


service routine is to store bits #0 to 3 of the Data Buffer in

LODATA.
HIDATA.

Write the service routines.

aiua
a18x
a1as
814y
#1489
ai8R
18D
g1aF
L5 e
@114
8147
8115
811C
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When an interrupt is produced by CAl of the PIA the

An interrupt by CA2 should store bits #4 to 7 in
Assume that CAl and CA2 are the only source of interrupts.

8358
Bz52

BG
2E

=
a5

26
2B
BE
&4
BT

BS
84
BY
28

7FFL
85
4@
BE

vFF@a
BF
BE52
F3
vFFa
Fa
8=5u
EE

HIDRTA
LODATAH
*

PIARSER

FIARTN
CHLINT

CRZINT

EGU
EGL

LDA
BEMI
BIT
EME
RTI
LDR
AND
STR
ERA
LA
AND
STAR
BRA

I o o

u (e L

/

$8358
$Bz52

FPIACRA
CRLINT

CAL

#uolaoavoa

CRZINT

FIABFA
#EOF

LODRTA
PIRRETH
FIAEBFA
#EFBQ

HIDRATH
FIRRTN

CR2

ZHRF

ZHAF

INT REGUEST VIR BIT 7

INT REQUEST WIA BIT &

HI BITS

LG BITS

If several PIA's are connected as IRQ devices, but capable of

interrupt via CA1l only, the

LDR A
BMI
LDA A
BMI

skip chain becomes:

FIACRS

PIAS

FPIACRE

FIRE

etc.
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Another major use of IRQ operation is in controlling
the timing of specific computer operations. For example a
digital voltmeter may be required to make a measurement in a
lab experiment or in a process-control operation at the rate
of 10 measurements per second. Aside from the inaccuracy of
using timing loops for control of these measurements, the
computer is not available for other tasks.

The solution is in the use of a "Real Time Clock",
a device which produces interrupts at specific times or rates.
The service routine for the real time clock would then determine
which devices. get service at what times. In the example above,
the real time clock could be driven by the 60Hz line signal
producing 60 interrupts/sec. Write the background initialization
and service routine for this clock which causes the digital volt-

meter to make 10 measurements per second via the subroutine
DVMS3ER.

alee 85 @s LA A #4605
|igz BY aiicC STA A COUNT
#8185 CE vl8E LD¥ #CLESER
a162 FF FFFS S5TH $FFF2
Biae aE cLI
aiac 28 FE HERE ERA HERE SPIM IM BRACK
*
f1aE 7R 8141C CLEKSER DEC COUNT
a111 z& a2 BHE CLKRTHM HOT THIS TIME
@11z 86 8s LDR A #%8& YES., RESET COUNTER
8115 BY 811C STA A COUNT
a11& BD @249 JER DYMSER AMD MEARSURE YOLTHGE
a1iB =B CLERTH RTI ALL DOME
prn

811C Y6l COUNT RNMB 1

This line frequency-controlled clock is a very simple timer.
Real Time Clocks, much more complex than this, are commercially
available.
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The Non Maskable Interrupt (NMI) is essentially the
same as the IRQ with the following exceptionss

(a) It is always enabled (capable of interrupting), independent

of the I bit status.

(b) 1Its vector addresses are FFFC and FFFD.

(¢) It will interrupt only when the MPU's NMI line changes
state from 1 to 0. It will not re-interrupt until after
NMI has gone high and then is grounded again.

NMI operation is needed when a high speed device requires

high priority service, even if an IRQ service routine is
presently being executed, in which case the IRQ service routine
is interrupted to provide NMI service.

During an NMI service routine all other interrupts are
automatically disabled, hence NMI service routines cannot be
interrupted even for another NMI device. Upon return from an
NMI service routine, service will be provided for another NMI
device, if one is waiting; otherwise it will resume service to
an interrupted IRQ service routine, if one was interrupted. If
none of these are waiting,service will be provided to other
waiting IRQ devices, or to a background program, in that order.

Assuming that an NMI device interrupted an IRQ service
routine, show the state of the stack (in general terms) during
the NMI service routine.

/

SP DURING NMI UPON RETURN TO IRQ

7 bytes

“3p

Background Status Background Status
7 bytes 7 bytes

L o
SERVICE ROUTINE
}.IRQ Status
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In de-bugging a faulty program it is sometimes necessary
to know the status of internal registers (4, B, X, etc.) after
execution of a specific instruction within a program. This is
possible via the instruction

SWI (SoftWare Interrupt - operation code 3F)
If 3F (SWI) is placed in memory, in the byte following a specific
instruction, normal program execution will take place until this
3F is encountered, whereupon all internal registers will be
stored on the stack, as if entering an IRQ or NMI service routine.
In this case the program will transfer control via vector
addresses FFFA and FFFB to the SWI service routine, which usually
prints out the contents of the internal registers from the stack.
Insertion of the 3F code destroys the original program, hence
most systems require RESET after an SWI service routine is
executed. An exception to this exists in some de-bugging programs
which save the byte which was replaced by 3F, and then restore it
after execution of the SWI service routine.

In some 6800 systems where the SWI routine is provided in
permanent or "Read Only Memory" (ROM) the vectors for SWI may also
be in ROM, rather than in Read/Write Memory, usually called RAM
(Random Access Memory), which can be initialized via RESET. If
vectors are permanent a user-written SWI routine cannot be
implemented.

Why is the stack essential to SWI operation?

/

Data must be saved by MPU hardware rather than via software
(program) which itself would use some of these registers and
therefore modify their contents.
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Write the background initialization and the SWI service
routine to print the contents of CCR, ACC B, and ACC A simply as
6 ASCII characters, one after the other, when SWI is encountered
within the program. Assume an available subroutine, OBYTE,
which prints 2 ASCII characters, based on the 8 bit contents of

ACC A.

/

ES
# SOFTWARE IMTERRUFT SERVWICE TO PRIMT CCR.
# ACC A AMD B ON COMSOLE TERMIMAL. CALLS OBYTE SUE.
E
FFFHA SHMIVEDZ EQLU ¥FFFH
+
# BACKEGROUND INITIALIZATION FOR ZMWI.
Bz2o8 CE 8246 LD HSMISER
B28% FF FFFH STH SHIVED
azase 28 FE HE: EREH HE:
+
# SWI SERVICE ROUTIME
“+:
Bz ORG o244
az4a =2 SWIZER PUL A GET CCZR FROM STRCE
az44 BD B142 J=R DEYTE FRIMT CCR
azd44 =2 FUL H
az45 BD @142 JzR OBYTE FRINT E
azd4a 22 FUL A
az49 BD @142 JER OBEYTE FRINT A
az4c 28 FE HERE ERA HERE
B
B142 OEYTE E&U FAl4:

EML
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Now write the first part of a different SWI service

routine SOFINT, which prints a more readable output of the
stored data, e.g.,

CCR= XX (where XX = stored CCR value)
Assume the following available subroutines:

OBYTE -~ prints contents of ACC A as 2 ASCII
character.

OUTMES - prints ASCII message terminated by
null. X = pointer.

CRLF - Carriage Return and Line Feed.
i
# PRINTOUT OF REGISTERS AFTER SOFTHARE IMTERRUPT
" :
gzam CE Bz58 L $SOF INT
828z FF FFFR STH *FFFH INIT SWI VECTOR.
# MOW JUMP TO TRRGET PROGRAM
E
az258 ORG #0250
8258 Bl A173 SOFINT JSE CRELF
Az52 CE 62841 LDX #CCRMES
825 BD 1FBC JER OUTHES FRIMT CCR=
Bz5e 32 PUL A _
BW25A BD Bidz JSR OBYTE FRINT CCR COMTENTS
o+
E
gz281 4= CCRMES FCC SCCR= /S
a2ge aa FCE 5]

Note that entry to OBYTE is at 0142, rather than at 0139, in
the original OBYTE routine (Subroutine Chapter), since the data
To be printed is already in ACC A. The CRLF routine is also
from the Subroutine Chapter. The OUTMES routine is from the
ACIA Chapter, but in subroutine format.
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Execution of the OBYTE subroutine involves use of the

stack. Will this destroy data now on the stack, yet to be

printed within the SWI service routine?

prove your answer.

Use stack diagrams to

No. Data to be printed will not be destroyed.

<SP
CCR CCR |«-SP
B B
A A
IXH IXH
IXL IXL
PCH PCH
PCL PCL
Within SWI After
service first
routine PUL A.
before
printout
begins.

<SP

RH
RL
B
A
IXH
IXL
PCH
PCL

Within OBYTE sub.
RH and RL are
return address
bytes. H = high,
L = low. CCR data
on the stack is
overwritten but
only after it is
in ACC A for
printing.

RH
RL |[«=SP
B
A
IXH
IXL
PCH
PCL

After return
from OBYTE
subroutine.

RL and RH will
be overwritten
in future use
of the stack.
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Continuing with the same service routine, assume that

CCR, ACC B and ACC A have been pulled and printed on one line.
How would you print the Index Register contents, still continuing

on the same line? 1Include the message in your answer.

/

8271 CE 6231 L L #I-MESS

azv4 BD 4FAC JER QUTHES FRINT ¥=

Bzvy 22 FUL A

B27E BD @142 JSR OBYTE FRIMT HI BYTE OF =
B2veE =2 FUL A

B27C Bl @142 JER OEYTE FRINT LO BYTE OF =

o
P
It

*

] )

291 26 IZMESS Fou A= Note space before
Q29S an FCR & and after message
to make message
readable.

Such a routine is normally included in the computer
system software and is essential in "de-bugging" faulty programs.
By setting SWI (3F) in the main program, just after a subroutine
call, the results of the subroutine can be examined in detail to
determine how it performed. The place in the main program where
the SWI occurs is often called a breakpoint.

More sophisticated de-bug routines permit multiple break-
points for testing of partially completed programs, e.g.,
subroutine calls for which the subroutines have not yet been

written. The "loose ends” or unwritten code can be caught by
breakpoints.
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-

The complete listing for the SWI de-bug routine is
shown below.

