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2 Programmable Logic Controller : PLC
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! Monitor

2 Central Processing Unit : CPU
 Memory

* Input / Output Devices : I/O

® Bus
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4 Machine Language
® Assembly Language
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! Assembler

2 Machine Dependent

® High Level Languages : HLL
* Compiler
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! Registers
2 Accumulator Register
25,5 18 eolatul 5,50 Al o saijley U3 Sllee o bl sly 4T wiiis L5l (General Purpose Registers) o slaie aon slsls ™
* Flag Register
% Zero Flag : ZF
® Oveflow Flag : OF
7 Sign Flag : SF
8 Carry Flag : CF
® Program Counter : PC L, Instruction Pointer : IP
0 Arithmetic & Logic Unit : ALU
™ Control Unit : CU
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! Instruction (Decoder) Register : IR
2 Milion Instruction Per Second : MIPS
® Read Only Memory : ROM

(Basic Input Output System: BIOS) gl [ESS Wb oo plodl 1) el S aladls cas aloz 5l piacen (oloil Sldes a5 548 aal o f

® Programmer
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intel.

8088

'ﬁ)\)ﬁ@ o..b)\z_ﬁ Ui‘

8-BIT HMOS MICROPROCESSOR
8088/8088-2

8-Bit Data Bus Interface
16-Bit Internal Architecture

Direct Addressing Capability to 1 Mbyte
of Memory

Direct Software Compatibility with 8086
CPU

14-Word by 16-Bit Register Set with
Symmetrical Operations

24 Operand Addressing Modes

Byte, Word, and Block Operations

8-Bit and 16-Bit Signed and Unsigned
Arithmetic in Binary or Decimal,
Including Multiply and Divide

m Two Clock Rates:
— 5 MHz for 8088

— 8 MHz for 8088-2

m Available in EXPRESS
— Standard Temperature Range
— Extended Temperature Range

The Intel 8088 is a high performance microprocessor implemented in N-channel, depletion load, silicon gate
technology (HMOS-II), and packaged in a 40-pin CERDIP package. The processor has attributes of both 8-
and 16-bit microprocessors. It is directly compatible with 8086 software and 8080/8085 hardware and periph-

erals.
(meuonvmrﬁamcs )
MIN | MAX I
MODE  |MODE
GND []1 ~ 0[] Ve
a1a []2 /] M5
------ A13 3 3] At6/S3
neTueno i s v A
QUEUE 2 A1 []5 36 ] A18ISS
a0 []6 3507 A19IS6
1 B ] 1 A 7 34| S8 (HIGH)
BUS cs a8 []8 3] mNMX
1NFERFU&rﬁE 55 AD7 s 2] m
I _bs ] EXECUTION UNIT ADe [] 10 g‘m 31[] HOLD (RQIGTO)
Cverem aps []11 30[] HOA  (RGIGTI)
ADa []12 29[] WR (LOCK)
AD3 []13 28] 1 10/M 52
AD2 [j1a 27| DTR i51)
' AD1 []15 26 ) DBEN (S0}
Al aoo 16 2507 ALE @s0)
- g: 1_‘2;:‘::;'#’ NMI ] 17 24[7] TNTA (Qs1)
EXECUTION | DH T TR [ 18 2] TEST
UNIT SP ! CLK []19 22| ] READY
I L | GND []20 21[] RESET
:: 231456-2

231456-1
Figure 1. 8088 CPU Functional Block Diagram

Figure 2. 8088 Pin Configuration
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S ala (S AL o 53) L sa )

V9 5a Llg s AAT 5 LT b e Sl (sl 0315 o508 03 2o VP s 4 AAR sl s
3,8 o Dop AAF I A A 3 alie Sl & (sl B pes 4 LS sl 5l L1 Sledbl oy

Ghols 1871 sl glaadl 5 &7 Conl ol 3,97 o0 35 4 AAF 2o V9 sl asls o8 ,08 8T IS
5 O guims Cind S5 VP o lijls G 4 A sladbisle ess la | o VP 4 cdiies o A gladls
05513 1 5 ol (Sl O LY L SC Be) Suly 35 sldas (6l 0Dl gins pums bl US4 ol 1 OT e Ll
ST e i 4 5 T L i

o b oS sph e b 8 5555 5 25 el 53 s bl lad Sl Y (ISKae ol e sl AAS

Wl Y IS

eble AT 4 1y Gl 2E34 2019 sde (ol 457 (glanl ¢ aanl 85T oBn ST i 55 Ks 4S5 S w
b r 0 md dible 5 (S5 medts 5 LT 0 2B e 534 Tl ile gadST S 5 s S s ae
3 5 Al im 45 o Jas D gams S8 5 Bl Sl 17 e 6 (38T ¢80 310
23 kST o STl e sSe Dopgeo a1 e VP ldel eliln p O ST e S3Lys Iy S50l S A e
AT e 55 8ly Oy s 4 2E34 50 Culg

(L o) (23355 o3y S8 o S ol caoifls 5 55 SOl doly o S S 1Bl Sl
Az (NIDDIE 53 gazen b (i A 425 60) Sul 5 (i B a2, ¢SO) Nibble Kos sladsly .ol

pd e S 5 Oy 4 e (6,500 Sl slads

(2 19) (LY o3l oI5 &S :(Word) «als”

(2 TY) (2L F o3l oI5 &S ((Double Word) Caslias 4uds’

(2 7F) (aL A osls oI5 ¢S :(Quad Word) <8l als

(52 \YA) (2l V7 o3l o3 S, (Paragraph) 2l 5L

EYCRPPRWIICHY X JU VICH I VATE L ST PRCH AR VG INC R R { g SICH TP gt SRR A

A AU  aowsl Ob3 4 o 950 3 31 o l@llin
OJMQ)ﬁJD‘)QTGIZJ}a-\J\y‘)27Ho)w‘_g.ﬁj)jg:))ﬁ)‘mi;fJwﬁé\mbﬁw(dm

Sy Ol 28 H
AGAIN:
IN AL,27H
NEG AL
OuUT AL,28H
JMP  AGAIN

.MH&L{MUJ{LQ\JQ‘4.{%}L{)P)‘MUJ{)P.}&#T‘J};cl.?d\i.}'fu\ilfomM‘PJ@SQ}?
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oo Wl o 5 ol ol s okt DUt o 0> o Cd 5 AGAIN ol aals hiz) b & IS () 61
1 pb ol o sh gn )T " Caadhe soks sl o 31 g (3l O il Lo ST ) sl 61 5 oy
Al

3 gk g 0ol aaliyy el 4l S AGAIN £ & 4l 31 () 4o 4 iy ploil o JMP AGAIN | 205
BT OT (sl (1addy b ol oblii3l b b el odijls p 457 Sl ) Ll Culi s Bsb 4l anksd gl ol
AL oo sl (ol oslias

4 B Hsws @l b ss ai g HERED IMP HERE s (gl 48l 0LL 53 31 (Call (b 92
€345

€55 oslizal HALT (sl 4 g2ws ol 51 0155 o LT (0

s S LSl 9 (Do g Slew

by 3 Bos ol a4 b g plel o 250 b5 i by Sl daB a 53 IMP (bbb S ) e
P yh s

@t,.j@;:suuwwl.;ﬁ@uu;,‘\Gb,;u:ﬁg\,jwjlgtw\&uMuﬁ,;‘sﬁfwé\ﬁ
U:.ﬂmii.,uﬁf@ﬁ,m:‘wuﬂ@wu”,uﬁfd,.)\;uu;.ﬂumwu,)j:.udi;_jlmuu,b):;
G el 03 e Dope 33 5035 s b LA G Il S 5 o By el e (b5 5y
Sl |l (b b gy g Sl e ) ges S g (nl g 53 8350 (0 el

Wl gy O a bbb Ol e jleslaal ST IG

CMP Y Lses ) Lsles

P A o At

(asb s 51 glabais rb)

Y Ol 5w 48 gaes

JMP Next
u.ijg: Lol

YQ‘)}:M:A.GW

Next: ----
: s s - . . - Y
o B S (B s 5 aelie Gl el s Sl disles 55 aglin j5es CMP ) g2
Syl D .3‘5.34@\):-”' C)b}’;ﬂj wwjoﬁ rbu\ "u:'f: v\-.&aﬂn mu;:}g_ J&ﬁWQ)}.ﬂ)) .J_}.ﬁ:

-L:Liksaﬂu\.’\dﬁijeXtMmgﬁﬁbw}ou\.&‘ﬁ‘\C)‘)jleijja&€\>u‘u2ﬁ.bj&dbyc:’bﬂ

! Label
2 Compare
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48 gazes () Sl giwd 48 gazes Sl dmy (il st ol Sl (55,06 IMP NEXt | ws oS US4 55
(JESR C)lj}:..u:w}w.lajéda_,iuQ:},}c?w:&)y)zr:ﬁ»\j}@JJB-JA!:}L@\J?\}:JYQ\)}:.w:
ot NEXE i el ol el plol 2y el 40l ol S NEXE alas 6 S g2 ol (511 31 oy gl ol 35

AiL 55 CMP G ges I 8 ol Ll

c;}up&)yp).a)"Qbﬁw.\@wbﬂeLﬁQJf@&Q)ﬁ)Jﬁ‘ﬁ@%MJQW(u:.wa).;

s IMP - NEXE ) gy 4 (g5l sl | 1Y 9 Ol siws 4o gozms b4 05 9

e ol o s OT e ST Sle3 b 5 Ll g 1y B2H &y e 15 0 457 sy 5ty (51 40l 5 andad (JUin

AGAIN:
IN AL,32H
CMP AL0
JZ EXIT_PRGM
MOV AL,20H
OuUT AL,35H
JMP  AGAIN

EXIT_PRGM:
MOV AL,0FFH
OUT AL,35H
HALT

s o) A8 e dlie Lao U1y (B2H (55,5 Sy i) AL U5 S e CMP ALO | g2us
S o el L ) ol (b8 By D s o Aas (o S 1 e U sl Sl (3l

S EXIT_PRGM ol & asli s 51 sl & caslin 4 0351 oo s 53 IZ EXIT_PRGM g2
ool o D Z Sy ol s 5358 05 8 3zl JE s 51005 o6 JZ s Sl 4 s oo plo
s o ol G S ) 052 64 D5 g0 3 5 4,5 o

day 5 gind AL pio AL ST 555 o plol EXIT_PRGM & 1 5 0 |21 IZ 5 s sl jio AL S
32H &y g sdoms 0Ll gl sl gltnl 4 i 3L 5 35H &y 4 20H byl Jols S 355 o 121 IZ

!

s 3 (INE L) INZ ) szs 51 03lizanl b 1y asls s ol (shuw 33

Sy SAOH Soyg Slkie Bl 5 Llin 1, A1H 5 A0H (655,55 S0 5 o oS dons s (slanli s ankad (JUin

AGAIN:
IN AL,40H
MOV BL,AL

t Jump if Zero
2 Jump if Equal
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IN  A41H
CMP AL,BL
JAE  SEND_AAH
MOV AL,55H
OUT AL,30H

IMP AGAIN

SEND_AAH:

MOV AL,0AAH
OUT AL,30H
IMP AGAIN

S o telin @2 L1 BL AL 6lgls Sl sms CMP - ALBL

(BL)p;.u}wL;,LMg;f,ﬁ(AL)CMP)Pad,mwswyﬁ’JAE SEND_AAH | sws
530H &) s 4 AAH Jlojl Jols abi 0T Sl 52w 4 das oo plnil 5, SEND_AAH (MQ&M.\,;L.

R PR ETRPINCH PRI 4

35 o plil (ol sl (sltl 4 iS5 5 30H

3,5 oslizal 35 INB | s 51 015 oo JAE g sl 4

Sl 53 oslizal 3550 (5,5 poadd Slasltle pazia H b 4w ol 53 1S e S HLSLs

S o SOl and el 0L 50 1) Y e 5L 4l

4 gosee c‘bj& Q.\ﬁ C_Mﬂ)b C))}»ﬁ B jb}j’@&fﬂ)f! L;lpf:' ‘-\S;‘)L’b-l.w d‘)) :if'then'else )l}’él.«a

gh ol rlelSe 5 Ol ses 40 sazme Oy g pl e 5 T 5 O s
if L, then

\Q‘)}I.w)ﬁ\.ow

else

YQ‘)}:M:A.GW

-"}":’Ls“‘f’."‘lQ‘)f“"“}w@)y@‘féjbﬁ\ Q‘)}'&AJ&MQLJ&QJ}{@%&Q)};)J
S 53y 25 Dl s S

if sum > 100 then

\&:)‘)}:-NJ‘\FW

else

YC)‘)}L&J“&}QM

* Jump if Above or Equal
2 Jump if Not Below
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CMP sum,100
JA P1

Y Oy giws 4 samn

JMP end_if

Y Ol gt 48 gaen

end_if: ------
! J.’.) C)J}»& LY Ji.‘»'.\ sz\.wab\.g:

CMP sum,100
JBE P1
JMP end_if
P1:

Y Oy giws 4 s
end_if: -------

Gald Sy geo 53 5 0 duslie Calies Cob palie b yime ¢ Sldie ltle ol 55 3(case) switch ybslw
Jﬁ@ﬂ) B ‘)C Q\.v) B SW|tCh )L’b-l.w )‘ L;L’La

switch (average) {

case 10:

Y Ol siwd 4 gazes
case 15:

Y Q‘)j.w.ﬁ 4.9}&9;»
default:

Y Ol giwd 48 gaes
}

et o 2500 YLkl el dolre

CMP average,10
JE L1
CMP average,15
JE L2
JMP L3
L1:

V Ol giwd 48 gazes

JMP Continue
L2:



9V

Y Oy giws 4 samn

JMP Continue
L3:

Y Ol sws 4e gaze

Continue; ----
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Sy omols” Sl Hu8

B 3 dla 5 pnlS g DUl I (ol S s OT SUG &y il il by 5 o s
S (SEE DS 5,E e S Wleds 4w ol 355 635 & QK8 215 7 555 e a0 e
W) 63955 WO (pl 1 (pdm dites ol LS b 5eslS Sl 5 pge SIS S ) (e
a (5o 18 A5L) s 5/ 65955 oims 3 (S1,S S8 o) s 5 pam TV

Sotas Lk L35 TXT (sl osl gl 51 ckiss £ 15 oslizal 3,50 IBM (sla 5 5enlS” ol 55 487 L,
e 3 Ll sl 4 5L s 4 SIS s, "PCIL s 'MCA EISA CISA I as,le (s 5 5mslS slg
A ey SIS Gle,S 6 05 53 PCI-EXPRESS 5 "AGP (lg,8 s 8 i 3 1y 355 oy YU
Sy e &K s 5 8 0y s (PCMCIA o3l 5l slgi IS asle) o35 2l slls 55 L b
£330 IS Sl 3 53 ga GBI OT L _blise IS & oa 5 Sl 4 o Lgali ol 31 oS pa 03,8 o )13 Aol 5,5
nu;.ﬂ\,gﬁ9UL;\6\ﬁa€,f§¢ujmJ@a\,g.gﬁfdﬂ,@;ﬁ\swum%l UKs s PCI
1S 015 o IS 3 K 3 ol oS

..........................................................

ol S5 OT & b ey 73,5 a5 adlllan 15 ISA S XT (5 5 5SS b sl i ) 5

S35 (i G5 galS 53 68,08 g3 nl dig a o T WaodiSls 0 2 5 (63555 Jbail 3500 55 oS
2 6os e ol SlEl 5ol osle law LT 6K 4 (6 5 50lS LS 4l (olome 5 50T Lol tauleS”
w2l BT S o slamlie 5 s (sl i8

ol
Gl 5slS ol s VAAY L s IXT 8,08
& sl seelaus Jlail ¢l IBM ass
ol 358 o) XT 8,08 \-F S i sbowl i seslS”

&\

XT o,

339009 g9y XT ol5 35 —\-F ISt 23 5 X XT & Shadsl Gl 5 salS” slg,lS (W

t Slot
23 o iuled FgaalS (55 903,523l ys x5l I g sl JuSew TV o)l5T
el Ggo &5 639,9 Microphone o5 )0 § Sgo &)lS 2,5 (Speaker) gSasl oS0 "
* Extended Slot
® Industrial Standard Architecture
® Extended ISA
" Micro-Channel Architecture
8 Prepheral Component Interconnect
® Accelerating Graphic Port
10 personal Computer Memory Card International Association
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ShasS ay Wils o g sleesle 5o 1) L )l8 ol 51 ool L;m;y.s}:;gjflra .,u:;)f@)\} B

(-\.&Lﬁ@l}-&)\:-.b‘};@ 41..”45) _3};;,&54 ob@w\jﬂ\f%@)ﬁ/d))}) du‘é‘jt}q&XT Q)K

ol slaaly plas” XT gty 2ol3 5l ST 8 das e OLE 1) ATAN il (sley oS YT JSCE o

WR 5 RD 5 10/M Gt ¢ ynT slaasly conls slanl g Sl ols 513 Lo jlastl s |y oijls

S B Y-F S 3 XT o 508 (slgiy 40 05871 .ol sl 1

Pin Numnbers
Direciion Signals K \ Sicenals Direction
Ground GroUnND Bl 50 CHE |
0 RESETDRV B2 DATAT o
POWER +5v;, B3 DATA 6 lis]
| rRp2 B4 DATAS o
POWER -5Vie BS DATAS o
| DRO2 Bé DATA 3 I{e]
POWER -2V, B7 DATA 2 o
KReserved BS DATA 1 I]e]
POWER +12v; B9 DATA R I[e]
Ground GROUND B10 -I0 RDY 1
[I{e] -SMEMW  Bl11 AEN 0
I{e] -SMEMR Bl12 ADDR 19 I{e]
I{0] -IoW B13 ADDR 18 I{s}
li0 -fJorR Bl4 ADDR 17 l[e}
[s] -pAcK3 B1S ADDR 16 o
| DRE3 Blé6 ADDR 15 le}

ADDR 14 lis]
ADDR I3 lis]
ADDR 12 Iis]

0 -pACK1 B17
I DRp1 B18
-REFRESH B19

5

0 CLK@77MHy B20 ADDR 11 o

| Rp 7 B2l ADDR 16 Ifo

| iRe6 B22 ADDR9 1o

| IRp 5 B23 ADDR 8 o

I IRo4 B24 ADDR T o

| IR 3 B2S ADDR 6 If0

o] -DACK2 B2o ADDR S [[0]

o] TC B27 ADDR 4 o

0 EALE B2S ADDR 3 [[n]
POWER +5 Vi B29 ADDR 2 o
0  OSC{14.3MHz) B30 ADDR 1 []e]
Ground GROUND B3l ADDR & le}

XT elf)..'xf ‘_gl.hdg'l.; -Y-f JS.J;

r\.\f,& Ls.ﬁjfﬁ) Yb J&i)b .b}.&o.e u.ep'ai.aBl"‘Bglel"'AQ,l LgL@.aL L 6‘;"“;):’.9* 6‘)‘DXT a\f)f

Ol 1 s 61 O ols 4 63555l D) ol ok 4 g5 5 gnalS (o8 4 o I g gy )

W OT 0331 (s Jb L3 (WS 2 51 J3 e ool (5 5 (53555 12 1O 5

A2 slg s DATA O ~ DATA 7) oijls  o3ls 4l Coin Ag b Ay slgs 10818 9 w3dT Sl yo8

;ﬁj}j v\:j Cé.) .Mb@ )\j; Lo )L:1>-‘ ).) ‘) (ADDR 0 -~ ADDR 19) c..,\.s)'l.bﬁ: uﬂ)bT 4-.:.\-1 Cn.m:-: cA31 U
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fd> - Shaal !l XT 8,08 s L3 g 0 \oJL€.3 > 2 3T 5 eals Glaal &AM ol Lol slaal
el ol ﬁ:u‘:j_ Q)K C\)Ja ufw_g) )l (Latch) JN)JT SoleMbs! C..;}A L;)‘A.@g Cwe) 9 Llodds
53 L sl odls S5 s b Vgl a5 LT (glaal Lol cdisly 4, bgs b bk 457 osls (glaaly

Yolf)-\frf\:- CM\ 4;) Jx’i.:Jl.;ﬁ-‘)b b j}zﬁ\; o\?)f ub\quT Q)K;‘ QM QJE)JXT ol?)-:\f
.u\.{obuﬁ.w‘é.\j)}CJJ}«&44'w)JTLS%WJ‘J}EACfl\ﬂb.»b“b.)\L«-ﬂj‘)lﬁ&‘)b}é@}w}s\-c(bﬁ

Ly dibl- 3 b Cli;a "SMEMW .z LaT olasl ¢ B1y U By slasl 1 58 SlglSw
Sy s i a6 IOR 5 IOW glaal .ol abbsl> 51 ol cy;\abksfSMEMR S gh o b olijls
U'.’.‘ VJ")‘J )Uﬂ.’h\-\.@:,ﬁ.\a;@)lﬁ abu.?.w‘ ))jﬁ o.b)‘bﬂ ‘b.w‘}: LS"))) )\ QJJ\?)@)P BL &”ﬂ‘y t)k‘;\
LS oslizl LIS ol 31 5 355 6808 (Sl ()8 A8l (Se Sl Blond & Ll sl 5 5 IS
Lledds @‘ib 4§J19_5.>

