OO JDU W=

0060
AFFF

AFFF
OFFE
BFFD
OFFB

AFF9

BFF7
pooo
paB1

2003
2065
0026
0008
2009
a09B
peac
0BOE
Boor

0001
0B02
pEn3

FFFF

9000
FEFE
FFFE
FFFC
FFFA
FEF8

OFF6

Appendix B

KITBUG PROGRAM LISTING

.TITLE KITBUG, P@@937A 12/1/75°

;****************ﬁ***************tt********ﬁ**********************

;*****************************************************************
7

Pl
P2
P3

wuwn

1
2
3

EXOFF

~1

.PAGE "STACK ASSIGNMENTS®
. LOCAL

FIXED STACK ASSIGNMENTS

=0 we e

.=0FFF

STACK ¢

SR = .~STACK
EX ;=.~] .—~STACK
aAC ;=.~1 .~STACK
PT2 ;z._z .~STACK
PT1 ;_.—2 .~STACK
PC ;=._2 .~STACK
EZADR = =1

.PAGE "DEBUG ENTRY AND EXIT’
.LOCAL

ON A SOFTWARE HALT, HARDWARE USES THE FOLLOWING WORDS
TO SAVE THE ENVIROMENT,

~o we =o we

.=0
‘ NOP
START: JMP ENTER

DEBUG EXIT -~ RESTORE ENVIROMENT AND GO,

o
’
°
v
°
7

E

XIT% LD STACK+EX s RESTORE E REG
XAE
LD STACK+PT1 ; RESTORE Pl
XPAH Pl
LD STACK+PT1+1
XPAL Pl
LD STACK+PT2 : RESTORE P2
XPAH P2
LD STACK+PT2+1

B-1



0011
8012
0014
@15
2017
9018
891A
po1C
001D
BO1F

0020
P22
8023
80825
p026
p028
8029
#02B
902C
BO2E
PO2F
0831
pe32
2034
0035
0037
#0338

203a
803C
023D
BO3F
0040
0042
9043
P45
Bo46
po4s8
0049
2048
BB4C
0B4E
0B4F
2851
8053
BA55

32
COE4
37
COE2
33
CIEE
COE4
87
CODF
3F

[T so =6 =o

Se wo =o wo wo wo

CMDLP ¢

Se we we wo we wo

XPAL
LD
XPAH
LD
XPAL
LD
LD
CASs
LD
XPPC

DEBUG

NTER: ST

csA
ST
XAE
ST
XPAH
ST
XPAL
ST
XPAH
ST
XPAL
ST
XPAH
ST
XPAL
ST

. PAGE

« LOCAL

P2
STACK+PC
P3
STACK+PC+1
P3

@EXOFF (P3)
STACK+SR

STACK+AC
P3

ENTRY POINT

STACK+AC
STACK+SR

STACK+EX
P2
STACK+PT2
P2
STACK+PT2+1
Pl
STACK+PTI1
Pl
STACK+PT1+1
P3

STACK+PC
P3
STACK+PC+1]

-
¢

PUT DESIRED PC IN P3

ADD EXIT OFFSET TO PC

RESTORE SR

SAVE EXTENSION REGISTER

POINTER

STACK

"MAIN COMMAND LOOP~

THIS CODE INITIALIZES POINTER REGISTERS AND
PROMPTS FOR AND GETS THE NEXT COMMAND.

ON EXIT,

LDI
XPAL
LDI
XPAH
LDI
XPAH
LDI
XPAL
LDI
XPPC
LDI
XPPC
LDI
XPPC
Js

. PAGE

- LOCAL

L (P2ADR)
P2
H(P2ADR)
P2
H(PUTC)
P3
L(PUTC)~1

P3
P3,GECO

.

‘GO

e

~e

E HOLDS THE COMMAND CHARACTER

PRINT CR~-LF

PRINT CR

PRINT LF

GET COMMAND CHARACTER

RESTORE MACHINE STATE AND TRANSFER CONTROL
TO SPECIFIED ADDRESS.