E

1FBC OUTHMES EoU $#iFaC

B1v3 CRLF E&U 8173

5.0 I ) OBEYTE EGU fal4: LATE EWMTRY. AVOIDS =
}*&

4 PRIMNTOUT OF REGISTERS AFTER SOFTHMARE INTERRUFRT
28

gzea CE 8250 LEo #SOF IMT

8282 FF FFFR STH $FFFA IMIT SWI VECTOR.

# MNOW JUMF TO TRARGET PROGRAM

o
Bzo8 ORG FHZTE
B2S@ BL 9179 SOFINT JoR CRELF
p2sz CE azed LD HCCRMESS
Q258 BD 1FAC JSR QUTHES FRINT CCR=

Razse =2 FPUL A

B2SA B0 8142 JSR OBYTE PRINT CCR COMTEMTS
ezsDh CE @28c LD¥ #EBMESS
ozeB BD AFBAC JSR OUTHES  PRINT EB=
BZe: 22 FUL A
Gzed BD @142 JSR OBYTE PRIMNT B COMTEMTS
GZE67 CE B2S7 LD #AMESS
0zER BD 1FBC JSR QUTHMES  PRINT A=
Bzeh =2 FUL A
BZEE BD @442 ISR QEYTE FRINT A COMTEMTS
B271 CE 829d LD #IXMESS
B274 BD AFaC ISR OUTHMES  FRINT ==
Bz7v =2 FUL B
B27S BD @142 JSR OBYTE PRINT HI BYTE OF =»
az7e 22 FUL A
az7C BD @142 JSR OEYTE PRIMT LO BYTE OF ¥
B27F 28 FE  HERE  ERA HERE

o
Aazsl 4% CORMES FOC ACCR=
Q286 Ban FCB &
pZe? =@ AMESS FCC /A=
az2E 8o FCE @
azet 28 BEMESS FCC s B=
Gz96 Be FCE 5]
az91 268 I14MESS FLC sov=
BZ2Y5 BB FCE a

END

The final printout of this could then look likes

CCR= 2F B= D3 A= F2 X= 1C55

Congratulations! You have completed the workbook. Good luck

Ry

with your programs.



APPENDIX A AND B
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APPENDIX A

Hex Codes - 4 bits

0000 = O 1000 = 8
0001 = 1 1001 = 9
0010 = 2 1010 = A
0011 = 3 1011 = B
0100 = 4 1100 = C
0101 = 5 1101 = D
0110 = 6 1110 = E
0111 = 7 1111 = F
APPENDIX B
ASCII Codes

BITSdthru6 — 0 1 2 3 4 5 6 7
(0 NUL DLE sp 0 @ » p

1 SOH DCI ! 1 A Q a g

2 STX DC2 " 2 B R b r

53 EIX DC3 # 3 C S ¢ s

4 EOT DC4 $ 4 D T d ¢

S ENQ NAK % 5 E U e u
BITSOthru3< 6 ACK SYN & 6 F V f vy
7 BEL ETB ! 7 G w g w

8 BS CAN ( 8 H X h «x

9 HI EM ) 9 1 Y i y

A LF SUB * : J Z j 2

B VI ESC + ; K [ kx {

C FF FS , < L | 1 |

D CR G - = M ] m }

E SO RS . > N ( n =

F sl US / ? O — o DEL

Vs

Courtesy Motorola Semiconductor Products, Inc.



Instruction Set (2 pages)

APPENDIX C1

ADDRESSING Mones BOOLEANARITHMETIC OPERATION —or: CO0E RES.

ACCUMULATOR AND MEMORY IMMED DIRECT INDEX EXTND INHER (Al rogistor labels 514 21110
OPERATIONS MNEMONIC | OP | ~ [ #joP ]~ | # (OP|~] R]OP|~|#|OP| ~| & refer 1o contents) Hll|N]2Z]V]C
Add ADDA 88 ] 2 98 | 3 2 |AB |5 2188 ) 4 A+ M -A tleol ittt
ADDSB ¢8| 2}2|o8|3 |2 (|es|sS5|2]FB]4 {3 B+M—-8 I AEIRE R EAE]

Add Acmiurs ABA 1B]2]|1]|A+8=A A RARIRAR:
Add with Carry AOCA |89 | 2| 299 |3 ]|2]as|s5]|2]|8s]|4a]3 A+M+C—A. tleltltlt]s
ADCB 9|2 {2093 |2 |e9|S5|2|FI}|4]3 B+M+C—8B tlefs|{tit]?

And ANDA 84| 2 2 (%4 |3 2 |AM |5 2|84 )4 3 AeM—A ojlejl i|tiR|e
ANDSB ca 2 2|08 )|3 2 |E4 {5 2|Fa] 4 3 BeM-—+B o|ojt]t|R]e

Bit Test BITA 85 ] 22|95 |3 |2 ]|]As|5]|2]|85]4]3 Ae M o|o|t|{t|R]|e
BITB cs|2]2]o5|3|2jes s ]|2}jFs]4 {3 BeM ejojt|tiR]|e

Clear CLR 6F {7 | 2]|7F |6 |3 00 M ool rislarlnR
CLRA 4F | 2 1]00—+A o|{®|R|S|R]|R

CLRB SF |2 1}{00-8 elelR{S|R|R

Compare CMPA g1 |2}2j9t]3]2]|Ar}|5)2|8B1|4]3 A-M o(of t|tit]?
cmprg ctl2l2jo1j3}j2|EVv|S]|2]|F1]4]3 B-M eoleoj $1titit

Compara Acmitrs CBA "mn|2]1]A-8 EEIEZRIRAR]
Complement, 1’s coM 63 |7|2|1B}|6]3 MM ole{titir]s
coMA a3l2]1]A-a ojelt|t|Rr]s

coms 3{2|1|{8~8 ole|t|tln]s
Complement, 2's NEG 60 |7} 2}|0}6 |3 00 -M—+M olel ]| tODI®
(Negate) NEGA sl2]1]00-A-A elef t]| QIO
NEGB 50 {2]1)00-8-8 . . elef t| D@

Decimal Adjust, A DAA 19 | 2 | 1 | ComvertsBinary Add. of BCO Characters | o) | 1] 112 |®
Oecrement 0EC 6A |7 | 2|7A)6 |3 M-1-M elelt|t|@ e
DECA Al 2| 1]A-1—A elelt]? @ .

DECe SA{2)1]8-~1-8 e|leojt]t @ °

Exclusive OR EGRA 88| 2298 |3|2|A8|5}2|8B)|4]3 ABM-—A o|{o|t]t|R]e
EQRB cg8|{2|2]|08]|3 EB | 5 F8 143 Bom-—+8 elelt|t|{R]e®

Increment INC 6C|7}2j1C]61}3 M+i—M EIRIEI O]
INCA 4c | 2 1] A+I—=A oleo| tlt @ L

INCB SC | 2 1]B+1-8 ejieo|tlt @ [}

Load Acmitr LDAA 86 | 2 219 |3 2 |[A6 |5 2|86} 413 : M—A ejlolt|tiRle
LOAB c6l212|o6|3|2|e6|S |2 |F6|4]3 M-8 sle|t|tiR]|®

Or, Inclusive ORAA BA| 2 |2 {3A |3 ]2 |AA|S5|2]|BA|4 |3 A+M—~A o|lelt]|2|R}|e
ORAB CA| 2 2|0A|3 2 |EA ]S 2|FA| 4 3 B+M-—B ele|ltltIR|e

Push Data PSHA 36|44 | 1| A—>Mgp, SP-1~-SP IEIEIEICRE]
PSHB 3714 1| 8->Mgp, SP-1—~>SP o|n|e|e|le|e

Pull Oata PULA 32 {4 ] 1| SPs1—SP, Mgp—A ele|jojojsle
PULB 3314 1] SP+1-+SP, Mgp—8 o|loje]le|oje

Rotate Left ROL 69 |712|1|6}3 M elajtlt|@®f?
ROLA 49 |2 IALG;_]—DEEIIDIDJ DEIRAEI O]k

ROLB sol2]1]s 7 < NRRIRGE

Rotate Right ROR 66 {7 |21 |6 }3 Ml elel | t
RORA 4621AL@¢W NREIRIGE

RORB s6{2]1]8 olelt|t@®]

Shift Left, Arithmetic ASL 68 | 7 2{1{6}3 M - ej{olt!t $
ASLA 48 12{11A 0 -~ OO@aIg«o ole|tlt®]t

ASLB s8 |2]|1]8 " o oleit]s t

Shift Right, Arithinetic ASR 67 |7 2|17 |63 Ml N oleftlti®|*
ASRA 4721AQ§7EEUIEE-E! olelt|tl@®|:

ASRB 57 | 2 1] 8) eleo|l ]t b

Shift Right, Logic. LSR 68 | 7|27 ]|6 |3 Ml - oleln|t !
LSRA “l2i1]A [} -‘9731_.[[1:2 -0 eleiR]|t H

LSRB 54 2] 1]8)] ofo[R|2|®¢

Store Acmitr. STAA 97 | 4 2 |AT | 6 2 (875 3 A-M oleolt]|t|R{e
STAB 0714 2 |[ET |6 2|F1} 83 B—+M elel3is|R]e

Subtract SUBA 80 | 2 219 |3 2 |A0 | S 218014 3 A-M-—+A AEIRARZEAR]
suss co|2]2]|o0|3)2|e0|s|2|Fo}|a]3 B-M—B eoleolsls]t]s

Subract Acmitrs. SBA 10}2]|1]A-8B-A CIEIRARAR
Subtr. with Carry SBCA 82| 2 2192 |3 2 [A2 ]S 2182]) 4 3 A-M~-C—A IEARIRAER]
S8CB c2f 2 2 {0213 2 €215 |2|F2}4}3 B-M-C—8B oleltlt|t]?t

Transfer Acmitrs TAB 1612 ]1]A—8 elalt|t|R]e
T8A 17 2 1|18—+A elo{t|ti{R]e

Test, Zero or Minus ST sol7}2|m)6]3 M-00 eolejs|S|R|R
TSTA 4D | 2 1|{A-00 ololt{t|RR