J:.@.gculo&é‘.@)thw)ﬁjl&ﬁb\ﬁw)dn#@aquT6?))5)&3}))&)\5@1}443@&‘\{
.ﬁ,&uTJ-:sXTalf)fﬁ,_;éugg;;)tf\{wl

9 TTL Lg\.hat.&‘j @M Lgij’ J:.AT\\ ‘-’lf.J" Jif\bbd_g +0 5\2.‘_3 4829383 L;Lh‘t.:b» :4.1;\*3 ‘5%
BgA.LL;)CJ)+\Y c(ﬁT'/“OEﬂf\.\:—l{B5q\i)d)—b6&5\:53o)yﬁﬂ\{.-ﬁ)\fdc\})\gﬁ-\)bbQ)\f
))(BgljBlojBl)wAJc\iLiMJ:J}(J.:AT'/YOQEf&\bbB7Q‘.ﬂ)d}—\*)(ﬁ-\'f/ad\iﬁﬁ\bb
.@\olf)f@ﬂﬁl}é\dlyjléJ:aj44”\;7vf:‘.xx?&il..\_lzrz.al}ﬁ-..,U)\ssjg-}XTalf).lf

o3 eslizul 3y 00 5 ouslS Sl addy Sl 55 ) Bor~Bos 5 By (633,5 sl 14d89 Calgs 33 Slew
S el S8 b S kb e fame sl 4y S’ 287 4315 IRQ 27IRQ 7 (slassl 4 5 4,8 s
-LSOJL&A‘L«.‘:{&‘)‘ .,LLL €3 b}.wj}xnls(u:-)\:-) 6)‘;9‘&:,95«4 Lgl.&wj

o3lizal DMA 55, 51 sl b 5 g5 )8 Sledlbl Jsls (sl 30l oles )8 1 b & DMA slgw
a3 )8 Low i DMA ol 55 61, DRQ 3 3DRQ 2 sDRQ 1 (sleal L XT 8,08 (63555 4l 4w .S
)‘}abm‘.})jﬁau\;J‘:ﬁbj;DMAMC..«LA&‘J.:DACK:BJDACKZ)DACK].‘_;Lg,ﬁl.’b@_gfc\ili
S (s

&l s wT oo 0dijls o 508 oS xS sl 5 Reset UK l wb o»l :(RESET DRV 295 4l

295 08 welijls 5 L, sladsl 5 Ol en Reset

! Multiplexed

2 Bus Master

® System MEMory Write
4 System MEMory Read
® Dma ReQuest

® Dma ACKnowledge
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ng.w S5 i oasplas o 03 e el JAUé i J;Z; 3 su_li O'i‘ Jf\ :REFRESH Ql.l
e Sl O, Ly Bl 8 630, Nl e I ol M,;‘L_x RAM (cladbsl> ' g5lue;l

3,8 15 eslinal 55 50 (g leojb S

53 il 5 A A e VY ST 5 il IS ol S e 1 b it 53 Sl slaadl 5 eslizl

sl ooy 5 AT 4 PCI o8 508 wsus ol 55 e Ol gie a5 aby VL 85 ol s a8, 08

Cele Gl b Oljen e 5K VBF LGS 5 L e WL G OSC (14.3MHz) (295 4b
Ao o o3lizal s goai L& (5Ll (sl LS5 ol

DMA Silles 55 Jsl lgnl shiw Jooled OLL Mol ol ((Terminal Count) T/IC (295 4k
3,8 o o eslinal 340 5 sl Loy

e L OT 05 Jbb 45 ol 035 ALE o 3L JIKow i(Buffered ALE) BALE 95 4l
S dal (S0, DMA Slles Job s JLi:..u ol Sl XT o8 48 Ap~Agy bal g5y ool 03

4 Ol BB, gl el gl o cnl 51 15 (0 )8 1L :(/O CHecK) I/OCHK (53959 b
Sy al ol 5l asd Jaze XT G\?,;\fm,‘dzauths}f\.xsogm\;m\f&d;ﬁ&&uﬁgas)_u,j.p

b}&o.a oslaul Q)‘}S L;Ua:- r)&.@‘

b el a3l 51 a8 Ygane XT 28 5 Slae o 1(/O ReaDY) 1/ORDY (83939 44
o3zl IS Sllas planil (51 oo b slal 5 0l 3 5l Sl slawl sl S gl 31 1 e
a.u;\gﬁ%Jauu.uq?,;au@ﬂdufh,m&,»;l;,,\s&\;lwum;;\a\}@,w;@\6\ﬁ..u§
SYsb Se w1y I ol L8 ST .S (Not Ready) (i |y I o) abolbBl b ool 45 5 1 3
o 45 L RAM (g5las 31 (6,8 o Eoly ol (S 03,15 5 koo ol 53 (s S 10 51 G Y sona)
255 OT Db gioma 5
Slasl 3 o085 J S Sl 055 asie gl I ol (Address Enable) AEN >94 4l
ISl e 51 15,8 0 513 eslizal 350 DMA a8 28 Ste) K3 o508 (Sl b ol 0kl

rf\> S ol 0T odiasilis wb cpl Gy (0D 3505 ol 0313 5 Slast| 53 o L0 J 287 sm AEL (i

! Refresh
2 Dynamic
4 Pixels

® Non Maskable Interrupt (NMI)
® Wait State
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s SMEM\ , IOk , IOW L;l.gJLi:.w 5 3T 5 esls el ,08 5 s O SID) ngii: NNty
o838 5y ol 4 ol ol okins Ol el 1680 I ol £1 K5 0l 4 .l 0T Lzl ;s SMEMR
ol D)l 5 il e lael o (A 60505 Dlhes L5 51 5 Sl DMA Olles 4 Glate qts 00T
3 5h n 03liul s 5 635,55 S, LeysT (LS e, e b s I ) 5l des Ol STy T
o313 el 3 o808 4S5 S eslimal S8 eysT SWiE ey 55 o8 08 WIS 1 015 o Sl s
sl

Sesliial 4 panal 5 des G50 (5 S3955 SIS b Gl ol ol 05 Slaaly o
Ll SIS b L 4

1 JOR 5 IOW AEN ;5 ;5 s +0 Lgl@;ﬁ:LwJ:TLgL«;ﬁ:cab‘b‘_;%:j‘H\IJ‘)\T&&)}}@&\@J@

5,8 o)) eslizal 35 50 L 1 65k 53 55 CLK 5 T/TORDY wile ¢ Ko sl
Slekes 53 Wodijlsy opsT bglast sliad 0 5 3 s b ek i S5 o7 shailen S e 5 65 0SS
el 53 s ¢l slile Cub o 5/ (63505 25 3T Gy edT bk slaas ¢ il glaedils s Jlse
Llod oen 4y 5 s LVl 5 Sl (s 265905 03T bshast slin cdm 4 ACAD I il o3l slehes
Gla 3T ¥-F K8 ss 0 Ol s V7 Sspe @ (a0l Gl 5mlS L3 o) (s 553555 SlewsdT
4. o Ol 1y day 4 (5,57 0 03t AYYAR 0 5ls 5 51 aS) AT ades 1 adgl IBM (ola 5 5oslS™ 9 5/ 63959

L ine (5550 Sl 5 gelS 53 Olomas Lw 3T (ol e b b illas Cule ) g

Port (hex) Port A Port {hex) Part Asslgnment:
000-00F DMA Controller 2A2-2A3 clock
010-01F DMA Controller (PS/2) 2B0-2DF EGANIdeo
020-02F Master Programmable Interrupt Controller (FIC) 2E2-2E3 Data Acquisition Adapter (AT)
030-03F Slave PIC 2E8-2EF Serial Port COM4
040-05F Programmable Interval Timer (PIT) 2F0-2F7 Reserved
Q60-06F Keyboard Controller 2F8-2FF Serial Port COM2
070-071 Real Time Clock 300-31F Protatype Adapter, Periscope Hardware Debugger Data isition cards
080-083 DMA Page Reglster 320-32F AVAILABLE
090-097 Programmable Option Select (PS/2) 330-33F Reserved for XT/370
0AD-DAF PIC #2 340-35F AVAILABLE
0C0-0CF DMAC #2 360-36F Network
0EQ-DEF resenved 370377 Floppy Disk Controller
OFQ-0FF Math coprocessor, PCJr Disk Controller a78-37F Parallel Port 2
100-10F Programmable Option Select (PS/2) 380-38F SOLC Adapter
110-16F AVAILABLE 390.-39F Cluster Adapter
1T0-17F Hard Drive 1 (AT) 3A0-3AF reserved
1B0-1EF AVAILABLE 3B0-3BF Monochrome Adapter
1FD-1FF Hard Drive O (AT) 3BC-30F Parallel Port 1
200-20F Game Adapter 3C0-3CF EGANVGA
210-217 Exf ion Card Ports 3D0-3DF Color Graphics Adapter
220-22F Soundblaster cards 3E0-3EF Serial Port COM3
278-2TF Parallel Port 3 3F0-3FT Floppy Disk Controlier
280-2A41 AVAILABLE 3F8-3FF Serial Port COM1

IBM-PC-AT & i guolS ‘5'?5)5/‘5:5)3 élhuu)d.‘- -Y-f s

3L 031F H 50300 H 3l s b L 58 g mLb i) Law g 8 ISA ) XT (lgi, 5 o psT
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alsl 31y g S8 5 63559 D)8 b esle Jls 5o

S wlos S eslizal € 05 1 5 aelS Ll3ble 5 1 oS 52 52
3l ges blie JSKa das i 1) OT 555 ol gids 4 Ll g o o)
059 S g BB S adsl ol 5 5alS H5 a8 sle L8 XT sl )8

.M:Lsa olas \) (“\'&Lf oalaiul Abﬁ u“ﬁL‘

I XT Ol (>l

1@1@&95;@\;;)@;;,,,.,@@mé,),,sué,&isﬁsfwwﬁ\?@
Al aalsl T e 48 ol 5 555 el Jos ol oS dmy Gulo 5 Saals 33 G LED 5 35, 755 s LED

G amalS 3 aal oSS gl I L 5 AELLED i 0T (65, &8 o5 0 (1B XT S eSS L8 ol el
XT o8 o5l o8 508 4y lgiitens 1y s LED 0l g5 o e €8 3 b 3 45T 5 L o398 Ll g by o)
S Jeate 5 geelS 0313 o8, 08 4 1, W LED 4‘5@1,.&._5,”;sv,fuu;.ﬂ\)u@i;m;;l.gpp;&@
sl ok Sl )8 1 (6l 5 0BIB H ey T cdas oo 0l 1y Syl87 cpl b o goss 5 S

ad.ijl.b).: sols o5 ,48

Signal  Pin Numbera  Signal :> :>

GROUND =81 A1 =] 1O CHK
RESET DRV (= B2 A2={ DATAT
+5Vde —B3 AJ—| DATAD

IRQ2 -84 As—| DATAS
-5 Ve = B5 A5—|DATA 4
CAQ2|-B8 AB=|DATA3
-12Vde [~ B7 A7—| DATA2
RESERAVED B8 AB— DATA1
+12 Vdc (= B9 A9 | DATAD
GROUND [-B10  A10— -0 RDY
SSMEMW [=B11 A11=| AEN
SMEMR [-B12  A12—{ ADDR 19
HOW -B13  A13—{ ADDR 18
JOR-B14 A4 —{ ADDR17 - LE
-DACK 3 =B15  A15={ ADDR 18
OAQ3[=B16  A10 = ADDms:E
-DACK 1 [=B17  A17={ ADDR 14
DAG1B18 A8~ ADDR1R (]
-REFRESH =819 A19—{ ADDR 12
SR res| S e —
IRQ7-B21 A21—AADDARIC— A
IRQ6 ~B22 A22 =] ADDA 9 e}
IRQ5-B23  A23— ADDAS —
IRQ4 ~B24 A2~ ADDAT7 —
IRQ 3 [~B25 A5~ ADDR6 meeeeeeeeeee—— ("}
-DACK 2 [=B26 A28~ ADDRS e}

TIC j=B27  A27 ={ ADUR 4

BALE —B28 A2 — ADDR §  e——
s 45 Vil =829 A20 ~] ADDR 2 "}
OSC (14 3MHz) 830 A3~ ADDRY — ]
GROUND =B31  A31={ ADDRD

PIEERS
Latch
S LEDs

8-bit PCIAT Cannactorn

| 2 XT w)ls sleail i ad% gl
=95 XT )5 51 glaigei —F-F Ji

S a5 5 O s

a3 a5l 3 3T o 508 (65, 1y LusT (6,503 domls 4 9) 03l o)l cpl b SleMbl Jsls sl 0 Y/
D23 o IS il 5 0l Jlab (sleb 3 51 (S 6 A o 25 gn o 5050 0] 6L 4 AEN IS
.~ AEN

osbizal ola& 10y 53 Ars 31 YU sl bglast il g0 V9 5 5slS 55 s 260055 ST 0 v

RGO P A
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vic

Jus 1) IOW JL&s oijls s Jl pl )3 5 0d ol b o lijls 4 r s Jlail gl S8 ol 0 v
el 0k fate 3T L3850y e 4 NOT 8 6 daaly L I o kS o

35555 4l 5 31 0l 5 oo (Sl (635,5A LAND & 7430 sl 5 dsle) 5L 35,9 3laws LAND &5 gl &
3,8 oslizal o ysT LS 505 lde | b (sl (7ALS138 Siz)
Lf“)"T olf)f EED) \) 0315 H Lf“)"T O»U)"JJ.; 4544}&@ J«é.’la oJ‘J a\fij LA LED @lﬁ& U'.'.‘f'l"

/I This program writes the 8-bit data to

the

/I address 031BH every 500 milli-second. Press

/I any key to terminate.
#include <STDIO.H>
#include <CONIO.H>
#include <DOS.H>
void main(void){
unsigned char data = 0x55;
while ( 'kbhit() ){
asm {

push ax
push dx

mov dx,31Bh
mov al,data
out dx,al

pop dx
pop ax

outportb (0x031B, data )

}

data = ~data;
delay(500);

}

Asles S Jlb 531, IOW S AEN ol & o5l )5 55

55 H slael s 5 4 (6 5 5umlS sl 5 5o
6++ ,»(10101010) AA H , (01010101)
Jlyl 031B h ysT w0 L oK 4ib o
L LED 5, & 2550 o5 ad, U L5l o
plosit 1) LIS cpl dmy dmios 4ol 55 plon]
Ars

sl pdata ol e e ity opl o
el o oslazal g 2 a4 Db JLa )
A3 5wl 55 H Ll e ol adyl e
o San =" Blee &S 4 sl sl s
L LED (55, 1 5 5550 55 b, b 55 sn
S sl

el 05 4 S C aaliy ) g )3
o 4 data e Jlol Jas codd aby
sl out dx,al sws sd e pll

QTO)LQ.&&@}?Q)}&@‘)AL G:il"dgi’.

datac‘..:.de.»)\O?;lBH o)wQ)xé\.}‘)datajﬁ)‘@mk‘}ﬁ-@Qﬁ.ﬂ@db)\b.\.@bb‘bﬂ}DX)a
out)}:.u,'\.uw‘_}fspop,pushj\ut’w\.‘..:Su.a\ﬁ-\\)out,}:,n_s,u;DXﬁ\,;),ﬁa,w,AL,;\,
ol Slbos cpl planit 3153 DX 5 AL Slgls Sl st ki 15,8 sl 512

s 3,8 oslizal € 0L3 L5 oUtp L outporth | sws 3 Ol5 oo cols a8 ool asl p ankad gl 4

Jle,yl PortID ol &oyg 4 1y value b ¢S sus outp(PortlD,value); L outportb(PortiD,value);

AT

b e 0Ll IS a Las L asl ST e slowl Lot b il e Lail «delay(500) | yus

NS SO bﬁJBMLJ;J‘JJ}A)Jﬂ)Q&

g oo 0ol LS ygr 40 by slael Jlu,l sl C b 50 oUtpw g outport <l jgiws |
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Ll 5 S o T mws 4 Mo Sy 4 29 5 (655,08 st 33 S eslinal Y e b o lgetacn 5> Y
Sl 53 edils S 035 W g pbsn pl Js 35 eoliad b sl Slpss 51T o L
ol 3 5 (65358 ol 45 b Lol 4 S Sl g2
(ol (5 5 83555 B U s 5835590 oy o5 &S s A 83505 D5t S eslinal glr &V
Sl ol IBM (sls 5 500lS” 53 gy ol e 23S 03lizal MOV &y s 5 bl <2 g, 51 015 o0
8 3 Ol b s 34k eslitel CadT/CS i) 5l s el pl s bl 4 g ts (51 &S

3 a5 03l oi31s 1 o p3T o8 508 (sl plas 51 bl (St 3 03k 4 ST 285 &S5 pl 4 bl

S XT Gl 53 o7 3,505 5.5 (slosbaT slasyse 515k 03 Ysons §87 Gy 1) OISl il 6 8

PCB 1,k slayl ) &S & il 5 o oMo & das a3 o1k Ll s o808 ol (WK 53,5

5 03ls bshst plad 3b o0 4oy GiealS (ol Sy 5 g 5165 sl sl as plail 5 LS al OB
iy e gl 4 31l UXT 6,08 J 55 T

LAAL A 555 b DOS Jale g )3 1, OT 5145 ods ati 5 DOS s C KaS w0 &yl8™ cpl sl
35 63958 Sl b bl aws Ll A8 w15, LUl S8 L gw)s 4 S |1 (Me) Millenium
03 8 sl ‘Lﬁ‘—}ﬁbw ol s il Sl (L g Vista XP 2000) dxs a4 NT o L;\AJ.‘»L&M
1ﬂ|'g},\pw s de 3 (3 583535 SWos 4 (o iwd @Iy dhar 3 oot wl5 ' )5 e
S das @337 5 25500 plail O e S 1 (6,8 Sl 5 Jalo s el 03 Vb ol ST ol s o8
sy eks alf abp B il 5,8 W 0T I Azbls gt wl 5 612l (61 A S s 5 DOS 01,8
s o 4 sl S 12l (BT DOS (g3lre Lo 55 () dm 4 NT oty slglolopinn 51 (S
(VC++ 4 Delphi usb) jadu s Cou slgls @ 1) 555 asly S oo 3 dala e OF foly 5 sl
Al PTG g 4y NT (glajpy s 55 bl il 2wd s 5/(53505 S0 4 Loies Ll iy 5 s 5
Lo 5 53,08 de o Lauly Doy 4 & (S ealinal Sl slaasl ;I L (S ol e sl Lo
03,5 1)l Jolo s e 41 5 353 15 iy 4 (oo 2 Sl S Sl 503 03 Ol 4 ST n foe 42t
b oSl ok a5 Ooa e (sl L INPOUEB2.0IL (5L gy lonlS dias o 1) 4 5 43 8 azn 511 ey
s 5SSl 4 ilg o (CH 5 Delphi wsle) oy Cov gl 53 55 laejgn 4 OT Gl
Lowe 3 1y et 35 3550 Slg g 5 oo &5 ol POMTAIK (63,5 aal 31 oslimal S5 pg, bbb axls
S Cgy 3 oy S baasl p ¢SS 4 (63 5,8 Luly clajlie 1k o .S 5L S5 DOS
e

G S Cwmj by g Debug Lo )5 1) 255/ 635,55 b Lol Sl s O g5 oo casli (28 55 Sl @
S a5 Sk g s 53 W) 5 4y (o ied 3550 53 (S ST 4 il ST

' Application Mode
2 Kernel Mode
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i (Shuilo ) Ola>o

TS n ) a3 (geliile i 51 ot LT

Tl oS Lan ol 628 8 a5 53 1) (sisle) foles b oijls s (n Sla gt (1 b 53 0 s iy
S esls JUEt gl s o polamtl (g 5 )5 Sl eiflo oS Sl Dde 550 ekas Ll pte
Lol 1y s gims oijls oS alin K03 Ol 4 el SIS IugSS 4Bl 5 g 5 4 0ijl5 5 o305 o8, 08
A Sy besls 0 palb 5 eSS 0ds Wb ¢ T L8 e, o Ll 5 gmms gl Ol OLL G S e
S o S s & Vb S LT el 5 ol 30 plonil 1SS 481 5

Il Sllos Y same &8 L35 0 plasil ol S Sz 53 PCIXT 5 5enlS 53 S gtns ol it el
ISA 8,08 ;3 &8 355 MHZ o8 ,38 (¢,I8° iS5 PCIXT i 5enlS 55.3,8 o &y g P JSoaw 55 0305
SIS IS Al (555 Lo 8 MHZ & (s ol 1, OT aalsl s o8 XT o8, 08 il 2 28 )

