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Cyber SecurityResearcher

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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2 273 7w L/O-2 wvrnw mansa ann 1°2% PA2CTY IYrnw MansT amn 172 77190 v 80867 nnowna
M2ap 7w va X1 1/O-1 Hw manos ann H7a ,80x86-1 nnowna 2vnw M7 12 mInwn NI YW N12In00
0% IWHD NAIND NN WRD .2PNNN 27PN Pw Mnw mMand 65,5367% 171 wern ar 127 .2 16 Sw

1/O72 73RS IR 112772 IR N7V RO ORA VAP 77037 09,0000

M2

171 77 27992 .0°2¥na 092 D°10°20 N2 K7 N AWKRD ,2” N7 1172°T2 MINIPRN N1OW 17210 2ATPn 0°9°Y02

179772 MW M2INDOY WA XY 720702

(2"-1) ®°7 1nRA 1027 5w In2no L0 RO PWRA NP7 HW N0 .0°Na W 7IvR MN2 NI Y Wn WK

.0°n2 1,048,576 972 77vn X7 1112717 ,2°19n 092 w2 20 Hva 7avn 1y ,1aR

NN MWD Myxann ,"0" 7wn IR TR 197677 opna 20835 270,370 _‘
J7nao02"0" 7wn N ow Tavna L1

Jn 092 1976 n21non nR ow 7avnn 2

("9 i) 0-7 127 DR ¥2IPY AP 092 write W nX mawn 1avnn 3
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Address = 1976

Address Bus

Data=0

Data Bus

Write=0

Control Bus

—

111972 72005 nwo

MR MWD MY¥ann 11212 197671 0pna R¥nIw 72 DR X1P7 70
v 092 1976 nawnon nR ow 7avnen .1
("ve" ) 0-9 107 DR Y2 71p27 092 read - p DR mawn Tawnen 4

TN 0DAW TIVA DR RMP Ty .2

Address = 1976

Address Bus

Data = Memory [1976]

CPU Data Bus

Read=0

Control Bus

€<

N7V NP N2WD
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J105°T2 DMWY 2N 229732 0937 PR 721 DY

DT TWIPW PNITA NN 1A
.0ABh x11 1073w ,Byte R ,000°2 8 5712 7w unw 113012 1970 opona .1
.OEEFFh x1727ww ,word 1% ,u°2 16 97132 77 unw 112012 1974 opoma .2
.12345678h x171 1o7ww ,double word X ,1»2 32 5732 7 1aw 112t 1976 apma 3

TR 7Y .0OR 77907 OV IMR D2TPI NN PNND TN AR — HNIXTOPT T DY 520037 1PIRY 20 mw

2022 WY N0 2°O1Y 1A TR TN RO 90 112007 90 TR ©°022 TV NA1TAw 18R 010 h oows @

OnR myawn ax ah=% v qwnna e 002 IR ,ah=2 0w’ 1w nRTop

179 AR IHW 110917 ,2°99 DAY NR?
.0ABh 77577 7w 112012 1970 oypoma .1
.OEEh 77w 2w n1oora 1975 oypona ,0FFh 7wn e noora 1974 opna .2

1979 oy na 34h 2w 1978 oip na ,56h 2w 1977 oypona ,78h 9wn 2w 11202 1976 oypna .3
A2h v

72°12 90 M3 N2IN22 v H.O=1 003, 1105°1a A0y 1911 12N e L.O1 nran 2 wow @

15|14113(12|11|10| 9 | 8| 7| 6| 54| 3| 2[1]|0

High Order Byte Low Order Byte

L.O. Byte, H.O. Byte-noin
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— 1979 2
1978 4 Double
A 1977 56 Word
D 1976
D 1975 Word
R 1974 FF
E 1973
: 1972
1971
__ 1970 AB —1 Byte

111972 2N 2097 YW TR 19N

WRPY WY 209197 WAIR ,ARNTY .0OWRAN MAIRY 7K 922 YRIANTY 72190 U1 aXPa
.OEEh 92p71,1975 oypnn Byte .1
.1234h 93p% ,1978 oyponn Word .2
.05678EEFFh %2p™ ,1974 o1pnn Double word .3

—1971 o na opw w5 7Y nvona 1970 opona wnww byte= nx 2p ,1970 oy Word 4

1999 919K QYD AR PO ,WIWHD T 2P TN PO

QWIRA0

WYPW TR TAVNT TN NWAD T3 ,TWRR AR 003w T3 0t mand 2% v 808671 Tavnh ,om
M5 2 PAInn? Y3on 2w 16 W qvoea 95 L(registers) 20w mRIpIw 0002 16 D732 Ml
7297 MWIY 2P0 NI 2NN AW WO DY WA "uw Xwn? 7y, (OFFFFh ) 65,535 1y 0n
D°IVP DOVVPAY NI DR POMY RO TN 0w LPOR N1I197 D301 00 AN QXA 0T 2000 17k
(offset) vonm ,a%w segment-7 9501 >7-5Y M2 NN P5°T2 NAND 95 .(segments) avwinse-—INY

X7 T1N2°T2 NN W oW NPT TRT .0INA0T NN

Segment:offset
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DR PPIAR NMWRIT TW0°A07 %02 16 912 0700 W DY 217w 70THY nyxann 1o 7719 ,80x86-7 nnowna

0323077 NPMNM P21 SW VODIRT DR P17 *IWi 00T .N2°12 BIAADT NPNN DPN

,0°0°2 16 5w 109N *H¥2 1171 R 0772 2272V .LINADT W n0pna D7 DR Y2 BODIRT 2w 29n 0pnn DT
732> 0000h 12 37 LMD 932 MANOT WwRd ,Mnd 26 64K wxn a0 nvab 9130 XY b0 w97
D0INA0 OF INT? NP1 N RTPNN 27avna ,64K p17a X1 ovvinaoad 93 971x 8086-1 72vna .OFFFFh

Ny ohlup

D°7NND 7NN DOVINADY KXV 7 AR¥IND 1672 012307 DR 0°9D13 ,LINAD NPNN 2P HW NN ¥OAI° 0T
VINAD .12 NN NRY 2°n2 (2*16) 32 S nnin 0002h 907 1130 7372 .0°02 16 5w A9195 X°Ow nAno2
(0°n2 272 7w o°na 16 %193 17 ,17 R 16 0°022 11) 1121 0 nn anR? o°n2 272 S nnn 0011h oon

3DD6h X177 v1307Ww 11,7072 WODIRT DX VINA0T NN NN 2°9°01 111972 IWha N7 vaTh 7

3DD6h:0012h— 95 ownn 11212 1o . 12h X1 voorm
279 2WINN P12°12 NN
3DD60h +0012h = 3DD72h

D% ¥R 270 ,1672 1IR30 N2IND DX 21997 FTYI NWRIT 1R PR 787 077 nooInw 2% 27 MW @

2011307 9N

NN TN MIMPY MIRAT MIRDNTIT LAWAAT PIT TIND W ,LODINYT LIND NPWH MINANT 7901 Al
NP0 7317 Y02 1 codeview-2 wnanwl NNk 7315102 7121 ,1900 qwnana .dosbox navaona axawcodeview

009N VIA0T KW DR 20T AW NN KW

1172772 2P AINA TIWRIT TN, IPW RN .100Y 2095007 1RIRY 11712°T2 MAINDT 2070 DWW ,ORAW TIN
71w .0627:000C X5 AnWwRIA 52 ANARKRT 2097 1971 ,0°02 13 v w2 .0627:0000 x07 nanow

.0627:000D X X217 0927 5w n2IN02 9900 1w

54



55 WA AR — 3 P

2°712° 17 3700 IMR2 101 0,1,2—000 @03y 1122 WO LT AT LNN9Ta 2RW @Y QoW 1902
>oh OHRIVOPY DPNNY NI O’ DWW DMINT A TR TX IR N2 DR 2237 W MR A0 7119772 MwS
S 01T PR ot o aonnaw o ASCIHE mp Sy aonw fpvob b ovaann ank ASCIH mp

.J1N2°12W 0°07YA

W DY N2 MAINDT 20MY AR N2 HW VODIR NO0IT VTRV NRT AWYI LODIRT AWM DR AT DY

.0627:0001 nanaa a2 nnn WK

7712 022 nva ovoa ASCII-17 909w o 112012 2037 DA 20 W @

[F] DOSBox 0.74, Cpu spee ' % cycles, Frameski

File Edit 3Search BRBun Data Options Calls Windows Help
I|=[5] memoryl b Gx0627 : <0001 1t
DZ7:0001 01 02 03 (M 05 06 07 08 09 Oa OB OC G0 CFEeeds-Hodor
2?'EIEZIEIE GE OF 11 12 13 14 15 16 17 18 19 1A [EF(HEaiTl- l

NAIN22 A2 IND ANWRIT ANWT DY NAK T7°2 VIR0 DR DRI MIPRIY LODINT NXR DOHRI ,VINAOT AWM NWNNT?

M1 2°n2a 16 Hw woa? N T Iwew 9% 2% ww .0628:0000

[Fl DOSBox 0.74, Cpu speed: max 100% cycles, Frameski

File Edit Search BRun Data Options Calls Windows Help
[B]——————— memoryl b O=0628 : G000

0628:0000 10 11 12 13 14 15 16 17 18 19 1A 1B 1C MAHIMELLTleen
0628:000D 1D 1E 1F 20 21 22 23 24 25 26 27 28 29 eav t"HSX&' O

.0°n2 16 W 72193 XIW D1P°12 210D TN LIADYW MW 77N D°RI1T WAIR TRNT2 010007
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CPU- notomns 712%w noond

72¥n2 D°PRMA DY 71277 DR POAYI T PO LW A9IWON 1DINQY TNYY NMOTNRAM TIRWI DT NTY JATT WA
1n R L (Registers) oowona 5w 779pon nn1 .00 Sw 1Y — VW 2w IR MW 17 DWORDY
L2201 10 wen Mws v By pxnkw L (Arithmetic & Logical Unit) non® novnnsxn 37mh pwns
D3I LNt MTps mavs Yy nxanRw ,(Control Unit)apan nomea oon ,manw nvme mows axnw:s ,1on

.M22pNnT NIRRINT NOARY MITIPD W 53197 AR 01007 530

Registers— a»x

Wan DOREAI RPR OTI%7 PR PO0 AR O N 2w TATR TIRD 210 077 ,2°I0K N2V MR IR L0700
nHaP? MANY N7 MIDY 2R —IN1A 0O O3 077 TR0 TV MY 2O91n onw P LTavna JIna
DO7TPON WP OpLhYY DMLY YW Nn¥mIXn Mnd w0 .zero wait XIp1 At axn (593 700 R Taynn 00N

STAT 1IN YT 12 MNAWY 1IXN DIPA OF 0000 0993 1DIR AR ,0772 WIW IR 229720 007N

"R 210 DY "00c" TN NN WRwn DR PV T 1902

T2 AN N7 WY 221022 anPw P70 03 2000 Mnd .80x86-1 nnowna ov7ayn YW 2w M7 20nvp

.02 16 5w 0°00°37 9157 °0°027 172 N7 WAIR WAL TR T
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General Purpose Registers—za»%%> avuon

SIN27 719212 001011 WK L0990 DP00RT NN Donp

[N NNNY DAL NrONNIRD NI7IYVON 2N wnwn
Accumulator
YIN'YUn ,0"INK DNIV0'AN NNTYA DA 2IW'N NI7IVD v "X . ax
register
AN Y77 T NN axm
N7 wnwn 77 0T LNt nwhaa nTnim ni'wn ya 001 Base address bx
N2 NIamd register
D'MYSN NINd NT'907 12 WNNW1 775 10 T2 .0MAT Nn :
mim | Count register CX
JTINNNY IX YAl DYINN NINDY ,nR717 IX¥nY
NI'UANMIX NI7IVD AW NWRD NITNIM N7V 'MY? wnwn
NPNNYT DII9YD NIV ARXINN NYNMYY 901 DIp'R NIYAITY yTn | Data register dx
1197 X 7R NAIMdN DX niv dx 1o L,I/0
yaxn :
Source Index S
AN
INd) |N2'T7 NII9Y7 D D'V'A¥YN 1INA DN WNNWN? [N
719'02 D"wIN'Y 0N 2 1D .(bx Dy NIWY? MY n'knw
JITNNN
yayn | Destination di
Ty | Index
" " y'ayn : b
.Stack "nnonn" 'Npw VN0 |ND'T7 NWA7 wnwn 002 Base Pointer p
[9INQ .N10NNN WK X¥N1 N2 [1N2'T2 NAIND 7V y'axnsp
VIN'D NAIVT7 WIN'W 12 nWY1 K71 'SP~ va X7 071v7 ,"nn yIaxn .
Stack Pointer Sp
722 17N 17W N'ONN Y 'PNN TIRONN LNI'UANMIR NI7IYD | ntonn
.10NNN N2 121N DIP'!MY7 Yy2X' T'AN Sp v DY
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002 872 P PI0YY 290X MR 2ONPYR .00 C1w mPD ,o0wea 16 Hya Ry 91T 00I000Ann TR 90 AR
— 0°N2 "1W32 JINW P21 L1790 ax DR P2 PPNvI OR N2 1whD N0ah vTen pUnvah o0X10 RRIRYD L7naT?
9N IR N2IND2 11071 HW 107 DR O3 IW1PW MR K ORN? DRYIND 22X ,1102°T2 MWD 1R 10T DR 11w

2w 7Y 10T

WH 2P —dXTICX ,bX ,ax—0"uoann AY2IR TR 102 PTIA2 20Inwna 21900H NOnoopn NIWOKRA WORY 10
,ax v oorhya oovan 8 oo Lhigh on H .al=? ah~h pama ,anaiTh ax .nx %5 00w annw °1a ovphn
.ax hw omnnnt o°van 8 Mo Llow jmon L 1Ry

DR S1°7 TR RXMIW W DY apnva nyxan (move W MEP) MOV aTIPDT —IIWRY Y9an0R NTIPD NYD Tl

INTY OORNWT T

mov ax, OFFOOh

272 IR @x W0 ,ATIPDT YIXOD NRD

:N27T TP VTR O3 RN MR WY 10

mov ah, OFFh

mov al, 0
9791 ,ax DR o e al Hw w00 RpEY 020030 2R 2°0°2 8 YW 000w 27 mw @

.dl, dh ,cl ,ch ,bl ,bh o> vo%92 wyw mwy? 101,717 19182

:0°2 8 P TIY 0*°99577 02V DR NRODNT 7720 1917
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mov

mov

mov

mov

mov

59
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:21 79 17 M2 7pRN1 MR 000N Y MY MRS 7901 19919 8T NPINNT

[#] DOSBox 0.74, Cpu speed: max 100% cycles, Frameski... El_‘ﬂ_hj

mov ch,

>

ax,
ds,

ax,
bx,
bl,
Cx,
1Zh

CV1653 Warning: TOOLS.INI not found

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

File Edit 3Search Run Data Options Calls Windows Help

[5]——————— memoryl b OxO7PE? :0x03EQ
O7E7:03E8 DB 59 26 2B GE 36 15 73 D5 1F 5A F8 EB Y& +f68s[vZ’a
O7E?:03F5 ©7 59 1F 54 B8 8D 03 FI 5a 59 07 C3 53 -YvZjie -ZY«|S

sourcel C3:IP empty.asm

seq dseq
ax

1234h
[¢]

34h

[¢]

command

ax, 1234h
bx, 0

bl, 34h
cx, 0

ch, 12h

JIR2T TIPT N DRI 21991 "I MW DX 010 IR 0200307 28D DR NIRT? WK TONT W PR T8
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2% MW @

.bx 5w oonnnnn o°vean 8 nR P mawn bl Hw Mw :bx By bl ww Yw nvowh -

.CX W 0°15¥a o an 8 nXR 1 mawn ch Hw 1w :ex by ch v Sw nvswns -

N LY AT DR WS 19IR2 MIDh 1T 93 PRI o°va 16 CHva o L,diny sp, bp, si ,0»%%57 omwocan e

.dx=1 cx ,bx ,ax oy 1wyw M3 oo NN

SW R PNV NTIPD 93 .0°00°3M ApNYa MTIPD N92137 7720 1902 ,075937 0200300 XY 210Nk

2

2XANW WP APNYI NTIPD 9 NRY 02007 937 DR 2HWAR W1 AWH 007 TING W07 IR T

.D0DINY DIV 2w R ONPNNTN

i K
AX

1234hwn

AL 0ABh 1w
BX 0ABCDh 7win
CH OEEh 7w
DL OBBh 7w
DH CH voan
AH DL qvoan

CX BX qv0an

.27 TY2 NNea
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A ns

e el
00 00 00 00 00 00 12 34 AX 1234hwn
00 00 00 00 00 00 12 AB AL 0ABhwn
00 00 00 00 AB €D 12 AB BX OABCDh 7whn
00 00 EE 00 AB cb 12 AB CH OEEh ywn
00 BB EE 00 AB Ch 12 AB DL 0BBh wn
EE BB EE 00 AB Ccb 12 AB DH CHvomn

EE BB EE 00 AB CD BB AB AH DL o' n

EE BB AB CD AB CD BB AB CX BX 200t

Segment Registers —wnae smwooan

:(FS -wnn quo°an Ao 80x86-11 nnowna N 2°IMIRD °NAT2) 22T 2200°0 7YX v 8086-11 72yna
CS- Code Segment
DS- Data Segment
SS- Stack Segment

ES- Extra Segment

SegmentRegister?s .1173°12 D130 HW 7PN MWORY X1 07PN 0w 16 °HYa 0n ORI 000NN 9

.172°T2 VINAD YW TR DR W

.72V STOTHY VAT MYEANAY 1007 MTIPD DR 9231 AT DI LTI VIA0 N°AN 2P DR MW CS 00PN
LR 264K qwRn 0 ®S R17 00100 YW 5n00pn D70 MR T ara 64K R uanao Hw hniopnn D7 a1
TWRD) 11237 LINADT PV YIX° OYD YW T2 ,0°1W DIIWCS-? PNV TP OW DU0IAID N VTAT? WORY 2w
TP 032X P N 197IModel small 1310 N9 nna o°v7an umaRbase.asm n°12INa LNRT WO NI DTN

IR TIP LINA0D N WITTAY ©22R0K N°I15N 12N5NY "0 RY Cwyn 19Ia (TR

DD YW DIPNa DY Yaxnds-w 0 gpnva MWD MvIann NPIoNa N2nna 990 7172 ,ds 000ana aad
29231 MR 2WANWA MR 12 small 11301 57In3 IR0 23 P12 2»va1van ovanwnn o nwl 12 ,DATAR
MY 710 ds Nk mawy DATA 2107 2901230 9907 T2 001 2T S 0°nR 0%97n2 %aR ,o0°n2 v 64K-5

Rah b2

61



62 WA AR — 3 P

VIPD2 12010 MIOMRA KW .vna v (STACK) noiomma NR 20nw 11212 0pn 9Y ¥°a¥n SS 00
T PYTA DOVTY XY ONR OX SS NR NIWH TR — IR O3 ADPN SP WD M1W Y237 NI ARG AMK LTwRna

0 anN

RITW 7 P72 T ,A001 LIAADY MIDY @°X10 AR X —NoDN MYl 112 11 Les, Extra Segment o
27T DR @O 9% HW MPNYAA ,TRATY WImw T I00°a 1% WwaRn

Special Purpose Registers — 2771w 239u0%39
OMTIVN DOV "I DI
IP- Instruction Pointer- nx"1:77 3223
FLAGS - o7

(pointer) yaxn3 wrawn Mwynbw w32 16 Hw 00T 1T XY AR ATIPOR YW NN AR P [P w0

.code segment-1 70

D°°9RWn MMR YW 0IR R XX ,0°0°2 16 1% 8 77IR2 7 27172 1R RYT .0°00°300 NP2 AW 27377 003
10107 BV 772 MWD SWIw RYT 1091 MNW NPUANIR MWD DX M2APYA JINwR 7T TU0°AT LINR 11 12

CAR2YT QY 712V TNEY TANTY ,72VR0 DW 38070 230 IR 2IWAT MMR 09377 700737 9910 19 1D

-7 W01 PW 2237 ,NRT NN 19K 2007302 MNP 0PI Y21 R LD TV 002 19pNIw 2°00°anT Nk 7112
90030 IR MWL NIDNR? MWORAW MTIPD NMRYP °2 L% .N%DN0 N¥° Ta12 725n0 75y unws o IP

ST 7Y% 190 BW A R TN 107 29X L0070

Qv 7712V MoINa? 911,70 I9W TIaVT N2°20 DR 7AW NRY T°1 L7791 P9 21T 0O00°A17 WOTRI 1IMIR

.TIM°917 372 71N 199 200Nn

Arithmetic & Logical Unit — nswnnsaRs 5790

72vn3 opna X0 (ALU — 7wepa R Arithmetic & Logical Unit) noaom novnneara 37mi
NY2IP 7P DT 197 MR ,0°I00%77 TR RIAw vnen nR e ALU-T .M ven 2 12 nwminnaw @
VDA ARXINT DR VAW 72w R yran ALUST ;0291 ,vnn oy mwyh 0% 39w R ALUSS

JTY° AVO°AND V2Pl

:ax w0 AT 3 WA DR 770177 Q2 IMIRY 7011, RN
ALU-7 0% axmaw 7wn DR pony 72vna e
B T7wnnR ALU-S mows 7avnn e

2"1 000w vaw R 1A AR ALU-% 10 1avnn e

.ax o1 70 ALU-mn 2wonn nR3IN IR P 1avnn e
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Control Unit—pan noome

UNAY ATIPD IR YT TAYNT P17 TR —ORWT 9V 71w 77 pona

DU LI MYINARA QMR UNA? T INNIY ,0%0000 2O9AYR W MW oy PIRD 7 DONWRIT 2°awnnb
707 AR N°I0WN2 POIAY 700 NI MITIPON NN LI AWOWwA LYY 7avnn 7P IR 12p7 1P WOR 270nwna
712307 DR MAWY TPV DREDT AN 2WTAN YT NPNIYAYAT NYINNONAT DR J2IRDA MITMIWT 150n% N
D°0ORI MTAR 2W %77 3NN 7P 93 17 30°W32 .ATIPD AR I7IP0 NPT DT AR X091 2wnng 1179772

.172°72 PR N

Operational owa o3 M3 ,an0n0 MTPD DR Pt axoan ,Control Unit ,7apan o
JMIYD 0031 YR NR AR IR P nyn ,0pCodes 1k Codes @

7201 7Pt o .owea 8 Hw Ao B 7172 ’in OpCode v 97, 12vn? OpCodes—n nkan nx Yy 72
5w MM2°12 nANoa DR e 1P .oonmipn o0o°woa 1ot R LIP X LInstruction register ,mxi qwooan
IP-7 nx nn7pn &o0 ,mavon qvooa 1In2 OpCode-i R ap°nvn 7p2an DY INKR? P nyn Ww aR37 77000

XD 791 ARAT AP 12N 9K

(ﬁ:ﬂﬂﬂ) n2"ynn ww -
J\f
S0 DR LATIPD MR TP NITAVA 1711 119 NION
:bx+5 nx ax I Mava ,NIR2T MTIPOA AN
mov  ax, bx
add ax, 5
NW R .23 K? OR¥IN 93p1 0A0R ,ax 7inR bx 5w arvvn nTpd nk whanah 82°0% 2007 NTPOw T2

bx+5 85 9ar ,5 537 1% bx nX 922°axmTIpei N NRY L0 XYY ,N°IAT 12 71VEAND MTp:

,00%77 1wDa 7w neve L(593 7172) o0re o ,OpCode=n mavs 9910 a1 At .»Read par nwT w0 92

N0YRT YW —MPWDT DR JATNOW NI OO 7aVA7 170 997 WEANY MWOW 7 LTI NPUANTIR 77D 1102

0 12 213p 11 P9 92137 nX mawn wX ,Control Bus 7pan 09 5y S9nawn MR RYT NoTwnan 1w
MINW? MRS APOW 117 .N27yna e MTn #0179 0 12 minwn Hnwnn MG [aw mTnn L1
LTANTY R nvTn opon R X1 clock cycle Yw i .clock cycle xp1 075 7rm 175 0

(5w 1/1,000,000) maw 1 1 5w clock cycle %va x1i1 1MHz 5w nww 270 Hva 12vn
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Clock
Cycle
1
0
nt

01 manwn MIRAW TAT7) MWW NIR NP9 DWRINA 72 1217 DTIRI2 R 7290 Y25 200> 72y 110210 1°0an 01
NVW 7> HY MIION0R TN 2w M wna 2w 1 (072 17 7anwn MG 12 A1) YW MR N7 av R (177
Mnd DR wyn? a2°23 729n7 WY MmN e 7 clock cyclen mins qunin a1 K7 anvwn Novnn
NN DR YX2Y TR0 729RTY 1277 MYAwR PR OART QY N1 AT P2 ¥XAY 912 Tavnaw NOhniopnn mwan

.7 clock cycle™n a0 Mo7IR M2 Mwow D1wn ,NPonRo0pnT Mowon

I2TYAT WY OV 1121107 1D WANT? D210 11N2TY AWA 10T AWA RO VXA TAVAIW MXIDIT MW NN
clock NoMIR FWOXT T ARNTAY PUXY WA PNNDTY SWOA AT T8N C7OTHY mMvEanan Mws YW 3n0a0 1onb

:clock cycles 190 NoMRW PN2°17 W3 190°N IR 0% TPNn 2072V 1M ,TPcycle

I NX AP TAavnn

TIX DY Taynn T 090 TWn
[IN2'TN NAIMD yTnn
091 WIann N2'T? w'w aTh
Iv'nn NAM3N NX N7
YTAN NN YR
yT'an 09 X

DIWHT YW W 1057 18 Y N300 AN 19w YW 70000

64



65 WA AR — 3 P

——

X DY Tavnn
091 VTN T
XL YT'AN [IN>'T7 W' ath
[IN2'T NAMND NAMON DK NIYO7
091 TY'N YT DX PnvnY
[lvan 7% yT'AN 091

[M2'T2 TV NAIND

DIIWHT YW W 0T PR OV 171300 72000 1w S 700

212°%

TIM5H 01277 199332w M2°0n VIER 119N (8086711 NNOWN TAVA DY WATA ,2WnNT NAIR MTIX 13777 1T P92
70PN 2P DOTAVAN 23w PR TN 12 ,0NY WIR 27avn 2 pw nnb 80867 v7avn nnown By
TR IAPRT .DONWE 7720071 MITIR 0MDA 12072 10133 VNA nopwe IR >an 117200 VNA minon 29191 nomwn

172719 32°021 RIP DY WAT TN ,201W 2°2°07 O¥ NTIWRNY TV DR DWW 7P 20NN, Y700 20D

509 AYATY nWnRwaw 07000 DOWIA0? AP0 IR 1379 80x86-7 niown HWw 111277 7120 DR 1WIP0 ,Jwnta
7 12V DN D°I00ATIN 1IANT QO PRON DY DTN IV DTN P79 1172y L1097 nRY .1N9°1 nand
MPRIIRY 7027 DT, MWD IR0 DY IRINRT ,NOUANIRT T2 W12y awn 000 93 993 7172 whwn
YW TNE W SNV 1DIR MTIPD YA 2TOW 127 NN NYY 2¥ 920772 1110 MDY a10nT MTIPD DX R0

AT X DY NN2TY 01977 AN DR PRI LNV

M2IN57T RWI 2w 71277 TPOYA 7AW .0°RAT 2°PI9 NI 0°°0°027 0°9577 DR TP 1PV PUMIRCD 70 AT PO
NR 0°2°27 QDKW IRTN 10 — 19K D°RWNIA 20 ONRW M2 001K OX IR DWW 2°00°300 0nnY N0

D150 2 1na 1% WORNW 7712Y7 N2°30 DX PPN X327 P92 LWeN0
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920X NIONY 7T1AY N2°20 — 4 P

Nian

771297 0%%5 Hw M w1 03 1OX1 ,PWRA O92n0R NHWA NIONY 9awa wanwl ana amava oo By bl At pioa
—(71151 NOW? °2M0KR MIPMNT MINN) 0°7220R W A0 2P L0710 IR PXI? 1NN IR AT PIY ,22n0KR3
IWOR ,AWYN? LANK T72R0KR7 71972 O°RNY KD WO 220K 2N01w 292n0R TP AR ,000p OPra 297200
7212 975 12 MR 0°02 1WhR NX MM YW 2°pwn KR ,NONR 710102 IR PXIW MINNAN DAR 92 905000
PP XD RIT AT A9 D102 YUY DODRW IR POR YT 710N 997 7292 DAR MAWOR 1XAY 102 ,°7200R
IRZING DR 72777 207300 NPT 7119% NOWA PR IR 71977 ,base.asm 17 XIpIw YR ,°72n0KR Nowa NWRA
YT DR 22000 20N 207N L T0p e 2200 we o ovroa .(Debugger) aR27 xap1w 09 myynRa
5310 .Opcodes—a1on now? “22an0R NOW2A MTIPD DAIND T22A0KAW SUINCA DI 1TAY DRI PIDa oY
920K MITIPD NINATIND 72 177 DR PRWD NP AT NI DY T pA92 o7nabaw o937 DR 25Wn Tpnnd

.Opcodes—>

Editor— Notepad++

WM AINMR WAL M3 VORY X3P NI™YH MINN W A [W° .JaNd 0D X7 72 WANWIW AWK 71N
TR MIDINA WY .LOPYA DR P R 2 Nn 2N M ,Word 130 07 "mnan” nuon [aww U
vomn Notepad++-a wmwn .anx Editor 9o wVisual Studio ,Notepad-a 21n2% o°%2° umx on»va

:M2°0 750Mn
mnrnnona -
N Apna Mows - -

MIRXANTT %Y %P1 a7 127 191 WA 0°I00°0 LRI MOV L2032 MITIPD —DP W YA NI LOPY - -

TP2

anx? ovvwnn 231 Notepad++ oowonn :mipnn

.Notepad++ installer n1wsora oma http://notepad-plus-plus.org/download/v6.5.5.html
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hello ya1p1 owa .hello X 1w yapn Hw nnron &0 hello.doc, doc annT> .navor aw v yap 99% -

0NN awenan we

nx aov »xn Notepad++-77 n1o1n ,NXT WYN OX .asm naron oy adbw o°%apn N Mawh yropn -

SIRMPR 9P MPNYAR A7I%a vapn

.DOS n27202 nmava o>y % ar .anra 3% omn 8 12 mnw asmTa o¥apt un -

Base.asm yay

.OPR27T 0°PN92Y T P92 TV TWhAn? 9°022 MK WA AT YR °72N0KR NDWA NWRIT YA DR DY N

Y2IP N0 ,ATIAYA TWna N LTWRNA 171200 17 —00% MINa 1Y M2 MATATM MTPOn 9 KD LT 25wa

1907 19 113 ,BMKR PONYA? TNX PRI MY a7 21 2MRT) R0 TR0 DX 19N 1 nym Notepad++-2 win

.Jbase.asm owa y21p7 NR 1w 100 MR L(QNIK PANYIR PRI DPUMILIR 2% MW

http://data.cyber.org.il/assembly/ TASM/BIN/base.asm 2w pa o3 Rx¥n1 v

W oo

W L RS

1 &y Ln

[T T I -

1 oy Ln s

IDEATL

MCDEL =mall
STACE
DATASEG

CCDESEG
start:
mov ax, @data

exit:
mow ax,
int
END =start

base.asm %y 22077

noWwa N3N hNa 073 NYTR TIRY an DR YYDW 2002 AR 1207 .base.asm yaph 007207 S nyd i

nPaY 72°0 PR PAR ,07PNMT 02070 DR PPAT7 20900 DR WY PR PV AT 25W32 .0TPhn 1w D20M) ,°92n0R

DR 1°27% 032 WHR® NI 39w 71210 DY YO —92n0R NOW HY P97 0102 1PYR 17O AR 1720V —0°000Inn
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:20°02 7207

1R V130 AT N} .DATASEG nmiai nnn R¥A1 IR IRA 72192 TR 701 aMRY 221K PA Tpnn)
12712 DINWRY MAw 27 12w 1non &7 DATASEG 1% 2oRMpw 1IR30 .2Wnni 11308 ¥ P19 000

TP 2w M X9 DATASEG 702 .awnni 5w 11719°12 Mo 201011 MKW MR 070°anwn 52 °I11 .awnan
7> ,DATASEG-2 :1n0% 07915 1R
vart db 5

,102°T2 MR MIZPAR AR 120 (Twnna POR 3OA1) 1927087 .5 7R nR apnaw vardl owa minwn 1aTaT 7o
.5 777 nx o2 0wt vard AT aRe X1pY

WIIRY MTIPOT DR 0°2m2 12w v 11 .CODESEG namai nin R¥niw a2 K17 MK PRIV S1wn R
DR T9PA% WOR 12W MR WP AT IR TR — IR,V MTIPD 710 W1 0IAA0T NANN PP TR 00X

W MTPHT
sanT? ,CODESEG-2 2105 o712 1R
mov al, [var1]
.al o777 TN PR, 5, var!=a1110150w TR DR PR 72aynt 017A0 7 7P
.base.asm y21p2 oW T1WL P0naL 2awa nYTY IR on va T
;0797 7207

PP DY MW AW M

e x5 IDEAL 72000 X amo wo a0k 2072w umkw Turbo Assembler nioin> —IDEAL

.0°9°1NN DONIONNT IRRNAY YWD 72702

Data, Code, —o°v1a30 gwiHw 139°0n n1onnaw 2%anory vayp ,small poor H7in -MODEL small -

IR 90 64K X177 201103 7P a0 D7aw Stack
D210 BV P92 IRYAN vYI97 1207 .maonan 973 —-STACK 100h -
.onni v —DATASEG -
.70 vanso —-CODESEG -

TANTY -IMPna X129 12 AR oW 9D .PI0NT DX DR MNaY A9ORn 7avab nimonw nomn -start -

AR AMwAw end-n DRMNMT Qv 2apy neak pevn -“main”

@data x5 .0°1N17 Yupn HY 30axe dsTw M1aph AR AR T IR0 1wy —mov ax, @data -
-7 IR0 NN ds TN phvin mov ds, ax aRan aRMAn aroa .datat vInad YW NN IR TR

.data

68



69 921082 MIdN? 7712Y N2°20 — 4 o

IDNT YW DIT0R IR0XY W TP 10 exit 79°nY nonnw MM W .Ionan 1170 OR0YY —exit -
IRIAN VDA 207 DM QOIXY 12 WANWAD 93N APYOIN NOWAY 9,050 RUIW NI MW
.DOS mpooo %y pona

X7 7 71297 0K WHPW MTIPD MY PO DX 22090 172n0RY N end ann —end start -
DY 778777 DR 9MNA7 77X 72vAN 199K 19210RY NOMIRY DN a0 end nXY L31on nowh wan’
5NN TXINY 22X AR LW PR .exetn YW NhNn NNN AXT LN PR OR LP1Ing

.start nsnnn

Command Line

Command -2 .Command Line >7°=%y yxani n1o0m 2°%2apa 211,010 729900 Movn a1v ,0ava
TIX 720V oV PURR PaRT YRY mMwYL 2pna ,annTe Ly 7oIa 270 199 ,120v2 wanwnh nwer PR Line
720 aw DX 2325

K17 150 922087 pwnanaw X OnwRIn .m2°0 nwn Command Line S nyovoa mmipn Tabl umk
NWPR MYXARA X AT 7170 .07 NOwH D3n%asm yap a1 1921087 MMAY 01D 190 OPRIopY
DR PR MPA0n RY D20 NI DTN RYeT Movaw X0 L,wn 12°07 .Command Linema mmpon
64 >7-HY 112°12 NIND MIAXMA ,19D) 12 6472 MTW 1R NI 2P2R0K N2°202 ATV MWITIN MIONA
7971 .80x86 72vn Qv ATy NMnT? 70 12 PRI UMIRY 12 20 YT-5Y MM NNRY MRD R PRI (0002
7D N DOIW TAYAY A9YDIT NIRRT —WPMAR NROPIY TI0MN OV 7YY R LAWY MR QA 993 ,72pn0
Command -7 7ya11 .Command Line=> 13m172 HX00p0 pwnna mTww MIoing PRl ,Mmumk oy 7avs
Command <---- >3y <---- NI AW TN MR WRXAN 7 MNma .mnw ghven maayna mw Line

.Start menu-2 nr101n7 w9 a2 ecmd n20ns 7 By TOR ¥OAI0 7000 1001 995 7172 Prompt

| Accessories
B Calculator
_ﬂ Command Prompt | User
129 Connect to a Network Projector
B2 Connect to a Projector B Documents
=1 Getting Started
é Math Input Panel Pictures
Nj Notepad
) Paint
& Remote Desktop Connection
15] Run

Music

Games

% Snipping Toal

t Seund Recorder
Sticky Notes

@ Sync Center
7 Windows Explorer

Computer

Control Panel

Devices and Printers

[Z WordPad
Ease of Access Default Programs
| System Tools
J Tablet PC Help and Support
1 Back
| Search programs and files el | ‘ Mm
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X277 121 NRANTI N9 N9 197 NRY

Microsoft Windous [Uersion 6.1.7661]
Copyright (¢) 2009 Microsoft Corporation. All rights reserved.

