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? Programmable Logic Controller : PLC
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? Central Processing Unit - CPU
* Memory

* Input / Output Devices : /O
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* Byte

* Machine Language

5 Assembly Language
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! Assembler

2 Machine Dependent

* High Level Languages : HLL
4 Compiler
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? Accumulator Register
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* Flag Register
5 Zero Flag : ZF
% Oveflow Flag : OF
7 Sign Flag : SF
8 Carry Flag : CF
? Program Counter : PC |, Instruction Pointer : IP

1 Arithmetic & Logic Unit : ALU
' Control Unit : CU
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! Instruction (Decoder) Register : IR
2 Milion Instruction Per Second : MIPS
3 Read Only Memory : ROM

(Basic Input Output System: BIOS) _ug o [ESST oo o plodl 1) el S albdls cos alox l piaw ploil Sldos a5 558 aol 4 f

’ Programmer
® Random Access Memory : RAM
7 Read/Write Memory
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% Data Bus
3 Address Bus
4 Control Bus
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Nial.
tel 8088
8-BIT HMOS MICROPROCESSOR

8088/8088-2

8-Bit Data Bus Interface m Byte, Word, and Block Operations

16-Bit Internal Architecture m 8-Bit and 16-Bit Signed and Unsigned
Arithmetic in Binary or Decimal
Direct Addressing Capability to 1 Mbyte '
of Memory ssing Cap yto y Including Multiply and Divide
m Two Clock Rates:
g::ﬁct Software Compatibility with 8086 — 5 MHz for 8088

— 8 MHz for 8088-2

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

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

24 Operand Addressing Modes

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.
(meuonvmrERFncs )
MIN MAX
MODE MODE
GND 1 ~ 0[] Ve
aa ]2 3] M5
----- A1z (3 3] At6/S3
INSTRUCTION
STREAM BYTE a1z 4 ] s
QUEUE 2 A s 36 ] AI8ISS
a0 []s 3507 A19/86
| B 1 a9 7 347 S0 (HIGH)
BUS cs As [|8 33[] MNIMX
mrERFUn.r::IE SS ap7 9 2P
| DS EXECUTION UNIT ape [ 10 gt:'sua 31[J] HOLD  (RQIGTO)
Cverem aps ] 11 0[] HOA  (RGIETY)
AD4 []12 2] WR (LOCK)
AD3 []13 281 10/m 52
AD2 [f1a 27|} DTR i51)
AD1 [] 15 26[) DEN (S0}
AH i aoo 16 2517 ALE @s0)
BH HMETIC/ —
—CH LOGIC UNIT WMl [] 17 24| INTA (asi)
EXECUTION OH i INTR [} 18 27 TtEST
UNIT SP ! cLk []19 22| ] READY
BP i GND []20 21|71 RESET
Sl
ol FLAGS 231456-2

231456-1
Figure 1. 8088 CPU Functional Block Diagram

Figure 2. 8088 Pin Configuration
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[
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il 05 4 1) Cwl 2E34 20 V8 sde ol S (gl Qlanl o5 oin S 285 50 Ko a5 6K w
Lsd o0, d dibl 53 L 5 st 9 LT 0 2B e 534 Tl il iS5 53 AS s a5
G S S A g 1S a oo Jgenn oSo 5 4 bl 1 2 1V ke G ST o il
33 kS o STy s g a1y g VP slel eliln O ST e 8Ls 1y S50 S A e
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(2 V9) (LY o3l oI5 &S :(Word) aals”

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

(52 7F) (LA o3l o5 S :(Quad Word) &8 )l auls”

(2 VYA) (2l V7 el o5 S :(Paragraph) Ol ST,
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Aas Ol 28 H
AGAIN:
IN AL,27H
NEG AL
OuUT AL,28H
JMP AGAIN

ALl anly (slonl 4 Sl gt caalig s gies o T 0355 ool T ek g o O
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1 pb ol 355 gn 03)sT " Cadhe ouks Sl ol 31 g (3l O il Lo ST (o) 3 651 5 o
R

3 55 gm el 4ol ) 4l S AGAIN £ & 4ebi 51 51 4l & b5 ol oo JMP - AGAIN 25
BT OT (sl sladds b ok oiLaiSl b i galst oils a7 S5 1) Lk Culgi o B el anlad sl 2t ol
b e delsl (ol oslias

o G s Gl b ogs wi g HERE: JMP HERE s (gl asb, 0L 53 81 (Call (i g2
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$5,8 oslitwl HALT (gl 4 5 g opl 51 015 o LT (O

el S LSl 9 (b pd Sledy

by 51 s ol el 4 by plail o 05 i g oS walip 5l a5 IMP bos e by s
255 s
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253 ESS h,S o el gl s bl 5 8 a1 8 03l 3 sm sl 23 O 1 ey il 35
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Wl gy Onsea bbb Ol e jleslial ST IG

CMP Y Lsles ) Lshes

P g g F o i

(asb s 5l (glakeis CU)

Y Ol g 48 gazen

JMP Next
uﬁl_,; Ao

Y Oy giws 4 s

Next: ----
s e 8 b B e 53 dmlie sl el s ol shes 95 awslis s CMP s
C)J}.,é).& J}&@\f‘\' Q‘)}Lﬂ.} A.Gw}o-l.f» rbu\ "u:aﬂ: -L.A;LA" mgf;ﬂ .}a}iw&)}p).s ..3_,.3

AJQ@M\J\MLJ;NeXtMmJﬁLWJoM‘F|\Q‘)}iﬂ)@w‘gai&f-@‘u&ﬁbﬁg:y@z&

' Label
? Compare
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48 gozea () Sl giwd 48 gozes Iy (LS H 5wl STl 50 JMP O NEXt | giws 57 S 4 55
1,3-\\Ql)}usww‘kbcbfistcpp&)ﬂ):mﬁbﬁ-@Séb-):!:}&@\ﬁ-\}g\’Q\)}:w.s
dNeXtMu‘MloMcl’u\Jﬂw‘MLJ’M‘J‘SNeXtMb@‘)}bﬂba\d‘ﬁ‘)lu\xd‘fbJ}&

s 55 CMP | ges 51 8 ol Ll

e Sose 52 5 Y Qb}l«d)@ﬁ;&ﬁébﬂb)}é@uﬁ&)ﬂ))ﬁ‘ﬁ@%@JQL&J(&A%

s JMP - Next ) sws 4 (65L i gd 1 1Y 5 ) Ol s 48 gazes b, O3

sde ol o ol OT Jdie a7 Sles B g Llede 1y 32H Sy e oliie L e 45 s o (gl 4sl py ankas ( [Gio
Bl A8 J b s vl ) PR < P e 9 (S B

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

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

sged ) AS e dwslin o by (B2H (63555 Doy Lie) AL S5 Sl gms CMP AL | g2
S o e gt ol ol (b B S ges o s e i |y o S (sl Sl (s3I

S EXIT_PRGM ol & sl 51 sl & cslin a5 0352 jio g 5> WZ EXIT_PRGM 25
o o DB Z Sy ol s 33,8 05 S esliel VE [ ses 51015 o0 WJZ 5 500s gl 4 s o0 plos
s gaploil [y b 0l 0l 035 65 Dy g 53 5 LS 0

oy ) s> (3l o AL 815 55 oo pol EXIT_PRGM w5 5 0i 121 JZ s il i AL S
32H &5 3doms 0Ll gl asl p glitnl 4 2850 5 35H &y s 4 20H Jloyl Jols & 558 o | 21 JZ 5
]

s 35 (INE L) INZ ) gzs 51 oslizanl b 1y asls s ol (b g3

Syg SHAOH Sy g ltie S5 Ll 1, ATH 540H (35,5 Gl s e 45 s sy (slaal  ankes (Lo

JSJLM’)‘3OH @jﬁ@)ﬁ@bAAH}&Q)yw‘ﬁ;)}j55H JJP‘)};&)LMQTLEJL&::41H

AGAIN:
IN AL,40H
MOV BL,AL

! Jump if Zero
? Jump if Equal
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IN  A41H
CMP AL,BL
JAE  SEND_AAH
MOV AL,55H
OUT AL,30H
JMP AGAIN
SEND_AAH:
MOV AL,0AAH
OUT AL,30H
JMP AGAIN

S o awlie 02 L1, BL S AL (lgils Ob g CMP ALBL g2

BL) p35 Lisbos 3bes b ;£ 55 (ALY CMP | 53 Iyl dishos 87 5550 55 JAE SEND_AAH | ss
530H &5 4 AAH JL»M,.UNMQTQ\JPJJMJGAC@\U:J,’SEND_AAH ru@@&w‘uu‘
RCI PP R PRCIEL S

s 4 55H Jluyl Jals 487 0T 1 dmy Oy g2ws 5558 god b CeLJAE s AL < BL & 55500 )3
3 5h o il (ol sl (sll 4 228 5L 5 30H

38 esbizul 15 INB | 2us 5105 oo JAE | s sl &

Sl )3 eslizul 3550 (5,8 el Gl a5k 4 Jide ol 55 16 W aendd S HUS L
S o ol A (el OL5 53 15 Y e (65l 4l

48 gazen (b 5 03 S yd Soyse 55 9350 oo o p b Il sl ) s lifthen-else HUs-L

Zbﬁ@‘ﬁ‘elseﬂjdaljﬁ»:ww@)yd\,})bﬁifﬂjﬁ)bﬁx)
if L, then

V Ol siwd 4s gazes

else

Y Oy giws 4 s

J}.&‘S&I‘f“ Q‘)}:‘”J“MQ)MJ‘J:SJD}\ Q‘)}M}@Mt.}é,&dbf@}%&)ﬂ)}
:%J:ijwjjbﬁjg:)b);.ﬂb%ﬂ

if sum > 100 then

\C)‘)}Lﬂé“&w

else

VQ‘)}L»JAPW

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

Y Oy giws 4 s

JMP end_if

Y Ol siwd 48 gazes

end_if: ------
el ) Oy @ ;§i° Silwesly

CMP sum,100
JBE P1
JMP end_if
P1:

Y Oy giws 4 samn
end_if: -------

Glas Sy g 53 5 old dumlie Calides Cob ol L e &Kl kil ol s t(case) switch jlisLw
A o 5051, C oL yaswitch sl 5 ks

switch (average) {

case 10:

\ Q‘)j:.w.ﬁ 4.9}&9;»
case 15:

Y Ol giws 40 gamn
default:

T’ Q‘)j:.w.ﬁ 4.9}&9;»
}

u\:..:; ‘5»]3') BE) b YL )l;'>Lw ‘SLM‘ JJ\AA

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

\‘:”‘)}:"""4“}“‘?“

JMP Continue
L2:



(A

Y Oy giws 4 s

JMP Continue
L3:

Y Ol sws 4e gaze

Continue: ----

WWW.JTastiir o ¢iwl) slga
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£330 8 S 34 G OT L bl IS 4 b 9 Syl 4 o gl ol 51 o170 0,87 a3 ol 5
o3lizal 93 2 4 o)Ll (g o708 ST 06 5L b opl 33 03,8 o )13 el Lol 5,5 PCI 1S 3 PCI
1 015 e AT 43 8K 53 ke oS e

1
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i .C_....J:)b-h;\._..;bf‘,:.-\fbb)!-da..»lju\f)-\f ;
1

Sl (S OT 4t Sl 4575 57 el 5 aalllae 15 ISA S XT (55 pelS (Sl )l 1 b J sl s 21 3

9l it G S 53 06,08 g3 ol ki a0 4T e 4 s B 83055 Jlail 3)5m )3 S
2 &5 i p) L) 53 el 03l s 6T SRS 4 (55 5melST Sl L (Golere (55T Lol tuleS
2l 6T S ny o glamlie 5 K> a8

el

GBS eelS gl 53 VA Jle s XT o5,

b s A8 SR Jlail gl IBM asus

XT £, ]
+ J&‘})r&_’)XTa\f)-\f\‘FJgﬁ.-u)bq_‘jﬂ‘f
3532530 (53, XT olf 138 1 JS5 23 3 43 XT g5 5l adyl Gl 5 el ) ol
! Slot
e a Galel fseals (53, 503,58l (AT 1) G egl JUSew TV S8
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* Extended Slot
* Industrial Standard Architecture
¢ Extended ISA
7 Micro-Channel Architecture
& Prepheral Component Interconnect
® Accelerating Graphic Port

1° Personal Computer Memory Card International Association
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Pint Numbers

Direction

Ground
o]
POWER
|
POWER
|
POWER

POWER
Ground
I{0]

o

o

a

o]

|

o]

|

S

0000 & — = e = D

)
o
=S
m
o x

Ground

Signals

GROUND
RESET DRV
+5 Vi
RO 2

-5 Vi
DRO 2
-2V
Reserved
+12 Vy,
GROUND
-SMEMW
-SMEMR
oW
-fOR
-DACK 3
DRO3
-DACK 1
DRO1
-REFRESH
CLK (4.77MHz)
IRQ7
IRQ6
RO 5
RO 4
RO 3
-DACK 2
Vo8

BALE

+5 V.

