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Cyber Security Researcher

e Familiarity with programming languages (e.g. C++, Java, C#, PHP, Assembly, etc.)
o Knowledge of networking and internet protocols (e.g. TCP/IP, DNS, SMTP, HTTP)
e Reverse engineering experience — a must.

e Analysis of malicious code — Major advantage
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y12p 7w Yva X7 /O 5w manaa amn 573 ,80x8671 npwna o W MMT 12 Janwn N2 YW Mo
097 SAWPD NAIND NINA WKRD .OPNTN 2°IPNT YW M Mo 65,5365 11 woxn a1 727 .02 16 Yw

/072 KRS IR TN2°T2 UKD NTYYR KO OXA VAP 7IPa7 09,0019

12977

N7 7T PI9A .D°IYNT 0D DO N0 RO N OWRD 2T RO PN Nuapian MO 1001 2NN 09902

12772 MW NI2IN0Y WAT RWIA 72002

[(2"-1) ®°7 R n°a7 2w n21n0 ,0 RO PWRIT N2 S N3N0 .0°N2 DY TIYR N2 N0 DY 2wnh wOR

.0°n2 1,048,576 57132 779 X7 P12°17 L0719 092 20w 20 Hva 7ayn Mav v

:MIR2T MWD My¥ann ,"0" 7w IR Twna 19767 01pna 2837 070 ,annT J
JTan 092 "0" v Rk aw Tavnn L1

om0 092 1976 n2non N aw Tavnn .2

("v" ) 0-9 197 DR Y2 77P20 02 Write=n P NR mwn Taven .3
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51

2Wwnnn PR — 3 P

Address = 1976

Address Bus

Data=0

Data Bus

Write=0

Control Bus

—

N3 7205 9o

IR MWD MYXaNn ,113°12 197677 oIpna R¥NIWw 77 IR R1PY 770
o 092 1976 nawnon nk ow 7avan L1
("ve" ) 0-9 197 DR ¥ 71paT 092 read-n p NR mawn Tavnen 4

TN 092w TR DR RMp Tavan .2

Address = 1976

Address Bus

Data = Memory [1976]

CPU Data Bus

Read=0

Control Bus

«—

NINTD NI NOWD



52 awnNT R — 3 o

112712 IY 2w 2°9732 2937V PR 123 NYd

DT TP PI2TA NI 172
.OABh X7 107ww ,Byte W ,0°0°2 8 5712 7w unw 1212 1970 opoma L1
.OEEFFh x377 17ww ,word 18 ,u°2 16 5732 77 1w 1o 1974 oypona .2
.12345678h x17 1o7ww ,double word & ,t°a 32 7132 7w 1w 1212 1976 opea .3

TR T¥2 .0OR 77907 OV MR 27TR1 ,MIR2 PNNN TR OR — 9omXTOpT T YW 12°N57 1R 29 W

N2 WY PRI DOIVY 1A TR TR X 7R 1712007 91OXTOR 0°022 W2 1T %R 070 h v @

DAAR Mvawn ax ah=b we qwnna 2w o3 IR ,ah= 0wn? 1nhw o onoxTopn

179 R IPW 10977 ,2°070 DAY NR?
.OABh 77w maw 112012 1970 oypema .1
.OEEh 7773 2w 112012 1975 oypona ,0FFh 7wi e moora 1974 opona .2

1979 oponay 34h 1w 1978 opona ,56h 2w 1977 oy na ,78h 7w 2w 112012 1976 opna .3
.12h e

.12°12 AN 7123 D222 A H.O=7 00277 ,1172°12 A0 3913 121002 1w L.O=n nvan — 2% mow @

15(14|13(12|11|10| 9 | 8 ( 7| 6 S| 4| 3| 2|10

High Order Byte Low Order Byte

L.O. Byte, H.O. Byte —nmomn
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[ 1979
1978
1977
1976
1975
1974
1973
1972
1971
L 1970

_

Double
Word

U
[e)]

H|

Word

wwvwm>o OO >
M
Mm

—] Byte

>
@

N30 2N 2297 Dw ATDWT 19N

R1IPY WAk 009127 WMIR ,RATY .2PWRAN MMIRY M 922 YXANaY 77100 N1 AR
.OEEh %2771 ,1975 oy on Byte .1
.1234h 523991 ,1978 ooy Word - .2
.05678EEFFh %2p71,1974 oy »n Double word .3

1971 opona o»pw Mwos 7Y noona 1970 oypona wnww byte=n nx 9ap21 ,1970 oypnn Word - .4

1277 WK BYD AR 2T, NIRRT 87p TN N -

=Rl <k pabie)

WY AW TaVRT 10201 DWAY 070 ,TWRNA AR 90 I 7¥n 02T maina 220 v 8086+ Tavah 1o
mand a7 Pk Pon owea 16 Hw v 9o L(registers) @vwesan mxIpw 00w 16 H7a M7l
72V DWW 2P0 NN 20N P WD DY W7 0w XXn? g a7 (OFFFFh ) 65,535 7y 0
D°IVP DOYVPAY NN DR PYA7 RO AI02IW SUIWE PR MDY D307 W0°AW ,INY O¥MIXAT L1090 ann 1A
(offset) voonm ,a%w segment-7 790 >7°-5¥ 2% NN 1112°12 N2IND 93 .(Segments) ananie — TN

X7 1112°72 N2IN2 YW 2WI? NP2IPRT 71T LIR30 NYNNN

Segment:offset
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DR PYIAR NWRIT W07 202 16 212 0000 1w S 219w 70ThY nyxann P1o0T 7719 ,80x86-7 nnowna

.0IA3DT NPOMNN NI2°TT HW VODIRT DX PO *IWi W0°ATT .1102°12 LINADT 12NN D)

,0°0°2 16 5w vooIXR *Hya 1171 1R 0772 2272972 .0INADT PW Pn0pna D7 DR YR BODIRT DW 29n00pnn DT
7% 0000h 172 37 IO 222 MAINT WK ,MAND 26 64K wrn 0 NAY 9130 KD L0 W DT
DLINAD O} VT2 I AN 2MIPNR 2°7Avna ,64K p1vTa X1 2°0Inaod 9o 91y 8086-1 7avna .OFFFFh

Ny ooIop

2°9°NNR TN DOVIADW KX oM ARXIND L1672 112307 DR 2°7910 ,1IA30 NPPAN 2P YW nandh vAah 1o
VINAD .12 NN NRY 2°n2 (2*16) 32 S nnn 0002h 190m 1130 7372 .0°02 16 Hw A9195 KXW nAno2
(N2 272 mw o°n2 16 9195 17,17 R 16 0°022 11) 111017 nonn anR? o°na 272 onnn 0011h qoon

3DD6h ®37 032307 111, 3T WODIRT DR VIR0 N2ONN NAIND7 2°9°0 L1102 Iwha N2In30 A 70

3DD6h:0012h — 92 awnn 1112°12 n2non . 12h X177 w9
79 2WTN P12°T2 NN
3DD60h + 0012h = 3DD72h

D 1% ¥o32 °72,1672 1IN0 N2IND DR 71907 STV PWRIT D2R2 P20 787 075 npoinw 9% 2% mow @

03307 NN

NI IR MMPY MIRAT MIRANTT AWANT PMIT AR WM V0D IR0 NWD MRANT 00D 02
71°0 17 9°voa P codeview-a wianwi NNk 719102 712y 1008 Jwana .dosbox navaoa nzaw codeview

J00DIRIT V1A KW DR 20T AW nnn Raw

7172772 DI A2 APNNA TNWRIT TN 1Y TRNT2 .05V 2995007 1IRIRY 1112772 M2 2070 DWW ,IRAW 73X
71wn .0627:000C X°77 ANWRIT 7702 A1I0RT D207 1991 ,0°02 13 w0 w2 .0627:0000 xon an2now

.0627:000D >R X217 N9 5w N0 92 nnn I
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DY912° 1170 7T AMR LY 0,1,2 — 2O 2007 PIDT WYL RN LD 2TNAw Y0V 2T 1903
0% DPHRIVOPY DMND N1 D2 DWW DIANT AW PA° TR IR N2 DT 2797 DY MR A0 PNI°T wS
SW DRINT PR O 2w oMnaw 1o ASCIH TP By aonw aryob Ak omnn ank LASCIH Tp

J1M2°12W 0°07YA

=y

7] DOSBox 0.74, Cr

File Edit Search Run Data Options Calls Windows Help
n=[51] memoryl b GxO627 : Gx0000

270000 00 01 02 03 04 05 06 07 68 09 On OF OC
Z27:000D0 oD OE OF

TS DYD .N2°T2 MANDT 20AY AR M2 HW VODIX NO0IT VTRV NRT AWYI LWODIRT AWM DR 2°AT1 Ny
.0627:0001 nanoa 795nnn anwRIn

7702 n°2a nwo oouo ASCII-7 39y ax 115712 o0own oaw 20 mw @

£ DOSBox 0.74, Cpu spee = % cycles, Frameski

File Edit Search BRun Data Options Calls UWindows Help
Il=[5] memoryl b Ox0627 : GxO001 11
OZ7:0001 01 62 0F 64 05 06 OF 08 @9 On OF OC 0D Clesde.fomd?f
2?'EIEEIE GE OF 11 12 13 14 15 16 17 18 19 1a [EF4I9RLITL- JI

NAIN22 A2 IND ANWRIT TNWT DY NAK T77°2 VIR0 DR DRI MIPRIY LODINT DR DOHXRI ,LINAOT AWM NWNNT?

:1M5°12 2°n2 16 Hw w07 N T Iwew 9% 2 ww .0628:0000

[f DOSBox 0.74, Cpu speed: ma: % cy Frameski

File Edit 3Search Run Data Optionz Calls Windows Help
[5]—————— memoryl b OxBE6ZE : G000

0628:0000 10 11 12 13 14 15 16 17 18 19 1A 1B 1C P4HIMELLITlen
0628:000D 1D 1E 1F 20 21 22 23 24 25 26 27 28 29 +«av t"HSx& ()

.0°N2 16 5w 79195 KW 21p°12 °1Nn TN LINA0W NUWMA 7K 2R IMIR 37,0100
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CPU — noroani 7125w n7om

72¥n2 DOPRMA DY 71307 DR PAYI T PO AW A9WOI 1DINDY TNYY NTONMAM TIRWT DTN NI JATT WA
1Pn R L (Registers) 0oMuo i v 37°p0n nn1 .o S T — VW a0 IR MwYY 17 DWORDY
LN PR Wwn MWD ik By neRanRw L(Arithmetic & Logical Unit) nmox% nounneara amms pwnl
A0 MTIPD mave By peranxw ,(Control Unit) 77p207 n7ma 200 ,mnw n1Pan mws) AR ,moon

.M22pNNa MRXINT NOARI MTIPD Pw 53197 AR ,N°10N0 A7 2150

Registers — a»ax

Wnn QORYNI ROR LTI NN PRM OPR a5 02T HW TR TIRGD 20 47 ,200R 072V MK R L,200003)
nHaph NI PI°TY MDY 2PN — TNV DTN O3 N TAVAN OV MW 2099 aaw NI L7avna TIna
DTPON W OpYnYY 000NN DW NNIMIA M3 WP .Zero wait Rp1 a1 axn 590 790 WK 72T 000030

D17 IDINA YT 12 MAWY 1IXNR DIPR 077 02001 2950 19INA DAR L0772 WINCWA DR 2772w .07

"R 219 HY "00ea" TP NN WRdWT DR 5°7V1 A7 1902

T2 AW NIPT7 WY 0°0°2 ORPW DT O3 0°00°A0n Nnd .80x86-1 nnowna 0v7avn Hw oW M7 onvp

092 16 5w 20077 99107 209027 172 NI IR ITIwn? TR T
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General Purpose Registers — a9 avuen

IR 79202 2O WK L0795 DV IR 2P

[N NNNY NrAAENIONNNIRD NI7IYON AN wnwn
Accumulator
YIN'YUn ,0MINXK DIV0'AN NITYA DA AIW'N NI7IYO YA nalx . ax
register
AN w79 0T NN axm
nMmy? ynwn 99 0T LNt N DTN Nin'wn 7va 001 Base address bx
N2'T2 NIImd register
D'MYSN NINd NI'907 12 WNNW1 775 10 Ta .0MNAT Nnn :
nmin | Count register CX
TN IX YAl D'INN NINDY ,nR717 n¥nY
NI'OANMIXR NIZIWD QY N'UKRD NITNIM NI7IYD 'MYY wnwn
nNPNNY7 DIISWD ,NIY ARXINN NN'YY 9011 DIP'A NIYAITY vTn | Data register dx
1197 11X 7R N2MdN DX v dx tuoa LI/0
y'axn .
Source Index S
N
IN) |N2'T7 NII9Y7 D D'V'A¥YN 1INA DN WNNWNY? [N
719'02 D"wiIN'y 0N D 1D .(bX Dy NIWY? MY n'knY
JITNNNa
yvaxn | Destination di
Ty | Index
" " y'axn . b
.Stack "nnonn" '"Njpw VINA0A |ND'T? NWIAT7 wnwn 00n Base Pointer p
[9IXQ .N10NNN WX X¥N1 N2 |1ND'T2 NN 7V y'avn sp
VIN'D NAI07 WIN'W 12 NWY1 K71 'SP~ yan X7 071v7 ,"n yIaxn .
Stack Pointer Sp
702 17N 17w NRONN Y FPNN TIRONN NIFUANNTIX NI7IYVD | Nonn
.110NNN N2 1210 DIP'MY Yy2X' T'AN Sp v DY
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0% 872 P PIoYR 299°7% UMK 2°n°YY 09N 1w Mt o0 16 D2 XIT 9" 0000370 IR 93 IR
— N2 "1W32 JINW P21 ,1700 axX DR PN PANYI OR LPN2°T 1WhD N°ah vTIn pUnvah ovXIN NI ,7nMT0
9071 7IR2T N2IND2 NI ZW I NR O3 IIW 3T RY ORND NRXIND 9IAR L1071 NUWH 11X NPT DR DY

QW 7Y N0

2P — dx™1 CX ,bX ,ax — 0°u0eann AYaIR IR NP2 D72 22INwn2 219°0H Nohndopn Mwna WER? 210
Sw oo1rhva o°vaan 8 miva Lhigh taon H .al=m ah=% p2nn ,anaT5 ax .nR %5 oova annw 212 oopon b

.ax hw 2°1nnna o°wan 8 mvo Llow jnon L 199Xy ,ax

DR S12°7 T¥2 REPIW TR YW aApnva DyXan (move Y TIXOP) MOV ATIPON — AWK Y72n0K NTIPD NYd T

TIANTY RN T

mov ax, OFFOOh

$79 FIRTY ax 00T, ATIPI YYD InRY

X2 PR 7OV O AREIN AMRD YA nm

mov ah, OFFh

mov al, 0
79709 ,ax nR o3 M al e MW .ooRIEY 2°00°30 aPR 0°0°2 8 YW 200w 1% MY @

. dl, dh ,cl ,ch ,bl ,bh o022 W w mwy 101 ,7m7 19182

102 8 DTN 029957 0OV DR NRIONT 7730 197
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mov

mov

mov

mov

mov

59

awnNT R — 3 o

:21 7y 17 w2 7201 10X 220070 QY MW MWD 9901 19913 IRAT NN

[ DOSBox 0.74, Cpu speed: max 100% cycles, Frameski... @I_Iﬂ-J

CU1653 Warning:
>

File Edit Search Bum Data Options Calls UWindows Help

memoryl b GxO7E? :0xO3ES

Ll =
O7E?:03E8 D8 59 26 2B OFE 36 15 7?3 D5 1F 54 F8 EB  §Y&+f68s vZ°6
O7E7:03F5 07 59 1F 5A B8 8D 03 FI 5 59 07 C3 53 «Y¥Zjiew-2Y:|5

sourcel CS:IP empty.asm

proc
mov
mov

mow
mow
mow
mow
mov ch,

ax,
ds,

ax,
b,
bl,
X,
1Zh

seqg dseq
ax

1234h
2]

34h

[c]

command

TOOLS. INI not found

<FB=Trace> <F10=Step> <F5=Go> <F3=51 Fmt> <Sh+F3=M1 Fmt>

ax, 1234h
bx, 0

bl, 34h
cx, 0

ch, 12h

JIR2T TP N DRI 1991 "I MMW XN 010 IR 0200 28D DR NIRT? WOHR TONT W PR T8



60 awnnT AN — 3 P9

2% W @

.bx 5w o1nnna o027 8 NR 1 mawn bl Hw 1w :bx Dy bl nw Hw nyowns -

.CX W 021v5ua 20 an 8 NX 1 mawn ch Hw »w :ex by ch »»w v nvowas -

N POV MAT BR PR 1IN MDY 7T 9O PRy 2w 16 hva on Ldin sp, bp, si,0v%%50 oMo

.dx=1 ¢x ,bx ,ax av 11rwyw m> onhw Innna

SW X7 PNV DTIPD 95 07003 RNV MTIPD N1 Aav 1909 ,079937 02000 XY 210N

123
XMW WA APV NTIPD 92 INKRY DIV 23 DR DKW W AAwhI 000 INY 00T R T <

.O°0DIND O°IW0°AN 2w R NPnNaa

i
AX

1234hwn
AL OABh 7w
BX 0ABCDh Ywin
CH OEEh 7win
DL OBBh 7wn
DH CH ~voan
AH DL hvomn

CX BX 2voin

X277 7T1MY2 117N5T
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61 awnnT AN — 3 P9

HARID)

Rl s
00 00 00 00 OO0 00 12 34 AX 1234hwn
00 00 00 00 OO0 00 12 AB AL 0ABhYwn
00 00 00 00 AB CD 12 AB BX 0ABCDh Ywhn
00 00 EE 00 AB CD 12 AB CH OEEh ywn
00 BB EE 00 AB CD 12 AB DL 0BBh 1win
EE BB EE 00 AB cb 12 AB DH CH ~von

EE BB EE 00 AB CD BB AB AH DLAvon

EE BB AB CD AB cb BB AB CX BX qvomn

Segment Registers — uimp v won

:((FS -w nn qvo°a1 Ao 80x86-11 nhdwn2 TN 2 IMRD O°MXT2) D271 02IV0°A AR w° 8086-71 72vn3
CS - Code Segment
DS - Data Segment
SS - Stack Segment

ES - Extra Segment

Segment Register %3 .11712°12 0°01M30 YW 7712 IWORY? KT 27°PON .0°0°2 16 VHYa 077 19RT 2000 9

112712 VINAD YW TR DR W

.72V STTHY VAN MYXANNY 10NT MTIPO DR 2701 AT 1IAD LTIPA VIR0 NN 2P IR MW CS W0
L,R? 264K qwRn N XY X3 0100 5w 9000pn DT IR AT arn 64K X177 1anio Hw oniopnt D7 a1
IWRI) N7 LIAADT PV YOI QYD KW 73,001 2237V €S -7 P YR TP DWW DOVINAD nd TAI? TWORY Dwn
LIA30 P U 197 model small n°101n7 N%°nna 00777 NI base.asm n°10In2 .NRT WORD P1N2°T P

MR TP DIN0A N WINTNY S92A0R N°ION 12NONW 720 R? OWIN 19K (TR TP

LIAD DY P R Y ¥haxn ds-w 70 apnva MWD MNann nPIona Nhna Yo 7172 ,ds woanT b
29237 MR DWANwR 1R 12 small 111207 HTIna IR0 o3 .12 oA ohanwnn 0wl 12 ,DATA
nI9% 715 ds IR MIws DATA 21072 2901230 9907 T2 301 1007 5w 2R 2%%71na %aR ,0°n2 S 64K

.OOR
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V1D D20 NAOMAN XKW .NINa oW (STACK) nh1omna DR 90nw P11 2 DY ¥°axn SS 10
A P72 DY K2 ONK OX SS DX NUWY PR — XD O3 79PN SP W0UAIT MW 2237 NN TITIRT TN LTwnt2

Ralli7abygralghy

RIIW 7 P17 AT L9001 DIAADY MIDY O°¥IN UMK OX — NOOI Mwona uL jmi Les, Extra Segment o7

1027 DR 00210 99%0 DWW MIPNYA ,ANNTY W 1 0030 IR TWOR)
Special Purpose Registers — a7y 29 w00
0TIV 0°IV0°AN W DI
IP - Instruction Pointer- axMnan yoaxn
FLAGS - o7

(pointer) yaxn3 wawn Twynbw va 16 Hw 007 1T %Y AR AT DWW NN DR P 1P w0

.code segment-1 707

27OnwRn MMK W A0 K17 ROR ,2°0°2 16 X 8 71IR2 T P10 IR RIT.0°I00°A07 N N0 29377 000
JTIDWNT DY P2 MWL W RIT 1991 MW NPLANIR MWD N¥IT MIpYR TINWR AT J00°A7 LIAR 12 213

LART QY 3TV TNRY AnNTY ,7avnn D A3 237 DX 20IWRw MIMR 29370 00737 9910 10 1D

-1 V037 YW 227 ,NRT DN PR 2007302 MW 2w Y21 RY 7D TV 072 119PNIw 227100307 N0 TRl
00T AR NIWD NIDNN? MAWORAY MTIPD N1AYR °3 L1781 .N75N7 DX Jara 7avnn 2oy unws o0t P

T TIY 90 YW AR YInn 10 aIR L, D00

ay 77122 MoINa? 911,79 19w ATV N2°20 DR 7APIW INRY 7o) ,7I91 P9 01TV 200000 ORI MR

T2 979 71N 1997 200An

Arithmetic & Logical Unit — nswnnsans a7omon

72vm2 opnn X0 (ALU — wopa R Arithmetic & Logical Unit) no%m nounneara a7
NYWP 7P DT 191 INRY ,0700°R TR RIw ¥7Rn DR i ALU-T .mByon 21 2 nwminnw @
T0D%N2 IRXINT DR W YD DR yxan ALU-T o2 yrnn av mwyh 7R v 1k ALUSS

LTV 0033 VAP
:ax o1 3 T DR AP0NR 0N WMIRY 1011, T
ALU-7 0% axmaw 7ivn DR pony 7avna e

S T7wanxk ALU-S mows 72 e

.5"17 000w Caw R 12anR axMT ALU-S 10 7avnn e

.ax o i 17 ALU-mn 2wna nRYIN DR I 7avan e
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Control Unit — smpan noome

V%27 ATIPD IR YT TAYNT P17 TR — 9K 9V 7w 77 phna

DI VP MYRARD .OMR ONAY 70 1N ,000nwn 00avn Sw MM oy 2IRD PO NIWRIT 20awnnd
707 AR NOIDN2 PR AT MW MTIPOT MIND LT AWWA LYY 7avan TP PR 112p7 377 WOR 270nwns
712307 DR AWD TPV DREDT AN WA SYTA D1PMYAYAT DPINNONTT AR J2IRD2 MOIWwS 190n? AN
2°0ORT MTAR YW AXI7 NRATINA 77D 93 17 ALWA TR0 TR ATIPD IOV DT MR X229 awnna ool

.172°712 NN

Operational owa o3 MW AN MTPD DR N122an arean ,Control Unit ,aapan o
JTIVD DA DR DR DR IR TR nyn ,OpCodes 1wk Codes @

7201 7R N .o°wea 8 Hw a9 B 7172 R’ OpCode v 97, 72vn? OpCodes— nRam nX 239 770
SW MM5°12 N5 AR P [P .o ipn 2°9°yo2a 11101 R LIP IR LInstruction register ,mxmin quonan
IP=71 nR nTpn Ro,mavsi quonn in? OpCode-i DX R nyn 7Pt N7 MW NRY . Nyt wiw aRaT I7pen

XD 991 R27 ATIPDT D20 OR

(ﬂ:ﬂﬂﬁ) nonYRT YR T
"\J
S0 IDINALATIPD SR TP MTAWA 1A% 11D MNon
:bx+5 nx ax 7n% Mavon ,NINAT MTIPH2 13920
mov  ax, bx
add ax, 5
MW OR .03 K? ARXIN 921 DANR ,aX T7IN% bX S A1Yua NTIRD AR whnNaR 32°0% 200 NTIPOw M2

bx+5 85 9ar ,5 5997 1% bx nX 9230 ax mmpsi NXT I0RY 000 K91 ,00197 12 73vRann MTpon

,J00°372 3D 7Y Nevw L(99 T172) ot 1o ,OpCodetn mays 910 a1 yar WX 1At NwT 37 9

N2V YW — MW DR JATAMW NI 20X 72U ,770 207 WRINY MWHW 370 LT NPUANCIR 729D 11¥2

0 12 213p 121 P9 9217w NX mawn WX ,Control Bus 7pan 05 5y 9w NIRRT NOwnen 1w
MWL MKR? AP2W 17 .N27vna nww MvTn R0 175 0 12 minwn Honwnn MRG faw mTnn L1
STANTY R nvTn opon R X clock cycle Sw i .clock cycle xap1 079 arm 175 0»

.(mw Hw 1/1,000,000) maw M 1 9w clock cycle %ya xi1 IMHz 5w nww 270 Hva 72vn
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Clock
Cycle
1
0
nr

0 mInwn MIRAW 1A17) NP MR NP9 DWINA 72 1217 NTIPI2 R A2W9 Y¥2H 210 72vn0 111010 mbaa? >
TIW 7 O¥ MINON0N TAvHT 2w Mwna 2ow 11D L(07H 11 7anwn MR 12 3aT) NYwn DR DT oy W (170
M3 DR AWy 72223 7avnn PYw MvTn s, clock cycletn ming qwneah 19130 8D antwn ,noavna
M3 DR Y TN TAVRTW D277 MYAwR PR LIRT QY NI TAT U192 VXY 9120 Taynnw NOYncopna muwon

.7 clock cycle=n an ma7IR M27 Mwow D1wn ,NPonopnn Mwon

NN YW OV 7121072 19IR2 WAANAY NP0 NIOMTY WO LNNOMTY WA R YEAN TAYNIW MXIDIT MWD N
clock noTIR AWPAT T ANTAY PUXD WA LNNDCTY WA AT TAVNT CTTOY NIWNANNT MWD SW 030 190

:clock cycles moon noMKRw 112719 Aws3 190N IR ,0°NTPNN 0°72YR WD 7 cycle

| L aliyamitiah

NN DY Twnn T o9n 1Wn
[IN2'TN NAIMD yTan
091 wpiann N> T ww arn
'R sh NAMN NX NIYOY
YTAN DX PNYnT
yT'nn 09 X

DIWHT NV 5w KT X 5V PIDNTY AN NOWD S 1900
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65 AWNNT AR — 3 P

———]

X DY Taynn
091 yTNN T
NIXLYT'AN [N>'T? w'w |ath
[IN3'T N2IMD NAM>N NX NW9Y
091 TY'N YR DX PNYnYI
[1lvnan 9% yT'nn 09n

[IM2'T2 TV Nano

NI YW YW 0T PR PV 171370 72000 19w w7900

2129

7199 V1277 1932w M0 VIR 170N :80X86-17 NDWR 7avn BV WAT2 ,2WNNT AR MITIN 11777 AT P2
T0PYIDIR 2PN DOT7AVAN POW PR N 12,00 DWW 2072 2P mn 80x86-7 *7avn nnown Sy
TR IPRI .2ONWT 0N MITIR VDA 120777 120393 VNA nopwo R an 137207 . VNA minon o131 nomwn

J1M2°T9 727091 ARCIP DY WAT TIN LD 2°2°97 AV NMWPNY TaVAT DR 2WAWR AIR2M 2N, Y700 20D

509 AVAT? DWAwAY ,D°00DIRY D°VIAA0Y 1700 DR 13701 80861 nown YW 130T 732 DX 1IIP0 ,wnn2
7R 2 DWW D°I00°ATIN WINNT QA1 PRON DY DTN TV DT P70 117aY L1971 RY 102° 12 nand
PRAKRY L7927 DT MWD 1IX°1 Y IRINRT LPUANING AT 1102V awn L00ea 93 993 7772 wawn
NYW2A TNE W N0 1IN MTIPD VXY TOW 11277 — NIWNT NYW DY 920772 10 LAY AR MTIPD DX X037

AT X DY NN2TY 701977 YN DR PRI LNV

MI2INOT KW HW 712737 IP°Y2 72N QKT 0°P190 N0 0°°0°027 2907 DR IR 1PV SUIRN 0 T D
NR 0°1°2n QDKW RN 10 — 198 DORWIA DLW ONKRY DMK 001K OR TR ,D°1WT 020000 01 11001

D157 2°ANAY 112 WHRNW 7712V N2°20 NX PPN K27 P92 LIRNA
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"H20K2 NIONY 7712V N2°20 — 4 P

Nian

772Y% 095 Hw M w03 ORI WK O92n0R NHwa NIDNY 9w whanwl ana amave 90 by vl ar pana
— (7191 NOWY 920X MPMNT NININ) OM22M0KR YW A0IR 0P .01 DR PXAY 1NN WK T P9 ,222n0KR3
TWOR ,AWYNY AN T72M0KR? 71072 O°RNY KD MWD T9200K7 2N01w S2an0R TP DAk %R omPa 009730
717 995 12 aMwn 0°02 PWaR X MM W 2 wn DR ,NINR 101N IR PXIW MIDNAR DAR 2D 90000
T2 XD RIT AT PID D102 YONTY DOORW IR POR 77 73010 907 7292 DAR MAWOR XY N2 ,°02n0K]
IRZINT DR P77 279307 NITY 13197 NOWA PAIPY MR 71977 ,base.asm 17 P v ,7721m0K Nowa NWRA
YT IR 22070 2P 1WnT 2°7%0N7 L,10p P 2200 w o aroa (Debugger) [aRaT xap1w vH3 myinNa
5370 .Opcodes — m119m NowS Y2210KR NOWA MTIPD D3NN T22A0RAW VRN 1D WTA? a7PR P9 .0Tw
92A0KRT MTIPD MINANA 72 T170 DR PRWD NP P77 NI DY T P92 D07aRIw o937 DR 25Wn pnnd

.Opcodes—>

Editor — Notepad++

WA NN WAYY MYIDW VOPY ¥R N3°WY MIIN DWW IMIA WY .1AND - YWD X7 72 WANWIY ANWRIT 710N
1°77 TR MIDN WY .LOPYI DR P R 2°nvn o0 nmww ,Word 10,07 "minan” maoin pww 0%
vomin Notepad++-2 winrwn .anr Editor 92 w Visual Studio ,Notepad-2 21037 2°912° umR n»ya

:M2°0 720Mn
nrn amdng -
WY mpna nows - -

MIRXANTT 9V 9pn 1 127 191 MNW2 2°700°37 ,P17°2 MAYT 202 MTPpD — DI 2°Y2X2 XM LOpY. -

.TP2

anR? 2>wnn 2332 Notepad++ ovwonn :mipni

.Notepad++ installer mnwax2a o~ ma http://notepad-plus-plus.org/download/v6.5.5.html
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hello ya1pi1 owa .hello ®p1w yapn Hw nnros xon hello.doc, doc amnT> .navor aw v yap 997 -

.00 awenn e

NX 037 »¥Nn Notepad++'n D121 ,NRT YN OR .asm DR oy 235w 2°X2aPN DR wh 1Tepn -

JIRMPY 91 NNYAY XA YR

.DOS n2202 7mava o3°hy %R a1 .anra 3% omn 8 12 mnw asm-Tao¥aph un -

Base.asm yawp

ORI DP9 AT PO ATAYA AR ©°020 UMK WA [T YR 920K NOWA PWRIT YAPH DR DY MY
YW WD ATV TWRn NWY TWRNA 17020 11 — 222 M2 DAY MIE MATATM MTIPDa 90 XY a1 29wa
907 19 113 ,BMK PORYA? TNX PR MY a7 21 2RT) R0 TR DX 1907 0y Notepad++-2 win

.base.asm awa 2y NR 1 10 MR (AR PANYIR PRI DPUNI0IR 2% MW

http://data.cyber.org.il/assembly/TASM/BIN/base.asm w°p2 o3 Rx¥n1 727

IDEAL

MCODEL small
STACH
DATASE:

WL R3S

1 & Ln

; Your wvariables here

CCDESEG:=
start:

[ T e I

mov ax, @Edata

11 mov d=, ax

12 ;e
13 ; Your code here

15 §g - ——————————————————————
16 exit:

17 mov ax,

18 int

159 END =start

base.asm by 12o57

nBWa NIoN° 2NNaR 270 NYTY PIXW A1 DR YROW ,90°02 AR 0207 .base.asm yapv 0v2073 v nyd 0l
2°75011 N2 72°0 PR 2aR ,07PNAR 02070 DR 19277 00997 IR 119 PR 1TV A7 25w 0700 21w 120 ,°9200K
720777 DR 17277 027 WHR> PN2TM ADW 12 DY YT — P2210R NOW DY P9 0102 PHR 1M AR 172 —

Na)ratah]
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:20°02 1207

1R V1230 Awan NX .DATASEG namai nnn R¥nI PWRIT IR (P23P2 TIIYY aX01 NI 2°1Ra PO Tpnn)
TI2°12 DINWA? MR 0°7°7a 12w LI X7 DATASEG 17 2°R1PW LIR30 .2Wnna 1AIR ¥ p15mn 0070

TP 00w 2 XY DATASEG 702 .awnni 5w 11712°12 Mo 2°in1 IRY Mnw o7 2°nwn % P71 .awnan
;7> ,DATASEG=2 21n0% 27919 1R
varl db 5

,2°T2 MR NIZPITY ART 720 (Twnta YR ¥oa1) 19an0KA .5 7wn nR Dapnw varl awa manwn 13776 7o)

.5 77w DR 1112012 0w varl [ Ry Rp

NMIRY MTIPOT DR 2°2M0 12w 0323007 17 .CODESEG nanai Dnn R¥NIW 737 RIT NN POIVAY 2100 IRG
DX T9PA% WOR 12w MR WO — 77V MR TA — IR, MTIPD A0 W 0IR0T NN LYY TAVRIY 2%

2190 MTIPen
;T2 ,CODESEG-2 2105 o712 1K
mov  al, [varl]
.al o a i I PR, 5 ,varl=a 1010w TIvn DR PPN 72va% 01N 7 TP
.base.asm y21p2 o™rw YL 20nnR 222wa nYTe TR an 9o
;07151 D207

2P DY AW TN M2

nx X IDEAL .72°n0 MM mma v ,anR a7 umaw Turbo Assembler nioinh — IDEAL

.0°2°1INM Q°NIONAY TRNAY 0w 72700

Data, Code, — oowinao qwbw 172°9n N°1on3w 172n0K87 yaip ,small 17721 Y7 — MODEL small -

IR 95 64K X177 22037 TP C0Inao 27w Stack
.N210M0 23 PHna IRYAN Y9N N0 Mo 13— STACK 100h -
.0mniT vio — DATASEG -
npnvio — CODESEG -

TPAITY =M K127 91D MR oW 9D .07 DX DR 2MNAR 9°RM Tayn? nindnw nonn — start -

AR AMwAw end=n DRMNMT oy 2°apy nak pvn -“main”

@data a7 .71 vopn By vare dsTw y1aph ,aRT AR T IR0 10n — mov ax, @data -
-1 1IR30 NS ds TN PRy mov ds, ax AR aRMAT 2102 .datati vInad YW NN DR TN

.data
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69 592082 MIONY 771y N2°20 — 4 P19

1O SW NATI0N ARYY 2w TP 30 exit 7nh nnnaw MW SN .N2IDNaR NOTI0N ORXC — exit -
IRIAN VO 207 DM D°OIXY 12 WANWAD 93N APV NOWAY 9,705 R NI MW
.DOS mp oo 5y pona

R 7 7797 IR WDPW MITIPD M9 LTPEONIP IR P00 17anorh nank end 191 — end start -
5y X7 DR NN IR 7207 9K 192008 NOMIRY 1N 300 end nxy 10n naws 1main®
5 TNN A3 2O MR ,1I0W SOPR2 .exetn v NYTNM 2NN X7 ,NMN PR AR .Iona

.Start n"mnnn

Command Line

Command -2 .Command Line >7°=5y yXana noom 2°32apn 91771 ,N19747 A9¥9an MoIvn 070 ,7ava
TOX 20V oV PR DaRT YRV mMwyh opna ,anaTe v pab 072 199,020y wanwn? mnwer PR Line

Y20 aw N N0

R17 1°W 927087 pwnnnw KT gnwRon .maco nwn Command Line 5w nvoioa mTips a1 3ImaN
NWPR NWXNRA RO 370 AT ,01097 NOWY 23NY asm Ay PR 122087 MO 070 M ORINopY
DR POIT2 MPA0R X2 D23 MAa0 NPT ahvea maavaw X L,7hawn 72°00 .Command Linema mmpan
64 >7°75Y 117212 N2IND NN L,IMPD) 12 6472 MTAW DR NIDWR HAAOR N2°202 ATAYY MWITIT MINN
077 .80X86 7avn OY AMAY MnT? 73 2 PRI WMIKY 122 20 Y7-5Y MXMY NNRD NMKRD IR PR (D002
7D AN DOAWY 7AVMY TRV NTYA TR — MWRWAR DRIV 715N OV TIAYY RIT LAWY MK 23w 093 ,2pnn
Command -5 ava11 .Command Line=% 1m172 ">R100pt pwnna MTWY NIOIND PRI, N0nR oy 1avs
Command <---- 0>y <---- NPI2INT DAY N2 MR IRIAN ,7 Mna . 73%997 Maayna aw Line

.Start menu-a n11017 19 n NP2 cmd N2°05 57 HY HR 3037 707 1001 995 7772 .Prompt

) Accessories
B Calculator
B8 Command Prompt |
@9 Connect to a Network Projector
B Connectto a Projector Documents
=1 Getting Started
#} Math Input Panel Pictures
Nj Notepad
@) Paint
& Remote Desktop Connection
15] Run
(% Snipping Tool
t Seund Recorder
Sticky Notes
@ Sync Center
7 Windows Explorer

Music

Games

Computer

Control Panel

Devices and Printers

[Z WordPad
| Ease of Access Default Programs
| System Tools
. Tablet PC Help and Support
1 Back
| Search programs and files el | ‘ @m
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1R N2 NRXITD 1190 NOY 101 NN

& NTIRPON N

Microsoft Windows [Uersion 6.1.7601]
Copyright (c¢) 2009 Microsoft Corporation. All rights reserved.

C:\Users\BARAK>

X yoam anxk .Command Line-a yo1mh 1w mnws mMTpsn IR 20°a0nw oW 20K 2P

.MTIPon 93 w1 http://www.computerhope.com/msdos.htm

:MR2T MTIPO2 APV WANWw MR

Change Directory »w mwp - CD <

WY W ORwDI 377907 M2wY 1
CD DirectoryName

;372 "DirectoryName" opna X2 7779077 ow WK

CD Games
:DWI7 WO NPID0T YYA AMNR DX 790 NI 07D
CD..
WY WO yYa N nnh o 07
CD\

AN

@ N PN N el B e

A\>ed assembly

m| »

:\Assembly>cd tasm

:\Assembly\TASH>cd bin

:\Assembly\TASH\BIN>cd. .
AAssembly\TASM>cdy,

Y
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DIR <«

Jon DY A% 92w T 0°27 NP9 2OXAP WO DMWY WD PI502 0P NIIO0N NN 2°Xapa 7D 117D

TINY AR TNV TONT DY AR 191N page™? MR X1 p 0o .dir /p 23057 M8 1991, TR

TPON N - dir /§

C:\Assembly>dir /p
Uolume in drive C has no label.
Uolume Serial Number is 9042-83AT7

Directory of C:\Assembly

04/13/2014 : <DIR>

04/13/2014 : <DIR> ..
10/18/2013 : <DIR> AOA
02/01/2014 : 19,076 DES.EXE
11/09/2013 : 81,573 FlagJumpTests.JPG
12/14/2013 : <DIR> masmé11
04/12/2014 : <DIR> odbg201
04/12/2014 : <DIR> Targilim
B4/12/2014 : <DIR> TASH
09/30/2013 : 1,181,760 WinAsm.rar
Press any key to continue .

EXIT <
.enter 72 Ry exit owrpn ,aPven Nkt i Command Line=in nRy® 7
DOSBOX <+

NRIPIY 730N NWITI .02 MAINDT 20 80X86717 2Tavn aY MAR? NVARN TR NPINTIA T2V MOIWAW 1D
07717 MR ,1ANT2 W 3757 NIV IR AWhN IRTAY 71930 R N0mK (Emulator) mwhms 2550 owa

WP AW 1D ATINA7 110w N90IRN0Y 190K 119w 2WhnD 21ANY MORIAR NIDN VIR TN

0N 2wy ,Commodore 64 2wy Y M2N
DIy YT oYND woNy , 1982 mwa syw

Commodore 64-5 1now
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,DOS 7P 17 32997 Nown .uoI0R R YW NRTRIA 1297 NDAYA JI0RI L, 92n0KR D ATIAY N2°20 DR P 010
X771 DOS %w uomka 11994 niwa axye 35w ananxa goam ,Disk Operating System 5w 1wop
nX 1pnm download" "Dosbox 53132 won .0.74 X’ n°1378a 70737 19Xk MM 1D 1t nan Dosbox

Ryhmhiah]

http://data.cyber.org.il/assembly/dosbox.exe :1v%an a3 0.74 73073 nX 7172 100

;X277 O NAATI O 1NDN OP1A0T DY Appa

Welcome to DOSBox wO.74

For a short introduction for wnew users type: INTRO
For supported shell commands type: HELP

To adjust the emulated CPU speed., use ctrl-Fi1 and ctrl-FiZ.
To activate the keymapper cirl-F1.
For more information read the README file in the DOSBox directory.

HAUE FUN?
The DOSBox Team http:/ uma.dosbox.com

Z:5>SET BLASTER=AZZ0 17 D1 HS T6

2Ny _

.Z 11192 VA1 1TIR .MIDINT NN 10w 2O0PN00T DOREAL 12 11197 YUY RO MWYY 20X WMIRY ANWRIT 72500
OI9W awnnn HYw 0°%apa wanwa? Yow v19% .2WIN 2dwnnwa? STy 92p% 075 Intro 21037 1H 3oxn 012017
77902 ,C 0 9Y DORINI W DUXIPAW TIpN2 .mount NRIPIY 7TAT 01017 MWYY 299X N

;01 ,Assembly
Mount c: c:\

:21n01 Ny .Drive c:\ is mounted as local directory ¢ -0971° qoni Yy

.C 0°%2p71 12199 1372

%2 23 mopn Command Line-11 5w mmipan 2

702 2127 AT 727 - NANOW MATIPA MTPDT 12 7977 117 IWORN ,I7YNT PN wpn By axnhw 2% mw @

ot

737 R 9707 17721 ORNA2 AN OP1A0IT PW AT MR LI TAvA DW TXINR DOYEIN MIRY PO
N2°N2 MIYXARI ATT 3P0 DR NS 1001 .(F9Yn2 nmoa 2107 2% wew) 7372 1wy cycles 3000 v aspa

:D0OSBOX-17 70n2 1Xan nmnpon

Cycles = max
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MR NIND NMIYAYA PUIY) POIR 2307 RIT MR NOOR0RRT MR N2y MMWRNRA YW NWWn MIan Ny
CPU ny> 2105 75%vn%? namaa .(cycles 3000-7 72972 210 78117 923 9aR 035w awnna 7avnn 2w e

.speed: max 100% cycles

NPoY QY OLAMIR 1DIND IXIPY MTIPD W A0 0P1aoITe Maph awer :Dosbox oy mhp nmavh o
Qv H22W 0 OPI2DIT NX ADIPY DI ,7nNTY -7°NYA 7127 779R0 12 I0AY A12° 1R MTIPD DR 10N

ST 7PID0Y TR BN RIT,A0Y RIW

Y -Mnbn W amnen v sn 717 YRR v nen dosbox-0.74.conf 8P MTIPDT AR TN 1001 12 Yawn

;0120177 v*5n T2 DOSBoxX 0.74 Options-2 1n127%
DOSBox-0.74
DOSBox 0.74 Manual ||
DOSBox 0.74 [
BExtras
Qpftions
DOSBox 0.74 Options [

Reset KeyMapper E
Reset Options E

X277 2077 DR RXAT 07 TV 21731 72277 IR 112 TNDN 20V0 D0 O0RAW 1XAD DY Ip9R0 100 NR?

[autoexec]
# Lines in this section will be run at startup.
# You can put your MOUNT lines here.
TINATY 197 MR T 2009 101 17w MTIPOT DR
mount c: c:\
C:
cd tasm
cd bin

cycles = max

73



74 721082 MIdNY 7712 N2°20 — 4 pd

TASM Assembler

MA DAYP .TPDR NOWY awhs 1Bwa TP Mo nhaonw 710N 93 X0 Assembler abanox
1R 70 . Turbo Assembler Hw xp ,TASM av 71av% 13912 117K 7221008 NowY 0v77210K
.1996 nawa axy’ XM 5.0 x1 TASM Hw

W AR PP 7207 792 WL KO YAIPY N0 NOWR AR DYEan WK 7100 X0 Linker Sprsh
NPRIMA MININA QAW 2PN WY IP1OR LT AXIA YIPY AR AT ,A110n Nowa 0°%ap 190 @
0°X2P2 DORYDIV TP YORY IR NYXIAW ,NOWRIT MPINNT DR 2210 TR 720 ,7n372 .0°%2p 1900 12

OPNRA B°XAR2 DORYPIW TP YR 1722 TP OVERR AP 1 WRR VY i .o0InR

DX 23 P97 IR 03 ,1927087 DR 33 19102 9910 7R 001000 Pw 010K Nk TASM nx 1105y aammi?