C:\Users\BARAK>

X7 vomm k. .Command Line-a yo07% 1w mnwn MTpon DR DTa0nw W 20K QTR

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

:MIRIT MTIPDA P°Y2 WHNWwI MR
Change Directory %2 m13p -CD <«

WL W OnwhI 377907 2aYh 01D
CD DirectoryName

;a7 "DirectoryName" oipna X2 71907 ow WD

CD Games
WA W1 NYIDDT PYA AMINR NAR 57790 N0 70
CD..
WY W PV AYINR I TN
CD\

AN

& NTPoN NN S

:A\>ed assembly

1" »

:\Assembly>cd tasm

:\Assembly\TASH>cd bin

:\Assembly\TASM\BIN>cd. .
:\Assembly\TASH>cd\

>
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DIR <

Ton DY A% 9°awa T 0°20 N9 DOXAp WO DY LW P50 DR NS0 NN 0°Xapa 75 11D

STVAY IR TIY TN 2V AXY 1IN page? M¥p R p 0o .dir /p 237 1187 197,70

C:\Assembly>dir /p
Uolume in drive C has no label.
Uolume Serial Number is 9042-83A7

Directory of C:\Assembly

04/13/2014 : <DIR>

04/13/2014 : <DIR> o i
10/18/2013 i <DIR> ADA
02/01/2014 : 19,076 DES.EXE
11/09/2013 i 81,573 FlagJumpTests.JPG
12/14/2013 : <DIR> masmé11
0%/12/2014 : <DIR> odbg201
04/12/2014 : <DIR> Targilim
o4/12/2014 i <DIR> TASH
09/30/2013 : 1,181,760 WinAsm.rar
Press any key to continue .

EXIT <
.enter 72 Ry exit owrpn ,a5ve Nk R Command Line=in nRy® 75
DOSBOX <

NRAPIW 7390 NWATI .0A7w MAna7 ann 80x86-7 7avn oy MINRD MINRN PR N1PINTIA I9YDT MDWRLY 1
D912 WMIR ,ANT? WD 7Y N3N W AWhN ARTAw 71010 X7 M2k ((Emulator) mwhin 29590 awa

WP AW 1D ATINT7 119w 1190IRN07 1990RY 119 2WnnT 21NANY MDNAR NIDN VINVIRTA TNIP

N7 2wy ,Commodore 64 2wy S MmN
DYy Y270 ovND woNy , 1982 mwa syw

Commodore 645 1205w
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,DOS 1 11 32997 3w .9I01R° ) W NiaTRIA 3297 NDAYR JI0RI ,°92n0KR DWW ATIav N2°20 DR P 00
xP1 DOS 5w mumnka 1994 niwa axge 75w ananxa goam L Disk Operating System 5w q1wop
nx 1pnm "Dosboxdownload" %32 won .0.74 X°n nP137Ya 70737 19X MM n20nd jare 11911 Dosbox

.1aNa

data.cyber.org.il/assembly/dosbox :1°%m 23 0.74 73073 nX 7005 1001

:X27 70N NANTY TON NS DPIADIT 9V ApR

Welcome to DOSBox wO.74

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

To ad just the emulated CPU speed, use ctrl-F1l and ctrl-F1Z.
To activate the keymapper ctrl-F1.
For more information read the README file in the DDSBox directory.

HAVE FUN?
The DOSBox Team http:saas.dosbox.com

Z:N\>SET BLASTER=-nz20 I7 D1 HS T6

ZiN>_

Z 71192 Y372 AR .MIDINT N 10w 2°0R 10T 2ORYAT 12 13197 YUY KO MWV 2010 WMIRY ANWRIT A0
190 awnnn HYw 0°%apa wanwa? Yow C107 .2WIn 22wnnwa? g1y 22p% 70 Intro 21037 1Y 3oxn opaoT
71902 ,C 0 9Y DORINI W 2UXIPAW TPn2 .mount NXIPIW 77AT 012017 MwYY 299X IR

:21n21 ,Assembly
Mount c: c:\

:21n21 ny> .Drive c¢:\ is mounted as local directory c-oo7v onn v

.C o°xapi 1110% 111an

%2 3 nopn Command Line-1 5w m7ipon 22

0% 212 177 927 -12N0W MINTIPT MITIPDI 192 77972 117 WORN ,I0YAY YN wpn By a%enow 2 mw @

ot

7% X7 97017 N7°721 ORNA2 AN OPIA0IT PW AT MR LI TAVA SW TXDIAR QYRR MIRY 1D
N2°N2 MYYNRI A1 280 DR MW 31 L(A9Yn% nana 1n0h 2% mw) 1202 1wk 3000cycles v aspa

:DosBox-i1 qona nxag ampon

Cycles = max
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MPRn MIND NPMYAYA 1P7TY) 12 23101 RYT MR DO9R°0pRT Mk anby MKk Sw Pywn M Ny
CPU ny> 21> 7%vn% namaa .(3000cycles=n» 72772 230 aRA1T 930 92K 035w awnna 72 v e

.speed: max 100% cycles

NPOY QY OLAMIR 19INA IXIY MTIPD PW 0N 0p1aoTe yaph weR :Dosbox oy mhp nmavh o
QvD 02w T2 0PI NR 30IPY 9311 ,7M77 -7°NV1A 1727 7797 12 ToAR 32127 198 MTIPD nY°ap .H10IN7 @

1237 77907 T R RIT LI R

W =M W amnem vsn 717 YOR vt i dosbox-0.74.conf 8P MTIpDT DR TN 1001 12 Yawn

01201777 v*15n In2 DOSBox 0.74 Options-2 1112%
DOSBox-0.74
DOSBox 0.74 Manual ||
DOSBox 0.74 [
Extras
Options
DOSBox 0.74 Options [

Reset KeyMapper @
Reset Options E

:N27T 290377 DR R¥AIT,71077 79 21931 72390 DR 917 INON 120V YW 0RAW 1807 DY ap7p0 190 Ry

[autoexec]
# Lines in this section will be run at startup.
# You can put your MOUNT lines here.
STANTY .19 NRY 7o 2102 1001 119w MTIPEI DR
mount c: c:\
c:
cd tasm
cd bin

cycles = max
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TASM Assembler

0°79210R 1132 T°R°°R .13197 NOWY WSS 15Wwa TR TI9AY NoM0nY 11010 9o X TAssemblerabanoy
Sv annRa g0 Turbo Assembler 5w m1xsp ,TASM oy 72y 11902 1mIR 292108 nows
.1996 nwa axy %1 5.0 X7 TASM

W IR YA 22PR A prha AT YRk A1on Nown A0nn DYEan WX M0N0 X7 Linkerapiy
PRI MININA QAW PR CWWW IP1OR LTI X PP? DMK PR 101 NOwa 2°¥ap 150n
DX2p2 DORYAIW TP "YORR AP NYEIRW ,NOWRIT NPI0INT DR Y910 TR PR ,I0AT .0°%ap 1900 P2

OPNRA O°XAR2 DORYMIW TP VYR 1727 TP CYERY ARIPR 1A WwRY v IRt .o0anK

NR 23 PS5 DR O3 ,7172008T DX 23 19102 5910 7R .070INa YW uurRs ank? TASM nx 1vbvi aomni®

SRR

data.cyber.org.il/assembly/TASM.rar :p1°72 tasm.rar y21p5 DX 71732 107

ST NRY

.c:\\tasm\bin awa 7v990 17

"rar download" wasn ,rar nnob 71510 037 PR OX) 2°X2P DX 7°IO07 PPNV rarta yap nR Ny -

(nrn nn M

.bin 77002 R¥1 base.asm y2pnw WY -

(Aunhw qona o12°%a nT ,cd MTIPD 07 HY) bin= nvv19o X weam Dosbox T w1 nvy -

:90n nowobbase.asm nX A AR ATPDa -

tasm /zi base.asm

.base.obj awa y21p 17 131 .debug N2 WA YT IR DOAW Zi ROWT -

7T P2WR MO0 NOWA yA DR Tan - tiink pha nioin o Hy nynanw — axan ampen -

tlink /v base.obj

.base.exe owa yaip "x1 .debug N2k W7 YT DR NIV TPROING

o
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MR 7oA2 72 td base 1am W Lenter wropm AMpon nwa base 1200 xuw yawpn AR PN o1

LAR2MTAN

BADOSBox 0.74, Cpu .. = ©

2% omount c: oo

Drive C is mounted as local directory c:\

N\ocd tasm
NTASH>cd bin

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

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

| SNTASMNBIN>tlink ~v base.obj
a urbo Link WVersiom ?.1.30.1. Copyright (c) 1987, 1996 Borland International

NTASMMBIN>td base

.Turbo Debugger awa 112°7 n1>1 Myenka base.exe y2pn NX 01 ,nvd

Turbo Debugger-TD

;01207172 21121 ,119W 22777 NIMN DR Y50 070
td base

!N2T 700 Y

File Ed Uiew Run Bre nts Data Options Window Help READY |
: mov ax, Bdata

v>9M) view 112 L(F10 wpn By mxon?) a5yn% 0°015n? 1015°7 ,0°NK 0°727 0¥ 71 JONT 01pna O

:CPU nmwora nX 102 ,mnow
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Turbo Debugger-2 winmwn

o n1 umR .Help=1 v™ona xign’ 1 ,TD 1wopa wr ,Turbo Debugger w nyxpnon 95 9y o200

:TD 5w nypowi npas?

TP NMYR M2 ,F8 By v by ,Step 2¥n .00a%n Cwwn TR MWYR 101 — AW MR AN TP DX
379 979 .In RED IMTEOT DO DR M STM TN YW 802 ,ANTIND KO DONT TP DMWY OR LR
MIRTTLANTED DWW ANDAND 2OV MRS L7 2% (F7 5y awenh by Trace 2¥na wanwl ,ImTng

JNTEN0T TN 7 AW avs 95 aTpn’

SN AR W TP YW x0T e TD myenka base.exe nX 1%°77 —nRT 101

29V DT NMIRY 21pn? 7Y Y0 mona —Go to cursor amvawnw ,F4 17 msou nrwuaw 7807 NMIwOR

XY TV NP1 DR a0 FO nmpon

07 NP 2w wn VIeWS ™7 .0°IoNa InoR DI Mpn? WOk MW NMIWORT MyaR —View nawsr

:DATA- 77 023230 DX 12 1127 ,72197 NOWH 130 7P M nx b »xnw ,CPU-7 -
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cs:00aC CD21

DT 0N -

|

VTRDD TV DT 030 TV W07 B YW 197 AN Nt 0%

SIWNRAA 12 WANWwI 2R L7207 170V 2OV XD MR v —STACK-7 vanio nx b »xnw ,STACK-7 -

T MR T .watch N2 MR 0219 MWD MU IR TINwR DR o0 umk —Watches -

:DATASEG2 21nwn »1w 117%° ,72377 onT 19IN2
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78

Var1

Var2

dw

dw

*5210K2 MISNY 772V N0 — 4 P

1234h

2345h

2192071 vart+var2 w2 nkWatch 7105 110137

NMAIT? NI NINNE DNYAN 7D NNt NR 17 »xn— Variables -
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195512 WRYan 2P Naun

:X277 70m7 NX nnon CTRL+G Hy 73°mh .1112°T2 @R¥MIW 029797 D22N0W 1277 , 7000 2w NN PoRa 99 17y

L I=Enter address to position to-

3

: ' | | 9 S. ’ | ' ' D
D°NNIT YOPHA W A MR 070 ,ds:0 1) nwpiann nAINaT DX 0101 NNow 192

[ ]=Enter address to position to
d=:0

OK

WRIAT NIRY MR "Poopn T 9w

nw ik P ,DATASEG 2w oipnia 5y ¥°2877 97301 1R 1279 ds 171003 n2 nnaw 7% 27 ww

Mo NR ¥¥21w °195 F8 Sy oo nvs yanh 1vhy ,19% 1030 7w R Papn ds mnwRI Tpn mw

NnRG
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breakpoints-z wyaw

72 77w 1A07 1HY LNRT MY 2752 .72 AXNIw AW 932 breakpoint WX 7%y nTpl Tt 009120 R
a2Won By oI .01TRA Av1ax? noovn e JToggle-a 2% Breakpoints v9n21 Mgyn no1onnw anx

JTPRYT NTIRA DR Pvan

[21=CPUl 8048

Y ww Tpa nw2 eyn X0 Run (F9) nps nava noioina nR peol oX Lbreakpoint 1uvapw anx?

DR T2 WO DTN AAIRY TP MTPIY 1 YA 79w 777 o1 .breakpoint

¥
2

. 4
TP MW PR M mov ax, 4C00 nmwa breakpoint wasp 7aR2°77 nY1va base.exe nX %03 3
OIW QMDY N7 OTPW DO DR MW 21WA 2°00°300 YW 20 NR 1p7a LF9-2 www in %o a2

i

TD ay n7ay» 29w

ALT+X %y mxon» :Dosbox-17 qon X miownmn avoxs -
CTRL+F2 :p1nn v wimn a3 -

2y %o .0oxona wpna Wiy F10 Sy axonh ((Ypn1 120vaw fapn?) nTopnan nOtva ovena TeT -

LAR2°7A W Dawn Mavnn A Navnh Tab
ALT+Enter 5y mxom% :(1mn OR°%0) Ron 701 2817 129n -

(Ctrl -5 Alt paw wpna) "mnon" wpn (12592 W X9 ,NI10KR N1IIND BRI NI IRy -
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Opcodes-? “5»aeR MTIPD TIT°R — (3230757) PAR 993 n ;'5

JI0n MTIPD? NRAN MOV NTIPD 7X°0 P

TIPMI.PNTAW TP VIR0 DOORI MIAR? NAAIN MOV NTIPD TR X7 ,72 OX , PR D210 MIRY 778w
RIZAD X7 WP DTV .ARIT DN MM MAAR 972708 MTIPD .72v3a 72 119701 720W %D MOV NTIPD DX
MTIPO2 NUNANT MYRBR2 P71 KROKR L' 77987 DR PO Y92 mov ax, dx a7ipen »w Opcode=nt nx

DR

WA VIXTa oY1 3000

"Your code wan InRY AR 0°¥I11 DR TR0 DX 10°1377 .0710n YW Thw 9on base.asm yawpn .1

7P NN AR gvomw here”

mov ds, ax
.TurboDebugger n1o1n nX 117,780 7230 DX 700 PR 7naan ke .2

NN PR AN MOV ax, 2 ITIPDR L, IRNTY IN0R TIPY NAXN 222m0R NTPD 9o PR umana .3
.B80200

) READY]
[e]1=CPUl BMB6——————————————— 72— [11]

cs 0005 BEe200
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:MNIA DYRY 712 130TY DR DRI

.179°T2 NI0DIN 17 2°N2 AN PITAN MOV NTIPD DWW MW NIRDIA 71011 MOV NTPD Naxnn a°na ana» .1
N

mov ax,5

mov ax, bx

mov [120], ax

T2 ,Opcode= mnwn TR PI723 0037 20w ap e o 2

mov ax, 5
mov ax, 6

:Opcode=i1 %y nyswai N PI72a1 21w 0°00°A0? v1ap Pyuh Jou .3

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

MR 0O TING W0 2wdw manwn Opcode-n PR 1721 4

mov bx, ax

mov ax, cX

92 PNDT AR RIRAY W .A101n NDWY 9w 21NT DR XA W0 .mov ax, dx ampoi aIn1 pnan nnvwab aain
NoWY Q3NN A2A0RT TR AN OTHY 27 KPR L3197 NOWY ININ 23007 172708 PR 17291 9TIPON DX N1on°

YT TP 1101
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83 921082 MIdN? 7712Y N2°20 — 4 o

Q1299

7712V M2°20 MRYP TR PWIYR ANRTIAVIY 221082 MIDNT N2°20 DR NOW ATAVT 9 DR 1757 a7 P92

1077 77 P92 NYPW 229377 .NAR ATIAY N2°202 117PANT MTONRT WRY IR M mnw

Editor Notepad++

DOS mmps 5912 ,Command line 7770377 -
DOSBOX "u7mr -

Turbo Assembly 7%2n08 -

Tlink pr% -

Turbo Debugger ~x27 -

SPIXW IMD DOTAWY 2WRNA DIPXR DYIPNYA 2900 DOW RINYD AT AT Lqwenh 1000 RO 19K 00952 72w b

.NIoN° °9°nNK ITIR X277 P92
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84 IP, FLAGS — 5 pp

IP, FLAGS — 5 pmo

Nan

D°1M107 DORWIIT N .0°7723 N°IDNA NTAPIW 72N DT 2V 2°WIT71 — 09K a7 IP qvooxn — a1 paon oophn

=1
2Y W71 07 IR 0°723 MIoN YW 87290 7MY 00w arR on ( Y 1°077 DR 0777 IRYAN) 7207 ORWID

.0°2Wnna MN32T NR22 T TR 07
,Special Purpose Registers ,0»7w» 0°u0%0 51w 79X 17077 192007 72yRT QY NN DWW
.FLAGS o> IP qvo°an

IP- Instruction Pointeraxaam yoaxn-
FLAGS—5x7

XY 0T P2 MR waws [P 9000 (qwnna ona pnyaw 2RWI DAY a2wn 1990 00000 YW man

LMIRDIZY 0217 O°RIN N2°N0R N0 12 mR waws FLAGS-1 q00°31 .mip on1 n1T1730

19977 @00°377 DR TIN97 NIn 5V ATIAYA N2°20 MITIR UWIIW Y102 Wanw 1920 0°I00%07 MTIR 8191 T P92

LJPwyn amxa

IP—- Instruction Pointer

(pointer) yaxn3 wawn Mwynbw w32 16 Hw 007 1T XY AR ATIPOR YW NN AR P [P w0

.code segment-1 71n?

(MWATIN) TP MM 1501 NHDINA base.asm DY NDDIANT IR NUINNT DR XN PNV _

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 pp

mov  ax, 4c00h
int 21h
END start

I[P 2195 ,mov ax, 1234h, IP=0005 7711w2 va15 nRx»n1 010 :meaona nxen av IP-% 37p an axna i

TP INADA MWW N30 DY ¥axn

cs:00E5rBE3412 ax, 1234

AR TIP N2 15w 1PN DX aTpnw T2we ,F8 By wopl nvd

READ

[a]1=CPUl BHBG—--~+————————————— ] 7—[1]
ax 1234

cs :0008)-BEOOOO

00 WnANAY 2w

(mov bx, 0711W?) NAX AW DTPNT PO TARAY XA ANWA DR P¥Aw ,7ona non oon L1
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86 IP, FLAGS — 5 pp

.ORN72 7INWa ax oW 17y ,aveia mov ax, 1234h nmpan .2
.0°na awIwa 5y M ,0008-5 00051 mainwn IP ~wooan .3

P2 50w »1wi R 02057 nan By yan 20vn:

.°I15N7 1175°12 2°N2A YW noon mov ax, 1234h 37poaw own X5 ,0°02 Awhwa AN MRTRPNaaY 12007
02 0w R TAR N°22 NNwa? 9120 [P 9R 0°9pna — no1onm 10012 ovna awihw NIoen mTpen 73 R

STNET 099, AR IR TR PI9p° IP Bw 77w ana oaxn Twnna R

5.1 93N /

STIPER 7TP0 1alP 5w 1w Nk 1P 1PI0NT YW TR M DR 7R 10°wnn X

20°n2 AwYHwa 7anwn 1R 1P onaw 0vaxn 0onme onk oxa

2°%pn 017 1R 1P 5w 10w nk naw? »72 . IP=0005h wrd 10w 3200000 Do R XN .2
T2 NaaTa 112 037 IND» WL TV 10710 (enter wpn Ky XmDY 1Y 17T IXR) N20vn oY Yoy

g b

[u1=CPU Be486

Enter new value

I7IP9% 12V .anwaw 7w nR Papn IP-w T enter Sy 1S 0010075 IP 5w 10w nx w
198 TIP3 yupna 0010 1727 0005 paw mmpen ara 2anyat 7P wRL LF8 2y nxon® »7=oy nXkan

2( cXx ,bx ,ax 2" woan YW 03% 2% 1MW) Wwrang
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87 IP, FLAGS — 5 pp

Processor Status Register - FLAGS

e FLAGS 1o FLAGS 1w 0°%3777 quooa »1°02 a0y 70w ,Processor Status Register qwoonn
DOINYW TN V32 012 077RWT MNP A0 RIT ROR ,0°0°2 16 IR 8 T7IR2 7 PO WK RIT.0°I00°3 0
W v apont p1 00002 16 FLAGS-2 wow m1nn® .72yn7 230 DR 312

:FLAGS-77 700731 7102 05w o1ponm 0°2371 mnw 1905

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— 2°Xin ¥937 Ava R 0on™p , 221w 222371 7°an
Zero Flag -
Overflow Flag -
Carry Flag -

Sign Flag -

772 MITIPDY 227 2ORIN MY MTIPD YX2Y 70 072 WANWR Tavanw MR ,NTAPR MW 2ORINT 9AT0

D72 DOWRNWR TR AR TP X0 MTPD Ta2aws (M ...YNA IR 0PN K27 ORINT OR" 01 MTIPD)
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88 IP, FLAGS — 5 pp

.

Zero Flag— oonm ©a7 J\'

593% :1wi) .0 0 10y R Tpn 932 .78 TR DW DIDRIINT ANNRT ITPOINEIT ORT 7O 09X AT
5w 127Y DY An0a° 1P 8D P19 793 MWD IARY MOV PNV NTIRDRM 793 MWD 10O CIw 2P T

(279377 2¥0 Y AYDWR 1R MOV NTIPD 1K1 RN NY°pY 0ORT 937

X WO AR D12 T 0Wpn LARXINT Npnva POXR opnn - Destination Operand -7y 718 @

.J172°12 n2nd

TTIPD MYNNRA AT IR MWY? woR R awen) ah 7in? ax al 0 o3 4Bh 91vn R o annT

2y MTIPDT N¥IA YW ARYING 2% ww .0Mwoaa 12 (subtract) moon nws yxar nys (27T (L

Hakirbb i m_\»

mov al, 4Bh; 75 decimal
mov ah, 4Bh ; 75 decimal

sub al, ah ; subtract al minus ah, resultis 0

'Z' MN3 7200032 10100 0N 217

:NB0N ANMT

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

,2alma nanwi M20mn nRXINY 11190 98,1000 n1R% 7R 700 AT 92300 DRXIN DT 272 DMIWND IR T 70T

197 Dapn 0987 937 31 7Pna o 199,000 A 7wl oA "nwtI" nORAW 750,02 12T 007
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89 IP, FLAGS — 5 pp

"DOVoRT ARA" PUIA7 729R7 DRI ARNWT N2 93 .0°07Y A7 1A IRNWT MWD 1AT2 NP0V W DOR:T 9T
72 7PN 0P OR NYTY JN°1 0ORA 23T NP T2 0707HY 197y Dapn 09X 93T ,09R X°77 I0°M DRI OX N0 NWD

Y M2 YW NPIRYa MW RO ,2000Y W

5.2%°3n /

;W TP 120D (002 16 HW 200002 WaNwa M0 N2 NIV DORT PAT DR POTRw TP 12N

10°2 16 2w 0M00%02 WANW , M2 N2 NIV 0DRT 73T DR PUTw

Overflow Flag—mw s 937 J\'

N LRI o L1 Tvn DR 9aph aweRAT DATY A LT 2000 omnn "nwtn bW aRXINaw MTIpD
.signed 7N 0°790n7 YW NN DR 20NN TWRD LTIV 271901 XD DOWHWHY 0127 15012 17N 220
D°9907 MAW? 2°713° MW ,0°0°2 8 KW D712 000N N 2INWH NP2 MW 2OY¥IN UMK OX LIRNTY
(-128) DINan NAMA T TINDINR2 NAWIT IRIINT DX PO AwOaT 937 ,+127 v (-128) n onna signed

.0 9077 DR 12 2020 9371 DR R T2UNRT L0003 DR 1R D0Anan o IRXIN aR L +1277y
2817w al Rk T Ry
mov al, 64h; 100 decimal T

mov ah, 28h ;40 decimal

add al, ah ; result is 140, out of 8 bit signed range

'0' MIN2 720003 100D TWINT T

20N 93T PRT 19 123nw 0007 DN v ,0°0°2 16 9732 (M00°A0 R) mInwn May —awen e

A M 7w L(-32,768) amva ,(-2'°%) xim 0w 16 07 By 3w i ana nan signed T cwn
+32,767 193 ,(2"°-1) X
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90 IP, FLAGS — 5 pp

5.3 5300 /

ST DATA W MR 1201 1307 ,base.asm I A7 Pyoaw Tipn MW DR PNy

Carry Flag—xwam ©a7 J\'

X177 19 VTR DO 0NN IR 7T 200w e 30 2py ph7a ,Carry Flag ,xwan 937 o3, awehan 937 mo
071507 HW AT DR 220NN TWRD LTPIW02 021900 MXY 2UWawaw 2003 190mn3 MPN 020V 2N LA
D12 MW ,2°0°a 8 HWw HTIAA 200 IR 2CANWR NATYA NYIYD DOXan MK OX ,7naTe .unsigned Mna
DINAR DA T TINDINA NONRWIT IRXINT DX PR Xwan 97 ,+255 v 0-n onna unsigned o oon v

465,535 731 0-n X177 2wnn 20w 1657132 7v° 7179 My . +255 7y 0

N7
mov al, 0C8h ; 200 decimal
mov ah, 64h ; 100 decimal
add al, ah ; result is 300, out of 8 bit unsigned range

'CNIND 710N 0100 NWIT 2T

YYW WNT (0T YEANA 1Rn 90K) N0MRaR 2173 (20700 WMIRY I90MT) N0MNT 72 MO N7WH M)

RWIT 3T DR P27 1991 (77990 MW 5Y 27192 M0 MWD Y 92072 17017) 90w R

TNTY ’
mov al, 1h § \
mov bl, 2h
sub al, bl

255 nx¥ing 255 mw 107y unsigned noon N2 axevaw ,0FFh Ry al 5w 109y ,moonn nws 3180 R

RWIT 23T P71 1971 (256 1079w 12 "Mavnn") M9hw Rw1d wInw N nhapnn
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91 IP, FLAGS — 5 pp

2797 72°077 DR AN KW 23T DR 7977 7KW ,NAAR 7637 9V 9on0a

mov al, -128d
mov ah, 40d
add al, ah ; result is out of 8 bit unsigned range?

07N .RWIT 937 DR 2277777 ,unsigned TN 2ana 2N PInn ,-88 n1vhh 17578 PINRT 2WONT NRXIN 7RI
75 .unsigned 19oma NDI21 ARXINT oK P72 signed 15on MN2 al HR onNn -0apy 110 R? 7 w02
,al 0% -128 noiaw iKY :al >w 107y nR X¥n1 .unsigned Mna 0°57w7 90 HR 0n»NaR IR ,07apy N
12m1 ok Yo .unsigned 19on N2 al YW T7Ivn DR oowaon W ,+128 Hw axon 03 11 .80h X1 al hw 1w

NI QNN AN IPRY 000 ,+168 H3p1,40 Ty +128

5.4 %310 /

RXWIT 9372 MW 20K 12p°Y1 18077 ,base.asm TN AT PYoaw Tpn MW DR 1PNy

Sign Flag—y»vom 937

2w 197 NAAR .1 RIT TV TINDIR2 DRI ARXINT D (N2 9RAW) 10980 07 oX 1 10000 97 Hw 10w

:Signed 1101 19013 POR 00NN MWRD 0w RIT 90M DR MRN? MWD 0°377 .0 77 10008 237
1 7Y HYa RITODRAWE ¥ IRPA NN -

X7 790 ARXINAY AW annTe JFH 8 paw onna xyn1 Hrnwn nibblet — Yhnxtopn aya -
OF100h, X1 %W aRINAW 729 W L(M°2 2712 2woea R anwn) 0F1h, 0A3h, 088h
.(77°n 27132 @000 R ovanwn) 0A300h, 08800h

5.5 5300 /

2IPW MR 12V X007 .12°00 23T DW 107 Inwe 78777 1raw 70 base.asm nx uw

. . ""'\J
Direction Flag-711°277 %37

DR NIDWAIT NN NNNND DOVINPK DY 12w 72wnn ,0 99w 197 237w .MM oY ATy whwn o 23T

DN DR NIMI2AT MANST R Navnn 1 A 11007 2ATWD .MIMaaT NI2IN05 Ny
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92 IP, FLAGS — 5 pp

Interrupt Flag—mpoos:7 957

mxon neann (Interrupts) "mpses" DXIPIW DN MYNIRA? NAYIT? 727 SW N1 OV W AT 9T
MPP0D;T 237 DR 0°IWn 19K TP OYUR DX 2109 01X MIYIIRD YW ayIon KDY %12 7N 200w TP Mon
937 7Y NYOAR CTTHY ,MIPU0DT DR I DWORD TP DX 2101 LAYInT X9 P Tpnw oontvan 1o ,07

.15 mpooon

Trace Flag—7m 73 %37

DR P2YM TP DY 22 NRD TV N2 DR P20 7avnT 0T 22 . Trace a8n? 7aynn IR 0°10n TN TYX 937
Sw 107 oX .turbo debugger naodebugger micn Hw anws NR NWORN 1T A2WD LNNXA 719107 uhwn

JTPRY RD9 7330907 DR 7on 7avnt 070 anw 9aTa

| N
Parity Flag— nyar ®a7

W1 DWW 90 HW 2ONNRNT 20T NNAWA NITART NN 99Y VAR NPT DAT HW 137V 12 Wanwaw 937 KR 1
A 7w PR e 937 ,(0,2,4,8) 1" 5w X1 90 W 2O1INANT 22027 NMWA ,2W0NN N2 Hw 9102 O

.0ORNY NANKR

Auxiliary Flag—ry xwi 537 ~

777 292 (AL 100307 SW mNnnng N12°0n 4-1 DPARW R NP w0 R 1 7Y 92apn 2 whanwaw 937 1R T

.0 1099w nR

5.6 51N /

27w 23T DR U7 X2 TP YUp ORA
mov ax, 0
mov  bx, 8888h

sub ax, bx
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93 IP, FLAGS — 5 pp

5.7 930 /

RWIT 937 DY 5.6 3nn MTIPDT oW 7N an

(7AnX) 5.8 °an

RWIT 937 DR ,7AWOOAT 237 DR D127 12 20270 ,710°0 W 1200 SW DR 790 70 HYw TP YURY AT 1IN /
2707 937 XY

(7AnR) 5.9 30

RWIT 237 DR ,IWODAT D37 DR D227 12 P97 ,M0°0 R N2 W DR A990 07 DY TP Yuph 7237 1N /

DR 937 NXY

Q129

R .07 o 1P qwooan (Special Purpose Registers) o1y i1 0vw0°370 MTIX 1722 71 P92

ANIR DOAWRWD 7P 77 11293 MPI0NT DX a1 Janwal P hw 1oy R
STWNTA MR WHLOW 229372 TR WAV ,2°9377 J00°A DR 1IP0

DON 937

RWI3 927

hivalsivsS]

1707 927

JTINWS 19977 299370 DWW 22WW o7 NI MWD HW A0 AR 1R

N2°02% 09027 10w L,A%°OPY P72 MWD YXAY NI By 20937 2000 avlP-n quooan hw wa wanwa ,qwnta
ahim)lamBakraiohimi bk
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94 MOV NTIPOY 2°INWH NITAT — 6 Po

MOV NTIPDY 2°INWn NIT7A7 — 6 D

Nan

DOPON AWIPWA TR IR Y2210K NOW2 NPD°02T MTIPOT DX

NTIPDA DWANWH TR 2°97Y 072 2°¥AP TR ,2°INWA DT TR TAR1 AT P92 pIovI 12, wRA P -

70037 DR IR T1N2°T2 22INWR X 20T P NYRY 072 mov
ST MTIPDY NPMY MTIPD L(N2Wwn MYIWD) NYURNIR MTIPD TR wa pona -

MyxnaRa L("..IT A7 YRR LAT ORID 27PN oR") 009 0ORIN OV MPIoN 00X PR TR1 whwn phma -

IR MIRSOR RN MTIPD

SW 1P ,0°72°K DAY IR N2 ITAT 2R DY AR0RA L,IRMT2 MYIIE D110 2000 9111975 0°p105 aro av

11T RPN 020K 501 NIPHD L10PY 1TATN 002K

29200K2 DXINWH DT TR IR TR TN

Q%INWR NATA7

STTIPON 109917 N2IND PT2-HY 11212 2pn DI NWAY 101, awnng AR ¥ P52 1R 953

mov  al, [ds: 1h]

o°y21917 0300 (DS vInaea NP nn nR? TR N2 9m?d) Th vooRaY ds vinanaw 7wa R al I wun
X ,5 7w x¥nids:1h n2I152 oX 9195 .20 TINAW NAIN22 XYW TWD 07°°NT2 IR 1922087 2R
JIDIR 3279 2770 AWR 117 79,10 T0OWA 1090 MARAA ARYN 15 MIong akw X7 7°vas .al 7int pnye 5 7vn
NR DA MR 1AW 7707 DX LYR DEWS ©Hn1 oX L1013 cTh 2pna 0mIw UAIR A WR M1 0N

D190 W TIPR DR MW T710R1 1R, Th 21pn2 0K manwn oowh nnT> ,000vn

1002 MIpn 2°awa oTMYAYR NRWA WhnNwa? NIonne WOKR? K17 720087 SW WRN 1TROND TR
TP DR 37 7 31 nva .ds:1h n2nob yoxage-o mvw oy 93 1R ,age X n ds:1h nanoa ok ,annTe

s Rhii i/

mov  al, [age]
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95 MOV NTIPOY 2°INWH NITAT — 6 Po

7891 oK —17°9R) DIPRT NREPA? 12°2w1 A7 O3 KI7 ,109°T2 Mmpnk aw nnn iml P KD 19270850
2AINWR NIPIIP 1112772 MAINDT 22N WMIRY NINNT 10272 NXPAY 2PR? PNPhNg 7Y nyeaph —102

. (Variables)

D207 5w T INY 535 10w, 117912 T8 MIND NI 0w 8T TNy
,6 7y 1 w3 77 Sappw MmNy N2 702 5y b WwoN

1279 2 v 7 Sappw Ay N ST Mnws 8T 1700 1)

v "start" n°nna nRY 7 —base.asm  y21p2 11917 .DATAT 01130 7102 NPwYI 27721937 02ANwnT N7

:ds 710 7w naga Yw avws

mov  ax, @data
mov ds, ax

LMK WITAT RD OR ,mInwnb 0019 WmIRY avd 932 DATA-T Lm0 T DR pomaedsTh ninaa 1R mTps
SW 7A¥72 MPIDINT DR DMD NMIR ,MONTA NPV Yk 75 .dSTa 1w ININW VIR0 MR WO 12210K:
1991 ,17WD0 RIPR VINAON TR ,1I01 VOO OV T N1YLY 1N age mnwn? 700 ,nanR .ds Tina 1017 7wn

L1921 237y Wy age ine

95972 2P NRIPT

LO0WD DAINWR NITATY 2N LTANWR? MXPAR DOWRan NMIRY N1 2pnn 972 TM0N 22w DTN

SR T 1 2w

0 772 wanwl ,DATAT 0anao TN 7R 1°2 D733 manwn 97372 973

ByteVarName db ?
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96 MOV NTIPOY 2°INWH NITAT — 6 Po

—DB) 718 n°2 97132 01 0910 TINwHaw 120mp? nivon db aaan.manwnn aw X120 ByteVarName oypna
X? I8 ,ByteVarName minwn? 1naoma oipn 2%pn P umRe 1xn aoxwn 0 (Define Byte Sw wop
T W TR0 NIDTAW DY WA NN WY ORIPRT T DR DWW UPR MINR 20901 mnwn? 7Y oovap

1221 XY WD
mov  al, [ByteVarName]

01" Y I 7AW 120 IR AR 712 11020 7w e 7 al quoaan Ing pnvy ;R 1onn K9 7

MYnwn H¥3 7Y RDY 7397 2P PN 0w 2°1°2 YW ONN0 AR
DINZID MM TV AP0IR 911,0°001 2°INWA TR 0°I°IX 1IN IR
DATASEG
ByteVarName db ?
ByteVar2 db ?
ByteVar3 db ?

