






























































































































































































































































































































































































































































































































































































































































































































































































































































































XITRH: 

WRHDLR: 

NODATA: 

WRDONE: 

EXHDLR: 
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LD A, <HU 
CP SZIBUF 
JR NC.XITRH ;.JUMP IF NO ROOM 
INC <HU ;INCREMENT INPUT BUFFER COUNTER 
LO HL. < ITAIU ;STORE CHARACTER AT TAIL OF INPUT 
LD <HU,C 
CALL INCIPTR ;INCREMENT TAIL POINTER 
LO < ITAIU, HL 

POP HL :RESTORE REGISTERS 
POP DE 
POP BC 
POP AF 
EI ;REENABLE INTERRUPTS 
RETI 

;OUTPUT <WRITE) INTERRUPT HANDLER 

PUSH 
PUSH 
PUSH 
PUSH 

LO 
OR 
.JR 
CALL 
,JR 

AF 
BC 
DE 
HL 

A, <OCNT) 
A 
Z,NODATA 
OUTDAT 
WR DONE 

;SAVE REGISTERS 

;GET OUTPUT BUFFER COUNTER 
;TEST FOR EMPTY BUFFER 
;.JUMP IF NO DATA TO TRANSMIT 
:ELSE OUTPUT DATA 

;IF AN OUTPUT INTERRUPT OCCURS WHEN NO DATA IS AVAILABLE. 

BUFFER 

WE MUST DISABLE OUTPUT INTERRUPTS TO AVOID AN ENDLESS LOOP. 
WHEN THE NEXT CHARACTER IS READY, IT MUST BE SENT IMMEDIATELY 
SINCE NO INTERRUPT WILL OCCUR. THIS STATE IN WHICH AN OUTPUT 
INTERRUPT HAS OCCURRED BUT HAS NOT BEEN SERVICED IS INDICATED 
BY CLEARING OIE <OUTPUT INTERRUPT EXPECTED FLAG). 

SUB 
LD 
OUT 
LD 
OUT 

POP 
POP 
POP 
POP 
EI 
RETI 

A 
<OIE>,A 
<SIOCAS).A 
A,00101000B 
<SIOC:AS),A 

HL 
DE 
BC 
AF 

;DO NOT EXPECT AN INTERRUPT 
:SELECT REGISTER 0 
;RESET TRANSMITTER INTERRUPT 

;RESTORE REGISTERS 

;EXTERNAL/STATUS CHANGED INTERRUPT HANDLER 

PUSH 
LO 

AF 
A,00010000B ;RESET STATUS INTERRUPT 
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REHDLR: 

OUTDAT: 

INCIPTR: 

(SIOCAS>. A 
AF 

OUT 
POP 
EI 
RETI 

DCD OR CTS LINE CHANGED STATE. OR A 
BREAK WAS DETECTED 

SERVICE HERE IF NECESSARY 

;SPECIAL RECEIVE ERROR INTERRUPT 

PUSH AF 
LD A,00110000B ;RESET RECEIVE 
OUT <SIOCAS>.A 
POP AF 
EI ;FRAMING ERROR 
RETI : SERVICE HERE 

;************************************* 
;ROUTINE: OUTDAT 
;PURPOSE: SEND CHARACTER TO SIO 
;ENTRY: NONE 
;EXIT: NONE 
;REGISTERS USED: AF,DE,HL 

ERROR INTERRUPT 

OR OVERRUN ERROR 
IF NECESSARY 

'*************************************** 

OCCURRED 

LD 
LD 
OUT 
CALL 
LD 
LD 
DEC 
LD 
LD 
RET 

HL,<OHEAD) 
A, <HU 
<SIOCAD>. A 
INCOPTR 
<OHEAD>,HL 
HL,OCNT 
<HU 
A,OFFH 
<OIE),A 

;GET DATA FROM HEAD OF OUTPUT BUFFER 
:OUTPUT DATA 
;INCREMENT HEAD POINTER 

;DECREMENT OUTPUT BUFFER COUNT 

;EXPECT AN OUTPUT INTERRUPT 
l 1 

'************************************* 
;ROUTINE: INCIPTR 
;PURPOSE: INCREMENT POINTER INTO INPUT 

BUFFER WITH WRAPAROUND 
;ENTRY: HL = POINTER 
;EXIT: HL = POINTER INCREMENTED WITH WRAPAROUND 
;REGISTERS USED: AF,DE,HL 
=*************************************** 
INC 
LD 
LD 
CP 
RET 
LD 
CP 
RET 
LD 
RET 

HL 
DE,EIBUF 
A.L 
E 
NZ 
A,H 
D 
NZ 
HL,IBUF 

:INCREMENT POINTER 
;COMPARE POINTER, END OF BUFFER 

RETURN IF NOT EQUAL 
IF POINTER AT END OF BUFFER, 
SET IT BACK TO BASE ADDRESS 



INCOPTR: 

I PORTS: 

SIOINT: 
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;************************************* 
;ROUTINE: INCOPTR 
;PURPOSE: INCREMENT POINTER INTO OUTPUT 

BUFFER WITH WRAPAROUND 
;ENTRY: HL = POINTER 
;EXIT: HL = POINTER INCREMENTED WITH WRAPAROUND 
;REGISTERS USED: AF,DE,HL 
:*************************************** 

INC 
LD 
LD 
CP 
RET 
LD 
CP 
RET 
LD 
RET 

HL 
DE,EOBUF 
A.L 
E 
NZ 
A.H 
D 
NZ 
HL,OBUF 

;INCREMENT POINTER 
;COMPARE POINTER, END OF BUFFER 

;IF POINTER AT END OF BUFFER, 
; SET IT BACK TO BASE ADDRESS 

;************************************** 
: ROUTINE: I PORTS 
;PURPOSE: INITIALIZE I/O PORTS 
;ENTRY: HL = BASE ADDRESS OF INITIALIZATION ARRAY 
;EXIT: DATA OUTPUT TO PORTS 
;REGISTERS USED: AF.BC.HL 
;************************************ 

;GET NUMBER OF DATA BYTES TO SEND TO CURRENT PORT 
;EXIT IF NUMBER OF BYTES IS O. INDICATING TERMINATOR 
LD A,(HL) ;GET NUMBER OF BYTES 
OR A ;TEST FOR ZERO <TERMINATOR) 
RET Z ;RETURN IF NUMBER OF BYTES = 0 
LD B,A 
INC HL ;POINT TO PORT ADDRESS <NEXT BYTE) 

;C = PORT ADDRESS 
:HL BASE ADDRESS OF OUTPUT DATA 
LD C,(HL) ;GET PORT ADDRESS 
INC HL ;POINT TO FIRST DATA VALUE <NEXT BYTE) 

;OUTPUT DATA AND CONTINUE TO NEXT PORT 
OTIR ;SEND DATA VALUES TO PORT 
JR IPORTS :CONTINUE TO NEXT PORT ENTRY 

;SIO INITIALIZATION DATA 

;RESET CHANNEL A 
DB 1 
DB SIOCAS 
DB 00011000B 

OUTPUT 1 BYTE 
TO CHANNEL A COMMAND/STATUS 
SELECT WRITE REGISTER 0 
BITS 2,1,0 0 <WRITE REGISTER O> 
BITS 5,4,3 011 <CHANNEL RESET) 
BITS 7,6 = 0 <DO NOT CARE> 
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I HEAD: 

ITAIL: 

ICNT: 
OHEAD: 

;SET INTERRUPT VECTOR 
DB 4 
DB SIOCBS 
DB 00000010B 
DB SIOIV AND OFFH 
DB 00000001B 
DB 000001008 

;INITIALIZE CHANNEL A 
DB 8 
DB SIOCAS 

;INITIALIZE BAUD RATE 
DB 00010100B 

DB 01001000B 

AND ALLOW STATUS TO AFFECT IT 
;OUTPUT 2 BYTES 
;DESTINATION IS COMMAND REGISTER B 
;SELECT WRITE REGISTER 2 
;SET INTERRUPT VECTOR FOR SIO 
;SELECT WRITE REGISTER 1 
;TURN ON STATUS AFFECTS VECTOR 

:OUTPUT 8 BYTES 
;DESTINATION IS COMMAND REGISTER A 

CONTROL 
;SELECT WRITE REGISTER 4 
; RESET EXTERNAL/STATUS INTERRUPT 
;BJT 0 = 0 <NO PARITY) 
;BIT 1 = 0 (DON'T CARE) 
;BITS 3,2 = 10 (1 1/2 STOP BITS) 
;BITS 5.4 00 <DON'T CARE) 
;BITS 7,6 = 01 <16 TIMES CLOCK) 

;INITIALIZE RECEIVE CONTROL 
DB 00000011B 
DB 11000001B 

;INITIALIZE TRANSMIT 
DB 00000101B 
DB 11101010B 

DB 00000001B 
DB 00011011B 

DB 0 

;DATA SECTION 
DS 2 

DS 2 

DS 
OS 2 

;SELECT WRITE REGISTER 3 
;BIT 0 = 1 <RECEIVE ENABLE) 
;BITS 4,3,2,1 = 0 <DON'T CARE) 
;BIT 5 = 0 <NO AUTO ENABLE) 
;BIT 7,6 = 11 <RECEIVE 8 BITS/CHAR) 

CONTROL 
;SELECT WRITE REGISTER 5 
;BIT 0 = 0 <NO CRC ON TRANSMIT) 
;BIT 1 = 1 <REQUEST TO SEND) 
;BIT 2 = 0 <DON'T CARE) 
;BIT 3 = 1 <TRANSMIT ENABLE) 
;BIT 4 = 0 <DO NOT SEND BREAK) 
;BITS 6.5 = 11 <TRANSMIT 8 BITS/CHAR) 
;BIT 7 = 1 <DATA TERMINAL READY) 
;SELECT WRITE REGISTER 1 
:BIT 0 = 1 <EXTERNAL INTERRUPTS) 
;BIT 1 = 1 <ENABLE TRANSMIT INTERRUPT) 
;BIT 2 = 0 <DO NOT CARE) 
:BITS 4.3 = 11 <RECEIVE INTERRUPTS ON 
; ALL CHARS. PARITY DOES NOT AFFECT 
; VECTOR) 
;BITS 7.6.5 = 000 <NO WAIT/READY 
; FUNCTION) 
;END OF TABLE 

;ADDRESS OF OLDEST CHARACTER IN INPUT 
; BUFFER 
;ADDRESS OF NEWEST CHARACTER IN INPUT 
; BUFFER 
;NUMBER OF CHARACTERS IN INPUT BUFFER 
;ADDRESS OF OLDEST CHARACTER IN OUTPUT 
; BUFFER 
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OTA IL: DS 2 :ADDRESS OF NEWEST CHARACTER IN OUTPUT 
; BUFFER 

OCNT: DS 1 ;NUMBER OF CHARACTERS IN OUTPUT BUFFER 
OIE: DS 1 ;OUTPUT INTERRUPT EXPECTED 

; CO = NO INTERRUPT EXPECTED, 
; FF = INTERRUPT EXPECTED.> 

SZIBUF EQU 1 ;SIZE OF INPUT BUFFER 
IBUF: DS SZIBUF ;INPUT BUFFER 
EIBUF EQU $ :END OF INPUT BUFFER 
SZOBUF EQU 255 ;SIZE OF OUTPUT BUFFER 
OBUF: DS SZOBUF ;OUTPUT BUFFER 
EOBUF EQU $ ;END OF OUTPUT BUFFER 

SAMPLE EXECUTION: 

;CHARACTER EQUATES 
ESCAPE EQU 1BH :ASCII ESCAPE CHARACTER 

;TEST CHARACTER = A TESTCH EQU 'A' 

SC11C:: 

LOOP: 

ASYNLP: 

CALL INIT ;INITIALIZE SIO, INTERRUPT SYSTEM 

:SIMPLE EXAMPLE - READ AND ECHO CHARACTER 
; UNTIL AN ESC IS -flECEIVED 

CALL INCH ;READ CHARACTER 
PUSH AF 
CALL OUT CH ;ECHO CHARACTER 
POP AF 
CP ESCAPE ;IS CHARACTER AN 
JR NZ.LOOP :STAY IN LOOP IF 

;AN ASYNCHRONOUS EXAMPLE 

ESCAPE? 
NOT 

; OUTPUT "A" TO CONSOLE CONTINUOUSLY BUT ALSO LOOK AT 
; INPUT SIDE, READING AND ECHOING ANY INPUT CHARACTERS 

;OUTPUT AN "A" IF OUTPUT IS NOT BUSY 
CALL OUTST :IS OUTPUT BUSY? 
JR C,ASYNLP ;JUMP IF IT IS 
LD A.TESTCH 
CALL OUTCH ;OUTPUT CHARACTER 

:CHECK INPUT PORT 
;ECHO CHARACTER IF ONE IS AVAILABLE 
:EXIT ON ESCAPE CHARACTER 
CALL INST ;IS INPUT DATA AVAILABLE? 
JR NC, ASYNLP ; JUMP IF NOT (SEND ANOTHER II A II ) 

CALL INCH :GET CHARACTER 
CP ESCAPE ;IS IT AN ESCAPE CHARACTER? 
JR Z,DONE ;BRANCH IF IT IS 

423 
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DONE: 

CALL 
.JP 

OUT CH 
ASYNLP 

.JP LOOP 

END 

;ELSE ECHO CHARACTER 
;AND CONTINUE 



Real-Time Clock and Calendar (CLOCK) 

Maintains a time-of-day 24-hour clock and 
a calendar based on a real-time clock interrupt 
generated from a Z80 CTC. Consists of the 
following subroutines: 

I. CLOCK returns the base address of the 
clock variables. 

2. ICLK initializes the clock interrupt and 
the clock variables. 

3. CLKINT updates the clock after each 
interrupt (assumed to be spaced one tick apart). 

Procedures 

I. CLOCK loads the base address of the 
clock variables into register pair HL. The clock 
variables are stored in the following order 
(lowest address first): ticks, seconds, minutes, 
hours, days, months, less significant byte of 
year, more significant byte of year. 

2. ICLK initializes the CTC, the interrupt 
system, and the clock variables. The arbitrary 
starting time is 00:00:00, January I, 1980. A real 
application would clearly require some kind of 
outside intervention to load or change the 
clock. 

3. CLKINT decrements the remaining tick 
count by I and updates the rest of the clock if 
necessary. Of course, the number of seconds 
and minutes must be less than 60 and the 

Entry Conditions 

I. CLOCK: none 

2. ICLK: none 

3. CLKINT: none 

Registers Used: 

I. CLOCK: HL 

2. ICLK: AF,HL,I 

3. CLKINT: None 

Execution Time: 

I. CLOCK: 20 cycles 

2. ICLK: 251 cycles 

3. CLKINT: 93 cycles if only TICK must be dec­
remented; 498 cycles maximum if changing to a new 
year. 

Program Size: 171 bytes 

Data Memory Required: 8 bytes for the clock vari­
ables starting at address CLKVAR 

number of hours must be less than 24. The day 
of the month must be less than or equal to the 
last day for the current month; an array of the 
last days of each month begins at address 
LASTDY. If the month is February (#2), the 
program checks if the current year is a leap year. 
This involves determining whether the two least 
significant bits of memory location YEAR are 
both Os. If the current year is a leap year, the last 
day of February is the 29th, not the 28th. The 
month number may not exceed 12 (December) 
or a carry to the year number is necessary. The 
program must reinitialize the variables properly 
when carries occur; that is, TICK to DTICK; sec­
onds, minutes, and hours to O; day and month 
to I (meaning the first day and January, respec­
tively). 

Exit Conditions 

I. CLOCK: base address of clock variables in 
HL 

2. ICLK: none 

3. CLKINT: none 

425 
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Examples 

These examples assume that the tick rate is 
DTICK Hz (less than 256 Hz typical values 
would be 60 Hz or 100 Hz) and that the clock 
and calendar are saved in memory locations: 

Result: 
March 8, 1982, 12:00.00 A.M and DTICK ticks 
(TICK)= DTICK (SEC) 0 (DAY)= 08 

(MIN)= 0 (MONTH)= 03 
(HOUR)= 0 (YEAR)= 1982 

TICK 

SEC 
MIN 
HOUR 
DAY 
MONTH 
YEAR and 

YEAR+I 

I. Data: 

ticks before a carry, counted down 
from DTICK 

seconds (0 to 59) 
minutes (0 to 59) 
hour of day (0 to 23) 
day of month (I to 28, 29, .30, or 31) 
month of year ( l through 12) 
current year 

2. Data: 
Dec. 31, 1982, 11:59.59 PM 

(TICK)= l (SEC) 59 

Result: 

(MIN)= 59 
(HOUR) 23 

and l tick left 
(DAY) 31 
(MONTH)= 12 
(YEAR) 1982 

Jan. 1, 1983, 12:00.00 A M/ and DTICK ticks 
(TICK) DTICK (SEC)= 0 (DAY) l 

(MIN)= 0 (MONTH) 
March 7, 1982, l I :59.59 PM and l tick left (HOUR)= 0 (YEAR)= l 
(TICK)= l (SEC)= 59 (DAY)= 07 

Title 
Name: 

(MIN)= 59 (MONTH) 0.3 
(HOUR)= 23 (YEAR) 1982 

Real-time clock and calendar 
CLOCK 

Purpose: This program maintains a time-of-day 24-hour 
clock and a calendar based on a real-time clock 
interrupt from a Z80 CTC. 