O8SC (14.3MHz)
GROUND

B10
B11
B12
B13
B14
B15
Blé
B17
B18
B19
B20
B21
B22
B23
B24
B25
B2o
B27
B2S
B29
B30
B31

o

L DG G G G L G T

1
A2
A3
Ad

A5
Ab

Signals Direction

-0 CHE
DATA 7
DATA 6
DATAS
DATAL
DATA 3
DATA 2
DATA 1
DATA O
-0 RDY
AEN

ADDR 19
ADDR 18
ADDR 17
ADDR 16
ADDR 15
ADDR 14
ADDR I3
ADDR 12
ADDR 11
ADDR 10
ADDR 9
ADDR &
ADDR T
ADDR 6
ADDR S
ADDR 4
ADDR 2
ADDR 2
ADDR 1
ADDR @

XT olf,38 slaasly —Y-F JSCi

|

ljs]
ljs]
lje]
lje]
l{e]
lje]
ljs]
l{e]

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

r\fﬁd)ﬁ})‘}“{‘}gﬁ)b '“'U}"ZGGUA;L:MBTQ‘BM }A1~A31 Lg‘.@,abbatf@‘w;_?* ‘_;‘)‘.BXT a\f)..:\f

d&l)\@jﬁd‘foc;}&lA.aLgJ)))Lg\fl)@\oMM}jﬂKd&thJ@%}c%ﬂ

@‘QTQJ}: d:iLi e alis ch.i:.w CLJ‘J‘;UA‘AQW .(@jﬁ/&bﬁ)}&\f: |/Oj

AWZLSuFﬁﬂﬁ(D;¥TA\O ~ D/¥TA\7)DJ{HJJiaﬂbAQHtLMLAUAQUUAQLsgéizéé'ols‘Jﬂ)QT—QSQFBB‘)Jf=

g_.}%ﬁ .L;S C,.;J 'M"Lﬁ" )\J.; Lﬂ )Lﬁ}'}‘ )J b (ADDR 0 ~ ADDR 19) a,\jjlsﬂ: w)JT 4.‘:'L_t' C;.w:{ ‘A31 U
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=
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Sl O 2b S Ls e et 5 pnelS 4y oS J S sl IRQ 2~IRQ 7 lawl 4 5 4,8
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o3lizl DMA 5, 51 il b 5 )8 Sledlbl Jsls (sl 301 hls &) #1b a8 :DMA (Sl
b 3 35 Lou s “DMA ol g 53 51, DRQ 3 sDRQ 2 3DRQ 1 (lgals L XT 68,08 (635,54l am .S
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S

Gy s LT o 0dijls o8 )08 oS’ 8™ 4zl 5 Reset JUKw 31wl ol (RESET DRV >9 5 4l

29550 )5 @ edijls L ,S glaadl 5 Ol jen Reset

' Multiplexed

? Bus Master

* System MEMory Write
4 System MEMory Read
5 Dma ReQuest

® Dma ACKnowledge
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sl ody 5 AT 4 PCl 6,08 wsvus gl 53 Je Ol sie 4 5 4, 5YL L8 5 ol g sleal8, 08

Celo Lb b Obejen e 5 o VEF LG5 5 L e WL S 1OSC (14.3MHz) >95 4b
Il S 8 slg,lS s ol (;f&f/vv)wwtfwsts;ﬁlﬂm53)1;\?@ oIl ol s 5 aalS
A n o3litl g Bl (55lee b (sl S5 ol )

DMA Sles 5 Jist lgnl slas oles OLL pdel ¢l :(Terminal Count) T/IC =95 4
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i 6L25 0T 039 Jbb &S sl oijls  ALE o 3 JUKw :(Buffered ALE) BALE >9 5 4l
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o 45 by RAM (65l 31 6,8 sl ol ol (S 03,313 &5 1on pedan 53 (s, Sn 10 51 2y Y gona)
255 OT Db gioma o5
Sl 3 o808 J a8 Sl 05 5 aie gl I ol ((Address Enable) AEN >g 4 4l
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rfb- Sl OT odaasilis wl pl 6y (S0 345 Sl 0I5 5 L] s o5 ,08 J s s Al (e

! Refresh
> Dynamic
ol GBSl B i gl )0 ulS 3l s PenslS san o ¥
4 Pixels
5 Non Maskable Interrupt (NMI)
® Wait State
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o808 gy onsT & ol oyl oianilis el (6501 e ) ST K5 0y 4 el OT et ;5 SMEMR
ol Ll DLl s Al e sl g (s 60505 Sldes 5515 Sl DMA Slles 4 Glate i T
3sh oo oslimal g 5/ 63555 Slg S eysT (LS ey Hlie b 3 I ol 5 das Ol STy e ysT
o35 5 slastl 43 o808 &S 5 S bzl S8 s gliS ey s o8 LI WK Sl Ol o Sle) s
sl

Seslial 4 eeanal 5 Lned (S50 25 A 62505 6L b Sl ol ek 05 slasly o
Ll D)8 b L
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5,8 o ) eslizal 35 50 L 51 5k 53 55 CLK 5 1/ORDY wile ¢ K5 sl
Slebs 53 Laod3ls 5 uysT bglast sldad 0k 3L 55m s b el i N3 &5 slailon .S 4 57 4S5 S, 4
el 53 s tCwl skile Cub s S/ (63508 23 3] Sy rdT bk slaes il glaedils  Jlse
Llod oan 4y 5 Conn LVl 5 Sl s 563059 3T bshast sluas cdm s ACAD I il o3l slehes
Sl 3T ¥-F K8 sh 0 Ob s V7 Sopve 4 (ool S5 5mnlS D3 o) (s 5 635,55 SlewsdT
. oo QLIS |y das 4 (5,87 0 03wl ArYAR 0 5ls 5 51 aS) AT ases 1 ad gl IBM (ols 5 5slS™ 5 5/ (63959

A yne (55 00 S 5 5alST 53 Olimen Lgw ysT ol e 3 L illas Culey g

Port (hex) Port A Port (hex} Paort Asslgnme
Q00-00F DMA Controllar 2A2-2A43 clock
010-01F DMA Controller (FS/2) 2B0-2DF EGANIdeo
020-02F Master Programmable Interrupt Contreller (FIC) 2E2-2E3 Data Acquisition Adapter (AT}
030-03F Slave PIC 2E8-2EF Serial Port COM4
040-06F Programmable Interval Timer (PIT) 2F0-2FT Reserved
060-06F Keyhoard Controller 2F8-2FF Serial Port COM2
070-071 Real Time Clock 300-31F Prototype Adapter, Periscope Hardware Debugger  Data acquisition cards.
080-083 DMA Page Reglster 320-32F AVAILABLE
090-087 Programmable Option Select (P5/2) 330-33F Reserved for XT/370
0AQ-DAF PIC #2 340-35F AVAILABLE
0C0-0CF DMAC #2 360-36F MNetwork
0E0-DEF reserved 370-377 Floppy Disk Controller
OF0-0FF Math coprocessor, PCJr Disk Controller 37B-37F Parallel Port 2
100-10F Programmable Option Select (PE/2) 380-38F SOLC Adapter
110-16F IAVAILABLE 390-39F Cluster Adapter
170-17F Hard Drive 1 (AT) 3AD-3AF reserved
180-1EF AVAILABLE 3B0-3BF Monochrome Adapter
1FO-1FF Hard Drive D (AT) 3BC-3BF Parallel Port 1
200-20F Game Adapter 3C0-3CF EGANGA
210-2117 Exr ion Card Ports 30D-3DF Color Graphics Adapter
220-22F Soundblaster cards JEQ-3EF Serial Port COM3
278-2TF Parallel Port 3 3F0-3FT Floppy Disk Controller
280-2A1 [AVAILABLE 3F8-3FF Serial Port COM1

IBM-PC-AT o i guals’ (529,51 59959 sbow,o1 -¥-F S

236 031F H 50300 H o3l 55 b disd e b )5 L a5 (ISA ) XT lg,8 oyoT
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walsl ja |y g7 L8 5 34,9 DL b esle Jle 9o

S wlos S 03linud C 0L 51 5 5eslS Slle 5 Slp oS 8 0
5l @lses lie JSKa it Lo 1 O 355 ol geds 4 Ll oo )18
039 g L1 &S Al Gla 5 slS j3 a5 sle O HI8) XT sl 8

..,thu.a olas ‘) (MGA oslanl ..Ujﬁ uﬂ}\.ﬁ

IS XT Oyl )b
Il (gm 4487 sl 3,5 5 795 S 4 LED it (555 55 25, K & oS (b oot ol oo
ol aelsl T e 587l 5 555 plowl Jos pl bSo dmy Gile 5 hgels 35 L LED 5 585, 255 s LED
S alS 53 sl oS gl 2l L )..\.&LILEDC_,.&AQTngjs\fr.:f@@\JbXTQ)lfdi.:)lf&ihgb{
XT Ol osls o8 ,08 ) liizens 1y s LED 0155 o e i |5 Jod 3 45T 5 L o358 Ll g by o)
S e gealS 0513 o8 ,08 4 1, s LED vaaﬂéyﬁsmfuu;#\,\@m;jlv\igﬁ;g}@

el ol OBl S8 ol 6l p OB1B H 5T s oo 0Lis 1) )8 cpl ol bo g 55 K

sud3ley sole o5 ,45

Signal  PinNumbers  Signal :> |:>
GROUND 110 CHK

= B1 Al =1
RESET DRV - B2 A2=| DATAT
+5 Vde ~ B3 AJ={DATAD

IRQ2 =84  A¢=|DATAS
5Vdc =BS5S AS=|DATA4
DRO 2 —BS AB—{ DATA3
<12Wde [~BT  AT—|DATA2
RESERVED —B8 AB= DATA 1
+12 Vde (= B9 A9 = DATA D
GROUND [~B10  A10={-10 RDY

SSMEMW —B11  A11—{ AEN
-SMEMA -B12 A12—{ ADDA 19

HOW =B13 A3 = ADDR 18

[OA =B14  Atd = ADDR 17 - LE
«DACK 3 =B15  A15 = ADDR 18

DRQ3B16  AYG— ADDR1S
oAt o AT e ———————1
DRQ 1 —B18 A18 — ADDR];‘—C
-REFRESH [=B18 A0 = ADDR 12
cUrurna 820 A=l aooat———=
IRQ7 B21 A21— ADDRH‘.‘—O
IRQ e B2 A22 | ADDR §  ee——
IRQ 5 =B23 A2~ ADDRS — ]
IRQ 4 =B24 A24 = ADDRT —C
IRQ 3 =B25 A25— ADDR G —C

-DACK 2 —B26 A6~ ADDRS —
TIC =827 A27 = ADDA 4 e}

BALE B2 A28— ADDR3 ——————— ]
WEVOC =029 A20 | ADDR 2 e
OSC (14 3MHz) B30 A0 — ADDRY — ]
GROUND - B31 A1~ ADDRO

PRV
Latch
SLEDs

B-but PCIXT Connacior

95 XT O, 5 Glaiged —F-F JC&

S g 5 oS

a3 a3 3T o508 (6, 1y uysT (6K Aoty 4 9) olijls oyl ol b SleMbl Isls sl g v/
0352 Ao MK a3l 5 O Jlab (sleb 13 51 (K0 o8 ity o 355 0 Ao 55 50 ) LS 4 AEN IS
.| AEN

oslimal o8 505 53 Ags 31 5VL eyl bohast 1 cditan 20 V% 5 5eslS 3 s 2/ 63905 GlgwdT 0 V)

el 0l
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YE

Jis 1, IOW S 0ijla p Jo cpl 53 g edd ol b oijls p 4 oy 5 Jlail gl &) ol O v

33553 4815 510l g m (G (83959 A LAND & 7430 a2l 5 asle) 55 (63,9 3145 LAND .5 gl> o v/

5,5 oslizl T GUE 5a) jlde ol b (o), (TALS138 )

.J");T e\f)f$,) ‘)031BHJA)3T 9&}‘2;4{-&)&&&&6)‘) el?).l?-gLALED &\i& J.‘)'ft'.’

Al 03 S J 51y IOW JAEN i g osls 55 55

/I This program writes the 8-bit data to the
/Il 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);

}

S5 Hslael 5 4 (85 amelS waliy 5
6++ ,2(10101010) AA H 4, (01010101)
Ju,l 031B h 5T & HL &5 b L
L LED 5, Kisspm s by b Lpd o
plowl 1) S ol An dods aali 5 ol
AR

glpdata sl o e il ol 3
ol 8l slimul g 2 4 S| Jl
A3 3l D5 H L1, jsce ol adyl Hlize
5w " Ko S8 4 el gl 593
LLED (5,15 is)pe o aiy b oy o
AS slow!

koot D5 4 45 € aebiy 3 b 3
A vdata e oyl fes edd iy
S out o dxal e gk e plol

O ojled &7 g 5 s 4 LAL 2L

data (S JL JJ031B H s jleis &y & 1y data ace jlae el 5 0 095 A4S o Lyl 0 05> 51 DX 5
- ) ) D LA e g\ b Vi (200 99 Call ) b5 4 )

out ;s 3l s 5 5 pPOpP spush )'u;\.é.-..ﬂl.‘.“_-fflj,,||)out),—..v;,_;DX 31y eskes AL yo 1,
Ll Sl ool plowit 5153 DX S AL (gl b e ks 31 (55 sl 512

ssed S ekl C 0L s outp L outportb ) s 1 Ol e ol S ol sl anlad gl &

Ju )l PortD sjles &, e & 1) value b &S 54e outp(PortID,value); L outportb(PortID,value);

7 e

Al o OLL (SIS A L L el .S e slewl b b L Aail, delay(500) | yzs

.M&j&u#bja.‘é)r)}x)é&

g e oolizul L5 ye 4 (bgo slael Loyl gl € b o outpw 5 outport ol gz |
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Ll 5 S w3 ) mwps 4 Jste Sy 4 s 5 (60555 s s 33 S eslinal Y Lo s b o lgetenn 53 Y
Sl 3 okl e 03 Vb padsn cpl I3 58 eslinal b bl O s 51T o oz

el 5 5 6355 Sl 55 L Ll 4 Lo Dy s
(ol (5 5 82955 B b s 5635590 oss 0308 4 s 5355 D) st ) eolinal gl &
Sl ol IBM (sl 5 50alS” 55 sy pl e 23S 3Lzl MOV &l saws g sl a5 2y, 5 Ol o0
8 03 Ol b s 3k g ealitel CudT/Ca S i) 1 e el nl s dlibl 4 g ts (51 &

3 a5 03l oli31s 1 o 3T o808 (sl e 1 bl (et 3 03k 4 ST 85 S5l 4 il i

SAXT GBIKs s o 5,1 5 ms losleT slas, g 55k 53 Ysans €357 (Gt 1) )87l il 685

PCB b (sla,l3l oS 4 il 5 o o3k a4 das an 513 21k et 5o 15 o808 ol W& 55,8 s

5 els Lokt oles 358 e w5 5 palS ol 3y i e Sl 68 Sl Gl s plasl ) T ) 063 5
Aigh e gl 4y 3L Sl eslizal LXT 6,08 J 287 5 ysT