172 70 N0°12 D2INWA AR

1P PINR? n .ds:0 nnoa w ,ByteVarName pwxnn manwn? axpy (0 950n nans) pwRan opnn
nanoa 7 ,ByteVar2 ,vanR Xan manwna 1991 1R 002 57aa X ByteVarName ar mapna .ooanwnn ane

NP 191 ds: 1

IMR PIAIY RIT MWYY TR 7 92,000 22974 22INwn 25WH 1801 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:

;. DefineDouble
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97

MOV NTIPDY D°INWH NITAT — 6 P

6.1 930 /

Jbyte 132 (manwn ,variable v Mx°p) varawa minwn DATASEG-2 yvan X

var 0% '5' 77w nR Py ipn .CODESEG w2302 025w 02101073 0% 827 7P DR 19°0vi

19K var-w P72 .00 Ny xm Turbo Debugger (TD)-% 101200 ,n2101 nX 199mp Ny

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

ax, @data
ds, ax

[var], 5

ax, 4c00h
21h

S5 7vn DR Dapn

mov 1w R 1071977 .DATASEG 7107 22110177 13130 12N YW 799107 N120Wn YV 117207 19 %195 .2

Turbo -5 0127 ,n7w 1999 Nva .59MWa NAN2 PP0D ITIP1 NDOI NItva 7vnb ds, ax

N5 oNPHNW TN DR aN22°P oRA .07 X Debugger (TD)

Signed, Unsigned "inw»

L T P —unsigned X signed X MY TINWRT aR MY R HR NNTAY 22 mw @

nawY XPY NN2°1a Bytes oona ana X1 ,myap 1R MATNIY 1 99 .0°INwn2 0% I 290wh

DATASEG

Var1

Var2

mov

mov

97

.0hnwnn

IR Byte 9712 2oinwn 97731 L3317 N2 1w anInRa 7IveT DR IR lcd

db ?

db ?

[Var1], -120

[Var2], 136

:0°07W R ovanwn® 00101 CODESEG 702



98 MOV NTIPOY 2°INWH NITAT — 6 Po

DPINWAT CIW 197V MR V9V 07 DINwna W MR woR 19K Maxn nk? DATASEG2 1o By Hono:

.88h 7w nx o°on

?72V73 AR 1ARIAW N0 9120 2136 01997 w120 01raw neae 910 R

.10001000:2°v°277 oMKR DR 92p1,0°° WD 2°5wWnn N wa ,>R%% +136 nXy (-120) nX PRI oRY X071 72N

InKT 101

.27 TRV DR 21721 IX12 272502 2100 MIXAY? DA 1R 21X MK DR W0 0O 221907 IWHW AT ORI
w2 AP 136 oo pank avsy 120 o1n® nnR ave IR "an? ,+120 ,190n naph WORY IR0 1IN

RN AR DR D°RP00

LDDR 12113 X7 ARxINT ,120 0w oy 120 0190 Sw M2 nowoa -

,N°2 97932 manwna 2217w s . 100h 1R ,256 R0 axxng ,136 0190 av 120 o9 Yw Mn nwoa -

09X M2 ,00h— 07117 D027 DAY P 2PN ,IRISN AREINT DR 19102 WY 1% KD

-unsigned & signed 950n MN2 WY WOHR WM NI DOMAWY DWW DRY PRI T 707 DAY

AR PR 72972 .wanwnRT YW R NAWISY N1anRa
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99 MOV NTIPOY 2°INWH NITAT — 6 Po

unwR® 2mnbanT 290y nYhap

Y12P% 099127 MK ,ANTAAN 1AT2 020 .o0anwnb 0 nbnng 2237y 1w 9awa CODESEG-S monb ooavn K

.0°°n9nNa 7Y 0°INwn©

5% oI NR RAAORIWY ,7INWAY NITANY 002 NIN22 MR INIW TV 93 TR 1N 797 20 1w

.NIAR 17 2051 oK KOX 1WY 0°022 0nWw 12°RD 019017

DATASEG

ByteVarName1 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)

TIREPA NPIWD RS 12T AR 7D

1 I=Dump

79 T WA M DT PRI L5 010 T DR 20w 2vInwn 3w AT 9% TR 20 mow

MR TR 9072 2NN O TR 20—V IR OTIWOW 12 AR MY (D002 AvaIR) 7719 @

:0°1N W A0IR 12 2°WH AR ,N°2 DT MINWR TATY O3 29107 MR
DATASEG
ByteVarName db 'HELLO'

02 9712 R Ry 21920 90, ASCI 10 mwrnn 9onw 002 D712 7INWn NITAIR P02 L0V IRD W TR

ST NN T2 7212 ANIK AW DO 2NN WA T 1R T IITAT? 070N YT 192008 ,TwYn?
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100

DATASEG

ByteVarName1
ByteVarName2
ByteVarName3
ByteVarName4

ByteVarName5

db 'H'
db 'E'
db L
db L
db 'O’

L= 1=Dump

MOV NTIPDY D°INWH NITAT — 6 P

3=LTI[i]1=

.(ARRAY) Twn—1rn ow w° 2577 2°Inwn YW q01RY .02 207 DK Wi W 0IR IRD 11780

°5wa uX nyo (STRING) nmam» x1p1 ASCIH 71p 2w 15w 001297 TR 922w 7R ,n0D°X00

.0°97vn DY Ny vMon 10T

7172°T NRXPT :6.2 237N /

7INWn LN 97 Janwn —o0nw o°973a ovanwn DATASEG-2 170730 ,base.asm 021010 myenxa

ASCI 10 Y2 q0IR ImWww manwn 19°037 ,0°°N9N0 2% OpYR7 1N L7190 A% DTIA manwn L1900 97a

OMITIY 2°Inwnan TR 20 Wt DATASEG-2 1112017 5y 112y ,01°02

Q929Pn NTAT

XIT ,1100°T2 DONW D0INWH DW AW LT ,aN01N TR TTORY YT DMWY TIRD %191 97X 07 20009

TR YPW L,0PTINR WO LIAIR 7371 LINDR RAPI TWHA PN RITW TINWA 2 .57 MR O9¥2 07 0°I2RA 9D TWnaw

R¥MI ,00R OPTIR 2¥2 ,PWRIT LIAYRT WRD LMW TMEA WA NI MWD TWRR TR Hw 2P

PR M2PIY MAIND2 2OVINTR N N2 79117 NAIN02

TWHR .TIWNI PWRIT VIAIRT DW N2INIT PITI INWW 2NN TIWNT TR0 NINOT RO TIWNT DY 0°027 NN

MYXARA ,0INORT DTN VIAYRT OPIPR ,TIWAT DW 0°027 NAIND NATVA L,TIWA DIRYR DD HW N2IN3T an nvTo

ElementAddress = ArrayBaseAddress + Index * ElementSize

100
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101 MOV NTIPDY °aNWn NI7AT — 6 P
7o 7792 0 op7Ra LIPRT 11212 02000 n2IN02 2onnn Twnm (words) 009 Hw Twn 17 w1 oR ,InnT?

1 OPTPR 2¥2 LIAYRT L(D°N2 CIW DT XIT LYK 90 1w ,0201h n2wnd 7IN? 1AM wney) 0200h nanoa
18977 191 020Ah n2noa 5 op7aok Hva vandri1 ,0202h nainoa

X237 7% nyxann DATAST 032302 797 D0

ArrayName  SizeOfElement N dup(?)

J1%7 >0 ¥13ph 1aw ,7wnn aw X ArrayName

o0 — dd ,dw ,db 279737 2101 TR N7 IR R, VIADRY AP 2011 97 0 vatp SizeOfElement

9193 790 IR 1997 ,092 D713 0°0InhR 2% 1IN OX

221m obw 9on Nk 21 N .7vna o720k mno jamo X N

90w ,duplicate 5w xp X117 Dup

MR 2173 200w 2% 1w .2ys N 90w R 05w C2rn TV 9o 2wh 209107 MR A9RWT R0 21pn2
12237 97 PR NIONI IR JNIR N1PIOINA NOWYR 79727 O2IR L0107 DIAI07 AXPITY DR NN 201y
SN

ArrayOfTenFives db 10 dup (5)

:5 X177 922K 92 HW 157,072 D732 729K D3 ,00020K WY 12 7w 1%

[ 1=Dump——————"—"—"""7=[11L1 15

JIMR 2°RD N AT OK 03,0202 12N0W 792 IR TN TING 793w 920K

D TR TR O
ArrayOf1234 db 8 dup (1,2,3,4)

AN AR¥INT
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102 MOV NTIPOY 2°INWH NITAT — 6 Po

.0°N2 72K 973 ,1,2,3,4 93773 2y a1nw — 0°na 32 57132 79 1172772 1727 09K MIRY 993
TWR? 1172°T NREPT :6.3 220N /

DPANWAT QXMW1 12 NN2°T2 DI DR IR, TD2 anaxew n°10wna DR W0 ,0°R37 2°2%000 202

Ralaiyphyiv/]
(Bytes) o’ma 7-15 .3 :nw o°v7aa 0w DATASEG-a v X

Nt .5 T mvnmrnw 2°9on 10 W 7vn 19730 5" 7w advmmknw 2°n2 10 5w 7wn 1T

Jabnlrlalyihiizni i kit W ahhlaTalahs

.2 9702 mnwn 93 ,4,5,6 9300 R 2onvd 20 mww 7Ivn T A

MOV n1ype

2T NPNYR 2PYXAR TR X1 DY L1N9°T2 20ANWR 2T PR 11IP0 WY TY

950M2 T IWHRY 273 P71 ,A11972 1°O¥ 117207 " move” DY RR , MOV NTIPD DX TIXP 137577 2% TP 202

ATIPDT MTIR LNDA 7202 AT AT NY3 .DAWA DRWN

SIR2T AN DR N22PRN RN RO ORI TIRDY T2 T0WD 37D X3 MOV NP

mov  Destination, Source

X297 AKRw1 Source 5w pni 7vn .Destination 71n% 1Mk 70°3921 Source W pnvi nOXY 7 ATPD
mov TP ,MInR 2°7n1a .(Operands)z 7aazix o°k1p1 Destination-i7 ox Source-i oy 1w @

L7397 719X TING MPRT TIDINRAY VTR DR 3NN

22101 (P9°XT) 22 773 DR ax 0017 07197 270 ,INTY

mov  ax, 22

A2W NPIRIAT IR NONOXTORIT MR WY MYINRA 22 770 DR 0°39777 009197 1NN

mov ax, 16h

mov ax, 00010110b
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103

mov

mov

mov

mov

MOV NTIPDY D°INWH NITAT — 6 P

:0°71B0°307 0D 0%V 0210777 0O912° MR 17 19INA

bx, 199
cx, 2321
dx, 10

IR V002 RYAIW TV DR W0AT? PANYaY X WOK

ax, bx

1DINAW T LAPNYAT NWO MAPpY2R I X2 bx-w 799 2% ww .bXm2 X¥nIw 770 DR axt? pnvn i amps

mov

mov

mov

mov

mov

mov

mov

mov

:2IN57 O3 I AT IDIN .ax™? Do 1w

ax, cx
ax, dx
ax, ax

.ax TN I ax oW 127w DR PN 0w RO 0193 TIWN KOW MAnY DOp RO ARG 7TP07
MOV NTIPD2 W1 WH MANMAT MK IR NP0 2°KaT 2°0°Y0n~"Nna

register,register

register, constant
register, memory
memory, register

memory, constant

27T PR PN APNYA 9O ,NNR 2072 .memory YR memory Tpnya ¥¥a? el XY ,0°R1N ONKY 5

DD 17272 TPXT DR D21 KT ONK PNDTT 2WMAT 7321 DY P9I DR ONRIPYW INR? LI00°AT AT MY 7000

nonIN KoMOvV NTIPD YW opcode= 19 113 .21 TaVnT 1A P WP YT NNavaR ovXImY 2t nnIm apan

103
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104

mov

MOV NTIPDY D°INWH NITAT — 6 P

"WYY WS APNYT

register, register

2712 DAY 7MW ,NR V0% TINY (AN 2°RTRAN D27AN2 ,ANT IX) v 16,102 8 12 00 ARIYR 1T AR

mov

mov

mov

mov

ax, bx
cl, dh

si, bp

ax, bl

WMWY MIRANT LT

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

STANTY LT PTI32 000000 DY T00P1 KD oK

SPEROMIP NRNIY 21

791D 999D WO MY TNE WP .mov dS, €S InNTY NPT AR VIR0 MU0 NI PR APV 03 1R

ds 2 s NoonI LW MOV CS,ax manT? LTV TINOWRD Wk 157 1K CSIW0ANT 1D 1D LNV IR YA

104
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bx v ax nxpnvi X
axn? bx ooy 2

.ch 7.n% ah nx P nyi

s

dlnb al nrponvn 7



105 MOV NTIPOY 2°INWH NITAT — 6 Po

0o Yap Y apnyn
mov  register, constant

VD% TIND VIR 3PNV T AR

1672 P WYL 1AW TV PP 117071 —1ap TR0 aRIN2 NRR X 000A0n DT 700 20 mw @

STXDOMP IR 2221 102 8 Hw 1w TIn? (257 nnnT) vl

101 WINWH MIRANT

mov cl, 10h

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

6.5 9730 /

IR 217021 9ROXTOPA MK W WY XA 17700 Muw wivwa ,(*on0xT) 100 Twa nx al Tink penyi

mov ax, 555

o°27¥n NX 2apn al~w P72 TD-2 nvaoina ke .(00001111b annT? ,b miRa 0°non "R Mx 37wi)

RaRhahi

PNI5972 RN DR WO W PNy

mov  memory, register

NPAR 912 7907 TIDIR LTV IO OTTOV NPIMIAY 1113°T2 NN TIND 00700 2w 129 DR RNy T ATpD
nuw) n2NoT NR P o L,(Direct addressing nvaw) n1oh 000 1RIR PO N2INOY MY 313p T

.(Indexed addressingnu w) ¥12p oy w01 Hw 11%2°w 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

.1 990 NINAR 1271 TR PRYY ax 9w 1Y AWK A2

Var manwni v°23n 7°9R 2007 1172°17 TIN? PRV ax w10y ,1hawn anaTa

AT ATIPDT DX 7MW NINDY 1% AR PRYY ax S 197y ,nown annTa
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106 MOV NTIPOY 2°INWH NITAT — 6 Po

mov  [1], ax

JMIR2T MTPDY TPY

mov  bx, 1
mov  [bx], ax

NAIN2T IR AR 002 M0 LT T bxt2 37mwn N0k PN INY pRvY ax ow 197y ,nyiann anaTa

bxa 7nwn

6.6 937N /

al 7302 1p°ni .0 7IN2 °n%nNT 129y IR Wap 02 D7 var qanwnn Nk DATASEG nay7an X

NPI0IN% MIRAT TP MW DR 199017 .2 7w IR bx 7In2(9n°x7) 100 7790 DX

mov [Var], al

mov  [1], al

mov [bx], al

mov  [bx+1], al

NY2IR 90w RN 021007 nx a2 DATASEG-2 ooowown nRk 12p°v TD-2 noaiong nR g .2

(1213 9w “omox7opnn 2x»1) 100 7w nR o°%apn DATASEG-2 oonwRai o°nan

TW0IAT BR PN2°T2 XN DW Apnyn

—7MR 97272 ,1772°T2 RN JIND 000 PUNYAR MIWWR NI PITR I T00%0 TINY P22 XD PR MW

10721057 0¥717DINTT
mov  register, memory

DT IO I ,MIDPN 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 NTIPOY 2°INWH NITAT — 6 Po

6.7 97370 /

(@TPA 23NA YW PR MW CINR) NIXAT PN MM IR MINNT 19°0%1 , a7 22307 Twnid

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

mov  [bx+1], al

mov  al, [bx+1]

Dapn al DYupa NYaIRn TR 992w IXTN .70 N0 et alma oomwn nk 1207y TD-2 n°19Inn nX g

(722,15 “ooxTopan mxe2) 100 7w nX
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108 MOV NTIPOY 221NN NITAT — 6 PD

N9oD Pap b apnyn
mov  memory, constant
:bXx>7Hy 7MW n2IN3% 5 TR IR 021379 273 T
mov [bx], 5
:RT T ITIPEY NP 1TAN 12PN NN

mov [byte ptr bx], 5

mov  [word ptr bx], 5

Sqwnna 72 By 1207

P2 TS 2P 2D

NRAAWYH 0170 dX IR X ,ax™a vy .di R si ,bx 2 nan wianwi ;797 O 02010 Awna? whaw 9120 00 93 KXY

STTIRON ARNTY PR
mov  cx, [ax]

IR NN

ssembling file: baze.asm

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

DR ORI 992 T1Av1 ,11N2°T2 NAND DR NWAY AW 7N 100

12717 DR P2ATIN MPRYAY MRANT .N2IN2T IR WY 070 bxma wanwl -
mov  ax, [bx]
mov [bx], ax
INRANT 2P 7Y bxH 97011 ,bX 27708 7mww NN Y12 UoUIA XKW NAINOY YA AXN1 R -
mov  ax, [bx+2]

mov [bx+2], ax
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109 MOV NTIPOY 2°INWH NITAT — 6 Po
R? 9aR ,si nXOR di pX 2 9010 9931 ,bX 27ThY TR 20372 TINWH V02 MANDY YA X1 AR -
SIANTY LT OTIW DR

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

SATY .312p 9P 190 ,di IR si DR T bR 9010 Do e ok -
mov  ax, [bx+si+2]
mov  ax, [bx+di+2]
mov  [bx+si+2], ax

mov  [bx+di+2], ax
17192912 N2IN5Y TITDIN 213N

1722 N2IND PR PRI TINOW IR TIOT TN PON2 .MOV NTIPEY MINANT 901 IR 2ATIPR 0°9°Y02

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

NX "1™ $12p7 DR AR 92008 P72 TR 002 20 MYXARD NREA NN2°T2 N2IND DIw DT UK 1 RO TR

212 20 N2 n2INDY ,(2°122 16 9201 ,711510W) b 0077 DR N var 7Inwni

1T =12 16 N2 N2INOY 2N WA DX BIINT KT LAV TPR0RAY PWRIT N277 .07IwY nRhRnn 1awnn
PR DA 01307 NN TR N2 DY BODIR XD WUw 79T0mIpY MR [1] 10037 193 01300 TINa ODINT
,OP1NIT VINI0 RN LIMOAY —NIAX WIH2 AN OX ROX — X ,097ORIpR GW o aawn amann 20Ini0

.DATASEG 7102 1 v09182w n210277 7102 ax X p°ny° 729n1 197 .DATASEG

LR TN 270K M2 9712 1109°T2 NAND INY L0016 D713 ,aX DR 02191 TavRm PR R AW AR T0Rw
DX TIDAY 92wA P .MOVTT NTIPD NRY 2WANT NN RN PR 2ON01 .1N2°12 K2 1022 23 wanwh ¥ KT

:0°0OKRY PnmRnw ,0°na annw j2 7Twn DATASEG n% nna 0731 ,0nv 711127 DATASEG-2 axepi
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110 MOV NTIPDY °aNWn NI7AT — 6 P

DATASEG:

ZeroArray db 8 dup (0)

MR MMWA DR 7901 TP Ina 1oy
mov  ax, 0OAABBh
mov [1], ax

:DATASEG nx 111w

-

n9mR mans ar 898 ,DATASEG-2 1371 19°R0 1112°1% 01N 7910 12200K7W 1R 2°71017
Pon X 9°9m1 ,DATASEG2 R3177 1980 XYW 11712719 om0 nan by
mov [1], ax
P91
mov [es:1], ax ; as you recall, ES is the pointer to the Extended Segment

Extended Segmentvinion Tina avon ,mRknnn manoa 'AABBhH' 7w nk mIRAY 1001 03000 nRD,

2hy yaxn ES woanw
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111 MOV NTIPOY 2°INWH NITAT — 6 Po

Little Endian, Big Endian

DR MW 72vA7 ,aX DR 1102 UPNYIWD annT? —"79a" IR 00°A00 , 1N 007 29PNV WAIRWOY 1R
729717 97272 7AW RO 72°07 2791037 N2IN22 K AT N2IN02 KPNT TaY .1102°72 NP 771257 D207 N2 ah

1937 N0 ah NR MAWRY I TNT? 7 03X WO YA

P YR 1R L(191 2°N2 "W AT bX ,ax mamTY) TAR N22n NP 5w 973a ,1wh0 0w R 000 W WK

MV SNWR DR N1AR 72127 110212 SpnYTT 109019 IR

Big nxap1  avw .12t a0 391m37 n2noa mw: (o ah, bh %) High Order-n nran -

.Endian

Little nxap1 7 aww 02012 an 391m37 nanoa waws (o al, bl am9o) Low Order-n man -

.Endian
TR D927 AN 2T TINWR IR 2°00°37 9 M2V NIDpN 1990 Muwaw 10X

nuwa 721w 80867 7avaw 001021 WMIR TN NI DONK WA WY 1D T0Wwa 27w 2°7avn W

ST RIRAY 10%1 von 1205 WLittle 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

9251 myox" 0oy oM Big Endian-) Little Endian oo

X2 NIV W13 IDINT 2230 NPYIINI W T 22T D19 1o

2IDTYR BRY QDR PNV

TPNY YW IR 0023 1N RNV DWW S0ID TIPR AT LTI9R 120K XIT MOV NTIPD DOTINDINRT TR 2NV

TN NI TRNTY 9T 00N
DATASEG:

Array db 0AAh, 0BBh, 0CCh, ODDh, OEEh, OFFh

11


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

112 MOV NTIPOY 2°INWH NITAT — 6 Po
NTIPD (N2 D712 RIT TN KR 20 —ax X al 2% ww) al 7% 2 opTeRa N2RT DR PUNYaY %01 nvd

:2N>°N ApPNYan
mov  al, [Array+2]

2w opTRa ,DATASEG n%nina wian 27 Array 71pn2 oX .112°72 12102 117 77997 DX 23N 1920K:

7N anon nowh 2wana NI DATASEG no nnn 0002 vooixa xyn1 Array Hw

TWYRY AT 2% MW .71vna 2 op7eRa YR Y 7w ,0CCh 71w nx Dapn altw X aTIpe Y aReIng

AOPTIR 1207 3w 2 XY ,0 DPTIR 101 WK DIPRA DX W ,whwn opnn

STANTY .QPTINDINT 70 DR NIWT LIWD 2277 11°°7 ,7IWND 00 PNV ¥X2Y OO0 1007 OX

mov  [Array+1], al

TR PRYY TN 2 M901 OPTIR DWW TWR MW XA DRTIPA ATPn Mapyaw Lal bw 1nvw anca aRanm

L7V NWRAT OPTIRA

offset n7ypp
:offset 37IPom NWXARA ,7vnn N AN SW VoI NX bX TIN? 021977 K17 2°27YN2 219702 WIwh %101 T
mov  bx, offset Array
TR DR NP3PR V0PN TIVRN TRNYIT NTIPD IR
mov  al, [bx]

TWnd TR I Array 1°R L0002 YW 79D 173 Array-w 110,702 7w Lal 100 1300 7399 1 1Ipn2

190 197 IR 9993 0070 92 IR ax 10 TV 710 ,words 0°on hw

ORW X7 72WNT D772 37002 21N 5177 19 °105W AR MTIPD WA 112N 2717 W 20 Y 1Ry DR ORI
T7YAI SW 90087 N2IND DR MW bX WRD M%P 0% NRT MwY? 911 IR, T8N0 20K 9D OY mvws vrab ¥l

.7¥RM2 KA 20K DY ¥0aNn KW T bx nR o°n7pn avs 9
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113 MOV NTIPOY 2°INWH NITAT — 6 Po

LEA n7ypp

xR mmpon ,nwvn Load Effective Address Hw 11xop Llea nmipoa wopnen offset nmpon opna oonvyh

MTIPDT NW DR 7ANT? 1% OR .25 MR DR NEan
mov  bx, offset Array
lea bx, [Array]

:BBOOO0O ,1157 712 1MIX? 130 MTIPD:T "Nw — NIRTY TWORY 53

word ptr / byte ptr 7>mann

119 9197 1T °N2 W TN MK DX 1P
Array db 0AAh, 0BBh, 0CCh, 0DDh, OEEh, OFFh
;X2 7TIPD3 1112N]
mov  ax, [Array+2]
287 Y171 — R? OX 27PN X7 ORT D2wn
:mawn

APOMIPR YW AR DYTIT 0°02apn 1100

szembling file: base.asm

Error== base.asm(10) Operand types do not match

TV TI9R 1°RY (A WX 19w 002 TR T AT TR 1N 92) M2 9T RIT PRI TINDIRY X7 172707

(22 16 TR RIT V0% 19W) 71 DT KT ax

MR 2% W AR YIAAY 92 — 0°N2 W DY IpNYa YI2Y 00011 WMIRY 1921087 IR Y700 W0y 797 R

:R2T 7127007
mov  ax, [word ptr Array+2]

(o°n2 1) word M2 XOX ,772 byte 1In2 XY P22 Dpan DR 0N 1220087 NYTIN NAPWY DXYa

M1 TP DWW NXOT IARD ax W0AIn 900 I —1aurn
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114 MOV NTIPOY 2°INWH NITAT — 6 Po

AN 07 ARNING JArray+2 n2noa X1 1103°1 191N 2P .word 732 1112 Ml pryin ax in caawn

ax DDCC

ST AP0 ,00°T IR TR QN2 W DY RN — X 10 DX 19207

TPMINN DR 23N 172008 byte W word 1 2no% 18Pt war byte ptr wx word ptr 21n0% opna en

.byte ptrix word ptr:x%»7 noun nX 21051, TD2 731307 oY MnadRN 9Y MAwS 275 ,NRT OV .71101 77182

type override nam

type override nammR 1% I 12900K7 ,IAR MIWIDR NTY A1N1 TR PP XY MOV NTIPD Y¥aY 7011 DX

SN2 NOPINT TN2VAT DX DR 03, RnT?
mov  memory, constant
279 ,bX 7%y AW n2I0% 5 77w DR 0015777 0O R 11
mov [bx], 5
IR 17 I 97 17200K0

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

57132 7INWN2 MAWS WOR 5 T IR 9aR L5 7790 DR YR 02107 12100 1227087 1103 210 TP 1702 R

.5 7771 PR N2WY MR 2°N2 792 NYTY 7O T92M0KRT L9192 1791 099 , IR 102

IR NIATATY 2% P .MEPAY 0°N2 30 T92R0K? NI 0IWD R PNOT
mov  [byte ptr bx], 5
mov [word ptr bx], 5

107 MITIPD MR APOMIPT LT NP2 TR N1 MR NWAD 2°¥17 WAIRY ,17200K7 NI TIWRIT 3770
(TR M2 D72 5 5w Reaa ) 00000101 75909 01577 ,bX N2 NPT DR WA RT 7AVRY IMYATRY
107 MTIPD MY APA0RT .20 19T PI0T2 MRY DWAD DX IMIRY 1927087 DR AW 170
01977 ,bx+1 nanoa o1a HR wa ,00000101 739307 01077 ,bX N2IN22 1772017 OR WA R 72vRY IMvnawhnw

.00000000 10>

TINI TPNYAT DTN 19IN2 TINWR DOPNYA WMIRY QYD 932,707 R LMINGAWR YINa? NIn DY 2UwaIon Nnh axwl

.word ptrixbyte ptr 171°07 MyxARA 992087 DX 11101 ,MIwI?

114



115 MOV NTIPOY 2°INWH NITAT — 6 Po

299970 DR NIMYY -MOovV NTIpD
:MOoV TP 1122 XY W DT 272NN YW NIXIDI NIVY 1907 nw

STANTY DT APR TV MR T L

mov  al, bx
mov  ax, bl
WY ATIRIY LTVIR TUR AN IPAN 2T TPWT ITIP0AW 27 MW AR T2 19200KD 1273 1R MTIPD

9200 DY NYIPA T1K T IR IR ,MPRT 191N DR 0°197% QPR T80

TTANTY L0130 0% TN Vap oo .2

mov ds, 1234h

1N N nna 1I077) MTIPD "Nwa W K17 NINDT .ARARA 1IMK 790 992087 T PR32 OX

:(base.asm

mov ax, 1234h
mov ds, ax

SINTY 2T R MY T Apnva 3

mov [var1], [var2]

0072 wanwa ,varl 7Nk var2 nx P nyat 079,192 LW 19IR2 111201 DR 1109710 PNYaR WK OX

A

mov  ax, [var2]
mov [var1], ax

STANTY .OORNN KD 00T MYEARA NI OR w4

mov [ax], 5

WX LYAY) NN IR AwOR? wnwn dity siLbx P .2%21n0K87 W ARAw DYTIY X7 AR 21N T TP

(TWnn2 TR Y neoman Hw TR

STATY 1022 AT RD DT ¥ npnva L5
mov  [bx], 5
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116 MOV NTIPOY 2°INWH NITAT — 6 Po

D3 N DONTPNA D272WNA) 7291 DV IR N0 DWW 9T N2 5 77wn nR ponvah ar yIr KD vompn
(0264 32 5w S

SANTY R N VTR pnva 01 .6

mov 5, ax
-
._"
(F7aM757) FIROT AR PO TP Y Y
?77%°7 770 0 TAnwn il TPAw N°10N X% DdONYT N

MTIRY — TIPA N7 991D — PMIDTH ARDA AW 110 WO RITLN1DY MDY 218 DY V900K YW 010yt MInna R

2P SUIIRN 2072 AN AT DR DWW PR RO IR X0 12 Mwyh o0
700 7 By TR L, [1] 115012 opn’ 2N WMIRY 1033

mov [1], al
?0°1°2 20 712 I8P 12107 [1] NR 23N2 Y710 1720080 TR

2PN MDY D°110N7 ANRY P17 Ko7 YW 19200RTY ANWRIT 791907 009X VINADT NYW Y 120773 1100
,ds NR naph RO YR A9R0KRAW ARWOR 01NN VINAD N2IND DR 01 ds-w NI .0 1IN0 VIR0 RN

(LoDIRT) 112 P01 (3111 1a10) 16-2 979575
IR ATIPOR AT ANONRT 37RO Awvnb
mov [ds:1], al

DIAAD TR I 9H92RORY 1301 13 2195w TIWA ,0°ANID NI PHRW VINI0T 1N WIDN 110X aVOIW R 97370 9

Raini o
VNWH NP WA 7033 YD
mov [cs:1], al

IR0 DI DD L,CS YARn THR NI201I INY al-a wew 9w IR Pnva? AanoRY 1T DA% vy o
MTPO? 077 1 WINT D2WAY 0 ,TIP LIAID2 D27V TAWI OX 772 .MINIVA NIMIATIT DIV DIMD T MWDK

27209 MDY TAWNIW MTIPD IV DX 721 271101 NOWw2

D¥2% NI2INA IR ROW 22127 MWV A9 017321 121907 NYWO 19IR DR NWY [°981 1101 IRT WY1 OR LD
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117 MOV NTIPDY °aNWn NI7AT — 6 P

X9 97 I NPININ W -TANK 2°30N :6.8 3N /

AMNPWA 05w NPIINT TINY MR PPNV TP Yop 030197
XOr ax, ax
xor bx, bx
add ax, 2
add ax, 2

YOR W X0 2102w 707 0137 X7 Q27w Indwnn .4 1100 ax hw 107y TP Yup 01°02 ,MRAY NN D) X
NP2 190N AW IR .3 700 ax YW 0w ,TIRa
(IR 2192 NIMN) YXARD TP MMW 0177 721 1MW TR YUR DR PIYIP W o
NN R X°OP MTIPOA WANwa? PR o

MOV MTPo2 P IR wAnwm> w° o

°%9377 92 .3 X197 03 777 bx Pw 109w 3 7 ax bW 10y ,Tpn Yup Dw %077 Or0aw DR M nyy .2

YD 03 0°9pn 'R APYon

212°%

21777 17T P92

o°°NPMNT 0°97Y 0777 NN 2ONW 030D DOINWD I e

own oy MaYh e

IMOV NTIPHA WINW NIV, N2 NIPKY 2°100°30 MY210W ,MNW Y70 MRy veay e
VO WM PNV ©
qWVO%NY VAP YW ApnYa o
TV NI PNV ©
NIT2 WO APV o
7212 V2P YW Apnva o

DPA? MITIPD ,N1UANIR MTIPD PN AR Y27 17 1WORW MTIPD DY DWW 2°A102 PIDY1 X2 P92

T TP
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I MTIPDY NN ,NPLANIR MTIPD — 7 P9

TTT NITIPDY NPAY L,N1VANIR MTIPD — 7 P

Nan

,MITIPD 9w am 11 29aN0RA 19w NIONT NP1 9201 T PI92 MOV NTIPD —AT ATPD 1R aTpn paoa

DY QAW YXAY 110 WO

P19M 993, MO, NN NTVANTIR MTIPD -

and, or, xor, not :nvx> MTPy -

shr, shl:mmmmmps -

.21N37 XAIW N°I0N 9OY 0°037 17 19X MTIPOR

NN =PI ANWRI ATIPOT NPLANTIR MR 2NNl

NPVRNMNR MTIPR

ADMRY R TIn) PYM 995,000 M0 N Nawn MW %% mps nYn 80x86-7 v1avn nnown
mTPen nnx Yaw nohoon xn .NEG-DEC ,INC ,IDIV DIV ,IMUL ,MUL ,SUB ,ADD :37 Y987 m7pon

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

; dest = dest - 1
rax=al *src
rax=al *src

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

; dest = 0 — dest

X7 N72P7 19X

JSTIPD 992 11" PNTI O°KAT 29D°YD3



119 I MITIPDY NP LNPLANTIR MTIPD — 7 P9

ADD n7ypp

N nwn L(destination) 7y T30 W Qv (source) Mpni TR PW TWwa R nnann add ampon

I NIR2T MITIPOT ,NIWORT 23 121 .12 IR TINWR ,I00°30 2107 N7 299127 DOTINDINRT LTV TINDINA RN

NpIn
ax = ax + bx add ax, bx add register, register
ax = ax + var1 add ax, [vari] add register, memory
ax=ax +2 add ax, 2 add register, constant
var1 = var1 + ax add [var1], ax add memory, register
varl =var1 + 2 add [var1], 2 add memory, constant
Mwn

DOV MIYXARD TWRA NV WA QMK VYA 729R7 ,aX 00T NV YRAY yoew Dwend o R -

1999 172907 DX AR DAY P70

.20°2 16 % 8 5w oMo 2 wanwah weR -
add n7p9 :7.1 N /

NX 1X77 .70 0012°RT 92 2100 DX al Tk 107107 .amwhs 2°01y awh 10°107 .22 6 12 TR Y X

.alm2 w2 19%) 112012 TR PR WREen , TD=2 naonn

NR AW (272377 °Nn) RN NTRWL 208NN IR al 1w axn Na? 2%y ,0n0now o7pn N2 a2

.ax TIn? 0197 72K ODOW 7 ,MINNT
Ragaleli7zaleivablizi il bty B!

mabmaavarl -

mabmavar2 -

sum -

(?SUM NP2 TIX 9T 1K) DINRT 2TANWHI 1Y 2150 DX sum Nk 107137
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120 I MITIPDY NP LNPLANTIR MTIPD — 7 P9

SUB n7ypp

,destination 7v°17 7319 77w source Mpna TN DW TWI IR NYonn (subtract Yw Mxep) sub ampon
°12° 2711987 .add YW 722027 MMIEY MIAT 72°N027 MME L2087 1MIRY 9D 7T TIDIR ARYING DX NN

DTN 1T MIR2T MITIPDT ,NIIWORT 2D 1A .12P IR JI0WR ,I00°A0 2102 N

ax = ax - bx sub  ax, bx sub register, register
ax = ax - var1 sub  ax, [vari] sub register, memory
ax=ax-2 sub ax, 2 sub register, constant
var1 = var1 - ax sub  [var1], ax sub memory, register
var1 =var1 - 2 sub [var1], 2 sub memory, constant

sub NP9 :7.2 237N /

qalhializzalbyizaipli7 imia Pty IR
mabmavarlt -
pabmavar? -
diff -
(2diff n1a% A 973 AKR2) 0NN 2 anwnn 1w wasn nk diffin 100100

TV TN 1071977 .0AWYD 020V QYA HWRIT 227V W NXIPANK .0°Na 4 012 2°07vn v X .2
.6,7,8,9 "1wn 71yni 9,8,7,6 1WRAT TIwNAN TAXTY) ONWRIT QO AW 2w M0 DR WL

(3,1,-1,-3) X171 0°079n o
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121 I MITIPDY NP LNPLANTIR MTIPD — 7 P9

INC / DEC mmype

nvean (decrease >w M¥°p) dec NP 172 130 TN 2w 1Y DR 7vn (increase v Myp) inc nTpo
X add MTIPD MYEAR2 VR MRNT YEI? L1210 ,IWOR L7977 71D 5w 127 IR 172 3700 7391977 790 DX
NPT I NIR2T MTIPOT .MTIDI MTIPD 1772 WP, N2 MXDI MWD 17 1 7110°7 % 1 nooiw 1112 9ax ,sub

ax=ax + 1 inc ax inc  register
varl =var1 + 1 inc [var1] inc  memory
ax=ax-1 dec ax dec register
var1 =var1 -1 dec [vari] dec memory
MUL / IMUL nmpe

022 8 °12 DR MW 29D WKW ,27 MW .0MK I A 79937 nyxan (multiply Hw mxep) mul nmips
5w P2 .02 32 572 neab 372127 aR¥INg v°2 16 °12 220K 1w 2o 1wa v 16 SR N1hR A1 ARYINT
97270K7 ,0°2 16 97132 12°R2 79907 W Tpna .ax Nk aRYINg DR PNy 1922087 1002 8 HT1A2 12°K2 177901

.dX 7105 2>m2x1 2°w 2 16 NRY ax I 222117 2R 16 DX Py

ARIT 2o .0ABOhR T ora %oon nkxan .al=0ABh, bl=10h :2°v>a 8 >12 000 1w 5w 79951 AT
.ah=0Ah, al=0B0h %3 .ax 710> pnyin aRxInaw

.0ABABOOh %17 o172 59071 nxxn .ax=0ABO0h, bx=1010h :0°v°2 16 >12 07w 1w W 79900, nnT>
1w R 92apn dx 19 X1 ax=0ABO00h 0°57171 2°n27 "W R 72p7 ax .dx™1 ax 12 p2Inn ORI ARI1T 1722087

.dx=0ABh o°max7 o°nan

NPT MITIPDY MIRANT 1977

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 I MITIPDY NP LNPLANTIR MTIPD — 7 P9

mP°1 .INwn ARNINTY N ,unsigned WX signed 0°75072 2P0 NMIR DX T2A? TONI2 W0V 177937 N2
DW NXMY 7T A% 97270 o05wnn nvwa 11111011 9397 DIVRNAR2 X1 777 9501 Wi 0117 19077 DR RT?