Entry: 

Exit: 

CLOCK 
Returns base address of clock variables 

ICU< 
Initializes CTC and clock interrupt 

CLKINT 
Updates clock variables for each tick 

CLOCK 
None 

ICLK 
None 

CLOCK 



CTCCHO 
CTCITRP 
CTCCMD 

CTCTC 

DFLTS: 
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Register HL = Base address of time variables 
ICU< 

None 

Registers used: CLOCK 
HL 

ICU< 

Time: 

Size: 

AF, HL, I 
CLKINT 

None 

CLOCK 
20 cycles 

ICU< 
251 CYCles 

CLKINT 
93 cycles normally if decrementing tick 

498 cycles maximum if changing to a new year 

Program 171 bvtes 
Data 8 bytes 

;ARBITRARY PORT ADDRESSES FOR Z80 CTC 
EQU 80H ;CTC CHANNEL 0 PORT 
EQU 08000H ;GTC INTERRUPT ADDRESS 
EQU 10100111B :BIT 7 1 INTERRUPTS ENABLED 

;BIT 6 = 0 TIMER MODE 
;BIT 5 1 256 COUNT PRESCALER 
:BIT 4 0 NEGATIVE EDGE TRIGGER 
;BIT 3 = 0 START TIMER AFTER TIME CONST 
;Bit 2 1 TIME CONSTANT FOLLOWS 
:BIT 1 1 RESET CHANNEL 
;BIT 0 1 CONTROL WORD 

EQU 250 ; TI ME CONST ANT 

;CALCULATION FOR TICK 
ASSUME A 4 MHZ CLOCK FOR CTC WITH PRESCALER 256 

AND COUNT = 250 = (4 * 10A6) I <256 * 250) 
IS ABOUT 62 TICKS PER SECOND 

DTICK EQU 62 ; DEFAULT TICK 

CLOCK: 

ICLK:: 

:RETURN BASE ADDRESS OF CLOCK VARIABLES 

LD 
RET 

HL,CLKVAR :GET BASE ADDRESS OF CLOCK VARIABLES 

;INITIALIZE CTC CHANNEL 0 AS A REAL-TIME CLOCK INTERRUPT 

DI 
LD 
LD 
IM 

A, CTC ITRP SHR 8 
I.A 
2 

:DISABLE INTERRUPTS 

;SET UP INTERRUPT VECTOR 
;SET INTERRUPT MODE 2 - VECTORS IN 
; TABLE ON INTERRUPT PAGE 
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CLKINT: 

LD 
LD 
LD 
OUT 
LD 
OUT 
LD 
OUT 
LO 
OUT 

HL.CLKINT 
(CTCITRP .l, HL 
A.1 
(CTCCHO.l,A 
A.CTCITRP AND 
<CTCCHO.l,A 
A.CTCCMD 
(CTCCHO.l,A 
A.CTCTC 
(CTCCHO.l,A 

;SET INTERRUPT ADDRESS 

;DISABLE CHANNEL O 
OFFH :LOW BYTE OF CTC INTERRUPT 

; VECTOR TO CTC 

;OUTPUT CTC COMMAND 

;OUTPUT TIME CONSTANT 

;INITIALIZE CLOCK VARIABLES TO ARBITRARY VALUE 
:JANUARY 1. 1980 00:00.00 
;A REAL CLOCK WOULD NEED OUTSIDE INTERVENTION 
; TO SET OR CHANGE VALUES 
LD HL, TICK 
LD (HL>.DTICK ;INITIALIZE TICKS 
INC HL 
SUB A 
LD <HL.l,A ;SECOND 0 
INC HL 
LD <HLl.A ;MINUTE 0 
INC HL 
LD <HLl.A ;HOUR= 0 
INC A ;A = 1 
INC HL 
LD <HL>,A ;DAY= <FIRST.l 
INC HL 
LD (HL),A ;MONTH 1 (JANUARY> 
LD HL.1980 
LD <YEAR.l ,HL ;YEAR = 1980 

EI 
RET 

;HANDLE CLOCK INTERRUPT 

PUSH AF 
PUSH HL 
LD HL, TICK 
DEC (HLl 
JR NZ.EXIT! 
LD <HU,DTICK 

PUSH BC 
PUSH DE 

LD B,O 

;INCREMENT SECONDS 
INC HL 
INC (HU 
LD A, <HU 
CP 60 
dR C,EXITO 

:SAVE AF.HL 

;DECREMENT TICK COUNT 
;JUMP IF TICK NOT ZERO 
;SET TICK COUNT BACK TO DEFAULT 

:SAVE BC.DE 

;O = DEFAULT FOR SECONDS, MINUTES. HOURS 

;POINT AT SECONDS 
;INCREMENT TO NEXT SECOND 

:SECONDS = 60? 
;EXIT IF LESS THAN 60 SECONDS 



INCMTH: 

LD <HU, B 

;INCREMENT MINUTES 
INC HL 
INC (HU 
LD A, <HU 
CP 60 
.JR C,EXITO 
LD <HU.B 

;INCREMENT HOUR 
INC HL 
INC <HU 
LD A, <HU 
CP 24 
.JR C, EX ITO 
LD <HU. B 

;INCREMENT DAY 
EX DE.HL 
LD HL,LASTDY-1 
LD A.(MONTH) 
LD C,A 
LD B.O 
ADD HL,BC 
EX DE,HL 
INC HL 
LD A, <HU 
INC <HU 
EX DE,HL 
LD B,A 
CP <HU 
EX DE,HL 
.JR C, EX ITO 
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;ELSE SECONDS = 0 

;POINT AT MINUTES 
;INCREMENT TO NEXT MINUTE 

;MINUTES = 60? 
;EXIT IF LESS THAN 60 MINUTES 
;ELSE MINUTES = 0 

:POINT AT HOUR 
;INCREMENT TO NEXT HOUR 

;HOURS = 24? 
;EXIT IF LESS THAN 24 HOURS 
;ELSE HOUR = 0 

:SAVE ADDRESS OF HOUR 

;GET CURRENT MONTH 
;REGISTER C = MONTH 

;POINT AT LAST DAY OF MONTH 
;RESTORE ADDRESS OF HOUR 
:POINT AT DAY 
;GET CURRENT DAY 
:INCREMENT TO NEXT DAY 
;DE = ADDRESS OF DAY 
;REGISTER B = DAY 
:IS CURRENT DAY END OF MONTH? 
;HL = ADDRESS OF DAY 
;EXIT IF NOT AT END OF MONTH 

:DETERMINE IF THIS IS END OF FEBRUARY IN A LEAP 
; YEAR <YEAR DIVISIBLE BY 4) 
LD A.C ;GET MONTH 
CP 2 ;IS THIS FEBRUARY? 
JR NZ.INCMTH :JUMP IF NOT. INCREMENT MONTH 
LD A,<YEAR) ;IS IT A LEAP YEAR? 
AND 000000118 
.JR NZ, I NCMTH ; ,JUMP IF NOT 

:FEBRUARY OF A LEAP YEAR HAS 29 DAYS. NOT 28 DAYS 
LD A,B ;GET DAY 
CP 29 
.JR C,EXITO ;EXIT IF NOT 1ST OF MARCH 

LD 
LD 

INC 
INC 
LD 

B,1 
<HU.B 

HL 
(HU 
A,C 

;DEFAULT IS 1 FOR DAY AND MONTH 
:DAY = 1 

;INCREMENT MONTH 
;GET OLD MONTH 
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EX ITO: 

EXIT1: 

CP 
JR 
LD 

12 
NC,EXITO 
<HU,B 

:INCREMENT YEAR 
LD HL,<YEAR) 
INC HL 
LD <YEAR>.HL 

;RESTORE REGISTERS 
POP DE 
POP BC 

POP 
POP 
EI 
RETI 

HL 
AF 

;WAS OLD MONTH DECEMBER? 
; EXIT IF NOT 
;ELSE 
; CHANGE MONTH TO 1 <JANUARY> 

:RESTORE BC.DE 

:RESTORE HL.AF 

:REENABLE INTERRUPTS 
;RETURN 

:ARRAY OF LAST DAYS OF EACH MONTH 
LASTDY: 

DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

31 
28 
31 
30 
31 
30 
31 
31 
30 
31 
30 
31 

:CLOCK VARIABLES 
CLKVAR: 
TICK: DS 
SEC: DS 
MIN: DS 
HOUR: DS 
DAY: DS 
MONTH: DS 
YEAR: DS 

1 
1 
1 
1 
1 
1 
2 

SAMPLE EXECUTION 

;CLOCK VARIABLE INDEXES 

:JANUARY 
;FEBRUARY <EXCEPT LEAP YEARS> 
:MARCH 
;APRIL 
:MAY 
; .JUNE 
:JULY 
;AUGUST 
:SEPTEMBER 
;OCTOBER 
:NOVEMBER 
;DECEMBER 

;TICKS LEFT IN CURRENT SECOND 
;SECONDS (0 TO 59) 
;MINUTES CO TO 59> 
;HOURS CO TO 23) 
:DAY (1 TO NUMBER OF DAYS IN A MONTH> 
;MONTH 1=JANUARY .. 12=DECEMBER 
;YEAR 

TCKIDX EQU 0 ;INDEX TO TICK 



SEC I DX 
MINIDX 
HRIDX 
DAYIDX 
MTHIDX 
YR I DX 

SCUD: 

WAITYR: 

~ 1D REAL-TIME CLOCK AND CALENDAR (CLOCK) 

EQU 1 INDEX TO SECOND 
EQU 2 INDEX TO MINUTE 
EQU 3 INDEX TO HOUR 
EQU 4 ;INDEX TO DAY 
EQU 5 :INDEX TO MONTH 
EQU 6 ;INDEX TO YEAR 

CALL ICLK ;INITIALIZE CLOCK 

;INITIALIZE CLOCK TO 2/7/83 14:00:00 (2 PM. FEB. 7, 1983) 
CALL CLOCK ;HL = BASE ADDRESS OF CLOCK VARIABLES 
DI 
PUSH 
POP 
LD 
LD 
LD 
LD 
LD 
LO 
LD 
LD 
EI 

HL 
IX 
( IX+SECIDX>, 0 
(l X+MINIDX >. 0 
(l X+HRIDX >, 14 
(l X+DAYIDX >. 7 
(l X+MTHIDX >, 2 
HL.1983 
(l X+YRIDX), L 
(l X+YRIDX+U. H 

;IX ADDRESS OF TICKS 
;SECONDS = 0 
;MINUTES = 0 
;HOUR = 14 (2 PM> 
:DAY = 7 
;MONTH = 2 <FEBRUARY> 

;YEAR = 1983 

;WAIT FOR CLOCK TO BE 2/7/83 14:01:20 (2:01.20 PM, FEB.7, 1983) 
;IX =BASE ADDRESS OF CLOCK VARIABLES 

;NOTE: MUST BE CAREFUL TO EXIT IF CLOCK IS ACCIDENTALLY 
; SET AHEAD. IF WE CHECK ONLY FOR EQUALITY, WE MIGHT NEVER 
; FIND IT. THUS WE HAVE >= IN TESTS BELOW, NOT JUST =. 

:WAIT FOR YEAR >= 1983 
LD DE,1983 

431 

DI ;DISABLE INTERRUPTS TO LOAD 2-BYTE YEAR 
LD H. (l X+YRIDX+U :GET YEAR 
LD L, (l X+YRIDX) 
EI 
OR A :CLEAR CARRY 
SBC HL,DE ;COMPARE YEAR, 1983 
.JR C. WAITYR ;JUMP IF NOT 1983 

;WAIT FOR MONTH >= 2 
PUSH IX 
POP HL ;HL = BASE ADDRESS OF CLOCK VARIABLES 
LD DE. MTHIDX 
ADD HL,DE ;POINT AT MONTH 
LD B,2 
CALL WAIT ; WAIT FOR FEBRUARY OR LATER 

;WAIT FOR DAY >= 7 
DEC HL ;POINT AT DAY 
LD B,7 
CALL WAIT ; WAIT FOR 7TH OR LATER 

;WAIT FOR HOUR >= 14 
DEC HL :POINT AT HOUR 
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HERE: 

WAIT: 

INTERRUPTS 

LD B, 14 
CALL WAIT ; WAIT FOR .2 PM OR LATER 

;WAIT FOR MINUTE >= 1 
DEC HL iPOINT AT MINUTE 
LD B,1 
CALL WAIT ~WAIT FOR .2:01 OR LATER 

;WAIT FOR SECOND >= 20 
DEC HL ;POINT AT SECOND 
LD B,20 
CALL WAIT ; WAIT FOR .2: 01. 20 OR LATER 

;DONE 

.JP HERE J IT IS NOW TI ME OR LATER 

;******************************** 
; ROUTINE: WAIT 
;PURPOSE: WAIT FOR VALUE POINTED TO BY HL 
; TO BECOME GREATER THAN OR EQUAL TO VALUE IN B 
;ENTRY: HL = ADDRESS OF VARIABLE TO WATCH 
, B = VALUE TO WAIT FOR 
;EXIT: WHEN B >= <HL) 
;USED: AF 
;******************************* 
LD 
CP 
JR 
RET 

END 

A, (HU 
B 
C,WAIT 

GET PART OF CLOCK TIME 
COMPARE TO TARGET 
WAIT IF TARGET NOT REACHED 



Appendix A Z80 Instruction Set 
Summary 

MAIN REG SET ALTERNATE REG SET 

ACCUMULATOR FLAGS ACCUMULATOR 
A F A' 

B c B' 

D E D' 

H L H' 

INTERRUPT 

I 
MEMORY 

VECTOR RE FR ESH 
I R 

INDEX REGISTER IX 

INDEX REGISTER IY 

STACK POINTER SP 

PROGRAM COUNTER PC 

FLAGS 
F' 

C' 

E' 

L' 

SPECIAL 
PURPOSE 
REGISTERS 

GENERAL 
PURPOSE 
REGISTERS 

@ 

1-
;I: 
0 
P1 
>­
~ 
0 

..... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~u 

Figure A·1. Z80 internal register organization 
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6 5 4 3 2 0 

WHERE: 

c 
N 

P/V 
H 

z 
s 
x 

CARRY FLAG 
ADD/SUBTRACT FLAG 
PARITY/OVERFLOW FLAG 
HALF-CARRY FLAG 
ZERO FLAG 
SIGN FLAG 
NOT USED 

Figure A·2. Organization of the Z80 flag register 



MASKABLE !INT) 
MODE 0 
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PLACE INSTRUCTION ONTO DATA BUS DURING INTACK = Mi• IORQ LIKE 8080A 

MODE 1 

RESTART TO 38H OR 56 10 i'RST 56') 

MODE 2 

USED BY Z80 PERIPHERALS 

INTERRUPT 
SERVICE 
ROUTINE 

STARTING 
ADDRESS 

TABLE 

LOW ORDER 

HIGH ORDER 

NON MASKABLE iNMI) 

RESTART TO 66H OR 10210 

INTERRUPT ENABLE I DISABLE FLIP FLOPS 

ACTION 

CPU RESET 

DI 

El 

LD A. I 

LD A, R 

ACCEPT NMI 

RETN 

ACCEPT INT 

RETI 

IFF, 

0 

0 

1 

0 

IFF 2 

0 

I REGISTER 

CONTENTS 

IFF2 

0 

0 

1 

0 

8BIT VECTOR 

FROM PERIPHERAL 

IFF2 - PARITY FLAG 

IFF2 - PARITY FLAG 

IFF2 - IFF 1 

"•' INDICATES NO CHANGE 

@ 

f­
::r: 
0 
~ 
>-
0... 
0 

"-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~....1U 

Figure A·3. Z80 interrupt structure 
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Table A·1. Z80 Instructions in Alphabetical Order 

ADC HL, ss Add with Carry Reg. pair ss to HL CPL Complement Acc. ( 1 's comp) 

ADC A, s Add with carry operand s to Acc. DAA Decimal adjust Acc. 

ADD A, n Add value n to Acc. DECm Decrement operand m 

ADD A, r Add Reg. r to Acc. DECIX Decrement I X 

ADD A, (HL) Add location ( H L) to Acc. DECIV Decrement IV 

ADD A, (IX+d) Add location (IX +d) to Acc. DEC SS Decrement Reg. pair ss 

ADD A, (IV+d) Add location (IV+d) to Acc. DI D isab!e interrupts 

ADD HL, ss Add Reg. pair ss to H L DJNZ e Decrement B and Jump 

ADD IX, pp Add Reg. pair pp to IX 
relative if BIO 

ADDIV,rr Add Reg. pair rr to IV El Enable interrupts 

AND s Logical 'AND' of operands and Acc. EX (SP), HL Exchange the location (SP) and H L 

EX (SP), IX Exchange the location (SP) and IX 

BIT b, (HL) Test BIT b of location (HL) 
EX (SP), IV Exchange the location (SP) and IV 

BIT b, (IX+d) Test BIT b of location (IX+d) 
EX AF, AF' Exchange the contents of AF 

BIT b, (IV+d) Test BIT b of location (IV+d) and AF' 

BIT b, r Test BIT b of Reg. r EX DE, HL Exchange the contents of DE 

and HL 

CALL cc, nn Call subroutine at location nn if EXX Exchange the contents of BC, DE, 

condition cc if true HL with contents of BC', DE', HL' 

Unconditional call subroutine at 
respectively 

CALL nn 
location nn 

HALT HALT (wait for interrupt or reset) 

CCF Complement carry flag 
IM 0 Set interrupt mode 0 

CP s Compare operand s with Acc. 
IM"I Set interrupt mode 1 

CPD Compare location (HL) and Acc. 

decrement H L and BC IM 2 Set interrupt mode 2 

CPDR Compare location ( H L) and Acc. IN A, (n) Load the Acc. with input from u 
~ 

decrement HL and BC, repeat device n 0 
until BC=O 

0 

IN r, (C) Load the Reg. r with input from 
...l 

N 

CPI Compare location (HL) and Acc. device (C) >· 
i:o 

increment HL and decrement BC 
r--

INC (HL) Increment location ( H L) 
r--

°' 
@ 

CPIR Compare location (HL) and Acc. 
Increment IX 

f-
INC IX ::i:: 

increment HL, decrement BC 0 
02 

repeat until BC=O INC (IX+d) Increment location (IX +d) >-c.. 
0 
u 
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Table A·1. (Continued) 

INC IV Increment IV LD A, (nn) Load Acc. with location nn 

INC (IV+d) Increment location (IV +d) 
LOA, R Load Acc. with Reg. R 

INC r Increment Reg. r 
LD (BC}, A Load location (BC) with Acc. 

INC SS Increment Reg. pair ss 
LD (DE), A Load location (DE) with Acc. 

IND Load location ( H L) with input 
LD (HL), n Load location ( H L) with value n 

from port (C), decrement HL LD dd, nn Load Reg. pair dd with value nn 
and B 

INDR Load location ( H LI with input 
LD HL, (nn) Load HL with location (nn) 

from port ( C), decrement H L and LD (HL), r Load location ( H L) with Reg. r 
decrement B, repeat until B=O 

LDl,A Load I with Acc. 
INI Load location ( H Ll with input 

from port (C); and increment HL LF IX, nn Load IX with value nn 

and decrement B LD IX, (nn) Load IX with location (nn) 

INIR Load location (HL) with ihput LD (IX+d), n Load location (IX +d) with value n 
from port ( C), increment H L 
and decrement B, repeat until LD (IX+d), r Load location ( IX +d) with Reg. r 

B=O 
LD IV, nn Load IV with value nn 

JP (HL) Unconditional Jump to (HL) 
LD IV, (nn) Load IV with location ( nn) 

JP (IX) Unconditional Jump to (IX) 
LD (IV+d), n Load location (IV+d) with value n 

JP (IV) Unconditonal Jump to (IV) 
LD (IV+d), r Load location (IV+d) with Reg. r 

JP cc, nn Jump to location nn if 
LD (nn), A Load location (nn) with Acc. condition cc is true 

JP nn Unconditional jump to location LD (nn), dd Load location (nn) with Reg. pair dd 

nn LO (nn), HL Load location ( nn) with H L 

JP C, e Jump relative to PC+e if carry=1 LD (nn), IX Load location (nn) with IX 

JR e Unconditional Jump relative LO (nn), IV Load location (nn) with IV 
to PC+e 

LD R,A Load R with Acc. 
JP NC, e Jump relative to PC+e if carry=O c..i 

LD r, (HL) Load Reg. r with location (HL) ~ 
JR NZ, e Jump relative to PC+e if non c.:5 

zero (Z=O) LO r, (IX+d) Load Reg. r with location (IX+d) 
0 
...J 

N 
JR Z, e Jump relative to PC+e if zero (Z=1) LD r, (IV+d) Load Reg. r with location (IV+d) >-

~ ,_ ,_ 
LD A, (BC) Load Acc. with location (BC) LO r, n Load Reg. r with value n ::: 

@ 

f-

LD A, (DE) Load Acc. with location (DE) LD r, r' Load Reg. r with Reg. r' ::i:: 
0 
C2 

LD A, I Load Acc. with I LD SP, HL Load SP with H L 
;;... 
Q. 