G ADDRESS



122
123
124
125
126
127
128
129

130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

0856
8857
@59
2058
pO5C
BOBSE
0060
0062

0062
9063
2065
2067
po68
BO6A
0o6C
0O6E
070
Be72
0074
2076
p078
Ba7TA
0O7B
987D
BOTF
0081
ng82
0084
9085
0as87
0088
2081

0992
0093
2094
8095
8897
P98
PO9A
p09B
a09C
#99D
B09E
BO9F
POAD
poAl
POA2
20Aa3
BAAS

DOAG6
20OA8
06AA
poAC
QOAE
00BO

49
E447
9Cca7

E40D

98A3
906A

8533

GO:

$SKIP:

= we =e S

YPE:

MOD:

$2:
$1:

S4:

LDE
XRI
INZ
XPPC
XRI

JMP

. PAGE
- LOCAL

LDE
XRI
Jz

LDE
XRI
JNZ
LDI
JMP
LDI
ST

Js

XRI
JNZ
LD
XPAH
LD
XPAL
LDI
XPAH
LDI
XPAL
LDI
XPPC
LDI
XPPC
XPAH
XAE
LDE
XPAH
LDI
XPAH
LDI
XPAL
LDE
XPPC
XPAL
XAE
LDE
XPAL
LDE
XPPC

XPPC

LD
JNZ

$SKIP
P3

oD
EXIT
ERROR

‘TYPE”

$1

@~-1({p2)
P3,GHEX

H(PUTC)
P3
L{PUTC)
B3
8D
P3
8a
P3
Pl

Pl
H{PHEX2
P3

L{PHEX2)~1

P3

P3
Pl

Pl

B3
@l (prl)
B3

(P2)
$4
P3,GECO

TYPE OR MODIFY MEMORY.

%]

)

°
¢

<o =eo

o e

<o

e

s

<o wo o

~eo we

~o wa we

CALL GECO

CHECK FOR TYPE COMMAND, IF
NOT “T°, SKIP COMMAND,

SAVE FLAG FOR TYPE OR MODIFY
GET ADDRESS

CHECK TERMINATOR

PUT STARTING ADDRESS IN STACK

PRINT CR~LF

PRINT CR

PRINT LF
PRINT HIGH BYTE
READ AND RESTORE BYTE FROM Pl

CALL PHEX2
PRINT LOW BYTE

CALL PHEX]

PRINT 2-DIGIT HEX FOLLOWED BY
BLANK (PHEX1)
CHECK TYPE OR MODIFY FLAG



182
183
184
185
186

187
188
189
190
191
192
193

08Bl
#0B3
BOB5
2087
#0B9
p4BB
0@BD
0OBF
paceo
BeC2
poc4a
p0Co6
paC8
gaca
pacc

aacc
BOCE
BOACF
20D1
peD2
B0D4
89D5
2aD7
20D8
A@DA

BaDC
Q0DE
POED
BOE2
DOE4
POEG
POET
POE9
ABEB
BOEC
OQEE
BOFO
DOF2
BOF3
PAF5
BAFT
BOF9
BAFA
POFB
BOAFD
BOFF
0100
0102

E40D
98D0
E415
9881
C409
37C4
DB33

E46D
9Ca8
C601
Cc601
C9FF
9089

LOOP] :

SSKIP:

[T} so e ~o e

RROR:

- PAGE
«LOCAL

LDI
XPAH
LDI
XPAL
LDI
XPPC
LDI
XPPC
LDI
JMP

. PAGE
. LOCAL

oD

$4

815 ; OD XOR-$#18 (CAN)
CMDLP

P3 ,GHEX2

gD
ERROR
@1 (rp2)
@1{pr2)
~1(P1)
$4

"ERROR PROCESSING”

PRINT CARRAIGE RETURN , LINE FEED AND LOOP
TO THE TOP OF THE COMMAND LOOP.

H(PUTC) : PRINT LINE FEED
P3

L{PUTC)~1

P3
0A
P3
‘2
P3
0

LOOP1

e

"HEX NUMBER INPUT’

GHEX GETS A 16~BIT VALUE AND PUSHES IT TO THE STACK.

; GHEX2 ASSUMES
; ONLY THE LAST
;

; RETURNS VALUE
; IN THE AC AND

GHEX2:

GHEX ¢
$6:

$1:

SLOOP:

LDI
JMP
LDI
ST
LDI
XPAL

THE FIRST CHAR IS IN THE E REGISTER.
4 INPUT DIGITS ARE SAVED.

IN TOP 2 WORDS OF STACK AND TERMINATOR
EX REGISTERS.