MW NIES M2 MIRKINT L ARNTY ,0%NWA 02901 TR 93 91991 DX AKX 251

0901 YW 17937 nyxan imul a7IPon YR L(2°mon &?) unsigned o™oon Sw 79907 nykan mul ampon

P10 97277 DR 21 .(20mon) signed

y¥an 7P .00000010 nxbl 7107 ,(+251 & -5 2 vr0% 1m°1) 11111011 nxal 0% W xan npn (e
myenRa signed 79907 noou oy mul 7pen Y- unsigned NnX ovs .mY937 W oMl

MY NAR 73 NKRY ax Hw 157v% 27 1w .(ax DR 2°0981 NM?9377 Paw 121md) imul 7mpen

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

imul bl

779997777 M2wn 2105 ax, bx 2900277
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123 I MITIPDY NP LNPLANTIR MTIPD — 7 P9

ax O1F6

502-5 e ,01F6h 87 72w0i7 n8xn 197 251 102 al 5w 13995 0rmnn 1920087 ,mul n720 >7°=%9 199372

e ,OFFF6 87 721907 083 1991, won 01 02 al 5w 19997 om0y 9530087 ,imul n7yps s7-5v 779372

mul n7pPo :7.3 2370 /

NR 010 12 T IR 199°0 ,255-0 0nna o007y aon? 100107 ,byte T2 Dhanwn 1w 1TAT K

WY 01>

(72w Rwa mInwna NIPTR TR DTIIPRI D2wN) WL manwn? RN

12 AT ok 9900 -128 7y +127 wnna 2007w 2N 0°10a Lbyte T2 ohanwn Cw 1TA .2

(22w Hwa manwnn NIPTR TIR DT AR D2wN) WY TINwn? IRYINT DX 10710

SW 992 WX .0°°NPNNA 2°07Y On2 Ww .signed ,n°2 Mon 2907 4 77yn 902 ,0007vn W 1TAT
;719777 .word I NDID1 ARXINAW WPIT LMW NAWH .Sum TN IRXINT DX 10219 223781

X ,b™ya 07 oownn maw ox

sum = a[0]*b[0]+a[1]*b[1]+...
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124 I MITIPDY NP LNPLANTIR MTIPD — 7 P9

DIV, IDIV mmpe

ax nx npbnn div ,vea 8 D71 X1 TIDINT OX .0°00n W 12 0 nvean (divide Sw meop) div nmips
DR 71982 NP div ,va 16 9732 X 7399187 OR .ahm2 Rwn DRy alm2 apenn nin DR N 7379183

.dX=2 NPIRWA DR @xXT2 TPI9RT NI IR DM L, dX:ax Ty DRI o' 32

YIX°2 NRY .1 eaRw av 3 Xon amra pnn nR¥In .al=7h, bl=2h w2 8 s13 oo v p1nh annT
.ah=1, al=3 ,77wvon

YIX°2 NRY .1 nRw oy 3 X0 a2 pnn nR¥n .ax=7h, bx=2h :va 16 °11 oo p1nh ananT
.dx=1, ax=3 ,7va7

PM2 IX) 122 8 KW NR W2 v2a 8 YW 7Y PRAY LIWD WK X ,NITAM div A 17 D9 20 mw
(0216 5w R Twava 16 Hw 7w

*19% RT3 ,al DR PYnY 272 197 .22 16 972 neah P (Pman) mana L2 8 DA N (PYnnd) m1onn oX
IDINA .PIOMT 2190 MR QWY MY X 7 AW p00n PN mov ah, 0 nTps :oex mw 7o ah-w aponn
,0°2 16 97932 719m32 ax nx poao 072,197 .02 32 57 nah 70X 7m ,0°2 16 DR R 7000 ok LT
DA P20 ORI DP0WDRT DR MWwy? mowl ok .mov dx, 0 0987 mw o dXTw apIPnn C107 ARTI WD

INI101 KD MIRYIN 17 a7 725n°
DOR2T DPRT N TARA 2PV 7YNN T NN
oaNa AP -
(7712 N°1901 7RNT HY 2WAY 17910 ORT) TV W02 N0IDI AR ARYINT -

NPPIWT MTIPD? MRANT

I . D ...

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

I MTIPDY NN ,NPLANIR MTIPD — 7 P9

:div=7 NP5 IX°2 2NRY °199 0°I00°A07 DY 00V R 12p°Y1 IR NP0 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-2 713 (signed) ooamon oooon B P12 nyxan Xonw 797 vIo ,div nTps? g idiv nTips

125
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126

AT MITIPDY NYAR ,NTURNIR MTPD — 7 P

div n7po 7.4 30N /

orow PRI NR¥IN DX 10°107 ,unsigned-> ohR onrnn byte STaa ooanwn w1 X

SY7 TINWRT MIRYT DR WY TInwn®

TINWnY DRow AR NRYIN DR 10°157 ,signed=a omhR onenn byte P72 ooanwn w2

227 INWRY DR DR WOW

onow ARYPNT NRXIN DX 10°107 ,unsigned=a omR omonn ,word STa Doanwn 1w 1IN A

SY7 TINWRT MIRYT DR YR TInwn®

NEG n7ypp

DONWL 2°5Wn? 17w T DR N9 LT IN NP2 DT, T T39I NYapn (negative v Mxp) neg—h nTIpd

neg dest

dest = 0 - dest

PO NP TIvn Y

(NX2T 2WPIT DR VXN

STTIPDA PN 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 I MITIPDY NP LNPLANTIR MTIPD — 7 P9

NYIND MITIRD

MIWH 22X WAIRWD TIRA DPWIW 17 DPNT MTIPD .NMWH PR aY 9aR MO2I07 K2 MTPD ¥2IR 5¥ Pwoy Tl
,TI0°7 DRAPI T RO IW 92 R D12 YW 00TV TRWAD AT IMRDY LD 1900 I L1 D 107 DX

2977 qwnana oy 20 ,MASKING

MWI FIDETY TR VTR VTR DOPOXAYI NTY ,MIDYT Y93 207772 20 ay povnae f¥n1 o1 b
7R IR 0 RITW 7Y MW 01 TAR 92,0002 ANnw 5w v Y et 9onol .Packed data—"mownT" amxa

0000000000000001000000010000000100000000000000000000000100000000

;7017 71X TAR N°22 NHWH IWOR YTONT NI DX

01110010

70177 RY 771%2 2°72WWD WD 1P 117N NP0, MV TIDNIT MR DR PIRIY 007197 1IN 70T 71182

.0°2 95 NPRWwL 7793 N2 AP 2

LW 2°2 92 HW 109y DR TIDAY 099127 1NN L7377 19T MK NIDDNIW MNW N1 MWD 20vRan 31 N oy
93P

00100101

729D Y¥2Y 922w 9%IT 107 DR [0 02IPRN 227V DR MW 991 XY WYY 3700 an VT RO 0

ST DR DWW PR ARYI NP0 00772 002 ay "pnwh! nyTh 7,10
STIPD 92 AW T 201 T .not xor ,or ,and—nrat MTIPs YaIx mavp

RO R MTIPET YW awn 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 MIRAT NITIXT 312D N PID°T,I00°30 OV NPT MTIPOT IR 2132 WK

and register, register

and memory, register
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AT MITIPDY NYAR ,NTURNIR MTPD — 7 P

and register, memory

and register, constant

and memory, constant

not  register

not memory

.and 113 779X 7NN P1°72 M2N23 XOr™ o MTIPo:

:MMXT 1A% NNR2 2N 79120 not ATpen

AND n1ypp

vy .0 om0 aRxINg L0nR L1 a0 aReng 1 oW oA ox .ovwa v uhbpd nvapn and Lnab anan

DO CPRAWT ML LPWRIT VA7 DPWORT DN mIPHYI 37wa 'Rk nPav" ROpw nnn oy mnon

R 20021 Yy and— DRXIN —77205 TIN2 .01w vk 07WORT

e
o o
o I

and nvwo 5w a8 nbaw

—omhw 0°va7 12 A and nveam o001 16 X 8 onh N oo91w 00719 1w nYapn and anoRa NP

©°27 OV NWRIT TR 1 DIpnaw v w7392 0 Dpnaw vian av PwRIT 7102 0 opnaw vian

JIRDTT 791 3w 73792 2 Q1pRaw 0O OV PWRIA 119K 2 DIPRaw ©IT 0w TN9Na 1 opnaw

00000111and

10010110

00000110

128
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129 I MITIPDY NP LNPLANTIR MTIPD — 7 P9

ST RITIAWDD 7907 X 7P°72 —and NTIPD YW WD DWW DT

—0 X7 737 072 DR 9w IR AN PR V22T DR P PIT722 20197 AR LT RNT WD 1901 OX 1737 07D

SRR RYT 9017 —1 R 0227 OR N7 RIT 00010

S¥ 9w 77127 17 WwHRAY 20001 YW 90 X7 70017 L(MASK) 7o0m ROp1w W ovEAR TA AP0 TR

.00000001 :2°v°2 Hw 7m1n 90IR T°7A1 MR 2R ,0°0°2 HW A0IR 93 117 79197 7007 .0°°0% 012

DRYIN ,09RD 2°IVHVT 20T NYVAW DR WITAIY NI .790A0 A0 PI720 20X MR 7907 172 and wwa
DRYIN ,To7 RYIND ORI 22WT NYAW DW TR wynt 2mhynn 1R 707 X L1pn 992 0 ran onbw and-n
"W and=1,1 R 19w 1P VAT OR —2%PTI2 \MIR YW NPANT DRW 7901na P 00 v viag bw and-a

.0 a0 aREINg ,NAR 170 w0, 1 03 RN ,00m2 1R vt oy T

and n7po :7.5 370 /

O°1W 2INWR T-5Y NIRT P72 2472 phnnn 790n ok and NTIPD YA P73k WO TR
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130 I MITIPDY NP LNPLANTIR MTIPD — 7 P9

OR n7yp2

172 N°R71 O NP W Nk nhaw

N N
1

1

0

LR U%om 15 w vhpa 2O A TIRY 22507 ,Tn1Pd

INAY QY NNWRN DI 2237 WO P31 .0°0°0 IRWA DAY 92 1w vea "prhah! 2w N or nTIpD
71221 ,NMIPP0D BV TARIwD ,TWNI2) QMR NMWRNT DR 20977 WL,V 01 72p91 M 9190 XIT — 01%01 201pna
2377w yap 0 ,29977 oy nIwpn wrw ¥ 1— 132 57HY A3 10N 2037 55 oy nWwpna axn (710 001 Y

.0707 N°22 W3 0°2°377 NI 90 OY NMWPNT 28D P

m°21 .27 M1 IR RIP1 (7 79 0™ 20190mn 203pnan) 4 790n 1PN oY NTWRN WORY %17 MR LNV

Rhairli/

11000100
T 0927 DR Y977 1R ,NY0 L2182 121021 2120 ,4 1501 1PN DR X7 WK L4 7001 12
92p1 (P17 4 opna veam) 0001 0000 75077 oy or YXA1 ,IRT MY Nan Y

11010100

OOIMRT D°0°27 YW 002 IR 19w PRI T2 0990 na vhan ,pD1T7 1 4 0w RN 70

/4 "DON "IN 1PN Y NMWPN WKW XA ARYINT NMWPNA 1037 TINY TR AV RN IR
or NTIPD :7.6 73N /

72 471 2 002007 oy 22 90n 237 Y NMWRN WOR? 27D WANWIY TOIX 71002 IR AN AT WK

2(nnR or nMpo2)

24 107 1PN QY NNWPNA DX 22092 20979 MY WOR TR .2
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131 T MTIPDY NPAR L NPLANTIR MTIPD — 7 P9

XOR n7ypp

:7IR2T NN N22Y N2 X0 L (exclusive or Hw Mep) ,xor nTIpd

(7292 PPARWA NPYY ,27NWA 3R170) 2 121701 11201 N2 DIpWw XOr ,Nbnann n1vman

12w IR ANONT RO 7207 LAIDNT DOYRINWI TRNTY ,TIRD DWW I7PD RO XOr NP

10 70 X7 ,7A7 2°0°2 A¥0 QY O°0°2 A% YW XOr YW RN

Vel
X2 YT DR POYIY QORI WAIRY 11033 .7IOXT NXO2 INIR NN 1 NI 00070 \é

10010011
:(7MNT) I NNONT NIW AT DR VIZPY MARY M9 12 P ITW 710X 1Non 10T
01010100
2R 22PNNW IRXINT XOr NPIYD MYXARI Y7777 DR 1DX)
10010011xor
01010100
11000111

212 IITW MIDXAT ANDM QY XOr NP1YD NX NOON QYD Y¥I* NN MIWD? NI P¥7 717 1007 DR 227 213 7807
11000111xor

01010100

10010011
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132 T MTIPDY NPAR L NPLANTIR MTIPD — 7 P9

R? X177 ,1390 Y770 DR POXAY 92W2 MWANWT 72w A0WT DR 02 W OR 19ORW XTI IO DLW TN

I DR AW 9127 710X N0 T 71 VIPW 1 P YT DR MDY 193X DR MawY v

T S XOrT oY NNT WY1 W0A7 0OKRY AXIIWD 2K NYn 1971 ,mov Ywn N Ixp Xorow opcodeTn 1R
VXY DRI IR XY QY 00T

mov ax, 0

12022

Xor ax, ax

WANWR 92TV 1991 ,ANWRIT D3P NIND AP hAwn a2 IR L0 7w 1 axtaw 9ab nina Mo nw

2

XOr NP :7.7 923N /

LDDR TN K37 77T 2°10°2 A0IR QY 2212 A0IR W XOrow OR¥ING Y17 A0 R

nnon 177 I LIKE ASSEMBLY$' manTh LASCII n 5w a0 Rw msg awa Twa 1ma .2
DNYATw NY72 037 ¥°0° $77 1) MIDXT MNDM NITYA YA DR DX .0oN7°NaY ,00ea 8 12 moxd
T°R 12200 TWwnAn DR anYTATY opna DATASEG-S 10%.(7097a% 1971 ,1°9%0% w1 IR 7Iwni 7107
QNIDXIY YOI DR YD .00 719%77 N2 iR 2195 ASCII nnh 7ivnn nR 23nn awnni

029w PR N0nn DR 70 anb20pw W DATASEG-2 177277 B 17190 73987 inon N2
IR27T TP YVP2 WANWAD N1 ,10XNAN 0% NRY 017 DR 0070 201NN’
print:
mov  dx, offset msg
mov ah, 9h

int 21h

mov ah, 2 ;newline

mov dl, 10
int 21h
mov dl, 13
int 21h
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133 I MITIPDY NP LNPLANTIR MTIPD — 7 P9

NOT n7po

:not YW Nk NPaY 7199182 0°0°27 P2 DR N29IT WD not NP

NOT

.0°7712 0°1°2 OV 3712V2 NHOI MW R NIWORA Not N7 LYo N2 nn2 1P0 Not YW 72°n37 MX DX

ST MITIPD

mn 1 a1pma van 1 Pk i 0 Dpona van ,ANTY 9w 2an IR TMPm™ TR MYaps AT MTpD

ST DT PYTR TR U0 TR AR 191 2 D

nPYMWI TNAT MTPD WA TPRNI WAIR LTIWY DA MMT 0T MIPYaw O mTps Sw Aow we
.shi(shift left)" shr(shift right):an1a

SHL nmpp

,2I00%0 IR 1N IR NAD D1 TINDIRA LI 2002 MIndY 7YY T39I n9apn Lshl L avRnw anmn nTps

:MIPPN MIRAT MNET .Cl D77 X Y12 D01 NIR 37150 A1 2002 Mnd
shl register, const
shl register, cl
shl memory, const
shl memory, cl
;X277 19X "yown shl=n nhws
JTORAW TR QPR D17 7O 719N 2O, 0 Ry -

,0°0°2 N YW R0 10 oX 7R 0 0103, 70K 102 YW RO 10 OX) nva e n vk Qoo oy -

.(D°09% n o°0101
.CFRw37 537 DX 0121 DRAW 731 XYW NIART 0127 -
1M 092 HW I 2V PO 23 T 99 .3Inwn R 03 vianw 3pna 177w 2ap OF awehan et -

LDDR RIT TINDINT 2w 127 <t R ok 1 7w v ZF oo AT -
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134

I MTIPDY NN ,NPLANIR MTIPD — 7 P9

SORAW 377 VN DWW MW O 1200 AT -

LTIDINT PW 0041 2°1°27 872 MR YW oA Mo we ark 1 7w hap neara a7 -

T T MWR B2 16 Hw 719K DY 99T IR PXD 0°%17 117 R .02 8 Hw 7179 By shl nhws noxn 1o

:8 o3P ooy 16

CF— <

| <

1<

<

1 <

<

|<|<|0

shl n>wo

SHRnT e

SR @072 MndY 7Y 7399I NPapn AP .shi=Y mhw a9wea1 79w 729002 anT 1m0 ,shr a1 a1 nTipD

MM .Cl 00%IT IR 1P 1907 N1AY 9120 AN 220 NMIY ,I00°0 IR 102712 FINwn DR 9130 739K

shr

shr

shr

shr

register, const
register, cl
memory, const

memory, cl

S IR QPR DT TV TINDINIW DOV LI 90 OV

:M°PN NIR2A

:X277 19X Ay own shri n7ws

N 5w X7 A7 oKX 70X 0 D103 70K 102 DWW RO T OR) N2 oRPwa vt o 0 oy A o By -

.(0°05% N 0°0101 ,0°1"2

.CERW17 237 X 0121 127 731 KXW NIRT 027 -

12 5w AT MY A 101 A7 990 LA 2190 7199IRT YW hRAw 0377 v 7w R 7apy OF qwotan bt -

LTINDINT PW 0°OAIT 22127 872 MR YW NOXT Mnd W ar 1 7w 9ape N 93T

A

LDDR RYT TI9DIRT PW 12 DA NRD ok 1 7w 9ap ZF oaRa a7 -

LDDR TN RITW ,9RAW 377 127 DWW W T 1200 AT -

T T MWR v 16 B T19IR HY A0 NR X% 22X 11007 aR .1 8 Hw 7179 By shr nws noxnl 1o
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135 I MITIPDY NP LNPLANTIR MTIPD — 7 P9

>

> = CF

shr nowo

TITT MITIPD DR 2w

MWD IIX°2Y TR NPWINY IR MITIPD

PNW W MPIA N19pa p12vm 993 ¥IXa

7IDXTY MMWPT Y MW M%)

(70> 177 7121977 WD) 70°91 ¥ YW N0t

PPDMA

,2m172) N°31° 37 77907 NN DOHR 70D 7T MWY? TIXW 71 93 ,7wva 71907 20X1Ww , Ny 0°033 1M 99
TIP3 .0 NWwa 55 K21 NP1 I 90T TN DR 501 AR ,07NW 0°022 .(FYRAY NNR 7790 NI1ND0T DR IR
25w AWK ,2200 T3 OV 2OINWNR2 DAY 2970 PO .0PNWA IV DR NP1 MR V22 g9RNY A1n 9
WANWR 9311 ,0°1Wn SW 00051 209730 ARTI 1101 T2V oK DR ,TARD T 1007 IR 7I0wnRn 5w 97T m
RO ORAW IIIAW WD 101 AW L0002 CIW NI NMYVENRA YAIR2 92 —ARDI 191 ,0°0wa 993 v¥ah 075 Al
ORW 27 2WH IR XD 03 .0°°NW W NMIPIN2 R 2PNWA P10 RO AP0 11,0700 S NPT R 0»nwa 9o
PPN RN ARXINT —0%NW2A MR POAN PITA RD A0 007 TR LT OR 990107 0190, 1 R 15w 0Imd von vean

.To7 999 NhAwn ,0Nwa

o°v°a HW Twvn uwe 1 m10x02 .LFSR X7 201037 0°9K2X5 719X SM00 TR L7I0%7 YW 0°27 00310 IS 17I0%]
oV, MW XOr M7 NIWXIAN TJIVN2 221027 1°2 oIWN 17°¥N 102 DOROXIM 1w TAR TX9 102 099MT avD 902w
20 PR R 79PN L01N0R2 LFSR %Y X1ph oo1ann ank L1poxa? 2% IMIRY 1027 XOr 2O IRXINT

RhtalaleXl rishiv)

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

T MITIPD2 DOWANWA F2°Y° 7% 020027 NI YW 77805 IR wnn 079,10 92

Yom ,0°27 10°791 A0NT ANTNAIR DOMMMP LT 190 YW AR Y 0 UMD D207 (YT W I0°I9) AT

97 an% an IR Pnnne

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

50707 MYPA VAT? 101 AT MITIPD MYEARD .O1°0 up>10% 0% DY panin PRND L, wna Ot XY P71 OR D

.70 %y 1M
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136 I MITIPDY NP LNPLANTIR MTIPD — 7 P9

AT MTIPD 7.8 970N /

A~ al nR 199 o mTpd ntva .3 Jwvn R alth oodn R
.82 al nRpom A mmps nava . (O9oxT) 1207 wa nk al=? 00100 a2

N 9777 .2072 al nR 199% ,M2m A mTps nva L(v0xT) 10 Twn nR alto whon

0”12 2WPR WY Y7 079011 W02 Wwanws .47 16 Sw oo 1ina 2075

Q129

21717 AT P92
:unsigned- signed ,nawn m?wo yxa> e

N o
Mmoo

993 o
mPn o

AN MWD yXa” e

And o
Or o
Xor o

Not o

YN DY 7I0X7 ,10°2 12901 NPYIN 1A LTI U2 NN DD YXAY 17AY NrARn MmO myNnRa e

.INDH MYINRA
:0NW DW MPTRA PYM 9937 Mwnawaw i MW yiah e

Shr o
Shl o

.0°ANYMLR 2007 117 1WERY ,0%1% 2RIN 119w NPIOING H0ITY PR TARI XA P92
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137 TPAMTpPy — 8 pd

AP MTIPD — 8 D

Nan

("1 A9WD YR LT ORIN 02PN OR™) 0237 DOXIN OV D710 MR a1 a1 P92
DORWI 720 TINDD 007X MR ,DORIN T WO MTIPD 200 10

(2°NWwa T jmp 7%°9; i i i i -
N PA0 7Y jmp 7X°0R NTIPD) N2I0N2 1w DR DOX0p X

(Cmp— aRNWwa NTIPD) 27PN WY RIN DR DPTIA PR - -

.(Iloop— X2 NTIPD) WIATATW *RIN DPPNA TW 72 VTN TIP VOP XA DY MY PR -

V0702 RXNIW ,N7I0N7 YAXD L7 93 IR 190 2TIP WTIAPW 9D LN CIAR MW NATRNN NP0 ,2%0 19IRA
TR IR TAYTR AXDR WORY R 77P27 MR Hw 3open .CODESEG Tina axan 7pn nw R a1ipn LIP
OX P AWDI TP 7O0AR 117 AWORY 21D NN ,MININA MW PY A7 120 ,anTR AX°0R .N210Na TP MW O
TWRT TP MW WA 9V 32T —DINR .NI0INT VIR wnT 170 AW 3anwna Sw 100y oR" -0ORN7 ORIN 0»pnn
109V OXR" — 2°PNR WD RIN OR ,07YD 190N TP DWW X7 DY MY 12 WORY Y73 NP3 5OINR %00p "awn

'awn TWRM TR TP MW WY IO 00K WK MINwRn Yw

X (.2 PI9p TR ,0°M07 231 0PN oX") 2YP ORIN OV 7P NN (D0 W MpOnnn P20 MR
X972 7772 MIRNT2 20N, MOWDR Wwnb .20 2°2873 2 winw w20 737 ("5 YIop") avp RIn RYH o2

.arp XN

JMP nmpo

N2 ,NN2T2 NAND NPAPR jmMp D7D NI NONR ATIPI? ORIN KDY LTRT DR AW jmp nTIpd
79 1P 9003 7107 7399IR N2 7% DR2IMT NAINIT AMR pRyIn Ljmp-7 n1ps yxea nx? .CODESEG

A7 D20 PwRn

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

mov ds, ax
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138 TPAMTpPy — 8 pd

mov ax, 1
jmp [address]

;jmp=1 NTIPD ¥R 197 DOMWDOANT DX T

AP YW WM 1279 22 W ,jMpPTa NTIPD X2 NRY 0700737 2R3 0

.CODESEG™—2 »wy1 n°27n 1%°777 DR J°wnn 1°1onm

FAR-Y NEAR nxosp

—VPOR PIOPY TIX RITW VODIRT DX I 722MOKR? 0P LjMPTT NTIPD IR PA0T? 0TI 72 NWHNWIY 7T
TP LIAD TINA ¥ XTIV jMpPTT DS YT nonaw jara .address manwna wwew nrva —~000Ah
TP LIAADND T TIPHA) VINAD INIR TIN2 FXODP OW LT 2X7 .DINAD NN MK VOOIXRY MK AW jmp-17 NTIP
DR jmp=n NTIPOY MW 2007 ,near Mon NIXOP YX¥A? 75 .near I%°5p XIP1 (TP LN MR PO 9N

7INWR XY 577 LINAOT —LODINT

1OV TP DR P90 117 WHRA 9200KRT ,NIPY LINKR IR0 KINI 11OV NP ponw anpna 1 far xon meeop
MR TP VINAD 71°RD A22M0RY AR 0127 LT 5IPR2 LTAR VIR0 01070 2797 D173 RIT OXR L,O°NW 2°0INADY

2R 72°N27 NIX .P19pY 00X
jmp  cs:offset ; for example cs:000A

J0INADIT N2IND DY Y%A CS-w XTNYD WY X9DRT 210% WRD
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139 TPAMTpPy — 8 pd

TIINCDT NI AW TIN 72 27900 RY IAR TP LINAOW TP 2INDIW 20 K7 —AT KW DOTI0% DAY 72°0 PR

Swnn mawn far-m near- mgsop Xl Hw

jmp nTpo :8.1%°37n /

:(base.asm n>1on2w CODESEG-7 7% amx )°nyi) 7827 n°1on: 72103

xor ax, ax
add ax, 5
add ax, 4

.ax=4 mIon7 NX* Mo 737 WA NN jmp NTIPD NODYT NTTYa

LABELS nyn

MTIPDI DI DR MW’ 19w M°IoNa 1w Ko LR 72°07 .102°T2 N2MND wWhn jmpT? Ayl X 0onyon 2112
M°IDN2 MW YW Oy 932 NN DX 1DTYY 371 XY L0102 1101 XY 2Pt vIop 7avan w1 CODESEG-2
DR jmp-17 nTPeY nn? o ,Mpa it (label) n9n nn% 1% nawoky "22n0KR NOW 1LY Hpa? nan by v
,Mvnwn bya aw Sva o gw v labelrw Twn ¥ amwn Sw labeln nx % nn® wsR ,aMwn n2mns
1077 label=1 Nk TP Yop aww an AT WINR TR0 DR RPY N7 12 WKW
:LooplncAx
inc ax
jmp  LooplncAx

LR @X TW0°A12 K¥AIT TV DR OTR° a0 9321 ,2°Y0 AIOPK Y17 T TP YOp

5w N2 NORAYT TTnYa o°Rxn1 an olabel-a Do 5o nonna oammaa — SPRITPRY 20 W
91 TNR 2RV MIRYNI MNP, TP @

Tab

IR 792A0KT 12 113 .M 912 1K 771902 20Nn 1R R 7w 9o L label 1o mn Sw axa 9o 112p 20919 13N
721 92 NP nn) ANwRIT Mo L1 Lstartloop-7 nnr StartLoop nnan -mivph mITa nPmR Pa on

NXOMIN 12-531 AR N (VP NIR2 77727 IRW N2°NDY 71T NIRA

Check, Back, PrintResult, Wait4Key, Next_Level, :n1a% 0912 labels 5w "oonoxm" ninaw? nxnaT

TIPT AW 70 3w PapR IWOR Twnia 20 T YT 022 03,9k maw nava .Not_Positive
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140 TPAMTpPy — 8 pd

q92708:7 .MyAwn om 07993 Mpw 1R M9 Label1, MyLabel, Shooki:on oo &7 mnw? mxnnT

(1205w TP DR PAT? 701W M PWI) W 3TN T°YAT 9AR L0100 71°121n 01PN 0w DY L,000Y Y KD 12m)

Tuo°a Hw awa label=? X1Mp% M0R R 7Iw° 3D oYY YN 20K L label? minw Hw qou Mo e Har
NN 1OR — 1779 DDA MY Mpwa wanwn? PR L,(MOV Hwn?) S2anor nTips Sw awd R (ax Hwn?)

Rakinhlali/j

X7 vIWwD T72n0K;7 label aw IR AR MW TP NI Cnwh nnb PR 00 nnn YW Rl Mvoa %703

PIDP9 0717 ONK IR P

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.