1718 s0|2f{1{8-00 BOEARALIL
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Instruction Set (2 pages)

INDEX REGISTER AND STACK IMMED - OIRECT INOEX EXTND INHER 5/413]2(1]0
POINTER OPERATIONS MNEMOMIC [ OP] ~ | # | op | ~| = {or | ~ #IOP [~ 1 #10P|~] % | BOOLEAN/ARITHMETIC OPERATION | Mit1 Infz{v|c
Compare Index Reg CPX 8C1313|9c)sf2)acis]2lsc]s]|3 (Xy/Xp) = (M/M + 1) ole D] .
Decrement Index Reg DEX 03 |41 X-1-X eloleltiale
Decrement Stack Pntr DES N O ] SP - 18P oloje|oje}e
Increment Index Reg INX 08 |4 |1 X+1-X ololeftlefe
Increment Stack Pntr INS L O B | SP+1->SP ojlolelele]e
Load Index Reg LOX CE| 3 |3joeE]4|2(|ee|6]|2]Fre]ls @ N Xy (M 1) =X olo|®|t]|n|e
Load Stack Pntr Los S8E) 3 |39 |a|2|aE]ls|2]8e]S M —=SPy, (M+1) =>sP ole|®@|t]|n]e
Store Index Reg STX OF 1S 1 21eF|7]|2|FF|6]3 Xg=M X = (M+1) o|le|®|t|r]e
Store Stack Pntr STS SF|lS|21ar|7]|2|8F|6}3 SPy =M, SP_ >(M+1) sle|®@|sn]e
Indx Reg - Stack Pntr TXS /lafn X~-1-5P olojejeje]e
Stack Pntr - Indx Reg TSX 3|4 SPri-=X ojloloje]e]e
JUMP AND BRANCH RELATIVE INOEX EXTND INHER sjef3{2|1{o
‘OPERATIONS MNEMONIC joP | ~| =foP| ~| =jop)~ | =2for|~]= BRANCH TEST Hit[Nj2]v]ec
Branch Always BRA V142 None ojojojeleje
Branch If Carry Clear BCC 2142 C=0 olejojoeje]e
Branch If Carry Set 8Cs 25)4)2 C=1 ojlojeojoje]e
Branch If = Zero BEQ 27 )4 2 2=1 olelojejoele
Branch It > Zero BGE €14 2 Nav=( oloejlojojeje
Branch It > Zero 8GT k(4] 2 Z+(N2V)=0Q ojloejejojo|le
Branch If Higher BHI 2141} 2 C+2Z =0 ojleleleoje]e
Branch It < Zero BLE F 1 4| 2 Z+¥+(N3V)a ®jlojejoje|e
Branch If Lower Or Same BLS a2 C+2Z=1 ejejojlejeo]e
Branch If < Zero 8LT 2014] 2 N3V=1 elejolejo}e
Branch If Minus 8MI 28| 4 2 N=1 S|ojeojejoie
Branch If Not Equal Zero BNE %]14]2 2=0 ojleolojojele
Branch If Qverfiow Clear 8veC 281,412 V=0 ejoje|elole
Branch If Overtiow Set BVS 2]14]2 v=1 ololojejefe
Branch if Plus BPL A1 4] 2 N=0 ojlojolele}fe
Branch To Subroutine 8SR 80| 8] 2 . Oleojojejole
Jump JMP 6E| 4| 2|73 ] 3 ] See Special Operations olejejlejele
Jump To Subroutine JSR AB| 8| 21809 |3 elojleleje}e
No Operation NOP 0l 2] Advances Prog. Cntr. Only ojejejeoje]e
Return From Interrupt RTI 310 | —
Return From Subroutine RTS I T A | . i olejejeje
Software Interrupt Swi 3Fl1211 } Sae special Operations olSjejelele
Wait for Interrupt WAI 3Ej9 |1 oo e .
CONDITIONS CODE REGISTER INHER soocean kot 13 121" 19 fconomon cooe recisten NOTES:
OPERATIONS - MNEMONIC | oP ~ = |OPERATION [H |1 N 2]V ]cC (Bit set if test \s true and cleared otherwise)
Clear Carry cLe oc | 2| 1 0~C ofo]e|e]e|r] @ (Bitv) Test: Resuin= 100000007
Clear Interrupt Mask o 0 |2} 1 0~ el |e|e|e]e]| @ I(BitC Test: Resuit = 000000007
Clear Overflow cLv 0A 2 1 0~V ejleloeje|lr{e] @ (BitC) Test: Decimai value of most significant BCO Character grester than nine?
Set Carry SEC o |2 1 1-¢ ele|elelels (Not cleared if previously set.)
Set Interrupt Mask SEI 0F 2 1 11 e(s|e]e]e o] @ (BitV) Test: Operand = 10000000 prior to execution?
Set Overflow SEV 08 2 1 1=V ejeje]els]e ® (BitV) Test: Operand = 01111111 prior to exscution?
Acmitr A~ CCR TAP 6 | 2 1 A-=CCR —_— @ — < (Bit V) Test: Set equal to result of N @ C after shitt has occurrad.
CCR = Acmitr A TPA 07 2 1 CCR—A . I ° l . l ° L. l o | @ BN Test: Sign bit of most significant (MS) byte of result = 12
(BitV) Test: 2's complement overflow from subtraction of LS bytes?
(® (BitN) Test: Resurt less than zero? (Bit 15 = 1)
LEGEND: 00  Byte = Zero; @ (A Load Condition Code Register from Stack. (See Special Operations)
oP 0Op Code (Hexadecimal): H  Haif-carry from bit 3; @ (Bith Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is
~  Number of MPU Cycles; | Interrupt mask required o exit the wait state.
x Number of Program Bytes; N Negative (sign bit) @ (ALL  Set according to the contents of Accumulator A.
+ Arithmetic Plus; 4 Zero (byte)
- Arithmetic Minus; v Qverflow, 2's complement
. Boolean AND; c Carry trom bit 7
Mgp Contents of memory focation R Reset Always
pointed to be Stack Pointer; s Set Always -
+  Boolean Inclusive OR; H Test and set if true, cleared otherwise
L4 Boolean Exclusive OR; . Not Affected
®  Complement of M; CCR Condition Code Register
= Transfer Into; LS  Least Significant
0 Bit = Zero; MS  Most Significant

Courtesy Motorola Semiconductor Products,

Inc.



Machine Code

APPENDIX D
=

40 NEG A 80 SUB A iMM|CO SUB B IMM
01 NOP 41 = 81 CMP A IMM|CIT CMP B IMM
02 = 42 * 82 SBC A IMM|C2 SBC B IMM
03 ¢ 43 COM A 883 ¢ c oot
04 * 4 LSR A 8 AND A IMM|C$4 AND B MM
0s * 45 ¢ 85 BIT A IMM|CS BIT B MM
06 TAP 46 ROR A 8 LDA A IMM| C6 LDA B MM
07 TPA 47 ASR A 88 cro*

08 INX 48 ASL A 8 EOR A MM | C8 EOR B IMM
09 DEX 49 ROL A 8 ADC A IMM | C9 ADC B IMM
0A CLV 4A  DEC A 8A ORA A IMM|[CA ORA B IMM
0B SEV 4B * 8B ADD A IMM|CB ADD B IMM
oC CLC 4C INC A 8C CPX A IMM | CC *

OD SEC 4D TST A 8D BSR REL |CD *

OE CLI 4E . 8E LDS iMM | CE LDX MM
OF SEI 4F CLR A 8F * CF

10 SBA 50 NEG B 90 SUB A DIR | DO SUB B DIR
11 CBA 52 * 91 CMP A DIR | Di CMP B DIR
12 * 52 * 92 SBC A DIR | D2 SBC B DIR
13 = 53 COM B 93 ¢ D3

54 LSR B 94 AND A DIR | P4 AND B DIR
15 = 55 = 95 BIT A DIR | D5 BIT B DIR
16 TAB 56 ROR B 9 LDA A DIR | D6 LDA B DIR
17 TBA 57 ASR B 97 STA A DIR | D7 STA B DIR
18 * 58 ASL B 98 EOR A DIR | D& EOR B DIR
19 DAA 59 ROL B 99 ADC A DIR | D9 ADC B DIR
1A * 5A DEC B 94 ORA A DIR | DA ORA B DIR
1B ABA 5B * 9B ADD A DIR | DB ADD B DIR
IC * 5C INC B °C CPX DIR | DC *

ID = SD TST B 9D * DD *

1IE * SE * 9E LDS DIR | DE LDX DIR
IF = SF CLR B 9F STS DIR | DF STX DIR
20 BRA REL 60 NEG IND A0 SUB A IND | EO SUB B IND
21 * 61 . Al CMP A IND | El CMP B IND
22  BHI REL 62 * A2 SBC A IND | 2 SBC B IND
23 BLS REL 63 COM IND A3 * B3 =

24 BCC REL 64 LSR IND A4 AND A IND | A AND B IND
25 BCS REL 65 ¢ AS BIT A IND | ES BIT B IND
26 BNE REL 66 ROR IND A6 LDA A IND | E6 LDA B IND
27  BEQ REL 67 ASR IND A7 STA A IND | ET STA B IND
28 BVC REL 68 ASL IND A8 EOR A IND | E8 EOR B IND
29 BVS REL 69 ROL IND A9 ADC A IND | E9 ADC B IND
2A BPL REL 6A DEC IND AA ORA A IND | EA OKA B IND
2B BMI REL 6B * AB  ADD A IND | EB ADD B IND
2C BGE REL 6C INC IND AC CPX IND | EC *

2D BLT REL 6D TST IND AD ISR IND | ED *

2E  BGT REL 6E JMP IND AE LDS IND | EE LDX IND
2F BLE REL 6F CLR IND AF  STS IND | EF  STX IND
30 TSX 70 NEG EXT B0 SUB A EXT | FOO SUB B EXT
31 INS 71 * Bl CMP A EXT F1 CMP B EXT
32 PUL A 7 * B2 SBC A EXT | F2 SBC B EXT
33 PUL B 73 COM EXT B3 * F3 =

34  DES 74 LSR EXT B4 AND A EXT | FA AND B EXT
35 TXS 75 . BS BIT A EXT | FS BIT B EXT
36 PSH A 76 ROR EXT B6 LDA A EXT | F6 LDA B EXT
37 PSH B 71  ASR EXT B7 STA A EXT | F7T STA B EXT
33 78  ASL EXT B8 EOR A EXT | F ADC B EXT
39 RTS 79 ROL EXT B9 ADC A EXT | F9 ADC B EXT
3A ¢ 7A  DEC EXT BA ORA A EXT | FA ORA B EXT
3B RTI 1B * BB ADD A EXT FB ADD B EXT
ic * 7C  INC EXT BC CPX EXT | FC *

iD = 7D TST EXT BD JSR EXT | FD *

3E WAI 7E  IJMP EXT BE LDS EXT | FE LDX EXT
3F  SWI 7F  CLR EXT BF  STS EXT | FF  STX EXT

Notes: 1. Addressing Modes: A = Accumulator A IMM = Immediate REL = Relative

B = Accumulator B DIR = Direct IND = Indexed
2. Unassigned code indicated by****’ EXT = Extended

Hexadecimal Values of Machine Codes

Courtesy Motorola Semiconductor Products, Inc.