3

$6

9 ; RESET GHEX2 FLAG

~5(pP2)

L{GECO)~1 ; SAVE RETURN ADDRESS AND SET UP
P3 : TO GECO

@-3(P2) ; STORE RETURN ADDRESS TO LEAVE ROOM
H(GECO) ; FOR RESULT

P3

@-1(pP2)

-1(P2)

$1

P3

0 : INITIALIZE RESULT TO @

3(p2)

2(P2)

9741 ; CHECK FOR @~9

$2 : NOT 0~9, TOO LARGE

‘8°-"9"-1 ;s CHECK FOR 0-9

$3 ; IF POSITIVE, NUMBER IS



0194
2106
8107
8109
P1BA
9108
818C
B10E
210F
2111
2113
p114
0116
9118
11A
P11B
P11D
011F
9121
8123
0124
9126
0128
012A
812C
01 2E
0130
0132
8134
8135
0137
8139
B13B
P13C

013E
0140
0142
8144
0146
0148
014A
014C
014D
014F
8151
#152
p154
8156
2158
B15A
g158B
g15C
815D
P15E
@15F
gl61
8163
165

C601
37
Cce01
33
40
3F
98D2

FC@D
94F1

FCFA
9402
90EA

F40A
CAFF
C4p4
CAFE

c283
F283
CA@3
c282
F282
CAQ?2
BAFE
9CEF

c203
F2FF
CA@3

90BB

SRET:

S22

S$4:

53¢

$5'¢

IN AC,

MO ~e wo ~o Se we

HEX1 ¢

PHEX2:

8

$5%

LD
XPAH
LD
XPAL
LDE
XPPC
JMP
SCL
Ccal
JP
SCL
CAT
JP
JMP
CCL
ADI
8T
LDI
ST
CCL
LD
ADD
ST
LD
ADD
ST
DLD
JNZ
€CL,
LD
ADD
sT
XPPC
JMP

. PAGE
.LOCAL

ST
LDI
JMP
ST
LDI
ST
LDI
XPAL
ST

@l (P2)
P3
€1(p2)
P3

P3
GHEX

‘PT+1-79"~1

SRET

‘AP’

S4
$SRET

19
~1(P2)
4
=2(P2)

3(P2)
3(P2)
3(P2)
2(P2)
2(P2)
2(P2)
~2(P2)
$5

3(P2)
~1(P2)
3{P2)
P3
$LOOP

-1

~e =e

~e wo =o weo we =o wo

we o

IN RANGE AND CONVERTED.
NUMBER IS NOT A HEX DIGIT,
RETURN

CHECK FOR DIGITS A-F.
NUMBER TOO LARGE

DIGIT BETWEEN A&F

ADJUST DIGIT VALUE FOR 16-16

SAVE ADJUSTED DIGIT

SET UP BIT COUNTER FOR
SHIFT.

SHIFT HEX DIGIT LEFT ONE
DIGIT, ONE BIT EACH
TIME THROUGH LOOP.

ADD CURRENT DIGIT INTO
NUMBER

GET NEXT CHAR
AND LOOP

"HEX NUMBER OUTPUT’

@~-1(P2)
020

$1
@~1(p2)
@
@~1(P2)
L{PUTC)
P3
@~-1(P2)
H(PUTC)
P3
@~-1(Rr2)
2
@-1(pr2)
4(p2)

~10

‘D°+10
$3

PRINT HEX NUMBER WITH TRAILING BLANK (PHEX1) OR
WITHOUT IT (PHEX2).

NUMBER TO BE PRINTED IS

s}

B-6

<o w6 wo we me =o w8 =@

~e =s

SAVE AC

SET FLAG TO PRINT BLANK AFTER
NUMBER

SAVE AC

CLEAR FLAG TO PRINT BLANK
AFTER NUMBER

LOAD ADDRESS OF PUTC TO P3
AND SAVE RETURN ADDRESS

SET FLAG FOR 1ST NUMBER

GET ORIGINAL VALUE
SHIFT TO LOW 4 BITS

CONVERT TO ASCII

NUMBER IS A THRU F



0167
2169
Pl6A
gl6C
B16E
01780
0172
0174
0176
8178
9179
178
g17C
P17E
B17F
2181
2183
0184

2186
9188
B18A
018B
918D
A18F
2191
9193
0194
2196
91938
2199
019B
g19cC
P19E
01 A0
1Al
A1A3
01A5
2147
@1A9
?1AA
01AB
A1AC
B1AD
01 AE
21B92
#1B2
2183
#1B5
31B7
0188
B1BA
#1BB
?1BD
f1BE
B1CO
21C1
p1C2
81C3

$2:
$3%

$4:

$6:

Q) ~e ~o ~e ne

ECO

S2u

SLOOP:

$3:

ADI
XPPC
DLD

LD
ANI
JMP

Jz
XPPC

XPAH
LD
XPAL
LD
LD
XPPC
JMpP

.PAGE
.LOCAL

LDI
ST
CsA
ANI
JNZ
LDI
DLY
CsA
ANI
JNZ
CsA
ORI
CAS
LDI
DLY
CsA
ANT
Jz
LDI
ST
RRL
XAE
SRL
XAE
Csa
ORI
XOR
CAS
DLD
JINZ
csAa
ANT
CAS
DLY
LDE
ANI
XAE
LDE
XPPC
JMP