SAR2TA

http://data.cyber.org.il/assembly/TASM.rar :p1°»a tasm.rar ya1pi nx 77177 1071

377 NRD

.c:tasm\bin awa 7790 7%

"rar download" ywsr rar nnonob 71510 007 PR OK) 0°X2PT DX 00 PNV rar yap R mny - -

(Ponen N T

.bin 7502 R¥n1 base.asm yapnw WM -

(AW qoma 012°%a N7 ,cd MTIPs o7 HY) bin= nvv19o X weam Dosbox T win nyy -

:10n oW base.asm nX 7 AR ATPOn -

tasm /zi base.asm

.base.obj awa ya1p 1% ¥ .debug N2 W7 VTR DR DWW Zi PXDNT -

ST PIPY NN NOWA YA DR 77007 - tink (PR NI 07T DY nYRianw — aRan ampen -

tlink /v base.obj

.base.exe owa ya1p 731 .debug N2k WA TR DR DI VRO

[Rhtakgle]
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MR 7R 070 td base ancs W ,enter wepm a7Pon N2 base 1ancy xuw yapn IR yn o7

SAR2TAN

BADOSBox 0.74, Cpu .. = ©

Fis>mount ©f ociN

Drive C is mounted as local directory c:\

Noed tasm
NTASM»cd bin

NTASMMBIN>tasm ~zi base.asm
urbo Assembler WVersion 4.1 Copyright (c) 1988, 1996 Borland International

fAssembling file: base.asm
[Error messages: None
rning messages: None
1
[Remaining memory: 466k

| NTASMMBIN>tlink ~v base.obj
g urbo Link VUersion 7.1.30.1. Copyright (c) 1987, 1996 Borland Internatiomal

NTASMMBIN>td base

.Turbo Debugger owa »12°7 n121n MyenaRa base.exe y2pa IR yoi1 ,nvd

Turbo Debugger - TD

:DP120172 29031 ,115W N2°77 1IN DR DY 010
td base

:X277 70N YO

P S e I

File Edit Uiew Run Brealjpoints Data Options UWindow Help READY

L b U L L e — -
#basefistart: mov ax, @data

Y9021 view 12 L(F10 wpn 5y axon?) mhyn® 00 150 1012°7 00K D127 DO T JoRT 01pRa OX

:CPU mnwari DX 12 ,nnoaw

75



76 721082 MIdNY 7712 N2°20 — 4 pd

[n1=CPU BG486=

Turbo Debugger=a wnmwn

o1 MR .Help=1 voona xien? 101, TD Meepa w ,Turbo Debugger v nvepnoa 93 v ov1aon
:TD %W nyapova nrgpnob

TpA nMYR M2 LF8 By mxomh by ,Step 2xn .20 Cwn TR MWYR 11 — AW WK AW TP DX
3279 279 .In RED IMNTENOG DO DR M ST I YW AR AT KO0 DTONT TP DMWY OR LR
WRDTI L,ANTEND W ANYRND 2OV WMIRWD LA ¥ JF7 5y awnh -y Trace 2¥na wanwl ,amTeg

JNTXN0T N2 T MW avs 9 27PN’

JSTNW AR W TP YW axan wxa TD mvenka base.exe nR 137 — NRT 103

POV DT MKW DPn? T PN 110N — GO to cursor mwnawnw ,F4 37 Moo newmw %77 NMIWOR

XY 7Y 010N DR X0 F9 ampon

107 NP2 2w VIEWS™T .0°15N2 IAYR 92 MPNY WOR MW NIMIWORT MYXAR2 — View n1MawoR

:DATA= 7101930 NX 19 1931 ,7319% NOWS 1130M TP M nx 11 »xnw ,CPU- -

76



77 721082 MIdNY 7712 N2°20 — 4 pd

cs:000C CDZ1

DOOATT WOAT -

—

VTR TIV DT 1030 7OV W07 DI YW 197 AN Nt 0%

STWNTA 12 WANWI 2R L7207 1OV 2OV KD MR ¥a70 — STACK-7 v1230 nR 1 »xnaw , STACK-n -

T MW 7Y watch 102 MR 0013791 WY M IR manwn nnph o1 umiR — Watches -

:DATASEG ooanwn »1w 1173 72377 .on1°7 19182
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78

Varl

Var2

dw

dw

921082 MION ATAY N2°20 — 4 P19

1234h

2345h

219200 varl+var2 »wan nk Watch 7in% 10105

NNMAIT? NN NIIANE DRAYNAN 7D Nt DX 117 230 — Variables

[ 1slariables————4-[ 1[ ']
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19912 WPIAN 2IPRY NaYR

:X277 70m7 NX nnon CTRL+G 5y 730 .1112°T2 DR¥NIW 229790 D22N0W 19°7 ,70n0 W NN PoRa 9V 110y

[n]1=CPU 80486

[ 1=Enter address to position to

113

(@ NI Yupna W N mR1%°75,ds:0 ,7711) NWRY2AT NANIT DR 0°101 TNOIY 7oma
[*1=Enter address to position to
ds:0

0K

WP TRY UMK "yoopn" T 7von

nw >R P ,DATASEG Hw 0pni 5y ¥°2%73% 973% 1R 1779 dS n°193nn n2onnaw 9% 2% ww

M9 PR yX2Iw 109 F8 5y 2»nyn ik 105y ,19 L1191 7w PR Papn ds mnwRaa TIpa D

MMIANRA
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breakpoints=a wysw

72 77w 7A07 1HY LART MY 752 7P AXNIw w252 breakpoint WX Lg%y nTpl TR 00910 K
WO HY I .01TRA AvIaxY noon g JToggle-2 Mnab Breakpoints v»5n21 Mgyn no1onnw anaN

TRV NTIPA DR Svan

[n]1=CPU 806486

O ww Tpn N2 eyn R0 Run (F9) nmps natva nidng nR pel ok Lbreakpoint uyapw anx?
PR T2 WOW DTN IMIRY TP MTIPI? 000 A2 a2y 17 01 breakpoint

. 123
TP7 NN 2R WA mov ax, 4C00 77w breakpoint wap . 13R2°77 nva base.exe nX 1% s
Onw PO XY 7MY DAPW 037N DR MW DWW DM00°3T P 223790 IR T LF9-1 wanw in X ara

R

TD ay n7ay» apw

ALT+X %y nxon? :Dosbox-1 70n X m10mnan aroge -
CTRL+F2 :poaona ow wama axn - -

oy i .oon wpna Wiy F10 Sy axen? (Ypnl 120vaw 37pn?) NTopnn NOtya oovona MTeT -

JAR2°TA OW oUW miavona 12 Navnb Tab
ALT+Enter 5y mxom% :(mn IR°%0) RO1 701 2877 12vn -

(Ctrl -5 Alt 2w wpna) "mnon" wpn (1202 WIw X9 MK NIOING BRI N AR -
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Opcodes=b s5nmaoR M7IPD 7T17°0 — (3219:7) PnR 95N \"\’q

0 MTIPD? NN MOV NTIPD 78°0 P

PRI .PNIDTAW TIPA LIAADA VIR MTAR? NAIINPA MOV NTIPD TR K7 ,72 AR ,NPAD 2217100 AMIRY 798w
RIXND X7 AT NTIAY LA I9IN2 MR NMAR 292R08 MTIPD .72ya 72 19PN D20W P1°D MOV NTIPD DX
MTIPE2 NUNRNT MPIBR P ROR 2" 797907 DR PO 92 mov ax, dx ampesn »w Opcode= nx

NINR

TN YIX°AR 00991 719770

"Your code mwaa anRY yOa° 2°%11 ONRW TP DR 10°107 070N W Tow 9°on base.asm yapn L1

TP N R nyomw here"

mov ds, ax
.TurboDebugger nio1n nX 177,787 P3P DX 7100 TPL 700 nRe - .2

10N PR AN MOV ax, 2 a7poa ,annT? La0n PR neaanca SHanoR TP 90 PR unana .3
.B80200
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82 721082 MIdNY 7712 N2°20 — 4 pd

M0 MDRW 71 1INEY DR YR

.172°12 NI09IN 377 2°N2 13 PITAN MOV DTIPD YW MW NIRDIA 7011 MOV NTPD Naxnn o°na andb .1
NTo

mov ax,5

mov ax, bx

mov [120], ax

a7 ,Opcode=it 7anwn TR PI7a 00 2w @vap 1veh foa .2

mov ax, 5
mov ax, 6

:Opcode=71 %y nyswin DR P17231 DO1W 0°780°0° M1ap Pwb? o .3

mov ax, 2
mov bx, 2
mov cx, 2
mov dx, 2

MR VO TING WO PIIY manwn Opcode-n PR 111 4

mov bx, ax

mov ax, CX

92 NN DR RIXAL W 100 NOWY 9w 21NA DR RIXAY w0 .mov ax, dx ampsi a1ni pnnn ndwab a0in
NOWY O3INM TR TR PN C7°TOY P KR L1107 NOWH ANIR 030NN 2227087 TR 217291 ATIP0T DR N1on°

DT MTpPs A10n
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83 721082 MIdNY 7712 N2°20 — 4 pd

Q1290

7TV M2°20 MR TR PWOYA AR 7YY 2221082 MIDNT N2°20 DRI YW AT 093 DR 11107 a7 P92

2077 7T P92 1120pw 0797 AR 7712V D202 WIPHNT MTART I9A% IR ,MNL0 mnw

Editor Notepad++

DOS mmipo Y913 ,Command line 777 %0 -
DOSBOX muomr -

Turbo Assembly 7%an08 -

Tlink Apr% -

Turbo Debugger 227 -

CTPIRW 10 DO72WT WA DIPXR DYIpN 099377 LW RINYD AT AT .Jwnant nnnoa X 9R 00952 3210 Suhw

.N15N% 2°9°1NK 1AMIR K27 P92
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84 IP, FLAGS -5 p»

IP, FLAGS — 5 P75

Nian

QP10 DORWIIT IN° .0°723 NYION2 NTAZIY AT72VAT DT N2V 2OWITI — 09X A7 IP qvooan — a1 paon oopon
-

Sy D°WAIT1 07 R 0°723 1IN YW 7290 NTOMY w7 orR o ( N 17077 DR O7°7 IRYAN) 7207 RWID

.0°2WnHa MIAAT NI TIAT TR 07

,Special Purpose Registers ,0»7y» 0°700°30 °10 79¥p2 11217 ,1°2°07)) 72yR0 a¥ M2 1wwD

.FLAGS 7003 1P quon

IP - Instruction Pointer- 71X ¥°23n
FLAGS — o7

XY 07 12 MR waws [P 0% (qwnna ona praviw oKW DAY a2wn 1990 200000 YW 113

MIRDI?Y 07319 2°RIN N2°N57 007 172 UMK wawe FLAGS=1 700°30 .npo09) mTein

BRI DMBOT IR TMSR NN HY 7712V D220 MTIR WY Y72 Wanwn ;1990 0700°3 T MTIR 01 7 P52

LPwyn aMxa

IP — Instruction Pointer

(pointer) y°2xn3 wawn Twynw 12 16 5w 00 1T IR AR ATPOR YW NN DX P 1P 0070

.code segment-1 7n?

(MW7) TP MM 190n NHoINA base.asm ¥ NODIAT IR NPIDNT DR 1R P Ny

IDEAL %
MODEL small
STACK 100h
DATASEG
CODESEG
start:

mov ax, @data
mov ds, ax
mov ax, 1234h

mov  bx, O
mov  bl, 34h
mov cx, 0
mov  ch, 12h

exit:
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85 IP, FLAGS -5 po

mov  ax, 4c00h
int 21h
END start

[P 7195 ,mov ax, 1234h, IP=0005 771w2 va13 nR¥A1 M1 :m°1ong nxoa av IP-% 37p an axn1 il

.TIPT DIAADA PWOWT NPT DY YOIn

READ
I 8Mgo6—00—7 2111

cs:00050B83412

AR TP N2 15w 1PN DX aTpnw 2ws F8 By wopl nvd

READ
P eM86——\nnnniini-oo  n. 60 -—- 0 - ————+—— 17— 22— 1]

cs : GOO8)-BEOGOG

:07wRNNaY DMIWH

.(mov bx, 0 7MWw?) NAX 77W2 QTPNT LT TAATY ORAT TNWT DR 18w ,7on2 g oo L1
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86 IP, FLAGS -5 po

ORNT2 7I0W ax Sw 1oy ,aveia mov ax, 1234h ampan .2
.0°na awPwa by amba ,0008-5 0005 manws IP qwox .3

AP 5mw »1wn nR 0202 Nan By yan 20vn
.I5N7 TN2°12 202 WP W No9IN mov ax, 1234h amiponw own X011 ,0°02 5w a0 MnTpnaaw 52000

A0 .0™IwA W TR M2 nanwa® 9120 1P HR o pna — 010N PN5°Ta 2°na gwihw Moo mMTIpen 90 KD

SR DY AMAR X A0TR PIop 1P W 71vn ana ovaxn qwnna AR

5.1 %9390 /

70 Pa [P W awn TN 12w mIow YW TIRa MW DR PR 100wnn N

20°n2 AWYPWwa mInwn R 1P onaw 0°23n o°ama onk arag Lampo?

172%0 2170 192 [P Hw 199w nx niaw® 710 IP=0005h awxd 1% 37200000 2INg IR XN .2

X2 N9 NRXNTI 7121 207 N9 RWDD TV 10710 N20v av 1YY

[8]1=CPU BeH86

7702 112V AN 7w R apn IP-w R enter by et ,001007 1P Sw 100y R uw A
19X TP yupna 0010 ab 0005 1aw mTpsn ari 2anvan 97P RS .F8 By a%on v70-hy xan

?2( cX ,bx ,ax oo an YW 037yL 2% 1MW) Wweana
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87 IP, FLAGS -5 p»

Processor Status Register — FLAGS

mw FLAGS woon [FLAGS w 0°9377 q00°30 "2 20 9o ,Processor Status Register qvooan
DMWY TR 072 °12 2PN MNIR YW A0 X7 ROX ,0°0°2 16 IR 8 T7IR2 7Y POIN 1R RIT.000°300 0
e v opnh p1 0002 FLAGS 1672 whw nyank .72vnm axn DX aph

:FLAGS-71 70071 702 oabw o nm 209370 ninw i

OF | DF | IF | TF | SF | zF AC PF CF

Overflow Flag J

Direction Flag

Interrupt Flag

Trap Flag

Sign Flag

Zero Flag
Auxiliary Carry

Parity Flag
Carry Flag

:Condition Codes — o°81n 5737 vaIR 2m°p ,2°1WiT 2°9370 1an
Zero Flag -
Overflow Flag -
Carry Flag -

Sign Flag -

TIP2 MITIPOY OPA? 2RI MPYIDW MTIPD YXAY V1D O Wanwn TaHIw NN DT M2WR 2ORINT O9AT

.07 DWANWR TR AR TP 30 MTIPD 721w (" ...Y¥A IR 0PN K27 ORINT OXR" 200 MTIPD)
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88 IP, FLAGS -5 p»

Nl

Zero Flag — oor:m 97 #\'

5935 :17w7) .0 7 199 ,I0R 7P 932 L7907 30X DWW DIDORY 71473 AIINAKRT AP0 NXON OR 1 7000 0ORT AT
SW 197¥ HY 9007 101 K P12 993 MWD ANXY MOV PNy NTIPDY PI2mM 990 MR 1oan W oonp T

(207377 237 Y AYBWwn AR MOV NTIPD 12°RY ,ARING NV 2Pk 0ORT 237

IR V0% MR D120 T DIpR LIRKINA NpnyIn YOR a1pnia - Destination Operand -7y 7399 @

.J172°72 N2ND

TTIPD MYNNRA AT IR MWY? WOR PR Mawen) ah 70 an al inh o3 4Bh 7ovn nR pol anenT

SY MTIPOT DX HW ARXINY 2% mew .0vwonaaa Pa (subtract) moen nvws vxal nvd (207 :

Hakirbb i A\ Y
mov al, 4Bh ; 75 decimal
mov ah, 4Bh : 75 decimal
sub al, ah : subtract al minus ah, result is O

'2' MIN2 IO 010D OONT AT

:NB0N 7NNT

mov al, OFFh : 255 decimal
mov ah, O1h : 1 decimal
add al, ah :add al and ah, result is 256

,alm2 nmws Monn ARXINY 110 IR ,100h N1°R9 ARK A0 AT 2300 DRYIN LATAR 29 nwn IR 7 a7

.1 77w 92pn 09X 937 AT Apna 23 197 ,00h P w1 0o "Nt YRR 77907 ,0°2 19T W0oA
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89 IP, FLAGS -5 p»

"QOVORT IARA" PUII7 72907 NRTNA IRNWT N2 DI .00V AT 1A IRNWT MWD AT NP2 WIS DOR:T DAT
TN 2P oK NYTY 1P 0ORT 73T NP2 7moY L1 7Y Dapn DR PAT ,0OK RT MOM NRYIN OX .0°0 NWD

0 NN DWW NPV MOWAT IRMY L0007 1w 172

5.2%37n /

ST TP 12N .02 16 5w 200002 WANWa M0 N2 NIV 0ORT DAT DR PO0TAw TP 120D

20°2 16 5w 0°00°312 WaNW M2 N7WD N2 DRI 23T DX P20TAw

.1
N

2N L"P1RTR" Ivo L1 7w AR PRk awehan A0 NI LT 200y N "nwhn! bW aR¥INaw mTpo

Overflow Flag — mwobam 9a7

.signed Mn2a 0°79017 YW MR OR 00NN TWRD LTIV 021901 NXMH DWAWNY D012 19012 PN 023
0°901 MAW? °212° MDY 002 8 Hw 27132 20030 R 2INWA NIV MWD DOYXIN MK OR ,INTY
7v (-128) Dnan DA TV TIIDIND NINWIT ARXING OR pOT WA 9a7 ,+127 1w (-128) » oinna signed

.0 7797 DR 12 7% 937 DR AR TAVAT ,AWO93 NNXY AR DURMT 90T DRI O . +127

02 8 1w Lal Nk 7aNTe mpn

mov al, 64h : 100 decimal
mov ah, 28h : 40 decimal
add al, ah ; result is 140, out of 8 bit signed range
'0' N2 720003 100D TWINT T
20WO0AT 92T PRI 17 12Ynw 0°0Yn 0N iR ,0°0° 16 97132 (0000 R) JInwn MY — 1awn \

SN2 ManT 7w (-32,768) 1m0 L,(-21°) R oo 16 07 By %Y 100w 02 Tnaa signed 7w caawn
432,767 173 ,(21%-1) xin
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a0 IP, FLAGS -5 p»

5.3 5300 /

JTWO9AT D372 Wi MR 121 180777 ,base.asm I a1 9P voaw Tpn MW DR 1PNy

n_1

X7 12 TAMW 0237V DN TR L7 022 amnn 30 2py ph7a ,Carry Flag ,Xwan 93T o3 ,awehan 937 md

Carry Flag — xwan a7

D™MDONT W NE1T DR 0NN TWRD LTIV 000n AXTH DWHwHy 027 (9012 Men 0°7Yh 0NN AN
D127 1Y 002 8 KW HTIAA 2003 IR 2TINWR NTIYA MW DWEan MK aX ,AnaTe .unsigned mna
DN NXNM TP TINDINA NIRWIT ARYING X PRT KW a7 ,+255 v 0-n 0wina unsigned oo1non Mnwh

465,535 731 0=n X177 0mna 2022 16 57132 790 739K Ay . +255 7y 0

INTY
mov al, 0C8h ; 200 decimal
mov  ah, 64h ; 100 decimal
add al, ah ; result is 300, out of 8 bit unsigned range

'CMIND 10N 0100 NWIT AT

VAW WNT (MO YXIANA 1391 50MT) 0NN 917a (@ °onn AMIRY 1B0RT) 0P 72 0N n7wo ¥I¥0a

RWIT AT DR P27 1971 (77900 MW HY P92 M0 MWD DY 92072 11017) 90w Rl

NTo
mov al, 1h \
mov bl, 2h
sub al, bl

255 nxxinn 255 7w 10y unsigned noon N2 nxaw ,0FFh R al 5w 10y ,moonn nws 9180 R

RWIT 93T 971 1991 (256 1073w 122 "Mavan'") M9hw XKW Wiy 7N NP2apnn
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91 IP, FLAGS -5 p»

1797 72°077 DR 1A KW 237 DR 37277 71RW ,NI0R 72317 28 9oN0)
mov al, -128d
mov ah, 40d

add al, ah ; result is out of 8 bit unsigned range?

07N LRI 937 DR 2277777 ,unsigned 7n2 27an 2N 7Inn ,-88 N1vhR 72778 PNRT 2WONT DRXIN 7RI
75 .unsigned 15072 NoI01 ARYINT oK 13PT7 signed 190n N2 al YR Nomena -0apy 10 KD 7 77w2
,al Tin% -128 1017w nK? :al 2w 127y nR XYM .unsigned Mna 0°57w 95 DR 0nNaR IR ,00apy N
12m1 oX N> .unsigned 15on N2 al 5w 7wn nR ownon WKk ,+128 Sw e ax it .80h xim al hw 10w

.NYAT QN AN IPRY 901 ,+168 Hap1,40 1w +128

5.4 %310 /

RWIT 2372 W IR 12p°37 18077 ,base.asm 70 a1 9Pvoaw Mpa MW DR PNy

n_ 1
. +y
Sign Flag — oo »a7

SW 129 DR .1 R TV TI09IR2 DA ARXINT Dw (N2 9RAWT) 110980 v ark 1 an 12000 93T w10y

:Signed 12107 19073 199X 0°07° NN TWRI L, PHW RIT D0 DX MR MWD 0°577 .0 797 12000 AT
1 97v Dy R O9RAWT BT - IR XA -

X7 W ARRINAW 77w aanTe (FH 8 1aw omna Xyni vhxnw:a nibble-n — HnvxTopa axva -
OF100h, X 7%w aRXINAW 729D IR (M2 2732 00030 R 2nwn) 0F1h, 0A3h, 088h
(7% 57132 0w R ovanwn) 0A300h, 08800h

5.5 57390 /

SAPWIT MR 2P0 180T 72000 24T HW 10TV TINw x0T raw 70 base.asm nR uw

n__ 1
— +y
Direction Flag — y12m %37

OR MM MAINOTN NN DPVIAOKR 9V 12 727 ,0 INIw P1Poa 237w .MM OV ATIaya wawn Non 9T

NIDWAIT PR NITIRAT MM RIT 2w, 1 INw 1von 2ATwD .NmMaaT Manag 12y
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92 IP, FLAGS -5 p»

n_1

¥
Interrupt Flag — mpoos:1 937 ~

nneMon Neaon L(Interrupts) "nIPaes ORIPIW DPNTT MYNRD? MV T2wn7 W N1 Y 0w AT 93T
mpPP0o 93T IR 2Iwn 178 TP OVOR DX Y197 .0MN%0 MYTIRD 2w VD K991 A3 7107 20w 7P M9On
537 W NYRap CTTHY ,MIPP0DT DX I OWORD TP DX Y01 LAYI9a XYY Y1 Mpnw ovmvan 1,07

175 mipooan

n__ 1
J\J
Trace Flag — 7om 7vx a7

NR 77291 TP DWW 93 NRD 1Y N2 DR Pr09n TAVnT LT 2% . Trace 2xn? Tavni DR 0°191 T TYY 937
5w 107y oX .turbo debugger 1o debugger NN Hw anws DX NWORA 1T 77D NN I0NY oW

JTPRY XYY 730907 DR 7R 72vna 070 anw 9aTa

n_1
. 1y
Parity Flag — nvsr ©a7

W N 93 YW TNNNNT 2°0°20 NNMRWA NIRRT NN D% YaRP1 NPT DAT HW 197 12 wnnwIw DAT IR AT
7w 92 e 937 ,(0,2,4,8) "1 Hw X T90n W 2NN 200 NNWA ,2WONN NPW Hw 19102 O

.0DRN” 1NN

n__1

P
Auxiliary Flag — 21w xwa 937 ~

77P7 292 AL 10307 SW MINNRNT NP2°0a 4-1 DR IR NP w0 WK 1 7Y 92apn 2 wanwaw 9a7 1R

.0 199y nR

5.6 7370 /

20WHAT 23T IR P97 XA TPN YOP ORA
mov ax, 0
mov  bx, 8888h

sub  ax, bx
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93 IP, FLAGS -5 p»

5.7 500 /

RWIT 237 DY 5.6 3nn MTIPeT nvow: 70 an

(7ANR) 5.8 3N

RWIT 23T DX ,AWODAT 237 DR D237 12 7277 ,710°1 IR 200 DW DR 720 070 YW TP YUR 37 1IN /
.2°017 937 RN

(7ANR) 5.9 3N

RWIT 937 DR ,AWODAT 937 DR N°3AT 12 22272 ,7I0°7 IR M2 2w DR 72D 07 HYw TP Yupt anMT AN /

DRI 937 DX

2129

1R .0°9377 o [P~ 1w (Special Purpose Registers) 27w 2200°a00 MITIR 1727 71 P92

AMR DI TP 7 WA AI9ING 1Y 0 manwn 1P S 1oy PR
STWHR MR WAL DO9AT TN PRV 02937 00N IR 1PN

0ON 97

RWI7 a7

wIAT 9AT

172°07 A7
TN 1997 2937 DWW 03V TR MR MWD HW M0 AR IR

N2°N5% 0027 197w ,I%0PY P72 MWD ¥X2Y NIn HY 009377 100°a1 av [P 000 Yw 2190 wa wnnwl ,qwnna
712102 DOANPIBOR
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94 MOV NTIP9Y 2°INWH NI7AT — 6 Po

MOV NTIPDY D°INWI NITAT — 6 PID

Nian

DP9 TWIPWA 771 MR Y2210R NOWA D100 MTIPOT NR

NTIPOI DWANWRA TR 2°97Y 072 2OV TR ,2°INWH DT TR TaR1 AT pI92 P10V 12 ,WRA Phma -

P03 DR IR 71N2°T2 22INWR DX 2207 P NYaY 072 mov
ST MTIPD NPND MTIPD L(P2WR MYWD) NPURNIR MTIPD Tl awn pona -

MyenRa ("7 A0 VXA LT ORIN 0PpNn OR') 002 OORIN OV N°I2IN 20X PR %1 whwn phma -

IR MIRSOR RN MTIPD

SW 1R ,0°12°R NYWA TIND N1 DITAT ORI DW AR L, ARNTY .MVIE D170 21007 9011 1997 2o oo oy

STTIY RPN 270K 1901 NDD L T0pR P17 DR

92082 2°INWR DTV TR RTD IR TR IR

Q%nwn NTA7

STTIPDT L0217 NAIND OT-HY 1172972 2Ipn D30 DWA 101 ,awnnT AR DY P52 1R 003

mov  al, [ds: 1h]

w217 2707 (DS 012307 1PN IAR? R 022 22) 1h vooRay ds vapaoaw Tva nx al inb won
X ,5 7w X¥nA1 ds:1h n2Inoa oxk 125 .00 TN NAIND REAIW TIWH 0APNAY PIRY 1720087 DN
IR 3279 9777 AWR 12 707,000 700wa 111977 MARA ARY1 19w M1oNT arkw X 7°van .al 0o pnve 5 7wn
DR D°MIW MR 1AW 7707 IR LY NUWH 0OR1 OX L1 w0 .1h 23Pna 2w UMK R WO 0T 710k

.N°15N7 5w Tpa DR DR 7101 1R ,1h 21pna anR manwn 00wt annTe ,000ava

272 MR Pawa DrMYAwR NINWA WANWA? NIDNN? WORD RYT IPAN0RA YW 20T PTPoNn TN
TP DR 21107 770 101 nva .ds:1h n2nab voa1 age-h mmaw oyd 95 1R ,age Rpen ds:1h n2inon ok ,annTe

s b i/

mov  al, [age]
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95 MOV NP NN NI — 6 P

%71 OR — 19908 2PN DRYPI? 112°2wa ARIT O3 R ,1102°T2 NMIpn aw 01N JMI P K 19200850
2IINWR NP1 1102772 M2INDY 23N WMIRY NPNNT .NND°TA UEPAW 2P PNPANT TV DYvaph — 702

. (Variables)

.0°07 D 700 Mk D35 D100 117972 TT00 MND 1N DY 8T TNy
L6 70 1 w3 7Y Sappw My M2 70 Y s TN

A2 79 2 w3 7 Sappw Ay N ST Mnws 847 7700 127

v "start" nmng R Tn — base.asm  ya1pa 1100 .DATAST bIn30 7N DWW 2752931 2INWHRT N7

:ds 710 77 naxn Yw aws

mov ax, @data
mov ds, ax

,DONR 17T7AT K OX ,TInwnh 200 umRw avs 952 .DATATT 0130 7Y DR P dsTY ninia R MTIpD
SW 172372 N°I0NT DR 21N MR L,MNPR NPYA Ik 270 .dST 57 IN2INOW 1IR30 MR WO 192210K:
1991 090 ORIPR 1IA30M TR L1101 VODIN OV IV NIYLY 21N age manwn? v NNk .ds N2 o1 7wa

91" sy PNy age b

9912 2P AR

,DPUIWD DOINWH NITATY YNNI LTAaNwRY MIXPRR DOWpan NOIRY PN2°T2 2R PTIA2 AN DhInwnn DT

AR Y P 29w

0 777302 wanwl ,DATAST 01230 TIN2 AR N°2 27132 730w P70 070

ByteVarName db ?
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96 MOV NTIPDY 2°aNWn NI7AT — 6 P

DB) 1R n°2 5732 0Ipn 091N mnwnaw 22»omp? nion db naTann manwnn ow X12° ByteVarName opna
X? X ,ByteVarName mnwn? 111212 21pn o°¥pn P umRw Uen aoxw:s 1200 (Define Byte Sw 1wop —
TW W TR0 NIDTAW MIT? WA NN WY ORIPRIT TV DR 2IWH UPR MR 2°9°01 .manwnh 7Y 2vap

:2I1N21 AR WD
mov  al, [ByteVarName]

— A" O AT WA 020 R LARMPT 112 P A AW 7Y al Mn0aan TNk pavy aReaw 1°nn K9 7
YW HYA 7Y KDY TINT 21pR2 P21 Y 220 YW N0 Ao

XD MW TV APONT? 91,2501 DUINWH PTAT? 27X MR OX
DATASEG
ByteVarName db ?
ByteVar2 db ?
ByteVar3 db ?
272 T PN3°T2 2PINWIT AR

PP PINR? n .ds:0 nanoa w ,ByteVarName ,pwxn manwn? axpy (0 9507 nann) PwRIn opnn
nanoa 7 ByteVar2 ,1vank Xam manwna 1971 TR 002 1A X ByteVarName ar 7apna .ooinwnn e

JRPA o ds: 1

DN TATY RIT MWY? TIURIW 772 90,2700 27773 22INwn 2500 X01 OX

DATASEG

ByteVarName db ? ; allocate byte (8 bit) - DB: Define Byte
WordVarName dw ? ; allocate word (16 bit) - DW: Define Word
DoubleWordVarName dd ? ; allocate double word (32 bit) - DD:

. Define Double
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97

MOV NP1 2°INWH NATAT — 6 Pd

6.1 2370 /

.byte 5732 (manwn ,variable v Mx°p) var awa minwn DATASEG-2 1170 X

var 0% '5' 79w nx P nyn ipn .CODESEG vinioa 025w 0% 7i0? X273 7P DX 1P Ny

19K var-w P72 .00 nx 1xm Turbo Debugger (TD)-% 10120 ,n%10100 DX 1990p nvd

CODESEG
start:
mov
mov
mov
exit:
mov
int
END start

ax, @data
ds, ax

[var], 5

ax, 4c00h
21h

U5 nR Dapn

mov 7w NR 10°197 .DATASEG 710% 2°110377 B30 N2 HW A10Y0T M20wn % 117207 19017 .2

Turbo -9 w137 ,n7w 2onp Nva .AMWa N9ORN2 P05 ITIP1 ND0IT NATYa Javnh ds, ax

N5 DND°RW IV DR aND2%P ORT .07 DX ¥ Debugger (TD)

Signed, Unsigned sinw»

Y v — unsigned X signed X1 INTAIY TINWAT DX MYAP IR 19K MNTAY 29 mw @

nawY P NNt Bytes oona and X1 ,MYAR 19K NNTNY TR 99 .07Nwna 92100 11w 200w

DATASEG

Varl

Var2

mov

mov

97

.0anwnn

IR Byte 972 2o1nwn 97731 L0317 DTV WO ANINKRT MYeT DR ORIl y

db ?

db ?

[Varl], -120

[Var2], 136

0% 2R o°anwn® 00101 CODESEG 102



98 MOV NTIPDY D°aNwn NIT7AT — 6 P

IR 1w 7Y IR CHYA 07 2w W NIRT? WK 7R M nk? DATASEGa 172017 Yy 9ono:

.88h 7vn nx o%on

272972 AR IRTAW DR 9190 2136 01905 w120 01w nnh 9190 PR

D27 OMR DR 7ap1 ,0vnwh oohwnd nowa aRra? +136 nxy (-120) nROvnl oXw LN a2wnn
Inkr 101.10001000

.20°7 1PV DR P17 IXI2 27297032 210N DAY DA PR 21X MR DR WY 2N 221007 MIWOW 7720 aR
w2 2P 136 01997 nank avey 120 ownb naR ave IR Nane ,+120 ,190n Daph wORW RN 1IN

RN MR DX 02PN

JDDX 123 X7 AR¥INg ,120 own oy 120 090 Hw Mn nwoa -

,1°2 97132 manwna "Taw 10 .100h R ,256 X0 axeIng ,136 0190 av 120 ovos Sw M nwoa -

.0DR 72 ,00h — 2732771 02027 NIRW P7 0RWIY ,ARIYAA IREINT DX 12102 MWD 0% K7

- unsigned & signed 150n MN2 wA9Y WOR 2wnnT NN 2MAYY 2°37V0 DRY IR T AR3T DITva

AR2 PR TVN2 .WANwAT SW R NMIWI9R D1NRT

98



99 MOV NTIPDY D°aNwn NIT7AT — 6 P

2INWRY 29NN 209y NYYap

¥I2PY 099127 MR ,ANTAAN AT2 020 .ovanwnb 0 nhnng 2237y pwuh 9awa CODESEGHY manh o0avn K

.0°°N5nNT 020y 2ANwRY

599 o TP2RORIWT ,TINWAY NYTNAY 0°0°27 NR02 AL NN T 9 PIATY Iaw a0 2 nw

.NIAR 17 2021 oK KOR 1WY 0°022 0w 12°RD 019017

DATASEG

ByteVarNamel db 200 ; store the value 200 (C8h)
ByteVarName2 db 10010011b ; store the bits 10010011 (93h)
ByteVarName3 db 10h ; store the value 16 (10h)

ByteVarName4 db 'B' ; store the ASCII code of the letter B (42h)
ByteVarName5 db -5 ; store the value -5 (OFBh)
WordVarName dw 1234h ; 34h in low address, 12h in high address
DoubleWordVarName dd -5 ; store -5 as 32 bit format (OFFFFFFFBh)

TIREPI N2WD KD 1N71T IR 70

8 [=Dump

77970 97132 C1w ,N%2 DT PWRNT L5 011 7Y IR 00PW 201w NI 1AW o0 TN 2% mw
MR MR PO AXA 0D TR 92 — T IR OIwHW 1Y ARNIW MnY L(0°02 Y2IR) 7719 @

1NN KW Q0N 12 2°WH HAR N2 D712 7INWR PTATY 23 22919 1IN
DATASEG
ByteVarName db 'HELLO'

072 97932 RI7 19%Y 0192 30 55 ,ASCII 10 awenn 9eonw ,n%2 D732 FINWwn 0TI 1110% L,V IR W IR0

ST AR T2 7272 AMIK AR 2O 2NN WM 17T 1R W I7TAT? 0°ONT7 YT 192008 ,TwYn?
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100 MOV NTIPDY D°aNwn NIT7AT — 6 P

DATASEG

ByteVarNamel db 'H'
ByteVarName2 db 'E'
ByteVarName3 db L'
ByteVarName4 db L
ByteVarName5 db ‘o'

(ARRAY) Twn — rn ow w° 0°37 2°I0wn DY q01RY .02 2107 2R WO DY A0 IR 1%
°5wa uR nyd (STRING) amann x3p1 ASCIH 7p 1w 12w 0020807 TR 922w 719 ,N%9°800

22791 Y AN ven T

T72°7T DREPT 6.2 2°37N /

7INWR ,0°2 9T mnwn — 0w 0°97aa ovanwn DATASEG-2 170737 ,base.asm 021010 nvenxa
ASCI 10 5w A0IR 2Ww 73nwn 19°037 ,0°°N20NT 097V apon 1N L7100 7791 DT JInwn ,an DT

ONITATY 2°INwnan TR 90 Wt DATASEG-2 17112017 5y 172y ,01°02

Q%29YR NTAR

X177 ,1772°T2 PN D°INWwn YW 7°RY 011,000 VA TYRY AR VTR DMWY TIRD XD X 07 0°079n
77 YIPW ,0PTIR W VIADR 2391 DIADR RIPI JIVRR PRI RIW 7I0wn 93 .57 IR CHva on 00120 9o vnaw
N¥MI ,09K OPTIR D¥2 ,PWRIT LIAORT WK N0 TR 2w P2 MW TI9NT LTIV02 9w 0

PR M2PIY NMI2IN02 0OWIRTRT N N1 30117 NAIND2

WOR .7IVRA NWRIT LIAYRT W N2INDY PYTR INWW 21NN TIVAT TR N2IN0A RO TWHT YW 0°037 N2
MYXARA ,0INPRT 2TIN VIAYRT OPTIR ,TIVAT DWW 0°027 NAIND NATVA ,TIVA DInR DO HW N2IN3T an nvTo
0WD 2WN

ElementAddress = ArrayBaseAddress + Index * ElementSize
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101 MOV NP1 2°INWH NATAT — 6 Pd
T 772 0 OpTIRA LINPRT ,N2°12 0200h NAIND2 2onnn Twnm L(words) 0097 W TIwn 17 W oR ,InNT?
1 op7R 92 LINPRA L(D°N2 W DT XIT VIAOR 90 1w ,0201h n2n5 IN? 1m0 wneey) 0200h nanca

18977 191 020Ah n2n5a 5 op 7ok Hva vinoRg ,0202h nainoa

:IR2T AM%A nyxann DATAST 01302 7vn D70

ArrayName  SizeOfElement N dup (?)

J119%7 °0% 1Pt 10w ,7vnn aw X ArrayName

on — dd ,dw ,db 2°%737 "3072 TR NP7 T R L0IRORY AXPImw 10201 27a on vae SizeOfElement

2192 77797 IR 71791 ,1°2 HTIA2 20INDR 22X 173N O

221 22w 1907 Na? 20 N .7wna 002K Dnd 1 X1 N

00w ,duplicate 5w xp X7 Dup

TMHa 29173 200w 27 wew .oonyd N 993 RITY ,05W "ava T 93 W5 209127 MR TURW 12°0 D1pna
.23 7 PR NIONI IR IMIX NP1 NPWYA A1 IR ,D°INIT VIAX0Y TP PRt NN 2y
TR

ArrayOfTenFives db 10 dup (5)

5 R 720K 92 HW 107Y ,n°2 D732 120k DI ,00020K FOwY 12 Tvn R

[e1=Dump=————"—"—""""3[T1li15]]

IR 2°RD N AT OK 03 ,0°7302 112000 7 29 DR 7IYnT TN 990w 192n0K7

ST 79N TR OX
ArrayOf1234 db 8 dup (1,2,3,4)

PaN AOR¥ANA
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102 MOV NP1 2°INWH NATAT — 6 Pd

.0°N2 AYaIR 9712,1,2,3,4 877 20y 1w — 2°n2 32 5732 71va 109772 270 2OKI7 NI 00D
Tvn% PI2°T DREP 6.3 20N /

DPINWAN DAWI 12 PN DIPAN DR IR, TD™2 onew 010N DR W0 ,0°RAT 0°9°3000 902

Rala kbl
(Bytes) o’ma 715 ,3 :nw 229732 207w DATASEG-2 a1 X

N .'5' 7Y MMk 2°9°n 10 v 7vn 107 L5 7wt abnmikaw 2°n2 10 Sw 7wn 1T

12°pnT 21w 17271 NN DR

%2 97 mnwn 93 ,4,5,6 9300 IR 2onvd 20 mww 7vn T

MOV n7ipo

J102°T NpNYa 2°YX22 TR AR NYD .1N20°72 2210w DT PR 1170 1PwIY TV

95012 1177 IWHR? 2T P71 ,A1ND72 P9V 1172057 ' move” Hw YR , MOV NTIPD DR ¥R 11701 2PN 0002

ATIPDT MTIR UNON 72077 117 P37 NY3 0PN RN

SIRQT TTIXT DR N3P TR0 RO LYWW TIRDY PTAY T0WD I7IPD R MOV NTIPD

mov Destination, Source

X297 ARWw1 Source 5w pni 7vn .Destination 7In% 10X 70°19%1 Source W pnvi N 7 AP0
mov n7ps MR 2°°na .(Operands) 2739 o'k p1 Destination-i oy Source-i oy 1w @

LTV T39I IND NPRT 70N YT DR A nYn

121001 (P91°XT) 22 77 DR axX W07 %197 270 ,INTY

mov ax, 22

2W NPIRIAT IR NIONONTORIT MR WY MYINRA 22 770 DR 0°19777 20912 1NN

mov ax, 16h

mov  ax, 00010110b
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103

mov

mov

mov

mov

MOV NP1 2°INWH NATAT — 6 Pd

:0°7U0°307 N°H 2237 0210779 229107 MR 117 19IN2

bx, 199
cx, 2321
dx, 10

MR V0302 RYMIW TV DR W07 PN OX WK

ax, bx

12WN2W W LAPNYAT NRWD MApY 7w RY bx-w 797 2% wow .bxta R¥niw 77vn DR axth pnvn  ampo

mov

mov

mov

mov

mov

mov

mov

mov

121059 02 1071 R1T 19INA .axXT? PO WD

ax, cx
ax, dx
ax, ax

.ax 7IN% 7711 ax w0y DR PPRYN 0D RO .0120 TIWN KXW Mk .0RIN RO NN 77000
‘MOV NTIPDA WN2PW? NMINYAT NN IR 1IP01 2°K27 0°9°Y0;17°NNa

register, register

register, constant
register, memory
memory, register

memory, constant

TN2°T PR PN APV 90 ,MONKR 2072 .memory YR memory Tpnyi ¥¥a? el XY ,0°R1 ONKRY 5

DD 17272 YA DR O°1°27 ORT ONR PN 2WMAT 7322 2V P9 IR aNRIPY NIRY .I00°A7 717 2w 0500

X2 MoV nNTIPs YW opcode=i 19 MmO PNTY Tavad PR Y DWpn VTR NNavae XV 20 NnIm apan

103

1271 1271 ApNYAa NamIn



104

mov

MOV NP1 2°INWH NATAT — 6 Pd

V0D WO IPNYT

register, register

272 1A 2°0W IR 003 TN (N1 2°RTRPNR 272K 70 R) U2 16,12 8 12 00 AR nyn 1 AR

mov

mov

mov

mov

ax, bx
cl, dh

si, bp

ax, bl

WMWY MIRANT AT

; 16 bit registers
; 8 bit registers
; The mov instruction works with ALL general purpose registers

STANTY LT D713 000000 DY TO0P KD X

PEROMIP DRI 921

13 1WRD 999D W02 MY TNE W .mov dS, €S InNTY NPT AR VIR0 MU0 MW PR APV 03 1R

ds 2 €S NOYAA LN MOV €S,ax S1anT? LTV TIDIRD WAH 127 1K €S 00T 19 WD LIPNYaT DR vrao

104

PP 17990N

6.4 531N /

Jbx v ax nxprnvn X
ax nb bx nxwrnvn .2

.ch min% ah nx PNy

s

dlgns al nRwonvn 7



105 MOV NTIPDY D°aNwn NIT7AT — 6 P

TULIAT® YIap YR PNy
mov register, constant

VD% TIND VP 3PNV N AR

1672 P MWL 1AW 7Y PRV 1001 — ¥12P0 PTIAP aRIN2 NPAR IR 007 DT 190 20 mw @

JTXEMIP IRAWD 9221 ,1°2 8 Hw w0 In? (257 mnnT?) vl

21 WINWH MIRDNT

mov cl, 10h

mov ah, 10 ; Note the difference from last command! 10 decimal, not 10h (=16)

6.5 9730 /

IR 21702 9OXTOPA XA W 1Y 31X 17700 MU wivwa ,(vvr0xT) 100 Twa nx al ink penyi

mov ax, 555

0°07yn NX 9apn al~w P72 TD=2 n°1oina R 1k .(00001111b anaT? b miRa 02°non "R MX 77w)

ok b

PIS9T2 RN BR W YR apnyn

mov  memory, register

nPAR 912 797 TINDIR LTV TIDIR OTTOV NPIMIAY 1113°T2 NN NG 00T SW 197 DR p°nYn 7 TR0
nuLw) NAIN37 PR Pean woea ,(Direct addressing nuew) nI19% 0°%17 110N YR D207 ANwY ,0ap T

.(Indexed addressingnu w) ¥12p oy w1 5w 112w W (Indirect addressing

mov  [1], ax ; Direct addressing

mov  [Var], ax ; Another form of direct addressing, using a variable
mov  [bx], ax ; Indirect addressing

mov  [bx+1], ax ; Indexed addressing

.1 9907 NAINIT NI TING PRYY ax W 1Y ,INWRIT 7372

Var qanwnn vagn 7998 12107 11712777 TIND PR ax ow 1oy v anaTa

217 37IP9R . bXT2 71w N2IN57 P51 TIND PRV ax hw 10y, newhwn anaTa
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106 MOV NTIPDY D°aNwn NIT7AT — 6 P

mov  [1], ax

MR MTPO? IPw

mov bx, 1
mov  [bx], ax

NAIN2T IR AR 002 M0 L1 T bXT2 37mwn nAnak N30T INY PRy ax ow 197w ,nyiann anaTa

.bx=a mnwn

6.6 7370 /

al TN 1P N .0 N2 "NPRNaT 197 DR Wap .m0 STa var mnwnn nk DATASEG mina i X

:P1910% MIRAT TP MM DX 19077 .2 797 DR bx 7101 (*91»x7) 100 7797 nR

mov [Var], al
mov [1], al
mov  [bx], al
mov [bx+1], al

NY2IR oW IRTN 010N N0 a2 DATASEG-2 o»1wn nR 12p°0 TD-2 noaona nR g .2

(1213 2w SHmox7opnn Mx»2) 100 7w R o°%apn DATASEG-2 oo1wRY1 o°nai

WO R P92 RN Bw apnyn

— AR 97272 ,7179°72 RN 0D 00°A PRYAR MW WD P72 30 W00 TIN? PI2°T2 XD PUNVaY Muwn

10221977 O TINDING
mov  register, memory

DTN IO I ,NIDPN TP P02 NI MIRANT 9D 190

mov  ax, [1]
mov  ax, [Var]
mov  ax, [bx]

mov  ax, [bx+2]
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107

mov

mov

mov

MOV NTIPDY °INWH NITAT — 6 P

6.7 370 /

:(@TPA 2307 YW TPA MW CINR) NIXAT TP MW IR MPINNT 19°0% , a7 2307 Twnnd

[Var], al
[1], al
[bx], al
[bx+1], al

al,0
al, [bx+1]

52pn al 2oyupT NYAIRD TR 202w IRTN D207 DX 112 alta 2oMrwn Nk 12991 TD 2 nv10Ina AR Rn

107
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108 MOV NTIPDY D°aNwn NIT7AT — 6 P

129H ap bw apenyn

mov  memory, constant
:bX 75y 7wn N3 5 7vn R 021979 070 IRNT?
mov  [bx], 5
RO ITIPO? NP TN 20027 NIY e

mov  [byte ptr bx], 5

mov  [word ptr bx], 5

.wnna 79 By 1200

P2 FTWIAD 2P 2D

NRZWYH 01 dX R X ,ax 2 vmw .di R Si,bxma 7nan wianwi ;797 O 109019 WD waw 9190 Ju00a 93 KXY

FITIPOA ANNTY LNDNIP
mov  cx, [ax]

AN TN

ssembling file: base.asm

Error»= base.asm(11) Illegal indexing mode

:0°R277 O°PIT 99D TNV ,11N2°T2 NAWND PR NWAY AW TN ,100

2T ORI TR MPNYAY NMIRHAT .N2IN07 DR MWD 70 bxma wanw: -
mov  ax, [bx]
mov  [bx], ax
IDIRDNIT .312P 7Y bXT? 901 ,bX P70y 7MWW NANDTA YIAp 0PI KIW NAWNDY ¥OA0 X1 OR -
mov  ax, [bx+2]

mov  [bx+2], ax
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109 MOV NTIPDY D°aNwn NIT7AT — 6 P
X2 9ax ,Si PR X di DR 17 72015 5311 ,bX 2700y 77nww NN FANWR KDY MANDY WATY XTI aR -
SANTY LT DMIW DR

mov  ax, [bx+si]
mov  ax, [bx+di]
mov  [bx+si], ax
mov  [bx+di], ax

SIANTY 2R 7010 191 ,di IR Si DR T bXH 92010 Do, i aR -
mov  ax, [bx+si+2]
mov  ax, [bx+di+2]
mov  [bx+si+2], ax

mov  [bx+di+2], ax
P22 NAINDY TINDIN 21AN

2712 N2IND WX MPAT TINON IR TV TR PPN .MOV NTIPHY MIRANT 501 KT MR 2°0°Y0a

N7
mov  [1], ax
mov  [Var], ax
mov  [bx], ax

nX,"1" Y138 AR PR 920087 P17 TR .00 20 MYEAR2 DA 1112°72 NAIND DOW DY 1R 1D RO A9RWT

212 20 N2 NN ,(2°1 2 16 701 ,71910w) bX q00°ann nR WX var 7inwni

1T — 12 16 N2 N2INO% 00 MW DR 23ND R LAWY 12200RIY NWRIT 0277 .00 DRRRND wnn
TR DAR .LINAOA NRMNR TR M2 DWW V0D XD WO 20mph MR [1] 10027 D .01na0 TIN2 V0D
,OO1INIT DIRA0 RIT LINOAW —NIR WD AN AR ROX — X7 ,A900mIpn DV UIWR anann 20Inao

.DATASEG 7102 1 vooxaw n2amnaa TN ax R pony> 7avn1 107 .DATASEG

LR 72WNR 290K 192 97132 PN2°72 12D TN L1002 16 97132 ,aX DR 07107 TAYNT PR RO TV IR TR
NR DAY 2°2w1a P .MOV™T NTIPD NKR? 2Wnn 1127 IR PR PoN01 .11N2°12 K27 P22 03 Whnwa YT KIw

:D°0ORY 2AMRAY ,0°n2 7w j2 Twvn DATASEG n%°nna 9073100y 711127 DATASEG-2 nxepi
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110 MOV NP1 2°INWH NATAT — 6 Pd

DATASEG:

ZeroArray db 8 dup (0)

MIR2T MM DX 7771 Tpa 7IN2 1wy

-

7n9m8 1ans a8 898 DATASEG-2 X377 17°R2 1112°12 07°°0° 7°1N0 1922087 1KY 201917

mov  ax, OAABBh
mov  [1], ax

:DATASEG nR 1101

Pon DR 9%9m1 ,DATASEG2 R 1980 XYW 177219 010> nan v
mov  [1], ax
TPo2
mov [es:1], ax ; as you recall, ES is the pointer to the Extended Segment

Extended Segment vinon 72 oyon ,nRman mand2 'AABBR' 7w nR MIRAD 101 R0 nR,

2oy yoaxn ES qvonanw
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111 MOV NTIP9Y 2°INWH NI7AT — 6 Po

Little Endian, Big Endian

NR W 72927 ,aX DX P12 WpNYAwI 7R372 — "Ton" AR 0%, 110971 0030 2R NYR UAIRWIY 1R
T2V7M7 ITAM TOW R 712007 2791037 NAIND2 KDY MR NIND2 RPNT A1 1103712 9N 3237 NN N2 ah