L AA L A0 5 b DOS faloptans 53 15 0T 5145 oid 4235 DOS i C &S84 )08 ol sl
23 63958 S\om b bl aas Ll AS o 5l 5 Loyl O,8 L s ys 4 (S | o (Me) Millenium
33 S Slaael el fals el 53 ol oglize (.5 Vista XP 2000) s & NT S5kt 5 (sla Jolspen
! YJALFW wd o 3 (9 563505 SWom 4 oo 5 dhexr ) (oot w15 "o,
S o ©305T 5 358 00 plowil O pee S 1 (6,8 sl 5 Jole s Cotal 03 VU gl LISl L e
ooy oks al aslp B il 5,8 W OUT I Azbl> o I 5 (512l 512 A S s 5 DOS 0,18
e o 4 by S 2l (BT DOS (ghls Lasms 55 () 4 NT oty lglolepin 51 (S
(VC++ 4 Delphi wsle) sy s Cou slgily & 1) 3550wl ST o 5 dal s oo OT ol 5 a2ils
dal g oSG oy s NT (glajsin s 3 bl 2513 oo 23 (5 /5335 Sl 4 Lonios il iy 3 o 5
Lo 5 63,05 e o Loy oy 4 & (S ealital (Gl slaasl 5 b (S ) s 6 bl
w;m,\&uwMQ,u\wt,L@;,ﬁgwﬂ;é\jﬁ,gdw\fﬁjﬁmg@ew@wa
b oCl ok i Coda pen (51 b INPOUL32.0Il (sl 5y louleS” kins o )8 4 5 435w 511 el
o 5 aelS Glgs g 4 Wls e (CH 5 Delphi usbe) Sy Cov slgl 5o 355 Glaeds 4 0T Sl
Lioe 3 1y et a5 3500 Slgi g dil5 oo & ol POMTaIK (63,5 asb 31 oslimal s og, bl axls
LS Cngo 5 ek Cow el $SGST 4 (63 )8 Luly Glaylie > b s ses S L sdu s DOS
ROW PREF Y

G S S by g Debug Lo )3 1) 25 5/ 635,55 b L1 Ol s O 5 (o0 casl (28 55 Sl &
ST 5 S g s L 3 W g 4 (o ed 3550 03 (S ST a4l s ST

! Application Mode
? Kernel Mode
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Tl S bme 4 608 8 i 55 1y isle] folue il odi3s pr e (Sla g (b 53 45 s 2ty
31 baosls JUsl (g1 cdas o ol (g 5 sis (1l 4 olijls &7 Slaj ke 355 talas il 0t o
Lol 1y s 5 g oijls &8 alin K3 Oly 4ol SIS HIagSS adl 5 g 5 4 0ijls  03ls o808
oA Sy Besls 0as palb 5 g O Jlab ¢ puysT SUE 5 Jas il gt sl Ol 0L b kS s
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st Sl Y gane &7 W55 0 plonil Sl IS gz 53 POIXT i alS™ 53 Sl gt ol Stn el
ISA o&,38 ;5 & 545 MHz alf)fsjlfwdlfjécPC/XTjwlfjs.aﬁf@Q)ﬁf}w S 53 03l
G 83 Sl (25 by 8 MHZ a (s sl 1) 0T aalsl s o8 XT o8,08 aly b 28 aed)
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;3,\,“8MHzA{ISAatfjféjtfug\f;oﬁsgj\,u;ﬁtfa,ujbﬁQGM;,\@,;}A@\,\;@}:
I35 4 1SA 8,08 18 MHZ 1 5 L 5l 5L el 55 oV (6187 (il 3 (slyls il a2 5 ol
3315 4 0305
SV S 3 LS ety ) YU e b (ol s 658 oS ol ) AT oy ol (San 7 I 5
$uS oo 0315 JsW ISA o8 ,38 L8 MHZ 5" 3 L (45" o 82 GHz
P g S i 4 L el 3
1531800 MHZ 350 4 L slas s 53 S <l 400 MHZ 550> 5 5.ulS” Lol 5,5 5,8 8 5 v
LT (sl Ll bl YU Sl OT (stls Sy gt (sl Slr 15 gn suki3la 1S3 adly 53 el il
Al EalS ot i slie a4 b ol 35 g Sl g
)sg&i»e.u.b_@ ol B OT 55 s 5763555 Sl siws Gl Ol) Do w355 00 FYL 0lijls 5 Jde a2 v
Sl s 6l ST Jbm ¢ Conl Cola S VY i o 55 Sy gmws ol sl Oloj AFAZ oi5ls
Sl I8 b LUl )3 0dijls s o A 4 pdsn ren bl o b 4 Cole S ¥ s s
S o SGST s (8558
G5 A Gss Dlyses 4 JS 55 O ee 4 (Wait State) Hlsl S o ol bz, gy 53 v

Tams e 250 T Gl Ol o 553 e

ol el IS VY ool cdadle s 0 yley ol
AS Bdo 1y adlsl laml IS ol s puply> asy a NOWS UKo SaS 4y algs g0 ediS Jos g s )8 (59, o0 axilix |
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4 ol 3550 )3 ISA o8 I8 oS 28 ke 0393 L5 0ijls St o Sl il 3500 calpleS 5L Y
Mdﬂdy}bbog‘)fuﬁ44Lyﬁ@)f/d)j‘))&b}lwzd\f\ub)IO RDYJ@“

XT 83959 o 1)k
5ol 1y BT glos HLeS b &S5 0T &KST 4 & (o5 (AL XT 08 & onl o o S 55
a8 &S Gagr 8,5 311 Los | Ko 1 4) BT slos O g ol sy o> OLE gl Kiled (535
A5le) "> ¢ ST Wse 4815 51l (D> e 2 L) 5 eelS 4 0T 03,87 3505 (sl ol S IUT
bQTJL,LEAJaJ;Q.éL_J:L;:)ja\};pql)df}JUle;i_...uégi44.2|J5d|.r:;§a:u:.w\(AD0804u.::;'/\d.,\?.a
2925 U581y (g A sde opl Hliie 5l S5 4B S5 a b b S,l5 as s DL (i A sds S5 D50 4
o8 ,08 4 lkies 1y 6355 015 oo ot gl S b 93 4T b ns (2ales 5 penlS Kislad (555 5 ol
o808 @ 1 baadS e e 5 4n )3 4S oS eslinal Jlail oyl sl ot 3L 5L 558 Juate 5 gl 0l
SO ol 61, 0310 H o yaT das o O 1y SylS7 ol ol b o gei dns tomin Ko ST fuzte 5 5uslS 015
(ol TOW (sl 4 TOR L& 1 eslizal ¢ L3 45 503 b SlS” ) 51531 b il Soglis el sk ez
JAL S Wbl w gsb eyl GliS ey e osdle 4l (63555 S8 K LB OV S, ol O
S ol b SIS s a8 e 1 3L (IOR 5 AEN lgli&w 0 (aor ) 0310 H T 5 8

g el LS & ye e

233510 5 2010 o5, 45

Signal  PinNumbers  Signal <:| <:| N
GROUND |-B1 A1 = 110 CHK
l——
e—
e

RESET DRV [~B2 A2= DATAT
+5 Ve =B3 A3=| DATAB
IRQ2 B4 AL —| DATAS

-5 Vde [=B5 AS =] DATA 4

DFRO 2 ~B6 AS =1 DATA 3

-12 Vde [~ B7 AT—| DATA 2

RESERVED—E8 AB=| DATA1
+12 Véc ~ B9 A9 = DATAD
GROUND —B10  A10— 1O RDY

SMEMW ~B11 A1l = AEN

-SMEMRA [-B12  A12—{ ADDR 19
AOW =B13 A13= ADDR 18

ADC &9~

74244

OA[~B14  A14— ADDR 17

-DACK3 —B15 A5 — ADDR 18
DAQ3[=B16  A16= ADDR 15

P A e —

DRQ1—B18  AB— ADDRIS —0 ]

-REFRESH —B19 AW~ ADDRY? — 7}

CLK (4 770MHz) ~B20  A20— ADDRI1 — /)

IRAT FB21 A1~ ADDA 10 e

RQs ~B22 AZ2—{ADDAY —m0m™ —

RQs—B23 A2~ ADDAS — e

IAQ4 B2 AU = ADDA7 e (]

IRQ3 -B25 A5~ ADDRG6 ——on (7

DACK 2 —B26  A26 | ADDR S (]
TIC =B2T A2 =~ ADDRY —00 —

o] el oo —
«5\Véc B2 APO— ADDAR2
OSC (14 3MHz) =B30  A30={ ADDR 1
Em-m. prodi iois S

8-bt PCAXT Connecior

5 XT L’:)U tsl.ibd..&‘).? EPRE Y ‘511.3
69938 XT 5,15 51 gliges —0-F S

o 4 ool Jll gl &S 0Ut ) s glor 4y o ¢l (S 0t 4 4l Sl 55 pReen (pl 4l
DX 55 0T oyle a5 (63555 g 5l 2L &K e &N al X s @S oslizal in ) sts 5L el

' Sensor
? Analog to Digital Converter: ADC
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/I This program reads the 8-bit data at
/I address 310H every 1 second and
/I displays it on the screen. Press any
/l 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

v b Ll a8 a0 3 AL );3.51‘,5-9.-4‘.3)?
SO 8255y OIS el D) s sl
sa=ws 3 S a3kl C 0L s inp L inportb | yws
& data = inp(port); L data = inportb (port);
L POrt o)led & (8355 S J AL S 3
wly po L &) data ol &6 i 5o g okl
PHNE jsman jlastizil b VA7 s 0,83 (355 (s
203 53 oK 43 1y 3de 655 O3 0 %X b

Sl J:.:L.,

AT olF 05 U ISA olF 4o

Osls gl sl VAR JL s ISA 5,8
A ) e o650 3 AVYAS 0l (slebG
Gl Y5 5 Glub FY s 3 slyls ISA o5,
XT off 535 Slaa b OF Gl Y e oS Sl
oS 538 5 20 18 0313 o 53 Gl ¥F tiu g il
I ki Lol 4 ALYAS 0ijls 2o YF ol
2yp S PP S S e Sl ) e SRS
2 3 XT o8558 o2 o das a DL 1y 5 peelS” Lol
3131SA o ,iE

ISA 9 XT GNU);\’ G‘)':‘ J),”élo 6-‘.1 -7-¥ JS..:v

)3 ‘)XT Q)Kg‘j@ c-\-&\aXT h}\g& -\3\9;”-‘:&“))’ /,f‘ (J‘,&J e-\.p\}LJg.:/):-\f)}b\aA
ISA oA o )l5° A8 S)XT o) §ISA S5 o (Glamlie V-F I3 513 L1 5 ISA DI £ 5 e

.Mégo OLES b (;-";'Ua" 6-\-:6\3

;J'.'.‘ ISA olf)-'l? BL Ll ol ol _’)j) XT e\?)-‘? BB 4.'»‘\;_ 'MA\S' OLES |) ISA o‘f)f J\A-\.LL_!_ A-¥ J&t

A3 e plal el Dlles 4L

gl e oolinul bdye 5l bgo slasl asles g1 C oL o inpw g inport ol jgms
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SOLDSIDE

COMPONENTSIDE:
Al

SOLDSIDE

COMPONENTSIDE:

" (At the card) (At the card)

B31
At A31

(At the computer) EIEEEEEIEENEEE g (At the computer)
B B31 D1 D18 B B3t

ol S g ISA s ol B 9 ISA A o5 1) XT o,y

ISA g XT ol ;38 & )l5 g SIS duglio —V-F JSo
CRUSMETEI S I el 05,8 dw b g 5 (655,59 D8 ' NOWS S3959 4l
AEAS 53 Jgane LIl 4S) S 53 55 1 03ls sl Ll 5 e 5 3,00 cpds s 0Ll S o sl Sl 3,5
Al 0L & (Sl p gy
sslizul ISA Lol 5l wsl 5 5 &8 dest b XT Q,Kfi.gﬁ@@,ﬂ@wawcﬂs el L8 ol
LS e a4 Ly ISl 55 s 4 ACFAT 1 5 pealS 0l 5 ST
b (ol DL s b jme I3 oS XT 68,08 LISA o8 ,08 slal #Y s YU Slis o 4 &8 LT

231 1 s o 3l AL YAT 033l 1 (slenlB Sl eslizad gl 45 08,08 pl Glal W8 S oS ib 550
S o adtie |y i VF 0305 o8 ,08 (VL A 3 esls JUasl (JUKw o) (SBHE 4l

£ OT Jsl bast Yo &8 ol ysT Last YF (gl)3 A+ YA 05315, (LADDR17~LADDR23 337 sladsly

S S iu 55 Odd i O eysT slaal 4k 5 ISA o808 XT Lisw s ods (Latch) ¢ )lue& &) s
4 A2 slasl g5 o ols 5l ps eSS BALE UL 5 eSS adl 5 eSS 4 il 487 loeT 6,08
o3l absle K Llods L1 35 A1 5 Ag 5 Ag7 Glawl & iy oo Lol (sl ol L1 o, 08 4 dn
33 OAE 8 09 03 s w3 T YU (slawl cBlod s 4 5 ol 286 S ACM dibls S 1 da 4 A YAS
SalS 1y T ous (Lateh) i 56 ol ol o I slaadl 5 5l eslizal L b LloteT LADDR (slasy
Olioeen 5 5/ 63555 SlgwssT 5 35 o oslizul dable lgs )8 (g g LuydT bghast ol 5 ol ity 305

RN S ¥R 14

JS s bl L Sledbl dols pdlel sl WK ool 3l otijls . tMEMW g MEMR >4 & Sbab
SMEMR K 55 1SA o8 ;08 XT idu 3 .S oo o3lizal A YAF 0ijls p mb&e VF as o ysT (sLb
seks S5 eyl L Yo b aS) disle Jgl CublKe K s SleMbl Isls (gl L 8™ 15 3 09 SMEMW

SMEMMW ; SMEMR Wik MEMW 3 MEMR (glaal . dos jome (sl a5 )T L6 XT Nignty

MJ@‘)@B&L&%w}ﬂ)o‘)B‘ﬁgBDMAMjM49}9).)

! No Wait State L, OWS
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Direction

Ground
o]
POWER
|
POWER
|
POWER
1
POWER
Ground
ls}

'ls}

/{e]

le}

POWER
e]
Greund

Signals

GROUND
RESETDRV
+5 Ve
1ROY

=5 Vs
DRO2
=12 Vg
-NOwSs
+12 V.
GROUND
-SMEMW
SMEMR
-fOW
-fOR
-DACK 3
DRO 3
-DACK 1
DROI
-REFRESH
CLK (4. 77MHz)
IRQ7
IRQ 6
IRQS
IRQ 4
RO 3
=DACK 2
TC

BALE

+5 V.
O8C (14.3MHz)
GROUND

V0 -MEMCS16

Ground

-0 CS 16
IRQ 10
IRG 11
RO 12
IRQ 15
IRQ 14
-DACK @
DRQ G
-DACK S
DRQ S
-DACK 6
DRGE
-DACK 7
DRO7
+5 Vi,
-MASTER

GROUND

Pin Numbers

innannnnnnnnnnnnnonnnnnnnnnnnnn
JUUuugouguuouuupoounoeooIoUm

LALRLRIAVAg O AIuIg 8 QIUILI0(0]

CRTMTRTRTaTaraIAryvrgrgrargrargryry!

