
/0N ENTRY.

TRAN S»

X CH
SRC
RDM
SRC
WM
INC
INC

Ré&
P1

i

R3
RS

/ SAVE COWNT HFRF.
/GET CHAR.

7 STORF HFRF.
/760 TO NEXT CHAR.



RECORD 9

0158 0474
8159 0475
D160 @476
P16l

p162

p163

pi64a @477
165 0478
B166 B479
P167 @47A
P168 ©47B
P169 ©047C
179 847D
P17 @a7E
Bi172

PAGE 31

Pe76
D46E
08cCo

0020
2020
pp22
o0 46
PaDA
2856
2190
oaCe

MADI

/6DD IN

ADAR>

AUTO .

ISZ Ré6s TRANS+1
BEL ©

FCBCH TO FAREA.

FIM PB@s FCBCH

FIM P13 FAREA
LM 12

JY4S 3 ADDR
BEL @

DIGITAL INTEGRATION FOR MCS4.



RECORD 10
08831

o082

2063

PBo 4

0005

P0B6

2007

#9008

0209 BaTF
P16 0480
P211 @481
PP12 P42
@013 B483
0014 (B4
9915 ©485
0016 @486
217 ©487
9018 @488
P19 9489
0028 B4a8A
PB21 @48B
2622 048C
2023 048D
2024 ©48F
8025 B48F
8626 2490
P27 B491
0228

2829

8030

P031

9932

8833 B4a92
@834 8493
2035 @494
9836 B49S
PB337 B496
0038 0497
P039 6498
0646 @499
P04l B49H
Po42 @49B
6243 @49C
PR a4

PB 4S5

PR 46

oa 47

P48 049D
0049 Q49E
05¢ OQ49F
#9051 ©G4AD
852 BaAl
PBS3 ©B4aA2
PAGE 32

BOF 1
PoDD
peB6
po2!
6oE9
209 5
923
BRED
2861
P63
ge21
BEE9
BEF3
209 4
2823
OOED
BO76
G487
66CO

poB4
PoF A
2823
o0DE
BOF 3
PBES
POED
PpB63
BO74
049 4
20Co

2080
pB22
020
28 50
#33F
Po70

MADI: AUTO. DIGITAL INTEGRATION FOR MCS4. 4/9/175

/AUTOMATIC DIGITAL INTEGRATION FOR MCS4.
/MISCs FROUTINES.
/STORE MCLOCK-N IN CHARS. POINTFD TO BY Pi.

/ ADDRESS OF MCLOCK IN P@ ON ENTRYs R&=@, RS=N ON
/ENTRY.

MCSTRs CLC / SUBTRACT NO. IN RS FROM LOW
LDM 1S /74 BITS OF MCLOCK. PUT -3
XCH Ré /IN Réo.
SRC P®©
RDM
SUB RS /7 SUBTRACT N.
SRC P1
WRY /WRITE LOW 4 BITS.
MCSTi, INC Ri
INC R3
SRC P® /GET NEXT 4 BITS.
RDM
oMC
SUB R4 /R4&=@, SO JUST BORROW IS TAKEN
SRC Pi ZINTO ACOOINT.
WRM
ISZ R63MCST! /GET ALL CHARS.
BBL ©

/COMPLEMENT NO. P1 CONTAINS ADDRESS OF NO.
/T0 NEGATE. AC=-NO. OF CHARS.
COMPs XCH R4 /STORE COUNT HERE,
STC
COMP1ls SRC Pi1 /GET 4 BITS,
LDM 9
tMcC
SBv
WRv /STORE BACK
INC RS /G0 TO0 NEXT CHAR.

I1SZ Ras COMP1}

BBL ©
/PRINT N SPACES. ENTER WITH -N IN AC.
PRSPC» XCH R® 7/ SAVF COINT HERE,
FIM Pis 40

JMS 3 PRCHR



RECORD 10

pBS4 0D4A3
0055 B4ah4
2056

2as7?

2058

P9 59

060

2861 B4AS
PR62 QB4A6
BR63 V4AT7
P64 B4A8
PR6S @4A9
BO66 BAAN
PP67 @Ga4AB
PO68 B4AC
PB69 BD4AD
Q0879 Q4AE
P71 @4aAF
P72 @4BO
PB73 04B1
PBT4 G4B2
8675 @4B3
PB76 D4B4
PB77 B4BS
PB78 ©4B6
P75 @4B7
PEEe @4BS
P81 D4aB9
P82 ©B4BA
9983 ©04BB
PP84 @4BC

PAGE 33

BA9E
20Co

pe2e
P36
2oDA
98 50
0465
P0Dhé6
P8BS
2020
R
pB22
P@36
PoDA
08 58
0198
Bo7TS
P4anC
pp22
#2836
BB24
0G40
2ebaA
28 50
P4aé6D
PeCco

MADI: AUTO. DIGITAL INTEGRATION FOR MCS4. 4/9/75S

ISZ R@3s PRSPC+1 Qw;

BBEL @

/MU TIPLY FTEMP1 BY 10 AND STORF IN FTFMPl.
/FTEMP 1S USED AL SO.

MLL 1G> FIM PO3FTEMP / SET FTEMP=@.
LDv 12
JME 3ZERO
LDM 6 /=10
XCH RS
MLL Ps FIM P@AsFTEMPI

FiM Pis FTEMP
LM 12

JY4S 3 ADDR
ISZ RSsMLLP

FIM P13 FTEMP /PUT PRODUCT IN FTEMPIle.

FIM P23FTEMP1 &W,>

LDYM 12

JMS 3 TRANS
BEL @



RECORD 11
Pe61 ADAR
2882 ADDR
2883 ADDR1
PP04 AD1
e85 Aab2
pegée AD3
P8@7 BCHI
gopP8 BCH1A
0809 BCH1IB
2819 BCHS3
011 BELL
po12 BFPFLG
P213 BLAFLG
214 BUNCH
p81S CD
ga16 CD1
6617 CD1g
p218 CD11
pe19 Chie2
P26 CDhi2A
ge21 CDi3
pg22 Cbhi4
623 CDhi14A
pe24a CDh2
go2S CD3
pB2é6 CDh4
ge27 CbDS
#0288 CD5A
o029 CDhé
9832 CDéB
P31 ChéC
P32 CD7
2033 CD74
PB34 CD8
835 CD8A
8936 CD8B
837 CDh9
P38 CDh9aA
2839 CLEAR
Pe4a@ CLFLG
pB41 COMP
gR42 COMPI
@43 CRLF
pR4a4 DCD1
pB4S DCD2
P46 DCD3
PpB47 DECID
PG48 DTOT
P04 DTOTS
5@ DTOTE
pBSt DTIOTEA
2952 FAREA
2053 FBL

PAGE

34

MADI¢

D477
P190
192
0060
2050
Do 40
PiC4
o1C7
B1CF
BIEE
2007
pBos6
2607
219C
2213
0018
8115
g129
B15F
@9BE
oi6A
176
20C4
poze
pooF
20 4B
8057
20 SB
peeT
PO6F
2079
2989
2087
g9 A
100
pece
210B
20CP
pace
0830
gag2
P49 4
0336
D440
Gasl
B 44B
Qa2
B2oo
B2 47
2279
9298
P46
PBS6

AUTO .

DIGITAL INTEGRATION FOR M(CS4.

&/9/7 7S



RECORD 11
2854 FCBCH
9855 FFBCH]
ppsSé FFBCH?2
PB57 FMLL1
#2588 FPBCHI1
@S9 FPBCH2
P60 FSPIY
pa6l FSPI2
pRé2 FTEMP
P63 FTEMPI
064 L1
P965 L2
P066 MOLOCK
P67 MCSTR
PP6e8 MCSTI
#0969 MCSVB
20782 MCSVE
871 MCSW
PB72 MHDR
2073 MLLP
074 MU.AD
BB75S MULADI
2076 MUL1O
BB877 NPB
PA78 NZA
P79 NZC
2088 PKNO
go81 PKSZ
peg2 PKSZH
6283 PRCHR
PA84 PRMSG
2P8S PRMSI
PP86 PRMS2
PP87 PRNM 1
P988 PRNM2
PO89 PRNM3
0998 PRNM 3A
9091 PRNM 4
@92 PRNMS
@93 PRNMSA
PB4 PRNM6E
P95 PRNIM
pe96 PRSPC
8027 PO
2e98 P1
pe9es P2
p1eg P3
2121 P4
gi192 PS
183 P6
2194 P7
105 RDSTR
2166 RO
2167 Rt
PAGE 35

MADI:

0020
po26
2030
ooen
0916
8210
PORE
026
2236
00 40
P3648
0364
2661
4TF
6487
0098
peeC
260C
#2310
B4AC
o208
@2B4
Q445
2010
o0eC
72ee2
pooe
P81
P18F
O33F
2300
p3es
6302
#2385
8639C
p3B2
#3BE
@3BF
03C3
#3C9
93CC
P37B
249D
oo
ope2
DoD 4
pRY6
eees
2264
200C
POGE
BIF5
4 53010)
Poe1

DIGI TAL INTEGRATION FOR MCS4.
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RECORD 11
188 R10
2169 R11
P11® Ri2
2111 Ri3
2112 Rl4
P1i3 R1S
Pii4 R2
P11S R3
2116 R4
117 RS
2118 R6
#119 R7
120 R8
121 R9
pi22 SBRI
0123 SBR2
pi24 SDLFLE
0125 START
pi26 TBLE
@127 TEST
128 TESTI
Pi29 TO1i
9136 TO1A
131 TO1B
@132 TOiC
#2133 T01D
#134 TOIE
P135 TRANS
@136 TSNZ
137 TSZ
2138 Z£A
139 ZC
P14ap ZERO

PAGE 36

MADI:

oooA
poeB
P06C
p2oD
P60E
poer
o2
0033
OB 4
2095
0ea6
po07
P08
009
2368
P362
Vil sLils)
2000
p3D8
@ 44C
Pa64
P345
B348
#3356
935B
8361
P3SE
@46D
2029
8261
peGa
GBaA
Ga6s

AUTO .

DIGITAL INTEGRATION FOR MCS4

4/97 75



SAMPLE QUTPUT FR@M '"MADI"

U W=

N WN -

TIME
22.2
31.7
407
44.6
52.9

TIME
228
31.8
408
4446
4943

AREA
65
49
12

289
AREA
66
55

15
342

B.L«.BMS
«OOME
« 01 BME
+ 01 BME
«02BME
»01

B.L.BMS
-00OME
.01BME
. 02BME
«01BME
.01






FUNCTION:

The mult1ply/d1v1de(gggrﬁjgggg)calculates the pro—

duct/quotient by repeated shifted additions or subtractlons
and by incrementing/decrementing the multiplier/quotient.

(See flowcharts.)

To achieve maximum speed and efficiency, the follow-

ing features have been incorporated.

1.) If the active digit K in the multiplier is 6,
the multiplicand is added (10-k) times to the product

(rather than subtracted k times).

'2.) The incrementing/decrementing is continued for

only as long as the status of theée carry dictates.

3.) The decision for continuing the sign-extended
~addition/subtraction process is also dependent on the

carry (see flowchart).

4.) Both negative (10's complement) and positive

numbers are acceptable.

!




~

/
\

e

DEFINITION/
SRX SRZ,SRS:

: %7

o

, | ¢
Registers within CPU ’/f/

Register pair 0

Registers 0 and 1 contained in PO

PO:
RO,R1:
V R I?Qéﬁ‘k»\ of met ) ii;ggcz
RPA,RPB.iM Tian Y ZPA?}
\ Type o 3 ol
2oy o i plier

RPAE, RPA@, RPBE , RPB@ :

CPU register pairs used to point
to a RAM :
Even and odd registers contained
in RPA and RPB j

RSA, RSAE,RSA@, RSB, RSBE ,RSB@ :
RTP :

RTPE ,RTP@:

RAM RPA, RAM RPB, etc.:

NOTE :

Same as above, but used as pointers
to scratch RAM registers

CPU register pair set to an address
for JIN return

Registers contained in RTP, RTPE
contains most significant byte of
address RTB@ least sign

RAM register whose address is in
CPU register pairs RPA,RPB, etc.

Descriptions and comments sometimes refer to a RAM

register as RAM NO or RAM N8 or simply NO . or N8, i.e.,
RAM register Hex N (N=0 to F) beginning at character

0 or 8.
RPB or RPB=8§.

Similarly RAM RPA, RAM RPB or RPA, RPA+8,




MULTIPLICATION

TEST MULTIPLIER ZERO
DIGIT
(RIGHT SIDE)
., SUBTRACT 1 "+ ADD 1
 FROM TO
MULTIPLIER MULTIPLIER
o ADD v"  SUBTRACT
MULTIPLICAND MULTIPLICAND
TO FROM
PRODUCT PRODUCT
SHIFT LEFT
DONE ‘ N
NO , 5 TO ROUND PRODUCT & MOVE
? >
< ¥ >
¢ 743
[ J
Toxl x2 T ox Dr=y-x
‘ x1 Decimal places to right of digit x1

X2 Decimal places to right of digit x2
IN product y=x1+x2 digits are present

Only x (offset) digits are desired. Thus round at y-x.




DIVISION

ALIGN
DIVISOR
SET COUNT
=5
3
N
SIGNS
SAME DIFFERENT
SUBTRACT ADD
DIVISOR DIVISOR
FROM TO
DIVIDEND DIVIDEND
ADD 1 SUBTRACT 1
TO QUOTTIENT FROM QUOTIENT
~ <
P T~
INCREMENT
COUNT
(1sz) =0 SET
AC=15
cy=1
(O'FLO) NO -
P
YES
SIGNS
SAME DIFFERENT
ADD DIVISOR A , SUBTRACT DIVISOR
TO DIVIDEND SHIFT DIVISOR FROM DIVIDEND
SUBTRACT 1 FROM| | SIGN EXTENDED ADD 1 TO QUOTIENT
QUOTIENT
SHIFT RPB
(DECREMENT
NOT DONE POINTER) DONE




DIVISION (CONTINUED)

ROUND ?
NO YES

PLACE QUOTIENT COMPARE  *
INTO REMAINDER TO
DIVIDEND R-D
\
PLACE REMAINDER ROUND
INTO ____Y¥ES EEDED ?
DIVISOR

GO TO INCR/SUB
OR DECR/ADD

N
* Take R-D+R=2R-D 0
compare signs of R-D
R_D, 2R-D,R r

Round if sign (2R-D)=Sign (R)#Sign (R) L
D)#sign (R) i—<——-—————- D -——————-——‘—-i

No round if sign (2R-D)=8ign(R-




DECISION FOR SIGN EXTENDED ADD/SUBTRACT

(MAD)
Continue
Addition
Digit
; 9
0
k
MAD: A=A+10" RPA_ Cy
RPB=RPB-10 Cy 0 I
: 0
1
P
~
§
érk
=
A
i {MSUB)
Continue
Subtractio
m;? Digif,
% 9
0
Cy
Cy 1 0
1
k _ 0
MSUB: A=A-10" RPA,
RPB=RPB=10" | _
S




ff,ifg/’

* ; RSN
eges o URG(E o amandiy e
Puv2 A @;@u‘z’ rea pare & %o Tighi e
@Yws . RPAO . EQU 3 res . S
guLp RPAE  LGU e 2 . -
pYv4 [(RPB).___EOU req pare de  e— molTiplice floed A7 Jowdion soded heve
pyis RPBO EQU rcfﬁ =
Pgu6 "‘“'““RSA'V L EQU c’*g 4 ngf o ,
oBgP7. . RSAQ CEQU 7 veq P
BUY6 RSAE, BOU 6 res b
DgoE RSB\ EQU ree pae 8
BuLY RSBO | £QU req 9
_PgYs . RSBE _EQU B | &a & e e et e i i
DU A RTP EQU 1B req ;f‘ e o v :
Py . RIPQ_RQU X% vee ML
DyhA RTIPE EQU 18 vz4 ‘
Byvu PR EQU @ req yare ©
guvi . 5:,\ R EQU & req @
o BwLy NR1/ ] EQU 1 fea ) e e
ZubC SKX EOU 12 % -
S 11 - I VO SRY EGL 13 S ¥eaflons wndbes TR0
BYYE SKZ  EWU 14 E f
PUBF SKS EQU 15 -
; ; MULTIPLICATION “(A«B T0 A) :
Jﬁfx-;:gm{,_--__;_ ____________ i PARMS - RPA = MULTIPLICAND, REPLACED BY PEDDMCI H
Ju Mos T7s ;
vt g%if?f ________________ T AE_CONTAINS ROUND CFF PLACE .
" TEpam ; CY = 1 ON OVERFLOW |
; _HPAQ = RPAQ * 8, RPA0Q = RPBO + 8 AT EXIT
BeV3 - 2687 P MULT: FIM RSATBE “im 6090 ; /
__BgVo 27 ____SRC.RSA . %zt

0gvs [ £7 WRs ;"Skvz FOR ROUNDING

0 A0 0@ N O B AT S D

egvs 27 / MULAT  SRC RSA
Aoy ED S o WRM
BEYA 7708 ~ ]SZ HSAD.MuMwMj
Bieg 2618 77 FIM RSAGLIBA>N - ocorfideo.
: MULD‘ _SRC RPB e
- _ROM__ wfkgﬁixéwmi&gEjM ULTIPLIER B_ ﬁjé“"”?%T‘Q@

: '}
,__“3(@9 f(;}_ fif?(g

SRC RSA - AR
WRM
NG RPso

Bgl2 65
_Bwls  778FE .
615 A5
_Qule B4
Cul7 A4
fuls _ E5

, PE19 2413 C i
.reig 25 .WSHC RPB ot NEXT MU LTIPLIER DIG;}‘_
@ PlC ES KOM 4 b 5{‘} Lt l} D o0 e

%L “a{}'i{s{@jk

' : | i SAVE RPBO+8
AL - JSque pocalion
\ LD RRBE /o mulTiphice m #14T0s cdar 2,1 ot secalih req

i




CAwlao 1430 E MULD .

<
i
-‘9"?«~>1
RN
S
AY
Ao

v

Tl

4504 MACRO ASSEMRLER, VeR 2.2 TEST PROGRAM ERRGRS = @ PAGE 2

2l D3 R 55 1 J 5 S
Pl 49 XCh SHY
o @e2i D5 LM
Bu2e  F1 cLe :
Pu2s  E3 SAM ; TEST SIZE 5+16-D OR 16+(5-DIGIT)
24 F3 CMC
Queo ILAZE o .. &NC MLOD
Bv27  F4 LMa :
2¥2s - 8 . ADD SRY
2629 - 5D XCH SRY
PDw2A 2441 ) FIm RTP;@4H JRETURN -SIGNAL
L2l 435e R MVSRTAT JUN MS = = ;
Pt 3D 7 MLOOS  ADL
pase gl MRERE AL SR
Bygse  2A02 FIn RTIP;20 - iQETURN SIGNAL
@uéd 4&6% if MAHfif JUN"MAD 3 e Mvu‘:$1 W”"m.”vm”
Cgwss  702r Kk Mor1: TTISZ SRY, MSRTY | 2N
Fust 4511 ) Jouun muLch A 7 3
~ 898 7082 A/ MART:ITUSZ SRY,MART1 &
Busa 4212 - JUN ] A
BesL 7517 o7 MULUI TTTISETRPBO,
PRI Fo Cl.b e
Qu Sk 36 RS,
74 27
R4l O EF S e
Puwaz F8 S UAC e
Mads  1A51 S L UNCRULEY
Pé4o> 87 4 XCn RSAD
Q46  F1 o L o 7 CLL ' .
2id7- Da’ / ’ ; LDM'E H ROUND OFF _i}
Buds 27 . AMULE® SRC kSA .
BGdy g2 /0 7 ADM
Bedh  F3 S UAA
ZuAab ga s/ L L2
Ded4C  1An1 [ o ) UNCWULFSTTN Y

o4 Lv . Lom g L\
CudF 7788 ol 1S KSAQLMULE)
Bevl  EF OMULF ! RDE e Seis f
Cwde 87 ... XCn RWSAOD

g 03 LDM
Quo4 BT Pk
ey 27 T MULGS
wve.  £92 . B ARCALI
2¢97 23 SRC KPA

-e

fd”CUMPUTE“CCUNTmnuﬂﬂ'”vwwwmm” S

e

DIcIT LT 5
CIGIT - 6 = 15
DIGIT + 15 - 9

(16+15-D))
12 -6 + D

- e we

3 GET ROUND OFF PLACE

NO ROUNDING

‘-

H SEL;LOUMF

(i; MOVE PROUUCT T0 izi;>




D @Rw/"wwwu..,

€7 INC wSAO e ! ;
63 .  INC. RPAD e B2

7C55 ) [S¢ SRX,MULG - e,
’ 0617 TTTUTHIV RSA,icH Fim i, sho o ﬁ%ij Lhw O
Ge>F 27 YRL KSA POEXIT WITH RPAO+5. HPbO+8
Puby.  EC ... - KD

4024 MAGKG ASSEMOLEK, VoK 2,2 TEST PROGRAM ERROKS = B PAGE 3

publ 35 ! XCh. WPBO N 5
gebz  E£D ‘ RSl ;
pu6s 4 ~.__KCh kPpE  Yer 4
€ *“i;;f;; AR S

CWRTY L0 RP - COFY RPD TU RSA %ORm,“kH
56 Ch ; GECREMENT LOCP
AD L) wPgN
57 XCh KSAOD e
FL.o LlL o ' \
£9 o DLLar 105 ! ‘3 DECREMEMT MULTIPLIER
27 o SRGURSA '
E3 At
b UAA
g W R :
P27 JC BCIR 3 SToP 1F CARRY
7754 152 KSAD,NCLA '
EA oo heler Ll
56 - . ACH RSAL
3372 Ja LOM o
Aole 37 ACr 9RX
Ay r7
Culb

ADG KRPED ; POINT TO ACTIVE DIGII OF PRODUCT
3 L g .