- ACIA -

Asynchronous Communications
Interface Adapter

DEFINITION OF ACIA REGISTER CONTENTS
R =L Y

APPENDIX E1

Data Buffer Address
Bus Transmit Receive
Line Data Data Control Status
Number . Register Register Register Register
(Write Only) (Read Only) (Write Only) {Read Only)
o] Data Bit 0* Data Bit 0 Counter Divide Receive Data Register
Select 1 (CRO) Fuil (RDRF)
1 . Data Bit 1 Data Bit 1 Counter Divide Transmit Data Register
) ) Select 2 (CR1) Empty (TDRE)
2 Data Bit 2 Data Bit 2 Word Select 1 Data Carrier Detect
(CR2) (DCD)
3 Data Bit 3 Data Bit 3 Word Select 2 Clear-to Send
(CR3) (CTS)
4 Data Bit 4 Data Bit 4 Word Select 3 Framing Error
: (CR4) (FE)
5 ' Data BitS Data Bit 5 Transmit Control 1 Receiver Overrun
(CR5) (OVRN)
6 - Data Bit 6 Data Bit 6 Transmit Control 2 Parity Error (PE)
(CR6)
7 Data Bit 7°*°* Data Bit 7** Receive Interrupt Interrupt Request
Enable (CR7) (IRQ)
* Leading bit = LSB = Bit0
** Data bit will be zero in 7-bit plus parity modes.
*** Data bitis “‘don’t care’’ in 7-bit plus parity modes.
ACIA Controf Register Format
e —————— S
Enable for Receiver Interrupt Counter ratio and Master reset select used
in both transmitters and receiver sections
b7 = 1: Enables Interrupt Outputin
Receiving Mode b1 bo Function (Tx, Rx)
1
b7 =0:. Disables interrunt Outputin o o
Receiving Mode 0 1 <16
1 (s} +64
1 1 MASTER RESET
b7 b5 b5 b4 b3 b2 b1 bd
) RIE TC2 1 TCY1 § wS3 | wsS2 | WS1 JCDS23 CDS1

Word Length, Parity, and Stop Bit Select

Transmitter Control Bits: Controls the Interrupt Qutput* and RTS b4 b3 b2 Word Length + Parity + Step Bits
Output, and provides for Transmission of a Break 000 7 Even 2
b6 b5 Function (o] 7 Odd 2
(/] [+] Sets RTS = 0 and inhibits Tx interrupt (TIE) 010 7 Even 1
o 1 Sets RTS = 0 and enables Tx interrupt (TIE) o 1 1 7 Odd 1
1 0 Sets RTS = 1 and inhibits Tx interrupt (TIE) 1 00 8 None 2
1 1 Sets RTS = 0, Transmits Break ard inhibits Tx 1 0 1 8 None 1
interrupt (TIE) 110 8 Even 1
*TIE is the enable for the interrupt output in transmit mode. 101 1 8 odd 1




(e e e ey

- ACIA -

Asynchronous Communications

Interface Adapter

]

Data Carrier Detsct

b2 =0: Indicates carriar is present,

b2 = 1: Indicates the loss of carrier.

1. The low-to-high transition of the OCD in-
put causes b2=1 and generates an interrupt
(b7=1), ({RQ=0)

2. Reading the Status Register and Rx Data
Register or master resetting the ACIA
causes b2=0 and b7=0.

APPENDIX E2

ACIA Status Register Format

——

Interrupt Request

The interrupt request bit is the complement of
the IRQ output. Any interrupt that is sct and
enabled will be available in the status register
in addition to the normal |RQ output.

Receiver Data Register Full
b0 = 0:

b0 = 1:

Indicates that the Receiver Data
Register is empty.

Indicates that data has been trans-
ferred tc the Receiver Data Register
and status bits states are set (PE,
OVRN, FE).

1. The Read Data Command on the high-to-
low E transition or a rnaster reset causes
b0 = 0.

2. A “’high’’ on the DCD input causes b0=0
and the receiver to be reset.

L

b7 b6 b5 b4
IRQ PE OVRN FE

b3
cTs

TxDRE

b1 b0
RxDRF

Framing Error

b5 = 1:

Overrun Error

1. The Read Data Commanrd on the high-to-
low E transition causes bS5=1 and b0=1 if an
overrun condition exists. The next Read
Data Command on the high-to-low E transi-
tion causes b5=0 and b0=0.

Indicates that a character or a num-
ber of characters were received but
not read from the Rx data register
pricr to subsequent characters being
received.

Parity Error
b6 = 1:

Indicates that a parity error exists.

The parity error bitis inhibited if no

parity is selected.

1. The parity error status is updated during
the interna! receiver data transfer signai.

b4 = 1: Indicates the absence of the first stop
bit resulting from character synchro-
nization error, faulty transmission, or
a Break condition. Transmitter Data Register Empty
1. Theinternal Rx data transfer signal causes b1=1: Indicates that the transmitter data
b4=1 due to the above conditions and causes Register is empty.
b4=0 on the next Rx data transfer signal if b1=0: Indicates that the transmitter data
conditions have been rectified.

Register is full.
1. The internal Tx transfer signal forces bi=1,

2. The Write Data Command on the high-to-
low E transition causes b1=0.

3. A “’high’ on the CTS input causes b1=0.

Clear to Send

The CTS bit reflects the CTS input status for

use by the MPU for interfacing to a modem.

NOTE: The CTS input does not reset the
transmitter.

Courtesy Motorola Semiconductor Products, Inc.




APPENDIX F1
1
- PIA - »
Peripheral Interface Adapter

DATA DIRECTION REGISTER
—_————eeeeeeeeeeeeeeeeee s

Accessed via Data Buffer address when bit #2 of the Control
Register is 0.

1 output
0 P ‘} for each of the 8 data lines on the Data Buffer.

input

CONTROL REGISTER

CA1l SCBI)
(input only)

6 5 4 3 2 1 o0

7 :
7T 111 Wl

I L :
CA1 (CB1) . I 0 for no interrupt

READY BIT 0=DDR access (0 = CA1 (CB1) ACTIVE in
(read only) via Data Buff ( going LOW'
1=Data Buffer (1 = CA1 (CB1) ACTIVE in
access ( going HIGH

oae ey i
INPUT mode ,_ il
7 6 5 4 3 2 1 o0 _, bit #
VARMEEA 1
f-'\

PROGRAMMED mode
CA2 01
(CB2) 1 0 for no

1 = output

CA2 (CB2) bit #3
follows bit #3 =0 -1
READY interrupt
BIT y_
_HANDSHAKE mode

STROBE mode

éﬁin‘cié% ACTIVE caz (CB2) goes(H1G§
following CA1 (CB1).

CA2 ggﬁgﬁACTIVE CA2 goes LOW after

goling READ from A Buffer.
CB2 goes LOW after
WRITE to B Buffer.

CA2 goes LOW
momentarily after
READ from A Buffer.
CB2 goes LOW
momentarily after
WRITE to B Buffer.



Determine Active CA1 IC81) Transition for Setting
haterrupt Fiza IRQAIB) 1 — it b7)

b1 =0: IRQA(8!1 se: by high-to-low transition on
CAt {CHB1).

b1 =1:1RCA{S)1 ser by low-to-high transition on

APEENDIX F2

L

- PIA -

Peripheral Interface Adapter

CA1(CB1).

IRQA(B) 1 Interrupt Flag {bit b7)

Goes high on active transition of CA1 {CB1); Autometically
cleared by MPU Read of Output Register A(B). May also be

CA1 (CB1) Interrupt Request Enable/Disable j

b0 = 0 : Disable
active t

b0 = 1: Enable

active transition,

1. IRQA(B) wii! occur on next (MPU generated) pacsitive

transition of

while interrupt was rdisabled.

s IRQA(B) MPU Interrupt by CA1 (CB1)
ransition. 1

1RQA(B) MPU Interrupt by CA1 (C81)

b0 if CA1 (CB1) active transition occurred

1

cleared by hardware Reset.

L

b7 b8 b5 | va [ o3 £2 bt | wo
IRQA(BI1 [ IRCA(B)2 CA2(Ce2) ODR CA1(CB1)
Flag Flag Contro! Access Control

——

IRQA(B)2 Interrupt Flag (bit b&)

CA2 (CB2) Esteblished as Input (£S = 0)- Goes high on active
transition of CA2 (CB2); Automaticaily cleared by MPU Read
of Qutput Register A(B). May also te cieared by hardware
Reset.

