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request:

1. The FLAG register is pushed onto the system stack.
The INTR inputs are disabled.
TF is cleared, no single step may occur.
The CS register is pushed onto the system stack.
The IP register is pushed onto the system stack.
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The IP register is loaded with the 16-bit data at memory address
00008H.

7. The CS register is loaded with the 16-bit data at memory address
0000AH.

8. The CPU fetches the next instruction from the 20-bit address gen-
erated by the new CS and IP registers.

At this time, the CPU is executing the interrupt service routine for an NMI
interrupt request.

THE INTERRUPT TABLE

Before proceeding with our discussion of the INTR input, let’s examine
the concept of the interrupt table. In our explanation of the NMI interrupt
we stated that addresses 00008H and 0000AH are used for storage of the IP
and CS registers. The values held in these registers are used to generate the
new 20-bit address. These address values were obtained from a sequence

SYSTEM
P STACK
cs
FLAGS

Figure 6.2: Here is how the system stack looks after the FLAGS, CS, and IP registers
\—have been pushed onto the stack during the handling of an interrupt.


















HEXADECIMAL
CONVERSION TABLE

o o1 2 3 45 6 7 8 910112131415 0 0
1| 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 | 25 | 409
2 | 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 | 512 [ @192
3 | 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 | 768 [12288
4 | 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 | 1024 [16384
5 | 8 81 82 83 84 85 8 87 88 89 9% 91 92 93 94 95 | 1280 20480
6 | 9 97 98 99100 101 102 103 104 105 106 107 108 109 110 111 | 1536 | 24576
7 | 12113 114115 116 117 118 119 120 121 122 123 124 125 126 127 | 1792 | 28672
8 [ 128129130 131 132 133 134 135 136 137 138 139 140 141 142 143 | 2048 | 32768
9 | 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 | 2304 | 36864
A | 160 161 162 163 164 165 166 167 168 169 170 171 172173 174 175 | 2560 | 40960
B [ 176177178 179 180 181 182 183 184 185 186 187 188 189 190 191 | 2816 | 45056
C | 192193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 | 3072 | 49152
D | 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 | 3328 | 53248
E | 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 | 3584 |57344
F | 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 | 3840 | 61440
5 4 3 2 1 0
wex|  oec  [mex] oec [wex] oec [mex| ec [mex| oec |mex] oec
0 of o of o of o oo of o 0
1 108576[ 1 ess6f 1 4|1 25 161 1
2 2007152| 2 w072| 2 81922  si2| 2 2| 2 2
3 3145728 3 196608 3 12288 3 7e8| 3 @3 3
4 4194304| 4 262144| 4 16384 4 1024| 4 64| 4 4
5 5242880 5 327,680 5 20480| 5 1,20 5 o s 5
6 6456 326| 6 24576|6 156  %|6 6
7 73e0032| 7 4s8752| 7 Wer2|7 2|7 w27 7
: 8 838B608( 8 524288 32768|8 2048[8 128|8 8
9  9437,184| 9 589824 9 36864 9 23049 1449 9
A 10485760 | A 65530 | A 4090 A 250|A 1e0[A 10
B 11,5343 | B 72089 | B 450%|B 2816| B 176[B 1
c 12582912 C 78432|Cc wmism2|c so2|c  w2|c 2
D 13631488 D 851,%8| D 53248|D 33| D 208[D 13
E 14080004 | E 917,504 | E 57,344 | E 3584 E 224 E 14
F 15728640 F 983040 | F o1440| F 38| F 200|F 15







APPENDIX B
ASCII CONVERSION

HEX MSD 0 1 2 3 4 5 6 7
LSD BITS 000 001 010 011 100101110 111
0 0000 NUL DLE SPACE 0 @ P — p
1 0001 SOH  DCi ! 1 A Q a q
2 0010 STX DC2 ” 2 B R b r
3 0011 ETX DC3 # 3 C S c S
4 0100 EOT DC4 $ 4 D T d t
5 0101 ENQ NAK % 5 E U e v
6 0110 ACK SYN & 6 F \) f v
7 o BEL ETB ’ 7 G w g w
8 1000 BS CAN ( 8 H X h «x
9 1001 HT EM ) 9 | Y i y
A 1010 LF SuB * : J z i z
B 1011 VT ESC + ; K [ k {
C 1100 FF FS , < L \ | --
D 1101 CR GS - = M ] m }
E 1110 SO RS . > N A n ~
F 1111 SI us / ? (e} -« [¢] DEL
THE ASCII SYMBOLS
NUL — Null DLE — Data Link Escape
SOH — Start of Heading DC  — Device Control
STX — Start of Text NAK — Negative Acknowledge
i ETX — End of Text SYN — Synchronous Idle
EOT — End of Transmission ETB — End of Transmission Block
ENQ - Enquiry CAN — Cancel
ACK — Acknowledge — End of Medium
BEL — Bell SUB — Substitute
; BS — Bockspace ESC — Escope
HT  — Horizontal Tabulation FS —File Seporator
LF — Line Feed GS — Group Separator
VT — Vertical Tabulation RS  — Record Separator
FF — Form Feed US = Unit Separator
CR  — Carriage Return SP  — Space (Blank)
SO  — Shift Out DEL — Delete
SI — Shift In







APPENDIX C
DECIMAL TO BCD
CONVERSION TABLE

BCD BCD
0 0000 10 00010000 N 10010000
1 0001 n 00010001 9N 10010001
2 0010 12 00010010 92 10010010
3 oon 13 00010011 93 10010011
4 0100 14 00010100 94 10010100
5 0101 15 00010101 95 10010101
6 o1o 16 00010110 96 10010110
7 o 17 00010111 97 10010111
8 1000 18 00011000 98 10011000
9 1001 19 00011001 9 10011001







APPENDIX D 8086/8088
INSTRUCTION SET
REFERENCE DATA

AAA (no operands) ODITSZAPC
AAA ASCII adjust for addition Flags UuU X U X
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 4 —_ 1 AAA
AAD (no operands) ODITSZAPC
AAD ASCIl adjust for division Flags U XXUXU
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 60 — 2 AAD
AAM (no operands) ODITSZAPC
AAM ASCli adjust for multiply Flags XXUXU
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 83 — 1 AAM
AAS (no operands) ODITSZAPC
AAS ASCll adjust for subtraction Flags 8] UuXuUX
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 4 — 1 AAS
ADC destination,source ODITSZAPC
ADC Add with carry Flags X X X X X
Operands Clocks | Transfers* | Bytes Coding Example
register, register 3 - 2 ADC AX, Sl
register, memory 9+EA 1 2-4 ADC DX, BETA [SI]
memory, register 16+ EA 2 2-4 ADC ALPHA [BX][SI]. DI
register, immediate 4 — 3-4 ADC BX, 256
memory, immediate 17+ EA 2 3-6 ADC GAMMA, 30H
accumulator, immediate 4 — 2-3 ADC AL,5

*For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
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290 PROGRAMMING THE 8086/8088
ADD destination,source ODITSZAPC
ADD Addition Flags X X X X X
Operands Clocks | Transfers*® | Bytes Coding Example
register, register 3 - 2 ADD CX, DX
register, memory 9+EA 1 2-4 ADD DI, [BX].ALPHA
memory, register 16+ EA 2 2-4 ADD TEMP, CL
register, immediate 4 - 34 ADD CL, 2
memory, immediate 17+ EA 2 3-6 ADD ALPHA, 2
accumulator, immediate 4 — 2-3 ADD AX, 200
AND destination,source ODITSZAPC
AND Logical and Flags XXUXO0
Operands Clocks | Transfers* | Bytes Coding Example
register, register 3 - 2 AND AL,BL
register, memory 9+EA 1 2-4 AND CX,FLAG__WORD
memory, register 16+ EA 2 2-4 AND ASCII [DI],AL
register, immediate 4 — 3-4 AND CX,0F0H
memory, immediate 17+EA 2 3-6 AND BETA, 01H
accumulator, immediate 4 - 2-3 AND AX, 010100008
CALL target ODITSZAPC
CALL Call a procedure Flags
Operands Clocks | Transfers* | Bytes Coding Examples
near-proc 19 1 3 CALL NEAR_PROC
far-proc 28 2 5 CALL FAR_PROC
memptr 16 21 +EA 2 2-4 CALL PROC__TABLE [SI]
regptr 16 16 1 2 CALL AX
memptr 32 37+EA 4 2-4 CALL [BX].TASK [SI]
CBW (no operands) ODITSZAPC
Csw Convert byte to word Flags
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 cBwW
CLC (no operands) ODITSZAPC
CLC Clear carry flag Flags 0
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 - 1 CLC
CLD (no operands) ODITSZAPC
CLD Clear direction flag Flags 0
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 CLD

“For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.