SH{ KPa { i ADG MULTIPLICAND TO PRODUCT

SR¢ KPA | | N
L - ‘
1\\#% KEAO e . f Q ;;ﬁ)
[MG =SAf
ESg BRX
Lo “wm S TCORY RFa To kSA FOR
XCh hSAE 3 INCREMENT LOCF
LS RPpO

D”L?

' Poly
‘ 2ubE
Pebo

Aoty

B o BA

e




T RKAD EQ f’%"«“‘ @R ALl

,,,,, @uBs....B7.. .. XCH.KSAD_
BubC  Fa ) >TL - T ‘
2480 27 YICLA:  SRC RSA P sy
PueBE D7 A LOM ¥ 3 INCREMENT [o 4N RSA

_@RBF BB ADM -

Y9  FR C UAA

_RR9L . EQ . WKM e b e

BLYe 1A% JwNC ICIB N 5 GO IF NOD CARKY
PeY4 7780 15z RSAD,ICLA
BeYo  FU JoIClet  Cle
£v97 36 ... XCH RSAE
PuYs 08 LOM &

_@¢Y9. BC _XCh_SRX

f,f B Dviveew )
R AN "o o
D)K})&@ {L . )

lor Mo
1oy

4084 MACRD ASSEMRLER, VER 2,2 TEST PKOGRAM ERRORS = @ PAGE 4

_PBe¥A 08 LJ“ 8

P98 85 “ADU RPBD

2£9C . 87 . XCH kSAO 3 SET PRONUCT PLANE
269U FA ‘blc,ﬂwﬂ*&j i TURN ON CY

BeYt 23 ‘KIULB'? bRu RPA | o

: BLYF  FO9 ?} J
> PYAL . E8 h N
T 17&i£é | xwu “RSA '
LG

2

i
BuAl 27 ]

i C

j ADM

H

|

5 SUBTRACT MULTIPLICAND (DIVISOR)

A~y

BLAZ  FL1 ThWIleEL ,

BUAS LB DN 17
DAA ) b

CLA4 FB C’f%f;dl/l
.b“L.L“AMM.Wv.

INC

i FROM PRODUCT (OTVIDEND)

m@@Ac“mgém”‘f‘

QeA7 53

PeAs 67 A L ANC RSAD - -

PuAy . 7C9E X _1S#&

DYAB 417A JUN , , T Soe 4500
7 CIVISTON (R/A, A = REMAINDER B = QUUTIENT)

__PARMS = RFA = DIVISNR, REPLACEU EY REMAINDER

. KPY = DIVIUEND. HEFLACFD BY GUQTIENT

W
: \\ :

‘\r’

—— AC CUNTAINS DECIMAL OFFSET =
LY = 1 TO RKOUND WUCTIENT ;
DyF,GUp = Q,P,UVU = D,P,DVS + QOFFSET AC = 15 FOR O.F',
KPAQ £ RPAQ + B, RPRQ = KPBQ + 8 AT EX]T

CBkAD. 2607 DIVI k1IN KSA, 07

PUAF 27 SRC RSA :
Pebs  E6 . WRg 3 SAVE DISPLACEMENT D000 <4 4/
PyBi F7 1CC

BiuBe E7 WR;LM 7 SAVE ROUNDING DU0NY

DubBYg 09 LOrM &
L BwB4 27 .. DLAI | SRC KSA}
ZuBy. R ‘ ORRM

1) ws{%e % we we wa s

&
i
-
N

3 CLEAR UIVIDEAD




/" }
D686 7784 \;g; -KSAGDLA VepZ
, PgB3  EE KDz~ '“”””dmydﬁw o OQP
Q 1 BBy B7 XCH RSAQ 0 i SET 10 PLACE DIVIDEND
- PUBA D8 CLonE ~
. PuBB.. BC................} XCH SBRX_
0UBC A4 T leS LD RPBE
_PgBD.. E4. ; @Mf‘) Yo WRE
PyBE
RiBFE | W
2ule ( DLR: | RPB
Worzis —= 2061 . £9 (WD o ROM. == X
' gece 27 | SRC RSA \
oo PRCE  EB. .. WRM. “ }
o BoL4 65 [ INC RPBO .
. 2uCs 77C%2 P -1 RSAQMLK/ f
gucy 4179 - JUN D =
mﬂzuc9.W.zacamémghoLK;mmwigtwsBx DLB_;M;;;;
Puls  F1 CLC - _
L BRCC. . BD . XCHOSRY

ES———

”}MEKVE“éOé“666¥ié&f”éf0hkﬁém
s 15 e g Chacpb .00t
' pud Mo JipT

i COPY THE DIVIDEND
5 WITH.OFFSET . looo.
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: 3§ = m = e e e e e e i L e S s

. 3 SIGN EXTEND
182 RSAOSDRLC
! XCH SRX ,
) BLLA DA LOM 1@

oubs  F1 cLeC

PguC.___8C . ADD SRX

PYUD  F7 3 CY = 1 IF MSD GTe e (B)

wo—.BBYE _BC . SBX_ .4 QIVIDEND SIGN __

@UUF D7 LDM 7
N pULg 83 | ADD RPAD
Byl 83 XCH RPAD |
oo BRE2 BO .. XGH SRY & SAVE_OLD RPAC .

PoLs  Fi cLe
. @ME4 23 SRC RPA.
* Bty DA LOM 10
Q M k6 EB ADM -
Put7 - F7 ; 1cc i CY = 1 IF MSD GTE 6 (A}

e BB  BC.. ...  ADD.SRX. . .
pUL9  Fé KAR




RUGTTENT STeN T
3 RESTORE UDIVISOR

4TS r’ L% vacd *{”@( )
22 i ﬁR QUOTIENT AL

+ SET ACTIVE DIGIT

q QRG 1E®H‘ gl . oy
FIM R P"DL& AND anH 45*~—~Auf41 J%fxﬁbag

_XCH SRZ
DPES LD __SRY 2
| J%t BTABS -
BTABAY JUN MKD L. .. ...
BTABS aum MSUB
. DLF: |} JC  BLG .
ISt SR£7DPE
JUN BOVF: -
DLG: LOM 7
L e
ADD KPEO 3 TEST FOR END - T
MQN&WERQWWMMmmmwwmwéMGQHJEWENQWWMWm“wvW“MWMWMWWWMWNY"

SIGN OF QUOTIENT! 1%-.0=+

-e

_ADD IF. QyOTlENT B E
SUBTRACT IF,quJ%ENT >0 '
DETECT @ .-
MAIN DIVJSTON LOOP ‘
DIv., BY B2

t

wa we (We e We

'
i

- N s
{}, <

 @iale  2Ain FIM BYPJDPE/AND BFFH
2118 AD DUF $ LU 8RY

@Al 1427 Wt BYABA
2118 47288 JUN M3UR
2110 AS DPF 3 LD RPBO
211t F8 UAC
piee 4167 JUN DPD

_@Blez 26w DPGi  FIM R8A30
P14 27 SRC RK8A
125 2A2F FIM RTP;DLH AND BFFu
B127 EC DWEG: RD© : i SET RSB 10 DIVIDEND REGISTER

2128 B8 ' XEH REBE

............................................................... e e oo on 2o e e o 8 o s e e 0 i 2 i i

@




®

,;?’!‘Esi'% ﬁ }

},ﬁ;gﬁnmwwgaowussmwmféf; o
WRM (.
INC RSAD

e pn

DIVISOR MITH OVERDRAF T

R ~— 3 e g
, S = i 1 {
i e ey ?bﬁuaﬁkﬁéig art av»éwj e thody

--SAVE. ENDLNG REMAINDEH«,.._,,.y,.,,",,..,.._W._.._.N..,,,_w

INC RSBO P
oy 152 _SBX, D) NP2 L S
SCrIM RYP?DPH;AND mrru ;SET CLOSE RETURN
DPHI  FIM RSA;DC
3 SRC KSA

K03 N |
BNR Aﬂ_ﬁ:ﬁsivIESIVEQBMRQUNQINQWBEQMESI“MNW-

p14g  F1 : ,? LLC
Bl41. .. .2A45.. <: FlM RIPED LLMANuWﬂEEHW§_.,“M“
143 4127 JUN PQG

ey ek
S e o VL X ot Thio, oo
A145Y 29 DLIi  SRC KSH o S ey T

2146 E9 ' KDM fme{ﬂaﬁﬁ Ui
2147 27 ... ... SRC.RSA ... o
fi4y  EB ADM H SUM R + (R= D)

A149 . F8 .. .. _.___WAA_ U O S S
214A 69 INC RSBO

0148 47 __INC RSAD

PL4C  7C45 1Sz SRX,0LI
_Bi4E  BE ... .. XCH SRtn ... % SAVE DIGIT OF SUM .

BL4F  FO CLE |
@358 DA kDMAD

mi>1  8E XCri SRZ

812 3F ¥ ADD_SRé

Bi>s  F7 NREETD)
@ib4 _ BE . XCR.SR& ...

'SAVEﬁ ﬁfGiT<TOWAC,FK"fdméRimW“MWM"

e

SAVE SIGN = 1 IF MSD 2 5
GET A AGAIN, SIGN .TO SRZ = - -
STILL POINTS TQO LAST DIGIT

SIGN OF R=D

fee s iwe s

i
[ R

x“f’ -
v 5VL&
GD éjy#ﬁx’aﬁb

Dt\} % Q‘“mf

- T M€%:%Jgg§j”g§;pygg”_m“,”Vmw"_v.ﬂ

5654WMX6R6MKSSEM§LéR;Mvzﬁda:éwmfégf—ﬁgd§§XM ’ERRORéH;“a”ﬁkﬁémfw“”wMMMWﬂ

@ao7  BE o ADU SRE e e
piv8 F6 KAK 3 CY = @ IF SIGNS SAME
LBi29 _12B2E — JE€ _pNR_ O U P
158 2AoF) TETFIM RTPIONR AND BFF 4
P50 ,f41ﬂ4 JUN DPE i TO INCR/DECR SbR
01oF~ 6% DK <:}1m RTP,DPJ JAND UFFH
@lﬁllf@4127mm. ~ Juu_Dﬂem:::MMwum“_wm”wmuu e
gi684 2410 Py FIM RPB,18H
8165 2667 \ff«/”/ "FIM;KSA;Q? o Mlam Leade
M,E;Qlwmmgiwmmwm. A T
216y E9 L
169 29 T §??"h58 e
PA6A. ET o WRMO b
gieg 27 SRC KSA

GET QUUFEENT

fws

IO RESULTY .l
GET REMAINDER

-~ e

@)

TJUN GBF e’ 4 GO FIX REMAINDER, REMOVE OVERDRAET.




PR gi6C.  E9Q .
aiey 23
; PibE  EZ
BL6F 67
?Bi78 63 .
ar/1 59
s Bile 7567 . ..
2174 &8
B1/5 g4 XCh RPE
8376 A9 LD KSBO
@377 85 ... XCm RPgO
2178 cz “bBL K-
_pi/9  ¢CF DUVE: BdL 15
#2178  BC e xrh aRX g“
{

3 TO DIVISOR FIELD

3 SET RPB TO RPB + 8

L

gi7C  F%B , RAL
.m0 8y ACH KRG
o T B A —— -
omfoes > o L T e
“Se1sp 13w = JC ICLF ' X 5CY=1=XH.0,D.GTE 6¥>NEG VALUE ™\
o @182 A7 LD R N ngam_a-ﬂuf 3
183 Fe6 KAR .- ‘\\-_;:jfw%«%m§h“““mamm~ , 7
a_....BLB4  12A4 g€ 1EEC. . = —
2186 4194 < JUN_-JELC iTO0 EXTEND SIGH
... eivs  Ap. ICLF: LD(RE 7\
ni8y  F6 KAk
BiBA  1AAS JNC ICER
p18C D9 ~ LOM 9
Pi8D BC o XCw 88X
B18tL 4194 JUN ICLC
221Yp  1AAR  ICLGr UNC T€EW
819z 410 JUN ICLE ,
2194 F9 ICLC:  ICY ALh i _SIGN EXTENDED SUBTRACT
2195 9C SUB SRX
P39 27 ... SRCRSA
2197  F1 CLC
oo B398 KB ADWMO

TG T e e e e e s s e o e e e it et e ket e e o e e e e 0 s e e e e et e s

D e e e e et e i s s 2 e 1 % i o e e o e e et <t s oo 8 e s e o e o o on e ot et e e e s e oo e oo
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919C  1C9a TUNZ TeLe

PLYE  12A4 JC ICEC

LAy 7792 ICLE: IS# RSAD,ICLC
RIAe  ACAS - WNZ ICEH
PiA4 F3 ICECS CMC

B e e e o i e e e ot e e 1




CEB o LCEHS . R

BC XCH SRX b} SAVE CARRY

F1 : CLC

03 } LDM 3

83 ... ADD. BRPAO... . ... A RESTORE.-RPA . . . ...
B33 XCH RPAQ '

B T o1 I oS L
AA »

1081 /.

ABT S

Fé e
1C30 : 3 JIN RETURN

12BO. el JC : __3RETURN IS TO MULT SUB__

AC .~ RETM2: UU‘SRX JRESET CARRY —

F6 RAR

40038 N UN [MART

AT ‘gtrm1 LD SRX fi@gé yﬁggﬁnvfﬁr

F6 - KAK

RESET CARRY

,g\

T MAD CONTINUED o~

x Hrsﬁi
AChH KB 3 SAVE CY i
LDH 19 i

g

VJEZ\QbkFLi”“  3NEG VALUE

RAR
R AR e e Y VALUE Y e T
A AT .
LD SRX : )
y © JUN DELC JEXTEND SIGN -
LD KD
K AR
__WJC - ICBC
LOM 9
- XCH $RX
. ‘JJN GCLG
L 12a4 1 DLLh»MQQS”ICEC U
41E4 f JUK LCLE
27,5 DCLC:  eRC BSA_. ...
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o Bave k8. T yedlo . AQWM. ... & ADD SIGN EXTERDED
2100  F3 DAA '




7107
21ty

CWRW
LD 8RX
JNz DELH

pleZ
it 4
2it 6
At B

Deky

S DB

JNC [CGEH
15e
yiZ

DCLe:
ICtC
WUNCIGER
URG 280M
111Le !

BSACLDCLC

Pevy

Ce¥e

~ e
A0S

2216

2e¥o

_EC
L RAG2

2247

BtrIN- FIm RPA, bmH

"”/’ SKC RPA
nRZ
JMo MULT
CFIM RPA,BOH

TgoT PRObRAM

FIr nPb,9§H.Amwmﬁﬁ,x

SET OFFSET
PRODUCT IN RFA

iu}ﬂg}(ﬁf‘g‘/’?
;t‘%‘»‘tsi >} %f /{j

g

02va
A2l
T
sPLS
BL0F
PEE

24c?

FA

26

“AA;
4237

/fFLM RPR,88H

:Kg HDA
_Rie

JMS DIV
JUN HEGIN

ws e

QFFSET

3AUOTIENT IN RPS, RLMAINDEQ "IN RPA

NO PROGRAM

EERORS

END

. o, . . - f;; \(\ Ty @
SISO QRN N
- ~_ - — T~ — féi;
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- C‘% o r""\
T~ Dy — (
\ w._,& 2 ) .




VIS IV WI W WAIVEE W | Ll WJILI\ oD

. : Ref. No. _ 4-25
intei . LIBRARY SUBMITTAL FORM

e

4004 [ 4040 [J 8008 [ 8080 O 3000 {use additional sheets if necessary)
Program
Title COMPLEMENT DECIMAL (C@MPL)
Function Convert an 8 digit decimal number to its complement.
(Change sign of number.)
Required
Hardware
Required
Software
Input - .
} Parameters RPA (Register pointer) to RAM
Output _
Results Number in complement form replaces number
Registers Modified: Assembler/Compiler Used:
SRX(12) ,RPAZ(3) ASFh4
RAM Required: Programmer:
PN Uses Input RAM Hannah Fox
- ROM Required: Company:
13 bytes Caltech
Maximum Subroutine Nesting Level: Address:
1201 E. Calif., Pasadena, CA

98-034C



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)

Processor {check appropriate box)

Program title: Name or brief description of program function

Function: Detailed description of operations performed by the program

o 0 T oo

Required hardware:
For example: TTY onport 0 and 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products

e. Required software:
For example: TTY routine
Floating point pack age
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4. Maximum subroutine nesting level
i Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler
IBM 370 Fortran IV i

j. Programmer, company and address

2. A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user's
verification after he has transcribed and assembled the program in question.

4, A source paper tape of the contributed program is required. This insures that a clear, original copy ofthe
pragram is available to photo-copy for publication in a User’s Library update publication.

Send completed documentation to:

Intel Corporation

User’s Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051

MCS877-475-2K



4004 *ACROD ASBEMSLER, VER 2,4 ERRURS = 0 PAGE 1

i

H
JCUMPLEMEST DECISAL
JPARYE » RPA POINTS TO LUW URDER DIGIT

!
;
0002 RPA4 ol 2
003 APAU QU 3
neoc SRX EqU 12
i
?
gogn na COuMPL LY 8
gaat BC ACH BRX §SET QQUNT
0092 Fa CUMPX2 8T1C §SET CARRY
[ F9 ClinPsag TCS
0004 23 SEC RPa
004G% 8 SRM jSURTRACT FROM 10 OR 9
000s F3 e
pog? ] LRA
GGous EQ Wk s STORE QVER A
none 63 INC RPAD
QugA 7C03 182 3RX,COMPE
onad co pey o

LM
( ) 80 PROGRAM ERRORS

~



M15 _ '
RAMWDC 20 CH>0 TO F»=)=00000000000126820000 C’owqow‘é 00012684
*B18 64 ‘ _ '
*J1860

CY CTR RESET

BREAK EXIT:

1864 FIM P1 80 O O 0050000000000000 O 15 7 82

*EiS 2
0000000499987318;0000

*
— 000 12,8

/J
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s ® ' Ref. No. 4-26
lntel LIBRARY SUBMITTAL FORM =

Xl 4004 [4040 [18008 [18080 [J3000

(use additional sheets if necessar

Program
Title BINARY TO BCD CONVERTER
Function Converts an 8 bit binary number to a BCD number.
Required MCSh
Hardware
Required None
Software
Input
RSemetels . 8 bit binary number in registers A (MSB) and B (LSB)
3 digit BCD number
hundreds in register 4,
tens in register 5,
Output units in register B.
Results
To Test: Load any 9 bit number in registers A, B,
execute and examine registers 4, 5, and B fore results.
Registers Modified: Assembler/Compifer Used:
2,3,4,5,7,A,8
RAM Required: Programmer:
None J. Garner
ROM Required: Company:
3610 = 2hH Bell Helicopter
Maximum Subroutine Nesting Level: Address: Research Electronics
Box 482
Nghe Er_Worth, Texas




INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)

Processor (check appropriate box)

Program title: Name or brief description of program function

Function: Detailed description of operations performed by the program

o 0o oo

Required hardware:
For example: TTY on port 0 and 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products

e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products )
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4. Maximum subroutine nesting level
i Assembler/Compiler Used:
For example: PL/M
Intetlec 8 Macro Assembler
IBM 370 Fortran IV

i Programmer, company and address

2. A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

4. A source paper tape of the contributed program is required. This insures that a clear, original copy ofthe
program is available to photo-copy for publication in a User’s Library update publication.