0 
u 
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Table A·1. (Continued) 

LO SP, IX Load SP with IX RES b, m Reset Bit b of operand m 

LO SP, IV Load SP with I Y RET Return from subroutine 

LOO Load location (DE) with location RET cc Return from subroutine if condition 
( H L), dei:;rement DE, H L and BC cc is true 

LDDR Load location (DE) with location RETI Return from interrupt 
(HL), decrement DE, HL and BC; 

repeat until BC=O RETN Return from non maskable interrupt 

LOI Load location (DE) with location 
RL m Rotate left through carry operand m 

(HL), increment DE, HL, RLA Rotate left Acc. through carry 
decrement BC 

RLC (HL) Rotate location ( H L) left circular 
LDIR Load location (DE) with location 

(HL), increment DE, HL, RLC (IX+d) Rotate location (I X+d) left circular 
decrement BC and repeat until 

RLC (IY+d) Rotate location (IY+d) left circular BC=O 

NEG Negate Acc. ( 2's complement) RLC r Rotate Reg. r left circular 

NOP No operation RLCA Rotate left circular Acc. 

RLD Rotate digit left and right between 
ORs Logical 'OR' or operands and Acc. Acc. and location (HL) 
OTDR Load output port ( C) with location 

( H L) decrement H L and B, repeat RR m Rotate right through carry operand m 

until B=O RRA Rotate right Acc. through carry 
OTIR Load output port ( C) with location 

(HL), increment HL, decrement B, RRC m Rotate operand m right circular 

repeat until B=O RRCA Rotate right circular Acc. 

OUT (C), r Load output port ( C) with Reg. r 
RRD Rotate digit right and left between 

OUT (n), A Load output port ( n) with Acc. Acc. and location (HL) 

OUTD Load output port ( C) with location RST p Restart to location p 
(HL), decrement HL and B 

OUTI Load output port ( C) with location SBC A, s Subtract operand s from Acc. with 

( H L), increment H L and decrement carry 

B 
SBC HL, SS Subtract Reg. pair ss from H L with 0 

POP IX Load IX with top of stack carry ~ 
0 

POPIY Load I Y with top of stack SCF Set carry flag ( C=1) 0 
,_J 

r:::i 
POPqq Load Reg. pair qq with top of stack SET b, (HL) Set Bit b of location (HL) ;;.... 

co 
r-
r-

PUSH IX Load IX onto stack SET b, (IX+d) Set Bit b of location (IX +d) °' 
@ 

f-
PUSH IV Load I Y onto stack SET b, (IY+d) Set Bit b of location (IY+d) :i:: 

0 
02 

PUSH qq Load Reg. pair qq onto stack SET b, r Set Bit b of Reg. r ;;.... 
0.. 
0 
u 
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Table A·1. (Continued) 
cj 

,....~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--..~ 

SLAm Shift operand m left arithmetic 

SRAm Shift operand m right arithmetic 

SRL m Shift operand m right logical 

Table A·2. Z80 Operation Codes in Numerical Order 

OBJECT CODE INSTRUCTION OBJECT CODE 

00 NOP 19 

01 yyyy LO BC data16 1A 

02 LO (BC)A 1B 

03 INC BC 1C 

04 INC B 10 

05 DEC B 1E yy 

06 yy LO B.data 1F 

07 RLCA 20 disp-2 

08 EX AF AF 21 yyyy 

09 ADD HL BC 22 ppqq 

OA LO A!BC) 23 

OB DEC BC 24 

oc INC c 25 

OD DEC c 26 yy 

OE yy LO C data 27 

OF RRCA 28 disp-2 

10 disp-2 DJNZ disp 29 

11 yyyy LO DE data 16 2A ppqq 

12 LO IDE)A 2B 

13 INC DE 2C 

14 INC D 20 

15 DEC D 2E 

16 yy LO D data 2F 

17 RLA 30 disp-2 

18 disp-2 JR disp 31 YYYY 

SUB s Subtract operands from Acc. 

XOR s Exclusive 'OR' operands and Acc. 

INSTRUCTION 

ADD HL DE 

LO AIDE) 

DEC DE 

INC E 

DEC E 

LO E data 

RRA 

JR NZ d1sp 

LO HL data 16 

LO laddr) HL 

INC HL 

INC H 

DEC H 

LO H data 

DAA 

JR Z.disp 

ADD HL.HL 

LO HL.laddrl 

DEC HL 

INC L 

DEC L 

LO L data 

CPL 

JR NC d1sp 

LO SP data 16 

0 
0 
....I 
N 
>­
~ 
,-. ,-. 

°' 
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Table A·2. (Continued) 

OBJECT CODE INSTRUCTION OBJECT CODE INSTRUCTION 

32 ppqq LD laddr)A CB 0 Orrr RLC reg 
33 INC SP CB 06 RLC IHU 
34 INC IHU CB 0 1rrr RRC reg 
35 DEC IHU CB OE RRC IHU 

36 VY LD IHU data CB 1 Orrr RL reg 
37 SCF CB 16 RL IHL) 

3B JR C d1sp CB 1 lrrr RR reg 

39 ADD HL.SP CB 1E RR IHLI 

3A ppqq LD A.laddrl CB 2 Orrr SLA reg 

3B DEC SP CB 26 SLA IHLI 

3C INC A CB 2 1rrr SRA reg 

3D DEC A CB 2E SRA IHU 

3E VY LD A data CB 3 1rrr SRL reg 

3F CCF CB 3E SRL IHLl 

4 Osss LD B reg CB 01bbbrrr BIT b reg 

46 LD BIHLI CB 01bbb110 BIT blHLI 

4 1sss LD C reg CB 10bbbrrr RES b reg 

4E LD C IHLI CB 10bbb110 RES b IHU 

5 Osss LD Dreg CB 11bbbrrr SET b reg 

56 LD DIHLI CB 11bbb110 SET blHLl 

5 1sss LD E reg cc ppqq CALL Z addr 

5E LD E IHLI CD ppqq CALL addr 

6 Osss LD H reg CE VY ADC A data 

66 LD H IHLI CF RST OBH 

6 1sss LD L reg DO RET NC 

6E LD UHL) D1 POP DE 

7 Osss LD IHU reg D2 ppqq JP NC addr 

76 HALT D.3 VY OUT (port) A 

7 1sss LD A reg D4 ppqq CALL NC addr 

7E LD AIHLl D5 PUSH DE 

B Orrr ADD A reg D6 VY SUB data 

B6 ADD AIHLI D7 RST 10H 
B 1rrr ADC Areg DB RET c 
BE ADC A.IHLl D9 EXX 

9 Orrr SUB reg DA ppqq JP C addr 

96 SUB IHU DB VY IN Alpert) 

9 1rrr SBC Areg DC ppqq CALL C addr 

9E SBC AIHLl DD OOxx 9 ADD IX.pp 

A Orrr AND reg DD 21 VYYV LD IX data 16 

A6 AND IHLI DD 22 ppqq LD laddr) IX 

A 1rrr XOR reg DD 23 INC IX 

AE XOR IHLI DD 2A ppqq LD IX laddr) 

B Orrr OR reg DD 2B DEC IX 

B6 OR IHU DD 34 disp INC llX + disp) 

B 1rrr CP reg DD :35 rJ1sp DEC llX + d1sp) 

BE CP IHLI DD 31' disp yy LD llX + d1sp) data 

co RET NZ DD 01ddd110 disp LD reg.llX + disp) 

Cl POP BC DD 7 Osss disp LD llX + displ.reg 

C2 ppqq JP NZ addr DD B6 disp ADD A.llX + disp) 

C3 ppqq JP acJdr DD BE disp ADC A.llX + disp) 

C4 ppqq CALL NZ.addr DD 96 disp SUB llX + disp) 

C5 PUSH BC DD 9E disp SBC A.llX + d1sp) 

C6 VY ADD A.data DD A6 disp AND llX + d1sp) 

C7 RST OOH DD AE disp XOR llX + disp) 

CB RET ?: DD B6 disp OR llX + disp) 

C9 RET DD BE disp CP llX + disp) 

CA ppqq JP Z addr DD CB disp 06 RLC llX + disp) 
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Table A·2. (Continued) 

OBJECT CODE INSTRUCTION OBJECT CODE INSTRUCTION 

DD CB disp OE RRC (IX+ disp) ED BB LDDR 

DD CB disp 16 RL (IX+ disp) ED B9 CPDR 

DD CB disp 1E RR llX + disp) ED BA INOR 

DD CB disp 26 SLA (IX+ disp) ED BB OTOR 

DD CB disp 2E SRA OX+ disp) EE yy XOR data 

DD CB disp 3E SRL (IX+ disp) EF RST 2BH 

DD CB disp 01bbb110 BIT b (IX+ d1sp) FO RET p 

DD CB disp 10bbb 110 RES b (IX+ disp) Fl POP AF 

DD CB disp 11bbb110 SET b (IX+ disp) F2 ppqq JP P addr 

DD E1 POP IX F3 DI 

DD E3 EX (SP) IX F4 ppqq CALL P addr 

DD E5 PUSH IX F5 PUSH AF 
DD E9 JP (IX) F6 yy OR data 
DD F9 LO SP IX F7 RST 30H 
DE yy SBC A data FB RET M 
OF RST 1BH F9 LO SP.HL 
EO RET PO FA ppqq JP M addr 
E1 POP HL FB El 

E2 ppqq JP PO addr FC ppqq CALL M addr 

E3 EX (SP)HL FD OOxx 9 ADD IY rr 
E4 ppqq CALL PO.addr FD 21 yyyy LO IV.data 16 

E5 PUSH HL FD 22 ppqq LO (addrl IY 

E6 yy AND data FD 23 INC IY 

E7 RST 20H FD 2A ppqq LO IY.laddrl 

EB RET PE FD 2B DEC IY 

E9 JP (HU FD 34 d1sp INC llY + d1spl 

EA ppqq JP PE.addr FD 35 d1sp DEC llY + d1spl 

EB EX DEHL FD 36 d1sp yy LO llY + disp) dat11 

EC ppqq CALL PE addr FD 01ddd1·10 d1sp LO reg (IY + disp) 

ED 01ddd000 IN reg(C) FD 7 Osss d1sp LO (IY + d1spl,reg 

ED 01sss001 OUT (Cl.reg FD 86 d1sp ADD A (IY + disp) 

ED 01xx 2 SBC HL,rp FD BE disp ADC A(IY + disp) 

ED 01xx 3 ppqq LO (addr)rp FD 96 disp SUB (IY + disp) 

ED 44 NEG FD 9E disp SBC A(IY + disp) 

ED 45 RETN FD A6 disp AND (IY + disp) 

ED 010nn110 IM m FD AE disp XOR (IY + disp) 

ED 47 LO I.A FD B6 disp OR (IY + disp) 

ED OlxxgA ADC Hlrp FD BE disp CP (IY + displ 

ED Olxx B ppqq LO rp (addr) FD CB disp 06 RLC (IY + displ 

ED 40 RETI FD CB disp OE RRC (IY + disp) 

ED 4F LO R.A FD CB disp 16 RL (IY + disp) 

ED 57 LO Al FD CB disp 1E RR (IY + disp) 

ED 5F LO AR FD CB disp 26 SLA llY + disp) 

ED 67 RRD FD CB disp 2E SRA (IY + disp) 

ED 6F RLD FD CB disp 3E SRL (IY + displ 

ED AO LOI FD CB disp 01bbb110 BIT b (IY + disp) 

ED Al CPI FD CB disp 10bbb 110 RES b.OY + disp) 

ED A2 INI FD CB disp 1lbbbl10 SET b (IY + disp) 

ED A3 OUTI FD El POP IY 

ED AB LOO FD E3 EX (SPllY 

ED A9 CPD FD E5 PUSH IY 

ED AA IND FD E9 JP (IY) 

ED AB OUTO FD F9 LO SPIY 

ED BO LDIR FE yy CP data 

ED Bl CPIR FF RST 38H 

ED B2 INIR 

ED B3 OTIR 
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Table A·3. Z80 8-Bit Load Instructions 

Symbolic 
Mnemonic Operation 
LD r, r' r +- r' 

LD r, n r +- n 

LD r, (HL) r +-(HU 

LD r, (IX+d) r +-(IX+d) 

LD r, (IY+d) r +- (IY+d) 

LD (HL),r (HL) +-r 

LD (IX+d), r (IX+d) ,.._ r 

LD (IY+d), r (IY+d) +- r 

LD (HL.), n (HL) +- n 

LD (IX+d), n (IX+d) +- n 

LD (IY+d), n (IY+d) +- n 

LD A, (BC) A+- (BC) 

LD A, (DE) A +-(DE) 

LD A, (nn) A+- (nn) 

LD (BC), A (BC) +-A 

LD (DE), A (DE)+- A 

LD (nn), A (nn) +-A 

LD A, I A<-1 

LD A, R A+- R 

LD I,A I+- A 

LD R, A R +-A 

Flags OP-Code 

c Z P/V S N H 76 543"2'i() . . . . 01 r' . 00 r 110 

. 01 110 
., • II 011 101 

01 110 

. . . . . . 11 Ill IOI 

01 110 

. 01 110 r . . . . II 011 IOI 

01 110 r 

d . . . . . . II Ill IOI 

01 110 r 

00 110 110 

. 11 011 IOI 

00 110 110 

• • • • • • II Ill 101 
00 110 110 

00 001 010 . 00 011 C10 

00 Ill 010 

. . 00 000 010 

00 010 010 . 00 110 010 

. t !FF t 0 11 101 101 

I 01 010 Ill . t IFF t II 101 101 

01 Oil Ill 

II IOI 101 

01 000 Ill 

II IOI IOI 

01 001 Ill 

Notes: r, r' means any of the registers A, B, C, D, E, H, L 

No. No. 
of of M 
Bytes Cycles 

I I 

2 

!FF the content of the interrupt enable flip-flop (!FF) is copied into the P/V flag 

Flag Notation: • = flag not affected, 0 = flag reset, I =flag set, X = flag is unknown, 

t = flag is affected according to the result of the operation. 

No. 
ofT 
Cycles 

4 

7 

19 

19 

19 

19 

IO 

19 

19 

13 

13 

Comments 

r, r' Reg. 
000 B 

001 c 
010 D 

Oil E 

100 H 

IOI L 

111 A 

@ 

f­::c 
0 
~ 
;;... 
p.. 
0 

'--------------------------------------~--------------------------------------~~---------------------u 
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Table A-4. Z80 16-Bit Load Instructions 

Fl•IP Op-Code No. No. No. 
Symbolic of of Ill ofT 

l\lnem onic Operation c zl"f.. s N H 76 543 210 Byles Cycles Slates Comment• 

LDdd , nn 

LD IX • nn 

LDIY , nn 

LD H L, (nn) 

LD dd , (nn) 

LDIX , (nn) 

LD IY , (nn) 

LD (n nl. HL 

LD (n n), dd 

LD (n nJ, IX 

LD (n n), lY 

LD SP 

LD SP 

, HL 

, IX 

LD SP , lY 

PUSH qq 

PUSH IX 

PUSH IY 

POPq q 

POPI x 

POI'! y 

dd -nn . . 
IX+-nn . . 
IY-nn . . 
H -(nn+l) . . 
L - (nn) 

ddH +- (nn+I) . . 
ddL - (nn) 

IXH +-(nn+I) . . 
IXL+- (nn) 

IYH+-(nn+IJ . . 
IYL - (nnl 

(nn+IJ.· H . . 
(nnl +- L 

(nn+ I J •- ddH . . 
(nn) - ddL 

\nn+IJ-IXH . . 
(nnJ +-IXL 

(nn+l) +-IYH . . 
(nnJ +- IY L 

SP+-HL . . 
SP-IX . . 
SP +-lY . . 
(SP-2) +-qqL . . 
(SP-1) -qqH 

(SP-2) -IXL . . 
(SP-1) +-IXH 

(SP-2) -IYL . . 
(SP-1) +· IY H 

qqH ..- (SP+!) . . 
qqL -(SP) 

IXH -(SP+!) 

T IXL +-(SP) 

IYH +-(SP+!) .. 
IYL +-(SP) 

. . . . 00 ddO 001 

+- n -
+- n -. . . . II 011 IOI 

00 100 001 

+- n -
+- n -. . . . II Ill 101 

00 100 001 

- n -- n -. . . . 00 101 010 

+- n -
+- n -. . . . 11 101 101 

01 ddl 011 

- n -- n . . . . II 011 101 

00 IOI 010 

+- n -- n . . . . II Ill IOI 

00 IOI 010 

n 
+- n -. . . . 00 100 010 

+- n -- n -. . . . 11 IOI 101 

01 ddO Oil 

- n -- n -. . . . 11 011 IOI 

00 100 010 

+- n -· - n -. . . . 11 Ill 101 

00 100 010 

- n -- n -. . . . II Ill 001 . . . . 11 011 101 

11 111 001 . . . . It 111 101 

11 111 001 . . . . 11 qqO 101 

. . . . 11 011 101 

II 100 101 . . . . 11 111 101 

11 100 IOI . . . . 11 qqO 001 

. . . . 11 011 101 

II 100 001 . . . . 11 Ill IOI 

II 100 001 

Noles: dd is any of the register pairs BC, DE, HL, SP 
qq is any of the register pairs AF, BC, DE, HL 

3 3 10 dd 

00 

01 

4 4 14 10 

II 

4 4 14 

3 5 16 

4 6 20 

4 6 20 

4 6 20 

3 5 16 

4 6 20 

4 6 20 

4 6 20 

I 1 6 

2 2 10 

2 2 10 

qq 

1 3 11 00 

01 

2 4 IS 10 

11 

2 4 15 

I 3 10 

2 4 14 

2 4 14 

(PAIR)H, (PAIR)L refer to high order and low order eight bits of the register pair respectively 
E.g BCL =C,AFH=A 

Flag Notation: •=flag not affected, 0 =flag reset, 1 =flag set, X =flag is unknown, 
I flag is affected according to the result of the operation 

Pair 

BC 

DE 

HL 

SP 

Pair 

BC 

DE 

HL 

AF 

cj 
~ 
0 
0 
....l 

N 
;;... 
a:l 
r­r-
:::; 
@ 

f­
::r: 
0 
i:2 
;;... 
~ 
0 

L-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~___,u 
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Table A·S. Z80 Exchange, Block Transfer, and Block Search Instructions 

Flags Op-Code 
--

Symbolic 
Mnemonic Operation 

~ c z v s N H 76 543 210 

EX DE, HL DE· HL . . . . . . II 101 011 

EX AF, AF' AF ... Ar' 00 001 000 

EXX mMD 11 011 001 

EX (SP), HL H .. (SP+l) 11 100 Oil 

l .. (SP) 

EX (SP), IX IXH-(SP+I) 11 011 101 

IXL .. (SP! II 100 011 

l·X <SP), IY IY H••(SP+ I) II Ill IOI 

IYL -<SP) II 100 011 

CD 
LOI (DE)·- (HL) . . I . () 0 II IOI 101 

OE -L>E+I 10 100 000 

HL - llL+I 

BC· IJ(-1 

LDIR (L)EI - Olli . . 0 . () 0 II 101 IOI 

DE - Ill+ I 10 110 000 

HL - 111.+I 

BC -BC-I 

R<pcal unlil 

BC 
CD 

I DD 101:1 •· (lll.l . . t . 0 0 II IOI IOI 

m ··DI-I 10 IOI 000 

HL-llL-1 

IJC'· BC-I 

LDDR (DI 1- IHLl . . () . I) 0 II 101 IOI 

DI -DL-1 10 Ill 000 

llL-IH-1 

BC -BC-I 

Repeal until 

BC= 0 

@CD 
CPI A - (HL) . I I I I I II IOI IOI 

HL -HL+I 10 100 001 

BC - BC- I 

CV CD 
CPIR A - (HI) . I I I I I II IOI IOI 

HL-HL+I 10 110 001 

BC BC-I 

Rcp\·;..it until 

A= (!IL.I or 

BC= 0 

@la: 
CPD A - (HLI . I I I I t II IOI IOI 

Hl ·-HL·I 10 IOI 001 

BC - BC-I 

IG:la: 
CPDR A (Ill) . I I I I I II IOI IOI 

llL-HL-1 10 Ill 001 

BC·BC-1 

Repeal until 

A= (JILi or 

BC= 0 

Notes: (j) p,y flag is 0 ii the result of BC'· I = 0, otherwise P/V = I 

Q) 1. flag IS I if A =(Ml), otherwise Z = 0. 