Mnemonics © Intel, 1978




APPENDIX D: REFERENCE DATA 291

CLI Ciear inerrup g Flags © ! TS 2APC
Operands Clocks | Transfers* | Bytes Coding Example

(no operands) 2 — 1 CLI

cmC Gomplemantcarry fsg Flags 00! TS 2A7T
Operands Clocks | Transfers* | Bytes Coding Example

(no operands) 2 — 1 CMC

CMP Gompare destinsion o source Fags 5 %' TS X X x x
Operands Clocks | Transfers*® | Bytes Coding Example

register, register 3 — 2 CMP BX, CX

register, memory 9+EA 1 2-4 CMP DH, ALPHA

memory, register 9+ EA 1 2-4 CMP |BP+2], SI

register, immediate 4 — 34 CMP BL, 02H

memory, immediate 10+ EA 1 3-6 CMP [BX|.RADAR |D!], 3420H

accumulator, immediate 4 — 2-3 CMP AL, 000100008

CMPS gglr::a(:eesstt-rsi:‘r;ng.source-smng Flags (;)( DIT )S( i Q i;( (;
Operands Clocks | Transfers* | Bytes Coding Example

dest-string, source-string 22 2 1 CMPS BUFF1, BUFF2

(repeat) dest-string. source-string 9+22/rep 2/rep 1 REPE CMPS ID, KEY

CWD Gonvertward o doubleword Fags ©°!TSZATE
Operands Clocks | Transfers* | Bytes Coding Example

(no operands) 5 — 1 CWD

DAA B e tton o 30T S5 5%S
Operands Clocks | Transfers* | Bytes Coding Example

(no operands) 4 — 1 DAA

DAS g::r(nna?:gji;a(nfgf)subtraction Flags 3 T ?( f( ; ; 2
Operands Clocks | Transfers* | Bytes Coding Example

(no operands) 4 — 1 DAS

*For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
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DEC destination ODITSZAPC
DEC Decrement by 1 Flags X XX XX
Operands Clocks | Transfers*® | Bytes Coding Example
reg16 2 — 1 DEC AX
reg8 3 — 2 DEC AL
memory 15+EA 2 2-4 DEC ARRAY [Si]
DIV source ODITSZAPC
DIV Division, unsigned Flags Uuuuuuy
Operands Clocks | Transfers*® | Bytes Coding Example
reg8 80-90 - 2 DIV CL
reg16 144-162 - 2 DIV BX
mem8 (86-96) 1 2-4 DIV ALPHA
+EA
mem16 (150-168) 1 2-4 DIV TABLE [SI]
+EA
ESC ESC external-opcode,source Flags ODITSZAPC
Escape 9
Operands Clocks | Transfers* | Bytes Coding Example
immediate, memory 8+EA 1 2-4 ESC 6,ARRAY [SI]
immediate, register 2 — 2 ESC 20,AL
HLT HLT (no operands) Flags ODITSZAPC
Halt 9
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 —_ 1 HLT
IDIV source ODITSZAPC
IDIV Integer division Flags Uuuuu
Operands Clocks | Transfers* | Bytes Coding Example
reg8 101-112 - 2 IDIV BL
reg16 165-184 - 2 DIV CX
mem8 (107-118) 1 2-4 IDIV DIVISOR_BYTE [SI]
+EA
mem16 (171-190) 1 2-4 IDIV [BX].DIVISOR_WORD
+EA

*For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 18-bit word transfer.
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Interrupt if INTR and IF=1

IMUL source ODITSZAPC
IMUL Integer multiplication Flags X Uuuu X
Operands Clocks | Transfers* | Bytes Coding Example
reg8 80-98 —_ 2 IMUL CL
reg16 128-154 - 2 IMUL BX
mems8 (86-104) 1 2-4 IMUL RATE BYTE
+EA
mem16 (134-160) 1 2-4 IMUL RATE WORD [BP] [DI]
+EA
IN IN accumulator,port Flags ODITSZAPC
Input byte or word 9
Operands Clocks | Transfers* | Bytes Coding Example
accumulator, immed8 10 1 2 IN AL. OFFEAH
accumulator, DX 8 1 1 IN AX. DX
INC destination ODITSZAPC
INC Increment by 1 Flags X X X X
Operands Clocks | Transfers*® | Bytes Coding Example
reg16 2 — 1 INC CX
reg8 3 — 2 INC BL
memory 15+ EA 2 2-4 INC ALPHA (DI} BX]
INT INT interrupt-type Flags ODITSZAPC
Interrupt 9 00
Operands Clocks | Transfers* | Bytes Coding Example
immed8 (type = 3) 52 5 1 INT 3
immed8 (type # 3) 51 5 2 INT 67
|NTR‘|' INTR (external maskable interrupt) Flags ODITSZAPC

00

Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 61 7 N/A N/A
|NT° |NTO(no‘operands) Flags ODITSZAPC
Interrupt if overflow 00
Operands Clocks | Transfers*® | Bytes Coding Example
(no operands) 53o0r4 5 1 INTO

*For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
$INTR is not an instruction; it is included .only for timing information.
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IRET (no operands) ODITSZAPC
IRET Interrupt Return Flags 2 RRRRRRRR
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 24 3 1 IRET
JA/JNBE JA/JNBE short-label Flags ODITSZAPC
Jump if above/Jump if not below nor equal 9
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16or4 - 2 JA ABOVE
JAE/JNB JAE/JNB short-label Flags ODITSZAPC
Jump if above or equal/Jump if not below 9
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16or4 - 2 JAE ABOVE EQUAL
JB/JNAE JB/JNAE short-label Flaas ODITSZAPC
Jump if below/Jump if not above nor equal 9
Operands Clocks | Transfers® | Bytes Coding Example
short-label 16or4 — 2 JB BELOW
JBE/JNA short-label ODITSZAPC
J BE/JNA Jump if below or equal/Jump if not above Flags
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16 0r4 — 2 JNA NOT ABOVE
JC short-label ODITSZAPC
Jc Jump if carry Flags
Operands Clocks | Transfers* | Bytes Coding Example
short-label 160r4 — 2 JC CARRY SET
JCXZ short-label ODITSZAPC
JCXZ Jump if CX is zero Flags
Operands Clocks | Transfers* | Bytes Coding Example
short-label 180r6 - 2 JCXZ COUNT DONE
JE/JZ JE/JZ short-label Flags ODITSZAPC
Jump if equal/Jump if zero 9
Operands Clocks | Transfers* | Bytes Coding Example
short-label 160r4 — 2 JZ ZERO