19117 N2 ah R MWD TIOT TAT? 797 O3 WOR .vraS

P Ny MR (M1 an2 227w bx ,ax WJMTb) TMR N°27 NV 2w 972 ,0W00 IR IR 00 W IWRD

:MYW SNWHR NNRA NP2 7212 P72 apNyaa 00T IR

Big nxap1 1 avw 022 a0 39137 n2noa naws (o1 ah, bh %) High Order-n nran -

.Endian

Little nxap1 w7 awew .M2°12 A0 39117 nano2 wws (o al, bl %) Low Order—3 noan -

.Endian
JIAR 11727 0 29710 SINWR IR 0°I00°37 93 M2V Mopn 1900 MW 179X

nuwa 72w 808677 Tavaw 00121 WM ANIART 7ANTIR NINR AUWAw WM 1D 0w DT 207250 v

TP RI1kAY 1071 ven 1207 LLittle Endian

http://en.wikipedia.org/wiki/Endianness

BIG ENDIAN - The way LITTLE ENDIAN - The
people always broke way the king then
their eggs in the ordered the people to
Lilliput land break their eggs

" 9250 myon” 990770 0°mpP% Big Endian-) Little Endian ouwmn7

FX02 NIAWD L2 IOINT S0 NP3 R 2T PR D10 Ton

29PN DRI 2ISYRR PNy

TPNY D R 00°AD 1N IRNYT YW O0ID 57PN AT LTI9NA 120K XIT MOV NTIPD DOTINDINT TR DY

2TV PN RN N1 00N

DATASEG:

Array db O0AAh, 0BBh, 0CCh, ODDh, OEEh, OFFh
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112 MOV NP1 2°INWH NATAT — 6 Pd
NTIPD (M2 P72 RIT 79N TR 90 — ax XY al 2% ww) al Iin? 2 DpTeRa 2RT DR PR %01 nvd

:aN>°N ApPNYaa
mov  al, [Array+2]

nwin opTrR ,DATASEG n2nin2 wian 2730n Array mpna ok .175°12 NAINSY 10 A7IP00 DR 03IN° 12210K7

;P70 a1on NowH 21na nrxIN DATASEG no°nnn 0002 vooira Xxn1 Array Yw

wYRY W 2% MW .7Ivna 2 0pTR2 N2RT Bw Tvn ,0CCh 71w nx Sapn altw X aTIPe D aReIng

.1 OPTIR 101 3w 2 XY ,0 OPTRR Ta0n PWRIT DR DR 19w WL wn 2pnn

STANTY LDPTINDINRT TTO DR MIWD WD 027X 1177 ,TIWN? T00°AN PNV YE2H 0°%17 177 R

mov  [Array+1], al

TR PRYY TN 2 7901 DPTIR DWW TWR MW X DRTIPA ATPen Mapyaw Lal bw 1mnvw anca aRnnm

VN2 PRI OPTIR

offset nTipo

:offset 737IP97 MYRNARA , 79N NN YW 1D IR bX TN 0213777 X177 2237wA2 219702 W X101 7Y
mov  bx, offset Array
STET IR N72pR 00°AY TR RPNV NTIPD IR
mov  al, [bx]

TN T T Array 1°R L0002 YW 79D A7 Array-w 1,1 02 W Lal 110 T30 7309 a1 70pna

T2 92T R 990 W00 93 IR ax n TV 7109 ,words o09n v

ORW X7 72N .NTTI2 3702 N2 7 1D M109W 1 MTIPD NWA 13aN3 2717 MW 0 AR 1R%Y DR ORWI
VAR HW RN N2IN0 DR W bX WK MYP 072 DRT MWYY 9911 IR ,7IVA0 20K 90 By Mo yah oyt

.7V R2T 120K DY ¥02xn KW 70 bX DR 27pn ave D
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113 MOV NP1 2°INWH NATAT — 6 Pd

LEA n7ip2

ORI mTpon ,nwyn Load Effective Address Hw 11xp Llea nmipoa wwpnen offset nmipsn opna oonvyh

MTPOT N DR TANT? 1P°1 OR .20 ANK DR NMyXan
mov  bx, offset Array
lea bx, [Array]

:BB0O000 ,73197 7P INIR? 113710 MTPOT "N — NMIRI? IWORY 03

word ptr / byte ptr mmann

219 9199 1AW 2202 DY 7VA IR DR R
Array db 0AAh, 0BBh, 0CCh, ODDh, OEEh, OFFh
;X7 7TIPD2 12N
mov  ax, [Array+2]
28D V17 — X7 OR 27PN X7 ORI 2w
awn
APERIP PR AR DY 0¥93pn 1370

Assembling file: base.asm

Error»=»¢ baze.asm(10) Operand types do not match

797 719X 1K) (db 137X 19w 02 IR I TR TR 10 92) N2 972 RIT MPRA TI0INY RO 72007

.(1°2 16 TR RIT WA W) 7271 DTN KT ax

NTXY 27 MW ARPAWAN YIAT? 1921 — 0°N2 W YW PNy YXA? 0°011 MMIRY 19210870 DX Y10 WY 700 0K

:7IR27 722007
mov  ax, [word ptr Array+2]

(o°n2 »1w) word Mn2 X9R L7712 byte N2 R? 12012 3P DR 07°Na? 292N0KRY TN MWy o¥ya an

NI TP DMWY DX MRS ax WO 900 A — 12N
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114 MOV NTIP9Y 2°INWH NI7AT — 6 Po

NN NPD0T ARXINT JArray+2 nainoa X PNoa n>°nn o3P n .word 97132 1172°T Mind pRYIn ax Nk :awn

ax DDCC

ST A9 ,700%07 TN TIWRAN D02 1 YW PNV — R 10 IR 192

TMITT DR 03N 772noxm byte W word P 21991 TxpY waxr byte ptr s word ptr 23029 opna aewn

.byte ptrx word ptr :X%»7 1017 DX 23001 ,TD =2 73307 O¥ NWAYRN ¥ WS 272 ,NRT OV L1101 7732

type override namN

type override naax 117 7T 7297087 ,NNAR MIWIOR INY? 101 TR DRI RAW MOV NTIPD Y¥aY 1011 OX

:7INQT NPPINT 72V NI DR R0, RNTY
mov  memory, constant
279 ,bX 7%y 7w n2In57 5 7 DR 015777 00X 11N 11
mov  [bx], 5
STTR M7 I 700 2921n0K7

rn ing* basebg .a=m(Z8) ] fArgument needs type override

57132 7INWN2 MAYY WOR 5 7797 AR 2R ,5 7V AR 799K 0219777 12100 1922087 1101 N0 TP 1702 RY O

.5 77wn 0w nAws MXpa? 0°N2 TR YR 70X 193008 L9192 1901 ,09%0 TR D02

IR NINTATR 27 W .MIXPAY 0°N2 78D 1922087 MR LIWD X7 11N07
mov  [byte ptr bx], 5
mov  [word ptr bx], 5

7107 MITIPD MR AOMIPA LT NP2 9T 11212 MR NWAD DX WAIRY 1720087 NIMIR ANWRIT 7T
(7R 022 972 5 5w »aRan ) 00000101 3590 01577 ,bX 12152 PNTT DR WA R TAR? INMYawnw
T10n MITIPD MR T72R0KRT . 19T PI°T MR? NWA? OO0 MKW ,T9200K7 NIRRT 7770
01277 ,bx+1 nawnoa oo Hx wa ,00000101 79307 01377 ,bX nAInoa 1179977 DR W R 72907 INwnwnw

.00000000 711>

TINI TPNYAT 2T 191N TINWR DORNYA MIRY QYD 932,707 R LMINCAWA YIAn? NIn DY DWen N1 Rl

.word ptr 1% byte ptr 11207 MygaRa 9922087 DX 191 ,MIwI0L
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115 MOV NP1 2°INWH NATAT — 6 Pd

299NN B NMYY - MoV NTIpD
:MOV NTP52 1123 XY W W 29 100 W NIXIDI NIIVY D907 1w

IANTY .00 AR TYm P o7 Ll

mov al, bx
mov  ax, bl
WO MIRDY LTV 10PN MPRT DT TOIWE STIP0AW 27 W IR TN 2920K7 12730 19K MITIPD

.122708:7 Y NP7 TR T R IR ,IPRT 19N DR 0713777 2P V2

INNITY . 0IN30 W0°AT INY VAP nod L2

mov ds, 1234h

N1 NYnna 17977) MTIPD "NWA WRw K17 NINDT LARAYA MK 10 2927087 T PR 0)

:(base.asm

mov ax, 1234h
mov ds, ax

SINTY T SR MY Pt apnva .3

mov [varl], [var2]

TvoA02 wanwa ,varl 7Nk var2 nx P nyat 079,197 LW 191N 111201 DR 0201 PPNYaR WK X

A

mov  ax, [var2]
mov  [varl], ax

STANTY .DORNM KD V0% MYINRA PTIOR w4
mov [ax], 5

WX VYAY) NI IR WO Downwn dity SiLbX P .2%21n0KR7 W ARAw DYTIAY X7 AR D1AN T TR0

(TWnn2 TR 1YY ,nh0man Hw TR

TIANTY 109772 T KD YT vy npnva .5
mov  [bx], 5
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116 MOV NP1 2°INWH NATAT — 6 Pd

03 NV D°NTPNN 0272¥R) A2 DWW IR 102 5w D72 P 57w DR pva ok v KD 190ompn
(0264 32 5w YT

SN R TN v Py o .6

mov 5, ax

-
"\J
(772r757) FIR5T JAT2 NIINT TIP W

2757 270 N IR 7YY TIRAW N°I0N XD 2dnYT N

NIRY — TP PN2°T 9213 — P2ATY ARDA AW 117 WO R LN1YOY MDY °1D DY S9270R DY 0107 1vn M TR

2P PYIIR'N 2072 2°MN1 AT DR DWW PR AR NI INXID 12 eyt o0
ATIPON T DY T2 L,[1] P22 pn? 201D UAIRY M1

mov [1], al
?0°1°2 20 57132 781 N2IN37 [1] DX 23N% YT 192108 TR

2PN? NMI97 2211907 DNRW [°10° X077 AW 29222087 TIWRIT A2 DO VIR0 NV DY 120772 17010
,dS DR NApY RO YR A%220R7W APWOT 001N VINAD N0 DR PO dS-w NI L2100 VIR0 RYAIW

.(002IR77) 112 72039 (3172 1101°7) 16-2 229377
IR ATPEY AT ANINRT AP0 Awyn°
mov [ds:1], al

DIAAD TR I TH92AORY 1301 13 2195w TV ,0°ANID NI 1HRW VINA0T N WIDN 110X aVOIW R 9730 9

Rl i)
YW NXP W 7013 NV
mov [cs:1], al

STIPT 0INAD MNP L,CS YUAXA YRR Nt N al-2 wew 7vn DR PrnvaR 9%2n08% 100 2370 WY an
MTPEY 01 197 DWIAT QAW 0, TP LINA02 T°OY W3 AR 71 .MIPIVA NIATIT 11°1D2 NANID T NIWON

27777 DX TR MTIPD 7AW OX 7 27157 Nowa

YX2% NII9INA TIPR ROTW 0127 MWYL 137 21321 MPI0NT NI DR IR NAWH YR L1101 NRT WY1 OR L0
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117 MOV NP1 2°INWH NATAT — 6 Pd

X7 97 I NPIOIN W -TANK 2°30N :6.8 3N /

AMINPW1A DI5W MPIDNT TINY IR PUNYA L TIP Y0P 03°197
Xor ax, ax
xor bx, bx
add ax, 2
add ax, 2

YOR HW X077 2102w 797 2R RO 239w a°wnT .4 1107 ax 2w 107y 7P YO 21902 ,NIRIY 1NN 9D WX
217237 9907 W IR .3 0 ax hw oy, mpn
(>MRY 2197 M) YXARD TIP MW 92017 2921 IMRPWa TP Yup DR v v o
NYNN2 IR XD MTPDA WANwa? PR o

MOV MTPoa P IR wAnwm? w° o

299577 93 .3 X7 ax 7 bx Sw 1099 3 o ax hw 10w ,7pn Yup Hw %077 r0aw oY WA vy .2

Y2 03 0°5pn 'R AYon
212°9

21729 71 P92

0°°N7MNT 0°97Y 0777 NN 2N DO0) DOINWH PTAT? e

QoYn oy MYy e

IMOV NTIPHA W NITYA ,NN2°T2 NIPiY 2200°30 MY210W MW Y77 Mpnyn veah e
pielotbinlpRnolebin Tty irielity MG}
q0o%A% M1ap Yw apnvi o
DAY NPT APV o
7172°12 WX APNYT ©
N7 y12Ap YW apnva o

nrAR MTIPD LNTPUANTIR MTIPD DWON 1A YEaR 19 1WORw MTPD DY W 2202 7oVl K2 pIoa

T TP
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118

AT MTIPDY NPAY L NPUANTIR MTPD — 7 P

TTTT MITIPDY NPAY L,NPVANIR MTIPD — 7 P

Nan

LMITIPD D ann A 29210K2 19w MINT 1% AP0 T PI52 MOV NTIPD — T ATIPD 1TAY DTIPR P93

DN DWW YEAR 19 WORW

P17°M 992 ,7I0°0 , N0 [AvLANPIR MTIPD -

and, or, xor, not :na»? MMPD -

shr, shl ;o mmps -

.09 X1 17190 9% 02027 1 1R MTIPT

201 — TARIW ANWRIT ITIPOT .NPLANIR MTIPOR 21N

NPVRANYIN NMTIPD

(DPIRW R TI0) PIPM 99D MO0 NN MW NAwn MWD »Xah MTps N0 80x8671 YTayn nnown
mTpon naR Yow nvoho1 1 .NEG- DEC ,INC ,IDIV ,DIV ,IMUL ,MUL ,SUB ,ADD :37 1287 mTpoi

add

sub

inc

dec

mul

imul

div

idiv

neg

118

dest, src
dest, src
dest
dest

src

src

src

src

dest

: dest = dest + src
; dest = dest — sub

;dest=dest + 1

cdest=dest-1
cax=al *src
cax=al *src

; al = ax/ src (ah stores the remainder)
; al = ax/ src (ah stores the remainder)

; dest = 0 — dest

X7 N72P7 1R

JTIP5 992 017D 971 O°KR2T 0°9°V02



119 1T MITIPDY NP, NPANTIR MITIPD — 7 P9

ADD n7ips

N nw (destination) 7y T30 W Qv (Source) Mpni TR YW Twn R nnann add ampon

17 MIR2T MTIPOT ,NIWORT 20 PR .12 IR 7INWH ,IW0°A7 202 N1AY 0°913° DOTIDING LTV TINDIN ARXINT

NP
ax = ax + bx add ax, bx add register, register
ax = ax + varl add ax, [varl] add register, memory
ax=ax+?2 add ax, 2 add register, constant
varl = varl + ax add |[varl], ax add memory, register
varl =varl + 2 add [varl], 2 add memory, constant
:Mwn

0°I00°0 MYYARD IWRA NV R DNIR YN TN ,aX ORI NIV YA Ponm oawenn 9o N -

1997 172°077 IR MAR2TT NIV P .0NR

2072 16 3% 8 5w 20wo N2 whanwnh weR -
add n7ps ;7.1 %N /

NR X777 .77902 020K 92 2120 nR al TNk 19°197 .awhs oY awh 100107 .ot 6 1A T 1Y X

.alm2"Pw2 1921 12012 TN IR IRE T, TD=2 naonn

DR W (272377 °Nn) ARNINT DYDY 2R IR al 12w 231 1a? N9y ,onnow ampn ana 2

.ax 7Nk 0I19° 0°I2°KR7 Q10W 0 ,MINT
Jakhiai7zalheli7alpli7dln ke bts BN

mabmavarl -

mabmavar2 -

sum -

(?sum neao N P 7°K2) ORI Q°INWHT 1Y 0100 DR SUM TN 107107
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120 1T MITIPDY NP, NPANTIR MITIPD — 7 P9

SUB nmpp

,destination 7y°77 779X 7Y Source Mpr TINDIR YW TR DR NYoms (subtract Yw 11%°p) sub ampon
0¥ 2719k .add Hw 727057 MR NI T2 N0 MY, D0¥A AIRY 909 LTV 719K IRXINT DR N
NPT 1T MIR2T MTIPOT ,NIMIWORT 2 1A .313p I TINWH ,I00°37 101 NS

ax = ax - bx sub  ax, bx sub register, register
ax = ax - varl sub  ax, [varl] sub  register, memory
ax=ax- 2 sub ax, 2 sub register, constant
varl = varl - ax sub  [varl], ax sub  memory, register
varl =varl -2 sub [varl], 2 sub memory, constant

sub n7p :7.2 390 /

jalhlalizzalbyizaipliz mia Pty R
maSmavarl -
masmmavar2 -

diff -
(2diff n1% 2% D73 ATRI) 2°ONRT Danwnn Caw wao nx diff 7Iin? 100100

TIND 1071577 .aaWhI 000 OV 2PNWRIT 097VAT W DR 1PANX 2N 4 012 2°07vn awhw X .2
Wi Twen 9,8,7,6 NWRAT TR A7) DUNWRIT D27V W DW 0NN DR CWIOWR TIvnn
(3,1,-1,-3) x7 oonvnn on .6,7,8,9
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121 1T MITIPDY NP, NPANTIR MITIPD — 7 P9

INC / DEC mmpp

nyxan (decrease 7w M¥p) dec nTIpD 173 T T YW 10 DR A9y (increase Hw M1Xp) inc nTpo
) add MTps MYLHR VR MR Y7 12100 ,TWOK TN TII9IK PW 10 DX 172 57 A9 A0 DR
:NPIN T MR MITIPDT .NTID MITIPD 172 WP ,AN12 MXI0I M7 17 1 Mo°n R 1 nsowiw 1o ax ,sub

ax=ax+1 inc ax inc register
varl =varl +1 inc [varl] inc memory
ax=ax-1 dec ax dec register
varl=varl-1 dec [varl] dec memory

MUL / IMUL nmy1pe

0’2 8 12 DR W DOHDI WROW ,27 MWW .0MR W 172 177907 nvvan (multiply Sw x0p) mul nmps
SW 77pna .02 32 5712 nea a1 ARNINT v2a 16 512 0°12K 1w 2991w v 16 D7 nnh 37100 RYING
9722087 ,0°2 16 7132 12K 77991 W Tpna .ax N RN DX PN 9927087 ,0°2 8 HTI13a 12°K1 177901

.dX 7In% oomax o 16 nRY ax In 220t o an 16 nX ponye

q72nox87 .0OABOh %7 amr1va2 o077 nkxin .al=0ABh, bl=10h :2°v°2 8 12 20031 1w YW 9901, nnT?
.ah=0Ah, al=0B0h n1%5 .ax 7\n% pnyn aRINAY ARI7

.OABABOON ®>77 o172 99377 nxxin .ax=0ABO0h, bx=1010h :2°v>2 16 >33 ©>700°31 "W YW 77937 ,7ANT?
1w DR 9apn dx 1R ax=0ABO00h 2°27177 0°n27 %1 DR 92pn ax .dx™ ax 1°2 p2nn aRxInaw AR1T 19210K7

.dx=0ABh o>max7 o°nan

NPT MITIPOY NIRDNT 19

ax =al* bl mul bl mul  register (8 bit)
dx:ax = ax * bx mul  bx mul  register (16 bit)
ax = al * ByteVar mul  [ByteVar] mul  memory (8 bit)
dx:ax = ax * WordVar mul  [WordVar] mul  memory (16 bit)
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122 1T MITIPDY NP, NPANTIR MITIPD — 7 P9

P .aNwn ARXINTY N3 ,unsigned W signed 0015012 2P0 NMIR OX T2RY TAI2 WOV 17937 nwoa
DW XM 371 NN 377,270 o0hwnan nuvwa 11111011 4397 DIVXNR2 A1 177 1501 LW 0117 190)7 DR ARaT?

MW N1TR M1 MIRXINT ,7NT? ,0°° W2 02190177 TR 75 91901 o Kar .251

0*00n HW 119937 Nyxan imul a7poi 1R L(2°1mon &9) unsigned ovson Sw 79907 nykan mul ampon

7717 97277 DR 21 .(201mon) signed

yxan TP 00000010 nx bl 7in? ,(+251 % -5 5 w107 1n°01) 11111011 nx al i v Rag Mpn et
my¥nRa signed 79907 noou oy mul a7pen -5 unsigned nnX avs .Mv937 W oma

:MYD7A NAR 92 INR? ax 2w 1977 2% ww .(ax DX 220987 M5 1°aw 12112) imul a7po:

CODESEG:
mov ax, 0
mov  bl, 00000010b
mov al, 11111011b
mul bl
mov ax, 0
mov al, 11111011b

imul bl

JT295777 Mo 29% ax, bx 0°w0177
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123 1T MITIPDY NP, NPANTIR MITIPD — 7 P9

502-5 mw ,01F6h 857 7207 axxin 19% 251 102 al 5w 1299 ormnn 2522087 ,mul 1720 270y 795972

e ,OFFF6 87 7507 axxn 1971, wor 00 1ina al 5219997 omny 9530087 ,imul 27920 >7-5Y 799372

mul n7po :7.3 23N /

NR 0°10M A2 AT aMR 199°) ,255-0 onna 0o aonk 10°107 Lbyte ST hanwn w17 WK

WY 01

(22wHWn MW NPT TR DT AR D2wN) WL TINwR? IRYIN

T2 AT amR 99D -128 7y +127 Dwnna 2007 2N 10°10n Lbyte BT ohanwn ww TAT .2

(?2w5wn TINWNT NP TR DT AR D2wN) WY 7INwn? IRYINT DX 10715

Sw 9953 WA .0 NYRNT 2°07Y on2 W .Signed ,n"a Mo 2v0y 4 TIvn 992 ,20070 I 1T A
;79777 .word Tin% NOI21 ARXINTY WA ,MOWST NAWY .SUM TIN% ARXINT DR 10°19M 229N

X ,b™y a 07 220wt maw ox

sum = a[0]*b[0]+a[1]*b[1]+...
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124 1T MITIPDY NP, NPANTIR MITIPD — 7 P9

DIV, IDIV mmipe

ax nx npbma div ,va 8 D71 RIT TIDING OX .0°00n W 12 0 nvsan (divide Sw meop) div nmips
DR 711982 nponn div w02 16 ST X 737987 oX .ah2 neaRwn nRY alm2 apenn nan DR DO, 711982

.dX=2 NPIRWA DY ax2 TRI9NT NI IR N L dx:ax 7oy opimnt o'uhan 32

X0 RY L1 nRw av 3 X o2 poena aR¥In .al=7h, bl=2h :vva 8 b12 oMo Bw p1onh annT
.ah=1, al=3 ,77von

X2 MRS L1 pawRw oy 3 X7 o2 ponn R¥In .ax=7h, bx=2h 12 16 12 20wocan pinh e

.dx=1, ax=3 ,7va7

PM2 IX) ©°2 8 YW IR T2 1’2 8 YW 7Y PYA? WD WHKR R ,N1TAN div 72w 7177 P9a2 — 2% mw
(1216 5w R Twa v 16 Yw 7w

*19% ART1L,al PR oY 072 199 .02 16 D7k b ax (Pnnn) anna Luia 8 YTaa X (Phman) mionn oX
IDINA DI 197 AN DOWH NI I PI .32 22001 770 mov ah, 0 nTps 0or w1 ahtw aponn
,0°2 16 D732 730m2 ax pR phnd 070,190 .ve2 32 97 N IR A1 ,ue2 16 TR R 7101 oR LT
Q1AW 7720 1R 2°019ORT IR MwY? oW1 ok .mov dx, 0 :09x% w707 dXTw aponn C197 aRT1 0w

1NI1D1 KD NIRXIN 132 0% 729nY
:0°R2T 0OPAN 1A TR 277V 77NN T NN
ooNa M -

(772 N°1907 7ANT Y WA 19010 ORA) TY° TW0°A02 D011 PR ARXINT -

NPT MTIPD? MIRANT

al = ax div bl
div bl div register (8 bit)
ah = ax mod bl
ax = dx:ax div bx
div bx div register (16 bit)
dx = dx:ax mod bx
al = ax div ByteVar ) _ )
div [ByteVar] div memory (8 bit)
ah = ax mod ByteVar
ax = dx:ax div WordVar ) _ _
div [WordVar] div memory (16 bit)
dx = dx:ax mod WordVar
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125
IDEAL
MODEL
STACK
DATASEG
CODESEG
start:
mov
mov
mov
mov
mov
div
mov
mov
mov
div
quit:
mov
int
END start

AT MTIPDY NPAY L NPUANTIR MTPD — 7 P

:div=73 n9wD MIX°2 MNRY 2199 D°I00°ATT YW DI CINK 129V IR NPI0NT DR X0

small

100h

ax, @data
ds, ax

al, 7

bl, 2

ah, 0

bl

ax, 7

dx, 0

bx, 2

bx

ax, 4c00h

21h

npornw div-2 T2 (signed) ooamon oo1oon YW e nyXan Xonw 97 vIo L,div nmpo? a3 idiv nmips

125
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126

AT MTIPDY NPAY L NPUANTIR MTPD — 7 P

div n7pn ;7.4 0N /

o7°w PPN DRXIN DR 0°107 ,unsigned-> ohR onenn Jbyte 912 Danwn W T X

DY927 TINWRY DRWT DR WL manwn®

TINWnY 0a%w AR DRYIN DR 10°157 ,Signed=a omhR onenn L byte P72 2oinwn w1 .2

DY927 7INWRY NIRWT DRY WIHY

79U OPIPNT DRI DR I0°100 ,unsigned'J OOR oM ,word TR hanwn I YT A

2Y927 7INWRY DIRWT DRI WL Inwnb

NEG n7ipe

ONWY D°5Wn? 12w TV DR NI LI IR N2 DTN, T TR napn (negative b Mep) negTa nTpd

neg dest

dest = 0 - dest

STTIPOT OMPnn 7wn Y

(X2T 2WAIT DR VXN

SITIPDA P WV MIRANT

al=0-al neg al neg register (8 bit)
ax=0-ax neg ax neg register (16 bit)
ByteVar = 0 - ByteVar neg [ByteVar] neg memory (8 bit)
WordVar = 0 - WordVar neg [WordVar] neg memory (16 bit)
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127 AT MTIPDY NPAY L NPUANTIR MTPD — 7 P

NPAD MITIPD

DMWY DX WAIRWI TIRD NPV 17 NPNY MTIPD .MWH 11T aY SaR MO0 K2 MTPD YA 5Y Pwoy T
,0° DRIPI T RO IDW 92 0RO BW O°OTY TRWAD 1T IMIRDY L0 901 IR L0 YW 10 DX

27977 w2 oy 2111 ,MASKING

TMWI TIDXAY TYPAW VTN YN DIOXAWD LINNTY MBI 993 2007712 202 av povna axn1 9901 anb

SRR 0 RITW W MW a2 TR 7D ,0°02 AN DY Tva By annT? Yanol .Packed data — "nonT" ka2

00000000 00000001 00000001 00000001 00000000 00000000 00000001 00000000

SIOWTT FTIXA TAR N°22 NAWY TWOR YT NN DX

01110010

70T XY 771X DOTWWD 1WI? IN0IW MIAARY NP0, MIVET MIDNTT MR IR PORTY 07107 AR 70T 77182

.0°2 95 NRWwL 7193 002 AP 2

CIW 8°2 93 HW 109V DR TIDAY 2O9197 MR ,INATY L19RAY MK MI09IW MW NPAL MWD 2YRan 317 000 Y

el

00100101

7D YX2Y HDPawa DRI 0N DR [0 OTIRnT 200V DR MWL D1 RY DWYW 7707 a1 VT ROW N

JTT DR DWW PR AR NV 0277 2w av "piw" nvTh IR 00
.ATIPD D0 v 7 70201 72 .not Xor ,or ,and — AR mMTps vaax nnvp

RO IPRT MTIPOR 2w DW T N

and dest, src ; dest = dest and src
or dest, src : dest = dest or src
xor  dest, src ; dest = dest xor src
not dest : dest = not dest

NPT NIRAT MM .PI2P IR TIN2°T 0030 O NPT MTIPOT NR 2107 WHR

and register, register

and memory, register
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128

and

and

and

not

not

AT MTIPDY NPAY L NPUANTIR MTPD — 7 P

register, memory
register, constant
memory, constant

.and 13 779X 7NIRA PI°72 MAN21 XOrT oF MTIPo:
MM P27 DNR2 2270 7912° Not AMpen

register

memory

AND n7ipp

qwvi .0 om0 aRxIng LnnR L1 an aRYIng L1 oMW o7haw ox .02 Caw vbpd nhapn and ,nab arnan

QOO ORNIW ML ,NWRIT V22 DPIWORT 22N 1Y w2 "R ntav” RO v oy mnon

TR 2000377 Y and -3 nREIN — 72207 102 W0 027 OWONT

N

I
— o BEIN

and n%wo 5w a8 nbaw

—onhw o°v°a7 12 022 and nyeam ,o°wea 16 R 8 07 N o910w 007119 MW nPapn and Y22noRa NP

VAT oY YR TIN9RA 1 2pnaw van oawn 7oA 0 opnaw vean av PwRIg 792 0 ownaw vhan

JIRDT 791 00w TINDIN 2 DIpHAW 0037 OV PWRIT 710N 2 DPRaw 1T ,0wn 799N 1 0pnaw

ANT? o,
0000 0111 and
1001 0110
0000 0110

128



129 1T MITIPDY NP, NPANTIR MITIPD — 7 P9

22 RIT WD 9907 OR P72 — and TP Hw mIws oW 0Tl

— 0 X7 A7 L2 DX DY CIRPT AXMA NIART V2T DR P PITY DO WAIR AT RIT ITWHD 90M DX 21722 070

DT OR K17 00R7 — 1 KIT 020 aR LA RIT 19000

5y 9o 77127 1Y WwoORNY 0702 YW A0 K 70017 .(MASK) mon ROp1w W VAR 7ML, AP0 TR

.00000001 :2°v>2 5w 7mn 9oIR P7A3 AR 2R, 20002 YW A0IR 23 N1 79197 11007 .00 002

NXYIN ,00RD D2ITHYR O°0°A0 NYAW DR IITAIW PP .A0010 P17 21720 %10 MKW oonn 12 and nwva
NRYIN ,To7 IRYIND ORI 2L NYAW YW TR Iwyab 2mbynn 1R ,TO% X L1pn 992 0 an onbw and-n
Pw and=7 ,1 R 9w A 037 OR — 2PTI2 MR 12w DA IRY 19012 P 719N C1nwn van Yw and-n

.0 a0 aRna Nk W17 w0, 1 03 KW 70012 S1nwn vt oy T

and n7po :7.5 370 /

DI 22INWR -9V NRT P 2472 ponnn 19on ok and NTIPD NTYa P73k WO TR
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130 1T MITIPDY NP, NPANTIR MITIPD — 7 P9

OR nmpp

79 NPRO1 Or NTIPD DW NART N2AY

B N O
1

1

0

R uPom 170 anw vhpa DA TRRY P°O0n R

1AW QY NIWRN DRI 2037 WOw 731 .0°0°0 IRWA DAL 292 1w vea "prhTah! Wy N or NTIpD
721 ,MPP0D HY 7AW ,TWnA2) ONOK NWPNT DR P00 IR VTR O 22p1 mPwh 2130 K1 — 010N 22PN
2°577w yap 0 ,2°377 2V DMWRN wOw ¥ 1 — 002 5707HY AX1n NIRRT 2°57 90 Oy nIWwpN 2xn (A1) 2007 Y

.0°107 N°22 W1 0°2°377 NI 92 OY NWPNT 28D PR

11 .27 2T IR XIP1 (7 79 071 2°190mn 2°3pnan) 4 990n 1PN oY NTWRN WORY 2°¥17 MR LNV

P

1100 0100

LT 07277 DR P97 1ANEI2 ,NYD L2382 1721011 M120 ,4 1907 1PN IR AX70 WK L4 19010 va
:92p11 (P17 4 o2 veam) 0001 0000 75077 oy or Y¥I1 ,NIRT MWY? Nan Y

1101 0100

OPNRT 2°0°37 YW 03792 ,10W S1IPni 7Y 00790 1R ctan ,pT i 4 vhaw RN 0

4 7907 MY 1PN QY NMWRN MWD KW R IRYINT NWRDT 2°37 TINY 7717 P21 RN DX
or NTIPD :7.6 73N /

72 471 2 0°2°07 oY 22 190n 2°27 Y NMWRN WOKR? 21D WANWIY TOIX 71007 IR NI RNT2 WK

2(nnR or AMpPo2)

24 190n 1PN QY NWPNA DX 22092 20979 NI WK TR .2
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131 1T MITIPDY NP, NPANTIR MITIPD — 7 P9

XOR n1ps

SN2 NN N22Y NHYa X0 (exclusive or Hw Mgp) ,Xor nTIpD

. B
- I

(7272 AR NMPYY ,07NWA AP19N) 2 117 N2 NRWER MIpw XOr ,nvunnn a1°nan

S2W IR ANONT RO 72077 IR DOYRIAWI TANTY ,TIRD DWW ITIPD RO XOr NP

10 770 X7 ,707 D°0°2 X0 QY O°0°2 A% DWW XOr YW AN

1Z3
:N27 YT DX POYIY DX WAIRY 21 .7IDXT NXO2 INIR NOWN T NI 00N 63\

1001 0011
((FPNTY) 7O ANONT W ATWA DR PP MARY 091 17 P71 W ,TIONT INDN TR
0101 0100
2R 22PNNW IRXINT X0 N21WD MYXARA Y7777 DX POXI
1001 0011 xor
0101 0100
1100 0111

2% YITOW TIDXTT INDM O¥ XOr N2IWD NR NHDI Qv ¥X2® IMX MIvDH NI Y1717 1070 DR 2P 21w 781
1100 0111 xor

0101 0100

1001 0011
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132 1T MITIPDY NP, NPANTIR MITIPD — 7 P9

R? X7 ,019W0 Y77 DR 1PD¥AY 2°2Wwa Nwnnw: 72w aUdwa DR 7907 11w OR 12°0RY ,RYT T 71087 DYw1A 01N

TR0 DR WS 2190 TI0LT ANON 7O 7 YT M P .YTRN DR MO 11T DR 1MAWH mHYe

SW XOr 779y NRT AWY1 QW0°A1 DORY IXIWD TR ANYR 1991 ,MOov Ywn Ny ¥p Xor Y opcodetn 2R
:VX2Y QPRI 1RO DXV OV 0T T

mov ax, 0

:21N21

Xor ax, ax

WANWT? 92781 1997 ,ANWRTA Q1P MIND DAY 30w 2990 IR ,0 Va0 axtaw 7a% Mt mowen nw

.2

XOr NTp9 :7.7 2°37n /

LDDR TN X7 — 73777 0°0°2 A0 OV 0°1°2 A0 HW XOr 2w IRXINT YT 1200 X

nnon 11077 ' LIKE ASSEMBLY$' nna172 LAASCI 10 W Aok XITw mSg awa Twn 17T .2
DNYATY NYT? 037 Y00 $777 10) TIDXAN nNon NP YT DR 1°OXT .0oN7°naY 0000 8 12 m1oXn
12200 TR IR anYTATY 23pna DATASEG-S 105 (709772 197 ,179%0% W IR 7vna a0
QNIDXIW Y77 DX IV .037W 7I19XAT NYWD R 2105 ASCII 10 7vnan Nk 23nn awnnt R

.022W MK oM DR 77 an220pw W DATASEG2 17927277 Yy 1710 L7198 nnon narya
'R27T TP YVP WANWAD 01,104 0% NRY 1017 IR 0700 201NN’
print:
mov  dx, offset msg
mov ah, 9h

int 21h

mov ah, 2 ;new line

mov  dl, 10
int 21h
mov  dl, 13
int 21h
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133 1T MITIPDY NP, NPANTIR MITIPD — 7 P9

NOT n7po

:not YW Nk NP0 7399182 2°10°27 92 IR N9 VWD NOot NTPD

NOT

077712 D°0°2 QY 771AY2 NH0I MW A NIWHRA NOt NTIPD .°Y0I N2°ANA 117P0 NOt YW 72°N57 MM DX

T MITIPD

mn 1 apona van,1 opn mn 0 Dpona ©an ,AnaTY 9w 20 an IR TMPm™ TR MYaps A MTpD

TN NTAW PYTR TR U0 TR AR 191 2 D

Shr :anya nre I wa aman MTMPD N2 TPRh1 WK PIWY DAR DT 0T NIPYAY LI TIPS Sw Ao W
.(shift left) shi= (shift right)

SHL nmypp

,2I00°30 IR 1N FINWR NIPEY 910 TIOIRG LAY 220 MInDY T 719 nYapn ,shl L aoRmw amtnn nTps

:MIPN NIR2T MMET .Cl V0% N 313 D0R N1 A1 17 2207 NN

shl register, const

shl register, cl
shl memory, const
shl memory, cl

:X277 192 "yown shl-n nhws
JTORAW TR QPR D17 YO 710N 20T, 0 Y -

,0°0°2 N W R I OX TR 0 0101, 70K 022 YW RO A0 OX) v v R 0o o o Yy -

.(0°05X N 0°0131
.CF X177 937 HX 0121 DRAW 781 XYW PRI 07 -
1M 002 PW T 12V PO 23 3T 99 .3INwn R 037 wanw 3pea 1 7w 2ap OF awchan At -

LDOR RI77 TI0INT 2w 12 NI R ok 1 7w by ZF oo AT -
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134 1T MITIPDY NP, NPANTIR MITIPD — 7 P9

SORDW 9377 VA DWW AW T 0 AT -

LTITDINT W 2°OA1T 2127 872 MITAR YW MO MMd W ar 1 W Papy nrara a7 -

o0 T MWwa v2a 16 w7109 DY a9we IR XD 0°%17 110 aX .02 8 Hw 7179 By shl nhws noxn1 o

:8 opna o121 16

CFem < G & <

| |<|<|<|<|0

shl n%po

SHR n7yp2

LTITAR 202 NRDY 7Y 719X NPapn aTpea .shimh 7w 77wea1 77w 72°n02 Am1T 12193 ,Shr ,ame 3 nTps
MET .cl 0377 IR V12p 9501 NIPTY 72127 0 0°0°27 NN ,IU0°AT IR 711912 7aNwn DR 9190 710N

:MPN NIRAT
shr register, const
shr register, cl
shr memory, const
shr memory, cl

:X27 192 Ay own shr-i nmwo

ST TR DR D011 YO TINDINAW 20T, 92 Y

N 5w X7 7107 oK 7R 0 D101, 7R 102 DWW R TN OK) N2 oRAwa van PR 0 o1 A o By -

.(D°05% N 0°0101 .00
.CF Rw177 737 DR D101 1»° 78 RXOW MINRI VAT -

12 YW I 12V P 7191 A7 990 LTI 2197 TIDIRG SW ORAW 0371 v°aT T nX 23 OF nwohan a1 -

7
LDDR RYT TI1DINT DW 12 Mt nRY o8 1 7w 9ape ZF ook a7 -
L0DR TN RITW ,ORAW 2977 V7 DWW W 5T 1200 AT -

LTITDINT PW D°OAIT 2127 872 MR YW MO MMd W ar 1 W Papy nrara a7 -

O T MWa v 16 S TR DY WD DR POXY 20X 1107 OR .02 8 Dw 7179 DY shr nws noxn 1o
:8 opna o1 16
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135 1T MITIPDY NP, NPANTIR MITIPD — 7 P9

>

S = CF

shr n5wo

I MTIPD DR v

MWD YIXO2T TN NPVIY T MTPD

PN Hw MpTma mbpa p12°m o0 vIRa

MIDXTY MMWRT Y MR XN

(Ao TR 2197 A2IWDT) 071 YR YW 0T

PODMA

,7M173) N%I1° 37 77907 7N DOHR 7POI? T MWY? TIXW 1 93 ,Iwya 71907 21w, Ny 0°023 1120 995
a0 .0°Nwa 955 921 NP1 I 17907 TN DOHR H°01 AR ,2°NW 0°022 .(FPRMPY NNR 7790 NI1N9D0IT DR TIIY
25w WK L2070 DT QY 2YINWRA DAY 29WW 1D .2°NWA IV DR NP1 NN 122 0RnY I 9
WanwaR 911 ,001wna S 0°N51 20970 ARTI 1151 T2V oK DAR ,TARD 07 71007 TR I0wnT D 7N Nm
RT3 7ORAW TITTIW %0 191 71MWa 200 2 Y1 NITT NWEARD VAR 993 — RDA 101,07 Nwa 990 yXah 070 arTha
ORW 27 2°WH TI¥ IRD O3 .2°°NW DW MIPTAR IR 210w P19 RO R AT ,0°0W SW NIPTTR IR 07Nwa 992
P19 7PN ARYINT — 2PN IR PYNN P17 RD A1 TITT IR LT 0K 79017 M0 L1 R 15w I 03 vian

.Tun 93 NHNYR 0 Nwa

202 YW T7vn 1w 7 m9ga LFSR R0 0%10317 27R2AXT 719877 2007 TR LT19%7 D 0°27 090 23w 719k
oy MY XOr MWD MYXIan JIVA2 2°0°27 1°2 OIWA 17080 1002 2OROXIM 190 AR XY U2 09517 oo oaw
20 DPn ROT TPTOOPN L uIurRa LFSR DY R1pY 2omnn ank LPoxah ov¥10 IMRW 1ah XOr 2wy aRYINg

Rhfalalrisiehrivd

http://en.wikipedia.org/wiki/Linear feedback shift register

AT MTIPD2 DOWANWA TV M2 0°0°a7 DI DWW IR wnn® 073,19 92

YoM ,0%17 [0 FOTT MNMIBIR MM LT 190 YW ApHY YInn 11 09N 0207 ¥ YW 0™ ao°nT

21T 991 an RN Prnab

http://en.wikipedia.org/wiki/Lempel%E2%80%93ZivooE2%80%93Welch

50 0% NP YRR N1 1T MTIPD MYIARA QY0 0P 1197 0°92 DY puoan phno ,TWnna a7 XU 1T OR00
Jonn by M
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136 1T MITIPDY NP, NPANTIR MITIPD — 7 P9

A1 MTPD :7.8 53N /

A al oo o mmps nava 3 wanralhwoon X
.82 al nRpon A mmpe nava L (OhnoxT) 120 Twa nx alto ot a2

N 9777 .2072 al nR 199 M2 m i mTps nva L(C90xT) 10 Twa nR alth whon

D12 2WOR WY Y75 001 W02 WwAnws .47 16 Sw o100 1ina 2075

212°%

2179 1T P92
:unsigned- signed ,nawn mwo y¥1o e

N o
nom o

550 o
PN o

MY MO YN e

And o
Or o
Xor o

Not o

VTN DY 7I0X7 ,1092 12901 NPYTA IR0 LT U2 NN DD YXAY 17AY DA MO myNnRa e

.INDM MYYNR2
0PNY 2w MPIR P2 9937 Mwnwnaw I Mo yyah e

Shr o
Shl o

.DORNMADR 2007 1D 1WORY ,0°07 2OKRIN 119w N1IDING 720177 TR TARI XA P92

136



137 TP MTpy — 8 pd

P2 MMpPD — 8 pd

Nian

("1 A9WD YR LT ORIN 0pNn OR™) 022 DOXIN aY D710 MNXCY a1 T P2
DRI A0 TIND7 229X 1IMIR ,2°RIN 377 WOW MTIPD 21037 07

(D°1Wn A0 SV jmMp aX°0p NTIPD) NOIoN2 WY DR DX TR -
(CMp — aRNWI NTIPD) O PNk WD RIN OXR 2P PR -
(loop — aR2Y7 NTIPD) WITAAW ORIN TPND TV DI AT TP YOR I DY NI PR -

TV0°372 RYNIW ,N7I5N7 V2R L3 93 AR L1907 2T WINPW DD N AR MW NATRNN NP0 .77 19IRA
TR IR AYTR AX°DR WORY R 771P27 MR YW 1pen .CODESEG Tina axan Mpn nw R a1ipn LIP
aR 27 39W52 TP 7R 117 WORY 27D NI ,MI0N2 MW DY NP0 mI90 a0 TR AX°0R .N°13IN2 TP MW 9N
TWAT TP MW WA DY 97 — NONR P10 PIX0A2 w170 e qanwnt 5w 107y ok" - 2OR0n OXIN 2 pnn
129V aR" — 2°PNR WL SRIN OR ,2°AYD 901 TP DWW X0 DY Y 19 WORY 273 N30 77I0R %00p J"'awn

"awn TWRM TR TP MW WY 7I9P 00X 11K mInwnn Yw

MR (M5 YIDp IR L0001 281 09PN OXR") 0P ORIN QY 7P MIRNT D0 W0 Mphnnn 77p20 MR
X792 79P2 MR POmng ,,nwsn wnb oW 2°axna Y wincw w0 937 (M2 yiop") o1p URIn RY? 77pa

.arp "XIn

JMP n7ipp

TN2 ,NN2T2 NAND NPAPR jMP DTS LMD NONR ATIPIY ORIN KDY LTAYNT DR DADW jmp nTIpd
7Xm IP=77 900037 7107 7399IR 702 77 NRIMT NS AMK pRvIn L,jmp-a nTpo 3wea nx? .CODESEG

A7 D20 PwnRn

NTY
DATASEG
address dw 000Ah
CODESEG
mov ax, @data

mov ds, ax
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138 P2 M7 — 8 pd

mov ax, 1
jmp  [address]

;jMp=7 NTIPD ¥IX°2 197 DAWOOAIT DX T

Aip 2w wInm 129w 2% mw ,jmpTa DTIPD Y102 INKRY 2200°307 ORI 0

.CODESEG=2 7wy n°amn 13771 IR Jwnn N1opm

FAR=y NEAR mxoop

— POR PIDPY TN RITW VORI NR P T92NORY II0A LjMPTT NTIPD DR 200D 1D 72 NWHNWIY N7
TP VI INA ¥ R LNOW JMPTT DTS YA nhonaw i .address minwna v nawa — 000Ah
TP VIADA AT TIPRA) VINAD IR TINA TXOOP KW AT AZN LIAD NN IR VODIRY AN AW jMp-7 NP0
DX jMpP=7 NTIPOY MW P°D0n ,near Mon NMXOR ¥X¥A? 75 .near a%°op XIpl (P07 LIna0a NR PO 9N

TANWN XD 9777 VINADT — VODING

W 7P DR PR 117 WORA 17210RT ,NPINPY LINR DINA0 R¥A1 1OV TP ponw opna 11 far mon mxoop
WAIR TP VIR0 IPRY I22M0RY VIR A7 LT 77PR2 LINR VIR0 DIAD 797 D173 RIT AN ,O°1W DP0INADY

2R 712°N27 NYIX .PI9pY DX
jmp  cs:offset ; for example cs:000A

.0INADT N2IND DY ¥a%n €S- XIND WY XODR 2109 WRD
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139 72 MTps — 8 o

TPINCNT NI2T 7AW TN N2 2500 RY TR TP LIAXOYW TP 2INDIW 020 K7 — T RWIIA 277N DAY 17200 PR

Swnn aawn far-m near-n mxsop xuna Hw

jmp NP :8.1 231N /

:(base.asm n1onaw CODESEG-7 Tin% MR 32 0¥i) 7827 N2I5N7 7301

Xor ax, ax
add ax, 5
add ax, 4

.ax=4 m1on7 N¥°N M0AW 797 113 ,M°I5NY jmp NTIPD NODIT NV

LABELS nymn

MTIPOT D DR MW 19w NP1oNa W 9OV LKXT 72°07 L1021 NAND wWhn jmpTY %Ayl XY 2onysd 2112
MPIoN2 1w YXAIW Qv 932 MAINIT DR 19TV 871 XY 171002 101 KD 21pn? vIop> 1avnn k1 CODESEG-a
DX jmp-17 nTPoR nnR 0y, Mpa 1wt (label) nn nn? 1% nawoRy Y22n0KR NOW 10V Hpa nan by 1w
Mynwn Yya aw Hya o g Sw labelrw mivn mxa wn Sw labelsn nx b nnb aweaRr L, awn nand
a7 label= R 7P Yop v 12 1272 10K TP DR RNMPY A9 19 WORY
:LoopIncAx
inc ax
jmp  LooplncAx

JTAR2 @aX TW0°AN2 K¥MIT TV DR OTP° a¥0 9321 ,27Y0 701K Y177 AT TP YO

5w N2 DOORAWT 3TIAYa oReA1 an ovlabel -1 %o 7w 5o n9nna 2v Mg — TPR0ITIRD 29 W
17 IR R0 NIREAI MTIPDY , TR0

Tab

992R0K:7 19 1M AN D210 1RY 771902 2NNn R R TW 90 label 1na oonn Yw a3 9o »1ap 00910 amaR
95 nY°1N) AWK MAwsRI P startloop-? 11 StartLoop 1nenan - naup? MRITA NPNIR 1°2 7097 K

NXOMIN 19-591 ARMP NP (0P NIRA 7277 IR N2°NIY A91TA NIRD 7901

Check, Back, PrintResult, Wait4Key, Next_Level, :n1% 0912 labels 2w "oonoxm" mnw nixnaT

TR AW 2 A 72RR AweR wnta 210 an YT 222 0a o8 maw nava .Not_Positive
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140 TP MTpy — 8 pd

2927087 .MYnwn "Mom 0»9% nnw 19x o1 Labell, MyLabel, Shooki :on oomh2m 82 nmnwh mxnnT

(1205w 7P DR 19272 701W M PW) NHW 3PN 7°YAT AR NP0V A1) 2PN OAWw NN L0700V 080 R 12110

quo°a Hw awa label=? X1p% M0R R 7w 50 ooy YN 20K L labelm? minw Hw o Mo we Hax
Mnw R — 1272 DY MRwan MRwa wenwa? PR L,(MOV Hwn?) *Hanor n7ipd Hw awa W (ax :Hwn?)