No. No. 
of ofM 
Bytes Cycles 

I I 

I lag Notation: •=!lag not affected, O =flag reoot. I =flag set, X =flag is unknown. 

I = llag i' affected according to the result of the operation. 

No. 
ofT 
States 

4 

19 

23 

23 

16 

21 

16 

16 

21 

16 

16 

21 

16 

16 

21 

16 

Comments 

Register bank and 
auxiliary register 
bank exchange 

Load (HL) into 
(DE), increment the 
pointers and 
decrement the byte 
counter (BC) 

ICBC* 0 

llBC' = 0 

lfBC* 0 

If BC= 0 

ICBC* 0 and A* (HL) 

If BC= 0 or A = (HL) 

If BC ,;. 0 and A ,;. (HL) 

ICBC= 0 or A = (HL) 
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Table A·6. Z80 8-Bit Arithmetic and Logical Instructions 

Flags Op-Code 

~ 
No. No. No. 

Symbolic of of M ofl 
Mnemonic Operation c z v s N H 76 543 210 Bytes Cycles States Comments 

ADD A, r A <-A+ r t t v t 0 t JO (QQQ] r I I 4 r Reg. 
ADDA,n A+-A+n t t v t 0 t 11[QQQJ110 2 2 7 000 B 

001 c - n -+ 
010 D 

ADD A,(HL) A~ A+ (HL) t t v t 0 t 1o[QQQ] 110 I 2 7 011 E 
ADD A, (IX+d) A-A+ (IX+d) t t v t 0 t 11 011 101 3 5 19 100 H 

I 
10 [QQQJ 110 

101 L 
111 A - d ~ 

ADD A, (IY+d) A-A+(IY+d) t t v t 0 t II III 101 3 5 19 

10 [.QQQ} I I 0 

+- d ~ 

ADC A, s A-A+ s+CY t t v t 0 t [QQIJ s is any or r. n. 
SUB s A-A-s t t v t I t IQIQ] (HL). (IX+d). 

(IY +d) as shown f SBC A,s A<- A -s -CY t t v t I t mm ADD instruction 
or 

ANDs A +-A /\ s 0 t p t 0 l ITQill 
OR s A<-A V s 0 t p t 0 0 [iJ]J The indicated b1 ts 
XOR s A+-A es 0 t p t 0 0 Will replace the 000 in 

the ADD set abov 
CP s A-s ! t v t I t [ill 
INC r r -r +I . t v t 0 t 00 r []]ill I I 4 
INC (HL) IHU +- (HL)+ I . t v t 0 t 00 110 [IQQ] I J II 
INC (IX+d) (IX+d) - . ! v t 0 t II 011 I 01 3 6 23 

(IX+dJ+I 
00 11o[@Q] 

d ~ 

INC (IY+d) (IY+d) - . t v ! () t II 111 101 3 6 23 
(IY+d) + I 

00 . I I 0 [illQJ 
- d 

DEC m m+.m-1 . 1 v t I l Will mis any of r, (HL ) ' 
(IX+d), (IY+d) as 
shown for INC 
s~1me form <It ~ind 
states as INC 
Replace 100 with 
I 0 I in OP code 

Notes: The V symbol in the P/V flag column indicates that the P'V flag contains the overflow ot the rL·sult ot the 
operatior1 Similarly the P symbol indicates parity. V I means overtlow, V = 0 means not llVertlow P = I 
means parity of the result is even, P = 0 meam panty ol the result is odd 

Flag Notation: • = flag not affected, 0 = 11ag reset, I = !lag .;ct, X = flag is unknown. 
t = flag is affected according to the result of the operation 
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Table A· 7. Z80 General-Purpose Arithmetic and CPU Control 

Flags 

Symbolic ~ 
Mnemonic Operation c z v s N H 

DAA Converts acc. t t p t • t 
content into 
packed BCD 
following add 
or subtract 
with packed 
BCD operands 

CPL A+-A • • • • 1 1 

NEG A+-0-A t t v t 1 t 

CCF CY +-CY t • • • 0 x 

SCF CY+- I 1 • • • 0 0 

NOP No operation • • • • • • 
HALT CPU halted • • • • • • 
DI IFF ..--0 • • • • • • 
EI IFF +- 1 • • • • • • 
IMO Set interrupt • • • • • • 

mode 0 

IM 1 Set interrupt • • • • • • 
mode 1 

IM2 Set interrupt • • • • • • 
mode 2 

Notes: IFF indicates the interrupt enable flip-flop 
CY indicates the carry flip-flop. 

Op-Code 

76 543 210 
-

00 100 111 

00 101 111 

11 101 101 

01 000 100 

00 Ill Ill 

00 110 Ill 

00 000 000 

01 110 110 

11 110 011 

II 111 011 

11 101 101 

01 000 110 

11 \01 101 

01 010 110 

11 101 101 

01 011 110 

No. No. 
of ofM 
Bytes Cycles 

1 1 

1 1 

2 2 

1 1 

I 1 

1 1 

1 1 

l 1 

1 1 

2 2 

2 2 

2 2 

Flag Notation: • = flag not affected, 0 = flag reset, l = flag set, X = flag is unknown, 

t = flag is affected according to the result of the operation. 

No. 
ofT 
States Comments 

4 Decimal adjust 
accumulator 

4 Complement 
accumulator 
(one's complemen t) 

8 Negate acc. (two's 
complement) 

4 Complement carry 
flag 

4 Set carry flag 

4 

4 

4 

4 

8 

8 

8 
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Table A·8. Z80 16-Bit Arithmetic Instructions 

Flags Op-Code Symbolic 
Mnemonic Operation c ZIP~ S N H 76 543 210 

ADD HL, ss HL-HL+ss t • • • 0 x 00 ssl 001 

ADC HL, ss HL+-HL+ss+CY t t v t 0 x II 101 101 

01 ssl 010 

SBC HL, ss HL..-HL-ss -CY t t v t I x II IOI IOI 

01 ssO 010 

ADD IX, pp IX+- IX+ pp t • • • 0 x II 011 IOI 

00 ppl 001 

ADD IY,rr IY-IY+ rr t • • • 0 x II Ill 101 

00 rrl 001 

INC SS ss-ss+l • • • • • • 00 ssO 01 l 

INC IX IX+- IX+ I • • . • • . 11 011 IOI 

00 100 011 
INC IY IY +- IY + I . • • • • • II Ill 101 

00 IOO 01 l 

DEC SS ss-ss-1 . • • • • • 00 ssl 01 l 

IJECIX IX+- IX- I • • • • • • II 011 101 

00 IOI 011 

DECIY IY.-IY-1 • • • • • • II Ill 101 

00 IOI 011 

Notes: ss is any of lhe register pairs BC, DE, HL, SP 
pp is any of the register pairs BC, DE, IX, SP 
rr is any of the register pairs BC, DE, IY, SP. 

No. No. 
of ofM 
Bytes Cycles 

I 3 

2 4 

2 4 

2 4 

2 4 

I I 

2 2 

2 2 

I I 

2 2 

2 2 

Flag Notation: •=!lag not affo<.:ted, 0 = tlag reset, I =flag set, X = flag is unknown. 
t = !lag is affected according to the result of the operation. 

No. 
ofT 
States 

II 

15 

15 

15 

15 

6 

10 

10 

6 

10 

10 

Comments 

SS 

00 
01 
JO 
JI 

pp 

00 
01 
IO 
II 

rr 

00 
01 
10 
II 

R eg . 

D 
H 

BC 
E 
L 

SP 

R eg . 

c 
E 

B 
D 
IX 
SP 

Re g. 

BC 
I) 

IY 
SP 
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Table A·9. Z80 Rotate and Shift Instructions 

Flags Op-Code 

~ 
No. 

Symbolic of 
Mnemonic Operation c z v s N H 76 543 210 Bytes 

RLCA 

~ 
t . . . 0 0 00 000 l II l 

RLA ~ t . . . 0 0 00 010 I 11 I 

RRCA ~ t . . . 0 0 00 001 l 11 I 

RRA ~l t . . . 0 0 00 011 I II I 

RLCr t t p t 0 0 II 001 Oii 2 

oo[QQQ] r 

RLC (HL) t t p t 0 0 II 001 011 2 

~ 
oo[QQQ] 110 

RLC(IX+d) t t p t 0 0 II 011 101 4 
r,tHLUIX+dJ (IV+dJ 11 001 011 

+- d _,. 

oo[QQQ] 110 

RLC (lY+d) t t p t 0 0 II Ill IOI 4 
11 001 OJ 1 
~ d _,. 

oo(QQQ] I 10 

RLm cs:~ t t p t 0 0 @IQ] 
m'Er fHLI OX+dJ OY+d) 

RRCm ~ t t p t 0 0 I][!] 
m r lHLI OX+d) OY+dl 

RRm ~ t t p t 0 0 @TI] 
m ·. r OUJ (IX+d) flY+dl 

SLAm ~o t t p t 0 0 IJ][J 
m·-r lHLI OX+dJ (IY+JI 

SRAm ~ t t p t 0 0 IJQIJ 
m ::r !HLI (IX..-d) (IY+dl 

SRL m o~--E!J t t p t 0 0 ITITl 
m ~ r (HLJ t1X+d1 (IY+dl 

RLD ·~_filllllJ . t p t 0 0 II IOI IOI 2 

01 IOI Ill 

A~IHLl8 RRD t p t 0 0 II IOI IOI 2 

01 100 Ill 

Flag.Notation: • = tlag not affected, 0 flag reset, I flag set, X = flag is unknown, 
t = flag is affected according to the result of the operation. 

No. No. 
ofM ofT 
Cycles States Comments 

l 4 Rotate left circular 
accumulator 

l 4 Rotate left 
accumulator 

I 4 Rotate right circular 
accumulator 

l 4 Rotate right 
accumulator 

2 8 Rotate left circular 
register r 

4 15 r Reg. 

000 B 

6 23 001 c 
010 D 
011 E 
100 H 
IOI L 

6 23 
Ill A 

Instruction format an d 
states are as shown 
for RLC,m. To form 
new OP-code replace 
[QQQ]of RLC,m with 
shown code 

5 18 Rotate digit left and 
right between the 
accumulator 
and location (HL), 

5 18 The content of the 
upper half of the 
accumulator is 
unaffected 



APPE~UX A Z80 INSTRUCTION SET SUMMARY 449 

Table A-10. Z80 Bit Manipulation Instructions 

Flags Op..(' ode 

~ 
No. No. 

Symbolic of of M 
Mnemonic Operation c z v s N H 76 543 210 Bytes Cycles 

BIT b, r z-Tb • f x x 0 I II OCH 011 2 2 

01 b r 
BIT b, (HL) Z +- (HL)b • f x x 0 I II 001 011 2 3 

01 b 110 
BIT b, (IX td) Z +- (IX+d)b • f x x 0 I 11 OII 101 4 5 

11 OOI 011 - d -+ 

OI b I IO 
BIT b, (IY+d) Z - (IY+d)b • f x x 0 I 11 Ill IOI 4 5 

II 001 Oil - d ··+ 

01 b 110 

SET b, r rb - I • • • . • • II 001 Oil 2 2 

ITTI b r 
SETb, (HL) (HL)b +-I • . . • • • 11 001 011 2 4 

ill] b 110 
SET b, (IX+d) (IX+d)b +- I • • • • • • JI 011 101 4 6 

11 001 011 - d -+ 

ITII b 110 
SET b, (IY+d) (IY+d)b - I • . . . • • II Ill JOI 4 6 

11 001 011 

- d -+ 

DJ] b 110 

RES b, rn ~ +-0 [LQ] 
rn=r, (HL), 

(IX+d), 
(IY+d) 

Notes: The notation 5b indicates bit b (0 to 7) or locations. 

Flag Notation: • = flag not affected, 0 = flag reset, I = flag set. X = flag is unknown, 
f = flag is affected according to the result ot the operation. 

No. 
ofT 
States Comments 

8 r Reg. 

000 B 

12 001 c 
010 D 
011 E 

20 100 H 
IOI L 
I 11 A 

b Bit Tested 

20 000 0 
001 I 
010 2 
Oil 3 
100 4 
101 5 
J 10 6 
Ill 7 

8 

15 

23 

23 

To form new OP-
code replace [I] 
of SET b ,m with 
[QJ. Flags and time 
states for SET 
instruction 

@ 

i­
::c 
0 
C2 
>-
0... 
0 .._~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ... u 
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Table A·11. Z80 Jump Instructions 

Flags Op-Code 

Symbolic ~ 
No. 
of 

Mnemo nic Operation c z vs N H 76 543 210 Bytes 

.JP nn PC+-- nn . • . • • • II 000 Oil 

+-- n -+ 

+- n -+ 

.JP cc, n n If condition cc . . . • • • II cc 010 
is true PC +-nn, +· n -> 

otherwise 
continue 

+-- n _, 

JR e PC +-PC+ e • • • . • • 00 011 000 

+-- e-2 -+ 

JR C, e lfC = 0, . • . . • • 00 111 000 2 
continue +-- e-2 -+ 

lfC =I, 2 
PC ..... PC+e 

JR NC, e If C =I, • • • • • • 00 110 000 2 
continue +-- e-2 -+ 

If c = 0, 2 
PC +-PC+ e 

JR Z, e If Z = 0 • . . • • • 00 IOI 000 2 
continue +-- e-2 -+ 

If Z =I, 2 
PC ....-PC+ e 

JR NZ, e If Z =I, • . • . • • 00 100 000 2 
continue 

~- e-2 -> 

If Z = 0, 2 
PC ..... PC+ e 

JP (HL ) PC ....-HL . • . • . • Ii IOI 001 

JP (IX) PC+-- IX • • • • • • 11 011 101 

II 101 001 

JP (IY) PC....-IY • • • . . . II Ill IOI 

II IOI 001 

DJNZ,e B+-B-1 • • • • • • 00 010 000 2 
IfB = 0, - e-2 -+ 

continue 

lfB * 0, 2 
PC•-PC+e 

Notes: e represents the extension in the relative addressing mode 

e is a signed two's complement number in the range <-126, 129> 

e-2 in the op-code provides an effective address of pc +e as PC is 
incremented by 2 prior to the addition of e. 

No. 
ofM 
Cycles 

Flag Notation: • = flag not affected, 0 = flag reset, I = flag set, X = flag is unknown, 

t = flag is affected according to the result of the operation. 

No. 
ofT 
States Comments 

IO 

cc Condition 

IO 000 NZnon zero 
001 z zero 
010 NCnon carry 
011 c carry 
100 PO parity odd 
101 PE parity even 
110 p sign positive 

12 111 M sign negative 

If condition not met 

12 If condition is met 

If condition not met 

12 If condition is md 

If condition not met 

12 If condition is met 

If condition not mt 

12 If condition met 

4 

8 

8 If B = 0 

13 IF B * 0 
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Table A·12. Z80 Call and Return Instructions 

Flags Op-Code 

~ 
No. No. 

Symbolic of of M Mnemonic Operation c z v s N H 76 543 210 Bytes Cycles 

CALL nn {SP-1)+-PCH • • • • • • II 001 101 3 5 
{SP-2)+-PCL +- n -+ 

PC+-nn +- n -+ 

CALL cc, nn If condition • • • • • • II cc 100 3 3 
cc is false 

+- n ... continue, 
otherwise +- n -+ 3 5 
same as 
CALL nn 

RET PCL +-{SP) • • • • • • II 001 OOI I 3 
PCH+-{SP+ 1) 

RETcc If condition • • • • • • II cc 000 1 I 
cc is false 
continue, 

1 3 otherwise 
same as 
RET 

RETI Return from • • • • • • II IOI lOI 2 4 
interrupt 

01 001 101 
RETN Return from • • • • • • 11 101 101 2 4 

non maskable 
interrupt 01 000 101 

RSTp {SP-1)+-PCH • • • • • • II t 111 1 3 
{SP-2)+-PC L 

PC'8 -o 
PCL +-P 

Flag Notation: •=flag not affected, 0 =flag reset, 1 =flag set, X =flag is unknown 
t = flag is affected according to the result of the operation. 

No. 
ofT 
States Comments 

17 

10 If cc is false 

17 If cc is true 

10 

5 If cc is false 

II If cc is true 
cc Condition 

000 NZ non zero 
001 z zero 
010 NC non carry 

14 011 c carry 
100 PO parity odd 

14 
101 PE parity even 
110 p sign positive 
111 M sign negative 

11 

t p 

000 OOH 
001 08H 
010 lOH 
011 18H 
100 20H 
101 28H 
110 30H 
111 38H 
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Table A·13. Z80 I/ 0 Instructions 

Flags Op-Code 

~ 
No. No. 

Symbolic of ofM 
Mnemonic Operation c z v s N 

1
H 76 543 210 Bytes Cycles 

IN A, (n) A+-·(n) • . • • . • II 011 011 2 3 - n ..... 
IN r,(C) r+-(C) • f p f 0 i 11 101 101 2 3 

if r = 110 only 01 r 000 
the flags will 
be affected 

KD 
INI (HL) +-(C) x i x x 1 x 11 101 101 2 4 

B-B-1 IO 100 010 

HL+-HL+ 1 

INIR (HL)+-(C) x 1 x x 1 x 11 101 101 2 5 
B +-B · 1 10 110 010 (If B * 0) 

HL +-HL + 1 2 4 
Repeat until (If B = 0) 
B=O 

CD 
IND (HL) +- (C) x f x x 1 x 11 101 101 2 4 

B +- B · 1 10 IOI 010 

HL+-HL· I 

INDR (HL)+-(C) x 1 x x 1 x 11 IOI IOI 2 5 
B+-B-1 10 Ill 010 (lfB * 0) 

HL +-HL·I 
2 4 

Repeat until (If B = 0) 
B=O 

OUT (n), A (n) +-A . . . . . . 11 010 011 2 3 

~n -
OlJT(C), r (C)-r . . . . . . II IOI IOI 2 3 

01 r 001 

CD 
OlJTI (C) +-(HL) x t x x I x 11 101 101 2 4 

B+-B· 1 "' 100 011 

HL+-HL+ I 

OTlR (C)+-(HL) x I x x I x 11 101 101 2 5 

B +- B · 1 10 110 Oil (If B * 0) 

HL +- HL + 1 
2 4 

Repeat until (If B =OJ 
B=O 

CD 
OUTD (C) - (HL) x t x x 1 x II IOI JOI 2 4 

B - B ·I 10 101 011 

HL+-HL· l 

OTDR (C) +- (HL) x I x x I x II IOI 101 2 5 

B +- B · 1 10 111 011 (If B * 0) 

HL -HL·I 
2 4 

Repeat until (If B = 0) 
B=O 

Notes: CD If the result of B · 1 is zero the Z flag is set, otherwise it is reset. 

Flag Notation: • = flag not affected, 0 = flag reset, 1 = flag set, X = flag is unknown, 
t = flag is affected according to the result of the operation. 