P3
@4(P2)
@1(p2)
P3
PHEX]1

‘GECO”

8
~1{P2)
020
$2

87

4

820
$2

1
126
n20
$3

—2 {P-Z)

~2{P2)

=1 (P2}
$LOOP

OFE

A7F

P3
GECO

THE -1 TAKES CARE OF CARRY IN
PRINT NUMBER

~e ~o

; GET ORIGINAL NUMBER
MASK 2ND DIGIT

e

; CHECK FOR PRINTING BLANK

IF NOT 8, PRINT BLANK
RESTORE RETURN ADDRESS

~e =o

RESTORE STACK AND AC

RETURN

GECO IS USED FOR KEYBOARD INPUT SO IT ECHOS THE
CHARACTER BUT DOES NOT ENABLE

THE READER RELAY.
; SET COUNT = 8
; WAIT FOR START BIT

NOT FOUND
DELAY 1/2 BIT TIME

~o weo

; IS START BIT STILL THERE?

NO
SEND START BIT (NOTE THAT
OUTPUT IS INVERTED)

~e <o we

; DELAY 1 BIT TIME

GET BIT (SENSEB)

SAVE BIT VALUE (@ OR 1)
ROTATE INTO LINK

SHIFT INTO CHARACTER
RETURN CHAR TO E
ECHO BIT TO OUTPUT

w0 me wo

DECREMENT BIT COUNT
LOOP UNTIL 0
SET STOP BIT

-e wo weo

AC HAS INPUT CHARACTER

e

RETURN



373 .PAGE ‘pUTC”
374 .LOCAL
375 :
376 ; PUT CHARACTER IN AC TO TTY. ALL REGS SAVED.
377 : IF INPUT DETECTED, CONTROL PASSES TO PROMPT.
378 : NOTE: TTY LOGIC LEVELS ARE INVERTED FOR OUTPUT
379 :
38¢ #1C5 41 PUTC: XAE
381 ©81C6 CAFF LDI 255
382 01C8 8F17 DLY 23
383 @1CA 06 CSA : SET OUTPUT BIT TO LOGIC @
384 61CB DCOI ORI 1 : FOR START BIT. (NOTE INVERSION)
385 B#1CD @7 CAS
386 @B1CE C409 LDI 9 : INITIALIZE BIT COUNT
387 ©1D@ CAFF ST ~1{P2)
388 @1D2 C48A S$1: LDI 138 ; DELAY 1 BIT TIME
389 @g1D4 8F@8 DLY 8
39¢ 81D6 BAFF DLD -1(P2) : DECREMENT BIT COUNT.
391 91D8 98190 Jz SEXIT
392 @1DA 40 LDE : PREPARE NEXT BIT
393 g1DB D401 ANT 1
394 @1DD CAFE ST -2{P2)
395 G1DF 01 XAE ; SHIF DATA RIGHT 1 BIT
396 @G1EQ 1C SR
397 g91E1 @1 XAE
398 @1E2 06 CSA s SET UP OUTPUT BIT
399 B1E3 DCO1 ORI 1
40@ OG1ES E2FE XOR ~2(P2)
491 61E7 07 CAS s PUT BIT TO TTY
402 01ES8 90ES JMp $1
403 O1EA 06 $EXIT: CSA : SET STOP BIT
404 @1EB D4FE ANI OFE
435 G1ED 67 CAS
406 B1EE D420 ANT 020 : CHECK FOR KEYBOARD INPUT
407 G1F0 9803 J2 $2 : ATTEMPTED INPUT (NOTE THAT
408 : INPUT IS NOT INVERTED)
409 @1F2 3F XPPC P3 ; RETURN
410 91F3 90D0 JMp PUTC
411 B1F5 C400 $2: Js P3,CMDLP
P1F7 37C4
B1F9 3933
91FB 3F
412 0000 .END
ok ko ko ¢ ERRORS IN ASSEMBLY  ###kkx
Sl $1 ¢ $1) S1+ S2& 52 ¢ $2) S2* $2+ 534
9072 AOF3 0148 g1D2 00780 910E 0167 g18A B1F5 11D
$3) $3* $48& $4 ¢ $4) $5( $5) $6 ( $6) SEXIT+
p169 81a7 pe8s g11a p174 9123 @15E 0BE2 3179 g1EA
$LOOP( SLOOP* SRET{ SSKIP% S$SKIP& AC CMDLP ENTER ERROR EX
GOF9 @19C pl1o4 0062 gacc FFFE A03A pa20 gBaCc FFFF
EXIT EXOFF GECO GHEX GHEX2 GO LOOP1 MOD Pl P2
0063 FFFF 9186 POED geDC 9056 00B7 6m67 6001 0002
P2ADR P3 PC PHEX1 PHEX2 PT1 PT2 PUTC SR STACK
gFF6 pEg3 FFF8 @13E 0144 FFFA FFFC 81C5 go0o QFFF
START TYPE
0061 0062
FCB3 P8ED