Rakihlalj

X2 WD 7%an0x:a label aw 1R IR MY TP MW SNwH NN PR 07 nnn W X1 Nvha 0701
.7I9PY O°%17 R IRY 120
The list of words in this table are words that have special meaning to

the assembler. You cannot use them for any purpose other than that
defined by the assembler.

.188 .288 .2886C .286F .287 .388
.386C .386F .387 .B086 . 8087 ALIGN
LALFHR AND L551TME LT BYTE CATSTIR
.CODE COMMENT COMMON CONST .CREF .DATA
.DATR? DB oD DOS3EG g oT

DUE DW DWCRD ELSE ELSEIF ELSEIF1
ELSEIF2 ELSEIFB ELSEIFDEF ELSEIFDIF ELSEIFDIFI ELSEIFE
ELSEIFIDN ELSEIFIDNI ELSEIFNE ELSEIFNDEF END ENDIF
ENDM ENDE END3 EQ EQU .ERR
.ERR1 -ERRZ .EREE .ERRDEF .ERRDIF .ERRDIFI
.ERRE -ERRIDN .ERRIDNI .ERENB .ERRNDEF .ERRNZ
EVEN EXITM EXTIRN FAR FARDATL . FRRDATL?
FWCRD GE GRCUP GT HIGH IF

IFl IFZ IFB IFDEF IFDIF IFDIFI
IFE IFIDN IFIDNI IFNB IFNDEF INCLUDE
INCLUDELIE INSIR IRF IRFC LABEL +LALL
LE LENGTH .LEFCCHD .LIST LOCRL LOW

LT MRCRC MLSE MEMORY MOD .MCDEL
HAME HE HERR HOT OFF5ET OR

CRG 0UT PLGE PAGE PARL PROC
FTR PUBLIC PUBLIC PURGE QWORD .RADIX
RECORD REFT .BLLL 5EG SEGMENT .5EQ

. 5FCOND 5HL 5HCORT 5HR 5IZE 5IZESTR
« STACK STACK STRUC SUBSTIR SUBTITL IBYIE
.TFCCND THIS TITLE .TYPE WIDTH WCORD
LXRLL -XCREF LXLIST XOR

In addition to the above words, TASM alsoc reserves these:

LEE IFBIN CCDESEG £CCONDS COHST FCREF
EFCREFALL EFCREFREF FCREFUREF %CTLS DATAPTR DATASEG
EDEPTH DISPLLAY LF EMUL ERRIF ERRIF1
ERRIF2Z ERRIFE ERRIFDEF ERRIFDIF ERRIFDIFI ERRIFE
ERRIFIDN ERRIFIDNI ERRIFNB ERRIFNDEF EVENDATE FREDRTL
FARDATA? GLOCBAL IDEAL FINCL JUHMES LARGE
TLINUM FLIST LOCRLS EMLCE MREM MASME1
MODEL MOLTERES ETNEWFLGE ENOCONDS TNOCREF ENOCTLS
HOEMUL FHOINCL HNCOJUMES ENOLIST NOLOCRLS FHNCMRCS
HMCOMASMS1 MOMULTERRS FNOSYHS FNOTRUONC HOWARN Plg&
F22e EB22&M EFZ22&EP B227 P3z2g P326N
F32Z6P B3E27 FEOZ& PEODST TPLEESIZE TPCHT
PHCET FPCOPLCTL FPUSHLCTL PWCRD QUIRES RRDIX
SMALL FS5UBTTL F5YMS SYMIYPE FTABSIZE FTEXT
LTTITLE ETRUNC UDATLASEG UFLEDATL THICH THNENOWH
WLEN

MY 2°9% Ny

label :8.2 5370

smvnawn aw label=? 1un Jlabel 5R 7°an jmp=1 nTpaw 75 ,jmp=a 2°3702 2Nanow N°15N7 DX WY

140



141 TP MTpy — 8 pd

CMP n7pp

Ox "Y' KD 729m7 .07 AW P2 ORNWI? nwawn (compare 7m0 Yw MER) cmp aRNwaa TP
7T DTG MO KO ,DOTINDIN 1°2 O DR 7723 TN 72 777 2300 D73 IR N L2 1IRT D70
TR PI72% T29nY NWORA (1°0 ,RWI ,IWO93) DR DO9AT DWW ARDTN .0MW 27NN — ORI DAT PO OX LT

DPTINDING DV DY DR MW XY RO — TR 97272 ,SUb nTIPEH cmp nTIpD AmIT 92 .90 173 779K

:CMP NTIPD YW NP 72000 MM

cmp al, bl cmp register, register
cmp ax, [WordVar] cmp register, memory
DXNN D'72TN QYN 'Y )
cmp [WordVar], cx cmp memory, register
D'TN9IXN |2 oN'?
cmp ax, 5 cmp register, constant
cmp [Bytevar], 5 cmp memory, constant

AW WRW T ORI MW 720 TV — W XY RIT CMP DRI MYEARD 229377 280 0w

DDA 287 DY YO ,IWT DMK DR MY ,MTIPD 15017 N7 W AR 77202 12

mov al, 3h ? ? ?

cmp al, 3h 0 1 0

cmp al, 2h 0 0 0

cmp al, 5h 1 0 1

L0320 DR TIWH APR MOV NTIPw 1110 .3 Twa nX al TN wuh TPl Uk anwRan v -
PR 2% M DOYTY N1KR T 29w

X°77 I0°M7 NRXIN .O°TINDIRT "W 2w 00 AT cmp PR 52 377 al nx oonwn R ,wn g -

AT TP NRY 0 10 77972 100 KW V927 L0DRT 937 2771 1991 (3 o al hw Twaw nvi) oox
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142 TP MTpy — 8 pd

L7122 DOR:T A7 1991 mharn X0 2 mino al bw aRxIng .27% al nR Mmwn uR pwshwa gwa -

197 1" 109w 19y vea nhva X0 5 mino al Moonn n2ws nrxn 575 al DR oMwn AR Yaan A -
D37 P71 1991 ARNINT WA OPHW RWIR TNX W 0N 2173 0AAAW PP I0 WD L1000 9A7 PO

R\7ah]

NN MNP

MINm MR (22D 1501 MY HY MY TIP YUP) MRI? N7°X°2 50°02 7712V 95 17 MINM MXOp YW MTpD
— MY DPI0N M2 17 MIWORD MINM MXOPY X772 WX TN 2n0 Pwa L("..U¥2 IR ..0”pnn oX")

DI 222872 DID0T N, MLL nhap 02 WU N1vIoN

$AN2T 7772 MTAW NN MIXOP

NPWO NRYIN .CMP NTIPD MYEARY 2719 "W W MPNRNWT AR72 2YEan LA%0pn NTpD 1o

OTIP R D ,D°TINDINT 1°2 0P 297 DO9ATI NYAP PN cmpTa
75 AW 0ORT DAT ORI LIANT? TN RIN 2ORYPR ,070AT7 723 IR W00 93T OR NPT Y0P NTIPD -
Jlabel myenaxa 1120 7 12105 595 9172 .wANwAaT 7O J1TNAY N2IN20 vOR TPR L,00PNA ORI O -

NTIPD NROW 1RAT ATIPDY 12W ,AMIP3) 7707 2D MTIPOHT YN DX PWHn 7a8nT ,0PNN R? ORINT OR - -
.(eopn

QXN MW MPTIAY MINM MXHR W° .N°0TIRN [1°727 °[720 7°20 11K ,CMP NT7IP0 X" ,NWRAT %W vn

PR W MNP DY MO Y PR CMpP NTIPD W ,NRT OV LINR N T 93T YW

.CMP=7 NTIPDA OPOR ROM N 2°TIORT 12 MR O P12 ORIN 22 WK ,7X°0PY DORIN YW 0P XY N W
DTIDR YW ARNWA PTD signed DTN W ARNWA PT OPRY XM 20 POR 2WH TIXW PWRIAT 1270

.unsigned
1aWwnRY 9RY 1707

?10000001b & 1b — 2172 201> 7907 AR ‘

A Y
™7 ,unsigned TN2 019077 "W YR 201NN OX 0P TR oNw — 1 25w aNWMI fUaWw 1 — X7 7WN1
10000001b , signed o moon nxNwia ,nRT nawh . 1b=n 917 (nawy o022 129 mmww) 10000001b-w

.1b=n qup 1991,127 01on% axnon
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143

LAV RN A0 PR 9220KY YOTI7 222700 IR ,cmp 2w NMIRXIN2 MMM NIXOR ¥X¥a% >7ow 72 oX ,1102

79 NIPNIAW ,A%°0R MTIPD YW @°97apn 0700 CIW WNENT 107 1720 00937 19K — DMK 277902 R

12°2° unsigned 2°1501 YW CMp SINR MR 7X°0p MTPD .Jump 2w MR ,J MR MY nnn 7890 MW 93
o°I90n YW CMp SNk MIRAW T¥0p MTIPD L JAbove w1 Below Hw ongcp — A W B nvrnmivg DX

m?15° 117577 720w MRy J Mk qona .Greater Sy Less 7w onep — G L nrmika X 19°° signed

cmp  Operandl, Operand2

JA - Jump if Above

.Equal awa E-y Not 2°awa N nrmiri aonna

:DPTINDINT N0 NITATD 27 MW AR 77202 R¥NI NIIWORT 110

JG - Jump if Greater

P2 mMTps — 8 pd

[TYUXKAN TINOIXN DX YIOp

nwnn 71m

JB - Jump Below

JL - Jump if Less

[TYUXKAN TINOIXN DX YIOp

nwnn oy

JE - Jump Equal

[TYUXKIN TINOIXN DX YIOp

o'iY vl

JNE - Jump Not Equal

[IURIN TINDINN DX YIOf

0 IY wnl

JAE - Jump if Above or
Equal

JGE - Jump if Greater or
Equal

[IUNIN TINDINN DX YIOf

YN TINOIR? NIV IR 71TA

JBE - Jump if Below or

Equal

JLE - Jump if Less or Equal

[IURIN TINDINN DX YIOf

YN TNOINY DY IX |0y
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144 TP MTpy — 8 pd

(72m97) 2%AT APSTR NN 4\,-|

NTIPD Y AnATY HaN01 00970 7320 N2WR 27 .00 IR TR 93T Hw AR 2ORIM 13772 DY D00 3O NTD 7

:PY0I N9°MNA 1701w 0°I90AN 1w P CmpT

mov al, 10000001b
mov bl, 1b
cmp al, bl

:X277 2X1% D937 IR 7°2YN 19K 01901 T2 CMP NWwH

oR 07 WT2rw o°RIng (17 T 129) nharn aawn Inn 02°0% ,unsigned 009on% nvvaw LJA 9w
o°1o07? NTYrRY ,JG N ¥R YXANN 1991 021N 7N ap0720 DRXN .00RY v ZF axy 0ox> mw CF
M ZF-w W SF=0OF aRr 077 1972w 2°X1n7 (177 2173 K 127 0n) 025w mawn 21 02 0y ,signed

JTRDP YXANN R 1971 NO90W 170 1IRXINT L0DRY
(7°5PY ARMWIT) 7P MR 8.3 N /

.N°2 97132 2°INWwAR 79 ,NI0R 2N01 OX XOX v

oRY ,(J21m2 signed-2 1w MX»a ax Hw 7wk 0NaY W) 0ORD YT axX OX NPT M1 1Ay WX

IR 1Y DR 37700 1D
.ax n? bx nR P> nyn — X2 oX1 ,ax=bx ok np7aw NP1y .2

-D D°INWNA D27 DR onNae v — 27 ww) Var2-» 7173 Varl minwna oX npTaw 121N 1ant

s

.ax=0 nnx ,ax=1 -39 ox .(unsigned

W X .var2-1 varl ,na 9713 20Inwn CIw 20T ARAT AWOR IR NYEaRw NN anta LT
NX ax TIN? awnn nPInNa — 01 o ax .varl+var2 nx ax N 2wnn nN°1IN0 — oY 22Inwnn

varl-var2

X' N7 DR TonY 0°0TA KAT TP YOP .0
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145 TP MTpy — 8 pd

mov dl, 'X
mov ah, 2h
int 21h

.(02rm) WD Cnonna 7w 17 10 . TimesToPrintX awa 02 97132 [inwn 72 979%W ,0°150 120
D7AYDT NIND DR WD D312 3721 197177 . TimesToPrintX 5w 137w o°'x' nind Jon? 10°077
ARNMWT WEA 191 R 172 00T DR aTpn Ton? X 007w label 1% qon% oo7i1 920 X

Jabel=5 1zop — rnw o»pnn &7 oxy, TimesToPrintX-% qvoa17 12

JPR 0°Pn2 1790 209K IR 2275w 9501 N1k oMy TimesToPrintX ax 779> n

LOOP n7pp

0707777 O°27X 1177 TR 273N ,7R0T0 .20aYD DW 17N 1901 Wha WD YEaL 0°0°7% MR NP ovs
T2 PR QDWATI LN AW DR yyab 70 . TimesToPrintX ginwna nRynaw o°nvs Hw nind X' Jon?
o»pnn Y oXy , TimesToPrintX-% 1177 oonyon mind NR nMwnh ,7on? 057177 725 X'~ 27%¥5;7 Mnd DR 1w
NRIPI — D°NYD 9901 NATAM F2WD MR Hw — 7 AW onk X' 7w 097N 12 2R anR PIoph — 1w

702V PRI 19w AWIWW NTIA IR0 MW TR 3191 7 3waw 11190 .(Loop) anvYe
;M2 MWD X NYx¥an loop nTpd
.CX W 1wn 1 anomon -

J0ORY CX DR Twn -

27w label-7 jmp nyxan — (09% 1°K CX 2w 137y ,9M19) PNW PR O
Rl
loop SomelLabel
27 PR T
dec cx
cmp  c¢x, 0
jne SomeLabel
7012 'X' 70°5TAW N°I5NT 11X l00p NTIPD wwh N7
xor CX, CX ; ex=0

mov  cl, TimesToPrintX ; we use cl, not cx, since TimesToPrintX is byte long
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146 TP MTpy — 8 pd

mov dl, 'x'
PrintX:

mov ah, 2h

int 21h

loop PrintX
OXP PR AT

axn . TimesToPrintX 5w 17wha "21n T 712y ,0IR 1870 729n2w 71973 DR PPNV mawnn? a7l

NIXIW 72 DR PPT2 VAN KD N°IONT 12w ,10W02 5Ipn 2T any $

0D
.098? TimesToPrintX nx 151K

77w loop=17 NTIPD 2157 OR 197 .DDRY IR MW TR CX 2w 127 DX Anonon 20 a7 loop a7pea 1KY 12
-3 1 0w Hw ) 65,535 120 R CX DWW L,ANWRIT QYD 0OX QY ARNMWIT °19% ,0OR 7 CX YW
TR P71 0ORN® CX 2w 107 2onyd 65,536 XY — XY 791 65,534 w7 720 ©x nXkan avoa .(unsigned

.0”PN° 777Xy ORIN

:(¥2x2 wATI) ARMPY 10°17 *197 P72 19 720D IR ,7Pn 292 Tavn nhInINaw 07
XOor  cX, CX
mov  cl, TimesToPrintX ; we use cl, not cx, since TimesToPrintX is byte long
cmp c¢x, 0
je ExitLoop
PrintX:
; Some code for printing ‘X'
Loop PrintX

ExitLoop:
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147 TP MTpy — 8 pd

N1

(7armm) Nested Loops a1 1ina sy "
~

.DOAYD W 7212 1907 IR TP 7O 193027 ,0°0Y0 HW T3 901 T TP — ARY TIN2 AR7Y ¥¥ah 9801 0nyh

:R27 PPNTRYA TP 1207

mov cx, 10

LoopA:
mov c¢x, 5
LoopB:
; Some code for LoopB
loop LoopB
; Some code for LoopA
loop LoopA

5 7177 LOOpA 702 X°aw avs 5521 ,LOOpA Hv oonys 10 yi11 12°9% n°1dNa — 77972 07 X7 7 7P 700

2717 P2 1PN XY an .onys 50 v¥an n1a® ax LoopB ,2on 702 .LoopB Yy oonyd

7107 373 TP .0OK K17 X 2w 197w LoopB nx»1 o1roa .ex Bw 107 Nk mawn loop=a NIRNT nww X7 7°van
,707 °R ...DDRNM CX W72 77¥°7 932 X .0onyd 65,536 y117 LoopA-2 o 1 ,eX Pw 107w 1 7m LoopA

RN RS 7S NO1oN

IN) X MIRDPA NARW 2°AYOT NN DY N2WY IR IW0°AN2 WANwa? KROX 772 PR LTYAT DR N 0T

PPN P LTIPTMRYD IRNT L(TWNRT2 TP XY -NP10MH2 CX DR 1NwH
mov  bx, 10
LoopA:

mov cx, 5
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148 TP MTpy — 8 pd

LoopB:
; Some code for LoopB
loop LoopB
; Some code for LoopA
dec  bx
cmp  bx, 0
jne LoopA
MR,M? :8.4 370 /
MW 2R3 ,0 R NWRIT 2R — K37 DN NITAM V'¥N’D NITO '¥ND NITO X i

X117 937277 72087 ,1=0+1 R)7OWOHW 120K 192) 12 WMTPW DOIRT NI 0190 XIT 12K 93,1 R
TIVR2 MR NI V129D NYT02 WK 290N NAWY DX N2wRnw n°aon 11X (o1 2=1+1

:0°R2T 2R DR 2979 ¥ 7vnn n°na oo .oona 10 Hva

0,1,1,2,3,5,8,13,21,34

WRNWRTe N MY NIXAT TP MY .2

mov ah, 1h
int 21h ; al stores now the ASCII code of the digit

NDIDT 779 NI DR IPTO2 LTIYR TIND MR DA wanwaan M0 5 noipw noIon e 2

9% 0 9oon Twnnw R HELLO amnn

,unsigned-> o°ox on»nah wow 02 D72 oanwn L Varl*Var2 199omn0 DR nawnnaw paon x L7
779V 2 sum=Varl+sum Sw 112°1 2w ¥¥aY w1 79777 . 12°0 DLW STTOY NRT YA IR

.onyd Var2 loop =%y

5732 oo'X' DW a%00n TonR A0YDTAY WANWATR 0°1907 1w NYApRw NPI0N X AR NORY .
12V 7ANTY .30 MTIAYI 19072 XIT IWM MW 1901 RIT NWRIT 19027 — 1091w 010001

:70n% 097 ,4 72 N1 5 uop

XXXX
XXXX
XXXX
XXXX
XXXX
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149 TP MTpy — 8 pd

7TA

mMpP nym 9% 0 12 790n% IMR MHR ,WANYATA 750 MURIP NIXAT TIP0 MY — 7190 nuvhp

:al=h aRxIng N

mov ah, 1h
int 21h ; al stores now the ASCII code of the digit
sub al,'0 ; now al stores the digit itself

X' N7 DX oMY 00T RAT TP VIR — TOnY 17007

mov dl, 'X'
mov ah, 2h
int 21h

ST 2va S 7097 NN NIRAT MTIPDT — T 129N

mov dl, Oah
mov ah, 2h

int 21h
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150 72 MTps — 8 o

2ITND YINR TRODP

STIP2 MR DIPA7 MR MTDPAY MTIPD 1901 1P
jmpnmps -
"Jja, jg, jb 10 minn axop TPy -
loop n7p -

920K VIR AT AR ARDWR D132 19Y [00p NTIPDA R NINIR AXOR NTIPO W L0 0n opna

STV DR PR 1001 PRI ARAwS pn DR a1 nvo LError- Relative jump out of range

MY HI) RO ML MM 122 16 7¥PR 172087 jMmp NTIPORY A .opcode-? 7P 93 0ANnD 720K
MTIPD YW %P MY MX17 122 8 P A%PR 792708, (T 2P nan 0°n2 32767 0199 v 32768 D v
NTIPD 2137 1011 oK L1097 .(11N2°12 7R 2°n2 128 T anvTp o°n2 127 Hw anv ama) loop Hw nhan nxoop
relative jump out of nX»w Hap1 22 8-2 2INOY IV ML NTX PR DRYAIW NN PN TX0p

.range
:3°OPYN DWW 0°N0 1210 -1 7Y OV TTIANA? 0°0717 1907 AU
JPYAT D129 91 IDTA DIRIAW MM Mo TXMY XY X077 0w 23 mImanga L1

71017 QIPRY DOV TV LRI 2PN TIDND T 11A0) 210p 2IPAY PIDPY -NOLIDR KR? IR J0ws qow .2

2
171037 °N92 7%°OP NTIPD ,ARMAWD NATIWY NUINAT AXOORT MTIPD IR At .3

i) ja RO NTIPOW 17°31 ,827 TP DR 112ND .0IMN CND3A IR°OP2 NN RCOR N2 WIWw DX 0%

IS

cmp ax, bx
ja my_label
....; more than 127 bytes in code memory
my_label:
....; some code here

:Jmp-2 ja-n fnn y¥a1 nyd
cmp ax, bx
jbe help_label

jmp my_label

150



151 TP MTpy — 8 pd

help_label:

....; more than 127 bytes in code memory
my_label:

....; some code here

TIP2 2NOW W TP ATIND 7Y RO IR 0PN N9 8°OP NYINNA AXOPT DR POIRw NI 10N
XM "W T3 ok PR avawn ja ampen) bx>ax oxina o»pnn ok my_label-5 axcop nwnann smpnn
,07pNn K jbe Xing bx>ax Ry ,wIn 1P (" R Jup or Yiop" nvawnw Ljbe -5 awnn ampon

Navpnn axeopm jmp my_label 1ipn nmwh v nIong o IRYIND

2129

T P52

TXNIW TP Nuapn ok 070 labelsta aryenh umm .mgtop X% nwnwnn jmp nTpD By NTeh e

Rahiri S ablrl)
LORNT2 D237 287 DR 7IWNY 0979 1w P2 ARNWA? DWHwnY ,CMp NP0 5Y N0 e

ox PIop" "L R P TV aR PIop" L0 DITA 7Y OR PIop™) Nuanm MXop YW oUW O°A0 U7 e

(".L09R Y Y

mMTIPs Y w RN unsigned o°1o0n nRNW: 1A% signed 00oon Sw aRNWa 12 297200 oY Uy e

TORDY 9RD NN

(€l X) €x %3721 loop NP WIW TN MIRDHY DVTM TRIPRY @

WA 7P YU Y M 2730 2ORINL,QANTIAR N17215W NN NIONY 11 NAWORAY 7177 VAT 2197 7102
21057 012> PUIY 17 7701 .N1237IM) MR NPINN VIXAT KD PUIVI ,MIER NPINNG 2ORND 0PI UKW NP AT

X2 P92 %1 70 DY .MITITIND — MW MWD 2°YXANT 0°10RN0 ¥9apnY TP SV
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152 M0 pA1onn — 9 pad

M7 NAonn — 9 pId

Nian

IO 2137 NAAIR NRT 7 — PRI ORTD LPWRD NPT NPINN N7 PR TRY X A1 poa Yw 71w

221w AT T 20T

oM ,ANR XYY DT DA 70°10 NTIPI T WOW ,TIP YW PR — DOTIn 733w 1IN KO 10917 1IN
P10 W ("IN NN Mava awa) (Procedure) AITEIND Xp1 A P1TR N7 A0 0Ean

.(Function)

MM TP 2°2M1 WAIRYD .MNTEIND TIN2 159 077701 1971 PYRN0T AT 172 SWYn 9727 PR V9N0R Nowa
MY 73778 115w NPINNAW 77 DR P27 TR WRID 211007 NN — 177102 WRRY TP oY MMTEINoN Maw TP —

SN TR WO T VWA 3712Y7 707 7PN W 711TEIN0 939 AWK ,MITMITIND andb

259X MIRY ,WANWRID An0c0 DIPPIR WOIT NPW DAINNTA PRNW MA1 AR RP uhR TN — PRWKRD PN
,D°0YD 7N W ARY TR PIX — U7V DA LN02107 7D KD T .MAMp 2onvY 8 I9ve0 IR vyt
20NN VIZPY DYTPW AT PTAI OK IVIPIW 2NN AR MAWD ARTA N Nwhp YW 7P avs 922 vaad
MINNT FTXINDT 9102 17W TNTIIDY R1PH WD 913,290 NYYp YW TR0 P DR 21000 DIpna ,whnnwnan

.OMNT NRMP TP YW DANR 52900 IR 1900 70 LARMPE 2199 12 100 RAw PORRT 23 3010 7Iopn

TPHR WY1 70070 1I7R° TI0RIw avs 9511 ,ReadPassword — nna7e 17 Xp1,label 90731 viws XHw anb ,van
mIoN% N1 KD R 270°077 NRMP IR WA IRY DaAR LT 03 AN a7 IR MwYY 209130 uhnna UK ?2jmp
7 2710°07 NRMIP 7102 jMP DTIPD MYXARA 7T IR MND1 O9IR AR TIPT DWW IR PWHN WD R L,NIIR IR
X1IPY 77¥71 QYD 932 10w NP2 AT 27 2770°0 THRA? WTW TP TR 21pRn N WO OR A — YA 9aR 7w
LAWY WAL mR0°0 LYIPW TR 2IN0Y 0°9°7X WMIRY TAI .NPIONA MR 2pna PwHan? 720°00 DR X TP

2715P7 IR? Y71 PR ,700°07 IR IR L2707 112wnY 710°0 T KD

SIAR 2R Nrn 17 ’PL worw label-a wintw v pvan nwnng
OpenComputer:
jmp  ReadPassword

; Code for signing into computer
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153 M7 N0 — 9 po

OpenEmail:
jmp  ReadPassword
; Code for signing into email
ReadPassword:
; Code for reading password from user
jmp  ??? ; Where should we jump back to???

QAR — CMP  NTIPD TV NN PITAR YIDPT TN IR? YAPW TINWR OTAT? 222127 WK — NIND w1 T Pyab ol
Q27X MKW MAIPAT 992 71n0°07 NWHP D TPi DR 21037 IWRA MR N NP7 M2NNR T9RT NP 70 9

AT P07 2990 SIAPR 1ITN°D NN MINTIRIND LN

TITEID WITATY TAL LI MR 2ITAW AW NPT LR TInR 2R PITab 209t MmN — uw P
AR2 WY WO OR LN 72 NYAY IR RY LT 00X MR M N2 R P72 AR 1ans .ReadPassword
avo MR 1pnIw P oon ,ReadPassword 7771792 AR 1IRED 77PN OX .OONR NP2 IR Wonl TR ,N%101N2
TRRDT DR DPMYAYH T1UPR D172 TP OY0R W A0 117 WO 7727 .N%I0I1N2 NIRRT 93 12V 1900 X — DX

Ralot mBebivs PR bl

XY call nRAPIw 37PD 2220 VWD MR ,TIP 71277 21007 2P LR IR DR R1IPD AN DR — wbhw P

FINNTY LT INTEINDT QW
call ReadPassword

L7101 W WR YXAAW TP VLR NANOW M1 .OOWIR 12 O N1PINN P2 O3 TR ANwD N9IDY — Span e
WANWI? 9311 ,7791 72IP2 AW 7NTEIN0T DRI TNTEIN0 TN TR0 AR 20w OR .WHANWRTA 7a0°0 NYhR ,annTo
X MIRY QYD 702 "W 2APAT DR XOXNID" TN ROY PP .00R 72 ANWY X 2IN21W 1°I0N 952 a2

017 MINPPY TP M1 MIDNT ©°022 T2 ,1Wn NIonk

DTS P MINI0R NEP RN PWIY 1921 28D 09w

LDOWIR 77277 OV AMW TIPT 20D 1WA TIP2 AR WO AR .APYAR D RIT TIR N DR 10T — PWRD Nen
X177 2R27T 1PN WIPT MR PN AWR 7o ARXINDY 1990 MIDINT 922 7ID1 AR ,07°% MIDN2 TP WAnwaw

OMWI2W 739907 IR 1279 WA ,20WANWA YW 77173 DR DER NIpNINY 719102 RN R OR TA1N2 920

DR MWRIT N°10I102 N0 DIWD 2 TN LNISNRT TIR NRNMSR AYPRT AWMT AMTIME N2N0 — I NN

.0°2°1INM D°NIONK N2 TN ,TNTIND TN MK PIAT? WK TR
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154 M0 pA1onn — 9 pad

ST XODP NP PIXOD ,ANTY L AWANT DW 2taRw AT 1R TR DYMTReh RpT — o halnl=kist
ROW TIP77 D0 X7 WRA 2WMAT 2 N "HR" RO ATITIN0 TIN2 TIPR ARTIPY IROM (N0 W ,3nMT

SNTXID TINR

T5p1 190 PW MNNONT B AW ,MMITEMD DY 0012w IR TP N°N0AW NRYING 1NP0W MNNORT 470
AT ME2 1R TIPR DR N0

STACK nsiomnn

MaINDY 2O1AP ,0°INWR DWW ¥R 1T PIOARY DWW NIoman 12012 vanao X L,(STACK) noeman
NI NININ NN MTITXND OV AT 2w 09I RO 19N @

5Y 92072 [N91 ,19% .NP0MAT IR 20 POAR 90 o7 TI0XI ,MTITRIND 2137 PR RHA 19INRA 1727 DoNw 7

PI0MA2 WMWY MNP MTIPOY N°I0NK 2w 71737 ,N0I0NNI

namo

nims
NniNiaa

nimo
nipinm

Stack Segment-7 %2 w250 NN

N3I0MR NATAT

TR DA N2 DV ATA 9T 09I SAWDD N2IND DMNAW 110212 MR RT NPI0NNT L1071 1IR30 95 113

IR2T TIT2 NOWYI DPRT NRYPA .NPIDNT NN NIONNT STTOY VARl NAI0nnY AXpIng ol
STACK number of bytes
:(base.asm y21pa 03 7MW °92) 771 ,0°N2 256 27A2 NUI0NN MXPA? 2T ,nNTY
STACK 100h
1729AY WO 0M00°A07 993 IR IP0WI L7122 78R NN DR WY LTOR DWRY 2200°30 P W N1onn?

.NI0M12 N2 7199137 NANDT DY YR NPI0mAn LInad X1 stack segment—ss e
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155 M0 pA1onn — 9 pad

.NPI10MMT VIR0 TINA VODIRT PY Y INM .NMI0MAN ¥Oax X stack pointer —sp e

9572 YAT? WORY WD DX 0™ AN RWT PR 92 .02 VOO PUIAY WO RIT L,SP ,NI0NNT YO8N
-2 1037 VODIRT NORIT NATYa STACK-2 n21no 537 3237 qwsar 75 ,ds:bx 717°%7 nrva DATASEG-2 nand

.$S-2 71N377 IR0 N2INDY Sp

T 10157w °10% ,100h H7132 MIomn A2 WanwIw anxTa M0 D70 AN Sp W0 ,N2Ina Ny hna

.100h 7w N1 SrnIRn Sp nPonn? 1w

0 12 x7 ®9x 100h 7¥ ¥°3an IR M3 ann ,o°na 256 175 ,100h 7132 neaonnaw 2% mow

PI0MNA NP YYR TR N2 PR ROW 121D HY ¥0axn ,100h ,sp Sw cnonnaa Twa e .OFFh-

Stack N2Imd

FFh

FEh

FDh

FCh

IO N5 Sy 303Xy SS w0177 .100h 5713 oy Eﬁ:
TP PIMIND SP W0ANT NIOWNT NN 02200
20705 Yy Rxow 7Y% 9155 ,100h

3h

2h

1h

Oh <— SS

WP R DAR L,TNR NEP VA0 DRI O AP DY RO NOI0Mn0 NPONN DY KD $0ANaY YnnNn Sptw n7awn
X177 TONXR 0101w Twn v ,LIFO — Last In First Out nuwa nman noionnd .n2min nvones 7w 717
127 NPI0MNTN 2OIN1 2w ARXYT MRDY 771 SP YW 107V ,NI0nnY 031101 DY 0107 197 .NPI0Mnan NRYY WK
TRTI NP0 PN PW AR 70137 NYA MR MWAwHT MTIPOT 9Y 7a71 IWRD NRT P .Ow sp v

IRNPAT

20010107 D°INI DW AREIT 770107 MAWORA MTIPD 19°R
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156 M7 N0 — 9 po

PUSH nmype

279 NAN23 ATIPOR .MA0MRY 7Y YW 01977 N push nTpo

push operand
V¥

SP=Sp-2 :2°nwA TSP YW DY -
.8S:SP N2IN37 ,NPI10MN7 PNYY TIDINT DWW -

NAINDTA N2 O AP NAIND OV YOI RIT W2 ,push nTpo oy 2nwa 77 RN Sp YW 10y 2 mw
y¥2ah 11°0°1 9o .word — 2°n2 Caw YW 972 2INWR PO NPI0NRY T WORY RO MIVAWRT LVUAXT 779V 0NN

SRS 9720 — 2°na YW NanR Nnd? push

2pUSh NTIPD2 WYY MIRNNT

push ax
push 10
pash var
.aX DR N10Mn? AINTN INWRIT TR
.(byte=2 &% ,word-5 1n7x2) 10 77w DR N2I00R° NN AW 7700
word 973 RITW RIN2 — var mIinwai 1910 DR 2007 TN wShwn 1pon
0P K77 IR TTIPON ON ‘
push al >

129 9712 0200°3 P n2apn push NPy 777 S7aa RS X al Lenw R0 T AP (awn
7RI MTIPOA VIR IR N210017 282 777 7 .100h 57132 117730 nhaonn?
mov  ax, 0OAABBh

push ax
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157 MMTXII0Y NPonn — 9 P

Stack Nnamd

AAh FFh
BBh FEh <«<— SP
FDh
FCh
FBh
FAh

3h
2h
1h
Oh & GG

2-2sp Pw 129y A7 N push n7po

D203 3N 7903 D200 9V 32380 KT

NP TMAA N2IN22 @WK NPI0mAR 1971 ,ahm2 2 nwa 1R Lax Yw oomaaT ovweanw 7ok 27 ww

o

STANTY .SP W 199 2 TIW 7NN D 90T 93 L7829 NOI0NNY 2030y INTY Wt 209130 1NN

push 0CCDDh

Nnamo

FFh
FEh
FDh
FCh «— SP
FBh
FAh

3h
2h
1h
Oh <« SS
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158 MMTXIDY N0 — 9 pd

POP n7ipp

oW PNV MOI0NNan (2°N2 Caw) T DWW AKX RO AP .pushth aownn 97pen R pop NTIpD

TINDWRY
pop operand
290120
.TINDIRY PRYIN NPI0MT WRIMA A -
270 sphwny -
POP NTIPD2 WINW? MRANT
pop ax
pop  [var]
10NN WRIAW 799107 DR aX TN P YD awKRIT 7000

var x> onp DR 2aph R 7w 12110) NI10mma WRIAW 79°R DR var mnwnn Tink pnyn mawn ampon

(791 0120n N X
pop al
P2 97132 12T IR WD TINDIRD 72p% NYTY R? POP NTIPD — NPT KD TTIPD 19X I

ST 2XM2 VAN DRXNI 03172 72 AWHNwhY N°Ionna

namo

FFh
FEh
FDh
Fch le— SP
FBh
FAh

3h
2h
1h
Oh <«—— SS
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159 M7 N0 — 9 po

?2bX 2w 127 o7 1) 2R ATIPDT YN0 NRD SP W 0 I A0 Ry S

pop bx
.OFEh mw 777 o»nwa 7930 sp 7w 157w ,0CCDDh 77770 bx w 157w :mawn
:7IRQT POP~7 NTIPD AYXIA ,NNTIPI TTIPDT VIO MRY (IR ;
pop var

27827 7TIPO YIXCA NRD var hw sp YW 22wn v on

.100h mw o o nwa 79y sp Sw 100y ,0AABBh 7 var Hw 10y imawn

NPrn1 07 ORI 200101 N 2970 7P I

WR SPTW NI OTOR NWAY TIT T2WRY PR NV IR LT0N2 2R PUTV NPI0NM? 101NW v IR
IR ATIPEI DR QVEIN 1177 AR OOR DWA? 209197 TUTY MR DP0IRCD LN anvhy yhaxn
sub  sp, 4

SWnna 30Y TYIw MR ,Sp YW 10y oy "piwh" 92ipn KD nwvn IR

pop- push ,n%10mn :9.1 %2370 /

718777 N9°IN oY SP W 1Y manwn 7300 % .10h, 20h .oonw 00973 1o 1T R

MPI0MAAW PNI5°1 5V 19500 7Sp MmN X .ax Pw push wxa .ax 70 1234h 7wvn nRwohon 2

.ONSNTY TV DR IRYMI

1234h 77wa oX3 — MIOMPAw N12°T Y 192N07 2Sp MW PR .axX Ik N°0nn? pop wxa

s

Ugrlytakt

?1234h 77w prin1 Pwoy ora .5678h 77wo pushwya 7

.MOV NTIPD2 W XYY MoIommi Nrva bx Tin? ax nxwonya .1
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160 M7 N0 — 9 po

NIMMTIL

STTRIND DR NTAT

DUIDWIW 0°2°07 ND W .NTTAN WO YA RN L(MXT) DR AR LNAR T0%10 10 WO TP Yop RO aMITEIND

STNTXMDY TP vop "ono"

.call 37pon MYXARA ANTRID7 RP -

TWHR — OnIO0 NR TN 22007 1Y NIANAYW TNTXID L,ARNT INTRINOY 2°un00 Ayt weR -

.num1, numM2 — D2Inwn 1w 0°VAIDI 9 1A

7717 72 O3 KPR LAWY P RY nUML+num2 ,mho 20V MIRXIN DAY 20N WY TRt -

JTNTXINON DR TI°TY N°10IN°

I2IN% 7717 2199 0 09O (7272 AMTIMDT DX DWAWAY) DRIPR DINWH NLYH 791 AMTXD - -

LPURAT

TP Yop T 7173792 .CODESEG v 1102 3% ,CODESEG n%°nna 71 1R 029730 77178179

proc ProcedureName
;Code for something that the procedure does
ret ; Return to the code that called the procedure

endp ProcedureName

n>nnn o°na 10 noornw 7MTEIND ,ZeroMemory awa ST nORDW NN 19N —IMITRINDY N7
7781797 n17aT? ,CODESEG Tina amTeon opon? 22 ww (072 037y nX nooy1 ,am70) DATASEG-1

TINTRINDY RPN
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161

IDEAL

MODEL small

Stack 100h

DATASEG

digit db 10 dup (1)

CODESEG

proc ZeroMemory

Xor
mov

ZeroLoop:
mov
inc
loop

ret

al, al

cx, 10

[bx], al
bx

ZeroLoop

endp ZeroMemory

start:

mov

mov

mov

call

exit:

mov

int

END start

161

ax, @data
ds, ax
bx, offset digit

ZeroMemory

ax, 4C00h

21h

M0 pA1onn — 9 pad

; if we do not allocate some memory we may run over

; important memory locations

; Copy value 0 to 10 bytes in memory, starting at location bx



162 MMTXII0Y NPonn — 9 P

p
E DOSBox 0.74, Cpu speed: max 100% cycles, Frameskip 0, Program: D ==

cs :OOOBMEZFB loop #zeromemizeroloop (GEE5) T

(277%2 L27) DNWNI N2 8 0982 77007 11731797 NS DATASEG

9.2 %310 /

ip=2 DWRINAY W3R 19X I IR 7w TD2 R wena . ZeroMemory Sw anaTa TR DR PNy

W P10 "Abwa sSp~™n
CALL, RET m7ps

SITIPDI NYRAN A P17 AR LTNTXM0T PR nwnawn call nTpsw 1R fnnT2

call ZeroMemory

SnRw wn ®nw ,CODESEG2 12h a7w %y 3°a8n 9?2 Lip=12 q00oam ,am7e9° call=i n1ips 210

(... 15w an72) call=n nmps
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163 MMTXIDY N0 — 9 pd

-
E DOSBox 0.74, Cpu speed: max 100% cycles, Frameskip 0, Program: D = —

READY!
kl=Cp8M86—7>---"---""7+2-[11[11

cs :001Z2FEBEEFF call i#baseprocitzeromemory

:call=71 R 1% RS TR ip YW 100va ewh 2% ww

p
m DOSEox 0.74, Cpu speed: max 100% cycles, Frameskip 0, Program: D ==

[ 1=CPU 86486

cs : ODEOH-32C0

Tn2 offset-a 72w 1191) 11212 ZeroMemory amTEMen Sw opena 1t .0000-7 manws ip w127y

5w 197w R mwn call nmps ,mva (CODESEG-1 YW n? nna winn nR¥nl Ao a2 ,CODESEG
NTIPD .JMP NTIPD MYXARI DX PW? 77 IWOR WA WO DR PR LAMNTXNDT N2NN DR NP nPIonaw 0 ip
197 NR arvpa call=n nTps .Sp TWDMIT— FINWS A0 000,22 Dnnw SIRY 53 A0 wwn awwy call

TARNT "1°7 PORA .MNwaw N1 1wk 2% ww .OFEh 31 197y nya1 100h 7 19w call=n n1pd *19% .o»nwa
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164 MMTXII0Y NPonn — 9 P

n7IPo "9 .0015h R (2m%a wan) sS:00FEh nansa 79vn .SS nhioman 1inaa oW 227y v ,on v

JIROI 7 201 T YW amvnawn 3» .0000h om0 call-n

:ip=0Ah 0377 7 3P ret ATIPe? HYOAM NPT 0°N2 TIWY 709K ROT — DY DR 1970 BYND 77NN

-
E DOSBox 0.74, Cpu speed: max 100% cydes, Frameskip 0, Program: D = [ —

Ccx EEEE

N IR TR ARAT TIPT N DY 3028 iP 00T L retm1 NTIPD ¥IX NRY — NPWRIT NIDNG MY 11T 30T

710 1IN AN FWHAN NPIONM TNTXN0Y AR PN

_
E DOSBox 0.74, Cpu speed: max 100% cydes, Frameskip 0, Program: TD =l —

[=1=CPU 80486

cs :00150-BEOR4C

!

.15h-% 0Ah=» yop ip ,7117%11957 7910 NIoNA
.call=7 7P v a av nPaonnk 010w TN PYTa AT ,01 215h L.