No. 
ofT 
States Comments 

11 n to A0 -A7 
Ace to Ag - A 15 

12 Cto Ao -A7 

B to Ag-· A15 

16 Cto Ao - A7 

B to Ag - A15 

21 Cto Ao - A7 

BtoAg-AtS 

16 

16 Cto Ao - A7 
B to Ag-· A15 

21 c to A
0 

- A
7 

B to Ag - A1 S 

16 

II n to A0 -· A7 
Ace to Ag -· A 15 

12 c to A
0 

- A
7 

BtoAg-AIS 

16 c to A
0 

-- A
7 

BtoA
8

-A
15 

21 C 10 A
0 

- A
7 

BtoA
8

-A
15 

16 

16 c to A
0 

- A
7 

B to A8 - A1 S 

21 c to A
0 

-- A
7 

BtoA
8

-A
15 

16 
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Table A·14. Summary of Z80 Flag Operations 

Instruction c z \s NH Comments 
ADD A, s; ADC A,s t t v t 0 t 8·bit add or add with carry 
SUB s; SBC A, s, CP s, NEG t t v t l t 8-bit subtract, sub tract with carry, compare and 

la tor negate accumu 
ANDs 0 t p t 0 1 } Logical operation 
ORs;XORs 0 t p t 0 0 And set's differen t flag.5 
INC s • t v t 0 t 8-bit increment 
DECm • t v t l t 8-bit decrement 
ADDDD,ss t • • • 0 x 16-bit add 
ADC HL,ss t t v t 0 x 16-bit add with ca rry 
SBC HL, SS 

RLA;RLCA,RRA,RRC 
RL m; RLC m; RR m; RRC 

A 
m 

t 
t 
t 

t v t 
• • • 
t p t 

l x 16-bit subtract wi th carry 
0 0 Rotate accumulat or 
0 0 Rotate and shift I ocation m 

SLA m; SRA m; SRL m 

RLD,RRD 
DAA 
CPL 
SCF 
CCF 
IN r,(C) 

• t p t 0 0 
t t p t • t 
• • • • l l 
l • • • 0 0 
t • • • 0 x 
• t p t 0 0 

Rotate digit left a nd right 
cumulator 
mu la tor 

Decimal adjust ac 
Complement accu 
Set carry 
Complement carr y 
Input register indi rect 

INI; IND; OUTI; OUTD 
INIR; INDR; OTIR; OT DR 

• t 
• 1 

XX! 
XXl 

x } x 
Block input and o 
Z = 0 if B =I= 0 oth 

utput 
erwise Z =I 
!ructions LDI,LDD 

LDIR, LDDR 
•X 
• x 

t x 0 0 
0 x 0 0 } Block transfer ins 

P/V = l ifBC =I= 0 , otherwise P/V = 0 
uctions CPI, CPIR, CPD, CPDR • t t t l x Block search instr 

Z = l if A= (H L), otherwise Z = 0 
P/V = l if BC =I= 0, otherwise P/V = 0 

LD A, I; LD A, R • t FFt 0 0 The content of th e interrupt enable flip-flop (IFF) 
he P/V flag 

BIT b, s 

NEG 

• t 
t t 

xJx o I 
v t l t 

is copied into t 
The state of bit b of locations is copied into the Z flag 

Ne ate accumula tor 

The following notation is used in this table: 

Symbol 

c 
z 
s 
P/V 

H 

N 

. 
0 
l 
x 
v 
p 

SS 

ii 
R 

nn 

m 

Operation 

Carry/link flag. C= l if the operation produced a carry from the MSB of the operand or result. 

Zero flag. Z= l if the result of the operation is zero 

Sign flag. S= l if the MSB of the result is one. 

Parity or overflow flag. Parity (P) and overflow (V) share the same flag. Logical operations affect this flag 
with the parity of the result while a1ithmetic operations affect this flag with the overflow of the result. If P/V 
holds parity, P/V=l if the iesult of the operation is even, P/V=O if result is odd. If P/V holds overflow, P/V=l 
if the result of the operation produced an overflow. 

Half-carry flag. H=l if the add or subtract operntion produced a carry into or borrow from into bit 4 of the accumulator. 

Add/Subtract flag. N=l if the previous operation was a subtract. 

H and N flags are used in conjunction with the decimal adjust instruction (DAA) to properly correct the ie­
sult into packed IlCD fo1mat following addition 01 subtraction using operands with packed BCD format. 

The flag is affected according to the result of the operation. 
The flag is unchanged by the operation . 
The flag is reset by the operation. 
The flag is set by the operation. 
The flag is a "don't care." 
P/V flag affected according to the overflow result of the operation 
P/V flag affected according to the parity result of the operation. 

Any one of the CPU iegisters A, B, C, D, E, H, L. 
Any 8"bit location for all the addressing modes allowed for the particular instruction .. 
Any 16-bit location for all the addressing modes allowed for that instruction 
Any one of the two index registers IX or IY. 
Refresh counter. 
8-bit value in range <b, 255> 
16-bit value in range <o. 65535> 
Any 8-bit location for all the addressing modes allowed for the particular instruction .. 
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Table A·15. Summary of Z80 Restart Instri1ctions 

·--
OP 
CODE 

OOOOH Cl 'RST O' 

0008H CF RST 8' 

~---
.......__ 

c 0010H Dl 
A 

'RST 16' 

L 
L 

0018H OF 
A 'RST 24' 

D 
D 
R 0020H E7 
E 
s 

'RST 32' 0 
3 

s d 
0028H EF 'RST 40' 0 

..J 

~- N 
;;.. 

00.JOH F7 'RST 48' 
co 
r--
r--

"' 
@ 

00.JBH FF 'RST 56' f-
::c 

·- 0 
;;2 
;;.. 
a.. 
0 
u 
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Table A·16. Summary of the Z80 Assembler 

ASSEMBLER FIELD STRUCTURE 
The assembly language instructions have the standard field structure (see Table 
2-1). The required delimiters are: 

1) A colon after a label, except for the pseudo-operations EQU, DEFL, and 
MACRO, which require a space. 

2) A space after the operation code. 

3) A comma between operands in the operand field. (Remember this one!) 

4) A semicolon before a comment. 

5) Parentheses around memory references. 

LABELS 
The assembler allows six characters in labels; the first character must be a letter, 
while subsequent characters must be letters, numbers, ? , or the underbar 
character(_), We will use only capital letters or numbers, although some versions 
of the assembler allow lower-case letters and other symbols. 

RESERVED NAMES 
Some names are reserved as keywords and should not be used by the program­
mer. These are the register names (A, B, C, D, E, H, L, I. Rl. the double register 
names (IX, IV, SP). the register names (AF, BC, DE, Hl, AF'. BC'. DE'. HL'l. and 
the states of the four testable flags (C, NC, Z, NZ, M, P, PE, PO). 

PSEUDO-OPERATIONS 
The assembler has the following basic pseudo-operations: 

ADDRESSES 

DEFB or DB -
DEFL 
DEFM 
DEFS or OS -
DEFWorDW -
END 
EQU 
ORG 

DEFINE BYTE 
DEFINE LABEL 
DEFINE STRING 
DEFINE STORAGE 
DEFINE WORD 
END 
EQUATE 
ORIGIN 

The Zilog Z80 assembler allows entries 1n the address field 1n any 
of the following forms 

1) Decimal (the default case) 
Example 1247 

2) Hexadecimal (must start with a d1g1t and end with an H) 
Examples 142CH. OE7H 

3) Octal (must end with 0 or 0 but 0 1s far less confusing) 
Example 12470 or 12470 

4) Binary (must end with B) 
Example. 10010010001118 

5) ASCII (enclosed in single quotation marks) 
Example 'HERE' 

6) As an offset from the Program Counter ($) 
Example. $+237H 





Appendix B Programming 
Reference for the 
Z80 PIO Device 

D2 I 
D7 2 
D6 3 
CE 4 

C/D SEL 5 
B/ASEL 6 

A7 7 
A6 8 
AS 9 
A4 IO Z80 B4 

GND II PIO B3 
A3 12 B2 
A2 13 
Al 14 
AO 15 

A STB 16 
B STB 17 

A RDY 18 
DO 19 
DI 20 

Pin Name Description Type 

DO-D7 Data Bus Tristate, Bidirectional 
CE Device Enable Input 
B/ASEL Select Port A or Port B Input 
C/DSEL Select Control or Data Input 
Mf Instruction fetch machine Input 

cycle signal from CPU 
IORQ Input/Output request from CPU Input 
RD Read cycle status from CPU Input 
AO-A7 Port A Bus Tristate, Bidirectional 
A ROY Register A Ready Output 
A STB Port A strobe pulse Input 
BO-B7 Port B Bus Tristate, Bidirectional 
B RDY Register B Ready Output 
BSTB Port B strobe pulse Input 
IE! Interrupt enable in Input 
IEO Interrupt enable out Output 
INT Interrupt request Output, Open-drain 
<I>, +SV,GND Clock, Power, and Ground 

Figure B-1. PIO pin assignments 
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+sv GND <I> 

+ t + 

CPU { 
Interface 

Interrupt Control Lines 

Figure B-2. Block diagram of the PIO 

Mode Control 
Reg 

(2 Bits) 

Internal Bus 

Mask 
Reg 

PORT A 
I/0 

PORT B 
I'O 

Input/Output 
Select Reg 

(8 Bits) 

Output Enable 

Data 
Output 

Reg 
(8 Bits) 

Mask 
Control 

Reg 
(2 Bits) (8 Bits) l/'-------1 

Data 
Input 
Reg 

(8 Bits) 
Input Data 

Interrupt 
Requests 

Figure B-3. Block diagram of PIO port I/ 0 

Handshake 
Control 

Logic 

Data or 
Control 

} Handshake 

Data or 
Control 

} Handshake 

Peripheral 
Interface 

8-Bit Peripheral 
Data or Control Bus 

Handshake 
Lines 
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Register Selection 

Select Lines 
Register Selected 

C/0 B/A 

0 0 A Data 
0 I B Data 
I 0 A Control 
I I B Control 

Mode Control Word 

l01l0ol 0sl 0.l 1 I 1 I 1 I 1 I 
_,,_.,-----~ 

t t L_ldentifies mode control word I '---------Don't care 

'----------Mode select 

0 0 Mode 0 
0 I Mode I 
I 0 Mode 2 
I I Mode 3 

Interrupt Vector Word 

101! o6loslo.i 0)1°21°11 U 
Lldentifies interrupt 

vector 

1/0 Register Control Word 

I o,I o6losl o.j o.il 02 I D1I 0ol 
~ 

·User-supplied interrupt 
vector 

·'-------0 sets bit to output 
I sets bit to input 

Output 
Input 
Bidirectional 
Bit Control 

Figure B-4. Programming summary for the PIO 

Interrupt Control Word 

. ' j,~ 
L---- Identifies interrupt 

control word 

~-----04 = 0 No mask word follows 
0 4 = I Mask word follows 

'--------·-- 0 5 0 Active level is low 
0 5 I Active level is high 

'----------- 0 6 = 0 Interrupt on OR function 
0 6 = I Interrupt on AND function 

L----~-----07 0 Interrupt disabled 

Mask Control Word 

1°,I o"I 0sl o,j 0JI 021°1 I 0ol 

0 7 = I Interrupt enabled• 

*Note: The Port is not enabled until the interrupt enable 
is followed by an active MI 

~MB0-MB7 maskbits A 
bit is monitored for an 
Interrupt if it is defined 
as an input and the mask 
bit is set to 0 

Interrupt Disable Word 

I D1 I 0 61 Ds ID, I 0 I O I I I 1 I 

' -r--c_ldentifies interrupt I disable word 
'---------Don't care 

~7 : ~ :~:~;;~~: ~~~:i~e 
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Ml MO Mode 

0 0 Output 
0 1 Input 
1 0 Bidirectional 
1 1 Bit Control 

PIO Mode Meaning Control Word 

(Binary) (Hex) 
0 Output 00001111 OF 
1 Input 01001111 4F 
2 Bidirectional 10001111 8F 
3 Control 11001111 CF 

Note that bits 4 and 5 are not used and 
could have any values. 

Figure 8-5. Mode control for the PIO 

I Ml I MO I x I x I 1 I 1 I 1 I 1 I 
When selecting Mode 3, the next byte must 
set the I/ 0 Register: 

1/07 1/06 I/05 1/04 1/03 1/02 1/0 l 1/00 

I/ 0 = 1 Sets bit to input 
I/ 0 = 0 Sets bit to output 

7 6 5 4 3 2 0 ..,...._Bit no. 

"" v 

t 
I 0 r---command byte 

.._ _____ ..._....__..._ ....... ,~~---Interrupt vector specified 

'----------Output these eight bits when 
an interrupt request is acknowledged 

Figure 8-6. Interrupt vector loading format for the PIO 
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7 6 5 4 3 2 0 ...,..___Bit no. 

I I I X I X I I 1 I I 1 i---control code 

Tl~,--

Figure B-7. Mode selection format for the PIO 

Mode select code 

Don't care 

00 Output, mode 0 
01 Input, mode 1 
10 Bidirectional, mode 2 
11 Control, mode 3 

7 6 5 4 3 2 0 ..,...___ Bit no. 

x x x 0 0 Control code 

Interrupt enable control 

Don't care 
.__ _____________ 0 Disable interrupts 

I Enable interrupts 

Figure B·8. Interrupt enable/ disable format for the PIO 



462 Z80 ASSEMBLY LANGUAGE SUBROUTINES 

7 6 5 4 3 2 0 ..,.__Bit no. ,,.... .... ~ .......... --........... ~------i---. 
0 ..,.__Control code 

~ 

+ .... ______ Interrupt control word 

'----------- 1 if interrupt select mask follows 
0 otherwise 

'------------ l high input on selected pins is active 
0 low input on selected pins is active 

'-------------- l AND selected pins for interrupt 
0 OR selected pins for interrupt 

...._ ______________ l Enable interrupts 

0 Disable interrupts 

Figure B-9. Interrupt condition-setting format for the PIO 
(mode 3 only) 

Table B-1. PIO Select Logic Table B-2. Addressing of PIO Control Registers 

Signal 

CE B/ASEL C/D SEL 
Selected Location 

Register Addressing 

Mode control DJ= D2 =DI D0 = l 

0 0 0 Port A data buff er 
Input/ Output control Next byte after mode control 

sets mode 3 
0 0 l Port A control buff er 
0 l 0 Port B data buff er Mask control register D3 = 0, D2 = D 1 = D0 I 

0 l l Port B control buff er Interrupt mask register Next byte after mask control 

l x x Device not selected register accessed with D 4 = I 

Interrupt enable D3 = D2 = 0, D 1 = D0 I 

Interrupt vector D0 = I 



Appendix C ASCII 
s t 

~ 0 1 2 3 
D 000 001 010 OU 

0 0000 NUL OLE SP 0 

I 0001 SOH DC! ! I 
2 0010 STX DC2 

,, 
2 

3 0011 ETX DC3 # 3 
4 0100 EQT DC4 $ 4 
5 0101 ENQ NAK % 5 

6 0110 ACK SYN & 6 
7 0111 BEL ETB 7 
8 1000 BS CAN ( 8 

9 1001 HT EM ) 9 
A 1010 LF SUB * 
B IOI I VT ESC + 
c 1100 FF FS < 
D I IOI CR GS = 
E I I IO so RS • > 
F 1111 SI us I 

I ') 

haracter 

4 5 6 7 
100 101 110 Ul 

@ p . p 
A Q a q 
B R b r 

c s c s 
D T d t 

E u e u 

F v f v 

G w g w 
H x h x 
I y i y 

J z J z 

K [ k l 
L \ I I 
M ] m { 

N ,\ n -
0 0 DEL 
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Glossary 

A 

Absolute address. An address that identifies a storage location or an I/ 0 device 
without the use of a base, offset, or other factor. See also Effective address, Relative 
offset. 

Absolute addressing. An addressing mode in which the instruction contains the actual 
address required for its execution, as opposed to modes in which the instruction 
contains a relative off set or identifies a base register. 

Accumulator. A register that is the implied source of one operand and the destination 
of the result in most arithmetic and logical operations. 

Active transition. The edge on a strobe line that sets an indicator. The alternatives are a 
negative edge (I to 0 transition) or a positive edge (0 to I transition). 

Address. The identification code that distinguishes one memory location or I/ 0 port 
from another and that can be used to select a specific one. 

Addressing mode. The method for specifying the addresses to be used in executing an 
instruction. Common addressing modes are direct, immediate, indexed, indirect, 
and relative. 

Address register. A register that contains a memory address. 

Address space. The total range of addresses to which a particular computer may refer. 

ALU. See Arithmetic-logic unit. 

Arithmetic-logic unit (ALU). A device that can perform a variety of arithmetic and 
logical functions; function inputs select which one the device performs during a 
particular cycle. 

465 
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Arithmetic shift. A shift operation that keeps the sign (most significant) bit the same. 
In a right shift, this results in copies of the sign bit moving right (called sign 
extension). 

Arm. Usually refers specifically to interrupts. See Enable. 

Array. A collection of related data items, usually stored in consecutive memory 
addresses. 

ASCII (American Standard Code for Information Interchange). A 7-bit character 
code widely used in computers and communications. 

Assembler. A computer program that converts assembly language programs into a 
form (machine language) that the computer can execute directly. The assembler 
translates mnemonic operation codes and names into their numerical equivalents 
and assigns locations in memory to data and instructions. 

Assembly language. A computer language in which the programmer can use mne­
monic operation codes, labels, and names to refer to their numerical equivalents. 

Asynchronous. Operating without reference to an overall timing source, that is, at 
irregular intervals. 

Autodecrementing. The automatic decrementing of an address register as part of the 
execution of an instruction that uses it. 

Autoincrementing. The automatic incrementing of an address register as part of the 
execution of an instruction that uses it. 

Automatic mode (of a peripheral chip). An operating mode in which the peripheral 
chip produces control signals automatically without specific program intervention. 

B 

Base address. The address in memory at which an array or table starts. Also called 
starting address or base. 

Baud. A measure of the rate at which serial data is transmitted; bits per second, 
including both data bits and bits used for synchronization, error checking, and other 
purposes. Common baud rates are 110, 300, 1200, 2400, 4800, 9600, and 19,200. 

Baud rate generator. A device that generates the proper time intervals between bits for 
serial data transmission. 

BCD (Binary-Coded Decimal). A representation of decimal numbers in which each 
decimal digit is coded separately into a binary number. 

Bidirectional. Capable of transporting signals in either direction. 
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Binary-coded decimal. See BCD. 

Binary search. A search method that divides the set of items to be searched into two 
equal (or nearly equal) parts in each iteration. The part containing the item being 
sought is determined and then used as the set in the next iteration. Each iteration of a 
binary search thus halves the size of the set being searched. This method obviously 
assumes an ordered set of items. 

BIOS (Basic Input/ Output System). The part of CP / M that allows the operating 
system to use the I/ 0 devices for a particular computer. The computer manufacturer 
or dealer typically supplies the BIOS; Digital Research, the originator of CP / M, 
provides only a sample BIOS with comments. 

Bit test. An operation that determines whether a bit is 0 or 1. Usually refers to a logical 
AND operation with an appropriate mask. 

Block. An entire group or section, such as a set of registers or a section of memory. 

Block comparison (or block compare). A search that extends through a block of 
memory until either the item being sought is found or the entire block is examined. 

Block move. Moving an entire set of data from one area of memory to another. 

Block search. See Block comparison. 

Boolean variable. A variable that has only two possible values, which may be repre­
sented as true and false or as I and 0. See also Flag. 

