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APPENDIX B v

8086 /8088 Instructions
MNotes for 8086 /8088 Instructions

The individual instruction descriptions arc shown by
a format box such as the following

0 T i i T

These are byte-wise representations of the object code

generated by the assembler and are interpreted us

follows

+ Opcode 15 the 8-bit opcode for the instruction
The actusl opcode generated is defined in the
“Opcode™ column of the instruction table that
follows each format box

*« mjop/r/ms the byte that specifies the operands
of the instruction. It contains a 2-bit mode field
(m), a 3-bit register field (op). and a 3-bit regis-
ter or memory (r/m) field

* Dashed blank boxes following the m/op/r/m box
are for any displacement required by the mode
field.

= Data is for a byte of immediate data.

* A dashed blank box lollowing a Data box is used
whenever the immediate operand is a word
quantity

Operand Summary

“reg” Meid BR Assignments:

Word Operand Byte Opevand Ssgmaent
000 AX 000 AL 00 ES
001 CX 001 CL 0 Cs
010 DX 010 DL 10 sS
011 BX 011 BL 1" 0s
100 SP 100 AH
101 BP 101 H
110 St 110 DH
11 D 11 BH

Second Instruction Byte Summary

mod | Dreplacement

00 | DISP = 0", drap-iow and drsp-hugh are absent
01 | DISP = disp-low ssgn-extended to 18-brts, disp-hegh s

absent
10 | DISP = disp-tgh. drep-low
11 L r/m s treated as a “reg” fiedd

101 | (D) + DISP
110 (BP) + DISP
111 | (8x) + oisP

DISP foiows 2nd byte of instruction (before data if requwed)
“axcept f mod = 00 and r/m = 110 then EA = arsp-tugh disp-low

Flags

AF. AUXILIARY CARRY — BCOD
CF: CARRY FLAG

DF DIRECTION FLAG (STRINGS)
IF. INTERRUPT ENABLE FLAG
OF OVERFLOW FLAG (CF  SF)
PF PARITY FLAG

SF SION FLAG

TF TRAP (SINGLE STEP FLAG)
IF ZERO FLAG

INSITUCHONS that refersnce the Rag regrater fie as a 18-brt obyect use
the symbol FLAGS to represent the fie
15 L] 0

X{x|X|x|OFJOF| ¥ | TFISFIZF| x |AF| X |PF| X |CF

X = Dont Care

592

Segment Override Prefix

Use of Segment Override
Operand Regiater Dotaun With Overrids Prefix
1P (cO08 0Oress) cs Never
SP (stack sooress) ss
BP (stack address or ss BP + DS or ES, or CS
3tack marker)
Si or Di (not nci stnga) 0s ES.SS.or CS
Si (nphcit 3ource adar os ES.SS. or CS
for stnngs)
DI (imphcrt dest adde ES Never

for atngs)

Operand Address (EA) Timing (Clocks):

Add 4 clocks for word operands st ODO ADDRESSES
Offset = 6

immed
Base (BX, BP, 51. D) = §
Base + DISP - 9

Base + Index (BP + DI.BX + S = 7
Base + Index (BP + SI. BX « DI) = 8
Base + Index (BP + DI, BX + SI) + DISP = 11
Bars + Incex (BP + SI. BX + Di) + DISP = 12

AAA = ASCIHl Adjust for Addition

Opcode Clocks

7 4

Opaeration

adjust AL. flags. AH

AAD = ASCH Adjust for Division

Opcode Clocks

D5.0A 60

Operation

Adjust AL AH pror 10 division

AAM = ASCH Adjust for Multiplication

Opcode Clocks
D4.0A 8

Operation

Adjust AL, AM aher
mumphcation

AAS = ASCII Adjust for Subtraction

Opcode Clocks

3F 4

Operation

adjust AL flags AM

ADC = Integer Add with Carry

Memory/Reg + Reg

=l a2l
Operation
Reg8 ~CF + Reg 8 - Aegl

Reg8 ~CF + Regl - Mem8
Mem8 —CF - Mem8 + Reg8

Opcode Clocuy

Byte 12 3
12 9-EA
10 16+EA

Word 13 3
13 9+EA
1" 18+EA

Immed to AX/AL

Reg16

~CF + Regi6 + Reg18

Reg!8 ~CF + Reg!6 + Mem1§
Memif «~CF + Memif§ -

Aeg16

[oem T ow T 7]



Opcode Crochs Operation

syte 14 4 AL ~CF + AL + Immed8
Word 15 4 AX =CF + AX = Immedi6

Immed to Memory/Reg

[Oossse oo _ [ _ Jom | _]

Opcode Clochs Operation

orte [} 4 A =CF + Reg8 ~ Immea8
80 17+EA M:?-.-.—cs + Mem8 + Immecl
Word [ 1] 4 Reg16 = CF + Regt6 +
immed16
L] 17+EA Mem16 = CF + Mem16 ~
immed16
8 4 Reg16 ~CF + Regl6 + Immed8
<) 17T +EA Mem16 = CF + Mem16 +
Immed8

ADD = Integer Addition
Memory/Reg + Reg

(Coseoon Jroawoin]” — " — ]

Opcode Clochs Operation

Byte 02 3 Reg8 ~Reg8 + Regl
02 9-EA Reg8 —Reg8 + Mem8
00 16-EA MemB - Mem8 + Reg8
wora 03 3 Reg16 ~Reg!6 + Reglb
03 9-EA Reg16 - Reg16 + Mem16
o 16+ EA Mem16 «Mem16 - Reg16

Immed 1o AX/AL

(o o T ]

Opcode Clocks Qparation

04 4 AL = AL + Immed8
05 4 AX = AX + Immed16

Immed to Memory /Reg

) T i S AT N

Opcode Clocks Operation

Byle 80 4 Reg8 —Reg8 + Immeds
80 17+E2 Mem8 = Mem8 + Immed8
word L 1] 4 Regi6 —Reg16 + Immed16
81 17 +EA Mem16 ~Mem16 + Immedls
8 4 Reg16 —Regi6 + Immect
8 17 +EA Mem16 = Mem18 + Immed8

AND = Logical AND
Memory/Reg with Reg

Coweoss Treies ] — 71— ]

Opcode Clocks Operation

Byte 22 3 Reg8 — Reg8 AND Reg8
22 9+ EA Reg8 « RegB AND Mem8
20 16+EA  Mem8 —Mem8 AND Regh
Word 7 3 Reg!6 — Reg16 AND Reg16
23 9+ EA Reg16 = Reg16 AND Mem16
21 16+ EA Mem16 = Mem16 AND Req16

Immed to A'X,\-\L

(oo T 0w T 7]

Opcode Clochs Opaeration

Byte 24 4 AL = AL AND Immea8
woid 3 L} AX = AX AND Immea16

Immed to Memory Reg

[Ecafoiie " T~ Jom] |

Opcode Clocks Operstion

Byt 80 ‘ Reg8 — Reg8 AND Immead
80 17+EA MemB — Mem8 AND Immed8
word 81 ‘ Reg!6 — Aeg16 AND Immea! 6
L}l 17+EA Mem 1§ = Mem16 AND iImmea! 6
CALL = Call

W ithin segment or group. [P relative

[[Opcode | omet | Owon |

Opcode Clocks Opeiation

E8 19 IP +IP + Drap16—(SP) = return
ko

Within segment or group. [ndirect

(T T S

Opcode Clocks Operation

FF 18 IP = Reg 16—{(SP) = returm knk
FF 21 +EA IP = Mom18—{SP) « return lnk

Inter-segment or group. Direct

[[opcose | “ottset | ottset [ sagoase | sagoase [ segoase |

Opcode Clocks Opecation

9% 28 CS = segbase
IP < Of3at

Inter-segment or group, Indirect
o il )
Opcode  Clocks  Operation

FF 3T +HEA CS = segbase
IP —offset

CBW = Convert Byte to Word

Opcode Clocky Operation

98 2 convert byte in AL to word in AX

CLC = Clear Carry Flag

Opcode Clocks Operation

F8 2 ciear the carry fag

CLD = Clear Direction Flag

Opcode Clocks Opaeration

FC 2 clear direction Nag
CLI = Clear Interrupt Enable Flag
Opcode Clocks Operation

FA 2 clear intern upt flag

CMC = Complement Carry Flag

Opcode Clocks Oparation
FS 2 compiement carry fag

CMP = Compare Two Operands
Memory /Reg with Reg

0 oo e

Opcode Clocks Operation .
Byte e 3 Hags = Regl - Reg8 =
38 9+EA hags — Regd - Me~ 3
A 9+EA fags — Mem8 - Regt
Word 9 3 Nags —Reg16 - Reg'6
39 9+EA Hags = Regi6 - Memid
8 9-EA Nags = Mam18  Reg!h

Immed to AX/AL

(oo T 0w T~ ]
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Opcods  Clocks  Operation DIV = Signed Division
oyte F' 4 fags AL - Immed8 Memory/Reg with AX or DX:AX

WELE ok e e (B0 I S

Immed 10 Memory/Reg =
Opcods Clocks ation

=20 XTI N N T e P8 TOLZ AMAL=AX/Aegb
F8  (107-118)+EA AHAL =AX | Mem8

Opesde  Clocks;  Operslies woed  F7 165184 OXAX = DX AX / Reg18

(24 (171.190) + EA DX AX = DX AX / Mem 16

Brte 80 L flags = Regl - iImmeds
L] 10+ EA fags =Mem8 - immeds :
aid s . fags = Reg16 - immed18 IMUL = Signed Multiplication
a1 10+EA - Meom 18 - Immed16
° ¥ m gyl Memory/Reg with AL or AX
s e o FEEEE
CWD = Convert Word to Doubleword Opcode Ciocks Opetation
' Byte S 80-98 AX = AL'Reg8
F6 (86-104) + EA  AX =AL'Mem8
word  F7 128154 DX AX = AX'Reg'6
Ciocks  Operation F7 (134-160)+ EA DX AX = AX'Mem16
din AX o
~ d Gocoeword m OX AX IN = Input Byte, Word
Fixed port
DAA = Decimal Adjust for Addition [Opcooe | Pon ]
Opcods Clocks Operation
Opcode Clocks Oparation Byte E; :g :; :::ﬂ":
2z 4 sdust AL iags. AH Variable port
DAS = Decimal Adjust for Subtraction
_ Opcode Clocks Operation
Word EC 8 AL = Port16{in DX)
Opcode  Clocks  Operation €D 8 AX = Port160n DX)
* 4 adust AL. flags. AH INC = Increment by 1

Word Register
DEC = Decrement by 1

i Opcode =
Word Register
Opcode Clocks  Operation .

40 - reg 2 Reg!6 =Regib - 1

Opcode ~ Clocks  Operation Memory /Byte Register

48 = i - I ==
+reg 2 Reg16 =Reg16 - 1 T i — _j

Memory/Byte Register

— = Opeod Clocks Qperatio
(= I I I peoas Cosme oman

Byte FE 3 Reg8 =Reg8 - 1
Opeode Clocks Operation FE 15 - EA Mem8 =Mem8 + 1
Word FF 15 < EA Mem16 = Mem'h - 1
Byte FE 3 Regl = Reg8 - 1
FE 1S+EA  Mema =Mema - 1
wora  FF 1S+EA  Memi6 —Mem16 - 1 INT
= Interrupt
; INTQ ~ Interrup

DIV = Unsigned Division voe ]

Memory/Reg with AX or DX AX T

Y M| cc s e

cD 51 Interrupt type
Opcode Clocks Operation CE S3or4a Interruptd i FLAGS OF = 1
eise NOP

Byte F8 80-90 AHAL = AX | Reg8

F8 (86-98) »EA  AHAL = AX / Mem8 IRET = Return from Interrupt
word F7 144:182 DX AX = DX AX / Reg16

F7  (150-168)+ EA DX AX =DX AX / Mem16
ESC = Escape Opcode  Clocks  Operation

-— p— CF 24 Return trom nterrupt
S T |
Jecond = Jump on Condition
Opcode Clochs Operation

o8~ 8-EA data bus = (EA) Operation
2 data bus = (EA)
1l condition 13 true then do
3ign-extend Qisplacement 1o 16 bits
HLT = Halt P =P - sign-extended aisplacement
enad

Format
Opcode Clocks Operation

F4 2 hait operaton Opcode m
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Opcode Clocks Operation cond =

” 16ord jump | above JA

7 16004 Jump 1 abave o equal JAE

72 16ord jump i below JjB8

76 160r 4 Jump if below Or equal JBE

b3 16004 jump o carry set Jc

T4 1Gord Jump f equal JE

13 160r 4 Jump if greater 4G

70 16ord jump o greater of JGE
equal

c 1604 jump ! less Ju

7€ 160r & Jump f less of equal JLE

76 1604 jump if not above JNA

12 16ord jump if Nether above JNAE
nor equal

7 1604 jump if NOt Delow JNB

77 16or 4 jump it neither Delow JNBE
nor equal

73 160rd jump it no carry JINC

% 16ord jump + not equal JNE

TE 15004 jump if not greater JNG

c 16ord jump +f neither greater JNGE
nor equal

0 16 or 4 Jump it not less JNL

7F 160 4 jump | neither less nor JNLE
equal

n 16ord Jump it no overfiow JNO

, 8 1601 4 jump if no panty INP

79 160rd jump it positive JNS

75 160t 4 jump H not zero INZ

70 16or s jump if overflow JO

TA 6ord jump f parity JP

TA 160r 4 jump i parity even JPE

78 16ord jump if parity odd JPO

T8 160rd jump if sign JS

14 180r 6 jump il zer0 Jz

E3 18 or 6 jump 1f CX 13 zer0 JCXZ

(does not lest flags)

JMP = Jump
Within segment or group. IP relative

ECATS RN

Opcods Clocks Opsration
€9 15 IP=IP + Disp16
EB 15 IP=iP + Disp8
(Disp8 sign-extended)

Within segment or group, Indirect

[oseone prosvoorn]~ — T~ — ]

Opcode Ciocks Operation

FF " IP=Req!b
FF 18+ EA IP = Mem16

[nter-segment or group, Direct

{_Opcoct 1 ofiset l LU I seghase l qui]

Opcode Clocks Operation

EA 1€ CS =segbase
IP - ofiset

Inter-segment or group. Indirect

0 G I E

Opcode Clocks Operation
FF 24+EA CS = segbase
IP = offset

LAHF = Load AH from Flags
Opcode

Opcode Clocks Oparation

9F . copy 'ew yte of fags word
to AH

LDS LES = Load Pointer to DS/ES and
Ragister

(o Fem ~ L 21

Opcode Clocks Operation
ce 16+ EA dword pownter at EA goes to
reg6 (15t word) and ES
(2n0 word)
cs 16+ EA dword posnter at EA goes lo
reg16 (13t word) and DS
(2nd word)

=TT

LEA = Load Etfective Address

R I e s

Opcode Clochs Operation
80 2+-EA HeQ16 =EA

LOCK = Asseit Bus Lock

Opcode Ciocke Oparation
Fo 2 336t the Dus lock
next instructon

LOOPxx = Loop Control
[Copcooe | Owo |

Opcods Clochs Operation xr =
EY 18 or 6 aec CX. loop i equal and CX LOOPE
not 0
EO 19 0r 5 dec CX. ioop it not equal and LOOPNE
Cx not 0
E1 18 or 6 dec CX, loop if zer0 and CX LOOPZ

not 0
E0 190t 5 dec CX, loop it not zero and CX LOOPNZ

]
E2 17 0r5 dec CX.loop i CX not 0 LOOP

MOV = Move Data
Memory/Reg to or from Reg

[opesan rosresn]~ — 17— ]
ode

Ope Cilocke Operation
Byte 88 9+EA Mem8 = Reg8
88 2 Reg8 = Reg8
8A B8+EA RegB = Mem8
Woed ] 9+EA Mem16 +Reg16
89 2 Reg16 < Regl6
L] 8+EA Reg16 = Mem16

Direct-Addressed Memory to or from AX /AL

[Opcose | Adort | adan |

Opcode Clocks Operation

Byte AD 10 AL = Mem8
A2 10 Mem8 = AL

Word L 10 AX = Mem16
A3 10 Meam16 = AX

Immed 1o Reg

(Copeese T e T~ ]

Opeode Clochs Operation
Byte BO+reg 4 Reg 8 —Immeds
Word B8 +reg ) Reg16 = Immed16

{mmed 10 Memory/Reg

(oo fomowu. _ T~ Tow [ ]

Opcode Ciocks Operation

Ci i Regh = Immed8
L] 10+ EA Mem8 = Iimmeds
c7 4 Reg16 = Iimmed16
cr? 10+EA Mem 16 =Iimmed!§

Memory/Reg to or from SReg

[Comon froswman” — T — ]

Opcode Clocke Operation
wora  OC 9+EA  Mem18=SReg
8C 2 Reg18 +SReg
8E B+EA SAeg = Mem16
BE | 2 SReg —Reg16

MUL = Unsigned Multiplication
Memory/Reg with AL or AX

Comse sl — T _ ]

Opcode Clocks Operation
Byts Fé 70-77 AX = AL‘Reg8
F8 (76-83)+ EA  AX = AL Mem8
Word F7 118-133 DX AX = AX'Reg16

F7 (124-139) - EA DX AX +=AX "Mem18

NEG = Negate an Integer

Mémory /Reg

APPENDIX B
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Fé 3
F7 3
Fe 13+ EA
Fr 18-Ea

Opcods Clocks
90 3

Rogl ~00H - Reg 8

Mem 18 ~ 0000M - Mem 16

Oparation
N0 Oper Bhon

NOT = Form One's Complement

Memory/Reg

Coeeew Fosooom” ~ " = ]

Opcode Clochs
Brte Fe 3
Fé 18+ EA
word F7
24 16 +EA

Operation

Rogl ~ 0FFM - Regs
Mem8 = O0FFH - Mema
Reg '8~ OFFFFH - Reg18
Mem16 —0FFFH - Mem16

OR = Legical inciusive OR

Memory /Reg with Reg

(T T S

Cpe rie Clocks

Byle OA 3
0A 9+EA
08 18+EA

Waoid o8 3
o 9+EA
03 16 +EA

Immed io AX/AL

Reg18 = Req16 OR Aeg 18
Feg18 =Rug18 OR Mem16
Mem16 — Mem18 OR Reg16

(T T =7

Opcote Clocke
oC 4
[ ] 4

immed to Memory/Reg

[Sespwevd Z T - Tow] -7

Operation

Clochs
e 80 4
80 17+EA
Word 8 4
L] 17 +EA

Operetion
AL = AL OR immea8
AX = AX OR immed 16

Rogs = Reg8 OR Immeds
Mem8 = Mem8 OR Immeds

ReQ16 —Reg16 OR immedt s
Mam18 = Mem18 OR immed 1§

OUT = Output Byte, Word

Fized port

(o T ]

Qocrde Clocka

Byt €6 10
[34 10
Loz e port

b ‘.An‘]

Opwode Clochs
Weid EE 8
EF 8

Operation
Por8 = AL
Porng = ax

Operation

Port16 (in DX) = AL
Port16 (in DX) = AX

POP = Pop a Word from the Stack

Word Memory

B T e b

Opcode Clocks
8F 17 +EA

Word Register

[ Owcade - reg

Opcode Cincha
58 - reg 8

Segment Register

Operation
Memi6=(SP)« «

Opsration
Reg18 ~(SP)~ +

596 APPENDIX B

Opcods Clocks Operation
07 + Sheg ] SReg = (SP)+ +

POPF = Pop the TOS Into the Flags

Opcode Clocks Qperation
90 ] FLAGS = (SP) - «

PUSH = Push a Word onto the Stack
Memory /Reg

BT T N

Opcods Clocks Operation
FF 16+ EA —(SP) = Mem16

Word Register
Opcode + reg

Opcode Clocks Operation
50+ 10g " —(5P) = Reg16

Segment Register
Opcode + SReg

Opcode Ciocks Operation
06 + SReg 10 —{SP) =SReg

PUSHF = Push the Flags to the Stack

Opcode Clocks Operation
9C 10 —(SP) =FLAGS

RCL = Rotate Left Through Carry
Memory or Reg by |

B T S

Opcode Clocks Operstion

Brte DO 2 rotate Reg 8 by 1
Do i5+EA folate Mema8 by 1

Woed o1 2 rotate Reg 16 by 1
DY 1S+EA rotate Mem16 by 1

Memory or Reg by count in CL

(IEZTTN LTI I

Opcode Clocks Operation

Byte 02 8+4/00 rolate Rag by CL
D2 20 +EA ~ d/bat Totate Mem8 by CL
Word D3 8+4/mt rotate Aeg16 by CL

03 20+EA+ 4/t rotate Mem16 by CL

RCR = Rotate Right Through Carry
Memory or Reg by |

(o peod” — T =]

Opcods Clocks Operation

Byte 00 2 rotate Reg8 by 1
Do 154 EA rotate Mem8 by 1

Word o1 2 rotate Reg16 by 1
o1 1S+EA folate Mem18 py 1

Memory or Reg by count in CL

(I I S

Opcode Cloche Operation

ayte D2 8+ dfon rotate Regd by CL
D2 20 +EA+ 4/t rotate Mems8 by CL
Word 03 LESV rotate Reg '8 by CL

D3 20+EA<4/bn rotate Mem18 by CL
REPx = Repeat Prefix

Opcode Clocks Operstion REP: -
Fl 2 r8peat next nstruchon unti REP
Cx=0
F3 2 repeal next nstruchon unti REPE
CX=0or 2F =0 REPZ
F2 2 TODOA! NEx! INSITUCHON LAtE REPNE
CX=0or ZF = REPNZ



RET = Return from Subroutine

Opcode Clochs Operation
< L] ntra-segment return
ce 18 nter-segment return

Return and add constant 10 SP
(oocoan | o | oo ]
Ovpcode Cloche Opetation
c2 12 mira-segment ret and sdd
CA 1" nter-segment ret and add

ROL = Rotste Left
Memory or Reg by |

(oo Prosooo]” — 7T _ ]

Opcode Clochs Operation

Byle Do 2 rotate Reg8 by 1
00 15+EA  rotate Mem8 by 1

Word o1 2 rotate Reg16 by 1
o 15+ EA rotate Mem18 Dy 1

Memery or Reg by count in CL

(COpose Froaoor” " 7T _ ]

Opcode Ciocks , Oparation

Byts D2 B +4/p rotate Reg8 by CL
02 20 +Es +4/bnt rotate Mem8 by CL
Word o3 8+4/o rotate Req18 by CL

D3 20+EA+4/ot rotate Mem18 by CL

ROR = Rotate Right
Memory or Reg by |

[oeete Proswivoe] T ]

Ogcode Clocke Operation

Byte 00 2 rotate Reg8 by 1
Do 15+ EA rotate Mem8 by |

Word o 2 rotate Reg18 by 1
o1 15+EA rotste Mem16 by 1

Memory or Reg by count in CL

Comeose oot — T — 7]

Opcode Ciocks Operation

Byte 02 B+4/oat rotate Reg8 by CL
o2 20 +EA + 4/bit  rotate Mem8 by CL
03 8+d/on rotste Reg16 by CL

03 20+ EA+4/bt rotate Mem 16 by CL
SAHF = Store AH in Flags

Optode Clochs Operation
9€ 4 copy AM 10 low Dyte of flags
word

SAL/SHL = Arithmetic/Logical Left Shift
Memory or Reg by |

[ o] L. .