:myxan ret-m call=n M7pow 1198 71 0o0)
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165 M7 N0 — 9 po

—call n7p»

2217 AWRD — YAIN2D SP SW "W DR a7 R 2w PR W) ornwa sp Sv v nR g7 L1

.(qwnna a1 aopn AR — FAR nTnoa
JTNTXMOT NN QYDA MAY W IR 11N3°12 N2INOA DR LSS:ISP NN Nk aptnvn .2

N2°1N PR jump D1R°2% 3P 1T WD) AMTIN0T 2w ANWRIT AP0 YW N2IN07 DX ip 7N apnvn .3

(GRirrenihl

-ret nmps

N2 W POR N1 NANDT DR LSSISp Ao nRp L1
(TWnA O°INR 0P AR ;T PR T9) 2 NWA SP YW Y DR vn .2

AR MR TR ARY TP NMWD NP2 DR TR 7921 ,SS:SP-1 AXPIY NN YR ipT nx mwn .3

N7

ret-m call-7 m7ps .n215102 AR 7NWh OR M ip DW 7V ,7717I9;7 DX 20w NP RY T IPRIY M

1771739977 N¥PY 2102 INIK AW N°10172 ip DW 197V DR WY 13RT

NEAR, FAR nmy7x1p

SW IMTY TP NTATY AT70 R call nTiped avean X° ovmon 25wa .CODESEG-7 70 %0 15w n°I1onn

AP IV TR RIAIH 9120 797
DPWRIT R010Na v 7R R av 71 ,CODESEG-n 12 .1
(AW 1w TNk viva) CODESEG, v .2

TIN2 P PTAW MNTINOA 93,7 TP R0 oya ,model small 1171307 T 00T MKW PIvD ,WYn 19IRA
5w NP0 O3 72p% MBR12° N1PIIN L5900 R — IWR PR 77 a7 03 127 ovn w0 9ak ,CODESEG-h

.CODESEG™2 mix¥n1 178w ,mM2onpn M7

7aNT R ZeroMemory MTIe .near N0 nRAp1 X0 ,CODESEGT 702 nRY»NI 073097 oR
,2971 R — 7107 NN DWW VOO NR P NI0nNT I 70v1on call NP L1y Apna .near Mon 7179

.272 7INwn SP 0T ,0°N2 "W DT X7 vooRTw 10 .CODESEG — ¥17° 722 0113057

nov1on call nTps LA Tpna far nTes nkapl &0 ,CODESEG-, yinn NR¥A1 771781977 O ,NRT s
VIANOTI VODIRG .ITAY IRD P72 WA I TAnIw 70,70 N2IND DY 1IN0 DR 031 VODINT DX O3 NI0MNY

A2 7nwn Sp TuANT YW 1Y AT 71PR1A 19771 ,0°N2 AY2IR T2 0°09IN
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166 MMTXIDY N0 — 9 pd

?far W near n7x119% call nTIPs ¥IX1a !IPWS o710 MK PR
;13177 far W near o9 N0 PTOTHY L, TNTRINNT NITAT AT T1TXIN0T A0 1A 12200K7 DOVITI MR
proc ProcedureName near

proc ProcedureName far

.near X°n1 Ynnn 72 L far k9 near X2 2°am R 1R o

"far" — ZeroMemory 7778179 NAR 797 N0 KIT MW 9O 19W RNTI N°I0N DY WA 707% 2101
proc ZeroMemory far

1DOR27 021277 27 MW AMNTEMDT 70°1377 KW 701 DIPX 12A0 .NnTIRa 007 AAT AWIA0 A00AT AT YN

VO YW APNYA? N T TP nw L"push €s" iTp nMWw 72017 122n0KRT ,n°10na €5:0012 oprna -
€S™1 Two*a Pw 137y RIw ,0879h T7vn AnTI M0 IR a1 AIRXIND .NPI0MMT IN? €S TP
(7102 waTn)

TP DMWY IO0NW 2WR ,NATIPA 70732 1 15h X71) 16h 107w Lip Tw0°an nt1onnk AnTl 1Pn NRY - -
.("push cs"

(Mn7pa o2 13 ,00FEh x71) 00FCh X171 sp w127y ,77¥9? novon oy -

@ DOSBox 0.74, Cpu speed: max 100% cycles, Frameskip 0, Program: D |g

=5 0OFE ©879

.I0MMY €S PW 0137 DR DOLMAWN MR W90 .near Mo X JTIN0NY M1 ,PI50 w2 NIRNATI 952

fary near mm7¥1702 WIntw P2 70 PR LT 9720 vyt
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167

PR — NPNYIAXT MW 2901 A7 25w X' NN AVAIR YW 902 ,MMIw vIRw 999777 INRY LRI 7IP2 13120

WTIR MTIPDT IN° 75 DR .1 2w X 012 MI0POTA M1 MW ,on? 709772 DOp0wWw TP SYup uIwd

CODESEG
proc  Printl0X

mov cx, 4 14 'X"in each line
PrintXLoop:

endp

start:

Row:

exit:

END

167

int  21h : Print the value stored in dI ('X")

loop  PrintXLoop
ret

Print10X

mov ax, @data
mov ds, ax

mov cx, 3 : 3 lines of 'X'

call Print10X

int  21h ; New line

loop Row
mov  ax, 4c00h
int 21h

start

M0 pA1onn — 9 pad

DOIDINT 2R DAY NOITARL RN



168 M7 N0 — 9 po

QA7 1 .77 205N K7 O9WH RO ,NRT D1pR2 .0°XI0 AMARY A DR NYXAN KD 1WED 10 D°10N3

.CX WO YW 7w IR 12970 . TD=2 1 MR 19900 021005 DR P nya 2myab $

™1 ,0 XI7 1079 AMTINBIN IR0 475 JInwn 197 MTE9T TN .37Y YImRA ©X D100 19PN 1307
011 5w unsigned-i M¥>°7 171 ,71910) 65,535-5 199 NR N29IY MR 197 X ancnon loop Row amipon
W RPN IR 32wnn KO L(0DRD MW PR CX) D7PNn K7 FOW T NRZ W 7XYA RINw 1D (TR

..AR27 791 0 77y av CX DX 77°TAR 2w AT

DO DR AW ,ANTINDY 70°1977 Y199 MINNA OIN0MNT A¥A DR NAWD 11 ORI NID DOPIPT IR 100

.PING 791 *19 (792 11¥N1 aR) 200NN YY

X1 MR 72 P2 yaw 79 Printl0X gmTxinsn nX nuwh wsx popt push mmips narya R ARl
DO IR MOWH INTX0M AR ,NPI0MNA 2003 AR MAWR TIX A11TEIN0R 107102 AW RO AptIoui

ANTEIDA DIV 0AXA? DVDIT IR TIATA NPI0mATR

CODESEG

proc  Print10X

push cx

mov cx, 4 ;4 'X"In each line
PrintXLoop:

mov dl, 'X'

mov ah, 2h

int 21h ; Print the value stored in dl ('X")
loop PrintXLoop

pop cx

ret

endp Print10X

start:
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169

mov
mov
mov

Row:
call
mov
mov
int
loop

exit:  mov
int

END start

ax, @data
ds, ax

cx, 3 : 3 lines of 'X'

Print10X

dl, 0Oah

ah, 2h

21h : New line

Row

ax, 4c00h

21h

M0 pA1onn — 9 pad

PRYY TMTIINON NPANAY RIT TR T NWD (20X NWATIR) NAX POP NTIPo1 push nmps 9377 702 11001

W O CX PW 107y ,0°non PrintXLoop axR12aw ank? (475 CX 5w 109y anwe IR P71 .0%00nY CX 2w Tvn

mING AN NPIANT TR LAMTIINDY A0°102 NOI0MNY MWW TN DX CX TIN? Phyn popTh NTIPD LDORY

169

DPwRAA

IN°12I1077 HW 2ONWw 73077 225w CX Hw 127w 1931 TD-2 10K 13097, 700 DR 1P°nYn



170

CODESEG

M0 pA1onn — 9 pad

N 10N 2X71 NPAWS NPI0NN2 Wi (9.3 923N /

TIR2T N°121N0 71N

proc ChangeRegistersValues

mov

mov

mov

mov

ret

; 7?77

; 7?77

ax, 1
bx, 2
cx, 3

dx, 4

endp ChangeRegistersValues

start:
mov
mov
Xor
Xor
Xor
Xor
call

exit.:  mov
int

END start

ax, @data

ds, ax

ax, ax

bx, bx

CX, CX

dx, dx
ChangeReqgistersValues
ax, 4c00h

21h

W O MAIPR2) AMTEMNOY TP MM 19°037 07001 37y nX mwn ,ChangeRegistersValues m173o7

STMTEIMER AP 00 PAW D3 1XYW D70 97V TMTEINN NY avoaw 1o (1727

SMTRINED 2YWRND NNaAYR

TIWY NOORAW 7ITXINDD TANT WK .72 DORIIP WMIRY QYD 932 A9WOT MR DR YYD TNTRINOW 701 TR0 XY

W TNTEIND 207 PWOY 0°3°7X WAIR ORI — N1 0°N2 YWD DORY DX WMIR PWIVY 1011 .N1D°2 0°N2

ROW 717 T 772 TI2YY 1A RY 2w TNTXN0 23007 TI0XI W ,15°T2 0°N2 1MW DDRY X7 70 IR OX)

TI0XI VWD QN2 HW aNW 50 DORY 271,101 1IN 0ORY POYW 09N 907 DR 2aph NYTIW IMTYIND M1
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171 M0 pA1onn — 9 pad

nINT HWnY) T2 XRMPY TIPR DR AMTIN0IY LT PINI2 2105°12 09RY PRV 0°N2 310 TR0 vinh

0RD 2RMP L (NPWRIT

,O7°1°2 209 79778 YITEIN0Y 2901 MW ,aANTY LAMTRINDY 72avah 2% WMIRY D27 92 na 9190 qunis
TDINQY , N2 IRYIN DX O3 20PWRIT N°I0ND AMR 2R TR 212007 DRXIN 223D 77 .0°I0R000 Mavh oo

UMD NATYA 7AvaR 299137 MR LAY 19778 7NTRINNIW AOREIN 93 993
7 MYAWI ,AMNTIIMNDY 0°0RID AAY IAR VWA N w1

o995 Do VMW -

DATASEG™ o nw @nanwna wvwmw -

nomAn v23 By oumea nNava -

bx 702 nRapn ,annTh ,ZeroMemory 71731797 .01 0w RO ,0°°99 D002 WY ,ANWRIT T
T9VW 0°N2T NIMD DR O3 TATY 099127 117 AU MR .02 019K DR 2WNAR 770V Imnw P12°T2 nand

.ax Tmd 12 IMK 77V VAT 1IN DORY
AN

proc ZeroMemory

mov  cX, ax ; ax holds the number of bytes that should become zero
xor al, al
ZerolLoop:

mov  [bx], al
inc bx
loop ZeroLoop
ret
endp ZeroMemory
LDDRY DX 1MIRY O°N2AT NI DR U1 axX™w MRT? XA NPWRIT N°19IN2 MWD 0°2% MKW 72 93 Ny

WY1 N2077 BV 9pa% 072 IR L,CX TIN? MPW° ORI NDIDT CTTHY AP MR DR YYD J2%0 WOR 7en

.ax™2 wmw T anaTa

9907 L9 MOWRA .MIN0T WO 0WY L, IMTRN0Y 201R19 N12vaY 27990 0°00°AI2 WRWR MuwD Mand
DR 7% X PWRIT DPI0NT DR 2MIW R LW 200 TR — 1 ax, bx, ¢x, dx 1mwenn Hann o0won

.07M07TD N2 NWHNWA KT DIV PRI DYT TNTXI0T NI
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172 M0 pA1onn — 9 pad

0990 22003 YW Saana 190n0 nova IR 1N, DATASEG-2 2173w 2°Inwn wmw 1wt nuewn
(AT 25w 15w DouYIAN 09787 0 19INA) 2231 NP2 VYR RIT N2 PTATY 27100 WAIRY DOINWHT 1007

7 VWA TNTXIND? 0°IVHID AV RIW T

NT2
proc ZeroMemory
mov  cX, [NumOfZeroBytes] ; NumOfZeroBytes is defined in DATASEG
xor al, al
ZerolLoop:
mov  bx, [MemoryStart] ; MemoryStart is defined in DATASEG

mov  [bx], al

inc [MemoryStart]

loop ZerolLoop

ret
endp ZeroMemory
,ax wonaa Nk o NumOfZeroBytes 7inwni .07Muooan "1wa Wi wn DR 2°aNwna 19700 17 N°10N2
,bX o277 nR o MemoryStart minwni L09K% nIoWNa HYY 0°N27 NRd DR VAP R 700 12 2100w
MAAR NYWR N2WY 0°I00°37 21w MDY AAYET L0ORY DX WMIRY 1172°12 21 A0 NR YAPW 0nIo 107 19 "105w

MR 1 ,070R0 KDY WY AWM 2990 00000 YaR ,AMTEIN02 bx-a1 alma ownnwn 17V unIR N01)

.(mmmb IRIPI 2107 0MV0AT? 2211017 DY NYPARA P10V N1TD 13°7% XD 120 NPWRIT NI
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173 M0 pA1onn — 9 pad

N0 DY 29URTD NYaYT

PIAT? TPILY DYTY L,INTIION MR DR POAD I DOWRIT N°I0NT 2D — MNN0N 21w naTpn et ol
JTNTXINOT DR MIWY 292 MY IWOR ORW 2°V12p NAW OV RYR 2%INWn *1w ond X1 ,o0anwn 1w DATASEG2
TPNWY D01 MMPRR EARPY MNTEND CNwA wanwaR a¥71 aR 32 — o1 Ny, et awph nooia ntaong

2(7Pop0) TRRY? DRIIPW TNTEIND 200D 7871 2K 712 70977 NINY 9¥2 0°NWHa Ww Mwiy

,NINTXIN0Y 20NID NNaYaS NRAPRT SUIWE T LNY0MAT 23 Y TMTRINDY 0MUnTD vyt TR Dy bl
oM PTATY WOHR) NOIONNI DR DW NWYA 7223 PR MATIPG MW MARTW N1PYAT DR NIMD ROW 2wn
DO MKW 220797 7901 Y 77237 PR L(0IN30 9T nhawn 64K a0 I a0 R a7 N
TR NYT? TOX KD DY NN XIPW N — 2020 PR ,0°I00°307 NN 7OV 229230 RY AR ,7NTE0R

JNTXM0T TIN2 22INWR? RPN

7TXIND DR 2°0MI0 NN2AYAY NIVW DY AW

Pass by Value — 77w 9% mmava .1

Pass by Reference — o> »0% 72y .2

Pass by Value

N2INDY AW PR TR0 UNI07 HW pRYE ORI MI0NANT YY1 0057 TV 717X N2y 1T el
;NI ARXO2 PNAYVAT DWW 197V IR P — 127V DR NIWD 7912° X7 PR 1991 ,0PR0 JINwnn IR 20nw 110212

2P RHY WRW 7NTXIN0Y AW 0AI0T YW 1Y

1.2 1DWY 90 TR Tun1d nPapnw LSimpleAdd awa aMTIMD PRI LTANT NMIEARD NRT WD)
YOI 072 ,2W AT NI % 70m 9On0p ,anD WORY MMITXID YW 00 poi KT T AMTXNeaw
5w DATASEG-2 07 NMIRY 22Inwni 2w MAnda an awm 0 X2 SimpleAdd nR 59m°pw 222n085w

217w N2I9INT DR 11202 1IN 197 5902 72051 SimpleAdd MTXM0nw N1nD 9150 015w 121N

TIN2 R¥PIW TR AR 22pn SimpleAdd-w oo¥11 MR nys .parameter 12 XIp3 ,7INwn 70 17w 1°10N3

.parameter
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174 M0 pA1onn — 9 pad

SITITRINDG RI1PD IR NPI0ANT IR MNINTY 727X PWRIT NPINT ,TNTXINDD N9 DWW 19 DR 1AV 070
push [parameter]
call SimpleAdd

TIMTXINDY 10°107 OV N°I0NNT 23N

Stack naImd

FFh
FEh
FDh
Fch «— SPp
FBh
FAh
Foh
F8h

parameter

ip

3h
2h
1h
Oh «— SS

PI0MAN HY RYAIW 00 T DR T T00R IMTN0IY A1 95 .101m R parameter 7inwni amTEet N2
W PRYAN DR PO 7700 K00 ,anrnan DATASEG-2 »nw9s nanoa R¥n1 parameter-w ny7re XY 773707
"pan" parameter Hw 107y ,pnynn W 107yY 2 5°00 ITRINONY NRY .N°I0mAn 5V nwhd NN RN

590 manws RS

A1V TRRNA T LW D707, oMK NI 19120 XY Pass by Value nuwa 0000y nhapnw a7 mank
vw ma .Pass by Value nuowa 9% 1M23w 2001n792 nwanwn INTEND PR AR IRAT RN
°RNM Y9208 TP LiH-K nR ax N2 pawnm k-1 j i comome awibw nhapnw ,SimpleProc awa 7717%119

a2 9120 (Pass by Value noowa) 7717319 axmph

push [i]
push  [j]
push [K]

call  SimpleProc
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175

M0 pA1onn — 9 pad

:(AM1 Y71 NPI0MMY 110107 ROW MIN2) 72 ARIN NAI0ANT ,TNTXIN0T 70°100 oY

Nnaimo

FFh

FEh

FDh

FCh

FBh

FAh

F9h

F8h

<— Sp

3h

2h

1h

Oh

€« SS

i, j, Knoom7 9mx% noromam 230

IV P W .POP NTIPD NIV ORI 20707 IR XY 20910 umaR SimpleProc amTeon Ina

pop=1 "m> .call-7 nTIPs ay NPIomn? ANTIY Lip L,AMTXINDAN I NAIND DY YUIAXN NPI0MAT WRY — TN

.N°10MnAR 7710 N2IND DR KXY AwWYIw NWKRIT

TNIR D737 IMIRY HPID2 772 QOWRNWRR W TR T 7700 NAIN02 DIDW7 T 0w AR UMK

I0% NRPRA AUWA XY LI TOW TADI TWRR2 DT NO0MT TR AT 9w 07D PO L anEpa

proc SimpleProc

pop
pop
pop
sub
pop
add

push

175

ReturnAddress

ax K

bx V]

bx, ax ; bx = j-k
ax i

ax, bx ;ax = i+j-k
ReturnAddress

Bathtoistatylvis R lniiatyi7laknlela R ol

TR 112YRw 0°unIen 9o pop~i ¥x2 IR N*I0MAY MR AITTN XA NAINDT DR AW



176 M0 pA1onn — 9 pad

ret
endp SimpleProc

T 0w 0002 MR 929002 woR 301 ok .DATASEG-2 wmanw nwbs minwn R ReturnAddress
SARD LNPWRYT D210 11037 2PN DR AR 10TV 5ITNN0T OR N°I0ANA 112IIY 000097 DR IR 10T

NP 71131 AW W 0w DX 9701 272
Pass by Value :9.4 %°»7n /

TN °9% "X’ T0on Tonk 10T pass by value nuwa AR wmID NhapHw AMTEND X X
0°00°377 °27Y DR WAWD WO A% ar02 1°Arn 0nIon Tww 1P amp p172R w0 ioewaT LIunnna

27017 1N NODTI — Y WMWY 02 WYY

mov dl, 'X'
mov ah, 2h
int 21h

TWRIT 02797 ax A’ JonY 00T pass by value nuwa owumID MW nYapaw AMTEIND X .2
NR MW W ANTEN0T 2v02 .M a1 ok 'C'mY PwRIAR P17 c1wn union axk B Lrwnn T

Nablolopsle by ivii7RakilnlIntaty Babolmkity

1% .MiN™ max owa 2°INwn) ,N°12IN0 N2°IN2 0°912P0 027901 ¥R 72 217 NI 1Y

s

max 7Inwn? 70°1911 2°V12P70 0°71501%7 NYAIR DX pass by value o°7un190 nhapnw 7D

L7121 YN TV DR MIN TINWR?Y 077°1°27 Y9n00pna TV DR

Pass by Reference

27 KPR R YW PR X X2 DOI00AT DY ,Am9 111972 T0Ron DY D205 TEIN07 NNavm T auwa
TWOA 12 W0 AR YR NANIAW 0nI97 DWW an NYTY KD AMTEIN0T .P1onnk Npnva 1N5°12 19w N2InoT
XX 12712 Q1P AR NWAD 727X DIWD X7 — 107V DR MAWT 72127 X3 1991 ,710Wn DR 72°0nW 1175°12 2ok

MINWAR WY ANTXIN0Y YWY W07 DWW 197V ,7NTRIN0

avon Par ,SimpleAdd 7117217195 X1PD 000917 AR .2 AYOMAW AW ATP0R 2% MW N7 DAY wonnl

:Pass by Reference nvwa
push offset parameter ; Copy the OFFSET of "parameter" into the stack
call SimpleAdd

5w IN2IND DR O3 N°I0727 0°13777 0°2°7X 11777 -8 1R 1MW 1 — TR 2°1IN1 DINAON NV U7 77 OX
X771 7IR27 7TIPD2 TR PR LIAR OO0 DIAID PO 12 WO NP L1010 17N parameter-v 0°11n17 VN30

172729990 ¥7o
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177

push seg parameter

proc

Parameter
offset

Nnamo

FFh

FEh

ip

FDh

FCh

3h

2h

1h

SimpleAdd

Oh

M0 pA1onn — 9 pad

; Copy the SEGMENT of "parameter"” into the stack

STNTXMOT 70°1077 OV NUI0NNT 2¥D 19w N°100n7 AIma

<«— SP

«— SS

parameter 5w 77w NR MIwH 77150 7707 NYD

;Takes as input the address of a parameter, adds 2 to the parameter

pop
pop
pop
add
push

ret

ReturnAddress ; Save the return address

bx ; bx holds the offset of "parameter"

es ; s holds the segment of "parameter"

[byte ptr es:bx], 2 ; This actually changes the value of "parameter"
ReturnAddress

endp SimpleAdd

177

Pass by Reference :9.5 %°x1n /

1721979 nx ovm pass by reference nvwa quntn nhapnw AMTXMD X X

.OMR nooxm pass by reference nvwa 0°wnI0 YR noapnw 77D N .2



178 M0 pA1onn — 9 pad

199 — TanTY) oa oo pass by reference nuowa ovnIo CIw NYAPAY ST X A

(varl=5, var2=4 n7¥119577 R varl=4, var2=5 q717¥179

BP [uoosa2 winsw

72°07 .93192 WINW 72 AwYl X N221Pn APRY Auw 1w 1% pop [ReturnAddress]-a wincwa DX IxawI

AP V03T DR MPI0MAY A MWD L,RORITY NRT? TN oy 9w LR

9271 PoMAY 0°107 NMOWRIT NPINNAY OMuneI0? nwa 1Y y»on ,Base Pointer v Mxop Lbp wooan

((MWATIN) AMTRMDT 22920 WAIRY TP MMNWH 22 10 .ip W37 oy povni®

proc SimpleProc

push bp
mov  bp, sp
;Code of the stuff the procedure does
pop  bp
ret 6

endp SimpleProc

AT MR T MWTAT MTMPOT DR 7201
2210 77 71 2°aw1 .bp 0D sp npnym naonn? bp S anw Myxan MR MTIpDT N

SW IREIT W AD9°TA ARXIND TINWY SP OX 03 ,1WOVA .SP YW CNYANANT 17V DX MWW ,PIAN DXYA 79 0IX
DY NPI0MH2 T 237 RIIP? MAWOR 119 1IN 73T NI .OIPH MIRT PO TRMm AR IR bp ,neionnnn o007y

.bp~% 19w nvonen nanoa
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M0 pA1onn — 9 pad

bp-7 N'on' NaIM> namo>
=
FDh
bp+6 FCh
bp+4 EE:
=
0 (bp) F7h

Féh__le— SP=BP

3h

2h

1lh

oh __Je— SS

manoa oRenI K71 i ovanwnn .bp Hvn o°na 8 Xemw n21n52 K¥N1 ,M10mAY PWRI MK WOATY LI Janwna Ny

JTNTEN0T 1M 90 TR DR OIRYI bp-n ooprnnw X7 wnw o .bp oyn ,anRNTa ,0°n2 47 6 1w

ax=iH-k 72wo nR nyxanw ,SimpleProc 77171095 HY 21w DRT 2°371 .ANRT 7IP0R2 2OWnHnwn TR IR

proc

SimpleProc
push bp
mov  bp, sp

; Compute [+J-K

xor
add
add
sub
pop

ret

ax, ax

ax, [bp+8]

ax, [bp+6]

ax, [bp+4]

bp
6

endp SimpleProc

(NNRT X2 K27 PR

; [op+8] = |
; [op+6] =J
; [bp+4] = K

OPN1 WY QYD 222w 170MPY DM equ DRI 0w TPI DR TN 22008 W TIP02 PWIY whnwl

iParm equ

jParm equ

kParm equ
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[bp+8]
[bp+6]
[bp+4]

STANTY ATNAW IR 2NN VR NI O PHY ,TIAW 2MNT N2



180 M7 N0 — 9 po

STIRIPD VWD O3 ROK ,AVIWD P RY 139577 1OV AT PRIV

proc  SimpleProc
push bp
mov  bp, sp
; Compute [+J-K
Xor  ax, ax
add ax, iParm
add ax, jParm
sub  ax, kParm
pop  bp
ret 6

endp SimpleProc

nPIomAY 1ONTY mInwn 939,79 .pass by value nuwa o°721v WRI 77PN M1 equ-2 Wwn (oY
-2 WIWH MIND DM 1 ,pass by reference nuwa 0072w 1177117 LAMNTEN0A V17N oW WO @
PP NYN KOR ,NPI0MH2 MW T PR MR oop XY pass by reference nwwaw own Lequ
71 77pna X5 7vnn 0PN N2IND DR DOPINYMY TIVR D2°AVA -TARTY) NND°TY 32157 WRwnRw 00T TN IR

.(bX 777 77917 5R 0w 7N WMIRY DWW TIVNRT NPNNR TN aw NN? NRYIN PR

mTPa N2 M2 n mov bp, sp NP ntaonnh bp YW apnyan ,Maye WIRY 71an0w 0710 122 mw @

ONTXIN02 MNWRAA

*19% (2°n2 YW MW K2 NIND HW ARXIM 79°77) NANRA X2 POP W PUSh NTIPD YY1 Mvba oRY LR 72°07
7191 RD WIRWH N7 717 .Wanwn 700 ,bpTn 02773 0°pnna 2hINwn NYXY DWW 71217 92,198 MITpD
:bp—a
proc WrongBP
push ax

push bp

mov  bp, sp
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181 MMTXII0Y NPonn — 9 P

Naimo

FFh
FEh
FDh
FCh
FBh
FAh
FSh
F8h
F7h
F6h
F5h
F4h €« SP=BP

bp-7 N*on' Nam>

bp+ 10

bp+8

bp+6

bp+4

bp+2

0 (bp)

3h
2h
1h
Oh <« SS

WrongBP % n20m07

S0 10 9Y 01pna | By 3agn bp+8 vwaoy .01 K 1w bpn ovpnann a1an ,bp v19% ax hw no1onn mapya
ST M0 ret 677 NTIPD HY 12072 0703

9YR ,NPI0MRAN T NAIND DR XYM ret nTps ccall nTIPs R 7B TRANT IR NYEan ret nTpow 10K
MW AR ret-w 7721 LYRY) ret NTIPSR MMPW MR MTIPOA TN NAIND DR N¥MPY 272 SP YW 10 DX

:(bx nx
pop  bx ; pop increments sp by 2
jmp  bx

MPWa MMpon ret=1 79 1w 7Iwn Sp-2 A0 ,pop-1 VX2 IR ret=1 nTIPD 77 1901 0°9°01) 1IRWI

Jret 672
pop bx ; pop increments sp by 2
add sp, 6 ;spisincremented by a total of 8
jmp  bx

STNTEMOG 710°197 2197 pUSh MTIPD MYXNRI 1ODNW N°I0MA DIPR MWD 731 ret=n n7ps 7% 71902 wnwn
TTIPON .N°10MM%? 2°N2 6 9377 02 110337 9D IR 9 0°N2 2 DT 20Inwn awhwh push wwy uhw anaTa
17 77 NN LNPI0ANAW NI DR "NYNwA" 7921 TTYIN07 707107 070 PR 128177 Sp DR 7 ret 6
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182 M0 pA1onn — 9 pad

P2 RAIW 10D ,OLBOKR NP ret 672 wnwi IR L,pop 2°nyd WP T2 NRY 7Y 7190 22 a0 ret yxah oo

.7292 NAR 7TIPD MYXARA NWRAT 72957 IR YX 21pn Mind

:bp~a v win M Hw o»ra 015°0
JMR NAWD TN D202 POP MY IR XD 7Ten nnna L1
.bp na1ya monna onbw N5 OR W 2wl VWD .NPIoNKY UONTY 027 207 pop Mwyh TIX RS .2
MYAw Y21 RP QW 7°"HY NOI0MAT N2 RN 9O AXh war .3

D7 DINWK? NWA? 12 N bp-w X770 MR AR ,bp Hw non o
bp-2 w1 w1 7178199 :9.6 %0 /

"19% — mANTY) o 790 ,pass by reference nvwa ,0onwn 1w NAPHY AMTXMD AN X
onNAY W AMTXMDT N2 L(varl=5, var2=4 gm7x11o7 R varl=4, var2=5 717%1o1

.bp narva pa ooanwn®

pass by nwwa nbwi max mnwna .varl, var2, max :2anwn qeiw nhapnw IMIEme |y 3
M2AXT 7T DR 992 max ,AaMTEMenm Ix0¥ea .pass by value nvwa ovanwnn anm reference

Jvarl, var2 yan
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183 M7 N0 — 9 po

“i’

(772m957) TRV 2YRPR 2NunwR NITATY NIIOMRL W 4
~

v wwwa on R DINwn LAMTINEY PIN T0% PR RWN AT INTXNDNW 73w RIT O™IPR Janwn
71027 INWNT Y AP ANTINDT ,EIPR AW YW 3P TR0 I Myawn ok PRI L7272 781097

.2 AROPW NP0 77TA 2199 P2 AR WD NARYT QN N°I0nnT DY

DINWR MEP? 272,180 03 .SP 2W 127 DR 77 NI0MRA 9Y PN2°T DREP 90 PRI 0D 299192 v¥anm a1 TR
,0°N2 6 DPmpn DAINwRR MXPTY XN ANTEIN0T ,TANTY ,aK LSP YW 197 DR 77 DIWD AMTEINNT 2ompn

ATIPET MYXNRI yXIANN ARXPan

sub sp, 6

7% Sp NX X2 "727) PN DR 9InWS 75,9197 AYWO YXANTY 72718 AMTIMDM RN C195W 12110

:(ip MY 12 N10MR2 PR DY YOXW — 11917

add sp, 6
DMIPR DINWN2 WYY TWWY TNTEN07 0T AR
70°19m SubXY-1 AddXY ovmipn 02wy CIw ST AMTINON LX,Y — 0°I0RID CIW NRApnY TN M
JMRNT2 LYY X W WD 019077 IR 03IN°
varx equ [bp+6]
varY equ [bp+4]
AddXY equ [bp-2]
SubXY equ [bp-4]
proc XY
push bp
mov  bp, sp
sub sp, 4 ; Allocate 4 bytes for local variables
push ax ; Save ax value before we change it
mov  ax, varX

add ax, vary
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mov

mov

sub

mov

pop

add

pop

ret

endp XY

184

bp-7 n'on' namd

AddXY, ax
ax, varX
ax, vary
SubXY, ax
ax

sp, 4

bp

4

; Restore ax original value

: De-allocate local variables

M0 pA1onn — 9 pad

:push ax 7mpoi ¥1¥°2 INRY NPI0MMT 280

bp+6

Namo

FFh

FEh

bp+4

FDh

FCh

bp+2

FBh

FAh

0 (bp)

Foh

F8h

< BP

bp-2

F7h

F6h

bp-4

F5h

FAh

F3h

F2h

«— sp

1h

Oh

<« SS




185 MMTXIDY N0 — 9 pd

:NINIT TP MW MYEARD NPWRYT N°19102 XY 5 2ORMP 1IMIR 7877 O

push 5
push 4
call XY

X7 02 nwaTwan A .SubXY"r AddXY T2 200795 nawt 22wens 31X nRY ,N°1onna nRAI

:bp yaxn oy e

=s 1 0OFg

DINRY .07 1w HW WD DRI 01077 DR WL 2Ipn 2w AR 1wy .4 7v3 DR 5 7Ivn IR n1onn? 1007
DR 17T 12 212 npnea L(0001) wHona nx 31 (0009) 21207 DR 17 72°0n NPIoman ,NIRT? WORY 953
RN ,SubXY- AddXY o»mipnn ovanwnn

,[bp-2] ®1w ,ss:00F6 D1p°1n2 :nPI0MmAT 281 DX IRNAY 1R 122 2wnna N1 2108 Paw 11nT? 27 mw

.09 1w Y Moonn R¥n [bp-4] x1nw ,$S:00F4 019712 .02 0100 "I YW 01907 XYl

N°10MMa 0™NIPR 22INWHN DY 9.7 AN /

noD TR D XYZ awa g7M0Y ARMPY oOwhD 007V AwIPw NPIonn? NomITw ,NPWRD NYI0N 120D
DR IXOI7 AR MIPR TR N2 7Y 92 pnvn aTxon .LocalX, LocalY, LocalZ — o@mipn oninwn quihw

w7710 VX1 ApnYanw N°I0NN2 P77 N°10ING
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M0 pA1onn — 9 pad

TTIINSD TR NP NAIOMRD R

7Y 9°2VAR N2 NP0 W LTIVA R MPORDPI A7 ,0M2R DW A0IR 22PN TR0 371 o0y

AT YW MNNoN .pass by value nwwa IR TR TR 2w 01205 DR N2I0AN7 NINT? LW X7 AT

DATASEG
num_elements

Array

SR W OR v -

%1022 0P 7A0T NoeIN -

SRR TV YW D037V IR NIWY A0 KD aMTXIen -
DR P 77RI9Y o°vavn LR N L pass by reference nurwa

TN NWRIT N2°RT PW NN -

TP DRI Do -

:DATASEG 7102 77wn 97731 .80307 AR Nvd

equ 15

db num_elements dup (?)

DMK V0N WAL PWRIT LRI NN DR MIOANS MATLANTHN0Y axepn b ,CODESEG Tina

STwna

push num_elements

push offset Array

call SomeProcedure

V017 NDDINA ,NYI0MA PR IpNYIAY 12w 03027 NAIND ST-2¥ TN 0INPR 937 ONPNIY WOR TNTYINET TINa

VAT 19NN VAR YW

NINITXINDY 020 vn NNavT (9.8 BN /

WTI VTR 93 DR .OPNNIT VIAA02 1NTANY 22INWAR2 NITNITRINDT TIN2 WANWAY PR L,2°R27 0°9°30N2 -20 nw

NP1 923 DY avah v anTek

,TAATY 779N 0°12°RT 0190 DR SUM JINY 170°1921 SUM JaNwna DRY Twn N2apnw JNTeo X R

186

.Sum=16 10 RN 2,2,3,4,5 77vnn may



187 M0 pA1onn — 9 pad

TR TWHT DR NI ,TIVNA 220K 100N TIWRD ¥a¥n napnw SortArray gTINe 1Ay .2
.1,2,3,5,6 07377 nR 92377 77wnb onan a7t 3,6,5,2,1 7vnn 21y aanTe e jupn

SN N2°N0Y 79770

DR 7T N2 1P V20K DR DR TR 3281 noapnw FindMin Aty nTTins 1200

90 OPTIRT

EbRistal pass by reference nvw MYINRA 20ARD "W N7APRY Swap Y pMIMd 1IN -

.Omw 000y NR

Swap-? Xpn on nx? FindMin=? xpm Twna 5y ar99a y1an SortArray aMTRMOn -

TYma PR opTeRM FindMin 777w op TR (0unnD 1w oy

XIPN RO LPWRIT OPTPRY NP2 VP 2RI DR A0y SortArray gMTXINOnw NR? -
-5 RPN SortArray 19 nRY .7I9R2 MW DPTIRT DY RYT TIvn? 30a8ng wRd FindMinth

Swna awn opTeRM FindMin 577w opTRa (0 wnIo 1w ay Swap

7Y PR aveR TY T AYWA TWAn AMTEeT -

,TWR 992 02K 90M1 2%V CIWh @v°axn noapnw ,Sort2Arrays NP gTEND 1At LA
2°9199 097 WRD ,0°VNT 3w SW TR DRXIN DX 01077 w1 17K sorted Tve 7yn? Ao voaxm

SINNTOY LI 210N

Arrayl =4,9,5,3,2
Array2 = 3,6,4,1

TNTXOT NI MR

Sorted = 1,2,3,4,5,6,9

:7TXI0T 122057 1577

17 K97 ,IIR TIWA? ONIR TP NYNY 2°2Yn Iwh D2Y0a¥n nhapnw Merge awa aMmTn 1anty -

JIP0 R

.Merge 7w Twnn oy SortArray=2 Wwp -

AN DYDY 2°07YA 93 DR N0ORM Pvand Twan v nhaww Filter awa g7 oy =

NOR Qyon
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188 M7 N0 — 9 po

(7amm) Stack Overflow -nszomm nwsss o
‘L‘\f
iakrAlii) 19X DR mws 11 MW MWD YIXO2 MIYEARA VTR0 DNYaR 0wnn 2wn nhn 1100 Stack Overflow
DTV MR (WP Y2 AT YN DNYAR Sw 173 199 1N aan a1w P b A a1 non bw

MR N0 KWL SUNRCNT YPIT 03°197 K21 TR 121D P17 1R AR 127 MIN KW Npn TP 1w 99
PORYP AMLAR NPYRY 9N IPKRY ,ON M2 7272 TP NION 0ONK TN WY AnvaR nvvak nvmn L1

NP2 D°WNT QPR TR TW LT P92 TINDR MmN MPRYNM A0 Qon WNTN RwIT Yw man .2

.AWAN MINN YW A995 19IR NIAn0

RIPIW 777 ,2°°107 2732 TR TIN? 12 2xab omenn 1 nan Buffer Overflow naam R 90731 nwRn
Do 12 99975 9vnw 00803 PR 1MRT L2000 130 7Ivna wRn vTen Ny 0wk 0% ,"eRa" @
20°%°2 13 NUIPh 021979 7011 AR 7P A1 .IORI2 DR MAIPRT NN KT 12-1 1150 D987 KIT 28037 0P
,0°N2 257 120 iy aoan ,100h 5w — ma1 — S92 77wn axp1 YR 10 k2 (Buffer Overflow 2apa

.Buffer Overflow %2p11 1172°17 opan 2 257-7 n°an

DY 97N WHAY 9RIT O LI9RAY PR P07 nwha H% anra vHhan awn X1 Buffer Overflow @

.Stack Overflow x50 19182 NRPI AWHAT ,N°100707
.Stack Overflow wnanah wy X 891 720

20w NI AR ,02A%YY 17721 TIPT MW DY 112%Y .IRAT 101002 12N

\

; Program StackOF — demonstration of stack overflow

: Author: Barak Gonen 2015

IDEAL
MODEL small
STACK 100h
DATASEG

msgl db 'Please enter your name, press enter to finish',13,10,'$'
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msg2 db 13,10,'Program finished$'

msg3 db 13,10,'Here be dragons$'

CODESEG

proc GetName

; Get user input and store it on the stack

push
mov

sub

mov
mov
xor

get_char:
int
cmp
je
mov
inc
jmp

quit_proc:
add
pop

ret

bp
bp, sp
sp, 10
di, sp
ah, 1

bx, bx

21h

al, 13
quit_proc
[ss:di+bx], al
bx

get_char

sp, 10

bp

endp GetName

start:
mov
mov
mov
mov

int

189

ax, @data
ds, ax

ah, 9

; Allocate a buffer of 10 bytes on the stack

; Is it the 'enter' key?

; Copy user input to the buffer on the stack

: De-allocate buffer

dx, offset msgl

21h

M0 pA1onn — 9 pad



190 M7 N0 — 9 pd

call GetName
mov ah, 9

mov  dx, offset msg2

int 21h
exit:
mov  ax, 4c00h
int 21h
; This code should not be reached at all, as the program should have
; already exited
nops db 20E8h dup (90h) ; Fill a part of the memory with NOP (90h)-
; NOP - a command which does nothing (No Operation)
mov ah, 9
mov  dx, offset msg3
int 21h
jmp  exit
END start

.enter wpas 1Y 070 Wanwanw NRY .WHnwan aw Nk MYPY Awpa 7on? 70°07a 212N (NP0 MTIX 1207

72 .Program finished ny1im q0n% 70°097% n°1oni 1R

Please enter your name, press enter to finish

Program finished

.0°n2 10 97132 99822 ,N°300117 2V 9PN IR DWW 3117800 YRR WanwnT ow Noop DX

TWOR PNTY AW AwA ,0°N2 AW KW MBI P push mwy woR nh1onnow nnhw 2% mw
ST N2 972 0°07Y 03 NPI0NNT YR P nvnD @

TP YOP 1T .TONY AW YT 0DTAW A0 TP YOP W ,NI0NN DX DR 20NY PR YUp 002,070 KD 19N

ST TP Y0P 9R YOO T2 P DR AXOpRY 72190 01 MPION2 TR PN A1A? MK XY RITW o ,INn

7R ¥ DX P20 IWOR TR LT O
Please enter your name, press enter to finish A
Jon Snow H

Here be dragons
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191 MMTXII0Y NPonn — 9 P

.22W SR 25w IRD WAANT A 0201, MATINT IR WO AW NRY

179 DRI NAI0MNRT ,TNTXN0T TIN2 0700 By ona 10 572 1oK2 77107 GetName n77eon

Stack naImd

FFh
FEh
FDh
FCh
FBh
FAh
Foh
Fgh
F7h
Fé6h
F5h
Fah
F3h
F2h <«— SP

ih
oh  |e— S5

.0°n2 10 5732 79827 -2732 .GetName 702 oo

5w ASCII-1 557w .(2°%°n7 12 M3 9712) 210 8 9571 70 ,Jon SNow 1w DX T Wianwna aawRaT X

279 ANRII NPI0MANY AT MR T2 N°I0N? 10101 2NN

My e
pbl ikl

"ar bp ip

an .ss:00F2 o1pon2 79827 n2°nn? 70101 —(4Ah (ASCII 7p) J MIRT — NWRIT 02PN .N°I0MAN 2871 DX 23
8 271 1R 1PN IR 2°02 10 5732 277 19R2AW D L9710 ,5S:00F9 o 1Y 115012 N R N1NIRg
bp R¥n1 9217 HYn .N2I0NN DX Y PN°TA PAY ,DPIMRD K7 2237y ,"921" D 0ON2 01w 12 1IRWI ,0°N3

ST NN Lip oY)

MM 5 I wianwnn,'Jon SnNow' NNNR AR 2N RIW MR .20 PR Twan 1w wanwHaw 1°11 Ny
2532 .Stack Overflow w 2x» 7% ,0°n2 10 1975w 9982 TIN% 2°n2 14 5w apnyan aORIND IRMp 12°0 W)
273 NPRI3 MOI0ANT T
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192 MMTXII0Y NPonn — 9 P

MY 0
19X11

Sy
UI?|7 ! UL"I_"
oY
olTw
nx ip NX
bp P

ASCII-71 >>7w2 199m7 0 Mpna 2°07W5 L, I NAIND NXY bp DX 1077 0710017 10123W 2NN 2°N27 NYAIR
T2YN7 A7 RY 7 a2wo .21h -axop 300 Sw 1RY 20h X i 0 Sw ASCII-a 7w TR ong e
7292 ,NRT QY .72M0R NOW NI°TAA PPN DN VEIA NITY ApNYAT NPT RY 39D Ay¥ani XYW 1100 ,aRAwS

207 2% HW MW 10 0 -12WON .AMTRINDN YW SN0 N2 7200w 7

9OR2T PRI NWRIT 22W2 AROXT TIPY AYeARY NRPN0N AMTEMNDT AT 25w enter Ry P wanwnaw X2 na
MI0MMAA MWW PRI TV 1R bp IN? 0101w TWaw 12w .bp-2 pop v¥an tawn 2%wa N2t nXpInw
NAINSY ¥R NYXIAM ip N2 poywn 2120h 71wn ret-n nTps nyxian Mmoa2 .2020h -wInn 7avn ’OR

.(little endian nv>wa ¥15 P1>°17 — 11517 22021h 82 1177) 2120h

vown 'Here be dragons' oroi nymia IR 007AW TP Yup 98 Won ip DR ax0an 2120h nanoh nxops

NL..01007 1D 12 KX A NYTY PRY ,T91 R? NIRRT 190 DANIT MHwnm Mpny monn mp?

70077 n°nna . 1265-» Psalter noy
D097 878D NI TIDI? Yy
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193 MMTXIDY N0 — 9 pd

7150 X2 NINATY MRMA? 171100 DR Popae 1nt1 Stack Overflow-1 vy w namwaw 1Kxa a1 9vo o1k
DWW AP JORY) MW MIP°I00 MIYEARI 07X 70102 MIRYAI 2°X0IR JPORW MTIPDI A1 AIp0na QInK vEanw
PR TN MWTH MTPD e 103 (71 190

Stack Overflow 5w n1waR ny°an :9.8 %7 /

TP MM 19°01N NPT TP DR PN 1977 .Stack Overflow 72 yxas 0 1001 R 75 ,0%19I100 DR 10w
Stack -2 mwsr 95 o3 9% 'Here be dragons' niannn 097w MWwoR DX 2 R? 311107 0375V .nn*Rnn

I NOPIRR a1l v Ao 7anTe ok Overflow
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194 M0 pA1onn — 9 pad

N1
AN

S92M0K2 AN01 POM MR AW An01 TP PR 2NYY HanoR Nowa XY Ny Mowa ano1 oA Npn N

(maman) Calling Conventions

— 771297 N2°20 MTIR P92 11797 MR -p107 270 DY Y¥INA ANORT NOWAW MPY DY N9waW TP 1 WP
TOWA TP T2 NIAPRNA TN W ,TON ARXIND LAN0N NOWA T XTI P DX 2°¥IAP 1901 PR Wpn R
PI9) endians -2 17317 .NAPRN W71 12w 7IPR2 920 19PN 7P DWW NNARN I OD2R0K Nowa TP DY
-big endian nv*wa & little endian nu>w2 R 7Y% 2°713° 7121 72N .(MOV NTIPDY 22INWH NITAT XY
792 D1 MW YW Y LNAR 70w MPWOT 93 DR 2°Y¥IN 710N 0N TAYRT 03 T 95,590 mwn 127 PR

.IP50N KL mInaw

DM N3N .m0 — Convention aRiany @

Calling mIXIP1 1981 ,MMTEIND NPUD7 W DPRIAND 03 AW P00 MMWPY DPRIAND YV NTw 09)

?Calling Conventions-2 7% %952 w° 3171 wo i 72°nn .Conventions
:C nowa 7°%p110 YW 7177 A
int MyProc (int a, int b);

777 integer 0vwn 0MWNRD CIw NPapn RUAw 312pR wer ?MyProc gmTxnon Sy nyTe 009100 umIR an

U300 IR PR TTINON AW P17a an Linteger 0wun 7w
TIANTY NPAY 37197 ATRINY AR0p
int ¢ = MyProc(1,2);

X1 ,("2") mRxY TNTXN0T 70 LRI TPn vup 120X Caller Xapa ("RaR"7) 7197 XMpw 7pn vop

.Callee

,C nowa 7pn N5 72N IMTIN0Y ARIPT 129K 22200 Nowa 7an21 MyProc 7m7x1enw 1nT1 720 nvd

?Callee-7 Caller-i 172 wanwn®h 12° 71 -12w°n 22708 NOWH 7an 19701 W
i akhtolgtatyfhinbiisRatmlramistylielnnisrs BN A
IR MWOR AR 7772 N2 ANTRINOY AR DR R 9190 1970mpn
push 1
push 2
call MyProc
2 MwoR

push 2
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195 M7 N0 — 9 po

push 1
call MyProc

Pass HRawh o 772va nRIP1 "2 mawaR 197K Pass Left to Right 1m0 Sxnwn 772v7 nRp1 'R MweR

.MIXIDI NPXINP Dw MRANT 01 Twnna (Right to Left

0°7UnI9T PR R callee-1 maw awwn WK AW 792V NYwA NPIonn? 0°un9a nR Ay caller-n 1R
5% Mayh o°a»n callee-m caller-n ,mb%pn ¥k >7ow ,X°7 7Ip0AN 9PN 0000 YW oY ,NPIonnan

JPXIANPI ANR
TIMNTXOAN W DR L2

TTRINDN L, V0NN WHnwaR X ,T7 RPWw TP P8 MyProc mawenw avn nR i anea amin Tn
5% o callee-n 7 By pnvy WM awha 993 0N HR Pw avwon nRxn nx pnvn MyProc

.C 7INWRT -A7 7712 ,A7I00 7V DR MY 7anwnn

VO ORI TIWD T PR LTIWA DAY W 0000 2230 avRing N avarn callee-m caller-nw 12ma

.03 IMRY orne callee-m caller-aw pa ,77wn A 2995
:onnn P .3

JTNTXNOT DX QYDA MI0MAT IR MY TN WO ,NP100K0 023 DY 71700 000D 0O°avn wRD L7191
MWY? 0°977 W 1O 11777 .MPI0nn? WPNYIY 03027 19017 RN SP YW 127V NRDYIT V70 9Y NYXaND 17 79w

MPI0MATA O°N2 4 P01 ,NNT? . 91p ret-n nTIPeR 720117 RO, NNNT LNNT
ret 4
'SP 127¥ DR DTPD X 1w 7T
add sp, 4

TN2 P10 DR vean callee-n ox .nv0man DR ORI n Cazn oonRinn nvnb 000y callee-m caller-n

TANTY PP YXID TNTRIND 7T INRY P00 DR vean callee-n ox .»ap av ret n2wd an aMTRINen
bl

call MyProc

add sp, 4

JTXIANP AN 7 172y callee-m caller-nw p v ,awow $52 7av? WoR 7 77pna 03

0731% M2V 17 NPYA IR 20710017 NP0 KW 2°nRIng 1 RS callee-m caller-m19 g i an awen
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196 M7 N0 — 9 po

NIXID1 NPRIANP

TPTDPMA TTRY RIIPY PR ,NIDON NPRIAND WS MKV 21NW P01 ,N1RIANPA TN WO ORI NRY

IR uorR Rk maa (https://en.wikibooks.org/wiki/X86 Disassembly/Calling Conventions)

.STDCALL-1 CDECL ¥ v17°92 5001 XU nwnnn Jx
:CDECL n>oxaanp 9%

.Right to Left naom? oavm ooy -

(072 16-n 72yn% 5w 72w HY 92171 OR ,277M ax YO W) ax R ST oA -

I0MNn P By sRInRw R caller-n -

:STDCALL n»x1a13p *5%

.Right to Left n1oma? oavm ooy -

(072 16-n 72yn% 5w 72w HY 92171 OR ,277M ax YO W) ax R ST oY -

10NN P01 By oRInRY R callee-n -

2Wn 73177 .0701RID DY aAVIap K7 NI 7NTXIN0° Mewh worw X ,STDCALL °10 by CDECL 5w 1na
o v caller-mw 1o .caller -1 X3 Sp 1197Y NWH NR YW M 1D ,n20nna NP by orank caller-nw
T NPT DR YRAD D197 IR ,NRT Ny Lcallee-1 cpnan nR pRab 130 ox R 7TXN0Y 2%y K1 O0IunD

R7h alaRiaivikyl Saknllapbhinblelal

7Owa print NTITXM5Y 2ORMP WK WK ,7R0T? 70°701n70 W aviap K? Mnd 778097 1°aval %01 onn
,Print 7MTXM0% 12y q0nI0 9 .09DTAY 0°27X WAIRY DMWATD and QY T2 X1IPD MW 00X UMK L0y

T899 7102 NOI0NNT DR TPIN ROTW T2 print X 21057 1001 XY 197

A2 ANTINDT WK AT AY1ap X 2nn9 nind wkd ?CDECL 19 by STDCALL 5w panoi win
AP0 y¥an caller-i 1R ret nyxan 7779 12w 2X07 NWY IRT 1P av ret nTpD 7 Yy NPI0nmn DX NIpIY
D0 DR @°9°001WD IR LYY WD MO R DAX ATIPD SW 11001 QIAK LATIPD 11001 IM9D LSP DR Aovnw

SWRwR N20°1 2APNAR WY MMTEINEY NIRPT Noa

http://www.codeproject.com/Articles/1388/Calling-Conventions-Demystified :noo axmp
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; Simple get password program- a very basic code just to help you start

: Author: Barak Gonen 2015

IDEAL

MODEL small

STACK 100h

DATASEG
Save db
Welcome
Access
Wrong
CODESEG
start:
mov
mov
mov
mov
int
xor
getChar:
mov
int
cmp
je

mov

208

(?)
db 'Please enter password, press enter to finish',13,10,'$'
db 13, 10, 'Access granted$'

db 13, 10, 'Login failed$'

ax, @data

ds, ax

ah, 9

dx, offset Welcome
21h

CX, CX

ah, 1
21h

al, 13
check

[Save], al



inc
jmp
check:
cmp
jne
cmp
jne
success:
mov
mov
int
jmp
fail:
mov
mov
int
exit:
mov
int

END start

CX

getChar

[Save], ‘X'
fail
cX, 3

fail

ah, 9

dx, offset Access

21h

exit

ah, 9

dx, offset Wrong

21h

ax, 4c00h

21h
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DRRIT IDIND TV MTIPOT VIR 770 DR MWD YTPW NIAA TI0XIY 22 23 ,719I00 DX 19IN DX NIws
:"72900" 1145 NN 2Y0I0IW 2OVIR HW 2°310 Iwow w° 80xX86-1 nnowna
IDNAT IO NV 3T N2 ,I0INT TP PR 3 19R Mpeos . Traps MRIpIw a0 mpses -

UMIVIR 19IN MWAINA 22K L7101 NP0 1D 17 198 Mp oo .EXCthiOﬂS MRIPIY 32997 nyped -

.31 NPP0D YD DORA PIPT ,IANTY AN YIPRY 721303

TPAITY) 72VAY 0PN 7T 0230 SW IRXIN 37 PR MpUoo Interrupts mxapIw aanim mpes -
TP VIR DR WW TA9RT 21900 WNTW SN VR WO TAYN? NPT R MNP0 .(120Y IR NTopn

.12 XYW 2IPN7 N°I9IN7 AN AN 2000 DR NWwR LW
.MIPP0O5 P07 NAR 992 ;72772 P71 Jwana

X127 iNt=7 RS .NIP°0D7 PR AR TATUAW ,190n WO P00 99 Lint ATIPDT MYXAR2 NYXann R0 XM

.05 7901 RIAW ,TINDWN

int operand

:1 "pon P00 NHYET AT
int 1h

,2wnb , 7012 30 N0DT R NTOPRAN N DRMIP YW MWD YNAY XY WRI LT 7P PRI DnTpa 0°p192

TP NWNANYS
int 21h

L0101 NIA7 ,AANTY NPWINY FIMIM 10N MPP0D SW ADIR PR1OW TP WD MW MNan 2w Jwna

npoon DOS n%yoan no7vn .Disk Operating Systems 5w mx°p — DOS awa 75997 ndwn annd
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NDOM NNT .J0N7 AN NODTI NTOPRAN AN NRMP A0 ,00MTIP 2°P9A 72 NP ,N1WINW NP0 2°N1dNNY
.Basic Input Output System 5w 21%°p — BIOS Rpaw 7p annow ,80X86-17 *72vn N°11x 201K N1an X7
mrpn NR 71737 ®71 BIOS-7 1P 2w 17°p5N .n%u07 Oy 7o 7ayn? N ,7mm 112072 R¥w 1R & BIOS
;I CIPNAA WA DR MLwonw M0 19on BIOS1 9713 12 115 .95 N3Ivn TP DR YL S

YR POR PO RWI,NTOPRMA 0N NYYR AnNT?