Borrow. A bit that is set to I if a subtraction produces a negative result and to 0 if it 
produces a positive or zero result. The borrow is commonly used to subtract num­
bers that are too long to be handled in a single operation. 

Bounce. Move back and forth between states before reaching a final state. Usually 
refers to mechanical switches that do not open or close cleanly, but rather move back 
and forth between positions for a while before settling down. 

Branch instruction. See Jump instruction. 

Breakpoint. A condition specified by the user under which program execution is to end 
temporarily, used as an aid in debugging programs. The specification of the condi­
tions under which execution will end is referred to as setting breakpoints, and the 
deactivation of those conditions is referred to as clearing breakpoints. 

BSC (Binary Synchronous Communications or Bisync). An older line protocol often 
used by IBM computers and terminals. 

Bubble sort. A sorting technique that works through the elements of an array consecu­
tively, exchanging an element with its successor if they are out of order. 
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Buffer. Temporary storage area generally used to hold data before they are transferred 
to their final destinations. 

Buffer empty. A signal that is active when all data entered into a buffer or register have 
been transferred to their final destinations. 

Buffer full. A signal that is active when a buffer or register is completely occupied with 
data that have not been transferred to their final destinations. 

Buffer index. The index of the next available address in a buffer. 

Buffer pointer. A storage location that contains the next available address in a buffer. 

Bug. An error or flaw in a program. 

Byte. A unit of eight bits. May be described as consisting of a high nibble or digit (the 
four most significant bits) and a low nibble or digit (the four least significant bits). 

Byte-length. A length of eight bits per item. 

c 
Call (a subroutine). Transfer control to a subroutine while retaining the information 

required to resume the current program. A call differs from a jump or branch in that 
a call remembers the previous position in the program, whereas a jump or branch 
does not. 

Carry. A bit that is 1 if an addition overflows into the succeeding digit position. 

Carry flag. A flag that is I if the last operation generated a carry from the most sig­
nificant bit and 0 if it did not. 

CASE statement. A statement in a high-level computer language that directs the 
computer to perform one of several subprograms, depending on the value of a 
variable. That is, the computer performs the first subprogram if the variable has the 
first value specified, and so on. The computed GO TO statement serves a similar 
function in FORTRAN. 

Central processing unit (CPU). The control section of the computer; the part that 
controls its operations, fetches and executes instructions, and performs arithmetic 
and logical functions. 

Checksum. A logical sum that is included in a block of data to guard against recording 
or transmission errors. Also referred to as longitudinal parity or longitudinal 
redundancy check (LRC). 

Circular shift. See Rotate. 
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Cleaning the stack. Removing unwanted items from the stack, usually by adjusting the 
stack pointer. 

Clear. Set to zero. 

Clock. A regular timing signal that governs transitions in a system. 

Close (a file). To make a file inactive. The final contents of the file are the last 
information the user stored in it. The user must generally close a file after working 
with it. 

Coding. Writing instructions in a computer language. 

Combo chip. See Multifunction device. 

Command register. See Control register. 

Comment. A section of a program that has no function other than documentation. 
Comments are neither translated nor executed, but are simply copied into the 
program listing. 

Complement. Invert; see also One's complement, Two's complement. 

Concatenation. Linking together, chaining, or uniting in a series. In string operations, 
concatenation refers to the placing of one string after another. 

Condition code. See Flag. 

Control (or command) register. A register whose contents determine the state of a 
transfer or the operating mode of a device. 

C P / M (Control Program/ Microcomputer). A widely used di~k operating system for 
Z80-based computers developed by Digital Research (Pacific Grove, CA). 

CTC (Clock/Timer Circuit). A programmabie timer chip in the Z80 family. A CTC 
contains four 8-bit timers, range controls (prescalers), and other circuits. 

cyclic redundancy check (CRC). An error-detecting code generated from a poly­
nomial that can be added to a block of data or a storage area. 

D 
Data accepted. A signal that is active when the most recent data have been transferred 

successfully. 

Data direction register. A register that determines whether bidirectional I/ 0 lines are 
being used as inputs or outputs. 

Data-link control. Conventions governing the format and timing of data exchange 
between communicating systems. Also called a protocol. 
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Data-link controller. A chip that performs all or most of the functions required by a 
data-link control. The SIO is a data-link controller in the Z80 family. 

Data ready. A signal that is active when new data are available to the receiver. Same as 
valid data. 

DDCM P (Digital Data Communications Message Protocol). A protocol that sup­
ports any method of physical data transfer (synchronous or asynchronous, serial or 
parallel). 

Debounce. Convert the output from a contact with bounce into a single clean transi­
tion between states. Debouncing is most commonly applied to outputs from 
mechanical keys or switches that bounce back and forth before settling into their 
final positions. 

Debounce time. The amount of time required to debounce a change of state. 

Debugger. A systems program that helps users locate and correct errors in their 
programs. Some versions are referred to as dynamic debugging tools, or DDTs after 
the famous insecticide. Popular CP / M debuggers are SID (Symbolic Instruction 
Debugger) and ZSID (Z80 Symbolic Instruction Debugger) from Digital Research. 

Debugging. Locating and correcting errors in a program. 

Device address. The address of a port associated with an I/ 0 device. 

Diagnostic. A program that checks the operation of a device and reports its findings. 

Digit shift. A shift of one BCD digit position or four bit positions. 

Direct addressing. An addressing mode in which the instruction contains the address 
required for its execution. Note that the standard Z80 assembler requires paren-
theses around an address that is to be used directly. . 

Disable (or disarm). Prevent an activity from proceeding or a signal (such as an 
interrupt) from being recognized. 

Disarm. Usually refers specifically to interrupts. See Disable. 

Double word. When dealing with microprocessors, a unit of 32 bits. 

Driver. See I/ 0 driver. 

Dump. A facility that displays the contents of an entire section of memory or group of 
registers on an output device. 

Dynamic allocation (of memory). The allocation of memory for a subprogram from 
whatever is available when the subprogram is called. An alternative is static alloca­
tion of a fixed area of storage to each subprogram. Dynamic allocation often 
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reduces overall memory usage because subprograms can share areas; it does, 
however, generally require additional execution time and overhead spent in memory 
management. 

EBCDIC (Expanded Binary-Coded Decimal Interchange Code). An 8-bit character 
code often used in large computers. 

Echo. Reflect transmitted information back to the transmitter; send back to a terminal 
the information received from it. 

Editor. A program that manipulates text material and allows the user to make 
corrections, additions, deletions, and other changes. A popular CP / M editor is ED 
from Digital Research. 

Effective address. The actual address used by an instruction to fetch or store data. 

EIA RS-232. See RS-232. 

Enable (or arm). Allow an activity to proceed or a signal (such as an interrupt) to be 
recognized. 

Endless loop or jump-to-self instruction. An instruction that transfers control to itself, 
thus executing indefinitely (or until a hardware signal interrupts it). 

Error-correcting code. A code that the receiver can use to correct errors in messages; 
the code itself does not contain any additional message. 

Error-detecting code. A code that the receiver can use to detect errors in messages; the 
code itself does not contain any additional message. 

Even parity. A I-bit error-detecting code that makes the total number of 1 bits in a unit 
of data (including the parity bit) even. 

EXCLUSIVE OR function. A logical function that is true if either, but not both, of its 
inputs is true. It is thus true if its inputs are not equal (that is, if one of them is a logic 
1 and the other is a logic 0). 

Extend (a number). Add digits to a number to conform to a format without changing 
its value. For example, one may extend an 8-bit unsigned result with zeros to fill a 
16-bit word. 

External reference. The use in a program of a name that is defined in another program. 

F 

F register. See Flag register. 
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Field. A set of one or more positions within a larger unit, such as a byte, word, or 
record. 

File. A collection of related information that is treated as a unit for purposes of storage 
or retrieval. 

Fill. Placing values in storage areas not previously in use, initializing memory or 
storage. 

Flag (or condition code or status bit). A single bit that indicates a condition within the 
computer, often used to choose between alternative instruction sequences. 

Flag (software). An indicator that is either on or off and can be used to select between 
two alternative courses of action. Boolean variable and semaphore are other terms 
with the same meaning. 

Flag register. A Z80 register that holds all the flags. Also called the (processor) status 
register. 

Free-running mode. An operating mode for a timer in which it indicates the end of a 
time interval and then starts another of the same length. Also called a continuous 
mode. 

Function key. A key that causes a system to execute a procedure or perform a function 
(such as clearing the screen of a video terminal). 

G 
Global variable. A variable that is used in more than one section of a computer pro­

gram rather than only locally. 

H 
Handshake. An asynchronous transfer in which sender and receiver exchange signals 

to establish synchronization and to indicate the status of the data transfer. Typically, 
the sender indicates that new data are available and the receiver reads the data and 
indicates that it is ready for more. 

Hardware stack. A stack that the computer manages automatically when executing 
instructions that use it. 

Head (of a queue). The location of the item most recently entered into a queue. 

Header, queue. See Queue header. 

Hexadecimal (or hex). Number system with base 16. The digits are the decimal 
numbers 0 through 9, followed by the letters A through F (representing 10 through 
15 decimal). 
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Hex code. See Object code. 

High-level language. A programming language that is aimed toward the solution of 
problems, rather than being designed for convenient conversion into computer 
instructions. A compiler or interpreter translates a program written in a high-level 
language into a form that the computer can execute. Common high-level languages 
include Ada, BASIC, C, COBOL, FORTRAN, and Pascal. 

Immediate addressing. An addressing mode in which the data required by an instruc­
tion are part of the instruction. The data immediately follow the operation code in 
memory. 

Index. A data item used to identify a particular element of an array or table. 

Indexed addressing. An addressing mode in which the address is modified by the 
contents of an index register to determine the effective address (the actual address 
used). 

Indexed indirect addressing. See Preindexing. 

Index register. A register that can be used to modify memory addresses. 

Indirect addressing. An addressing mode in which the effective address is the contents 
of the address included in the instruction, rather than the address itself. 

Indirect indexed addressing. See Postindexing. 

Indirect jump. A jump instruction that transfers control to the address stored in a 
register or memory location rather than to a fixed address. 

Input/ output control block (IOCB). A group of storage locations that contains the 
information required to control the operation of an I/ 0 device. Typically included 
in the information are the addresses of routines that perform operations such as 
transferring a single unit of data or determining device status. 

Input/ output control system (IOCS). A set of computer routines that controls the 
performance of I/ 0 operations. 

Instruction. A group of bits that defines a computer operation and is part of the 
instruction set. 

Instruction cycle. The process off etching, decoding, and executing an instruction. 

Instruction execution time. The time required to fetch, decode, and execute an 
instruction. 
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Instruction fetch. The process of addressing memory and reading an instruction into 
the CPU for decoding and execution. 

Instruction length. The amount of memory needed to store a complete instruction. 

Instruction set. The set of general-purpose instructions available on a given computer; 
the set of inputs to which the CPU will produce a known response when they are 
fetched, decoded, and executed. 

Interpolation. Estimating values of a function at points between those at which the 
values are already known. 

Interrupt. A signal that temporarily suspends the computer's normal sequence of 
operations and transfers control to a special routine. 

Interrupt-driven. Dependent on interrupts for its operation; may idle until it receives 
an interrupt. 

Interrupt flag. A bit in the input/ output section that is set when an event occurs that 
requires servicing by the CPU. Typical events include an active transition on a 
control line and the exhaustion of a count by a timer. 

Interrupt mask (or interrupt enable). A bit that determines whether interrupts will be 
recognized. A mask or disable bit must be cleared to allow interrupts, whereas an 
enable bit must be set. 

Interrupt request. A signal that is active when a peripheral is requesting service, often 
used to cause a CPU interrupt. See also Interrupt flag. 

Interrupt service routine. A program that performs the actions required to respond to 
an interrupt. 

Interrupt vector. An address to which an interrupt directs the computer, usu-ally the 
starting address of a service routine. 

Inverted borrow. A bit that is set to 0 if a subtraction produces a negative result and to 
1 if it produces a positive or 0 result. An inverted borrow can be used like a true 
borrow, except that the complement of its value (i.e., I minus its value) must be used 
in the extension to longer numbers. 

IOCB. See Input/ output control block. 

IOCS. See Input/ output control system. 

I/ 0 device table. A table that establishes the correspondence between the logical 
devices to which programs refer and the physical devices that are actually used in 
data transfers. An I/ 0 device table must be placed in memory in order to run a 
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program that refers to logical devices on a computer with a particular set of actual 
(physical) devices. The I/ 0 device table may, for example, contain the starting 
addresses of the I/ 0 drivers that handle the various devices. 

I/ 0 driver. A computer program that transfers data to or from an I/ 0 device, also 
called a driver or I/ 0 utility. The driver must perform initialization functions and 
handle status and control, as well as physically transfer the actual data. 

Isolated input/ output. An addressing method for I/ 0 ports that uses a decoding 
system distinct from that used by the memory section. I/ 0 ports thus do not occupy 
memory addresses. 

J 

Jump instruction (or branch instruction). An instruction that places a new value in the 
program counter, thus departing from the normal one-step incrementing. Jump 
instructions may be conditional; that is, the new value may be placed in the program 
counter only if a condition holds. 

Jump table. A table consisting of the starting addresses of executable routines, used to 
transfer control to one of them. 

l 

Label. A name attached to an instruction or statement in a program that identifies the 
location in memory of the machine language code or assignment produced from 
that instruction or statement. 

Latch. A device that retains its contents until new data are specifically entered into it. 

Leading edge (of a binary pulse). The edge that marks the beginning of a pulse. 

Least significant bit. The rightmost bit in a group of bits, that is, bit 0 of a byte or a 
16-bit word. 

Library program. A program that is part of a collection of programs and is written and 
documented according to a standard format. 

LIFO (last-in,first-out) memory. A memory that is organized according to the order in 
which elements are entered and from which elements can be retrieved only in the 
order opposite of that in which they were entered. See also Stack. 

Linearization. The mathematical approximation of a function by a straight line 
between two points at which its values are known. 

Linked list. A list in which each item contains a pointer (or link) to the next item. Also 
called a chain or chained list. 
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List. An ordered set of items. 

Logical device. The input or output device to which a program refers. The actual or 
physical device is determined by looking up the logical device in an I/ 0 device table 
-a table containing actual l/O addresses (or starting addresses for I/O drivers) 
corresponding to the logical device numbers. 

Logical shift. A shift operation that moves zeros in at either end as the original data are 
shifted. 

Logical sum. A binary sum with no carries between bit positions. See also Checksum, 
EXCLUSIVE OR function. 

Longitudinal parity. See Checksum. 

Longitudinal redundancy check (LRC). See Checksum. 

Lookup table. An array of data organized so that the answer to a problem may be 
determined merely by selecting the correct entry (without any calculations). 

Low-level language. A computer language in which each statement is translated 
directly into a single machine language instruction. 

M 

Machine language. The programming language that the computer can execute directly 
with no translation other than numeric conversions. 

Maintenance (of programs). Updating and correcting computer programs that are in 
use. 

Majority logic. A combinational logic function that is true when more than half the 
inputs are true. 

Mark. The I state on a serial data communications line. 

Mask. A bit pattern that isolates one or more bits from a group of bits. 

Maskable interrupt. An interrupt that the system can disable. 

Memory capacity. The total number of different memory addresses (usually specified 
in bytes) that can be attached to a particular computer. 

Memory-mapped I/ 0. An addressing method for I/ 0 ports that uses the same 
decoding system used by the memory section. The I/ 0 ports thus occupy memory 
addresses. 

Microcomputer. A computer that has a microprocessor as its central processing unit. 
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Microprocessor. A complete central processing unit for a computer constructed from 
one or a few integrated circuits. 

Mnemonic. A memory jogger, a name that suggests the actual meaning or purpose of 
the object to which it refers. 

Modem (Modulator/ demodulator). A device that adds or removes a carrier 
frequency, thereby allowing data to be transmitted on a high-frequency channel or 
received from such a channel. 

Modular programming. A programming method whereby the overall program is 
divided into logically separate sections or modules. 

Module. A part or section of a program. 

Monitor. A program that allows the computer user to enter programs and data, run 
programs, examine the contents of the computer's memory and registers, and utilize 
the computer's peripherals. See also Operating system. 

Most significant bit. The leftmost bit in a group of bits, that is, bit 7 of a byte or bit 15 of 
a 16-bit word. 

Multifunction device. A device that performs more than one function in a computer 
system; the term commonly refers to devices containing memory, input/ output 
ports, timers, and so forth. 

Multitasking. Executing many tasks during a single period of time, usually by working 
on each one for a specified part of the period and suspending tasks that must wait for 
input, output, the completion of other tasks, or external events. 

Murphy's Law. The famous maxim that "whatever can go wrong, will." 

N 
Negate. Find the two's complement (negative) of a number. 

Negative edge (of a binary pulse). A l-to-0 transition. 

Negative flag. See Sign flag. 

Negative logic. Circuitry in which a logic zero is the active or ON state. 

Nesting. Constructing programs in a hierarchical manner with one level contained 
within another. The nesting level is the number of transfers of control required to 
reach a particular part of a program without ever returning to a higher level. 

Nibble. A unit of four bits. A byte (eight bits) may be described as consisting of a high 
nibble (four most significant bits) and a low nibble (four least significant bits). 
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Nines complement. The result of subtracting a decimal number from a number having 

nines in all digit positions. 

Non-maskable interrupt. An interrupt that cannot be disabled within the CPU. 

Non-volatile memory. A memory that retains its contents when power is removed. 

Nop (or no operation). An instruction that does nothing except increment the 

program counter. 

Normalization (of numbers). Adjusting a number into a regular or standard format. A 

typical example is the scaling of a binary fraction to make its most significant bit 1. 

0 

Object code (or object program). The program that is the output of a translator 

program, such as an assembler-usually a machine language program ready for 

execution. 

Odd parity. A I-bit error-detecting code that makes the total number of 1 bits in a unit 

of data (including the parity bit) odd. 

One's complement. A bit-by-bit logical complement of a number, obtained by replac­

ing each 0 bit with a 1 and each 1 bit with a 0. 

One-shot. A device that produces a pulse output of known duration in response to a 

pulse input. A timer operates in a one-shot mode when it indicates the end of a single 

interval of known duration. 

Open (a file). Make a file ready for use. The user generally must open a file before 

working with it. 

Operating system (OS). A computer program that controls the overall operations of a 

computer and performs such functions as assigning places in memory to programs 

and data, scheduling the execution of programs, processing interrupts, and control­

ling the overall input/ output system. Also known as a monitor, executive, or 

master-control program, although the term monitor is usually reserved for a simple 

operating system with limited functions. 

Operation code (op code). The part of an instruction that specifies the operation to be· 

performed. 

OS. See Operating system. 

Overflow (of a stack). Exceeding the amount of memory allocated to a stack. 

Overflow, twos complement. See Two's complement overflow. 
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p 

Packed decimal. A binary-coded decimal format in which each byte contains two 
decimal digits. 

Page. A subdivision of the memory. In byte-oriented computers, a page is generally a 
256-byte section of memory in which all addresses have the same eight most 
significant bits (or page number). For example, page C6 would consist of memory 
addresses C600 through C6FF. 

Paged address. The identifier that characterizes a particular memory address on a 
known page. In byte-oriented computers, this is usually the eight least significant 
bits of a memory address. 

Page number. The identifier that characterizes a particular page of memory. In 
byte-oriented computers, this is usually the eight most significant bits of a memory 
address. 