Cpcode Clocks Operation

Byte oo 2 shift RegB by 1
00 15« EA St MemB8 Dy |

Word 01 ? shift Reg16 by 1
01 15 ¢ EA shit Mem 16 by 1

Memory or Reg by count in CL

Lo Ferwin T ]

Opcode Clochs Operation

Byte 02 8- 4/ont shih Regll by CL
D2 20 -EA - 4/bit shih Mem8 by CL
word 03 8- a/tut shift Reg16 by CL

03 20 - EA - 4/pet sntt Mem 16 Dy CL

SAR = Arithmetic Right Shift
Memory or Reg by |

I I S S

Opcode Clocks Operation
snin Regl by !

Syte 00 2
Do 15+ EA shift Mema by 1

Word o1 < shift Reg 18 by 1
[+1] 15+EA sruft Mem16 by 1

- Memory or Reg by count in CL

(oo Proaviv]” — T 7]

Opcode Clocks Overation

e 02 8-4pt i Regl by CL
02  20~EA~4/t snh Memd by CL
Word 03 8+4  shRRegi8 by CL

03 20+EA+4/d4 shM Mem1s by CL

SBB = Integer Subtraction with Borrow
Memory/Reg with Reg

(e Jroinen] — 7T~ ~ ]

Opcode Clocus Operation

Byte 1A 3 Reg8 = Regh - Regs - CF
1A 9+EA Reg8 —Regh - Mem8 - CF
i) 16+EA  Mem8 = Mems - Reg8 - CF
Word 18 k] Reg!6 +Reg16 - Reg16 - CF
18 9-EA Regi8 = Reg!s - Mem16 - CF
19 16 +EA Mem16 = Mem16 - Reg18 - CF

Immed from AX/AL .

[(Oooose [ oma |~ ]
Opcode Clochs Operstion

1Cc 4 AL =AL - Immed8 - CF
10 4 AX = AX - immed16 - CF

Immed from Memory/Reg

[owcode procoriem] ~ T ~ T oma | " 7]

Opcode Clocks Operation’
4

80 Regh = Regl - Immed8 - CF

80 17+EA Mam8 = Mams - immed8 - CF

81 4 Reg16 = Reg16 - Immed18 - CF

L1} 17+EA Mem16 -~ Mem16 - Immedl6 -
CF

(5] [ Reg16 = Reg16 - Immeds - CF

17 +EA Mem16 = Mem16 - Immeds - CF

« (immed8 1 sign-extended

before sublract)

SHR = Logical Right Shift
Memory or Reg by |

(B S I

Opcode Clocke Operation
2

Byte 00 shift Reg8 by 1
00 15 ~EA shit Mem8 by 1

Word D1 H shilt Reg 16 by 1
o1 15+EA Shift Mem16 by 1

Memory or Reg by count in CL

(I R S

Opcode Clochs Operation

srte 02 8+4/ot  shh Reg8 by CL
D2 20+ Ea+4/vt srh Mem8 by CL
word DI 8-4/bt st Reg16 by CL

D3 20-EA+4/bd st Mem16 by CL
STC = Set Carry Flag

Opcode Clocks Operation
F9 ? sat the carry Nag

STD = Set Direction Flags

Opcode Clocks Oparation
FO 2 et awecton flag

STI = Set Interrupt Enable Flag

[
g

Opcode Clochs Operation
FB 2 st nlerrupt Nag

String = String Operations

:
¢

Opcode Clocks Operation String =
A8 22 tags =(S)- (DN CMPS
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AT 22 Mags = (Si)- (DY CMPS
Ad 18 (D) =S MOVS
AS 18 (DN =(SH MOVS
AE 15 fags < (DI) - AL SCAS
AF 15 hags = (D) - AX SCAS
AC 12 AL =(S1) LODS
AD 12 AX =(SI) LODS
A& 1 (D) =-AL S10S
AB 11 (D) =AX ST10S

SUB = Integer Subtraction
Memory /Reg with Reg

[ Oocooe [moa req m] | ]
Opcode Clocks Operation
Byte 2A - § Reg8 = Reg8 - RegB
2A $-EA Regll = Regh - Mem8
28 16-EA Mem8 — Mem8 - Reg8
Word 28 3 Req16=Reg!6 - Reglb
28 9-EA Reg16 < Regi16 - Mem16
29 16-EA Mem 16 = Mem16 - Reg16

tmmed 10 AX/AL

N T

Opcode Ciocks Opseration
Byts 2C 4 AL =AL - Immeds
Word 20 4 AX = AX - Immea’§

Immed to Memory /Reg

XLAT . Tabie Look-up Translation

XLATB
=
[Coecm ]
Opcode Ciochs Operation
o7 " repiace AL with labie eniry

XOR = Logical Exclusive OR
Memory/Reg with Reg

R

Opcode Clocha Operation
Byte 32 3 Plegh = RegB XOR Regd
32 9-EA Ragh = Regll XOR Mem8
30 16-EA  Mem8 =Mem8 XOR Regl
wara 2 3 ReQ16 = Req!6 XOR Reg16
1 9-EA Reg16 = Reg18 XOR Mem 16
N 18 -EA Mem 16 —Mem16 XOR Reg16

Immed 1o AX,/AL

[(Oocooe [ 0w | — )

Opcode Cloche Operation
34 4 AL = AL XOR Immed
s ‘ AX = AX XOR Immea16

Inmimed to Memory /Reg

T I I N I

[ o] - T~ Tow T = ]

Opcode Clocke Operation

Opcode Clocks
Byte 80 4

Opsration
Regl = Reg8 XOR immed8

Byte 80 ‘ Reg8 —Reg8 - Immed8
80 17 +EA Mem@ = Mem8 - Immed8
Word 81 4 R8Q16 =Regib - Immed16
81 17 +EA Mem16 +~Mam16 - Immed16
83 4 Reg16 =Reg16 - Immeds
83 17 +EA Mem16 = Mem16 - immed8

TEST = Logical Compare
Memory/Reg with Reg

[Soos fresmgun] _ — T _ 7]

Opcode Clocks Operation

Byls B4 3 flags = Reg8 AND Reg8
B4 9+EA flags = Reg8 AND Mem8

word 85 3 fags = Reg16 AND Reg16
85 9+EA flags —Reg16 AND Mem:6

Immed 10 AX/AL

(oo T om T 7]

. Opcode Clocks Operation
Byte A8 4 flags = AL AND Immed8
Word A9 L} flags = AX AND Immad16

Immed to Memory/Reg-

LOocodohodMOr[ml :I: I Dlul :j

Opcode Clocks Operation
5

Byte F6 flags =Reg8 AND Immed8
F6 11+EA  fiags =Mem8 AND Immed8
word  F7 5 fiags = Regi6 AND Immed16

FT & 11+EA flags _ Mem16 AND Immed16

WAIT = Wait While TEST Pin Not Asserted

Opcode Clocks Operation
98 3+5n none

XCHG = Exchange Memory/Register with
Register

Memory /Reg with Reg

(o o - -2

Opcode Clocks Operation
4

Byte 86 Regl = = Regh
86 17 -EA Mem = = Reg8

Worg ' 87 ) ReG16 — = Reg'6
87 17+EA Mem16 = = Reg!6

Word Register with AX

Opcode Clocks Opaeration
90 - Reg 3 AX == Reg16
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80 17+EA Mem8 = Mem8 XOR Immeds
Word 3] 4 Reg16 = Req16 XOR Immed16

LM} 17 ~EA Mem16 = Mem16 XOR Immad16
186 INSTRUCTIONS

Notes for iAPX 186 Instructions

These instructions can be used only if the MODIX6
control is specified When MODIB6 15 specified.
clocks for allinstructions are as stated under “Clocks
for MODI86 Operation ™~

BOUND = Check Array Against Bounds

T T i |

Opcode Operation
62 (fRegi6<Mem1b at EA or
Reg16 - Mem 16 at EA - 2 then
INTERRUPT 5

ENTER = High Level Procedure Entry

| Opcode | Datst [ Ostarn [ Leve |

Opcode Operation
C8  buikl new stack frame
IMUL = Signed Multiplication
Mem/Reg® Immediate to Reg
Opcode Operation
68 Reg 16 = fag 16 " Immed 8
6E  RAeg 16 «Peg 16 " immed 8
68 Reg 16 = Mem 16 * Immed §
69  Feg 16 - Reg 16 * Immed 16

69 Reg 16 = Rag 16 " Immea 16
69 Aeg ib =Mem !6 ' iImmed 16

LEAVE = High Level Procedure Exit

Opcods Operation
C9  release current stack lrame
and return 10 prior frame

POPA = Pop All Registers

Opcoge Operation
81 restore registers from
stack
PUSH = Push a Word onto the Stack
Word Immediate



[(Omose [ o [~ 7]

Opcode Oparation
6A  —(SP)=Immed8
(sign extended)
68 —(SP) =immedib

PUSHA = Push All Registers

Opcode Operation
60 save registers on the stack

RCL = Rotate Left Through Carry
Mcm or Reg by Immeds

Comeose Twoomr [~ — 71"~ T et ]

“—(Reg held = 011)

Opcode Opaeration
CO  rotate Reg8 by Immed8
CO  rotate Mem8 by Immea8
{od | rotate Reg16 by Immed8
C1  rotate Mem16 by Immed8

RCR = Rotate Right Through Carry
Mem or Reg by Immed¥

"—(Reg held = 01; -

Opcode Operation

CO  rotate Reg8 by Immed8

CO  rotate Mem8 by Immed8

C1  rotate Reg16 by Immed8

C1  rotate Mem16 by Immeds
ROL = Rotate Left
Mem or Reg by Immed8

[oostee Tohoame [ 7T 7] e ]

*—(Reg heid = 000)

Opcode Operation
€O rotate Reg8 by Immed8
co rotate Mem8 by Immed8
C1  rotate Reg16 by Immec8
C1  rotate Mem16 by immed8

ROR = Rotate Right
Mem or Reg by Immed8

[Copeome oo [~ — T 7 7 cowmt ]

*—(Reg heid - 001)

Opcode Operation
CO  rotate Reg8 by ImmedB
CO  rotate Mem8 by Immea8
C1.  rotate Reg16 by iImmedB
c1 rolate Mem16 by Immed8

SAL/SHL = Arithmetic/Logical Left Shift
Mem or Reg by immediate count

[Comcose [woomw [ — T~ 7 T coom ]

*—(Reg heid - 100)

Opcode Operation
€O  rorate RegB by Immed8
CO  rotate MemB by Immed8
(] rotate Regi6 by immec8
C1  rotate Mem16 by Immeds

SAR = Arithmetic Right Shift
Mem or Reg by Immeds

(oo [ |~ — T

‘—({Reg heid = 111)

Opcode Operation
CO  rotate RegB by Immed8
CO  rotate Mem8 by iImmea8
C1  rotate Reg16 by Immed8
c rotate Mem16 by immec8

SHR = Logical Right Shift
Mem or Reg by Immeds

(v oo [ _ [ _ [ on ]

‘—(Reghels 10

Opcode Operation
€O rotate Reg8 by Immec8
CO  rotate Mem8 by Immead
C1  rotate Req16 ty Immed8
< rotate Mem16 by Immed8

String = String Operations (INS/OUTS)

Clocks Operation

INS (D) = port{DX)

INS (D1) = portDX DX + 1)
ouTsS port(DX) =(S1)
ouTs porfDX DX + 1) = (SI)

8087 INSTRUCTIONS
Notes for B087 Instructions

The individual instruction descriptions are shown by
4 format box such as the following

[war T op [ miopitim | acant 1 adar? J

These are the byte-wise representations of the object

code generated by the assembler and are interpreted

as follows:

«  WAIT is «n 8086 wait instruction. NOP or
emulator instruction,

« opl is the opcode, possibly taking two bytes

« mjop/r/m byte (middle 3-bits is part of the
opcode ). .

+  addr! and addr2 are offsets of either 8 or 16 bits.

For integer functions, m = 0 for short-integer memory operand. 1
for wotd-integer memory operand

For real funchons, m = 0 lor short-real memory operand, 1 lor
longreal mamory operand

1 = stack element index

it mod =~ 00 then DISP = 0 . disp-lo and disp-hu are absent

1t mod = 01 then DISP = disp-lo sign-axtended to 16 bas. disp-h
1s absent

It mod = 10 then DISP = disp-tv, disp-lo

i mod = 11 then r/m s ireated as an ST() helo

If rjm = 000 then EA = (BX)+(Sl)+ DISP

if rfm = 001 then EA = (BX)+ (D1) + DISP

It rjm = 010 then EA = (BP)+(SI) + DISP

Wejm = 011 then EA = (BP) + (D1) + DISP

W rjm = 100 then EA = (Sh+DISP

Itrjm = 101 then EA = (D1) + DISP

it rjm = 110 then EA (BP) +DISP*

Wejm = 111 then EA = (BX) +DISP
*Except f mod = 000 and r/m = 110 then EA = disp-h
disp-lo

ST(0) = Current stack top
ST() = = register below stack top
d = Destination
0 — Destination is ST(Q)
1 — Destination i1s ST()
P = Pop
0 — No pop
1 — Pop ST(0)
R = Reverse
0 — Destination (0p) source
1 — Source (op) destination |

For FSQRT -0<ST(0)s *o0

For FSCALE -21<ST(1)< +2" and ST(1) integer
For F2XM1 0<5T(0)<2

For FYL2X 0<STO)<e

~eST(1j<~m

For FYL2xP1  0<IsTo)| <@~ v2)i2
- eST()<wm

For FPTAN 0xST0)<r/4

For FPATAN 0<ST0)<ST(N) <+

F2XMI = Compute 2* — 1

[war [ oot [ op2 |

Execution
Clocks
soa? Emulator Typical
Encoding Encoding Range Operation
98 D9 FO CO19F0 500 1257
310-630

FABS = Absolute Value

[7#»! l op! I ooZJ

Exscution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9B 09 E! CD'9 €Y 14 sT=isrl
10:17

FADD = Add Real

Stack top + Stack element

T I )
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Cascution .
Clochs
o8’ Emutstor Typicsl
Encoding Encoding Range Operation
98 D8CO+1 CD18CO~: 8s ST =ST « ST
70-100
98 DC CO+i COICCO+) 85 8T() = ST « ST()
70-100

Stuck top + memory operand

[Cwar T o1 Jrocooonm E'I;"__‘nj

Execution
Clocks
so8? Emulator Typical
Encoding Encoding Renge Operation

9 D8 mOrm CO18mOrm  108~EA ST =ST + memop
(90-120) + EA (short-real)

980C mOrm COI1CMOrm  110-EA ST =ST + mem-op
(95-125) + EA (long-real)

FADDP = Add Reel and Pop
Stack top + Stack Element

Lwar | oot Joe2+: ]

Exscution
Clocks
soe7y Emutator Typical
Encoding Encoding Raenge Operation

PBDECT CDIECY 90 ST(1) =ST + ST(1)
75-108 Pop stack

98 DECO+1 CDI1ECO+: 90 ST(i) =ST + ST()
78-105 pPOp stack

FBLD = Packed Decimal (BCD) Load
IS N I e

Execution
Clocks
8087 Emutator Typical
Encoding Encoding Range Operation

98 DF mérm CO IFmdrm  300+-EA  push stack
(290-310)+ EA ST =mem-op

FBSTP = Packed Decimal (BCD) Store and
Pop

[war T "o Jrod 110 ] @Iéz:‘

Execution
Clocks
2087 Emutator Typicel
Encoding Encoding Range Operation

98 OF m8m CD IFmérm  530+EA  mem-op =ST
(520-540) + EA PO stack

FCHS = Change Sign
[war T ot [ ep2 |

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
98 D9 EO CD 19 E0 15 ST= —ST
10-17

:Séfgx = Clear Exceptions

L war T oot | oz |

Exscution
Clocks
8087 Emutator Typlcal
Encoding Encoding Range Operation
98 0BE2 CD1BE2 H Clear 8087 exceptions
28
90 0B E2 CD 1B E2 5 clear B087 excapnions
28 (PO ward)

FCOM = Compare Real
Compare Stack top and Stack element

U wair | ot T o2~ ]

Execution
' Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
980801 CD18DOY 45 ST — ST
40-50
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980800+ CO18D0~: 45 ST —ST()
40-50

Compare Stack 1op and memory operands

[t T oo Jroaoroom] Eva:mj

Exscution
Clocus
soaT Emuiator Typicol
Encoding Encoding Range Operation
98 08 m2rm COD 18 m2rm 65 < EA ST — memop
(60-70)~ EA (short-rest)

98 OC m2rm CD 1C m2rm TO+EA ST — memop
(85:75) - EA (ong-real)

FCOMP = Compare Real and Pop
Compure Stuck top und Stack element and pop

| war [ o lpg2~-—l

Exscution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
98 D8 09 co18 09 47 ST —STn
42-52 POp stack
98 0808+ CD1808~¢ a7 ST — 8T
42.52 pop stack

Compare Stack top und memory operund and pop

[Twar T op }nocou.,;r.EvI.Er?_:]

Exscution
Cloche
8087 Emulator Typical
Encoding Encoding Range Operation

98 08 m¥m CD 18 mdrm 68 - EA ST — mem-op
(63-73)« EA POp stack

(short-real)

98 OC m3m CO 1C mirm 72+-EA ST — mem-op
(87-77)+ EA POP stack

(ong-real)

FCOMPP = Compare Real and Pop Twice

[Cwar T o0 [ op2 |
Exscution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
98 DE D9 CD1EDS 50 ST — 811
45.55 pop stack

OO Stack
FDECSTP = Decrement Stack Pointer

[Cwar T op [ w2 ]

Execution
Clocks
8087 Emuiatar Typical
Encoding Encoding Range Qperation
98 D9F6 CD19F6 9 S1ack pointer =
6-12 stack ponter 1
FDISI
= Disable Interrupts
FNDISI P
Lowar [ ot [ ez |
Exscution
Clocks
soe7 Emulator Typicat
Encoding Encoding Range Operation
98 0B EV CD1BEY 5 Set B087 interrupt
28 mask
9% 0BE! CoBE! 5 Set B0B7 ntecrupt
2.8 mask (No wait)

FDIV = Divide Real
Stack top and Stack element

uAIT l op' I op2 + ]

Execution
Clocks
8087 Emulator Typical
Encoding  Encoaing Range Operation
98D8F0-. CO1BFO-. 198 ST =STIST)
193.203



980OCF8+: CDICFB+: 198 ST(1) =ST()/ST
193-203

Stack top and memory operand

[_w.m' [ oo Jroa 110 /m E1I@2]

Exscution
Clocks
8087 Emutator Typical
Encoding  Encoding Range Operation
9808 mérm CO18mEm  220+EA ST =ST/mem-op
(215-225) - EA (shon-real)

98 OC mérm CD 1C méem 225 -EA ST = ST/mem-op
(220-230) - EA (long-real)

FDIVP = Divide Real and Pop

[[war T oo lop?vv]

Execution
Clocks
087 Emulator Typical
Sacoding Encoding Range Operation

98 DE F9 CDIEFY 202 ST(1) =ST(1yST
197-207 poOp stack

9B DEF8+r CDIEF8+ 202 ST(1) =ST()/ST
197-207 POD stack

FDIVR = Divide Real Reversed
Stack top and Stack clement

[Cwar T op [ o2+ ]

Exscution
Ciocks
o8y Emutator Typical
Encoding Encoding Range Operation
S8 D8F8+1 CO18FB+: 199 ST =ST()ST
194-204
980CFO+1 COICFO+: 199 ST() =ST/STw
194-204

Stack top and memory operand

[[war T oot Jros 11 om wErIn__mzj

Execution
Clochs
so087 Emulstor Typical
Encoding Encoding Reange Operstion

98 D8 m?rm CO 1@ m7rm 221 +EA ST = mem-op/ST
(216-228) + EA {shor-real)

98 OC m7rm COD 1C m7rm 226 +EA ST =mem-op/ST
(221-231)+ EA (long-real)

FDIVRP = Divide Real Rev

ed and Pop

[war [ oot [op2er]

Execution
Cloche
soa7 Emuiator Typical
Encoding Encoding Range Operation
98 DE F1 CD1IEF 203 ST(1) =ST/ST()
198-208 PO stack
98 DEFO+1 CDIEFO+: 203 ST() =ST/ST()
198-208

is:‘m = Enable Interrupts

[ war T opt [ w2 ]

Exscution
Clocks
087 Emulator Typical
Encoding Encoding Range Operation
980BE0C CDI1BED $ clanr 8087 interrupt
28 mask
90 DB €0 CD 1B ED 5 clear 8087 interrupt
2e mask (RO wat)