STANTY 729D NN DR YRA? MW 2°377 2O0°YY AW ,000W MMpRn Widw? mMavat NP0 17 WUw T IRXIND

72PN Qv NYWRN
.9h "pon AP oD MYXARD WPNY WOR NTYPR QY -

nR "nouvw" Awvn? 1 apooo .BIOS npod 0w ,16h 99on 109 917 23 nTYpRa Oy wpn? WwoR -

o1 Mp av 9h mpoos
.BIOS %w 707 nx "quw" DOS-1 1P .DOS 5w ,21h 9501 7p°00 717 03 NT2pna Qv wpn? WweR - -
:(N°0) NOYHT NYW oY NTIWRN ,NO0 AnAT
n»un 2 nTaw 8h ason gpros -

av 8h 7P 0 PR "ndv" wynL 7 3700 .00 P n72w aaw ,BIOS npoos & 1Ch toon o -

Ao TR
.BIOS 5w 7pi nXR "quw" DOS-11 7P .n»0a 91 ®07 0a n72w ,DOS 5w 21h (oon apoos -

W DR I NOMPRN P00 IR Q0w TR 93,0993 191N [N 2201 MPP0D wINw YW MNIom mnan

OO0 O3 DYDY MW 2°7°007 MR PAR 0w N 12

099777 70 DR 7491 KD 9aR L0790 MR DR V2D MW 2°077 WOw o0 2OYT N1 P MpUDDn TIN0Y NNA0na

07197 12077 198 MPP0o? woIR1 1991 ,DOS mipros nvxnRa M2wen NR ¥¥21 Y93 7172

7P°0D 12 AW 1210 RIT TIPA AP0 19007 TN TP A2°u0N ,a0W Mpnn 70T WK T ,Ap°00 92 @

ISR M@ pax Interrupt Service Routine *5%5 awa Xp1 71 7p .07

TwHA? M 197 MR AWMAT P21 R¥AW ISR X 419 ,07I10IN7T YIX°2 DX PO09R RIT ,ARI0D VXA Tavnawd

17 A9 DR YXAY 729717 WORAW PINNT DR NYD P01 P09 N1
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TPO0D PIXY2 "abw

:DOR27 2°2%WaM 257 IP°0D YIX PN

(el mov ax,5 DRI YINRI WO IANT? DK — W9 NPT AR WA nR ovon Tavnn L1

NTOPRMA P00 NR NOWY 7150 1R 5 TV DR ax TINY PPy 7aven  NTopna wpn DY Yt wnnwniw

P09 N2I0WN YIX°2 0N MIX°2Y AT ARINTT N2IND DRI 2737 00T 193N DX NPI00H2 W Tavna .2

AP €S DMV D TR RO IR IR NN M1 L(ISR)

Trap ) nm%nn %37 nxy (Interrupt Flag) nipo09:1 937 nX (0987) "apan" 7avna ISR-5 noo1on »1v% .3
.Jwnna — 7% naon .(Flag

720777 17 ISR=77 n21na 2w TRaN LipT1 €S 2w 1Mk P nve ISR nans nx awnn Tavan 4

STWnRA PHR DN XY 2192
SR R y¥an 7avan 5

D°27W DR w2 9°Y0 IR1) IR IDATIW 0% DR MIomann Xoxw 1aven LISR-T k2 ona .6

ApT1 €S ,0°9377 00 Yw ovpnn

.CSZip DIPHA NPIINT VX2 Twnn Tavan L7

namo

FFh
FEh
FDh
FCh
FBh
FAh < Sp
Foh
F8h

3h
2h
1h
Oh <«— SS

722099 [70°15,7 DY N30T 28D

(7772°0977 2297 772°7 7057 230w 19 1) 100N 57112 m20m07w mn INT)
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:Trap Flag™ Interrupt Flag 0°%37:7 019°% mynwn® onni

7T 93T OR 7P 707 A PORTILARDTI TN AMIR OX O3 P00 KPY WX MTIPAw 797 03 NTIDPNRT 23T 019K
53 ,NPIw 1 55 93 MW NR AW D102 2OTRPNR L1ARDTT TN 2ORXAI MR LDOUAMWIR ODINA 77 N7
— DX O PR ,AYWw N7V RIRY ISR OR N0 1HWw noIonm Lavwa N2TYY 3p000 YA ,wnta Tl
XY ... NP 55 90 Xy NN T AP0 LR 3D 110N DR 7oA 010 B0 wpn DY yInhh 2°200% 1maN

...nNon ®Y QYD AR 72D IWYNOY 0 ,NT2RPna 19°0% SRANRY ISR 2 von F7-1 wpn by nxonhn

XTI PR DWW OYIXPRA AR PN TR0 YIX0A 07D N YRATY MBS0 MPU0on YR MP0Dn 93T 019K
72VR% NI YR AWIN AP0 maw ,MPPoD 12 "mann" ohn X9 13 Aawn v aws .disable interrupts

TP 7002 Yo 070w *197 712 Hovh

mpeoow 79 Lif 9377 5w 12 AR N P2 ,0°0370 0% IR NA0NNaR INwn 1avnt L ISRTn Ao anx®

.enable interrupts X177 72w HW NPT NINT .AMWOIRND W 710

(am) IVTT ISR ‘,\’I

;71 X7 ISR 5w *5501 m1ann

proc ISRname far

iret
endp ISRname

ARMPA °10% NI AN 12w 2PRT PR AT NAIND AW NARIT RO — ret NP wd RO iret=1 nTips
W ,MIRT? WORW °DD 2737 WO DR O3 MNW? 270,01 pop W iretmw Ry ret=? iret 1a 97277 ISR

JTAYT OPW AT DIR QIARY ,ATRIND Y 777377 ISR HW 51737 192 20 1n

DpnY TIOPDY 1712107 DX DR 270577 TP RYT PWIY R0 D200 7avnn (R OV MIYY 0% MR 9RW

27IOP% 112712 NAIND IPRY YT R TR ISR KXW 13K oW 1071 7wt

2 onex7 25575 0 122 nva® 9190 A7 9901 .MIPd0Da N AR TRY 1901 AT ,7907 WO AR0D 937w 702 2Nl

TP DR 112N0WD ,7RNTY AW 2on RI0RaT TIVA 07 A°007 K1TPD A1 IR
int 21h

.21h 7901 7P°05 IR NIWH TX XY Tavnb NI
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,01370 17207 11D 7avnn 2000 NPWO N2 19212 N2IN3Y 370D T90) 213N NIROND WA 72yNT DY

AVTx Interrupt Vector Table nRapa 11 7920 .12 wR 19X 70nww

0 voow 0 vamoa X0 IVT-1 n>nn .o°na 1024 %> ,Double Words 256 v 572 a7av ma VT3
702 o°n2 3FFh) 1023-5 0 12w Mo DR 09N N1 N2 ana wian X IVT=0 — mank 2072 1R 102712
.(7om

M7Ee 256 5w manaa mkena1 VT2 21795°12 Do Ap o9 190n IR o3n? 7avnt anw IVT-n R
Twn 27nm ISR 50 v09IRT X077 ANWRIT 727107 .0°9°) CNwn 1207 nAnd 9o .2 ISR, mpiooa mvounw
nvaaR .0h 9von apos Hw ISR Sw nainaa o IVT-2 oo1wR0m 0°n27 nvanR ,ana72 79 ISR 5w vanaon X0

XD 791 1h 1oon pvoo Sw ISR 5w n2non on Pk o°Xa0 2°nan

NAND7 RO IRINTM 472 009910 ,AP°0D;7 1901 IR 2 ,aana mwes ISR Sw nanaa an nyTd o1 o
DY WAl 7ayna 12012 84h oipnh nnaanen 21h 3000 nnT SRR YIoph IR Tavnaw ISR YW noron

.21h apoo9 Hw ISR v1¥°2% 11977 12103 1KY 17 2w ,2°02 AvaR X1, IVT -2 12100 Renaw ,84h

Nnainod
L P
4 Oh INT O P
3h Divide by O CsS
4h INTL | ~~_ cs
7h Single step
8h INT 2
Bh
Ch INT 3
Fh Breakpoint
1KByte
4xN
INT N
4xN+3
3FCh INT OFFh
$ 3FFh

17272 Interrupt Vector Table=7 /7222
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DOS mpsep

T APYOT N2WR D0 NNan 7109y manal ,Disk Operating System Hw xp ,DOS 75v977 nown

Windows 735v57377 n27vn >775Y 97017 IR ,DOYWNN DUW VAR TV 79Y90 MOTYn 02w Tuhw

MINN — NPEPPYOR 1A% 2WNNA T %07 P NIWRR RO DT 1A .00 2PMPW 117 NPRon 195 N3Yn
20T MYS NWAY DIpRAY LNPIPOIOR NIDNAY N2 ATV N0 XU D N0 awnan ¥ OOXOW Dopnwn
0°2°37 NI WANWR? MI°IXW NPXPI9OR 192 MWANT DY 03 7 D210 .39V977 NIwnn MW 2apn ,aenn
7717 2097 D Myt ooyTrw oY ISR Hw A0IR X 19910 no3nTIn A9V NOTYAY 0712700 TR L1097 3T IMKa

Ralhhlv7g

.2Fh-% 20h 1aw mp 0977 n1u — VT2 2w niaipn Doon 117an DOS v o'ISR'™5

Interrupt vector Description

20h Terminate program

21h Main DOS API

22h Program terminate address
23h Control-C handler address
24h Critical error handler address
25h Absolute disk read

28h Absolute disk write

27h Terminate and stay resident
28h Idle callout

29h Fast console output

2Rh Networking and critical section
28h Unused

2ch Unused

20h Unused

2Eh Reload transient

2Fh Multiplex

IVT -7 702 DOS -5 mxpww 0220077 1w

9YDIT N2 HW MW XNIW Qv 93 NV LI9YD NOTYA S MW NRood nYTanw ,21h X miprooan nnx
72D NOWAY 2PMTWE 93 DR YEAT DAR 71910 NP0 DAY WweR TR .int 21h 51w omhy Rt vea Som
NJYN 7N DOYIPY 20RTD 2002 A NMIR int 21hH RMP NMIRY C105W X0 gWwns 217 N

1%°awa yXan a5vonn

.01 MR MKW MW 20 DX o1 ah qwo A 0o %00
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WHRY DMPWR PO W NATIoN anw Rixnk 19010 http://spike.scu.edu.au/~barry/interrupts.html “nxa

950 NIA0MA PO MR .2 MWD TR 207 2XNnn — ah — mwi 7P nRY int 21h 5w 7500 nvenka 7aph

mov

int

ah, 1

21h

NP2 DWW MY DR P AT

AH=1h — nopnmm an nudsp

219 ."1" Mpn R ah 1N o°w1 ,nTopnan N RR Sw Mw int 21h natva 5aph 1o

.al 7% wu» X3P na

*52) 32h ®Hx ,2 700 &b al ,"2" hpn wnnwnn oX 372 7921w g w ASCIHET 7w nR 0o almw 1oxh v

©
®
v
L 4
&
*
®

W O

2" nn 5w ASCII3 77w RI1aw L (7017 79202 MR WORY

Regular ASCII Chart {(character codes 8 - 127)

616 »

a17?
a18

a19 !

020
#21
#22
823
824
825
826
a27?
A28
029
a38
a31

(dle>
(decl>
{dec2>
(de3>
(dc4>
(nak>
(syn>
Ceth)
(can>
(em)
Ceof)
(esc)
(fs)
(gs)
(rs)
Cus?

a32
A33
A34
a35
a36

sSp
H

837

a38
a39
840
a41
a42
043
n44
a45
a46

04?7

A48
049
856
a51
852
@53
a54
@55
856
@57
a58
@59
860
@61
a62
663

WV I A VO~ JONAMWONE®

a64
@65
a66
867
a68
a869
876
a71
@72
a73
874
a7?75
a76
@a??
a78
a79

>w

CZINRU=~IOTIUON

a8e
a81
a82
@a83
a84
as8s
@86
a8?
A88
a89
698
691
a92
a93
094
a95s

St/ N X 5,0
0D 3 XM O A0 Ty
VAN XS CEO R QT

D

ASCIIAT 7Y DR 1311 P07 RO NP2PAN ARN100 TR0 Wnwnnw NNR 7790 93 IR ,2 wan 20 altw 01

sub
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:al 29w ASCII=7 97 DR D@ wnanwnan 1N NupYw N°12IN° nnT
IDEAL

MODEL small
STACK 100h
DATASEG
CODESEG
start:
mov  ax, @data

mov ds, ax

mov ah, 1
int 21h
exit:
mov  ax, 4C00h
int 21h
END start
BADOSBox 0.74, Cpu speed: m... — "~

[[ 1 ]=CPU BC486

cs : G0 BBOOAC

(ASCII 37h 732) 7 17 08 pri7 wones7

al 0% powiT P
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nTopnan I bR i11.1 5370 /

A0 2173 ASCIH 77w w0 0 ArRY NpTI2Y 201N C1W DUPY NI ANy K

27y M2 R¥n1 ASCII=T 77y m192) 77902 12177 IR NPT NTPPRAN N NLYIPW N1 AntD .2
(9-50 raw ASCII-n

TIN% N9 Q150 NX NAWMN NPI9INT N1N90 291 OXY ,NTIPRMN 2N AIWY NUPY 111N 120

s

(ARDD2 wnnwi :o°w) DL o

TWO°312 MAWN 7790 IR 7790 MR V2PN N°I2INT .MND0 4 12 1D NUPW NI 12N AR T
M50 471 MIAD °12 2°1D0AY IPIT ,NPINNT DR VWD? 71 .2pNAW 100N T DR WD 7Iwn IR
NS MYXARA N°I0N7 DX 2037 101 (025073 vop>> 250 150n: 13177) 172nnna 200K oy WP

P e 307

AH=2h — 7on% 1n noo7n

%17 MR MR N Ax dl 73021 2" 7pn R ah 7102 0w ,70n° 10 nodTa Yw mw int 21h narva aph 1o

:58h x31 19w ASCII=37 7pw ,'X' 107 DR on? 08777 73 N7 5w ASCII=T 7P DX X ,0°070

mov dl,'X' ;' same as: mov dl, 58h
mov ah, 2
int 21h

.110DTY MWW PN N TR al Hw 107y IR Tawn aposn

P2 NIRTIT 20NN KPR oY 00N 0°0°0T) 2rRY ,0wmw ASCI g aw oonp

T2 0 A2 ATINY MR R¥AI 00T LW 9w hna m —0Ah — Line Feed w ,10 1p .1

ahivah]
Mwn n2enn’ nmo e —0Dh — Carriage Return w13 p .2

WA NPNNA 709N DR WA AW D70 1Y WORD 19RA TP 1w DWW a171°%0
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IDEAL
MODEL small
STACK 100h
DATASEG
CODESEG
start:
mov ax, @data
mov  ds, ax
;print x
mov dl, 'X'
mov ah, 2
int 21h
:new line
mov dl, 10
mov ah, 2
int 21h
;carriage return
mov  dl, 13
mov ah, 2
int 21h
;printy
mov dl, "Y'
mov ah, 2
int 21h
exit:
mov  ax, 4C00h
int 21h
END start
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B DOSBox 0.74, Cpu speed: .. — &

NTASMNBIN>tasm ~zi putchar.asm
urbo Assembler Version 4.1 Copyright (c) 1988, 1996 Borland Internatiomal

fizsembling file: putchar .asm
[Error messages: None
rning messages: HNone
1
[Remaining memory: 466k

NTASMMBIN>tlink ~v putchar.obj
urbo Link Uersion 7.1.30.1. Copyright (c) 1987, 1996 Borland International

NTASMMBIN>putchar

INTASMNBINS _

Jom7 30 nooTA :11.2 573N /

JA'INT DR Jon? 00T R
Jalnn nx qont Tl 2
Ananx N HELLO' 7%9on0 nR qon? 10°973 .4

72,0 0k N L' WORLD! 390 Xy ,nnR 7w2 0 nk ' HELLO! a9n0 ok qonb w17 .7

Lnnnn
J7°12 721747 7907 DR JonY 70°0721 11190 PNW NUYPW 1IN 1A .

— %W ARYING OX INWRIA IV 2W N0 DR TONY 70°0711 MDD DY NUAIPYW MIN 2D )
TR DI°1 12°0 100777 ,N°2°%W RO NYAPNAY ARYING OR STV LIRYING 197 D197 11°0 007N NIOINT
NG L7 WM 5 RO ANWRIT 77907 — 72077 .N2ApNnY 77907 DX 1007 ARXINT DX 10977

JIWRAY SIWiT 90MT 12 WD DX T2 IR 017 0°D7TN L WA 1R N WK ID0ATY RYAN
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AH=9h — 72> n1yam nooTs

nR 20977 ISR-% 12°077 1) '$' W2 nnvononw ,nMann MDD 0TI 2°2°0X MR oY NMNR 09977 07D

SN2 .(...172°17 92 09T NAAR — on? 709717
message db 'Hello World$’
DT W BODIRT IR dX INY 230 191 INRD
mov  dx, offset message
P09 DR DPD91 11017 TP DR NN P71 N
mov ah, 9h
int 21h
NMMAT 02 7MW DT
NTMAM TIN2 77P27 NN DR PTAY RO LW AN A2°00) 77w 7097 02w NNAND 21007 A Auw
message db 'Hello World', 10, 13,'$'
SANT NION
IDEAL
MODEL small
STACK 100h
DATASEG

message db 'Hello World',10,13,'$'

CODESEG

start:
mov ax, @data
mov  ds, ax
push seg message
pop ds

mov  dx, offset message
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mov ah, 9h

int 21h
exit:
mov  ax, 4C00h
int 21h
END start
B DOSBox 0.74, Cpu speed: ... = F

NTASMMNBIN>tasm ~zi putmsg.asm
urbo Assembler Uersion 4.1 Copyright (c) 1988, 1996 Borland International

Assembling file: putmsy .asm
[Error messages: None
rning messages: HNone

1
[Remaining memory: <466k

INTASMNBIN>tlink ~v putmsg.obj
urbo Link Uersion 7.1.30.1. Copyright (c) 1987, 1996 Borland International

INTASMNBIN> putmsg
ello World

NTASMNBIN

70m% NN nooTa :11.3 92370

mpos -11 o

/

wanwamA 790 NP Y 'Enter a digit' :7ymian nR Jonk Ao 1N s X

0971 ,97% 0 12 7790 WRW N PIT WANWNT OXY 72,0700 9°Y02 anandw NIoWNA IR 12000 .2

"Wrong input" :on?

TANTY 02w DR NN IR 7W L AWDI YT JON? 70T 1IN 12N

| like to write assembly code

Barak

AH=0Ah — 2"1n n1ama nushp

(Buffer) 82" X1p1 71 21Pn -2 NN NRAHRY a1PR N7 PR 92 TP TR L NTORRAR 01N NNANR 19pY 010

2°0°107 197 NRY .0IPPY QPIWORN MR V20PN 0°1INT 1901 DR 021077 7PN 19X HW NWRIT N2 7IN°

o0 wanwnawd .0Ah 1ph mw ah awrs Int 21h nx o°%°won 181 (dS-2 n°0m°) 19827 YW voDIRT DR dX TIN°

223



mpos -11 o

PR DRXY 21N 12°RY 1010w 2NN 901 DR 2°° 19R22 Wi n°an Enter-7 wpn By ya onn hpnb

IRDTY WISwR opnn

.DR27 R 0101 Enter Sw ASCII-1 71p o3 @

:wnnwnan ann 20 T DOPY 12N aanT

950mM1 SHRO0PRI OMINT 90N T°-2Y 2°01DN ORI NN 22N W %D ,0°N2 23 2¥pR UMK - 27 M)

:(Enter 5w ASCII-1 79 >7>-5v 0190 NINRA MM L2392 20103

IDEAL

MODEL small
STACK 100h
DATASEG

message db 23 dup (?)
CODESEG
start:

mov  ax, @data

mov  ds, ax

mov  dx, offset message

mov  bx, dx

mov  [byte ptr bx], 21 ;21 not 20, the last input is ENTER
mov  ah, OAh
int 21h
exit:
mov  ax, 4C00h
int 21h
END start

2WANWAT 7 7Y DINAW 1OPLT YW Ton DX T
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B DOSBox 0.74, Cpu speed: m... — ~

NTASMNBIN>tasm #zi read20.asm
urbo Assembler Uersion 4.1 Copyright (c) 1988, 1996 Borland International

read20.asm
NHone
rning messages: None
Passes:
Remaining memory: 466k

NTASMNBIN>t1ink ~v readZ20.obj
urbo Link Version 7.1.30.1. Copyright (c) 1987, 1996 Borland International

NTASMNBIN> td read20
urbo Debugger Uersion 5.0 Copyright (c) 1988,96 Borland International
ello world?! —Barak

momopnan v P73 R ,14h wRaa noan .ds TIn2 MIRAY wORw 93 ,message manwna nwl uopud
,VTIN NIART N0aT .enters 210,519 1010w 2nna mnd X1 ,130 01wn nvan .nawRn 10w aonaw

.enter Yw ASCII=7 79 X171 0Dh 199w ,2°%% 5w 12°0 1m0 axw

B DOSBox 0.74, Cpu speed: m... — “

= File Edit View Run Breakpoints Data Options Window Help
Pl BMBp—————

Fl-Help FZ-Bkpt F3-Mod F4-Here F5-Zoom Fo-Next F7-Trace F8-Step F9-Run F1G-Menu

2°1N NN Do i11.4 5370 /

NI717A MPMIRA 2100 DR TODb 10°9TM (abc) MIvP DPNIND ,wnnwnan o°n 10 v ﬂU‘?WPW N°1010 1an°
(ABC)
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(*PD2> %1 %D 11>TIP) V9D VYR -0°MI0N 02N /

SVI97 D2RW DRI AAOWAR W DX TR Y ANEan nvon ana :11.5
SWIN AMWA 27Y 10 IMK % NTORRA 77210 NYPw n°1anans :11.6

(!17wTn D150 — 7 92) NIRAT M DX 0 PV 0% n°1on 1an (11,7

sfesfeoskoskok 1 stesfeskoskosk i sfeskeoskoskosk 2 seseskoskosk ) sfeskeoskoskok N
skeskoskosk skesfeseosk * % seskeskeoseosk sesfesieseosk
skeskeosk sesesk * * skekeoskskosk sfeseskoskosk
sk sk % & sfesfeskoskosk sesesieskosk
% * sfesfeskeoskosk sfesfeskeoskosk skesfesieseosk

:DOR27 20NN PW X0 DR T0nT 9V A08nT nh1on 1ans L 11.8
ABCDEFGE....Z
:M?Wo 721 NN ANy :11.9
LWIR WP DY YT U9PR A0 .NT9PAN 1 29W 90N NLPY X
.Jonn By obw q90n Naxah .2
ST 77977 001501 Do) TV 1I7P% WOW Q1IN 190) DR IRNAY 29w 1501n Nuhp A
.70n DY YR 2T YW aaRas LT
STORMA VTN APXA 1N 93 M NTIPRIN IR Wpnn DY 8190 7Y 1N 90K N Nupa ntaon A (11,10
Small letter, Capital letter, Number, Other

N*I9N7 5Y M A0 %I R N 9o o1pna Lo TR RTRan 20N S Bw A% nupn nhaon an :11.11
P01 2 TV WHRD MYV DY YD DR LIORNA AV Y - 19 08 "12345" X7 TIPR ORA P17
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AH=4Ch — no1onm Roxs

MTTHY MN0IY 2°XAPT DI NADY NINT STV 01BNw N1 Mt nax 4Ch 1p av int 21h75 axap

al 5w 127w PR ¥12p% MA1 .37 TP N2 al N2 M i DR Y50 N2TYARY a°ayn ap09 19 11D .01

007 MI2IMT TP MW M0 DRI NPINA NPUITIVD AN 109 LAMDRAR AR™N0n MIONM 372 DOXD
:base.asm

mov  ax, 4C00h

int 21h

(mamm7) AH=2Ch ,AH=2Dh — nywn »ow / news nROMp ‘g

55 %5 "5nwn MR 7ayRR 00 MU R0 — 7avaR 200N DN ITRONW SOmI 2997 Ovp Tavng TeY
v 1/18 1w ox anon X1 197 .77wa ooavs 18.2 7wa WL, (aw 0.055) nvawsn

2 W Lint 21h -n P50 ,DOS Hw M wa wanwn? WweR NYwn IR X1pR 010

:2Ch mpn nx
mov ah, 2Ch
int 21h
1IN ARIPT NRYIN
Lcln2pnyr mpn - .ch 12 pnyy nywn -
Al vy wn nrRn - dh % pnvr s -

721 ,0°°0Y0 W DR ARIP OR 00 .0vIweon 55 90 1 1Tvnn 3w DPRD T 90 20 mw @

ST INIR DR 22p3w Nea 2120, nawe?on 5571 nns 172y 1980 MIRTpa

npop .ah=2Dh 77 ay int 21h-% a8mp MyenRa ,pwws 2w 157y IR V1ap° 1% worn DOS v qou mw

DO 0PIV 0°IWNIT DR ML SW 17 NR YaP N I

DMpma e povr el - Dwwane poyyrch -

SR neRn e pove dl - s o pove dh -

270M7 AYWS NODT 0T DRI — THAT2 N°10N
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DR 7702 TMTRIN02 WY WY1 191 NRY N0 9w 107V DR R1pY 070 int 21h-2 nwanwn 827 1h1ong

.Jon% amx 7o 977 Moo Yw ASCI 7ph 0 wooaiaw o°o v

: Print time to screen
: Author: Barak Gonen 2014

; Credit: www.stackoverflow.com (printing-an-int, by Brendan)

3

IDEAL

MODEL small

STACK 100h

DATASEG
hourtxt db 'Hour: ''$'
mintxt db 13,10,'Mins:  ''$'
sectxt db 13,10,'Sec: ''$'
mstxt db 13,10,'1/100sec: ','$'
savetime dw ?

divisorTable db 10,1,0
CODESEG

proc printNumber

push ax
push bx
push dx

mov  bx,offset divisorTable

nextDigit:
xor  ah,ah
div [byte ptr bx] ;al = quotient, ah = remainder
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endp

proc

endp

start:

229

add al,'0’

call  printCharacter
mov al,ah

add  bx,1

cmp  [byte ptr bx],0

jne nextDigit

pop dx
pop bx
pop ax
ret

printNumber

printCharacter

push ax
push dx
mov ah,2
mov dl, al
int 21h
pop dx
pop ax
ret

printCharacter

mov ax, @data

;Display the quotient

:ah = remainder

:bx = address of next divisor

:Have all divisors been done?

mpos -11 o
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mov ds, ax

mov  ah, 2ch

int 21h  ;ch- hour, cl- minutes, dh- seconds, dI- hundreths secs
mov  [savetime], dx

; print hours

mov  dx, offset hourtxt
mov ah, 9

int 21h

Xor  ax, ax

mov al, ch

call printNumber;

; print minutes

mov  dx, offset mintxt
mov ah, 9

int 21h

Xor  ax, ax

mov al, cl

call  printNumber

;print seconds

mov  dx, offset sectxt
mov ah, 9

int 21h

Xor  ax, ax

mov  dx, [savetime]
mov al, dh

call  printNumber
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;print 1/100 seconds

mov
mov
int
xor
mov
mov
call

quit:
mov
int

END start

dx, offset mstxt
ah, 9

21h

ax, ax

dx, [savetime]
al, dl

printNumber

ax, 4c00h

21h

mpos -11 o

0 :11.12 90 /

1907w 9% 2% W .1 77907 IR Jonk [0°0TA P NRYY ,0 77907 DR on? 70°0TAY N°10N 1A WK

QNOOTAW AT ,7ANTY MR DNRIPY ANIIRT QDTN I 12V RY PUIVW MY Janw DR vww

NPIWS 7Y 7292 nvawcon 55 anr pwwn v noTy anxb ,960 anon nrawrnn mind 0 71907 nR

0°°N0N MPINNT LAY YW 127 932 1T ORI NPIWM IRT ,AYWa IR Jon? A0°0TAw 1% 1an°
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Exceptions — ian nipoos

NISNAAW SNIDIMN YIVRA IRYIND NPV NWRINR exception Mon 200 IVT =1 n9°nna nIRENI 33T Mp o

ST MR 057 MIRNAYT 722 P01 AT MP0D MIXIP 17 1971 ,3°0 1R 993 7772 — 10X a1 K
3T NP0 NOUAIIX HYDIN ,OBRI P9I Y¥I1 OX

:R27T TIPA YU DR 7O 101

mov cl, O
div cl cax=allcl 1 ah=al/cl al=al % cl

25W1A IR PN R QWY MITIPDTA NAR 93 IR PP L7832 092 010100 DR Donph 0oh woR® 9721n0R:

.DDR2 PYP°1 W 3N NP0 HYDIM XY N NAINT X0
.int Oh X 09X 9907 7P 0D NXIPI ,0ORA P20 YW 1T 112900

DPAY IR LT MR T OW TR DR DX debugger-a umIR WRd X7 900 nPYDaY TIW TN
QU937 AR DY 10 DR TIWRW LA NRP0D RIT AT PIAA LTIPD 92 0IAR MIDING DX DR WY WD NI

Swnn" NTIPD NYaRD TV X0 DR XYL 1RV 501 31 AT ORW VT 725n .0°0A70 70002
.int 1h X7 ,772 798 N¥77 5w 11 0

mTPea DR Yo 7ava? o breakpoint 95 .debugger-n 71na breakpoints-a winswn X7 noou 7ma7

"Twna™ nTIPs N9aRh T ANy nveany X1 breakpoint f2 wow 7P nYWS Avaa v a7vRy 92

.int 3h x°1 ,breakpoint 13> 5w 11 7P

Traps — 712y npoep

NLYDIN 7AW 7777 .N2IINT DR 2MOW o1 RIT S0 MPU0D OIvw 1 NP0 MWRInaw ,exceptions-b T2

:7I0IN MPUDD QY T2 2°2W2 7277 NYTY X RY INIPYY NN 0D R 710N NP0D
;P70 90N RITW LTI IR INt NTIPD 22D
int operand
NTY
int 80h

W ,N2I0MN2 DO9ATI QPP NRY — 39 TV WY PANY AAT RNT 7I0INT NPO0D YN W YN IR IRON

ASR-7 0o nxoopy IVT-11 narva ISR-71 nano

DR VY2 AR DIPR7 YIDP° T2V 120N AT ITIPIAW X NISNAT OX 77 27100 MP0D I 5202 an 2awa

JNTEN02 WHNWTR VWD WOK - W N0V TP
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71910 NMIPPDD .NPWINY R 10N NP0 17K O°2¥N21 NTXIND WHNwa? Swyn XY Onaw DA% WUW LR 12Wnn
N2V X7 IN12 DU 33070 — 12w N°I9INY 9°2pna MEIw NN YW TR PO 1Y F19I07 NS 3 17 10
S MTITEMST YW M2 IR QYT KD RO ,A9V000 NIV HW 22MWA whanwn? X WY m10NawD 17000
S TPa oy 7 PW 71000 IR 2°997pR 1177 O 1T PV DR INDY 209107 110 NPUTIRCD LAYea Noawvn
77071911 NP0 7w MMTRINDT DR 77°7a0 72¥577 N2vA D02 197 Pwyn RY 17 XD PaR ,9vD0 NoYvn
IVT=m 71010 nPooo? R1TP% XIT MWYS 150 719107 IRWIW 772 93 DY .7I19R°2 T 19X 11701 oo nx IVT-H

1237 20 130w TR DR "Yepa! ART 120

.Trap 21n3% %1 827 w2

(7ama) ISR nasns T
"\J‘

Hello ' qon? 09777 ar aww Xmw an 2w ,Trap 2on vwd ISR 21001 ISR n2avna »25w DR o377 °10
'World

ASR-7 n2°n0 — 'R 2w

P ISR »mna
proc  SimplelSR far

iret
endp SimplelSR

.DD777 2% MR N VTN DRI ISR arom

DR 03N 7017 RITW X7 90 D19¥ 72N DONR Liret-7 nTIRe nR K12 39908 ynnnw 2% ww
J10°P2 WA YW n ,omR PO opcodes- nynian

proc  SimplelSR far

iret
message db  'Hello World$'
endp SimplelSR

5w 0323071 7770 dsSTaw 797 MRT? TR ARMPR 21971 ,ah=9h X7 nann 09w 7pn .int 21h7H aR0ap a0

DI W voeIRg 7770 dXT2Y Nanan

proc  SimplelSR far
mov  dx, offset message

push seg message
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pop ds

mov ah, 9h

int 21h

iret

message db 'Hello World$'
endp SimplelSR

ISR=77 2% MTIPD *92 @3 AR *199 10D I 200 2¥) ¥ Moaw o7 e mTpd ISR gron

JTOR AN F0OWAY AR TIXW 113 TPON7 KD 3919¥ 17 DRMPY 1710107 DaR 7w

proc  SimplelSR far
push dx
push ds
mov  dx, offset message
push seg message
pop ds

mov ah, 9h

int 21h
pop ds
pop dx
iret

message db  'Hello World$'
endp SimplelSR
ISR n2°n3 nX 1o
IVT-2 ISR-7 n2n> n>nw = "2 25w

AVT-13 70% ISR-1 12102 nX 7°0177 0°2°7% IR, 120 AVT-1307-59 90m a7 X,y ISR-nw 15
X7, DPn2 XpNT Wnaw 12007 ((OFFh (255 opn ,IVT-2 panra opra ISR-7 120 R 70w ana)
napn v IVT-3 021, wwwaw ISR 5w nand >71-5 0190 WRw 23pna 19w ISR-1 DR 7InwH 0017 1nIRw

(?21h 1pna 1w ISR-7 DR 290w 1170 120K P 07 R -12w0T) 2710
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M Y Mw Lint 21h yranw o mocwa wanw: 1w wna ISR-1 5w nanon nk IVT-2 ;e 1o
ISR-7 n21n>1 ,al 72 nva® 7°ax ap o9 9on IVT-1 0% n2nd 0°1on AH=25h 71p MR 1po% ooRknna
MW7 MWD DR NYYan MIXAT 7Pn M .ds:dx 7Ina

mov al, OFFh ; The ISR will be placed as number 255 in the IVT
mov  ah, 25h ; Code for int 21h

mov  dx, offset SimplelSR ; dx should hold the offset of the ISR

push seg SimplelSR

pop ds ; ds should hold the segment of the ISR

int 21h

SIRDA D710 T2 .07 Ik int OFFh-5 X795 27 11 axw: anr

IDEAL

MODEL small
STACK 100h
DATASEG
CODESEG

proc  SimplelSR far
push dx

push ds

mov  dx, offset message
push seg message

pop ds

mov ah, 9h

int 21h
pop ds
pop dx
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iret
message db 'Hello World$'

endp SimplelSR

start:
mov ax, @data
mov  ds, ax
; Plant SimplelSR into IVT, int OFFh
mov al, OFFh
mov ah, 25h
mov  dx, offset SimplelSR

push seg SimplelSR

pop ds

int 21h

; Call SimplelSR
int OFFh

exit: mov ax, 4c00h
int 21h

END start

ISR n2>n> :11.13 937N /

729 M LWIAT N DR J0RY 09T TR IR T9vn a0 hw ASCI 7w al 7ina Sapaw ISR s X

.int OFEh amporn »7-5v Doy xnw

:7omY 00T ax, bx o wosa 1w Yapnw ISR 1an

%]

bx-nm,maxox'ax' -

ax-n M7 bx ox 'bx' -
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oM an ok 'SAME' -
.int OFOh 3797 >7-%u Hyoy Ryw 797 177

ST IDIR IR -2Y907 CUPNIDY 71957 PN

M (1791 7P DOS MPP05a Wi WY MMNTEIND) 7 TV WTAPW MPOY NG DY 7911 RITW 2°30n0 y¥a)

.0°1DX MX°DY O°10X HY 1yn 7191 770

/

MIRAN ¥12P PAIN2 NREAIY ,NOAR NIR NOPMIA MR 22 12 PPNy 91X RIT 1T 191X LA 1908 Y 18P 120772 Pl

7¥ 191 € MIX2 noomin b Mk b mIRa nobmna MR -1 Ama P DY A 19X et (AT pran) npnn

fdw 7922 noomin cat 32°n77,3 Prana AT 19N ,ANNTY LA NN NHYMIN WK ,Z NIRD DOV

PRWI? W1 AN NN LTI PR 9D DNMAT DR A1DXMY AT PRONY ANAMA N22pRw AMTEI0 120

Rahi7iatabl

719X 00N Y Hpa 70 o nrkin Anna Karenina X993 9907 JInn PRI TN 030155
MY MoAW 797 27 1WA IR NIV ININ WD .PI0D 120 K9P MIVP NPNIR OV P X2 21007
JIRXINT PW 709772 22°9Y PR a3 DNONRT 10 DR XI1XR? 22°9Y Hpah o3 731 ar 1200 JU'$ o e

DX VOPYI DX TOn? 10707

all happy families resemble one another every unhappy family is unhappy in its own way
all was confusion in the house of the oblonskys

their employ and she declared that she could not live in the same house with him
and wife but also to all the members of the family and the domestics

and the domestics of the house of oblonsky

the wife did not come out of her own rooms

the husband had not been at home for two days

the children were running over the whole house as if they were crazy

the head cook had departed the evening before just at dinner time
the kitchen maid and the coachman demanded their wages$

the wife had discovered that her husband was having an intrigue with a french governess who had been in
this condition of things had lasted now three days and was causing deep discomfort not only to the husband

all the members of the family and the domestics felt that there was no sense in their living together and
that in any hotel people meeting casually had more mutual interests than they the members of the family

the english maid was angry with the housekeeper and wrote to a friend begging her to find her a new place

TR TINA NI Y0 DOAYD 1 7T ,N1NAMY N NP TN 120

T A2WD LIDXWAT VOPYA CTYIPA N2 PR MR 92 VDI DAY 73 179°0 ,aN2AN0W JNTXINOT NMVEARD

MR 95 M2V ARING DX TON7 10°977 .NTN MM NROPI

MRAIRT 7OWAY NIPTN MDA DW 7920 MYRAR QDWW DPITAN TINCI DR N92RAw 71173100 10
,IANT?) MDA 7OWA NPMR NN MNP DY 7220 DDA LTIDXIW NIRRT MIRG A0 A audhnn
oNInaw voPLY 220w 27 MW (M2 9.1% X T NIRT .NODART 79w nrmRan 12.02% X0 E mka

112202W DUTINKRY AN 2°217P DUNIART 70 NV R
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Letter
E

o »

N &« O X X" < @ T ® £ < M OCr oI xxwvw Z

Frequency (%)
12.02
9.10
8.12
7.68
7.31
6.95
6.28
6.02
5.92
4.32
3.98
2.88
271
2.61
2.30
2.11
2.09
2.03
1.82
1.49
1.11
0.69
0.17
0.11
0.10
0.07
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21259

.NP107 APIYD YXAY 0N 71000 N2 WRIA MDY WOR TRN ROW 70 DY ,MPpiooa TMIXT DY 12000 10000
53 0P 2237 YT DR 2Onw 1119012 7van L IVT I 5, mipiona 71ovuh g7e1ea LISRT By 1171% 101 N>
D'ISR'-1

N 5 aUYR 7130 MINY MY 11X 2wInwa 227pn IR 137p0 .DOS mhvonn noava Sw 21h 00 By 13T

AWnna P NI NYWIN YW DRIPY DNAmAY N YW 097,010
AVT=2 R ooomw R ISR 2°2ms R ORA
NP0 YW NMINW NN NPOY

(Traps) m>n mpos -

(Exceptions) i mpod - -

.27 P92 vo1 L, (Interrupts) 77mIT MP 0D NP0 YW NINRT 207 7Y
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1
Iy

(72arAn) A mpron — 12 pao

Nian

N DXMP ARNTY AN 02090 DI M mws myzanw DOS mipios niepw 11RT NP0 KWa 1p0ywa
TV CIPNAR VTR TR TORWA IP0Y XY LART AV .Nrwnw DOS mipios mnoa wanwia? 1T 19 1 NTIRRn
T7A DR PRIWY NV PRI AT P92 22WMan P22 N DYDY DR NTYRRN Y WRR ,aRATY TR 272500 DR 1

AT CIPNT QY WRPNn 7avna 0aw

7791 1R DRT PR 07D

.72V DR TN NP 0D MIYAR T IR ORI NIPO0D IR 31T — 7110 MP0D YW NN -

.09/ 09R YIpNa DI ATV ownawnaw 1121 oTnrn ok — /O Ports oot -

MW 222777 NP0 N ,NTOPRT DYIWD MTIR UIDN 7 21PN 211 771y DY mwyn TnaTe v ,1on R

Rivalaln g

NToPnN PW D00 T VTR DR -
BIOS mpropa wwmw -

DOS mpooa www -

Interrupts — amIm nypPooD

0% R P10 2°IPNT . (°P0) NOWHT YW L7120V ,NTORR 110 DO ST CIPNTR WD U Tavnn
ORI AT QOPITR NNV DY NITY IR V2987 DI LNTOPRT DY X007 D1AR 2100 301 VIR L300 MR
5Y 72097 HW 205 DR TR L7077 IR 0207791 NT9RPNR IO N IR DARY ,ANATY — Tavan T8 MY 20w
D12 K7 72V — WRIN 00X °ND2 1R DOVITRT 9D L7200 NN TONT DY DAY AYWa DR 1DTY0 IR 7000
nYTY 7120 XY 73007 IR ANDW 1 O3 .2MN TORY WANwRT 23 AR NTopna DY aXnh 7°00 onn wROn 11009
TAT 7112107 N2V DPNRON DAIPNIN YOI YT PR LT 0K LPOR DN 300 IR 7R AT AR RN

hisal

YT P1N9Y MW W DR

72V7 DY O3 7000 L, WRID T JATY DR L) Auwa .PoIIing — 2201 DRAPI ANWRAT AT @

WY OR PTIAY, PRV AIIXA 1PN AR JPNA N2 Taven 0 .wIn yTn 12 W aR T 1N 92 nhRw
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212°F W1 173 LPHR UMW PRna X 7mIna 1pnaw X Polling hw 1o (7o TRR AW ,70mIn mipoon
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77 ApYPW AT 71PN 1PW 10NN YW APPNS AR AW 2°Ipn LY 1R D19V 1 219V onaw oMpn
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PON %P> 72UNAW 797 01AN WOW 7I0NT D0 MW TR o0 7 R? 10w 0000 W R 722 Ny

YW DX WMIRY MR MPWD7 XYY 791 *IpNn NR°T20 a1 Nwnwn
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NI 23PN 230 AIRTY 092 PR 17 VAPIW TPN DR 70 IWD 7290, UDT0IR WA
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DT MW DN AOWDD) TN ANY , NWT AN NIRIW TINT T D00 TN 10 w0 TN — Interrupt nz

NN 72°007Y

— "poro" IR ,"DP7A" W 7YY OhRwn MR 0 D190 AR 7RI 237,70 000 UKW 17 WO TRbnw 1md
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Pin Diagram of 8086
GND 1 40 T Ve
AD, +—, 39 [ AD:
AD,, 3 38 [T ASs
AD,, €4 37 > A/sS,
AD, *—|°5 36 >  Ai/S:
ADy 6 35 > Ayp/Se .
AD, +—17 3 ———————*BHE/S,
AD; <+ 8 8086 33 —*MNAX
AD; ] _
P CPU 2
¢ 10 31 ———— RQ/GT, (HOLD)

AD: g RQ/GT,

— HLDA
AD, *— 1, 30 s 7( )

20 > LOCK (WR) _
AD J—
: — 13 % ——————+5 OM/10)

AD: gy 7 — 5 OT/R)
AD,  +— 15 2% 5, DEN
ADy ¢ 25§ —————————QS; (ALE)
NMI — 4 24— Q5; (INTA)
INTR +—— 3 23— TEST
CLK *+—19 2 e by
GND +—1{20 2 > reET

8086-7 72v» 5w 2°10 NYUNT
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PIC — aoup KT 9pa

Dapn 7AW 2300 DAY LDPUOTVIRY NTVYAY DR 930 7avn? v ,808677 Tayn Hw PR IR D2

7 23PN PW 27 79017 MW NP7 D19 T2V AR 230 DITYA TR LPOR DNWRY 22PN 7on DOUOT0IR

Programmable Interrupt ,2%WO WIRT P2 K17 AT 2237 A0 TN 270 TIRA WHINIRA WINW

.PIC mxpax ,Controller

- INT
CAS 2 SF/EN

8259A PIC Microcontroller with all pins labled.