Parallel interface. An interface between a CPU and input or output devices that handle 
data in parallel (more than one bit at a time). The PIO is a parallel interface in the 
Z80 family. 

Parameter. An item that must be provided to a subroutine or program for it to be 
executed. 

Parity. A I-bit error-detecting code that makes the total number of I bits in a unit of 
data, including the parity bit, odd (odd parity) or even (even parity). Also called 
vertical parity or vertical redundancy check (VRC). 

Passing parameters. Making the required parameters available to a subroutine. 

Peripheral ready. A signal that is active when a peripheral can accept more data. 

Physical device. An actual input or output device, as opposed to a logical device. 

P/O(Parallel Input/ Output Device). A parallel interface chip in the Z80 family. A PIO 
contains two 8-bit I/ 0 ports, four control lines, and other circuitry. 

Pointer. A storage place that contains the address of a data item rather than the item 
itself. A pointer tells where the item is located. 

Polling. Determining which I/ 0 devices are ready by examining the status of one 
device at a time. 

Polling interrupt system. An interrupt system in which a program determines the 
source of a particular interrupt by examining the status of potential sources one at a 
time. 

Pop. Remove an operand from a stack. 
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Port. The basic addressable unit of the computer's input/ output section. 

Positive edge (of a binary pulse). A O-to-1 transition. 

Postdecrementing. Decrementing an address register after using it. 

Postincrementing. Incrementing an address register after using it. 

Postindexing. An addressing mode in which the effective address is determined by first 

obtaining the base address indirectly and then indexing from that base address. The 

"post" refers to the fact that the indexing is performed after the indirection. 

Power fail interrupt. An interrupt that informs the CPU of an impending loss of power. 

Predecrementing. Decrementing an address register before using it. 

Preincrementing. Incrementing an address register before using it. 

Preindexing. An addressing mode in which the effective address is determined by 

indexing from the base address and then using the indexed address indirectly. The 

"pre" refers to the fact that the indexing is performed before the indirection. Of 

course, the array starting at the given base address must consist of addresses that can 

be used indirectly. 

Priority interrupt system. An interrupt system in which some interrupts have 

precedence over others; that is, they will be serviced first or can interrupt the others' 

service routines. 

Program counter (PC register). A register that contains the address of the next 

instruction to be fetched from memory. 

Programmable I/ 0 device. An I/ 0 device that can have its mode of operation 

determined by loading registers under program control. 

Programmable peripheral chip (or programmable peripheral interface). A chip that 

can operate in a variety of modes; its current operating mode is determined by 

loading control registers under program control. 

Programmable timer. A device that can handle a variety of timing tasks, including the 

generation of delays, under program control. The CTC is a programmable timer in 

the Z80 family. 

Programmed input/ output. Input or output performed under program control 

without using interrupts or other special hardware techniques. 

Program relative addressing. A form of relative addressing in which the base address 

is the program counter. Use of this form of addressing makes it easy to move 

programs from one place in memory to another. 

Protocol. See Data-link control. 
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Pseudo-operation (or pseudo-op or pseudo-instruction). An assembly language 
operation code that directs the assembler to perform some action but does not 
result in the generation of a machine language instruction. 

Pull. Remove an operand from a stack; same as pop. 

Push. Store an operand in a stack. 

Q 

Queue. A set of tasks, storage addresses, or other items that are used in a first-in, 
first-out manner; that is, the first item entered into the queue is the first to be used or 
removed. 

Queue header. A set of storage locations describing the current location and status of 
a queue. 

R 

RAM. See Random-access memory. 

Random-access (read/write) memory (RAM). A memory that can be both read and 
altered (written) in normal operation. 

Read-only memory (ROM). A memory that can be read but not altered in normal 
operation. 

Ready for data. A signal that is active when the receiver can accept more data. 

Real-time. In synchronization with the actual occurrence of events. 

Real-time clock. A device that interrupts a CPU at regular time intervals. 

Real-time operating system. An operating system that can act as a supervisor for 
programs that have real-time requirements. May also be referred to as a real-time 
executive or real-time monitor. 

Reentrant. A program or routine that can be executed concurrently while the same 
routine is being interrupted or otherwise held in abeyance. 

Refresh. Rewriting data into a memory before its contents are lost. Dynamic RAM 
must be refreshed periodically (typically every few milliseconds) or it will lose its 
contents spontaneously. 

Register. A storage location inside the CPU. 

Register pair. In Z80 terminology, two 8-bit registers that can be referenced as a 16-bit 
unit. 
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Relative addressing. An addressing mode in which the address specified in the 

instruction is the offset from a base address. 

Relative offset. The difference between the actual address to be used in an instruction 

and the current value of the program counter. 

Relocatable. Can be placed anywhere in memory without changes; that is, a program 

that can occupy any set of consecutive memory addresses. 

Return (from a subroutine). Transfer control back to the program that originally 

called the subroutine and resume its execution. 

ROM. See Read-only memory. 

Rotate. A shift operation that treats the data as if they were arranged in a circle; that is, 

as if the most significant and least significant bits were connected either directly or 

through a Carry bit. 

Row major order. Storing elements of a multidimensional array in memory by 

changing the indexes starting with the rightmost first. For example, if a typical 

element is A(I,J,K) and the elements begin with A(0,0,0), the order is A(0,0,0), 

A(O,O, 1 ), .. .,A(O, 1,0), A(O, 1, I), .... The opposite technique (changing the leftmost 

index first) is called column major order. 

RS-232 (or EJA RS-232). A standard interface for the transmission of digital data, 

sponsored by the Electronic Industries Association of Washington, D.C. It has been 

partially superseded by RS-449. 

s 
Scheduler. A program that determines when other programs should be started and 

terminated. 

Scratchpad. An area of memory that is generally easy and quick to use for storing 

variable data or intermediate results. 

SDLC. (Synchronous Data Link Control). The successor protocol to BSC for IBM 

computers and terminals. 

Semaphore. See Flag. 

Serial. One bit at a time. 

Serial interface. An interface between a CPU and input or output devices that handle 

data serially. The SIO is a popular serial interface chip in the Z80 family. See also 

UART. 

Setpoint. The value of a variable that a controller is expected to maintain. 
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Shift instruction. An instruction that moves all the bits of the data by a certain 
number of bit positions, just as in a shift register. 

Signed number. A number in which one or more bits represent whether the number is 
positive or negative. A common format is for the most significant bit to represent 
the sign (0 = positive, 1 negative). 

Sign extension. The process of copying the sign (most significant) bit to the right as in 
an arithmetic shift. Sign extensioti preserves the sign when two's complement 
numbers are being divided or normalized. 

Sign flag. A flag that contains the most significant bit of the result of the previous 
operation. It is sometimes called a negative flag, since a value of I indicates a 
negative signed number. 

Sign function. A function that is 0 if its parameter is positive and 1 if its parameter is 
negative. 

SIO (Serial Input/ Output Device). A serial interface chip in the Z80 family. An SIO 
can be used as an asynchronous or synchronous serial interface (i.e., as a UART or 
USRT) or as a data-link controller. 

Size (of an array dimension). The distance in memory between elements that are 
ordered consecutively in a particular dimension; the number of bytes between the 
starting address of an element and the starting address of the element with an index 
one larger in a particular dimension but the same in all other dimensions. 

Software delay. A program that has no function other than to waste time. 

Software interrupt. See Trap. 

Software stack. A stack that is managed by means of specific instructions, as opposed 
to a hardware stack which the computer manages automatically. 

Source code (or source program). A computer program written in assembly language 
or in a high-level language. 

Space. The zero state on a serial data communications line. 

Stack. A section of memory that can be accessed only in a last-in, first-out manner. 
That is, data can be added to or removed from the stack only through its top; new 
data are placed above the old data and the removal of a data item makes the item 
below it the new top. 

Stack pointer. A register that contains the address of the top of a stack. 

Standard(or8,4,2,1) BCD. A BCD representation in which the bit positions have the 
same weight as in ordinary binary numbers. 
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Standard teletypewriter. A teletypewriter that operates asynchronously at a rate of 

ten characters per second. 

Start bit. A I-bit signal that indicates the start of data transmission by an asynchro­

nous device. 

Static allocation (of memory). Assignment of fixed storage areas for data and pro­

grams; an alternative is dynamic allocation, in which storage areas are assigned 

when they are needed. 

Status register. A register whose contents indicate the current state or operating mode 

of a device. 

Status signal. A signal that describes the current state of a transfer or the operating 

mode of a device. 

Stop bit. A I-bit signal that indicates the end of data transmission by an asynchro­

nous device. 

String. An array (set of data) consisting of characters. 

String functions. Procedures that allow the programmer to operate on data consist­

ing of characters rather than numbers. Typical functions are insertion, deletion, 

concatenation, search, and replacement. 

Strobe. A signal that identifies or describes another set of signals and can be used to 

control a buffer, latch, or register. 

Subroutine. A subprogram that can be executed (called) from more than one place in 

a main program. 

Subroutine call. The process whereby a computer transfers control from its current 

program to a subroutine while retaining the information required to resume the 

current program. 

Subroutine linkage. The mechanism whereby a computer retains the information 

required to resume its current program after it completes the execution of a 

subroutine. 

Suspend (a task). Halt execution and preserve the status of a task until some future 

time. 

Synchronization (or sync) character. A character that is used only to synchronize the 

transmitter and the receiver. 

Synchronous. Operating according to an overall timing source or clock, that is, at 

regular intervals. 
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Systems software. Programs that perform administrative functions or aid in the 
development of other programs but do not actually perform any of the computer's 
workload. 

T 
Tail (of a queue). The location of the oldest item in the queue, that is, the earliest 

entry. 

Task. A self-contained program that can serve as part of an overall system under the 
control of a supervisor. 

Task status. The set of parameters that specifies the current state of a task. A task can 
be suspended and resumed as long as its status is saved and restored. 

Teletypewriter. A device containing a keyboard and a serial printer that is often used in 
communications and with computers. Also referred to as a Teletype (a registered 
trademark of Teletype Corporation of Skokie, Illinois) or TTY. 

Ten's complement. The result of subtracting a decimal number from zero (ignoring the 
minus sign); the nine's complement plus one. 

Terminator. A data item that has no function other than to signify the end of an array. 

Threaded code. A program consisting of subroutines, each of which automatically 
transfers control to the next one upon its completion. 

Timeout. A period during which no activity is allowed to proceed; an inactive period. 

Top of the stack. The address containing the item most recently entered into the 
stack. 

Trace. A debugging aid that provides information about a program while the pro­
gram is being executed. The trace usually prints all or some of the intermediate 
results. 

Trailing edge (of a binary pulse). The edge that marks the end of a pulse. 

Translate instruction. An instruction that converts its operand into the correspond­
ing entry in a table. 

Transparent routine. A routine that operates without interfering with the operations 
of other routines. 

Trap (or software interrupt). An instruction that forces a jump to a specific (CPU­
dependent) address, often used to produce breakpoints or to indicate hardware or 
software errors. 

True borrow. See Borrow. 
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True comparison. A comparison that finds the two operands to be equal. 

Two's complement. A binary number that, when added to the original number in a 
binary adder, produces a zero result. The two's complement of a number may be 
obtained by subtracting the number from zero or by adding I to the one's com­
plement. 

Twos complement overflow. A situation in which a signed arithmetic operation 
produces a result that cannot be represented correctly; that is, the magnitude 
overflows irito the sign bit. 

u 
UART (Universal Asynchronous Receiver/ Transmitter). An LSI device that acts as 

an interface between systems that handle data in parallel and devices that handle 
data in asynchronous serial form. 

Underflow (of a stack). Attempting to remove more data from a stack than has been 
entered into it. 

Unsigned number. A number in which all the bits are used to represent magnitude. 

USART (Universal Synchronous/ Asynchronous Receiver/Transmitter). An LSI 
device (such as the SIO) that can serve as either a UART or a USRT. 

USRT (Universal Synchronous Receiver/Transmitter). An LSI device that acts as an 
interface between systems that handle data in parallel and devices that handle data 
in synchronous serial form. 

Utility. A general-purpose program, usually supplied by the computer manufacturer 
or part of an operating system, that executes a standard or common operation such 
as sorting, converting data from one format to another, or copying a file. 

v 
Valid data. A signal that is active when new data are available to the receiver. 

Vectored interrupt. An interrupt that produces an identification code (or vector) that 
the CPU can use to transfer control to the appropriate service routine. The process 
whereby control is transferred to the service routine is called vectoring. 

Volatile memory. A memory that loses its contents when power is removed. 

w 
Walking bit test. A procedure whereby a single 1 bit is moved through each bit 

position in an area of memory and a check is made as to whether it can be read back 
correctly. 
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Word. The basic grouping of bits that a computer can process at one time. When 
dealing with microprocessors, the term often refers to a 16-bit unit of data. 

Word boundary. A boundary between 16-bit storage units containing two bytes of 
information. If information is being stored in word-length units, only pairs of bytes 
conforming to (aligned with) word boundaries contain valid information. Mis­
aligned pairs of bytes contain one byte from one word and one byte from another. 

Word-length. A length of 16 bits per item. 

Wraparound. Organization in a circular manner as if the ends were connected. A 
storage area exhibits wraparound if operations on it act as if the boundary 
locations were contiguous. 

Write-only register. A register that the CPU can change but cannot read. If a program 
must determine the contents of such a register, it must save a copy of the data 
placed there. 

z 
Zero flag. A flag that is 1 if the last operation produced a result of zero and 0 if it did 

not. 

Zoned decimal. A binary-coded decimal format in which each byte contains a single 
decimal digit. 
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Accumulator rotates, 3, 20, 23 
ADC, 42, 73-74 

decimal version, 73 
result, 42 
rotate (ADC A,A), 91 

ADC, 42, 73-74 
logical shifts (A, HL, xy), 23, 35, 89 

Addition 
BCD, 72, 73, 248-50 
binary, 16, 41-42, 72-74, 228-30 
decimal, 72, 73, 248-50 
8-bit, 16, 72, 73 
multiple-precision, 41-42, 228-30, 248-50 
16-bit, 72-73, 74 

Addition instructions 
with Carry, 42, 73-74 
without Carry, 16, 72-73 

Address addition, 3, 4, 33, 34 
Address arrays, 35, 39 
Address format in memory (upside-down) 5 11 
Addressing modes, IO, 13 ' ' 

arithmetic and logical instructions, 2 
autoindexing, 129-34 
default (immediate), 17, 149 
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BDOS calls (in CPI M), 359-63, 366-67, 379-84 
table, 357 

Bidirectional mode of PIO, 62 
Bidirectional ports, 61-62, 63-64, 158 
Binary search, 331-35 
Binary to BCD conversion, 167-69 
BIT, 18, 19, 93-94, 341 
Bit field extraction, 267-69 
Bit field insertion, 270-72 
Bit manipulation, 18-20, 85-87, 88, 93-94, 101, 

102, 267-72 
instructions, 449 
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Borrow, 27, 76 
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signed branches, 112-13 
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c 
C register, special use of~ 6, 9, 54 
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Call instructions, 118-20, 451 
Carry (C) flag, 453 
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arithmetic applications, 41-42 
borrow, 142 
branches, 27-28 
clearing, 101 
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decimal arithmetic, 72, 74 
decrement instructions (no effect), 4 
extending across accumulator, 84 
increment instructions (no effect). 4 
instructions affecting, 3. 453 
inverted borrow, 76, 142 
logical instructions, 3 
multiple-precision arithmetic, 41-42 
position in F register, ix, 434 
SBC, 42 

Carry (C) flag (continued) 
shifts, 3, 20 
subtracting from accumulator, 76 
subtraction, 42, 76 

Case statements, 39 
Character manipulation, 39-40. See also String 

manipulation 
Checksum, 87. See also Parity 
Circular shift (rotation), 20-22, 91-92, 282-87 
Cleaning the stack, 49-51 
Clear instructions, 100-01 
Clearing accumulator, 100 
Clearing an array, 196-97, 258, 262 
Clearing bits, 18, 19, 85, IOI 
Clearing flags, 86 
Clearing memory, 258, 262 
Clearing peripheral status, 61-62, 157, 158, 159, 

389, 399 
Clock interrupt, 425-32 
Code conversion, 40-41, 167-94 
Colon (delimiter after label), x 
Command registec See Control register 
Commands, execution of, 134 
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Common programming errors, 139-59 

interrupt service routines, 158-59 
I/ 0 drivers, 156-58 

Communications between main program and 
interrupt service routines, 159, 394-95, 
413-14 

Communications reference, 369 
Compacting a string, 311 
Comparison instructions, 81-82 

bit-by-bit (logical EXCLUSIVE OR), 81 
Carry flag, 27, 144 
decimal, 266 
multiple-precision, 245-47 
operation, 26 
16-bit, 81-82, 225-27 
string, 288-91 
Zero flag, 26 

Complementing (inverting) bits, 18. 19, 20, 88 
Complementing the accumulator, 87-88 
Complement (logical NOT) instructions, 87-89 
Concatenation of strings, 292-96 
Condition code. See Flags; Status register 
Conditional call instructions, 120 
Conditional jump instructions, 104-18 

execution time (variable), 450 
Conditional return instructions, 120 
Control characters (ASCII), 357 

deletion, 362-63 
printing, 360 

Control register, 59-64, 157-58 
Control signal, 57-58 



Copying a substring, 302-07 
Conventions, 5 
CP, 26-29, 142, 144 
CPD, 36 
CPDR, 36 
CPI, 36, 40, 350 
CPIR, 36, 37, 40, 153 
CP / M operating system, 356-67, 379-84 

BOOS functions, 357 
buffer format, 367, 382 
string terminator, 359, 363 

CRC (cyclic redundancy check), 368-72 
CTC (clock/timer circuit), 388, 427-28 

D 
DAA, 151 
Data direction (I/ 0 control) register, 60 
Data structures, 44-46, 148-49, 414 
Data transfer instructions, 94-102, 142 
DB pseudo-operation, x 
DE register pair, special features of~ 2, 5, 6, 9 
Debugging, 139-59 

interrupt service routines, 158-59 
I/ 0 drivers, 156-58 

DEC, 4, 32 
differences between 8- and 16-bit versions, 4 
flags, 4 

Decimal (BCD) arithmetic, 151, 248-66 
addition, 248-50 
binary conversions, 167-71 
comparison, 266 
decrement by l, 78, 124 
division, 260-65 
8-bit, 72-78 
increment by l, 77, 124 
multibyte, 248-66 
multiplication, 254-59 
subtraction, 231-33 
validity check, 124 

Decimal default in assembler, 149, 150 
Decision sequences, 31 
Decrement instructions, 77-78 

decimal, 78, 124 
setting Carry, 78 

Defaults in assembler, x, 149, 155, 455 
DEFB pseudo-operation, x, 48 
DEFS pseudo-operation, x 
DEFW pseudo-operation, x, 48 
Delay program, 391-93 
Deletion of a substring, 308-12 
Device numbers, 56-57, 373-84 
Digit (4-bit) shift, 90, 152-53, 256, 257, 264 
Digit swap, 90 
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Direct addressing, 10·· ll, 13 
arithmetic and logical instructions, lack of, 2 
parentheses around addresses, x, 149, 155 

Direction of stack growth, 46 
Disassembly of numerical operation codes, 

439-41 
Division, 80 

by 2, 80, 333 
by 4, 80 
by IO, 168 
by 100, 168 
decimal, 260-65 
multiple-precision binary, 239-44 
remainder, sign of, 221 
simple cases, 43, 80 
16-bit, 220-24 