Appendix C

APPLICATION EXAMPLE

C.1 SOFTWARE “ONE-SHOT”

The following program is intended for use with the SC/MP
Kit. The program simulates a retriggerable one-shot. A
momentary contact switch is used to “fire the one-shot”
(begin the program). The switch is connected to the SENSE
A input to SC/MP; SENSE A is the interrupt input. When
the interrupt (switch closure) is detected, the FLAG 1
output from SC/MP is set to a logic ‘1’ and is used to drive
an LED indicator through a transistor. (The hardware for
this demonstration circuit is shown schematically in figure
C-1.) A Delay Instruction (DLY) is then used to generate a
delay of approximately 4 seconds. After 4 seconds, the
LED will be turned off by setting the FLAG 1 output to ‘0’
(zero). If the switch is held down, or depressed again before
the LED is turned off, the LED remains lit; it is turned off
approximately 4 seconds after the last switch opening.

Table C-1 is an assembler listing for the program showing
the memory locations, assembler mnemonic, and machine
language format (in hexadecimal) for each instruction in
the program.

Using KITBUG and the TTY, the program could be entered
into memory using the Modify Command of KITBUG and
then could be executed using the Go command. Table C-2
shows the printout of this program that would be obtained
using the KITBUG Type Command.

Note that this program (and any program utilizing
interrupts) wuses Pointer Register P3. Therefore, a
program-controlled transfer back to KITBUG cannot be
accomplished (see section 4.6 for a discussion of transfer of
control between KITBUG and application programs).

+5V

é 300 £2, %W

SC/MP //',

MOMENTARY LED (NSL5026)
SWITCH

1

? 1 sense A

21
FLAG 1 AN\ 2N2222
3K, %W
GND

NS 10498

Figure C-1. ‘One-Shot’ Schematic

C-1



Table C-1. “One-Shot”” Assembler Listing

Memory
Address

0F00
0F01
0F03
0F04
0F06

OF07
0F09
O0FOB
0F0C
OFOE
0F10
OF12
0F14
OF16
OF18
OFTA
OF1B

OF1D
OFTF
0F20
OF22
0F24
0F25
OF26

Machine Language

Assembler Operand

Assembler Opcode l

L(GO)-1

3
H(GO)
3

0
COUNT

COUNT
SEARCH
X FF
X'FF
COUNT
LOOP

0

OVER

s INTERRUPT SERVICE

Code (Hex) Mnemonics
04 DINT
c41C LDI
33 XPAL
C40F LDI
37 XPAH
C400 OVER: LDI
C81E &7
05 IEN
CO1B SEARCH: LD
98FC JZ
C4FF LDI
8FFF LOOP: DLY
B813 DLD
9CFA JINZ
€400 LDI
07 CAS
90EA JMP
€402 GO: LDI
07 CAS
C40F LDI
€805 ST
05 IEN
3F XPPC
90F5 JMP
;DATA AREA

0F29 COUNT: = +]
0000 .END

2

15
COUNT

Comments

;DISABLE INTERRUPT

;SET UP INTERRUPT
;POINTER

;ZERO LOOP CNTR
;ENABLE INTERRUPTS

sWAIT FOR INTERRUPT

;TURN OFF LED

;TURN ON LED

;RETURN TO MAIN PROG

c-2




Table C-2. Printout of ““One-Shot” Program Using Type Command

—TF00 !

0F00 04
0F01 C4
0F02 1C
0F03 33
OF04 C4
OF05 OF
OF06 37
OF07 C4
0F08 00
OF09 C8
0OFOA 1E
OFOB 05
OFoC Co
OFOD 1B
OFOE 98
O0FOF FC
0F10 C4
OF11 FF
0F12 8F
0F13 FF
0OF14 B8
OF15 13
0F16 9C
OF17 FA
OF18 C4
0F19 00
0F1A 07
OF1B 90
OF1C EA
OF1D C4
OF1E 02
OF1F 07
0F20 C4
0F21 OF
0F22 C8
0F23 05
0F24 05
OF25 3F
0F26 90
0F27 F5
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