CA?2 (CB2) Established as Output (05 = 1): IRQA(B)2 =0,
not affected by CA2 (CB2) transitions.

l

Detzenines V/hether Data Cirection Register Or Cutput

Register is Addressed

b2 = 0: Data Direction Register selectea.

L2 = 1: OQutput Register seiected.

I

|

CA?2 {CB2) Established as Output by b5 =1

2?_ b4 b3 {Note that operation of CA2 and C82
7 output functions are not identical)

1 [}
> CA2

b3 =0: Read Strobe With CA1 Restore

CA2 goes low on first high-to-
low E transition following an
MPU Read of Qutput Register
A; returned high by next
active CA1 transition.

b3 =1: Read Strobe with E Restore

CA?2 gces low on first high-to-
low & transiticn following an
MPU Read of Output Register
A: returned high by next
high-to-low E transition.

—CB2
b3 =0: Virite Strabte With C31 Restore

C82 gues on low on first low-
12 high E transition foliowing
an MiPU Write into Output
Register 8; returned high by
the nex1t active CB1 transition.

b3 = 1: ‘Nriwn 3trone With E Restore

CB2 goes low on first lew-to-

CA2 (CB2) Estzblished as Input by b5=0

bS b4 b3
a

0 L CA2 (CB2) Int2rrupt Recuest Enable/

Bisable

b3 =0: Disables |l RQA{8) MFU
Interrupt by CA2 (C82)
active transition.

E3=1: Enables IRQA{B) MPU
Interrupt by CA2 (C82)
active transidon.

1. 1RQA{B) wili occur 2n next (MPU
generated) positive transitien of b3
if CA2 (CB2) active transiticn
occurred white interrupt was
disabled.

Determines Active CA2 (CB2) Transition
for Serting interrupt Flag IRQAR)2 —
{bit bb5)

b4 =0: IRQA(B)2 ettty high-to-icw
transition on CA2 {CB2).

b4 =1: IRQA(B)2 set by !ow to-high
transition on CA2 {CB2).

high E transition foliowing an
5 b4 b3 MP",; Write into Ou!pu.t
- Resister B; returned high by the
1 1 nextiow-to-high € transition.

Set/Reset CA?2 {C32)

CA2 (CB2) gees low a3 NMPU writes
b3 = 0 into Control Register.
CA2 (CBZ) gus high as MPU vurites
b3 = 1 into Control Register.

Courtesy Motorola Semiconductor Products



APPENDIX G & H
L

CHARACTER SET

The characters used in the source language for the Motorola assembler form a
sub-set of ASCII (American Standard Code for Information Interchange, 1968).
The ASCII Code is shown in App B.. The following characters are recognized
by the assembler:

1. The alphabet A through Z

2. The integers O through 9

3. Four arithmetic operators:

+-*/
4. Characters used as special prefixes:
#  (pounds sign) specifies the immediate mode of addressing
$  (dollar sign) specifies a hexadecimal number
@ (commercial at) specifies an octal number
%  (percent) specifies a binary number
(apostrophe) specifies an ASCII literai character
5. Characters used as special suffices:
B (letter B) specifies a binary number
H  (letter H) specifies a hexadecimal number
O  (etter O) specifies an octal number
Q (letter Q) specifies a octal number
6. Four separating characters:
SPACE
Horizontal TAB
CR (carriage return)
, (comma)
The use of horizontal TAB is alwavs optiona!, and can be repiaced by
SPACE.

Courtesy Motorola Semiconductor Products, Inc.

APPENDIX H

Commonly Used Instructions

A . *
. S a quick reference 86 4C LOA A #$4C
guide some of the more commonly #*
used instructions, along Br 12F3 " STR A $12F%
with their machine codes, BE 12Fz LDA A $12Fz
E
are shown here. FE 12R7 LD $12A7
*
as IMN¥
o+
FF 1zA7 ETHE F12R7
&
A7 & STR A ¥
E
B7 1205 STA A $12D5
*
He @@ LR A %



APPENDIX I

MICROPROCESSOR GLOSSARY

ACCUMULATOR: ‘The register where arithmetic or
logic results are held. Most MPU instructions
manipulate or test the accumulator contents.

ACCESS TIME: Time take for specific byte of storage
to become available to processor.

ACIA: ' Asynchronous Communication Inter-face
Adapter. Inter-face between asynchronous peri-
pheral and an MPU.

ALU: Arithmetic and Logic Unit. The part of the MPU
where arithmetic and logic functions are
performed.

ASCH: American Standard Code for Information
Interchange. Binary code to represent alphanu-
meric, special and control characters.

ASSEMBLER: Software which converts assembly
language statements into machine code and
checks for non valid statements or incomplete
definitions.

ASSEMBLY LANG: Means of representing pro-
gramme statements in mnemonics and conven-
jently handling memory addressing by use of
symbolic terms.

ASYNCHRONOUS: Operations that initiate a new
operation immediately upon completion of current
one — not timed by system clock.

BASIC: Beginner's All Purpose Symolic Instruction
Code. An easy to learn, widely used high level
language.

BAUD: ‘ Measure of speed of transmission line.
Number of times a line changes state per second.
Equal to bits per second if each line state
represents logic O or 1.

BAUDOT CODE: 5-bit code used -to encode
alphanumeric data.

BCD: Binary Coded Decimal. Means of representing
decimal numbers where each figure is replaced by
a binary equivalent. i

BENCHMARK: A common task .for the
implementation of which programmes can be
written for different MPUs in order to determine
the efficiency of the different MPUs in the
particular application.

BINARY: The two base number system. The digits are
0 or 1. They are used inside a computer to
represent the two states of an electric circuit.

BIT: A single binary digit.

BREAKPOINT: Program address at which execution
will be halted to allow debugging or data entry.

BUFFER: Circuit to provide isolation between
sensitive parts of a system and the rest of that
system.

BUG: A program error that causes the program to
malfunction.

BUS: The interconnections in a system that carry
parallel binary data. Several bus users are
connected to the bus, but generally only one
“’'sender’’ and one ‘‘receiver’’ are active at any one
instant.

BYTE: A group of bits — the most common byte size
is eight bits.

CLOCK: The basic timing for a MPU chip.

COMPILER: Software which converts "high level
language statements into either assembly
language statements, or into machine code.

CPU: Central processor unit. The part of a system
which performs calculation and data manipulation
functions.

CROM: Control Read Only Memory.

CRT: Cathode Ray Tube. Often taken to mean
complete output device.

CUTS: Computer Users Tape System. Definition of
system for storing data on cassette tape as series of
tones to represent binary 1°s and O's.

DEBUG: The process of checking and correcting any
program errors either in writing or in actual
function.

DIRECT ADDRESSING: An addressing mode where
the address of the operand is contained in the
instruction. (Address below 100 in 6800)

DMA: Direct Memory Access.

DUPLEX: Transfer of data
simultaneously.

ENVIRONMENT: The conditions of all registers,
flags, etc., at any instant in program.

EPROM: Electrically Programmable Read Only
Memory. Memory that may be erased (usually by
ultra violet light) and reprogrammed electrically.

EXECUTE: Yo perform a sequence of program steps.

in two directions

EXECUTION TIME: ‘The time taken to perform an
instruction in terms of clock cycles.

FIRMWARE: Instructions or data permanently stored
in ROM.

FLAG: A flip flop that may be set or reset under
software control.

FLIP-FLOP: Two state device that changes state when
clocked.

FLOPPY (DISK): Mass storage which makes use of
flexible disks made of a material similar to
magnetic tape.

FLOW CHART: A diagram representing the logic of a
computer program.

GLITCH: Noise pulse. -

HALF DUPLEX: Data transfer in two directions but
only one way at a time.

HAND SHAKE: System of data transfer between CPU
and peripheral whereby CPU "“asks’ peripheral if it
will accept data and ®nly transfers data if
‘*answer’’ is yes. :

HARD COPY: System output that is printed on paper.

HARDWARE: All the electronic and mechanical
components making up a system.

HARD WIRE: Circuits that are comprised of logic
gates wired together, the wiring pattern
. determining the overall logic ‘operation.

HASH: Noisy signal.

HEXADECIMAL: The base 16 number system.
Character set is decimal O to 9 and letters A to F.

HIGH LEVEL LANGUAGE: Computer language that is
easy to use, but which requires compiling into

. machine code before it can be used by an MPU.

HIGHWAY: As BUS.

IMMEDIATE ADDRESSING: Addressing mode which
uses part of the instruction itself as the operand

data.

INDEXED ADDRESSING: A form of indirect
addressing which uses an Index Register to hold
the address of the operand.

INDIRECT ADDRESSING: Addressing mode where
the address of the location where the address of
the operand may be found is contained in the
instruction.

INITIALISE: Set up all registers, flag. etc., to defined
conditions.

INSTRUCTION: Bit pattern which must be supplied
to an MPU to cause it to perform a particular
function.

INSTRUCTION REGISTER: MPU register which is
used to hold instructions fetched from memory.
INSTRUCTION SET: ‘The repertoire of instructions

that a given MPU can perform.

INTERFACE: Circuit which*connects different parts of
system together and performs any processing of
signals in order to make transfer possible (ie,
serigl — parallel conversion).

INTERPRETER: An interpreter is a software routine
which accepts and executes a high level language
program, but unlike a compiler does not produce
intermediate machine code listing but converts
each instruction as received.

INTERRUPT: A signal to the MPU which will cause it
(t)o change from its present task to another.

1/0: Input/Output.

K: Abbreviation for 2'0 = 1024

KANSAS CITY (Format): Definition of a CUTS based
cassette interface system.

LANGUAGE: A systemmatic means of communicat-
ing with an MPU.

LATCH: ‘Retains previous input state until overwrit-
ten.

LIFO: Last In First Out. Used to describe data stack.

LOOPING: Program technique where one section of
program (the loop) is performed many times over.

MACHINE LANG: The lowest level of program. The
only language an MPU can understand without
interpreter. '

MASK: Bit pattern used in conjunction with a-logic
operation to select a particular bit or bits from
machine word.

MEMORY: The part of a system which stores data
{(working data or instruction object code).