*For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
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JG/JNLE jsx\:'::;::g:;lj:;lpifnot less nor equal Flags OpITSZARC
Operands Clocks | Transfers* | Bytes Coding Example

short-label 160rd — 2 JG GREATER

JGE/JNL jﬁﬁ;‘:f";r::g:iarl;ﬂual/Jump if notless Flags oprTSZARC
Operands Clocks | Transfers* | Bytes Coding Example

short-label 16ord - 2 JGE GREATER_EQUAL

JL/INGE jtrlt;’:i?;::lc.’lrs-ln:gﬁ‘notgreater nor equal Flags cplrszare
Operands Clocks | Transfers*® | Bytes Coding Example

short-label 16or4 — 2 JL LESS

JLE/JNG jtrig:g::g:t::t?::uump if not greater Flags OpITSZAPRC
Operands Clocks | Transfers® | Bytes Coding Example

short-label 16or4 - 2 JNG NOT_GREATER

JMP jrnl:;arget Flags ODITSZAPC
Operands Clocks | Transfers* | Bytes Coding Example

short-label 15 - 2 JMP SHORT

near-label 15 - 3 JMP WITHIN_SEGMENT

far-label 15 - 5 JMP FAR__LABEL

memptr16 18+EA 1 2-4 JMP [BX].TARGET

regptri6 1" - 2 JMP CX

memptr32 24+EA 2 2-4 JMP OTHER.SEG [SI]

INC i Fuge 0! TSZAPC
Operands Clocks | Transfers* | Bytes Coding Example

short-label 160r4 - 2 JNC NOT_CARRY

JNE/JNZ j:rf\:).'ir:ostl:r\:‘alla/zet:mp if not zero Flags opiTszarc
Operands Clocks | Transfers* | Bytes Coding Example

short-label 16or4 - 2 JNE NOT_EQUAL

*For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
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JNO short-label ODITSZAPC
JNO Jump if not overflow Flags
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16o0r4 — 2 JNO NO__OVERFLOW
JNP/JPO short-label ODITSZAPC
JNP/J PO Jump if not parity/Jump if parity odd Flags
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16or4 — 2 JPO ODD__PARITY
JNS short-label ODITSZAPC
JINS Jump if not sign Flags
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16o0r4 - 2 JNS POSITIVE
JO JO short-label Flags ODITSZAPC
Jump if overfiow 9
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16o0r4 — 2 JO SIGNED__OVRFLW
JP/JPE JP/JPE short-label Flags ODITSZAPC
Jump if parity/Jump if parity even 9
Operands Clocks | Transfers* | Bytes Coding Example
short-label 160r4d - 2 JPE EVEN__PARITY
JS JS short-label Flags ODITSZAPC
Jump if sign 9
Operands Clocks | Transfers* | Bytes Coding Example
short-label 160r4 - 2 JS NEGATIVE
LAHF (no operands) ODITSZAPC
LAHF Load AH from flags Flags
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 4 - 1 LAHF
LDS destination,source ODITSZAPC
LDS Load pointer using DS Flags
Operands Clocks Transfers | Bytes Coding Example
reg16, mem32 16+ EA 2 2-4 LDS SI,DATA.SEG [DI]

“For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
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LEA destination,source ODITSZAPC
LEA Load effective address Flags
Operands Clocks | Transfers* | Bytes Coding Example
reg16, mem16 2+EA - 2-4 LEA BX, [BP][DI]
LES destination,source ODITSZAPC
LES Load pointer using ES Flags
Operands Clocks | Transfers* | Bytes Coding Example
reg16, mem32 16+ EA 2 2-4 LES DI, [BX].TEXT_BUFF
LOCK (no operands) ODITSZAPC
LOCK Lock bus Flags
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 - 1 LOCK XCHG FLAG,AL
LODS source-string ODITSZAPC
LODS Load string Flags
Operands Clocks | Transfers* | Bytes Coding Example
source-string 12 1 1 LODS CUSTOMER__.NAME
(repeat) source-string 9+13/rep 1/rep 1 REP LODS NAME
LOOP short-label ODITSZAPC
LOOP Loop Flags
Operands Clocks | Transfers*® | Bytes Coding Example
short-label 1715 - 2 LOOP AGAIN
LOOPE/LOOPZ LOOPE/LOOPZ short-label Flags ODITSZAPC
Loop if equal/Loop if zero 9
Operands Clocks | Transfers* | Bytes Coding Example
short-label 180r6 — 2 LOOPE AGAIN
LOOPNE/LOOPNZ LOOPNE/LOOPNZ short-label Flags ODITSZAPC
Loop if not equal/Loop if not zero 9
Operands Clocks | Transfers* | Bytes Coding Example
short-label 190r5 - 2 LOOPNE AGAIN
1’ NMI (external nonmaskable interrupt) OSITSZAPC
NMI Interrupt if NMI =1 Flags 00
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 50 5 N/A N/A

*For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
1NMI is not an instruction; it is included only for timing information.
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MOV destination,source ODITSZAPC
MOV Move Flags
Operands Clocks | Transfers* | Bytes Coding Example
memory, accumulator 10 1 3 MOV ARRAY [SI], AL
accumulator, memory 10 3 MOV AX, TEMP_RESULT
register, register 2 — 2 MOV AX,CX
register, memory 8+EA 1 2-4 MOV BP, STACK_TOP
memory, register 9+EA 1 2-4 MOV COUNT [DI], CX
register, immediate 4 - 23 MOV CL, 2
memory, immediate 10+ EA 1 3-6 MOV MASK [BX][SI], 2CH
seg-reg, reg16 2 — 2 MOV ES, CX
seg-reg, mem16 8+EA 1 2-4 MOV DS, SEGMENT__BASE
reg16, seg-reg 2 — 2 MOV BP, SS
memory, seg-reg 9+EA 1 2-4 MOV [BX].SEG__SAVE, CS
MOVS MOVS dest-string,source-string Flags ODITSZAPC
Move string 9
Operands Clocks | Transfers* | Bytes Coding Example
dest-string, source-string 18 2 1 MOVS LINE EDIT_DATA
(repeat) dest-string, source-string 9+17/rep 2/rep 1 REP MOVS SCREEN, BUFFER
MOVSB/MOVSW MOVSB/MOVSW (no operands) Flags ODITSZAPC
Move string (byte/word) 9
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 18 2 1 MOVSB
(repeat) (no operands) 9+17/rep 2/rep 1 REP MOVSW
MUL source ODITSZAPC
MUuL Multiplication, unsigned Flags X Uuuu X
Operands Clocks | Transfers* | Bytes Coding Example
reg8 70-77 - 2 MUL BL
reg16 118-133 - 2 MUL CX
mem8 (76-83) 1 2-4 MUL MONTH [SI]
+EA
mem16 (124-139) 1 2-4 MUL BAUD__RATE
+EA
NEG destination ODITSZAP
NEG Negate Flags XXX X1
Operands Clocks | Transfers* | Bytes Coding Example
register 3 - 2 NEG AL
memory 16+EA 2 2-4 NEG MULTIPLIER

*0if destination =0

*For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
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NOP

NOP (no operands)
No Operation

Flags ODITSZAPC

Operands Clocks | Transfers* | Bytes Coding Example
{no operands) 3 — 1 NOP
NOT destination ODITSZAPC
NOT Logical not Flags
Operands Clocks | Transfers* | Bytes Coding Example
register 3 - 2 NOT AX
memory 16 +EA 2 2-4 NOT CHARACTER
OR destination,source ODITSZAPC
OR Logical inclusive or Flags 0 XXUXO0
Operands Clocks | Transfers* | Bytes Coding Example
register, register 3 - 2 OR AL.BL
register, memory 9+EA 1 2-4 OR DX, PORT ID|(DI|
memory, register 16+ EA 2 2-4 OR FLAG BYTE,CL
accumulator, immediate 4 — 2-3 OR AL, 01101100B
register, immediate 4 - 3-4 OR CX,01H
memory, immediate 17+EA 2 3-6 OR [BX].CMD WORD,0CFH
OUT port,accumulator ODITSZAPC
ouT Output byte or word Flags
Operands Clocks | Transfers* | Bytes Coding Example
immed8, accumulator 10 1 2 OUT 44, AX
DX, accumulator 8 1 1 OUT DX, AL
POP destination ODITSZAPC
POP Pop word off stack Flags
Operands Clocks | Transfers* | Bytes Coding Example
register 8 1 1 POP DX
seg-reg (CS illegal) 8 1 1 POP DS
memory 17+EA 2 2-4 POP PARAMETER
POPF (no operands) ODITSZAPC
POPF Pop flags off stack Flags R RRRRRRRR
Operands Clocks | Transfers*® | Bytes Coding Example
(no operands) 8 1 1 POPF