9 L.'Lf]a) Sl J.::—i."' R SM%=125HS ng.w &g’ Ol c-\.@l{ (8 MHz) ug""’ Hldas SRR g 93 o\f)f

;,:4@rt,ﬁ;\uuJg:.dafv_j\,:‘.s@ujﬁuoglgdu;;\atﬁp.@\);sg\:};uw Y pame S0 asl 5
RE B P ~SEE Nt LRI
334000 8 MHZ 4 ISA o8 ,08 (5,157 (il 5 Oz 4,1 5 pmpslS 05l 40 (b5l ¢ s g ol S e 5
Jols 4 1SA 68,38 L8 MHZ iS5 L ol Sl b 5k cdsil 55 oYU (6,187 (IS5 (151 0315 3 4 12 5 ol
513 0 esls
S VL S5 LS e gty ) YU S U (sloi 31y 45580 45T el 0l AT iy ol Ko &S e
SuS o 0513 U5l ISA o8 ,08 L8 MHZ 5 5 L (45" . 82 GHz
H o S5 i L el )
1331800 MHZ 5 5u 4 L slas g0 53 457 Sl 400 MHZ 550> 5 500l Lol 5,5 )8 S 5 v
b (sl Ll sl WU Sl OT (st Sl g2 (gl (sl L5 o 0ijls 2 ilS 3 bl 53 ool Bl
bl 2l o wxi slie 4 Al ol 355 Sl g
)JSN’AS.,\.;LL@ Dl 3 OT 53 s 5 (65555 Sl sws )l Oy Sde 35y 00 SYL okl 5 Jde a8 Y
Oy grws gl ST I ¢l Csl J—ir“ VY s e js Olysws ol gl !t by ArFAR oG 3ls
S LI L Lol s 0dijls g S Al 4§ sdge et el o Db 4 ol S ¥ s KO
S 0SS s 5 6358
G5 s Gss Dlyses 4 )85 Do 4 (Wait State) sl S oS dol glasyp 55 v

Taas e 2l T )l Ol & 555 e

ol Celoo JSo VY o cdablons de y0 oyl ol
S G |y ALl AT S () 0z patlss lokas 45 NOWS JliSioms <SS & ailgi o S Lot gy 1S (59, e aziliz |
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LS e Vb 1y o808yl by e s 265555 Oy sws 1l 0l 1O RDY JiKw ¢SS

XT 83959 @5 >lb
50l 1) GBI (glos HLESS b S 8 0T SaS 4 o87 oS (1B XT )87 6 sl g5 o ST 55
a8 0 G gr 48,5 3101 Los | Ko 1 48) BT 6los O g Sl sy o> 0L gl Kiled (535
wil) "Jlms 4 &5 JUT dgn 431 5 Al (Dl i a L) S5ealS” 4 0T 05,8 3505 sl el &5 JUT
L 0T Sl 5 03,8 Cdlys 63,5 Olge 1) & JUT IS & casl 3 oyl ¢S eslizal (ADCB04 2y A Jobe
3555 Olge 4y oA sde ol ldde 5L eSS At ¢S Wb b Syl8 das s OlES o A sde &K S s
o8 ,38 & lakzns 15 63555 015 o it gl S b > 4T b ns Jaled 5 0enlS SKiilad (655 5 ol
a\f,.‘xf@bu,gfv;ﬁﬁc;}”;gr:;fnu.wdw\a\&\ﬁdumgpngjg;w;ﬁ\fagtg
S ol 6l 0310 H o ysT cdas o 0L 1) S8 ol (b 0 gou das domidn S ST Juate 5 500l 030
(el TOW (sle 4 TOR L& 1 eslizal ¢ b & gad b S )lS” ol 51531 b bl S gl -l 00k e
AL bl w sb eyl LS ey e osdle 4l (63555 DL K LB Oy L8 ol O
S ol b IS5 Ks aS ke 1y 3L (IOR 5 AEN i 04t (o 5) 0310 H uysT 3 8

g el LS 4 ses ASLe

239310, solo 55,08

Signal  PinNumbers  Signal <: <: A
GROUND ~B1 A1 =1 1O CHK
——
——
——

RESET DRV ~B2 AZ=| DATAT
+5Vde ~B3 A3=| DATAB
IRQ2 =84 AL = DATAS

-5 Ve [~ BS AS— DATA 4
OAQ2 ~B8 AB = DATA 3

-12 Vde =BT AT = DATA 2
RESERVED—B8 A= DATA 1
+12 Vée ~B2 A9 = DATAD
GROUND =B10  A10=.KO RDY

SMEMW -B11 A11— AEN
-SMEMR =B12 A12={ ADDR 19
HOW —=B13 A13— ADDR 18
| _ioA[B14 Al ADDR17 - En
-DACK3I—B15  AS— ADDR 16

DRQ3|-B16  A16— Aooms:8
DACK 1 -B1T  A17—{ ADDR 14
DRQ1~B18 AB—ADDRIZ
-AEFRESH ~B19  AW—{aDDRIZ 4 =
CLK (4 77MHz) —B20  A20— ADDA M) —0 o
RQ7|-B21  A21—{ADDRIC— uﬂ)él }GQSO
Ras —B22 A2 ADDAS —m
IRQ5 —B23  A21— ADDRS

[ @::zm;:C_c 0310 H

-DACK 2 —B268  A25— ADDRS _—
TICH=B2T A2~ ADDRY4 —m——— ]

] Bl o S —
+5 Ve —B29 APS— ADDR 2
OSC (14 3MHz) = B30 A30— ADDR 1

GROUND =EBX A31 = ADDR O

B-bxt PCAT Connaciot

74244

ADC 79>

L3 XT ol gleaily adis oy,
$9939 XT O, 5 laiges —O-F JSCo

@}J—;“{L‘”m"-’ dl.w)l 6\ﬁ4§0Ut))L~J 63@@‘@\&&@%%)%;3&@@\ AAUJ{
JADX 53 0T ojleds a5 (35,5 Syg 5l (b ¢S sde &SN al,dx)}:.w:.r,_:fuliu\in)}:..»;)'l_xil{c:,.w\

! Sensor
2 Analog to Digital Converter: ADC
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/[ This program reads the 8-bit data at
/[ address 310H every 1 second and
Il displays it on the screen. Press any
Il key to terminate.

#include <STDIO.H>
#include <CONIO.H>
#include <DOS.H>

void main(void){

clrscr();
unsigned char data;
while ( 'kbhit() ){

asm {
push ax
push dx

mov dx,0310h
in al,dx
mov data,al

pop dx
pop ax

data = inportb (0x0310) ;

}
printf("%X\n",data);
delay(1000);

YA

o )8 wle A k0,3 AL o s Ll e ad S
S OlF e w29y Ol el Oy gias Gl
s .3 S ekl C 0L, inp L inportb | siws
¢S data = inp(port); L data = inportb (port);
L POrt o)led 4 3505 Sos 5l 2L &S sae
wl,y s Lb «) data b ks.gij:.i:ﬁ)}) ol g
PN 5 gws 31 oslizal . S a0 03 (555 Cay o
wbo3 5l o&aws 531y sue G 015 0 %X o b

Sl il

AT o5 305" b ISA o5 yu5

Osls sl sl VAP Jle s ISA 8,8
NER o o850 55 AVYAR oijls  slgnbls
Sl ¥F 5 clal #Y Cad g3 slyls ISA o5 ,08
XT o858 olen e 0T lal §Y i & Cod
o808 5 2o V5 03ls o8, 08 Glaul ¥F i 5 ol
I L U514 A YAP 0515 5 g YF o ysT
sy &S P S S e a1 L J xS
rﬂ,XTa\f);\fvﬁstowb;ﬁsdw
5,)51SA & ,38

XT olf)f)f

ISA 9 XT Gbelf)df ‘5|)|.> d),.g)él-o sSJ -#-f J&&

23 G XT &, 0lg o el XT Gols a3l 5 4alS” ol 355 ST 598 0 obis YU IS5 53 457 ) ghailen
ISA oA S8 a8 &) XT )8 51SA )8 o (slawlie V-F IS sls 13 ISA B8 L 55 cud

.AA.)@ olas ‘) (J}&Lga o~L:AU

2V ISA 68,38 55 Ll el o 5,5, XT 68,08 B8 b .as o 0l 15 ISA o8 ,38 slawl A-F s

a3 o plnil ol Slhes
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SOLDSIDE

COMPONENTSIDE:
Al

SOLDSIDE

COMPONENTSIDE:
Al

(At the card) (At the card)

(At the computer) 73 (At the computer)

=1 B31 1 D18
ol Bl ¢ ISA o, ol Ao 9 ISA s A o)5 1) XT o,ls

ISA s XT slaols 38 @15 g B dunnylio —V-F S5
4 6L s on P (s by S ol 038 b b (s 53555 S, ! NOWS (55959 4
AFAS 55 Jgame Sl o) (S 53 55 15 00ls JUsl Ll 5 o 5 3,005 (2i s 5 OLl K o 5t S 5y 5
Al 0L 4 (Sl p 5y 5
osliul ISA Cols 1 wsly )l 3 a8 sl XT Q,Kf‘.gﬁ@@,f/@j”Qt:w@ﬁ:up,tfa\
LS feate gy 1 IS 0350 s 4 ACFAF I 5 a8 03l 5 S
ol DL A 5 jme W3 S XT 68,08 LISA 8,08 lal #Y s YL Sslis o 4 &7 1T )

313 om0k 3l A YA 65515 1 (slanhB Sl eslinul (51 S o808 Sl Glab ¥ S S i s,
S o a1y g V5 0313 o 508 (VL A s eals Sl (JUKw o) :SBHE @b

© OT Jgh Lot Yo 8" ol uysT Lot YF (5,13 A+ YAS o515, (LADDR17~LADDR23 3T Sbyasly

S8 S b 53 Odd B Oady )3T slaal ad 5 ISA o8 508 XT tsy 43 odd (LALCH) (51655 &) 5o
4 A2 slassl g3 o ols 5l g3 (¢SS BALE St 5 eSS 4l 5 oSS 4 il 487 loeT 68,08
Glojls , dasle S . Wilodss L1 35 ALe 5 Asg 5 Ar7 slaal oS dio oo Lol (il o L1 o8, 08 @ dmy
53 OAE a8 O 03 5 w3 YL (slawsl cBlod s 4y 5 Sl 286 S ACM a1 das 4 A YAS
Sl eysT 0us (Latch) s 26 0l Ol o S slaail 3 5l eslizal LG wletsT LADDR (slassly
Olomar (2 9,5/(539,55 Slgm 3T 5555 o oslinal abil Glgs 87 (sl g5 )T bshst ol 51 ol oy 315

LN S ¥R} 4

JS7 s bl L Ol dsls r)&.o\ sy \.@JL.i:..» o 3 ekils , :tMEMW ¢ MEMR 95 sbal
SM EMR (5L€JL§:“"' J:; ISA o\fj.:\f XT u,:ou DL -qu.a oalzil A YA a.b)bﬂ @LK& \& u.hbu.u)JT LSLAJ

s oks S5 ysT Lot Yo b aS) sl Jsl CublSe K s SleMbl Isls (gl L o5 15 3 505 SMEMW

SMEMW ; SMEMR 5o MEMW 5 MEMR (slagl s jine (sl a3 eysT b5 XT o,

.Mswl)aﬁébéué@wﬁw:ajblgvfbDMA4.3}.\:;..@45}).5

* No Wait State L, OWS
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Direction

Ground
o}
POWER
1
POWER
I
POWER
1
POWER
Greund
¥

Vo

o

Vo

Signals

GROUND
RESETDRV
+5 Vi
IRQ9

-5 Vs
DRO 2

-12 Vg
-NOWS
+12 Vs
GROUND
-SMEMW
-SMEMR
-TOW

-foR
-DACK 3
DRO3
-DACK 1
DRI
-REFRESH
CLK (4. 77MHz)
RQ7

RO 6
IRQS

IRQ 4
IRQ3
-DACK 2
iio

BALE

+5 Vi
OSC (14.3Mz)
GROUND

o -MEMCS16

1
1
|
|
1
o]
1
Q
|
o]
|
]
|

POWER
|
Ground

.DJS w.}%‘) bL{)

-0 CS 16
IRG 10
IRQ 11
IRp 12
IRQ IS
IRQ 14

-DACK ¢
DRG G
-DACK'S
DRQS
-DACK &
DRGE
-DACK 7
DRO7
+5 Vg
-MASTER
GROUND

Pin Numibers

jlnnnnnnnRnnnRnnnanannnmnnnmnnny

JHUUuuBupugnouounuouunoouEnnnnL

NN Nnnnnnnnnnnnim

CRTRTIVH TR Rr gy vy

Signals

-0 CHK
DATA 7
DATA 6
DATA 5
DATA4
DATAZ
DATA 2
DATA
DATA O
-I#0 RDY
AEN
ADDR 19
ADDR 18
ADDR 17
ADDR 16
ADDR 15
ADDR 14
ADDR 13
ADDR 12
ADDR 11
ADDR 10
ADDR 9
ADDR 3
ADDR?
ADDR 6
ADDR 5
ADDR 4
ADDR 3
ADDR 2
ADDR 1
ADDR 9

SBHE
LADDR 23
LADDR 22
LADDR 21
LADDR 20
LADDR 19
LADDR 1%
LADDRI7
-MEMR
~MEMW
DATA 8
DATA S
DATA 19
DATA 12

S DATA R

DATA B3
DATA M4
DATA 15

ISA o535 claayly ~A-F JsCi

www.takbook.com

Direction

I
o
o
I[e]
o
o
I[u]
[I[u]
o
1

0
[I/u]
o
e]
o
o
I[u]
o
o
I/u]
I[u]
o
o
o
I[e]
I[a]
o
o
I[u]
o
o

Ile]
e]

o
Ile]
lle]
lle]
1le]
8]
U
o]
o
o
Ile]
Ile]
o

Ile}

Ao

Ls cia (DATA 8~DATA 15 o318 bahs
Ll cpl 53 ATYAZ 20V lijls 5 esls o8, 08 (VL

el 0T

:1/0CS16 ¢ MEMCS16 (53959 sbalb

Wb cdas JUsl 2o VP slaosls dal o dibl> &,lS7 F
3 s men bl Jw |, MEMCS16 JiK..
Ll oS syl s 2 VP o S 630,59 SELE 3,5
L o,€ 5l bis ol bl Jw 1, 1/OCS16 S
A Bosls JUsl a8 o o3 ISA o8 ,08 XT o858
35 el 03,8 e G b 51 0T Ol Sl Koo ol
SV 5 03ls ¢l @t 4 SIS 2l b o SIS
Sloslizal JUEw 33 ol 51 2 VP (slnosls JUast o &a 3
plowl i A sl (S 53 53 (VP Jlisl S5 o5

Az 5L SIS el ol s sl

L Llg o ISA o8 :MASTER S99 4l
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! Peripheral Interrupt Controller
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J;\w;ﬂf;oJW‘J)jsﬂ)dj.\}é.bd}wQ)yﬁ.&blRQ le.awj

Jeoxe Sua adgoyled | (SolPlc S addg
CMOS RAM 3! 5 ¢85 550 Cela 70H IRQS
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Ac0) 59 S0 Oygy 3 o bil:; Ar0) 9 K0 Do o Ko ei'f
P2.0 -ACK v P1.0 -STROBE !
P2.1 +BUSY A PO0.0 +DATABITO \
P2.2 +PE ‘Y PO.1 +DATABIT 1 ¥
P2.3 +SLCT OUT w PO0.2 +DATA BIT 2 ¥
P1.1 -AUTO FEED ¥ P0.3 +DATABIT 3 o
P2.4 -ERROR A P0.4 +DATA BIT 4 4
P1.2 -INIT Alg P0.5 +DATABITS v
P1.3 -SLCTIN WV PO0.6 +DATA BIT 6 A
AFS 55 5 GND VA=YO P0.7 +DATABIT 7 4

G o 5las oS o alen YO (6113 3,8 513 5slS 150 oy S AL O s Kile LIS ST 2

s O bl (g ose Sy 5 G Glr () Sl Sl Sty S glanT wsSae OT slawl

(flae JS& a5le) o i (l)ls DB25 ankss oSG 51 b cdS Juate BT ool 1) 555 1875 oo a5 o
ol 5 genlS ity S gp ke (Sl 0T YU g 53 48) anbsd ol slawly (6,108 05 led S o3linal

[

.!).Q.l! .‘b oo .? PUPS PP .f

- N 2575 PA LU el @B HAY J STy Sen sl dm domio il
Py @' S Ul ol 58 w1 ALL ek, YL oYL
" = s %% . g . .
‘*/ Cwndy J S 6l BUSY Ui 51 s sl @‘)3-'\-:'54?35

N
BUSY L Olejos ACK JL&Kew 51 il 5 oo ol ol oslizal Klo

-L:S oslanl
ORG 0
MOV P2,#255 ; Define P2 as input (for reading status signals)
CLR P1.3 ; Activating —SLCT IN
JNB P2.3,% ; Wait until +SLCT OUT is actiated by printer
CLR P1.2 ; Activating -INIT
ACALL DELAY ; Wait
SETB P1.2 ; Deactivating —INIT to make a pulse to reset the printer
JNB P2.3,$ ; Wait until +SLCT OUT is actiated by printer
JB P2.1,$ ; Wait until +BUSY is deactiated by printer
MOV PO#A' ; Put the ASCII code of ‘A" on DATA lines
CLR P1.0 ; Activating —STROBE
ACALL DELAY ; Wait
SETB P1.0 ; Deactivating —STROBE to make a pulse
JB P2.1,$ ; Wait until +BUSY is deactiated by print
MOV PO.#L' ; Put the ASCII code of 'L' on DATA lines
CLR P1.0 ; Activating —STROBE
ACALL DELAY ; Wait
SETB P1.0 ; Deactivating —STROBE to make a pulse
JB P2.1,% ; Wait until +BUSY is deactiated by print
MOV PO #1' ; Put the ASCII code of 'I' on DATA lines

CLR P1.0 ; Activating —STROBE
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ACALL DELAY ; Wait
SETB P1.0 ; Deactivating —STROBE to make a pulse
JB P2.1,% ; Wait until +BUSY is deactiated by print

IJMP $
DALEY:
MOV  R1,#50
AGAIN:
NOP
DINZ R1, AGAIN
RET
END
S aaly il 5 o 2S5 Saadby wly 4 OT Jlail 5 BUSY (gl 4 ACK 1 oslizul b (s 3

by OAs Sl o (sl 0l ASe mn D Dl T s ST (05 Vb a5 (e gt
3 545 ¢ 551, ERROR 5 PE (WS cazn BUSY JISi 05 Jlob o iz 8 88 Wil55 oo
55 1, BUSY it J e sl Sl Ol il 5 e osde 4 oo OLES |y cmlie (23815 LT 0s Jlab &) oo
A:S@Lau;),b\),s,:fb@Muﬁ..x:;f,guwcuﬁ,\:ﬁ\?gw,bgéaub;\&f\)%ﬁi’gw
il il & 55 1 35l ge ol o
5 ol 20l 5 Gl a5 il B3l (o F) G5sm SKlr 3550 3 g5 okt i w5 255
oo wly G Sl &8 St 5 B s ST o8 s ST Clr 6l LSSL s e, Sl
Ay o ol W AL atiy (S ol J STy S g9y 1y Vb sl 5 ST Juame AOY J S5 a4 o i€
Sl T L Sledbl Jsls gl 5 dmen 355 s ol slaodijls p shyls (g5 5 OLdla g sls Sl

3,8 eslatul Py o 54al p lgL )

Fomoll” Silge Dogy S8 4 (Sl Slealies S

S M) Kl Sl K a8 015 on UT S o 5l Sl b eS8 o 5T 3 2
05,5 IS S 5eelS Silpe Do L) (b Slgy oSG oDl st
Wl i ) b g0 S Ol 3,5 S Sy ol SS w1y Sl slealins

@&MJflj.b6‘}.#)‘33f}d,‘2§}%@}cobbdt§r~ M:M}m\f&j‘y Q)ﬁ:)gsﬁ%.’
Jas sl S8 L;L@JLi:..ﬂ Sheglesls Lyl gl esls L;L@JL.i:.w S sd e 5slS (G5lse Dy oa &S
olis b LUJ\ d\mwp:ﬁ@ oslanl oK’;ﬂub C.:&.é) IS Ls‘j‘.’ Ca:.an’;) ‘_;LGJLK:W}‘}O&AJ

.MJ@
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SCM‘VJJI.';}YW))\OJ‘J O aw Gyls 5 sslS 55 (65l ge Q)}ijzﬁcJti:w aws 4w pl b bl