Signals

-I0 CHK
DATA7
DATAS
DATAS
DATAS
DATA 3
DATA2
DATA 1
DATA 0
-i0 RDY
AEN
ADDR 19
ADDR 18
ADDR 17

S ADDRI6

ADDR 15
ADDR 14
ADDR 13
ADDR 12
ADDR 11
ADDR 10
ADDR 9
ADDR 8
ADDR?7
ADDR 6
ADDR 5
ADDR 4
ADDR3
ADDR 2
ADDR 1
ADDR O

SBHE
LADDR 23
LADDR 22
LADDR 21
LADDR 20
LADDR 19
LADDR I
LADDR 17
-MEMR
~MEMW
DATA§
DATA 2
DATA 19
DATA 11
DATA 12
DATA BB
DATA M
DATA 15

ISA o5,35 slaasls —A-F s

Direction

|
o
o
o
o]
o
ro
o
o
|

0
o
o
o
o
o
I[a]
le]
o
o
o
I[e]
o
o
o
o
o
o
I/a]
I[6]
o

[1[o]
1[e]
o
1[s]
e]
lle]
o
o
o
1[o]
o
o
I[s]
/[s]
le]
o
o
io

Ao

Ls s :DATA 8~DATA 15 o315 bglas
Ll ool 55 ATYAZ 20 19 oijls  03ls o8 ,08 oYL

Ol ol

:/OCS16 9 MEMCSI16 (s3959 syl

b cdas Jsl g0 VP slaosls dal g dibl> & ,lS7 S
5> Camdy s bl Jl |, MEMCS16 i
bl aS ol 5 2o VP (s A 80505 LK 3,5
L,k Lis ¢l s Jls 1, JOCS16 St
A Bosls JUsl A’ o o3 ISA o8 ,08 XT o8 ,58
35 o2l 03,8 b o b 51 0T Oovls Sl Ko ol 2
SV s 0315 gl gt 4 DS b o S
loslizal S 55 ol 51 2 1P (slaosls Uizl 1 &a 5
plowil i A Ul IS 53 53 (0 VP sl &S5 sl

e 5U SIS bl ol s sl

L Ll ISA o, MASTER (53,9 4b

1 QTJ,:SN,\.:K,KV{B I o 03,5 Jld
OT b S 4 s 33 § 503 iy 53,8 s
s b 1S 4 bl S8 Sl s diS Jes
&Sl s RAM (g5luesb g 1 08,08 J 287 o7 sl
Wl dalgs JLs 4 1y Sledbl ol 5 655 S sl5T
oAb WS gl al XT o ,08 ;5 4 wyls sl a
ISA o8 ,38 3 058 ol S LBl 5 4 5 XT 187
S3b,s Jbis 4 bl G I 035 b S ol
s 255 plel OMA Guw) DACK JiSw oS

ol 258 66,08 (Sl DMA I fits Ll 5 o3 18

JJ.:? C,.wb‘b.b o\f)u.\f JJL'SDMA )\MM‘?@ o-Uj\Jﬂ:dess‘a.Uj|bﬂ:~U.>=6W)J C}.p}a

Sl ol aziils 5 (g L;L@,alf).:\f BERGNEPNE N PP jL.ng.i.»

S0 sbal

3> SLl 4ds 5 DACK)DMA 5 uds « DRQ) 2y 1% DMA ol g5t 53 «IRQ) 4y Sl 55 slassly

' Slave

el XT 08,08 55 alin ol s 95 L &5 4055 laal 0L o LleuaT ISA o8 108 Glal Y9 i
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) sloa

S A Sis S e enlinal o808 ol I 1 4,5 ISA Caliies 6l )8 das e Ol A-F S

OT 035 oy Jb L5 JEm o6 51 IS e Do ol ks Oy ) 4 o S () 55 WIS g

!

Signal ISABus |ISA16-bit [ISA 16-bit [ISA 8-bit HISA 8-bit [ISADMA
Name Master Mem Slave IO Slave Mem Slave ||IfO Slave Device
AEN | - [
BALE [ - i - -
CLK () () (1) ()] () n
-DACK I - - - - 1
DRQ o - - 0
[Iccs16 || o - R -
-v0 CH ck (o) (o) (0) 9 (©) ©)
/O CH RDY]|)| () (O) (e} (O) -
[ICR [ [ - [ 1
-lowW [¢] - [ - [ 1
IRQ (o) (C) (O) (0) (0) (0)
LA(2317) |0 [ N 0} N -
‘MASTER |[0 B N N N
(MEMCS16]| 0 N C N
-MEMR Jj@ [ W -
-MEMW  |l0 [ E [0} - -
0sc () () (1) 0} i 0]
-REFRESH |[(O) [ - I F -
RESETDRV|I [ [ I [ [
SA(16:0) |[O [ | | In
sa(19:17) |- () - (i IF -
SD(7.0) o [E) I8 I/ &) 1o
SD(15:8) |vo [e) 110 - - {110}
-SBHE (] [ | - - -
-SMEMR - - I - -
-SMEMW I N N
TC - N - 0
-OWS (©) (O) (0) -
Ciliseo gyl ;0 ISA o535 glaasly 3 oolisw! ogass -4-F S
ladadg

:;)\zsﬁjJ'“u_,)j.a;\b)diios\ssjjjlt)&blé\ﬁ
ali‘?.w: @ TJJA (jx:.él; S&IA) ov\.i.asbuwi)ﬂ oli‘?.w: cQT BE ny (PO”Ing Qé)l.a.&,u) Lfc‘ff" jﬁ)

a\eﬁ?kb)‘bwjﬂMJb-L:gUu\..fu.aL;&ffﬂ(&iajbu‘dﬁabbtl.ﬁ)\oddﬁf%)a“:wjﬂ

LS o a5 1y oins e g e oz 31 (6305 Ol bl 6l a3l 35,

oK al?jh 9 33 e 35 Jseme S, 4 ol s g o&zs ¢ (Interrupt) by sgy o

BE a.f\;b:m)jw -\Sdﬂ r}&&‘ a.f\;b)w‘gﬁ a\i:.w.ﬁat{‘) J}>)Lﬂ.’ U‘.’.‘ Wbl &;L«b 43‘)‘4;)\._:.’ ou\.;ﬁfw.ijjw

3.\5@ Ajb‘\ISR (L’«JLS‘MLJJ LS‘J"‘ gTJGJJ b)\:; S48 gL.».\:'—jaJ;quu*\ LSTMJ 3}5- d}w C)L:LQ&

! Interrupt Service Routin

D315 5 35 g3le Olles aalsl 4w
S sl len S Juie 5 senlS w0 15 0T 5 les S (b b e Slgy oS5 ST (05 ¢ Jle Ol s 4
235 G S Slatbee 3,57 3,55 1 e 5 4 Sy o8 a3 (g 515 ST ST 15 Sy &S il e

ﬁ@,wgﬁw\)l{u;ﬁl{‘m;fnuwwouuﬁJﬁéijwfﬂa}gjlfl.wc;wo\@m
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S 15 0T Slaien (o O Iy S s 53 5 A5 6o 1 Sy Dl 36 e Ll 1 e ey &5 o 28
A8

P! el 4y 53 g5 (3L e o 8 Sy 53505 Sy J S 4 b 5 aealS 4 ol ol s s
s e Dleaen o S o | 1 (SR (shasl panlss 5 8 o o ) 2555 5318 1S 5 pnlS” el 5 tutns
335 o p 3 6ole IS 4 Tdoms 5 A8 03

iy ojlad a gl 4 oS ABL adls (Joda b J 1S o sh |l ool ISR AL sladdy ja 4 uly 53 0z

545 o0 i (Interrupt Vector) aisy s » Jgdo cpl 4. 48 adia |y aiby OT o35 ISR LT u)sT

(s S Sl B 5 1a YOF (ls (il 03] 5l (sutmy (gLl 5) ATA oijls  PCIXT 5 gamols”™ (Sladddg
Loy pan 5 Gho p gl aly b)) plusw Lowg o2n (IRQ laaiy) il s buy T 3
5,8 a1 eslinal 5y 50 (Jua! 0L 53t 210 g2 w5ke) Sl le 5

P sl oK & 5 ph oSS aidy OT ISR LT oysT b aidy oyles o ol 4 ¢ 5 50lS aiby Lls s
63,8 o 55 bl (glanl 53 48T Sl Sl YOF X F = Vo YF 5o slS aisy sy Jgb ol ply .l (CSIP) oL
t:fa,u;c,ip)(.pqw‘,a.pa,uw,lSR;uTwﬁT(x'u,a.ﬂjugip)@,,\;ﬁ_bm.iwu;,i
e 5 33 sl aisy ISR T LeynT (V) B A o)l Sub) oo b ¥ K oyled aisy ISR GLET 5T (V
wisy OT o)l Sl SIS 5 gualS iy I3y 53 iy &SG ISR T 3T ) oo s 81y s S o0 6,16
S axl e ady 1o 53 05led OT L (mbia g oS 0,5 ¥ sy

3,5 4S5 g alyaddy S8 s 3l w5 eeelS (658 ol Ol 5 0 JST s
il or QL a1y (b ) g2 (5l 2l 5 a8
S o0 bty 53 1) (St 5L dal) (dm st wyaT
.,\,ﬂﬁ@\)ub@«é}ww&,)ﬁf;l
S oo F ol il e les
Ll o T 5L ISR GET b ¥ sl 5 A o dnnl o addy Hls 53 0)lad OTL b 4
S a1l ISR 503 8 anml o 55 de LupsT @

cub\.>}>"_g:l.c‘_g)\fd\_,)4_3)::qu.a)'b_A.ab'ﬁ‘_g\ﬂ\daéﬁagcm.i);aﬁaﬁissz-\'“@
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.-\AJ‘SA
e 55 859 ]
£ 3DOS il 5l o3kizal 51, 21h aisy lS
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IRQO—»
IRQ1—>
IRQ2 —»
IRQ3 —»
IRQ4 —»
IRQ5—»
IRQ6—»
IRQ7—>

WWW._Jrastiir — ,aw) slga

KV 4y oslad XYY 4By 0 leds
ctrl+Break J =5 1B (Divide EITON) wois (sllas- 0
b s 1C (Single Step) (S (51 1
25 o el S 1D NMI <, 2
S oM sla 2l s 1E (Break point) x5 s 3
SGLE sl S g 1F o Sl ) 4
DOS wt, wil= 20 (Print Screen) &l wwie Uls 5
DOS 45 Jl#15 21 ol 955, 6,7
DOS ot soT 22 (o6 4a39) AT04 3/ IRQO 8
ctri+Break -, = ..o7 23 (5™ a0 4adg) AT0A 31 IRQ1
DOS il o pite s, 4 Jlail—oud 933)) AT04 31 IRQ2 A
(AT (Sl i 33 P33 ATON &
DOS 5 s llas okl 25 (COM2 &sy4) ATOA 51 IRQ3 B
DOS s eSus gllan 25 5 26 (COM1 &o54) AYOR 51 IRQ4 c
il 53 slegis sDOS w00k [ 27 b r::;t::;" RS D
DOS &1 555, 28,2E (e d 238) AT0A 31 IRQE E
Multiplex ., 2F (LPT1 o5 y3) AY04 31 IRQ7 F
DOS 1. 5,55 30-3F Video I/0 10
XT) cs (s 552008 40 Sl 5 S 11
XT) S s sl el 41 bl o3l e 12
DOS .. 4.5, 42-5F s s 552008 13
2 da 5 0l Ly 60-66 TR XY YY) 14
DL a5 il e
(Expanded) 67 A sl 19
ol 335 5 68-7F WS e g 53008 16
BASIC 1, 5.5, 80-85 Al s 53808 17
BASIC b 0t 86-F0 Load ROM BASIC 18
el F1-FF Load Boot Strap 19
= 1A
bassy -l .48 S35 0F G 08 slawisy o
k_;\A-uii, éb e c-\.‘.éjfu \lRQ “ 4{
ny m2 e A J.:,:..lf S Pl
» INTR

Sl P Sw ad g WL dia_ WS 5 amalS a5l

shasy Jlal gl sl s, (INTR)

&)\:}-Lﬂ )‘ -\.:\a (.O-b)hﬁ “ b,d.l:)-.d 5)‘)‘\;9-4

Sole)y b R Oy 4 S Sy e 1) T SL s 1) (6,110 4y SR & (S eslind L e

c-\.a\.o\_j-.: )\:}Lw J.‘ R V-5 C)UG‘ G-Uj‘)f_' -bﬂ‘) -\-&5, o)\.o.:v)e:‘.} JL‘E‘“ jﬁ\f# ‘) -\.&j) \-.-w‘_,ﬁ-)é 6(—1))‘

! Interrupt Request
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Ao IRQ7 6 IRQO i sy &y ol 5515 edge 2 15 aiby ol AYOR a3l 5 5 5alS 55 &8 5,05 4L 'PIC
b

55 5 (NMI aisy Cluos| b ot L) s (MM s 2e) PCIXT 5 5alS™ s (o)) plien (sladidy slias
Al o (NMI a5 bzl L o3 55 L) 03 5L (das 4 A YAP , 20) PCIAT 54l

i, ,5 &L 5 RAM bl g5luojl sl 5 5slS ol Low s (INT 08h) IRQO aiss PC/XT 5 5lS” s
J>r,;..,5uuuﬁQ:,:j;ﬁQTJ‘(.U,'@@CMWM;@@@,Awv Wb adsy ol a8 T 51l
O 5 a3 5y m sl ankas L ISl (61 o3 g oo oslimel s |l 15 o painiin slgile 5o b o7 (slalisl>
FrlS 52 O A a5 S el 4y ISR S T o il Waaiy ot 53 15 0T ool 5 e 53 15
Gl 4 5 0 ISR slest s b L 048 plril aidy (51 ISR 55 esl sl by (oulul Jles!
s gl 5 palS” Jol ISR

ol oks o3lizal sl 4 ulS wmio Jlail g1y PCIXT jpeslS” Lol slas,y L5 55 IRQT wisy
ol 45T 85 0 03,25 1) o g (SIS oS as e g el 4 S ] ST 4 WIS amio
35500 S 4 SIS 0l o) S amis L LIS (61, 45 16D SN Plp 4y b 5 Conl ()l Pl 0y
23 g (S1al il s OLE ool STy ST O 0 423 s 53 5aalS Al o BTl Olins
1y 06355 ISR (slesl 55 55 5ualS ol ISR (6l & i s 2555 o 5554 00 a5 ISR 0T b & s 5 alil
Ll ok b ol o) (25 9 Al b e e gl g (o] OL ] o 53 A5 g0l