.8086-7 72v» oy A712v5 wrww 1070 ,1976 nawyn 8259A o7y PIC Sw 7m0

WK ,07737 8 9371 702 L,IR7 7w IRO muamonw 229307 .07 Yw 9o v PIC-% ,a11mn2 nIRTY woRrw 93
71 92007 8 7Y av Mavd Haon 8259A a1 PIC am®o .77 mmit 2907% nawpn nhR 719 192 DR 92
IR2 9371 ,0°0p0°7 11197 nhann IR6 930 ,nopnt nhann IR1 237 ,an»uh nann 1RO 937 — annTh apna

(IR2-5 o°y>31 12097 D°0DI0IRY TAT? 1121 MW TNX? 72K 717w 19182 K?) 125V2 n12In

Manae wor nva LINTR nRI21w 72977 5w 2397 98 1°onwn naamn 1 930 LINT nxapaw %30 ax v PIC-5
Sv IR1 937 DR nT9pnnn 121 9awnn DIRT LNT9PR0 DY UDIUIR 7AMT N2 ARl JUDIUIR WY 21701m2

.8086-71 72vn YW INTR 9377 nwoanw LINT 9372 onwn R &0 PIC-71 ;72100 .PIC-7

—> 12dY

— N1
L—— o
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TR VORI NIRRT TR VOIVIR 1I7XN JUP AT WO 12DV NTIPRN DY 1XAY — AnnT? 2901 09TuIKR
ORI .0°D011 O°0DILIR O0IM NT2PNRT 2w 1DILIRI 2OUN 123 TAVAT 1AW AT WANND 122V VIIVIRT 120N

2"712°RY 72" 220V YW VOIVIRA

ay %W 73172 .02 178K aMIR MW TRINN 92037 55 5w 2Pu901RT IR 191 PICT .07 1003w 95,10

7501 12w 2372 N PIC-7 5w 0n .120v0 2w 09TuRa DR 72vnb 02y PICT 079000 W uoTurRT 010
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(7anAm) M mpoos =12 pd

T2 PIC-73 5w na ,mp oo a8pa 70y mo%n K2 72un7 oK ,NRT N IXp O°3AT W52 AT DOUD0IR

TIRY 199 oM WTR 2UoTurR MWL apn PIC-H 1770 KD 72 nvvon 37IP17 7Y JORNM

55-1n 101 12 0pow 0K 123N 1ORT1 .00 55 90 avw 1107V mw 00 ,No0Yni VY — DOUIRCD 1AM
72V YW AIPNT NP0 TIORD 1D 10AN DOUDIWIR 1A AT INRD LINV0T LDIWIR DR YYD NrIwsn

wanwn

I/O Ports —u9n / ubp 1o

v PI2°T oY NMWRNY MR DWRwHa ,7ava? i oonws (buses) 0097 R NP0 awnng 712n MTIR P02

121035 M2°12 12 9o axnew — address bus — ovayni 09 AR 3P0, 172 1090 / vhp 2o

71 2217 09 NP1 80X86-17 NRDWR ,1NN°TY AWAY Whawnaw 0°IvnT 09 DY 011 .2°IVA 0D 1w W TavnT ,awyn’
O3 O°197 7721 °2°07 OV DTIWPNR Wawnw N1 DR LI 02007 oy DYWwpnh wawnw ,vea 16 572 770N

.(Input / Output 5w 1x°p) 1/O w075 / vop 11107

:0°%727 90N BYARY 27NN NI AV NMWPND TIRA AT 7% N7 /O 1ot av nwpni

.(Port) w2 nx1p1 1/O 17172°1 Hw nano
(o°v19 64K 9377 702 w0 m192) 7292 v 16 -5y naxrn /O T hw nandy - -
.0ut™ in MMpoa ownNwn ,mov NTps opna -

Mo naY ,mov MTpd nnw?) 1/O=5 5w 2°19m1 09 5¥ M2 17728 out™ in MTMPOW AT 71pAT 0D -

(112177 5w ovavan 099

172°7 ApnYn iN NTPD .uMER 72°N3% Nwawn out NTIPDY ,LTIdA ARIP? NWRwn in DTPD :in, out mTIPD

0719 5R al W ax™a N2 R 797 97132 1207 AP nYn out N7 .al W ax BR 0°v107 KON NP2 IR 3907 HTa

;in, out MTPo2 VMBI VoM W 7N MYW Y W -
.7292 25571 0 12 RIW °RIN2,07977 79071 DR DAY MY o
.dx 0o 02 ownnwn v o1pna ,255 HYnw 0INa KD OV WPNY 0O WAIR OX PYPYa o
:NPIN NINAT 72°027 MY
in ax/al, port
in ax/al, dx
out port, ax/al

out dx, ax/al
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(marn) mmn mpos -12 PR

:25571 1P 1190w v 21 ATaYR in / out MTMPoa WS AnaT

in al, 61h ; read the status of the port
or al, 00000011b ; change some bits
out  61h,al ; copy the value in al back to the port

— TP2AN2 RO MWRT (D10 VPPN PIDYIWI ,TWHNA IR IOA1) LVAND TN MIDKR WDPWY 20T NHwn
SR DIVLOT DR TN O°2MDY 0’2 710 12 2w LIAWHI B9 HW 0I0L0S DR iN NTIPD MYINRA 2ORIIP MK
.out NTIPD PT°THY N

:25571 9173 1000w 0N DM AMAY TNT
mov  dx, 300h
in al, dx
07977 1501 DAY dX-2 WRw WA ROR MW POR 1197 101 &Y ,25571 D173 0711977 900nw 1o

.(Device manager <-n°1on w19°n) 01PN 2ian? 012°1 :NT2PR OY NYWPNT VD NROXA — N7

Y Aasn N yap
el madnles

BARAK-PC &
IDE S ATA/ATAPI P2 G
(USB) D12 IN M1V PrOX P §
pwm T 2P M @&
T PR 5
wix pwnn wpnn B
nown upnn
(LPT -1 COM) i 37 &
(Communications Port (COM1 "F*
(Prnter Port (LPT1 "F"
D'PO'T D g
DVD/DmIOpn M b
awnn &
o™ omveon &
oravn @
nopn =~
Standard PS/2 Keyboard —
nyn nsnn ¥
nasn nxnn B
OMNN AWAYN 9PNAI MDY P
ooy K

aMa1 201908 T2 .(Properties) "oorvoRn" ana1 — v 725y By WP NTopna IR 1a03 27PN i Tina

.64 v 60 YD VT NTEPRI QY WPNR TANAY MRTY 17 . "Darwn"

rd '1"9xN

[7nun na1s 2| 0°3%00 | pong | ean z2mn | ez

Standard PS/2 Keyboard &=
andard PS/2 Keyboarn

0PIRWN MITaN

mTan AXWN N0

0060- 0060 U23/07R N0 ==
0064 - 0064 W29/02R NNy ==
0x00000001 (01) IRQ ==

- NI AMsn

TN o NTOMMR MITIN] UNnon

0NN 0IPNN ANu
- [nmwann e

01 WK
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(marn) mmn mpos -12 PR

ok drirdohy

aRTRPa

1722 WIWY PAT NG N2 TV NTOPRa WRn DY AWRaT YA DVXANAw m9Wwon DWW DX 0191 T pona
7T R PRANT ,0°7272 770 MWV 70,201 072w DR D19XIw 2190 . 72vnn

.Scan Codes X1p1 731 ¥7°1 .2°wpn YW 0w 22Wwpn O¥ Mwpn — v1on nage nopan L1
.60h LMD 12712 Y12 VND R PRYIA TN YOI VTR 7avna 2w 1/O-1 173717 nawpn nTvpna L2

2TNW TR 9K OX ONIX ANy 60h von scan codesTi X NHDINX LuDLIR L,IMIN NP0 .3
Type Ahead X1 nTopni Sw M9Ra7 5w awm 9h R VDIVIRT SW 1NVON .NTIPRAA YTNT NINYD
.Buffer

N9 3239 NPHOXDD .77 211 1YY DR 772 N W0 U2R0RA NIDNAY SN ,MPP0DT RWIIY KI2N2 1ITMRY 1D

M TS 27T WY v
AW DWPRT Y VTR DR 92p% 9awa nThpnn Y voa i mavwe 1avh L1

P9 MOWRIA I8P 7IP0Iw ,P01R Dw 1N n2an X BIOS — namn) BIOS Sw npoooa wnnwnh .2
M2 ¥¥2% 1% nnaw 16h 190m 7200 @ BIOS-H (731 °2°97 OR Wp XIT TOpONn TR .70

NP0 MWD — N NP 113 — NPT I MW

D1 ATAYA RWNA NIMI XY DMwRn pYR Ion 20w ,21h npoos ,DOS bW npoopa wanwh .3

NTopnn

20 P19 ,Art of Assembly 1902 71277 IR PORYaR Yonn .NToPNRT RWNY 7272 2N¥AN D207 1001 LY XD

.(n72pn)
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(marn) mmn mpos -12 PR

Taynd anmhywy Scan Codes naoxs

WN NTOPRA WRnI AW DY ¥R wpn v Mnw R i 9o av 7p PIC nww L2007 we nhpnan Jina
alt, owpnia Y 79932 7377 172 9720 W LI 2OWRR DW O1Y 0OVEIA 1MIRYD L7077 — 79PN 32VD N0 TIRG
5w MY aXonh Hw MWD 7793 19IRA 1A07 719778 NT9pRn 190 LT anwhw Sy axon 17ab control, delete

wpn 93 Hw e

X790 TP — DT I NT9PRa wpn 9% W 19aua .scan codes DRIPIw 00 Tp Nhaw STOTHY YRIan a1 1n°on
,80h X177 9w nxon? Sw scan code P2 97207 ,aR3T 72202 MIRTY WKW WD .up v i1 down
TN AR 192 2°Y12p DOIRWI 2°027 N ,nwa 17 axona 0 Sapn scan codett Yw 7 190n 11 e

(21w 2NN P2 12m0 2°INWR TR) 1N IMKR YWY

Key Down Up Key Down Up Key Down Up I Key Down Up
ESC 1 81 [{ 1A 9A , < 33 B3 center 4C cC
1! 2 82 1} 1B 9B > 34 | B4 right 4D cD
2@ 3 83 Enter 1C 9C /? 35 B5 + 4E CE
3# 4 84 Ctrl 1D 9D R shift 36 | B6 end 4F CF
45 5 85 A 1E 9E PrtSc 37 B7 down 50 DO
5% 6 86 5 1F 9F alt 38 | B8 pgdn 51 D1
6" 7 87 D 20 A0 space 39 B9 ins 52 D2
7& 8 88 F 21 Al CAPS 3A | BA del 53 D3
8* 9 89 G 22 A2 F1 3B BB / EO 35 BS
9( 0A 8A H 23 A3 F2 3C | BC enter E0 1C 9C
0) 0B 8B J 24 A4 F3 3D BD F11 57 D7
_ oc 8C K 25 A5 F4 3E | BE F12 58 D8
=+ oD 8D L 26 Ab F5 3F BF ins E0 52 D2
Bksp 0E 8E it 27 A7 F6 40 | co del E053 D3
Tab OF 8F " 28 A8 F7 41 C1 home E0 47 c7
Q 10 90 o 29 A9 F8 42 | c2 end EO 4F CF
w 11 91 L shift 2A AA F9 43 Cc3 pgup EO 49 c9
E 12 92 \ | 2B AB F10 44 | c4 pgdn E051 D1
R 13 93 z 2C AC Num 45 C5 left E0 4B CB
T 14 94 X 2D AD SCRL 46 | Ccé right E0 4D cD
Y 15 95 C 2E AE home 47 c7 up EO 48 c8
u 16 96 ) 2F AF up 48 | c8 down E0 50 DO

| 17 97 B 30 BO pgup 49 c9 R alt EO 38 B8
0 18 98 N 31 B1 - 4A | CA Rctrl E0 1D 9D

P 19 99 M 21 B2 left 4B CB pause E11D

scan codes- 2°1n n5aw

2995 1982 .81h 7P nmows one ESCHi wpn B e ,1h 1p nbwh o11an ESC wpnn by axen? e
v wnanaw 7°hana 1R L0eTueR oy 70 scan code nmhw Nkt wpn hw Mnw R axmh S awe 9

NTOPAN 2V NN
wpna Hw Manw / axenon Hw scan codesi nk 60h v119% vayn nTpna kYN gm0 Ll
N7opnan vonurR IR1 777 7apn PIC-7 .2

Nt RY7 5y91AW VOIVIRT NIRRT YW QP00 YT WO TAVNT IMRY ,Ld01KR Tavn nw PIC-n .3
.9h

.9 vo7urRa Yovnw ISR yon 7avnn ,0970rR? 72Ny 4
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(7anAm) M mpoos =12 pd

(mno2mornw Type Ahead Buffer-i) 111>°1a 970 o1pn o) scan code=n npnyia %oun ISR .5

.0v0% yan 77anm end of interrupt 1200 PIC-2 nw 7avna ISR-71 0¥ ovoa .6

Type Ahead Buffer ntopnam qoK8a

23NM ,INR NP2 R1T1PW STIAw ,scan codet nX np1? nTepna 7ok 9h vourka 1y Syomw ISR
'a' wpnn DY YR wanwRaw 701 .37 MR 20Xn0 1 owpn 7w 19eRa »on ASCIES anann LAASCI TRt amx
TP DR 1192°P , 001707 12w XY L'a’ wRn anw ASCI mp 2 wew A na 0 anana L shift wpnn oy 1
nX npY? ISR-17 .0°n2 »1w 9o 902 ovooinw ,ASCII code ax scan code a3 117 v »woy .nva 732 ASCII-n
77182 773n ToRan . Type Ahead Buffer ,n7%pnn 1982 owa 1175°12 312p TR 9R aNIR PP nvnT 1987 0°020 1w

1l ]

99827 WRI oY yoaxn — 0040:001A oo -
99827 217 HY voaxn — 0040:001C opon -
(words) o?» 16 — 0040:001E oy -

0°N2 °IWH NRAMINK 79P0 2w DWwn) NP YW MTRa 16 T3 PUIa 9127 R ,I9R2T DT MR WORWY 11D
2219 ¥728 WRI? Y028 WY — 293vn IR K17 19827 2MT70pa 16 ank 3p an .(scan code, ASCII code —
X177 ,99K277 2w 207 REP TN 0K .2-2 19R2T 237 YW 700 DR DT RIT 07PN UDILPR AW avd H31 0w

293V7 DR 7AW 79D ORI NRANY TN

AP nynw ,BIOS npooo “mir L1982 2°1I01 ROXIT0 ARITY PNIMD WO ,I9K27 22101 0213777 ARITW NIMD WO I3

.272 79R27 WRI Y7282 DWW 197V DR 77911 ,1°0Y Y0281 19X WRIW 2PN 1ORTA VTN DR

DR QTP NARITY NT2P2 NP°0D ¥ .2°2°7n 16 1971w S23vn 917012 19R27 DWW 2117 X "q717" 99827 SW WRIT T
Mynawna 22317 DR "ewn" WRAT OR g7 a0 WK 5w TIvn DR 7P naR1Tw BIOS npron wy 21t Hw 7vn
12930 R POTVR NTOPRN DY AT9R0 01171 WK W 7Y 19307 PANYI OR 190 XY 19RITW KO 10 9P
YRR 2WTAN 1WIND ,0°NYD 7277 NT9PRN OV YInhY 0°012 ank1 ,avIpn 039w noIong akw oY 2% avd anaw
SY P72 oonyo 15 anwpn ,nTopna D92 DR aNRYMAY 993 31 20Topnt v aThpn Do oy jaxva vy oob

.I9R2T DR NI RS BIOS1 5w 270977 ,0pn awnanw 92321 (2317 DR NPy WRIT AR 779p02) NTopni

TDRIATW IO? NIRT? PRI NPT AW RIT ORI MPAIW AIPOAY YOAT? 2T RO LM 7P07 93 DR NI 172°07
Y02 WANWI 7Y ,MITY TR 1 537 .NT0RRNR 22WIR 210 119P7 N919°7 DR O°7ANM NN NA0R — KXo 70 KD

i
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(7anAm) M mpoos =12 pd

L0 par ASCIHE Tp2 7937 n7opn Mwpa? MR MW NIwIw 5w IR DR P00 NR L, 1Pwoy

NPV MWD SNW 2PYRAA TR IR

NTOPRIA AN YW ARMp -
NTopna bW NoRaT 1 -

np oo Ny BIOS npPos nrva ,nTopnm Sw 2'0mom 777 MY — MY Mo w wibwa 1981 Mo Nk 8N
.DOS

NTOPIAN DR 2D v

bW arg m? Dy R¥A1 W ,NTORR0 TIN2 R¥A1 TR . microcontrollers ,7amin 22007 1w Yn 72 72ven ,a0xpa

NIRRT QY 712V2 2PAMYAY 20D TYDY DI 720

QX107 021101 o7°°2 @12 .NTRPRn v microcontroller-i 192% 7avan 172 nwpn wawn 60h vo L1

NTopnIn Doy scan codes-i R 11 WY NI,

My an°’a 0°°avn on .oxa me YW microcontroller-i 172% 7avnn P2 nwpn? wawn 64h v 2

.60h v192 scan code v axk nYTH WK 1977V ,77P2

DAR 7T 0D WY MWW KD NPT MTOPR Ny W ar ,64h v119 1 7apa v ® 61h v .3

(2977 D175 D 7YY AXIWI) TWNRTR VIR YOI 1971 W 12 2O PITYY 2PINR 770 22000 DI

:(D10VD PR POTAN PIWA 1°277) NTPRAA WM N VAT ok 64h vI92 pTIaw TP

in al, 64h ; Read keyboard status port

cmp al, 10b : Data in buffer ?

10NN — NTOPRAN WIN YT W — TRV ORINDY TV X ,AR197 0°15737 1001 710 TPA DR

WaitForData:
in al, 64h
cmp al, 10b

je WaitForData
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(7anAm) M mpoos =12 pd

:60h LD — XXM YT 1AW DI AR VYA ,NTOPRAR W VTR WOV 1IRTAW NRY

in al, 60h

.2-2 N79pn WRI ¥728n D17 77OV MR VXA 071,798 IR0, NRT 25w 220

95K NR 0PI RY MR 7 7072w 27 v .pn?1 ESCa wpn ok ap72 DT0RR MTORn NuoR — nA1T 1PN
MDA o7 ARIND 21T DR WP 920 WRIT RIT N2 — KM 125 19K27 00 15 InR .379pa 92 Nk nTopnn
19973" 722 AR?M 1677 oo .oo1n 1571 mnpa 12172 7w 90 ,ESCH 2197 1179paw 0°I0 Ton? 10971 171N
77V MR 60h 01D 71 MY 2T MR 9732 ,R5D ORI AR O3 JPN2T N 2O0°R AKRY "TIRD

.IDRAY 0°0121 K 20 077 72K ,0°WTR 2°9N R1pY 20700
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; Use keyboard ports to read data, until ESC pressed

: Author: Barak Gonen 2014

IDEAL
MODEL small
STACK
DATASEG
message
CODESEG
start:
mov
mov
WaitForData :
in
cmp
je
in
cmp
jne
ESCPressed:
mov
mov
int
exit:
mov
int
END start

252

100h

db 'ESC key pressed',13,10,'$'

ax, @data

ds, ax

al, 64h

al, 10b
WaitForData
al, 60h

al, 1h

WaitForData

dx, offset message

ah, 9

21h

ax, 4C00h
21h

; Read keyboard status port
: Data in buffer ?

: Wait until data available

; Get keyboard data

; Is it the ESC key ?

(marna) i mpros -12 po



(7anAm) M mpoos =12 pd

SNTASMMBIN>keyboard
FSC key pressed

SNTASMMBIN>012345678901234

N79207 998322 1w oonn 15 27,000 1570 0 170w s
J1I0MNTD INOXT DY JonT 1097

,AANTY N0 IR WP DY IX0nY KO 20 OR 03 ROR ,NT7PR2 Y011 wRn AR PO RY NTY 020X IR o nvvo

SDPRI AN OY NNoNY WRni DY IR0nY0 Qv 729007 J0A1T -0N1092 10 1317 09X MR WK

80h Hyn X171 scan code-i7 aR: P 72 P01 -TUR MW IR 7R NP1 DY 00N NIRT MWV N Y

a7P07 1% 18,80 Sy X1 7w OR L(Wpna M mzd)

and al, 80h
.DBR 797N IRXINT NINXR 0K TIRW 7IRLIND 502

N7 TP N

; Identify key press and key release

; Print "Start” when a key is pressed

; Print "Stop" when the key is released
; Exit program if ESC is pressed

; Barak Gonen 2015

IDEAL

MODEL small

STACK 100h

DATASEG

msg1l db 'Start'$
msg2 db 'Stop'$
saveKey db 0
CODESEG

start:

mov ax, @data
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mov ds, ax

WaitForKey:

;check if there is a a new key in buffer
in al, 64h

cmp al, 10b
je WaitForKey

in al, 60h

;check if ESC key

cmp all

je exit

;check if the key is same as already pressed
cmp al, [saveKey]

je WaitForKey

;new key- store it

mov  [saveKey], al

;check if the key was pressed or released

and al, 80h

jnz KeyReleased

KeyPressed:

;print "Start"
mov  dx, offset msgl

jmp  print

KeyReleased:

print:

254

;print "Stop"

mov  dx, offset msg2

mov ah, 9h

int 21h

jmp  WaitForKey

(7anAm) M mpoos =12 pd



(7anAm) M mpoos =12 pd

exit:
mov  ax, 4c00h
int 21h

END start

BIOS npsopa wnsw

D9R2 "1™ (TP OR) T2PITW N NRIP L NTOPAN 28 NPT o 2090 17 nin 16h oon BIOS npros

(2101 PR LPI O DRI XN 7D NT2PN7 95K DY 2377 VAR WRIT YIARD W '1?3153) nTopni

7P nX al 7ina g7vmn apoon .ah=0h mp oy 16h nx o°%°von ,nTopna 9982 JINn K27 N7 DR RIPY 070
95X N7 DR "Apan" ap0d7 A2 17w scan codessi nX ah i1 7oRan wrna X g bw ASCII-n

.272 79X WRI YW 100 1R 7Y

D°X1 MR OX 791 ARXIND .INY 791N AP°0D7 — I5K22 NN N PR ORW X7 0 P00 OV 7m0 7°Yan

JTAORNA R 7727 377 79°0977 , 1AW SW 370D Jannna QW ROW priwn nion

N v ax 0 — NTOPRT W 0IVVOT DR 7T AR 00, A1 Aapna .ah=1 Tp av 16h fp osn nR 25w X1 N5

a0 w scan code~m ASCII=1 ooy nk 1972p° ah-1al ;1w n we ar .o n PR ar 1 ,axmph 1om
2117 WORA NP9 NW

(Wnnwn? Mon2Y AT IR MXYY 092) NIRRT YT W M YT -

ITPAT DRy -

NTOpAn ORI DR NP -

N7
WaitForData:
mov ah,1
int 16h

jz WaitForData
mov ah, 0 ; there is a key in the buffer, read it and clear the buffer
int 16h

:NTOPAI 9K NP1 N9OINA - ESC TR0 ax aRX™M NTOpn MT2PR NY9P X1 03 VYN AR 121N

; Use BIOS int 16h ports to read keyboard data, until ESC pressed
: Author: Barak Gonen 2014
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3

IDEAL
MODEL small
STACK
DATASEG
message
CODESEG
start:
mov
mov
WaitForData :
mov
Int
iz
mov
int
cmp
jne
ESCPressed:
mov
mov
int
exit:
mov
int
END start

100h

db 'ESC key pressed',13,10,'$'

ax, @data

ds, ax

ah, 1

16h
WaitForData
ah, 0

16h

ah, 1h
WaitForData

dx, offset message
ah, 9
21h

ax, 4C00h
21h

(7anAm) M mpoos =12 pd

DOS npsop2 winsw

al=2 Iww 7va PR RO — TANI P20 NYEan IR LNTopan YW 19XaT nx apan ah=0Ch 7P ay 21h mpoon

TPP09 ,NTOPN ORI NP1 NRY — 10 Lal=7h [2 menT ARN1 UMK LA 7pn oy int 21h gxm | qunaea

:MPIYD SN DOVEIN MR 7T 19INA .TONT Y N NODT KDY NTOPNIN N YR YW R Xiw ,7h TpY 11avn
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(marn) mmn mpos -12 PR

WANwnan wIn N noop -

1opw 10 Yw ASCI=a 7ip Rk 900 al 7y avoa
:2"17 MWD DX VEAN K37 TP

; Clear keyboard buffer and read key without echo

mov ah,0Ch
mov al,07h
int 21h
M0 PIW QAW NRT QY .N1ON MOWD NIPHAA 72 P00 W T U 37avh

OR PNMYA NPAY 2120 AT .Wanwnan LHR7 oM RO AT IR TIDINAW KT L1PORD 102 INvT WK 100

) risii7alath amlalhighty

ASCII 7p XoX 70X N2 57132 9271 7P RY X7 anbw ASCIH=n ipw oonw oowpn 2I1wsw KI9,°W5 Poon
TXOI AR LT PR 00X WP AANTY 10D ,D0pnwnY DWW TIRD RPNT 19X 2OWRR .0°N2 W 972 200

JPvaa o — ASCIH= 719 By p°72) IRMWsT OXIN mMwys

n7opn :12.1 230 /

opna Rymw Type Ahead Buffer-in 5% scan code-n nX pnyn niopnn 2w ISR X
.72v77 1112°12 0040:001Eh

TDm2 021017 IR X7 ,(@0kNan 7P oy int 21h-2 wnanwit) n79pnmn I DRMPY 1°121N 120
NR 10°1077 ,0%p N2 .type ahead buffer-i Yw o na 113012 Mwa wy step by step 2xma
27w scan codes™1 nX type ahead buffer-awem 'a' i

JPIWI NNTNR Wwnawn wasd 2owpn 0N awnn enwna .2
W=up -
A= left -
S=down -

D=right -
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(72rm7) mm Mmpoon -12 po

Move " ,"Move up" Jon? 097 ,wasd *wpnn R Wi O .NTopRD APTRAY 001N 1and
MnT? >72 .27 "wYn XY 719300 — ONX wpn 90 .X¥n n°10na ,Esctn wpn wpin ok LMoY "down

.07PY 73NN NPT DX DR NAXIWY APRY 7R°002 WANWwa ,awnmn prwn
20X YRWwR PIP0 0WIDY M RAT TP A

in al, 61h
or al, 00000011b

out 61h, al
mov al, Ob6h
out 43h, al

mov  ax, 2394h

out 42h, al
mov al, ah
out 42h, al

:290%7 NYAWA DR 2709772 2P ©°1127 23 K27 TR0

in al, 61h
and al, 11111100b
out 61h, al

290X NYAWT DR 72°097 WRRN IO OYY 08 IR WD WRn PR2IW YAN2w N1 120
DPI2INT W0 YT WO OX LNTYPRan W ¥R w1 aR 21727 072 16h ap 002 wanwn nh1oni (10073
TP YU YD RN MINWT WX A¥nYY oXnn scan code-n ark 60h v NaTva p172an

9087 VAW DR PP0DAY TP YR IR 9 Ynwnw
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(7anAm) M mpoos =12 pd

21259

,PIC-7 XY 7mIm 23pnima 719005 mIptona TR w5902 anb i2UourR S IR Tnvha 29 DR 1°0n0

.72V 1A% T CIPNA P2 WP NTAY DX VXA ,0°097010KRT P2
TN 020071 DR VTR AW Dapn Tavan 2377w PN2°Ta MNP oMK ,2°uND Yy 117ab

T°2nn7 IR 11701 scan code NAXY NPT DY aXmh Daw 13TA% .NTORR — ST 7N 20572 11TpnNa 7102
mxanT X7 . Type Ahead Buffer-a ,awnna 1173°12 vow n79pna yrziw g D27 YW 1002w 97 00N

WY AN NIRRT DI 7YY
64h~1 60h ,nTopna >w oovNea " 7w My -
int 16h ,BIOS mproawww -
n7opna 1oR2 M1 ,21h ,DOS mprooa vy -

.0°077 PLPPID N2PNIY TPV DPRYWIA PIDYI K27 P92
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260 oupedh o9 — 13 po

°VP>1oY 0v%0 — 13 P

290 SUPIED Ran

MMWPW 27 PUNNON W TIW WO 12D 00T N2I0IN2 21w SWIIRNT MG 9O DR DM TP 0°P192 1°0° 1T
SR ,DPWYAT 7TV DR DONTPNN WAIR PWOY I8P 072 7Y 2RV N0 OV POV 12172 DaR ,°P2n0KR now’
2727° anTPY 207277 P2 NASWAY "nenonRk” 1910 2197 2390 MINTIIT X 0100 LRI DR MR
RIT ONXY 7991 aRIPY VPR AT PI9A AT DR TN 20T AN DR 2121 ONRY WA 000K 201w
m2°0 "NW 972 NP Onxy TIRHY NIRRT SNWRI D207 NN P01 KPR QORI DR R9A 1DIR2 NI0DY 1nNn IR
SWn P9 On% WP 21MW LRI PRIwY MDY MWK PR TR 7D NIADNI WYN 17200 ,ANWRYT NIV
2P 0°2°7% QNKRY YT — TNV 103NN 72 372V NTIXY 200K PO NRON RO TOIWT 12°077 190 17°DR I Onyy

.0ONEY MO NIR 172791 179X ¥°312 1R won? 03°9y ,ow X

2190 ¥R NI

ONRY 0°7272 P72 TPRNTR 1IN 0,71 P9 NXMIP 2197 BRI 1INANY YRR 23170 BPPD ONTNA N30 OXA
92 DX TSR TUIY 039 W0 aRY ,jA1MD .OINK 2ORUNIA PI0OYA AT MIAD WORWN BRTIIR DY TIavh 70 20X

ST TIRY R 239 AM9XY YRR T 12T — 2ORWIIT

WKy .7 Mw 2000 v 1000 5w 57 9702 27 270 ™97 217 .0oN7°12Y 3170 SupID SW juR RY 1A 0P
X7 UPID7 IR .027W M1 R DR D°¥An X2 XY 190,70 mw 100072 nnnn 215w vpt1noa 1217n
2UPIIO DR AND? IWOR TN 27 AT IPNY AW DIRXY DY 2o ankw 190, 7 mw 200075 Hva 8277

NPV NP RS

TTMAYAY R LPAWR RITW VPMIND NN PN .OONYT 0¥ A9Ww T2T 9O W A9 pYI0 — Dpnwn -

017977 1100 Y PPRw 127 ,NPRIVIK 0T 7I10INT NPV 97D 1721 NITAIN 0T UpIN02 MWY? TRw

D90 NYAWR 900 NPYDIY DA D20V W NIRRT DY AWRN) O1A1 090 OnNTY — O1p PIpeR -
TPXY MM AXOTTY 270 TIN 20V NIT) 10X L(WRIA 109 277w 1Y) AR N0 L(R003 W)
MWyY WoR NPNEH 27 Dpn WO RIT TXPIOR MDD 11N .05NYT DY 32w 127 93 IR (Tonn oy

02NN PIVnw an

NPYA SW 11900 R IPITIO PW OLAIIN PAND NN PPNR DOTIP PW W) AnNT? — NPANINOR NPYa -
YOI 92 DRW WRWA WPIN L0 Y2 MNDY 0711001 ONK OX — 112°0 WY T o) 2OLPM02 LMW Nvunnng

DR 7197 0°2721 ONR oK P 798D D°RWNIY 1012°NW ORTD ,T97 °R .DINXY MMDA 71152 127080 S0IRN7
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SHNMIMPRT YT 001719 TR DORWIID J217AW RYT T 1R U192 PN LLINLIRAN DON¥Ya YT 9O

TNV WYNW 0277 *01397 N WY WInw

107 7 P92 TARIw 00930
XAy -
T2IPD 7MW PP ARMP 008 oY ATy o
JPoa -
ASCIInn pva npoi vy o
T01% ©°%0P% NODTI NAVA APPOIA DY ©
BMP vn7102 mawan 5w X120 o
o -
DONW 077N DR NYAvT o
qww -
(PRW) AT DT PWWA VMWW o
ORIPR 0007 DXL TWWA VI o
wnnwn pwnn -
nIopnan OV AL 91 o
720V MITPD DR ©

M . -
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Q%X2P v aTaAY

Y21 NAOND

IMR RIIP? WOXR X — D0 MI) IXP? MR MNDY RIT PR R1PR 270 MWy 0°2°% UAIRY PWRIT D277
7P av ,DOS np o My¥nR2 X7 7P NND ¥X22 A0Wwsn 7170 L(...09°197 DX MND? X TP L0 RITwD

1077 7P°09% MWL IRw avnen .ah=3Dh

amnon naon — AL
7292 08P 0 -
7292001 -

M ARP 2 -
Y2 aw Yy vaxn — DS:dx
;T .02 0°N07 59778 PAP0 QW YW DTnnaw 2% mw
Filename db file.txt’,0 @

,CF 537 p27v ,axeaw anci ar .DOS 3%y nowvn >y 17 axpinw filehandle— nk 9920 ax %17 o102

:DOR27 DT TR DX 270 ax
RXAIRD papn 2 -
2mMpp xR N 5 -
JWPn NNk AR PR (12 -
T2 a¥ 72vY wnad 1011 oK AR DYTIT 09972 — XY ORY ,71PN 707 P00 R PI727 N nR? vhnmn

.D17PN 7I0INW 20, PWII W R NDnY

proc OpenFile

; Open file
mov ah, 3Dh
Xor al, al

lea dx, [filename]
int 21h

ic openerror

mov [filehandle], ax
ret

openerror:
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mov  dx, offset ErrorMsg
mov  ah, 9h

int 21h

ret

endp OpenFile
Yapn aNsap
:0n 7p°00R MWL X ovvnen .ah=3Fh 1p 7%y nyxann yapn axp
.mne 2%wa DOS-» uhpw filehandle — bx
1P DOWP2AN MMIRY 0°N27 NRd — CX

TR VTR PRYY PORY (779R) 7982 Yy ¥axn — dX

79217 077 NONR LRIPY %17 UMIRY 22027 MDY MW IR T3 NRR 200 dX S D7 b mw @

DRI INRY
proc ReadFile

: Read file
mov ah,3Fh

mov  bx, [filehandle]
mov  ¢x,NumOfBytes
mov  dx,offset Buffer
int 21h
ret
endp ReadHeader
STV AN OR IR TP R LPIPAN WIPIW 2°NAT MND DR PO ax ,aRvEa

S92 IR AANOW IR PO Y2IPAN RI1P? w1 00 20 MW

YaIP® 572500

07070 .ah=40h X7 Y212 72037 TIPR .79°12 P17 — IR*IPT N2WD 10 P12 NOXRNI YA 72°N3T NwD
mnon 2%wa DOS-n u>2pw filehandle — bx

.prn> filehandle »anR ya1paw v7ona 92 18 €x=0 oX 737957 .21N57 0°WPan MR ONIR 2°N27 NN — CX
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P00 OR YT PRYY anw (TIvn) 1982 5y yaxn — dx

STV 0T OR RO IR IR LPIP7 12021 22027 Nd DR PUT ax ,aRoxa

ax=5 aRoaw TP Y IR (CX=1, CX=2) 72°N> TWORAYW 2X¥N2 PIPT DX ONAND X7 OR 127 WW @

.access denied nmynwnw

proc WriteToFile
mov ah,40h
mov  bx, [filehandle]
mov c¢x,12
mov  dx,offset Message
int 21h
ret

endp WriteToFile

IR IR WANOW NRD P PAIPY 231027 w00 27 MW
T2 N0

D°X2PT 93 070N 705N NINAY N1 22 1mwn L,(@ah=4Ch mp oy 21h ap°09) o aRewn
5Y 7107 9211 70 XPW X7 012907 DAR 7072 2WRnNwn TIRY Q%2R MA0? 9932 172,70 O LAIND NInnw
JIMNOW D°X2APT DX TMA0N R? X7 ,77¥07 1412 7072 MPIAINT AR ,7RNTY 170 2820 IR 110N 070NN AROXO
LMK DAWnNG 2R L1007 ,0%aP) Ona DUWHANWR NMIRY O°NET 2°ARWH MA0Y (1NY? 20 9300 03 T

N 9OH O IR TP IPDW DOARWAT DR PXI? M1 MINK MINN T A7 (T T NIoIn
:RWT P°00% NN PARw 7 unon .ah=3Eh 7p *7-%v nygann yap o

.mnon 25wa DOS-» whapw filehandle — bx

proc CloseFile
mov  ah,3Eh
mov  bx, [filehandle]
int 21h
ret

endp CloseFile
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%2R DWW NPON MTIPD

DONW MMNPAY TTWT MNP 120 2pY Ny TINHH PRYIY MBI MWD YRIY 101 21w 2°TIP MVENNI

TNAY 3TW P2 ,007 WOTIW PRI 0K WIDON2 727 101NN DTV L, MW MWD Y NIRNAITA 2272072 227NN

assembly int 21h ' 5332 w9on T7HY 3P D3 HY 19777 RI¥NT 12010 .NHRWY 7YY 210 IR NIRNT L0207

V12977 TP MBS MTPIT NLIPW WK '...=ah

2w nx — AH=3Ch
yaw nponn — AH=41h

Y2pn N2 yoaxna nin — AH=42h

filewrt.txt — ma37» no1on

y2n nxk naod THello world' nmannig nR 10107 aponyn testfile.txt awa P> yap nnno a2 021017

’

: Write to file

: Author: Barak Gonen, 2014

IDEAL
MODEL
STACK
DATASEG
filename
filehandle
Message

ErrorMsg

CODESEG

proc OpenFile

small

100h

db 'testfile.txt',0
dw ?
db 'Hello world!’

db 'Error, 10, 13,'$'

; Open file for reading and writing
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mov  ah, 3Dh
mov al, 2
mov  dx, offset filename
int 21h
ic openerror
mov [filehandle], ax
ret
openerror:

mov  dx, offset ErrorMsg
mov  ah, 9h
int 21h
ret
endp OpenFile
proc WriteToFile

; Write message to file

mov  ah,40h

mov  bx, [filehandle]
mov c¢x,12

mov  dx,offset Message
int 21h

ret

endp WriteToFile

proc CloseFile

: Close file

mov ah,3Eh

266
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mov  bx, [filehandle]
int 21h
ret

endp CloseFile

start:
mov ax, @data
mov  ds, ax
; Process file
call  OpenFile
call  WriteToFile
call CloseFile
quit:
mov  ax, 4c00h
int 21h
END start

| testfile - Notepad
File Edit Format View Help

D

Mello world!
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iral-R T

SUTIRN VP NP NP1 ,905 2199 .0707) 2PINDR 039w N°15NY 021077 099717 100N W

T ORI LTONRT DY AW y7Rn 90 DR mww 1/O-7 110212 R uwew R P00 OV ATIava P0°0a0 v
A000:0000 12w 112°12 D i NR 091N video memaory=1 .70mm 001 2R Wwp X1 video memory X1pa

.BOOO:FFFF 2%

:modes o°XIPIw ,0°2%¥7 *Iw3a 7YY 9137 JonT 003

video memory=nn ¥y IR X1P% Poyw JonT 020137 2 Uk text mode IR 9Rwopy 23na -
2193 MW 25 0°57Tn Jonn 0°v1d LT 2¥na L(o°na 4,096) 4K Y7 B800:0000-2 P rinnw opna

ASCI nn 5w mminy 80

video memory=nn ¥7n1 DR X1P? POV ot 0007 Y2 NIk ,graphic mode W ;973 23na -
mw 200 o071 TonT 0012 LT 2¥»1 (N2 65,536) 64K 27 ,A000:0000-2 D nnnaw opon2

.0°%0p 0 Hw miny 320 5195

0725 WIPwh TonY 170977 77900 DX PI9Y WwoR

QX7 RIT AP0 OW 270 N2 237 ,DOSBOX 0o%ow9nwo) Jon 02013 D TavT 2% nYap — NWRD 25w

.(P2R00pY

.(F3m0 5 VAT RIAPIW 72) MDD 2127 J0n7 DPUIY D°W2Y YW P03 D130 — N1 25V

,92M0K2 2°27 TW 1D .video memory=a 11217 Dpni DR TpPDNNT IR DXXTAY WA Npnv — WY 25w

AR 77772 N2 YRANAD 77190 1 9D

X177 7170°17 , ML W IRWY N0M° TIRA 7791 07 7 .video memory'b MW Y707 DR PP Nva2 woR -

JTOR MDY TN N2INIT DR ARV 2wnD TR

X1 BIOS ,007°017% .mipPopa 17w P92 7P 1ona BIOS mipron .BIOS nprooh Rvph war -

STV CIPNAR NPom LD pwan 11 1M1 BIOS mip ooa wve w50k NNan YW 1010 NNo0

2107 19 R¥0 "20w ,DOS mipeooa wnnwa? weR -
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.graphic mode-% ayo1 text mode=? ays 025w YW DR PWIY 1°201

Text Mode=a npooaa

N NIWXARD AXMD WORY 0°7272 2237 K17 1991 POYa LOPY NAXAY VYA OYRILOPY 2¥D 1P IWHRY 113

TIND 00703 020277 AT wor ASCII nn oy prwn nrnxe nxp oy 17y LASCII

Tonn at 2¥n2 .DOS 5w STnn NP2 ATAva 280 10T ,unnne text mode amay 2¥n nyap — NwRY 2w

.0 5w My 801 mw 2575 phnn

| 00 4 .. R T p 0719 _.
IR N N N N
L I I I | T
IR K NNV S e
240 | i i | 2479

;X277 19182 7P°007 1RP .BIOS, int 10h np os mw¥nRa 179X Mav? 9011 ,text mode=2 o X¥n1 XY 117N OX

mov ah, 0
mov al, 2
int 10h

.0°217°W Y¥2Y O3 IWOKRY L7970 N WO — 09077 NW PWIY IR MWW 713 WO OWOHWM v 27wn vixab

ASCII nitmaa wansw

,°D12°M% .N2IN2 IR X 2MRPW 2N 2w A0 DATASEG2 2731 X7 N opn MRXIN N9V 228 70WwD 700w
7% include % mwys w1 Ly e 201> umaR ,DATASEG-2 mvwe g and R yxah opna

.DATASEG

:monalisa.asm y2p1 TnanT>
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270

monalisa db "-
db "-
db "-~
db "
db "

oupedh o9 — 13 po

02 $777 12°07 2% MWW AR TAYY M1 N DY 0T MWD NTIDMAY AR NNIAR 937 702 KT A1 PRRn

OV X117 Y17 0°1°21 1102 120 aNR — DNAnnAa

.ah=9h 71p ay int 21h Jon® NN NODTA W ITIPDT MYYARA ,NN2IM YW Y¥II 7017 [0DTHI DX

IDEAL 7877 DX 7107 wow 9% 2% ww) monalisa.asm yapn DX Jon? 70°0Taw TIXp N2IoNY a7

; Display ASCII graphics
: Author: Barak Gonen 2014

model small

stack 100h

DATASEG

include monalisa.asm

CODESEG

start:

270
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mov  ax,@data
mov  ds,ax

; Print string

mov ah, 9h
mov dx,offset monalisa
int 21h

; Wait for key press

mov ah, Oh

int 16h

exit:
mov  ax, 4C00h
int 21h

end start

271
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n a1 na? naw ASCIE Generator 30 71 nwxnka ASCIE »nn% namn 95 ionh  TweR

;7> http://sourceforge.net/projects/ascgen?

= ASCII Generator v2.0.0 - - [ IEl

File Edit View Help
i B sze 150[x [102 Fort.. @ @ D A < [H]|E 4 W

Ramp: MMMMMMM@@ ~ Auto

SIICTHEATEEETNTTT PDRS : ; PNINET 4
e

x ——tt et

SI000C Bns T 10
S ——l
LR

£ 7255a22I55NNE 51000
BNNIINORaIXNITITITTI NS

(53357067 7
XEXTXINCTEN TP rNT T

53 OO T TXT BB
s 2x7er
333CC
53220 3

THT T TXTIOOOEEEN

7 27
3c2azsarTrTer:

i HHHK,
TrTrl | MeoeeesCxxE3alis!
B e LT TESS

IANTY ,00NYY2 WO N, DR MMPRT AR wanwiT? 0v919° ank
" how to generate ascii art"
For beginners:

www.en.wikipedia.org/wiki/ASCIl art converter

ASCII Art Galleries:

http://www.afn.org/~afn39695/collect.htm

http://chris.com/ascii/
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Graphic Mode=z2 rpoo9a

79w TV DR MWD 001w TN TI0RT AT R P0PD .0°00p0 HY 1279 Ayl PwaY 00N Y 12T 0 TY
LSVGA 02719 DY 9271 MR LRI DROPI T0M2 2290270 MIRD LARDTA D DaR oK 1ma XIT Y0pD Jona
1207 DX NNY 92370 pomn L0020 Mmpna XXk 1001 a1 vao Yw apo Video Graphics Array v ep

PTDPR PWRIT

http://en.wikipedia.org/wiki/Video Graphics Array

320 %95 mmw 200 %o ,320X200 Hw o112 7PN BAIR L7007 NPT 1oona 7 VGA vno

.0°%0p% Yw MmNy

2 P92 0y 120an nrwyaw BIOS, int 10h npoda wianwi 17 %573 tnT1eh Mayh 070

mov ax, 13h
int 10h

0900 200320 Hw 733°0n5 115w J0nn 2% DX YR T P00

0,0 0,319

199,0 199, 319

S0P 92 awa .anana XY Mwpw vt 23 e ,A000:0000-2 o nnkaw rRa L,video memory=i ina

.50PD DW YR A1 ,T0 MR L7000 DY 19w 21PN A1 L9 2TIP (0227 CIW NYTY 0°00X 1M

A0 I8 2°007°0 Dw 210w N Va3 w2 Yo DY
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a7 70 IR NP2 OTTHY X D0p D DI PN W DT CTTHY ¥apl qoma Dy opeen hw opan
Y 71wa Sopeb waae 070 Ao 91 0:1 Hopeah mwp A000:0001 nvan ,0:0 Sops mwp A000:0000

2V 1PN NIOOTH 2091 X 370V 1501 DR 0°9°011 ,32072 7w 1901 DX 079910

120 ,INR NP2 0TT0Y AR YAXT 1901 ,12 2P0 WK VGA 027192 1R VAR 1Y AR DY 12077 DR pra
9901 92 7AW LR NRAY WO AWART 11N2°T2 .0°VAX YW nY1wor 256=28 13 27107 umIRw 1Xon .owa 8
n>av 98 ,RGB v 27w 256-n a0 7277 o°np .RGB — "wpa w ,Red, Green, Blue v 27%wb
video memory=2 1w m11 (772 M2 MYYNKRA Yag axH 700 100w 070) NweR 256 P71 700n 7nian
—0,0,0 071 RGB-71 »5ww — 1777 9720 — R¥» X171 aw ,0 2 n? 77nma nhan® 119° Jont 0915 .0 vax (non

N YR 0280 M9

standard -2 onwiw oovaxs 19X .standard palette nxapIw ,nLITIVO TORT NPAL WO AwnnNT NI

:palette

X7 standard palette~a o n»pn ooyaxn 256 71 79pna Wt TR 2917 07 72 DAY ,A1n0 1Y W nvh
nri ,standard palette=a ooyaxn 25671 pon 5y InN% WOKR LNRT OV .OYINAT P2 O1WT DR AX17 70 2pUO0n
palette=i1 R NIW? N°1 PR IR T L7300 X 09 WO IR 22INA2 aNIR 921,700 0081 D1RY

72IP% ok palette 2°onw bmp vr7192 PP YW YL MYNARD ,2TINT N2

Tom% BoPID NoDT

59192 727 MR MTIPOA DR IRN? 27 112 N1 ,7017 2°90P N0DT TINRD TAWY NIANAT DR 11IP0W NN
19 °19% .0uUt NTIPD MYENRA N°2 D732 027y 12IN7 0157771 video memory=5 nwia? vws X7 INWRIT MIWORT

DI XY MOPTNRIPY YoPIw 275 ,1172°12 XN 2P DR 2wn? P71 I

nX 9aph 1o7x apboon .ah=0Ch 77 ,BIOS npoos narva %ar ,a2ws anIR DR y¥ah X7 3Iwn MAwONT

Haphwhfakpielaplbhyl

yax — al

(0 nvi% %) Ty — bl
X nurTnRp — eX

Y nurTRIp — dx
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; Paint a red pixel in the center of the screen

: Author: Barak Gonen 2014

IDEAL

MODEL small
STACK 100h
DATASEG

X dw 160
y dw 100
color db 4
CODESEG
start:
mov ax, @data
mov  ds, ax

; Graphic mode

mov ax, 13h
int 10h

: Print red dot

mov  bh,0h
mov  cX,[X]
mov  dx,[y]

mov  al,[color]
mov  ah,0ch
int 10h

; Walit for key press
mov  ah,00h

275



276

int

16h

: Return to text mode

mov

mov

int

exit:

mov

int

END start

ah, 0
al, 2

10h

ax, 4c00h

21h

7097 507’0 Nov77

QuPMDY oy — 13 o

TomTRA POPOD DR YaNT T NRMP

umx .ah=0Dh oy 8P °Y¥an WK ,70%7n Y0P YW vags 7oy nR X17pY 03 12 naworn BIOS-7 npoos

,P°°10 PRIWR 02N WMIRY M1 — ARNTY .DOPIwna WY D12 12127 XOTW PN T NIWORY 77¥pR2 0N

2PN VAT T DR P72 OTIT VAR PP NNY WIWD 209107 MR L2 WAINT 1w WhIT ORT P1727 09X IR

; Set graphics mode 320x200x256

mov ax,13h

int 10h
: Read dot
mov  bh,0h
mov  ¢X,[X]
mov  dx,[y]
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mov ah,0Dh

int 10h ;return al the pixel value read

BADOSBox 0.74, Cpu .. - *

(CNDIN DYN 10°TI) PDIVONI NIV 2730 P

o7 By 2vab! amp Ny

ST 23 NRH 29919 UMK AWYAY) 021291 2P O3 NXH 099127 MK ,TONT DY D00 MNY DOVTY WMIRY Yaa

.(72077 77X 00325121 2P TN DaR

1-2 %7 X 97y av avo 93,7017 20p°0 [09DTAw TXIN0Y 2ORTIP AIRY R LIP DX INRD 20°027 11V
X~ 7702 03 W DWNT 109K 1P DR (01X 1P NXH 070) 172 T Y T oY R (PO P O°¥I 1NN OX)
X7 71 X — “Bresenham algorithm” 2332 wsm 23w X 2110098 P %% %% ank ox .Y=1 772 o

L7923 DIPNYNY NNy TS

Y=17 %2 391077 DT QYD D32 WRI LOPDIR P NIXTPW FNTINOY MIRTIP A0IR MYEAR NYEANA 1250 NR°

.N730M2 1NN 9P IR ,INNR YA 19 V13pY 1001 7IN? 21291 N9 ax1Y 070 .12 9T

BADOSBox 0.74, Cpu .. = ©

(7223% DAPON DTIR) YITP DPTORT TN, 030D 700 Dw X0
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BMP wramip2 mavan nRoAp

NNTAT) DOURATID DR NIRIAW AR TN 1WPW 719102 25WH %03 30KV MM A1nn XY opna oy
.M2°0 "nwn ,Bit Map v ¥p ,\BMP v 192 7PN umK M0 Sw 020 (20%2p2 ¥R NETY nhapn
O™IIW 7277 772 1LY woRk BMP y2p2 whw 021030 DR L0WD XIAW X7 TPIWT Y101 UMD RIAW RO AWK
N>R APANIRR TAERw 71037 JPG md ,200nR Dunme? 712 X ,video memory=i 0t oopnwn

histhby,

OV MY 5P vomn BMP on1n Sw 1invhi DR R 2771 ,10 *197 .BMP 2719 DR 27 713°pa Rn

SN2 DR .assembly” “read bmp file in w9 m mygnRa X1¥7H 1001 D°0TIDH 021207 .LIVIRI WD

www.brackeen.com/vga/bitmaps/html

www.ragestorm.net/tutorial?id=7

DR MW 207 BMP vno

YATIDA RIT YAIRAW ovxnw 'BM' oonnn o'k¥nl header-n n>nna .o°na 54 12 mno — Header .1
.BMP

Ton7 0°0OY TIYaw L2 W .(o°n2 1,024 5571 q02) 2°na AvaaR 09N yax 2o ,0°vax 256 — Palette .2
o aw BMP-3 5w palettemaw oovaxn ,(9mo-p1-o11R ,m2) RGB vn19a oovaxa nx 92apn
0°p1oh palette~n X WwuIw °19% DOYAXA 770 DR TIVAY TR 197 L(D1IR-P1-71m0) BGR w92

Jonn

Y2ax;3 7907 X1w ,255-0 72 9901 9791 717 102 LTI 1022 1w Yopl bopo 9o Yy ynn — Data .3
R 13 MR P°nyn datati nR aptl ax IR0 .a%ynt auabn maw Mwnw a7 v palettema
MR 2173 N 1277 22900 1901 P°onh 00713 BMP xap .nown mamn 9apl ,video memory-i 70
M7y 320 X7 oW S9n0pna STIATY 0°Xap2 POV UMK .72p% 7130 VGA v video memory-iw
.0°%0p*0 64,000 & ,nw 200 5195

320x200 57132 a1mn 19 WO 11 .T0n% 202N 2OVART R MIRTY 07D 11T ANy 1w 0°7273 9O DR 7am
MWa IR 9w BMP-w 11195 .(ORW 7872 70n? 70N 3X0W) A1NaNT w2 PWRIT 2000 DR 1% .0°00pD
702 1079777 n°22 X¥n1 X1 ,MO0KR 207702 (datama pwRan opna Xy Sopeon it ,BMP-a v ina o0

.(1079=54+256x4) BMP-71 ya1p

7RI ANNANT AW SRAWE H0pn YW YAvaw X LT 77 Sw mynwnt 0" X 107977 nvaa Twnw moa
n>nna oox¥e 0 op7Na vaxn v BGR-7 > ,palette=> oowai umx .palettema 0 op7rxa R¥nw

.54:57 onaa ,palette-n
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012°777 D910 ank AT pap b 075 .200 By 320 7132 BMP oy qon? [0 DROIP AR2T D217
NP 2°XAP PO MXOY 23 099127 aNK .O°RNNT 2T 7PN ROW 72 100 27 Nk naw'? Microsoft Paint=?