Send completed documentation to:

intel Corporation

User’s Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051

MCS8877-475-2K
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9
L
4

49508 ¥ASRD

Juy !
UnNG1
oG
a200G9
Cga
ACOA
Jug 2
Qoy2
gnot
bt
nopl
000z
oGy

G340
0o
ROVE]
guns
[JASES RS
$Hg7
Ynopa
gtigR
puaa
Goegnr
pogh
GOOR
GLGE

G010
Quy7
o4
ouis
tHi6
0017
LS &
ugy9
pirga
0018
"‘ﬁﬁﬁp
0O01E
QOLF
0nga

2400
2240

AB
93
87
F3
AR
32
1812
&4
RBA
Ly

4404
2200

Ap
93
B7
F3
AA
32
1A23
65
RA
a7
BB

ASSEMBLER,

VEK 2,4 ERPUKS = 0 PLGE 1§

Tz k&l 01w
T F 01w
Tu Fuli ngH
T1 Byl ngn
Cz Fuwd 0AH
€ £wl 0AM
Cu Ewll nzh
C1 By pzH
AZ  EQU D4H
AD  EQU n4n
An ¥ipll gCH
LA EQI ACH
4G BQU ogH

38 BLT BINMARY TO RCD CUNVERSLION

38 RLT I14PUT In REGISTERS A (M58) AwWR B (LSR)

§RESULT RETURNED IN REGISTERS

14 (HUNDREDS)
15 (TEUS)
18 (UNITS)

H

H

H

Fiv 4, 0 §CLEAR REGISTERS

FIv 2, w4 §LUAD 100 DECIMAL
HUMDg cLC pSUBTRACT 100 FROM NUMBER

LY 1

suUB 3 JOUBTRACT 4 FROM LSBA

ifn 7 F3TORE INTERMEDIATE RESULT

gMC

ud  ic ‘ y LOAD ™85

sSuB 2 §SUBTRACT 96 FROM MSH

JON Cu,HOUY §TO TENS IF RESIDUE € 100

Ing 4 s INCREMEnNT HUNDREDS

XSH 1n

Lo 7 § STORE RESIDUE

gEEXT STATEMENY NOT RECUGHNIZED
3 oy ]

JUN BUND $LO0OP UNTIL RESIDUE < 1060
HuuTs Fim 2, O s LOAD 10 DECIMAL
PENSS cug §SUBTRACT TEN FROM RESIDUE

LD 1t

S8 3 s SURTRACT 10 PROM LSB

ACH 7 §STORE INTERMEDIATE RESULTS

S & )

Lo 1¢ s LOAD MSB

JCh Lo, TQUY sFINISHED IF €40

I & = s IRCREMENT TENS

XChH 10

ue 7 . - P STORE RESIDUE

XCH 11



4004 MACRD
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B0 PROGRARM

ASSERBLER,

14

VER 2,4 ERRURS = 0 PAGE 2

JU TENS

TOHY e N0

ERRORS

L)

j LOOP UNTIL RESIDUE <19

C



REFERENCE
NUMBER

4-17

4-18

4-19

4-20

40-13

40-14

40-15

SECTION 7

UNCLASSIFIED PROGRAMS

PROGRAMS
............. Random Number Generator
............. General Purpose ROM
............. Translate HEX
............. 4x8 Keyboard Scanner
............. “SEL" Subroutine {selector)
............. Paper Tape Conversion, b Level TTY to 8 Level ASCII

............. John Conway’s Solitaire Game of Life



inta

Program
Title

Function

Required
Hardware

Required
Software

Input
Parameters

Output
Results

MICROCOMPUTER USER'S
© LIBRARY SUBMITTAL FORM rer. no. 17

4004 [14040 (J 8008 ] 8080 (use additionat sheets if necessary)

Random Number Generator
*¥*Verification Program to run subroutine also included

The subroutine generates a pseudo-random sequence of numbers.

The method used is; X(J+L)=(A* (X(J)+C) MOD 2*%*16

This is accomplished by shifting the o0ld value (J) to the

left (*2) an appropriate number of times and adding this

result to the old value. C, an odd wvalue, is then added

giving the new value of (J). This is stored in RAM and

made available to the calling program. **The verification

program outputs 10 numbers per line after converting to octal.
None. **The verification pgm requires TTY on port 0.

A program is needed to call this subroutine. How the gener-
ated numbers are used must be determined by the user.

The subroutine uses RAM status characters to call the

old value (J) and to store the result of its last compu-
tation RAM bank 0, Chip 0, Register 4 status characters are
used.

Upon exit of this subroutine the new value is stored in

the above mentioned status characters with the MSB in
status character 0. Alson register pairs 12 and 14 contain
the new value of (J). The MSB is in register 12.

Registers Modified: l Assembler/Compiler Used:

8, 9, 10, 11, 12, 13, 14, 15 |Resident Assembler V3.0

RAM Required: { Programmer: T T

Status Characters Register 4 | Gary A. Winkler

L I . —_— —

ROM Required- !Company:

74 bytes iHoward Micro Systems

Maximl;; Sut;;c;u-ti—né Nesting Lev—élz Addreses C/0 Howard Cox & Assoc.

One 6950 France Ave. S.
Mimmeapolis, My __55435

98-034B



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY ' b‘

1. Complete Submittal Form as follows: (Please print or type)
a. Processor (check appropriate box)
b. Program title: Name or brief description of program function
c. Function: Detailed description of operations performed by the program
d. Required hardware:

For example: TTY onport Oand 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. QOutput results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only) )
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nesting level
i. Assembler/Compiler Used: o
For example: PL/M w
Iritellec 8 Macro Assembler
IBM 370 Fortran IV

je Programmer, company and address

2. A source listing of the programﬁu’st be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

Y our program will be photo-copied for publication in the User’s Library. Please send an original, clear, un-marked copy.

Send completed documentation to:

Intel Corporation

User’s Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051
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21

$12

BOBS

82885
paRn7

2688
28B9
aaBA
@G3BB
80BC
#@BD
PGBE
GaBF
0aCa
gect
26Cc2
aaca
aac6
aact?
24C8
aaca
gacce

2C38@
2n

EF
BF
EE
BE
ED
BD
EC
BC
D7
BB
S@E2
S@F2
DE
BB
S@E2
58F2
2836

ORG 181
$ RANDOM NUMBER GENERATOR
Fd
3STHIS SUBROUTINE GENERATES A PSEUDO-RANDOM
3SEQUENCE OF NUMBERS IN THE RANGE OF
3@e=N<=2% 16=1
3
3A LINEAR CONGRUENTIAL SEQUENCE 1S DERIVED
SFROM X(J+1)=(AX%(XC(JI+CIMOD 2% 16,
H
SWHEN USING LESS THAN 16 BITS, USE THE MOST
$SIGNIFICANT BITS AS THEY ARE MOST RANDOM.
3$THE CARRY BIT SHOULD BE USED FOR RANDOM
3N MOD 2.
3
3THE STATUS CHARACTERS OF RAM BANK @,
CHIP @,REGISTER 4 ARE USED TO STORE THE
3 0LD VALUE (J) WITH THE MSB IN STATUS
3CHARACTER @. THE NEW VALUE (J+1) 1S
3RETURNED TO THESE STATUS CHARACTERS AND
3IN REGISTER PAIRS 12 AND !4 FOR USE BY
3THE CALLING PROGRAM.

k4
3EXECUTION TIME IS APPROXIMATELY 2.6 MS.

O e e o e

AND: FIM 12,48 3 GET ADDRESS OF OLD (J)
SRC 12

COMPUTE aAxJ

.o Bo ‘ea

RD3 3 FETCH OLD VALUE

XCH 15

RD2

XCH 14

RD1

XCH 13

RD@

XCH 12

LDM 7 3 SET LOOP CNT. FOR 9
XCH i1 FITERATIONS (Jx2t9)
JMS SHIFT

JMS PLUS $ADD J TO RESULT QOF MULT.,
LDM 14 3 SET LOOP CNT. FOR 2
XCH 11# 31 TERATIONS (2t 2)

JMS SHIFT

JMS PLUS 3ADD J TO THIS RESULT
FIM 8,54 3FETCH C FOR ADDITION



ABCE
@oDa
pept
#6D2
?8D3
BED4
ABDS
@606
eeD7
#aD8
#6D9
aaDA
BBDB
88DC
2@DD
BODE
@aDF
BOED
@oE}

BGE2
@BE3
ABEA
@OES
BOES
@OET
BOES
BAES
BBEA
GOEB
BGEC
BEED
GBEE
PAEF
GaF1

BAF2
BOF3
GBF4A
BAFS
BBF6
BAGF7
@9F8
BeF9
BEFA
GOFB
BBFC
BAFD
BOBFE
BAFF

2a23
Fi
AB
8F
E7
BF
AA
8E
E6
BE
A9
8D
ES
BD
A8
8¢C
E4
BC
co

Fl
AF
F5
BF
AE
F5
BE
AD
F5
BD
AC
FS
BC
7BE2
ca

Fi
EF
8BF
BF
EE
8E
BE
ED
gD
BD
EC
8C
BC
ce

HIFTs

Wwe wo e e

FIM 18,35 3TO FIND NEW VALUE OF J

CLC

LD 11
ADD 15
WR3
XCH 15
LD 190
ADD 14
WR2
XCH 14
LD 9
ADD i3
WRi
XCH 13
LD 8
ADD 12
WRO
XCH 12
BBL @

CLC
LD 15
RAL
XCH 15
LD ta
RAL
XCH 14
LD 13
RAL
XCH 13
LD 12
RAL
XCH 12

3 STORE NEW VALUE (J) &0)

3RETURN WITH (J) IN RP 12&14
3MSB IN REG. 12

3ROUTINE TO MULT. BY 2

1SZ 11,SHIFT

BBL @

CcLC
RD3
abpD 15
XCH 15
RD2
ADD 14
XCH 14
RD!
ADD 13
XCH 13
RD@
ADD 12
XCH 12
BBL @

3ROUTINE TO ADD (J2 TO
$INTERMEDIATE RESULTS
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el

12

. 6684

2039
pas2
2283

8006
o0a7
#ee8
4099
aoaa
2068
86ac
@eaD
POBE
ooaF
2610
gait
gB1e

POL3

@a14
paLs
@ai16
BB17
2019
BB1B

2a1C

@81D
@B1E
BELF
Y
6a21
aB22
36823
Bo24
20625
3026
2827
a028
2329
802a
@028
892¢

862D

#82F
B@2F
9030
6831
6633
#0634
8235
@837
2839
2938
#a3D

5878
Dé
B7

Fi

AF
F5
BF
AE
FS

BE

AD
F5
BD
ac.
FS
BC
F7
B3
Fo
B2
586D
S343
DB
B8
13}
B9
F&
B3.
Fi
AF
F5
BF
AE
285
BE
AD
F5.
BD
AC
F8

BC

A3
F5

‘B3

7921
Fo

B2

586D
5843
781D
2220
5643

50BS .

START: JMS CRLF

NEXTS

CONV:

CO1lzs

co2:

LDM 6
XCH 7
JMS RAND
cLC :
LD 18
RAL

XCH 15
LD 14
RAL

XCH 14"
LD 13
RAL

XCH 13
LD 12
RAL

XCH 12
TCC

XCH 3
CLB

~XCH 2

JMS DIGIT
JMS PRINT
LDM 11
XCH 8

LDM 13
XCH 9

CLB

_XCH 3

CLC

LD 15

RAL

XCH 15
LD 14

RAL

XCH 14
LD 13

RAL
XCH 13

LD 12

RAL

XCH 12

LD 3

RAL

XCH 3

1SZ 9,C02
cLB

XCH 2

JMS DIGIT
JMS PRINT
152 8,C0l
FIM 2,32
JMS PRINT

$OUTPUT CRELF
3SET LOOP FOR PRINT OF 18

$NUMBERS PER LINE
3 CONVERT TO OCTAL

30UTPUT CHARACTER TO

- 3TTY AFTER EACH DIGIT

318 CONVERTED

5SET LOOP FOR PRINTING
SREMAINING 5 DIGITS
3SET LOOP FOR THREE
3SHIFTS (OCTAL) '

3 CONVERSION COMPLETE
$OUTPUT SPACE



BO3F
a4l
BABBS

PB43
gagas
fa46
Bo47
Po48
2849

ag4aa

-@B4C
A34D
BOAE
BOLF
¢85S0
23S
B0sS2
#3853
8054
#@5S
8357
@659
8254
PASB
geSD
@BSF
eB6o
G622
B364
BR66
2068
2264
#06C

@86D
BB6F
007 @
6971
#8872
@073
687 4
#975
P07 6
#9717

@878
207 A
@87 C
POTE
Va8 Y

7764
40006

2080
21
F@
El
D8
B4 «
5060
Fi
B2
Fé6
B2
B3
F6
B3

El
7444
5060
Dl

El

5060
506 0
co

203C
7162
7062
2083C
7168
7068
co

2430

Fi
AS
83
B3
F7
Al
82
B2
ce

226D
5843
220A
5043
co

$1SZ 7,NEXT 3CHECK IF 1@ NUMBERS PRINTED
JUN START SYES~-START NEW LINE
RAND EQU 181

3
3
3
PRINT: FIM 0,0
SRC @
CLB
WMP
LDM 8
XCH 4
TR JMS SBR2
CLC
XCH 2
RAR
XCH 2
XCH 3
RAR
XCH 3
TCC
wMP
1SZ 4,TH1
JMS SBR2
LDM 1
WMP
JMS “SBR2
JMS SBR2
BBL 0
SBR2: FIM 0,68 (\“>
L2% 182 1,L2
1SZ @,L2
FIM 0,60
Lis I1SZ 1,L1
1SZ @,L1
BBL @

IGIT: FIM 4,48 3 CHANGE OCTAL CODE TO
° CLC 3ASCl1 EQUIVALENT

LD 5

app 3

XCH 3

TCC

LD 4

apD 2

XCH 2

BBL @

RLF: FIM 2,13
JMS PRINT
FIM 2,18
JMS PRINT
BBL @

END



RUN OF VERIFICATION

[

333643
142005
124327
176431
112513
@287 55
@47 577
163241
165563
137325
836447
157351
154233
835275
@167 17
183121
176343
#32645
866567
@7 627 1
173753
@47615
17 @37
#610841
865023
#24165
@347 07
153211
17 1473
#66135
165157
@7 4761
#31543
113585
121827
166131
145213
866455
0a0277
146701
#5426 3

56322
P31974
35126
167640
@74232
B437 94
135636
137258
#63542
114114
117746
154268
344452
041724
33456
$#56678
36762
265134
P#10566
066708
262672
p25744
157276
p24310
160282
124154
187406
127326
147112
177764
41116
817730
#a7422
051374
pra226
115749
191332
140094
@33736
41350
164642

113075
818517
684721
162183
360445
136367
158071
927553
845415
187637
102641
170623
171765
824587
1450811
145273
175735
224757
636561
@55343
#01365
@30627
@77731
841013
124258
160877
830501
720063
186625
152747
178651
112533
#58575
131217
#68421
340683
112145
@13067
@17571
142253
173115

PROGRAM NUMBERS ARE IN OCTAL

896524
#82256
167479
141562
841734
117366
@07586
875472
@12544
176876
165110
163682
120754
336206
a7012¢
681712
PB4S64
B77716
178536
@12222
365774
163026
876544
154132
164664
187536
332150
@67442
1210914
115646
233160
174352
132624
925356
121570
112662
642034
856466
1156080
362572
B66644

Bai1a3a7
136611
121873
113535
64557
A@0361
{61143
#67185
148427
218531
134613
162055
137677
112301
163663
114425
262547
g22451
126333
326375
31017
p62221
1244a3

837745

162667
171371
676853
B7BTLS
146137
B706t4l
143123
261265
261097
276311
223573
131235
765257
134061
@37643
aB0605
p75127

165086
838720
234512
11364
136516
141330
155822
182574
131626
@57340
26732
Bliaos
166336
822750
gs2242
155614
164446
@33769
B67152
177424
124156
132378
115462
116634
65266
136400
175372
153444
167776
270010
126782
145654
541986
167026
151612
1185464
141616
$#534306
leg122
262674
258726

174181
127463
122225
g32347
GS54251
142133
BO4L TS
138617
364021
316203
165545
132467
143171
831653
166515
157737
B11741
146723
127065
156607
170111
B77373
147935
225057
175661
163443
1664085
184727
153631
123113
125355
110177
917601
956163
123725
157847
973751
124633
101675
211317
B77521

B13556
Aa35842
1244
873246
B34560
161752
Bas224
@22756
143178
129262

173434

14666
157200
11@172
pag244
166576
1266186
isisa2
BA2454
162736
#27620
164412
p22264
1868416
124238
158722
177474
117526
626249
146632
172364
BEE236
155650
116142
p228514
142346
152668
B357852
138324
6B6656
#35279

165453
$64315
177537
133541
152523
174665
BaB48 T
#61711
153173
164635
164657
637461
187243
1542085
184527
164631
116713
863158
167777
8914061
121763
831525
196647
#25551
B4a8433
157475
G117
6081321
612563
BE5845
816767
8244 71
140153
952815
858237
837241
161223
B56365
245167
161411
615673

g22772
125044
825376
15410
1 74362
137254
1315606
BI8428
garaie
127664
g37216
175638
#13522
114274
166326
187640
t2l432
117184
157836
Ba&as5@
BaBT42
157314
B31146
#53460
B51 652
B75124
BB4656
(46870
134162
118334
181766
1461060
256672
Bailaq
148476
B73516
635482
127354
160666
166528
iia312



191625
123147
137851
@767 33
@12715s
@31417
?#56621
155083
164345
B43267
84577 1
#06453
#75315
160537
Foasat
133523
145665
181497
112711
#4173
@7 5635
165657
930461
176243
225285
#55527
115631
137713
#74155
GTaTTT
g7 2401
182763
go2525
147647
#56551
161433
#78475
g12117
172321
@73583
A56045
157767
15547 1
161153
#63G15
151237
130241
142223
#27365%
106187

f12411

136673
#53335
126357
124161
B667 43
@76785
152227
pPBS331

p64214
127046
332360
161552
266624
126556
110770
116062
165234
847666
375808
147772
pe2044
132376
P06416
$613062
154254
176506
#65420
B64212
194064
@44216
132030
#08522
@31274
133326
Bo404D
246432
174104
064036
163450
P65742
174314
376146
356460
376652
@52124
#11656
1030870
121162
#25334
B467 66
A43100
175072
116144
@45476
130510
122402
144354
#25686
163520
141312
158164
Ba7316
?04138
771622
151374
@12426
332140

126337
146341
137323
B13465
171207
Boasli
147773

113438

125457
g72261
{14043
B13005
P65327
127434
133513
831785
158577
54281
146563

118325

77447
18351
A75233
146275
BLi717
gTai21

B57363

143645
@27567
227271
214753

606185

#1037
152041
B46623
175165

B757a7

a4zt
112473,
171135
166157
#65761
112543
164598S
B6202T
117131
166213
BTT455
161277
#37761
335263
652625
164147
1790651
G17733
8@3775
?32417
ga7621
#36063

351176
#37216
184182
851054
625386
1262290
G17812
P10664
8A3316
BO26306
B43322
1460874
882126
64640
821232
120704
B42636
174259
158542
131114
164746
151260
@71452
F16724
B10456

P13670

#23762
g92134
155566
163709
287672

192744

#64276
261310
945202
141154
154486
124320
174112
1547 64
646116
154736
334422
166174
161226
@12740
#26332
015004
135736
876350
171642
191214
174046
327360
126552
843824
133556
B45770
#7 5062

141231
127313
167855
G3B377
36061
P12363
#16125
gar24a7
142151
811633
B24875
B115L7
175721
Ga3183
131445
B77367
19671
256553
B56415
B18637
173641
151623
142765
B65587
176011
#66273
106735
@25757
727561
136343
@52385
171627
P3B731
362013
135255
a6 1a77
121561
#B1663

357625

313747
B21651
#33533
161575
132217
Bs51421
121663
163145
154067
156571
163253
PpE4at1s
821337
#3734l
128323
164465
a32267
235511
878773
@24435

145440
174832
45504
g21436
P659589
@33342
B65714
Pp53546
B52060
p64252
163524
BB7256
124470
126562
156734
B64366
184500
@g22472
67544
183876
g1211@
176862

135754 .

183206
p651240
626712
161564
184716
125834
177222
862774
136026
173540
161132

41694

?14536
667150
154442
136614
162646
3306160
321352
167624
332356
356570
877662
157634
023466

gl26se-

Bga7572
143644
156176
874216
171162
8668654
72366
123220
244012
165664

626783
157245
147167
152671

184353
654215
130437
B15441

255423
119565
955387
167611

B42873
#24535
#65557
171361
162143
140105
101427
142531
155613
173055
B48677
pO3301

144663
865425
843547
B53451
#47333
137375
832817
853221

PB5403
118745
123667
122371
117053
181715
@41137
161141
124123
932265
122667
127311

144573
B42235
366257
1256861

120643
851685
836127
72231

150313
@e8555
131377
127601

173363
167125
B78247

231362
133534
173166
825360
335272
354344
121676
142780
112602
132554
#32086
325728
#61512
166364
143516
g76336
142922
BL7S574
676626
154340
153732
#66404
273336
657750
137242
172614
151446
338760
114152
154424
131156
67370
102462
333634
232266
' @33400
122372
B38444
BT4776
125018
2137082
162654
121196
164026
176612
B72464
146616
310438
@73122
177674
B15726
842440
121832
1225084
126436
1220506
120342
192714
120546

142335
125357
133161

285743
625785
g11227
#54331

251413
238655
@26477
9651061

118463
873225
8733417
195251
363133
115175
131617
2550821
8712083
236545
673467
B74171
952653
177518
668737
192741
127723
109065
BL168T
g2i11t

6208373
66835
9260857
166661

Baa4u43
837405
B45727
164031

144113
136355
B11177
118601

837163
874125
028647
124751
B45633
612675
g12317
878521

167783
B38245
119167
183671

125353
865215
231437
196441

173164
BE2316
@47133
1P4622
A34374
P45426
135140

B26532

113284
152136
#56558
122642
p27414
146246
3315608
BB6752
821224
B27756
1061708
185262
110434
641066
354260
635172
115244
213876
155618
#365082
357454
147766
824620
131412
177264
165416
861230
135722
114474
364526
123248
873632
@473084
1958236
P12650
go3t4a2
#37514
BB7346
147660
1804052
1865324
613856
172276
#16362
9508534
140166
122300
1622172
131344
326676
177718



272413
841655
121477
156101
271463
Ba4225
134347
136251
984133
826175
1326 17
846821
1522063
187545
634467
#2517 1
87 3653
@1@515
161737
173741
11097 23
051065
852607
#52111
141373
17 1235
@27 @357
157661
125443
118405
206727
835831
165113
147355
112177
801601
320163
845725
#61047
155751
166633
123675
333317
#61521
178763
101245
#51167
#3467 1
146353
@r6215
132437
177441
817423
632565
157 307
851611
18487 3
846535
B67557
153361
124143
062105
803427
#24531

153532 #35345 162234 126487

178204
#57136
195550
837042
Bass14
pEs246
326560
#337.82
176224
@347 56
@35170
@72262
325434
286066
151206
162172
172244
120576
at2610
123502
@7 4454
F14786
321620

186412

154264
112416
#16230
122722
@31474
331526
gop240
#208632
124304
g12236
B4T656
B70142
#54514
A54346
144660
131852
662324
@208656
127276
863362
165534
185166
B17366
197272
686344
133676

@34710

264692

164884

1448066
@1772@
133512
128364
155516
17@336
t14g22
251574
B1@626
146340

' BB4a267
176771
327453
166315
#91537
115541
114523
116665
142407
143711
#15173
886635
166657
821461
@51243
876285
216527,
046631
166713
165155
171777
163401

263763

153525
@10647
197551
182433
801475
?13117
163321
154563
127845
1208767
10647 1
$02153
674815

B52237

P21241
123223
A868365
147187
B43411
#57673
164335
127357
115161
147743
14776%
113227
136331
113413
B52655
g22477
BaTiIo1
652463
615225
175347
167251
125133
137175
133617
837621
333203

B14666
172000
@74772
8570844
637376
043410
146302
171254
043586
362420
111212
#61864
851216
267030
165522

146274

i16a326
101049
173432
851104
171636
146459
152742
#11314

143146

P45460
123652
227124
616656
40070
166162
142334
#13766
1401060
122072
173144
152476
16551a
207462
161354
872686
160526
166312
125164
A14316
141130
256622
#66374
157426
127140
100532
745204
164136
142550
874042
61414
852246
#23560
860752
153224
841756
172170
857262

$6326 1
175843
864005
826327
2606431
154513
842755
851577
145201
127563

261325

148447
841351
216233
857275
@12717
365121
1493063
154645
178567
168271
@35753
271615
172837
643041

p27823.