3y ) 515 L F 5D gasdST 5 a8 (258 o 115 S S A ladldST Gl & s 5y (25 (o 5

231 5 SN 5 galS ST i 4T s g o 05 (i 3

ol e S oalin M3 457 sailen . locks eslizul (6,1l dum aiy 503 e 12 IRQ7 6 IRQ2 laais
) dby e aisy ISR I8 conl SIS caaisy ol 31 eslimal gl e Lals XT o )08 glawl 5 laaisy
Mo (Lloy kol ISR oysT o Rl s 13 5 55 1y 0T LuysT 5 e s s ISR 85 09) &S o 53l
1 INT OFh 4y 4 b o ISR syl kS 3Lzl IRQ7 (51 Blbnm iy aie 31 ol i o XT 2,8 #1151
S g 533

S Wb aor adby ol 5l eslizal gl )8 355 o 03Uzl COMT JU,u &y g (sl IRQ4 ais s (g
b s S S 55 IRQ ol 51015 e on 5L LT il oge on Jbw Sy 4 by e Jol ISR S
§ouiS oalizl ¢los S

oS oolinal 4By 0 golh 4y (S e OT 5550 3 iy ) Ol e Sl Sl ol oo ST 5 3 (i g
XT 35,9 &,8 s .JSle)JL‘iwa\c:jf;)j&ﬁwéﬁiQalfﬁ«fr:ftsa«xﬁ&pjjjaé&

! Peripheral Interrupt Controller
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o S0l 0 dps b5 oS o Joane IRQB & 1) Il 0 (b b Sl 6y

Tl 550 s 4 b DS

Sulasl jolan| LS amiw 5 4ol 4 IRQT 5IRQO (slaaisy | o dRQ (slaads s o ol as 4 55 b (ghww 93

Timr_th:JQ P[in 8259 » s) PCIAT (a5 sslS” 55 (PCIAT Jgmols” (SladiSg
Keyboard — 1 | 1 . ) .
———2 |2 Sk AYOA wil 5 LS 5 AYOS il 5 oSS (VL 4 ACYAS glaesls
£—3 |3 INT -=CPU )
“ 7% |5 da 53 AYBY sl bledd Juate a4 Blis g 4 S 4l SL
m— 8 |6 _
s*7 L7 .g.,ﬂ\a.;,f)\;uu;w\wﬁ‘eu,u,;é;i;,‘rfu
IRQ [Fin 8259 . e . .
RTCICMOS—8 |0 QQQPJM‘M abl 5 asdy I “\._.;:J_@Ji.:);-«f)}bm
Former IRQz2— 9 |1
e - G IRQ8 (slaaids 1 plS a 0sls &5 nlply (el os e IRQ2
16-Bit —12 1 4
Slots FPU:::: g 03l CW| a-b)‘bﬂ @ d)\ AYDA 4.&\,7 @ Jﬂ}:f IRQ2 LB’.'.J‘]’ )\ IRQ15
—=15 | 7

3}.&@

IRQO- IRQ1- IRQ8- IRQ9- IRQ10- IRQ11- IRQ12- IRQ13- IRQ14- IRQ15- IRQ3- IRQ4-
IRQ5- IRQ6- IRQ7

1las & 15 eslizal 3550 55 Jgde b Jsems Oy geo 4 i do IRQ (slaais g

Jeome Sua 4ddgoylod | (S8l cuw iy
CMOS RAM il 5 55,50 el 70H IRQ8
(INT 0AN) IRQ2 4 (5l 3lp 5 S oS 71H IRQ9
- 72H IRQ10
- 73H IRQ11
PS/2 sk 74H IRQ12
(FPU) o3l 5SS’ 75H IRQ13
Cdew K5 76H IRQ14
- 77H IRQ15

,31RQ15 5 IRQ14 JRQ12 dRQAT1 dRQ10 & sy s ¢S &35 I1SA o8, 08 (lal, ¥ s 4y S
o3l (Ui 1) Vb o) (ot Aol (51 IRQ13 5 IRQB (glawly )05 L1 3 #1 b jlastl 55
HIN

¢wl=S" IRQ9

Olye 4 IRQ2 PC/AT ;5 0 Lol sy &)l8 1 b Ll 53 XT 5,08 5 b 51 IRQ2 «isy PC/XT s
2ol (p33 AYOY 4515 053 IRQ)IRQQ JIS L 1, 0T IBM b5 IS 4 53 AYOR a5 4y S (5355
)3 IRQ2 JiKw sl o 1283 IRQY S o8 iy oo ¢S 35 ISA 8,08 glagl #Y cund & S1.5 S

! Master
% Slave
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b Sl ol s sl 4SS ol e cnlin ISR 3L 5wl (235 55 AL O bl 8 8
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L8 S ailis b 4 S L3 IRQ2 (ol 53 Gads IRQY ol 5l s, 3505 S5 IRQ2 JUKw PC-AT s

S (6 ks OT 4By o Jgl 0358 035 b ISA LIKs s XT
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§355 o0l 5 (S50

By sl 3l 55 ol SIS 47 305 n o § g pn o zen ad 4y el ISA o808 (slaaiss

aiy oS, alIE ST sl g Tl L leds e &) b Waady sy $1e28, 08 3 bl ren 4 S
plowl i S 3 g5 aiBy pMel cad 4y o Sl 55 Oz 358 0 plol (Sale 4 35 By e L o IRQ
230554 fybsn tnl 3y el ooy Liles ST iy pMlel aiy oS the wlie S| Sl Sl Gaseds 5358 o0

el el Pl gl 0 (IRQ) )l 4 s (slaod g plosl b oy Sl sgad 612 7 5 0L

Wil oo 655 as o5 POIAT & e (110 onm iy A 03,8 8L S8 51 pledl b (i
B bl Ll iS5 sl e Vo S A8 SLXT o) e

PCIAT 51 55 gumols” 3 " lasbitinf

INT G INT 00h aiss sie oy 15 0lo3 OT 53250 0,4 A*A 03l 4 SIPCIXT 5 5enlS” (51 IBM =S s
s ekl S5, Cob & (oale b slbs Sy LS 3 S eslinul T 31 55 IBM & 54 eds o i 04h
Ao osls b INTON LS s oo o Cond

3o (glaodijls 53 basbinal (b 5l b 5 038 5,5, 1, (INT 1Fh & INT 00h) Jsf aiss ¥Y |
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ol s lalimal is g (ol als 5,5, slaaidy 3 ool 1 48 AT a5 penlS 3 Llod oo 4.3 S eslinal
J1 51 6,8 s gl 1) e glaail s ann Llos b 5 50elS Ol b (sl 0l o3liul ol Cblis> s 53
4,8 S8 4 5 5slS GLIRQ L i

s o OLE Ty day AL YAR (glaoijls 5 (sladdd g cdms aeitn J gt

b S ol b Lt 08Tl 03V (1SS 873 051 S Ll L8 @ ey Com 4 oS 0T 1 2
S b slodsn bl 5 s o (611 45 T el 4y LT pl Ll ks LT (6 5 50nlST (slgs 1S
f3on ol 4 il L S s s S ol 5 G (b S ki 6 28 5 ST (b )
S, 5l s Cab Advantek o578 ke Ol e 4 ST ealitul G edd (> b i Sl (Slgatunn Sl cods
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' Edge Trigerred
% Level Trigerred
* Exceptions



AY

WWW.JTastiir o ¢iwl) slga

Y pames o3leT Glayl 3l otS U 5 leS 5 LS U &l e b il (659, Blse 53 o,

Sy 6 Gon € b &G sl (8 pn oign S5 (65500 S0 53 ST Sl 35 1y 5 L ol ki

el ‘33}5 “YM c.,\.'.fcmq-)) g‘_gi
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NMI dod 2
(Break Point) (s 5 aki 4o 3
(INTO) 3 5w 4ibs s 4
Bound) s o 8 oisl IV ¢ 5y 5 A YAZ 5
soaal Slhes U8 IV g 52 G A YA 6
o jln eSS i Iy IV ¢ 5y G A YAS 7
(Double Fault) 4§ 55 gl IV p sy 5 A YA 8
Co-processor Segment Overrun A YAF 9
Ll TSS IV ¢ sy 5 A YA? A
L5 Iy S IV o gy G A YAS B
iy gl IV ¢ sy 5 A YA? c
(General Protection Fault) bli> sl | IV p 5y 5 A+ YAP D
(Page Fault) a>ip los IV p sy G A YA E
odd 955, - F
(Floating Point erro) a3l » gl | IV ps G AL YA 10
(Allignment Check) Blil o SX Jas A FAS 11
(Machine Check) ile o) x4 p gty 12

ol 9,55, - 13-1F
2 slaadis - 20-FF

ISA o a5 s cudguxe

o oy 0dijla b 3 pealS Slass g 53 g 5 38 a1 eslinal e a5 el s Le ISA B8,
4 D gdoee QT)‘ oslaiwl rsva\.&g”_&b o\f)f U'L‘ LSLG:{.QJ"\"“ (W JJ?@M?MISA d&.& 3:\4’&

DS )le Lusgdowe pl 5 4d caio L;\.@Ali:.w;

Cole= (g glaolijls (20 VY esls sl ,38 Ll g o 5 Sl Cow VP 0 5 gdes 0T esls 08,8 v

! Designer
? System Integrator

iy
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PCMCIA 8,08 wizea 528 ol Jool "SATA 0T o g5 5 (Gl Ggne 55 IDE o8, 4 o)
ol ATA o508 51 s Griue (glddens
) b Jsol b oliT bl syls el 5 grio (Slgpatunn 43 (65 5d5ms 3,8 ISA (ol LIS 1 Loy el
Ygons i 5alS | alaly Slajlte (b 61y ol Il 55 ST o i E3o 3 4 S (gkign 3 ()8
Sleols B s g i lghauly 5ss e eslamal (Lo g Joystick WUSB (L v «s5150) 558 slg s

.C,>'\:J_; v.;.h\? \@T 4 aels] y» & Lewa PCI

35 AYAR oils LS s 31 eslimal g1, VAAY Jle 53 IBM Ly o ,08 ol (MCA ol yu8
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MOV
CLR

0
P2,#255
P1.3
P2.3,$
P1.2
DELAY
P1.2
P2.3,%
P2.1,%

PO#A'
P1.0

DELAY
P1.0

P2.1,$

PO#L'
P1.0

DELAY
P1.0

P2.1,$

PO#I'
P1.0

o Srs A LL ods ad g A DY IS5 S (gl A dmis asls

S Ol Sl ¢SS 4 1 ALL 4y YL oYLl

Candy J S 6l BUSY U 51 e sl ol s S am

BUSY L ljes ACK JiKw I il 5 oo om0 oslizal Kl

; Activating -INIT

; Wait

; Define P2 as input (for reading status signals)
; Activating —SLCT IN
; Wait until +SLCT OUT is actiated by printer

; Deactivating —INIT to make a pulse to reset the printer
; Wait until +SLCT OUT is actiated by printer
; Wait until +BUSY is deactiated by printer

: Put the ASCII code of 'A' on DATA lines

; Activating —-STROBE

; Wait

; Deactivating —STROBE to make a pulse

; Wait until +BUSY is deactiated by print

: Put the ASCII code of 'L' on DATA lines

; Activating —-STROBE

; Wait

; Deactivating —STROBE to make a pulse

; Wait until +BUSY is deactiated by print

; Put the ASCII code of 'l' on DATA lines

; Activating —-STROBE

v\:j oalaiwl
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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
JMP $
DALEY:
MOV  R1,#50
AGAIN:
NOP
DIJNZ R1, AGAIN
RET
END
Sl sl Lilg o J Sy Ko adiy aly 4 0T Juail s BUSY (gl 4 ACK 1 eslizul b (_ghww 93

oS el 23 L YL a5
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s o QL ) S a0l Slgm 5 Jodr

SR ol Cawrog DL 0318 Wl

3 s Low High 3 s Low High Sls | 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 | Datab 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 Data1 0 1
Strobe Disable Enable Not Used Data0 0 1
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#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");

Silge Dogy (gl y
:Lg,...:.ﬁ )lf Oi‘ Lglﬁ CU dw V':S oslaiwl (g5 g Sy d,::f; Caxoy 9 o3ly lgld 51wl )lf [J-i‘ 6‘;3

r*‘fu‘

Silgo Dy 4 oty Sl
void SendData(int PortID, unsigned char Data){
outportb(PortID, Data);
}

Lﬂ‘)‘ abu.'i.w\ LS\J" \VJ.»L«;' MTW uw)b“-\.v@')ﬁ 4.! &“_;d.L’ ég' d\.w)\ L;\foutpjoutportb c‘j LS&J
o5 3l Solse Sy 4 55N sute Jlagl gl Nee iSS gl 3 ) oo AT e Ll 05 S Juls (s
Silse Soyg els DU 551, (01010101) 55h sue ) giws oyl V‘Sv’ oslawl SendData(0x0378,0x55);

.v\.:-lM‘}ﬁ-OJ‘J&L«u‘Q)xd‘Db‘bé@&ﬂd)}é}ébi&)ga‘\{.w‘}s@

Cwrog Ol S &0 Curdg (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 O;