JTIDM2AW @973 DR MIWY 1970XN IR ,0%10p
19107 5V 9993 1207

902 DUWH TOX PARA R LPPT av DX NMawh o1 anx .test.omp awa yap mam nowna -

tasm/bin
ST PRI DR DN 1N -
.header-n xp1 o0 k> -
Jpalette=n xp1 o0 NRL - -

*72 BGR-1 %W 2°37wn 770 nX mwn nvaona .3C8h, 3C9h oovna qona oov1db v palettesn -
.RGB-% 1mx 719177

72 77 7702 video memory=h apnyial 3w Nk AW datati nR nRMp nong pn nRy -

121977 17970 KD Annnnw

P07 VIWD 19IR2 NPIAINT DR 3272 IWORAYW 727 ,MNTEID? MPINg YW apn 22 mw -
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; Read a BMP file 320x200 and print it to screen
; Author: Barak Gonen, 2014

; Credit: Diego Escala, www.ece.msstate.edu/~reese/EE3724/labs/lab9/bitmap.asm

IDEAL

MODEL small

STACK 100h
DATASEG

filename db 'test.omp',0

filehandle dw ?

Header db 54 dup (0)
Palette db 256*4 dup (0)
ScrLine db 320 dup (0)

ErrorMsg db 'Error', 13, 10,'$'

CODESEG

proc OpenFile

; Open file
mov ah, 3Dh
Xor al, al

mov  dx, offset filename
int 21h
ic openerror

mov [filehandle], ax

280
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ret

openerror:

mov

mov

int

ret

dx, offset ErrorMsg
ah, 9h

21h

endp OpenFile

proc ReadHeader

; Read BMP file header, 54 bytes

mov

mov

mov

mov

int

ret

ah,3fh

bx, [filehandle]
cXx,54

dx,offset Header

21h

endp ReadHeader

proc ReadPalette

; Read BMP file color palette, 256 colors * 4 bytes (400h)

mov

mov

mov

int

ret

ah,3fh
cX,400h
dx,offset Palette

21h

endp ReadPalette

281
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proc CopyPal

QuPMDY oy — 13 o

; Copy the colors palette to the video memory

; The number of the first color should be sent to port 3C8h

; The palette is sent to port 3C9h

mov

mov

mov

mov

si,offset Palette

CX,256

dx,3C8h

al,0

; Copy starting color to port 3C8h

out

dx,al

; Copy palette itself to port 3C9h

inc

PalLoop:

282

dx

: Note: Colors in a BMP file are saved as BGR values rather than RGB.

mov

shr

out

mov

shr

out

mov

shr

out

add

al,[si+2]

al,2

dx,al
al,[si+1]
al,2
dx,al
al,[si]
al,2
dx,al

si,4

; Get red value.

; Max. is 255, but video palette maximal
; value is 63. Therefore dividing by 4.

: Send it.

; Get green value.

: Send it.

: Get blue value.

: Send it.
: Point to next color.

; (There is a null chr. after every color.)
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loop PalLoop
ret

endp CopyPal

proc CopyBitmap

; BMP graphics are saved upside-down.
; Read the graphic line by line (200 lines in VGA format),
; displaying the lines from bottom to top.

mov  ax, 0A000Oh

mov  es, ax

mov  ¢x,200
PrintBMPLoop:

push cx

; di = cx*320, point to the correct screen line

mov  di,cX
shi cx,6
shi di,8
add di,cx

: Read one line

mov  ah,3fh

mov ¢x,320

mov  dx,offset ScrLine
int 21h

; Copy one line into video memory

cld ; Clear direction flag, for movsb
mov  ¢x,320

mov  si,offset ScrLine

283
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rep movsb

pop X
loop PrintBMPLoop
ret

endp CopyBitmap

start:
mov ax, @data
mov ds, ax

; Graphic mode

mov ax, 13h
int 10h

: Process BMP file

call  OpenFile
call ReadHeader
call ReadPalette
call  CopyPal

call  CopyBitmap

; Walit for key press

mov ah,1

284

; Copy line to the screen

QuPMDY oy — 13 o

;rep movsb is same as the following code:

:mov es:di, ds:si

;inc  si
;inc  di
;dec cx

... ;loop until cx=0
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int 21h

: Back to text mode

mov ah, 0
mov al, 2
int 10h

exit:
mov  ax, 4c00h
int 21h

END start

P57 KRNI 295781 TIR SYup

95 worh @°H19° AN WM NOMA .20 TP Y0P 9910, D752 WIS RWIIA SMIDR VTR 9901 XKD 010

272 YOI 827 1070 .graphics w bmp e w0

https://piazza.com/class/i98gbkdplmgl5m?cid=20

1T DR DANDY YN 1277 .ORW 1901 1970 XM "Graphics- advanced” X pa it 107

a?1o% o
.0°27 227150 POOYAW RWII N PO0 XYDW ,7R°D732 D19°09 MW MR 197 71 MTW 717 IR

D3 QIR Y00 O AW YT ,NMIOR RT3 OV 2°0RD WY 22700 MAVY TRD 011N 71 10T
Balhtinhy lakhihbohlizipRin a7y

DOR2T DORWNY TP YR 2272077 MYYaY Rl

29200 10x10 X171 BMP-73 570w 7390 5w 918 ,an3172 27012 773 23p°n2 BMP nnn ovhvn px .1
80,100 0p>»3

L7977 Y1 00RO00 ,anNTR 20071X07 92 AphR AN J0nn DY 1N oo R L2

TNARD YPIT IWRD UMY TRYn NXOW 1R W MAT ,AnTe 2931ap Y NI a3 DY Annn ovm TR .3
312p K3

PI0NT) PRAWY 11 VI 73700 931 70%7 23 DR 7001W 2011V 2w A1AN ,7NT2 20T Y 008 TR .4
(1PNRA VI YR 01PN IR

DU TP + TINO9 D0 YW AR 70732 ONIR 27WH IRWR ,0°2W 0°712077 1YW 1 DaR ,mawn DY 0°079 PR
¢

75722

"?12

NN Y ow TR

T NN QW 9AR ,AN2196W AR -1 Y0
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7" M0 oW PAR L7192 3P -2,3 0°0°Y0

7379712 OYIR L PN 1w -4 72Y0

299%hx nYnws

A RIXAD 0°919° ONR NPT IR 073,009 DY IR D0 0TIR RIPR POomIn 009008 nynwn RwL 1°nod
X1P7 Art of Assembly 1905 5w nonrna pdf- noa DR TMAY TR PORm LLITLIRI MMPR DY D18y

.(The Physics of Sound) 9p >3 bw 7p°0%071 MTIX
2Wnnan 90Y nvawi YW 01007 2°pona Tpnn

SW P73 0°0127 21T N0 QAT Q0P 1OV TR L,NVY L1070 — TR TINEY TR0 2000 W0 awnn?
2X3NAY 2P0 ©°1W122 AW Dava NTA0R 2713 0 DY "R Do "ooptn" WL 1IWW Pnpn 17 0ava awnnn
D25 3707 0 P 0013 DR ML TIw D ooaaw "ooptu'n mind ynwh ooha0n NMIRY 9P MK
2192 DWW @Y°0XR 07N TR TRRY 930 NRYR YRRING 9902 .3 N Tnn — "ooptu" N ovapnaw
,TALPIR TIN2 5190 77N ROT IR FA0PINT L0008 12-1 N3N 0PN DD — J0IWD NdWnnn NPRIN W PPYa
;7 110 %01 om0n 10 2w NN ok na L(1.06 77va) 2 Sw 12 waw Sw m9oona min T 2P 090N
2*110 ®°77 %27 20PN N IR 2w MTNm Ly 117 vyno ,1.06%110 X077 10008 K27 0T 2w MTNN IR

Rah VR ah

,61h 1D 7%y NRT DWW NMIK .(Speaker) awnna YW 2Ipnaa DR 197 a7p P Yenh W mwed N 1L nan by

277 .61h v119% 77117 210591 ,007% D NRT 227 W DR NIWY 19w 01000 DX XI1IP? TN LRUR Wwpni

in al, 61h
or al, 00000011b
out 61h, al
2P0 W Npos:
in al, 61h
and al, 11111100b
out  61h, al

43h D2 wanwa? w1 NRT MWy? NIn HY awnD 980w N0 TN IR YYD 100 530 91900 wRd ,nva

A42h v1pn

286
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:43h v119% 0B6h 31277 77w NX 021077 W .9IPn12 70T WS AWl APk 0°9°7% MK, WK

mov al, 0B6h
out 43h, al

NR 5107 PORRT .YRWaR 0°¥17 WAIRY N0 MaY ,va 16 97 (divisor) "phnn" port 42h-5 mhwh w 1on nkb

RiranRishiakisl

P93 1877 100 2w 97na 1193180 y1apn R phn we ponng nR 22p% 010

1193180
[DILVI 0| g ——

Frequency

SMVAYR MIADT N7 DR NPWRY — D990 °1w2 MX07 phman IR Mmow? w0 1971 ,72922 12 8 Y712 X7 port 42h

SMyRwnn PInR

o370 0°021 ,2712 7o phnnn Lpaa 440 X1 Bw TN L aNwRIT 70PN Yw "a0" ng May Lownd

79 v¥ann amown 19 .0A98h

mov al, 98h
out 42h, al ; Sending lower byte
mov  al, OAh

out 42h, al ; Sending upper byte

77 131 9702 9% venawnn ,7a3T 1010 ,010°07

; Play a note from the speaker

: Author: Barak Gonen 2014

3

IDEAL

MODEL small
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STACK 100h

DATASEG

note dw 2394h ; 1193180/ 131 -> (hex)

message db 'Press any key to exit',13,10,'$’

CODESEG

start:

288

mov ax, @data

mov  ds, ax

; open speaker

in al, 61h

or al, 00000011b

out 61h, al

; send control word to change frequency
mov al, 0B6h

out  43h, al

; play frequency 131Hz

mov  ax, [note]

out 42h, al ; Sending lower byte

mov al, ah

out  42h, al ; Sending upper byte

; wait for any key
mov  dx, offset message
mov ah, 9h

int 21h

QuPMDY oy — 13 o
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exit:

END

289

mov ah, 1h

int 21h

; close the speaker
in al, 61h

and al, 11111100b

out 61h, al

mov  ax, 4CO00h
int 21h

start

QuPMDY oy — 13 o
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Ny

ONRW *19% RN IR 22120 ANRY P72 7T Y0 DY 110 — MPP05T Y o2 12w AP0 M0 XY MW
DPOW NMK 77 Pona .ah=2Ch 7p av int 21h [p 05 MyaRa Avwa DR RIPY WOKR ,MI1 LARYA DTN

JIWW IR INIW 21w 0095 C1wa 7PNl 1991 o°up e1neh ovvoa

AT 9 YXIAND WY TNYOW DX MMIRY M1 — WRIM MYIAPY 2P 0T PID TP NP1 RIT PR 997

ANTY 28R

JIMR VR OTPN° WA 1T ARd 92 v1aph oI pivma -
90N I AT N0 Wk VIRt nwhs YR Doaanwy -
TVXD SHnO0pn AT PID MapY oanw pivna -

DY I ROW ,DO1NN DOPAWR MDY DX AR A8 W 09D AT .OPKIPR 2001 NYD NN R W 97
ORI D'V NRY,PAWAT DR DX AIRY YD 992 DINWAY D27 19 IMIY 11D 0°3°X 1K 70 owh .Onky

STANTY L0727 MMIRY 2R 0°72772 2307 T2 MR 20910 MR

.70M2 PRIPR DIP°H2 PO DW 728 P10 priwn -
SRR DWW TV DR M1apY L0002 NINYI0 M0 ,T02p pawna -

.Jon By 02127 YW DORAPR TN LA v -

TAT N7

,PY00% NANA ARIP YW ARDY 2OVEAN — PWWH IR IRNPW IR0 Y70V RO 2WW AT T1TAR AR NIWOR 17T
X7 X137 oX — dl 7307 MW ,71wa DPRR IV DR DMWY 2°O01) NATIPA AYWa v avwh DR MR oyd HI)
TRW T ATIPAT 12 PRYNI RY 1971 9RA 77172 DRI T 777 .(ANWS RY 11972 2090 IRW IR AN
55 "R mom2 700 R? OYwa YW NwRIT 0WE 0w 55 90 manwn ywnw nnbw X LOR 27 w0
551 Mo [p> 197 YW NUNWS VA0 pITA KD OV AW W INWRIT ORTIPOW PR DRT .AvIwTn

1T RIT DO WIS I DO MR ARYM I 90N PO LTINWN TYWEY 7Y Den

RINIW 7337 W NITVY N 0R0a D 3700 7OW 722 Wanwa? RO 102y N n 557w Nyt 3hawn 7110
172VW 99 DY Y°a%° PN5°TA W N2IN02 RYAIW T NPW 9 DaAR Lavws o ¥71 8D 1mK .0040:006Ch nanoa

mM2wo7 95 av) Ap°00n AN SR NN TN TR AR MR RN NA 0w Yw panea e 55
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2OYY DX NMIRY TP WO OXR 2990 19IN2 (MYDR ¥IX2Y NAI0MA2 2237V DAY IAD N0 R NMD0NIT

N AP T2 NN 23991 MM OYPW DR T2 2OWH 0TV TR MNP

NAIND2 7N 2D DR DOPTI2 AT RIT OYIT (27 21°P2) DLW WY DWW TAT PO DTN NPINNG N7 1900
UAIR L TITAY DX AMIRY JATT PO DMNA CNn DOYTY MR 0 — DAR avd manws Xiw o°onn .0040:006Ch

VIR WY SW AT P79 2077 1Mk 191 (182x0.055sec=10.01 sec) nania b omww 182 ovoo

; Produce a delay of 10 seconds (182 clock ticks)

; Author: Barak Gonen 2014

IDEAL

MODEL small

STACK 100h
DATASEG

Clock equ es:6Ch

StartMessage db '‘Counting 10 seconds. Start...",13,10,'$'
EndMessage db'...Stop.,13,10,'$'
CODESEG
start:
mov ax, @data
mov ds, ax
; wait for first change in timer
mov  ax, 40h
mov  es, ax
mov  ax, [Clock]
FirstTick:

cmp  ax, [Clock]
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je FirstTick

; print start message

mov  dx, offset StartMessage

mov ah, 9h

int 21h

; count 10 sec

mov  cx, 182 ; 182x0.055sec = ~10sec
DelayLoop:

mov  ax, [Clock]

Tick:
cmp  ax, [Clock]
je Tick
loop DelayLoop
; print end message
mov  dx, offset EndMessage
mov ah, 9h
int 21h

quit:
mov  ax, 4c00h
int 21h

END start
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Random Numbers — 2»8px 29p0n N9y

SRW RO V0T 11ROV LN1DI0YPD MDY OV TINA NIV 7OV RO AW NYIANA NARD 0PXIPR 271907 DY
25907 1R WA ,MPM? NINCIT DAX ARXIN W A0 757) N0 1nInT A0n RIIW — W MR 1XH WwOR
RN AWYRY RIT IR WA ORIPR D072 93 .NARA OKIPR 071007 — (CRIPR DIN ARTIN M2 N YT Npw

DR DT 292 ANTY M0 NPWYR MIYWE W T 1PDI0YD aWnNY MR TN 00w 2w Yw

MR WYY 30w 290n R L(Pseudo-random) 2vRIpR=ITINGS 071901 XWPIY AWM 11 UMK 197
DA95N7 DO7WA) NPRIPR W 2P00WW0 DPWTY DY TUTY 47 23R LI9NNAN ORIM anMNORT DY NIYERRa
,OPRIPR ITIRDD D900 SW NWAYAT DR PR 0T W TR PR N1 Ongy SY 2Nn KD LITRR 7K
ITIRDD" QXY MONI "RIPR" N0 OYD 522 ,1PWoYn L(NIY TIDD MDY 2°IRNM KWL 2°ITIVINT 20790

ORI

RIDR RN .JNEPAY KD 12°OK 12997 77 990 NIA0N2 0RNR D311 KD .OMKIPR 091501 NVRXD MW ML MR

SRPXY 1DIND TINOPI DR WY 021D XY YT DR 0077 D001 227090 ,NNR NPWOR 0w

20277 Pon nnph 2°919° MR .0040:006Ch na1na — a7pa 9°Y02 10w 10T M DY NoDan nuwn

L0777 WTIRY QTN ORIPR 1907 2P o1 19w

:al 7372 (1 1% 0) >XIPX “00n aww TP yup .1 X 0 XIPX 1907 22p1 AR V2T DX P01 OX ,TNTY

mov  ax, 40h

mov  es, ax

mov ax, es:6Ch
and al, 00000001b

NRT ¥¥21 .0-3 2 7oon Mo 11,10 ,01 ,00 :pan SRIPR 501 Yapl DMNRT 20027 AW DR 1P ON

SINANNT 771 VR 1w NMIVEARD
and al, 00000011b

.91 0—15 ,7-0 o1n2 "XIPR 1907 23R 099190 MR LARDT T
TRDY ALWD PR RO ,2 HW AR KW MK 21N 99218 ,9-0 172 ORIPR 7901 N W qwwaw oh 27 mw

DORIPR D707 NPX7 MWD WY Hw 1201 7-5v 9-0 12 owna nR 9aph WwoR

.1-0 2I7P2 RIPR BONR N -
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.1-0 017n2 A0 ORIPR D0 DY -

.7-0 D17N2 A0 RIPR DON NN -

0 7RXIN 73P% NAR MMWOR 7 W 7372 ITIR 71K 923 0219017 W NRYONTIY X7 T AUwA ANwRIT YA
w 1,51 1,1,51% 1,0,6 % 0,0,7) 7 78D 2amw R v¥n e w0 %ax (0,0,0 o xuw 0°1ooni)

(.7 6,1,0

2IINY YINR RIT 117 XY ID0AT ORY ,099°7¥ WNIRY 2WNAR NI 2173 21N ORIPR 1902 MY RIT LIWD 117N
—0 21N2 *RIPR 907 X1 ,9—0 DTN SRIPR IDON NXOY 2T ,AANTY IR DON2 NI INIR P — wRann

.91 D173 090N P2 IR P11 15

MN2AY AR MPWI TP DN T TP .OPKRIPR 2IDON OV TR AP X LT 0w 7IWwn Pvan
X7 ,0XP 27 P92 2PRIPR 22907 173 MNEOY 7873 aR 70 s 55 9o 1o7vnn mkow ,0040:006Ch
9501 MY DX AR PPV 720 WA J0WE ,IM90 .01N2 WP 0% WO 097907 7apIw IR L,MIRYING 1A 7ap)

R0 N7V HW AT 2397 NO0N TR AT P97 AR QYD RIPR

U277 OMIR DX ARP OR D3 70,0700 QORI UMIRY 220027 DY WD nwhana a2 YEAY RIT OIWOR 1IND
URIPY 220220 MWY? ,anaTY ,00919° MR .avD $32 09K 2202 0771 P°D1 PUIY ,NITIDI NINCIR 190K N0
an RINPD AW YRR AR I LeYont LInR 2Ipn oY avd 933 — N2 WD 0Ipna 2202 oy XOr nuan

MR NP2 ROPI LTI RIPIw Qv D2 .XOr IR My N2

DORYAIW 2PV QY XOr™Y MBI DRCIP DWW MIPIAND OURIPR D0I00R NIXPW DCINY annT e
2°9907 DYDY M MY MY Ma»pR 792 2»RIPR 0°1501n 1% HY 9°vo Nk 0501 .CODESEG

DITVIRA YT DWW RIXAD DI KW PRIVAAY MY ,D7RIPR

: Generate 10 random numbers between 0-15
; The method is by doing xor between the timer counter and some bits in CODESEG

: Author: Barak Gonen 2014

IDEAL

MODEL small
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STACK

DATASEG

Clock

EndMessage db

divisorTable

CODESEG

100h

equ es:6Ch
'Done’,13,10,'$'

db 10,1,0

proc printNumber

push
push
push
mov
nextDigit:
xor
div
add
call
mov
add
cmp
jne
mov
mov
int
mov

int

295

ax
bx
dx

bx,offset divisorTable

ah,ah ; dx:ax = number

[byte ptr bx] ; al = quotient, ah = remainder
al,'0’

printCharacter ; Display the quotient

al,ah ; ah = remainder

bx,1 ; bx = address of next divisor
[byte ptr bx],0 ; Have all divisors been done?
nextDigit

ah,2

dl,13

21h

dl,10

21h

QuPMDY oy — 13 o
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pop dx
pop bx
pop ax
ret

endp printNumber

proc printCharacter

push ax
push dx
mov  ah,2
mov  dl, al
int 21h
pop dx
pop ax
ret

endp printCharacter

start:
mov ax, @data
mov ds, ax
;initialize
mov  ax, 40h
mov  es, ax
mov  cx, 10

mov bx, O

296
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RandLoop:

exit:

; generate random number, cx number of times

mov
mov
xor
and
inc
call

loop

ax, [Clock]

ah, [byte cs:bx]
al, ah

al, 00001111b
bx
printNumber

RandLoop

; print exit message

mov

mov

int

mov

int

END start

297

; read timer counter
; read one byte from memory
; Xor memory and counter

: leave result between 0-15

dx, offset EndMessage

ah, 9h

21h

ax, 4c00h

21h

QuPMDY oy — 13 o
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WRIWR Pnn
20Y XA NTRRN — I2X WHNwR pwnn oY NTIWW N°I9N YW 075 211 PIOYI T °Yod

NTOPRTA MTIPD NUR

:NTOPRN W DY DUNWRT OPRAT IR NTYPRT NWD HW p0RI0 BOYIRCAN DR 11°0% Moo HY pana

Scan Codes -

NTopna oy AMaYh oTWRY oD

N72pna 79X NP 1 o neop? BIOS mpooa winow

N72pna 79X NP N 21N N op? DOS miprona wintw

av g772Y% 2OWAT I3 T PY02 .00 UPIN9 NTOPD 25WH awa PIRw Mpt1dud DO DY Ay Ly

NN

WO 1R 097 077127 AR L,NTOPR MTIPD N YR 25w U110 NIoNY 000X MR wRy L1
XYY 292n vop Pap? 1% Mworn BIOS mpoos 1rraw mo (BIOS / DOS / oov11o) 1av»
77X 9N PRI W ,amP wanwah man® 112 nwern DOS nip ooy 710100 ¥ DR

.S¥on 7137w 0917 AR 72

— wpn D o wpna v ASCI-n 1P R e DOS int 21h-7 npoooa wnw .2
e ASCIHE 7p o wow — (72372 20X°0 Wpn) D°pRwna 02 Wanwa? ToIXw 798D RPN
o1pna1 ,scan code i bw opna ASCI=n TP pnyin nhaoman 1oKk2 n ,ann ASCIH mpa
TP°730 MWD DR VXIS TN 7Y L 72007 J1101 293%an .oar pnyin ASCIFn mp Sw

0K 50T A7y ,DOS nprooa ovwnnwn ok o .scan code= ay aRnwam

in al, 60h

225U MTIPE NYYEp

N20¥77 QY ATV YW NPXANT DR PO 201 7 PYo naona .int 33h P00 Y7070y nvkann 1255 MTPD N
1 7772 532 "int 33h mouse function calls" wioon >7>-%y 0011 oI MYPa ¥°aa2 12510 ,DOS na°aoa

ST 9°Y02 MIDI1ON 11RW MO0 M?12° 007 1IWHR W 0°5011 TP KIxn? 17010
7T P92 N QTP MWYR 13TAY 993 7973 TIN? 121,120V DR PY0Iw "1

mov ax,13h
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int

10h
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My ah 89 ax ,2% mw) ax *23 %y 2newl 0oMpa .33h ap0d APYonw Mnw MMTXIND T2 uhwl N30y

nR v¥an ax=0h 7P %W 7 NRY IR PANKRY W WK L1209 IR 2veab 073 .(int 21h oy o090 umsw

mov

int

mov

int

mov

int

ax,0h

33h

ax,1h

33h

ax,3h

33h

DINRT N

:ax=1h 7p ,7on7 Y 2297 DR P¥I NYd

:1O¥ XOMYT 01000 DRI N2V QPR DR LI9PY X1 X2 2500

:D°R2T 0°2VA DR 77°1N00 A2°000

920977 °1ND2 Yy axomon axn — bx -
PIN? oRAw N0 — "1 anw 0 opna v — XXXX XXX1 o
P2 %m0 0o — "1 w1 opna 00 — XXXX XXX o

P2 N9 PRY Mvnwn — '00' o7 1w o ovwanw bx w9y 5o ,mea

320 X°77 1% WOw MW NIND D73 TN DOT2W MR 27 W) 639-0 12 7w 120V D — CX -

(12371 2P AR 270 01NWA CX DR PONYY mHkNT YA Y 10% 7301

199- 0 panmnay Doy apn—dx -

DY AAITR ATIPI DYDY 29230 12037 DW DR Wpna DY XN 170w 2°InRI NR N25Wn 1827 121N
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; PURPOSE : Paint a point on mouse location, upon left mouse click

: AUTHOR : Barak Gonen 2014

IDEAL
MODEL small
STACK 100h
DATASEG

color db12

CODESEG

start:
mov ax,@data
mov  ds,ax
; Graphics mode
mov  ax,13h
int 10h
; Initializes the mouse
mov  ax,0Oh
int 33h
; Show mouse
mov  ax,lh
int 33h

; Loop until mouse click

300
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MouseLP:
mov  ax,3h
int 33h
cmp  bx, 01lh : check left mouse click

jne MouselLP

; Print dot near mouse location

shr cx,1 ; adjust cx to range 0-319, to fit screen
sub  dx, 1 ; move one pixel, so the pixel will not be hidden by mouse
mov  bh,0h

mov  al,[color]
mov  ah,0Ch
int 10h

; Press any key to continue

mov  ah,00h
int 16h
: Text mode

mov  ax,3h

int 10h

exit:
mov  ax,4C00h
int 21h

END start
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Debug "o nww

SW 573 770 NPINN QY YEIY WOR TINHI 1502w 273N 3 DR — 1K MR XY N1IDNA NP0V 1WIY TV
anR ax AR TP MW APRP I9YAR W0 a0 UPIIDA ,NRT NAWY .MID 1207 990 7T LTI MW RA
INNAY 107 D°R2 MWV 2P NY IR TV T LT MW IRN? DX P OAR2 037 WM 2°wn o°nionng
PHI 72VAY DONR PORNW 1D ,1110N02 7PYan DOVANW %R Y 027271 XY TW 1KY .ONIONY 11 T12VN ananow
2°V1,0%1719°8 0°0010 DITIWA 2WNNT o 1 27Y M%7 3% 017 NOYW ,an AR AR R ,01PR7 2pnn TR

Oy WIR® P2

L3277 MIP°I002 WY NI NIATA NWNT F973 NI9N NN — PHRA 12107 DR 7789 P71 ,090K W™D 730197 PR

WY TV 172 9PN NN MO IR N°19IN D205 °awa M IPRY

NT2W X7 710107 072 0927V aMR DR M2P2 N MYEH 207 YT IR LI901T MNw M Iona WO PIovi 1IN

JTAR AW 097 PR

7N

N2°n3 797072 QNAND a1 0O POTY ONR MIDING AI07 2YONA ONRWD IR LTAT BYR NOMX MILP D100 N2°nd
.ON2N2W AMTXIND N2PRYW D°I0ATDT 2 179N 72900 YW 21IAY MKW W°IN 9K L3AT 7297 NOIR AT 010N

2112 RO TN HW 01 R0 A7vnn
PN @0R7D X R TAI M 1207 ,AMTD P nonna -
X2 TIPA VOP TR R TR QW TP MW o iR -

,SNTY LTX2 1207 NPT 00T LA MR A2X R AnR PORA M KGW D ,N020n W W OX -

?7%2 7201 K7 @R 272 CX DR 1IPPM A1n? 719711 R ,720V7 NYYDR DY AT N210IN2
shr  cx,1 ; adjust cx to range 0-319, to fit screen

VWY 17 D207 WKW N LN 1MW ,20 TN P07 2NPYY 000 209 nNK 0P NIaND L.O°TATY XY W ,NRT oY

120 7N DWW NIWR RO TWONT ARNT WYY T DR

mov ax, 5 ; copy ‘5’ into ax
FRYAT Q%2AN NS — TP a0

1T 057 T2TRW NION NI YIINTY 237w NAITINT N*I2IN2 770 MWYL 03°%Y P 7120 n1INa 9909 anvr owan
190NN AR 23,19 992 .NIdNY 2°aWTNn anKkw 0% ad9W NAIOINT BW 70N RN HY NN YR qwnn
1NNNW ATV LLTAR PR 0%V PR 02w 70 ,am0T 2NN b 10N DI%W WNT PN 7IWwn 00103yt

.NI5NY 07100 DNKRY 712 770 027 AWYW W 777 2°Wnn

P10 TN DORW BopY L1251Ma DMWY BOPY W1 AT ARMIPA DY 9P 973 NIMh 0w WO 3077 nowank

("7m01 2WAN 2397 PR WHM) VITVIRA TR WD NOY DR MR TINPD 19210 .11 P10V 2w vopy
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‘ starttxt AYnnan nyTn noeTh |

T td
»it ¢
‘ todo mininn nogTh ‘

al MaIny Im no'p
cal i
NYTINN N9 TN

wronginput

Menu 100N NooTn
.inst nixn moo TN

974 2¥NYT NN

l .endtxt nyTIAN NooTH ‘
Call DrawKeys

i

{al ain%) port 60h N7
VN Rl
Key [

port 60h -2

nnen
al 5w wn mmw

Kely 02N DRN
4 X7 09X NIN WU P 4
NY'N77? MNP
?(0nnw K7)
call Stop call CheckKey
le—|
call DrawKeys
TN NN
< (key_freq)
call Play

call Stop
971 2¥NN DN'Y >
call CirBuffer

(127025 N2rY8) 010D Dw 70 DOWIND TANT
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NYMNTRIDD YR

T WR .0MYD W 27 790n PIND DUOOXW TP VLR D0n anvIT ARl 2°WON anIXw R ORTI? )
DY 20°7 WY 09378 ONK ,O°ARA XIAY 7720 *12°0 037 W 0°X1 ONKR OR L2157 2O7VIH ONRY MITXIN00
anR ,aMR aNPTAY 7210 TMTRIND 2NAND OR - 2077 27WA RIT MNTRIND 2w PV PN MMNTRINDY 3719010

:MANTIIND NOIDW M°I0N 3272 0°377 71D VAT PRI WMIR LR WP 2YARTIA N7 20078 KD

DMWY 1277 DR P27 AR ,72712 INN0AY IR RIXAY 2°%17 MR oK — "1270a R newa won? -
TP DR 3237 N2 AR .RAT AOWH PWNI TN 0WE DR PIN0Y 0201w CINKRY ,ITA2 [uw 93 O

:bmp y2pn AnRn NRMPY 1710100 S pva

: Process BMP file

call  OpenFile
call ReadHeader
call ReadPalette
call  CopyPal

call  CopyBitmap

DWW T TP R D192 DIWD LW RY TN TNIR 27802 1IN LN9VID XY DIWD 117w NPIoNnaw 703l
URTNY MR ,NAR DR TWTT 1R "W ,a37vaR 0w MTITRIN0T IR 0°101 "2 R nowa

ST PRI VXA LTANTY LPIXW IR M 1w

: Process BMP file

call  OpenFile
; call ReadHeader
; call ReadPalette
;call  CopyPal

;call  CopyBitmap

MR RY) APPN A% AN91 YRR P73 .7IP MINDY PO T AW ROTW AR 90 YANIw MmN DX 7ol

JIRZT0WAN 27PN 200 (AR TP

DR OIRXIW M1 .778°7 770 TIN NI 28D NPT AW 79%0 19 poon TD=71 0% 7 NPT R1pY -
TN2 PPN N2 DT AMTXMOT R PITA7 o umNY ,awnn ReadHeader-h nxepn

aroa Tn 12012 Akl header R MIR1S 901 .header-i nx mww Tvn 11730 DATASEG

304



305 QuPMDY oy — 13 o

Y2 UL W LANR T 1R ok — 'BM' nvab 0000% 19w 2O1WRAT 2°N27 W 2OVTY MR LARPI

JIRMP2

NPTAY TNTEND WD WO A1 YRR DMDY O 11 QWY NIRY ,2033p TP YR MMTETD phans -
M, VTN WIW WY NANR AMTEMEY YR IR Tavn RO Wnanwnm cTThy pie wpn e
PRI 1722 139 TI00 DAX L30T T KD MITEIDT DWW IR °D 1031 700 DY 9073 LIAIR I 070
,ONNWR T-RY PRI WRR PR 10N KOW MIRY ,TIP YOR 92000 209127 AR LY NRYAI TMTEND
DR APTAY TNTXN02 YA WOW ARNID LAWRR YT OX AP T pRYY apipna) 00Tn RN

.70m BV 1P907a0

NYAWR DOVRXAW TP Y0P 2w N1AR 1970 MTTRINDT AR08 3277 190w C1ow 20 MW
TTITEINON NPY NYXA DIW TNTRINONW AROWHT DR PXD? WK OX TN 1AW .20 MNTAN MR @

27 T91IR KD AMTRINDN ORY L0000 ANTIMDT TIN2 OnkY DY Nnw TP Yo W OX ,NNX

Q%2 SR PR

TPV WY OR 19V N1V MIRAWY I PR 05,710 179778 13200W ARYYY 27V 1713 119°awa 000w 398,001
52p% DR 1 RY OOW IV 03I an0adT AIPna R K7 XY 235w 01 D 3p°72 ¥XAh v ,005w Tpa

[(CX DR MIwnRw 7N7X1N97 aNRIP IRY ARPY QN ,T0T9)

199X IX oMY 221117 DW 0°27VA DX 2°0°DTAY TP OYLR 03°W N°10IN7 0°31377 vRm L,vad 2% 0onw KD OnX OX
I TITEIND 12050 AR 207 MY CIPATN DT 2NN 29 P 29PN DLW DOIMIW RN 19N T pApD
ays 922 A AP0 DR wWank 2Pna Lpanh IR Jont 1w T DR 0°0°57A1 0% T0RTDd 2°7apnw pn

I

119251 MpPRYa

%192 7IXIDI 7Y ,TIVR2 N1 KD 2R apnYaR 9INaT PR .12 P01 XY 2pnY apnva X TIRG P91 AR W
— X ,DATASEG 00K 0957w 05% 01717 732799 12 30Ny .anT7aIw 7Iva Yinn y7on D apnyae ROR Ny

.N%10077 P92 0909 CODESEG-2 o°07y 01177 — 91 025 W wian oR

IARY .LINADT IVO°RT PW 2907 DR MWD 2°0°7 WMIR DUNYRW XU L1020 MpNYa JIwpw noou 7Rl

J112°1% 10319 552 N1I9X °Na NIRXIN O°15N07 MR NANX PR 282 aNR IR 700X 0w
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AH2RONRT D NN NI

ANTY ,02Va 72 anhpnl ROV IR DYTIN2 12pNNWD 7M1 D 0n weANa? 23% a1n AhanoRa ooy
.03°197 W17 AYTINA PPN WM mMua — TART O 207 Yw wen an LA2034: must be in segment block
wynm (StackOverflow 72317%) 2°nionn 21M0% WANW SR 210 W00 JoR? aRNDWE TR DX PNy

1Y 92091 035w YA DN 120 17Iwnw

21259

1°RT — 117w N°19IN2 O°°573 DOVIADR 27WH X 11717 .01°0 VPO N2°00Y 0701277 DORWI TN 11P0Y 7T P93
17n% 7037 bmp taMDa MmN 0°2%wn TR BP0 IR NTwRw ASCIE npooax 520112 M9Pa WOR X
nwa2 w7303 9995 191X LPPIND N2°NOY O°D°V2 M0 LOVRIPR 0°ID0N NVY 720V 2V 77V ,0°8AP OV 7Y

SMYAWR AR 71930 N2°ND BpeeY

219w 2RI OANKRY 0°1917 1R AW 7137 S7210RT DY TINY NX 11170

MMT2 NP AN ROW 710D OMT NT9RR MWPR R0 PRAna KRl ODI0PKR Y0 ,DIN0IRY MTIT 00T (20 Rone
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"HINORI 2N MNA2Y 72 MTIPD 1R — 'R 11D02

HAN0R O°TATPW D°TMPN MY 7230 MITIPD PR PR -39 1MW 920K An32 N1IA3Y 72100 MTIPD Rt 030189

J92A0K2 77°72 P2 D°AWANA MNAAY DWW 72N MY P XOR ('0°723"2 110) 77280 DT N0

1707 DLW MTIPDT MTIR VDI AT 2792 ,722 117207 MTPOT 217 DX

ADD
AND
CALL
CLC
CLI
CMP
DEC
DIV
IDIV
IMUL
IN
INC
INT
IRET
JA
JAE
JB
JBE
JC
JCXZ
JE
JG
JGE
JL
JLE
JMP

JNA
JNAE
JNB
JNBE
IJNGE
JNL
JNLE
JNO
JNP
JINS
JNZ, INE
JO

JP

JPE
JPO

JS

JZ
LAHF
LEA
LOOP
LOOPE
LOOPNE
LOOPNZ
LOOPZ
MOV
MUL

NEG
NOP
NOT
OR
ouT
POP
POPF
PUSH
PUSHF
RCL
RCR
RET
ROL
ROR
SAL
SAR
SBB
SHL
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107937 281 MYAPY MTPD

Xwii 37 n7nn -CLC

X171 937 NP7 -STC

mpeooi 937 n7 1 -CLI

I¥OP MTIPD

RN IX°n | Signed 01901 | Unsigned 0v1o0n
wnn 9173 oK 7Iop JG (JNLE) JA (JNBE)
wnn TuR OR YIop JL (JNGE) 1B (JNAE)
TNY IR DITA OR 9P JGE (JNL) JAE (JNB)
MW IR VP OR PIOR JLE (JNG) JBE (JNA)
Y OR PIOp JE JE
71w OR YIop JNE INE
cx=0 ox yop -JCXZ
D237 28 DR MW MPTIAW TX°0p MTpPD
RN nhalhi
P127 RWIT 9A7 OK 7I9p IC
120 RW17 937 OX PIOp INC




309 QuPMDY oy — 13 o

177 DOR:T YAT OK 7I5P Y4
"2 DOXIT 237 OK 71O INZ
P177 117077 9AT7 X 7I5p N
122 12°077 937 OX 7I9P JNS
P127 WOYAT 93T OX 7P 10
120 AWOLAT 93T OR 7P IJNO
P127 NPT 23T OX PO JP/JPO
20 NPT 737 OR 7O JNP / JPE

:0°937 WO MNEPD

ah-% 0°93777 20o°A1 W 0917 o°van 8 nX ponva -LAHF

n oMY 0937 oA NX Pnvn -PUSHF

9377 WA KR NY0MNT WX 19N R Pnvn -POPF

NIV NIRD? MTIPD

-MIR27 MTIPOT 11w ,2°an MRy LOOP-5 o

WATI-IXOOPY ORIN T W IR .NNNY OX°0p nvyann 0ox? v X2 cx ark ,LOOP m> -LOOPE (LOOPZ)

.LOOPZ & LOOPE %2 °19% cmp AxNWwI NTIPD ¥¥I? "W 192 P17 7o 0ORA 237w

WITI-TROPY ORIN TIW W IR .NOINYD ¥R Nyxann 09R2 7w R? X ok ,LOOP 1> -LOOPNE (LOOPNZ)

120 7970 DORA 2ATY
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:MB01 ATTT MTIPD

-NIR2T MTIPOR Jaw° ,0°7%n uRkw SHL, SHR %y non

HRIW 9977 VA7 -TAR 9772 L,RWIT 9ATY PRI N2 CHRAWT 0Am PRAw 2°1r oA 9o ,SHL m>y -ROL

SPRT 2877 I R ,00R0 Annw ROL Y9 vx¥an 7372 ah DR nps1 ax 9193 030 9377 127 2K 03 pnvin

o3 PRYIA P1° 9377 027 -TNR 27272 ,RWIT DATY PRV N2 2 v An o017 o°wean 90 ,SHR 1y -ROR

DRRAW 7 ¥An DR

2117 9971 027 DR PRy RWwaT 937 IR ,SHL 15 -RCL

SORAW 7977 B PR pRvIn Xwa 937 X ,SHR 1> -RCR

SHL-5 an1 -SAL

SHR-% 771 -SAR

NI M0 NTIPD

RWIT 93T DW 127 DR RN 79°0m Yax ,SUB 11> -SBB
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:Piazza-5 no°10%

"students get started" 1721 www.piazza.com nX? 1013°7

https://piazza.com & # O

PIQZZQ Powuct  inPressors Words  Support  AboutUs  Piazza For Companies | Sign Up H\

The incredibly easy, completely free Q&A platform

Save time and help students learn using the power of community

« Wiki style format enables collaboration in a single space
- Fealures LaTeX editor, highlighted syntax and code blocking
« Questions and posts needing immediate action are highlighted
- Instructors endorse answers to keep the ciass on track

« Anonymous posting encourages every student to participate

= Highly customizable online polls

« Integrates with every major LMS and is FERPA compliant

‘ Students Get Started ) Professors and TAs Get Started View a Real Class

Over 30,000 professors have chosen Piazza

Click on an instructor to see why

"gvahim" nuon2°182 172

Select Your School

You can create your school if it does not already exist

. Are you a professor?
|l
Welcome to Piazza! At w2

Piazza is 2 free platform for
instructors to efficiently mansge
class Q&A. Students can post Search Schools:
questions and collaborate to edit
responses to these questions.
Instructors can also answer
questions, endorse student gvahin| ‘
answers, and edit or delete any

posted content.

Searching for "gvahim"

Piszzs is designed to simulate real
class discussion. It aims to get Gvahim
high quality answers to difficult

questions, fast!

+ Add New School

The name Piazza comes from the
Itafian word for plsza—a common

city square where people can

come together to share knowledge

and idess. We strive to recreate Next, you'l get to add your classes.
that communal stmosphere among

students and instructors.
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"other" qvono 1 .3

plazza

Gvahim

Welcome to Piazza! (Changa school) Cick here to create & join classes

Are you a professor?

Piazza is a free platform for
instructors to efficiently msnage
class Q&A. Students can post
questions and collaborate to edit

responses to these questions. Selected Term: | Summer2015 il
Instructors can aiso answer Selecta Term
questions, endorse student Spring 2014

answers, and edit or delete any Smmar3014

posted content. Summer 2015 Fall 2014

Piazzs is designed to simulste real N Winter 2015

class discussion. It aims 1o gat Class 1: Spring 2015

high quality answers to difficult Summer 2015
tions, fast!
questions, fas! Class 2: Fall 2015 X

The name Piazza comes from the Winter 2016

ftalian word for plaza~a common Spring 2016

city square where people can Class 3: Summer 2016 X
come together to share knowledge
and ideas. We strive to recreste
that communal stmosphere among Class 4: X
students and instructors.

Class 5: X

Add Another Class

oin Classes

assembly omp ma 4

piazz

Gvahim

Welcome to Piazza! (change school) Ciick here to create & join dlasses

Are you a professor?

Piazza is a free platform for
instructors to efficiently manage
class Q&A. Students can post
questions and collaborate to edit Selected Term: Other
responses to these questions. s
Instructors can also answer

questions, endorse student

snswers, and edit or delete any Summer 2015

posted content

Class 1: |asse|

Piszza is designed to simulste real
class discussion. It aims to get

high quality answers to difficult Class 2: Searching for "asse” X
questions, fast!

The name Piazza comes from the 1: Assembly

- X
Italian word for plaza~a common Class 3:
city square where people can
come together to share knowiedge 5 x
and ideas. We strve to recreate Class 4:
that communal atmosphere among
students and instructors. Class s: x

Add Another Class
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"assembly" mno°0 10710 student-2 v M2 5

plazz

Welcome to Piazza!

Piazza is a free platform for
instructors to efficiently manage
class Q3A. Students can post
questions and coliaborate to edit
responses to these questions.
Instructors can also answer
questions, endorse student
answers, and edtt or delete any
posted content.

Piazza iz designad to simulate real
class discussion. It aims to get
nigh quality answers to difficult
questions, fast!

The name Piazza comes from the
Itafian word for plsza—a common
city square where people can
come together to share knowiedge
and ideas. We strive to recreate
that communal stmosphere among
students and instructors.

Gvahim

(change school)

Selected Term: Other

Summer 2015

Class 1: 1: Assembly (edi)

Instructors: Bal

« Join as: ' TA © Professor

Class 2:
Class 3:
Class 4:

Class 5:

Add Another Class

Are you a professor?
Click here to create & join classes

Class Access Code:

——
iassembly

submit email 5 2 ,nRT YW w0 TP MW POK L9112 100105 .6

plazza

Selected Term:

Gvahim

(change school)

Summer 2015

1.

1: Assembly
Instructors: Barak Gonen * 76 Enrolied
" Joining as Student

Please enter your email address

Email: | test@testcom

Confirm Email: ‘ test@test.com|

Submit Email

Unable to sign up? Email us st team@piazza.com and we'll help you get started!

{go back & edit classes)
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Gvahim

(change school)

Selected Term:
Summer 2015
1 1: Assembly

Instructors: Barak Gonen + 77 Enrolled

' Joining as Student

We see you're new to Piazza!

Check your inbox for your confirmation email. Enter the
validation code below so you can access your classes!

Validation Code: Not Getting Our Email?

Please check your bulk mail or spam folder
first. Click here to resend the email. (It may
take & few minutes to amve.)

iz9TeY9Shho| |

Submit Code

If it's still not there, please email us at
team@piazzs.com for help!

Unsble to sign up? Email us at team@piszza.com and we'll help you get started!

RIN DR 2NRIPY WRY | am not pursuing a degree °¥91R2 172 qwnY 100 wianwn ow na .8

.07 2°0172 .ann>o N nr -Continue Y 1xnY 191 IR Wi

Finish setting up your Piazza account:

Account Information (rquired) Contact us at
team@piazza.com with any
Is this your preferred email address: ) No. use another email questions.
Full Name Choose Password Confirm Password
test test sanenene fas—

Academic Information (required)

What degree are you currently pursuing?

Graduate Program Major Anticipated Completion

l Select current program.. v‘ [Emer current major ] l Month v] [ Year v]

| have two majors

« I'm not pursuing a degree
Ol v <

This in

@ and accept the tems@
Continue to Piazza

4 for collaborative features on Piazza. We will never share your information without your permission.
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- Post type = Question

- Post to = Entire class

- Folder = Other

oupedh o9 — 13 po

JWwIn 98w No1dn

172 NDW NPMA .NEeW POSt B WP ,TRY IRWD nin oY

Post my question %y 1w°pi 910271 ,728W2 NM> nnY mown X

plazza 1+ Q&A Resources Stfisics  Manage Class

[~ ]

bt hed bt fogistics  other

d Unresolved Following

rch or add a post

<p><ip>
- PINNED *

m Prvate Search for Teammates! 51315
+ THIS WEEK

W Instr apona
(+ ™ one? mpnya

™ nnsh nnnw (o
AN onisn

« Aninstructor thinks this is 3 good note

W Prvate Introduce Piazza to your st...
o ' Private Get familiar with Piazza
o ™ Prvete Tips & Tricks for a successf...

Welcome to Piazza!

Piazza is s Q8A platform designed to get you

at answers assmates and instructors
Ne've put together th
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Post Type

Postto

Select Folder(s)

Summary
(100 characters or less)

Details

use plsin text aditor

Posting Options

Note © Polliin-Class
i you don'tneed an answer

® Question C
i you need an answer

Individual Student(s) / Instructor(s)

bl w2 w3 bwd bwS  hwd  hw7  bwe  hwd  hwiD  project

Your class is cumently set to use default folders. Edit these folders via Manage Class p

Enter a one line summary

Response

if you need a vote

o

Edit - Insert- View- Format- Table -
LB _Z|= M % E E| L MRk

code ftt | @ | Help

) Send email nofifications immediately (o

Save Draft =~ Cancel
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