146165
136787
635211
633473
182135
167157
#5676 1
173543
#35565
823027
656131
887213
118455
882277
138701
316263
323825
@25147
621651
148733
114775
833417
840621
117003
186345
145267
127771
#56453
117315
182537
806541
875523
667665
683487
174711
136173
117635

@10616
137638
@3@322
263674
147126
161640
146232
175784
147636
#31250
935542
146114
#31746
146260
116452
173724
815456
150678
718762
117134
122866
068708
134672
157744
171276
116318

132262

156154
@21406
121320
g21112
131764
@53116
111739
821422
183174
126226
107740
153332
872004
842736
133350
056642
116214
841046
924366
153552
928024
148556
882770
262862
817234
161666

67800

pai772
134044
144376
180410
8333082
poB6254
116566
057428
136212
636864

173151
132833
1356875
812517
166721
124183
PB2445
848367
#3207}
871553
867415
111637
B6464 1
132623
113765
126507
927011
807273
817735
826757

‘#2@6561

@17343
1233085
132627
161731
183013
146255
162877
gieset
162963
930625
854747
@52651
154533
872575
133217
B42421
#02683
#34145
115867
161571
#94253
g15115
122337
138341
161323
135465
873207
866511
#11773
135435
127457
B54261
856843
1358085
167327
211431
175513
853755
152577
836281
118563
832325
BB1447

247060
111282
148524
?14256
061479
113562
873734
#31366
301500
147472
144544
2168076
G47110
855002
152754
150266
#62128
#53712
136564
111716
362536
164222
117774
675026
678540
626132
116604
121536
124150
Ba1442
153814
827646
#25168
946352
#64624
837356
813579
664662
6740834
176466
1076060
134572
#28644
363176
131210
3561062
183054
137306
1206220
371812
142664
#150616
674630
@15322
0080674
114126
856640
@73232
852704
854636
#66250
122542
163114
876746

236423

#61565
116367
826611
163673
135535
066557
162361
643143
811105
B424217
873531
176613
804055
1416717
874361
125663
836425
184547
10445 |
179333
858375
233617
Baage
266483
161745
864667
853371
148853
112715
142137
852141
165123
283265
163087
168311
865573
153235
867257
116861

pBL643

122685
177127
$23231

171313
?11555
#32377
920081

154363
146125
131247
824151

653833
846875
613517
157721

205103
853445
201367
163671

112553
100415
612637
155641

177682
147554
B77886
B22728
186512
143364
158516
#33330
127922
134574
B43626
851340
198732
143404
#88336
1147586
B24242
287614
Bl164aa6
225760
141152
131424
136156
824379
B67462
158634
177266
1304080
Ba7372
105444
pBLT776
162010
160762
177654
166186
161920
g23612
B4 7464
153616
145430
660122
114674
162726
1374403
246632
177564
#33436
157050
835342
117714
165546
BLLB6G
136252
115524
221256
#1646
168562
219734
176366
876500
BT4472
@21544
115676
164116



317613
315855
8426717
165361
186663
@07425
145547
135451
111333
161375
334017
335221
147463
#32745
625667
@643T 1
161653
123715
343137
143141
#66123
154265
824087
#11311
206573
#64235
@7 6257
107061
#62643
17 3605
148127
154231
612313

$225585

133377
111081
135363
111125
17 2247
@55151
1740833
157675
#14517
158721
#66183
124445
142367
114071
133553
111415
1

8257382
026404
185336
151750
111242
@2a614
363446
#227 60
166152
106424
143156
161376
054462
#65634
144266
625400
174372
162444
186776

P17610

165702
B14654
#33106
156020
350612
@24464
168616
162438
#45122
831674
127726
P34440
173032
@545064
149436
G14050
872342
1347 14
332546
F41060
163252
@72524
#26256
153476
#65562
1257 34
143366
173580
@21472
876544

168545
175467
156171
114653
g2151%
#62737

B64741

B71723
322665
113667
163111
#62373
1826835
@306857
158661
286443
161465

147727

1666831
#B6113

‘168355

BL3177
372601
81163
716725
122047
BE6TS 1
167633
B34675
14317
@52521

851783

152245
Bi12167
16567}
167353
187215
833437
#7844 4
pBB423
B8B3565
B28367
182611
@2587 3
187535
@7 8557
144361
Aes5143
133185
144427

142434
153066
346200
107172
@47 244
G25576
B4T610
@19502
111454
661786
316620
ee3412
131264
117416
153230
187722
186474
176526
115240
145632
631364
117236
184650
155142
g71514
121346
141660
156852
@37324
025056
B64270

176362

102534
@52166
114300
334272
363344
840676
BTITI6
151602
#01554
@110806
B14720
166512
875364
162516
125338
181822
166574
155626

167657
#1246 1
132243
147265
157527
177631
361713
116155
#72777
P54461
844763
124525
351647
148551
623433
112475
@14117
154321
#35503
@OGaA4S
361767
337471
@23153
165815
153237
112241
164223
151365
316167
@74411
#6673
375335
138357
1866161
@38743
#2@8765
654227
#67331
134413
363655
123477
1401081
@33463
166225
636347
320251
646133
@56175
134617
#30821

856216
GR4B36
152522
B63274
#45326
1766840
128432
126104
B76836
175450
837742
826314
gi1o146
G42460
150652
@aa124
823656
175876
g73162
357334

166766

#35108
pareTe
B56144
857476
$522510
BT4402
176354
137686
1555286
#13312
igz2l64a
#21316
76138
Ba3622
@a3374
124426

B24140

p258532
122204
B871136
177558
i61@az2
PT64l14
117246

@20564

195752
1308224
B46756
127176

p72351
137233
176275
813717
56121
321363
825645
131567
111271
856753
162615
673837
134641
p16023
117165
177787
F6621 1
154473
#13135
178157
Ba7761
@54543
106505
1640827
681131
836213
121455
183277
921781
177263
174028
266147
#52851
#61733
#25775
B34417
831621
k)
157345
106267
B60771
@71453
136315
PB3537
B77541
356523
PLBE6S5
BAs4aBT
325711
857173

143260
143452
156724
g22456
105670
175762
834134
867566
155786
261672
B34 Ta4
376276
1533106
gi7262
173154
Pe6406
116328
pa6i1la
186764
B6g1LL6
246730
pE64282
326174
B73226
204740
168332
147804
147736
176350
143642
133214
186646
p21368
pae552
175624
145556
137776
peTBe2
134234
126666
164060
146772
BiiGasa
851376
135418
126382
p23254
155566
54428
163212

113623
P64 T65
167567
go@ai L
138273
136738
B27757
grLi661
188343

142662
167754
gi5286
B657120
189712
113564
116716
@17538
151222

174365 834774

073627
1127318
124013
157255
?63877
183581
143863 .
801625
115747
183651
875533
803575
134217
633421
#63683
165145
8560867
#32571
325253
@26115
823337
@21341
362323
106465
134207
117511
132773
G46435
138457
B45261
137843
B06605
136327
142431
616513
364755
853577
127261
871563
#83325

842026
165540
153132
1736064
026536
161150
126442
178614
874646
@221 608
@73352
Bal1624
844356
158570
851662
G110934
135466
BO4669
?61572
875644
176176
166218
143102
126854
8384306
115220
116012
117664
9220816
831630
892322
115674
861126
153640
#26232
127784
161636
123250
BB 7542
g08114

()



MICROCOMPUTER USER'S
!ntel LIBRARY SUBMITTAL FORM

m XX 4004 [J4040 []8008 [J 8080 (use additional sheets if necessary)

Ref. No. 4-18

Program
Title |General Purpose ROM

Function |30 cps terminal I/0

1702A programming

Hex I/0

Frees test line

Single calls for CR, LF, Bell

No JUN's or JMS's; may be put in any socket
Standardized entry points on top of page

Required

Hardware |SIM4 or Intellec 4 with 30 cps terminal or equivalent
configuration

Required

Software |Any driving routine

nput 1See attachment; all entry points designed to chain and
Parameters 4.+ ovrwork easily

e

Output .
Results |Terminal I/0, PROMs, etc.
Registers Modified: i Assembler/Compiter Used:
see attachment Hand assembled (listing supplidgd)
RAM Required: B 1T’E)g;'ar;{ra'_ ‘ T - T
one _~John M. Harrison
/’/“\\ ROM Required: lCompany:
- Program requires one ROM |Northeast Electronics
Maximum Subroutine Nesting Level: | Address:
o  Concord, New Hampshire

98-034R



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’'S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)
a. Processor {check appropriate box)
b. Program title: Name or brief description of program function
c. Function: Detailed description of operations performed by the program
d. Required hardware:

For example: TTY onport Oand 1
Interrupt circuitry
/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nesting level
i. Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler
IBM 370 Fortran |V

i Programmer, company and address

2. A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user's
verification after he has transcribed and assembled the program in question.

Y our program will be photo-copied for publication in the User’s Library. Please send an original, clear, un-marked copy.

Send completed documentation to:

Intel Corporation

User’s Library

Microcomputer Systems

3065 Bowers Avenue

Santa Clara, California 95051 .

RAND ALE ANTIE AL

C



GENERAL PURPOSE SYSTEMS ROM

John M. Harrison

November 23, 1974

Features

Runs on SIM or Intellec 4 with standard I/O

30 CPS terminal I/0

Frees test line for other use

No JUN'S or JMS'S;

May be put in any ROM socket

Standardized register usage

Includes and, compare

Includes HEX in and out

Saves 50 locations compared to TTY I/0 of 0540, 0541, 0543
Programs and reads 1702 A PROMS

Single calls for CR, LF, BELL

Makes test routines easy to write

Includes ROMPORT clear routine

Standardized entry points on top of page; ecasy

to modify routines (i.e., FC, FA,...)

General Comments

Define JMP = JCN 8 ; this is a same page jump. May be used
when writing socket (page) independent code. Also JCN 0 is

a skip instructionm.

CPU PROBLEM? When "JCN 8 XX" is in locations, FFE & FFF

execution continues at O0XX instead of FXX (on Intellec IV).

Some 1702A ROMS pass _hrough nrogrammer but forget in minutes



ROUTINE

AEX OUT
I'TY OUTPUT
XY INPUT

HEX CONVERT
COMPARE

AND

ROM PGM

ROM READ

NON-JMS

REGISTER USAGE AND CALLING MAP

USES

TTY OUT
TTY OUT
TIY OUT
TTY OUT

TTY INPUT ECHOES TO PRINTER & RETURNS ZERCED PARITY BIT. IF

P ]

I8

I - S o

X

X/IN
ouT

IN X/OUT

-/IN
-/oUT

DATA IN

DATA OUT

IS

LI T I RS

X

or Blank Unused By Subroutine

P3

/IN

ADDRESS

ADDRESS

P4 5

- Modifies Data in These Register Pairs

6

HEXCON RETURNS WITH FATL FLAG = 1, REGISTER 1 IS UNMODIFIED;

OTHERWISE R3 = HEX

P7

- RETURNS
DATA  ENTRY
IN ACC. POINT
¥O
EE
EC
FA
E4
FAIL FC
FLAG
FATL F8
FLAG
PASS/ F2
FATL
F4
F6
PASS/ EA
FATL
E3



)

REGISTER DEFINITIONS FOR SUBROUTINE USAGE

ACC = 0 NO ERRORS

BINARY CONDITION PASSES
ACC = 1 BINARY CONDITION FAILS
ACC = 0 ERROR

REGISTER PAIR SCRATCH USAGE (MUST BE USED WITH FIN)
8 BIT ACCUMULATOR

SCRATCH USAGE

SECOND OPERATOR TO USE WITH Pl
SCRATCH USAGE

CALLING ROUTINE

CALLING ROUTINE

~N O B~ W= O

MAIN ROUTINE

ALL SUBROUTINE ENTRY POINTS IN TOP OF ROM (FC, FA, F8, ETC.)

CARRY BIT IS NOT PROTECTED BY SUBS OR CALLS, THUS GOOD PRACTICE
SUGGESTS CLB UPON ENTRY TO SUBROUTINE.



«T100

L1166, IFF
D103, IFF

GP RoM

2100
2110
6120
2130
@140
%150

160
3179
%186
3190
Z1A0
2R3
B1Co
%1D0
Q1E0
GIFQ

Fe
A2
1D
2D
Fé6
F2
B3
FS
1914/
20
EA

Fa

BD
F2
18
18

D3
Fé
70
71
A2
14
co
B3
o0
Y
Fa
E2
75
IC
@B
DA

B2
B2
12
31
Fé6
54
20
71
oo
21
B2

60

BD
53
e2
18

D6
A3
Dl
7@
B2
Cl
¥
75
20
A7
Co
21
74

60

BAa
85

83
Fé
El
31
A3
D5
21
Cco
3]
E2
20
A2
BD
21
18
18

1A
B3
co
74
Fé
83
Fo
F6
Fo
60
28
F4
F@
EA
2B
6C

5)5]
Al
29
3A
B3
12
EZ2
BO
A3
2l
21
E2
El
ge
49
18

F2
Fé
A
Dl

20

59
60
B7
97
Ab
A7
60
71
1C
20
62

B3
Rl
21
El
78
Co
AD
FS
1C
E2

E2

21
c7
53
18
18

62
Al
24
Co
18
A3
1€
B7
53
62
60
D2
70
ce
90
4B

ge
El
67
EA
31
14
64
Fé
FO@
21
21
El
c7
22
18
18

Dec . 6,194

20
24
20
Fa
¥Fa
53
(615
89
A2
EA
Ab
24
20
@7
A4
17

29
B7
BA
Bl
DC
b8
20
18
96
Fa
E2
EZ
20
18
18
18

21
74
EA

/)

82

83
B
6E
1C
B3
60
71

21

2B
E2
26

29
1D
Fé6
aYo]
14
12
D3
292
53
60
21
BD
EA
22
18
437

57
75
ta
F3
59
53
B3
80
ca
21
A3
7€
83
@D
DE
20



HEXOUT, CLAB / GRHFKAL PURPUOSE ROM
e~ —— R - — s RY Y, W CRARE GO e S -
XCH 2 / NORTHEAST FLECTRONICS
<ﬂw) LM 6 / CONCORD, N,H, 03301
ADT—3 7 OECENRER—3,1974 2
JCN CZ TIYOUT 7/ IS IT 0-=92
1AC / NO A TC F INCREMENT HI WORD
XCH—3 7 ADDTOFFSET -1
INC 2 /
NCP / GOODIES IN P1; CHAIN TO TTYQUT
TrYyOoT, F4-P0—0 - - —
SRC PO
F1M PO 0101 0111/ 7 & OF BITS; STOP, STCP, START
—EONE; —hb—g o T ONE BTG SHIP T REG, = Hem—— ==
RAR / OUTPUT IS STOP, STOP, START, B1,.,..,B8, RETURN
XCH 2
=3 E
RAR
XCH 3
Bt —
RAR
XCH
L1
WMP
FI4 P2 1011 0111/ 87 1 BIT TIME AT 30CPS
T +8F—4572
1S2 5 L2
I1SZ 0 LOCE / 11 KITS
HBM—t 7—SUPRESS—TTY S - -
WMP
RBL 0
e B B xR 1 g c—y _—
SRC PO
Y FIM P2 0110 0111/ 67 COMSTANTS FOR PASS COUNTERS
v PPt tOt87R A 79— FIT—FEME DELAY — -~ - -
ST2, RDR / DO WE HAVF START BIT YET?
RAR
JCN—CF-5F 7 e
ST1, 182 1 871 / YES 1/2 BIT DELAY
IS2 0 ST1
FGY—A—HY S~ ARE—WE-DONE ?-
LDM 1 / YES STGF TTY
WMP
— o = -
BY, ROR / GET BIT
C#A _
e - L —7 PHT- T CHF et S mm e e e e
1S2 5 RYF / 1S THIS PARITY BIT
ct3 / Y&S, ZFRO IT
— B PR ———————PHTF RETITRPO SHIF T REG —
L: 2 / THIS IS AN 8 BIT S=R
RAR
*EH—2 -
LD 3
RAR
*EH—3 —
FIM PO 0111 1000/ 78 1 RIT TIME DELAY
J¥P ST / ANOTHER BIT TIME
L jexCcod; €53 — —— - —# -CHENM CARRY RIT - —- e
LY 12
AU 2?2
JCH AZ M / IS THIS A=F MAYBE?
1AC
(’“\ JCu AZ L / IS THIS 0=9 WAYBE? ;
7 TILT,  HRL 1 / NPT HEY RETHRG WITH FRRAR '*
L, L9 s i
i / DESCRIPTION FOR USE !
-- . "d"}"\t ZP k(}—- - me— — —— —— I e — - —_—— i
JMBP RONRE AL
JMp ROMBGL
1N r e



UL RN

4 L) LELAWD MTT [HEA B2 VR

1AC
JCw AZ L / IS8 TH1S 0=9 MAYBE?
TILT, BRL 1 / NOT BEX RETURN WITH ERROR
L, Lbm 5
ADD 3
g - — N P +—t5—t- = G—
BRL 9 /YES, DOME
H, Ly 3
o= fa—y FEM—AZ T T-T +—4-5—3F—R2
LbM 8 / ADD UFESET
ADD 3
I L e Co e o 3 = />3
XCH 3 / nO, MAKF DATA GOOD
#HEL 0O / GET 0OUT
—ChEAR——F L PO O et ST P =
A, SRC PO
cLB / CLEAR AC
WRR F—EHEAR—PCRTE-
InC O / NEXT PCRT
Lb 0
FJEN—AN—R /—FS—FHES— A ST—PORT?
BBL 0 / YES, GET QUT!
AND, FI4 PO 0000 1011/0B CUNKHCOK AND
e P AR E €W
LI, Lns 3 / EXCEPT EOQOR
XCH 3
RAL —
XCH 3
IsSZ 1+ L2 / THIS 187
A—BHHEO— Y-
BB3L O / THEY DIDN'T
L2, PAR / USE 17T?
XEH—0
XCH 7
PAL
*EH—F
RAR
ADD O
JHep—tri
NUP -
NOP
RGP
HEGP
NOp
snp
COMPARE ,CLH / CARRY.RIT MUST BF ZERO
e L 3 e ey e e
sy 7
JCH AN TIIT / WHQODPS
-G S CRARRY—BIF—MUST-BE--ZERG
LD 2
SUH 6
& CN——AN—FT1+
BRI, O

ROHREAD,F14 PO 0000 0000/00 ADDRESS ON PORTS 1,0

[4
/—DATA—- BT - GM—PORTE-3+52

SRC PO

wRR
1NC O

LD o
WRR
JnNG 0
SRC PO
RDR
CMA
XCH 3
INC O

RN 3 S LU -

SHE -PA— - -

/ DATA IN ON PORTS 3,2

/ SET UP 10w ADDRESS

/ ST UP HIGH ADDRESS
/ GET FOCCIES

/RFSELECT LNOW PORT
/ GFT GOCCIFS



O

g

S TSHC VO
RDR
CHA

s X CH
BEL 0
WRIMTE, Fim $0 0
F e TRl (P
L 1
i wRH
Lo j.‘:(_‘ a1
SRC PO
LD o
——RR- e
INC 0
SRC PO

———

I P
CMA
VIRR

Fre Gty
SRC PO
LD 2

- _———-—eﬁ-ﬁ_—_—-—-. —— -
WRR
INC O

[T TSR
Lbs 2
WMP

i

: PP 21 Al
L1, 1sz 1 Lt
0 L1

wh
o
I
o)
e

b S

SECOND—TIME—OU

b}

L2, 1 L2

3.5
LS4

N0106000C

= .
N4

kPO
PO

R R
ABD 3
Iac

e AN FH P
INC O
SRC PO

ROR
ADD 2

JCH AN TILT

ol
-3

7 CHECK—HIGHDIG

B
FIV PL 0C0O
JM3 TTYOUR

BELL, 0111

ER FEM P4 000 1404
Jms TIYOUT
FIM P1 0000

A2 D8

i010

LYy VAV

JNP TTYOJULT

Jmop
JMp
Jmp
JMP
JMP
JMp
JMPOAND

JMP CLEAR

RN ARE AD
ROMPGH
LF

CR

BELL
COMPARE

e e — g B ER O o

/ VARTQUS ENTRY POINTS SEE
/ DESCRIFTION FOR USE

e G P HEXC A ER T
(~ JMP HEXOUT
| J¥P TTYIN

7 CHnNtIE HSE CPH BUG

JMp GnEg

TC 200 {NSTEAD

IE E0D0



~ MICROCOMPUTER USER'S
intl  LBRARY SUBMITTAL FORM ., ,, .,

m xx2 4004 J 4040 18008 (78080 {use additional sheets 1 necessary !

e o——— - - B N

Program

Title "KEYCN"

Punction |pofer to Part A of attached sheet.