Ol5 oo Ol aw sl 63 mel 3 b 5l ds 5 0ealS (6510 Soyg s blis IR b s 0 LS ol slgns

™

35 omsalpl) 5aslS (g3lse s

;2 % <¢]«,~556wt§:—~ :3
h / é;’«‘fslétiw:> %

Fopols gy (il olSiws J 55 (610 p3¥ Sl U 1-F S

s oo 0L 1) S aw ol Slgms 5 Jor

GOl Cawrog LS oald Wild

3 Khos Low High 3 hos Low High Syds | Low | High
Not Used Busy Busy Not Busy | Data7 0 1
Not Used Acknowledge Ack Nack Data6 0 1
Direction Output Input Paper Status Paper No Paper | Data5 0 1
Interrupt Control | Interrupt Disabled | Interrupt Enabled | Selection Status | Not Selected Selected Data4 0 1
Select Not Selected Selected Error Status Error No Error Data3 0 1
Initialize Enable Disable IRQ True False Data2 0 1
Auto Feed Disable Enable Not Used Datal 0 1
Strobe Disable Enable Not Used Data0 0 1

e e Yo g 53 457 ) hailes
by Sl 03 e n s by G3ln Doy els DU le 4 S5l g o3l WIS
s BB (SS5, S b SIS s & Siln Dog o0ls SIS i b Sl 55 iy gl
348 0L 55 (6 s 03 58 bzl (635,55 Ol 5o 4 (55190 Doy ‘M@T@J‘slox;@ﬁ oy g ot g o]

ol 5 3lm gy 0315 DU Ll BIST 0s Juzte (5310 o) 3y 0315 SIS 4 45 Jlas
SIS Dl Gl FaslS @ly 53 LBl (5ilse Dop Cords IS b oy DU le
Cs ERROR Ji&w my el o Cundy DU ¥ ojled oy 510 il o 1) Condy DU cndy
Gy b 48) BUSY S Lol ol ol (i) Jlas (Ko oKiws b K)oyl ows Lo yi (g5l 5e
I e e cCansy S s BUSY o Sl a)ls Sgline Slials (Gl odd adie 5655,

! Data Register
2 Status Register
% Control Register
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1, 0T LLBUSY (oYL b S 055 Jlab 2 (gl oyl oKaws [0 Ol 0 6l (65150 oy 3 BUSY
) Sy D T e genls cal s 55 Al 180 Comds S5 53 BUSY a5 S Jlo gl 53 4457 i
Al a e (Col (65) BUSY JUKw) Col (52000 BUSY S a5 Slej b 5 Ll g e

I 03,8 Jlab (512 oo Ol i 4y oS o3zl (J 287 S 51l (65100 Sy S8 SIS o5 sl
Llodks asie 8555 G b oS U ol S oS o ) U 0l ¥ led oy ol SIS INIT
03,5 Jlb sl Moo onleT Uslan S s Ko 6T 2 S 5 dils BUSY JiK dsle s
Sl S 53 G I L I L b 552 1650 (J 28T DU 3 OT dalme g 55 b STROBE IS
S 9d o (22D

35 P A s 4 S 5 ealS (Gilen Soyg i dalpu STy ol meal J ST SO ojled S
LSS I ST O 3 1y Sl b S eslizal (63555 Ol 5o 4 3,13 Ll 3 g Il

Sl ¢SS W Sy ol LgL@JLi:.wb..\iL (ol Juoe (55150 Q)ﬁﬂf‘&f@&mbﬁd;ﬁfé‘j ol

Tobls o gl pla Oy o ‘*3}-<? L‘"-r—:'{)lf“'i‘;s

Silgr D9 Sl sol
S3OU 4w &S Sl s 563555 A3 Gl g3 al sT e gy 5 aelS 53 (Sl Sy A
Base sl s 03> DU ysT (el Base bwﬁTd_iﬁ\.,uﬁfd,.)\;wﬂal,'\@,:pau
Moo 55 Al BASEH2 Ll s (65190 Doygy S8 S5 wysT 5 BASEHL Ll (65l Doy Cumds DL )T
S ysT o&T (sl e IBM (sl 5 50lS 571 55 48) sl '0378N s 5 5eslS (Glsn Soyg uysT S
Silse Syg J S SOl w)sT 50379h Ll cilse Soyg Curd s Sl eyl 0378h il gilse oy esls
Okl gl O378N LuysT a0 S L sl Sopp boosls dsls gl 05 Ol 4 .3 Al 037AD i,
L il s S8 SIS 55 i sl 6l 5 0379 uysT 4 S L S5lsn Spgy onds SIS

(2212 )8 5 O37AN 5T 4 S
55 el 03780 Ygans 0T (sl o3l & 5503 3505 (S5lse Sopp &G ol (5500 sla 5 galS s
33 Ll 3 5 5 smslS 4 (6 2hw (S5lee Sl g 035 LI QLI /O LIS SGS 4 S e gla 5 geelS
550378 5 03BCh |, 0278h 50378h 1, 55 4 LPT2 s LPTL L.ysT (3l Soyg 93 3525 &y s

o3 dl s ) S5 53 5 g5e lemnT 03,557 s 4 (K Sa 3w ol el )2

- — - 35185555 S Glae LuysT 015 o 50 BIOS ¢S o
S WL s A s al osT | LPT o)y

0040:0008 — 0040:0009 LPT1 Az 4 0008 T I LgwsT By oo il ) Sl Doy
0040:000A — 0040:0008 LPT2 . _
0040:000C — 0040:000D LPT3 A |y blas Jgdo 558 0503 abibl>- 0040 oS
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QL&: ‘) j}:‘:‘“K 2 °J“';'%““4’L§)‘}A LQL@J)}{. 4:1‘[{ JNJJT cDebug )‘J'.é‘rj: )}D 00400008 L8 )}Lw)%
o5 LT T sl 3 5 Debug )\plr;g’m..m@
uw)JTcJ{')MLJJJ;oML&A‘J@B&wd\):c&oﬁéég..n))]’u‘};dﬂﬁc wyhbj“ﬁ

.MJ@&LJb@&ﬁg‘)ﬁ}ﬁd)}ﬁ@(.&&)ﬂ)bﬁLpTlQ)x
#include <STDIO.H>
#include <DOS.H>

void main () {
unsigned int far *fptr;
fptr = (unsigned int far *) 0x00000408;
if (*fptr > 0)
printf ("LPT1 I/O base address = %$X", *fptr);
else
printf ("LPT1 not found"):;

S3lgn D9t (gl
et I onl Sl @b aw oS eslital (GSlse D IS5 Candy g ool el S L LB Gl Gl

:r:{@

Sl Dy @ yoots Jloyl
void SendData(int PortlD, unsigned char Data){
outportb(PortID, Data);
}

ol 5l eslizal gl .'ﬁ.u LT aie T b G 4 Zab &5 Ll sl; 0Utp 5 outporth al g LS
Silee Syg esls U 551, (01010101) 55h sus ) sws opl g"-‘fo" sl SendData(0x0378,0x55);

L dal g5 o3l iled Sy ol osls SIS (65, G5 3de L ol b s 55 o0

Curd ) Ol S &G Curdy (ow)
int  Bit_Status(int PortID, int BitNumber){
unsigned char status, temp;
status = inportb(PortID);
temp =1;
temp = temp << BitNumber;
if ((status & temp) > 0)
return 1;
else
return 0O;

}

oo ) ezl (gl .“.,*.ud LaT pasia )3T b (Jos 3 ab & dbss gl inp s inporth sl L
@ @'u BitNumber c)u Cw )L,\Ju B|t_Sta.tUS CU u\.:.i: u}}»‘,ﬁ \) wLA .Linﬂ LgLG‘Lf.b QJ; J.GL:' ‘C“’:

23,8 odnlie 1y (9,5 Dye ST baools Jlu,l (gl ool 3l 50 OUT s 5l ooliiwl ogoxs L8 Jad yo
20,5 oanline |y (65,9 Dye SO 5l ool by yo (gl leowol 55 50 IN jgiws Sl oolswl ogw |8 Jad ;o v
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0 o led S Ll printf("%d", Bit_Status(0x0379, 5)); , sws «Jis Ol se 4 ..ul;,f@ﬁ I, PortID ,.,sT
9558 g0 plowil 6 8o IS ol das o isles 15 (PapET StatUS &) Cond s S

Co e gwyp 8l 355 0 0,55 StAUS ize 55 5 ol g INPOMD ) s ¢SS 4 Sy g ,ldie It
plamil 15 ) cpl 25 o sms 358 ,ae B ojled oo Sl b O slmo pled Jliae 87557 ()15 b it 1l B 0)led
s

D7 D6 D5 D4 D3 D2 D1 DO
AND
0o o 1 o0 0 0o o0 o

0O 0 b5 0 0 O O oO

Goldis Jol= ST .Cwl sy Lin 55 D5 &S ol cpl ediasOlis dib i o, AND ol Sldis ST Jl>
sl 035 &G D5 s g (FY) sl azsls Lao I L8
o temp ,luze BItNUMDEr o)led Cos ooy o Sl o Sl 0l (o a5 1 oadyl jlais Litemp e YL &b s

2sd n o) pStAIUS Lize L OTAND ol 5ol 031y Ctd o Caaw 4 BitNUmMbET 5lies

Jlosl el Juate 5 5enlS (55190 Sy g 0 oS Aas (510 1) YOO b s sluie! cimy i sl ankas (Jlio
1S Jlb 2 1, BUSY I folie oais b diles e oL 5 geelS esie o Jluyl l dmy .S 0

void main(void){
for (unsigned char num = 0;num <= 255;num-++){
SendData(0x378,num);
while (IBit_Status(0x379,7));

G OW S &G I ek
void Change_Bit(int PortID, int BitNumber, int value){
unsigned char In, temp, Out;
In = inportb(PortID);

temp = 1;
temp = temp << BitNumber;

if (value ==1)
Out = In | temp;

else /[ value =0
Out = In & (~temp);

outportb(PortID, Out);
}

e A3 o exsvalue byl wlel 1y POrtID a7 4 SU BitNumber o)l o Hldis G GU

(Direction ) ilse Sy 28 L0 ojlad Cw 345 o0 Eeob Change_Bit(0x37A,5,1), &b sl
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03,5 oo &l p A8 Jas (654,55 Sl 55 il Dy 3 4h oo Eol S ) ‘ﬁ,\i;&,ﬁ«{),ﬁm.ap&i
3,5 sslzul Change_Bit(0x37A, 5,0); ; sws 51 055 o0 S oy
(el o 5 DB OT e Jltie il (Dl 65 5l S 5 i sl 358 00 0d B ol 5 S skiles
b;]aasjjﬁg';f)‘@kjﬁ)\sd‘bm‘y@CJU)&‘)%J:-)U.&AT&W}r:.hédﬁ'\)jb.\)}n%)\.\ia
s> =5 5 Change_Bit b 5 Shas o o0 4 e Bit_Status b ol g s (w3

Silgr g 4 (295 Sledltws Jlai!

223 A LT U8 5 65l S 4 (Rle 51 8) (ol (slealSians JLasl o gomi s 03LeT 055
o g 4 bl 53 5 @S o S (S3lp Dog ek S ol oKows 4 Losls Loyl 3550 5 bbbl Jl=
WLty el 55 oyl 3l esls L )

U bt ool Ol J 287 ledsy @ kS & odiza 51 Sl slaosls Jlo)l sy 45 s iy
13 15 T 33l 5 S b ok 18 5 ol o J 287 018 @ ok b 51 Laesls JUisl pomm 35 ol Oliabs!

ST (oals Syl Vo Hae) el &5k 5 (53150 Syt ek 31 8 oS b s al s 0 05T
22 5 S8bys FalS Sl s Sl el sl S oS s b Aes Jis Ol 4 555 Jla)l OT
T P o g RUILRICCOR G RN E gt P
LS Iyl OT (gl 1 Waesls

S gl oS 355 o |l (65150 oy g sty ol Sl sl (6 5 sunlS™ 534S (glasls 1 53 Lb ol ol
0375 23S (o o315 Dl RS Lo 53 1y (a3 5 b S 53 WS 58 ot 03l DL
oS o ) O pedlSe 33 L G iy b

0 ogud 4 0318 Ol > g™

Silse s osls dlusl o s (6 5 seelS Al 55 ¢ hgy ol o

Wl ot Sy cpl @ "y @K:"” [ (":56‘ sl _};"t Soldas

_/'.'.J MLJ; A.J:L PLAARY ‘) SoleMs U'l‘ afb)s"_dlijb LS‘J" @K&L«ﬁﬁ

Srmmeye

Elm ok|(S qovb el

Silsn Sy sl b Bayaesls 0l JEST LI e b eSS slael

S A b S sl b il &K e 5 A o Il (510 Sy 0 1) ol G el ool il
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#include <STDIO.H>
#include <STDLIB.H>
#include <DOS .H>

void SendData (int PortID, unsigned char Data) {
outportb (PortID, Data);
}
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void main () {

SendData (0x0378, 0x55); // Start of Data Transfer
delay (1000) ;

for (unsigned char i = 1; 1 < 101; i++) {
SendData (0x0378, 1)
delay (1000) ;

}

SendData (0x0378, 0xAA); // End of Data Transfer
}

Sl 0dd Jlu )l oK (5l 5 (10101010) AAD sue Ll s 5 (01010101) 55h sue bbs,l gl 43 |-
a2 B Lyl ) pasia Gl ool 55 il olRws 5 o sl Sy sl b ) 4 Sl O
U'.’.‘ c.e.e Ar.ﬁ J;‘}’U g_;l’“’)‘ C)LGW‘ C.J\i)b lej l) LS)‘}.A CJ)}; ab‘.’ LsLéjLi;.w G(C_,.w‘ sz}z.a\f MLJ; )J ol
St 3l I oaws b 3sh Laseie (g 4 LI OLL 5 ST o b olaws jyal, 45 S ol
55h sue Lyl gl 55 5 gulS oS V'i‘”; oslizul 515,13 cpl 51 LU, pl 53 a8 5T 1) SleMbl il s
i 55 LS (g5 1315 et 1L 55 oy .S e syl 1, (10101010) AA sue st s 5 (01010101)
.\....ZL L;Lw)‘ Ls\.ﬁab‘b s P v\iLd 9 Llalas (AAh k) 55h) é}& sldel -\:5

.Aﬁﬁbb\i&ﬂ)hb’j-\f@

Wait to receive 55h;// Start of communication
Delay (1500); // Wait untill the first data is ready

Repeat
Receive new data from Parallel Port;

If data = AAh then

exit the loop; // End of communication
else {

Store Data;

Delay (1000) ;

}

sl oo Voo v Ol @ (Gudas Slads 53 5 il s 10+ Ol 4 550 &lis sde S35 Sl e | (w2
?:jiufsbg\ﬁit

1 0l 436 &S 4 (5L s ol (Sl (SISn 115 Ll sl s by 3 NS 7 slailen G s,
(IS S, s S s b 5l .Chy Al i 4 Olej Sl ol 53 45T LEL atdl esls ot
) stn b JSCan ol a5 05y isalS b ol 53 67 053 15 (L5 b 4l oK (b Ll o8
J;TJAbsLﬂMJ

(DO 0gul 4 0318 Ol > S

I 53 sy ol 53 Sl (3w LIS 51 oslizal 0315 Ol J 287 Jodomy adl 5 555 ol
wU}iuf‘@L@\aﬂbgsu#t§%w4{uﬁbﬁ;wb

L (5 5 smelS sl
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b Y | D Jwee blis ous sam I BUSY UK U Sile e v

- STRB| ¢« — — — |- sTrB| ‘£

+BUSY | — — — —» [+ BUSY &1 .J}fv
\ e

ST byl 1y s 05

Voo B eS shel 5wl e s VU IS8 S s 0 LIS il (23 1y (5 40y ot g5 0 055

AS o sl (S5lse Syg 8l AICws Eayaesls 0L > J ST L,

#include <STDIO.H>
#include <STDLIB.H>
#include <DOS.H>
void SendData (int PortID, unsigned char Data) {

outportb (PortID, Data);
}
int Bit Status(int PortID, int BitNumber) {

unsigned char status, temp;

status = inportb (PortID);

temp = 1;

temp = temp << BitNumber;

if ((status & temp) > 1)

return 1;
else
return 0;

}
void Change Bit (int PortID, int BitNumber, int value) {

unsigned char In, temp, Out;

In = inportb (PortID) ;

temp = 1;
temp = temp << BitNumber;
if (value == 1)

Out = In | temp;
else // value = 0

Out = In & (~temp);
outportb (PortID, Out);
}

void main () {

unsigned char status;
// Set STROBE bit to 0 (disabled)
Change Bit (0x037A, 0, 0);
for (unsigned char i = 1 ;
// Send data
SendData (0x0378, 1i);
// Send a pulse on STROBE pin
// Set STROBE bit to 1 (Enabled)
Change Bit (0x037A, 0, 1);
delay (1) ;
// Set STROBE bit to 0 (disabled)
Change Bit (0x037A, 0, 0);
// wait while BUSY bit =
while (Bit Status(0x0379,

i < 101 ; i++){

0 (active)
.

) == 0);
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5 &S Jlb e 15 BUSY JLSw Il 53 a5 dsly sk 55550l 5 555b Al (s5lse Doy 4 e oo
o

Ll STROBE JL&w (555 ol il ps e v/

LS Jleé 1, BUSY JiSw (Wb cpl cdbys b v

LS SET 1y Sl 5505 5 Ll b | o5l LS v

S b b 1, BUSY JiSw ¢ 5155 0L 51 s ¥

Ll da STROBE Jt&ew il ys e v/

v

.:}fo:U;w\rA/MSK,th;wj\otgkgaBLﬁSY Jti;wtgb-@¢u§:¢;w:4bﬂ))>

:,E;ﬁ@ﬁj);\)oliusuuﬁf@
Deactivate BUSY signal
Reapeat{
Wait for a pulse on STROBE signal
Activate BUSY signal
Read DATA signals and process the data unit

Inactivate BUSY signal
}

4 S 3L B sl dSle 58 o0 et STROBE (65, (wJb Loyl b bLI SET O A a5
Ak S
€35 oslizal Lyl pl )3 55 65lee Soym S5 Sl 51 015 o LT

oBas b S JLy INIT aly 535 Wl &S5 ST ltal 53 oS ST =Sl (6 5b 15 6 5 epnlST el (i 3
5 Juaze oy glaadl 5TESEL 6l 4 Lb (55l g0 Sy INIT I .3 5 rESEL ol

IS BUSY YU 0 Jlab b sl 5llasl o 53 oS S el asb 1) 655l b (g 5
IS 358 ol aaliyy I lin pliy 05,8 s3lo L 0T 0 Jlab oy 43 5 1S &S5 a1, ERROR
L oY Sl oS o Jame oKas oS J 18wl 5 gbaal 1 S o&aws 31 5l oy ERROR
o3 o 3l i Oikalal b 4 Sie) e 93 st 595 Doy 50 53 oS s plil 65k 5 B asl 5wl o
ST I 1) 5wl (ol

 Pull-up
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#include <STDIO.H>
#include <STDLIB.H>
#include <DOS .H>

void SendData (int PortID, unsigned char Data) {
outportb (PortID, Data);
}
void Change Bit (int PortID, int BitNumber, int value) {
unsigned char In, temp, Out;
In = inportb (PortID);
temp = 1 << BitNumber;
if (value == 1) Out = In | temp;
else // value = 0
Out = In & (~temp);
outportb (PortID, Out);
}
void Check Lock(int PortID) {
SendData (PortID, 0x55); // Start of Data Transfer
delay (200) ;
unsigned char Data[5], total = 0, sum;
// Generate random numbers
randomize () ;
for (int i = 0; 1 < 5; 1++){
Data[i] = random(10) ;
total = total + Datali];
}
// Send random numbers to parallel port
for (i = 0; 1 < 5; i++){
SendData (PortID, Datal[i]);
delay (200) ;
}
Change Bit(PortID+2, 5, 1); // Parallel Port as input
delay(1000); // wait to receive the result from port
sum = inport (PortID);
Change Bit(PortID+2, 5, 0); // Parallel Port as output
if (total != sum) {

printf ("Lock is not installed in parallel port");

exit (0) ;
}
else return;
}
void main () {
Check Lock (0x0378) ;
.. // Continue to program
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Wait to receive 55h;// Start of communication
Delay (300); // Wait untill the first data is ready

unsigned char sum = 0;
Repeat for 5 times{
Receive new data from Parallel Port;

Add new data to sum;

Delay (200);
}

Send sum to parallel port;
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#include <STDIO.H>
#include <DOS.H>
void main () {
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unsigned int far *fptr;

fptr

= (unsigned int far *)
if (*fptr > 0)

0x00000400;

printf ("COM1 I/O base address = %X", *fptr);

else
printf ("COM1 not found");
}
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void InitialSerialPort (void) {

asm {

mov ah, 04h
mov al,00h
mov bh, 00h
mov bl, 00h
mov ch, 03h
mov cl,07h
mov dx, 00h
int 14h