186 286 .288C .2E8F 287 .386

. 386C .386F . 387 .8086 . 85087 ALIGH
JLLPHR LMD L55THE LT BYTE CATSTR
.CCDE CCHMENT CCHMMCH .COMST .CREF .DATR
.DRTR? DB oD DOSSEG Dg DT

DUP DW DWORD ELSE ELSEIF ELSEIF1
ELSEIF2 ELSEIFE ELSEIFDEF ELSEIFDIF ELSEIFDIFTI ELSEIFE
ELSEIFIDN ELSEIFIDNI ELSEIFNBE ELSEIFNDEF END ENDIF
ENDM ENDF ENDS EQ EQU .ERR
LERRL .ERRZ .EREE .ERRDEF .ERRDIF .ERRDIFI
.ERRE .ERRIDN .ERRIDNT .ERENE .ERENDEF .ERRNZ
EVEN EXITM EXTEN FLR .FLEDATR .FLARDRTR?
FWCGRD GE GROUF GT HIGH IF

IFl Iz IFE IFLEF IFDIF IFDIFI
IFE IFIDN IFIDNI IFNE IFNDEF INCLUDE
INCLUDELIB INSTR IERF IREC LABEL .LALL
LE LENGTH .LECCHD .LIST LOCARL LOW

LT MRCRO MRSE MEMORY MOD .MODEL
HAME HE WERR NOT CFFSET CR

CRG 3CUT BLGE BLGE ELEL BRCC
FTR FUBLIC FUBLIC FURGE QWCRD .RADIX
RECORD REFT . SRLL SEG SEGHENT . SEQ

. 5FCCHND SHL SHCRT SHR S5IZE SIZESTR
.STACK STRCE STRUC SUBSIR SUBTTL TBYTE
.TFCCHD THIS TITLE .TYFE WIDTH WCRD
JHARLL .XCREF JHLIST HCOR

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

LRE IBIN CCDESEG FCOMDS CCOHST %CREF
(CREFALL ZCREFREF ZCREFUREF FCTLS DATRFTER DATRSEG
%DEFTH DISPLAY DF EMUL ERRIF ERRIF1
ERRIFZ ERRIFB ERRIFDEF ERRIFDIF ERRIFDIFI ERRIFE
ERRIFIDN ERRIFIDNI ERRIFNB ERRIFNDEF EVENDATER FARDLTR
FLREDRTR? GLOBAL IDEAL FINCL JUMES LARGE
FLINUM 3LIST LOCALS FMRCS MABSH MASMS51
MCDEL MOLTERRS IHNEWPAGE ZFNOCCNDS ENCCREF EFNCCTLS
HCEMUL SFHOINCL NOJUMES SNCLIST NOLOCALS EFHNCMACS
HOMASM51 HCHMULTERRS RNOSYMS EFNOTRUNC NOWAEN Flge
BZEa B2BEN EZE&F BZET BF386 B3g8eN
P3Z6P B387 PB086 P8087 EPLGESIZE EPCHNT
EHNCET FPCOPLCTL FPUSHLCTL FWCORD QUIRES RADIX
SMALL %5UBITL I5YMS SYMTIYFE EFTRBSIZE ETEXT
$TITLE FTRUNC UDATASEG UFARDATAR THICH UNENCWN

WARN
MY 0°9% N
label :8.2 537N

smwnawn ow label=? 1n Jlabel 58 7°an jmp=1 nTpow 72 ,jmp=a 2°3702 2nanow N°IoN07 DX 1w
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141 TP MTMps — 8 pd

CMP n1ipe

X "YTr" KD 729m7 .DOTI0W W PA ARNWA? nwawn (compare %0 5w MXOp) cmp aRnwnn nTps
T DOTIDIRT MO RO ,DOTINDINT P2 DN DR 723 TN 12 TIT 1WA DITX TARIY IR L,DMW 1R 27NN
PR 1727 72917 NWORD (100 LKW ,AWODX) DMK 20937 DW AR .00 DOTINDING —DORT 237 PRTI oK Lo

OYTINDIRT 2w 07 DR 7w K2 X% — TR 7272 ,SUb NTIPOY cmMp NTIRD 17 792 .00 173 719N

:CMp NTIPD YW NI 72°N0 MM

cmp al, bl cmp register, register
cmp ax, [WordVar] cmp register, memory
DXNNA D'72TN QYN 'Y
cmp [WordVar], cx cmp memory, register
D'TNOIXN |2 oN'?
cmp ax, 5 cmp register, constant
cmp [ByteVar], 5 cmp memory, constant

AW W 1 ORI MW 722 T2 —2WN XY X cmp DRI MYXNR Q93777 2% MW

DO9ATT 2% DY INYOWM AW IR NAR MENY ,MTIPD 19077 nNT W1 IRAT 12203

mov al, 3h ? ? ?

j‘\_“t

e §

cmp al, 3h 0 1 0

cmp al, 2h 0 0 0

cmp al, 5h 1 0 1

,O°RAT 2XAT DX TIWR APK MOV NTIPOw 1110 .3 7w nR al N yuk TP Uk INwRaa wa -
0937 2¥7 1M DY 1R AT 29w

X7 MOM NRYIN .DOTIIDINT "W W I0°7 9T CMP PRI 093 .37H al DR onwn Uk ,wn v -

AT TP NRY 0 17 77972 P00 KW V93T L0DRT 937 p771 1991 (3 on al hw Twaw ni) oox
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142 TPAMTpPy — 8 pd

.722 DORI 237 1991 N°21n Ko7 2 Mo al Sw aRxng .272 al IR onwn UK nwhwn awa -

199 1" 109ww 1YY 2 nhva X 5 mino al Monn nYwe nRxn 575 al DR oMwn AR Yhaan A -
937 P71 1971 ARXINT WOnY 9HW RWIA TR WODIMNAAN PITA I00A0W 1D 1D %D L1000 AT YT
RWIT

NN NMIXSOP

NIMA MR (2AYD 1507 MARY 2V MW TP YLP) MX1? N7°X°2 °0°02 7712 *93 17 MInn Myeop YW mMps
— MI™IWR P10 N12% 17 MIWORA MINMK MXOPY TAT? IWOKR N 277 19X L("L.Y¥A IR ..07p0n OX")
O O°2872 21900 ApcA? ,MUna NYAp 172 WOW NNIoN

TANT 7772 MTAW NN MIXOP

N7WH NR¥IN .CMP NTIPD MYIARA D7D 1w D0 NNRNWA Op°72 DO¥Xan ,AX°Opn NTpD 199

070 IPRW 993 ,0°7IIDINGT P2 O 992 O°PATI NP PN cmpa
179 I 0ORT DAT ORI L,IANTY TR RIN 0P ,0%03T 7322 IR WD 93T OR NPT X NTIPD -
Jabel myxnRa 12120 7 12102 593 7772 .WHNwRn 2770 7AW DAINOY YOI TIPT L, aYPNR RINT AR -

NTIPD MROW AR 7TIPER N2 ,M190) TT0 997 MTIPDT YIXA DR TWHan TaWNT ,0%pNn XY RINT DX -

(7eopn

2% MW MPTIAY NANMM MXOR W .NPYMRN 79727 157 TR0 IR ,CMP NTIPD MR WK 25w 70

TP 9w NIRRT Y D100 DY DPn ecmp NTIPD 190w NRT OV LINR IR 7710 937 Hw

.CMP=1 NTIPD2 QYR 0P NW 07390 1°2 MR O P72 ORI 7D WRD ,AXDPY OORIN W up KD 11 W
DTN W ORNWA PTY signed DOTINONR DW ARMWA PT OPRY XIWT L2 POR WL PIXW PWRIT D270

.unsigned
AR 9N 19777

210000001b & 1b— 2173 01 "0 70X J
A Y
™7 ,unsigned N2 09O W YR 20NN OX .O°PTIA TR oNw — 11 25w oWl YW 1D — X7 7WNI
10000001b, signedo ™oon nxnwna ,nRT naw L1b™n 5173 (nwy o022 129 mnww) 10000001b-w
b1 P 1991 ,127 0119 oxnen
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JIVX0 ARNWA M0 IR 1922087 YTII? 0°2°°0 AR ,CMP 2w MIRXIND MINM MECOp ¥¥aY 570w 70 OX 102

9 NIPNAW LIR°0R MTIPD YW 2°972pn 2000 CIW WNENT 197 .P1720 27937 19K —MINR 2099102 X

122> unsigned 0°1501 YW CMPp *NR MR 7X°0p MTPD .Jump S LR ,J MR M2 1N nxopn mws 9o
0°790n YW Ccmp IR MRAw %R MTpD L innwh JAbove Hw Below v oomwcp —A R B nrmivg nx

m21>° 117017 120w nrmR?Y J mk? qoua .Greater Yun Less Hw owop —G w L nnmiria nx 19°2° signed

cmp Operand1, Operand2

JA- Jump if Above

.Equal %°awa E~ Not 2>2wa N nymixi qonnab

:DOTINDINT NTO NITATY 27 MW AR 77202 K¥NAI NIIWORT N0

JG - Jump if Greater

WA MY — 8 P

[IYUXAN TINOIXN OX YI9p

nwnn 71m

JB-Jump Below

JL -Jump if Less

[IYUXAN TINOIXN OX YI9p

nwnn |ojp

JE - Jump Equal

[IYUXAN TINOIXN OX YI9p

oY wnl

JNE - Jump Not Equal

[IUNRIN TINDINN DX YIOf

DIV YNl

JAE- Jump if Above or
Equal

JGE - Jump if Greater or
Equal

[IUNRIN TINDINN DX YIOf

YN TNSIXT DY IR 71T

JBE-Jump if Below or

Equal

JLE - Jump if Less or Equal

[IUNRIN TINDINN DX YIOf

YN TNDINY DY IR 1012
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144 TPAMTpPy — 8 pd

ol

(7aM95T) @YATT NPSTR MNON 1,

NTIPD HY R3T2 9200109970 7127 NAWYH 27 .00 IR TR 937 HW 2219 2ORIM 73772 9¥ D001 X5 NTIPD 9

:°YON NN 1ITIW 0°790%7 P 12 cMpTa

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

127 2% 0°7377 DR °2YN 19X 0°1907 12 CmMp N

OX 07 72w ovRIng (17 7 129) narn gawn mna 72°0% ,unsigned 00907 nvvaw LJA nws
o°1o0n? nTvraw ,JG nws %70 vEaNN 1991 ,07av0 5700 Ap°7a0 DRYIN .0aRY mw ZF axy ooxb onw CF
mw ZF-w W SF=0F ar 077 1972w 2°X1n7 .(172 173K 127 01n) 095w mawn 21 72°0x ,signed

JTX°DP YXANN RY 1971 NP9 W N ARYINT .0DRY
(77X°9PY ARMWIT) 7IP2 MR 8.3 220N /

N2 9722 2NWAY 77,0 2001 DR ROR 1Y

19 OXY,(J2193 signed-2 9w 2x 2 ax YW v onvna w0)0oRn 173 ax OR NPT N1 1Ay LK

TR 19 DR A7
.ax 0% bx nX AP nyn —XY ax1 ,ax=bx ax npTaw NN Ay .2

-2 DOINWPA 2% X OmNAY WY —2% ww)Var2-n 77 Var! mainwnn ok npTiaw n°1oin 1and

s

.ax=0 nnx ,ax=1 -15 ax .(unsigned

W X .var2-1 varl ,na ST1a 00Inwn W DYTID ARAT A0 IR NYEaRw NN 1ana T
NX ax 7N awnn MmN —oNWw on ox .varl+var2 nx ax N awnn nvannmg —oMmw anwnn

.var1-var2

X' N7 DR TonY 00T KAT TP YU .0
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145 TPAMTpPy — 8 pd

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

.(2rm) wwHa *nonna 7w 17 10 . TimesToPrintX awa n°a 9712 fanwn 72 97w ,0°150 10
D°AYD NMND DR W?D 0002 197117 139777 . TimesToPrintX 5w 107v5 0v'X' nina Jon? 10°073
TRNWT WY 197 INRD 172 0000 DR 07pRY Jon? X 0°07aw label 11y qont 07 120 'Xw

Jabel=5 1zap — 7w o»pnn &% axy, TimesToPrintX-% quooani 172

J2R 0°Pn2 1790 209K IR 2975w 9901 N1 2nmRe TimesToPrintX ax 779> n

LOOP nmypp

007777 ©°27¥ 1177 NIART 223702 ,7M077 .0YD DW T30 1907 YWD a2 YL 09977 MR My oy
qV0°AN2 PR aNWATI LN A2 R v¥ab 070 . TimesToPrintX ganwna nReniw o°nys Hw nind X' qon?
opnn X2 o1, TimesToPrintX=5 1157 ooysi nnd IR NIwa® ,70n? 09717 720 'X'-w 0°aYs; NINd DX 1wh)
FIRDY® DRI —0°AYD 901 NITNA 77D WX S 1 7D LTon% X' T 05T 12 21P°AY TR TIoph -1

702V PRI 97w AWIWW NI IR0 M b 3191 T 3wow 1110 .(Loop)
MR MWD DR Ny¥an loop NP
.CXPw»wn 1 anmon -

J0ORD CX DX Inwn -

Aaw label-5 jmp nyxan — (09X 11X CX DWW 127y ,9m192) 10 PR DX
Rinaalrbh!
loop SomelLabel
27 TR0
dec cx
cmp c¢x, 0
jne SomeLabel
17017 'X' 70°5TAY N°IaNT ¥1¥°27 [loop NTIPD WNwH N7
xor CX, CX ; cx=0

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

mov dl, 'x'
PrintX:

mov ah, 2h

int 21h

loop PrintX
TIXP PR T

ar:1 . TimesToPrintX 5w w52 "21n 77w M2y , MK 13071 329n°w 7197 DR 19PNV :mawna? 3701
NIXIW 7 DR PPTA YA RY NP0 1AW ,0W00 37p0 2T ONX A\
Riih)
0982 TimesToPrintX nx 1210y

T7wn loop~1 NTIPD 197 OR L7197 .0OR? IMR INWN TR CX 2w 127y DR 737°non 22 a7 100p 371957 13K Y 1)
-3 1 0w v Mx1)65,535720 R CX DW 10TV LANWRIT OYD2 DOR DY ARNWAN D7 09K 7 CX YW
IX P DORNY CX 2w 107 o°nwd 65,536 Tnkh —IR?n 101 65,534 mw 7o 125 ©x XA ovoa .(unsigned

.0”PN° 777Xy °RIN

:(¥ax2 waTIN) AR 70°1577 2197 P72 AP HP0117 I ,77PR 932 712N NAINAW 2D

XOor X, 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 TPAMTpPy — 8 pd

"ﬁ‘"

(7amm7) Nested Loops ax%7% 7102 x> "
~

.0oAYD W 731 1907 IR TP 7O 193027 ,0°AY0 HW T3 001 YW TP — ARY TIN2 AR, ¥¥ah %01 0onyh

X217 PRNTRYATIPA 1N

mov c¢x, 10

LoopA:
mov cx, 5
LoopB:
;Some code for LoopB
loop LoopB
:Some code for LoopA
loop LoopA

5 7179 LoopA 71na xonw avs 9521 ,LoopA %y o%ys 10 y117 72°9% 021007 —171102 07 R A7 3P0 707

2757 TP PPN XY 1 .oyd 50 yxian nnh 7o LoopB L7571 02 .LoopB by ovnvs

MDY Y21 TIPA .0OR K17 CX 7w 197y LoopB nx»1 aroa .ex Hw 137w Nk mawn loop=1 MR CNww X7 Yan
,79% K ...DDRNN CX 112 73%°7 992 R .o°nyo 65,536 117 LoopA=> oviaw n ,ex Sw 12wn 1 7Y LoopA

RN RS 07w no1on

IN) XY MIRDPA NARW D°AYOT NIND DAY N2WY IR IW0°AN2 WANwn? KX 702 PR LTYAT DR N9 01D

PPN P LTIV IMRY N7 (TN TP XYW -NPI0MHA CX DR 1NwH
mov  bx, 10
LoopA:

mov cXx, 5
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148 TPAMTpPy — 8 pd

LoopB:
;Some code for LoopB
loop LoopB
;Some code for LoopA
dec  bx
cmp  bx, 0
jne LoopA
MR, :8.4 5370 /
Wi 2RI L0 RIT PWRIT DRI —KIT 1IN NN V'END NITO XN NI X :

X7 93277 22087, 1=0+1 X177 WHWn 2R 192) 12 MTPW ORI MW 0190 X7 IR 93,1 R
TIYR2 ANIR NI V'E2°D NIT02 DANWRIT DPID0MT NOWY DR NAWAAY 121N 17X (o) 2=1+1

:0°R27T 09WA DR 9079 7°I¥ Jvnn n°ons o1roa .on2 10 Hva

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

SWHNWHIR N MUIP MIRAT TPA MY .2

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

NoIoA PTHY NPINA AR IPT2 LTYR TN aMR DMWY Wanwamm 2N 5 nuoipw nv1on 10y

J2R 10 2o 7wnnw ape7a HELLO oomnn

,unsigned-> o7°%% o0 wow 02 S oanwn L Vart*Var2 1799omn0 Dk nawmaw niomn r A
75V M sum=Var1+sum 5w 112°0 YW ¥¥aY W1 170777 .20 N2 STT0Y NRT NYYAN N

.0nyo loopVar2 -5y

572 2'X' YW R0n onY 0°DTAY WANWAMA 20007 W NYAPRw NPI0IN ¥ ADK NORY T
T2V ARNTY IRI0N2 MTIMYA D907 RIT AWM MW 1907 XIT PIWRIT 19017 —I07PIY 0°I90A

:Jon? 0971 ,4 72 XY 5 109

XXXX
XXXX
XXXX
XXXX
XXXX
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149 TP MTMps — 8 pd

09T

nR Mp>nym 975 0 12 7907% NI MM, WANwAn 7150 MUYP MIRAT TIPT MW —1190 Y op

:al™b nRxinn

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 0757 KA TP vup —Tonk 709

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

ST N2vR HW 7097 NIV IR MTIPOT —NW N2vn

mov dl, Oah
mov ah, 2h

int 21h
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150 TPAMTpPy — 8 pd

2IN% PITa RODR

STIP2 IR DIPAY MR MXDPHW MTIPD 1901 11IP0
jmpnmpy -
"o ja, jg, jb Ao pamn axvep MMy -
loop n7pd -

:92N0RT VIR AT AR AROWY 217 219y loop NP IR MR TXTOR NTIPDI WIW 0100 0pna

STV DR QPR 1001 PRI AR PR DX 121 nvd Error- Relative jump out of range

ML W122) ¥R ML MR V22 16 7XPR 9AN0RT jMp NTIPDYY 1WA .opcode-2 AP Ko 0ann 2920K:
MTIPD YW a%°9P MY NX1? 12 8 P A%PR 792108 L(DI 2 nan 0°na 32767 0190 v 32768 0wn v
NTIPD 2127 71011 R L1297 L(PMI2°12 A7INR 2°na 128 Ty anvTp 2°na 127 5w v mnd) loop Hw nvann axeop
relative jump out of nX»w ap1 022 8-2 23107 W ML NTX PR DRI NNNG DPAN TX0p

range
:0°DPYN YW DONI0 910 -1 Y2 Y TN 0°377 1901 W
DY VIO 791 ANLAR MANIAY MM MXep TX°H XY X7 0w o0 mInanan L1

7017 DAY VAW TY ,R2T 2IP°A° TIORY TN 1101 2P 21PR° TIDRY -NLILR XY IR J0ws guvw .2

2
.N2IMN PNP2 AYOOR NTIPD2 L,ARMWD MR NPINIAN IXOPT MTIPE IR a3

TM73 ja aXopa NTIPOW 121 LKA TP DR 112ND 1PN NP2 AX°ORA MPAN AXOR NONT2 WWWh DR QAT
TIRIWY

cmp ax, bx
jamy_label
.... ; more than 127 bytes in code memory
my_label:
.... ; some code here
;jmp-% ja-n 7n yxa1 nyd
cmp ax, bx
jbe help_label

jmp my_label
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151 TPAMTpPy — 8 pd

help_label:

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

.... ; some code here

TIP3 .2N0W WM TP ATIND 7Y RO NI .02 NP2 8O NYIMNT AXOPT NR POIAY NI 10X
XM L"wnn 17a ox pop" avawn ja nmpon) bx>ax Crinn o»pna oXk my_label-5 axvop nwnana smpnn
07PN R jbe  oXina bx>ax awkd ,wna 2 (e R Jup ar Yop" nynwnw jbe-S 100 a1pon

mpnin 7%0opm jmp my_label 7P nwh 3o n°1oINg o RYIND

Q129

T Po2

TXNIW TP Npn 0% 070 labelsta ryenh 1w .mgtop 3IX0a% nwawnn jmp nTIpD By NTnh e

OO PI9p°
ORNT2 09377 282 DR 73w 0997V W P2 IRNWAY DWAYAY ,CMP DTIPD DY 10 e

OR PIOR" "IN IR TOp T R PI9R" L. D173 7Y ax 7I9p") MInm mYop hw 2w N0 NThY e

(".09R Y Y

MTPD W w 1R unsigned o™oon DR 1A% signed 0000n D ARNWT P 297200 DY NIy e

ORI RS mnw

.(cl 1) cx TvE%a721 loop NTIPD2 WIW TIN MIXY D217 TRIPRT e

25w P YR DY MM A% 2ORIN,DANMAIR MHYYIOW NP0 NIONT 11D NWHRAW ;110D 1YAT 9N 9102
235 NI 1PPIY 11D 7700 .07 MR NIPINN YN RY PUIYY MNP NPINING 2ORND O°IXY UKW NP AT

.27 P92 771 79 DY .NI1MITEIND — MNW MWD 2OYXIN 200NRI0 D092RRY TR CYUR
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152 MMNTEI0Y plonn — 9 po

MMTEINDI N2Ionn — 9 po

Nan

N°101N 2157 NI NRT 2 — PAIW ORTD LMWK NPT NPINN 2IN07 R AP0 RO 1T pI9n YW anunn

22w AT 31T 20007

O LNNR AR DTV NAR 0% DT OnR WOW TP YW 2P0 20N PN MIoIN X NI N2I0N
P R ("meaon nn' onavs owa) (Procedure) 17N RIPI 10 21T LN0TAN AW DOVNan @

.(Function)

TP 0°2M2 WMRYD MNTEND N2 DY OCNI 1P PEPNDY JMTXND PA Cwyn 9737 PR CPIN0R Nowa
719778 119w NOINAW 7 DR PYNY TR WRIA 0°21007 WMIR-TTP12 WRAY TP OY MMTEIN0A MN1aw 7P —Tn

:MTN° N2 WY 0w 7YY TN T0P00 W TITNIND DY wRD ,MMTRIND 1m0 mwyS

MWY? 095778 1TIRY ,WHNWHTA 7A0°0 PPIW WNT U2W NI PRRW 771 .01 18R uhR IR —PIwRa PN
502 D woh ,0onyYD 00 AW ARY VI TIX P77V 2aAR ,N02107 775D K7 1T .MANP 2°N0YY 1T 729D DX
DN ,WANYHRTA 2NN VIPPY YT TN DTA AKX IUORIW 2ONN0 DR MAWY ARTYI N NYHP OW AP0 oD
7717 TIOPN NP0 TN 102 0w ITXIN0Y X1PLY vIwD 91,000 Nop Sw TIPn 90 DR 2In5°

.DMINA DRMP TIP YW NINA 2000 DR 11907 T LARMPE 2199 12 700 RAW POnRT 21

POR WY 700°0 11PPY TIuRIY avh Ya21 ,ReadPassword—mnnTh 1% &3P label a1 vws Xow anb A
mIoN% N1 KD OR 270°077 NRMP IR WA IRY PaAR ,TAY 03 AN a7 DR MwY? 20919 1Pnn2 NI ?2jmp
7 2710°07 NRMIP 102 jMp NTIPO MYXARA 7T IR N0 IR AR TIPT DTN IR PWHN VWD KT L,NINR IR
X1PY X901 QYD o2 W ,°NYA 3T 127 2070°0 TORAY WNTW TP TR 21pRn N’ WP 0K a1 VAT DR Maw
,LAWNNY WAL 10°0 URIPY TP 21039 007X WMIRY O3 .N°12N2 IR 2IPR2 PwnaR a0°00 IR KPP0

2719P5 I Y71 PR ,720°077 NRYIP IR 970 112WAY 1m0°0 70 NN

SR 2P Nen 17 XY woRw label-a wintw v pvan nwnng
OpenComputer:
jmp  ReadPassword

; Code for signing into computer
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153 MMNTEI0Y plonn — 9 po

OpenEmail:
jmp  ReadPassword
; Code for signing into email
ReadPassword:
;Code for reading password from user
jmp 7?77 ; Where should we jump back to???

92 YaR —CMP NTIPD >777¥ IR PI7297 7IDPY TP IR? Y2IPW 710w °TA7 22107 MR 1IN0 W1 T °vah o3
0°2°7% MR NPT 222 7H0°07 NYOoR YW TIPT DR 2IN57 WK MR NP D12 NN a9RIT MpeTan

T P07 29971 S0IAPR 1IN0 NI MINTIRIND LN

MO WIATATY TA LJI2W TR 2T 2T NPT WOW TIPIR 2P0 PITAR 299100 WMIN —uw Jn
AR2 Y WO OR N 72 NYAY PIX RD LT .O0XIT AMIRY 1D NT2W RO 1IPTa A0 1any .ReadPassword
avs MR Y Proon ,ReadPassword 771731792 a2 1KY 779102 DR .020R NIRIPR2 MK WO TR 010102
PRRDT DR DPMYAYR T1UPR DOP172 TP S0P W AR 17 WOW 37219 .N°I0INA NIRRT 92 MA 1IN RIM — DNX

RaduBel bR hiviiv

X1 call DRI 77IPD 2°aMD VWD NN ,TIP 7377 21037 D1pR2 IR TIRN NR RITPD N Bp — whw pane

IANTY 70 AT av
call ReadPassword

;P19 SWNW MWD YIAW TP YR NANOW 7731 .O°WIR P2 O3 NPINN P2 03 TR AN ARIeY —pean e
WANWw? 9211,7791 72I1P2 MAWI 7NTEINDT DRI TNTIIND TN TR0 AR DOWI OR .WHANwnan 0n0°0 nYhp ,annTo
DX WMIRY aVD 992 "wInn PA9AT DR ROXNI?" 70X KXW POPYA .0OIAR 72 ANWY O3 N1 171N 902 2

07 MRPY TP N1 NN 0°022 AW ,1Wn NIdNY

DINTEIND HW M0 NP RN PRIV 102 2RY 0500

,OOWIR 772977 QY AMW TP 200 1TAY TP AR WY OR .NPYAY nD RN TIP NN W 11NN —PRwRD N0n
K177 AR27 P02 WP MR PR AWR 910 AREINDT 1990 MIDINT 922 1191 AR ,00PW NI TP WHAnwnw

.OMWN2W 719307 IR 2TY9 DWW ,20WANYA YW 77173 NN DER NIpNINY 719102 R¥NI RIT AR TA1H2 900

TP DR MWRIT N°I0IN2 21007 VIWD 5P TN .NISNRT TIR NRNSR IYPRT MWMT TNTIND NN PN

.D°2°1NM D°NIONA N2 TR L, TNTEND TN IR PTAT? WRA
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154 MMNTEI0Y plonn — 9 po

ST X0 MWD Y10, TANTY AWANRT DY 2YaRwR MWMIT 3T TN MIMITEINED ANSpA—Swehw 11901
XYW TIPA W %07 RN AWART MY NP A" R0 TTEN0 TIN2 TIPR IRMPY RN T vt ,TnnT

ONTXID IR

T°9P1 197 9w NMINN0NT DY 39 ,MMITXIND HY 0012AW LTI TP N2ON02W NOYING 1170w MM AN
AT AMXA 15w TP DR N0

STACK noonnn

AN D3P ,27INWH HW P AT ONRY NWAwH NPI0MT 11271 vanao X L, (STACK) nasonan
19T DPINN DR MANTEIND aY 771292 WA 9 KT 199 @

5¥ 92072 N1 ,197 .NY0MAT DR 207 PR 92 a7 70X ,NITITEIND 21037 PR RYR 19IRA 1727 9Ow 7D

PI0MNP WNWH? MNP MTIPOY NP0 2w 77AT ,N°10man

nimo

nimos
niniaa

nimo
nidml

Stack Segment=7 5w *v»20 NN

noI0nR NATAR

MR DT N7 HW TN DT 09I AW N2IN02 OINAY 1112°T2 IR RO NPI0NNT ,1109°T2 BIAA0 93 13

IRQT T2 DWW QPRI NREPT .NIDINT NN NIONNT PTOTHY Yapl NPI0nAY? AXpuaw Pt
STACK number of bytes
:(base.asm y21p2 03 770w °53) 77721 ,0°N2 256 97132 NP0 MEPTY 72 ,TANT2
STACK 100h
172917 WOw 0M00%01 P93 NR 11IP0WD ,12v2 7P NN aNCR WY LYK DT 2°I00°3 YW W NNI0nn°

.NI0MM2 N2 32137 NANDT DY Y0aRn NI0man Lanao X stack segment-ss e
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155 MMNTEI0Y plonn — 9 po

J1PI0MA VIRA0 TIN2 VODIRT Y ¥UA¥R .NPI0Mman ¥oaxn X1 stack pointer-sp e

937 AR WORY W3 .bX W0 AW R PR T2 .00 VODIR PUIAY W0 R L,SP LN I0NNT YO8N
-2 1IN37 VOO NN NTYASTACK-2 n21no 539 voanh woR 79 ,ds:bx g11°%7 narva DATASEG-2 nand

.§S-2 1N377 LIAADT N2INDY sp

T 130107w *19% ,100h 57132 N0 72 WHANWIW TNTA NI0MT DT AW SP TW0cAT ,MPanna N hna

.100h mw N SnnRk sp NPoma? nwo

0 12 x7 ®%% 100h 7 ¥°3n 1R NM121097 amn ,2°n2 256 175 ,100h 7132 neaonnaw 2% ww

0I0NNT %P DY AR N°2 P XOTW n2ND Yy wagn ,100h ,sp v cnbnnan 7wva ,ome .OFFh-

Stack N2aImnd

FFh

FEh

FDh

FCh

DI0 N5 Yy 33Xy SS o177 . 100h 5713 nomy Eﬁ:
TV PIMND SP IWONT NINNT NN 02000
20700 Yy Xxpaw 7% 195, 100h

3h

2h

1h

Oh <«<— SS

WP R DAR TN NXP VA0 ORI IO AP DY ROR NOI0Mn0 0NN DY KD $0ARa? SnnNn sprw n7awn
X177 AR 0101w 7w ameo ,LIFO— Last In First Out nu'wa nomin neonnn .n2min n2oman 7aw 172
109V NPI0ANIN TN YW IR INRDY TSP DW 197 ,N°I0RNT 221103 W 0107 °107 .NPI0NNIn NRYY WK
TR L,MI0MATN DO1IN DW AR 01T NV UMK MWAYRT MTIPOT Y 7aR1 WK DRI PR .Owsp Yw

IRNDAT

2010111 0°1INI 2w ARYIT 70137 MAWORD MTIPD 1R
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156 MMNTEI0Y plonn — 9 po

PUSH n7po

©79 N2N31 ATIPET .NPI0MA? TV YW 101372 nnMa push nTpD

push operand
2790120 7

.SpP=Sp-2 :0°°nwa TSP v W -
.§SISP N2 ,NI0NnY PRV TN YW W -

NN O°N2 "I AP NN LY ¥O¥A R DD ,push nTpp ay o nwa 7O Tan Sp YW 1Y 122 mw
YXIS 1190°1 95 .WOord—o"na C1w W TR 2Inwn Y NN0MRY QTS WORY RO MYRWHT YUK OV AN

SRS 2220 — °na Hw nank nnd? push

Jpush n7Poa WAWH NIRHDAT

push ax
push 10
push var
.ax DR N210mn? TN ANWRT AP
.(byte=> X% ,word-> 1nmx2) 10 77va NR NPI0MAL MNNTN 3°IWA IR0
word 571 RITW PRIN2 — var Janwni 190 DR NP0nnY NN NWhwn aTpon
0PI ROTIRAT ATPOT DX :
push al A

J12°1 97132 09003 21 nYapn push nTIReY A9 DTIAa KL X7 al LW RO TR0 S1awn
NIR2T MTIPOT YIXO2 INRD N°I00A7 2% 7070 A . 100h 9732 ,017733W nPIonn

mov ax, 0AABBh

push ax
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157 MMNTEI0Y plonn — 9 po

Stack naImd

AAh FFh
BBh FEh e—— SP
FDh
FCh
FBh
FAh

3h
2h
1h
Oh <«— GS

2-2.8p w137 0% Ny push hmppd

D203 NP 7203 NN 2V 3°3¥) NIT)

NP 123 121002 ONWRD N°I0A1R7 1973 ,aha 2w 19K ,ax YW 0°aaT oouianw o7 27 v

o

STANTY .SP PW 199N 2 TIW 7NN D 19°1T 93 LT 097 NOI0nNG 220y INTY Pwnn? 202130 1NN

push 0CCDDh

namo

FFh
FEh
FDh
FCh «<—— SP
FBh
FAh

3h
2h
1h
Oh <«— SS
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158 MMNTEI0Y plonn — 9 po

POP n1p2
oW PNV MOI0nNan (2°N2 W) T DW AKX Nnn O AP .pushth 101wnn 97pen X7 pop NTIpD
JTINDIRY

pop operand
Vx>

.TIDRY PRYIN NPI0MAT WRMA AN -
27a0wsp vy -
{POP NTIPD2 WINW? MRANT
pop  ax
pop [var]
P10 WRIAW 7970 DR aX N7 PPYn anwKRIT 37000

var ,xomp DR 2aph R 27w 121m0) MI0mn WRIAW 2R DR var mnwst ik pnvn mawn ampon

(A% 0wvn N X

pop al
P2 97132 N2 IR WA TIIDIND 93P NYTY X2 POP NTIPD —NOPIT KD TTIPD 19X T

7T 2XM2 Y02 NRYA 7123172 72 1IWnNwaw N°1onna

Nnamo

FFh
FEh
FDh
FCh < SP
FBh
FAh

3h
2h
1h
oOh <— SS
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159 MMNTEI0Y plonn — 9 po

DX W 127 T 1 27K ATIPDN YN0 NRY SP YW oW T an AvRw el

4
:
\

pop  bx

.OFEh mw 77 o»nwa 799> sp 7w 157w ,0CCDDh 77770 bx w 107w :mawn

:1IR2T POP™IT NTIPD AYXIA ,NNTIPI TTIPDT VIO IMRY (IR

\

pop var
27K ATIPDTI YIXO2 R var Hw sp YW ovovn v n

.100haw o021 o nwa 17790 sp Yw 1y ,0AABB 7°73° var w197 :1awn

NPNn1 07 OXT 200101 TN 22570 71p I

IR SPTW NI OPOR NWAY N7 TavAY PR NYD IR ,A9IN2 DR PUTY NPI0MAY 0107w 2207w IRD

IR TP DR DOVEAN 1177 AR OPYR DAY 20710 PV MR DPUIIRD N o700y vhaRn
sub sp,4

W TRY MY M0on ,Sp w10y oy "pnwh" S2pn K2 DWwvn IR

pop-1 push ,n%10m7 :9.1 92370 /

718777 02N oY Sp 2w 100y manwn 7300 %1 .10h, 20h .oonw 00573 o 1T R

MIOMNAY PI2°T Y 195007 7Sp INwn R .ax 2w push wya .ax 7% 1234h 7w nk0can 2

.ONEATY VA DR IRK)

1234h T7vn oXn —n°10maw 1271 9y 9onon 2sp manwa TR .ax TNk mhionnh pop wya o A

7pnna
21234h 97w prns vwoy oxn .5678h 1yh push wea 7

.MOV NTIPD2 WA W K92 N°I0nna Nva bx 7in? ax nRy» v .3
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160 MMNTEI0Y plonn — 9 po

NIMTII™L

TITRIND DR 7T

D°IDITW 2°2°27 13 W NI A7WD YA RN L(1%7) DR AR NAKR 70°10 17 WOW TP YuR XN ANTID

STNTRIN9Y 7P vop "ono"

.call 77Pon MYXARA ANTRDL RP -

IWOHR — ONIDD NR 7N 2MD0M 1Y NIANAYW NTXID L3077 INTHN0Y 2°WNI0 PARD WER -

.num1, nuM2-2°1nwn *1w 0°vn193 77 1awH

7T N2V a3 ROR L2V P XY num+num2 ,an1ho MY MIRXIN DYIMAY 20M0 W aTReh -

JTXIN9 DR TIROTW N°10NR

I0NR 7R 239% On WD HY (7292 TTEIN0N IX DWAYAY) 2Tpn DINwn MY 49190 AT -

LUK

TP yop i TR0 .CODESEG Hw 19102 3% ,CODESEG n%nina 7°n IR 22773 71173179

proc ProcedureName
;Code for something that the procedure does
ret ; Return to the code that called the procedure

endp ProcedureName

n>nnn o°n2 10 nooRpw ATEIND ,ZeroMemory aw2 aMTEND nY21DW NtI0N 120 —TTRINDY nnT
7173797 n17a? ,CODESEG 702 7717397 o1pon? 27 mow (072 037wy nX noo1a ,am70) DATASEG-n

STTXINDY ARP
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161

IDEAL

MODEL small

Stack 100h

DATASEG

digit

db 10 dup(1)

CODESEG
proc ZeroMemory
Xxor al, al

mov c¢x, 10

ZerolLoop:

endp

start:

exit:

mov [bx], al
inc bx

loop ZerolLoop
ret

ZeroMemory

mov  ax, @data
mov ds, ax
mov  bx, offset digit

call  ZeroMemory

mov  ax, 4C00h

int 21h

END start

161

MMTEID NIonn — 9 pd

; 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 MMTXID N0 — 9 pd

’
E DOSBox 0.74, Cpu speed: max 100% cycles, Framaskip 0, Program: D ==

cs 10008 EZFB loop  H#zeromemttzeroloop (GEE5) T

(2732 La7I) D°NWNT 0°n2 8 0987 770077 1N T¥0TY MN? DATASEG

9.2 %30 /

ipT2 DWRINAY WA 19X 3N R A TD2 R wxena . ZeroMemory Bw mnanTa TR DR Py

D°NW; NP0 v25wa sSp~™N

CALL, RET nmpe

SITIPON NYRAN 71 PPTA AR LANTRINOT T nwnwn call nTipow R a7

call ZeroMemory

mnxw 1wn xeaw ,CODESEG2 12h 71w 5y vaxn am L,ip=12 quooaa 717197 call=n nmips »19°

(... 39w anT2) call1 nmips
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163 MMTXID N0 — 9 pd

’
@ DOSBox 0.74, Cpu speed: max 100% cycles, Frameskip 0, Program: TD =

READY
[s]1=CPU BMB6———777—F5"=[11[!1]

cs :0012FEBERFF call ftbaseprociizeromemory

:call=71 DRI 91802 INRD TR ip YW 107va wh 2% mw

’
E DOSBox 0.74, Cpu speed: max 100% cycles, Frameskip 0, Program: T =21

[=]=CPU Be4B6

cs: OEOOF32C0

702 offset-a "2 mw ,1a1) 75012 ZeroMemory aTeon Hw opnen 1t .0000-5 manws ip v oy

w107y R mawn call nmips s (CODESEG-T Hw 1 nna wnn nRxn 7n7xion 1y ,CODESEG
NTIPD .jMp NTIPD MYNARI DX PWD 77 IWOR WA WO DR PR LANTXNDT NN DR N¥OP NPIonaw 0 ip
197 NR Arvpa call=1 nTps .sp woTAN-TINW A0 TV ,2% DnRw CIRWY 93 .Aom mwn aww call
NNANT T PR mnwnw PN v 2% ww .OFEh X171y nvyot 100h 7777 10w call=1 nmps 2195 .oonwa
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164 MMTXID N0 — 9 pd

nTpo °195% .0015h xR (%2 watn) ss:00FEh nanoa 79vn .ss nooman vinaoa 1w 027y v, onn v
JIRO 70 201 T W amvnawn 3n .0000h om0 call-n