FFREE = Free Register

[Cwar T o [opz.ii

Erecution
Clocks
soa7 Emuiator Typical
Encoding Encoding Range Operation
9800 CO~1 CO10CO~: n TAG() masked empty
9-16

FIADD = Integer Add

v T oot roaomnm] ssarnt | asarz ]

Execution
Clochs
08T Emutator Typicsl
Encoding Encoding Range Operation

98 DA mOrm CO 1A mOrm 125+EA ST =ST + mem-op
(108-142) « EA (short integer)

98 DE mOrm CD 1E mOrm 120+ EA ST =ST + mem-0p
(102-13T) = EA (word integar)

FICOM = Integer Comparse
N S T O

Execution
Clochs
087 Emulator Typkcat
Encoding Encoding Range Operation
98 DAm2rm CO1Am2rm  85+EA  ST.— mem-op
(78-91)+ EA (short integer)

198 DE m2rm CO 1E m2rm 80 -EA ST — mem-op
(72-86) + EA (word integer)

FICOMP = Integer Compare and Pop
[ war ] oot Jrogoriom saan T s

Execution
Clocks
8087 Emutator Typical
Encoding Encoding Range Operation
98 DA mdrm CO 1A mIrm 87 +EA ST — mem-op
(80-93) + EA POp siack
(short integer)
98 DE m3rm CD 1E m3rm 82+EA ST — mem-op
(74-88) + EA Pop stack
(word integer)

FIDIV = Integer Divide
war | opt Jmoa 110 ¢/m] EI&{B

Execution
Clocks
L 2 Emulator Typical
Encoding Encoding Renge Operation

98 DAmém CD 1Amém  236+EA ST =ST/mem-op
(230-243)+EA (short mteger)
98 DE m&m CD 1E m8rm 230+EA ST =ST/mem-op
(224-238)+EA  (word integer)

FIDIVR = Integer Divide Reversed
[war T oot Jrariium] ot saaz_]

Execution
Clocks
087 Emulator Typical
Encoding Encoding Range Operation

$BDAmIrm CO1AmMIm 237 +EA ST =mem-op/ST
(231-245) +EA (short integer)

98 DE m7rm CD1Em?rm  230+EA ST = mem-0p/ST
(225-239)+ EA (word nteger)

FILD = Integer Load

Word Integer or Short Integer

[Cwar T oot Jrocooorm E«\I-o_:zj

Exncution
Clocirs
8087 Emuistor Trpkcol
Encoding Encoding Renge Operation

98 08 mOrm CO 18 mOrm 56 - EA Dush stack
(32-60)+EA ST = mem-0p
(short nteger)
98 OF mOrm CO 'F mOrm 50+ EA push stack
(48-54) + EA ST =mem-op
(word integer)

Long Integer

T I I O

Execution
Clocks
so87 Emulator Typicel
Encoding Encoding Range Qperation

98 OF mS&m CD tF m&/m B84 -EA push stack
(80-68) + EA ST =mem-on
(long neger)
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FIMUL = Integer Multiply

[ WAIT ] op! ]nmoovr/m] "—’__""I'E”j

Exscution
Clochs

8087 Emulator Typical
Encoaing Encoding Range Operation
98 DAmirm CO1AmMItm 136 + EA  ST=5T * mem-0p
(130-144) < EA  (short nteger)
9B DEmirm CCIEmIm 130 + EA ST =ST " mem-op
(124-138) + EA  (word integer)

FINCSTP = Increment Stack Pointer

[war T oot [ ez |

Exscution
Clocks
8087 Emulstor Typical
Encoding Encoding Range Operation
98 D9 F7 CD19F7 9 stack pointer =
612 stack pownter + 1
FINIT
= (d v
ENINIT Initialize Processol
[Twar T oo [ o2 |
Exacution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
96 0B E3 CD 1B EJ 5 nitiahze 8087
28
90 DB E3 CO1BEJ H) initiahize BOB7
28 (no wai)

FIST = Integer Store

[war | oot Jrosotonm ;:ci__;rv [ acer2 ]

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
98 DB m2rm CD 1B m2rm B8 -EA mem.op = ST
(82-92) - EA {short integer)
9B DF m2rm CD 1F m2rm 86 - EA mem-op = ST
(80-90) - EA (word integer)

FISTP = Integer Store and Pop
Short Integer or Word Integer

[war ] oot Jrmoaottsnm aEgn l "_‘Tﬁ

]

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range QOperation
98 08 m3rm CO 18 m3rm 90 - EA mem-op = ST
(84-94) - EA pop stack

(short integer)
98 DF m3rm CO 1F m3rm 88 - EA mem.op = ST
(82 92) - EA pop stack

(word integer)

Long Integer

r WAIT ] op! imod‘ll l ;Zarv a@?j

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Oparation
98 OF m7rm CO1Fm?m  100-EA  mem.op=ST
(94.105) - EA pOD Stack

(long integer)

FISUB = Integer Subtract

[war [ oo lmodloﬁh'ml au—£1 I a:?a_r?j

Exscution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
98 DA mdrm CD 1A mdrm 125~ EA S§T= ST — mem.op
(108-143) - EA (short integer|
98 DE mdrm CD 1E mérm 120-EA  ST=ST — memop
(102137} - EA (word nileger)

FISUBR = Integer Subtract Reversed

[war [ oo ]rmc:o|umL.:;1 I “E"'z_—.__]
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Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation

98 DA mSrm CD 1A mSem 125-EA ST =memop — ST
(109-144) - EA tshor integer)
98B DE mSm COD 1E mSm 120 - EA ST= mem.op — ST
(103-139) - EA (worg nleger)
FLD = Load Real

Stack element o Stack wp

rwur 1 op1 Iogz.,J

Exscution
Clocks
Boa7 Emulator Typical
Encoding  Encoding Range Operation
980D9CO0-+ CD19CO- 20 T «STw
: 17-22 push stack
ST-T

Memony uperand to Stack top
Short Integer or Long Integer

[_ WAIT ] op! [muaooouml m__li'IaE?j

Execution
Ciocks
8087 Emulator Typical
Encoding Encoding Range Operation

98 D9 m0rm CO 19 mOrm 43 -EA push stack
(38-56)- EA ST mem-op
{short integer)
98 DO mOrm CO 10 mOrm 46 - EA push stack
(40-60) - EA ST =mem-op

flong intege)
Temp Real
rwm [ om [ moctor | agun murij
Exscution
Clocks
8087 Emutator Typical
Encoding Encoding Range

98 OB mSrm COD 1B mSrm 57 - EA Push stack
(53.65) - EA ST =mem.op

(temp eal)
FLD1 = Load + 1.0
[Cwar T oot [ o2 |
Execution
Clocks
8087 Emutator Typical
Encoding Encoding Range vperation
98 DI EB CD 19 E8 18 "R

1521 St =10
FLDCW = Load Control Word

[war [ om [roc 101 /] agu Eﬂ:t;j

Execution
Clocks
[ Emulator Typical
Encoding  Encoding Range Operation
9B DS mS5rm €D 19 mSrm 10 EA processor control

(714)- EA  word =mem op

FLDENV = Load Environment

WAt | opt  Jmod 100, agen) .zarzj

Execulion
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
98 D9 marm CO 19 marm 40 - EA BOB7 eneranment =
135 45) - EA mem 2p

FLDL2E = Load Log,e

T T

Execution
Clocks
8087 Emutator Typrcal
Encoding Encoding Range Opaeration
98 D9 EA CD 19 EA 8 Ous™ y'ack
152 Si= -

¥

FLOL2T  Load Log,10



[war | o0 | o2 |

Erecution
Cloche
8087 Emutator Typicat
Encoding Encoding Range Oparation
98 D9 E9 CO 19 E9 19 Dush stacx

16.22 §T=0g 10

FLDLG2 = Load Log,.2
[Twar T oo | oo2 ]

Exscution
Clocks
8087 Emuistor Typicel
Encoding Encoding Range Operation
98 09 EC CD19EC 21 push stack
18-24 §T =iog 2
FLDPl = Load »
WAIT l op! l o002 j
Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation

98 09 EB CD19€EB Push stack

19
16-22 ST=v
FLDZ = Load + 0.0

[wm’] oot | op2 .|

Execution
Clocks
8087 Emulator Typical
Ercoding Encoding Range Opaeration
98 D9 EE CD 19 EE 4 push stack

1147 ST=00

FMUL = Muitiply Real
Stack top and Stack element

[war T oo [ oe2-:]

Ezecution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9B 0D8C8- CD'18C8-: 138 ST «ST ST\
130-145
980CC8+: COCCE- 1 STy =ST() — ST
130-145

Stack tup and memory operand

[Twar T oot [moa 00t im| .LE‘I.}EW:]

Exscution
Ciocks
087 Emulator Typical
Encoding Encoding Rarge Operation
98 D& mirm CD '8 mirm 1M8-EA  ST=ST° memop
(110:125) - EA (short cenl)
98 DC mirm CD 1C miim 161 - EA ST =ST * mem op
(154 .168) * EA (long rean

FMULP = Multiply Real and Pop
[war T oo ‘[ 002 - |

Esecution
4 Clochs
087 Typical
Encoding Encoding Range Oparation
980€EC? - CO'ECY -, 142 ST =STn " ST
134 148 pop stack

FNOP = No Operation

[Twar T e T o2 ]

Execution
Clochs
o8’ Emulator Typica!
Encoding Encoding Agnge Operation
98 09 D0 C0 19 00 13 ST =S§7
10418

- 78

FPATAN = Partial Arctangent

[war [ oov | o2 |

Eaecution
Clocks
8087 Emulator Typleal
Encoding Encoding Range Operation
98 09 F3 CD19F) 850 T « arctan (ST(1)ST)
250-800 POD stack
§T=T
FPREM = Partisl Remainder
[war T oo | o2 |
Exscution
Clochs
8087 Emuiator Typical
Encoding Encoding Range Operation
98 D9 F8 CO19F8 128 ST =REPEAT

15-190 (ST — ST

FPTAN = Partial Tangent
[war T oot | op2 ]

Execution
Clochs
087 Emuiator Typicat
Encoding  Encoding Range Operation
WOIF2 CowF2 450 Y/X +TAN (ST)
30-540 ST=Y
push stack
T X
FRNDINT = Round to Integer
[war [ oot | oe2 |
Erscution
Cloche
s087 Emuistor Typical
Encoding Encoding Range Operation
98D9FC CD19FC 45 ST = nearest

16-50 integer (ST)
FRSTOR = Restore Saved State

[Cwar | oot Jrodi00wm] ?‘.E"I’E“:l

Execution
Clocks
8087 Emutator Typical
Encoding Encoding Range Operation
98 DD mdrm CD 1D mdrm  202+EA 8087 state = mem-op
(197-207)+ EA
FSAVE _
ve State
FNSAVE ~ SO
T R
Execution
Cloche
8087 Emulator Typlcs!
Encoding Encoding Range Operation
98 D0 méem CO 10 mbrm  202-EA  mem-0p— 8087 state
(197.207) - EA
9000 méem CD D mMEm  202+-EA  mem-op «8087 state
(197:207)+ EA (PO want)

FSCALE = Scale
[war | oo [ o2 |

Execution
Clocks
so8? Emuistor Typwal
Encoding Encoding Range Operation
980D9FD CDI19FD 38 ST=§T"2
23

FSQRT = Square Root
[Cwar [ oo [ ooz ]

Execution
Ciochs
so87 Emuiator Typikcal
Encoding Encoding Range Operation
98 DI FA CD19FA 183 ST = ST
180-186

FST = Store Real
Stack top to Stack element

APPENOIY B
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T T X

Eracution
Clochs
087 Emuiator Trypical
Encoding Encoding Range Operation
98 D000+ COID DO+ AL ST()=ST
1522

Stack Lop to memory operand

[Cwar T oot Jroaooum] s | saoz ]

Execution
Clocks
soar? Emulator Typicol
Enceding - Encoding Range Opecation
99 09 m2rm CO 19 m2rm 87+EA  mem-op =ST
(84-90) + EA (Short-real)

98 00m2rm COIDmM2rm  100+EA  mem-op~ ST
(96-104) + EA (tong-real)

FSTCW _
FNSTCW Store Control Word
T war T ot Jmoatviyml .oEn ] w:or::]
Execution
Clochs
2087 Emuiator Typical
Twoding  Encoding Renge Operation
98 D8 m?m CD 19 m7rm 15+ EA MEM-0p « /OCEISON
(12-18)+ EA control word
WDImIrm COI9mIm  15+EA  mem-0p = processar
(12:18) +EA control word
(no wai)

::;?E‘xv = Store Environment

[Cwar T oot Jroationm "’E'I"l_‘i"]

Exscution
Clochs
Lo Emulator Typlcal
Engoing Encoding Range Ope-glion A
#% 09 mérm  CO 19 mbem 45+ EA mem 0 = (I87
(40-50) ~ EA @ crment
W O02r6rm  CD 19 mérm 45+ EA mem.og =47
(40-50) + EA ONw g
(o waity
FSTP = Store Real and Pop
Suack t1op 10 Stack clement
f war [ op! [ op2 + 1 ]
Execution
. Clochs
087 Emulstor Typlcel
Encoding Encoding Hange Operation
$9D0 D8+ CD 1D D8+ 20 ST(n =87
17-24 PO siack

»ick top lo memery operund
TwaT T opt Jrod 011 m]  agan [~ asez]

Long Real or Short Real

Execution
Clocks
sos7 Emulator Typicsl
Encoding Encoging Range Operation
9809 mdm CD 19 mIrm 89 +EA mem-op = ST
(88-92) + EA POp 3tack

(snhort-resl)
96 08 m¥m CD 18 m3rm 102 + EA mem-op = ST
(96-108) ~ EA pop stack

(long-7eal)
Temp Real
Lw.m | opt Pnnalnr/ml- dspio | dwp-n
Erecution
Clochs
8087 Emutator Typical
Encoding Encoding Range Operation

98 DO m7rm CO 10 m7rm 55<EA  mem.op =ST
- (52-58) < EA Pop stack
(lemp-real)
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FSTSW . Store Status Word

FNSTSW
Cwar T oo Jroariinm saor” | scarz_]
Exscution
Crochs
087 Emutator Typical
Encoding Encoding L Operation
98 DO m7rm CO 1D m7rm 15+EA  mem-op = BO8T status
(12-18) - EA word
90 DO m7rm CD 10 m?rm 15~EA mem-op = 8087 status
(12-18) - EA word
] (o wai)
FSUB = Subtract Real
Stack 10p and Stack clement
[ WAIT l op! l_ op2 * 1 l
Execytion
Clocks
soa7 Emulator Typicsi
Encoding Encoding Range Operation
9808E0~1 COVBEQ~ [} ST=ST — $T()
70-100
9BOCES~ CDICERE- a5 ST() =STp) — ST
70-100

Stuck top und memory operand

L war [ o Fmaloour-{ ”E‘I"’__"'zj

Execution
Clochs
8087 Emutator Typical
Encoding Encoding Range Operation
9808 mdrm CD1Bmirm  105-EA  ST=ST — mem-op
(90-120) - EA (short-real)

98 0C m4rm COICmdrm  110-EA  ST=ST — mam-op
(95-125) - EA (long-real)

FSUBP = Subtract Real and Pop

[Twar T oor [ op2-. ]

Execution
Ciocks
soe7 Emuiator Typical
Encoding  Encoding Range Oparation
98 OE €9 CD1EE9 90 ST()=ST(1) — ST
75.105 pop stack
9B DE=8-1 CDIEES - 90 ST) =ST() — ST
75.105 pop stack -

FSUBR = Sublract Real Reversed

Stack top and Stack element

[Cwar T op [ o2-]

Exscution
Clocks
8087 Emulator Typicel
Encoding Encoding Range Operation
98 D8EB+: CODBEB-, 87 ST=ST() — ST
70-100
9B DC €0+ CO 1C €D~ 87 $T) =ST — ST(y
70-100

Stack top and memory operand

[ war T op froa 10y m] “E‘I'f—_‘wj

Eascution
Clochs
o087 Emuistor Typicol
Encoding Encoding Renge Operation
98 D8 mS&m CD 18 mSrm 105+-EA  ST=mem-op — ST
90-120) - EA (short-rea)

98DC mSrm CDICmSm  110-EA ST —mem.op — ST
195-125) - EA (long-real)

FSUBRP = Subtract Real Re

rsed and Pop

[ war [ oo '[agz..l

Execution
Clocks
087 Emulator Typical
Encoding Encoding Range Oparstion



9BDEE! CDIEE! 90 ST(1)=~ST — ST(1)
75-108 pop stack

98 DEEO-: CD'EEQ-/ 90 STy =ST — 8T\
75-108 pop stack

FTST = Test Stack Top Against + 0.0

[ war T oo [ ooz |

Exsculion
Clocks
L 14 Emulator Typical
Encoding Encoding Fange Operation
98 D9 E4 CD19E4 a2 ST =ST —00
38.48

FWAIT = (CPU) Wait While 8087 Is Busy

Exscution
Clocks
soa7 Emulstor Typecal
Encoding Encoding Range Operstion
98 S0 3+5n 8086 wart instruction
3-8

FXAM = Examine Stack Top

Lwar T ot [ o2 |

Execution
Clocks
808y Emulstor Typical
Encoding Encoding Range Operation
9B D2ES CD19ES 17 set condition coce
1223

FXCH = Exchange Registers
L war T op T ool*l_}

Execution
Clocks
8087 Emutator Typicsl
Encoding Encoding Renge Operation
98 09CE coisce 12 T,=8T(1)
101§ ST(1)=ST
ST=T,
$8D9ICa~r CO19CE~) 12 T, =ST()
10-18 ST =ST
ST=T,

FXTRACT = Extract Exponent and
Significand

[mu![o;v]wz]

Execution
Clochs

087 Emulator Typicel
Encoding Encoding Rangs

9809 F4 CD19F4 S0
2788

FYL2X = Compute Y * Log, X

Lwar [ oo T o2 ]

Execution
Clocks
087 Emulator Typical
Encoding Encoding Range
9B D9F1 CD19F1 950
900-1100

Operation
T, =exponent (ST)
T, = signihcanc (ST)
ST=T,
Push stack
ST =T,

Operation

T.=ST(1) " log. (ST)
POop stack
ST=T

FYL2XP1 = Compute Y " Log, (X + 1)

I T

Execution
Clocks
08T Emulator Typical
Encoding Encoding Range
98 D9F9 CD 19 F9 850
700-1000

Operation

T =ST + 1
T, =S8T(1) " log, T,

APPENDIX B
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2, powers of, 2

2's complement. 6-8. 43. 55. 56. 148

4-bit microprocessors. 26, 27

4N33 optical coupler. 228

5-minute rule. 68. 185. 197, 315, 574

7-segment display code. 4

7-segment light-emitting diodes (LEDs).
4. 267-276

8-bit microprocessors, 26—-27

10BaseT (thin Ethernet) networks, 525

16-bit microprocessors, 27-26

18-segment light-emitting diodes
(LEDs), 267, 276

32-bit microprocessors, 27

74LS14 Inverter, 217, 219, 220

7415138 decoder, 186-189, 222, 223

74LS5164 walt-state generator, 174,
175, 177, 196-197

74LS181 ALU, 16-17

7415244 drivers, 174, 179

74L5393 baud rate generator, 174,
175, 178, 184

745373 address latch, 174, 175, 178,
185

555 timer, 220

741 operational amplifier. 291, 293

2142 SRAM, 174, 175, 181, 192-193

2316/2716 PROM, 174, 175, 176, 191-
192

2900 family of bit-slice processors, 27

3625 10 decoder, 174, 182, 193-195

3625 off-board decoder, 174, 180, 195~

196

3625 PROM decoder. 174, 175, 176,
191-192

3625 RAM decoder, 174, 175, 181,
192-193

4004 microprocessor. 26
6502 microprocessor, 27
6800 microprocessor, 27
6801 microcontroller, 27
6809 microprocessor, 27
6845 CRT controller, 442-443
7445 decoder, 174, 182, 269
7447 decoder, 267-268, 269
8008 microprocessor. 26—-27
8048 microcontroller, 27, 265-266
8051 microcontroller family, 27. 332,
333
8080 microprocessor. 27
8085 microprocessor, 27
8086 assembly language
breakpoints In, 61
coding sheets for. 45-47
comments in. 32. 45, 46
converting algorithms to. 67
destinations in, 32-33
fields in, 32
Instructions for. See 8086 instruc-
tions
labels in, 45, 46, 58
mnemonics in. 32, 45. 46
opcodes (operation codes) for, 32.
45. 46. 48, 590-598
operands in, 32. 45. 46
overview of. 32-35
program development tools for, 59-
62 .
programs. See 8086 assembly lan-
guage programs

INDEX

8086 assembly language (Cont.)