4

//
//
//
//
//

1 [

[ 1
o e ) O
[ J

Pin Signal Pin Signal
1 Data Carrier Detect 6 Data Set Ready
2 Received Dafa 7 B
3 Transmitted Data 8 Clear to Send
4 Data_Terminal Ready 9 Ring Indicator
5 Signal Ground

| o
r [y -
e g —
. = 3: " pu) &
3 =
< —

o Q..g

S LEDs

No Parity
1 Stop Bit
8 bit data
9600 bps
port COM1

JUw Sog wodld Sl

U 5 s M T L el el 5y 4 031 )l 51
sk ol gl i 14N 4y ) oyl et adl 544 e eslzalOUtpOrtb
r:—f@w),vb‘}q&dtﬁigiub\)bJ))Jlfda.b‘j@

xS T 5l a5y S5 0 S 1 Jl e s sl

A3 o OL ) o ) 4 o (b LIl 55 L

— LYOO U i sltel o oS b ot ol ot o A7 55

S5l S b e S yg 5L cpl gl s W LED sue Cia (g,
oS oo o3lizal blie ) 50 4

RXD sl 4y 5 geelS Jb s oy 5 TXD sy iy oo &5 sl

(o ol okt (35575 SCn G Si0) (65150 &4 U o Jikio

#include <STDIO.H>
#include <CONIO.H>
#include <STDLIB.H>

N S BLASEOL

void InitialSerialPort (void) {

asm {
mov ah,04h
mov al,00h
mov bh, 00h
mov bl, 00h
mov ch, 03h

mov cl,07h // 9600 bps

mov dx, 00h
int 14h
}
}
void main (void) {
unsigned char data

InitialSerialPort();

while (!kbhit()) {

OF

outportb (0x3F8,data) ;

delay (500) ;

if (data == 255)

data = 0;
else
data++;
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}
}

S 3malS b e Sy o 4l e b0 LU L1, (11111111) Y00 b (00000000) jiws shisl cast !
OLL s ST 68 HLis L el o508 oo o OT e Isdoen (YOO 4 s 5 pie Odawny 1 oy S o L
.u\w‘)@

5 obay et G ULy a5 75 GLLED o aS 23l 6148 4 15 aali; (o
s p OLL @ 5035 Bgalst 1) LLED aas (S ¢S5 [Lad bbb ol S slowl 55 b, &5 5 ST S galst

Jb e Og 3 001s 8Ly
Il 5 5alS (1 b S50 0 15 DA 6 sl oo 5 5alS o Doy 40 (2R 157 05

sl SSTINporth jgws duy o b4
data = inportb(0x3F8);
aJ_.?-JdataJ__g&'ﬁ)bju\_s‘?@(OSFS h w)JT‘U)COMl Q)}‘.’.)HJ wa‘&.ww&)ﬁnbd|

1S s s (L5 4 3 (2 03 L 4 Ll LS s

kit ) (598 09l e 5 ki 5 reae S Sy Lo 00)5 Ly il I b

AH = 03 | >
DX:Q)ﬁaJW

s 5 b4 OT Gl 72,8 oo S AAH DU o dl e D) g Sy Cabeml cnl 6l 5l

IJ)J@)KQQ)&W}O-\J\}&&‘J{14h4\.&5}“@\3

AH= o5 Camsy ol

AL = o350 Condy ul

pr | D6 | D5 | D4 | D3 | D2 | DI | DO |
o 3 : 3 3 3
2 A ) % 3 ) )
o 3 a3 - \\é’ ) D
j NSNS
a :3 3 3 Y 2 __13 _3/
< 3 3 ! 3 3
3 3 Y 113 3 ) )
° g 3 A
=
int R§CVData(){ LJ:&‘_}:-‘].‘]-hwf)VcUL;'ﬁ)v\:..fg"_,ja\/o)l.wlul.gm
unsigned char status;
aSQO\{f h,03n Slosls LT Cdls Olg 0 AH SV o)led S gy p b
dx, 00h . . El e (. - s e
T;’Z lil{h 03,5 by (glesls JUw Soyg ST 04 L ol sl 3L s
) mov  status,ah cl: g dal g () Oy gee a\ﬁ.&—):)«é.iing;ﬁ@\ b
status = status & 128; . - . . .. . -
if (status == 0) return 0; O35 03laT D) g0 53 5 S 0 (s 1y 0015 Z3L 5o Loy il
else return 1;
} u}))\ Oy di‘ ‘).:9 BEEE) (((é_{ii)) et &b u;/))\ 030>
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e 53 15 3505 S EAH S 55 o8 AlS i Candy bl ! Ll 8 o b1y (Laen) Ll b
saa ¥ oslads Coy sl OIS () LS e AND (1000000) VYA sue L1y 45 o ol e S 0 (S STALUS
01> 8 AU s Olse 4 (Cunysl e 555) Ghor Sldis 5 03 io AND Jools bl (i G
C\s@@,Jso\,@q(@pgﬂ@‘;;,t)«&i»)us..,,@l,u,,aAND Jols Sygo ol b 53 355 0
O ol 03T 5 ol 3L )3 glosls m LSk v ys RECVDAMA Wb s 5 ST cal ol 355 0 0l S
oslizwl JB Hsbate ol (gl 55 14N asdy ¥ ooyl GU Al g 1y esls Uil g5 e iNpOrth GU&J@Q}K\ Ll
]

ForlS Bl (555 5 ol 5L Gl &S o 15 B Gles o 1S o1kt ol a0 55|
S d Cl 65 JUT a8 S5 oS s gt 5 5 35 03Lizal Lo gutn 51 b L S ol (gl s ol
Sy o s Jlons 2eS 4 'ADC abl 5

Il s 3o &S5 4 s gt 5 JUT s 5 (ADCBO04 sl 5 dsle) 2y otin ADC &S 1 3lizal L Sie

.1 L s 2 ) o S sae Ll 61 05571 15 5h e b5 G A
4,."‘ 4 EEE: iiaA_oLﬁﬂ\jdbj_wQ)ﬁﬂu(i)h)bj&)‘jﬁ;))}«aAJADC4.3:\,7
.t s tE 4 ¢ aeelST L , 4 ;

e °$E . ) 0 .
L i CCcE 3 JSi 53 487 shilen o ol 5L (85 S0 Die) (95150 4 J o I

o (o3l 59) RXD 4l 4 e 4 (5150 ok (s THD aly o oo bl

meé\ubjjﬂg)bv\ﬁbd}j\@\oMSMJ})J&%))J@;ﬂKJQﬂQ)ﬁ

W‘)ﬂ)“b‘fv\.“)&bja);u\i)bd\irﬂ;))ﬁ)“)d)bw‘

#include <STDIO.H>
#include <CONIO.H>
#include <STDLIB.H>
void InitialSerialPort (void) {
asm {
mov ah, 04h
mov al,00h
mov bh, 00h
mov bl, 00h
mov ch, 03h
mov cl,07h // 9600 bps
mov dx, 00h
int 14h
}
}
int RecvData () {
unsigned char status;
asm {
mov ah, 03h
mov dx, 00h
int 14h
mov status,ah

}

status = status & 128;
if (status == 0)
return 0;
else

! Analog to Digital Converter
A (J35 ADC glls 045 b ) Sy S 5 ‘5,5;3*
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return 1;

}

void main (void) {
unsigned char data;
InitialSerialPort();

while (1) {
while (RecvData () == 0 && !kbhit());
if (kbhit()) exit(0);

data = inportb (0x3F8);
printf (“$X\n”,data) ;
}
S g Al b sl
while (RecvData() == 0 && !kbhit());
4.\_:&{ag\.u)\.u?\)64:1§jjl§}:;,(@\PRechataGU@,ﬁ)omabg S &S Sl

33 e aslsl 505 S Hae b pl Slasl b d gn ol 5 S Ol o Ll o (a8 ge aboki Cpan 53 4l
el sl S Sl 81 € 0len ;S e (S ot 51 (el Olb 03 128 31 55 LT oS 558 o oy p ey b
S35 2ol ous 53 5ol ol 3L 53 o5l inporth 2L S @ 0o ol b 53 ey OLL
Bb 03l HLis |y gddST )L aST SLas U YL diab  caoMst Oy goo 0.3 5 o0 0305 Ol 5 50elS Kol

a3 o LIS gmelS Ktuled (g5 5 0l 1y b oy 31 8L 53 Sledlb!

2930 2 4 b LI Cardy (o) 5 5o 5 b glaesls b o

Al 0 4t U a0 (53l n s 5 (65 40 o Jolse 3l b (s (b JLs 55 )
ATl ) e 93l GEE 15 g 5 it U e S gl e 3285 S

T o GBI L s ) 5y $8aS i o s g (ol 3l 5 n ez 5T s ) > 88 (Sl L
ST 3L s sbeesls JU e Sy L Jleyl §seelS

it 53 3 5 o ol Dglite (6145 S 4 a5 S sl 3 JU e DL s i PEPL I
Ll g oo BT S 4 & Sl ok ity ViSUAL CH 0L 4 ol Gy o 5 5l (6l L B

s ploil (s ) 595 55 Jb e Do e sael

4359 0gad 4y JU g O yg 31 olak!
Has e g ol g 5 sealS b Do SV (laesls & s s sl S nlS 5 el g o ST 5
033 St Dy 53 5 it Ly ok Sl 55 Il gy 53 (S1o0ls LT ST oy 2 15 0 487 ol () SIS0, 0SS
.MJ@)ML}M‘)a}u‘sw\o.}bob@‘.(PO”ingEé}@ﬂjﬁ))rﬁﬁﬁwjﬁ‘ﬁbngéwE

4_{J?fg’-LiLA_.«\o.x_,ig,._élijsQTJJLg\o:l:L_iTJﬁwdjxfl)dliﬂ&)ﬁ)‘.fobl};&@Uﬁjamuﬁ
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Qo S g1 5 (Slosls (5 (Il ol 53 S oolisal iy o 53 Il Sy 31 ST Sl ol S5 ol
53 p3Y ST ISR) ais s 0T s gy 4l 25 o 55U b Sl 5 g had oo 5 5 5alS )3 glaidy 558 3L s
Ly JU e Sy g L5 e s (6515 5505 5L ol b s 0L 1y (5 gmalS 55 0T 2les ) osls 0T bl s U3
S o B (Sla el 53 o gy ol b sls el ) (sl g d 3l s (slesls o a oS S g
335 Y1152 Kbps b 1) 4

VU o b el (slaaals 3 S80S a0 1 OT Ol 570 5 o ok Oz 5 5pelS™ )3 485 &G ISR s
B 33 el 05 L@l 55 sls (al_>u| (C u=sl)
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Communications Port (COM1) Properties

| General || Port Settings || Driver || Details | Resources

y Communications Port (COM1)
(_)

iy oyled S 5 5ealS Sl i I 0l 6l S

Resource settings: 45 &w Jg-& 2?3 C_,_w‘ ab‘b f\-@'ﬁ-‘ dtij-w Q)ﬁ' 4%
Resource type | Setting N . W Ty - -

W1/0 Range  03F8- 03FF 20T ool 00t DS 5 Lol (255 5alS S 4 by
RO 04

ol ol 03l u‘L‘;"
513 ,ola| COM4 3 COM2 ¢l s 4 IRQ 3 aisy s COM3 5 COML sl )5 4 IRQ 4 wisy
D) 4y 0d S JLad L gas slie TUST iy el SIS G 8L 55 L 4Tl s Sl L 45 Ll

i L DU ol sl s o plail 1 IS 01 (D D)y LS 45 goes

loJo]o]o] IN | ER | TBE | RxRDY ]

b oa 4by sl el esls il s LiL (S5 RXRDY &y 5

b o 4y 0315 5 Sl osls Jluyl 3L Ods Il sl SO TBE e B

S o Jos prse Cond g adip babnly 5o IN Sy 5 bt oy adiy balaly D ER oy

g dan g5 0305 bl 53 Ly sl 51087 o Jlad 1 0505 3Ly ad s OUtpOrth(0X3F8+1,1); ) giws
Ans o 5 (sl s JU

TH PO 4o

Sl &) g pase JIS 6K oSS 4 S 4 pnlS 53 Il sl JLaT by U5 oS lailen
Sleslital U 5 (Coul SLSCTS 5 RTS (RXD (TXD SVlws! g « sl 2y 3 Ses 4l 5 s 1, 0T JulS”
J 95 FsmelS 93 o bl g 5 S S5 5 5 9ealS g3 losls LSyl Asl g e HyperTerminal Sl s
Aol

! Terminate & Stay Resident - TSR
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JR}ng)JJgﬂdL@')ﬁde‘M4{;}:?&\{})&:{@J@‘%G‘XP\.i*"')'_5.,\.213):
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‘QL{}?HL{\J}:MKJG&‘@d\;@\g\ﬁ.m@@uﬂj,\g,,;&,:d\;t,,.iuﬁpmbm.;,\;

Al (Jlasl oS50 T olege (6,505 5 (Jlasl o 5 .1y)

P Olego 9 Ol S i gumols” SHIB1 P 5 S S
L;_l;c.a(Universityru4_3“5\:_»)Lg)lsobfiﬁ@;ﬂgjaja&ug,&y&bwég&jlﬂ

(”)J Soygml 33 9 5d akes gxese nl ) Control Panel/System/Computer Name « as>| s L . Lws

A i |y ot 53 ) slers S el

a3 e Ol 1, (ComMpUter2) ol 5 suslS 6,8 05 8 55 IS

System Properties

System Restore Automatic Updates |[ Remote
General Computer Name I Hardware || Advanced

'T;!]— Windows uses the following information to identify your computer
- on the network.

Computer description: Computer2 ]
For example: "Kitchen Computer' or "Mary's
Computer'’.

Full computer name: universi-09h53i.

‘Workagroup: UNIVERSITY

Ta use the Network Identification Wizard to join a Network ID
domain and create a local user account, click Network

ID.

To rename this computer or join a domain, click Change.

[ 0K ][ Cancel ]‘Appl,g |

(o 93 B 13 &I silo (S S (A
A8 5T 1, L8 Control Panel/Network Connection/Create a new connection « assl,» L v

S bl Kby Y

New:Connection Wizard

Network Connection Type
What do you want to do?

(© Connect to the Internet
Connect ta the Internet so you can browse the Web and read email.

(O Connect to the network at my workplace
Connect to a business network [using dial-up of YPN) so you can work from home,
a field office, or anather location.

(O Set up a home or small office network
Connect to an existing home or small office hetwork or set up a new one.

(® Set.up an advanced connection

Connect directly to another computer. using your serial, parallel, or infrared port, or
setup this.computer so that other computers can connect ta it,

[ < Back ][ Next > J[ Cancel

! Host
2 Guest
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New Connection Wizard

Host or Guest?
To connect two computers, your computer must be identified as either a host or a
quest.

Advanced Connection Options
‘Which type of connection do you want to set up?

Chaose the role you want for this computer

Select the connection type you want:

O Host (O Accept incoming connections
This computer has the infoimation you want to access, Allow other computers to connect to this computer thiough the Intemet. a phone
line. or & direct cable connection,
O Guest

This computer is used to access information on the host computer. (® Connect directly to another computer

Connect to another computer using your seiial, parallel or infrared port.

([ <Back J[_Mewt> ] [ Cancel ] [ <Back J[_Mew> ] [ Cancel ]

: Host 4y 3 Ol b (Computer2) Ol 5 gl 5 (551381 £ 5 (S Ky doldl (&
A?SW‘JO‘JJ)KG‘”J:MJC}&“}&L:)|QJ}&_‘

New:Connection Wizard

Connection Device
‘What device do you want to use to make this connection?

User Permissions
‘You can specify the users who can connect to this computer.

Devices other than the one you select will not be affected and may be used for other
purposes.

Select the check box next to each user who should be allowed a connection to this

computer. Note that other factors; such as a disabled user account; may affect a user's

ability to connect. s i G
Device for this connection:

Communications Port [COM1) v

Users allowed to connect:

ct Parallel (LPT1

Javad
O Q SUPPORT_388945a0 (CN=Microsoft Corporation,L=Redmand,S =\ ashington, |

Remave ][ Properties ]

[ <Back: |[ Nest> ][ Cancel [ <Back ][ Newt>. I[ Cancel ]

el 4 ) <8 Network CONNECHioNS Ceewd )3 5 Col 4l OLL Ol FseelS sk Sy 05571 ¥
Jigs SIS L Properties Clsl 5 au 5 cpl (555 Sl y <SS Lol 0s 4L INcOming Connections

s o 1y (AL LSS o b 53 55 L &S S alan 1) bl Slasein L1y o can 8 355 (63,

en;iwo . comput

eneral | Advanced

~ Call preference:

Incoming TCP/IP Properties

[l Operatar assisted {manual) dial
Network access i %
|| Disconnect a callif idle for more than l:l ming

Allaw callers to access my local area network.
Cancel the callif not connected within l:l $ECE

TCP/P address assignment
() &ssign TCP/IP addresses automatically using DHCP

() Specify TCP/P addresses
From:
To:

Total: 0

- Data Connection Preferences

Pott speed:

Data Pratocal:

Compression: |

Hardware [

o/ Hoff
Hardiares

Allow calling computer to specify its own IP address Flow eantrol:

Coc J (o |
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Communications.cable between twoicompu

General | Users | Networking General| Advanced

Network components:

ol (TEEAR] ~ Terminal Windaow
o File and Printer Sharing for Microsoft Networks ;
1,2} 005 Packet Scheduler [[] Bring up terminal window before dialing

Client for Microsoft Netuorks [ Bring up terminal windaw after dialing

I---Hardwar’e.Sett_ings’-"- e o e

; o Data bits: |8 i"-|
Install... | Urinstal | Properties
o Parity: | Mone iV._|
(- Description- |

Transmission Control Protocol/Internet Protocol. The default Stop bitz: | 1 b |

wide area network: protocol that provides communication | !
across diverse interconnected networks. 3 I =
b odulation: | |

:Guest 4y 3 ol b (Computerl) Ologw 5 gaol™ 5 (53131 p 5 (S yw doldl (&
RS PI VI PRGN

New Connection Wizard

Connection Name
‘What is the hame of the other computer you are connecting to?

Type the name of the other computer in the following box..

Computer Name

Computer2

The name you type here will be the name of the connection you are creating.

[ < Back ][ Next > ][ Cancel ]

u\:S rm.; ‘JLUJ‘CJ’_V

New ConnectionWizard,

Select a Device
This is the device that will be used to make the connection.

Select a device:

Communications cable between two computers (COM1) e

Cammutications cable BetiEen tWa computers (COM1]
ns Port (COM.

ommunical
Direct Parallel (LPT1)

([ «Back ][ New> ] [ Cancel ]

Network s ;> COmputer2 pL L a8 &S ol 4l 0L 55 Ologes i (525 S5 05|
piwee Password , User Name 05,5 5515 5 0T 55 SIS L sl 0k 3l ] Slage e CONNECtioNs
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Wl s L5 Properties (s, ¢SS L (sl 0SS B b 55 53 b &S

] Save this user name and password for the follawing users:

Me only

Fomal Jb g D9 b (82 90l Sdoigy

([ comnect ] [ Cancel ] [ Piopetties ] [ Heb ]

gﬁi;\\,gu_ud,\_:s@bb,\p\v”lp\@wJﬂuM(\
a ol 063 g5 [y 1 eealS oo 50l 1 ST Syl K05 i ealS 4y 5 pralS

H@ﬂ.uat_%tLED;me,,}sua;)&i.Lgsfv,b,ty\ps“l;\@w&uw(f
A5 S 5 A58 5 S &S0 4 LLED 58 g Ola 3 (S8 Sy g0 4 4L S b &S5 a WL LLED L8

Ji.iil.ﬁjt;))).u\ﬁb«:}l:-);.h:lf:.\;/\QQ;WSAJ@U;)}%,I;)}\@J.ALZM(V
el Jozte 5 galS Il o Sy IS5 Sen s J ST Sn 65 4 IS e DL 5 g8

S ) glady 550 ST i S e 5 g AT (b Il 5 I Jald et (£
255 J RS 55l e D)5y ESGS 4 65 Sl Sl il e e b ST US55 el el

G 5 4l &S Glas Jol S L AT o sl &7 48T (b 1l S g ol Plide Jald ot (0
Iy 5 el eSS sl _ted i [ Sisles UST 4 BCD S Jube 405 31 kas iules | amdin Siyles
S I IS 31406y (sl 53 15 (S e ST L &S 2t ) pediidn Kol 5 o oy 50 (5550

L eSS 4 a8 S50 b i o LT S5 6 & ST b 1l 5 5 RIS fals ez (T
Ailal 55, ,lisl =95 S35 L1 5 ol jlde el b Doy b 51 355 o 5 e sl
A2 Ol 5 sunlS

L eSS 4 a8 S50 b i o ST S 6 & ST b 15 5 RS Jols oz (¥
se a5y sltel oy 53 S8 L1y 5Ly ol Slie 5 el Dl e Sy G b 31 355 0 A5 ey
s il cdihate (glge Sopg 4 S emdiin Kioles

S50l s B el G b 51 0T iS5 487 el e by ol B, 1 S oS s 5 sl (A
S sl (gl D aly 53

S Iyl 50 Op3le el b 51 B oS &S b 1 s Sl IS fols et (4

! Seven Segment
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[1] "The 80x86 IBM PC & Compatible Computers", Muhammed Ali Mazidi and et al,
Prentice Hall,2000.