*For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
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PUSH source ODITSZAPC
PUSH Push word onto stack Flags
Operands Clocks | Transfers* | Bytes Coding Example
register 1 1 1 PUSH SI
seg-reg (CS legal) 10 1 1 PUSH ES
memory 16+ EA 2 2-4 PUSH RETURN__CODE [SI]
PUSHF (no operands) ODITSZAPC
PUSHF Push flags onto stack Flags
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 10 1 1 PUSHF
RCL destination,count ODITSZAPC
RCL Rotate left through carry Flags X X
Operands Clocks | Transfers*® | Bytes Coding Example
register, 1 2 — 2 RCL CX, 1
register, CL 8+ 4/Dbit - 2 RCL AL,CL
memory, 1 15+ EA 2 2-4 RCL ALPHA,1
memory, CL 20+ EA + 2 2-4 RCL [BP].PARM,CL
4/bit
RCR designation,count ODITSZAPC
RCR Rotate right through carry Flags X X
Operands Clocks | Transfers* | Bytes Coding Example
register, 1 2 - 2 RCR BX,1
register, CL 8+4/bit - 2 RCR BL,CL
memory, 1 15+ EA 2 2-4 RCR [BX].STATUS, 1
memory, CL 20+EA+ 2 24 RCR ARRAY [DI],CL
4/bit
REP (no operands) ODITSZAPC
REP Repeat string operation Flags
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 - 1 REP MOVS DEST, SRCE
REPE/REPZ REPE/REPZ (no operands) . Flags ODITSZAPC
Repeat string operation while equal/while zero
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 REPE CMPS DATA, KEY

*For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
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REPNE/REPNZ REPNE/REPNZ (no operands) Flags ODITSZAPC
Repeat string operation while not equal/not zero 9
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 REPNE SCAS INPUT LINE
RET optionai-pop-value ODITSZAPC
RET Return from procedure Flags
Operands Clocks | Transfers* | Bytes Coding Example
(intra-segment, no pop) 8 1 1 RET
(intra-segment, pop) 12 1 3 RET 4
(inter-segment, no pop) 18 2 1 RET
(inter-segment, pop) 17 2 3 RET 2
ROL destination,count ODITSZAPC
ROL Rotate left Flags X X
Operands Clocks Transfers | Bytes Coding Examples
register, 1 2 — 2 ROL BX, 1
register, CL 8+ 4/bit —_ 2 ROL DI, CL
memory, 1 15+ EA 2 2-4 ROL FLAG _ BYTE [D1],1
memory, CL 20+EA + 2 2-4 ROL ALPHA ,CL
4/Dbit
ROR destination,count ODITSZAPC
ROR Rotate right Flags X X
Operand Clocks | Transfers* | Bytes Coding Example
register, 1 2 — 2 ROR AL, 1
register, CL 8 +4/bit — 2 ROR BX, CL
memory, 1 15+ EA 2 2-4 ROR PORT__STATUS, 1
memory, CL 20+EA+ 2 2-4 ROR CMD . WORD, CL
4/Dbit
SAHF (no operands) ODITSZAPC
SAHF Store AH into flags Flags RRRRR
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 4 —_ 1 SAHF
SAL/SHL destination,count ODITSZAPC
SAL/SHL Shift arithmetic left/Shift logical left Flags X
Operands Clocks | Transfers* | Bytes Coding Examples
register,1 2 — 2 SAL AL
register, CL 8+4/bit — 2 SHL DI, CL
memory,1 15+EA 2 2-4 SHL [BX].OVERDRAW, 1
memory, CL 20+EA+ 2 2-4 SAL STORE COUNT,CL
4/bit

*For the 8086, add four clocks for each 18-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
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SAR destination,source ODITSZAPC
SAR Shift arithmetic right Flags XXUXX
Operands Clocks | Transfers* | Bytes Coding Example
register, 1 2 - 2 SAR DX, 1
register, CL 8+ 4/bit - 2 SAR DI.CL
memory, 1 15+ EA 2 2-4 SAR N BLOCKS. 1
memory, CL 20+ EA+ 2 2-4 SAR N BLOCKS.CL
4/bit
SBB destination,source ODITSZAPC
SBB Subtract with borrow Flags X XX XXX
Operands Clocks | Transfers* | Bytes Coding Example
register, register 3 - 2 SBB BX,CX
register, memory 9+ EA 1 2-4 SBB DI, [BX].PAYMENT
memory, register 16 +EA 2 2-4 SBB BALANCE. AX
accumulator, immediate 4 - 2-3 SBB AX,2
register, immediate 4 — 3-4 SBB CL.1
memory, immediate 17+EA 2 3-6 SBB COUNT[SI]. 10
SCAS dest-string ODITSZAPC
SCAS Scan string Flags X X X X X
Operands Clocks | Transfers*® | Bytes Coding Example
dest-string 15 1 1 SCAS INPUT LINE
(repeat) dest-string 9+15/rep 1/rep 1 REPNE SCAS BUFFER
SEGMENTT SEGMENT override prefix Flags ODITSZAPC
Override to specified segment 9
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 - 1 MOV SS:PARAMETER. AX
SHR destination,count ODITSZAPC
SHR Shift logical right Flags X
Operands Clocks | Transfers* | Bytes Coding Example
register, 1 2 — 2 SHR SI, 1
register, CL 8+ 4/Dbit — 2 SHR SI, CL
memory, 1 15+ EA 2 2-4 SHR ID BYTE [SI]|[BX]. 1
memory, CL 20+ EA + 2 2-4 SHR INPUT WORD, CL
4/bit
1’ SINGLE STEP (Trap flag interrupt) ODITSZAPC
SINGLE STEP Interrupt if TF =1 Flags 00
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 50 5 N/A N/A

*For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
TASM-88 incorporates the segment override prefix into the operand specification and not as a separate instruction. SEGMENT is included

only for timing information.

1SINGLE STEP is not an instruction, it is included only for timing information.
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STC (no operands) ODITSZAPC
STC Set carry flag Flags 1
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 STC
STD (no operands) ODITSZAPC
STD Set direction flag Flags 1
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 - 1 STD
STl (no operands) ODITSZAPC
sTI Set interrupt enable flag Flags 1
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 STI
STOS dest-string ODITSZAPC
STOS Store byte or word string Flags
Operands Clocks | Transfers® | Bytes Coding Example
dest-string 1 1 1 STOS PRINT LINE
(repeat) dest-string 9+10/rep 1/rep 1 REP STOS DISPLAY
SUB destination,source ODITSZAPC
sus Subtraction Flags X X X X X
Operands Clocks | Transfers* | Bytes Coding Example
register, register 3 — 2 SUB CX, BX
register, memory 9+EA 1 2-4 SUB DX, MATH__TOTAL [SI]
memory, register 16+EA 2 2-4 SUB [BP+2],CL
accumulator, immediate 4 - 2-3 SUB AL, 10
register, immediate 4 — 34 SUB SI, 5280
memory, immediate 17+EA 2 3-6 SUB [BP].BALANCE, 1000
TEST destination,source ODITSZAPC
TEST Test or non-destructive logical and Flags 0 XXUXO0
Operands Clocks | Transfers® | Bytes Coding Example
register, register 3 - 2 TEST SI, DI
register, memory 9+EA 1 2-4 TEST SI, END_COUNT
accumulator, immediate 4 - 23 TEST AL, 001000008
register, immediate 5 - 3-4 TEST BX, 0CC4H
memory, immediate 11+EA — 36 TEST RETURN__CODE, 01H