sources in, 32-33

statements in, 32-33, 4547

syntax of, 47

8086 assembly language programs

8086 Initialization, 237-240

8250 initialization, 513-514

8251A data transmission and recep-
tion, 493

8251A Initialization, 492

8254 in'tialization, 237-240

B8259A Initialization, 237-240

8279 initlalization. 273. 274

adding constants to arrays of data
86-89. 401. 402-403

arithmetic average. 65-67

backward jump. 73-74

Basic Input Output System (BIOS)
procedure calls, 240-242

binary-coded decimal (BCD) pack-
ing. 69-71

binary-coded decimal (BCD) to bi-
nary conversion, 109-115

breakpoints in, 47, 61, 68-69

C programs with, 426-432

circular (ring) buffer. 513-514

comparing strings. 97-99

conditional jumps, 77

critical region protection, 538

data sampling. 103-106

debugging. See Debugging pro-
grams

display driver. 274-275

display programming, 451-458

divide-by-zero tnterrupt-service pro-
cedure, 209-212

division, 122-127

documentation of, 47

DOS function calls for files, 475

factorlals, 117-121

far procedure additions to. 121

forward jump. 74

hand-coding, 35, 45-47, 52, 53, 68

heater control, 82-84

IF-THEN-ELSE structure, 77-82

IF-THEN structure, 77

tndustrial process-control system.
323-331

inflation factor adjustment, 8688

initialization 1nstructions for, 45.
66. 67

int array pointers. 401, 402-403

interrupt tnput, 217-219

kevboard Input. 84-86. 217-219.
237-240. 262-264

microcomputer-based industrial
process-control system. 323-33 1

microcomputer-based scale, 309-317

modules of, 122

moving strings. 95-97

multiplication. 53-5¢

mutual exclusion. 538

packed binary-coded decimal (BCD)
code. 69-71. 109-115

printed-circuit-board-making ma
chine, 77-82

printer driver. 255-259

printer output. 240-242

profit factor adjustment. 88-89.
401. 402-403

8086 assembly language programs
(Cont.)
read input port. 4547
real-time clock, 237-240
relocatable. 74
REPEAT UNTIL structure. 84--89
scale. 309-317
sequence structure, 65-67. 69-71
simplified segment directives in.
430. 432
stack i sage additions to. 103
strobed tnput. 84-86
terminal emuiator, 507-508. 509
unconditional jumps. 73- 74
video programming. 451-458
WHILE-DO structure, 82-84
8086-bascd microcomputers. See also
SDK-86
block diagram of. 163-164
bus activities during read and write
operations. 164-167
overview of, 163—-164
troubleshooting. 200-204
8086 family of microprocessors. 27—
28
8086 instructions
arithmetic. 42-43. 67-68. 580
bit manipulation, 43, 590-591
clock cycles for. 592-598
D bit for. 48. 49. §90. 591
data transfer, 42, 590
initialization. 45, 66. 67
mnemonics for. 32, 45, 46
MOD bit patterns for. 48-50, 590.
591, 592
opcodes (operation codes) for. 32,
35. 46, 48, 590-598
operand summary for. 592
processor control. 44-45. 591
program executfon transfer. 43-44.
591
R/M bit patterns for, 48--50. 590,
591, 592
REG bits for. 48. 42. 580, 591, 592
second tnstruction byte summary
for, 592
string. 43. 95-99. 591
supersets of, 28
templates for, 47-53
timing for, 91-93. 592-598
W bit for. 48, 590, 591
8086 microprocessor
8087 math coprocessor cooperation
with, 377-379
808K microprocessor versus, 197
a ¢ characteristics of. 585-589
absolute maximam ratings for. 585
accumulator of, 29-30
artthmetic logic unit (ALU) of. 28.
29
assembly language for See BOB6 as-
sembly language
block diagram of. 27-28. 579
booting. 164. 168
bus activities during read and write
operations. 164-167
bus interface unit (BIU) of. 28-31.
581
bus timing for. 584
buses in. 29. 582

607



8086 microprocessr (Cont.)

clock frequencies for, 197

control circu‘try in, 28, 29

d.c. characteristics of, 585

decoder in, 28, 29

description of, 27-28, 581-584

direct addressing mode of, 34-35

execution unit (EU) of. 28-30, 32.
581

external interface for, 583-584

flag register of, 28-29

general-purpose registers of, 29-30

high byte storage of, 35

/O addressing of, 582

immediate adaressing mode of. 33

index registers of, 29, 32

Instruction poir.ter (IP) register of,
29, 30-31

Instructions for. Sce 8086 Instruc-
tions

interrupt response of, 207-208

1w byte storage of, 35

math coprocessor for. See 8087
math coprocessor

maximum mode of, 168, 346, 348,
581-582. 588, 589

memory organization of, 189—191.
581

minimum mode of. 168, 197-200,
346, 348, 581-582, 586, 587.
589

pin configuration of. 168. 348, £79

pin description for, 167-168, 579
580

pointer registers of, 29, 30-31

programmer's model of, 163

programming introduction fur, 32—
35

queue registers of, 29, 30

READY Input of, 164167, 173,
175, 196197 i

register addressing mode of, 33-34

reserved memory locations for, 581

RESET response of. 164, 168, 583

segment registers of, 29, 30-32, 34—

35. 58-59, 581

stack polnter (SP) register of, 29, 31

stack segment (SS) register of, 29,
30-32

system timing for, 164—167, 583.
584

TEST input of, 375, 377-379, 584

timing parameters for. 197-200

virtual 8086 mode (80386), 561-562

WAIT instruction for, 375, 377-379

WAIT states of, 164—-167, 175, 196—
197

waveforms for. 164—167, 197-200,
583. 584, 586-589

word storage of, 35

8087 math coprocessor

8086 microprocessor cooperatlon
with, 377-379

architecture of. 368-369

block diagram of, 368

clrcuft connectlons for. 377-379

clock cycles for instructions. 599—
605

control words for. 368-369

data types for. 366-368

double-precision numbers for, 366,
367-368

fixed-point numbers for. 367

floating-point numbers for, 367

hypotenuse calculation with, 375~
377

608

INDEX

8087 math coprocessor (Cont.)
Instructions for, 370-375, 599605
integers for. 366
overview of, 365-366
packed 8ecimal numbers for. 366
programming example for, 375-377
real numbers for, 366-368
single-precision numbers for. 366,

367
socket for, 345
stack of. 369-370
status word for, 368-369
timing for instructions, 599-605
8088 microprocessor, 28, 127, 377-379
8096 microcontroller family, 27, 332—
333, 334
82C08 DRAM controller, 355-357
8237 DMA controller
cireult connections and operatlon,
348-351

initializing, 352

pin descriptions and signals for,
352-353

timing waveforms for, 351-352

8250 UART
control werds for, 515, 516
initializing, 515
sending and receiving characters

with, 517

8251A USART, 174, 175, 184

BISYNC communication with, 519—
520

block diagram of, 489, 490

control words for, 490-493, 519,
520

initializing, 490492

pin descriptions for. 489, 490

sending and receiving characters
with, 493

status word for, 491

system connections and signals,
489-490

write-recovery time for, 492

-8253 programmable timer/counter, 221

8254 programmable timer/counter

8253 versus, 221

block diagram of, 221

clock frequency for, 221

control words for, 224-226, 232

hardware-retriggerable one-shot.
227-228

hardware-triggered strobe, 230-231

initializing, 223-226

internal addresses of, 224

interrupt on terminal count, 226—
227

nonsystein clocks with, 231

operation of, 221-223

read-back feature of, 221, 232

reading the count from, 231-232

SDK-86 addition of, 222, 223

sofltware-triggered strobe, 230, 231

square-wave mode (mode 3), 229-
230

system connections for, 222, 223

timed interrupt generator, 228-229

timing waveforms for, 226-231

8255A programmable parallel port

block diagram of. 248

Centronics parallel interface to, 252.
254-255

control words for, 248-250. 255

lathe tnterface using. 250-252

operational modes of. 247-250

paper tape reader Interface using.
250-252

8255A programmable parallel port
(Cont.)
printer driver program using, 255—
259
in SDK-86, 174. 175, 180
status word for. 258-260
system connectlons for, 247
8259A priority interrupt controller (PIC)
8086 interrupt-acknowledge cycles
for. 215-216
cascading, 222, 235
fixed-priority mode of. 233-234
In-service register (ISR) of. 233, 234
Initialization command words
(ICWs) of, 235-237
Initializing, 235-240
interrupt mask reglster (IMR) of,
233. 234
interrupt request register (IRR) of,
233, 234
operation command words (OCWs)
of, 237, 238
overview of, 233-235
priority resolver of, 233. 234
SDK-86 addition of. 222, 223, 235
systemn connections for, 222, 223,
225
use of, 232-233
8272A floppy-disk controller, 469472
8279 dedicated display controller
7-segment display interfacing with,
268-275
connections for, 268-271
control words for, 271-274
decoded scan with, 271, 273
encoded scan with, 271, 273
initializing and communicating
with, 270
keypad interfacing with, 268-274
scan time for, 270
status word for, 274
timing waveforms for, 269-271
8279 specialized /O device, 174, 178~
179. 182
8284 clock generator. 173,174, 175,177
8286 control and data transceivers.
174, 179
8421-birary-coded decimal (BCD) code,
3.4
8514/A high-resolution graphics board.
447
9900 family of microprocessors, 27
32032 microprocessor, 27
€8000 microprocessor, 27
68020 microprocessor, 27
80186 and 80188 microprocessors, 28.
333. 335-336. 524, 598-599
80286 microprocessor
80287 coprocessor for, 544
architecture of, 543
block diagram of. 543
instructions for. 546-547
Interrupts for, 544, 545
introduced. 28, 534, 543
pin configuration of, 544
protected mode of, 543, 545-546, 547
real mode of. 543. 544. 546-547
system connections for, 545
80287 math coprocessor, 544
80386 microprocessor
80386DX verslon of. 547, 548
B0O386SX verslon of, 547, 548
addressing modes of. 563
architecture of. 547
extended industry standard archi-
tecture (EISA) bus for. 550-551
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index scaiing feature of, 563

industry standard architecture (ISA)
bus for. 550

tnstructions for, 562-564

introduced, 28, 534. 547

MicroChannel Architecture (MCA)
bus for, 551-552

pin configuration of, 547. 548

programming, 564—-568

protected mode of. See 80386 pro-
tected mode

real mode of, 552. 553

registers of, 552, 553. 562-563

signal groups of. 547-549

summary of hardware and modes,
562

systemn connections for, 549-550

systems using, 549-550

virtual 8086 mode of. 561-562

80386 protected mode

call gates, 557

flat system memory model, 560

input/output (I/O) privilege levels.

interrupt and exception handling.
557-558

operating systems using, 566

paged flat memory model. 560-561

paging mode. 558-560

segment privilege levels and protec-
tion, 556-557

segmentation, 554-556

segmented-paged memory model,
560

segments-only memory model,
560

task state segment, 558-559
task switching, 558-559
virtual memory, 554-556
80386DX microprocessor, 547, 548
80386SX microprocessor, 547, 548
80387 math coprocessor, 569
80486 bullt-in math coprocessor. 568--
569 )
80486 microprocessor, 534, 568-570
80586 microprocessor, 570-571
80686 microprocessor, 571
80786 bullt-in math coprocessor, 571
80786 microprocessor, 571
80960 microcontroller family, 336
82385 cache controller, 358, 360-363
A-bus. 29
AAA instruction, 42, 131. 590. 592
AAD instruction, 43, 131, 590, 592
AAM instruction, 43, 131-132, 590.
592
AAS instruction, 43, 132, 590. 592
Absolute shaft encoders, 283284
Abstracts for programs. 47
Access times for disks, 466. 467
Accessed bit, 542
Accumulator (AL register), 29-30
Accuracy (precision) of numbers. 367
ACK (affirmative acknowledge) charac-
ter. 519
Active filters. 291, 294-295
Actual arguments (parameters) of func-
tions. 418
A/D converters. See Analog-to-digital
converters
ADC instruction, 42, 132, 590, 592-
593
ADD {nstruction, 42, 52. 70-71. 132-
133, 590. 593
Adders, 291, 293-294

Addition
8086 instructions for. 42
8087 instructions for, 372-373
binary. 6-7
binary-coded decimal (BCD). 10
Address bus, 14, 15, 23-26
Address counter, 24
Address decoders. 185-186. 335-336
Address inputs. 14, 15
Address marks on disks. 468—469
Address pipelining, 548-549
Address transfer instructions, 42
Address unit (AU) (80286). 543
Addresses
base. 30, 31. 32, 34, 49-50, 8930
breakpoint. 47. 61, 68-69. 214,
552, 553
effective (EA). 34, 49-50, 89-90.
592
Internal, 224
labels as. 45. 46, 58
logical, 541-543
named. 58
offsets (displacements) of, 31, 34.
88-90. 542
physical, 31-32, 34, 49, 89-90.
541-543
plpelined, 548-549
return. 100, 133
segment base, 30, 31, 32, 34, 49—
50, 89-90
segment base: offset form of, 31. 35
virtual, 541-543
Addressing modes
80386, 563
defined, 33
direct, 34-35
double indexed, 49, 89-90
fmmediate. 33
MOD bit patterns for, 48-50
R/M bit patterns for, 48-50
real, 28
register. 33-34
single indexed. 49. 89-90
summary of, 4950, 89-90
virtual, 28
Advanced Micro Devices 2900 family of
bit-slice processors, 27
AF (auxiliary carry flag). 28. 29, 74, 75
Affirmative acknowledge (ACK) charac-
ter, 519
AH register, 29-30
Al (artificial intelligence), 572-574
AL register (accumulator), 29-30
Algorithms
converting to assembly language. 67
defined, 37
downloading program. 510
flowcharts for, 37-41
microcomputer-based scale, 308— 309
program development, 61. 62
standard structures for, 39-42
structured programming of. 39-42
terminal emulator, 507
top-down design of. 39—-42
Align on even memory address (EVEN)
directive. 159-160
Alphanumeric codes, 4-6
Alphanumeric displays. See Light-emit-
ting diodes: Liquid-crystal dis-
plays
ALU. See Arithmetic logic unit
AM (amplitude modulation) 498, 499
American Standard Code for Informa-
tion Interchange (ASCII)
ASCIIZ string. 475

American Standard Code for Information

Interchange (ASCII) (Cont.)
converting EBCDIC to. 266-267
in data statements 56
described. 5-6
extended. 435—-439 — -
keyboard input. 84-86
table of codes. 5. 436
Amplifiers. Cee Operational amplifiers
Amplitude modulation (AM). 498, 499
Analog-to-digital (A/D) converters
8096, 333. 334
conversion time for, 304
dual-slope. 304-305. 307
high-speed. 304
microcomputer Interfacing for, 306—
307
output codes for. 306
parallel comparator (llash), 304,
306-307
specifications for. 304
successive approximation, 305, 307
AND gate, 11
AND Instruction, 43, 69-70, 133. 590,
593
AND matrixes. 12
Answer modem, 501
APls (application program interfaces),
567
Application layer (OSI model), 523
Application program interfaces (APIs).
567
Arithmetic average, 65-67
Arithmetic instructions
8086, 42-43, 67-68, 590
8087, 372-374
Arithmetic logic unit (ALU)
74LS181, 16-17
8086. 28, 29
defined. 16—-17

microprocessor categorization using.

26

Arithmetic operators in C, 406
ARPL Instruction (80286). 547
Arrays

data, 86—-89

elements of. 86-89

indexes of, 89

type of. 86
Artificial intelligence (Alj. 572-574

ASCIl. See American Standard Code for

Information Interchange
Assembler directives
align on even memory address
(EVEN), 159-160
ASSUME. 58-59, 158
define byte (DB). 55. 158
define doubleword (DD). 55. 158
define quadword (DQ). 158
define ten bytes (DT), 158-159
define word (DW). 55. 159
end procedure (ENDP). 159
end program (END). 59. 159
end segment (ENDS). 53-54. 159
equate (EQU), 54-55. 159
external (EXTRN], 122. 160. 162
GLCBZL, 169
GROUP, 160
INCLUDE. 160
LABEL, 160
LENGTH operator. 161
NAME. 161
OFFSET operator, 161 -
originate (ORG). 161
pointer (PTR). 161
procedure (PROC). 161

INDEX 609



Assembler directives (Cont.)
PUBLIC. 122, 160. 161-162
SEGMENT, 53-54. 162
SHORT operator. 162
TYPE operator, 162

Assembler macros
cefined. 127
dummy var..bles in, 128
expanding. 127
in-line code and. 127
passing parame.ers to, 128
procedures versus, 127, 128-129
without parameters, 127-128

Assembler program. 33. 45. 53, 602

Assembly language. See 8086 assembly

language

Assertion level, 11

Assignment operator in C. 406

ASSUME directive. 58-59, 158

Asynchronous communication. 488

Asynchronous inputs, 13

Attribute code, 442—-443

AU (address unit) (80286). 543

Audlo speaker buffer, 230

Audio-tone generators, 230

Automatic storage class in C, 420

Auxiliary carry, 10

Auxillary carry flag (AF) 28, 29, 74, 75

Avallable interrupts, 208

Average of numbers, 65—-67

AX register, 30

B-bus. 29
Backbones for networks, 526, 527
Backward jump, 72-74
Bandpass filters, 295
Bang-bang (on-off) control, 331
Bank-switched memory, 539-540
Base-2 numbers. See Binary numbers
Base-10 (decimal) numbers, 1
Base-16 (hexadecimal) numbers, 3, 9—
10
Base address, 30. 31. 32, 34, 49-50.
89-90
Base pointer (BP) register, 29, 31
Baseband transmission, 523
Basic Input Output'Systemn (BIOS),
240-242, 386, 435-439 451-
453, 454, 506-518, 536-537
Baud rate. 178, 488
BCC (block check characters), 518-519
BCD. See Binary-coded decimal code
BCP (bytc-orlented protocol), 518-520
Begin flowchart symbol. 37-38
Behavioral models, 382
BH register, 29-30
Biased exponent of numbers, 367
Bidirectional bus. 24
Binary addition. 6-7
Binary-coded decimal (BCD) code
8421.3. 4
addition with, 10
in data statements, 56
decimal adjust operation for, 10
described. 3. 4. 10
excess-3. 4
packed. 69-71. 109-115. 366, 372
subtraction with. 10
unipolar. 306
unpacked. 69-71
Binary codes. 306
Bina:y counters. 14
Binary digits. See Bits
Binary division. 9
Binary multiplication, 8-9
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Binary (base-2) numbers
2's complement of, 6-8, 43, 55. 56.
148
In data statements, £5
described, 1-3, 6-9
packed binary-coded decimal (BCD)
conversion to, 109-115
Binary subtraction, 8
Binary Synchronous Communication
Protocol (BISYNC), 518-520
Binary-to-decimal conversion, 1-2
Binary words
binary digits (bits) in. See Bits
byte (8-bit), 1
doubleword (32-bit), 1
least significant bit (LSB) of, 1
most significant bit (MSB) of. 1. 2,
28, 29
nibble (4-bit), 1
word (16-bit). 1
Binder, 566
BIOS (Baslc Input OutputgSystem),
240-242, 386, 485-439, 451—-
453, 454, 506-518, 536-537
Blpolar binary codes, 306
BISYNC (Btnary Synchronous Commu-
nication Protocol), 518-520
Bit-aligned block transfer (BITBLT),
458
Bit manipulation instructions, 43,
590-591
Bit-mapped raster scan display, 444
Bit-oriented protocol (BOP), 520-522
Bit scan and test instructions (80386),
563
Bit-slice processors. 27
BITBLT (bit-aligned block transfer), 458
Bits (binary digits)
accessed, 542
check (encoding), 364
D. 48, 49, 590. 591
defined, 1
dibits, 499, 500
dirty. 542
flag, 518
masking, 69-70
MOD. 48 -50. 590. 591. 592
parity. 4, 363-364
privilege-level, 542
quadbits, 499-500
R/M. 48-50. 590, 591. 592
REG, 48. 49, 590. 591, 592
sign, 6-8
start, 488
stop. 488
tribits, 499
W. 48, 590, 591
Bltwise operators in C, 406-407
BIU (bus interface unit), 28-31, 581
BL register, 29-30
Bloc' check characters (BCC), 518-519
Blocked tasks. 538
Blocks of memory. 255
Boot record on disks, 473
Booting the 8086. 164, 168
BOP (bit-oriented protocol), 520-522
Bottom-up design, 39
BOUND instruction (80186/80188), 44,
336. 598
BOUND instruction (80286). 547
BP (base pointer) register. 29, 31
Breakout box. 497
Breakpoint frequency. 294
Breakpoint interrupts. 208, 214
Breakpoints. 47. 61. 68--69, 208, 214,
552. 553

Bresenham's algorithm, 457-458
Bridges (gateways) for networks, 526
Broadband bus (tree-structured) net-
works, 522, 523
Broadband transmission, 518-520
BSF instruction (80386), 563
BSR instruction (80386). 565
BSWAP instruction (80486), 370
BT instruction (80386), 563
BTC instruction (80386), 563
BTR Instruction (80386). 563
BTS instruction (80386), 563
BU (bus unit) (80286), 543
Buffers
circular (ring), 515-517
high-power, 302-303
integrated-circuit (IC), 277-278
inverting, 11
noninverting, 11, 293
transistor, 278-280
Bullder, 566
Bus interface unit (BIU), 28-31, 581
Bus master, 550
Bus timing. 8086 microprocessor, 584
Bus unit (BU) (80286). 543
Buses
8086, 29, 582
A-bus, 29
activities during read and write op-
erations, 164-167
address, 14, 15, 23-26
B-bus, 29
bidirectional, 24
C-bus. 29
cortrol, 23-26
data, 14, 15, 23-26
extended Industry standard archi-
tecture (EISA) bus. 550-551
industry standard architecture (ISA)
bus, 550
MicroChannel Architecture (MCA)
bus, 551-552 :
BX register, 30
Bypass capacitors, 176, 185
Bvte
defined. 1
higli, 35
low, 35
Byte-oriented protocol (BCP), 518-520
Byte transfer instructions, 42
Byte type, 34, 55, 158

C-bus, 29
C programming language

aetual arguments (parameters) of
functions in, 418

arithmetic operators In, 406

assignment operator In, 406

automatic storage class in, 420

bitwise operators in, 406—-407

calling functions in. 417-419

CASE structure in, 411-412

char (character) pointers in, 404—
406

char (character) variables in, 396—
397

character strings in, 404-406

combined operators in, 407

curly braces in. 390

data types in, 395-396

declaring functions in. 417-419

defining functions in. 417-419

dereferencing pointers In, 400

do-while structure in, 412-413

enumerated data type in. 396



C programming language (Cont.)

extern (global) storage class in. 419
420

FILE pointers in, 475

float (floating-point) pointers In.
403-404

float (floating-point) variables in.
398

FOR-DO loop in, 413—417

FOR loop in. 413417

formal arguments (parameters) of
functions in. 417

function storage classes in, 419-420

\f-else structure, 410411

IF-THEN-ELSE structure in, 410—
411

IF-THEN structure in, 410411

index method of accessing array ele-
ments, 414—416

int array (integer array) pointers in, .