Required |None, except for pull up resistors on ROM input port lines.
Hardware |Refer to Part B of attached sheet.

Required None

Software

Input |A zero on a ROM input line means a switch has been actuated
Parameters |on that line.
i

)

Output |{KEYCN returns row and column identification (in binary) as

Results | follows: ] )
Row Identification

RAM CHIP §, REG. 0, CHAR. 9
Column Identification

RAM CHIP §, REG. §, CHAR. 1

Registers Modified: Assembler/Compiler Used:

0.1,2,3,13,14 & 15 'sgéédent MCS~-4 Assembler,
RAM Required: Programmer:

2 bytes ' K.J. Fisher
;FR-OM Requu—r;d—” I . iCompany:

(ﬁ> '151 bytes 5 Reserve Mining Company

Maximum Subroutine Nesting Level Address:

One ‘ Silver Bay, Minnesota 55614

98-034B



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER'S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)

Processor (check appropriate box)

Program title: Name or brief description of program function

Function: Detailed description of operations performed by the program

o n ow

Required hardware:
For example: TTY onport Oand 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e, Required software:
For example: TTY routine
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output resuits:  Values to be expected in registers, memory areas or on output ports
h. Program details {for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nesting level
i. Assembler/Compiler Used:
For example: PL/M
I'mteliec 8 Macro Assembler

1BM 370 Fortran IV U

i- Programmer, company and address

2. A source listing of the program'inust be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user's
verification after he has transcribed and assembled the program in question.

Y our program will be photo-copied for publication in the User’s Library. Please send an original, clear, un-marked copy.

Send completed documentation to:

Intel Corporation

User's Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051

MCS485.0275-2K



™

KEYCN

PART A:

"KEYCN" is a subroutine which scans, reads, debounces, and stores
the row and column identification of an actuated (normally open)
switch wired into a 4x8 Matrix as shown in Part B below.

Debounce time is 15 MS and is easily changeable by modifying the
register initialization instructions of the "Wait 15 MS.'" portion
of the program.

The "KEY RELEASED" flag is necessary so that the program does not
assume a new entry in the case of the entire program (of which
YKEYCN" is a part) running to completion and coming back to the
keyboard scan subroutine before the operator gets his hand off the
switch. '

Note that the. column lines (RAM output ports) are negative true.
ie. Program 1 = @ volts and Program @ = +5 volts

Therefore to "Assert'" a column, that is set that column line to
¢ volts, one writes a Program "1" to that bit on the RAM output
port. Actuated switches will then show up as @ volts = Program @,
on the ROM input port lines, since ROM input ports use pOSlthe
true logic. :

PART B:

Switch Matrix/input-~output port wiring: .
FRoM 124»4
OurPuT ol

7o /?ow\
R e e | iaiot Ponrs
b k & N | |
4] 9 x o
"SR B N
y o o o (§
/. 8F T R
"y Ei?%q I—oaq ;45?4 45554 Forr Bl B &
A Low 2. _ : vB’-‘r ¥, Ber L J
‘ v Row 3 feer ¥l B 2
! Row 4 i 1?@4&T#j Brr 3 y
p . . ' !
. : ’ i
L RowS , PRt f2Brd
) AN Row 6 | /?,‘er’tz; B’n’lJ
b A Row 7 Joer ®2 Bir2
i Row B Porr 2 B 3
cot. ¥  coc 3 coc. 2 coe L
NOTE:

Only 4 of 32 posgsible switches are shown.



YIBIME Flowcharting Worksheet TR

MUY PINSP 18 10PIM PIOF ol

Prog : /(’ /7-5/‘5'2 Progrom No.: Dofe:.éé,ll\i Poge:
Chort ID:. Chort Nome: Progrom Nome:...._ ANEYCAL
Asscar -

ETER cotuma BT g ’ :
(5&S ) @Ham ziim ' :

To coL, $TpRE

CLEAR  KEY
Resasen TMS
A  HIT
) £FLaes Row <K
SET Key AsscaT
LeLeassn Z;"L‘;M 4/ KBP
Fens- ouFouTs
Y - Y . Kev?
1 KEVL Assaar
Resa Loao
,»of:Mm Y Aupar ok Cornma 22 ro A
(23 =2F & f =2F LeAD LIS Sreancy
5 v 7O Cot.STELE
N N N
; _ B KEYR
LRIT
15 mS. TJMS KB P Se7r
* ) ForR T
; . D BouscE RowcK r£enG.
3 Key 8
ADD 4
7o Rew | | BEL
Cobx
AsseaT
_Cowmal ML
LOAD FEF L
7O Coi, smes
JMS
ZoAr B Rewe K
70 {os. Sreec
A KErS™
4 CLERR : e .z
N7 S ! Key ReteaseD) 87, R 77MER |15
Rowceck A 4;;" il . Tirrel. |13
RS ,o "
L1 '
6 7
BRI y S
S - X IKEY Ret el pfir A |3
Ol Appeesisve |y

o[ PONOP 1T LD PO —em i
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SUFRCUTINE *KEYCN®™ ( FCP W8 SWITCH MATPIX)

"KEYCN" SCANS, FEALS, [EF UNCES, ANL STOFES
THE PCW AND CCLUMN ITENTI ICATICN CF AN
LCTUATETL SWITCH VIFEL .-TC CCNNECT LETVEEN
A POW (PO INPUT LINE) &NI £ CCLUMN (PAM
QUTPUT LINDE .

POV 1=PC! INPUT PCPT #l1, FIT’
PCW 2=PCM INPUT PCRT #1, FIT
PCW 3=PCM INPUT PCRT 41, EIT
RCW 4=FCM INPUT PCPT #1, EIT
RPCW S=PCM INPUT PCRT 42, EIT
RCY 6=F(M INPUT PCPT #2, EIT
ROW 7=FE01 1WPUT FCFT &2 LIT
-ROW 8=PCM INPUT PCRT #2, EIT

I e ) D) e ©

' CCL 1=RAM CUPPUT PCET #3 EIT 0
CCL 2=PaM GUTPUT'PCPT 4% FIT 1
CCL' 3=FAM CUTPUT PCPT #3 FIT 2
CCL 4=PgM CUTPUT POFT #3 EIT &

THE SUPECUTINE PFETUPNS SWITCH ILENTIFICATICN
AS FOLLOWS: . ' '

Y RAM CHIP 0s REG.(, CHAR O ROW I1LENT.
. ReM CHIP 05 REG.0» CHAR 1 COL ILENT.
'ROW ANT COL ITENT. ARE IN EIMARY. :

NOTE: PQ1 INPUT PORTS AFE PCSITIVE TFUE
LCGIC &NT PAM OUTPUT PCRTS ARE NEGATIVE TRUE
L. OGI C. | |
******-)'c*-X—******%******%**%****%********-‘.{-’.{-***%**** .
NCP '
N CP ‘ T
| FIM 250 3 (LEAR KFY FEL. AND HIT FLAGS
KEYCN: FIM 0, 0COH 5 ASSEFET ALL CCLUMN CUTPUTS
SRC 0
LIM 15
WMP ¢ .
'FIM 05 10H $ ROM INPUT PCET #1=F?
SRC 0 :
‘RLCR
Ma
JNZ KEY2
FIM 0, 20H
SRC 0
RIR
MA
JNZ KEY2
LIM 1 5 SET KEY PELEASEC FLAG
XCH 2 -
_ JUN KEYCN
KEY2:  FIM 14 4TH 5 WAIT 15 MSe
LIM 10
XCH 13
KEY3: 1SZ 13 KEY3
1SZ 14 KEY3
152 15 KEY3

*\-.\u\.\..\.\-oﬁo_‘n\nho&o‘eﬁoh.!-o%.\n'c'k-ho\nq Ve Lo %e Lo Ya Ye e We Bs W We
. 2 d

e
9.
&
#
%

Vo

ROM INPUT PGRT #2=F7



KEY 4:

Keven

RQM INPUT POPT #1=F7

.o

FIM 0, 10H
SFC 0

RIR

1A

JNZ KEY4 : . |
FIM 0, 20H 5 RCM INPUT PCRT ¢2=F?
SRC 0 :

RLR

e

JZ KEYCN

JUN KEY4

NGP

N CP

NCOP

NCP | |

LD 2 . KEY PELEASEL FLAG SET?
JZ KEYCN :

FIM 0, 0C0H 3 ASSERT CONLY COLe #4 LINE C(LCW)

SRC 0
L8

CWMP

FIM 0,01H . 3 LOAL 0100 TO COL. TAM STCFAGE
SRC 0 -
Lo 4

WRM

JMS ROWCK

LD 3 $ HIT FLAG SET?
JNZ KEYS . .
FIM 0, 0COH 3 ASSERT ONLY CCL. #3 LINECLCW)
'SRC 0 N . ' .

LM 4
“'FIM 0,0 1H 3 LOAL 0011 TC COL. FAM STORAGE
~ SRC 0 . ' :

LM 3

WEM

JMS ROWCK

L 8 35 HIT FLAG SET?

JNZ KEYS .

FIM 0s 0COH '$ ASSERT CNLY CCL. #2 LINECLCW)
SRC 0 ’ :

LIM 2

WMP

. FIM 0,01H ’. 35 LOAL 0010 INTO COL. RAM STORAGE
“SRC 0 ' .

LM 2

WPM

JMS ROWCK

LD 3 3 HIT FLAG SET?
JNZ KEYS

NCP

NCP

..FIM.OJ 0 COH 3 ASSERT ONLY COL. 1 LINECLOW

SRC 8

L 1
WMP '

FIM 0,01H LOAT 0001 INTO COL. PAM

;
3 STORAGE



KEY 5:

ROV CK

KEYS:

KEY6:

T WPM
- LIM

IKEYens

~ SRC 0

LIM -1

VFM

JHMS POWCK .

FIM 2, Q0H -5 (LEAR KEY FELEASETD
NECP 5 END HIT FLAGS

FEL 0 '

FIM 0., 10H 5 ROM INPUT PCRT #1=F7?
.SRC O

RLR

A

. JZ KEY6 - _
- KEP 3 CONVERT | OF 4 TO .FINARY
KEYT:

FIM 0, 00H 3 LOAD TO RAM STORAGE
SRC 0 ;

3 SET HIT FLAG
X CH
FEL
FIM 0> 20H ¢4 ROM INPUT PCRT #2=F7
SRC '

[==]

‘RLR

;_‘CMA

JZ KEYE : )

KEP 3 COCNVERT ! CF 4 TO EINARY
FIM 0,024 3 ATT 4 TO POV COLE.
ALD i :

JUN KEY7
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PRI N LSA
BAEIVe 3

Progrommer: _

Chact ID:

Ko LrsmirR

Chort Name:

" Date: 20/25_ Page:

Progrom No.: /.«d,/,ﬂfﬁ -5

Progrom Name:

KEYes TEST

< SwaeT }

qMs
KEYcs

Careracs
R TR
§ LIVE

rFEEPD

rmoy S

"favuv wAS
L4

2 OAD Fow

AT
ore RP %2

TAHS Oniig
CHARZ fRIST
Sy Blpw TIUE,

Pawmey 3

«! Cowsmrs «“

LoAD

Cote RS
RSCTr
H1wro RPEZ

JMs
oOMH LY

+at] PAYUOP IE SOPUN O] i

C ,

[



ASSEIMELER V3.0

000D
00CA

6000
0001
g6oo2
0004

0014

./  BOIE
0020
0022
0024
0026
0028
0o2a
002G
002E -
00EF
6030
0031
6032
0033
0035
0037
0039
003E
003C
603D
‘00 3E
60 3F
00407

I 0042

00

00

401E :
ASLESHS2 Ml
59205741
5332052
4F5720 40
2C20434F H2:
4CES4T4E

20 40

50 E9 BEGIN:

220D
5089
2204
5089
2004
5044
2000
21
E9
E3
D3
E2
5089
2014
S0 44
2001
21
E9
E3
L3
B2
5089
401E

AP TP -5

MPTP=5eeee e KEYCG] TEST

°
L4
.
L4
.

I d
‘CR EQU 0IH
LT ECU §&H
H

L4
NOP
NOP

JUN BEGIN 5 JUP AROUND'CANNEL MESSAGES
DE ‘ENTRY WAS: ROV @’

(]
°

DE % -COLWMN

JMS KEY (N
FIM 2, CE 3 'CARTIAGE RETURN
JMS CMHI10
FIM 2 LF
JMS OMH10
FIM 0.M1 5 PRINT M1

JMS Q1H - -

FIM 0, 00H 5 PP2 GETS ROW ASCII
SRC 0. : '

RIM

XCH 3

LD 3

XCH 2

JMS OMHI0 3 PRINT ROV ILCENT.

FIM 0.M2 5 PRINT M2

JMS OMH

FIM 0, 01H 3 RPZ2 GETS COLWMN ASCII -
SRC 0 - '

. RIM

HCH 3

Lo 3

XCH 2

JMS OMHI10 3 PRINT ROW ILCENT.

JUN PEGIN

LINE FEED

Yo

AR R L LA X A LA Bl LA R L AL EELE LR R R L L Y

0 %o Ve %o Yo %o

OUTPUT MESSAGE AND TTY HANILER “OMH "

LOAD MESSAGE Sepe INTO RP O
ENTER AT "CMH"



‘0044
0045
0046
0047
0048
002A
004PB
004C
004D
00 4F
0050
pose
0053
8054
0055
0056
0057
0058

005A
0058
005D
00SE
005F
0060

0061

0063
0064

0065

0067
0069

6o6a

006F
006C
606D
006F
0070

0071

6072

0073
0074 .

0075
0076

0077

0078
6079

32
Fl
L4
92
1C50
F1
Lo
93
1CS0

GO
. 5089

FO
Bl

F2

Bl
&0
EO
40 84

FO
2640
27

El

B4 -
50A4

Fé
1863
50 AE
27

El
21

El
5048
EA
Fq
El
Fé6
A2

et 4

| oMH:

!

J
¥
h
i

I

]

i
i

§
3
i
§

e s s B

st

Fihr e

B2

A3
F6

B3
746D

CMH1:

oMH2:
OMH 3

OMH 62
OMH 72

OMHS ¢

MHO s

e Ve Yo Lo Wb

Ve Mo .%o %o %o Vo

)

o Yo Vo %o

MMPT P -8 ©

TO PRINT CNF CH{ARs LOAT ASCII INTO
R2 & R3 ANLE ENTER AT "CYHIO0"..-

USES REGe 05 10 25 3 b 60 & 7o

FIN 2 "3 R2 ANT R3 GET ASCI! 'CHAR.
L 3 IS IT ENLC CHAR? 1E. =@=40H?
L 4
SUE 2
JON 1
'L C
LIM 0
SUR 83
JCN 12, (MHEZ

“BRL 0 ;3 END OF MESSAGE
JMS MH 10 3 PRINT CHAR
“CLE 3 INC ALLIR

%CH 1 .

IAC

¥CH 1

_ATCD 0

XCH O

JUN CMH

THE FOLLOWING SUPROUTINES CUMPRISE THE TTY
HANILER. ASCII CHAR. ARE LOALFL INTO OR PEAD
FROM R2 & R3.
[ ' 1
INPUT A CHAR. FROM THE TTY
‘(LB
FIM 6s 40H
SRC 6
WP
LM 8 ' .
%CH 4 3 REG 4=FIT COUNTER
JMS OMH12 byl
RDR _ ‘
RAR 3 SHIFT TO:CAPRY
- JNC QMHS 3 LOCP VWAITING FOR START BIT
JMS OMH15 . 3 4¢55 1S DELAY
- SRC 6 .
WMP 3 TURN REALER OFF
" SRC 0 ' i
VMP 3 ECHO START EIT
MS MH13 5 9.09 MS LE.AY
RDR 3 INPUT LATA
a1a 35 COMPLEIE!T ACC
WP 3 ECHO LATA TIT
" RAR 3 ELT TO LINX
LD 2 3 'GET UPPER NIEELE \
"RAR . 3 SHIFT IN CAPRRY. &”)
®CeH 2 3 SAVE UPPEP NIEELE
LD 3. . . 3 GET LOVER NIFELE
RAR 5 SHIFT IN CAFTY
XCH 3 .. 3 SAVE LOWEP NIEELE

1SZ 4 CGMH9 | . 3  GET ALL 8 EITS



J

007E
1 007D
00 7E
007F
0081
0083
0084
0085
0086
0087
‘0088

0089

060Gk
008C
008D
008E
0020

0091

ggoe
0093
0094
0095
0096

6097 -

0098
8099
069E

009D
009E
BC9F
00A1
CO0A3

00AL

00A6
80A7
0048
00AA
60AC
00 AE
00ED
. 00E2
1 00B4

5048
Dl
El
5028
S0AE
E2
F5
Fl
Fé6
E2

C8

50A4
"l
8

B4
5048
F1
B2
¥é6
E2
E3
Fé6
B3
¥7
il
T48BE
50 A8

Tl
El
5048
50 A8
+CO

2600
27
1 CO
263C
TTAA
T6AA
263C
77E0
76E0
G0

4H 10

OMH11:

*18C

OMH12:
MH 1 3¢
OMH 1 42

MHIS:
OMH16:

AAPTR -5
JMS OMH13 3 STOP BIT |
LIM 1
WP s ECHC STCP FIT 1

JMS OMH13
JMS GiH1S

3 4.25 MS THLAY

Xxal 2 3 ELIMINSTE PARITY EIT
RAL
CLC
RAP
RCH 2
EIL O
4
5 OUTPUT A CHAR TO TTY
7 .
JMS OMH12 $ SELECT TTY POCRT
Wi s START TIT
LM 8
XCH 4 3 REG 4=I1T COUNTER
JMS CMH13 s 909 MS DELAY
(L C
XCH 2 3 SHIFT 8 BITS RICHT
RAR
XCH 2
XCH- 3
RAR
ACH 3 :
TCC 3 CARRY TC ACC
WMP OUTPUT TC ACC

H
182 4 GIH11
JMS GiH13

3 CONTINUE LCOPING

LI $ STOP EIT 1

WMP

JMS OMH13 3 9.09 MS LDELAY
JMS OMH13 3 ANL ANOTHER
BH. 0 3 RETURN

£ . .

3 TIMING SUEROUTINES

4

FIM 60

SRC 6

EEL 0

FIM 65 60 3 9.09 M5 DELAY

I1SZ 7,-C¥H14
I18Z 6 01Hi4
FIMM 6s 60
I18Z 7, CliH16
ISZ 6 OMH16
BE. O

4e 55 MS LCELAY

o

&

. :*******%***%%***********%*****%*%***%************%***

We Yo “o e e Vo %o Yo e

SUBROUTINE "KEYN " ¢ FOR 4X8 SWITCH MATRIX)

"KEY(N" SCANSs READS, TEFOUNCES, £AND STORES
THE POW AND COLUMN IDENTIFICATICN CF AN
ACTUATEL SVITCH VWIPED TO CONNECT BETYEIN
& ROYW (FOM INPUT LINE) ANL A CCLUUMN (PAM

QUTPUT LINE) .



00ES

00EG6
00E7
00E9
00EE

. BOEC

00ED
00FE
00CO
00C1
goce
00C3
60CS
906C7
006C8
00Co
goca
6oCC

" 00CD

00CE
00L0
go D2
“gor3
60r4
00L6
gors
gorca
60CC
0oDD

00PE-

00DF

00El

"DO0ES
00E4
00ES

nNATA

1CD0

2020

21
EA
F4q

C1
B2
40 E9

DA
BD
7DD4
7ED4
7FD4
2010
21
EA
Fa»
1 CEE
2020
21
EA
Fa

1 /A0

1CLO

2E4D

KEY2£

KE?S:

W Mo Ve Yo Vo %o Vo Be We Be Ye Yo Yo Yo Ve Yo We Yo We Wo o e e Yo

APTP=S éE

ROV 1=PC1 INPUT PORT £l EIT
ROW 2=PCM INPUT PORT.#ls EIT
ROW 3=n0G1 INPUT PORT #ls EIT
ROV 4=R01 INPUT PORT #I1» EIT
ROW 5=PR041 INPUT PORT #2» EIT
ROW é=FC1 INPUT PORT . #2» FIT
ROW 7=RC1 INPUT POCORT . { EIT
ROW 8=RCi1 INPUT PCRT - #2 PIT

M) s © YN = O

COL  1=Ff1 OUTPUT "ORT #3 PRIT O
vCOL 2=PA1 CUTPUT PORT #3 EIT 1
+COL 3=PRAM OUTPUT PORT #3 PIT 2
'CCOL 4=FAd OUTPUT PORT . - #3. EIT 3

- THE SUEROUTINE RETURNS SWITCH IDENTIFI CATION

AS FCLLOWS: : _

) RAM -CHIP 0» BREG. 0, 'CHAR 0 = RCW IDENT.
- RAM 'CHIP 0, REGe0» CHAR | = CCL IDENT.