*For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
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WAIT (no operands) ODITSZAPC
WAIT Wait while TEST pin not asserted Flags
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 3+ 5n — 1 WAIT
XCHG XCHG destination,source Flags ODITSZAPC
Exchange 9
Operands Clocks | Transfers* | Bytes Coding Example
accumulator, reg16 3 — 1 XCHG AX, BX
memory, register 17+EA 2 2-4 XCHG SEMAPHORE, AX
register, register 4 — 2 XCHG AL, BL
XLAT source-table ODITSZAPC
XLAT Translate Flags
Operands Clocks | Transfers* | Bytes Coding Example
source-table 1 1 1 XLAT ASCII_TAB
XOR destination,source ODITSZAPC
XOR Logical exclusive or Flags 0 XXUuXxo
Operands Clocks | Transfers* | Bytes Coding Example
register, register 3 - 2 XOR CX, BX
register, memory 9+EA 1 2-4 XOR CL, MASK__BYTE
memory, register 16+ EA 2 2-4 XOR ALPHA [SI], DX
accumulator, immediate 4 — 23 XOR AL, 010000108
register, immediate 4 — 3-4 XOR SlI, 00C2H
memory, immediate 17+EA 2 3-6 XOR RETURN__CODE, 0D2H

“For the 8088, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
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AAA (ASCII adjust for addition), 68

AAD (ASCII adjust for division), 69

AAM (ASCII adjust for multiply), 70

AAS (ASCII adjust for subtrac-
tion), 71

ADC (add with carry), 72

ADD (addition), 73

AF (auxilliary carry flag), 42

AH register, 40

AL register, 40

ALU, definition of, 31

AND (and logical), 74, 75

AX register, 40

Accessing 8 bits at an even
address, 49

Accessing 8 bits at an odd address, 50

Accessing 16 bits at an even
address, 49

Accessing 16 bits at an odd
address, 50, 51

Addition, BCD 8 bit, 180-184

Addition, 8 bit, 176179

Addition, 16 bit, 179-180

Address generation, 5254

Addressing, direct, 56, 57

Addressing, fixed port I/O, 216, 217

Addressing, immediate, 55, 56

Addressing, 1/0, 213-215

Addressing, register indirect, 57

Addressing, register indirect with a
base and index register, 57, 58

Addressing, register indirect with a
base + index + displacement, 58
Addressing, register indirect with
displacement, 57
Addressing, variable port I/O, 216,
217
Aligned and non-aligned words, 51,
52
Alphanumeric data, 20, 21
Architecture, internal
microprocessor, 30—34
Architecture, microprocessor
system, 28-30
Arithmetic programs, 176188
Arithmetic, BCD, 180-184
ASCII conversion table, 285
Assembler, 271-279
Assembler directives, 278
Assembler fields, 272, 273
Assembly language, 275-279
constants or literals, 276
labels, 276
operators, 277, 278
programming in, 265
symbols, 275, 276

BCD addition, 8 bit, 180184
BCD arithmetic, 180-184

BCD representation, 17, 18
BCD subtraction, 8 bit, 184, 185
BHE, 48
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BIOS
definition of, 242
parameter passing, 245, 246
preamble, 246
using, 243-245
BIU, 37-39
BP register, 40
BX, BL, BH register, 40
Base pointer, 40
Basic 1/O system, definition of, 242
Binary coded decimal, example, 17,
18
Binary data, 6-10, 21
signed, 8, 9
Binary division, 186, 187
Bit, D, 60, 61
Bit, Mod, 60, 61
Bit, W, 59, 60
Block diagram of 8086/8088, 38
Block diagram of flags and
registers, 43
Bus interface unit, 38, 39

CALL (call procedure), 76, 77

CALL, inter-segment, 191

CALL, intra-segment, 191

CBW (convert byte to word), 78

CF (carry flag), 42

CLC (clear carry), 79

CLD (clear direction flag), 80

CLI (clear interrupt enable flag), 81

CMC (compliment carry flag), 82

CMP (compare), 83

CMPS (compare string), 84

CPU, resetting of, 206

CS (code segment), 40

CWD (convert word to double
word), 85

CX, CH, CL register, 40

Call-return mismatch, 191, 192

Carry, examples of, 13-16

Code, object, 58-62
Connecting a PIO to the CPU, 228,

229
Conversion table

ASCII, 285
decimal to BCD, 287
hexadecimal, 283
Creative Microprocessor
Systems, 280
Cycle, instruction (definition of),
34-37

D bit, 60, 61
DAA (decimal adjust for addition), 86
DAS (decimal adjust for subtraction),
87
DEC (decrement), 88
DF (direction flag), 42
DIV (divide), 89
DS (data segment), 40
DX, DH, DL register, 40
Data
alphanumeric, 20, 21
binary, 6-10, 21
hexadecimal, 22-24
numeric, 5, 6
octal, 22-24
one’s complement, 9, 10
signed binary, 8, 9
two’s complement, 10-13
Decimal-to-BCD conversion
table, 287
Decimal-to-Binary conversion, 6
Delay generation, software for, 221,
222
Destination index register, 40
Development sequence, software
for, 268, 269
Development system, 270
Device, 1/0, 215, 216
Direct addressing, 56, 57
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Directives, assembler, 278
Division
binary, 186, 187
with the 8086/8088, 187, 188
Eight-bit addition, 176-179
BCD, 180-184
Eight-bit subtraction, BCD, 184, 185
Error messages, assembler, 274
ESC (escape), 91
EU, 38, 39
EX (extra segment}, 40
Execution unit, 37-39

Fetching, definition of, 35
Field, R/M, 60, 61
Field, reg, 59, 60
Fixed-port addressing, 216, 217
Flags and registers, block

diagram, 43
Flags for 8086/8088, 41-43
Floating-point representation, 18—-20
Flowcharting, definition of, 3, 4

General registers, 8086/8088, 39-45

Generating a signal with software,
220

Generating the address, 52-54

HLT (halt), 92
Hardware alternatives, 269-271
Hardware resources, summary

of, 271
Hexadecimal conversion table, 283
Hexadecimal data, 22-24
High-level programming, 265, 266

1/0, 210-239

/O addressing, 213215

1/0, definition of, 212, 213

1/0 device, definition of, 215, 216
1/0 example, 8255, 224-234

1/O, reserved space, 215

IDIV (integer divide), 93

IF (interrupt enable flag), 42

IMUL (integer multiply), 95

IN (input), 96

INC (increment), 97

INT (interrupt), 98

INTO (interrupt on overflow), 99

INTR, 202, 203

IRET (interrupt return), 100

Immediate addressing, 55

Index register, definition of, 33

Information representation, 4—25

Input and output, 210-239

Input and output addressing,
213-215

Input and output, definition
of, 212, 213

Input and output, reserved
space, 215

Input instruction, example of, 216

Input ports, 8086, 219

Input ports, 8088, 219

Instruction address generation,
52-54

Instruction cycle, general definition,
34-37

Instruction pointer, 41

Instructions, summary of 8086/8088,
289-305

Inter-segment call, 191

Interfacing the 8253 to the CPU,
235-238

Internal interrupts, 203, 205

Internal microprocessor
architecture, 30-34

Internal organization of 8086/8088,
37-45

Interrupt table, 197-201

Interrupt, definition of, 196

Interrupts, general information, 196,197
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Interrupts, internal, 203, 205
Interrupts, intr, 202, 203
Interrupts, non-maskable, 197, 202
Interrupts, reserved, 202
Interrupts, return from, 205, 206
Interrupts, software, 203 -205
Intra-segment call, 191