400403

int (integer) pointers in, 398—400

int (integer) variables in, 397-398

Integrated Development Environ-
ment for, 391-395

introduced, 395

keyboard input library functions for.
423-424

library functions for, 423426

logical operators in, 407408

math library functions for, 425-426

memory models for, 428

operator precedence in, 408-409

output library functions for, 424

parentheses in. 390-391

passing array polinters to functions
in, 420-421

passing parameters by reference,
400

passing parameters by value. 400

pointer method of accessing array el-
ements, 416-417

pointers and functions with two-di-
mensional arrays, 421-423

pointers to functions, 423

preprocessor directives in, 390 \

program development toois for, 391—
395

programs. See C programs

prototypes of functions In. 417-418

register storage class in, 420

relational operators In, 407

REPEAT-UNTIL structure in, 412—
413

slatic storage class in. 420

string library functions for. 424-425

switch structure in, 411-412

union data structure in, 417--439

variable declarations in, 395-398

variable storage classes in, 419-420

variable types in, 396-398

WHILE-DO structure in, 412-413

while structure in. 412-413

C programs

8086 assembly language programs
with, 426-432

adding constants to arrays of data.
389-391. 400-404. 420-421

arithmelic average. 414—-417. 421~
423

calling functions, 418-419

char pointers. 404-406

char variables, 396-397

declaring functions. 418-419

defining functions. 418-419

disk file operations. 475-477
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C programs (Cont.)
do-while structure, 412-413
downloading to SDK-86, 508-518
float pointers, 403—404
float variables, 398
graphics programming. 458—460
hypotenuse calculation. 425426
if-else, 410-411
index method of accessing array ecle-
ments, 414416
int array pointers, 400403
int pointers, 398-400
int variables, 397-398
keyboard input, 437439
for loops. 414--417
passing array polnters to functions.
420-421
pointer method of accessing array el-
- ements, 416-417
pointers and functions with two-di-
mensional arrays. 421-423
profit factor adjustment, 389-391,
400404, 420421
switch structure, 412—413
video programming, 458—460
while structure, 412-413
Cache memory
80486, 534, 569
80586, 571
80686, 571
80786. 571
82385 cache controller for, 358,
360--363
cache directory for, 360
direct-mapped. 360--361
DRAM and. 358, 360. 363
fully associative, 362-363
hit rate for, 358, 360
implementation of. 358, 360
posted-write-through for, 360
SRAM and, 358, 360, 363
summary of, 363
two-way set associative. 361-362
virtual memory versus, 541
Caches, disk. 477
CAE (computer-aided engineering). 379
CALL instruction, 43, 100-102, 106—
107, 133-134, 591, 593
Call table, 325, 330
Called modem, 501-502
Calling functions in C, 417-419
Calling modem, 501-502
Calls *
direct, 101-102, 133-134
far (Intersegment), 100, 101102,
107. 133-134
indirect, 101, 102, 133-134
near (intrasegment), 100, 101, 106—
107. 133
Capacitive keyswitches. 260
Capacitors
bypass. 176. 185
filter, 176, 185
Carrier sense. multiple access with col-
lision detection (CSMA/CD), 523.
524-525
Carry, auxiliary, 10
Carry flag (CF). 28, 29. 74-75
Cascaded devices. 235
Case design. 386
CASE structure, 39-41. 81-82, 411-
412
Cathode-ray tube (CRT) displays
_ 6845 CRT controller for. 442443
8514/A high-resolution graphics
ooard for, 447

Cathode-ray tube (CRT) displays (Cont.).
attribute code and, 442—443
bit-mapped, 444
character display on, 440442
character generator ROM for, 440

442
color. 444451
color graphics adaptor (CGA) for,
447-449
composite video color monitor. 448
display refresh RAM for. 440, 441
dot clock for, 440441
enhanced graphics adaptor (EGA)
for. 447, 449
field of, 439
frame buffer for, 440, 441
frame rate for. 439440
frequencies for, 442-443
Hercules adaptors for, 447
high-resolution graphics. 460—461
horizontal sync pulse for, 440
interlaced scanning for, 439-440
monochrome, 440, 442—443. 444,
447 .
multicolor graphics array (MCGA)
for, 447
noninterlaced scanning for, 439, 440
overscan In, 443
packed pixel storage for. 445, 446
picture element (pel or pixel) of. 444
pitch of, 444
planar pixel storage for, 445—446
plasma displays, 462
programming. See Video pro-
gramming
RAMDAC for, 450
raster scanning for¥ 439440
terminal, 440
timing for, 442443
vertical sync pulse for, 440 -
video DAC for, 449450
video graphics array (VGA) for. 447
449451
-video monitor, 440
video RAM (VRAM) for, 446—447
CBW instruction, 43, 134, 590. 593
CCD (charge-coupled device) cameras,
464

CD (compact disk), 478
CD-I (compact digital interactive), 483
CDQ tnstruction (80386). 563
Central processing unit (CPU). See ais»
Microprocessors
buses connected to, 23-26
decoding of instructions by. 24--2¢
defined, 19, 24
execution of instructions by, 24-%0"
fetching of instructions by. 24—-26
.general-purpose, 27
microcomputer, 23—-26
purposes of, 24
registers in, 24
Centronics parallel interface
connections for. 252-255
pin descriptions for, 252-253
printer driver program for. 254-255
SDK-86 connections for, 252. 254—
255
timing waveforms for. 254-255
CF (carry flag). 28. 29, 74-75
CGA (color graphics adaptor). 447-449
CH register, 29-30
Char (character) pointers in C. 404--
406
Char \character) variables in C. 396~
397
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Character generator read-only memory
(ROM), 440442
Character strings in C, 404—406
Characters
affirmative acknowledge (ACK), 519
block check (BCC). 518-519
control. 6
cyclic redundancy (CRC), 468, 469,
518, 519, 521
end-of-block (ETB), 518
end-of-text (ETX), 518
end-of-transmission (EOT). 519
enquiry (ENQ), 519
negative acknowledge (NAK). 519
sentinel method for sending, 255
start-of-header (SOH). 518
start-of-text (STX), 518
sync, 518
token, 523
Charge-coupled device (CCDJ cameras,
464

Check (encoding) bits, 364
Chip enable inputs, 15
CIM (computer-integrated manufactur-
ing), 386
Circular (ring) buffer, 515-517
CISC (compiex instruction set com-
puter) processors, 461
CL register, 29-30
Cladding material, 504 ;
CLC instruction, 44, 134, 591, 593
CLD instruction, 44, 134, 581, 593
CLI instruction, 44, 134, 215, 591, 593
Clock cycles
8086 instructions, 592-598
8087 (nstructions, 599-605
deidy loops, 91-93, 1031086
Clock waveform, 165
Clocks
nonsystem, with 8254, 23}
real-time, 220-221, 237-240
states of, 165
Closed-loop gain, 292, 293
Closing files, 475477
Clusters on disks, 473
CMC Instruction, 44, 134, 591, 593
CMP instruction, 43, 134—135, 590,
593-594
CMPS/CMPSB/CMPSW instructions,
135, 591, 597-598
CMPXCHG instruction (80486}, 570
CNC (computer numerical control) ma-
chines. 250-252
Code conversion
compare technique for, 262-264
XLAT niethod for. 266267
Code segment, 58
Code segment (CS) reglslcr 29, 30-32,
89-90. 581
Codecs, 502
Coders. 502
Codes -
7-segment display. 4
alphanumeric. 4-6
analog-to-digital (A/D) output. 306
ASCII. See American Standard Code
for Information Interchange
attribute, 442-443
BCD. See Binary-coded decimal code
binary. 306
bipolar binary, 306
digital-to-analog (D/A) Input. 302,
306

error detecting/correcting (ECCs).
364-365
Extended Binary-Coded Decimal In-
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Codes (Cont.)
terchange Code (EBCDIC), 5. 6,
266267
frequency modulation (FM), 467,468
Gray, 3—4, 283-284, 499
Hamming, 364-365
linear predictive (LPC), 481
Manchester, 524
modified frequency modulation
(MFM), 467468
nonreturn-to-zero (NRZ), 467
run-length-limited (RLL). 468, 472
trellis, 500
unipolar binary, 306
Coding sheets for programs, 45-47
Coding templates, 47-53
Cold-junction compensation, 298
Collision of transmissions, 524
Color cathode-ray tube (CRT) displays,
444451
Color graphics adaptor (CGA), 447-449
Color palettes, 445
Combined operators in C, 407
Command words. See Control words
Comment field, 32
Comments in programs, 32, 45, 46
Common-bus networks, 522, 523
Common-mode rejection, 294
Common-mode voltage, 294
Compact digital interactive (CD-1), 483
Compact disk (CD), 478
Companders (companding codecs). 502
Comparators, 291, 292
Compare Instructions, 8087, 374
Compare technigue for code conver-
sion, 262-264
Compiier program, 33
Complete d:ceding, 195
Complex instruction set computer
{CISC) processors, 461
Compusiie /deo color monttor, 448
COMPS/COMPSB/COMPSW tnstruc-
tions, 43
Computer-alded engineering (CAE), 379
Computer-integraied manufacturing
(CiM), 386

Computer numerical control (CNC) ma- -

chines, 250-252
Computer vision, 463465
Conditlonal flags. 28--29, 7476
Conditional jumps, 71, 76-77, 83-84,
90-91
Conditional transfer instnictions, 44
Connector flowchart symbol, 38
Connector symbols, 185
Constants
8087 Instructions for, 375
named, 54-55
Constellations (phase-amplitude
graphs), 499-500
Contact bounce and debouncing. 260,
261-265
Contactors, 280
Context (environment, or state) of
tasks, 537-538
Context switching, 537
Control bus, 23-26
Control characters, 6
Control circuitry. 8086, 28, 29
Control flags. 29
Control words
8250, 515. 516
B8251A. 490-493. 519, 520
8254, 224-226, 232
8255A. 248-250. 255
8279. 271-274

Controilers
dedicated, 27
embedded. See Embedded con-
trollers
Coprocessors. See Math coprocessors
Counters
8253, 221
8254. See 8254 programmable
timer/counter
address, 24
binary, 14
flip-flops as, 13-14
location, 97-98
registers as, 86-89
Counting, interrupts for, 218-219, 220
CPU. See Central processing unit
CRC (cyclic redundancy characters),
468, 469, 518, 519, 521
Critical angle, 505, 506
Critical frequency. 294
Critical region, 517, 538-539
CRT displays. See Cathode-ray tube
displays
CS (code segment) register, 29, 30-32,
89-90, 581
CSMA/CD (carrier sense, multiple ac-
cess with collision detection),
523, 524-525
CTS instruction (80286), 547
Current loops, 300-301, 488, 494
CWD Instruction, 43, 135, 590, 594
CWDE instruction (80386), 563
CX register, 30
Cycles (instruction and machine), 165
Cyclic redundancy characters (CRC),
468, 469, 518, 519, 521

D bit, 48, 49, 590, 591
D flip-flop, 13
D latch, 12-13
D/A converters. See Digital-to-analog
converters
DAA instruction, 42, 135-136, 590,594
Darlington transistors, 278-279
DAS (data acquisition system), 305,
319, 322-323
DAS instruction, 43, 136, 590, 594
Data acquisitior: system (DAS), 305,
319, 322-323
Data arrays, 86-89
Data bases, defined, 21
Data bus, 14, 15, 23-26
Data communication equipment (DCE),
489, 494
Data concentrators (multiplexers), 522
Data link layer (OSI model). 523, 524
Data outputs, 14-15
Data-ready signal, 84—86
Data segment, 58
Data segment (DS) register. 29, 30-32.
34-35, 89-90, 581
Data statements
binary-coded decimal (BCD) num-
bers in, 56
binary numbers in. 55
decimal numbers in, 56
«,btxadedmal numbers in, 56
numbers used in, 55-56
Data storage registers, 13
Data terminal equipment (DTE). 489.
494
Data transfer instructions
8086. 42, 590
8087, 372
Data-type conversion instructions
(80386). 563



Data types in C, 395-396
DB (define byte) directive, 55, 158

DCE (data communication equipment),

489, 494
DD (define doubleword) directive, 55,
158
Deadlock, 538
Debouncing keyboards, 261-265
Debug registers (80386), 552, 553
Debugger program, 60. 61
Debugging programs
5-minute rule for, 68
breakpoints for, 68-69
GO command for, 68
with procedures, 115-116
single-step command for, 68
trace data for, 62, 170, 171-172
DEC instruction, 42, 136, 590, 594
Decimal adjust operation, 10
Decimal (base-10J] numbers
in data statements, 56
defined, 1
Decimal-to-binary converston, 2
Decimal-to-hexadecimal conversion, 3
Decision flowchart symbal, 38
Decision operations. 39, 40
Declaring functions in C, 417—419
Decoder
8086, 28, 29
pulse code, 502
Decoding instructions, 24-26
Dedicated controllers, 27
Dedicated interrupts, 208
Define byte (DB) directive, 55, 158
Define doubleword (DD) directive, 55.
158
Define quadword (DQ) directive, 158
Define ten bytes (DT) directive, 158—
159
Define word (DW) directive, 55, 159
Defining functions in C, 417-419
Delay loops, 91-93, 103-106
Delta (differential) modulation, 482
Dereferencing pointers, 400
Derivative feedback, 318-319
Descramblers, 500
Descriptor tabie, 542-543
Design and development tools. See
Electronic design automation
Design rule checker (DRC) program,
380
Design for test, 384, 386
Destination index (DI) register, 29, 31
Destination for instructions, 32-33
DF (direction flag). 29
DH register, 29-30
DI (destination index) register, 29, 31
Dibits. 499, 500
Differential (deita) modulation, 482
Differential operational amplifiers (op
amps). 291, 294
Differential phase-shift keying (DPSK)
modulation. 499
Differential pressure transducer, 300
Differentiators. 291, 294
Digital feedback, 285
Digital filters
advantages of. 337
block diagram of, 340-341
development tools for, 341-342
finite impulse response (FIR) algo-
rithm for, 339
hardware for, 339-341

infinite impulse response (IIR) algo-

rithm for, 339
operation of, 338-339

Digital filters (Cont.)
principle of, 336-337. 338
sampling signals for, 338-339, 340
software for, 341
switched capacitor, 342
Digital-to-analog (D/A) converters
characteristics and specifications.
301-302
full-scale output voltage of, 302
input codes for, 302, 306
linearity of, 302
maximum error of, 302
microcomputer interfacing for. 302—
304

operation of, 301
palette, 449—450
RAMDAC, 450
resolution of, 302
settling time for, 302 -
video, 449450
Digital video interactive (DVI), 483
Direct addressing mode, 34-35
Direct calls, 101-102, 133-134
Direct input/output (/0), 189, 193
Direct jumps, 72-74, 143
Direct memory access (DMA)
80186 programmable DMA unit,
335, 336
controller for. See 8237 DMA con-
troller
defined. 306
overview of, 348
principle of, 306
slave boards, 550-551
Direction flag (DF), 29
Directives. See Assembler directives
Directory of disks, 473
Dirty bit, 542
Disk caches, 477
Dispatcher, 537
Display refresh random-access memory
(RAM), 440, 441
Displays ’
alphanumeric. See Light-emitting
dlodes: Liquid-crystal displays
CRT. See Cathode-ray tube displays
drivers for, 274-275
multiplexed, 267-268, 269 -
static, 267, 268
Distributed processing systems, 21-23
DIV instruction. 43, 136-137, 208,
213, 216,590, 594
Divide-by-zero interrupts, 208-213, 216
Division
8086 instructions for, 27, 43
8087 instructions for, 373
binary. 9
programs for, 122-127
DL register, 29-30
DMA. See Direct memory access
Do-while structure in C, 412-413
Documentation of programs, 47
DOS
80386 programs for, 565-566
basic input output system (BIOS)
for, 240-242, 386. 435-439,
451-453. 454, 506-518, 536—
537
compatibility box for, 567
disk cache with. 477
file control block (FCB) in, 474
file handle (token) in. 474-475
function calls in. 474—475
Microsoft Windows and, 567-568
random-access memory (RAM) disks
with. 477

vuUS (Cont.)
terminate-and-stay-resident (TSR)

programs and, 535-537

Dot-matrix light-emitting diodes
(LEDs), 267. 276

Dot-matrix printers, 479—480

Double-density recording for disks,
467468

Double-handshake input/output (VO),
246-247

Double indexed addressing mode, 49,
89-90

Double-precision numbers, 367-368

Doubleword (32 bits), 1

Doubleword type. 55. 158

DPSK (differential phase-shift keying)
modulation, 499 —

DQ (define quadword) directive, 158 °

DRAM. See Dynamic random-access
memory

DRC (design rule checker) program,
380

Drivers, 255-259
Drystones. 571
DS (data segment) register. 29, 30-32,
34-35, 89-90, 581
DT (define ten bytes) directive, 158159
DTE (data terminal equipment). 489,
494
Dual-ported random-access memory’
(RAM), 448
Dual-slope analog-to-digital (A/D) con-
verters. 304-305, 307
Dummy procedures, 115
Dummy variables, 128
DVI (digital video interactive), 483
DW (define word) directive, 55, 159
DX register. 30
Dynamic random-access memory
(DRAM)
82C08 controller for, 355-357
block diagram of. 353, 354
burst-mode refresh. 355
cache memory and, 358, 360
characteristics of, 353-355
column-address strobe (CAS) for,
353-354
described. 15-16
dynamic-mode refresh. 355
error detection and correction for,
363-365
Hamming codes and. 364-365
hard errors for, 363
microcomputer interfacing for, 355—
357
page mode for, 358, 359
parity check for. 363-364
precharging, 357 )
refresh controllers for. 16, 354-355
row-address strobe (RAS) for, 353,
354
soft errors for, 363
static column mode for, 358, 359
syndrome words and. 364—365
timing in microcomputers, 357
timing waveforms for, 353-354

EA (effective address). 34. 49-50, 89—
90, 592

EBCDIC (Extended Binary-Coded Decl-
mal Interchange Code). 5. 6.
266-267

ECCs (error detecting/correcting codes)
364-365

EDA. See Electronic design automation
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EDAC (error detecting and correcting)
device, 364-365
Editor program, 59—60

EEPROM (electrically erasable program-

mable read-only memory), 15
Effective address (EA), 34, 49-50, 89—
90. 592

EGA (enhanced graphics adaptor). 447,

449
EISA (extended industry standard ar-
chitecture),bus, 550-551
Electrical rule checker (ERC) program,
380
Electrically erasable programmable
read-only memory (EEPROM), 15
Electromagnetic interference (EMI),
280, 281
Electronic design automation (EDA)
behavioral models for, 382
case design. 386
computer-integrated manufacturing
(CIM) and. 386
design overview and, 379
design review committee and, 379
design for test and, 384, 386
gate-level models for, 382
hardware models for, 382-383
initial design, 379-380
introduced, 379
printed-circuit-board design, 386
production and test, 386
prototyping with simulation, 380,
382-385
schematic capture, 379-380, 381
stimulus files and, 383-384
system software and. 386
time steps for simulation.,382
Electronic mail, 523
Elements of arrays, 86—-89
Embedded controllers
6801, 27
8048, 27, 265-266
8051 family, 27, 332, 333
8096 family, 27, 332-333, 334
80186 and 80188, 28, 333, 335-
336, 534. 598-599
80960 family, 336
microprocessors versus, 332
- overview of, 27
EMI (electromagnetic interference),
280, 281
Emulators, 59, 61-62
Enable input, 12—-13
Encoding (check) bits, 364
END (end program) directive, 59, 159
End flowchart symbol. 38
End-of-block (ETB) character, 518
End-of-text (ETX) character, 518
End-of-transmission (EOT) character,
519
End procedure (ENDP) directive, 159
End program (END) directive, 59, 159
End segment (ENDS) directive. 53-54,
159
ENDP (end procedure) directive, 159
ENDS (end segment) directive, 53-54,
159

Enhanced graphics adaptor (EGA), 447,

449
Enhanced small device interface (ESDI)
standard. 472
Enquiry (ENQ) character. 519
ENTER Instruction
80186/80188. 44. 336. 598
B0286. 546
Entry point. 39
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Enumerated data type, 396

Environment (context, or state) of
tasks, 537-538

EO (erasable optical) disks. 478

EOT (end-of-transmission) character,
519

EPROM (¢rasable programmable read-
only memory), 15

Equate (EQU) directive, 5455, 159

Erasable optical (EO) disks. 478

Erasable programmable read-only mem-

ory (EPROM), 15

ERC (electrical rule checker) program,
380

Error detecting/cocrecting codes
(ECCs). 364--365

Error detecting and correcting (EDAC)
device, 364-365

Error trapping, 264

ES (extra segment) register. 29, 30-32,

89-90, 581

ESC (escape) instruction, 44, 137, 591,

594
Escape (ESC) instruction, 44, 137,
591, 594
ESDI (enhanced small device interface)
standard, 472
ETB (end-of-block) character, 518
Ethérnet, 524-525
ETX (end-of-text) character, 518
EU (execution unit)
8086, 28-30, 32, 581
80286, 543
EVEN (align on even memory address)
directive, 159-160
Even parity. 4, 75
Excess-3 binary-coded decimal (BCD)
code, 4
Exclusive NOR (XNOR) gate, 11, 12
Exclusive OR (XOR) gate, 11, 12
Executing instructions, 24-26
Execution unit (EU)
8086, 28--30. 32, 581
80286, 543
Executive programs, 320, 321
Exit point, 39
Expanded memory. 540, 541
Expansion slots, 345
Expert systems, 572
Exponent of numbers, 367
Exponential instructions (8087), 374
Extended American Standard Code for
Informatton Interchange (ASCH),
435-439
Extended Binary-Coded Decimal Inter-
change Code (EBCDIC), 5. 6.
266-267
Extended industry standard architec-
ture (EISA) bus, 550-551
Extended (XMS) memory, 541

-Extern (global) storage class in C, 419~

420

External (EXTRN) directive, 122, 160,
162

External hardware synchronization in-
structions, 44-45

Extra segment, 58

Extra segment (ES) register, 29, 30-32.