ROY AND'COL ILDENTe ARE IN EINARY. :

NOTE: RGM INPUT PORTS ARE POSITIVE TRUE

"LOGIC AND RAM OUTPUT PORTS ARE NEGATIVE TRUE -

L. OGI Ce : '

Rk Rk o PR F R G R - R R R R L R R R R - T T .

NOP
NOP .

FIM 25 0 #CLEAR KEY REL. AND HIT FLAGS
FIM 0, 0 Cfs 5 ASSERT ALL 'CCLWMN OUTPUTS . -
SRC 0 ' : | W
LM 15

WM P
“FIM 0, 10H
SRC 0
'RIR

s
JNZ KEY2 |
FIM 0» 20H $ RCM INPUT PORT #2=F?
SRC 0

RER

oA

JNZ KEY2

o

ROM INPUT PORT . #1=F?

LMol 3 SET KEY RFLEASED FLAG

XCH 2

JUWN KEYM - ) N

FIM 14 4IH 5 WAIT 15 MS.

LIM 10 h

XCH 13

15Z 13 KEY3

ISZ 14 KEY3

1SZ 15 KEY3

FIM 0, 10H 3 RQY INPUT PORT.#1=F?
SRC 0

RDR ' ' 4 4
JNZ KEY4 E

FIM 0, 20H 3 RCM INPUT PORT. #2=F?

SRC 0 :

RDR

‘MA

17 VYt -



00E8
00EA
00EE
0'0 EC
00ED
00EE
00EF
00F1
00F3
00F4
00F5
00F6
00 F8
00F9
00FA
00FE
g0FL
00FE
0100
0102
0103
0104
0105
0107
0108
0109
0104
010C
010D
QI10F
g111
giig
0113
114
0116
0117
0118
giio
011E
gilic

611E °

811F
0120
gi22
8123
0124

‘8125

gia7
0128
g129
gi2a
012C

012E.

012F
0130
6132
0133
0134
0135

40EE
00
00
00
00
A2
14E9
20Co
21
L8

El
2001
2L
1373

EO
5130
A3

61}2(}- 102 Cw)

~2UTh
21
D4
El
2001
21

' D3
EQ
5130
A3
1c2cC
20 CO
21
D2
El
2001
21
D2
EO
5130
A3
1caec
06
00
20 CO
21
D1
El
2001

21
Dl
E0
5130
2200
0o
CO
2010
el
EA
F4
143F

KEYS:

ROVX ¢

KEY4:

JMS

- JUN KIY4a

NCP
NOP

NOP

NOP .
Lpe =
JZ KEYCN
FIM 0, 0COH
SRC 0

LM 8

WP

FIM 0, 01H
SRC 0.

LIM 4

WRM

JMS ROWK
LD 3 H
JNZ KEYS
FIM 0, 0 COH
SRC 0

LM 4

WP

FIM 0, 01H
" SRC 0

LIM 3

WRM

JMS ROV
LD 3 3
JNZ KEYS

~ FIM 0, 0COH

SRC 0
LD-2

WMP

FIM 0, 01H
SRC 0

Lo 2

WEM

LD 3 3
JNZ KEYS
NOP

NOP

FIM 0., 0COH
SRC 0

L 1

UMP
FIM

SRC 0

Lm i
WM

ROV (3¢
‘'FIM 2, 00H
NOP i
BEL 0

FIM 0, 10H
SRC 0

RCR

1A

JZ KEY6

AMPTP-5 (&

KEY RILTASEL FLAG SET?
5 ASSERT ONLY 'COLe. #4 LINE (LOY

$ LOAD 0100 TO COL. RAM STORAGE

HIT FLAC SET?
3 ASSERT ONLY COL. .#3 LINEC(L OW)

5 LOAD 0011 TO:CCLe RAM STORAGE

HIT FLAG SET?

J ASSERT ONLY CO.. #2 LINEC(LOW)

3 LCAD 0010 INTO'CCL. RAM STORAR

- JMS ROVCK -

HIT FLLG SET?
3 ASSERT ONLY CCL. 1 LINECLCW)

LCAD 0001 INTO:CCL.
STORAGE

R&M

o Yo

s 'C(LEAP KEY RELEASET
AND HIT FLAGS

3 RGI INPUT POPT #1=F?



5137
0138
0.13A
0-13B
013C
013D
013E
013F
8141
0142
0143
0144
0146

0147
0149
0144

:3

FC
2000
21
E0
Dl
B3
Cco KEY8:
2020 KEY6:
21

EA

F4

143E

FC

2004

81

4138

KEYT:

END

TS €

KEP .3 CCNVERT | OF 4 TO FINARY

FIi 0, 00H 5 LOAT TO RAM STORAGE
SRC 0

WM
LM
X CH
‘BEL
FIM
SRC
RLR
™A
JZ KEYS . o
KEP 3 'CONVERT ! OF 4 TO EINARY
FIM 0, 041l 3 ALLC 4 TO ROV :CODE.
ADD 1 .
JUN KEY7

o

3 SET HIT FLAG

s 20H 3 ROM INPUT PORT #2=F7?

QQQ(‘)m

/0F000000000000IE£5423452592057&153°9209C

AOF000F00524F5720402C20434F4C5540A%R2

204010

#0F001E0050E9220 DS089 220 A5089200 450 2420 E5
£0F002C000021 E9EQL3E25089201450442001219F
@pF003CO0EOE3DIE2508940 1E32F1L492CE0F1T77
@0F004E0000931C50 COS0EOFOEIF2E180 E0 40 4446
,ﬁOFDO5?00?026A027b1D8E490A4EFF61P63SDPESV
‘®0F006900R27E121E150 ASEAF FAEIF6L2F6TRAIFGEE
‘0F007800EQ746D¢0ro@1EI%ObuﬁOFEEQ“%FlF6£7//
th0087002200=09hzxrdPasoostrzFe “2F3F6AR 7

‘0F00960023?7’1748E50A%§i§1KUPdCJ’
/0FOUA‘O000”7C0263077P@76AF?63C77E076T01?

3C0264E 7

‘;OFOOELOO00000022002ODC2IDFE120IOQIZAVﬂle
fﬂFUOCSDU1020292021?PF41CLOD1E¢LOE92“AE?0
“0F00L200 CAED7LCATED27FBA20 1021 EAF41CEESS
fO0F00E100202021 EAF414E940EE00000000A214220
+0F00FO000R920C021T8EL1200121 D4AE0S]1 20AZI D57
;ﬂFﬂOFF002C200041I4E1¢001213°EOR1"0F3ICDE
A40F010ED02C20C021D2E1200121P2E0S130A31CCE
VOFOI1D0020000020C02121F1200IQIEIEOSIQOSO
”UF014000220000C0°01041“AF4143FF0¢000212°

€/.UFOISEOOEODIE"CO20°021

$02014A00413834A
s0000000000

AFLI43EFC2004815F



INTPY
INTFY
INTFY
INTFY
ENTFY
INTRY
INTRY

- ENTPY

INTRY
INTFY
INTRY
INTPY
INTFY
EINTRY
INTPY
INTFY
INTFY

INTPY °

INTRY
EN TRY
INTFY
INTFY
EINTFY
INTPY
INTFY
INTFY
INTFY
INTPY
INTFY
INTFY
INTRY
INTFY

Wa

e o6 oo ae

3
™
fnntn'n

PCY

FCw

FOW
FCW
FLW

" POV

FCW
PCW
PCW
POV
FCY
PCW
PCVW

FCW

FCW

PCW
PCW
RCOW
FCW
PCW
ROV
PCW
FCW
POW
PCY
FCW
FCw
FCVW
PCVW
FCW
POV
ECV

CCLWMN
CCLIMN
CCL BN
CCLUMN
CCLUIN
CCLUMN
COL UMN

CCLUMN

CCLWMN
CCL MN

+ CCL UMN

CCL tMN
COL TMN
CCL UHN
CCL UMN
CCL WIN
COLUMN
CCL UM

CCL UTIN
CCLUMN
CCL LN
CCL UMN
CCLTMN
CCL UMN
CCL UMN
CCL IMN
CCL WIN
CCL UMN
CCLUMN
CCL WB4N
CCL UMN

-CCL UMN

REDLDDEDLDBHEDAOLWWWMWWMWLWWMNMNMANNDN N = e oo s bt s s

I~

SAM.PLE Ou:mu"'
FROP\ /UPT'/O“{



MICROCOMPUTER USER'S
Inte LIBRARY SUBMITTAL FORM Ref- Vo _10-13

1/“.\
{ \ 1 4004 X) 4040 [J 8008 M 8080 O 3000 {use additional sheets if necessary)
Program WSEL" SUBROUTINE (Selector)
Title
Function To recognize 5 individual character sequences up to four
characters each and set appropriate flags (see accompanying
diagram)
Required 1, Device selector board
Hardware 2, UART (serail data) card
3, Matrix card
b ired This program is used in data communication control application,
Software . s
a simple sample program is enclosed but any program may call
this routine.
input
Parameters Serial data is received by a UART-and assembled in parallel format
{Am\ on ROM input ports 2 & 3
UART is controllied by ROM port #
When sequence is recognized flags are set in SB@ registers
L and 6
Output EOT é—— L
Results
EOA | BC RSC TSC «—6
Registers Modified: Assembler/Compiler Used:
Register Bank @, R8, R9, R10 intellec 4 Version 3.0
RAM Required: Programmer:
CHZ REG @ & 1 CHAR g 7
VAR 2 &3 Laszlo |. Szerenyi
\ ROM Required: c :
(Sam; g"%rogram 0000—> ¢@@50) gty
SUBROUTINE 0061 —= @@C2 Frederick Electronics Co.
Maxi Subroutine Nesting Level: Address:
aximum subroutine Nesting Level 1 I'Begsx 502
1 Frederick Maryland 21701

98-034C



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)
a. Processor {check appropriate box)
b. Program title: Name or brief description of program function
c. Function: Detailed description of operations performed by the program
d. Required hardware:

For example: TTY on port 0and 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products

f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)

1. Registers modified

2. RAM required (bytes)

3. ROM required (bytes)

4, Maximum subroutine nesting level

i Assembler/Compiler Used:

For example: PL/M
Intellec 8 Macro Assembler
1BM 370 Fortran |V

i Programmer, company and address

2, A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

4. A source paper tape of the contributed program is required. This insures that a clear, original copy ofthe
program is available to photo-copy for publication in a User’s Library update publication.

end completed documentation to:

Intel Corporation

User’s Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051

7-475-2K



GoeEe
GEo1
z2oo2
GEoa
DBO6
OeE7
008

2889
CeEA
2een
GEE0
AN
YEEE
COoF
Cale
2211
zZote
go13
C@lL
EE€15
CZZlée
get7
Z2zig
ggta
€@1B

63
gA
2500
2020
D4
B3
29

AB
EE
Fi
83
BE
68
AR
29
EZ
Bg
B8
69
Fi
ES
o9
1Cg8
B9
29

*204C

RBATA: SEG

)
3
ay}
D

N
has}
(@]

3SELECTOR SUBROUTINE AND SAMPLE
3PROGRAM 8BIT PARALELLED DATA ON
3JROM IN/OUT PORTS 2&3,CONTROL
3 OUTPUT ROM PORT 0

SDEVICE SELECT USES RPM INST-
3JRUCTION TO GET THE "PMYPULSE
35FOR THE HARDWARE ONLY.THE DEVICE
31S SPECIFIED BY LATA ON RO
3 OUTPUT FORT 2.CHARACTER MATRIX
3IS EXTERMNAL DIOCDE FPROGRAMMAELE
3FOR EASY FIELD CHANGE.

3 THE COMPLETE CIRCUIT USES
3DEVICE CONTROLLER BOARD(WITH
3UPHYPULSE) UART BOAEL=LS1.
3MATRIX BOARD=DS2
3 OUTPUT BCARD=LS4
5TOTAL SYSTEM USES A NUMBER
30F OTHER BOARDS ALSO.

3 THE CEJECT OF THE "SEL
3SUBROUTINE" IS TO FIND 5
5 INDIVIDUAL SEQUENCES OF UP
3TO FOUR CHARACTERS EACH,AN
SEND OF SEGUENCE 1S MARKED
3BY AN END OF SEQUENCE SIGNAL
50N EOM IN PORT @sBIT Z.

3 TEE PROGRAM IS ONLY AN
5INDICATICH OF THE DOSSIELE
5USES OF THE SUEEOUTINE.

1

1
NI S TR G
=

Ed
@s32 SROMP 2(3

SN
1 -

.
L4
aw
RO
QW=

3SET MATRIX ADDR INTO
;5 (CHG »RE€,CHEZ-7>

INC ¥ ;R1
LD @& :RE = 0

VR ;ELEAR RAM R1

sACC=9,RESET R9
3ROMP @

RA

it




g@1C
221D
ZELIE
AR
geee

ggail

Z2o22
0z23
poa4a
2925
gaz7
LEa9
aoeA
Eeek
@@2C
Be2D
CE2E
CZ2F
BE3%
g@3e
@@33
2E34
G235
gale
be37
©B38
Z@39
G@3A
Z33C
@@30
@@3E
@B3F
2B40
o4l

2G43
gogaa
BB45
ooae
wouaT
Bo4s
coa9
ggan
224C
BC4D
QBUF
P75
2e51

Bo52
@53

D7
E2
2B
Dl
EC
2E
29
EA
Fé
1A1B

5061

—
29
E2
2B
L4
E2
GE
2818
29
Fi
E9
BB
Fl
L3
99
AB
1443
Fl
Fé
Ag
¥é
B6
agat
¥é
A4
Fé
B4
Fl
b7
9%
144F
69
4032
Fa
BY
2B
A6
E2

READ:

=
wn
ul
L1}

NEWF

CUTPUT:

)

L
=

wn I

&
—
@

LD 1

YRR

BRI

SRC B
RLF

RA®

JHC PRDATA
JHS SEL
LDM 7

SRGC 8
RN
SREC 1%
LDM 4
WRE
RPM
FIU 8,16
SEC &
CLC

RDM

¥CH 11
CLC
LDM 3
SUB 9

LD 11
JNC MSB
CLC

RAR

LD 6

RAR

XCH €
JUN NEWF
RAR

LD 4

RAR

XCH 4

CLC

LDM 7
SUB 9

JZ OUTPUT
INC 9
JUN READ
CLB
XCH. 8
SRC 18
LD 6
WRR

s58111=CHI

SROMP 2

s5CS1=UART
;READ STAT

5C==N0 DF

s
U

0MP E=g111

DS &4=0UTFUT

e

SJRESET RS8

JROMP 2=LSB

CONTR

Sample program to call

subroutine and light

LED's




0054 64
gEss 2B
2356 Ad
0657 E2
ZE58 29
Be59 D4
z@5A E2
gZ5B D7
GesC E2
gEsD L2
Ggs5E BA
GOSF 4C 1B
pr61 2B SEL:
Go62 EA
ge63 Bl
go6n 6A
gres oB
0666 EA
BO67 BO
G068 F@
Gr69 E2
CO6A D2
GO6B BA
ggec 29
FEED D&
GEOE £2
GEGT L7
GETE E2
Eo71 2B
gE72 D2
8g73 E2
BO74 OE
gB15 FO
BE76 B9
ge77 29 LCOF:
2678 E9
BB79 oB
ge7a E2
2@7B B3
Z@7C Fg
.g@TD D3
GGTE 99
GOTF 1287
BAG1L Dl
Beee G4
FOG3 oz
GeGH E2
GGSS D
7EGe BA
ZE87 2B CGliP:
afareEe) =
ZE89 Fi
BEsA 91
go8E /1CB4

INC 1&g
SeC 18
LD 4
VRR
SRC 8
LDM 4
VRE
LD 7
WRR
LDM 2
XCH 1@
~ JUN

SRC 10

INC 10
SRC 16

o
0O

o

SRC 18

RDATA _

JROMP 3 =lSB

3STROBE OUTPUT

;END STROBE

SJRESET RI10G w

3ROMP 3

SLATA 1IN FREs1
;CLEAR ROIMPS5-14SBE MATPRIX ALDR

JB11E€=CH1 LEPR
5SBART OF SLLECT &579

JINIT RAM ADDR,LOOP COUNTERS
SRAM CHEZ.,RE
5CURRENT MATRIX ADDR

JLSB ADDE
3JTENP ADDE STORE

SCHECK LOCF HO

SET i
LT CCHPL,TEADL LATA



[

8D
GECRE
GOBF
GESE
G791

Ggoeo
293
0oL
BGO6
G097
Geos
G099
BO9E
gBoc
Z@or
BBOE
GOSF
CELT
zoal

GBAS
COA3
GeaL
GOAS
GCAE
BOAT
COAS
GrAL
OOAR
GOAC
ZOAD
CZAE
GZAF
GUBG
GR2
ZoB4
BEEs
CoB6
CzB7
CORS
ZORA
CORE
gzBC
ZUBD
3GBE
GCLF
ZeCy

gwC2

64
2B
b2
BA
EA
Fl
52%]
1CB4
29
E&
Fé6
1249
68
29
D1
EZ
F@
B8
29
bC
B7
A3
@7
E@
4GAC
63
A3
EZ
69
D4
Fl
99
1AC2
4m77
B3
B7
A3
g7
1 4AC
LbC
B7
A3
@7
29
EC
4g77

c7

SEG:

NEXT:

FAIL:

*$S
*7
A
GGCUT:s

INC 1§
SRC 1&
LD 2
XCH 18
RLR

CLC

SUB &
JNZ FAIL
SEC &
Dl

RAR

JC SEC
INC 8
SRC &
LD 1
VRN

CLB

HCH 8
SEC &
LT 12
XCH 7
LD 3

ANT

VRM

JUN NEXT
INC 3

LT 3
WRM

INC ©
LDM 24
CLC

SUB 9
JNC GOUT
JUN LOOP
LDM 3
¥CH 7

LD 3

ANT

JZ NEXT
LDM 12
XCH 7

LD 3

ANT

SRC &
WM

JUN LOOP

CHECK FOR LAST CHAR OF SEG
5C=1 GO TO NEYT CHAR IN SEC
3RAM CHZ E1
$STORE FLAG
3TAM CHE RO
51160
3R3=MATRI¥ LSB ADDR
5INIT CHAR SEG
5GET NEXT SEG
3NEXT MATRIX ADDR
$ADDR INTO ACC
5STILL RAM CHO,RO

55 SEQUENCES ONLY

;C=g=-=END OF SEC

56011

sCHECK IF FIRST CHAR OF SEQ

51108

JINITIALIZE MATRIX LSE ADDR

5STORE IN RBANM

JCHECK AGAIWN



MICROCOMPUTER USER’S
Intel LIBRARY SUBMITTAL FORM Fe'- Y- 2014

/ ,\- X1 4004 O 4040 ] 8008 [ 8080 (use additional sheets if necessar
Program
Titl
e PAPER TAPE CONVERSION 5-LEVEL TELETYPE TO 8-LEVEL ASCII
Function

This program converts information (programs, etc.) originally on
5-level (TELEX on TWX) paper tape to ASCI! 8-level paper tape. In
this way programs can be sent over telex or TWX and then converted
without retyping the information.

Required
Hardware
TTY on Port @ and |
Required
Software o . . =
None (modified TTY routines included in program)
Input
, Parameters The 5-level tape to be converted to ASCII| is loaded in the paper tape
(F“\ reader of the teletype so that the tape covers the 5 leftmost pins as
shown in illustration.
gVt S
Q2
0 b—
G o - O
s9Qgoo0epOe@
[ol0 e}
I__Q go 500 - O
TAPE og:o ASR 23
TRAVEL \l/ (& -0 | TAPE READER
Output B AR ol
Results

The program will convert the character and punch the equivalent ASCII
character. No rubouts will appear on the ASCI| tape but blanks will b«
copied.

NOTE: The source listing included was typed on a Model 19 5-level TTY
and converted to ASCI1 before assembly.

Registers Modified: Assembler/Compiler Used:
$,1,6,7,8,9,15,4 ASSEMBLER VERSION 2.0
RAM Required: Programmer:
/f»\ NONE Mark D. Hansen
(\ ROM Required: Company:
207 Bytes INSTRUMENTATION SPECIALTIES CO.
Maximum Subroutine Nesting Level: Address: P.0. BOX 5347
1 level LINCOLN, NEBRASKA 68585

98-03



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER’S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)
a. Processor (check appropriate box)
b. Program title: Name or brief description of program function
C. Function: Detailed description of operations performed by the program
d. Required hardware:

For example: TTY on port 0 and 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products

f. tnput parameters:  Description of register values, memory areas or values accepted from input ports
g. Output results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)

1. Registers modified

2. RAM required (bytes}
3. ROM required (bytes)
4, Maximum subroutine nesting level
i Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler
IBM 370 Fortran |V

I Programmer, company and address

2. A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

Your program will be photo-copied for publication in the User’s Library. Please send an original, clear, un-marked copy.

Send completed documentation to:

Intel Corporation

User’s Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 9505 1



ASSEMBLER V2.0

8oBY
2801
2002
2003
Booa5
BB06
BoGT
208
2099
Z00B

Besc .