JA (jump on above), 101

JAE (jump on above or equal), 102

JB (jump on below), 103

JBE (jump on below or equal), 104

JC (jump on carry), 105

JCXZ (jump if CX register zero), 106

JE (jump on equal), 107

JG (jump on greater than), 108

JGE (jump on greater than or
equal), 109

JL (jump on less), 110

JLE (jump on less than or equal), 111

JMP (jump unconditionally), 112, 113

JNA (jump on not above)}, 104

JNAE (jump on not above or equal),
103

JNB (jump on not below), 102

JNBE (jump on not below or
equal), 101

JNC (jump on not carry), 114

JNE (jump on not equal to), 115

JNG (jump on not greater than), 111

INGE (jump on not greater than or
equal), 110

JNL (jump on not less), 109

JNLE (jump on not less or equal), 108

JNO (jump on not overflow), 116

JNP (jump on not parity), 118

JNS (jump on not sign), 117

JNZ (jump on not zero), 115

JO (jump on overflow), 119

JP (jump on parity even), 120

JPE (jump on parity equal), 120

JPO (jump on parity odd), 118
]S (jump on sign}, 121
JZ (jump on zero), 107

Keyboard scanning program,
232-234
Keyboard, 1/0, 253-255

LAHF (load register AH from
flags), 122

LDS (load pointer using DS), 123
LEA (load effective address), 124
LES (load pointer using ES), 125
LOCK (lock the bus), 126

LODS (load string), 127

LOOP (loop if CX not zero), 128
LOOPE (loop while equal), 129
LOOPNE (loop while not equal), 130
LOOPNZ (loop while not zero), 130
LOOPZ (loop while zero), 129

Memory organization for 8086/8088,
48-54

Microcomputer, hobby type, 270, 271

Microcomputer, single board, 270

Microprocessor system architecture,
28-30

Mismatch, call-return, 191, 192

Mod bit, 60, 61

MOV (move byte or word), 131, 132

MOVS (move string), 133

MUL (multiply), 134

Multiplication, 185, 186

NEG (negate—-form 2’s complement),
135

NMI, 197-202

NOP (no operation), 136

NOT (logical not), 137

Non-aligned words, 51, 52
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Non-maskable interrupts, 197 —202
Numeric data, representation of, 5, 6

OF (overflow flag), 42
OR (logical OR), 138, 139
OUT (output), 140
Obiject code, 58-62
for index and base register, 62
Octal data, 22-24
One’s complement data, 9, 10
Operators, assembly language, 277,
278
Output instruction, example of, 218
Output port, 8086, 219
Output ports, 8088, 219
Overflow, examples of, 13-16

PF (parity flag), 42
PIO, 8255, 224-234
PIO, overview, 226
POP (pop stack), 144
POPF (pop flags), 142
PUSH (push data on top of stack]), 143
Parameter passing, BIOS, 245, 246
Port addressing

fixed, 216, 217

variable port, 217, 218
Preamble, BIOS, 246
Printer, I/O 246
Program counter, definition of, 33
Program, 8088, 261
Programming a P10, 229-234
Programming choices, general,

264266
Programming, assembly language,
265

Programming, definition of, 2
Programming, high level, 265, 266
Programs, arithmetic, 176-188
Pulse generation, software, 221

R/M field, 60, 61

RCL (rotate through carry left), 145

RCR (rotate through carry right), 146

REP (repeat), 147

REPE (repeat while equal), 147

REPNE (repeat while not equal), 148

REPNZ (repeat while not zero), 148

REPZ (repeat while zero), 147

RET (return), 149

ROL (rotate left), 151

ROR (rotate right), 152

RS-232, 1/0O, 246-258

Reading 8 bits at an even address, 49,
50

Reading 8 bits at an odd address, 49,
50

Reading 16 bits at an even address,
49-50

Reg field, 59, 60

Register addressing, 55, 56

Register indirect addressing, 57

Register indirect with a base and
index register addressing, 57, 58

Register indirect with base + index
+ constant, 58

Register indirect with displacement,
57

Registers and flags, block diagram,
43

Registers, internal for 8086/8088,
39-45

Representation of information, 4-25

Reserved I/O space, 215

Reserved interrupts, 202

Resetting the CPU, 206

Return from interrupts, 205, 206

SAHF (store register AH into
flags), 153

SAL (shift arithmetic left), 154

SAR (shift arithmetic right), 156
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SBB (subtract with borrow), 158

SCAS, 159

SCAS (scan string), 159

SF (sign flag), 42

SHL (shift logical left), 154

SHR (shift logical right), 160

SP register, 40

SS (stack segment), 40

STC (set carry), 162

STD (set direction flag), 164

STI (set interrupt enable flag), 164

STOS (store string), 165

SUB (subtract) 166

Signed binary data, 8, 9

Single board microcomputer, 270

Sixteen-bit addition, 179-180

Sixteen-bit multiplication, 185, 186

Sixteen-bit subtraction, 180

Software development sequence,
268, 269

Software interrupts, 203, 205

Software support, 266-268

Software, assembler, 271-279

Source index register, 40

Space reserved for /0, 215

Stack pointer register, 40

Stack pointer, definition of, 33

Stack, definition of, 33

Subroutines, 188-193

Subtraction, 16 bit, 180

Subtraction, BCD 8 bit, 184, 185

Summary of 8086/8088 instructions,
289-305

Support, software, 266—-268

Symbols, assembly language, 275,
276

System, training, 280

TEST (test bits), 167

TF (trap flag), 42

Table, interrupt, 197, 201
Timer chip, 8253, 235-238
Training system, 280

Two’s complement data, 10-13

Variable port addressing, 217, 218

W bit, 59, 60
WAIT (wait), 169
Word, aligned, 51-52

XCHG (exchange), 170
XLAT (translate), 171
XOR (exclusive or), 172

ZF (zero flag), 42






The SYBEX Library

INTRODUCTION TO COMPUTERS

DON’T (or How to Care for Your Computer)

by Rodnay Zaks 214 pp., 100 illustr., Ref. 0-065

The correct way to handle and care for all elements of a computer system,
including what to do when something doesn’t work.

YOUR FIRST COMPUTER

by Rodnay Zaks 258 pp., 150 illustr., Ref. 0-045

The most popular introduction to small computers and their peripherals: what
they do and how to buy one.

INTERNATIONAL MICROCOMPUTER DICTIONARY

120 pp., Ref. 0-067

All the definitions and acronyms of microcomputer jargon defined in a handy
pocket-size edition. Includes translations of the most popular terms into ten
languages.

FROM CHIPS TO SYSTEMS:

AN INTRODUCTION TO MICROPROCESSORS

by Rodnay Zaks 552 pp., 400 illustr., Ref. 0-063

A simple and comprehensive introduction to microprocessors from both a
hardware and software standpoint: what they are, how they operate, how to
assemble them into a complete system.

FOR YOUR APPLE

THE EASY GUIDE TO YOUR APPLE II®
by Joseph Kascmer 160 pp., illustr., Ref. 0-0122
A friendly introduction to using the Apple II, II plus, and the new Ile.

BASIC EXERCISES FOR THE APPLE®

by J. P. Lamoitier 250 pp., 90 illustr., Ref. 0-084

Teaches Apple BASIC through actual practice, using graduated exercises
drawn from everyday applications.

APPLE II® BASIC HANDBOOK

by Douglas Hergert, 144 pp., Ref. 0-115

A complete listing with descriptions and instructive examples of each of the
Apple II BASIC keywords and functions. A handy reference guide, organized
like a dictionary.



APPLE II® BASIC PROGRAM IN MINUTES

by Stanley R. Trost 150 pp., illustr,, Ref. 0-121

A collection of ready-to-run programs for financial calculations, investment
analysis, record keeping, and many more home and office applications. These
programs can be entered on your Apple II plus or Ile in minutes!

YOUR FIRST APPLE II® PROGRAM

by Rodnay Zaks 150 pp. illustr, Ref. 0-136

A fully illustrated, easy-to-use introduction to APPLE BASIC programming.
Will have the reader programming in a matter of hours.