MEMORY MAP: Chart showing the memory
allocation of a system.

MEMORY MAPPED 1/0: A technique of implement-
ing 170 facilities by addressing |/0 ports as if they
were memory locations. o

MICRO CYCLE: Single program step in an MPUs
Micro program. The smallest level of machine
program step.

MICRO PROCESSOR: A CPU implemented by use of
large scale integrated circuits. Frequently
implemented on a single chip.

MICRO PROGRAM: Program inside MPU which
controls the MPU chip during its basic
fetch/execute sequence.

MNEMONIC: A word or phrase which stands for
another (longer) phrase and is easier to remember.

MODEM: Modulator/demodulator used to send and
receive serial data over an audio link.

NON VOLATIVE: ‘Memory which will retain data
content after power supply is removed, e.g. ROM.

OBJECT CODE: To bit patterns that are presented to
the MPU as instructions and data.

0/C: Open Collector. Means of tieing together O/P’s
from different devices on the same bus.

OCTAL: Base 8 number system. Character set is
decimal 0-8.

OP CODE: Operation Code. A bit pattern which
specifies a machine operation in the CPU.

OPERAND: Data used by machine operations.

PARALLEL: Transfer of two or more bits at the same
time.

PARITY: Check bit added to data, can be odd or even
parity. In odd parity sum of data 1's + parity bitis

dd

odd.

PERIPHERAL: Equipment for inputing to or
outputting from the system (e.g.. teletype, VDU,
etc.).

PIA: Peripheral Interface Adapter.

POP: Operation of removing data word from LIFO
stack.

PORT: A terminal which the MPU uses to
communicate with the outside world.

PROGRAMS: Set of MPU instructions which instruct
the MPU to carry out a particular task.

PROGRAM COUNTER: Register which holds the
address of next instruction (or data word) of the
program being executed.

PROM: Programmable read only memory. Proms are .
special form of ROM, which can be individually
programmed by user. ’

PUSH: Operation of putting data to LIFO stack.

RAM: Random Access Memory. Read write memory.
Data may be written to or read from any location in
this type of memory.

REGISTER: ‘General purpose MPU storage location
that will hold one MPU word.

RELATIVE ADDRESSING: Mode of addressing
whereby address of operand is formed by
combining current program count with a
displacement value which is part of the instruction.

ROM: Read Only Memory. Memory device which has
its data content established as part of manufacture
and cannot be changed. .

SCRATCH PAD: Memory that has short access time
and is used by system for short term data storage.

SERIAL: Transfer of data one bit at a time.

SIMPLEX: Data transmission in one direction only.

SOFTWARE: Programs stored on any media.

SOURCE CODE: The list of statements that make up a
program. ’

STACK: A last in first out store made up of registers
or memory locations used for stack.

STATUS REGISTER: Register that is used to store the
condition of the atcumulator after an instruction
has been performed (e.g., Acc = 0).

SUB ROUTINE: ‘A sequence of instructions which
perform an often required function, which can be
called from any point in the main program.

SYNTAX: The grammar of a programming language.

TRAP (Vector): Pre-defined location in memory which
the processor will read as a result of particular
condition or operation.

TRI STATE: Description of logic devices whose
outputs may be disabled by placing them in a high
impedance state.

TTY: Teletype.

TWO'S COMPLEMENT ARITHMETIC: System of
performing signed arithmetic with binary numbers.

UART: 'Universal Asynchronous Receiver Transmit-
ter.

VDU: Video Display Unit.

VECTOR: Memory address, provided to the processor
to direct it to a new area in memory.

VOLATILE: Memory devices that will lose data
content if power supply removed (i.e., RAM).

WORD: Parallel collection of binary digits much as
byte.

Reprinted from the September 1977 edition of Electronics Today International magazine, Toronto, Ontario.



APPENDIX J1
e ———
Assembler Error Codes

281 NAM DIRECTIVE ERROR
MESSAGE: ***2ERROR 281 AAAARA
MWEANING: THE NAM DIRECTIYE IS NOT THE FIRST SOURCE STATEMENT,
IT IS MISSING, OR IT OCCURS MORE THAM ONCE IR THE
SAME SOURCE PROGRANM.

202 LABEL OR OPCODE ERROR
MESSAGE: #»*#xERROR 202 AAARAR
MERNING: THE LABEL OR 0PCODE SYMBOL DOES NOT BEGIN WITH AN
RLPHABETIC CHARACTER.

203 STATENENT ERROR
MESSAGE: »+*sERROR 203 ARARAA
MEANING: THE STATEMENT IS BLANK GR ONLY CONTAINS A LABEL

204 SYHRTAX ERROR
MESSAGE: *«ssERROR 284 AARARAA
MEANING: THE STATEMENT IS SYNTRCTICALLY INCORRECT.

205 LABEL ERROR
MESSAGE: **xsERROR 205 ARARARA
HEARNING: THE STATEMENT LABEL FIELD IS NOT TERMINATED

YITH A SPACE.

286 REDEFINED SYNBOL
MESSAGE: »2#3ERROR 206 AAARAR
MEANING: THE SYHBSL HAS PREVIOUSLY BEEN DEFINED. THE FIRST
YALUE IS SAYVED IN SYMBOL TABLE.

207 UNDESINED OPCODE
MESSAGE: #+2%+CRROR 287 AARRAAA
MEANIHG: THE SYMBOL IA THE OPCODE FIELD IS NOT A vALID
OPCODE MNEKONIC OR DIRECTIVE.

288 BRANCH ERROR
'~ - MESSAGE: 3s«*ERROR 288 AAARAA

MEANING: THE BRANCH COUNT IS BEYOND THE RELRTIVE BYTE’S

RANGE. THE ALLOYABLE RANGE IS:

(242) - 128 ¢ B < (24¢2) + 127

WHERE: * = ADDRESS OF THE FIRST BYTE OF THE

BRANCH INSTRUCTION
D = ADDRESS OF THE DESTINATION OF THE

BRANCH INSTRUCTION.

289 TLLEGAL ADDRESS MODE
MESSAGE: »*xsERROR 289 AAARAAA

MEANING: THE MODE OF ADDRESSING IS NOT RLLOVED WITH THE OP-
CODE TYPE.

218 BYTE OVERFLOV
MESSAGE: ss*+ERROR 210 AAAAAA
MEANING: AN EXPRESSION CONYERTED TO R VALUE GREATER THAN
255 (DECIMAL). THIS ERROR ALSO CCCURS ON COMPUTER
SYSTEKS HAVING WORD LENGTHS OF 16 BITS UHEN USING
NEGATIVE OPERANDS IK THE IMMEDIATE ADDRESSING
MODE. EXAMPLE:
LDa & $-5 ; CAUSES ERROR 218
THE ERROR MAY BE AVOIDED BY USING THE 8
BIT TW0’S COMPLEMENT OF THE NUNBER.
EXAMPLE.
LDA A $3FB ; RSSEMBLES 0K



211

212

213

214

215

216

217

220

221

222

223

UNDEFINED
MESSAGE:
MEANING:

DIRECTIVE
HESSAGE:
MEANING:

APPENDIX J2
———

Assembler Error Codes

sSYMBOL
*»*e3ERROR 211 AAARAA
THE SYMBOL DOES NOT APPEAR IN A LABEL FIELD.

OPERAND ERROR
*ssxERROR 212 AARAAR
SYNTARX ERROR IN THE OPERAND FIELD OF A DIRECTIVE.

EQU DIRECTIVYE SYNTAX ERRGR

MESSAGE:
MEANING:

*ss+ERROR 213 AAARRAR
THE STRUCTURE OF THE EQU DIRECTIVE IS SYNTACTI-
CALLY INCORRECT OR IT HARS NO LABEL.

FCB DIRECTIVE SYNTAX ERROR

HESSAGE:
MEANING.

s8ssERROR 214 AAAAAA
THE STRUCTURE OF THE FCB DIRECTIVE IS SYNTACTI-

CALLY INCORRECT.

FDB DIRECTIVE SYNTAX ERROR

MESSAGE:
REANIHG.

DIRECTIVE
MESSAGE:
HEANING:

«xesERROR 215 ARAARA
THE STRUCTURE OF THE FDB DIRECTIVE IS SYNTACTI-
CALLY INCORRECT.

OPERAND ERROR
*ss*ERROR 216 ARARARAA
THE DIRECTIVE’S OPERAND FIELD IS IN ERROR.

OPT DIRECTIVE ERROR

NESSAGE.
HEANING:

*+ssERROR 217 RAAARRRA
THE STRUCTURE OF THE OPT DIRECTIYE IS SYNTACTIC-
ALLY INCORRECT OR THE OPTIOR IS UNDEFINED.

PHASING ERROR

MESSAGE:
HEANING:

**3ERROR 228 AAARAR
THE YALUE OF THE P COUNTER DURING PASS 1 AND
PASS 2 FOR THE SAME INSTRUCTION IS DIFFERENT.

SYHBOL TABLE OVERFLOW

RESSAGE:
HERNING:

*#+sERROR 221 RAARPA
THE SYHBOL TABLE HARS OVERFLOWED. THE HEV SYNBOL
WAS NOT STORED AND ALL REFERENCES TO IT VWILL BE
FLAGGED AS AH ERROR.

SYMTAX ERROR IN THE SYMBOL

HESSAGE:
MEANING:

**e*ERROR 222 AAARAA

THE ONE-CHARACTER SYMBOLS #, B, AND X CANNOT BE USED
FOR USER-DEFINED SYMBOLS. THEIR USE IS RESTRICTED
FOR REFERENCES TO THE ACCUNULATORS (A & B) AND TO THE
INDEX REGISTER (X). ERROR 222 pLSO FLAGS ALL SOURCE
STATEMENTS CONTAINING & SYNBOL THAT HAS BEEN REDE-
FINED.

THE DIRECTIVE CANNOT HAVE A& LABEL

BESSAGE:
HEANING:

**¢sERROR 223 AAARAR
THE DIRECTIYE CANNOT HAVE A LABEL. THE LABEL FIELD
MUST BE EMPTY (BLANK).

Courtesy Motorola Semiconductor Froducts, Inc.