[2] "PC Interfaces under Windows", Burkhard Kaink and Hans-Joachim Berndt, Elektor
Electronics Publications, 2002.
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NAME (4 PC XT - Model 5160 (*
MANUFACTURER IBM
TYPE Professional Computer
ORIGIN U.S.A.
YEAR 1983
END OF PRODUCTION Unknown

BUILT IN LANGUAGE

Microsoft BASIC

Full-stroke keyboard with numeric keypad and function keys

KEYBOARD 84 or 101 keys
CPU Intel 8088
SPEED 4.77 MHz
COPROCESSOR Socket for a 8087 math co-processor
RAM From 64k to 640k, depending on models
ROM 64 kb
TEXT MODES 80x24/40x24
GRAPHIC MODES CGA modes : 320 x 200 / 640 x 200
COLORS 16
SOUND Tone Generator
/0 PORTS eight internal slots (five 8 bit ISA), RS232c, Centronics

BUILT IN MEDIA

One 5.25" FDD, 360k (3.5" on later models)
10Mb or 20Mb hard-disk

(ON]

MS DOS

POWER SUPPLY

PSU built-in

PERIPHERALS

Numerous IBM and third-parties expansion cards, i.e. the QuadRam
512 KB RAM card

PRICE

$8000 (Complete version with 640 KB RAM, 10 MB HDD, colour
display)
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0315 1,3 e ws 53 gl g esle (o)l &S Cwl AllowlO.exe CU T Y eSS lyls 4t oo R B
ol ot 15 POMTAIK 45l 51 el b I3l el (o 31 g S (o0 4,2 (55 53555 g )
3 QT)'\ aJL&Sm‘}J.L:TJM ‘}i\édgi).a cb: &1‘ Q.a\.a)!}l{.m.ada rlz,\ B) alf).sdgu..ﬂjzms Ql:la&fc,.&y
..,L:..’I»L;q.:.i:\:wﬁx;@)ﬁ/gsjjjgwlf):@vg\j@3}5-6&4.4\3,3

Sl 4 5 o 9k s S g il by alie (s 4 (5L AT o alsl 3 8 s g ol
S oslizal ()13 DOS Cos (slaaal 4 3L 5 bt o8 J puS slaaals 53 o T 1 sl 5 o

inpout32.dll dilkls”
S3mlS s 263555 a8 s 3l 0lg e OT ol a8 4 &S Sl g 4SS inpout32.dIl
3.8 s 4lis 1 inpout32.1ib 5 inpout32.dil el b http://www.logix4u.net <o le 4 assl o b .5 S sl

s inportb oy b s T 1 eslizal 6 S & odd oy o5 OUE32 5 INP32 (slgals ol 9 PHE
LLs b e W3 45 el C 0L OUtpOTth
L abulS” ol (6855 ol o canlsl 5313 S oslizal S3 s S (slgils ples 3 Ol (oo L™

[’TSLSQ cﬁj&? Visual C++ ,b.:}u BE

' Application Mode
2 Kernel Mode
% Console
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e Ll n asl )it 5 o 55 b BT gl ol 535 asl, ¢S Visual StUAI0 atu <SG 4zl v/
S oslazal al s L Lol 6, Out32 4 Inp32 ol SlAal Console L API L MFC ,,
S S ool 5o, B8 LB 5o
Sl L ol 5 sy Link 8w 4 S Olisl 1, Setting « 5§ Project s
LS aslsl object/library cws 4 1, inpout32.lib

1S w6l (adgl slalazaly 5l da) 555 sl ool hb slasl 4Ty 5 b 55 v

short _stdcall Inp32 (short portaddr) ;
void  stdcall Out32(short portaddr, short datum);

w}j\g(ﬁaﬁa&}DOS s C Ql{j):‘)k:éf)l)@jjﬁ-XT S8 @ besls Jluyl asl & ges (1

#include " stdafx.h "

#include < conio.h >
#include < windows.h >

short stdcall Inp32(short portaddr);
void stdcall Out32 (short portaddr, short datum);

void main (void) {
short data = 0x55;
while (!kbhit()) {
Out32 (0x031B , data);
data = ~data;
Sleep (500) ;
}
0T 56 5 Al Cas Jb alin 2wl a4 Ll 5 s Visual StUdio Laswe J S o 55 Oy g2 ool 6l 21 b
s g LS eslanl (0378h) ()l 4 o s 31 51031Bh e )sT gl 4 Jf\ e Chas i 3 ol s
s daal g 1 LT 055 ¢SKadir S Juame o )5 pl o3ls glawl 4 LED
s Sl S eslimal jadn s S S5 slaadl , 45> Out32 4 Inp32 El5 VLIS e oeen w
sl 6515 03,5 al,s s Ko 51 535,55 Olgie 4 1y G (slos S AID &S5 s 5 45 g 52 (140

PortTalk l38lp ¢

Gl 55 31 aslinal (gl cZl w2 LG hittpz//www.beyondlogic.org cole 5 b 3 < APl el
4 7y A e s ol G esd b 1y s NS & Sadnsy Cod Glaal 3 (s A S35
) o8 Sl 23 oo A & NT (slajod s 53 5 sl (s 5/ 52508 Gl s & o s Cus g LY
awlily i B 15 AYYAZ AL YA (claodijls ol dablons o Ilas

* pre processor directives
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o 33 63 )18 laael y (gl ol s gone i labloue Lo 53 05l s (slgrdl5 1 eslizal UNT skt
. aee ¥ . w“ T - . g
oSl (5 48 5 TOPL (sl psgie 93wl (o id 0l o350T (0 3 9m s  J55nlS (s 2/ 62505 S8 ) &

sl "(IOPM) 983353 e, 4 e

4 QSWJJ'WJ cbou )L@.’: 4§ .U)\J S¢r9 o»ﬁjbﬁ EFLAGS C)U DL IOPL g:,.;a 92 :IOPL leg.’&g

T 5 . - - . é - - - M . .

Q\ Ov\-wuijﬂ.} wﬂscldﬁ‘\f&\‘t.ﬂbj;‘w‘;..ijj_g‘d.fy‘aj&wclaa4;..\*5@:59.“)@}_}}/633)}

. s 5 b . XN é - % 5 . - . we

BEN -\.Aju.a C‘) v a)Lo..w 4 9 cu\.f u.u)b L@AK)J LY LS"’"J’“”'J L;‘J-f u\ML’ IOPL BENEW™ R CE‘”" _;-M:f,li

Babge b 5 IS 4 by o
Application Error
e The exception Privileged inztruchion.
_/| [0 0000098) occured in the application at location 0x01 001622,

Click on DK to terminate the application
Click an CAMCEL to debug the application

il Cancel

ol Ly S gw Rwd claw AL LSl adls wmws g S (65458 Lg\.@.h\?)b 4 dal g e ny Slasl 5 a

LT3 e can 6K Ghls b o Ll jads 5o o5 TunT 5 a 106750 4y o pwd S AL
23 BT 5 o gl 1 TSS kS o e 1y 4T3 0T & by e JolS Sledbl 8 ool (TSS)
3555 S 55 4 s el g 8B &S gl TSS a5 e eslinad aid s St
17 0SS 4 o) S5 pelS s 2 65505 o8 55 (FOOYE) YV 516l 8 15l 4 355 e el IOPM o7
Lgkbﬁ-&l{alfjaqwju;)}wu.wl{ (@ii»jflnaf:)\abﬁjﬁd\)s%&c(sﬂwfsuwﬂ@ﬁ
255 dal s oy g o 45 &y o 2es AL o S 535 n 550y (S sl Lad | slizal
3 (Cudsl o SV Jho b &7 555 o0 SIS &5 (g el g 51 (g s o 93 L3 ONT Sy 5o
Jalo gt ten 5 by Slely (sladaliy g el 53 1)l (slacali s bl o (o ol 0 5 0l 4o e
4 s Sl BT G 5l Sl s s 4 s e |l (T il 4y O m) i e 5o
pls o 5h plaml i o latelyy Lo g bl b s ol 5 il I35 (s 52505 4B
63353 S@AE 55 4 odh |z i e 55 4 Ay SIlely 4l &S5 G b 3l S e (slaaels

! Protected Mode

2 1/O Privileged Level

%1/0 Permission bitMap

* General Protection Error

® Task - Process

® Task State Segment

" Multi-Task

® Input/Output Permission Map
® Privilege Exception

10 perivileged Instruction Violation
' Device Driver

2 Ring 0
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a0l & i g sl s 305 3y da 4 NT (slajo s 53 alls 4 o s [Sie o (sl ol 5
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4l 7 5 ot el (IOCTL) (5 5/ 63505 JAS @\,:ai,.f@)u\a\) al s )8 asl o Sl Jsls
Bl b o 56599 Ol gws gl 2l g SISl

b s Sl p3Y Slasme B ol 0T 5 TSS s @l @ (g ts (2 a2 2ol S5 o,
sl 8 das o 1y Ol ol L 4 Lel cons colin Olkiz ol ol 35 0315 ol OT & aseie slgals s
(a3 o i |y g s (S e 45 sl S0 SSUS @ g 5 ok Ok |y Llech i (DOS Coms Se) 6 51 a8
(das o (abu\ 1) 5 et 555 g0 ow) 5 aals] 53 ST AllOWIO.EXE sl ) ST | o) day & NT (glaj gy 9 s

IOCTL mls &S5 5l pa alonily Sloj i 51 (s eT,ISG & il 5 oo POITAIK sle 51l (slacal 51 olia
(355 o pebin 4y dn pelan 51l o i3l 05k n Ll (s 5 o8 55 5 pig b 34,5 o8 3 5l 0Ll ol
b SNl oy o 35 4 35 45T laaal g (5255 53 b g ol 433,53k e pelas @ skoes 5 47121 ) 0
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AllowlO.exe 4ol y
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i s s 83555 Dlas Al 5 5165555 4 53 4 (o ius 1 23 Sz s1ols (VDM) DOS
AS o Joe g Sl Sl L35 53 S

LS sl | O 1y AnT 3 Bl 1 auT 5 (D) slelis oyled b ldnl ¢ 40T 5 ¢S IOPM i (sl
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! Virtual Machines
2 Virtual DOS Machine

w20 sed o 4 Lxisl yo &S coul Callback sl SaSS 5l eolal 550 ol v
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Kemel Mode Drivel | User Made Applicatian
Ring 0 ! Ring 3

( User Executes Program )

Create Process

|

I

aCTY
Con\.rert FrocessID to ! zall | Send F.'roceslsID to
Fointerto Process [ Drevice Driver
1
Il :
1
Copy Mew IOFM ta 1 End _
TS5 of Process . FIb = %
0
i FID ="
Adjust IOF M

Uzer Drefined
Frocess Stars
Funning

Offset Painter

Frocesz v now has exclusive
access to Hardware

b S @ (ot b g e 4 NT (slajsitiy s Cond 487 (gl ) o5 (i ¥Y 4ol &K (sl ! o7 (o8n
42 4 10CTL &b G S w5 add bl AT 3 Slelis o )led 355 s 51T CreateProcess()  setaes
g oo ! llel

L5801l NTVDM) NT ;i 5 DOS (gilee uiile S 5 L)1 unT 3 05kt DOS Coi (slaaals
NT jsdus 53> DOS Cov wsly ¢ o5 o .coal DOS (giluans sl oddcbli= N VY
3,8 35 4 HNTVDM Glulis o jlad o3 5d oo Sl 3

& s S 5 bl [ anT b 4 Soylal el [ T p plels osled Slailely aaliy 8 oK

'\'50'“ Cw‘ OTJJ fy (IOPM) Lﬁ'ﬁj’.'/ts-’))j

Ll 5 DOS o TeStPOrt.exe pb 4 lasl ; 1S 55 ¢l ool sl AllOWIO.EXE 4l 55 51 oslind
‘)J,’.j J’-‘JA R | objjﬁ-ﬁdgi.nA{NTj)v\%j)J Q}f‘jab;@)KO?)?Sh DJLM.Z:A.:LSJ\}A a\fjbb.%éf
S JLs

A8 SLE 5L 4 5 ,kls hittp://beyondlogic.org <.l 3 1, PortTalk Sl Pl s s V

Sl (g5Iloly aol s ¢ b sl ST ST 5 e s System32\Driver «-Ls s |, PortTalk.sys Lk v
258l o Sy syl mlaw 53 L &S

355 plasil 59 5 (6 5 SRSl LS| 11, porttalk.reg 4l

S gy ade 5 gl 1) 5 s

S S (C\MYPTOJect o) 305 13 0baal 5 ol ol o6 45 (5 o 53 |, AlloWIO.EXE ol 1 16

D N N NN

S ol 5 Do Ty o aslg g G s 4 5 b 50 5 s DOS Lams 55
C:\MyProject\> AllowlO.exe TestPort.exe 0x0378
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.Ml{w‘swﬁws@3}/&;3”‘5@\?}:m45Jj\jdob..{:»uUﬁc.\:So:Lé.:wuaj\cﬁ:)fa\f).suu)ﬂ
355 o3l 3Us s JolST oyl e sl ol 31 48T Bl e L L
Skl &S 5,05 5 5 porttalk.sys jldlely asb s )l ngii; a=. PortTalk «i 4 3l checked axli s
debug Sledbl i eslizul 4 bl ST 3,05 (65 0mb Com Lol 53 Bl puen 4 5 Sl aigs 0T 3 debug
ol 3 eoyls 13 PortTalk 4y Lol 45Ls 53 a5 (g5llely 4ol 5 (sl 4 il 5 o Lt (o 5 30 5y o ASLe)

S dalie | lie sla )l Ble 5 0SS 4y 1, dEbUG (slgalasy il oo SISl b S o5zl 4sl

39w g oo (sl » o PortTalk 31 oslaw!

V.A\J,é Iy 9,71 839,9 el s 4 > el gl =1l C)N Sl AllowlO.exe 4, Sl b
g_,.wL.a c.\*ﬁ}s@j,%,wé%wqﬂ)KS&umuﬂﬁ oalatnl LS‘J-’OTL;'\}"‘}°}::‘ Lﬂ‘k})jT@

G5 b S oo 611 T & el Sl s slamtl 4 g B yae |, PortTalk il 5 atsw wl 5 calsl s
ol 5l el 4 Al e o sl s 0T 05,57 Jels 5 (PortTalk.h Se) "an T e |6 e s oy ol
windows.h s winioctl.h glasT w o5 o S oslinl 9 5 (63555 SerlS y0 4 g s Sl o
ASS el p PortTalkeh auT w55 1) LT 05,87 Jals S o oslizul

s r\:u\ PortTalk.h -\..iT,w BE) b J‘.’.) u..o.)w

#define PORTTALK_TYPE 40000 /* 32768-65535 are reserved for customers */

/l The IOCTL function codes from 0x800 to OxFFF are for customer use.

#define IOCTL_IOPM_RESTRICT_ALL_ACCESS\
CTL_CODE(PORTTALK_TYPE,0x900,METHOD_BUFFERED, FILE_ANY_ACCESS)

#define IOCTL_IOPM_ALLOW_EXCUSIVE_ACCESS\\
CTL_CODE(PORTTALK_TYPE, 0x901, METHOD_BUFFERED, FILE_ANY_ACCESS)

#define IOCTL_SET_IOPM \
CTL_CODE(PORTTALK_TYPE, 0x902, METHOD_BUFFERED, FILE_ANY_ACCESS)

#define IOCTL_ENABLE_IOPM_ON_PROCESSID \
CTL_CODE(PORTTALK_TYPE, 0x903, METHOD_BUFFERED, FILE_ANY_ACCESS)

#define IOCTL_READ_PORT_UCHAR\\
CTL_CODE(PORTTALK_TYPE, 0x904, METHOD_BUFFERED, FILE_ANY_ACCESS)

el 05l 118 http://www.sysinternals.com <ol 51 a5 System Internals DebugView l58ls 5 aisls |
® Header
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#define IOCTL_WRITE_PORT_UCHAR\
CTL_CODE(PORTTALK_TYPE, 0x905, METHOD_BUFFERED, FILE_ANY_ACCESS)

HANDLE PortTalk_Handle; /* Handle for PortTalk Driver */

g oo 03latal of s 4 g s ¢l PortTalk_Handle \aﬁiz.u 3
ALLOWIO I eslazul (sl )Iu &S (glogud 4 . AiL ol s PortTalk luslel, Sl Ll O sl s

.L:.(L;\?\;POI"[Talk 6)‘44‘0\))&.@6‘];3‘99- ML,:&‘J.’IJ‘)J ‘)Jﬁ) c\j)J?SJA&MOJ‘QCJ&

void InstallPortTalkDriver (void)
{
SC_HANDLE SchSCManager;
SC_HANDLE schService;

DWORD err;
CHAR DriverFileName[80];
/*
Get Current Directory. Assumes PortTalk.SYS driver is in this directory. Doesn't
detect if file exists, nor if file is on removable media - if this is the case then

when windows next boots, the driver will fail to load and a error entry is made in
the event viewer to reflect this.

Get System Directory. This should be something 1like c:\windows\system32 or
c:\winnt\system32 with a Maximum Character lenght of 20. As we have a buffer of 80
bytes and a string of 24 bytes to append, we can go for a max of 55 bytes.

*/

if (!GetSystemDirectory(DriverFileName, 55)) {
printf ("PortTalk: Failed to get System Directory.");
printf ("Is System Directory Path > 55 Characters?\n");
printf ("PortTalk: Please manually copy driver to your");
printf ("system32/driver directory.\n");

/* Append our Driver Name */
lstrcat (DriverFileName, "\\Drivers\\PortTalk.sys") ;
printf ("PortTalk: Copying driver to %$s\n",DriverFileName) ;

/* Copy Driver to System32/drivers directory.
This fails if the file doesn't exist. */

if (!CopyFile("PortTalk.sys", DriverFileName, FALSE)) {
printf ("PortTalk: Failed to copy driver to");
printf ("%$s\n",DriverFileName) ;
printf ("PortTalk: Please manually copy driver to your");
printf ("system32/driver directory.\n");

}

/* Open Handle to Service Control Manager */

SchSCManager = OpenSCManager (
NULL, /*machine (NULL == local)*/
NULL, /*database (NULL == default) */
SC_MANAGER ALL ACCESS);/*access required*/

/*

Create Service/Driver - This adds the appropriate registry keys in
HKEY LOCAL MACHINE\SYSTEM\CurrentControlSet\Services - It doesn't care 1if the
driver exists, or if the path is correct.