THE APPLE CONNECTION

by James W, Coffron 264 pp., 120 illustr., Ref. 0-085

Teaches elementary interfacing and BASIC programming of the Apple for con-
nection to external devices and household appliances.

FOR YOUR ATARI

YOUR FIRST ATARI® PROGRAM

by Rodnay Zaks 150 pp. illustr., Ref. 0-130

A fully illustrated, easy-to-use introduction to ATARI BASIC programming.
Will have the reader programming in a matter of hours.

BASIC EXERCISES FOR THE ATARI®

by ].P. Lamoitier 251 pp., illustr., Ref. 0-101

Teaches ATARI BASIC through actual practice using graduated exercises
drawn from everyday applications.

FOR YOUR COMMODORE 64/VIC 20

THE COMMODORE 64™ BASIC HANDBOOK

by Douglas Hergert, 144 pp., Ref. 0-116

A complete listing with descriptions and instructive examples of each of the
Commodore 64 BASIC keywords and functions. A handy reference guide,
organized like a dictionary.

THE EASY GUIDE TO YOUR COMMODORE 64™
by Joseph Kascmer 160 pp., illustr., Ref. 0-0126
A friendly introduction to using the Commodore 64.

YOUR FIRST VIC 20™ PROGRAM

by Rodnay Zaks 150 pp. illustr., Ref. 0-129

A fully illustrated, easy-to-use, introduction to VIC 20 BASIC programming.
Will have the reader programming in a matter of hours.

THE VIC 20™ CONNECTION

by James W. Coffron 260 pp., 120 illustr., Ref. 0-128

Teaches elementary interfacing and BASIC programming of the VIC 20 for
connection to external devices and household appliances.
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FOR YOUR IBM PC

THE ABC’S OF THE IBM® PC

by Joan Lasselle and Carol Ramsay 100 pp., illustr., Ref. 0-102

This is the book that will take you through the first crucial steps in learning to
use the IBM PC.

THE BEST OF IBM® PC SOFTWARE

by Stanley R. Trost 144 pp., illustr., Ref. 0-104

Separates the wheat from the chaff in the world of IBM PC software. Tells you
what to expect from the best available IBM PC programs.

IBM® PC DOS HANDBOOK

by Richard King 144 pp,, illustr., Ref. 0-103

Explains the PC disk operating system, giving the user better control over the
systgm. Get the most out of your PC by adapting its capabilities to your specific
needs.

BUSINESS GRAPHICS FOR THE IBM® PC

by Nelson Ford 200 pp., illustr., Ref. 0-124

Ready-to-run programs for creating line graphs, complex illustrative multiple
bar graphs, picture graphs, and more. An ideal way to use your PC’s business
capabilities!

THE IBM® PC CONNECTION

by James W. Coffron 200 pp., illustr., Ref. 0-127

Teaches elementary interfacing and BASIC programming of the IBM PC for
connection to external devices and household appliances.

BASIC EXERCISES FOR THE IBM® PERSONAL
COMPUTER

by J.P. Lamoitier 252 pp., 90 illustr., Ref. 0-088

Teaches IBM BASIC through actual practice, using graduated exercises drawn
from everyday applications.

USEFUL BASIC PROGRAMS FOR THE IBM® PC

by Stanley R. Trost 144 pp., Ref. 0-111

This collection of programs takes full advantage of the interactive capabilities
of your IBM Personal Computer. Financial calculations, investment analysis,
record keeping, and math practice—made easier on your IBM PC.

FOR YOUR TIMEX/SINCLAIR 1000/ZX81

YOUR TIMEX/SINCLAIR 1000™ AND ZX81™

by Douglas Hergert 159 pp., illustr., Ref. 0-099

This book explains the set-up, operation, and capabilities of the Timex/Sinclair
1000 and ZX81. Includes how to interface peripheral devices, and introduces
BASIC programming.

THE TIMEX/SINCLAIR 1000™ BASIC HANDBOOK

by Douglas Hergert 170 pp,, illustr. Ref. 0-113

A complete alphabetical listing with explanations and examples of each word
in the T/S 1000 BASIC vocabulary; will allow you quick, error-free program-
ming of your T/S 1000.



TIMEX/SINCLAIR 1000™ BASIC PROGRAMS IN MINUTES
by Stanley R. Trost 150 pp., illustr., Ref. 0-119

A collection of ready-to-run programs for financial calculations, investment
analysis, record keeping, and many more home and office applications. These
programs can be entered on your T/S 1000 in minutes!

MORE USES FOR YOUR TIMEX/SINCLAIR 1000™:
Astronomy On Your Computer

by Eric Burgess 176 pp., illustr,, Ref. 0-112

Ready-to-run programs that turn your TV into a planetarium.

FOR YOUR TRS-80

YOUR COLOR COMPUTER

by Doug Mosher 350 pp., illustr., Ref. 0-097

Patience and humor guide the reader through purchasing, setting up,
programming, and using the Radio Shack TRS-80/TDP Series 100 Color Com-
puter. A complete introduction.

THE FOOLPROOF GUIDE TO SCRIPSIT™

WORD PROCESSING

by Jeff Berner 225 pp., illustr., Ref. 0-098

Everything you need to know about SCRIPSIT—from starting out, to mastering
document editing. This user-friendly guide is written in plain English, with a
touch of wit.

BUSINESS & PROFESSIONAL

COMPUTER POWER FOR YOUR LAW OFFICE

by Daniel Remer 225 pp., Ref. 0-109

How to use computers to reach peak productivity in your law office, simply
and inexpensively.

GETTING RESULTS WITH WORD PROCESSING
by Martin Dean & William E. Harding 250 pp., Ref. 0-118
How to get the most out of your SELECT word processing program.

INTRODUCTION TO WORD PROCESSING

by Hal Glatzer 205 pp., 140 illustr., Ref. 0-076

Explains in plain language what a word processor can do, how it improves
productivity, how to use a word processor and how to buy one wisely.

INTRODUCTION TO WORDSTAR™

by Arthur Naiman 202 pp., 30 illustr., Ref. 0-077

Makes it easy to learn how to use WordStar, a powerful word processing pro-
gram for personal computers.

PRACTICAL WORDSTAR™ USES

by Julie Anne Arca 200 pp., illustr., Ref. 0-107

Pick your most time-consuming office tasks and this book will show you how to
streamline them with WordStar.



MASTERING VISICALC®

by Douglas Hergert 217 pp., 140 illustr., Ref. 0-090

Explains how to use the VisiCalc “electronic spreadsheet” functions and pro-
vides examples of each. Makes using this powerful program simple.

DOING BUSINESS WITH VISICALC®

by Stanley R. Trost 260 pp., Ref. 0-086

Presents accounting and management planning applications—from financial
statements to master budgets; from pricing models to investment strategies.

DOING BUSINESS WITH SUPERCALC™

by Stanley R. Trost 248 pp., illustr., Ref. 0-095

Presents accounting and management planning applications—from financial
statements to master budgets; from pricing models to investment strategies.

VISICALC® FOR SCIENCE AND ENGINEERING

by Stanley R. Trost & Charles Pomernacki 225 pp., illustr,, Ref. 0-096

More than 50 programs for solving technical problems in the science and engi-
neering fields. Applications range from math and statistics to electrical and
electronic engineering.

BASIC ,

YOUR FIRST BASIC PROGRAM
by Rodnay Zaks 150pp. illustr. in color, Ref. 0-129
A “how-to-program” book for the first time computer user, aged 8 to 88.

FIFTY BASIC EXERCISES

by J. P. Lamoitier 232 pp., 90 illustr., Ref. 0-056

Teaches BASIC by actual practice, using graduated exercises drawn from
everyday applications. All programs written in Microsoft BASIC.