89-90, 581
EXTRN (external) directive, 122, 160,
162

F2XM1 Instruction (8087). 599
FABS instruction (8087). 374. 599
Factorials. 117-121

FADD instruction (8087}, 372-373,
5

99-600
FADDP Instruction (8087), 600
Far (intersegment) calls. 100. 101-102,
107, 133-134
Far (intersegment) jJumps. 72, 142—-143
Far (Intersegment) procedures, 121—
127
Farm connection scheme, 571
FAT (file allocation table), 473
FBLD instruction (8087), 372, 600
FBSTP Instruction (8087), 372, 600
FCB (file control block), 474
FCHS instruction (8087), 374, 600
FCLEX instruction (8087), 375, 600
FCOM instruction (8087), 374, 600
FCOMP Instruction (8087), 374, 600
FCOMPP instruction (8087), 374. 600
FCS (frame check sequence), 521
FDDI (Fiber Distributed Data Interface)
standard for networks, 526, 527
FDECSTP instruction (8087), 375, 600
FDISI instruction (8087), 375, 600
FDIV instruction (8087), 373, 600-601
FDIVP Instruction (8087). 373. 601
FDIVR instruction (8087), 373, 601
FDIVRP instruction (8087), 601
Feedback
derivative, 318-319
digital, 285
integral, 318, 319
for motors, 302-303
negative, 293, 317
proportional, 318, 319
FENI Instruction (8087), 375, 601
Fetching Instructions, 24-26, 30
FFREE instruction (8087), 375. 601
FIADD instruction (B087), 373. 601
Fiber Distributed Data Interface (FDDI)
standard for networks, 526, 527
Fiber-optic data communication, 503—
506

Fiber-optic local area networks (LANs),
526, 527

FICOM instruction.(8087). 374, 601

FICOMP instruction (8087), 374, 601

FIDIV instruction (8087), 373, 601

FIDIVR instruction (8087), 373. 601

Field programmable logic array (FPLA),
12

Fields

of frames, 521

for statements, 32
FILD (nstruction (8087), 372, 601
File allocation table (FAT), 473
File control block (FCB), 474
File handle (token), 474-475
File servers, 527-528
Files

closing, 475-477

library, 60

link. 60, 122

list, 57, 60

object, 60, 122

opening, 475477

path to. 473

source, 60

stimulus, 383384
Filter capacitors, 176, 185
Filters

active, 291, 294-295

bandpass, 295

digital. See Digital filters

formant, 481-482

high-pass, 291, 294-295

low-pass, 291, 294, 295. 338



FIMUL Instruction (8087), 373. 602
FINCSTP instruction (8087). 375, 602
FINIT Instruction (8087), 375. 602
Finite impulse response (FIR) algo-
rithm, 339
FIR (finite impulse response) algorithm,
339
Firmware, defined. 24
FIST instruction (8087), 372. 602
FISTP {nstruction (8087), 372, 602
FISUB Instruction (8087), 373, 602
FISUBR instruction (8087), 602
Fixed-point numbers, 367
Fixed-port instructions. 78, 193
Flag bits. 518
Flag field of frames. 521
Flag register, 28-29, 592
Flag set/clear instructions, 44
Flag transfer instructions, 42
Flags
auxillary carry (AF), 28, 29, 74, 75
carry (CF), 28, 29, 74-75
conditional, 28-29, 74-76
control, 29
defined, 28
direction (DF), 29
interrupt (IF), 29, 207-209, 213-
216
overflow (OF), 28, 29, 74, 76, 214
parity (PF), 29, 74, 75
sign (SF), 28. 29, 74, 75
trap (TF), 29. 207-209, 213-216
zero (ZF), 28, 29, 74, 75
Flash (parallel comparator) analog-to-
digital (A/D) converters, 304,
306-307
Flash electrically programmable read-
only memory (flash EPROM), 15
FLD1 instruction (8087), 375, 602
FLD2T instruction (8087), 375
FLD instruction (8087). 372, 602
FLDCW instruction (8087), 375, 602
FLDENV {nstruction (8087), 375. 602
FLDL2E instruction (8087). 375, 602—
603
FLDLG2 instruction (8087), 375, 603
FLDLNZ2 instruction (8087). 375
FLDPI instruction (8087), 375, 603
FLDZ instruction (8087), 375, 603
Flip-flops
as counters, 13—-14
D flip-flop, 13
Float (floating-point) pointers in C.
403-404
Float (floating-point) variables in C, 398
Floating-point numbers. 367
Floating point (float) pointers in C,
403—-404
Floating-point processors. See Math
COprocessors
Floating-point (float) variables tn C, 398
Floppy disks
8272A floppy-disk controller for,
469-472
access times for, 466
formats for. 468-469
formatting. 473
hardware interfacing for, 469-472
index holes In. 465. 466
overview of. 465-466
packages for, 465
sizes for. 465
soft-sectored. 468-469
Flow sensors. 300
Flowcharts
CASE structure. 40

Flowcharts (Cont.) :
comparing strings. 98
data sampling, 38,104
described, 37
downloading program. 510
factorials, 118
IF-THEN-ELSE structure, 40, 78, 81
[F-THEN structure, 40
keyboard input, 261, 262
microepomputer-based industrial
pracess-control system, 320, 321
microcomputer-based scale, 308—
309
REPEAT-UNTIL structure, 40, 86,87
sequence structure, 40 -
strobed input, 86
symbols for, 37-38
WHILE-DO structure. 40, 83
FM (frequency modulation) coding for
disks, 467, 468
FMUL instruction (8087). 373, 603
FMULP instruction (8087), 373, 603
FNCLEX instruction (8087). 375, 600
FNDISI instruction (8087), 375. 600
FNENI instruction (8087), 375, 601
FNINT instruction (8087), 375, 602
FNOP instruction (8087). 375, 603
FNSAVE instruction (8087), 375, 603
FNSTCW instruction (8087), 375. 604
FNSTENV instruction (8087). 375, 604
FNSTSW instruction (8087), 375. 604
FOR-DO loop. 41, 90. 413-417
FOR loop in C, 413-417
Force transducers, 298-300, 307, 308,
309

Formal arguments (parameters) of func-

tions, 417

Formant filters, 481-482

Forward jump, 74

Four-phase stepper motors, 281-283

Fourier series, 337-338

FPATAN instruction (8087), 374, 599,
603

FPLA (field programmable logic array).
12

FPREM instruction (8087), 374, 603

FPTAN instruction (8087), 374, 598.
603

Frame check sequence (%CS), 521’

Frames of messages, 520-521

Frequency-domain description, 337,
338

Frequency modulation (FM) coding for
disks. 467, 468

Frequency-shift keying (FSK) modula-
tion, 498—-499

Fricatives. 481

FRNDINT instruction (8087). 374, 603

FRSTOR instruction (8087). 375. 603

FSAVE instruction (8087), 375, 603

FSCALE instructton (8087), 373, 599.
603

FSK (frequency-shift keying) modula-
tion. 498-499

FSQRT instruction-(8087). 373, 599,
603

FST instruction (8087), 372, 603-604

FSTCW Instruction (8087), 375. 604

FSTENV instruction (8087). 375, 604

FSTP instruction (8087), 372, 604

FSTSW Instruction (8087). 375. 604

FSUB instruction (8087). 373, 604

FSUBP instruction (8087). 373. 604

FSUBR instruction (8087). 373. 604

FSUBRP Instruction (8087). 373. 604—
605

FTST Instruction (8087). 374. 605

Full-duplex communication. 487. 488

Function storage classes in C, 419420

Functions of programs, 47

Funtiamental frequency. 337

Fusible matrixes, 12

Fuzzy logic, 574

FWAIT tnstruction (8087), 375, 605

FX2M1 instruction (8087), 374

FXAM instruction (8087). 374. 605

FXCH instruction (8087). 372. 605

FXTRACT instruction (8087). 374, 605

FYL2X instruction (8087). 374-375.
599. 605

FYL2XP1 instruction (8087), 375, 599,
605

Galn-bandwidth product, 293
Gate-level models, 382
Gates. See Logic gates
Gateways (bridges) for networks, 526
General-purpose central processing
unit (CPU). 27
General-purpose registers. 29-30
Generators
audio-tone, 230
ramp, 291, 294
square-wave, 229-230
timed interrupt, 228-229
Gigabyte (unit), 27
GLOBAL directive, 160
Global (extern) storage class in C. 419—
420

GO command, 68
Graphical user interfaces (GUls). 567—
568

Graphics
color, 444—-447
high-resolution, 460—461
monochrome, 444
Graphics processors. 460-461
Gray code. 3—4, 283-284, 499
GROUP directive, 160
GUIs (graphical user interfaces), 567—
568

Half-duplex communication. 487, 488
Hall effect keyswitches. 260261
Halt (HLT) instruction, 44, 137, 584,
591, 594
Halt state, 44, 137. 584
Hamming codes. 364-365
Hand-coding programs. 35, 45-47. 52.
53. 68
Hard disks
access times for, 467
backup storage for. 477
cylinders of, 466-467
enhanced small device Interface
(ESDI) standard for. 472
formatting, 474
hardware interfacing for. 472—473
interface software for, 475-477
Interleave factor for. 472. 474
logical drives for. 474
overview of. 466467
parking zone for, 467
partitioning. 474
small computer systems Interface
(SCSI) standard for. 472-473
ST-506 standard for. 472
Winchester, 467
Hard errors. 363
Hardware, defined. 24
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Hardware interrupts, 44. 134, 156,
168, 207, 208. 213-216, 379,
583-584

Hardware models, 382-383

Hardware-triggered strobes, 230-231

Hardwired matrixes, 12

Harmonic frequencies, 337

Harvard architecture, 340. 571

HDLC (high-level data link control) pro-
tocol, 520-522

Head pointer, 515-517

Heap area of memory. 458, 460

Hercules display adaptor, 447

Hexadecimal (base-16) numbers

in data statements, 56
defined, 3. 9-10

Hierarchical charts, 100

High byte, 35

High-level data link control (HDLC) pro-
tocol. 520-522

High-level language (nterface instruc-
tions (80186/80188), 44

High-levetlanguages, 33

High-pass filters, 291, 294-295

High Performance File System (HPFS),
567

High-power buffers, 302-303

High-resolution graphics, 460-461

HLT (halt) instruction. 44, 137, 584,
591, 594

House, David. 570

HPFS (High Performance File System),
567

Hypercube topology, 571-572

Hysteresis, 292

ICs. See Integrated circuits
IDIV instruction, 43, 137-138, 208,
213, 216. 590. 594
IF (interrupt flag). 29, 207-209, 213—
216
If-else structure in C, 410-411
IF-THEN-ELSE structure, 39, 40, 77—
82, 410-411
IF-THEN structure, 39, 40, 77, 410—
411
IGBTs (isolated-gate bipolar transis-
tors), 279-280
IR (infinite impulse response) algo-
rithm, 339
ILDs (infrared injection laser diodes),
503-504
Immediate addressing mode, 33
Impact printers, 479
Impedance, input, 293
IMUL instruction
8086. 590, 594
80186/80188, 43, 138-139, 336.
598
80286, 546 ’
IN tnstruction, 42, 52. 78, 139, 193,
590. 594
In-line code, 127
INC instruction. 42, 139. 590, 594
INCLUDE directive, 160
Incremental shalt encoders. 284285
Index field of disks. 468. 469
Index holes in disks, 465, 466
Index of refraction, 505. 506
Index registers. 29, 32
Index scaling. 563
Indexes of arrays, 89
Indirect calis. 101. 102. 133-134
Indirect jumps. 72, 143
Inductive kick, 279
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Industrial process control. See also Mi-
crocomputer-based industrial
process control system

data acquisition system (DAS) for,
305. 319, 322-323

overview of, 317-320

proportional integral dertvative (PID)
control loops and, 319, 320, 321

residual error and, 319

servo control and, 317-318

set points and, 317-318

Industry standard architecture (ISA)
bus, 550

Infinite impulse response (IIR) algo-
rithm, 339

Infrared injection laser diodes (ILDs),
503-504

Infrared light-emitting diodes (LEDs),
219, 220

Initialization

nstructions for, 45, 66. 67, 209

of programmable peripheral devices,
223-224. 235-240

of segment registers, 58-59

Ink-jet printers, 480—481

Input flowchart symbol, 38

Input impedance, 293

Input/output (VO)

8086 addressing of, 582

Basic Input Output System (BIOS)
for, 240242, 386, 435-439,
451-453, 454, 506, 518, 536—
537

direct, 189, 193

double-handshake, 246-247

drivers for, 255

interrupt, 216-219

memory-mapped. 189, 193

microcomputer, 23-26

polled, 216-217, 218

ports for. See Ports

read signal for, 24-26

simple, 245, 246

simple strobe, 245-246

single-handshake, 246

write signal for, 24-26

Input ports

described, 23-26

IN instruction for, 42, 52, 78. 139,
193. 590. 594

program for reading, 45—47

INS/INSB/INSW instructions (80186/
80188). 43, 599

INS instruction (80286), 546

Instruction cycle, 165

Instruction pipelining, 569. 571

[nstruction pointer (IP) register, 24, 29,
30-31

[nstruction unit (IU) (80286). 543

Instructions

decoding. 24-26
executing, 24-26
fetching, 24-26, 30
overhead. 92
plpelined. 30. 569, 571

Instrument prototyping, 331-332

Instrumentation operationgl amplifiers
(op amps). 291, 294

Int array (integer array) pointers in C,
400-403

ANT Instruction. 44, 52. 139-140, 207,
214, 216, 240-242, 591, 594

Int (integer) pointers in C, 398-400

[nt (Integer) variables in C. 397-398

Integer array (int array) pointers in C,
400-403

Integer (int) pointers in C, 398-400
Integer transfers (8087). 372
Integer (int) variables In C, 397-398
Integral feedback, 318. 319
Integrated circuits (ICs)
buffers using, 277-278
handling, 201-202
RAMDACs, 450
on schematic diagrams, 185
troubleshooting, 201-202
Integrated Development Environment
for C, 391-395
Integrated services digital network
(ISDN). 503, 504
Integrators, 291, 294
Interlaced scanning, 439-440
Interleave factor, 472. 474
Internal addresses, 224
International Standards Organization
(ISO)
high-level data link control (HDLC)
protocol, 520-522
open systems interconnection (OSI)
model, 523-524
Interpreter program, 33
Interrupt flag (IF). 29, 207-209, 213~
216
Interrupt input/output (VO), 216-219
Interrupt-pointer (Interrupt-vector) ta-
ble, 208
Interrupt-service procedures, 116-117,
168, 207-212, 217-218, 219
Interrupts
8086 response to, 207-208
80286, 544, 545
available, 208
Basic Input Output System (BIOS)
procedure calls with, 240-242
breakpoint, 208, 214
CLI instruction for, 44, 134, 215,
591, 593
for counting, 218-219, 220
dedicated, 208
divide-by-zero, 208-213, 216
hardware, 44, 134, 156, 168, 207,
208. 213-216, 379, 583-584
INT Instruction for, 44, 52, 139
140, 207, 214, 216, 240-242,
591, 594
INTO instructlon for, 44, 140, 214,
216, 591, 594
IRET Instruction for, 44, 140, 209,
216, 591, 594
maskable (INTR), 44. 134, 156, 168,
207, 215-216, 583-584
nonmaskable (NMI), 134, 168, 207,
208, 213-214, 216, 379, 583
overflow, 208, 214, 216
PIC for. See 8259A priority interrupt
controller
priority of, 216
for real-time clocks, 220-221
reserved, 208
single-step, 208. 213, 216
software, 44, 52, 139-140, 207,
214, 216, 240-242, 591, 594
STI instruction for. 44, 156, 215,
591, 597
timed interrupt generators, 228-229
for timing, 219-221
Intersegment (far) calls. 100, 101-102,
107. 133-134
Intersegment (far) jumps. 72. 142-143
Intersegment (far) procedures, 121-127
INTO instruction, 44, 140, 214, 216,
591, 594



INTR (maskable) interrupts, 44, 134,
156, 168, 207, 215-216, 583—
584

Intrasegment (near) calls, 100, 101,
106-107, 133

Intrasegment (near) jumps, 72-74.
142-143

Intrasegment (near) procedures, 103—
106

INVD instruction (80486), 570

Inverters, 11

Inverting buffers, 11

Inverting operational amplifiers (op
amps), 291, 293

INVLPG instruction (80486), 570

/0. See Input/output

IP (instruction pointer) register, 24, 29,

30-31

IRET instruction, 44, 140, 209, 216,
591. 594

ISA (industry standard architecture)
bus, 550

ISDN (integrated services digital net-
work), 503, 504

ISO. See International Standards Orga-

nization
Isolated-gate bipolar transistors
(IGBTs), 279-280
Iteration control Instructions, 44
Iteration operations, 3941
IU (instruction unit) (80286), 543

JA instruction, 44, 76, 140, 591, 594—
595

Jack (J) symbols, 185

JAE instruction, 44, 76-77, 140, 591,

594-595

JB Instruction, 44, 76, 141, 591, 594—
595

JBE instruction, 44, 76, 141, 591,
594-595

JC instruction, 44, 76, 141, 594-595
JCXZ instruction, 44, 91, 141, 591,

594-595

JE Instruction, 44, 76, 141, 591, 594—
595

JG Instruction, 44, 76, 141-142, 591,
594-595

JGE instruction, 44, 76, 142, 591,
594-595

JL instruction, 44, 76, 142, 591, 594—
595

JLE Instruction, 44, 76, 142, 591,
594-595

JMP Instruction, 43, 72-74, 142-143,
591, 595 )

JNA instruction, 44, 76, 141, 591,
594-595 .

JNAE Instruction, 44, 76, 141, 591,
594-595

JNB instruction, 44, 76, 140, 591,
594-595

JNBE Instruction, 44, 76, 140, 591,
594-595

JNC instruction, 44, 76, 140, 594-595
JNE Instruction, 44, 76, 143, 591.

594-595

JNG instruction, 44, 76, 142, 591,
594-595

JNGE Instruction, 44. 76. 142. 591,
594-595

JNL instruction, 44, 76, 142, 591,
594-595

JNLE instruction, 44, 76, 141-142,
591, 594-595

JNO instruction, 44, 76, 143, 591,

594-595

JNP Instruction, 44, 76, 143, 591,
594-595

JNS Instruction, 44, 76. 143, 591,
594-595

JNZ instruction, 44. 76, 143, 591,
594-595

JO instruction, 44, 76, 143-144, 591,
594-595

JP instruction, 44, 76, 144, 591, 594—
595

JPE instruction, 44, 76, 144, 591,
594-595

JPO instruction, 44. 76. 143, 591,
594-595

JS instruction, 44, 76, 144, 591, 594—
595

Jukebox optical disk systems, 479

Jump table, 82 -

Jumps

backward, 72-74 .

conditional. 71. 76-77, 8384, 90—
91

direct, 72-74, 143

far (intersegment), 72, 142—-143

forward, 74

indirect, 72, 143

near (Intrasegment), 72-74, 142—
143

short, 72-74, 76, 83-84

unconditional, 71, 72-74

JZ instruction, 44, 76, 141, 591, 594—

595

Kbyte (kilobyte), 30
Keyboard input, 84-86, 217-219, 237-
240. 262264, 423—424, 435
439
Keyboards
circuit connections, 261-262
compare code conversion technique
for, 262-264
debouncing, 261-265
dedicated microprocessor encoders
for, 265-266 %
detecting keypress on, 261-265
EBCDIC to ASCII conversion for,
266-267
encoding keypress on, 261-265
hardware interfacing for, 264-267
keyswitch types for. 260261
N-key rollover for, 273
software interfacing for, 262-264
two-key lockout for, 262, 273
two-key rollover for, 265, 273
XLAT code converston technique for.
266-267
Keypad Interfacing, 268-274
Kilobyte (Kbyte), 30
Kosko. Bart, 574

LABEL directive, 160
Label field, 32
Labels in programs, 45, 46, 58
LAHF instruction. 42, 144. 590, 595
LANs. See Local area networks
LAR instruction (80286). 547
Laser printers. 480
Latches

D latch, 12-13

defined. 12
Latency time for disks, 466

_Lathe. 250-252

LCDs. See Liquid-crystal displays
LDS instruction, 42. 144, 590. 595
LEA instruction, 42, 144—145, 590,595
Least significant bit (LSB). 1
Least significant digit (LSD). 2, 3
LEAVE instruction
80186/80188, 44, 336, 598
80286. 547
LEDs. See Light-emitting diodes
LENGTH operator, 161
LES Instruction. 42, 145, 590, 595
LFS instruction (80386), 563-564
LGDT instruction (80286). 547
LGS Instruction (80386), 564
Library file, 60
LIDT instruction (80286), 547
Light-emitting diodes (LEDs)
7-segment, 4, 267-276
7-segment display code for. 4
18-segment, 267, 276
8279 controller for. See 8279 dedi-
cated display controller
described, 267
directly driven (static), 267, 268
dot-matrix, 267, 276
infrared, 219, 220
in optical couplers, 228
software-multiplexed, 267—-268. 269
Light sensors, 295-296
LIM/EMS (Lotus-Intel-Microsoft Ex-
panded Memory Standard), 540
Linear predictive coding (LPC), 481
Linear ramp, 294
Linear variable differential transformers
+ (LVDTs), 299-300
Link file. 60. 122
Link map, 60
Linker program, 60
Liquid-crystal displays (LCDs)
backplane drive of, 276
described, 267
dynamic scattering type, 276
field-elfect type, 276
microcomputer Interfacing of, 276—
277 :
operation of, 276
reflective-type, 462
screen-type, 461-462
transmission-type, 462
List file, 57, 60
LLDT instruction (80286), 547
LMSW instruction (80286), 547
Load cells, 299, 300. 307, 308. 309
Local area networks (LANs)
10BaseT (thin Ethernet), 525
application example of, 526-529
backbones for, 526, 527
bridges (gateways) for. 526
distributed processing systems and,
21-23
Ethernet, 524-525
Fiber Distributed Data Interface
(FDDI) standard for, 526, 527
fiber-optic. 526, 527
file server for, 527-528
overview of, 522
print server for, 527-528
ortocols for, 522, 523-524
soilware overview for, 528-529
topologies for. 522-523
Location counters. 97-98
Locator program, 60
LOCK Instruction. 45, 145. 584. 591.
595
LODS/A.ODSB/LODSW instructions, 43,
145, 591, 597-598
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Logarithmic instructions {8087), 374—
375
Loglc, fuzzy. 574
Loglc analyzers
block diagram of. 169
clock qualifier for, 171172
display formats of, 170
external clock for, 169-170
internal clock for, 169-170
memory access time measurement
with. 172
operation of, 169-171
overview of, 168—169
trace data with, 62, 170, 171-172
triggering of. 169-171
troubleshooting perspective for.
202-203
word recognizer for. 169, 171
Logic arrays, 12
Logic gates
AND gate, 11
exclusive NOR (XNOR) gate. 11, 12
exclusive OR (XOR) gate, 11, 12
NAND gate. 11
NOR gate, 11
OR gate, 11
Logical addresses, 541-543
Logical drives, 474
Logical Instructions, 43
Logical operators in C, 407-408
Logical segment, 53-54, 58
LOOP instruction, 44, 90-91. 145—
146. 591, 595
Loop networks, 522-523
LOOPE instruction, 44, 91, 146, 591,