}
ol 3 eslizal (1 T s LT Jaseie Tl (Fog 3 Sab &5 Sdb s sl inp s inportb c\,;piu

4 5L BitNumber o ,L.s ¢ ,laa. Bit_Status ob S gl by s AT sl 05 87 fols ol

0,8 edalin |y (29,5 Dyen S A bosls Loyl gl (ol (b5 ;0 OUT jgiws jl eslasiwl ogous Ju8 Jad ;o !
8,5 sanlin |y (695,5 &y5 SO 5l Waosls cdl yo (sl sheol 5 o IN jgiws 5l eolaul ogou |3 Jad o f
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0 o led s ,ldas printf("%d", Bit_Status(0x0379, 5)); ) sws (Jls Ol sie & .vul.sjfdﬁ I, PortlD . ,sT
9355 on il 4585 I ol s e 2led | (Paper Status o) Conss DU
oo Jldie gy (8l p 358 o0 0,505 StAtUS Jze )3 5 oil s INPOMD ) szus ¢SS 4y Oy g Il ozl
plasil ) ) cpl 5 o stms 358 ,ao B ojled oy 1 b OT Slmy plad e 57557 (6)157 b it B 0)les
s e
D7 D6 D5 D4 D3 D2 D1 DO

AND
0o o 1 0 O O O O

0O 0 b5 0 0 O O O
Golis Jools Sl ongy siv 55 D5 &S Conl ol odiasOlis wsl il AND Jools liis ST Jl>
el 035 &S D5 oy g (FY) LBl ails Jio 3 L8
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void main(void){
for (unsigned char num = 0;num <= 255;num++){
SendData(0x378,num);
while (IBit_Status(0x379,7));

IR O S &0 Sl g
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 Aas e s value b el 1, PortlD T 4 5L BitNumber oles oo ldie G s &b

(Direction ) ilse Sys S8 L0 o)lad Cuw 345 oo Ceol Change_Bit(0x37A,5,1); i
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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 1 = 1; i < 101; i++){
SendData (0x0378, 1i);
delay (1000) ;

}

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

et ot Jlo )l o3 (g1, (10101010) AA sue gzl 55 5 (01010101) 55h sue Lol ltwl 55 15
4 ULl aS) Gaseia Gl ol b 5o b oBms 0358 0 Jlasl Sy 1 b 2y 4 OBl 0
o e S5 Ll oyl ST 3l (s 1 65l s 0305 SR (ol (55 pnlS iy 55 0k
Sl Ll o U s jasie g 4 BLIIOLL 5 BT e il olms 550k, 53 & ol
55 sue Ll szl 53 5 palS 487 e S eslizal 31303 ol 31 e B3I ol 53 S SET 1) Sledbl 2l 5
i 5 S (65w 313,13 e 5L 55 6w .S s Syl 1, (10101010) AAh sue Ll s 5 (01010101)
A3l Il slaesls s LS 5 Llales (AAD 555h) G g slael 1S”

.%‘JQKZMJMUJ{S@

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) ;

}
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e 55 iy ol 93 el (p3is SIS 51 eslizal osls O J2S7 Fodomy adl 5 55 el
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#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)
7

) == 0);
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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
}

iy 8
€35 oslizal Ll pl 55 55 65lee Soym 505 Gl 3 01y o LT

o8 b ST JL )l INIT 4l 555 I 5 LI lzl 55 & ST 30l () 5b 1y (65 e840l (S
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STl 1) 5wl (ol eSS

' 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; i++){
Data[i] = random(10) ;
total = total + Datal[i];
}
// Send random numbers to parallel port
for (1 = 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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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
( i
I J

// No Parity
// 1 Stop Bit
// 8 bit data
// 9600 bps
// port COM1
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#include <STDIO.H>
#include <CONIO.H>

#include <STDLIB.H>

I BB

void InitialSerialPort (void) {

asm {
mov
mov
mov
mov
mov
mov
mov
int

}

}

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

void main (void) {

unsigned char data = 0;
InitialSerialPort();

while (!kbhit()) {

outportb (0x3F8,data) ;

delay (500) ;

if (data == 255)

data =
else
data+t+;

0;

// 9600 bps
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sl SSTInporth ) gws w0 b4
data = inportb(0x3F8);
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AL = psge Cond s ol

s 5 e b OT Glg 3,8 o NFAH DL 55 b S s Camd s Sl @b opl sl 5w

D7 | b6 | D5 | D4 | D3 | D2 | DI | DO |
a 3 ' 3 3 3
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) ) 3 i 3 E4 i 3
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— 3 3 3 . 3 B

- 3 Y Y 3 = =
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int RecvData () {
unsigned char status;
asm {
mov ah, 03h

c:j&|J>‘14h4.a§‘9vCU6:§j.J.:.SJJVo)L«.&Cﬁ_gM

slosls LT Codls O AH SV ojlas Sy gmyp b

oy mOOh 03,5 28l ,5 losls Jbw Sy 5184 L ol 0dd 3L s
) mov  status,ah GU Dy dal s (o) Syee ol e 50 €S Cw el il
status = status & 128; . - . . . . -
if (status == 0) return 0; O3 eslal Sojsm 5o '\SLS" B yesls Sl s oo J’L""

else return 1;

} Lf;j)‘ Q)M Ui‘ j.?c )J 9 (((é.{;"))) C‘N 62'}9‘."’ sz)‘ oJ‘J
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o> 8 Wb s A Olse 4 (Cmyab Eie 3550) (i Sldie g 03 e AND ol Bl (b G
EV & s Ol a (s e 250D 1S Hlae 5 el Sie 2 AND ol O g o) b 5303 50 e
Oud okl 5 02laT g et T ) gleals am ASL e y> RecvData wb s 5 BV ol ol o 08 m0ils S
ozl L ) glaie cnl (gl 55 14N 4B ¥ ojlad Wb sl | 0313 il 5 e INPOTED b Ko™ 4 055 .l
el

FamelS Rl (595 5 015 S &0 b 6K 1) U1 (5o o8 o8 (b ot ol 5 0 05T
EKAS 4 el 65 T eSS 45 Loy g 29 5 23 5 0302l ey guuiw 51 il (5157 il (5 ks 2l
Db Jis Jlsws S 4 'ADC o315

o3 348 &K 4 les g &5 JUT oy 5 (ADCB04 w2l 5 asle) i ota ADC &S 1 osbizad L Se

el I 9348 St e ol eyl (51 0551 50 e S A
e E = 'l S0 4 gl ST I S 4o (33 ) 5 (8510 Sy s 4 ADC w21 5
o e : s
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#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
Aizes A3 ADC (gl )ls 095 la ) 2a8g Koo 5 aam
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return 1;

}

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

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

data = inportb (0x3F8);
printf (“$X\n”,data) ;
}

S a5 sl bl

while (RecvData() == 0 && !kbhit());
QJ._&L oJ\JJ)L:».; b 64.:15_/.-)\5};&) (Ca.w‘j‘?«a ReCVData CU Lf-)f-) o i C;.éb“).’ 6}5‘)\5 45 Lfl") U
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S35 2Uos 5l oKus 53 5ods olll s 5L, o315 inportb 2L S 4 o ol b 53 e OLL
(il o3l HLis 1y ddST LS 48T SLas U YL dieli s caoMst Oy g )23 5 g0 0305 DL 5 5eelS Kol

3 g OS5 enalS Stules 655 5 0l g5 1y Il Sy 51 8L 55 Sleb!

s e 1 (8l 53 Sl 3l oz s 5 51 5 S S Pl (5168 41 VUl (i
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4489 ogmm 4 JU g D59y 3 cSlaw!
.J..Muigw)axlfjwlfdliﬂQ)x)'\bdil.aos\sJmﬁdlmbjjmalfjsm.n\f@A.:lfuplfé
033 Ste S50 53 5 3 Ly o 3L 53 b Doy 53 Glodla LT oS (o) U o ol )81,
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Al (Jlasl oS30 T Olege (6,555 5 (Jlasl o o dy)

FOlogo 9 Ob 3o S 5 gumols” o151 £ 5 Sy K
L;_l,v.:,:(UniversityrL;4_3“5&:./‘)6,&”,?&Q;MK,;ﬁS%wagg&jlﬁ

£33 Do 93 5 sb pmalae £ 50 50 o) 51 Control Panel/System/Computer Name « axx-! s b dizes

A i |y et 53 SO slers S et

a3 e Ol 1, (Computer2) ol 5 gslS 5,805 8 55 IS

System Properties

System Restore Automatic Updates " Remote
General ComputerName | Hardware || Advanced

Z;}' ‘Windows uses the following information to identify your computer
3 on the network.

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

Full computer name: universi-09h53i.

‘Workaroup: UNIVERSITY

To use the Network |dentification Wizard to join a Network 1D
domain and create a local user account, click Network
ID.

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

[ 0K ] [ Cancel ] 1” Vfa“r.pp!_gr

o 93 5B 53 &5 o (S ;S (U
A8 5T 1, 418 Control Panel/Network Connection/Create a new connection « as>l,» L v

S bl Sh gy Y

New:Connection Wizard

Network Connection Type
‘What do you want to do?

(O .Connect to the Intemet
Connect to the Intemet 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 or VPN] so you can work from home,
3 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.

(3 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 > ‘I[ Cancel ]

! Host
% Guest
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New.Connection Wizard

Host or Guest? Advanced Connection Options
To connect two computers, your computer must be identified as either a host or a ‘Which type of connection do you want to set up?
quest.
Choose the role you want for this computer Select the connection type you want:
O Host (O Accept incoming connections
This computer has the information you want to access. Allow other computers to connect to this computer thiough the Intemet, a phone

line., or & direct cable connection,

O Buest

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

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

[ < Back IL Next > ][ Cancel J <Back || Next> | Cancel

: Host 4y 3 ol b (Computer2) Ob s ¢ gamli™ 58 (511 £ 5 (S 3Ku doldl (o
%supy&ﬁ‘)q|j)l§wﬁﬂbc}b)&u')‘@)ﬁ—‘

New:Connection Wizard

New: Connection Wizard

User Permissions Connection Device
‘You can specify the users who can connect ta this computer. ‘what device do you want to use to make this connection?
Select the check box next to each user who should be allowed a connection to this Devices other than the one you select will not be affected and may be used for other
computer. Note that other factors; such as a disabled user account; may affect a user's Purposes.

ability to connect. 5 ; i
ity to connect Device for this connection:

Users allowed to connect:

Communications Port (COM1) vv"

O 45 Guest

[m] Q Helpdssistant (Remote Desktop Help Assistant Account)

[m] Q Javad

a Q SUPPORT_388945a0 (CN=Microsoft Corporation, L=Redmaond,$ =\Washington, |

3l il Il 2

[ Add.. J[ Remaove ][ Properties J

[ < Back: "\ Next > ][ Cancel ] [ < Back ]L Next > ][ Cancel ]

ol 4 ) <8 Network Connections s 3 5 Coul «l OLL Ol FomlS sk S 05871 ¥
Jo93 &SUS" L Properties sl w s o) Gy Sl ¢SUST L .l s 4L Incoming Connections

s i | (Al LSS Co b 53 53 b o8 S o 51 Bl Slantin Ll 5 oo s 8 355 55,

Communicationsicable between two comput

Networking | Advanced|

Call preference:
Incoming TCP/IP Properties -

| Dperatar assisted [manual) dial

Netwark access e .
|| Dizconnect a callif idle for more than l:l mins

Allow callers to access my local area network.
Cancel the callif not connected within l:l secs

TCP/IP address assignment
(5 Assign TCP/IP addresses automatically using DHCP

O Specify TCP/IP addresses - Diata Cannection Preferences -

From: Port speed: | 19200 4
To: I Diata Protocal;

Total: o ' Compression:

; o Hard 2
Allow calling computer to specify its own IP address Flow cantral: bt .
<on / Hoff
Hai

2l
Mome |
o ) (Comen | (o (o
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= Incoming Connections Properties Communications

General | Users | Networking General Advanced

Network components:

[ ) ~ Termninal Window
@B File and Printer Sharing for Microsoft Networks -
™2} 005 Packet Scheduler [ Brirg up terminl window before dialing

V] & Cli I : ; : s
Client for Microsaft Networks [ Bring up terminal window after disling

~Hardwars Settings —————

5 Lo Data bits: | 8
Install... Uninstall ! Properties
sk Parity: | Hone
(- Description- |
Transmission Control Protocol/Intermet Protocol. The default Stop bits: | 1
wide area network protocol that provides communication
across diverse interconnected networks. N | 7|
Modulation; |

[ 0K ][ Cancel ]

: Guest 4y 35 oLl b (Computer!) Ologw 5 gaol™ 1 (531381 p § (S ;S 4ol (&
:@a)\)\)ﬁajmlfc\s—\

New Connection Wizard

Connection Name
‘What is the name 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 I[ Next > ][ Cancel ]

:-L_.'g ,.bw"" ‘)LU}\C}J—Y

New Connection Wizard

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

Select a device:

Communications cable between two computers (COM1) v

Communications cable BebiEen W corputeis (GO M 1]

Communications Port (COM2)
Direct Parallel (LPT1)

[ < Back ]L Next > ][ Cancel ]

Network s ;> Computer2 oL L a8 &S ol 4l 0L 55 Ologer o (s SG 05|
e Password s User Name 05,5 5,05 5 0T (55,5 ¢SUS b .ol 0kds slo | Olags o Connections
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Password: \ ......... |

[] Save this user name

F ool Jb g S5 b S0 Slaolyy
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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 )8 PC XT - Model 5160 )9
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

os MS DOS
POWER SUPPLY PSU built-in
Numerous IBM and third-parties expansion cards, i.e. the QuadRam
PERIPHERALS 512 KB RAM card
PRICE $8000 (Complete version with 640 KB RAM, 10 MB HDD, colour

display)
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o 30 |, PortTalk Sl Ple s 4 £33 o) 5 5 m;fk_gn aslazwl Lyl 3 -5 iNpout32.1ib 4 inpout32.dll
315 513 s 3 (81 03l 615l 487l AllOWIOLEXE pb 4 ol 2! B S5 (Sols ate cpl 3 )3
ol ot ol 5 POMTaIK 45l 51 el b I3l el (o 31 g S (0 48,8 (5 5 533,55 g )
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' Application Mode
% Kernel Mode
* Console
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e g m Al e g o 55 L LI (g ol s el &S Visual Studio s oSS o sl v
S eslizl gal )5 L LSl ol , Out32 4Inp32 LB Console L API L MFC
S S sl 1,38 LG s

SIS LB el 5 4y, Link o, 4 4T Ol 1 Setting « F Project g IV
45" sl object/library s « 1, inpout32.lib

:.x,-:aw(‘g,t‘_;uwn,;,\.w)a,s“ux\_.,t,,uu@.\;ugu;w,; v

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

53k (25 425 DOS cow C ;)L.)');S\.,s.\{)i)@-,;-XT Syl w Lesls Jl )l el 5 (& ges () 2

#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);
}
1y OT g Al Cowd 6 wlie ouls & Ll e Visual StUdio daswe J oS e )5 Oy g ool 821 L
Cia g 48 eslizad (0378h) (gism o )5 uysT 51 031Bh LuysT sl 4 513 tdas i 305 ol o> 4
s Al g 1) T 055 ESadkar (AST e o s plesls slasl 4 LED
(e Bl A ealiml Sy g Cod Ko slaasly 53 OUL32 5 INP32 ol S sl i iy et 4
Al (3515035 Salys bes Ko 51 (53555 Olge 4 1 GUT slas S AID &4 oy 5 45 Ay 5 (100l

A2 DL galS

PortTalk ,133p 4
€ 5 5l eslizul gl (ol > J:b http://www.beyondlogic.org <.l 3 b I & N Ble s cnl
iy A Gl ) 6 0w s Sl s S 4 sk S gl 53 s A3
o) o SRl A NT glassay 50 5 amelS (s 2155555 S 55 & g > Tudgone Y5

Aelio (g4 B IHAYYAZ s AVYAR Lg\.be-\})'b)g: PTG Y PRI vJUa.