Ze8D
GOOF
o1l
BE12
6o13
6o 14
6016
6617
6018
6019

oo1A

go1B
go1c
@@ 1D
GO1E
Go1F
g2l
7023
0025
G327
pr28
7329
go2a
328
@p2C
232D
ZO2E
Go2F
BO30
GE31
232
2833

2034

@aE3s
6636
0037
6038
2839
2234
@3B

D5
BF
Dl
2640
27
El
D8

B4

507E
Ea
76
1408
5088
27
El
29
5¢82

EA

F4
Fé
A% .
Fé
B
At
F6 -
Bl
7414
5082
5082
5088
al
Fé .
F7
BY
Fé
F7
B3
Al
F5
F7
F5
83
B3
At
F5
F5
F7
F5
F5
g3
B3

Yo Ys Go

. MARK:

TIX:

TIO:

TI1:

PAPER TAPE CONVERSION 5 TO 8 LEVEL
BY MARK HANSEN 5-1-75

LDM 5 3 SET REG 15 FOR LTRS LOOKUP-
XCH 15 ' N
LDM i 3 INPUT 5 LEVEL CHARACTER

_FIM 65 64

SRC 6
WMP

LDM 8
XCH 4
JMS SRO
RDR

RAR

JCN 18, TIO AND @FFH
JMS SBRI
SRC 6

WM P

SRC 8
JMS SBR2
RDR

.CMA

RAR
LD @

RAR

XCH 0O

LD 1

RAR

XCH |

1SZ 4, TI1 AND GFFH
JMS SBR2 . '

JMS SBR2

JMS SBR1 .

LD I 5° REVERSE INPUT CHARACTER
RAR ‘
TCC

XCH @

RAR

TCC

XCH 3

LD 1

RAL

TCC -

RAL

ADD 3

-XCH 3

LD 1
RAL
RAL
TCC
RAL
RAL
APD 3
XCH 3



@e3C
@E3D
PO3E
PO3F
POLD
Bo4l
Po42
p043
poLs
BB4S
o047
BOLE
P49
po4A
Po4B
@o4D
BBLE
GOLF
2058
@052
0653
p054
g@5s
2056
0057
0658
2859
g@5A
@058
@O5D
BOSF
0069
2061
2063
BO65
0067
2068
2069
2o6a
B06C
go6D
JO6E
PO6F
9071
@a72
2074
2075
0076
go77
Bo79
2074
go7B
@87C
GGTE
208
0081
2082
goO84

~ -

Al
Fé6
F6
D@
Fé
83
Bl
AQ
Fé
1267
AF
F5
B@
39
SBT7E
El
D8
B4
5082
Fl
B@
Fé6
BO
Bl
Fé
Bl
F7
El
7458
5@82

DI

El
5882
5882

4902

Al
Fl
F2
1474
Fl
D5
81
1479
FA
N
FA
D5
BF
4002
FA
D6
BF
4002
289003
29
Co
283C
7984

~ -

HAN SEN

TO L

TEST:

LTRS:

FIGS:

SRO:

SBR2:
L2:

LD 1
RAR

‘RAR

LDM @

RAR

ADD 3

XCH 1

LD @

RAR

JCN 2, TEST AND @FFH 5 IF MSB OF INPUT A ONE
LD 15

RAL

XCH ©

FIN ¥ 5 DO TABLE LOOKUP FOR ASCII CHAR .
JMS SRO 5 OUTPUT ASCII CHAR ROUTINE
WMP

LDM 8

XCH 4

JMS SBR2

CLC

XCH @

RAR

XCH @

XCH 1

RAR

XCH 1

TCC

WMP

ISZ 4, TOl AND @FFH

JMS SBR2

LDM 1

WMP

JMS SBR2

JMS SBR2

JUN MARK

LD | 3 CHECK FOR FIGS OR LTRS
CLC

I1AC

JCN 4, LTRS AND gFFH

CLC

LDM 5

ADD 1

JCN 4, FIGS AND gFFH

STC ,

JUN HANSEN 5 IF NOT LTRS OR FIGS PRINT
STC 7 SET TO LOOKUP A@-BF '
LDM 5

XCH 15

JUN MARK :

STC 5 SET TO LOOKUP C@-DF

LDM 6

¥XCH 15

JUN MARK

FIM 8, 0

SRC 8

BBL 0

FiM 8> 60
I15Z2.9, L2 AND @FFH



bovso
2688
pe8A
838C
PO8E
BOAG
oA
2eal

PoA2

POA3
goAL

2045

BOAG
BOAT
BOA8
paAS
BOAA
20AB
PBAC

@BAD.
@OAE

GOAF
PoBO
goB1
p@B2
@983
goB4
29B5
20B6
2087

20B8

g@B9
GOBA
FUBB
@oBC
g@BD
G@BE
@OBF

BBCE
@eC1
B@Cc2

@eBCc3

Bac4y
@8C5
gace

“BecT

#8C8
BaCo
BOCA
BOCB
BBCC

gochD

@acCE
BOCF
poDO

g0D1

goD2
#0D3
BoaD4

v ——

1664
283C
798A
788A
Co

20
45
ga
41
2g
53
49
55
2D
44

52

4A
AE
46
43
4B

54

54
4C
57
48
59
59
51
4F
42
47
00 .
4D
58
56
B0

0@
33
gA
2D
20
@7
38
37
gD
24
34
27
2cC
21
3A
28
35
22
29
32
23

- -

SBR1:

Ll

Ye

152 .

FIM
YA
1sZ
BBL

ORG BAGH

DB.

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

DB

DB
DB
‘DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

FIGS CO

DB
DB
DB
DB
‘DB
DB

DB
DB

DB
DB
DB
DB
DB

DB

bB

DB

- DB
DB
DB
DB
‘DB

45H

.@DH

‘4TH

37H

.34H

22H

PPH.

gaH
41H
20H |
53H
49H
55H

44H
52H°
4AH
4EH
46H
43H
4BH
54H
54H
4CH
57H
48H
59H
5@H
51H
4FH
42H

@gH
4DH
58H
56H
POH

@0H
33H
ZAH
2DH
20H
g7H
38H

@DH
24H

27H
2CH
21H
3A&H
28H
35H

29H
32H
PH

Vo Yo Lo We Ws Bo e e e We e Vo Yo Lo L Ys bo Ye Ls Yo Mo S Ue U Mo Le Yo Ye Yo be Yo e o be o Yo s Ye Ws e %o We be We Ye Lo e Yo be Bs Yo Yo e e

CXEHOWOPIKISFNSXQWMZLIUQC W

gs- L2 AND OFFH

8, 60 :

9, L1 AND OFFH
8s L1 AND @FFH
g

BLANK
E
LF

‘A

SPACE

0

[
0
wn

LTRS
VERSION TABLE

BLANK
3
LF

SPACE

BELL

w

LUl A ey e Q=

0N v
)
o,
Y



YYLO

2@D6

2eD7
goDS8
2@D9
@oDA
@@DB
80DC
@@DD
@ODE
@@DF

36
30
31
39
3F
26
71
2E
2F
3B
ga

DB

DB.

DB
DB
DB
DB
DB

DB

DB
DB
DB

36H
30H
31H
39H
3FH
26H
@3H
2EH
2FH
3BH
BoH

.s

%o We B0 Wwo We We Lo Ve We %o

IGS

etz o0 O

SEMICOLON
LTRS



VIR I NI WAV W 1 N Wadbmi N o&F

= i LIBRARY SUBMITTAL FORM Ref. No. _40-15
~ intgl |

X a004 ([Jsoos [}8080 [K]4040 (use additional sheets if necessa

Program | John Conway's Solitaire Game of "LIFE" 32x32 grid

Title
Computes and displays successive generations of game ares
Function status. Accepts coordinates of points for the definition
of initial conditions, or for altering patterns between
generation cycles,

Break Key Status sensor; ASCII keyboard input; ASCII
alphanumeric display output, minimum area: 34 lines of

66 characters.

Serial TTY may be used, input on ROM input port O, bit O;
ocutput on RAM output port O, bit 0O; 750 KHz clock for bit
timing.

Required
Hardware

Required | T /0 drivers for Keyboard input and Display output.
Software | Sample drivers for serial TTY included.

mput | 3 Commands: / clears grid
Parameters ; displays current grid status
N : begins generation cycle simulation

Grid points entered {(or deleted) by input of two-character
coordinates: RC,RC,.,.. « Each coordinate consists of
either a digit (0-9) or a letter (A-V), designating one of
32 rows or one of 32 columns in the grid.

All other input is ignored.

", 1 o,
[

In response to or ; command, program outputs a line
Output | of column headings (= column coordinates) along the top,
Results | a column of row headings along the left margin, and
asterisks (#) at the grid points which represent live
cells. During generation cycle simulation, each new
cycle begins automatically after compdetion of previous,
Output display may be aborted by activating Break Status.
Brief instructions display initially, at program startup.

Registers Modified: Maximum Subroutine Nesting Level:
0,1,2,8,9,10,11,12,13,14,15 MAX(2,0+I0)
RAM Regquired: Assembler/Compiler Used:
£ 4 4002s, in one bank , "Hardware Assembler”
1 ' ROM Required: Programmer:
3 Pages (646 bytes+ 1/0) Tom Pittman
Box 23189
San Jose, CA 95153




INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER'S LIBRARY

Complete Submittal Form as follows: (Please print or type)

Processor (check appropriate box)

a
b. Program title: Name or brief description of program function

c Function: Detailed description of operations performed by the program
d

Required hardware:
For example: TTY on port Oand 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e, Required software:
For example: TTY routine
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
Output results:  Values to be expected in registers, memory areas or on output ports

Program details (for resident products only})

1. Registers modified

2. RAM required (bytes)

3. ROM required (bytes)

4, Maximum subroutine nexting level

i Assembler/Compiler Used:

For example: PL/M
Intellec 8 Macro Assembler
tBM 370 Fortran IV

i. Programmer and company

A source listing of the program must be included. This should be the output listing of a compite or assembly.
Extra information such as symbol table or code dumps should not be included.

A test program which assures the validity of the contributed program must be included. This is for the user's
verification after he has transcribed and assembled the program in question.



JOHN CONWAY'S SOLITAIRE GAME CF "LIFE"

This is a stand-alone program designed to run on an MCS-4
or MCS-40 with three pages of program memory and one bank
of 4002 RAM (320 4-bit digits), with some means of keyboard
entry and visual display output (such as a printer), for
the presentation of the state of the "universe”,.

The program accepts key inputs to set or clear any or all
of the cells in the array, to display the current state of
the array, and to start the simulation. The "universe"
for this program is an array, 32 cells by 32 cells. These
cells are addressed by row and column designations, where
each row or column designator is eilther a decimal digit, or
a letter between & and V, inclusive. The digit O (zero)
designates the top row, or the leftmost column, 1 the second
row or column; the letter A designates the eleventh row or
column, and V 1s the rightmost column, or the bottom row.
A cell 1s addressed by specifying 1ts coordinates as a two
character string, where the first character designates the
row, and the second the column. Examples of valid coordinate
pairs:

00 (left top corner) VV (bottom right corner)

A994994A (a "block")

Isolated letters and digits are not valid coordinates, and
are ignored by the program. Each time the coordinates of
a cell are keyed into the program, the state ol that cell
is reversed, so that a second entry of the same cell
coordinates willl delete an erroneous entry, and a third
time will replace it againe.

Three commands are recognlzed by this program:

/ This character clears the entire matrix in preparation
for the entry of a new pattern.

R A semicolon initiates a display cycle without processing

the data in the array. This permits the visual
verification of the patterns keyed in, before beginning
actual simulation.

: A colon begins actual simulation. The array 1is scanned,

and the next generation 1s computed during the display
cycle. The array 1s updated at the same time as the new
data printout, so that at any time, the most recent display
output of any cell represents the current contents of that
cell, unless altered by explicit input.

Any display output operation may be interrupted by an
operator-controlled Break status. If thils occurs during

a heading typeout, the line is aborted, but the display
continues. If the Break occurs during the array typeout,
the display (and the update, if during simulation) is
aborted, and the program returns to await mew command input.
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This program requires I/0 drivers to interface to the
keyboard input and the display output, as well as the
senging of the Break status. These drivers are called as
subroutines from the main routine of this program, and
may be nested to any depth appropriate to the processor.
All of the drivers may use or alter the contents o1 any
of the processor registers, with the following exceptions:

Registers 2, 8, 9, 10 should be preserved, or saved and
restored.

Registers 14, 15 are used to hold input or output characters,
with register 14 holding the most significant four bits.,

On input, ASCII characters keyed in should be stripped of
thelr parity bit, so that blt 3 of register 14 is set to O,
Most (but not all) of the output data is encoded even

parity by the program.

The following subroutines are required by this programs

TBRK This subroutine samples the Break Key status.
On return, the Carry bit is set to one if the
Break status 1is true, and zero otherwise,

KEYIN This routine accepts a one-character ASCII keyin,
and returns with the 7-bit code right-justified

in the register pair 14,15, If there is no keyin pending

at the time of the call, the subroutine waits until there is.

PRINT This subroutine displays the character in the
register pair 14,15 on the output device. Except
for the initial instructions typeout which contains some
carriage returns and linefeeds, all characters sent to this
subroutine are either spaces or printable graphics.

SPACE This a specilal case entry to PRINT, which forces
a space code (X'AO') into registers 14,1y first,
so that a single space is printed by this call.

NL This subroutine causes the display to start a new

line. It may be implemented by calls to the
Print routine with a Carriage Return and a Linefeed, or by
whatever special controls are appropriate to the display
device being used.

Included in the program listing are sample 1/0 drivers for
a bit-serial TTY on ROM Input and RAM Output Ports O.
These drivers were tested for operation on the SIM4
Prototyping system, and produced the sample output shown.
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The Sample Run printout included in this packet shows some
of the operational features of the program.

The first six lines of text are typed by the program, as

a brief summary of the input syntax. All characters input
which are not recognized as coordinates or commands are
ignored by the program. This includes spaces and control
characters, which may be inserted at will (but not between
the row and column designators of a cell coordinates!) to
improve readability.

The virgule cleared the playing area, then started a new line,
The 1on§ string of co-ordinates places the initial pattern

of the "Cheshire Cat". The second row of coordinates entered
was an attempt to place a Glider; some errors were made in
this string: Cell 24 was entered at first, then thought better
of, and deleted by entering it again, and cell 1B is
misplaced, as the subsequent listing shows. The semicolon
initiated the display of the current status, showing the
correctly entered Cheshire Cat, and the erroneous Glider.

When the display ended (it could have been terminated
early by the Break key), the error is corrected in the
Glider, by deleting cell 1B, and adding cell 1C, and the
scene is displayed again. This time it is correct, so the
simulation 1s started by typing a colon.

In this example the program proceeds through seven cycles
of update/display without intervention. The eighth cycle is
aborted during row M. At this time new data may be entered,
or the the cycles continued, at the will of the operator.

Since this program was designed to run with a Teletype,
which is a falrly slow device, several measures have been
taken to minimize unnecessary printing time. On lines
which have no cells to display,: or which are blank to the
right of some point in the line, printing 1is suppressed for
the remainder of the line.

The operator may also abort the heading line by hitting the
Break key after this line starts to print, then releasing
the key for the printing of the matrix. When the pattern

is wholly contained in the top part of the matrix, printing
time may be further reduced by hitting the Break key after
the pattern is printed, then typing a colon to continue with
the next cycle from the top. i
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0t/ JOHN CONWAY®*S BAME OF "LIFE™ (32X32 MATRIX3}
03/ REVISED | MAY 1975

@3/ AUTHOR: Te. PITTMAN, MICROCOMPUTER CONSULTANT
0s/

08/ REQUIRES MCS~4/40, 4 4002 RAMS, 140 DRIVERS.
5 ¥ ¥4

@8/ INITIALIZATION & PATTERN INPUT

Qs/

03/ TYPE ©UT DIRECTIGNS

Q3 START NOP

12 FIM Q,TEXT POINT TO TEXT STRING
33 FIN 14 GET & BYTE

43 LD 14 I5 THIS ENDY

5% 1AC =X 'FF*

62 JAZ CLEAR YES.

81 JMS PRINT NG, PRINT IT.

103 152 1,START+3 80 BACK FGR MORE

123 I1SZ 0,5TART+3

14¢/ CLEAR FIELD
148CLEAR FIM 8,0

16¢ CLB

172 SRC 8

1812 WRM STORE ZERQOS AT ALL PQINTS
192 ISZ B,%=2 LOOP THRU 256 DIGITS

213 154 9,%=-4

23¢ JMS NL THEN TYPE NEW LINE

258/ ACCEPT NEW POINTS: RCsRCsres0

258NEVW JMS KEYIN GET TYPEIN

27¢ FIM 0,58 IS THIS COLON?

293 JMS CCH

31 JAZ GO YESS; GO START.

33¢ FiM 0,47 IS THIS SLASH?

35¢ JMS CCH

378 JAZ CLEAR YES3 GG CLEAR THE FIELDe.
39: FIM 0,59 SEMICOLON?

412 JHuS CCH

43: JAZ SHOW YES. DISPLAY CURRENT SCENEs
453 JMS CNVRT CONVERT CODE TO ADDRESS
473 JNZ NEW 0H, NOT LETTER OR DIGIT
493 LD 14 PICK OUT TOP 4 BITS

50 RAR FOR MEMORY COLUMN

518 LD 15 (= DISPLAY ROW)

S23 RAR

533 XCH 9

543 TCC HOLD REMAINING BIT FOR NQW
S5¢ XCH 8

5612 JMS KEYIN GET SECOND CHARACTER

S81 JMS CNVRT CONVERT TO 5-BIT BINARY
60¢ JNZ NEW NO GOODes START THIS ONE OVER.
623 LD 14 NOY SHIFT IN HELD ROW BIT
633 ADD 8 FROM LEFT

6432 ADD 8



8337 TURN BIT ON (OR OFF IF ALREADY ON)

(UPPER 2 BITS)
(LOWER 4)
(LOW BIT)

UPPER 4 BITS
BECOME MEMORY ROWs

LOwW 2 BITS
BECOME COUNTERS

TO POSITION THE BIT:
ADD 12

SELECT THE DIGIT
SHIFT BIT INTO CARRY
COMPLEMENT IT

SHIFT 1T BACK

G0 GET ANOTHER.

INSTRUCTIONS TEXAT

6512 RAR
662 ACH 15
67 RAR
68¢ XCH 15
693 RAR
7012 XCH 15
Ti: RAR
722 XCH 8
738 LD 15
748 RAL
753 RAL
768 FIM 10,12
783 XCH 11
794 " ADD 1
802 XCH 11
8i: LD i1
g2 XCH 10
83¢ SRC 8
843 RDM
852 KRAL
86 182 10, %=1}
883 cMC
89¢ RAR
90 1S 13s%~-1
923 WRM
233 JUN NEW
953/

95s7 INITIAL
958/

953 TEXT 14%
9613 10
978 160
983 160
39 160
100¢s 160
§01z 51
1023 198
103 216
104z 51
105 178
1062 160
107 34
108 204
109 201
110¢ 198
111 197
ji2s 34
1132 141
114z 10
115s 10
ii6¢ 175

(RETURN)
(LINEFEED)
(SPACE)

M wdxw

St
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AT SELECTED POINT



1172
1182
119¢
120s
12112
122¢
123¢
1242
1252
126¢
187¢
1282
129%
1303
i3isz
132¢%
133¢
134¢
135
136¢
137
1383
1393
1403
i41s
1422
1432
1441
1453
1463
1473
1488
149¢
1503
151
152
153¢
1543
155¢
1563
1572
158¢
1592
160
1612
162¢
16312
1642
165
166¢
167
168

160
195
204
197
65
210
160
85
78
201
Bé6
197
210
83
197
141

183
160
160
68
201
83
80
204
65
89
160
83
2iz2
65
212
85
83
141
t0
58
160
160
66
199
71
201
78
160
195
89
195
204
197
83
141

.o MLm=~ EC DPDEHOO

OSSPy <Pronee

Z=n@i

Q<O
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1698
1708
171
1722
1738
1 T4s
175¢
1763
197
1782
17912
180¢
i8is
1823
1833
1843
1853
1863
i87¢
188¢
18912
1903
19132
19232
1933
1948
1958
1968
197
1983
1993
20038
2013
202s
203¢
2043
2053
2063
207%¢
208:
2093
210:
231
2183
2132
2142
2158/

216¢%
2183G0
2193
2213

10
60
210
185
190
160
160
65
68
68
160
207
210
160
68
197
204
197
212
191
160
195
197
204
204
t1ai
10
160
160
§ 60
210
172
195
160
189
160
48
45
5%
172
65
45
86
141
10
255

OUTPUT STARTUP
2153SHOW XCH 2

ISZ 2,60+1
XCH 2

JMS NL

JMS SPACE

v A

CEEM0 feSmrme o oo

L3 -

<t Pe 9O

(END @F TEXT)

SET NON-PROCESS FLAG
THEN GO DISPLAY IT
SET FLAG FOR PROCESS
START WITH CLEAN LINE

PABE 4



283¢ FiM 8,6 FI1RST DECIMAL DIGITS,
2285¢ JUN CHD G0 PRINT COLUMN HEADERS
2273/

227t/ CHARACTER HANDLING SUBROUTINES

2278/

227t/ COMPARE X0-1 TO Xt14-15 (LEVEL 3)

2273:CCH CLC

2283 LD 14

229% SUB O

2303 JNZ BBC NOT EQUAL IN LEFT 4 BITS.
2321t CLC

233¢ LD 5

2343 SUB 1§

23253 JNZ BBC NOT EQUAL IN RIGHT 4 BITS
237 BBL 0 EQUALe. CARRY=n1

238 s 158C BBL 18 NOT EQUALe. CARRY=1 IF X14~152X0-1
23987 CONVERT ALPHA CHARACTER TO S~-BIT BINARY <(LEVEL 2)
239:CNVRT FIM 0,87 1S THIS "¥'" OR GREATER?
2438 J¥S CCH

243¢ JOC BBC YES. NOT ALLOWED.