595
LOOPNE instruction, 44, 91, 146, 591,
595
LOOPNZ instruction, 44, 91, 146, 591.
595
Loops
delay, 91-93, 103-106
FOR-DO. 41, 90

structure for, 40, 41, 90-91
LOOPZ instruction, 44. 91, 146, 591
595
Lotus-Intel-Microsoft Expanded Memory
Standard (LIM/EMS), 540 |
Low byte, 35
Low-pass filters, 291, 294, 295, 338
LPC (linear predictive coding). 481
LSB (least significant bit), 1
LSD (least significant digit). 2. 3
LSL instruction (80286), 547
LSS instruction (80386), 564
LTR Instruction (80286), 547
LVDTs (linear variable differential
transformers), 299-300

Machine cycle, 165
Machine language, 32
Machines, computer numerical control
(CNC), 250-252
Macros. See Assembler macros
Magnetic disks
access times for, 466, 467
address marks on, 468-469
bool record of, 473
clusters on. 473
cyclic redundancy characters (CRC)
on, 468, 469
data bit formats for. 467-468
date field of. 468. 469
directory of. 473
DOS function calls for. 474—475
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Magnetic disks (Cont.)
double-density recording for, 467—
468
error detection for, 468-469
file allocation table (FAT) for, 473
floppy. See Floppy disks
frequency modulation (FM) codlng
for, 467, 468 .
hard. See Hard disks
ID fields of. 468, 469
index field of, 468, 469
latency time for, 466
modified frequency modulation
(MFM) coding for, 467468
nonreturn-to-zero (NRZ) coding for,
467
run-length-limited (RLL) coding for,
468, 472
seek time for, 466
single-density recording for, 467,
468
tracks of, 465, 468—469
types of, 465
Magnetic tapes, 465
Magneto-optical (MO) recording, 478
Mail, electronic, 523
Mainframes, 19
Mainline programs, 320, 321
Manchester code, 524
Mantissa (significand) of numbers, 367
Marking state, 488 ,
Maskable (INTR) interrupts, 44, 134,
156, 168, 207, 215-216, 583~
584
Masking bits, 69-70
Master device, 235
Math coprocessors
8087. See B0OB7 math coprocessor
80287, 544
80387, 569
80486 built-in, 534, 568-569
80786 bullt-in, 571
defined. 365
Math library functions in C, 425-426
MAU (muitistation access unit), 525,
526.
Maximum mode, 168, 346. 348, 581—
582, 588, 589
Mbyte (megabyte), 30
MCA (MicroChannel Architecture) bus,
551-552

'~ MCGA (multicolor graphics array). 447

Mechanical keyswitches, 260
Mechanical relays, 280
Megabyte (Mbyte), 30
MEGAFLOPS (million floating-point op-
erations per second), 461, 571
572
Membrane keyswitches, 260
Memory
8086 organization of, 189-181, 581
access time measurements, 172
bank-switched, 539-540
blocks of. 255
cache, See Cache memory
DMA for. See Direct memory access
expanded, 540, 541
extended (XMS), 541
heap area of, 458, 460
Lotus-Intel-Microsoft Expanded
Memory Standard (LIMVEMS),
540
microcomputer use of, 23—26
multiuser/multitasking operating
system management of, 539-543
named, 109, 111

Memory (Cont.)
nonvolatile, 14
overlay area of, 539
purposes of, 23
RAM. See Random-access memory
read signal for, 24—26
ROM. See Read-only memory
segmentation of, 30-32, 34-35
of, 23
virtual, 541-543
volatile, 15
write signal for, 24-26
Memory-management unit (MMU). 539,
541-543
Memory-mapped input/output (1/O),
189, 193
Memory models for C, 428
Metal-oxide-semiconductor field-effect
transistors (MOSFETSs), 279-280
MFLOPS (million floating-point opera-
tions per second), 461, 571-572
MFM (modified frequency modulation)
coding for disks, 467468
MicroChannel Architecture (MCA) bus,
551-552
Microcode, 27
Microcomputer-based industrial pro-
cess-control system
8086 assembly language program
for, 323-331
block diagram of, 319-320
flowchart for, 320, 321
hardware for, 320, 322-323
overview of, 320, 321
Microcomputer-based instrument pro-
totyping, 331-332
Microcomputer-based scale
8086 assembly language programs
for, 309-317
algorithm for, 308-309
flowchart for, 308--309
input circuitry for, 308, 309
overview of, 307-308
Microcomputer-controlled lathe, 250~
252
Microcomputer development system,
33.59
Micivio. puters
8086-hased. See 8086-based
microcomputers: SDK-86
address decoders for, 185-186
block diagram of. 23
buses of, 23-26
CPU of, 23-26
evolution of, 570-571
1O section of. 23, 26
introduced. 19, 21
memory section of, 23
motherboards for, 345, 346, 347
port decoders on, 188-189, 193~
195
random-access memory (RAM) ad-
dress decoding on. 187-188.
192-193
read-only memory (ROM) address de-
coding on, 186-187. 191-192
three-step program for, 24-26
troubleshooting. 200-204
Microcontrollers. See also Embedded
controllers
overview of, 27
Microprocessors. See also Central pro-
cessing unit
4-bit, 26. 27
8-bit, 26-27 -
‘16-bit. 27-28



Microprocessors (Cont.)
32-bit, 27
ALU categorization of, 26
complex instruction set computer
(CISC), 461
defined, 19
embedded controllers versus. 332
evolution of, 26-27, 570-571
reduced instruction set computer
(RISC), 461. 571
Scalable Processor Architecture
(SPARC). 571
Micrasoft Windows, 567-568
Micrusiepping. 283
Million floating-point operations per
" second (MEGAFLOPS or
MFLOPS). 461, 571-572
Minicomputers, 19, 20
Minimum mode, 168, 197-200, 346,
348, 581-582. 586, 587, 589
Mixed-mode simulators. 383
Mixers. 291, 293-294
MMU (memory-management unit), 539,
541-543
Mnemonics for instructions, 32. 45. 46
MO (magneto-optical) recording. 478
MOD bit patterns, 48-50. 590. 591.592
Mode words. See Control words
Modems
amplitude modulation (AM) for. 498,
499
answer, 501
called, 501-502
calling. 501-502
defined, 488-489
frequency-shift keying (FSK) modu-
lation for, 498-499
handshake sequence for, 501-502
hardware overview of, 500-501
high-speed transmission problems
with, 500
introduction to, 498
null, 496
originate, 501
phase-shift keying (PSK) modulation
for, 499-500
RS-232C connections for, 494-497
XMODEM protocol for. 519
Modes of fibers. 506
Modified frequency modulatior: (MFM)
coding for disks, 467-468
Modulator-demodulators. See Modems
Modules of programs. 39. 60, 122
Monitor program. 47, 61
Monochrome cathode-ray tube (CRT)
displays. 440. 442-443, 444, 447
MOSFETSs (Metal-oxide-semiconductor
field-effect transistors), 279-280
Most significant bit (MSB), 1. 2. 28, 29
Most significant digit (MSD). 2. 3
Motherboards, 345, 346, 347
Motors
absolute shaft encoders for, 284—
285
digital-to-analog (D/A) converters
and. 302-303
drivers for, 279-280
feedback for, 302-303
incremental shaft encoders for. 284
285
optical shaft encoders for. 283-285
servo control of, 317-318
stepper. 281-283
Mouse devices, 462-463
MOV instruction, 42, 48-53, 146-147.
590. 595
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Move and expand instructions (80386).
564
MOVS/MOVSB/MOVSW instructions.
43, 147, 591, 597-598
MOVSX instruction (80386). 564
MOVZX instruction (80386). 564
MSB (most significant bit), 1. 2. 28, 29
MSD (most significant digitj. 2. 3
MUL instruction. 43, 147-148, 590,
595
Multicolor graphics array (MCGA). 447
Multilevel simulators, 383
Multimode fibers. 506
Multiple Virtual DOS Machines
(MVDM). 567
Multiplexed dispiays, 267-268. 269
Multiplexers (data concentrators), 522
Multiplication .
8086 instructions for, 27. 43
8087 instructions for, 373
binary. 8-9
programs for, 53-59
Multiprocessing systems, 21-23
Multistation access unit (MAU), 525,
526
Multitasking systems, 20-22, 35
Multiuser/multitasking operating
systems
accessing resources with, 538
defined, 535
environment preservation for, 537-
538
layers of, 539
memory management for, 539-543
protection in, 538-539
scheduling for, 535-537
tasks of, 535
Mutual exclusion of tasks, 538
MVDM (Multiple Virtual DOS Ma-
chines), 567

N-key rollover. 273

NAK (negative acknowledge) character.
519

NAME directive. 161

Named addresses, 58

Named constants, 54-55

Named memory. 109, 111

Named variables, 55-58

NAND gate, 11

National PACE microprocessors, 27

Near {intrasegment) calls, 100, 101,
106-107, 133

Near (intrasegment) jumps, 72-74,
142-143

Near (Intrasegment) procedures, 103
106

NEG instruction. 43, 148. 590, 595-
596
Negative acknowledge (NAK) character.
519
Negative feedback, 293. 317
Nested procedures, 99-100
Netlist (wiring list) program. 380
Network layer (OS] miodel). 523. 524
Networks
10BaseT (thin Ethernet). 525
application example of, 526-529
broadband bus (tree-structured).
522. 523
common-bus, 522. 523
Ethernet. 524-525
integrated services digital network
(ISDN). 503, 504
LANs. See Local area networks

Networks (Cont.)
loop. 522-523
neural, 572-574
ring, 522. 523
software overview for, 528-529
star, 522
token-passing ring. 522. 523. 525~
526. 527
topologles for, 522-523
Neural networks, 572-574
Neuron model. 572
Nibble (4 bits). 1
NMI (nonmaskable) interrupts. 134,
168, 207, 208, 213-214. 216.
379, 583
No operation (NOP) instruction. 45.
148, 596. 599
Noninterlaced scanning, 439. 440
Noninterruptible power supply (NPS).
357
Noninverting buffers, 11, 293
Noninverting operational amplifiers (op
-amps), 291, 292-293
Nonmaskable (NMI) interrupts. 134,
168, 207, 208. 213-214, 216.
379, 583
Nonreentrant procedures, 111
Nonreturn-to-zero (NRZ) coding. 467
Nonvolatile memory, 14
NOP (no operation) instruction, 45.
148, 596, 599
NOR gate. 11
Normalizing numbers, 367
NOT instruction, 43, 148, 596
NPS (noninterruptible power supply).
357
NRZ (nonreturn-to-zero) coding. 467
Null modems, 496
Number systems. See Binary numbers:
Decimal numbers: Hexadecimal
numbers

Object file, 60. 122
Odd parity. 4. 75
OF (overflow flag). 28, 29, 74, 76, 214
Off-page connector flowchart symbol.
38
OFFSET operator, 161
Offsets (displacements) of addresses.
31, 34, 88-90. 542
On-off (bang-bang) control. 331
One-shots, 227-228
Onionskin diagram, 539
Op amps. See Operational amplifiers
Opcode field, 32
Opcodes (operation codes). 32, 45, 46,
48, 590-598
Open-loop gain, 292, 293
Open systems interconnection (OSI)
model. 523-524
Opening files, 475-477
Operand field. 32
Operands. 32, 45. 46
Operating systems
80386 protected mode. 566
Basic Input Output System (BIOS)
of. 240-242. 386, 435-439. 451
453, 454, 506-518. 536-537
DOS. See DOS
multiusermuititasking. See
Multiuser'multitasking operating
systems
0S/2, 566-567
Operation codes (opcodes). 32. 45. 46.
48, 590-598
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Operation flowchart symbol, 38
Operational amplifiers (op amps)
as actlve filters, 291, 294295
as adders (mixers), 291, 293-294
characteristics of, 290, 292
as comparators, 291, 292
differential, 291, 294
as differentiators, 291, 294
instrumentation, 291, 294
as Integrators (ramp generators).
291, 294
inverting. 291, 293
neuron model using. 572
noninverting. 291, 292-293
saturation of. 294
voltage gain of. 290, 292
Operator precedence in C. 408—409
Optical couplers, 228
Optical disks, 478—-479
Optical motor shaft encoders. 283285
Optical read-only memory (OROM), 478
Optical scanners, 464
OR gate, 11
QR instruction, 43. 70-71, 148-149,
591. 586
OR matrixes, 12
Originate (ORG) directive, 161
Originate madem, 501
ORCM (opt ol read-only memory), 478
0872 cperating system, 566-567
OS] (open systems Interconnection)
mi Jel, 523-524
OUT Instruciion, 42, 78, 149, 193,
. 596
Output liuwchart symbol, 38
Output lbrary functions in C, 424
Output ports
described, 23-26
SUT
193, 330, 596
OUTS tnstruction (80286), 546
QUT% DL © 2/0UTSW Instructions
(801 13/30188). 43, 336. 599
¢ 1o rdamped response, 318
wesiflow
aumeric 3, 76
s, 113~118
Sveet s dag (OF), 28, 29, 74, 76, 214
Uvcriwve irterrupts, 208, 214, 216
Overhead, 92
Overlays. 539
Overscan, 443
Overshont, 317-318

“ronrocessors, 27
..ary-coded decimal (BCD)
v 65971, 109-115, 366, 372
‘alKeG pIxcl storage, 445, 446
Packets of data, 523
2ddle wheels, 300
Page printers, 480
PAL {programmable array logic). 12
Palette digital-to-analog (D/A) convert-
ers, 449-450
Palettes, 445
Paper tape readers, 250-252
Parallel comparator (flash) analog-to-
digital (A/D) converters, 304,
306-307
Parallel data transfer. See also 8255A
programmable parallel port:
Centronics parallel interface
duunle-handshake Input/output
(1/O). 246-247
simple input/output (VO). 245, 246
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Parallel data transfer (Cont.)
simple strobe Input/output (VO),
245-246
single-handshake inputoutput
(VO), 246
Parallel processing, 571-572
Parameter passing
by reference, 400
by value, 400
in named memory, 109, 111
In registers, 109. 110
summary of, 115
to macros, 128
using pointers, 111-113
using the stack, 113-115
Parameters
actual arguments (parameters) of
functions. 418
defined, 108
formal! arguments (parameters) of
functions, 417
Parity
defined, 4
even. 4, 75
odd. 4, 75
Parily bit, 4, 363-364
Parity flag (PF). 28, 29, 74, 75
Parking zone for hard disks, 467
Partitioning hard disks. 474
Passing parameters. See Parameter
passing
Path to files. 473
PCL (printer control language). 480
PCM (pulse-code modulation), 502
Pel (picture element or pixel), 444
PF (parity flag). 28, 29, 74, 75
Phase-shift keving (PSK) modulation,
499524
Fhoneme syri.h:sis, 482
Phntocells, 295-2356
Tantediodes, 295-296
“hetoresistors, 295-296
S cantransistors, 219, 220, 228
Thys cul cddresses. 31--32, 34, 49, 89--
90, 541-543
Pliysical layer (OS[ model), 523, 524
Physical segraent, 58
PIC. See 82594 priority tnterrups con-
trolier
Picture element (pel or pixel), 444
PID (proportional integral derivative)
control loops, 319, 329, 321
Fipelined addresses, 548-549
Fipelined instructions. 30, 569, 571
Pltch
of displays, 444
of sounds, 481
Pixel (picture element or pel), 444
PLA (programmable logic array), 12
Planar pixel storage. 445-446
Plasma displays, 462
Plug (P) symbols, 185
PM (Presentation Manager). 567
Pointer (PTR) directive, 161
Pointers
char (character), 404-406
dereferencing. 400
float (floating-point), 403-404
head. 515-517
int (integer), 398-400
int array (integer array), 400-403
interrupt-pointer table, 208
passing parameters using. 111-113
registers as, 86-89
tail. 515-517
to functions. 423

Polled input/output (LO), 216-217, 218
POP Instruction, 42. 107-108, 149,
590, 596
POPA instruction
80186/80188. 42, 336. 598
80286, 546
POPF Instruction. 42, 149, 590, 596
Ports
addressing and decoding. 174, 182,
193-195
decoders for, 188-189. 193-195
described, 23-26
fixed-port instructions for, 78, 193
IN tnstruction for, 42. 52, 78. 139,
193, 590. 594
OUT instruction for, 42, 78, 149,
193, 590. 596
varfable-port instructions for, 78, 193
Postfix operations, 409
Powers of 2, 2
Precedence of operaters in C, 408-409
Precision (accuracy) of numbers, 367
Preemptive priority-based scheduling.
537
Prefix operations, 409
Preprocessor directives, 390
Presentation layer (OSI model), 523—
524
Presentation Manager (PM), 567
Pressure transducers. 299-300
Primary station, 521
Print servers, 527-528
Printed-circuit-board design. 386
Printer control language (PCL), 480
Printer drivers. 255-259
Printer output, 240-242
Printers. See also Centronics parallel
interface
dot-matrix, 479-480
fnk-jet, 480481
laser, 480
page, 480
parallel driver program for, 255-259
parallel Interface connections for,
252, 254-255
Privilege-level bits, 542
Procedure (PROC) directive, 161
Procedures
CALL instruction for, 43, 100-102,
106-107, 133-134, 591 593
debugging programs containing,
115-116
defined, 99
dummy, 115
far (intersegment), 121-127
flowchart symbol for, 38
interrupt service, 116117
macros versus, 127, 128-129
near (intrasegment), 103-106
nested, 99—-100
nonreentrant, 111
parameters of. defined. 108
passing parameters to and from
in named memory. 109, 111
in registers. 109, 110
summary of, 115
using pointers, 111-113
using the stack. 113-115
program flow for. 39100
recursive, 117-121
reentrant, 116-117, 537-538
RET instruction for. 43. 100. 101,
102, 107, 151, 591, 597
single. 99, 100
_stacks and. See Stacks
stubs. 115



Process control. See Industrial process
control
Process flowchart symbol. 38
Processes. See Tasks
Processor control instructions
8086. 44-45. 591
8087, 375
Program development algorithm. 61. 62
Program development tools. 59—-62.
391-395
Program execution transfer instruc-
tions, 43—-44, 591
Programmable AND matrixes, 12
Programmable array logic (PAL). 12
Programmable controllers. 320
Programmable logic array (PLA), 12
Programmable OR matrixes, 12
Programmable read-only memory
(PROM), 12, 15
Programmer’'s model, 163
Programming languages
8086 assembly language. See 8086
assembly language
C. See C programming language
high-level. 33
machine language. 32
for parallel computers, 572
Programs. See also Software
8086 assembly language. See 8086
assembly language programs
abstracts for, 47
algorithms of. See Algerithms
assembler, 33, 45, 53. 60
bottom-up design of. 39
compiler, 33
debugger, 60, 61
debugging. See Debugging pro-
grams
design rule checker (DRC), 380
documentation of, 47
editor, 59-60
electrical rule checker (ERC), 380
error trapping for, 264
executive, 320, 321
flowcharts for. See Flowcharts
functions of, 47
interpreter. 33
linker, 60
locator, 60
loops in. See Loops
mainline. 320. 321
modules of, 39, 60. 122
monitor, 47. 61
netlist (wiring list), 380
pseudocode for. See Pseudocode
relocatable, 60. 74
schematic capture. 379-380, 381
simulator, 380, 382-385
structured, 39-42
stubs in. 115
subprograms, 30
system, 47
top-down design of. 39-42, 100
PROM (programmable read-only mem-
ory). 12, 15
Proportional feedback. 318. 319
Proportional integral derivative (PID)
control loops. 319, 320, 321
Protected mode
80286. 543. 545-546. 547
80386. See 80386 protected mode
Protocols
Binary Synchronous Communica-
tion Protocol (BISYNC). 518-520
bit-oriented (BOP), 520-522
byvte-oriented (BCP). 518-520