;ip=0Ah 7vo°377 11 7TIPIa ret ATIP? AYOAT 112712 2°N2 TIWY F0DR KT —INE DX 71270 VYN TTRIN0N

-
@ DOSEox 0.74, Cpu speed: max 100% cycles, Frameskip 0, Program: D ==

Cx EEEN)

cs :000AMC3

N MR TN IRAT TIPT NN DY P08A P W02 rettn n7ps 1% NRY —NIWRIT N°I0IND NI A 30

2710 1IN AN AWHAN NN TNTXN0T AR TPN

-
@ DOSBox 0.74, Cpu speed: max 100% cycles, Frameskip 0, Program: T -

[=]=CFU 86486

cs :0015+-BBOEAC

]I
.15h=% 0Ah-=» yop ip ,7117¥119731 7911 NI0NA

.call=1 n7Ips ¥1¥°2 oy nPaonn® 012w 7w PrTa AT ,N01 215h L

:myxan ret-m call=n mmpow 1981 7n 0oo)
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165 MMNTEI0Y plonn — 9 po

—call n7p»

NMTXIND2 72177 AWNRD ¥R SP SW 127 DR 77070 RO 12w TR w) @»nw3a sp 5w R a7 L1

.(qwnna ot aapn axl —FAR
JT1TXINDT DX QP02 MY W YR PNI2°12 NN DR LSSISP NN TN Apnvn .2

N?°1N PR jump X027 TPW T 2WD) TN DY ANWRIT ATIPON YW N0 IR ip 0 apnva 3

(AM70n

-ret nTpo

Y W YR 1172712 N2INDT DR ,SS:ISP NN nxp .1
(WM ©INR 0P RN ;AT 7TPRA 72) OTNWA SP YW W DR Aovn .2

RPN TN IRAY TIPT NMWD NPINT DR 77T 0271 ,SSISP-1 ARIPIY NN YR ipTa AR mwn .3

TR

ret-m call=7 m7po .n°101na 837 7w 9X In ip DW 7V ,7TI97 DX OP0aW NP RY T IPRIY 1D

177172997 N¥>Y 2P0 INMK AW N°10M2 ip DW 197V DR N 1RT

NEAR, FAR nay73p

SW RY TP AINTATY TNTE0 9R call nTpe? myan X0 omon 2bwa .CODESEG-7 71nn %0 1w nh1ons

AP WA TR KXY 2190 5NTXI00
JOWRAT MIoNa Hw 7P aRw av 71 ,CODESEG-7 12 .1
(e mwos TNk vio1) CODESEG- yim .2

TIN2 P PTAW MNTEION DI, TP 0230 Yya ,model small 1111307 DT 09T UMIRY P WY 19IRA
S NPIDD 23 9aph MY N1IIN ,997 MR W PR 3R 2 o Panh ran v 7ak ,CODESEGHh

.CODESEG™— mxxn1 18w ,m?0m1pn M0

a7 &0 ZeroMemory 7731995 .near nT1ne nkapl &0 ,CODESEG-1 702 nR¥n1 71173797 ox
L2971 MR~ N2IND DY V0D DR PI NP0 TIN? 10°10n call nTps L0 7apna .near Mo M7k

.272 7INWR SP IW0°ANT ,0°N2 21w P72 X1 voowaw 111°0 .CODESEG-17° 120 vinioni

70°19n call n7po 712 7pna far nT7eIe NPl &0 ,CODESEG-, yinn nR¥nI 7797817977 OX ,NRT Db
VIAXDTY VODIRT .2 XD PPT2 2WAT 9O T2WNIW 72,770 N2IND DW VINA0T DR O3 VODIRT NX 03 NOI0NNY

A2 7nwn sp DT YW 1Y AT 71PR1A 1971 ,0°02 AY2IR T2 009N
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166 MMTXID N0 — 9 pd

?far W near nM7x1719% call nTIPo Y1 22 VWL 0°H12° WMIR R
:1aM72 far IR near o9 N0 PTTHY L, INTXINNT NITAT AT 77170 210 1A 17200K7 DOV MK
proc ProcedureName near

proc ProcedureName far

.near x°1 97 N2 Lfar X9 near X% 0°am RS 1R o

"far’" —ZeroMemory117¥1m5% NX 72°) NHOIT RIT W 93 15w TNAITT N2I0N YW AWTR 707 21N03
proc ZeroMemory far

09K 071272 2% MW NTINDY 1071377 YW Jon 217 1250 NTIRT 00 3T AW 07AT LT YN

W% P ApNYa? N TP nw L"push ¢s" i1ip n7w 72011 1%2n0Ka ,nona ¢s:0012 opma -
€S~ WX Hw 107w Riw ,0879h 7w AR NIonng N Jon ARYIND .N°0mna N €S P
(P22 WaTIN)

TP DY O0NW DWR ,NTIPT 0732 1M 15h &91) 16h 157y Lip qwoeaa nhaonn? AnT on NR? -
.("push cs"

(Pnmpn 70732 mo ,00FEh 891) 00FCh X171 sp 5w 10w ,717%119°% 7ov1on oy -

E DOSBox 0.74, Cpu speed: max 100% cycles, Frameskip 0, Program: D |¢

s5:00FE 0479

.PIoMnY €S KW 01377 DR DOLIAWR WMIR 1N9D .near Mo RO INTRINO0NY M11,PI90 w2 NIRNNTI 932

far near mm7e1702 wncw 12 720 PR LT 9720 vy

166



167

PR —NPNYINT MMWTA 29¥N1 71 25w X NN AVAIR 3 952 ,MMW wItw 099777 TINRY ,RA7T TIPA 120

WAIR MITIPDT N 92 DR AW 72vm X Ton? N0 M1 MW ,7on? 709702 2P0 TP SYup WD

CODESEG
proc  Print10X
mov cXx, 4

PrintXLoop:

loop PrintXLoop

ret

endp Print10X

start:
mov ax, @data
mov ds, ax
mov  ¢cx, 3
Row:
call  Print10X

loop Row

exit: mov ax, 4c00h

int 21h

END start

167
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;4 'X"in each line

; Print the value stored in dI ("X")

: 3 lines of 'X'

; New line

MMTEID NIonn — 9 pd



168 MMNTEI0Y plonn — 9 po

DT 77 7107 27050 K 22D RO ,NNT D192 .00 WMIRY A DR NYEAN KD 1985 317 02100

.CX DX YW T R 12p°y . TD=2 1900 MR 199np 1100 DR 1P nva 2myab A Y

™Y ,0 RI7 107 AMTNN0aN AR 470 mInwn 197 TTI90 Iina 370 YinmIRn ©X NAIoNn NPnna 1200
D1n 5w unsigned-n 2™ 11 ,Mo1) 65,535-5 107w nR naoim TR 127y nX anvnonloop Row amipon
W RPN PIND Iwnn X L(0OR? MW PR CX) DpNR K2 rOWTI DR W ARy ORI 1D (TR

..IR277 791 0 7Y av CX DR 7771 W A7

D27 DR WAWRY ,ANTIN9Y 507157 2197 MPIN2 MWD 2XD DR MW 110 WKW PNIMAR 2T 1R L1907

.PI12IN% 791 219 (792 11XN1 aR) 200NN YY

DX AMIRY 71 P72 vEanw 79 Print10X 77970197 nR nawh woRk popT1 push mTipsd narva PR IR0l
Q°07V7 DR JIPWY TNTXIN0AN IR°XO2 ,N°I01702 DOIW0°AT IR MAWY TN 77NN 30°132 [uIWD RO ApI0un

JTNTRINON 000 DARAY D°IV°ATT DR I NP0MmAnn

CODESEG

proc  Print10X

push cx

mov cx, 4 ;4 'X"in each line
PrintXLoop:

mov dI, X'

mov ah, 2h

int 21h ; Print the value stored in dI ("X")
loop PrintXLoop

pop  cx

ret

endp Print10X

start:
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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

MMTEID NIonn — 9 pd

PIYY AMTEINDN NYMNAW RIT LAY T NYD (21X MWATIR) DX POp NTIPDY push nTpo o7 702 110017

MW 7 X YW 127y ,0°non PrintXLoop ax20w iR 475 ex Hw 1097y 0w TR PO .010nnY CX 2w 7vn

NN NN NPINT TR LAMTIINDY 70°102 MI0ANY MWW T DR CX TINY PNYN popT NTIPD .DORY

169
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CODESEG

MMTEID NIonn — 9 pd

N°10IN57 2% NAWS N°I0M02 Wt :9.3 99N /

(IR2T N°A0NA AN

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
ChangeRegistersValues
ax, 4c00h

21h

W° O MAPn2) TMNTEMDY TP MMW 1903 0700 37y nX mwn ,ChangeRegistersValues m17xon

STNTEINER ARPA 00 PAW D3 1XYW 22003 29 TMTEINST N¥ avoaw T2 (12?7

TMTIINEY 29WRND NNaYn

TOWY NOORNW 7ITRINDY IANT IR .77 DORMP WMIRY QYD D32 AW AMK DR YN 3TN0V 79X TR0 K7

270N TNTEND N7 PWOY 0°2°IF WMIR OXT-11NI°T2 002 AYWN 0ORY DX WMIR PWIYW M1 .NN2°T2 o°na

XOW 2D 7 AN 7YY AT R 2900 7117119 21057 TI0XI W 1012772 202 AINY 0DRY X0 T2 MK OX)

TIVEI VWD 2°N2 HW AW D07 DOR? D1 ,71N1 TN 0ORY YW 2°N27 90N DX DARY DYTPW IMTEIND 1321
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171 MMNTEI0Y plonn — 9 po

mINNT W) 2 RMPY PR N2apn TNTXIN0AW LT N2 202772 0ORY DY N2 13 AMTRIND? 3T

UMD 2RPL(NPWRAA

L0192 7207 79778 3TRIN0W 27901 W ,aNTY LAMTIN0Y 1avah o°XI10 WIRY 927 90 N1hR 100 quno
DI , 127 NRXIN DX O3 20°WRIT N°I0ND AR 2R PR 2712000 DRYIN 02D 71 .0°01R093 Ak o

079D NIV AR 009190 AR LI A28 TR0 RYIN 7D 059
7 MW ,AMTRINDY 0°IUNID AL NAR UWH INY W

™99 WO VWY -

DATASEG- o™7anw oanwna vy -

fakhtolgtaly b ivifakimlorainioty i gl imiis SRS

bx T2 nYapn ,AnaT? . ZeroMemory 717311977 .01 AUIwD RO ,0990 07000 WY ,INWRIT AW
TOYY DDA NI DX O3 VT 202 17T AW MR DT 019°K DR YMNAY OV mimnw NI9°Ta NN

.ax U032 IMX 772V UHID 7NN 0ORY
AN

proc ZeroMemory

mov  cX, ax ; ax holds the number of bytes that should become zero
Xxor al, al
ZerolLoop:

mov [bx], al
inc bx
loop ZerolLoop
ret
endp ZeroMemory
LDDRY DX17 MIRW 2°N27 NIND DR PYIY axX™w AIRT? R OWRIT N2I0N2 MwY? 0°2°7% MIRY 77 79 Ny

WY N2077 By 9paY 070 IR LCX TIN? MPR° TWRI97T NDIOT CTTHY AW MR DR VXY 121D WOR 7en

.axT2 v T anaTa

9907 ,93 PWRA .MIN0T W T J0WY L,IMTRINDY 20R00 N1avaY 220970 00I00°AN2 WIRWR MWD Nnd
DR 979 7% DOWRIT DI DR MW N 00w 201 TR 1R ax, bx, ox, dx mwenn Hanm 00w

.0°0179 N2 DWANWR X7 0°I100°30 19°R2 NYTYY 31707 MR
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172 MMNTEI0Y plonn — 9 po

0990 0°00°AT YW 923nT 19011 1ova X Mo ,DATASEG-2 27anw 221nwna vty ,a0w auwn
(AT 25w 1HW DoLyYAn 2°37%7 S0 19IND) 723N SNPA BYND RIT NI PTAT? 20130 UMIRY D2INWHT 007
N7 AVWA FYITXINOY 22N AV ROW YT

NT2
proc ZeroMemory
mov  cX, [NumOfZeroBytes] ; NumOfZeroBytes is defined in DATASEG
Xxor al, al
ZerolLoop:
mov  bx, [MemoryStart] ; MemoryStart is defined in DATASEG

mov [bx], al

inc [MemoryStart]
loop ZerolLoop

ret

endp ZeroMemory

,ax woaaa nk onmn NumOfZeroBytes manwna (0000030 »1wa v wn DX 2°nwn2 19500 1 N2Iona
,bx quoean nx 7°9ma MemoryStart qinwnan .09X% n°10INT HYW 2°027 Ned DR YapWw WnTD 700 19 2105w
MINR MI2WR NAI0Y 2°I00°37 *1W NIIDY 1IA9ET .0ORY 0°X1 MNIRY NI2°12 2170 DR YapWw 0279 1377 10 1950
IR AN L,D°IWNIDD KDY MY WY 27593 DO AR L,IMTNN02 bxTay alma ownnwn 10TV AR LN01)

(77797 AP 197 0°00°A07 0311017 02V NYOAP API0Y N1AR 72°0X XY 120 NOWRIT NUIMNIY
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173 MMNTEI0Y plonn — 9 po

nIonRn HY 29uRnD naayn

I PIRY NYTY LANTINDT MIRNT DR PII? O OWRIT N2I0NT 200 — MINN0N 21w DATIP 0w O3
JNTXNON DR MWD 992 NIWY IWOR CRW D°¥I2P NVAW QY ROR 2°INWn S1w ono 8 ,ovanwn 1w DATASEG-2
TN DO NP AAPYY MMTIMD WA WAnwa? GX01 OX 01 -0 0™ L,aIwS awph N9 NvI0Na

2(7°0P7) ARXYY NRTIPY TNTIIND 21027 X1 AR 71 20077 MR CHYA 22INWna Wity M

,MMITRINDT 207D NNV NIRRT W ST LMPI0NNT 23 DY AMTRINEY 0000 Pavay R DYD Tnl
IO TATY WOHR) NOIONNI DIPR DWW NPWYA 7223 PR MATIPT MY WA MWW N1PYAT DR DM RTW 2w
DO MMIRY D20RI97 190D Y 77237 PR L(0I130 27 nawa 64K any 7auxiw a0 R AT ANy
PR DYT? IR KD 1OV TNTNNDY RVPY N —2°20 PINRY L, 0200737 MRd 7O 20928 KD MR L7170

JNTXNON TN 2YINWRY 2ORP MK

STNTRIND HR 20AND NN2AVAY MW DY

Pass by Value—7w »0% 7havn .1

Pass by Reference-ow »0% 71avn .2

Pass by Value

NINDY AR PR ANTIINOD URIDI SW PRV I MIOANT DY ;A9 0000 T SNTHN0% Navn W 0wl
SNTIMOM AR PRI W 19T IR P 10 AR IR 9100 RO PR 1991000 FINwnT IR 900w 1o

DA RDD AR TITXINDY mOWIW AT DWW 107y

11 .2 197w% 7900 TNR TunnD nhapaw ,SimpleAdd owa gMTRIND NI ANNT MYRARD DRT wUnnl
WOATT? T L, 2WN AT PNIT 2 T0m D9p AN WO MMTIMD YW I00n phn R0 W aMTIeaw
Sw DATASEGm2 273 MMk eanwna Dw mMamnaa am s 7o X2 SimpleAdd nR 5910pw 17200850

J19W D100 DR 13200 AMIRY °197 9752 72001 SimpleAdd 7117309mw na 9120 15w 02103

TIN2 R¥PW WA DR 22pn SimpleAdd-w 0017 umIR nva .parameter 17 XIp1 71w 271 15w 1P1ona

.parameter

173



174 MMNTEI0Y plonn — 9 po

STYITXINOY RIPY IRI NPI0MNT IR ATTY 790X NPWRIT DPINT L TNTEINOY R0 YW 137V DR v 01D
push [parameter]
call  SimpleAdd

7TTXIN0Y 70°1077 OV NOI0NNAT 28N

Stack Namod

FFh
FEh
FDh
FCh «— Sp
FBh
FAh
Foh
F8h

parameter

ip

3h
2h
1h
Oh <«— SS

PI0MAT DY RXAIW 1PW T DR AT 77000 AMTRINONW T 93 .00m 1K parameter manwna amTXeg Jina
W PRV DR P A0 X0, anenan DATASEG-2 snwb5 n2inoa X¥nl parameter-w nyTy X7 771781190
"ppn" parameter Hw 107y ,pnynn DWW 197YY 2 5°010 ITRINONW NRY .N°I0mAnT DY Owhd N2Na RN

590 mnwd XD

A2 TRRNA T LW D07 .M NS 1120 XY Pass by Value nuewa 0000y nhapnw amTeow nnk
MO wow ma1 . Pass by Valuent wa mHR 1123w 20017992 nwanwn 371710 R AR R2T naT2
IRMPY DORNM VPR TP Lit-K DR ax 72 nawnm k- j i oevunis awhw nYapnw ,SimpleProc owa

a2 91> (Pass by Value noowa) o’

push [i]
push [j]
push [K]

call  SimpleProc
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MMTEID NIonn — 9 pd

:(ADM Y7 NPI0MMY 110107 ROW AM32) 72 RN N2I0NANT ,INTXN0Y 707100 oY

Naimo

FFh

FEh

FDh

FCh

FBh

FAh

F9h

F8h

«<— Sp

3h

2h

1h

Oh

«<— S5

i, j, K717 78" 22007 23

W P W .PpOP NTIPD NI TPOR 1AW 20790 DR X2 20910 unmak SimpleProc amTemon Ina

pop-1 %> .call-1 nTps oy neonn? ANTIY Lip L,aTTXINONR A7 NN YV 30A%n NPI0nnT WRI —TNR

.NP30MA 7700 D2IND DR RYXY WYY NWRAT

TNIR D777 AMINY DYIDD 712 DOWRNWRR JWR TR T . NN D190 JUWD AW AR MR

I0Y NRPRA VWA ROTW AN 0w TARI YRR DT NOI0mRa TR PATY YU 010 PO L,anEpa

proc SimpleProc

pop
pop
pop
sub
pop
add

push

175

ReturnAddress

ax ik

bx '

bx, ax ; bx =j-k
ax i

ax, bx ; ax= i+j-k
ReturnAddress

Bathitolgtats vl niiayi7a X lela ol

JNTXN9Y 112YAw 20n190 90 pop~i ¥¥2 IARY MPI0MAY TNIR NI T2 NN IR NNWI



176 MMNTEI0Y plonn — 9 po

ret
endp SimpleProc

T 70°W3A .00%02 MR 002 e %01 ok .DATASEG-2 mmnw nwbs minwn X7 ReturnAddress
SMARD LMPWRYT NPI0IN2 11037 2IPA PR AR 1TV 5TNN5T OR N°I0MN2 112 200007 DR RI1PY 100

N A1 AW WA AW DR 0 P2
Pass by Value :9.4 531n /

Tn37 °0h o'X' (9on Tonk 10T pass by value nuwa AR TunTn NhapRw gMTXND X X
D™V 227V R MWD WO ¥ 2102 1PA1R T0RI9T T 197 2P P1T2Y WO DWAT unIa

:0nY 1N NODTIT —ITY WA 072 WYY

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

WRIT 07R97 ok ‘A’ qon? 70°07 pass by value nvwa 0o1unio 1w NPappw AMTETD X .2
DR MWL WO 3TN0 21902 .20 on ar 'CY PwRIAn D173 1wn qunaon ar ‘B! awnn ;i

Nalalole) R iR el rian Ha Yo vy

1% .MiN™ Max owa 2°Iwm ,NPI2NT NN 0°¥12PD 007901 IY2INR 72 2U1TARW 1IN 10X

s

max 7Inwn? 70°19m1 2°Y12p7 019017 NYAIR DX pass by value 0 un19> N22pRw MTEIND

O 29RO TIYA DR Min 7Inwa1 amran v opni TV NR

Pass by Reference

P71 XX 0RD7 DW pRYE X KXY DI0NAT DY ,mP 119712 N0RI9a DY NN MTEIN0Y N2 7 0wl
WOA 2 WP 9AR YR N2V 0n09T SW 197 DYTY KXY TMTEINDT .NP0MAR Dpnvin PN3°1a 19w D200
IR°ZO2 .NN2°T2 DIPMRR NWAD 197X LIWD RO -0 IR NI 919 RO 199 ,7INWAN DR 7970nw 12°12 n2ndh

MINWAL WY ANTXN0Y MHWIAW WD YW 197V ,INTRIN0N

avon Yar ,SimpleAdd 771721797 XY 299797 MR .2 AN WIR TIPDY 29 mWIanAT NATva wnnl

:Pass by Reference nvwa
push offset parameter ; Copy the OFFSET of "parameter" into the stack
call  SimpleAdd

SW 102N DR O3 N°I0NNY 01977 0°3°7X 1177 -2¥07 IR J2IMIW 72 — TR 221N BIA30N N 1D 57 OX
X771 IR2T ATIPD2 TN PR LIAR 022N VIAI0 P 17 WOW D 10102 7T parameter-w 0°1Inin uinio

172925590 v
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MMTEID NIonn — 9 pd

push seg parameter ; Copy the SEGMENT of "parameter" into the stack

Parameter
offset

Namo

FFh

FEh

ip

FDh

FCh

3h

2h

1h

proc SimpleAdd

Oh

STNTRINOY 170°1577 QY NPI0NNT X7 15w N0 772

<«— SP

<« SS

parameter 2w 77w DR MIwH 77130 7MTEN0T NV

;Takes as input the address of a parameter, adds 2 to the parameter

pop ReturnAddress ; Save the return address

pop  bx ; bx holds the offset of "parameter"

pop es ; s holds the segment of "parameter"

add [byte ptr es:bx], 2 ; This actually changes the value of "parameter"

push ReturnAddress
ret

endp SimpleAdd

Pass by Reference :9.5 %°x7n /

172107y nX 77ym pass by reference nvwa TunId NRaPHY ANMTEMD X X

.anX nooxnMY pass by reference nuewa ovwnTD AYAIR NPIPAY AMTXIND X .2
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178 MMNTEI0Y plonn — 9 po

"10% —TANTY) oA A9YonmY pass by reference nvwa ovMunIo W NHAPHY AMTXD X A

.(var1=5, var2=4 nm719:1 Rk .var1=4, var2=5 771731190

BP "oz waasw

72°07 .93192 WINW 72 AWyl X NP21pn APRY Auw 1w 1% pop [ReturnAddress]-a wincwa nX axsnwd

[P WD DR D210 IR MAYY ,ROXITY IRT? IR VD DIw LR

92 PIoMAY 0°107 NOWRIT NPIDINAY 0Mun0? nwa? uY y»on ,Base Pointer 5w xp bp wooan

(MW7) TMTXIND? 22201 WMIRY TP MNW? 22 W .ip WD 2y poyna>
proc SimpleProc
push bp
mov  bp, sp
;Code of the stuff the procedure does
pop  bp
ret 6

endp SimpleProc

2T IR T2 NWTAT MTPT IR 7203
2210 71 7 2awa .bp TINY sp Npnym N°10mn? bp Bw aaw My¥an MnwRT MTpT nw

SW AR R 79T IRYIND JINWC SP OX O3 ,PWIOVA LSP W NRMNAT 107 DR MWW ,NIMN QXY 79 110Y
DY N°10M2 T 237 RI1IP7 MWK 112 1IN T NI .O3PR INIRD YUAXN TR Y1ap IRl bp ,neionnan 0007y

.bp=2 15w nvon NN
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bp-7 n'on' NaImd

bp+8

Namo

MMTEID NIonn — 9 pd

FFh

FEh

bp+6

FDh

FCh

bp+4

FBh

FAh

bp+2

FSh

F8h

0 (bp)

F7h

F6h

<— SP=BP

3h

2h

1h

Oh

<«— 5SS

mano2 oRenI KT i ovanwnn bp Hyn o°na 8 XUmw n21n02 K¥N1 ,MI0nAY NWRI NN 1OATY Li Janwna Ny

ST 10 92 Twnt 2oap 0IRWI bpn Dpnannw X wnw an .bp Hvn anknta 0002 471 6 10w

ax=i+j-ka2won nx nyeanw ,SimpleProc nm7e1non HY 2w NRT 2°371 NN 7IP0N2 22Wnnwn 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

 [bp+8] = |
 [op+6] = J
lop+4] = K

:NNRT Y21 K27 TP

OPN1 RIW QYD 902w 1770mIP7 NAMIR eqUNRTIT AP TP DR ANTWNY 72008 PW ATIP02 VWOV whnwl

iParm equ

jParm equ

kParm equ

179
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180 MMNTEI0Y plonn — 9 po

STIRIPY VWD O3 ROR ,AVIWD P KD 139977 1OV ATITRINON VWOV

proc SimpleProc
push bp
mov  bp, sp
; Compute I+J-K
Xor  ax, ax
add ax, iParm
add ax, jParm
sub ax, kParm
pop  bp
ret 6

endp SimpleProc

n°I0MN% 1ORTW Janwn 0% .75 .pass by value nuwa 0°721 WRD TN M1 equ-2 VI O
-2 WIWH MIND 2N 1 ,pass by reference nvwa 0072w 107 17 LINTXN0A TN QW WO @
DR NYR ROR ,NOI0MN2 MAwIw T PR Mw oo XY pass by reference nvwaw own ,equ
77 77Pn2 .bX-2 TWnT 0PN NAIND DR 2P NYNY TV DO2YR -INTY) PIDTY 10D whawnw W0 N7 NN

(bX 777 77917 HR 22wl TR0 WMIRY 21Wwn 7IYNRT NP RNY T7°n oW NNY NYYIN PR

mMTIPon N1AY M2»n mov bp, sp nTpoY N0k bp YW apnvaa ,Taye WKW 7120w 070 127 MW @

ONTEIN02 MNWRAT

°19% (2°n2 Hw ANw KD NIND HW ARXIT 79°17) MINRD XPPOop IR push nTIps ¥ mvva arw X7 72°07
7901 XY WY 0N 717 .wanwn 700 ,bpn 007731 0°pnna 2INwn DY DWW 71200 90,198 MTps
:bp—2
proc  WrongBP
push ax

push bp

mov  bp, sp
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181 MMTXID N0 — 9 pd

Naimos

FFh
FEh
FDh
FCh
FBh
FAh
FSh
F8h
F7h
F6h
F5h
F4h €« SP=BP

bp-7 n*on' Nam>d

bp+ 10

bp+8

bp+6

bp+4

bp+2

0 (bp)

3h
2h
1h
Oh <« SS

WrongBP % n»om»i

S0 1 5Y opna j 5y 30agn bp+8 »way 1151 10K 1Rw bpn ovpnian maan ,bp 2107 ax v 101377 Mapya
797 M0aw ret 671 NTIPD HY 12072 002

2Yn,NOI0MmAmA T N2ND DR aRxaret nTpo ccall NP WA 70T RN DX NYIan ret nTIPOw 11X
TIwn ArKR retw 7720 vynk)retnTpsh MMPw MR MTIPDT .37 N2IND DR NEOIPY L2721 Sp W 157 DX

:(bx n&
pop bx ; pop increments sp by 2
jmp  bx

P MTP ret= T2 W w TIwa Sp-2 901 ,POP-1 X NRY ret=1 NTIPD T 100n 2°D0M 1KY

gnret 675
pop bx ; pop increments sp by 2
add sp,6 ;spisincremented by a total of 8
jmp  bx

SN0 707197 *10% push MTIPD MyXARA 10ONW N°I0MM2 DPn 1INW? T ret1 nTps T°H 71902 WInw
77PN .N°10MM% 2°N2 6 9377 02 10337 M9 L,IAR 93 2°N2 2 D702 2Inwn awhwh push ey 1w anaTa

1197 77O AR .NPI0MPAW NN DR "NYAwR" 7921 517X 30°107 00 Npni 12317 Sp DX avmnn ret 6
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182 MMNTEI0Y plonn — 9 po

nPI? RITW 190 ,°01APKR NP ret 672 v wn IR ,pop 2°ays WIRw 72 IR 1700 7790 V2 9 ret yxah oo

.7292 NAR 77IP9 MYXARA NWRIANT 72077 DR YY) 0pn NI

:bp=a v wia MmN Sw 0»ra 015°0
JINIR MWD 7717 N2IND? pOp MWY? X RY FNTRM0T nnna L1
.bp n1va peomaa 0A%W NAINDT DR W DWW LIWD .NPI0NAY WONTY 227N 737 pop Mwy? TR XY .2
MIPRwn Y21 XMP QW S7TOY MPI0ART NN RN P AR wer .3

O¥PPn 0P anwn? NWA? 17 Ny bp-w X177 IMK AR ,bp Hw Ao pne
bp=2 w1 77319 :9.6 23N /

199 —INTY) o2 3% ,pass by reference nuwa ,ohanwn 1w NPapHw SMTND 12AND LK
orNAR WY aMTEMON N2 L(var1=5, var2=4 571731100 ank var1=4, var2=5 nm7eon

.bp nrva pa oeanwn®

pass by nvwa nhwi max mnwna .varl, var2, max :°inwn e nPapnw aMTNs 1y .2
M2 7V DR 9°2° max ,aMTRIenn IRy .pass by value nvwa ohanwni A reference

varl, var2 1an
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183 MMNTEI0Y plonn — 9 po

-
R

W wYAWA 07 1K DINWH LIMTRINOY YImA 201 IR RN LT710TA TNTRIN0OY TI0Wn RN OMpn mInwn

(F721957) TITXINDR 2YRPR RuINWR NOTAAY NIIOMRD R

1T INWNT MAY AXPR ANTINDT IR I0wn 2w PR INTRN00 P myawn 02 PRI L7292 AMTE0n

9 ARAPW N210IN5 IR 199 1172°10 DR WD NARIT a3 NP0nnT Yy

DINWR NIXPIT? 275 1R O3 .SP PW 127 DR AT M0 Y 1172 DREPA 29 1K 10 299192 ¥Xam a1 TR
,0°N2 6 DPmpn DINwRY MEPTY XN AMTEIN0T ,IRNTY LK LSP W 1Y DR 77NN DIWD AMTEIN0T 2Ympn

TIPDT MYXNRRD YX¥IANN ARYPAN

sub sp, 6

TWH SPp NR R*2TR 791) NN DR AWD 2T2 ,A0AT TRWOR YXANAY 720X TMTENDAN ROY C100W 12m

:(ip MY 12 N10MR2 PR SV YW 103

add sp,6
DPMIPA QUINWNL WYY WY TNTINDT TNT RN
70219 SubXY=1 AddXY o@mpn hanwn Cw 7T SNTRIN0T X,Y— 270170 CIW NYIPRY AMTXIND 1
JMRNT2 LYY X 9W WIDITY 21207 DR 2IN°
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' NaImd

AddXY, ax

ax, varX

ax, vary

SubXY, ax

ax ; Restore ax original value
sp, 4 ; De-allocate local variables
bp

4

MMTEID NIonn — 9 pd

;push ax 77poi Y1302 RS NUI0InT 23N

NAaind

FFh

bp +6
P FEh

bp +4 FDh

FCh

b+ 2 FBh

FAh

Foh

0 (bp) Fsh

< BP

bp- 2 F7h

F6h

F5h

F4h

F3h

F2h

<« SP

1h

Oh

<« SS
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:MIRAT TP MW NIYEARA NPwRIT 1719102 XY-5 2OX1Ip 1R a7 ox

push 5
push 4
call XY

X7 9102 nwaTan s .SubXY" AddXY 702 £°07vn nnwY 02Wnn YIXea AR ,NPI0mAn PRI 70

:bp yoaxn hy mwn

£5 00F8

DIARY 0%V W SW WD NRY 210077 DR AW 2R D AR WY 4 795 DR 5 77w DR nhaonn 1onT
DR 7T 12 P22 nepea L(0001) woonn nx 3 (0009) 01005 NR 37 7270 NPoman ,MIRI? WORY 993
RN ,SubXY-1 AddXY o»mipnan onanwni

J[bp-2] x17w ,ss:00F6 D1p°1m2 :nP10man 2¥1 DX IRNAY 1R P2 2wnn PN 2108 Paw 1nT2 27 mw

00971 W YW Monn R¥ [bp-4] xinw ,ss:00F4 01pona .00 0n00 21w Sw 01907 KYnl

M"I0MR2 o™MIPR OMINWR DR :9.7 930N /

N5 M7 XYZ awa gmTEe? ARTIPY anwhs 2037 JwItw DPI0mn NomTY ,NOWRA NP1 120D
DR IXOI7 R MR JInwn n? 7Y 92 ponvn 97319 LocalX, LocalY, LocalZ—o»mpn ooanwn nuhw

7710 AV ApNYAaw N°10MN2 PT°21 1°10NA
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MMTEID NIonn — 9 pd

TTIINED TR NP NAIOMED R

TR 9°2VAR N2 NP0 VW L7V R MPORDPI IAMTA DR PW A0IR 22PN TR0 AX01 2nvY

AT AYWR MNN0N .pass by value nuwa IR TR TN 2w 0°I20RT DR NAI0MANY QINTY LW X7 AT

DATASEG
num_elements

Array

SOR TR0 OR NV -

°I0MMA opn AT noon -

PR TIVRN 2w 0%V DR NAIwY 590 K aNTRIen -
DR P 7ITRINDY ovavn ,NRT N L pass by reference nurwa

TIYNA PWRIT 2RI 2w NN -

TOVP2 ORI Won -

:DATASEG 7102 77w 99731 .An317 7801 nwd

equ 15

db num_elements dup(?)

O°I2°R77 99011 YN NWRIT T2ORT NAIND DR NP00RY 9I071 ,aMTE9% axopn b ,CODESEG T2

WM

push num_elements

push offset Array

call SomeProcedure

1O’17 NDOINA ,NYI0MAT R ApNYIAY 19w 030277 N2IND S7-5Y TN 1INOR Y37 DAPNIY WOR TTYINST TINa

.7VAT NOINN BIAYRT YW

MNTEMOY 2°37wn N1 9.8 3N /

WNTI VTR 9 DR .ONNIT VIR0 MINNY 22INWH2 MITNTRINDT TN WANWAR PR L,DOR2T 29973002 -20 mw

P30T 23 DY Mavah wr TN

,TATY 779N 0012°RT 0190 DR SUM INY 70°1921 SUM 7w DY Twn N2apnw a7 X R

186
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187 MMTXID N0 — 9 pd

T2RAN TIWAT DR NIOMANY ,TIVR DR D0 TIvR? v axn nhapnw SortArray oMmTo 1ann 2
.1,2,3,5,6 :0°07wa DR 970777 7vab o1an 73190 3,6,5,2,1 7hvnn My anaxTh b upa

SN N2°N2Y 79770

DR TITAY N2 VR DR DR DR L, TvRR ¥oaxn nhapnw FindMin 1y nnTeins 1anv

90 OPTIRT

pbRistal pass by reference N W MYINRA 2>0ARD W N7PRY Swap v pMIEdIAND -

0w 0y DR

Swap-? Xpn on kL .FindMin=2 xapm 7wnn 5y ar919a yian SortArray fmTeen -

STOvma PR op7eRm FindMin 7901w op 7R 100 un00 1w av

RPN R L PWRIT OPTIRY NP2 JUPT R DR g7ava SortArray aMTRIM0aw nRe o -
-5 Xpn SortArray 19 nRY 7702 2w 0PTIRA DY R TIvn? ¥axng wrd FindMin

Swna cwn op7eRm FindMin 3vminw op70Ki ;0 0n090 1w avy Swap

TR 1N QY0Y TV N YW PWAN IMTNeN -

LT 992 PR M90MY 2°0NYR WY DYaxn nhapnw ,Sort2Arrays NP AMTIND 1A A
DO9195 0927V WK ,0737YAT I DW 1R DREIN DR 021979 w0 19X sorted Ty TwnY o1 yoagm

TANTY LIXINT 2100

Array1 =4,9,5,3,2
Array2 = 3,6,4,1

STNTXIOT NI MR

Sorted = 1,2,3,4,5,6,9

STNTXMI0T 122N 1577

M K97 IR TIWN? OMIR 7 NYn 2°0vn Iwh 0oY0axn napnw Merge awa aMTn any -

JIP0 R

.Merge 1w 7 vnn oy SortArray=2 wp -

oY DYDY %07 92 DX NOOXMY vana Twnn v naww Filter owa gmTxo 1ann -

Nalghigaliplal
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188 MMNTEI0Y plonn — 9 po

(7anmm) Stack Overflow -nozoms nwsss Ji |
~

TN I9IX DR MIWY N1 MW MRS YIXO MYXARI VTN NMYaR amnn 21wn man wa Stack Overflow
DT UK L(AWP Y2 D217 YT DNVAR DY LN 1977) [INW TR W TP PR 2 019 101N hw

NIRT M220A ,RWIZ UNRNT YT 0107 KM TPRA 12119 DI 1K A% 270 MINN 2w Npn 1p 10w 99
1ORDP ANYAR NPV MW IPRY N S 7102 TP D190% DONRTTIIVD TIWY AI0aR NPYae nvtn L1

N2 WA QPN IR W LT P92 TR NI MPRYNM 8 Qon WNTN Ren Sw man 2
AWnn NN W AwD 1PN N1

RIPIW 71 ,0°107 PRI TINY 12 2315 ononn 71 nn .Buffer Overflownaing nx 27731 nowrA
0%01 12 99079 7uvnw 00X 1100p 10T .27 D130 TR WRA Yo AN 21wa? o001 ,"oRa" @
20°%°2 13 P0IPH 0°23577 77031 OR 7TIP° 77 LIDRAA DONMPT MAIPKRT NRD R 1241 315w 19RAT R 20X P0Ip
,0°n2 257 1007 ooy o ,100h Hw — 1031 — 5732 Jwnnep 1or 19 1mRa Buffer Overflow %apa

.Buffer Overflow %2p11 1172°17 2wpan 2m 257-1 0020

DY T3 WO 9K X2 19K YINN 11197 nwtha 93 anra 2Hoon awn X Buffer Overflow
.Stack Overflow >©°250 19182 NXIPI W°HAT 0210007 @

.Stack Overflow wnanam wy X 891 720

270 MPIDNT 771 ,02AXY7 17121 TIPT MW PV 112 LR N°I0INA 1NANT

X

A

’

; Program StackOF — demonstration of stack overflow

; Author: Barak Gonen 2015

IDEAL
MODEL small
STACK 100h
DATASEG

msg1 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 bp

mov

bp, sp

sub sp, 10; Allocate a buffer of 10 bytes on the stack

mov
mov
xor
get_char:
int
cmp
je
mov
inc
jmp
quit_proc:
add
pop

ret

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

; Is it the 'enter' key?