INSIDE BASIC GAMES

by Richard Mateosian 348 pp., 120 illustr., Ref. 0-055

Teaches interactive BASIC programming through games. Games are written in
Microsoft BASIC and can run on the TRS-80, Apple II and PET/CBM.

BASIC FOR BUSINESS

by Douglas Hergert 224 pp., 15 illustr., Ref. 0-080

A logically organized, no-nonsense introduction to BASIC programming for
business applications. Includes many fully-explained accounting programs,
and shows you how to write them.

EXECUTIVE PLANNING WITH BASIC

by X. T. Bui 196 pp., 19 illustr., Ref. 0-083

An important collection of business management decision models in BASIC,
including Inventory Management (EOQ), Critical Path Analysis and PERT,
Financial Ratio Analysis, Portfolio Management, and much more.

BASIC PROGRAMS FOR SCIENTISTS AND ENGINEERS

by Alan R. Miller 318 pp., 120 illustr., Ref. 0-073

This book from the “Programs for Scientists and Engineers” series provides a
library of problem-solving programs while developing proficiency in BASIC.



CELESTIAL BASIC

by Eric Burgess 300 pp., 65 illustr., Ref. 0-087

A collection of BASIC programs that rapidly complete the chores of typical
astronomical computations. It’s like having a planetarium in your own home!
Displays apparent movement of stars, planets and meteor showers.

PASCAL

INTRODUCTION TO PASCAL (Including UCSD Pascal™)
by Rodnay Zaks 420 pp., 130 illustr., Ref. 0-066

A step-by-step introduction for anyone wanting to learn the Pascal language.
Describes UCSD and Standard Pascals. No technical background is assumed.

THE PASCAL HANDBOOK

by Jacques Tiberghien 486 pp., 270 illustr., Ref. 0-053

A dictionary of the Pascal language, defining every reserved word, operator,
procedure and function found in all major versions of Pascal.

APPLE® PASCAL GAMES

by Douglas Hergert and Joseph T. Kalash 372 pp., 40 illustr., Ref. 0-074

A collection of the most popular computer games in Pascal, challenging the
reader not only to play but to investigate how games are implemented on the
computer.

INTRODUCTION TO THE UCSD p-SYSTEM™

by Charles W. Grant and Jon Butah 300 pp., 10 illustr., Ref. 0-061

A simple, clear introduction to the UCSD Pascal Operating System; for begin-
ners through experienced programmers.

PASCAL PROGRAMS FOR SCIENTISTS AND ENGINEERS
by Alan R. Miller 374 pp., 120 illustr., Ref. 0-058

A comprehensive collection of frequently-used algorithms for scientific and
technical applications, programmed in Pascal. Includes such programs as
curve-fitting, integrals and statistical techniques.

DOING BUSINESS WITH PASCAL

by Richard Hergert & Douglas Hergert 371 pp., illustr., Ref. 0-091

Practical tips for using Pascal in business programming. Includes design con-
siderations, language extensions, and applications examples.

OTHER LANGUAGES

FORTRAN PROGRAMS FOR SCIENTISTS

AND ENGINEERS

by Alan R, Miller 280 pp., 120 illustr., Ref. 0-082

In the “Programs for Scientists and Engineers” series, this book provides spe-
cific scientific and engineering application programs written in FORTRAN.

A MICROPROGRAMMED APL IMPLEMENTATION

by Rodnay Zaks 350 pp., Ref. 0-005

An expert-level text presenting the complete conceptual analysis and design of
an APL interpreter, and actual listing of the microcode.



UNDERSTANDING C

by Bruce Hunter 200 pp., Ref 0-123

Explains how to use the powerful C language for a variety of applications.
Some programming experience assumed.

CPIM

THE CP/M® HANDBOOK

by Rodnay Zaks 320 pp., 100 illustr., Ref. 0-048

An indispensable reference and guide to CP/M—the most widely-used operat-
ing system for small computers.

MASTERING CP/M®

by Alan R. Miller 398 pp., Ref. 0-068

For advanced CP/M users or systems programmers who want maximum use of
the CP/M operating system ... takes up where our CP/M Handbook leaves off.

THE BEST OF CP/M® SOFTWARE

by Alan R. Miller 250 pp., illustr., Ref. 0-100

This book reviews tried-and-tested, commercially available software for your
CP/M system.

ASSEMBLY LANGUAGE PROGRAMMING

PROGRAMMING THE 6502

by Rodnay Zaks 386 pp., 160 illustr., Ref. 0-046

Assembly language programming for the 6502, from basic concepts to
advanced data structures.

6502 APPLICATIONS
by Rodnay Zaks 278 pp., 200 illustr., Ref. 0-015
Real-life application techniques: the input/output book for the 6502.

ADVANCED 6502 PROGRAMMING

by Rodnay Zaks 292 pp., 140 illustr., Ref. 0-089

Third in the 6502 series. Teaches more advanced programming techniques,
using games as a framework for learning.

PROGRAMMING THE Z80

by Rodnay Zaks 624 pp., 200 illustr., Ref. 0-069

A complete course in programming the Z80 microprocessor and a thorough
introduction to assembly language.

Z80 APPLICATIONS

by James W. Coffron 288 pp., illustr., Ref. 0-094

Covers techniques and applications for using peripheral devices with a Z80-
based system.

PROGRAMMING THE 6809

by Rodnay Zaks and William Labiak 362 pp., 150 illustr., Ref. 0-078

This book explains how to program the 6809 in assembly language. No prior
programming knowledge required.



PROGRAMMING THE Z8000

by Richard Mateosian 298 pp., 124 illustr., Ref. 0-032

How to program the Z8000 16-bit microprocessor. Includes a description of the
architecture and function of the Z8000 and its family of support chips.

PROGRAMMING THE 8086/8088

by James W. Coffron 300 pp., illustr,, Ref. 0-120

This book explains how to program the 8086 and 8088 in assembly language.
No prior programming knowledge required.

HARDWARE

MICROPROCESSOR INTERFACING TECHNIQUES

by Rodnay Zaks and Austin Lesea 456 pp., 400 illustr., Ref. 0-029

Complete hardware and software interconnect techniques, including D to A
conversion, peripherals, standard buses and troubleshooting.
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are different.

Hereis why. ..

At SYBEX, each book is designed with you in mind. Every manuscript is
carefully selected and supervised by our editors, who are themselves com-
puter experts. Programs are thoroughly tested for accuracy by our techni-
cal staff. Our computerized production department goes to great lengths
to make sure that each book is designed as well as it is written. We publish
the finest authors, whose technical expertise is matched by an ability to
write clearly and to communicate effectively.

In the pursuit of timeliness, SYBEX has achieved many publishing firsts.
SYBEX was among the first to integrate personal computers used by
authors and staff into the publishing process. SYBEX was the first to
publish books on the CP/M operating system, microprocessor interfacing
techniques, word processing, and many more topics.

Expertise in computers and dedication to the highest quality in book pub-
lishing have made SYBEX a world leader in microcomputer education.
Translated into fourteen languages, SYBEX books have helped millions of
people around the world to get the most from their computers. We hope
we have helped you, too.
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Programmingthe

80868088

Imagine yourself programming, controlling, and using one of
the most powerful and versatile 16-bit microprocessors in the
computer industry today.

This book will teach you how to get the most from the 8086 and
8088 microprocessors—from the internal architecture to the
advanced addressing modes.

Specifically, you will learn:

e basic concepts of microprocessor programming
the internal structure

memory organizations

the complete interrupt structure

input and output techniques

how to use the 8088 to control the IBM PC

and much more.

Sample programs make the instructions provided easy to
understand.

The specific differences and similarities between the 8086 and
the 8088 are covered in detail.

ABOUT THE AUTHOR:

James W. Coffron is a computer systems engineer special-
izing in the design and testing of microprocessor-based
systems. He has taught seminars in both academic and indus-
trial settings, and is the author of several books about
microprocessors. He holds an MSEE degree from Santa Clara
University.
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