Iustruction Set (spare copy)

ADDRESSING MODES

BOOLEAN/ARITHMETIC OPERATION

COND. CODE REG.

ACCUMULATOR AND MEMORY IMMED DIRECT INDEX EXTND INHER (AN register Isbeis s|al3|2f1]0
OPERATIONS MNEMONICJOP | ~ | # |OP |~ | # |JoP|~] #|oOP| ~]#loP|~]| # refer to contents) HII[N|Z]|V]C
Add ADDA |88 | 2 |29 |3 |2 |AB|5]|2]|8B[4]3 A+M—A tlelt]sft]s
ADDB |cB |2 |2 |DB|3 |2 |eB |5 | 2]|FB| 4|3 B+M—~B tlefs]tls]s

Add Acmltrs ABA B|2|1]A+B~A t{ef t]s)s]s
Add with Carry ADCA |89 | 2 [ 2|93 |3 |2 |A3 |5 | 2|89 |4 |3 A+M+C—A tlelt]t]t]s
ADCB Jc9 | 2 |2 |09 |3 |2 |es |5 ) 2|F3|a |3 B+M+C—+B ettt

And ANDA |84 | 2 | 2|98 |3 12 |As |5 ]| 2|Ba) a3 A-M—=A efleli|tiR]|e
ANDB  |Cc4 | 2 | 2|04 |3 |2 |ea |5 |2|Fa|a]3 BeM—B eleft]|t|R]|®

Bit Test BITA 85 | 2| 295 |3 ]2 |Aas |5 | 285|443 AeM ole|t|t|r]|e
BITB cs|2|2|os|3 ]2 ]es|s|2|F5]a|3 BeM olelt]|t|Rr]|e

Clear CLR 6F 1 2| IF 6 3 00 - M e/el R|S{R|R
CLRA aF | 2| 1]00-A efe|R|s|R|R

CLRB S| 2] 1|00-8 efe|lR|S|R[R

Compare cMPA |81 [ 2 |2 |32 ]ar |5 | 28143 A-M efelt|t]t]s
CMPB aj2l2fm|3]2er|s|2|r|al]s3 B-M eleft]tft]?

Compare Acmitrs CBA n bi 1] A-8 elefl | t[t]2
Complement, 1's com (- N 2 O 2 - M-M olel t]|t]R]|S
COMA 3|2 1]|A=A ejelt|tIR]S

coMB 53[2]1]|B-8 efe|lt]|t|R]s

Complement, 2's NEG 60 [7 (2|70 ]|6 |3 00 -M-M ele| 1] 1|O|®
(Negate) NEGA a0 |2]|1]|00-a-a ole| 1] 1|O|®

) NEGB 50 2| 1]00-8-8 elel 1t 1IO|®

Decimal Adjust, A DAA 192 i‘::vg’c's‘i':fr'n‘;'““ of LD Characters | o | of 1| 111 |@®
Decrement DEC 6A |7 |2|m]|6 |3 M-1-M olelt]t|@e
DECA Al 2| 1]A-1=A eleftlt|@®]e

DECB sal2|1[/8-1-8 elelt|t @]

Exclusive OR EORA 88 | 2 2|98 | 3|2 (A8|5) 2|88 4]3 A®M—A efe|t[t|R|e
EORB |c8 | 2 | 2|o8 |3 |2 |e8 |5 |2|F8]| a3 BoM—B oleft|t|R]|e

Increment INC 6C |7 ]2|c]|6]3 M+i=M IEIRIEIOIK
INCA ac| 2| 1] A+1-A ele| 1]t e

INCB 5| 2| 1[B+1=8B eje|t]| 1|

Load Acmitr wAA 86 | 2|29 |3 |2 [ae|s5|2]B]a]3 M—A oleft]t|Rr]|e
A {c6| 2 |2]oe|3 |2 (e |5 |2]|F6]4 |3 M-8 ofleft|t|R]e

Or, Inclusive ORAA [8Aa ]| 2|2 ]9a|3 |2 ]aa|s5 | 2]8BA|a |3 A+M—A eleft1|t]R]|e
ORAB [CA| 2 | 2fDA|3 |2 |ea|s | 2|Fa]|la |3 B+M—B ele|[t|t|R]e

Push Data PSHA 36 | 4| 1| A=Mgp.SP-1-5SP o(ejelojele
PSHB 37 4 1| B —+Mgp, SP-1-+SP AR ISR INEN]

Pull Data PULA 32 [ 4] 1| SPe1~+SP Mgp—+A ofefofo]e]e
PULB 33 {4 | 1| SP+1+SP, Mgp—8B ejlefo|e|oie

Rotate Left ROL 69 |2 | 2|1 |6]3 M) oo eje| t|@®|!?
ROLA a9 21]A l—g - gjj:_trrgj eleft|t|®|!?

ROLB 9|2 ]1]8 elelt|t|@®?

Rotate Right ROR 66 (7] 27 |6 |3 Ml elelt|t|®f?
RORA %12 |1]A) -0 = E;U]:l._‘ﬂjbj;-j eleltlt|®f?

RORB 56 (2(1]8 eleft[t]|@®]!

Shift Left, Arithmetic ASL 68 [ 7] 2|16 |3 [ - ejeft]|t|®]!?
ASLA al2|1]A Q- QJUJ:{;I%«O elelt|tI®]?

ASLB 812 |1]8 elelt]|t|®f?

Shift Right, Arithmetic ASR 67 |7 2|17 ]|6]3 M R elelt|t®]?
ASRA AIZIAJ[:éHHIE*g ele|t]|t|@®]

ASRB 5712 (11]8 ele|t|t|®f!

Shitt Right, Logic. LSR 66 | 7|26 |3 M o ele|R|t|@®]!
LSRA “wl2f1]A 0~J11IID - O elelRr|t|®|?

LSR8 5412 (118 i o elelr|t|®]?

Store Acmitr. STAA 97 |4 |2 [Aa7 |6 | 2(B7T|5]|3 A-M oleltft]n]e
STAB b7 |4 |2 |e7 |6 |2]|F1|s |3 B-M eioltft|R|e

Subtract SUBA 80 2|2(s0)3]2]a0|s|2]|B0]a]3 A-M—A olef sttt
suBB co| 220032 ]e0|s|[2|Fo] a3 B-M-B ejeit|t]t]?

Subract Acmitrs. SBA 10 | 2 1| A-B—A ejeltis|t]?
Subtr. with Carry SBCA 822|292 |3 |2faz|s]2|B2|a]3 A-M-C—A eleltit|t]t
SBCB c2(2})2|o2|3 |2 ]e2|s|2a]Fr2]|a]|3 B-M-C—B ACIEAEAERE;

Transfer Acmitrs TAB 16 2 11 A8 ele|lt|t|R|e
TBA 17121 |8=A ele|t|t|R|e

Test, Zero or Minus ST 60 |7 |2]|m]|6 |3 M - 00 ele|t|[t]R]|nR
. TSTA ap|2|1|A-00 olef[t|t|R|R

’ TSTB 0|2 |1[8-00 ofle|t|t|r]n




Instruction Set (spare copy)

INDEX REGISTER AND STACK IMMED OIRECT INDEX EXTND INHER s{4]3]2{1]0
POINTER OPERATIONS MNEMONIC|OP| ~{ =|OP |~ | = |OP| ~ | #]OP|~]&]0OP]|~| 2 BOOLEAN/ARITHMETIC OPERATION Hit|N]Z]|V|C
Compare Index Reg cPX 8c 3|3 fsc)4a)|2fac|s|2]BC|{5 |3 (Xp/XQ) - (MM + 1) el Dt IB]e
Decrement Index Reg DEX 09 | 4 1 X-1-+X eloefle|t]le]e
Decrement Stack Patr DEs ¥ 141 SP-1-SP e|lejeje]ole
Increment index Reg INX 08 4 1 X+1—X ofele|l|e|e
Increment Stack Pntr INS 3t |4 1 SP+1-SP eio|eojole|e
Load Index Reg Lox CE] 3 |3 |0E|4 | 2 |EE|6 |2 |FE}S |3 M= Xy, (M +1) =X ele|®|t(R]e
Load Stack Patr LDS 86 | 3 | 3 |9E |4 |2 |JAE| 6 |2 |BE}S |3 M =8Py, (M« 1) =~SP olel®@|tir]|e
Store [ndex Reg STX DF| S| 2 |EF 12 |2 |FF|6]3 Xy =M X =~ M+1) ele|l®D|:|R|e
Store Stack Patr STS 9F [ S | 2 [AF|{ 7 | 2 |BF |6 (3 SPy — M, SP = (M + 1) oo |® :|r e
Indx Reg — Stack Pntr XS 3/ 14} 1 X-1-SP elojofoio]e
Stack Pntr = Indx Reg TSX 30 |4 1 SP+1-X o|lo|ejefe]e
JUMP AND BRANCH RELATIVE INDEX EXTND INHER Sj4t13fj2(t}o
OPERATIONS MNEMONIC |OP | ~ | =|OP] ~ | =|0P| ~| st0OP| ~ | = BRANCH TEST H|t|N|Z(|V]C
Branch Always BRA 2014 2 None EEADERIERE)
Branch If Carry Clear 8CC 2414 2 c=0 ejoejlejojeie
Branch If Carry Set BCS 25| 4 2 C=1 efofeo .
Branch If = Zero 8EQ 2714 2 Z=1 ejlejojolele
Branch it > Zero BGE 2C 4 2 N3V=0 oe|loj{o|oje|e
Branch It > Zero BGT 261 4 2 Z4(N3V)=0 elofofojo]e
Branch if Higher = U N Sign ed BHI 22 4 2 c+2Z=0 ejoejojojo]e
Branch It < Zero BLE 2F | 4 2 Z+iIN3V)=1 ejlo|ejele]fe
Branch If Lower Or Same = ungigned BLS 2314 2 cC+2z2=1 o|lolo|ojo|e
Branch If < Zero BLT 20 4 2 N=EV =1 ole(ejeje]e
Branch If Minus BMi 28} 4 2 N=1 e(ojoeleleie
Branch if Not Equal Zero BNE 26 4 2 2=0 e|lojoje|o]e
Branch If Qverflow Clear BVC 28 4 2 v=0 ejoelejoje e
Branch If Qvertlow Set BVS 29 | 4 2 V=1 ejloejoe|e|ole
Branch If Plus BPL 24 4 2 N=0 oloefo[e|eofe
Branch To Subrouting BSR 80| 8] 2 ejleieolojele
Jump JmP 6E | 4 1’3 See Special Operations ejofolefefe
Jump To Subroutine JSR AD| 8| 2 |80} 9 |3 ejloe|eojeie
No Operation NOP a1l 2 1 Advances Prag. Cntr. Only ejo|efejo]e
Retura From Interrupt RTL 381101 @
Return From Subroutine RTS 3915 1 . . el e .
Software Intecrupt swi 3 12 | See special Operations slololole
Wait for Interrupt WAl E} 9 1 . @ ejiejefe
CONDITIONS CODE REGISTER INHER S00LEAN 5 1413|201 |0 ] noiTioN cODE REGISTER NOTES:
OPERATIONS MNEMONIC | 0P | ~ = | OPERATION [ H || [N | Z |V |C (Bit set f test 1s true and cleared otherwise}
Clear Carry cLe 0c 2 1 0—-C o (oo |e|e |R @  (BitV) Test: Result = 100000007
Clear Interrupt Mask cul 0 {2 |1 01 e{Rlele|e o] @ (BiC) Test: Resuit= 00000000
Clear Overflow cLv 0A 2 1 g-Vv ejloe|le|le|r |e | @ (BitC) Test: Decimal value of most significant BCO Character greater than nine?
Set Carry SEC 0D 2 1 1—C e|leleoe|eo]els (Not cleared if previously set.)
Set Interrupt Mask SE! 0F 2 1 11 els|e|e]le|e | @ (Bitv) Test: Operand = 10000000 priar to execution?
Set Overflow SEV 08 2 1 1=V e |oeloefe]|s |e @ (Bit V) Test: Operand = Q1111111 prior to execution?
Acmitr A = CCR TAP 06 2 1 A ~CCR ® (BitV) Test: Set equal to result of N C after shift has occurred.
CCR — Acmitr A TPA 07 2 Y CCR—A . I Y ] ° I ° l Py [ ° @ {Bit N). Test: Sign bit of most significant (MS) byte of result = 17
(81t V) Test: 2's camplement overtlow from subtraction of LS bytes?
(® (Bit N} Test: Result less than zero? (Bit 15 = 1)