245 FIM 0,48 IS IT LESS THAN ZERQO?Y
2473 JMS CCH

249¢ JCZ BBC ALSG NOT ALLOWED.

251¢ FiM 0,58 1S IT A DIGIT?

2533 JMS CCH

255¢ CMC (IF S0s THIS 1S ALL)
256¢ JOC CHND YESoe '

2583 FIM 0,65 BE SURE IT IS & LETTER.
260s JMS CCH

26828¢ JOC #+3

2643 BBL 12 NQo

2658 L.DM 8 YESs. BIAS TO 5-BIT NUMBER
266¢ ADD 15 ¢(+CARRY)

2617 XCH 15

2683CND LDy 12

2691 ADD t4

2702 XCH 14

271t CcLC

2721 BBL 0O

27387

273¢ 7 PATTERN PROCESS & DISPLAY

273t/

27387 PRINT COLUMN HEADERS

2733CHD JMS SPACE SEPARATED BY SPACES.
875¢ JMS TBRK IF BREAK, ABORT TITLE
2773 JOC CHB :

279: FIM 14,48 ASCII ZERQ,

281 ¢ LD 8

2822 ACH 15 WITH DIGIT ADDED

2831 JMS PRINT

285 INC 8 INCREMENT DIGIT.

2862 152 9,CHD COUNT TO TEN.

PAGE



PAGE

2883 FIM 8,65 NOW ALPHABET, A=~V
2903CHa JMS SPACE

292¢ JMS TBRK 1F BREAK, ABORT TITLE
2942 JOC CHB

2961 LD 8 COPY CHARACTER

2973 XCH 14

298¢ LD 9

2991 XCH 15

300¢ FiM 0,87 IS THIS END (**w*)?

302 JMS CCH

3043 JOC CHX YESe

3061 JMS PRINT NQo

308: ISZ 9,CHA INCREMENT TO NEXT LETTER
310 I1SZ 8,CHaA {NEVER FALLS THRU)
312¢CHB JMS TBRK WAIT FOR BREAK KEY RELEASE
3142 JOC CHB

3168CHX JMS NL END OF LINE.

3183/ INITIALIZE SCAN COUNTER

3182 FIM 8,0 256 DIGIT POSITIONS

3208 Fiv 10,192 4 BITS IN EACH DIGIT
3223 JUN ROW

32487 PRINT ROV HEADER

3243R0W LD 8 GET HIGH S BITS

32s: RAL

326¢ Lb 9

3273 RAL

3282 FIM 14,48 TRY FOR DECIMAL DIGIT
3303 Daa (ADD 6 & TEST FOR >16)
331 XCH 15

3323 JCZ PRH 9 QR LESS.

334¢ LD ¢ NOs MUST BE LETTERe

3352 RAL CHECK FOR <P

3363 JCZ *+7 WHICH IS COUNT <26

3383 CLC

3398 Jo7-¥:Y

3403 JCZ %+3

3423 INC §4 IF NOT, INCREMENT LETTER, 16.
343¢ INC 14 ADD PROPER B1AS

34413 I1SZ 15,%+3

3461 INC ta

34T7sPRH JMS PRINT

349¢ JMS SPACE

3518 LD 2 IF THIS 1S GENERATE CYCLE»
352¢ JAZ GEM G0 DO IT.

3543 FIM 0,0 OTHERVISE SCAN THIS ROW,
3563 JMS DCS8 BACIIWARDS»

358:CSCAN CLC

359 RDM LOOKING FOR NON-TRIVIAL DATA
3608 ADD & (PROPAGATE "ZERQ SUPPRESS"™)
361 ADD 0O

3628 WRE SET FLAG (0=END)

3631 XCH 1§ (NQOT O IF MORE TO RIGHT)



3643
3668
368%

3702 GEN
3713
3738
3748
375¢
376¢
377
378¢:
379¢
380¢
3813
3838
384¢2
38538
3868
3883
389
391¢
3921
394¢
3963
3982
40032
401 ¢
40212
4043
40612
408¢B0TOM
41038
4112
43132
g4iazs
416¢
4183
419¢
42113
4238
4243
{42638
42832
4303
43133
433¢
4353
4363
438
4403
4423

JMS
JCZ

JUN TLINE-2
3703/ COMPUTE ONE ROW OF

SRC
FipM
CLC
LDM
ADD
XCH
LDM
ADD
XCH
RDM
JCZ
LDM
SRC
WRO
JOoC
RD#
JMS
RDM
JMS
JCZ
JMS
JMS
SRC
RDM
JMS
JEZ
JMS
JHMS
RDO
JMS
RDO
JMS
JMS
RPO
JMS
JHS
RDH
JMS
JCZ
JMS
RDO
JMS
JMS
RDM
JMS
JC2Z
JMS
RDQ

pCcég
CSCAN

8
C,C

g
g
12
o
9
13

®+3
0
i2

BOTOM
BIT

RIGHT
*4+6
RBIT
NRT
i2

LEFT
bl
LBIT
T8C

BIT

RIGHT
T8C

LEFT
T8C

RIGHT
*$7

RBIT

RBIT+1
T8C

LEFT
ke T
LBIT

PAGE

NOW GO PRINT IT
NEXT GENERATION

FIRST CLEAR COUNTER,
POINT TO NEXT ROW DOWN

IN X12-13

COPY OLD VALUE HERE,

OR ZERQ, IF BOTTOM ROW,
TO STATUS DIE€IT Q.

OF THAT LINE.

IF NOT MOTTOM LINE,
READ NEIGHBORS
{BIRECTLY BELOW)

(DOWN & RIGHT)

00PS, GO TO NEXT DIGIT.
THEN BACK UP.

(DOWN & LEFT)

O00PS, WANT ADJACENT DIGIT
NOW DO CURRENT ROW

AND PREVIOUS ROW.

¢(CENTER UP)

{UP, RIGHT)
(RESTORE POINTER)

(UPs LEFT)
(RESTORE POINTER AGAIN)

CELL TO THE RIGHT

OHs, NEXT DIGIT, LOW BITeoe
DO TOP ROW WHILE AT IT

RESTORE POINTER.
NQOW THE CELL TO THE LEFT.

LIKEWISE SYMMETRICALLY.

C
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NOW EVALUATE NEIGHBOR COUNT

3 MAKES BIRTH (CARRY SET)
4 OR MORE MAKES DEATH

1 OR LESS MAKES DEATH
OTHERWISE STAY SAME

SHIFT INT@ STATUS 1

GO TO NEXT CELL

NOW SCAN THE ROW.
BACKWARDS»

LOOKING FOR NON-TRIVIAL DATA
(PROPAGATE "ZERQ SUPPRESS")

SET FLAG (G=END)
(NOT @ IF MORE TO RI1GHT)

NO¥ 60 TYPE IT

SUBROUTINES FOR MANIPULATING CELL POINTER (X8-9)

INCREMENT R8 CIRCULARLY (MOD 8) (LEVEL 3)

SHIFT TOP BIT INTO CARRY.
SHIFT IN 1

INCREMENT 17T
OVERFLOW - INCREMENT CARRY QUT

SET NEW SELECT
CARRY=1{ IF WRAPARGUND

4998/ DECREMENT R8 CIRCULARLY (MOD 8) (LEVEL 3)

4433 JMS LBIT+}
44513 SRC 8
4468 cLe
4478 LDM 13
44813 ADD O
2449 JAZ SET
4513 CHC
45213 JCZ SET
4548 I1AC
4558 JCZ SET
457¢ RDM
4588 JMS BIT
4603 SET RDi
46113 RAR
468¢ ¥R1
4633 1S¢ 10, GEN
4653 LDM 12
4663 XCH 10
4673 JMS ING
4692 JCZ GEN
471 FiM 0,0
4738 JMS DCE
4753sBSCAN CLC
L78¢8 RD1
477 ADD
4983 ADD O
4792 WRE
4803 XCH 1§
481 JHS DC8
£483¢ JCZ BSCAN
4853 JUN TLINE-2
487s/

4878/

48787

48787

4873 1N8 LD 8
4883 STC
4891 RAL
4901 XCH 8
491 1SZ 85443
4931 INC 8
4942 ACH §
4953 RAR
4963 XCH 8
487¢ SRC 8
498 8 BBL O
499:8DC8 LD 8
500¢ cLC
504 RAL
S02¢: JNZ %43
5043 CHMC

CHECK FOR NEAR WRAPARQUND

NAW.
YES. PRECOMPLEMENT HIGH BIT



5051 RAR

5063 DAGC

S0 XCH 8

50813 CLC

5093 RAL

S10¢ DAC

Stie CHMC

Si2s SRC 8

513¢ BBL O
S148/ COPY X8-9 TO Xi2-13
5143T8C LD 8

5153 XCH 12
Si6s LD 9

587¢ XCH 13
5188 SRC 8

5193 BBL O
5208/

S20s/ MATRIX TYPEQUT
5203/

5208/ TYPE A LINE,
5208 JH¥S INS
S223TLINE JMS TBRK
S5g4: JCZ TBIT
526¢ JHS NL

528 ¢ JHS TBRK
$30¢ JOC %-2
5388 JUN NEW
534¢TBIT SRC 8

535¢ LD 2

5361 JAZ %4
5362 RDM

3398 )

54012 RD}

S411 WRNM

5428 JMS BIT
5448 Fid 14,160
54613 JCZ %+4
5482 FIM 14 170
5501 RDE

5511 JAZ %46
$538 JMS PRINT
5553 JMS SPACE
5573 ISZ $10,-TBIT
83593 LDH 12
35608 XCH 10
S61¢ JHMS INB
5633 JCZ TLINE
56513 JMS NL
567s JMS DC8
56918 152 8,JROV
57113 1SZ 9,JROW
§73¢ LD 2

PAGE 9

NOW, IF THIS IS WRAPAROUND,
LEAVE CARRY
SET TO t.

(LEVEL 3

ALSO SELECT THAT ADDRESS

UPDATING MATRIX.

CHECK FOR BREAK

NO. CONTINUE.

YESe STOP UPDATE/DISPLAY
WAIT FOR BREAK RELEASE

THEN G@ ACCTEPT NEW INPUT
GET NEW VALUE

IF GENERATING NEW CYCLE,
OR OLD VALUE,

(sSKP) IF NOT.

(4 BITS)

COPY-TO MATRIX

SELECT A BIT

TYPE SPACE IF ZERQ,

ASTERISK IF QONE.
ANY THING LEFT?
IF NOT, DONT PRINT.

DO 4 BITSe
ADVANCE TO NEXT DIGIT

NO¥ PROCEED TO NEXT ROW

IF JUST DISPLAY,



PAGE
574 JNZ TLINE+4 GO ACCEPT ANOTHER COMMAND:
5762 JUN GO ELSE DO ANOTHER ITERATION
S578¢JROW JUN ROW
580¢/
5803/ SUBROUTINES FOR BIT SELECTION
5808/
58087 PICK BIT FROM CELL TO RIGHT (LEVEL 3)
SB0SRIGHT XCH t1i (SAVE A)
581 ¢ LD 10 GET COUNT
5821% 1aC BUMP IT
583% JOC 112 00PS, WE ARE ON BOUNDARY.
585tRLB XCH i1 0K, LIKE BlITses
586 RAL
S87s ISZ f1ism-1
589¢ JCZ BBO
59t INC O
59813 CLC soe BUT LEAVE CARRY Q.
593:BB0 bBBL O
5942112 INC 12 INCREMENT DIGIT ADDRESS,
595¢ LD 12 AND CHECK FOR RIGHT EDGE.
5961 CLC
597¢ RAL.
5983 JAZ NRT YES.
6003 LRS SRC 12 OKe. SET SELECT LOGIC.
6012 STC
60213 BBL O
603 tNRT LD 1i& BACK UP FROM ADVANCE
6048 DAC
605 XCH {2
6062 cLC
607¢ BBL O
608s/ PICK A BIT FROM CELL TO LEFT <(LEVEL 3
608:LEFT XCH i1 (LIKE RIGHT, SYMMETRICALLY)
6092 LDM 4
6103 CLC
681 ADD 10
612 JAZ Di2
6142 LD 190
615: DAC
6162 JUN RLB
618sD12 LD 12 DECREMENT DIGIT ADDRESS.
6193 DAC
6203 XCH 12
6212 cLC
622¢ RAL
6233 JNZ LRS GO RETURN
625t INC 12 IF AT MARGNs, RESTORE,
626% cLC AND QUIT
627 BBL 0

6288/ COUNT LEFT-MOST OR RIGHT-MOST BIT (LEVEL 3)»
6283 LBIT RDM
6293 - RAL

16
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630¢ JUN CBIT : ku)
6323:RBIT RDM " _
6332 RAR

6341 JUN CBIT

6368/ PICK CURRENT BIT (LEVEL 3»

6368BIT  XCH 11 (SAVE &)

6378 LD 10 GET BIT POSITION COUNT

638¢ XCH 13 USE Xi1 AS COUNTER

6398 RAL SHIFT BIT INTO CARRY

6408 ISZ 11,%=} (BIT 0 GOES 4 PLACES MAX)

6423CBIT JCZ %43

6448 INC O

6452 BBL ©

6468/



64637 SAMPLE
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170 ROUTINES FOR TTY ON PORTS 0 (BIT SERIAL)

14,141
PRINT
14510
PRINT
14,160
6

i1
12,128
®alT
WALT
SRO

wAIT

S2R
11,6TT
14,0
BANK O
12,0

i2

0

SRO
14,127

TS
12,128
WAIT

S2R
GNB
S2R
WAIT
H

RAM

(CARRIAGE RETURN)

(LINEFEED)

SET COUNTER FOR TEN BITS

WAIT 1.5 STGP BIT TIMES

SELECT RANM PORT 0

PULL DATUM OUT OF CARRY,
CGUTPUT 1IT

WAIT ONE BIT TIME

SHIFT IN ONES FOR STOP BITS,
GO SHIFT RIGHT 1 BIT,
RECYCLE,

‘CLEAR DATA BYTE TO O»

0 (LEVEL 3)

CARRY ZERG

INITIALIZE DATA BYTE,

GET TTY LINE INPUT,

MOVE TO CARRY FOR TEST.,

CARRY 1S START BIT

PRESET COUNTER TO 4 MS,

WAIT FOR MIDDLE OF BIT,

READ TTY BIT,

CIT 1S INVERTED)

ECHO 1T BACK,»

DATUM TO CARRY AND SHIFT IT,
CARRY 1S NOW ZERO ON LAST BIT,
AND ONE IF MORE,s

POSITION THE BYTE

WAIT FOR PARITY BIT

NOW SET STOP (OR IDLE)Y BITS,
THEN DELAY TO MIDDLE OF STOP BIT.

7098/ 9 MS DELAY SUBROUTINE, ASSUMING O IN 12,13,

ISZ 13,WAIT

ISZ 12,%WAIT

64648/

6463 NL FIM
648¢ JMS
€650 FiM
6523 JUN
6543 SPACE FIM
6568PRINT LDM
657¢ XCH
6583 FIM
- 660¢ JMS
6623 JMS
6642 JMS
6663 WTT TCC
667 WMP
6688 JMS
6701 STC
6718 JMS
673¢ 1SZ
675¢ FIM
67787 SELECT
6778SRO FIM
6791 CLB
680 DCL
681 SRC
682¢ BBL
683sKEYIN JMS
6858 FimM
687:TSB RDR
6882 BRAR
6£89¢ JCZ
6918 FIiM
693 ¢ GNB JHS
6953 RDR
6968 CHa
6972 ¥MpP
6983 RAR
69932 JMS
7018 JOC
7031 JMS
7058 JMS
707¢ LD
7084 wMP
JO09sWAIT NOP
¥i0¢s

712%¢ NOP
713 NOP
7i4s

7168 BBL

ig

32.4 US INNER LOOP CYCLE.
INNER LOOP TOTAL S18.4US.
EXTEND OUTER LOOP CYCLE
TO 562US8.

ASSUMING 10.8 CYCLE TIME.
TOTAL 9.08 MS,

F178/ SHIFT INDEXES 14,15 RIGHT ONE BIT (LEVEL 3
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717:52R LD 14

718 RAR

719¢ XCH 14

7208 LD 15

7218 RAR

7223% XCH 1S

72312 BBL O CARRY QUT OF THE SHIFT.
72437 TEST FOR TTY BREAK KEY (LEVEL 2)

7243 TBRK JMS SRO TEST FOR TTY BREAK KEY
726% RDR WHICH IS SPACE CONDITION
727 RAR

7283 BBL O CARRY = § IF BREAK
7293 %
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SECTION 7

UNCLASSIFIED PROGRAMS
REFERENCE
NUMBER PROGRAM
A o Y e e Random Number Generator
O T General Purpose ROM
3 N Translate HEX
1 4x8 Keyboard Scanner
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SUBROUTINE

KBD:

X1:

X2:

X3:

>

X4:

X5:
X6:

KBD Scans a TOUCHTONER Keyboard Switch Matrix

3

0,0COH
2,0EOH

X1

X2

X6

sdesignate 4211 GPI/0 on CM-RAM 3

sport 0 for SRC O

sport 2 for SRC 2

;Clear ACC and carry

;1oad ACC with 0001B - start of column scan
;select output port 0

;jump to write first strobe in port 0
;select output port 0

sread port content into ACC

;shift 1 space left

;3f carry set, begin new scan

swrite ACC to output port 0 for column strobe
;select input port 2

sport content to ACC

;try next strobe (falls thru on detection)
sprocess to obtain row

scomplement ACC

serror (multiple keyhit?) return thru X6
;restore ACC (content 1,2,3 or 4)
;decrement to 0,1,2 or 3

;place in REG 15

sback in ACC

stimes 2

;plus 1 (effectively times 3)

;REG 15 content is 0,3,6 or 9 (switch row dependent)
;select output port 0

;to ACC (column scan indicator)

;column value (1,2 or 3) in ACC

;final value (almost) in ACC

;in register

s1oad ACC with 1111B

;all 1's to output port 0

;select input port 2

sport 2 to ACC

skeep checking until switch is released
;Joad 0101B in ACC

3ACC=0 if key O pushed (key O puts 'B' in REG 15)
sREG 15 changes from 'B' to "0" at X5
sreturn with ACC=0

splace '0' in REG 15

sreturn with ACC=0

;ACC=1111B

;'F' placed in REG 15

serror return with 'F' in ACC and REG 15

Dr, P. J, Ferrell
6021 S, 119th St,
Seattle, WA 98178
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Program
Title

Function

Required
Hardware

Required
Software

MICROCOMPUTER USER'S
BRARY SUBMITTAL FORM  ret. no._s-12

i@

#4004 ©Haoca0 [Jsoos [ 8080 {use additional sheets if necessary)

Subroutine to scan a TOUCHTONER keyboard. "KBD"

When called, this subroutine awaits a key action by scanning
a 3 x 4 switch array. The key value is calculated and placed
in Register 15. Return is delayed until the key is released.
The subroutine returns with Register 15 and the Accumulator
given by the following table:

Pushbutton Register 15 Accumulator
Symbol (HEX) (HEX)
0 0 0
1 1 0
2 2 0
3 3 0
4 4 0
5 5 0
6 6 0
7 7 0
8 8 0
9 9 ¥ 0
* A 0
# C 0
Brrox: F F

This subroutine requires 53 bytes of program memory as
coded, and may be reduced to 47 bytes if delayed return
(wait til key release) is deleted.

An input and an output port are required. For the purpose
of illustration, a type 4211 GP I/O chip is assumed con-
nected to CM-RAM3. Port 0 is used as output and scans
switch "columns", while port 2 is used as input and reads
switch "rows".

A matrix keyboard (ITT, Chromerics, etc.) is required.
No other software routines are required for this subroutine.

Registers Modified: Assembler/Compiler Used:
Register 15

mtﬁe;i , Proglgr;mer:

None .~ Dr. P. J. Ferrell
ROM Required: Company:

53 Bytes Maximum Boeing Aerospace Co.

Maximum Subroutine Nesting Level: Address:

98 N34




INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER'S LIBRARY

1. Complete Submittal Form as follows: (Please print or type)

Processor (check appropriate box)

Program title: Name or brief description of program function

Function: Detailed description of operations performed by the program

a o oTw

Required hardware:
For example: TTY onport Oand 1
Interrupt circuitry
1/0 Interface
Machine line and configuration for cross products
e. Required software:
For example: TTY routine
Floating point package
Support software required for cross products
f. Input parameters:  Description of register values, memory areas or values accepted from input ports
g. Qutput results:  Values to be expected in registers, memory areas or on output ports
h. Program details (for resident products only)
1. Registers modified
2. RAM required (bytes)
3. ROM required (bytes)
4, Maximum subroutine nesting level
i Assembler/Compiler Used:
For example: PL/M
Intellec 8 Macro Assembler
1BM 370 Fortran |V

:
i Programmer, company and address U

2. A source listing of the program must be included. This should be the output listing of a compile or assembly,
Extra information such as symbol table or code dumps is not necessary.

3. A test program which assures the validity of the contributed program must be included. This is for the user’s
verification after he has transcribed and assembled the program in question.

Y our program will be photo-copied for publication in the User’s Library. Please send an original, clear, un-marked copy.

Send completed documentation to.

intel Corporation

User’s Library
Microcomputer Systems
3065 Bowers Avenue

Santa Clara, California 95051

MCS465-0275-2K