! pre processor directives
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OT o Ly 5 (o s el o7 (lanlsp Sl S ) 0 VU o o o8 ST a5/ 53509
3 5 a3 5 I eylak 4y uST 330 Wl s & s (s 3L TOPL 55 as (g i o 31 sy
Sabor Al 5 S 4 plag s s
Application Ermor

The exception Privieaed instruction.
/| [(c0000096) occured in the application at location 0x01 001622

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

Cancel

ol L g wd de.u LU Sl wlls o mes 295635, Lgl.@,dslfp 4 dalg o &S glasl e

NEERGH | KRR eSS lyls b o 1l Sadug o 45",\;;}}& 2l S YD (SN AL
53 LT3 o a8l TSS 51 aS o K 1y T3 0T & by e oS Sledbl &8 ool (TSS)
3163355 S 55 4 s s ojlel o 4k S sl TSS a5 e eslinl Y4k sin (Slgatune
RGN 4 &) }ﬁ\f 98595 al§)3 (00Y¢) v’ Bl rl.\fﬁ Sl a5 5d e edwls NOPM & .l
‘_ng}dgilfalf);gwj:,ﬂ;)P; sl «aii));la\f;)b gﬁju&&:\);gﬁ&c(:ﬁdﬁ @JJJJTC,:{
W28 8 el Dy g o 53 4y g e 3l o S5 555 e 050y Sl a0 glinal
5 (sl 2 YY) Jho b &7 35500 S 4 (oo > o Sl ) (g iens pelaw 53 L3 NT Sou 5 55
Jelo gt 2t Y el Sllely Gaasl s 5 aw el 53 )l Glaael il o (Cy il o ) Aw e
& o> Gl B G Sl Gty s oo 4 isd e |l (b il 4 35 ae) o e )
Pl 358 plowil ol (Slaasly o b B s pl 5 e I3y (s A 63005 Srl s
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! Protected Mode

2 1/O Privileged Level

*I/O Permission bitMap

* General Protection Error

’ Task - Process

® Task State Segment

” Multi-Task

8 Input/Output Permission Map
? Privilege Exception

"% Perivileged Instruction Violation
""" Device Driver

"> Ring 0
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! Virtual Machines
2 Virtual DOS Machine
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Kamel Maode Drivel | User Mode Application
Ring 0 Ring 3

( User Executes Program )
R -

1acTY
1
Con\_rert FrocessID to Call | Send F_'rc-ces;lD to
Fointerto Frocess [ Device Driver

i

Copy Mew IOFM to
TS5 of Process

i

Adjust [OF
Offset Pointer

User Defined
Process Stars
Funning

Frocess % now has exclusive
access to Hardware

b S @ (os b s 4 NT (glaaity s Cond 48 (glaal ) o s (i PY el K (gl 7 (o8n
bz 4 IOCTL mb o ¢SS 4 5 o bl Ao T3 olulis o5l 358 oo 56T CreateProcess() sz
35 n Iyl 51lel

L 55 o Lol NTVDM) NT ;505 5 DOS (g5loee puiile Cod 5 L515 AT 5 0 )it DOS o (glaaals
NT Ssdus 53 DOS Cow asl, oG &5 o8s .l DOS (iluacs (gl sdbc bl N N VY
5,8 2355 4 HLNTVDM olalid o )lad o355 o Slyl

& s S 5 @l [ anT b a4 Soylal el [ T b oleld osled Slalely aaliy 8 K

Llas 5 DOS o TestPort.exe ol 4 lasl 5 1S 55 tusl ool sl AllOWIO.EXE 4l 55 51 oslizd

Ly s Jolpe Sl o3y g5 Ko 4 NT Sty s 55 0551 5 05,5 o 515 0378 o5l 4 (65150 o8 55 LS &
S JLs

A4S LS 5L 4 5 ,4lls hitp://beyondlogic.org <. i 1, PortTalk SRl 5 A v

Sl gilloly aol s ¢ b pl ST ST 5 e System32\Driver a=Li s |, PortTalk.sys b v
258 1) jhe ool maw so LS

255 plasil 9k 5 (6 a5 fﬂ Sl-Meol b uS™ | 1 1 porttalk.reg asb ,

WS gy Tadaes 5 B el 1y 55 R

LS S (CAMYProject ) 5,15 13 0basl gl ! L6 &S (5 s 3 1, AllowlO.eXe ol 2l 6

D N NI NN

STl 5 Soge a o asly s g G s 4 5 5 55 s DOS Las 515
C:\MyProject\> AllowlO.exe TestPort.exe 0x0378
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#define PORTTALK_TYPE 40000 /* 32768-65535 are reserved for customers */

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

#define |OCTL_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 0gbls 16 http:/www.sysinternals.com colw ;| 45 System Internals DebugView |58ls 5 asile '
? 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 */
355 g0 o3tz o )3 4w iws 61, PortTalk_Handle s ,&eus |
ALLOWIO ;I eslazul sl Su &S Sloged 4 il sdd Cuas PortTalk jiuilel, Sl Ll O el s
s ol PortTalk s;lwlely 5 i (sl 5 355 sl 5 gl ja 1y 55 c‘}sj .,L:.SJA.:— AL osls Cf&

void InstallPortTalkDriver (void)
{

SC_HANDLE SchSCManager;

SC HANDLE schService;

DW6RD 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 if 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 == ERRORﬁSERVICEiEXISTS){
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 we must be a poor
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);
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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 if 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 = GetlLastError();
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) ;

== 955185959 o 30 Ud 5 3L (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 Handle == 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",
GENERICiREAD,
0,
NULL,
OPEN_EXISTING,
FILE ATTRI BUTEiNORMAL ,
NULL) ;

if(PortTalkiHandle == INVALIDiHANDLEi\/ALUE) {
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’ L;’I.w)b 44 JQUJ\ U'f-‘ 4%9\..?: g:,..w‘ ol onlarwl alf)b L JﬂUJ‘ QJ; )L Ls‘j" CreateF”e M cu )‘

Ssb g 5T o8 55 L bls,l Sl AN [5dee 5 ol Cwai jIlel Il StartPortTalkDriver GU S 4 03 g5

== 955153959 o 38 (s S1y ClosePortTalk &b
{'7‘{&5‘ oalaiwl I'S) c\] )\ LUJ‘ e LS‘_,"

void ClosePortTalk (void)

{

}

CloseHandle (PortTalk Handle);

5 o35 (85 o3 Oy o 4 PortTalk.h uuT o L6 551, PortTalk_Handle o Sows & 1S 4 5

ST LUl 5 b s A DM b el D) g 4 e (51 Bl e

=95 o 53 y3 (yibes (Sl 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 = DeviceIoControl(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());
}



65033005 bwlg islaylss b - WWW.jrasti.ir

\7A

S$399 ol 33 31 yuilgs (sl outportb G

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]);

}
Gasl y mig 4 bl 1. Llods ai

d}“fhdbmbj)‘abw‘fjsbdﬁc‘jt%aﬂ‘tf)}lmm

A8 Sse (MessageBox St) ;s 5 sl (PNt ) J oS e Ol g2n N PPN I S PN PRI

#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 0O;

char* argvl[])

0x55;

JUbw o33 b bl

o 4 (it ol 53 Ll K05 Seal s 4 Lo (s ke Dl 25 S1ols S sealS Jb e o855 L L

3550 03 1y pealis ped 15 oo (oS S b e 3ls e I o 55 L BLI sl st &l 3 eslisal

L8 4 Kos s A6 a8 s L bLs |
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5 Okl = I » CreateFile Gl:jlalf,;o;;)'b.L;\ﬁ..a,:@ajfj&ua)yquﬁ/daj),éwtf,.s
.3 35 o» 03zl CloseFile &b OT oy sl s WriteFile s ReadFile el a

PLsl sl 55 5 e 5 COMPorth ob 4 T b eSS 5 1y 558 0 gy p b3l j3 S il
BB ol 53 ases Spgo ity 5, S Jels LB sl s |y windows.h L6 ST el 1 OT JU e
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HANDLE hComm;

@.aﬁf@)lﬁa:&:ﬂ\:)}«&@cl}}):S@\#:)yalf):gw}w:L;\ﬁLg\oﬁi;w:hcommxi:.a

G e P F - = PRS- I A 1

Jb yw o730 Hogi5 &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;
}

ol 635,59 el .Gl FALSE &40 ol 8 55 3 TRUE CU ol s s 5L @)34{0@);;\
23,5 1, COM1 & 5 OpenPort("COM1"); &, 50 4 wls Sl e el 53y go JU e o 5 ebepl

' Time-outs
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Slize &S 4 S o iyl 1y Sl 0313 35 S glas o 5T a5 (GetlastError ob S S5
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s g S s ol ediST5L 1, 0T ST a
M oS S i a8 s 05,5 5L sl £ (ERROR_ACCESS_DENIED) 0 oyleds sl x
s e sl e 5L (6 K05 sl o g
o, Saws 5 Al 390 o853 035 5L 55 S (ERROR_INVALID_HANDLE) 1 o)l (slas x
Sl Koo mls 53 0, Saws ol 3l eslizal (sl 3N (L3l zasl CreateFile b L g ods oils S 5
By b ol e 85
L 0wl Slles 55 s ¢ s 6Lz ((ERROR_OPERATION_ABORTED) 440 o3l (sllas

JU gw o 50 (snis jCy &b

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;

}
oL 4 5 it 1355 oo 03linl 0T 51U bl 6 Sy (612 45 otd (w5 DCB ol 4y (g bl s 5 5
S S oSl s ¢ls 5l GetCommState b .05 o a5 DCB ksl ¢ 5 5l m_dcb
o Slatie bis gl H8 S e 0,3 M_dCh ame j5 1y edd 30T o, Kaws 57 a6 s
ol e Gladkd b i 550 o 55 (6 Sy (61 0T el ke ot T i 4 bl oS a8 s
Otz 53 Joas &1 T Glan 5 L, 555 & il 5 oo 4T (6 p3lhe 5 Lol oyl = 15 087 oas lutde |, m_dcb
I,m_dcb s e A ler 4" ConfigurePort &b 2005 bk sler 4 L el 5o Ll 5 g e MSDN
o313y n S o (0351 dn
b las b oy pl 3,8 0ot 1) JU e Bl e 015 o alsk o) €657« (BaudRate yiol )l v/
S A R T L T PCIPORR JULVPCIN B WG FUIN PR ST HIN I A K S FCIPO
5 A5 le 5 gelS b o 53 (gl me palie . AiST a3 ,liie 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 5Ll o aS das oo Ol |y Sledbl anus )3 o3l sl slaw ulyl ol :ByteSize gwlyly v
AL

Sl plonil 0515 gy ABL TRUE jalyly ol Jltie S1fParity yiofsly v/

S sle Jad JB slie AS e edein |y eslaal 3506 Ol g5 ~bl ol Parity golyl v
MARKPARITY «(0315 054) NOPARITY (s 5 051 5) ODDPARITY (55 01 %) EVENPARITY
(o) 4o 03 55) SPACEPARITY (1K) dinen 01 55)

r‘fs" oslatal 2l ol 51 Sledbl anw 53 (a5 slgny sluas 05 57 jesein ¢l :StopBits gyl v

)\ J«S)L.Gf.'.'&aﬂbw
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ONESTOPBIT, ONE5STOPBITS, TWOSTOPBITS
Ol 4 .S s enlizal 0313 OL > J 287 6l ewsilSe I ConfigurePort ol S ey e <SS a
S-Sl plowil L edzen 0313 0L - J =87 a4 file §1.48" a3 J 28 1, XONIXOFF & 5 RTS/CTS « ¢ 5
s el ) Il 3l g e M_dCD pize K5 (sladls 5 5 1315 (55,
3ol aﬁiz.u ny 6»\?,; 4y i ol SetCommState b ¢SS 4 a_deb e sladls r.b_) S e
v.:.hju.a Cond 0k ;J cl:
1wl 5 ) 50 4 ConfigurePort b 118 51 ks
ConfigurePort (CBR_ 9600, 8, TRUE, EVENPARITY , ONESTOPBIT )
Sabe plomil (885 S 65 5 205 0515 sy S Al )3 o AP e L L o8 s o S
4 Sy b TRUE ob (g 818 oslinad (g Sy mmt 51l 55 JU e o 53 Cblons oK
el ol Cl?u‘ G'I.wjb
Shoy Ollas>-Mo s
il V‘J“’ COMMTIMEOUTS el 4 okl SetCommTimeouts 3 GetCommTimeouts CQil}:

as g plasil 1) 59 g (s sl 53 b e LIS 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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&lp 0T gladls 8 ots v m_CommTimeouts ol 4 COMMTIMEOUTS [lstle ¢ 5 5l (5 e

S (bl b Dlaseis GetCommTimeouts b ESaS 4 gy o L 4 Jb e LU, Sl fles S

o6 S w3V Sl Sl e 5 350 05 M_CommTimeouts  jice 53 odd asaia OT o K

B3 Dol (los S atta | OT 0, Kaws S AE 34y 0 b (55 5, 5 SetCommTimeouts

:V‘*SG" s 253 1, SetCommunicationTimeouts el 355 sl sl

Iy Slsme S 95 oL ys e (4l s e ) Sloes Ol ﬁfu ‘ReadintervalTimeout ygwlyb
O 4 o855 0Ll ¢l 5 ReadFile b oo pd 2ha jlie ool 5l ol (5w Olaj ST .48 oo jaseia
Aoy byl cpl e 8155 8 a3l el 5l 3 B 5038 20 aBlOLL |y 0l g Dllas ) o0
sl JU o Bl bt opl 51035 enlizul (glias 4 (ST s