LEGEND: 00 8yte = Zero: @ (All)  Load Cond:tion Code Register from Stack. (See Special Operauans)

0P  Operation Code { Hexadecimal); H Half-carry from bit 3; @ (Bit 1} Set when interrupt occurs. |f previously set, 3 Non-Maskabie Interrupt s

~ Number of MPU Cycles; i Interrupt mask required fo exit the wart state.

= Number of Program Bytes: N Negatwe (sign bit) @ (ALL) Set according to the contents of Accumulator A.

+ Arithmetic Plus; 2 Zero (byte)

- Arithmetic Minus; v Overfiow, 2°s complement

«  Boolean AND; % Carry from bit 7
Mgp Contents of memory location R Reset Always
pointed to be Stack Pointer; s Set Always

+ Boolean Inclusive OR; 3 Test and set if true, cleared otherwise

L) Boolean Exclusive OR; L] Not Affected

] Caomplement of M; CCR Condition Code Register

- Transfer Into; Ls Least Signeficant

0 Bit = Zero; MS  Most Significant

Courtesy Motorola Semiconductor Products, Inc.



APPENDIX K

DAA INSTRUCTION
Decimal Adjust Accumulator K-1

A decimal digit may be represented as a 4 bit binary
number e.g. 9 = 1001. Similarly a 2 digit decimal number can be
represented by 8 bits, e.g. 4910 = 01001001. This form is known

as Binary Coded Decimal or BCD, and is not to be interpreted as
a normal binary number.

Addition of decimal numbers, expressed in BCD, is

possible via the DAA ( Decimal Adjust Accumulator) instruction
as seen in this example:

LDA A #F8:s

A A #3086

CHA
The DAA instruction converts the normal hex sum, OE, to 14, the
expected decimal sum in BCD. This is accomplished internally by
adding 6 in this example (OE + 06 = 14). Details of the internal
operation of the DAA instruction are not essential to its use,
but are given at the bottom of this page. What is important is

that this instruction operates on ACC A, only after execution of
the ADD, ADC or ABA instructions.

Assuming that symbolic addresses OLDATA and NUDATA each
contain one BCD digit, write the instructions to produce the BCD

sum in ACC A.

LR A OLDRTA
ROD A NUDATA
DAA

DAA Details: When two 2 digit BCD numbers are added a "carry”,
produced by the addition of the "least significant" column, sets
the H bit of the CCR, e.g. 7 + 5 produces a carry and sets H,
while 7 + 2 clears H. This H bit is added to to the "most

significant” column, all operations being internal to the DAA
instruction.



K-2
Decimal addition in. BECD is equally valid for "2 digit"”
decimal data, e.g. 4710 + 7810. Here the BCD sum is 125, that is
25 plus a carry into the third column.

Write the instructions to add OLDATA and NUDATA, the
sum going to TOTAL+1 and the carry going to TOTAL. Assume that
OLDATA and NUDATA each contain 2 decimal digits in BCD form.

alaa VF 9158 CLE TaTAL
g18E BE 8152 LDA A OLDATH
@19s BE 8154 ADD A MUDARTH
Higs 13 DAA
BABR BY 8151 STR A TOTHL+1
aiat 24 ax Bz FINI
B16F FC 8158 INC TOTAL
a1iz FINI

!
Q15 e TOTRAL RENME 2
Bl152 |nnz OLDATHR RME 2
2154 Beaz MUDRTA RME 2

Lab instruments, such as digital voltmeters and
frequency counters, often use BCD format to present data to a
computer. Hence the DAA instruction vastly simplifies manipu-
lation of this data, directly in BCD form.



K-3

Addition of "4 digit " decimal data also requires the
detection of the carry bit after the 2 least significant columns
are added. Use of the ADC (Add with Carry) instruction permits
this carry to be added in when the next 2 most significant digits
are added. Assume that OLDATA and NUDATA each contain 4 BCD
digits in 2 bytes. Write the instructions to produce the 4
digit sum in the 2 bytes labelled TOTAL.

£
# ADDITIOMN OF 4 CHAR BCOD DRTA. SUM IN TOTHL.
E
8188 PF 8158 CLE T2TAL
218z B& a1583 LDA A OLDATA+L
gles BR 8455 Ak A NUDATAR+L
g1a9 13 CHA BCO 50 OF 2 LD DIGITS
Bi8A BY 84151 TR A TOTAL+1
aial BE 8152 LA A QLDATA
Bldie B2 G154 RADC A MNUDATHA
811z 15 CHR BCE 5UM OF 2 HI DIGITS
#1114 BT G158 =T A TOTAL

This process could be extended to 6, 8 or N digit BCD addition.

Note that the above program does not detect a carry beyond 4
digits; hence input should be limited to 3 BCD digits.



INDEX

Accumulator 2- 1
ACTA 7- 1
Addition - Binary 1- 2
- Hexadecimal 1-16

AND 2-20
ASCII 2- 3
Assembler 2- 1
Background 11- 1
Binary Number 1- 1
Bit 1- 1
Branch O0ffset 6- 6
Breakpoint 11-17
Byte 1-13
CCR-Condition Code Reg 5- 7
Character Set- # 2- 2
- $ 2- 2

- % 2-23

CLR 2- 1
Comment 3- 6
Contact Bounce 8-16

Conversion-Bin to Dec 1- 2
-Dec to Bin 1- 7
-Dec to Hex 1-33
-Hex to Dec 1-14

CTS 7-12
DAA App. K
Data Buffer 7- 1
DDR-Data Direct. Reg. 8- 1
Deferred h-13
Delay 9-21
DEX 4-10
Direct Mode 2-17
END 3- 7
EQU 7- 1
Extended Mode 2- 9
FCB 4-11
FCC 4-11
FDB h-12
Foreground 11- 1
Handshake Mode- PIA 8-11
Hexadecimal (Hex) 1-12
Immediate Mode 2- 2
INC 2-19
Inclusive OR 2-25
Index Mode h- 7
Index Register b- 1
Initialization 2-13
INX h-10

IRQ- Interrupt Request 11- 1

Label 3- 5
LDA 2- 2
LDX L- 1
Literal 2- 5
Logical AND 2-20
LSB 1- 3
Mask Word 2-21
Maskable Interrupt 11- 1
Machine Code 2- 2
MSB 1- 3
NEG 2-16
NOG Lh-11
Non Maskable Interrupt 11-12
Null L-11
Operand 2- 3
Operation Code (Op Code)2- 3
Operator 2- 3
OPT 3- 7
ORA 2-25
ORG 3- 3
Parity 7- 8
PC (Program Counter) 6- 3
PIA 8- 1
Programmed Mode- PIA 8-10
PSH 10- 1
PUL 10- 1
Read Only Buffer 7- 1
READY Bit 7- 5
Read Only Buffer 7- 1
RMB 3- 4
RTI 11- 1
RTS (Return from Sub.) 9- 1

RTS (Request to Send) 7-12

Service Routine 11- 1
Signed Number 1-23
SP (Stack Pointer) 10- 1
STA 2-11
Start Bit 7- 1
Stop Bit 7- 1
Strobe Mode- PIA 8-13
Subtraction- Binary 1-35

- Hex 1-29
SWI (Software Int.) 11-13
Symbolic Address 3- 1
TSX 10- 4
Vector Address 11- 1
Write Only Buffer 7- 1