DJNZ, 30, 32 
Documentation of programs, 60 
Double operands in arithmetic instructions, 16 
Doubling an index, 35, 39 
Drivers (I/ 0 routines), 57, 373-74 
Dynamic allocation of memory, 49, 66, 125-26 

E 
EBCDIC to ASCII conversion, 192-94 
EI, 65, 124 

position in return sequence, 121 
8080 additions, 4, 22, 29, 74, 124 

incompatibility (Parity flag), 29 
Enabling and disabling interrupts, 124-25 

accepting an interrupt, 64 
DI, 124 
EI, 65, 124 
interrupt status, saving and restoring, 124-25 
interrupt status, testing, 105, 107, 124-25 
unserviced output interrupt, 405 
when required, 158-59 

END pseudo-operation, x 
Endless loop (wait) instruction, 123 
EQU pseudo-operation, x 
Equal values, comparison of~ 26-27, 142 
Error-correcting codes. See CRC 
Error-detecting codes. See Parity 
Error handling, 162-63 
Errors in programs, 139-59 
Even parity (parity/ overflow) flag, 29 
EX, 64, 96, 97, 99, 121, 444 
EX DE,HL, 10 
EX (SP), 12, 67, ll9, 121 
Exchange instructions, 99-100 
Exchanging elements, 34 
Exchanging pointers, 100 
EXCLUSIVE OR function, 18, 19 
EXCLUSIVE OR instructions, 87 
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Execution time, reducing, 67-68 
Execution times for instructions, 442-52 
Extend instructions, 84 
EXX, 64 

F 
F (flag) register, ix, 86-87, 95, 97, 4.34 
FIFO buffer (queue), 45-46, 414 
Fill memory, 99, 195-97 
Flag register, ix, 86-87, 95, 97, 434 
Flags, 434, 453 

instructions, effects of, 3, 453 
loading, 95 
organization in flag register, ix, 434 
storing, 97 
summary, 453 
use, 31 

Format errors, 149-51 
Format for storing 16-bit addresses, 5, II 

H 
H (half-carry) flag, 434 
H (indicating hexadecimal number), x, 150 
Handshake, 61-62 
Head of a queue, 45, 414 
Hexadecimal ASCII to binary conversion, 175-77 
Hexadecimal to ASCII conversion, 172-74 
Hexadecimal numbers, zero in front, 149 
HL register pair, special features, 2, 8-9 

use, 3, 5 

IFF I (interrupt flip-flop I), 435 
IFF2 (interrupt flip-flop 2), 105, 107, 123, 124-25, 

435 
Immediate addressing, 11, 17 

assembler notation, 17, 148 
default, 17, 148 
use of, II 

Implicit effects of instructions, 152-53 
INC, 3, 4 

differences between 8- and 16-bit versions, 4 
flags, 3, 4 

Increment instructions, 76-77 
decimal, 77, 124 
setting Carry, 76 

IND, 54 
Indexed addressing, 33-35, 38-39, 127-29 

data structures, 5, 377-78, 384 
generalized form, 3 
limitations, 3 
loading, 12 
parameter retrieval, 47-48 
storing, 14 

Indexed call, 119-20, 352-55 
leaving register pairs unchanged, 353-54 

Indexed jump, 39, 103, 119 
Indexing of arrays, 33-35, 201-16 

byte arrays, 42-43, 201-04 
multidimensional arrays, 209-16 
two-dimensional byte array, 42-43, 201-04 
two-dimensional word array, 205-08 
word arrays, 205-08 

Index registers, 3 
backup to H L, 9 
features, 9 
instructions, 6 
secondary status, 4 
uses, 5 

Indirect addressing, 3, 11-12, 13, 126-27 
indexed addressing with zero offset, 12 
jump instructions, 102-03 
multilevel versions, 127 
subroutine calls, 119-20 

Indirect call, 119-20, 352-55 
Indirect jump, 102-03 
INDR, 54 
INI, 54, 55 
INIR, 54, 55 
Initialization 

arrays, 195-97 
CTC, 388 
indirect addresses, 15 
interrupt service routines, 64-66 
interrupt vectors, 398, 408, 418 
I/ 0 devices, 63-64, 385-90 
PIO, 63-64, 390, 410-11 
RAM, 15-16, 195-97 
SIO, 388-89, 400-02, 421-22 

Initialization errors, 154 
Input/ Output (I/ 0) 

block I/ 0 instructions, 54-55 
control block (IOCB), 373-84 
device-independent, 56-57 
device table, 56-57, 373-84 
differences between input and output, 157, 395 
errors, 156-58 
indirect addressing, 51-52, 58 
initialization, 63-64, 385-90 
instructions, 51-55, 452 
interrupt-driven, 64-66, 394-424 
logical devices, 56-57 
output, generalized, 365·-67 
peripheral chips, 58 
physical devices, 56-57 
read-only ports, 53, 158 
status and control, 57-58 
terminal handler, 356-64 
write-only ports, 53-54, 57-58, 62, 65-66, 157 

Inserting a character, 181 
Insertion into a string, 313-18 
Instruction execution times, 442-52 



Instruction set, 433-55 
alphabetical list, 436-39 
asymmetry, 5 
numerical list, 439-41 

Interrupt enable flip-flops (IFFl and 
IFF2), 4, I05, I07, 123, 124-25, 435 

Interrupt latency, 65 
Interrupt response, 64, 435 
Interrupts. See also Enabling and disabling 

interrupts 
buffered, 413-24 
elapsed time, 425-32 
handshake, 394-424 
initialization, 158, 398, 408, 418, 427-28 
instructions, 446 
latency, 65 
modes, 64, 158, 398, 435 
order in stack, 65 
PIO, 60, 404-12, 459, 460, 461 
programming guidelines, 64~66, 158-59 
real-time clock, 425-32 
reenabling, 64, 123, 159, 4IO 
response, 64, 435 
service routines, 394-432 
structure, 435 

Interrupt service routines, 394-432 
CTC, 425-32 
errors, 158-59 
examples, 394-432 
main program, communicating with, 159, 

394-95, 413-14 
PIO, 404-12 
programming guidelines, 64-66, 158-59 
real-time clock, 425-32 
SIO, 394-403, 413-24 
terminating instructions, 66 

Interrupt status, 5, I05, I07, 124-25 
Interrupt vector register, 95, 97, 398, 435 
Inverted borrow in subtraction, 75, 76, 142 
Inverting bits, 18-20, 88 
Inverting decision logic, 140, 142 
I/ 0 control block (IOCB), 373-84 

example, 381 
format, 374 

I/ 0 device table, 56-57, 373-84 
I/ 0 instructions, 452 

J 
JP, 24~31 

addressing terminology, 148 
block move or block compare, 37 
overflow branches, 28-30, 112-13 

JR, 25-29, 68 
comparison with absolute branches, 3-4 
flag limitations, 3-4 

Jump and link, I03-04 
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Jump instructions, 450 
Jump table, 39, 103, Jl9, 149, 352-55 

L 
LO, I0-12, 13, 14-16 

8080 instruction set, additions, 38 
order of operands, IO, 141 

LDD, 36, 37 
LDDR, 36, 37, 181, 200, 318 
LOI, 36, 37 
LDIR, 36, 37, 99, 196, 200, 295, 306, 3II, 318 
Limit checking, 27-30 
Linked list, 45-46, 373, 374, 377-79 
List processing, 45-46, 377-79 
Load instructions, I0-16, 94-96 

8-bit, 442 
flags, 3, 142 
order of operands, IO, 141 
16-bit, 443 

Logical I/ 0 devices, 56-57, 373-84 
Logical instructions, 85-94, 445 

addressing modes, 2 
Carry, clearing of, 3, 143 
limitations, 2 

Logical shift, 20, 22, 23, 89-90, 276-81 
Logical sum, 87. See also Parity 
Long instructions, 4 
Lookup tables, 38-39, 41, 68, 69, 125, 189-94 
Loops, 30, 32-33 

reorganizing to save time, 67 
Lower-case ASCII letters, 187-88 

M 
Masking bits, 18, 268, 271 
Maximum, 325-27 
Median (of 3 elements), 342-44 
Memory fill, 99, 195-97 
Memory-mapped I/O, 51-53 
Memory test, 347-51 
Memory usage, reduction of, 68-69 
Millisecond delay program, 391-93 
Minimum, 328-30 
Missing addressing modes, 126-37 
Missing instructions, 3, 71-126 
Move instructions, 97-99 
Move left (bottom-up), 198, 199-200 
Move multiple, 99 
Move right (top-down), 198, 199-200 
Multibit shifts, 23, 273-87 
Multibyte entries in arrays or tables, 34-35, 38-39, 

125, 205-16 
Multidimensional arrays, 209-16 
Multilevel indirect addressing, 127 
Multiple names for registers, 2 
Multiple-precision arithmetic, 41-42, 228-66 
Multiple-precision shifts, 273-87 
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Multiple-precision shifts (continued) 
arithmetic right, 273-75 
digit (4-bit) left, 264 
logical left, 276-78 
logical right, 279-81 
rotate left, 285-87 
rotate right, 282-84 

Multiplexing displays, 62 
Multiplication, 42-43, 78-79 

by a small integer, 42-43 
by 10, 171, 185 
by 2, 35 
decimal, 254-59 
multiple-precision, 234-38, 254-59 
16-bit, 217-19 

Multiway branches (jump table), 39, 103, 119, 352-55 

N 
N (add/subtract) flag, 74, 434 
Negative, calculation of, 82-83, 222-23 
Negative logic, 89, 157 
Nested loops, 32-3.3 
New line string, 356, 361-62 
Nibble (4 bits), 171, 173 
Nine's complement, 83 
Non-maskable interrupt, 65, 66, 123 
NOP, filling with, 195 
Normalization, 90-91 
Normalizing array bounds, 215-16 
NOT instructions, 87-89, 268 
Numerical comparisons, 26-31 

0 
One-dimensional arrays, 3.3-38 
One's complement, 87-89 
Operation (op) codes 

alphabetical order, 4.36-39 
numerical order, 4.39·-41 

OR, 18, 86-87, 268, 272 
Ordering elements, 34 
ORG pseudo-operation, x 
OTDR, 54 
OTIR, 54, 387 
OUTD, 54 
OUTI, 54, 55, 153 
Output interrupts, unserviced, 395, 405 
Output line routine, 365-67 
Overflow (P / V) flag, 3, 28 

branches (PE, PO), 28, 29, II2 
Overflow of a stack, 46, 108, 109 
Overflow, two's complement, 28-30, II2-13 
Overlapping memory areas, 198-200 

p 
P / V (parity/ overflow) flag, 434. See also Parity/ 

overflow flag 
Parameters, passing, 46-51, 161 

Parentheses around addresses (indicating "con­
tents of"), x, 149, 155 

Parity/ overflow flag, 3, 35-36, 434 
block moves and compares, 35-.36, .37 
interrupt enable flag, 4, 124-25 
overflow indicator, 28, 112, 225, 227 
reversed polarity in block move and compare, 37 

Passing parameters, 46-51, 161 
memory, 47-48 
registers, 46-47 
stack, 49-51 
subroutine convention, 161 

PC register. See Program counter 
Physical I/ 0 device, 56-57 
PIO (parallel input/ output device), 58-64, 457-62 

addressing, 59-60 
control lines, 61-62 
initialization, 63-64, 390, 410-II 
interrupt-driven 1/0, 404-12 
operating modes, 61-62 
reference, 457-62 
registers, 59-60 

Pointer 
exchanging, 99-100, 243, 265 
loading, 96 

Polling, 57-58 
POP, 12 
Pop instructions, 122-23 
Position of a substring, 297-301 
Postdecrement, 133-34 
Postincrement, 12, 130-.31 
Postindexing, 136-37 
Predecrement, 12, 131-32 
Preincrement, 129-30 
Preindexing, 134-36 
Primed (alternate) registers, 4, 96, 97 
Processor status (flag) register, 4.34 
Program counter 

CALL, 118-20 
RET, 120-21 

Programmable I/ 0 devices, 58 
adyantages, 58 
CTC, 388, 427-28 
initialization, 385-90 
operating modes, 58 
PIO, 58-64, 404-12, 457-62 
SIO, 388-89, 394-403, 413-24 

Programming model of microprocessor, 433 
Pseudo-operations, x, 455 
PUSH, 14, 141 
Push instructions, 122 

Q 

Queue, 45-46, 414 
Quicksort, 336-46 
Quotation marks around ASCII string, x 



R 
RAM, 481 

filling, 99, 195-97 
initialization, 15-16, 154 
saving data, 13-14 
testing, 347-51 

Read-only memory, 48 
Read-only ports, 53, 158 
Ready flag (for use with interrupts), 394-95 
Real-time clock, 425-32 
Recursive program (quicksort), 3~6-46 
Reenabling interrupts, 65, 124-25 
Reentrancy, 47 
Refresh (R) register, 95, 97 
Register pairs, ix, 2, 433 

instructions, 6, 8 
loading, 11 

Registers, 5-15 
functions, 5 
instructions, 6-8 
length, ix 
names, 2 
order in stack, 65 
passing parameters, 46-47 
primed, 4, 96, 97 
programming model, 433 
saving and restoring, 65, 121 
secondary, 4 
special features, 8-9 
transfers, IO 

Register transfers, 10 
Relative branches, 3-4, 32 
RES, 18, 19, 53-54 
Reset 

CTC, 388 
PIO, 61, 63 
SIO, 389 

Restart instructions, 64, 65, 451, 454 
RETI, 66 
RETN, 66 
Return address, changing of, 120-21 
Return instructions, 120-21 
Return from interrupt instructions, 121 
Return with skip instructions, 120-21 
RL, 20, 53 
RLC, 20 
RLD, 264 
ROM (read-only memory), 48 
Rotation (circular shift), 20-22, 24, 91-92, 282-87 
Row major order (for storing arrays), 205, 209 
RR, 20, 80 
RRC, 20 
RRD, 152-53, 257 
RST, 64, 65, 451, 454 
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s 
Saving and restoring interrupt status, 5, 105, 107, 

124-25 
Saving and restoring registers, 12, 14, 64-66, 121 
SBC A,A (extend Carry across A), 84 
Searching, 35-38, 331-35 
Secondary instructions, 4, 38 
Secondary registers, 4 
Semicolon indicating comment, x 
Serial input/ output, 394-403, 413-24 
SET, 18-20, 53 
Set instructions, 102 
Set Origin (ORG) pseudo-operation, x 
Setting bits to I, 18-20, 102 
Setting directions 

initialization, 158 
PIO (control mode), 60, 63-64, 459 

Setting flags, 86-87 
Shift instructions, 20-24, 89-92, 448 

byte, 181 
diagrams, 21-23 
digit, 152-53 
multibit, 23, 273-87 
multibyte, 273-87 
32-bit left shift, 223 
24-bit left shift, 180 

Sign byte, 184-85 
Sign extension, 20, 23··24, 273-75 
Sign flag, 28-30, 142-43 
Sign function, 84 
Signed division, 220-24 
Signed branches, 28-30, 112·· 13 
Signed numbers, 28-30 
Signs, comparison of~ 29, 222 
SIO (Serial Input/ Output Device), 388-89, 

394- 403, 413-24 
16-bit address format, 5 
16-bit operations, 217-27 

absolute value, 83 
addition, 72-73, 74 
average, 333 
comparison, 81-82, 225 .. 27 
counter, 32-33, 35 
division, 220-24 
flags, effect on, 3 
indexing, 128 
instructions, 443, 447 
multiplication, 217-19 
pop, 12 
push, 14 
registers, ix 
shifts, 89-92 
subtraction, 27, 74-76 
test for zero, 93 
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6800 microprocessor, differences from, 5 
6809 microprocessor, differences from, 5 
Skip instructions, 118, 120-21 
SLA, 20 
Slow instructions, 4, 38 
Software delay, 391-93 
Software stack, 46 
Sorting, 336-46 

references, 338 
SP register. See Stack pointer 
Special cases, 162-63 
Special features of processor, 2-5 
SRA, 20, 23, 80 
SRL, 20, 80 
Stack, 12, 14, 49-51 

cleaning, 49, 50 
data transfers, 12, 14 
diagrams, 50, 51 
downward growth, 5, 12 
overflow, 46 
passing parameters, 49-51 
pointer, 6, 7, 12, 49-51 
POP, 12 
PUSH, 14 
saving registers, 65 
software, 46 
underflow, 46 

Stack pointer 
automatic change when used, 12 
comparison, 82 
contents, 5, 12 
decrementing, 12 
definition, 12 
dynamic allocation of memory, 49, 66, 125-26 
features, 9 
incrementing, 14 
moving to H L, 49 
transfers, 98 

Stack transfers, 12, 14, 46 
Status bit. See Flags; Flag register 
Status signals, 57-58 
Status values in I/ 0, 375 
Store instructions, effect on flags (none), 3 
String operations, 39-40, 288-318 

abbreviations, recognition of, 289, 297, 298 
compacting, 311 
comparison, 288-91 
concatenation, 292-96 
copying a substring, 302-07 
deletion, 308-12 
insertion, 313-18 
matching a substring, 300 
position of substring, 297-301 
search, 39-40 

Strobe, 61-62 
SUB, single operand in, 16 
Subroutine call, 49, 118-20 

saving memory, 68-69 
variable addresses, 118-20 

Subroutine linkage, 49, 103-04, 161 
Subscript, size of, 206, 209, 210 
Subtraction, 74-76 

BCD, 74-76, 231-33 
binary, 74-76, 231-33 
Carry flag, 27, 76 
decimal, 74-76, 231-33 
8-bit, 74-76 
inverted borrow, 75, 76, 142 
multiple-precision, 231-33 
reverse, 75 
16-bit, 27, 74-76 

Subtraction instructions, 74-76 
in reverse, 75 
with borrow, 76 
without borrow, 74-75 

Summation, 33 
binary, 33 
8-bit, 33, 319-21 
16-bit, 322-24 

Systems programs, conflict with, 140 

T 
Table, 38-39, 41, 68, 69, 125, 189-94 
Table lookup, 38-39, 41, 125 
Tail of a queue, 414 
Ten's complement, 82-83 
Terminal I/ 0, 356-67 
Testing, 92-94 

array, 241, 262 
bits, 18, 19, 25-26, 85 
bytes, 92-93 
multiple-precision number, 241, 262 
16-bit number, 93 

32-bit left shift, 223 
Threaded code, 44 
Threshold checking, 27-31 
Timeout, 391-93 
Timing for instructions, 442-52 
Top of stack, 12 
Transfer instructions, effect on flags, 3 
Translate instructions, 125 
Trivial cases, 162 
True comparison, 35, 38 
24-bit left shift, 180 
Two-byte entries, 34-35, 38-39, 125 
Two-dimensional arrays, 42-43, 201-08 
Two's complement, 82-83 
Two's complement overflow, 28-30, 112-13 



u 
Unconditional jump instructions, 102-04 
U nderf1ow of stack, 46 
Upside-down addresses, 5, 11 

v 
Validity check for BCD number, 124 

w 
Wait instructions, 123 
Walking bit test, 347-49 
Wraparound of buffer, 414 
Write-only ports, 53-54, 57-58, 62, 65-66, 157 

z 
Zero flag, 142 

block compares, 37 
block I/ 0, 54 
branches, 142 
comparisons, 26 
inversion in masking, 19, 25 
load instructions, 3 
masking, 19, 93 
position in flag register, ix, 434 
transfer instructions, 3 
uses, 25-27, 31 
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Zero in front of hexadecimal numbers, 149 
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