§ yorme drloe (61 45 Sl 4l har oy Sl Il ¢ :ReadTotalTimeoutConstant gwl,b
slenl sl o blol 4 Cob ol HEs Ol Jos 18 0500 LI & 0Ll dlasl s Ol S
0l Jos Yol 8 Sl ¢ sema 5 355 50 6L ReadTotalTimeoutMultiplier sl 55 sl s 5
sl « ReadFile mb osd iy jldie opl 5l odd (g Olsj Shas o pobne 1y Lalawily Job 4 L
33 S133 8 o3l ol 51 w5 03,8 55 aBlOLL 1 0kl Slles 5500 I @ o )3 0Ll
iles ST B8 o Ol dlasl o Ol £ gazes Sloslinal 51 ediST Jho 1) ol ST el

ol 688 4 b s e ol s il Ol e Sl (ReadTotalTimeoutMultiplier yiof )4
AL Ly e bl Gl s Sl Jee 53 el lel sl ssd e jesia bl
358 asdin Ol Dlles s Ol ¢ gazme U 555 o0 mer ReadTotalTimeoutConstant

05 YU sla lyl usle ReadTotalTimeoutMultiplier 5 ReadTotalTimeoutConstant sl sl 5l

v

.J;ffgssh}mp‘Jzijsgbglmp

v.u_;u Ok o SetCommunicationTimeouts(10,500,0,0,0); < jse 4 G @U S Yo

(abu‘g:pwéLMMTRUE LE".)J"’- .\.S@u:;da.:;l:&:abn b aosls )‘ d{)bdif.&‘j Q.—b‘? QL:LQ&

Wl e B Gl oty Sy Sles

MJQ)u QU’)O_)Q‘Jﬁﬁgsigu

.;,;6,.a;u;,,,\&u,;yycu;\dg,wa\?ﬁ);&z,;@j‘u;s')u&)}zw
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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}

L;_gl:— J.eb Lg\.,k:_»\mjfa)l.&l (:}J J;.A‘)Li cJEJ Sy alf‘): aﬁii.-d d)‘ j‘:"“.)[i RSSO 4>-}5 JuﬂerteFlle
St 5 dn poler bl Sl (i 55 6l i 2550 Ll sl p g el 5058 4 g el 0 &7 Sl
ol @bl 355 o S5 5,05 o &5 355 45 1y ols athi g Cuibgn b aST olgab slaws WriteFile | gus
LSS o T 0305 HIF L OIS oo 5 S a0l 3 ESTEST Oy g0 4 SeDbI lgnl Loyl 4 ag P oS ol
al 5 Jl )l o )3 4y STET s 35 Lo 57 2l o) 3k 3 o855 & WriteFile sz o L1, oSl S
Sl S s A 55 ks oyl 0T (6 sl g a0 65715 b 65 L ok ans i YU 3 o7 ol (A

DSy AA[;&ITFQLJE QTigfrjjﬁ-cbji Cbﬁ‘cs>u; Syl b C&?Cbk}a&

JU g 05 33 3 OleMb! Gl &6
J)j.aCJLG)Ua\C_Mﬂ‘@Kd\i‘rﬂalf)bdawa\du)‘é‘jcv\f‘)b}bbkd\f.fﬂ.bu)|gf"~¢u)‘4§$}§aw
LU Ll gl il Sglite oS Olials JU o8 53 51 Sledbl C5L s (gl bl 3 ss axi 5 o8 s ol 55 L

.r.:slﬁl)alf)sm,ﬂ}ﬁ,&&ahjzf\)lfc,éb;j\l.u{\
Sibys S m WL TRUE wb (g5 81l ods b ST 5L s 5l Ol (51 5 a6

T ] 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;
}

514 ComStat uze &S (6,185 1y abaws K bLo,l Slaasein Ll o jskus ;5> COMSTAT sl
Llisl 2)50 5o ilee SLMbI 0T Gladlld 5 555 0 (22l ClearCOMmMEITOr b b o (o x5 ¢ 55 ()
Sl s 4 Sl ol S (sl s ol eles S eslizul CDINQUE s I L o ST o (IS 1 U
Wl 0 0.t - ReadFile wlb <S8 4 55 Lol ok
o313 s JU e o 55 I Sledbl sl = b« J
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",GetlLastError());

return FALSE;
}

I, o7 ReadByte &b ¢SS 4 (el ke ST 23l ) 5l RecvData &b S 4 KT
el ST e eslinad o8 53 3l Sledbl 5L s I, (ReadFile) JB 0Nl i Sl e le wl pl ol 5 o0
TRUE @}f.gﬁf@,lguw;Maﬁf,l}cupgﬂl,g,;55};@11{“,\;@@@_\{&6;&1

! e C«éli_).} Coee ok Olis

JUyw o753 g
:J.J..h«_;o b L;’L:)‘ o\f)b Ji) CU
void ClosePort ()

{
BOOL RetValue;

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

)
c\j (Jb ke ‘.:.f@ eslizul T 5 (g slaasl 45 5 s ¢ ComPort.h flJA{Lg.L'..lTﬁ BEAERETE c\j
Sl 5 oo it el 5 oS glaael s 4 fole B bl s 5 J guS e (glatals Sl eslinl 5 5L G B
S o 50 (MessageBox ) s s al s b1 (rIntf Ste) J g™ e Sl 5203
5904 5 i 918 e oh el )3 T Sl eslinal & ol WIS 6 s 4 wls pl 2B e ol
s 53 play g e 18 slaaali il 0 5 APLLMFC ey sl oSS 4 sl fosla LT 05 8

F el JU g o753 4y bodld Jloyl 31 Jo
M\bbf}é)‘f\w&bc&u&dﬁ)bv\:s‘J:-‘jv\.ﬂ}aVBUGI Studio J)MSL.;NJJ‘)JL)ML)»
).LSLJ%)J_;}::&KOL?)JJ‘(Lgv\-cjg:iwﬁb)dkﬂ&)ﬂbb&b%‘g()ﬁf)}ifg&f'gk:.a) .,\.,&L:
L S oot LED st a5 S o5 oyl S dis il 555 S sl 51 4 555

A8 odalin WLED (g5, Jlge S50 41510 6 o sliel iyl
#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 O;

}

il COM o 55 55 slyls Ld 5 5ualS Lol 355 1505 5m5 35 6 posle oy sl cpl o (sl 5
o 4yl o 53 55 (02 e OT 51l B3I 25 3 «8) Null Modem LiS™ oS oSS & 31 5 on
o34y 6,53 sCOMT o 15 41, S 5 S 5L HyperTerminal o s s Sl opl s S1.0uS™ fuaze
o3 K03 0y 55 A by 53 3 (S (655 T m S e OLSS (s S b 0313 Lons COM2
IRV

b i 0 ey g5 b Lt 1) Sl uaze COM1 o8 5 4 &5 HyperTerminal o sy YU asb » cus (5l
0 ojles gl 5 A4S LI, COMT o s Wil g oo VU asly AiSS p> S1.sL 5L COM2 o s
rd s Py (ERROR_ACCESS_DENIED)

oy 635 1y 4S5 o Jloyl COMT o8 )3 5 b 51 s asl &8 glaesls S 120 1y B b sl B Ul
sl oS oslael Hyperterminal o 4l .3 57 dal g sdalie COM2 o8, 4 laze HyperTerminal
ol J= sl a5 HyperTerminal o 2y 69, ogd Ji16 SleMbl cdas oo (2L ASCI Cw o4 |y A4S o
7' SIS L1515 508 5 'A" SSTHIS U1 0 sde cods jadeio ol Lo 53w a8 YL sl 51 mend 53 ¢ e
A3 dal - HyperTerminal o ey (69, 15,'Z" G'A" Cog > oo )ls anlsl aals p aS7 Sl b, cplbas d}i_l?

Gy ¢S oslitl 5 4uelS 93 31 b Ll 4 il atils COM o 55 G s Les jguslS ool 5,50 S
o3lizal COMT o8 )5 31 o b 55 a5 .48 |1 I, HyperTerminal asb , ¢ K5 65, 5 0bs 5 sl S
iy

4 5L ks S WriteFile | sws b 5 )3 &5 shilen & ool (VU 4ol & = Kos U &5
Y\guuﬁaﬁcﬁplwcﬁjMUJ{.J;JL«:)lvAQ\)L@JTUKQlj@jW&Q&Q))ﬁpr&;‘hobbdb)‘

G|
#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[l6] = {(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;

}
DL QT aﬁiﬁaﬂ.’g@\?).ﬁkb (635 J:"‘)li) data Q‘)T wa‘ )‘ (r}w jo'.dl)l{‘) C_A“L \9 «.erteFlle )}’I.wb
‘)A.Sd\.w)\ M‘j&&%b L;é‘jb\u\;u. Luab‘bdb)‘)‘wdﬂbwwd J\.w)‘ GMWJJ\JJL&‘)Q
Sw‘ﬁb.ﬂﬁdﬂdb)lrﬁﬂuﬂabw‘gil{\9JACMUJ{J‘L§‘R‘[{.Afdﬂaﬁésnumﬁ.&:ﬁjb
ol >~ J):S&Le—:l‘g_))'\ oslawl O &5) b wby opl Ll g oS 540 S potal p Lg)}b..\.il{rn‘}{lia)\}é\@w
41, COM o855 55 uil g5 o e 48 D3 oS (gl g & 40l | o (61 kST L 53 1y (Wgd o oyl 033
am 2 \) é\.«ﬂ)\ MJJf‘J.:{ @JJ‘JJ?.A 6}5‘)\5 ,:.s\ful.:\) data Q\)T )f‘ -\.:SJ«#:»‘V.A
5,5 dal & suslie 05,8 HyperTerminal
a0l b g 0750 3l rosls Cdb yo 31 Jle
4.‘?..53\3bﬁ)6)‘_}5\@.\{.\{cJ{&ady)b..L:{‘ﬂ‘j.Lﬂ}qVisual Studio drS‘bﬁm)a\)ﬁquﬁ
Jlsl S senlS (61 Cul a4 Sl (e Sy on L) Il g s 1) GVl o7 (18575 Sn o Bae) sy
s ol bes L Sy a1y OT Legwr 5 A4S SL s Sledbl b oK b Wil o bimie filie sl ;.S
oo QUL 4 ST S HLEs L asl (ol ]
#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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S aal Sl obes jli oRKaws 43 (A4S Lob HyperTerminal wb , 53 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 datal[l€];

while (!RecvData());
reception

DWORD num = 0;

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

//Wait for

for (int i1 = 0;1i < num;i++)
printf ("%c",datal[i]);
getch();

ClosePort();
return 0;

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

lanl el cpl jo i |y blae el J-

& e 3 255 3L SEMLIL Sl e i
4 1) DMl L V8 ReadFile b oSS
3 aeby ol BNl el S &)
M5 ) WriteFile ¢SS 4 besls Jluyl 4l
i COM a5 sl 64t &0 (e i
AS o eyl o 5 aal 5 45T Db e Sl 40
aals ols bl 5 Sabys ek S aaly awy
e 3 0, E walip ST Bl

.-K:S‘_)q-”)o-k:.w)-\ﬁuﬂ

Jb o @l

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

243191.

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

243192.

e 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

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

Arithmetic in Binary or Decimal,

Including Multiply and Divide

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-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.
(meuonvmrsamcs )
MIN |m~x|
MODE  |MODE
GND [} 1 e ] Vee
aa [z 9] a5
a3 (s 3] A16/S3
STREAM BYTE a2 []4 7] Avmsa
QUEUE 2 A1 []5 36 ] A8ISS
A0 |6 3517 At9/S6
| Es 1 1 a9 7 3a[] S50 (HIGH)
BUS il A8 []8 33 (] MNMX
iNTERFUArﬁE S8 a7 o 2
| DS _ EXECUTION UNIT AD6 [] 10 m 31 [ HOLD  (RQIGTO)
Cverem ADs [ 1 0[] HDOA  (FGIETY)
ADa []12 23] WR (CGCK)
AD3 [J13 28] 1 10/m 52)
Ap2 [1a 27} DTVR is1)
AD1 [ 15 26 ] DEN (50}
ADo0 [15 25[7] ALE Qs0)
e o] “ﬂ;{'c"‘ﬂﬁ’ Nmi [ 47 24|] TNTA (@s)
EXECUTION | OH oL T TR [ 18 af] TEST
UNIT SP ! CLK []19 22| ] READY
I - L | GND [ 20 21[] RESET
1
o eavuse-

Figure 2. 8088 Pin Configuration

231456-1
Figure 1. 8088 CPU Functional Block Diagram
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8088

Table 1. Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

RQ/GT0,
RQ/GT1

30, 31

/0

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 BO88 (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 GPU’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,Qso

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.

Qsi Qso Characteristics

0(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.

§S0 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 o] 1 Read I/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 (ie., 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

5§2,51,50| 26-28 | O |STATUS: s 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 /0 access control
signals. Any change by S2, S1, or S0 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
O(LOW) 0 0 Interrupt Acknowledge
0 0 1 Read I/0 Port
0 1 0 Write |/0 Port
4] 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 memaory. 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.

Voo 40 Vee:is the +5V +10% power supply pin.

GND 1,20 GND: are the ground pins.

MN/RX 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 (ie., 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 S2. Itis used to distinguish a
memory access from an I/0 access. |0/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). 10/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
170 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 acknowlesdges cycles. 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 S1 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 transceiver in a
minimum system which uses the transceiver. DEN is active LOW during each
memory and 1/0 access, and for INTA cycles. For aread or INTA cycle, it is
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 to the 8088 (without regard to
additional bus buffers).

Symbol Pin No. | Type Name and Function

AD7-ADO 9-16 I/O | ADDRESS DATA BUS: These lines constitute the time multiplexed
memory/lO 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”.

A19/56, 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 1/O operations, these lines
are LOW. During memory and 1/0O 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
S6is 0 (LOW)
RD 32 O | READ: Read strobe indicates that the processor is performing a

memory or |/0 read cycle, depending on the state of the 1O/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 /0O
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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