*/

schService = CreateService (
SchSCManager, /* SCManager database */

! Handle
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"PortTalk",/* name of service */
"PortTalk",/* name to display */
SERVICE_ALL_ACCESS,/* desired access */
SERVICE_KERNEL_DRIVER,/* service type */
SERVICE DEMAND START,/* start type */
SERVICE ERROR_NORMAL, /* error control type */
"System32\\Drivers\\PortTalk.sys",
/* service's binary */
NULL, /* no load ordering group */
NULL, /* no tag identifier */
NULL, /* no dependencies */

NULL, /* LocalSystem account */
NULL/* no password */);

if (schService == NULL) {
err = GetLastError():;
if (err == ERROR SERVICE EXISTS) {
printf ("PortTalk: Driver already exists.");

printf ("No action taken.\n");

}

else {
printf ("PortTalk: Unknown error while creating");
printf ("Service.\n");

}

else
printf ("PortTalk: Driver successfully installed.\n");

/* Close Handle to Service Control Manager */
CloseServiceHandle (schService);

}

//***************************************************************

unsigned char StartPortTalkDriver (void)
{

SC_HANDLE SchSCManager;

SC_HANDLE schService;

BOOL ret;

DWORD err;

/* Open Handle to Service Control Manager */
SchSCManager = OpenSCManager (
NULL, /* machine (NULL == local)*/
NULL, /*database (NULL == default)*/
SC_MANAGER ALL ACCESS);/* access required */

if (SchSCManager == NULL)
if (GetLastError () == ERROR _ACCESS DENIED) ({
/*
We do not have enough rights to open the SCM, therefore w
user with only user rights.
*/
printf ("PortTalk: You do not have rights to access");
printf ("the Service Control Manager and\n");
printf ("PortTalk: the PortTalk driver is not installed");
printf ("or started. Please ask \n");
printf ("PortTalk: your administrator to install the driver");
printf ("on your behalf.\n");
return (0) ;

}

do {
/* Open a Handle to the PortTalk Service Database */
schService = OpenService (
SchSCManager, /* handle to service control manager database */
"PortTalk", /*pointer to name of service to start */
SERVICE ALL ACCESS);

WWW.jrasti.ir — ;3w slgs
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/* type of access to service */

if (schService == NULL)
switch (GetLastError()) {
case ERROR ACCESS DENIED:
printf ("PortTalk: You do not have rights ");
printf ("to the PortTalk service database\n");
return (0) ;
case ERROR INVALID NAME:
printf ("PortTalk: The specified service name ");
printf ("is invalid.\n");
return (0) ;
case ERROR SERVICE DOES NOT EXIST:
printf ("PortTalk: The PortTalk driver does");
printf ("not exist. Installing driver.\n");
printf ("PortTalk: This can take up to 30 seconds");
(

printf ("on some machines . .\n");
InstallPortTalkDriver () ;
break;
}
} while (schService == NULL);

/%
Start the PortTalk Driver. Errors will occur here 1if PortTalk.SYS file doesn't
exist

*/
ret = StartService (schService,/* service identifier */
0, /* number of arguments */
NULL); /* pointer to arguments */
if (ret)
printf ("PortTalk: The PortTalk driver has been successfully started.\n");
else {
err = GetLastError();
if (err == ERROR SERVICE ALREADY RUNNING)
printf ("PortTalk: The PortTalk driver is already running.\n");
else {

printf ("PortTalk: Unknown error while starting PortTalk");
printf ("driver service.\n");
printf ("PortTalk: Does PortTalk.SYS exist in your");
printf ("\\System32\\Drivers Directory?\n");
return(0) ;
}
}

/* Close handle to Service Control Manager */
CloseServiceHandle (schService);
return (TRUE) ;

= 9551853959 o 38 U8 ¢ 3b (sl » OpenPortTalk &b

unsigned char OpenPortTalk (void)
{
/* Open PortTalk Driver. If we cannot open it, try installing and starting it */
PortTalk Handle = CreateFile ("\\\\.\\PortTalk",
GENERIC READ,
0,
NULL,
OPEN_EXISTING,
FILE ATTRIBUTE NORMAL,

NULL) ;
if(PortTalk_Handl == INVALID_HANDLE_VALUE) {
/* Start or Install PortTalk Driver */

StartPortTalkDriver () ;
/* Then try to open once more, before failing */
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PortTalk Handle = CreateFile ("\\\\.\\PortTalk",
GENERIC READ,
0,
NULL,
OPENiEXISTING,
FILE ATTRIBUTE NORMAL,
NULL) ;

if(PortTalk_Handle == INVALID HANDLE VALUE) {
printf ("PortTalk: Couldn't access PortTalk Driver,");
printf ("Please ensure driver is loaded.\n\n");
return -1;
}
else
return 1;

else
return 1;

}

J‘J';J" d:..n)) 4 LL;)\ g;".’.‘ Qut? .u;.w‘ ol onlarnl alf‘)) La .bl...?)l QJ; jb Lg\j’ Cl’eateF”e M CU )\

2sd o 5T o855 L byl ol p 2 Tsdes 5 okl .z 5lulely lul StartPortTalkDriver b S w05 g

== 9551855959 ol 30 vy (Sl ClosePortTalk &b
fokﬁﬂ oslaw! J'.’..) c\f )‘ JQLJ)‘ ULMJ (5‘}"

void ClosePortTalk (void)

{

}

CloseHandle (PortTalk Handle) ;

5 len ST Ly 8 (o gos O, 50 4 PortTalk.h AT LG s 1, PortTalk_Handle o ,Sews 45 4 a5

STl A LU w5 L (s MR b il D) s 4 e (51 Bl s

=95 o 3 H8 yibed (Sl g outportb b

void outportb (unsigned short PortAddress, unsigned char byte)

{

unsigned int error;

DWORD BytesReturned;

unsigned char Buffer[3];

unsigned short * pBuffer;

pBuffer = (unsigned short *)&Buffer[0];
*pBuffer = PortAddress;

Buffer[2] = byte;

error = DevicelIoControl (PortTalk Handle,
IOCTL WRITE PORT UCHAR,
&Buffer,
3,
NULL,
0,
&BytesReturned,
NULL) ;

if ('error) {

printf ("Error occured during outportb while talking to PortTalk");
printf ("driver %d\n",GetLastError());
}
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unsigned char inportb (unsigned short PortAddress)

{
unsigned int error;
DWORD BytesReturned;
unsigned char Buffer([3];
unsigned short * pBuffer
pBuffer
*pBuffer

PortAddress;

DeviceIoControl (

error

if ('error) {

’

(unsigned short *)&Buffer;

PortTalk Handle,

IOCTL READ PORT UCHAR,
&Buffer,

2,

&Buffer,

1,

&BytesReturned,

NULL) ;

printf ("Error occured during inportb while talking to PortTalk");
printf ("driver %d\n",GetLastError());

}
return (Buffer([0]);

}
Gl zi g a bl S1.dleds i g

d}wf.&.&d\.&mb_fﬂoDW‘ff\;d}ac‘jc-\.r‘:;‘saﬂ\;))]aaw

LS 5 4o (MessageBox S) st s AL, (Printf Yee) J gucS” o ol g2 Ll oh e 9 g S

A 1 25 4l oS (or e 5L L (A XT DL 4 Sledbl dlayl 4l

#include "stdafx.h"
#include "PortTalk.h"
#include <conio.h>

#include <windows.h>
int main(int argc,

{

unsigned char data
OpenPortTalk () ;

while (!'kbhit ()) {
outportb (0x031B, data);
data ~data;
Sleep (500) ;

}

ClosePortTalk () ;

return 0;

char* argvl([])

0x55;

Jbw oo b bliy
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s sy 5 e Jb e DL 3 Gljble o8 s

b o8 53 05528 v

b Bl s S 505 oz v

PESTEIS P

OT 53 g b Jb e o 53 51 SleMbl il = v/

e o855 . Y

L s 5 5o as plal 1) 5 50 Sl o7 s 500 (ol ki S3VL 55 &8 Jlasl 1 pliS ol
5 Okl ¢l CreateFile du;lalf,; 05,5 3L &l ash 0 3555 b Soyso 4 a5 65958 sl s
355 o 03lizul CloseFile b 0T opms s s WriteFile s ReadFile Myl as s a s

PLsl sl 55 5 s 52 COMPOILN o6 4 45T L6 GG a1y 358 p wyp aalsl H3 8 g
Bb ) 53 sases Spge aly 5y S Jols LB sl s |y windows.h L6 ST fels 1, OT JU
;gnztba\

HANDLE hComm;

403, 8 on )13 o3zl 350 Sk ol 5 53 oS ol a5 5 50 08 53 4y (g s (51 (sl Sns RCOMM i
Wil el 55 B late pb 1y 0 Sis ol Ol o Soke

Jb g ol 50 Hogis &b

BOOL OpenPort (char *Port)

{
char portname[20];
strcpy (portname," //./");
strcat (portname, Port) ;

hComm = CreateFile (portname,
GENERIC READ | GENERIC WRITE,

0,
0,
OPEN_EXISTING,
0,
0);
if (hComm == INVALID HANDLE VALUE) {

printf ("\nCreateFile Error Code = %d”, GetLastError());
return FALSE;

else

return TRUE;
}

o) 3555 ol wl FALSE &5 nl b 55 s TRUE &b cpl (s 5 358 5L (s & o5, B
03528 1, COML +& 5 OpenPort("COM1"); &) s 4 o6 Sl e (el i3 g I oS s ebept

! Time-outs
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5l 0 o3zl o8 s 055 ;b CreateFile @\: 5ldas s 53 hComm sce s 1, 0T oj:i:.a 3
.;.Mlauc;,:.fos.:,;L;\M,M;,.ulf-6|jrka\f,;4§¢wlumcualwﬂbg

NON-) (Sl sen O3tn 5 (OVERLAPPED) ( Sligean by gy 33 4 Ol oo o 3 05,5 5L sl
osliiul i san Oyds 29, 5l (CreateFile sl sl a5 ,luis b) as g opl 53 5 S Jos (OVERLAPPED
S 4ol e MSDN Soliizwe 45 ¢ 50 50 o & el e OBl (6l oS

L s g s mmn 0, Kows G 0l 5 5 b 4 wb onl cdas & ol CreateFile b plwl > S
Slkizs S 4 S o ) ) el 03l 5, S gl o 5T US (GetLastError o6 S 35e
S S o8 S oa eslinl adus 4 Glaie ol Sl aslsl ps it 1y e ) Ol > u8l5 o MSDN
G @l o S1asb s FALSE &5 ol ot 55 s TRUE S go &) po 53 5 )5 ihin (25 5
sheled el ols & sl A" GetlastError b ¢SS 4 wsb FALSE (4,5 .+ 5l sRetValue i 53 <)

.deufosb

S5 )ke age slallest I am

A5 055 5L sl S das & & ((ERROR_FILE_NOT_FOUND) ¥ o)l Slas x
CreateFile EU L AL s pe a0 com3 olfyjf\g)\in s 337 58 (s 33 S ssh 2N
b o Gl S s ol S L1 0T S awe

W oS S 2 28 s 055 5L sl S ((ERROR_ACCESS_DENIED) 0 ojled (sl x
R Ol s ¢ﬁ\oAJ_jQL5J§;>4sU)31zWJS

o w5 5L 3o se o8 55 05,5 5L 53 §1 ((ERROR_INVALID_HANDLE) 1 oyl slas x
el Jii.a C‘}S 33 a):i:.u ol 5l eslaal gl p AW cail Lueel CreateFile cl: b g ol o.,\.;\;}fﬂ
Db b al g

L ol Slles 3 s ¢ 485 4L ((ERROR_OPERATION_ABORTED) 440 ojled (slas

Jb g 0 33 Sy Ky mb

BOOL ConfigurePort (DWORD BaudRate, BYTE ByteSize,
DWORD fParity, BYTE Parity, BYTE StopBits)
{
BOOL RetValue;
DCB m dcb;

RetValue = GetCommState (hComm, &m dcb);
if (RetValue == FALSE)
{
printf ("\nGetCommState Error Code = %d”, GetLastError());
CloseHandle (hComm) ;
return FALSE;
}
m_dcb.BaudRate =BaudRate;
m dcb.ByteSize = ByteSize;
m dcb.Parity =Parity ;
m dcb.StopBits =StopBits;
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m_dcb.fBinary=TRUE;

m _dcb.fDsrSensitivity=FALSE;

m dcb.fParity=fParity;
m_dcb.fOutX=FALSE;

m_dcb.fInX= FALSE;

m_dcb.fNull= FALSE;
m_dcb.fAbortOnError=TRUE;
m_dcb.fOutxCtsFlow=FALSE;
m_dcb.fOutxDsrFlow= FALSE;
m_dcb.fDtrControl=DTR CONTROL DISABLE;
m dcb.fDsrSensitivity= FALSE;
m_dcb.fRtsControl=RTS CONTROL DISABLE;
m_dcb.fOutxCtsFlow= FALSE;
m_dcb.fOutxCtsFlow= FALSE;

RetValue = SetCommState (hComm, &m dcb);
if (RetValue == FALSE)
{
printf ("\nSetCommState Error Code = %d”, GetLastError());
CloseHandle (hComm) ;
return FALSE;

}
return TRUE;

}
pU 4 (6 it .5 5 o 03Ul OT 51l L5l 6y S (512 87 0k iy 5 DCB o (g5l ekt 5 )
S e S S Sl e @y I GetCommState b .05 o a5 DCB jktle ¢4 5l m_dcb
PR Slasie Lis gl I8 ol S oo M_dCh i 5 1 el S3 0T o, Seus 8 a6 s
ol e sladls Wl i sy 50 o8 53 s Sy (sl 08T ol ke ot T i @ ble &5 2B s
gimPMA{L@;T@w).\;ﬁfwP4{,u\,:@s‘sﬁuﬁjuuga\c,;.mfdmlm\,m_dcb
I, m_dcb ,s. e A ler 4" ConfigurePort &b 2005 bl sler 4 LS bl 5o Sl 5 e MSDN
SBIEP LS oo o235l

b Glae b oo e pl 38 0l 15 JU e BLil e 015 0 melik op) ¢K6S7 4 BaudRate yulyly v/
I R I TS VL T CIPORpS JUL ORI B WG RSN G NPIOR ST HRINCCIN A K S FCIPO

S A5 le 5 genlST b o 53 (51 me pslie ST a3 ,laie CBR_9600 L 9600 i, 1,

CBR_110, CBR_300, CBR_600, CBR_1200, CBR_2400, CBR_4800, CBR_9600,
CBR_14400, CBR_19200, CBR_38400, CBR_56000, CBR_57600, CBR_115200,
CBR_128000, CBR_256000

AGF 5 Llg oo aS das o 0L |y SeMbl an 3 osls slgmy sl ulyly ool iByteSize gyl v
sl

bl bl 0315 gy AL TRUE el ol slie S1efParity yiolsly v/

SV Asle Jed B slie US e edeie |y eslaal 3)5e Ol g5 AL o Parity  gelyly v
MARKPARITY (035 054) NOPARITY (s 5 05l ) ODDPARITY ‘(ij 051 s) EVENPARITY
(o) e O15) SPACEPARITY (1500 aiman 051 5)

V*Sv“’ oslazul sl ol 51 SleMbl i 53 (b g lgny Slas 03,87 jeseia gl iStOPBIts gelyly v

DA Hle ame olas
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ONESTOPBIT, ONESSTOPBITS, TWOSTOPBITS
Ol 4 oS o eslinul 0315 O J 557 (6l eomedlSe 51 CONFIQUIEPOIT mb S o 5 goge <55 &
Sl plosil b ez o313 Ol J 557 4 e 148" a3 J 5571, XONIXOFF & 5 RTSICTS & ¢ K
eas plowil 1) LS Ll o M_deb e s (gladls 55 o 4 Blsun 5o,
3307 0, 8eus & a8 )5 41y ke ox) SetCommState b &S @ am_deb e (slaals (a5 1 ey
.v¢asuf S mxﬁ<j;3(zu
1wl 5 &y se 4 ConfigurePort ol Sl
ConfigurePort (CBR 9600, 8, TRUE, EVENPARITY , ONESTOPBIT )
b plal B8 S S5 5 25 3l enls Sy A el 53 S 480 e bl o8 s s S
4 g S ib TRUE ab (g5 5187 oslinal (6 S e 51l 35 dU o s bl o
Sl 0l rl:u‘ >
Sh) Olas>o s
Jiles P‘J“ COMMTIMEQUTS ¢ 4 s kL SetCommTimeouts 3 GetCommTimeouts o5

as o plail 1) 59 g g saal 53 b e LU Sl
BOOL SetCommunicationTimeouts (DWORD ReadIntervalTimeout,
DWORD ReadTotalTimeoutMultiplier,
DWORD ReadTotalTimeoutConstant,
DWORD WriteTotalTimeoutMultiplier,
DWORD WriteTotalTimeoutConstant)

BOOL RetValue;
COMMTIMEOUTS m CommTimeouts;

RetValue = GetCommTimeouts (hComm, &m CommTimeouts) ;
if (RetValue == FALSE) {
printf ("\nGetCommTimeouts Error Code = %d”, GetLastError()):;

CloseHandle (hComm) ;
return FALSE;
}

m_CommTimeouts.ReadIntervalTimeout =ReadIntervalTimeout;
m_CommTimeouts.ReadTotalTimeoutConstant=
ReadTotalTimeoutConstant;
m_ CommTimeouts.ReadTotalTimeoutMultiplier=
ReadTotalTimeoutMultiplier;
m_ CommTimeouts.WriteTotalTimeoutConstant=
WriteTotalTimeoutConstant;
m CommTimeouts.WriteTotalTimeoutMultiplier=
WriteTotalTimeoutMultiplier;

RetValue = SetCommTimeouts (hComm, &m CommTimeouts) ;
if (RetValue == FALSE)
{
printf ("\nSetCommTimeouts Error Code = %d4d”, GetLastError());

CloseHandle (hComm) ;
return FALSE;

}
return TRUE;
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:V.,'fda s 253 1, SetCommunicationTimeouts &b s2a0s sla el

Ly e SHE 95 Cab s o (a6 s o ) Sloes Obe rﬁfu ‘ReadIntervalTimeout gwlyb
L8 4 o8 s ol (¢l " ReadFile a6 s i Sl ol Sl edd (5 Ol S AS o i
Ao 1y bl ol slie B35 8 ajl ol 5 b 4 5 03,5 (555 BlObL | 0l Slas )00
sl Db D5l deadeion ol 510355 eslitl (Glias 4 (S pons

foozms dmlons (51 45 ol b s oy Sl It ¢S :ReadTotalTimeoutConstant gl
slesl slaw O alol 4 ol opl Hluie (WLl Jas 8 Gl 39,0 5 4 0Ll dlasl s Ol Do
Okl s Jas Yool Sl e 5 355 o+ $LoI ReadTotalTimeoutMultiplier syl 5 (2wl 5o
sl 5 ReadFile b opd iy Jldie cpl 5l edd (5w Olej ST .48 o pban 1) dalnily Job & L
33 51535 ol el =l 5 BB a5 oS o abibl ) 0ulE Slles gy 0 8 4 o8 55 Ol
Ailes S 308 o Ol dlasl b Ol & gozes Sl eslizal | S ao fyedd S5 galyl

o) S 4 b e e ol s JUsT Ol =5 L :ReadTotalTimeoutMultiplier yw!y
AL L s e bl Gl 5 Bl Jes s salos lenl sl sde pesie bl
35 Gadia Ol Dlles jloe Olej ¢ sema U555 0 max ReadTotalTimeoutConstant

3 YL sl el il ReadTotalTimeoutMultiplier s ReadTotalTimeoutConstant sl zl L

v

ﬁ;u ol wde SetCommunicationTimeouts(10,500,0,0,0); &yse 4 G2 @l: S Yo

plonil Coeo slias & TRUE (g5 S o coond 4B s O 1 baosls 51 STk &K (6l Ol Slkes
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BOOL WriteByte (BYTE bybyte)
{
DWORD iBytesWritten=0;
BOOL RetValue;

RetValue = WriteFile (hComm, &bybyte, 1, &iBytesWritten, NULL) ;

if (RetValue == FALSE) {
printf ("\nWriteByte Error Code = %d",GetLastError());
return FALSE;

}

else
return TRUE;
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}
Sl AL il a4 Soylal pss el i sy o8 s o Saws gl el s 4 5 55 WriteFile
Sl ) eoler el Sl 205 (6l S5 50 Sl ST p s el 5 350 ad g el 0 oS LoD
ol @b ol 3o 5o o a5yl 0 5 355 3 1) o b g Cabge L S olgul sla WriteFile | gus
LSS 5o T 0305 S 3L OIS or 9 S 0l 53 ETEST Oy 300 0 SEDbI lgnl Lyl 4 ap P oS ol
Al g5 sl o8 53 4 STES w355 Lo 5 2l o) sl b o3 4 WriteFile 5 s &S L 1y Sledbl IS
Sk s s 53 ot Iyl 0T gl el g0 4065715 a5 L5 0 a5 YL 55 o (il (4

g Jal = TRUE QT'ufers-c:}i rbﬁlcg>up Oy o @ Cﬂ?dbkl&ﬁ

JU g ol 50 51 OleMb! Hilgs &b
JJ}AQLF%‘C,M\délfdt.ijwolfjbMQLFW\JLWJ‘&‘JJG.LL)\JJ%Bleﬂﬂblﬁ)‘&;’j“\{%}i}m
LU Ll Gl l Sglite oS Olials JU o8 53 51 Sledbl 8L s (gl bl 3 ss axs g o 53 ol s L
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ub‘)bﬁb\{ﬁMbTRUE cu d"ﬁ}";l RO PR 42&}.’)."5\)\5@.3\.1)3)‘ dL—:&.b‘ 6‘)’;1) CU

] ol

BOOL RecvData (void)
{

DWORD dwErrorFlags;
COMSTAT ComStat;
BOOL RetValue;

RetValue = ClearCommError (hComm, &dwErrorFlags, &ComStat) ;
if (RetValue == FALSE) {
printf ("\nClearCommError Error Code = %d”, GetLastError());

return FALSE;
}

if (ComStat.cbInQue == 0)
return FALSE;
else
return TRUE;
}

54 ComStat e .S 46K 1y abaws &G byl Slaasein Ll 5 o skus 4> COMSTAT s L
Lyl sy 5 alizee SNl 0T ladld 5 548 o a3,l4ae ClearCommError B bedd o 65
il 5> o el lenl S (sl Wb ol les S eslizul COINQUE s 51 e o™ S o ()14 1y Il
Wl o okl 5 REAAFilE mb S8 4 520 Lol o

0231 20 I o855 51 DM Ol w6 4 Jl

BOOL ReadByte (BYTE *resp)
{

BYTE rx;

*resp = 0;

BOOL RetValue;

DWORD dwBytesRead = 0;
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RetValue = ReadFile (hComm, &rx, 1, &dwBytesRead, NULL);

if (RetValue == TRUE)
{
if (dwBytesRead == 1)
{
*resp = rx;

return TRUE;

}

}
printf ("\nReadByte Error Code = %d",GetLastError());

return FALSE;
}

|, oT ReadByte &b ¢SS @ (ks ek ST,8 il s I RecvData sb LS 4 4T Gl e

J:A‘)li JSGA azu.'.'.w‘ clf).) )\ C)LF)Ua‘ &;JLLJJ L;‘J" (ReadF”e) Jf.b Qu\.:‘? cU )‘ GJ.; u\..:l.a CU U‘-{‘ r.:a‘f@
3L G il 0T SMie S148 das oo 0Ls G5 wb sl 5 1y (3L slenls sluws ReadFile wb o)l
TRUE@)J:"-.bﬁf@)lfio.stuw‘JJ}A&;)lﬁGUtj_sjiabla’)_sSé}@@)oﬁ&lwaslﬁ\{i{i&