; Copy user input to the buffer on the stack

; De-allocate buffer

dx, offset msg1

21h

MMTEID NIonn — 9 pd



190 NIT7XI9Y NPIonn — 9 po

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 wpik PHY 2P0 WANWHIWw INRY WANwnT o DR YI7P7 WP Jon? A0°0T7 NAINT NP0 MTIX 1207

:75 .Program finished 1v7i1 qon% 70°971 n°1on7 18

Please enter your name, press enter to finish
on 3now

Program finished

.0°n2 10 97132 79822 ,0°10M17 2Y U9IP IR DMWY ,7NTEIND NVRAN WAnwnT ow nvoop NR

IWHR NID°TY 7Y AWA2 ,0°N2 1w HW M?1902 PO push MWy awsr ntaomabw mnhw 27 mw
ST NP2 97132 2027 03 NPI0NMT O pONY @

TP Y0P 1T .TonR AW AYTIT 0°9TAW A0 TP YUR W ,NPIDINT DY IR OY0RY TP YOp 102, N KD 19X

ST TP YR R YO0 70 P DR AX°0pAW ARIWE 21 N300 PR P NAR HR RY XITW N0on N0

?7R27 X7 IR 7720777 WOK TR, 7D OX
Please enter your name, press enter to finish N
Jon Snow H

Here be dragons
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191 MMTXID N0 — 9 pd

.29W IR 25W XD WIANT 7 7°201 L7910 MATINT IR WOW UAONY N7

279 MORII NOI0NNAT L7170 N2 .N°00na By o°na 10 H7aa 1ox2 7107 GetName nTeon

Stack NnaImd

FFh
FEh
FDh
FCh
FBh
FAh
FSh
F8h
F7h
F6h
F5h
F4h
F3h
F2h <«— SP

ih
Oh €« (G

.0°n2 10 5713 9837 -27%32 . GetName 702 non»

5w ASCII-1 557w (2777 172 N 9912) 2nn 8 a7 70 ,Jon Snow, 1w DR 7T wanwnan anwKRIa ax102

279 INRII NAI0MNM AT IR 12 N2I0M1Y 10101 20N

Mmeaw e
19X

"I?J-r" b p i p

an .ss:00F2 01p°na 79837 N2 nn? 70101 — ASCIH(4Ah 71P)Jd MIRT — NWRIT 02PT .NPI0MAT 2871 DX 723
8 271 1R 1PN IR 2°02 10 5732 70T 19RIW 110 5910 ,8S:00F9 aipn 1Y 112717 Ny WRRIw 1NN
bp xxn1 "221"77 Hyn L0100 DX 070 N2 YA ,2°20MIRA K 0207 ,"Par" Hw 0°na taw 12 18w ,0°n2

AR N2IN3 Lip oYM

M 1N 5 P wianwna ,'Jon Snow' NTanna DR 2N RIW NKRY 0N PIAR Wk 19w Whanwnaw 101 Y
71 2%wa .Stack Overflow 5w 237 9%11,2°n2 10 1973w 9982 TI0% 2°02 14 5w apnvan aRIND O8NP 10°0 W)

Rk ahiaihielsiahi
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192 MMTXID N0 — 9 pd

My 0p
19X11

v
0 ! o7
oW
oTw
nr ip NX
bp P

ASCII-7 >27w2 195mia o»Mpnn 0% L7710 NN IR bp DR 1077 ,0°10017 0101w 2°1NR 0°N2T NYAINR
72v% 7273 K7 7 37w .21h -aRep o0 S Ry 20h xRy aan an Sw ASCII-n 9w 79w oonnn Sw
72992 ,NRT QY .°7210R NOW NI°TAA PPN IDINA VEIA NII°T2 ApNYAT NPT RY 399 Ay¥ani XYW 110 ,aRAwS

277 2% SW M2LWAN VT a0 -1 AMNTEINNT DY A0INT NAIND 5200w T

TR PRI NWRIT 25WA ARCROT TIPY YOI NRN0N JNTXIN0T 3T 25w enter X7 1T wanwnnw 87 N0
MI0MNA MWW MNP TN PR bp 7IN? 0101w TWAw 12w .bp-2 pop y¥an tawn 2%wa N2 nXpInw
NANIY ¥R nYIam ip N2 prvwn 2120h Twn ret-n nmps nvxian mo3a% .2020h -wInn 7ovn ROX

(little endian nvwa %39 N1>°17 — 100 220210 K 1179) 21200

vowni 'Here be dragons' oo nymia nX 0297w 7pa Yup X Wi ip IR ax0an 2120h n2ina? aweopn

...N1DD 19 .12 R¥NAI 71 NYTY PRY L7917 R? IR RO 19W DANIT Myawnm Mpeny Monn mpo

L0277 n°nnn3a . 1265-» Psalter no»
DN ,DTND NI TN Y
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193 MMNTEI0Y plonn — 9 po

7150 RD DIDANY MRNA? D100 IR oopa. 1 Stack Overflow-2 winsw namvaw oK a1 9°v0 012°07
SW AP JPRY) MW NIPPIo0 MYXAK2 7K ,N°I2IN2 NIREA DOXDIP JP9RW MTPOT A1 7IPKR2 DR IyXanw

TIPR TIN2 MW MTPD W 1003 (71 190

Stack Overflow Y mwor nyoin :9.8 5370 /

TP MM 101N NI TP DX PN o070 .Stack Overflow 72 v2a® 0 1001 X5w 75,0010 DR1NDY
Stack - mwsr 95 o3 Xo% 'Here be dragons' niannn 0970w MAWORT DX P2 R? 31117 03°5Y .mn*Rnn

10N NO*IRY o1 Dvw Ao xR Overflow
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194 MMNTEI0Y plonn — 9 po

(mamam) Calling Conventions ;',f_

292n0R2 2051 PYM MUY 7DW 2N01 TP PoN oYY 09anoR nowa XY N1 MOw 2031 27w TP 210
— 7772V77 N2°20 MTIX P92 13737 IR -pP20 270 2 YXINN A0 NOWA PR MW IOwIAw TP 172 R
TOWA TP P2 NIMORND TN WO ,TIN ARXIND NN NOWA TN X7 YR NROD 2°%3AP 901 PR Wpn WK
P9) endians-1 171217 MR TWITI 1AW TIPR2 D22 1PN 270 2w NINORN ) OP200KT NOWA TPY N
-big endian nvwa ' little endian nv>wa R M2YH 2°912° 712NN 72V .(MOV NTIPDY 22INWH NITNT KW
797 D1 MW HW 1Y LNAR A0 WA MYWDT 93 IR 2OYEIA TINNT 0N TN 03 MY 72,990 mwn 0270 PR

.IP50N XY 71INnw

DM MaTIna oo —~Convention mxiang @

Calling mIXIP1 1981 ,MM7EID NPUD7 W NPXIANP O3 AW ,NITY MMWPY DPRIAND DY 1T 09

?Calling Conventions-2 7% 5751 v ¥y wonm 72°nn .Conventions
:C nowa 2P Hw 170 171
int MyProc (int a, int b);

a7 integer 01970 ovERID I NPAPH XU YRR wax ?MyProciiTeinnn by nyTe 009190 UMK an

A0 TIWR R AMNTXN0T AW prTa an integer 0wtn 7Y
SIANTY NPAR 197 370D ARP
int c = MyProc(1,2);

XP3,("12"A) AREY TMTIN0T WP LKIPIW TIPA vup 1R Caller xap1 ("RaR"A) 7780k XNpw TP vop

.Callee

,C nowa 7pn P00 7201 7NTRINEY aRIPT 199K Y92an0R Nowa ;7an] MyPFOC AMNTXINOAW 1PMT1 727 NDYD

?Callee-5Caller-7 12 wanwh 212° 73 -12w°n .°22208 NOWY nn 19270101 W
:MPI0MAA 223 DY ownen nlava L1
IR MAWOR .NAR AT NP2 TNTRINDD AR DR 17 2100 1970mpn
push 1
push 2
call MyProc
22 MWwoR

push 2
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195 MMNTEI0Y plonn — 9 po

push 1
call MyProc

Pass 2xnwH Pno m0ava nRIp1 2 mawar o)) Pass Left to Right 1% HRiawn 772y nkp: 'K mwox

MIXID1 NP Dw MRAAT 01 qwnna (Right to Left

D°IWUNRI7 PR XMP callee-n maw AwwWa WRH AN 72YT NYwa Mlonnh 200100 IR ayecaller-i 1R
oh Mayh o°2»n callee-m caller-i ,mbpn ¥1In% 70w ,X°7 7Ip0AN D201 000707 2w OO ,NPI0nnIn

PXIINPT ANR
ANTXWAN W a2

TTRINDN ,IMIPD VD2 waNwaR X, RpWw TP P8 MyProc mawenw avn nR 1ma anea amin 7170
oKX woeann callee-n 7 By pnyy 7Iwm LAWY CHH0 00 R Thw A7woa nR¥In nR pnvn MyProc

.COINWNT -AT AAPn2 ,a7Ima 7OV IR 2w 71nwna

IVOAT IIRA TIWA AT PR LTI DAINAY Wawnw Q00T 223 ooarinn nab 020 callee-m caller-aw 12md

WA MR onne callee-m caller-nw pa ,77wn v oH9)
T Pl 3

SMTEOT NEM 2P0 NOIOMNT AR NPT TN WO, N0 A3 5 IMTRIN0D 20000 2°°ayn WRD 101
MwY» 02977 "NW JW°W 11747 .MPI0MRY PRI Q2N 19017 ORNAR SP W 197Y NROYIT 0T Y nv¥ann 11 oo

:NP0MNIR 002 4 901 ,1nNT AR ret-1 nTIpeS 790177 X ,NNRT LONT
ret4
:SP 197 DX OTPY X7 WA TITA
add sp, 4

N2 P70 DR vean callee-n ox .nv0man DR ORI On Cazh oonRinn nvab oo callee-m caller-n

TANTY P00 YXID TNTRINO T INRY P00 DR vean callee-n ok .ap av ret n2wd oan TxINon
o)

call MyProc

add sp, 4

JTRIANP AN 097 172y callee-m caller-nw p v ,nwow $52 7av? WoR 37 77pna 03

2035 MY 17 NP2 PR 207100 PN KW Dnn 170 &Y callee-m caller-i Y% 5y 00 i awen
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196 MMNTEI0Y plonn — 9 po

NIXID NRIANP

IR DY RIIPY IPIW ,NID0N NPRIAND JAW° MBI 0PNW P01 ,N1RIANPA TN WO DRI NRY

IR LuurR nk M (https://en.wikibooks.org/wiki/X86 Disassembly/Calling Conventions)

.STDCALL-1 CDECL 5w v17°92 pono1 Run1s nwnnn Jx
:CDECLn>x1anp 9%

.Right to Left nionn? omaym ooy -

(072 16-n 72yn% 5w 72971 HY 92177 OR ,A771 a@x WO W) ax R AT 0o -

.N210ma0 *1p°1 By CRAnRw X7 caller-n -

:STDCALL n>>232117 %9

.Right to Left nionn? omavim ooy -

(02 16-n 7Y% 5w 7297 HY 72177 OR ,A77) axX 0% IXR) ax KT a0 e -

.N210ma0 *1P°1 DY oRANRw X7 callee-n -

DWwn 23177 .0°0n0D W AR K7 Mnd aTEek mhwh qwerw X ,STDCALL >0 5y CDECL v 1703
7n2 ¥7v caller-nw 1a .caller -7 X373 Sp N7V NWD DR YXINW o1 122 ,0100n0 M0 by RNk caller-nw
719 P DR V2D D197 IR L, NRT NS ,callee-7 1p0an nR pRaY D130 aa R 7TXN0Y v K17 20000

RN VI3P 11°KR 02017917 100w

7owa print N7XN9Y DORMP UMK WK ,7RNT? 200001070 2w aviap K2 MInd 37X79% avah a3 onn
orint 7MTXN07 121 qun70 90 097D 007X UMIRY D00 TN QY 02 X1IP7 MR 00X UMK LY

X077 7302 NPI0MAN DR RAN RoAw 75 print nR 21027 10°1 8D 197

77127 FNTXON L, WRI T AYP KO 002097 nnd wrd ?CDECL b1 Sy STDCALL Sw 10 1in
770 vEan caller-i 181 ret nvgan 371731997 12w 23R NMYY NRT .3I2p av ret nTpd 7 Y nvaoman DR mpb
70017 IR 0O9°90RW IR LYY WA M ORI DAR ATIPD 2w 11200 DINR LITIPD 11000 IR0 .Sp DR 77ynw

SMYAYR 710071 LapNAR WY MMTRINDY MRPT NIno2

http://www.codeproject.com/Articles/1388/Calling-Conventions-Demystified :noo1u axmp»
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197 MMNTEI0Y plonn — 9 po

Q1299

ITAWNWD NI NN NI PR PATY 7D OPRNN AW ,QRTRIN DORWII nD B TR wIpi T po
DINWH VIXD 7D LIRNTY .0DTYA OIN01 VT T P9 NTASY DN POR L,NTRY 119N MOw oy Tnva
MWD DR P 172 0% WORY T P92 NI VRO OIR —N°I0MNAT 223 Y DR MR 19708 XY 2vmpn
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message db 'Hello World’,13,10,'$'
NN YW vo9IRT IR dX TN 20 197 NR?
mov  dx, offset message
:int 21h ampoa nX voa9 ah=9h nx ¥13pH 1 1% N
mov ah, 9h
int 21h
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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
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inc cX
jmp  getChar
check:

cmp [Save], X'

jne fail

cmp  cx, 3

jne fail
success:

mov ah, 9

mov  dx, offset Access

int 21h
jmp  exit
fail:
mov ah, 9
mov  dx, offset Wrong
int 21h
exit:
mov  ax, 4c00h
int 21h
END start
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;19077
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7Moo
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FalaloleXb il Lol
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X12° int-17 AnKRY .MIPP0DT AN NN TARY L7901 WO AP0 937 .int ATIPDT MVEAR2 NYXaANn 007 IR0p

.P°057 7901 KW ,TIN0WN

int operand

:1 7507 3P0 NHYDT ,ANNT?
int 1h

,2wnh ,70m% N N0DTA R NTYPRAN N DRMP DY MWD YNAY %0 WRI LT 7002 19PN DMMTpa 0°p102

TIPD2 NWRNWH
int 21h

,UDI01P NIAN ,AANTY LAPWINY T 10N MPPDD DW A0 HRIOW TP WMND MW MNan ohaws Jwna

2°n1onn? npoon DOS noyoin nown .Disk Operating Systems %w Mz p —DOSawa 1557 nown 7nnd

211



mpon -11 o

N72n RO DD AT .J0R? 1N NODTIY NT2PAMA N NRIP 130,007 2°P92 112 NOPNIW NI MDD
BIOS-71 .Basic Input Output System >w x>p —BIOS xpiw mp nnnvow ,80x86-17 >7avn no1x ,HuK
7 PN IR 21727 X BIOS7 1 5w 1pon anoyon av Tn 7avn’ o ,Tn 110272 RYhIw TP R
TRNTY LT0MI0 CIPNR WRwn IR Muwonw Mpeod 10on BIOS-1 9910 15 11 .a%yonn noavn 7P DR Nwu

SR POR YOAIW XYW ,NTORNRIN 20N NYI9R

,TATY 72990 NN DR YXA? MW 2°377 2O00YR 1AW 0000 MMpRn Wiadw? Mvat NP0 117 WU T9n RXIND

:NTOPNN Qv NWPN
.9h 7001 7IPY0D MYEAR WPN? WOR NTYpPRn Y -

nX "novw" awynb 1 ap oo .BIOS npros xonw ,16h 1pon apo0d 17 ad NTYpnT oy wpnY WweR -
Ao 7P av 9h a0

.BIOS %w 7pi nx "quiy" DOS-1 1P .DOS 5w ,21h 9501 P00 717 03 NT%pn7 QY Wwpn? WeR - -
:(AN™0) NOWHI YW Y NTWPN D0 ARNT
703 m n7aw 8h oo apvos -

av 8h 00 nX "noww" AWYN? I AP0 .n»wa 71 72w aw ,BIOS npoos ®0n 1Ch toon apoon -

01 TP
. \rh n - TR R0 7o3nTAw, q90% 1P’ -
BIOS 5w mpi nx "quiy"DOS-1 7P .00 71n Xon aa n7aw ,DOS 5w 21h oon apvon

WYAWI DR IV DPPRN AR00T DR AUIWY TP 92,2995 19X 10PN °A01 MPPDDA WA YW MNNom mnan’

Y1872 03 2°N°YRY MIWSHA 0Y7°007 1IN PR ,0IWD N 12

.0°9777 99 AR TR XY DaR AP0 NIR DR YR MW 29977 WOV 9% 2OVTIA I P MIPPoDT 7m0 N1aona

.07197 72077 198 MpP°oo? WPl 1991 ,DOS nipron myenaRa mvea nR yra1 Y92 172

P09 P2 ANW MO XIT TP .AR°092 190D TP TP A°YON AW PR T WR T ,R°00 9 @

ISR 1¢°pa Interrupt Service Routine "% owa X1p1 a1 79 .p°097

TUAT? M 197 NRYY 2WAT 1112012 X2 ISR DR 7119 ,0°10107 $IX°2 IR 22001 RIT,IP°0D VRN TAVHWD

AT RN DR VYL 72907 IWORAW NIANAT DR NYI MPOI .00 N°10INT
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TPI0D PINID vabw

:0°K277 0°25Wn 2071 P00 YIX° 700N

112 mov ax,5 NRTT YRR 17 372 IR — W00 NPT AR YN DR 000n Tavna L1

NT9PNRIA 709 IR NAWY 11907 XY 5 7Y DR ax Y PNy 72vna ,NTopna wpn By e wanwnnw

P09 NYI01N VIR 01N MIXP2Y AR ARINTT N2IND DRI 27377 00T 193N DX NPI0NHA W Tavna .2

AP €S DWDAT YW MY RO XA ARAT NN 1010 L(ISR)

Trap ) na%n %37 nXY (Interrupt Flag) mipeooa 937 nX (0okn) "apan" 7avna ISR-5 qov1on s1v% .3
Swnma — 797 12von .(Flag

12077 "X ISR N5 2wen AN LipTY €s o0woea? R pnvmy ISR nano nX awnn 7avna 4

WA POR ORI 1ARY 2192
USSR nR yxan 7avnn .5

o°09Yn IR w, ("2 Y0 IRD) TPOR IDNTIW 2°379 DR NP0 XX 7aven ISR vwa ona .6

Ap™1 s, 77T oA YW avpnn

.CS:ip DPnn NINNT N1¥°22 Pwnan 7avnn 7

namo

FFh
FEh
FDh
FCh
FBh
FAh «— gp
Foh
F&h

3h
2h
1h
o Je—SS

7200 [70°157 DY NI0MHT 23

(7T2°0077 305 727 707 1230mpaw 19 w31 100h 5712 1307w w30 °8T)
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:Trap Flag™ Interrupt Flag o°%3777 019°X mynwn? on»ni

T 93T OR 7P 707 A PORTI AR TIN MR OX O3 P00 KPY WX MTIPOAY 797 03 NTIDNRT 23T DIDK
93 NP 55 93 MW R T N2I0IN2 2MATRPNR LIARDTT TN DORXAI MR LNOVAWIR ODIND 777 K7
— DR o1 PR ,Avwa N7V oRIRY ISR 9R N0 11hw no1onm Lavw NTYY p°00 Y ,wnta Tt
oxy .. 55 95 9nxY NNn T 20 IR 71D MPIona DR 7o 073 F7 wpn By panh 0007 unIR

...nNon ®Y QYD AR 9D IWYNOY 70 ,NT7pna 1°0h RAnRw ISR von F7-1 wpn by nxonhn

RIT T A9WD HW NIRRT [0 LDOMIN P°09 VIR 270 N YAT? MDD MPP0Dn VI MpD YAT DR
72V% DTN VAR AWIN P00 72w ,MIP0D 172 "mann" 5onn KOw 7o gawn w aowe .disable interrupts

TP P°002 HHu? 020w *197 712 vk

M 0sw T3 Lif 2377 DWW 1979 DR 0T 1A ,2003TT 0030 IR M0 mnwn 7avan L ISR axeeen anxb

.enable interrupts X371 17 779D 2w S¥IXPNRT MR .MAWDIND W 712

(mamam) IVT- ISR Lﬁ |

19 X7 ISR Hw %5077 73ann

proc ISRname far

iret
endp ISRname

IRIPI 2199 NPT AN AW 2WRn DR TN NAIND MAWY NARIT X — ret nTpe wma x0 iret1 nTipo
>, MIRTY WORY 993 0773777 00T DK a3 W 270 ,q011 pop v iret-w X ret=> iret 12 57377 ISR

Y7 OPW AT I9IR DIARY ,INTRIND Yw TAT? ISR YW 51730 12 20 70T

QIPAY YIDPYY N°10IN7 DX DR PPODR PPN RIT VWOV LARO0D D20p T8N RO POV MIvY 09X URIRY 77RWN

2719P% 1172°12 NN PR YT X PR ISR RX1IWw 119nR aw 1173012 11w

,0n0%7 25575 0 12 nva 9120 31 19071 .MIPP0DT N NI TP 1907 1T ,1907 W R0 909w 792 Pnn:

ITIPDIT DR 1120w ,InNTY LW onIToRaT 7V 00 AR°00% R1PD A1 IR
int 21h

.21h 7901 IR0 DR 1YWY T°IX RIW 72WRIYTI
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,0137N N720% A1D Tavnn 01000 AW N2 .1119°T2 N2IN3Y IP°097 T50n 213N NIRYNY WA 72N DY

AVT x,Interrupt Vector Table nxap1 11 7720 .11719%72 R 12XK Anww

0 voowa 0 vinxoa XAIVT-1 n»nn .o°na 1024 m9> ,256Double Words 5w 732 v nealVT-a
702 2°n2 3FFh) 10235 0 12w mM2mnon DX 09I N1 N2 nna wian X VT — mank 20702 1R ,102°12
(7am

mM7D 256 5w manon mRgn1 VT2 2115°m2 n2nob apoon 7oon Nk axn 7avab nw VT R
wn 7270m ISR 5w v09IRT X071 AWK 329107 .0°9°) CNwn 120 nand 55 .o ISR, mipiona mvounw
nya R .0h 9von apod Pw ISR 5w nainoa oa IVT-2 oonwR0n 2027 nvaar ,anaT2 79 ISR 5w vinion X070

X971 79Y 1h 9901 7700 @ ISR W NN of 1"InR 2°K37 0°nan

N7 RO IRINTM 472 0°9910 L7097 190n IR 2N ,aava mwes ISR Sw nanaa an nyTh o7 ,amed
DIpnY WAl 7avn N2°ma 84h opn nnaancn 21h pcon 1T SRR YIoph X 12vnnwISR1 Yw noroi

.21h P70 5w ISR-71 v1%°2% 1192 12103 1KY 17 210w ,2°02 AvaaR X1, IVT -2 12100 Renaw ,84h

niimod
-7 1P
+ oOnh INT O 1P
3h Divide by O cS
4h INTL | S~ cs
7h Single step
8h INT 2
Bh
Ch INT 3
Fh Breakpoint
1KByte
4xN
INT N
4xN+3
3FCh INT OFFh
+ 3FFh

17073 Interrupt Vector Table =7 722
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DOS nipoep

T APYON NOWH LuD0MP NNan >1-oy mana1 ,Disk Operating System Hw xp ,DOS 75v9773 nown

.Windows 775v57377 n29yn >77%¥ 199017 IR ,2°YWNN DY VAR TV 79Y97 MoTYn 02w quhw

MIN — NPEPPYOR 1°27 2WNNA 7RI °2°07 1°2 NWRR RO NPT P2 .00 2 MW 1Y NPH0n DY N3TYn

29377 MY DWA? 2PN L NPEPOYOR NIDNAY CAY STV N0 RGT J0 00 2wnnn ¥ OXIw Dpnwn

0°2°37 aMIR2 WANWwI? MI*IXW NPER 70K 1°2 MWAINT NYIvA 03 W7 N212° .A929977 NOWwnan MW 22pn ,37mns

71 32907 P Tavh ooy ,0Y ISR W oIk X177 1D9ID N3N TRV NYAY 0127 AR L3107 AT ImRa

Interrupt vector

20h

B3

1lh

2h

5]

(%]
[¥%)
[

(%]
[Ty
[

(%]
w
[

Description
Terminate program
Main DOS API
Program terminate address
Control-C handler address
Critical error handler address
Absolute disk read
Absolute disk write
Terminate and stay resident
Idle callout
Fast console output
Networking and critical section
Unused
Unused
Unused
Reload transient

Multiplex

IVT=7 71112 DOS% mxpww 02097 0o

Rapahlv/g

.2Fh-% 20h 1aw mp o977 nw — VT2 o™ aw nmipn Doon 17 DOS v ov'ISR'™-5

72U NIVA DY MW 87w Oy 93,0V LPYDI N YW MW Npt0Dd NATAnY ,21h X mipooonan nnx

79U NDYAY 2°MIPWR 93 DR YEAY DAR 73910 NP0 DAY WweR TR .int 21h 5w omhy nRt yrab Som

NOYA 1N DOYAPYW 20D 000302 2w MR int 21hH 2ORMp 1umIRY 1w X A2WwNT 1% nanm
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WHRY 23MWR PO YW NATI0N Anown Xixn® 9o hitp://spike.scu.edu.au/~barry/interrupts.html nxa

950 NIADRA TIPOI MR .OMPWAR TAR 227 RN — ah— mwn 7p Ry int 21h 5w abven mvenaka aph

mov

int

ah, 1

21h

NP OPWIRNwE MW DR 27 AT

AH=1h— n75pnmn 1n nusp

279 ."1" Tpn DR ah 71N 2w ,nToPnn I nRp Yw nw int 21h natva Haph 1o

.al 7In% Wwu» xpw na

>53) 32h X9R ,2 220 XY al ,"2" 7Hpn wanwnn oX ,ann72 7221w nn 5w ASCII=a 77w iR 900 al-w 17x5 we

©
®
v
*
&
®
-
=

W O

2" nn Sw ASCII=a 77w Raw L, (Avn? 792202 NIRTY IWwoRY

Regular ASCII Chart d{(character codes 0 - 127

616 »

617?
a18

a19 !

028
821
822
023
024
825
826
a27?
A28
829
638
631

(dle>
(del)
(de2>
(de3D
(dc4>
(nak>
(syn)
Ceth)
(can>
(em>
Ceof)
(esc)
(fs)
(gs>
(rs)
Cus)

a32

a33 ¢

A34
a35
a36
a37?7
A38
a39
840
a41
a42
043
044
845
a46

Sp

+XWVA RN

| »

84?7 s

A48
049
856
a51
852
@53
a54
@855
@56
a57?
A58
859
860
a61
a62
663

WV I A QA JONAMWONE®

A64
@65
a66
867
a68
669
878
a71
@72
a73
a74
a75
a76
a??
a78
a79

=dr

CZINRGU=~TIOTIMUON

a86
a81
a82
883
a84
as8s
a86
88?7
A88
a89
@98
891
892
a93
n94
a95

CSsctum QY

S /NN S 0 O T
0D 3 XS O A0 'Y

D 2Ve==AANE X

ASCIIA7 77 DR 13Pn 97002 RO NP2PNRT R°1000 ,7°9P0 WANWHRIY NINR 7790 23R ,2 wan 72 altw 1)

sub

217

al, 30h

.(30h X173 77 77w) "0" i Hw


http://spike.scu.edu.au/~barry/interrupts.html

mpon -11 o

:al 729w ASCII=7 97 DR DR wnanwnan 1N NLIPYw N°12IN° annT
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... — ~

[[ 11=Cru sdgp——re————————y——

cs : G09rBEOGAC

(ASCII 37h 7y2) 7 17 08 17 wonwsi7

al 1% povit T
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nTopnan N nuop (11,1 530N /

A0 2173 ASCIH 77w w2 ArRD P71 0010 °Iw DUPY I ANy WK

57y M2 Xen1 ASCII=7 77w 9m1%3) 771902 12177 OR NPT N9 N NUYPY NP1 1AM 2
(9-50 raw ASCII-n

709 NIDOT 2120 DR NAWRK N°IDINT NIN90 221D AR ,NTIRANN 22N AWV NUYIPY N°I0IN 12N

s

(ARDY22 wnnwi :o°w) DL qwoann

qV0372 MWD 7DD AR 7750 WNIX VPPN NIONT .MNO0 4 12 7901 NUPW MOIDN 1AM AN LT
MDD 47 NIND %12 °190AW P37 ,N°IDNT IR LWL 7D 22PN 19017 TV DR WD 7AW X
Mo MY¥NKRI N°12INT DR 21037 101 .(025075 1op» 250 190na 7nN77) 7710002 2°00K OV W7pY

e mw 307

AH=2h—7o%% »n noo7:

2°%17 13mIR IR N nx dl 21 2" Tpn R ah 702 o'wa ,7on? 1 nosTa v mw int 21h narva Haph oo

:58h x1 19w ASCII=3 7pw ' X! 10 R on? 09777 72 a7 25w ASCII=T 7P nX R ,00e7ab

mov dl,'X' ;same as: mov dl, 58h
mov ah, 2
int 21h

.10DTY mPWIW NIRRT A TR al Hw 109y R mawn aposd

TP MR 221N KPR 7007 2N 2007 arRw ,a»wiw ASCI 7p 2w on»p

STIWOR AW R T2 TRV IR R¥A1 37070 ,Aw TR 0w nna 0 — Line FeedOAh —x 10 T L
Mwn n2nnk e - Carriage Return 0Dh =k 1370 .2

JTW N2OMNR 709770 IR TWHAYY AW DT 19 qWORA AR 0OTIRT NI DV PRI

YY' 70071 AN T ,'X AT TAY MINNY AnnT
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IDEAL
MODEL small
STACK
DATASEG
CODESEG
start:
mov
mov
;print x
mov
mov

int

100h

ax, @data

ds, ax

dl, 'X'
ah, 2

21h

:newline

mov

mov

int

dl, 10
ah, 2

21h

;carriage return

mov
mov
int
;printy
mov
mov
int
exit:

mov
int

END start

220

dl, 13
ah, 2

21h

dl 'y
ah, 2

21h

ax, 4C00h
21h

mpon -11 o
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B DOSBox 0.74, Cpu speed: .. — "~

NTASMNBIN>tasm ~zi putchar.asm
urbo Assembler Uersion 4.1 Copyright (c) 1988, 1996 Borland Intermatiomal

fissembling file: putchar .asm
Error messages: None
rning messages: Nome
1
Remaining memory: 466k

NTASMNBIN>t1link ~v putchar.obj
urbo Link Version 7.1.30.1. Copyright (c) 1987, 1996 Borland Intermatiomal

NTASMNBIN>putchar

NTASMNBING _

70m7 10 NEoT :11.2 573N /

JAIDT DR ont 0077 R
Ja' i R qon? 10007 .2

AnanRan ,'HELLO' 73%9n0 nR qon? 10°971

[

7w2 0 R N L' WORLD' 3920 nXY ,oaR 5w 0 R n L'HELLO' 3%n0 nR qon? 109971 .7

P Nnnn

J7°1°27 121737 77907 DR oY 70°071R1 NNO0 DY DLW N°12N AN .

—DYHW AREING OR INWRITA FOIWT HW N0 DR J07Y 50°07T1 MDD NW NUPY MPIN AN )
XY D117 J1°0 107977 ,N 70w RO NLAPNAY ARXINT AR (FITY LIRXINT 2199 0197 14°0 0°97N N°I0N1
NN .7 WM 5 RO ANWRAN 71907 — AT .NY2pNnw 51905 DR 10T AIRXINT DX 19977

JIWRID CIW 990N P2 WIS DR T IR 017 D2DTN LCIWTN JUR NV PWRIT ID0ATY RYAN
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AH=9h—o1% n1vn» nosTn

nX 2209777 ISR-% o077 A1) '$' 12 N nonw ,nm1ann XY K3 o7p 0°2°0% IR Jon? NNAnn 09977 010

message

db 'Hello World$’

mov  dx, offset message

mov ah, 9h

int 21h

SN2 .(..1112°17 92 DD T NANR — JOn? 70977

N1 W BoDIRT DR dX INY 210 191 IR

P05 DR 9°¥9771 11217 TR IR <RSP 112 3

;NI MO 7MW DT

NMAMAT TIN2 TP 01N DR PTNID X7 LW TN 3290070 79 09770 7102w NNINM 227 Al 0w

message

IDEAL

MODEL small

STACK
DATASEG

message

CODESEG
start:
mov
mov
push
pop

mov

222

db 'Hello World', 10, 13,'$'

100h

db 'Hello World',10,13,'$'

ax, @data
ds, ax

seg message
ds

dx, offset message

(AT NPI0N
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mov ah, 9h

int 21h
exit:
mov  ax, 4C00h
int 21h
END start
EDOSBox 0.74, Cpu speed: .. = =

INTASMNBIN> tasm ~zi putmsg.asm
urbo Assembler Uersion 4.1 Copyright (c) 1988, 1996 Borland International

putmsg.asm
[Error messages: NHone

None
[Remaining memory: 466k

NTASMMBIN>tlink ~v putmsg.obj
urbo Link Uersion 7.1.30.1. Copyright (c) 1987, 1996 Borland International

NTASMNBIN>putmsy
ello World

INTASMNBIN

/

70m% NN nodT :11.3 52370

waNwRmA 790 NP XY 'Enter a digit' :7ymian nR qonb AoveTaw 113N 1ann X

0971 ,97% 0 12 7790 IPRW NPT WHNWHT ORY 72,070 9°Y02 anandw NIoWNa IR 12000 .2

"Wrong input" :7on?