Protocols (Cont.)
defined. 518 .
high-level data link control (HDLC)
protocol. 520-522
open systems interconnection (OSI)
model for, 523-524
synchronous data link control
(SDLC). 520
XMODEM, 519
Prototyping
functions in C. 417-418
ol microcomputer-based instru-
ments, 331-332
simulation for, 380. 382-385
Pseudo operations. See Assembler di-
rectives
Pseudocode
CASE structure, 40, 81
comparing strings, 98
data sampling. 104
described. 39
_downloading program. 510
factorials. 118
FOR-DO loop. 41. 90
IF-THEN-ELSE structure, 40, 77,
78. 80. 81
IF-THEN structure, 40, 77
interrupt input, 217
moving strings. 95-96
REPEAT-UNTIL structure, 40, 84,
86, 87, 88
sequence structure, 40
strobed input, 86
terminal emulator, 507
WHILE-DO structure. 40, 82, 83
PSK (phase-shift keying) modulation,
499-500
PTR (pointer) directive, 161
PUBLIC directive, 122, 160, 161-162
Pulse-code modulation (PCM). 502
PUSH instruction
8086, 42, 107-108, 149, 590, 596
80186/80188, 336, 598-599
80286, 546
PUSHA instruction
80186/80188. 42, 336. 599
80286. 546
PUSHF instruction, 42, 149, 590. 596
Pythagorean theorem, 375

QAM (quaternary amplitude modula-
tion). 499-500

Quadbits, 499-500

Quadword type, 158

Quaternary amplitude modulation
(QAM). 499-500

Queue registers, 29, 30

R (reset) inputs. 13

R/M bit patterns, 48-50, 590, 591, 592

RAM. See Random-access memory

RAM (random-access memory) disks. 477

RAMDACSs. 450
Ramp generators. 291, 294
Random-access memory (RAM)
address decoding for. 187-188,
192-193
display refresh, 440. 441

DRAM. See Dynamic random-access

memory
dual-ported. 448
microcomputer use of. 23
static (SRAM). 15-16. 353. 358.
360. 363

Random-access memory (RAM) (Cont.)
video (VRAM), 446447
volatile nature of. 15
Random-access memory (RAM) disks.
477
Raster scanning. 439-440
RCL instruction
8086. 43. 70, 149—-150. 590, 596
80186/80188, 599
RCR instruction
8086. 43. 150-151. 590. 596
80186/80188, 599
Read-only memory (ROM)
address decoding for. 186—-:87,
191-192
character generator, 440-442
description of. 14-15
electrically erasable programmable
(EEPROM), 15
erasable programmable (EPROM). 15
flash EPROM, 15
mask-programmed. 15
microcomputer use of, 23
nonvolatile nature of, 14
optical (OROM). 478
programmable (PROM). 12. 15
Read-write memory. See Random-ac-
cess memory
READY input, 164-167. 173. 175.
196-197
Real mode
8086. 28
80286, 543. 544, 546-547
80386, 552, 553
Real numbers, 366368
Real-time clocks. 220-221. 237-240
Real transfers (8087), 372
Recursive procedures, 117-121
Red-green-blue (RGB) monitor. 444—
445
Redirected data, 471
Reduced Instruction set computer
(RISC) processors, 461, 571
Reentrant procedures, 116117, 537—
538
Refresh controllers, 16, 354-355
REG bits, 48. 49, 590. 591, 592
Register addressing mode. 33-34
Register storage class in C. 420
Register-to-register architecture, 332.
333
Registers
80386. 552, 553, 562-563
accumulator (AL), 29-30
AH. 29-30
AX. 30
base pointer (BP). 29, 31
BH, 29-30
BL. 29-30
BX. 30
CH, 29-30
CL. 29-30
code segment (CS). 29. 30-32. 89—
90. 581
as counters, 86-89

CX. 30

data segment (DS), 29. 30-32. 34—
35, 89-90. 581

data storage. 13

debug (80386). 552. 553

destination index (DI). 29. 31

DH. 29-30

DL. 29-30

DX. 30

extra segment (ES), 29, 30-32, 89—
90. 581
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Registers (Cont.)
flag. 28 29, 592
general-purpose. 29-30
index. 29, 32
instruction pointer (IP). 24, 29. 30—
31
passing parameters in, 109. 110
as polnters, 86-89
queue, 29, 30
segment. 29, 30-32, 34-35. 58-59,
581
shift. 13, 464
source index (Sl). 29, 31
stack pointer (SP), 29. 31
stack segment (SS). 29, 30-32, 89—
90, 581
Relational operators in C. 407
Relay drivers, 279-280
Relays
mechanical, 280
solid-state, 280-281
Relocatable programs, 60, 74
REP (repeat) instruction. 43. 96-97.
151. 591. 596
REPE instruction, 43, 151, 596
Repeat (REP) instruction, 43. 96-97
151, 591. 596
REPEAT-UNTIL structure, 40, 41, 84—
89, 91, 412-413
Repetition operations, 39-41
REPNE instruction. 43, 151, 596
REPNZ instruction, 43, 151, 596
REPZ instruction. 43, 151, 596
Reserved interrupts, 208
Reset (R) inputs, 13
RESET response of 8086. 164, 168,
583
Residual error, 319
Resistance temperature detectors
(RTDs), 298
Resistor packs. 185
RET instruction, 43, 100, 101, 102,
107, 151, 591, 597
Return address, 100, 133
Reversed division instructions, 8087,
373
Reversed subtraction instructions.
8087, 373
RGB (red-green-blue) monitor, 444
445
Ring (circular) buffer. 515-517
Ring networks, 522, 523
RISC (reduced instruction set com-
puter) processors, 461, 571
RLL (run-length-limited) coding for
disks, 468, 472
Robots and robotics, 332, 464-465
ROL instruction
8086, 43, 70, 151-152. 590. 597
80186/80188, 599
ROM. See Read-only Memory
ROR instruction
8086. 43. 152, 590. 597
80186/80188. 599
ROTATE instruction
80186/80188. 336
80286. 546
Rotate instructions, 8086. 43
RS-232C standard. 494-497
RS-422A standard. 497-498
RS-423A standard. 497
RS-449 standard. 498
RTDs (resistance temperature detec-
tors). 298
Run-length-limited (RLL) coding for
disks. 468, 472
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S {(set) inputs. 13
SAHF Instruction, 42, 152, 590, 597
SAL instruction
8086. 43. 153, 590, 597
80186/80188. 599
Sampling theorem, 340
SAR Instruction
8086. 43. 153—-154, 590, 597
80186/80188, 599
Saturation of amplifiers. 294
SBB instruction, 42, 154, 597
Scalable Processor Architecture
(SPARC), 571
Seale. See Microcomputer-based scale
SCAS/SCASB/SCASW instructions, 43,
155, 591. 597-598
Scheduler, 537
Scheduling
preemptive priority-based, 537
terminate-and-stay-resident (TSR)
programs and, 535-537
time-slice. 537
Schematic diagrams
capture programs for. 379-380.
381
connector symbols on, 185
ICs on, 185
input signal lines on, 377, 378
Jjack {J) symbols on, 185
output signal lines on, 377, 378
plug (P) symbols on. 185
resistor packs on, 185
SDK-86, 176184, 185
zone coordinates for, 185, 377
Scientific notation, 367
Scramblers, 500
Scrubbing process. 365
SCSI (small computer systems inter-
face) standard, 472-473
SDK-86. See also Microcamputer-based

industrial process control system;

Microcomputer-based scale

7-segment LCD interfacing with,
276-277

7-segment LED display interfacing
with, 268-275

7415138 address decoder added to.
222, 223

74L5164 walt-state generaior, 174,
175, 177, 196-197

741.5244 drivers. 174, 179

74LS393 baud rate generator. 174,
175. 178, 184

745373 address latches. 174, 175,
178, 185

2142 SRAM, 174, 175, 181, 192—
193

2316/2716 PROM, 174, 175, 176.
191-192

3625 1/0 decoder. 174, 182, 193-
195

3625 off-board decoder. 174, 180.
195-196

3625 PROM decoder. 174, 175, 176,
191-192

3625 RAM decoder. 174, 175, 181,
192-193

8251A USART. 174. 175, 184

8254 programmable timer:counter
added to. 222, 223

8255A programmable parallel ports,
174, 175, 180

8259A priority interrupt controller
(PIC) added to0. 222, 223, 235

8279 specialized 'O device, 174,
178-179. 182

SDK-86 (Cont.)
8284 clock generator, 173, 174,

175. 177
8286 control and data transceivers,
174,179

block diagram of. 174
bypass capacitors ir. 176. 185
clock frequency of. 173
description of. 173-175. 178-179.
185
display driver for. 274-275
downloading programs to, 494,
496497, 508-518
filter capacitors in, 176, 185
GO command. 68
input/output (IVO) addressing and
decoding on, 174, 182, 193-195
instrument prototyping with, 331
332
keypad interfacing with, 2656-274
off-board decoder, 174. 180. 195—
196
parallel printer connection to, 252,
254-255
parallel printer driver program for,
255-259
port addressing and decoding on.
174, 182, 193-195
printer driver program for, 255-259
random-access memory (RAM) ad-
dress decoding on. 174, 175.
181. 192-193
read-only memory (ROM) address de-
coding on, 174, 175, 176, 191-
192
RS-232C interface for. 494, 496
497, 508-518
schematic diagrams of, 176184,
185
single-step command, 68
wait-state generator, 174, 175, 177.
196-197
SDK-386. 549. 560, 566
SDLC (synchronous data link control)
protocol. 520
Second-generation microprocessors, 27
Secondary stations, 521
Seek time for disks, 466
Segment base address, 30, 31, 32, 34,
49-50, 89-90
Segment basc:offset form of addresses.
31. 35
SEGMENT directive, 53-54, 162
Segment load instructions (80386).

563-564

Segiment override prefix. 49, 51-52,
591, 592

Segment registers. 29, 30-32. 34-35.
58-59. 581

Segment selector, 542
Segmentation of memory. 30-32, 34—
35

Segments
code, 58
data. 58
extra, 58
initializing segment registers. 58—
59
logical. 53-54. 58
physical. 58
stack. 49. 58
Selection flowchart symbol, 38
Selection operations, 39, 40
Semaphores. 538-539
Semiconductor tlemperature sensors,
296-297



Sensors. See also Transducers
defined. 290
flow, 300
light, 295-296
temperature, 296-298, 320, 322
Sentinel method, 255
Sequence structure, 39, 40, 65-67.
69-71
Serial data communication. See also
8251A USART
asynchronous. 488
baud rate for, 488
full-duplex, 487, 488
half-duplex, 487, 488
marking state for, 488
modems for. See Modems
RS-232C standard for, 494-497
RS-422A standard for, 497-498
RS-423A standard for, 497
RS-449 standard for. 498
simplex, 487-488
start bit for, 488
stop bit for. 488
synchronous, 488
Servo control, 317-318
Session layer (OSI model). 523, 524
Set (S) inputs, 13
Set memory flag word Instruction
(80386). 564
Set points, 317-318
Settling time, 317-318
SETxx instruction (80386). 564
SF (sign flag). 28, 29, 74, 75
SGDT instruction (80286), 547
Shaft encoders
absolute, 283-284
defined, 283
incremental, 284-285
Shift between words instructions
(80386), 564
SHIFT instruction
80186/80188. 336
80286, 546
Shift instructions, 8086. 43
Shift registers, 13, 464
SHL instruction
8086. 43. 153, 590, 597
80186/80188. 599
SHLD instruction (80386), 564
Short jumps. 72-74, 76, 83-84
SHORT operator. 162
SHR instruction
8086. 43. 155-156. 590, 597
80186/80188, 599
SHRD instruction (80386), 564
SI (source index) register. 29, 31
Sign bit, 6-8
Sign flag (SF). 28, 29, 74, 75
Signal assertion level, 11
Signed numbers. 6-8
Significand (mantissa) of numbers, 367
Simple inputoutput (1/0), 245, 246
Simple strobe inputoutput (/O). 245—
246
Simplex communication, 487-488
Simulator programs. 380. 382-385
Single-board computers. 19. 21
Single-density recording for disks, 467,

468

Single-handshake inputoutput (I/O).
246

Single indexed addressing mode. 49,
89-90

Single-mode fibers, 506
Single-precision numbers, 367
Single-step command. 68

Single-step interrupts, 208, 213, 216

Slave device, 235

SLDT instruction (80286). 547

Slice, 27

Small computer systems interface
(SCSI) standard, 472473

SMSW instruction (80286). 547

Snubber circuits, 281

Soft errors, 363

Software. See also Programs

defined, 24
upward-compatible, 28

Software interrupts. 44. 52, 139-140,
207. 214. 216, 240-242, 591,
594

Software-triggered strobes. 230. 231

SOH (start-of-header) character, 518

Solar cells, 296

Solenoid drivers. 279-280

Solid-state relays. 280-281

Source file, 60

Source index (SI) register, 23, 31

Source for instructions, 32-33

SP (stack pointer) register, 29, 31

SPARC (Scalable Processor Architec-
ture), 571

Speech recognition, 481, 482-483

Speech synthesis, 481-482

Square-wave generators, 229-230

Square waves, 337-338

SRAM (static random-access memory),
15-16. 353, 358, 360. 363

SS (stack segment) register, 29, 30-32,
89-90. 581

SSB instruction, 590

ST-506 standard, 472

Stack diagrams, 102-103, 106-107,
108, 113-115, 118-121

Stack overflow. 113-115

Stack pointer (SP) register. 29, 31

Stack segment, 49, 58

Stack segment (SS) register. 29, 30-32,

89-90. 581
Stacks
8087, 369-370
data sampling pregram using, 103—
106

defined, 30
operation of, 102-103, 106-107
passing parameters using, 113—-115
POP instruction for, 42, 107-108,
149, 5§90. 596
PUSH instruction for, 42, 107-108,
149, 590, 596
top of stack. 31
uses for, 102-103
Standard structures, 39-42
Star networks. 522
Start bit, 488
Start flowchart symbol, 37-38
Start-of-header (SOH) character. 518
Start-of-text (STX) character, 518
State (context, or environment) of
tasks, 537-538
States
of clocks, 165
undefined. 223
Static displays, 267. 268
Static random-access memory (SRAM),
15-16, 353, 358, 360, 363
Static storage class in C, 420
STC instruction. 44. 156. 591, 597
STD instruction, 44, 156, 591, 597
Stepper motors, 281-283
STI instruction. 44. 156, 215, 591, 597
Stimulus files, 383-384

Stop bit. 488
Stop flowchart symbol, 38
STOS/STOSB/STOSW ‘nstructions, 43.
156. 591, 597-598
STR instruction (80286). 547
Strain gages. 298-299
Streaming tape systems, 477
String instructions, 43, 95-99, 591
String library functions In C. 424-425
Strings
comparing, 97-99
defined. 43, 95
moving. 95-97
Strobe input/output (VO), 245-246
Strobes
described, 84-86
hardware-triggered. 230-231
software-triggered. 230, 231
Structured programming, 39-42
Stubs, 115
STX (start-of-text) character, 518
SUB instruction, 42, 154155, 590,
598
Subprograms. See Procedures
Subroutine flowchart symbol, 38
Subroutines. See Procedures
Subtraction .
8086 instructions for, 42-43
8087 instructions for, 373
binary. 8
binary-coded decimal (BCD). 10
Successive approximation analog-to-
digital (A/D) converters. 305. 307
Summing point, 294
Supercomputers, 19, 20. 571-572
Supersets of instructions. 28
Supervisor, 537
Switch structure in C. 411-412
Switched capacitor digital filters, 342
Switched phone lines, 488
Symbol table, 57, 60, 211
Sync characters, 518
Synchronization instructions, 44—45
Synchronous communication, 488
Synchronous data link control (SDLC)
protocol, 520
Syndrome word. 364-365
Syntax of assembly language. 47
System commands, 47
System degradation for time-sliced sys-
tems, 537
System expansion slots, 345
System program, 47

Tachometers, 317-318
Tail pointer, 515-517
Tape readers, 250-252
Tasks
blocked. 538
defined, 534
environment (context, or state) of.
537-538
mutual exclusion of, 538
TDM (time-division multiplexing). 502—
503
Temperature sensois. 296—298, 320,
322
Templates for tnstructions, 47-53
Ten-byte type, 158—159
Terabyte (unit), 27
Terminal emulator program, 507-508,
509
Terminals, 440
Terminate-and-stay-restdent (TSR) pro-
grams, 535-537
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TEST instruction, 43. 156—157, 590.
598
Texas Instruments Graphics Architec-
ture (TIGA) standard. 461
TF (trap flag). 29. 207-209. 213-216
Thermal printers. 479-480
Thermal sensitive resistors (thermis-
tors), 298
Thermocouples. 297-298
Thin Ethernet (10BaseT) networks, 525
Thrashing process. 361
Three-state outputs. 14-15. 24
TIGA (Texas Instruments Graphics Ar-
chitecture) standard, 461
Time-division multiplexing (TDM),
502-503
Time-domain description, 337, 338
Time-multiplexed systems, 20-22. 35
Time-slice scheduling. 537
Time-sliced svstems, 20-22, 35, 320
Timed Interrupt generators. 228-229
Timesharing systems, 20-22, 35
Timing
8086 bus, 584
8086 instructions. 91-93, 592—
598
8087 instructions, 599-605
delay loops for, 91-93, 103—106
effective address (EA). 592
interrupts for, 219-221
segment override prefix, 592
Timing parameters. 8086. 197-200
Timing waveforms
8086 maximum mode, 588, 589
8086 minimum mode. 197-200,
586. 587, 589
8086 system timing, 164—-167, 583,
584
8237 DMA controller, 351-352
8254 programmabie timer/counter,
226-231 .
8255 handshake data input from a
tape, 251-252
8279, 269-271
Centronics parallel interface, 254—
255
clock. 165 |
dala acquisition system (DAS), 322~
323
double-handshake input/output
(/O). 246-247
dynamic random-access memory
(DRAM), 353-354
simple Input/output (VO). 245, 246
simple strobe input/output (I/O),
245-246
single-handshake inputoutput (1/0).
246
Token. defined, 523
Token (file handle), 474-475
Token-passing ring networks. 522,
523, 525-526. 527
Top-down design, 39-42. 100
Top of stack. 31
Topologles
hypercube. 571-572
network, 522-523
Trace data. 62. 170. 171-172
Trackballs. 462—-463
Tracks of disks, 465, 468—-469
Transcelvers. 524
Transcendental instructions (BG87),
374-375
Transducers. See also Sensors
defined, 298
differential pressure. 300

624
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Transducers (Cont.)
force. 298-300, 307, 308. 309
pressure, 299-300
Transistor buffers. 278—-280
Transistors
Darlington. 278-279
isolated-gate bipolar (IGBTs), 279—
280
metal-oxide-semiconductor field-ef-
fect (MOSFETSs). 279-230
Transport layer (OSI model). 523, 524
Trap flag (TF), 29. 207-209. 213-216
Tree-structured (broadband bus) net-
works. 522, 523
Trees (structures), 117
Trellis code, 500
Triacs. 280-281
Tribits, 4-9
Trigonometric instructions (8087). 374
Troubleshooting microcomputers. 200
204
TSR (terminate-and-stay-resident) pro-
grams, 535-537
Two-key lockout, 262, 273
Two-key rollover, 265, 273
Type byte, 34, 55, 158
Type conversion instructions (80386),
563
Type doubleword, 55, 158
Type error, 34
TYPE operator. 162
Type quadword, 158
Type ten bytes, 158-159
Type word, 34, 55, 159

UART (universal asynchronous receiver-

transmitter), 488. See also 8250
UART

Unconditional jumps, 71, 72-74

Unconditional transfer {nstructions, 43

Undefined states, 223

Underdamped response, 317-318

Underflow. 8

Union data structure in C, 437-439

Unipolar binary-coded decimal (BCD)
codes, 306

Unipolar binary codes, 306

Unity-gain bandwidth, 293

Universal asynchronous receiver-trans-
mitter (UART). 488. See also
8250 UART

Universal Synchronous/Asynchronous
Recelver Transmitter (USART),
174, 175, 184, 488. See also
8251A USART

Unpacked binary-coded decimal (BCD)
code, 69-71

Unvoiced sounds. 481

Upward-compatible software, 28

USART (Universal Synchronous/Asyn-
chronous Receiver Transmitter),
174, 175, 184, 488. See also
8251A USART

Variable-port instructions. 78, 193
Variable storage classes in C, 419-420
Variables

char (character). 396-397

dummy. 128

float (floating-point). 398

int {integer), 397-398

named. 55--58

types in C. 396-398
VERR instruction (E0286), 547

VERW instruction (802886), 547
VGA (video graphics arrayl. 447. 449
451
Video cameras. 463—464
Video digital-to-anaiog (D/A) converters,
449-450
Video graphics array (VGA), 447, 449-
451
Video monitors, 440
Video programming
high-level. 458-460
introduced. 451
low-level. 451-458
Video random-access memory (VRAM),
446--447
Vidicons, 463-464
Virtual 8086 mode (80386), 561-562
Virtual address mode, 28
Virtual addresses, 541-543
Virtual ground, 293-294
Virtual memory. 541-543
Vocal tract model, 481
Voiced sounds, 481
Volatile memory. 15
Voltage gain, 290. 292
Von Neumann architecture, 339
VRAM (video random-access memory),
446-447

W bit. 48, 590, 591
WAIT instruction, 44, 157, 584, 591,
598, 599-605
WAIT states. 164-167, 175, 196-197
WBINVD instruction (80486), 570
WHILE-DO structure, 40. 41, 82-84,
412-413
While structure in C, 412-413
Winchester hard disks. 467
Windows program. 567-568
Wiring list (netlist) program, 380
Word transfer instructions, 42
Word type, 34, 55, 159
Words
8086 storage of, 35
binary. See Binary words
command. See Control words
control. See Control words
defined, 1
mode. See Control words
syndrome, 364-365
Workstations, 571
Write once/read many (WORM) disks.
478

XADD instruction (80486), 570

XCHG instruction, 42, 157. 590. 598

XLAT instruction. 42, 157, 266-267.
590, 598

XLATB instruction. 157, 598

XMODEM protocol. 519

XMS (extended) memory. 541

XNOR (exclusive NOR) gate, 11, 12

XOR (exclusive OR) gate. 11, 12

XOR instruction, 43. 157-158. 591.
598

Z80 microprocessor, 27
Zadeh. Lofti A., 574

Zero flag (ZF), 28. 29. 74. 75
Zero-point switching, 281
ZF (zero flag), 28, 29. 74. 75
Zone coordinates. 185, 377