) e &\.}.)3 Coee ok OlES

Jb o 06753 (e
:;,\;{@\)?L;,\otfﬁﬁ;@u
void ClosePort ()
{ BOOL RetValue;
RetValue = CloseHandle (hComm) ;

if (RetValue == FALSE)
printf ("\nReadByte Error Code = %d",GetLastError());

}
d‘f (JS sl (’7‘5&5‘ oslizul LgT I (gl glaasl 45 5 i ComPort.h (al} PR BT PE Pt c\}?
15 o e ks S Slaaaliy 5 e ST Aot g S8 e sl Sl sslinl 35 L 38
A8 5 4o (MessageBox o) 55y 5 A (PriNtf e) J guS o Sy g2
So0t 9 e 5 1S e b glaasl s T Sl eslinul ST ol WIS &K Oy @ gl5 ol s e el

ey gy plhy 1 e 18 (Saasliy 4315 n g AP MFC ey 5aali 3 0SS 4y sl ool LT 03 5

F ol JU g o750 4 BodId Jloyl 31 Jbo
5 AS ks 3 eslS o8 ys 1 (s Ky prad L) b Doy s 4 1y Dledbl o8 (I 2875 Ko S Slie) Ll
bl S e LED e a5 S o5 sl 1 tos ialai 5 S slen 31 S 65
JJAMWLALED 6})&\?&)%%\)\0 Ujﬂ..aé\v\.ﬁ\ul)m
#include "stdafx.h"
#include <windows.h>

#include <ConIO.h>
#include "ComPort.h"

! Message-Based
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int main(int argc, char* argv[]) {
OpenPort ("COM1") ;

ConfigurePort(CBR_9600,8,TRUE,NOPARITY,ONESTOPBIT);
SetCommunicationTimeouts (10,0,500,0,0) ;

//***************************
BYTE data = 0;
while (!kbhit()) {

WriteByte (data);
Sleep (500) ;

if (data == 15)
data = 0;
else

data++;
}

//**************************

ClosePort () ;
return 0;

}

il COM o8 55 55 glyls L 5ualS Lol 355 15,05 55 55 6 josle oy sl opl S (sl 5
oo 1y Al o855 93 (028 e OT 51l B3I 5w 55 ) Null Modem LIS ¢S o$0S o il 5 o
o3 aly 5,53 sCOML o 5 41, S 5 S 5L HyperTerminal o oy 53 Sl ool 53 ST fuaze
o> K03 0oy 5 ST by 53 3 (S 0y T m oS i OLSS (st S b 5 0313 s COM2
Al sl

b a0 oy g5 b Lt |y el e COML o 5 4«5 HyperTerminal o sy YU 4ol s gl
0 ojles gl 5 S L1, COML o 55 Wilg b Vb asly iSO iz 51 sl 5L COM2 o s
a7y (ERROR_ACCESS_DENIED)

oy S50 1y 4S5 o Jluyl COML o8 53 5 b 51 s asly 657 glaosls S 1ol 1) 55 sl S Ul
by oS oslael Hyperterminal o 4l .3 S dal s sdslie COM2 o8 55 4 laze HyperTerminal
ol = sl s e HyperTerminal o oy (59, sogd JB SleMbl cdas o (2L ASCIl G p 4 1) US o
7' SIS L1515 sae 5'AT SIS L0 sue codd jadein oyl L g3 aST YL sl 1 mend 53 ¢ JSie
s dal = HyperTerminal s s (g5, 1,'Z' 5'A' Cog o 03,13 aalsl 4l 5 48™ Sloj 6,8 ol LS o Kl

G35 ¢S oslizal 5 galS 53 5l 5l a4 kil wsls COM o8 s o g5 Lod 5 gonlS Lol 5,50 S
o3lizal COML o8 )5 51 (o b 55 ,a 45 .S | 1 I, HyperTerminal aib , o555 555 5 0bs g asby S
A

4 55 ks il WriteFile | sws e i 53 8 5 glailen o8 ool ol YU 4l = Kos U &5
Vb sl p ok 3ol e 25 sl 23,8 Jlsl oa L 15 T JST 0155 g0 5 o TS5 S5 50 40 el Ll

!
#include "stdafx.h"
#include <windows.h>

#include <ConIO.h>
#include "ComPort.h"
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int main(int argc, char* argv[]) {
OpenPort ("COM1") ;
ConfigurePort (CBR_ 9600, 8, TRUE, NOPARITY, ONESTOPBIT) ;
SetCommunicationTimeouts (10,0,500,0,0);
BYTE data[le6] = {0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15};
DWORD num;
WriteFile (hComm,data, 16, &num,NULL) ;
printf ("\n Numberof written bytes = %d\n",num) ;
ClosePort () ;

return 0;

}
BL) QT oﬁé.wjguhlf).)‘hb (C}) f'“‘)li) data Q‘JT wa‘ j‘ (r}«w j‘:"‘.)[ﬁ) C.ib \¢ ‘WnteF”e )}Lw.b
b..\fdb)\ M\}:gd‘{l{:ﬂb u.xélj:\..\a: cho:l:dbjljlm‘}»bw.ﬂ@ JLUl oﬁdbniﬁd}\ﬂbb:
S ool b L g L)l o o Sy SleMbl L VP Ja sl ) Gl b AST e 05 UM ke o
Ol U587 ey 5l ealinal Ok &) Zuby andy opl Wl g oS 555 Giomly Sosb Ll pr Jlds SIS
41, COM o 55 53 til g oo lh 42 N3 oS (glo o 4 aalp ) o (60 kS bl 53 1 (L g n Sl 03l
oy 5 1y Il way IS S asyldie o S8 slie L1, data al,T S S feams -
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P el JU g 0750 3l yodla Cdb yo 31 Jle
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#include "stdafx.h"
#include <ConIO.h>
#include "ComPort.h"
int main(int argc, char* argv[]) {
OpenPort ("coml") ;
ConfigurePort (CBR 9600, 8, TRUE, NOPARITY, ONESTOPBIT) ;
SetCommunicationTimeouts (10,0,500,0,0);
BYTE data = 0;
while (1) {
while (!RecvData () && !kbhit());
if (kbhit ())
break;
else{
ReadByte (&data) ;
printf ("%X",data);
}
}

ClosePort () ;
return 0;
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Sls el b gbes ila oaws 53 (S ot HyperTerminal asb , s 1 4>

#include "stdafx.h"
#include <ConIO.h>
#include "ComPort.h"

int main(int argc, char* argv([]) {

OpenPort ("coml") ;
ConfigurePort (CBR_ 9600,

8,

TRUE,

NOPARITY,

ONESTOPBIT) ;
SetCommunicationTimeouts (10,0,500,0,0);

BYTE data[l6];

while (!RecvDatal()) ;
reception

DWORD num = 0;

ReadFile (hComm,data, 16, &num,NULL) ;

//Wait for

for (int i = 0;i < num;i++)
printf ("%c",datali]);
getch() ;

ClosePort () ;
return 0;

o http://www.beyondlogic.org/porttalk/porttalk.htm
¢ Microsoft Windows NT Device Driver Kit
e Microsoft Win32 SDK

el caal ol 53 iy 1y blie asly Jl

4 e 5 250 L3> S aile o Sl
4 1) oMbl L 17 (ReadFile w6 eSS
5 wby ol 1l pals e D50
N3 ) WriteFile ¢SS o Waesls Jlo,l asli
s COM 5la )3 Jlasl o5 4 (ws ai€
AS@ Jlayl oz 3 MUJ{S@L}:J’JLZ 34
dal s o313 isles 5 Cdbys o ;S el aw g
e 3 0 S a8 ASS Bsel p

..\:..f‘fll_)a.,\.;'w)&ubj

Jb ool @l

o Intel Architecture Developer's Manual - Basic Architecture, Order Number 243190.
o Intel Architecture Developer's Manual - Instruction Set Reference Manual, Order Number

243191.

e Intel Architecture Developer's Manual - System Programming Guide, Order Number

243192.

http://www.codeproject.com/KB/system/cserialcom.aspx
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tel 8088
8-BIT HMOS MICROPROCESSOR

8088/8088-2

m Byte, Word, and Block Operations

m 8-Bit and 16-Bit Signed and Unsigned
Arithmetic in Binary or Decimal,
Including Multiply and Divide

m 8-Bit Data Bus Interface
m 16-Bit Internal Architecture
m Direct Addressing Capability to 1 Mbyte

of Memory
m Two Clock Rates:
| g::zct Software Compatibility with 8086 — 5 MHz for 8088

— 8 MHz for 8088-2

m Available in EXPRESS
— Standard Temperature Range
— Extended Temperature Range

m 14-Word by 16-Bit Register Set with
Symmetrical Operations

B 24 Operand Addressing Modes
The Intel 8088 is a high performance microprocessor implemented in N-channel, depletion load, silicon gate

technology (HMOS-I1), and packaged in a 40-pin CERDIP package. The processor has attributes of both 8-
and 16-bit microprocessors. It is directly compatible with 8086 software and 8080/8085 hardware and periph-

erals.
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Figure 1. 8088 CPU Functional Block Diagram

Figure 2. 8088 Pin Configuration
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

RQ/GTO,
RQ/GT1

30, 31

110

REQUEST/GRANT: pins are used by other local bus masters to force the
processor to release the local bus at the end of the processor's current bus
cycle. Each pin is bidirectional with RQ/GTO0 having higher priority than RQ/
GT1. RQ/GT has an internal pull-up resistor, so may be left unconnected.
The request/grant sequence is as follows (See Figure 8):

1. A pulse of one CLK wide from another local bus master indicates a local
bus request (“‘hold™) to the BO8S8 (pulse 1).

2. During a T4 or Tl clock cycle, a pulse one clock wide from the 8088 to the
requesting master (pulse 2), indicates that the 8088 has allowed the local
bus to float and that it will enter the “*hold acknowledge” state at the next
CLK. The CPU'’s bus interface unit is disconnected logically from the local
bus during “'hold acknowledge”. The same rules as for HOLD/HOLDA apply
as for when the bus is released.

3. A pulse one CLK wide from the requesting master indicates to the 8088
(pulse 3) that the “hold"” request is about to end and that the 8088 can
reclaim the local bus at the next CLK. The CPU then enters T4.

Each master-master exchange of the local bus is a sequence of three
pulses. There must be one idle CLK cycle after each bus exchange. Pulses
are active LOW.

If the request is made while the CPU is performing a memory cycle, it will
release the local bus during T4 of the cycle when all the following conditions
are met:

1. Request occurs on or before T2.

2. Current cycle is not the low bit of a word.

3. Current cycle is not the first acknowledge of an interrupt acknowledge
sequence.

4. A locked instruction is not currently executing.

If the local bus is idle when the request is made the two possible events will
follow:

1. Local bus will be released during the next clock.

2. A memory cycle will start within 3 clocks. Now the four rules for a currently
active memory cycle apply with condition number 1 already satisfied.

29

LOCK: indicates that other system bus masters are not to gain control of the
system bus while LOCK is active (LOW). The LOCK signal is activated by
the “LOCK" prefix instruction and remains active until the completion of the
next instruction. This signal is active LOW, and floats to 3-state off in “hold
acknowledge".

Qs1, QS0

24,25

QUEUE STATUS: provide status to allow external tracking of the internal
8088 instruction queue.

The queue status is valid during the CLK cycle after which the queue
operation is performed.

Qs Qso Characteristics

o(LOW) 0 No Operation

0 1 First Byte of Opcode from Queue
1(HIGH) 0 Empty the Queue

1 1 Subsequent Byte from Queue

34

Pin 34 is always high in the maximum mode.
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Table 1. Pin Description (Continued)

Symbol | Pin No. | Type Name and Function
HOLD, 31,30 | |,0 | HOLD: indicates that another master is requesting a local bus “hold”. To be
HLDA acknowledged, HOLD must be active HIGH. The processor receiving the “hold”

request will issue HLDA (HIGH) as an acknowledgement, in the middle of a T4 or
Ti clock cycle. Simultaneous with the issuance of HLDA the processor will float
the local bus and control lines. After HOLD is detected as being LOW, the
processor lowers HLDA, and when the processor needs to run another cycle, it
will again drive the local bus and control lines. HOLD and HLDA have internal
pull-up resistors.

Hold is not an asynchronous input. External synchronization should be provided if
the system cannot otherwise guarantee the set up time.

SS0 34 O | STATUS LINE: s logically equivalent to SO in the maximum mode. The
combination of SSO, I0/M and DT/R allows the system to completely decode the
current bus cycle status.

10/M DT/R SSO Characteristics
1{HIGH) 0 0 Interrupt Acknowledge
1 0 1 Read 1/0 Port
1 1 0 Write 1/0 Port
1 1 1 Halt
o(LOW) 0 0 Code Access
0 0 1 Read Memory
0 1 0 Write Memory
0 1 1 Passive

The following pin function descriptions are for the 8088/8288 system in maximum mode (i.e., MN/MX =
GND). Only the pin functions which are unique to maximum mode are described; all other pin functions are as
described above.

Symbol [ Pin No. | Type Name and Function

S$5,81,50| 26-28 | O |STATUS:is active during clock high of T4, T1, and T2, and is returned to the
passive state (1,1,1) during T3 or during Tw when READY is HIGH. This status is
used by the 8288 bus controller to generate all memory and I/0 access control
signals. Any change by S2, 51, or SO during T4 is used to indicate the beginning
of a bus cycle, and the return to the passive state in T3 and Tw is used to
indicate the end of a bus cycle.

These signals float to 3-state OFF during “*hold acknowledge". During the first
clock cycle after RESET becomes active, these signals are active HIGH. After
this first clock, they float to 3-state OFF.

52 51 S0 Characteristics
0(LOW) 0 0 Interrupt Acknowledge
0 0 1 Read /0O Port
4] 1 o] Write 1/0 Port
0 1 1 Halt
1(HIGH) 0 0 Code Access
1 0 1 Read Memory
1 1 0 Write Memory
1 1 1 Passive
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Table 1. Pin Description (Continued)

Symbol | Pin No. | Type Name and Function

NMI 17 NON-MASKABLE INTERRUPT: is an edge triggered input which causes a
type 2 interrupt. A subroutine is vectored to via an interrupt vector lookup
table located in system memory. NMI is not maskable internally by
software. A transition from a LOW to HIGH initiates the interrupt at the end
of the current instruction. This input is internally synchronized.

RESET 21 RESET: causes the processor to immediately terminate its present activity.
The signal must be active HIGH for at least four clock cycles. It restarts
execution, as described in the instruction set description, when RESET
returns LOW. RESET is internally synchronized.

CLK 19 CLOCK: provides the basic timing for the processor and bus controller. Itis
asymmetric with a 33% duty cycle to provide optimized internal timing.

Ve 40 Veeris the +5V +10% power supply pin.

GMND 1,20 GND: are the ground pins.

MN/MX 33 MINIMUM/MAXIMUM: indicates what mode the processor is to operate in.
The two modes are discussed in the following sections.

The following pin function descriptions are for the 8088 minimum mode (i.e., MN/MX = Vo). Only the pin
functions which are unique to minimum mode are described; all other pin functions are as described above.

Symbol

Pin No.

Type

Name and Function

10/M

28

o]

STATUS LINE: is an inverted maximum mode S3Z. Itis used to distinguish a
memory access from an 1/0 access. |IO/M becomes valid in the T4 preceding a
bus cycle and remains valid until the final T4 of the cycle (I/0 = HIGH, M =
LOW). I0/M floats to 3-state OFF in local bus “hold acknowledge”.

29

WRITE: strobe indicates that the processor is performing a write memory or write
I/0 cycle, depending on the state of the 10/M signal. WR is active for T2, T3, and
Tw of any write cycle. It is active LOW, and floats to 3-state OFF in local bus
“hold acknowledge”.

INTA

24

INTA: is used as a read strobe for interrupt acknowledge eyeles. Itis active LOW
during T2, T3, and Tw of each interrupt acknowledge cycle.

ALE

25

ADDRESS LATCH ENABLE: is provided by the processor to latch the address
into an address latch. It is a HIGH pulse active during clock low of T1 of any bus
cycle. Note that ALE is never floated.

DT/R

27

DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use
a data bus transceiver. It is used to control the direction of data flow through the
transceiver. Logically, DT/R is equivalent to ST in the maximum mode, and its
timing is the same as for IO/M (T = HIGH, R = LOW). This signal floats to
3-state OFF in local “*hold acknowledge”.

26

DATA ENABLE: is provided as an output enable for the data bus transceiverin a
minimum system which uses the transceiver. DEN is active LOW during each
memory and |/O access, and for INTA cycles. For aread or INTA cycle, itis
active from the middle of T2 until the middle of T4, while for a write cycle, it is

active from the beginning of T2 until the middle of T4. DEN floats to 3-state OFF

during local bus “hold acknowledge".
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Table 1. Pin Description

The following pin function descriptions are for 8088 systems in either minimum or maximum mode. The “local
bus” in these descriptions is the direct multiplexed bus interface connection fo the 8088 (without regard fo
additional bus buffers).

Symbol Pin No. | Type Name and Function

AD7-ADO 9-16 /O | ADDRESS DATA BUS: These lines constitute the time multiplexed
memory/|0 address (T1) and data (T2, T3, Tw, T4) bus. These lines are
active HIGH and float to 3-state OFF during interrupt acknowledge and
local bus “hold acknowledge”.

A15-A8 2-8,39( O | ADDRESS BUS: These lines provide address bits 8 through 15 for the
entire bus cycle (T1-T4). These lines do not have to be latched by ALE
to remain valid. A15-A8 are active HIGH and float to 3-state OFF
during interrupt acknowledge and local bus “hold acknowledge".

A19/S6, A18/S5, | 35-38 O | ADDRESS/STATUS: During T1, these are the four most significant
A17/S4, A16/S3 address lines for memory operations. During I/O operations, these lines
are LOW. During memory and 1/0 operations, status information is
available on these lines during T2, T3, Tw, and T4. S6 is always low.
The status of the interrupt enable flag bit (S5) is updated at the
beginning of each clock cycle. S4 and S3 are encoded as shown.

This information indicates which segment register is presently being
used for data accessing.

These lines float to 3-state OFF during local bus “hold acknowledge™.

S4 S3 Characteristics
0 (LOW) 0 Alternate Data
0 1 Stack
1 (HIGH) 0 Code or None
1 1 Data
SBis 0 (LOW)
RD 32 O | READ: Read strobe indicates that the processor is performing a

memory or |/O read cycle, depending on the state of the IO/M pin or
S2. This signal is used to read devices which reside on the 8088 local
bus. RD is active LOW during T2, T3 and Tw of any read cycle, and is
guaranteed to remain HIGH in T2 until the 8088 local bus has floated.

This signal floats to 3-state OFF in “hold acknowledge".

READY 22 | READY: is the acknowledgement from the addressed memory or I/0
device that it will complete the data transfer. The RDY signal from
memory or |/O is synchronized by the 8284 clock generator to form
READY. This signal is active HIGH. The 8088 READY input is not
synchronized. Correct operation is not guaranteed if the set up and hold
times are not met.

INTR 18 | INTERRUPT REQUEST: is a level triggered input which is sampled
during the last clock cycle of each instruction to determine if the
processor should enter into an interrupt acknowledge operation. A
subroutine is vectored to via an interrupt vector lookup table located in
system memory. It can be internally masked by software resetting the
interrupt enable bit. INTR is internally synchronized. This signal is active
HIGH.

TEST 23 | TEST: input is examined by the "wait for test” instruction. If the TEST
input is LOW, execution continues, otherwise the processor waits in an
“idle" state. This input is synchronized internally during each clock

cycle on the leading edge of CLK.
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Figure 6. Demultiplexed Bus Configuration
¥eo 1
[FrTY [ wwmE]—oNo CLX  RoC
GLOCK £ T
GENERATOR [ |- " 5 5 WwTe
RES READY 3 5 ERWE (—HC
RESET 3z = B8 TORC
I BUS
UEN CrpgR TOWC
oND ;0:& onA RITWE =M C

ADg= ADT
Aa= iy

ADORES:

INT

1l

WE Tl &5 B Kb WH
FAAM (2} PROM S A
.1 PERIFHERAL
42504
INTEARUPT |+ J

COMTROL

—
C: .

231456=-7

Figure 7. Fully Buffered System Using Bus Controller
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e "The 80x86 IBM PC & Compatible Computers", Muhammed Ali Mazidi and et al, Prentice
Hall,2000.
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e "PC Interfaces under Windows", Burkhard Kaink and Hans-Joachim Berndt, Elektor
Electronics Publications, 2002.

Ola gt 25l Sl ¢ s S aol 5 B0b sate dmedlde ' paind sla 5 enlS a5 5 a8 e
\\ﬂ/\\ﬂ ‘OK)‘_;}.’.J’.’

e "IBM personal computer XT, Technical Reference", Volume 1,2, IBM, 1983.
"IBM personal computer AT, Technical Reference", IBM, 1984.
e "The Intel Microprocessors", Barry B. Brey, Prentice Hall, 2006.
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