STANTY .00NW DR N2MI ARAT TMWAY,O0WHI VTN JON? A0°DTAY N210IN 1an%

s

| like to write assembly code

Barak

AH=0Ah—2"n n1yamm nwobp

(Buffer) moxa" xp1 a1 opn -0°1na NoRL 0k N112°12 193712 22 TP TR ,NTIRRTN 20NN NN 017R0 070
0°0°107 197 NIRD .0HPY DUIWHRM MMIRY 2n°0pnan 0OMINT D907 DX 021577 PN 19K KW NWRIT N°aa Ink

o0 wanwnaws .0Ah 7ph e ah awxo Int 21h nx o°%°von Y (ds-5 n°0n?) 79RA7 YW VoI DX dX 7N
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P ORXY OO0 I2°RYLI0IDW 20NN 190n DR 2°3° 19822 Wi noan Enter-n wpn By v oonn mhpnb

JIRDM WIOwn opnan

9827 R 0101 Enter Yw ASCII-n p o3 @

:wanwnn o'nn 20 7Y nuPw N°10ING anaT

950mM1 9RP0PAN DNNN 501 -5 009N 19X NYMIN2 20N CIWW PO ,a°N2 23 D°Xpn MR -1 M)

:(Enter 5w ASCII-n 7p >7-5v 0190 NINRT 1°21 53192 2Mna

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

WRNWNHT 7 Y DI VOPLIT YW Ton O19X T
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Bl DOSBox 0.74, Cpu speed: m... — ~

NTASMNBIN>tasm #zi readZ0.asm
urbo Assembler Uersion 4.1 Copyright (c) 1988, 1996 Borland International

fissembling file: read20.asm
rror messages: None
rning messages: HNone
Passes: 1
Remaining memory: 466k

INTASMNBINGt1ink ~v read20.obj
urbo Link Uersion 7.1.30.1. Copyright (c) 1987, 1996 Borland International

N\TASMNBIN>td read20

urbo Debugger Uersion 5.0 Copyright (c) 1988,96 Borland International
ello world? -Barak

oRopPRn AvTIA ST X1 ,14h wRaa n°an .ds 7In2 MIRAY WwORw 53 ,message Tanwna nwl vopud
,AYTIT PR N0 .enterti 910 ,53192 1011w 2003 nnd X1 ,13h 1wn 103 . nwRn 15w neaonaw

.enter 5w ASCII=1 7 %371 ODh 197y 9% 5w 11°0 M2 AR

Bl DOSBox 0.74, Cpu speed: m... — =

= File Edit View BRun Breakpoints Data Options Window Help
1P BMB6—-r————————————————————

Fi-Help FZ2-Bkpt F3-Mod F4-Here F5-Zoom Fo-Next F7-Trace F8-Step F9-Run F1G-Menu

21N NN Nwop 11.4 90N /

M?I73 NPMIRA 200 DR '[0735 10°9TmM) (abc) Mavp DPNIRD ,wnnwnamn o°n 10 v NUL)TPW N°1010 1an°D
(ABC)
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(*PD2> %1 A% 11>TP) V9D VYR -0°20M 02N /

21757 DAY DRI ANOWHA QW DX o7 Yy Aa¥nea n21on1ano :11.5
IR AMWA 27Y 10 IR X NToPRm 7720 MRIPw n°1anants :11.6

(17w NP3aN — AN 2)MIRT MITIXT DR ORI DY A% 00100 1an0:11.7

skskoskoskok I sfeskoskoskosk i skskoskoskosk 2 seskeoskoskosk i) skskoskoskok N
sfeskeoskosk skesfeskeosk * % sesfeskeoskosk stesfeseseosk
skeskesk seskeosk * % seskeoskoskosk seskeskoskosk
ek sk * % sestestesesk sfesfeoskoskosk
* * seseskeoskosk sesfeskeoskosk skesfeseoseosk

:0°R277 2NN 2w A% DR 007 7Y ¥ng nedn ans (11,8
ABCDEFGE....Z

MWD 721 21N Ao 11.9

LWIR WP 9Y AXOMY BP0 NIRRT 1 QW 190N DLHPY X

.Jonn Yy obw q90n naRah .2

ST TIYRR 207907 NYIYRY TIYR IPRY WO 2 1IN 1907 DR IRNAW 29 50N NYHp .3

.J0mn By 7R 2oy Ywmeah T
STRNA VTN NN 1N 9D A NIRRT IR WPnn DY X120 TV N AR N NYpa 0t ana:11.10

Small letter, Capital letter, Number, Other

10N By L 0 A% 0PI N 93 opna " TI0 TR NTYPRaN 2NN 5 HWw A% nupn nvon ana t11.11

MIPDI 2 T IWORDY MIYLIA 7Y YITIT? NN LIOKRNN YT RIY - 10 OXY "12345" (R TP aRa 173
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AH=4Ch—n>121n1717 8%

STTHY MN0IY 2°XAPT DI NI0 MINT STV 01w N2 Mt nax 4Ch 1p oy int 21h axoap

al 5w 107w DX ¥12pY 271 .37 TP N2 al N2 Maww i DR T9V5T N2TYRY a°ayn ap09 19 1M .01

0O% MOM TIPA MW MO ORI NIDNA MOLITIVO AROXY 1991 ,ANY¥A2 AR™Non MPIoNM 72 DORD
:base.asmn

mov ax, 4C00h

int 21h

(mamm) AH=2Ch ,AH=2Dh- nywn s / 79ws nRep ‘:’

55 95 Spwn MR TAYR? 07 MV RMLA — TAYNY 221NN NNY 1TRINY TN 2037 2Yp Tavan TXO
v 1/18 1w ox aon K17 197 hwa 2w 18.2 7wva w L, (aw 0.055) nrawsn

12 v Lint 21h -n 515 ,DOS Hw M wa wanwa? WwoeR NYwn IR XpD 010

:2Ch mpn nR
mov ah, 2Ch
int 21h
ZAN AR°IPT NIRYIN
.l pnyr mp - .ch 2 wnvy nwwn -
Al 0% pnyy mwn neRn - dh % pnvy s -

T2 ,DPRYD NYWH DR UKIP AR N9 Arawen 55 93 p7 1275 mIwn nRe Tww 1% 25 mw @

STV IR AR 92pIw DR 9190 ,N1awon 5571 mino 112y 1oRT MRpn

npop .ah=2Dh 77y av int 21h=% 3R0p myenRa ,pwws 2w 17w IR V1R 1% wokn DOS v qou mw

QUMW 0PIV 0OIWRIDIT DY IMML YW 15 DR YA N 710N

P e pvv el - Mywa nh pnvr ch - -

JPwn neRe N povr dl - Jrwn ne pnvrdh -

170 AYW NODT NV IRIP —AAT? 121N
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DR 7722 TMNTRIN02 WY WY1 191 NRY N0 9w 107V DR R1pY 070 int 21h-2 nwanwn 820 nhaong

.Jon% am 710997 N0 Yw ASCI Tph o wosanaw ovovn

; Print time to screen
: Author: Barak Gonen 2014

; Credit: www.stackoverflow.com (printing-an-int, by Brendan)

IDEAL

MODEL small

STACK 100h

DATASEG
hourtxtdo ~ '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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add al,'0

call printCharacter;Display the quotient

mov al,ah :ah = remainder
add bx,1 ;bx = address of next divisor
cmp  [byte ptr bx],0 ;Have all divisors been done?

jne nextDigit

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
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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

mpon -11 o

™ :11.12 92390 /

0w 792 2% W .1 77908 AR Jonk 70T W R ,0 71907 DR Jon? 70°0TAY NP0 1At WK

QNODTIW AT ,AANTY MR ONRPY AIIART QYOI PV 702V XY POTVW MY TN nvIwn Pww

IR 7Y 7292 Nrawson 55 R Nwywn Hw a7y nR? ,960 snon nrawona nno 0 77907 DX

Jo7VNn

0°°N0N NY10IN7T P HW N2yn D22 17 0N NPT AR ,AYWI DR J0NY A09DTAY NYI0M AN .2
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Exceptions— avm nypoen

NI2NHAW >NINN VITPRA RTINS NOVAWIR NN exception Mon 7p°00 VT n2°nn2 NIRYAI 730907 NpPod

S MPPODY MRANT 793 P01 AN NP0 MKIPI 177 19971 ,301 MR 999 172 — IMR o &
01 NPU0D MUMIYIR YYDIN ,0BRI PI9O YY1 ON

2R TP YUP DR 1A 101

mov cl, 0
div cl ;ax=al/cl 1 ah=al/cl al=al % cl

25W2 IR PP RO QDWW MTIPDIR NAR 92 IN1NAW NI, 292 NI DR 99npY 037 IWOR® 120K

.0DR2 PI?°M W A0 NP0 YOI XY N N2I2INA X0
.int Oh X 09X 7DON [P 0D NRIPI ,0OX2 P12 YW 37 71P°0D

MPID T A MR MW 10w TIPA DR 2°%m debuggera umak wRY Ko7 T NRY0DY I AT
DOOATT AR DW 107 DR S L0 DRPOD RIT T NI LITIPD 93 MR NPI0IN DX DR DWW 1wh NI

"wnn™ NTIPD NRARY TV XN DR MXYY 1PHY D0 71 93T ORY YT 725 .0%0ATT 00312
.int 1h ®7 7792 793 X7 5w 07 37709

mMTPoa DR 717 722 0713 breakpoint 93 .debugger-n 732 breakpoints-a winwi X°n7 noou annT

"wnn" nTps nPaph TY ARy nyxann XY breakpoint 72 wrw TP N Ay Ty ARy 092

.int 3h x°n ,breakpoint 13°2 5w 11 700

Traps—mo1n nypsop

NoYDMA MAW VT .NPI0INT DR AMOW 1 RIT TN MPPOD OIw N ,UMBIR MWnnaY ,exceptions=s 112

;71230 MPP0D QY 7YY °awa 7277 NYT? TN KD NPNRYY,INTA 0w RO 710N NP0
77091 907 RITW ,TIDW AR int nTIPo o°amd
int operand
STANTO
int 80h

WO ,NI0NN DOATTY QPO DAY — 710 TV RN TOIN7 AT RIT 7IINT NPO0D 3N DWW OINT AR IR

ASR-7 0o axoopy IVT-1 narva ISR-7 naino

DR VY2 AR D1pA2 YIDR° 728N 1PN AT ATIPIAW A1 NIONAT OX 27 271010 NP0 00X 9902 i 9awa

JNTIN02 WANWT? VWD WOR - W NI TP

232



mpon -11 o

71230 MIPP0D .Y K7 101N NP0 17K 0°2¥N21 NTXIND WANWwaR "wYn RY DA 2°2%n WO R 72w
N3V R>7 IN1°2 NI 3370 — 12w N°I0INR 92apna MW MININ YW TR 7O 1Y 719307 NS M 17 10
SW MMTRINGDT HW MDA DR NYT KD RO ,779970 N DY 2 MW wianwn %17 150 100w L0veii
W TP QY TP WY TI2INT DR 0°997npn 117 R N YT DR NOY 209100 1 NOUIIRCD LIPDA0 NoTvn
70°1971 NP0 7w NMIMITXINDT DR 777741 79¥577 Nova K02 197 .0owyn K2 T XD DaR DY Noavn
IVT=m 71010 npooo? X1TP% XI1T MWYS 1350 719107 W 77 93 DV .7I19P°2 T 179X 11001 apnn nr VT

1017 2 Y 11w TP DR "prepaR" AR 02D

.Trap 21no% 7151 827 7°yoa
(7amam) ISRnasns 0
4
Hello ' qon? 00777 ar aww xmw an 7w ,Trap 2on vws ISR 21001 ISR navna »25w nR 203777 °70

'World

JASR-7 n2°no — 'R 2w

2 ISR-n % nma

proc SimplelSR far

iret
endp SimplelSR

0’9779 %17 MR MR YT DR OIOw ISRH avom

DR 33N 7011 RITW X7 A9 D198 725 DONR Liret-7 nTps nR R12% 39908 qynnnw 2% wmw
1072 307 DI 1 ,amR YR opcodes- v

proc  SimplelSR far

iret
message db  'Hello World$'
endp SimplelSR

5w 01130 7o dsTaw 9% MRT? IR ARIPT 21971 ,ah=9h R nnann 09w TPt .int 21h% aReap Ao

1IN W vooIR 7770 dX2Y 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-77 198 MMPD 92 03 .ARMIPA 2107 W2 7O 200030 28D X077 102w 120 mew mTps ISR gon
LPHR MINN A0HWAY AR TR 11 TP5NY KL 77199 1% DRIPY 101N PaR 710

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
ASR-71 n2°n0 nx o
IVT-2 ISR-71 n215 nonw ='2 25w

AVT-1 71105 ISR-17 n2no nR 7°0% 299778 13maR 100 AVT-1 07-5v 901 1 e )i,y ISR-aw 1o
Xom L7 02 RpNT 1naw a2%on L(OFFh (255 opn IVT-2 ok opna ISR-71 n2nd nk 90w anas
mapn v IVT-3 o2 ,wimwaw ISR 5w nans >71-5v 0190 wRw 21pna 1w ISR-1 R 2Inwh 00317 1unikw

(?21h o1pn2 15w ISR-7 DR 2°9mw 177 12°R 737 700 71 -12wn) 00
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e Mw Lint 21h yranw qou mavwa wanw: 1w wna ISR-7 5w nawnon nk IVT-2 9w 1o
ISR-1 n21no1 ,al 7302 N ax apeoon Avon IVT-1 7% nano o21on AH=25h 717 .amx Mpo? oornni
MWINTI MW IR MIYX NMIRAT TP M .ds:dx Tina

mov al, OFFh ; The ISR will be placed as number 255 in the IVT
mov  ah, 25h ; Code forint 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

SIRDR NI 127 .10 TNk int OFFh-5 xmp% 1 115 axws o

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°n5:11.13 9°37n /

T2% A LW NI DR J0nY 0297 TR IR Tovn 0 Yw ASCI Ty al ina Yapaw ISR s X

.int OFEh ampon »7-5v Dy xnw

:70nb 097 ax, bx owooa w Yapnw ISR 1m0

i

bx-n,7raxox'ax’ -

.ax-n M7 bx ox 'bx' -
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oomw ot ok 'SAME' -
.int OFOh nmpon >712%y Sy X1 722 M3

T 39X MINOD -TANN B3N

M (0791 7P DOS Mpeooa wiadwy MMNTEIND) 1 TV TP 2P Y I DY 79I RITW 22300 y¥a)

.D°1DX MX°DY 0°I0X 7Y 1Yn 721 97D

/

MR V12 PAIR2 DRYAIY ,NINR NIR NDZMIN MR 93 12 PNV 193X KT 777 199X L3117 19 29 %P 12072 2°nn)

7v 191 ¢ MIX2 noPmn b Mk ,b mRa nobmna IR -1 A P S¥a A 19X a7 (110 pRan) nmpnn

fdw 792 naomin cat 37°n77,3 Prana AT 19N ,ANNTY .a MR NEYMIN WK ,Z NIRY DOV

PRYA? WO AN NN AN PR 097 INANRT DR 99X 1T PAORY DIN0n NPapnw 77117819 120D

Rahi7ialam)

719X 7200 DY Hpa 70 o nkn Anna Karenina X993 9905 JInn PWRIT TNV 03°10°
MY 7I02W 797 29 MW LI 19X DTV IMIN 1°DXT .PI0°D 2170 K9P MILP NIPMIX OV P X2W 21007
JIRXINT YW 709772 02°9Y DR a3 DMANKRT M0 DR XIXA? 20 Dpah ad vt 0o L oo aws

.JDRINT VOPLI DX Jon? 10°977

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

LTI TIN2 WA YO DMAYD ND 37N ,ANAMAY AN N22PRY 7717810 10D

T AW L1DXINT VOPLR CTYIP NP2 PR MIX 9 V01 27AYD 1710 119°0 ,AN2aN0W ANTYINDT NIVIAND

IR 92 772V AR¥INT DR 0N 10°977 .N11TN [N IROPI

MORAIRT FOWAW N1ITN TN DW 7720 MYEARDY ,ANWYY DPITAN MNP DR N2 71173109 10X
LIANTY) MODAIRT FOWA NPMR MMNPTN M DW 7220 DDA LTIDXNIW NIRRT NIRG N0 a1 udhnn
anImAw vopuw 935w 27 MW ("1 9.1% X0 T MIRA .N9aIRa mowa nrmkan 12.02% X0 E nxn

2203w DAY AN 2°21P 2UIART T N TR
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Letter
E

o >» 4

N « O X X < @ T ® =S < TZTOoOCr oI xonm 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
2.71
2.61
2.30
2.1
2.09
2.03
1.82
1.49
1.11
0.69
0.17
0.11
0.10
0.07
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Q129

ROMDR WD YXAY T0XN I CNN WRAR NMIDXY WOR TN KPW 0 DY ,NIP°002 TR DY 12077 1000
55 2Pon A% YT DR Donw 0T Twan L IVT R Dy, mpooa 91oonh aTon ISR By 11T 1on nxb
.D'ISR'-5

N O FYLR 7130 MINY MY 1X°a% 2wncwn 27Ri nXR 117p0 .DOS mhvonn nonva Sw 21h ap00 By 1175

2WMAn SW onIn NYWaN YW NRIPY NNAAM N DY 70977 ,N10nm
AVT-2 R ooomw Ry ISR 202amo R 10k
:MP°0D YW MW NINIE IPOY

(Traps) m>an mp o -

(Exceptions) nxan mpos -

.27 P92 vo1 ,(Interrupts) 7mIn MP°0D NP0 YW NIRRT 207 Y
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(7arn) 7t mpos — 12 po ,f'

Nan

N DXMP ARNTY AR 02097 DI M mwo myzanw DOS miphon mipw 1RI MPU0DT XWIIa Bpoywa
TN VIPNAR VTR TR TR IR0V XY AT v Nrwiw DOS mpron 1na wanwiak 117aR 19 1m0 .NTopnan
TI7 DR PR N 1721 AT P92 22w NN2°T2 1N NYOITY NI NTORRN DY AWRa ,AnATY TR 27avni DR v

AT CIPNT QY WRPNn 7avHRn 0aw

27791 1R NRT PATY 70

.72V DR 792107 NMIPP0D MYPAn T17 1R TN MP0D TR YT 11210 MPP0D YW RN -

.099/U%R *3pna P ATy wawnw 113012 o7mn ovkn —1/O Ports oove -

NS 22777 NP0 TN ,NTORAT YWD MTIR UIDN 77 21PN 211 772 DY wYn TR3Te Mavi 1on kb

Sriala b alnbi)

NTopna YW 20NEa T YTRT YR -
BIOS mproma viw -

DOS mprooavmw -

Interrupts—man nypsos

0% 19K DPNRA 02PN LT (AR°O0) NI WY L0250V ,NTIRR PR 2w 3I0 2IpNaY WwIpn NHw 7avna
2RI 7RI QOVR LNVT P NITY IR 1207 DITA NIRRT DY AR DR 2120 3000 VIR L3I0 YR
5Y 92097 HW 107 DR 19179 ,701% 10X 0°97791 NTYRPNA IO N0 DR DRPY L, AnNTY —725n0 730 MW 2T
5127 XY 72vn7 —WRIA 029X N92 19X QORI 99,7200 NITAR 7000 OV NAXIAY AYWE DR 197V R Jond
nYT? 2127 KD 713107 DR 2MOW N O3 .2MN TOOP° Wanwan A8 TIOR3 NT0PnT DY aXOnY a0 N wROn 1300
AT 7I0IN7 N2V DPNRON DAIPNIN I YT PR LTI DX LPOR IONT 300 IR 7R AT AR RN

ks

STV N9 MW W N>R

7Y OY %W 71NN LWRID TR e nnr L1 avwa Polling-nown nRIpI anwRaa awean @

W° OX PTI21,000391 77182 ,1PNT I0R P00 T2 728nT 0 .WIN VTR 2 W0 OR 3701 1PN 92 noRw
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2°72777) 7°2AN2 19 1YW 0001 7 2% IR R, wInn? o avws aws ww X1 Polling v panen
215°Y W 02 YRR DY A TR 7m0 1pnaw R Polling Bw poena (700 19K AW ,30mIn Mpioon
W 2000 WNTW IR WY AR PTIRY 7N 1PN DR D TR 1T A7 219°0 7% 3ImIN 10T 12 jaTa P2
77 OPPW AT 71PN WRW 710NN YW ArPNR ARWET 07aw 2°pn L NYa 1R 19V 1 210V onaw oMpn
S 0°%720 N1IY 20190 ,N1IN CNNOPYR n0n MYXIAW NIDTYNA LaANTY WD S0 NN R NS
2Y MY Y L1097 MR W NI 2700 A1 NYTY NN TINM 77000 IR MR P2 012 28R AT 0P
TINDD DY PM? MWOAY ¥AN2 2OV NAWAY NN WOW TP —NINR ARNT RN0an NP2 190 W man 2xp
DR MY R 0IWD NND .1727 MWR W DTN DY A0 1R 21900 ManRw 121 AT apna ,nTopna
ORWN 71007 ,7IN? wpn W aR w2 2onyd 10 n79pna AR PIRWY 2Pnaw 1711 .3mI00 CIpna YW IRwNT 23R
I DPWYR MWY A1NRR NTIRRAY 1T DR T AT W P wpn v oxk w2 onyd 1000 nTopna nx
27 7T NTArAN X7 79,00 MAP 2°0PYY 370107 92037 DR NYRWNR 19w TI2INAW 923w LR VAT LTIW NID9RY
POM %R TAYNAW 0% O1AN PW S9N MY MIPwA TR o7 7 KD 219w ,0%1pn0 Bw o np7aa onr

URW 22X AIRY MR NINYDL XY 30 2300 NRYTAR 1T Tmvawn

DOTRONT OTON AAND KD TINT TIV 0 JTONW 19 0 DN 7020 9 NN 71, 37w 101 nnx —Polling hw
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MoN1 "voLPR" N2wD Pwovn L(Interrupt) wWHWIR NRIPIW LTI NP0D RO IV WA
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IR 719007 WX 2001w LISR TP vXa?Y 15w nonoNa 37w a0 AKR? MRYY 17 0N 72vn0
%y mw a3 Interrupt-nw 27 Interrupt 2w panen anxena Pwan nona ISR-7 0voa vna @
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— """ IR ,"DP7A" W 72aYnR Ohawn MR AW P19 PIZY 7RI 27,70 071 TORW 17 WO TR

SW TOAN YOIA? TaYR 23 0703 DR Y DRWhR T 0w 0T 09 9K IMR 220w 29T Nann 0

242

J0U5TVIKR
Pin Diagram of 8086

GND 40 [P v
AD, +—, 39 [ AD;s
AD,, 3 38 [TF AyS;
AD,, 4 37 [ Ay/S,
AD, |5 36 [ Ay/S;
AD, €6 3 > Ay o
ap, 7 34 —————————»BHE/S,
AD, <+—s 8086 33— MNAIX
AD;  «— . [ E——
ADe < CPU D
. 1 31 ——» RQ/GT, (HOLD)

hammn ¥ RQ/GT

30— RQ/GTl(HLDA)

29 > LOCK (WR) o _
3 5, M/I10)

AD: 14 » 5 OI/R

AD;,  «— 15 26 —> 5, (DEN)

AD; < 45 % »QS, (ALE)
NMI 7 24 —>» Qs (INTA)

INTR < 18 23 % TEST

CLK %19 2 ey

GND +— 20 BV e S

8086-77 72V bW 21D NHVNT
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PIC—2usauoNs apa

Dapn 7aVHT T Y30 DO .OOWDTLIKRY DTVILAY AR 737 72vnb e ,808677 7avn HW 1R RO 09

2737 23PN 2w 27 79017 NWR NP7 2197 729N NAR P37 DAY TR LPOR 20NWRY 02PN 200 DOUOI0IR

Programmable Interrupt ,2%womweRm apa X177 2037 .90 70 2937 TI¥R D°LDILIRI WIW

.PIC mp2 1w ,Controller

cnp CAS 1

v IR
r R0 1R1 152 %
CAS2 SP/EN

8259A PIC Microcontroller with all pins labled.

.8086777 72v» oy 7712v5 wrww 107y , 1976 nawy 8259A n17» PIC bw 7m0

wRD ,07%41 8 9377 702 ,IR7 7y IR0 mumonw 22793773 .29 v a0 v PIC-5 a1mn2 mxah qwoarw °95
71 020971 8 7y av Mavy Haon 8259A a1 PIC am%a .3ma mamin 2007% nawnpn nah 719 32 Dok 92
IR2 5371 ,0°0p0°7 11197 nhawnn IR6 a0 ,nopnt nhann IR1 939 9 uh nama IR0 930 — nnnts apna

(IR2-5 o°¥3 120971 D°09I0IRY 7377 1121 MW TNKY 2R 7w 19X 8?) 120Y7 112100

ana> wor nva LINTR nXIp1w 72077 5w 2397 98 noonwn nh2mn 1 930 LINT nxapaw %30 ax v PIC-S
5w IR1 537 9R nTopnnn 02w 2awna MR .NT9RR0 W L9I0IR AMT N2 1R L0DI0IR WY 190m3

.8086-71 7291 5w INTR 937% awoanw ,INT 5102 “5awn mx &% PIC-7 ;12100 .PIC-#

KL o e

— 72DV
[ DT
| S —— n"o
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12T W MDvTYa

MR MW nX vEan PIC-7 vonwk nhap oy

J0DIDIR WOV JA0AW awn MR Tavnh 19w
00 0P X 1/O Port X9p1w IR, 729mi 1172°72 771 UKD 0OIKRY NP VTR . -
.72vnY UDPR MY poan -

29077 POR DOYURAW DOWIN D°WOIVIKR 1IN2 MW 2°° N ,7avann end of interrupt sonwn nRY o -

N

7Y% DOVOPR MYWL NN -

QIVEWIN TN

X277 97 AW .Mpoo 27 0198 77y disable interrupts Hw awe vxan X mpUoda Doun Tavnaws o1
NIDNATY 11°2) WRIM DX 19INA 72°YON NYINNAW ,7I0N MPP0DY TN LA MIPNT MY NTATR Mynwn nhva
IO VORI DDUN AW AT OX TP TN WRI DMDY XY DO MY T MP0D (TP 1NN Yap
TR VOIVIRY NTOPAAN TR UDIVIR IR VP AT WD N2V NIRRT DY NXAY 3072 29011 101N
QR .0°001 O°UOIVIR DD NT?PAN DW VHIVIPRA 751N T2 T2YNT 12V 1472 WiTINM D20V VORI .02V

2" 720Kk 79" 720977 KW LOIWIKRT

av oW 3372 .9N2 RR aNIR AW 30T 02997 92 Y oouourR AR 1o mPICT ,amp 11voxw 05,10

9907 12w 2372 MY PIC-7 5w 10 02090 Hw 970RT nR 7avnh Ay PIC-1 ,nThpnn Hw vonwRa oo
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(7amn) 7 mprod -12 pn

7% PIC-73 5w 7na ,mipo0oi7 agpa 7nyh mo¥n RS 7297 oK ,NRT DAL %P 2037 W52 IONT DOUDI0IK

TIRD 199 oM oowTn 2uoTurR 1w apn PIC-H 7770 KD 72 nnvion 37IR17 7Y TORNM

551 01 1% npow 0K 7avR POAT1 0TI 55 Do ayw 197V AW 0 N0yt YW —muTIRen T
727 YW AIPNT N TIORD 1D MPUAN DOUOTWIR A TAT INRD LIN10 LDIWIR DR Y¥IY NN

wanwn

/0 Ports—ubn/ubp 11700t

Iy mialplivalivialh gy (buses) 0°097NRIIPDAWANIIIANITIRP D2
—address bus—o°1vn70onX11P0 , NP2 Roblofielrrhtatnnlaiarhmiyl nialiamii7irisbals)Nakiialigalva!

Bals)ioleivdoiniokitmloknlpialabin Fatalis

Rk rii7abWiiigaligaliria i)zt tetalpiialehh RakhifakieloLhiiviiralm)ipal) ,wvnh
bintakiskin Mo iaktiaimMizirlalriiraliratis ,10°21657132719 0TI RD wNnoen» 2128 0x86 - nmown

.(Input/Outputownzp) I/Ow ,u55/02P1112°T030°15A I 220y N NWPN2WAYAY NI TINR

HakiX by mistotale)izapRivab i) inki raia)ifambii7ipiaira A Nvatsiab i rymhksntak md 15l F @ inkivakiaimhi7irigh

.(Port) wmenxapal/Onaaerownain

(0011964 K55:71702w>n173) 7222072165 7-5vnagrnl/Onoownainy. -
outinmmpoanewnanwn ,moviTpoapna -

,MOVMTIPONAYY) 1/O-17wonavnnns?ymano1 2y out linmMTIPawIRITIIPaT0D. -

(M rhwanvnnos Mo nnY

127 AR Ny in DTPD LY 722N3Y nwawn out NTIPDY ,LTIBA IRIPY Nwnwn in nTPD :in, out mTIPD

0719 9R al W ax™a N2 R 7977 97132 1207 AP nvn out nTIPD .al W ax BR 07107 119N NP2 IR 3900 HTa

:in, out MTPDA ¥V DO YW 7ND MLW Y WY -
.7272 255710 12 RI9W ORIN2 ,07DT 1907 DR DAY MY ©
.dx 00202 wnnwn v O1pRa ,255 HYnw 0N KNS OV WPNY 0O WA AR PYPYY o
NPT NIRAT 722007 MY
in ax/al, port
in ax/al, dx

out port, ax/al
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out dx, ax/al

:2557n up 11B0AW VB P 72T in / out MTMPD2 WIWH 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

—T7an2 X0 MW (2o "vp B PYIRS ,TWnna TR ¥°31) L300 W0 IR I1TWW 0°0 30 MYnwn
OR D1LOT DR 77T 2°2NID 0°0°2 N 12 DCIWR LINWYD UIID KW DWLOT DX N NTIPD MYXARI 2ORMP MR

.out NTP P70y VN
:25571 2173 1790nw 1N KA ATIAYY N7
mov  dx, 300h
in al, dx
0797 1901 NPAYY dX-2 W WAT ROR MW 1OR M1I97 101 89,2551 9173 0197 Jo0nw 1vd

.(Device manager<-n>1on w19°m) 22PN 2 012°2:NT2PR0 aY NWRNT LD NRVXD —aNT

RpNNN 20N
MY NN A% yaip
wvls|ma o |
BARAK-PC & »
IDE S ATAJATAPL P2 G
(USB) “oamx Y0 rox P2 §
pwm T 21p M @&
T apnn T
wx pwnn wpna B
nown upnn

(LPT -1 COM) iy " &
(Communications Port (COM1 "F"
(Prnter Port (LPT1 "F"
DYPOT 0D oy
DVD/D™IOMPN I b
awnn &
o™ omveon &
oavn
nopn =~
Standard PS/2 Keyboard —
nen nsnn &
nann mxnn
DMK AWANA 9PNAI 0NV P
ooy K

ama1 ,0°7orn N2 L(Properties) "oarvaRn" Tna1 —1 720V Y Wop NTopRa IR 1201 ,2°1pN00 9an Tina

.64 v71191 60 VO TIT NTPPRA QY WPNR TAYHIW MXIY 1001 "ooaRwn"
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200N NJ°18 271

02800 | pong | enn 2in | 27

Standard PS/2 Keyboard

0PIRWN M7

N 18N 10
00600060 W73/07p 1T ==
00640064 U79/u7p NI ==

0x00000001 (01) RQ =

N3 s

AT W ATUMIR MM NN

D*ANN 07NN NNt

Inmwainn Ty

palvpnt TR

(72am7) "M mpeos -12 P19
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el

RPN

2712 WWWR P I NPAp T NT9PRA WRn DY IWRRR VAR DYEANAw MWeT DWW DX B9l T phma
1D R TRANT ,0°7272 770 MWYYL 70,201 0720w R D19XIw 19% .7avnni

.Scan Codes X1p1 31 ¥ .20Wpn YW 10w 2wpn DY Mwpn —v7n DX nTopng L1
.60h 719 ,11712°12 ¥12P B DR PRI TN YW YR Tavan bw [/O-1 10t nwpn nhpnn .2

2TNAW TR T9RA OX aNIX TR nym 60h v scan codesTi IR NDOIR LWOLIK LI Npod .3
Type Ahead X1 n7opna 5w 19820 5w awm 9h X7 v9VIRT HW 11507 .NT2PRIN YTNRT DY
.Buffer

NT2PNI 9239 NPDORDD .M D1 TIAWY AR T N W 0H2R0K2 NISNAY NY ,MP0D;T RWII? X122 1TMKRY 1D

9 7YY 0077 WY v
WP 2WPRT YV YT DR 9aph Dawa nThpan Sw vea i mvw avh L

P57 NPWRI2 PR AOp0Iw L,Pu1R YW 1N n0an XonBlOS-nomn)BIOSHY ptona wanwah 2
MW v¥aL 12 nanaw 16h 9901 P00 w° BIOS-H .(;7im 2997 X Wwp X7 72 7°ponn TR .aTpn

DM MVWDA N NP M3 NIRRT i NI

D11 ATIAYT KW NI R 22w P 11108 120w ,21h gpon ,DOS Y pprona wanwiah 3

Bk irlrlah!

20 po ,Art of Assemblynn0a 71277 DR Pya® Yomn .N7opna XYL 7292 N°¥nN 1207 1003,V XN

(n7opnn)
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Tayn® anmewy Scan Codes navss

WN NTOPRR WRna NW DY YR .wpn DY M W axen° 20 av p PICS aoww 2007 we nhpnan ina
alt, owpna Hy 11912 7XNY 172 9720 W LT 2OWPR YW MR 2OVEAN MR ,INTY —30PN 7290 D217 TIRG
S MDY %Y HW MWD 7793 19IR 1707 199X NTORRT DY LI anwiw By % i 1A control, delete

wpn 93 Hw MmN

%799 TP —2°TIP CIW NTYPRa wpn Po% we 37ava .scan codes NRIpAw ,0°TIR NPa STOTHY VXIAn I °0n
,80h X7 Mnwh axen 5w scan code 12 97277 ,a82T 72202 MIRTY WKW WD .up Mnwh P down
TN AR P2 2°312p OOORWI 2°0an 0 w2 171 32 0 Sapn scan codet Yw 7 190 11 e

(2° 1w 2N 172 1275 22w IX) 1N NN Hw

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 2 35 B5 + 4E CE
3# 4 84 Ctrl 1D 9D R shift 36 | B6 end 4F CF
4% 5 85 A 1E 9E PrtSc 37 B7 down 50 DO
5% 6 86 5 1F 9k 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 3F | BA del 53 D3
g* 9 89 G 22 | A2 | F1 38 | BB / E0 35 B5
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 A6 F5 3F BF ins E0 52 D2
Bksp 0E 8E 1 27 A7 F6 40 | co del E053 D3
Tab OF 8F " 28 A8 F7 41 C1 home E0 47 c7
Q 10 90 ~ 29 A9 F8 2 | o end EO 4F CF
W 11 91 L shift 2A AA F9 43 c3 pgup EO 49 o]
E 12 92 \ 2B AB F10 44 | c4 pgdn E051 D1
R 13 93 Z 2C AC Num 45 Cs left E0 4B CB
T 14 94 X 2D AD SCRL 46 | cé right E0 4D cD
Y 15 95 C 2E AE home 47 c7 up EO 48 c8
U 16 96 v 2F AF up 48 | c8 down E0 50 Do

| 17 97 B 30 BO pgup 49 c9 R alt E0 38 B8
0 18 98 N 31 Bl - 4A | CA Rectrl E0 1D 9D

P 19 99 M 21 B2 left 4B CB pause E11D

scan codes™) 0°nn nbay

;992 19382 .81h 7P nPows o ESC-1 wpn 5w mnw ,1h 7p nbw avian ESC wpnn by nxonh ,anaTh
Qv wrnaw TPRana o 09w av T scan code nmhwh nnia wpn Bw MW W aXnh v awn 9o

NToPR DY RN
Wpnn Dw MW / 837 Yw scan code Nk 60h u9% vayn nTopna XA g o L
N7opnan vourR IRT 17 %apn PIC-7 .2

Nt Ry7 SyDMAw VORI .NTPPAN YW 2OLMDA YT W TAYNT WRY ,udT0PrR 72va? nw PIC-n 3
.9h

.9 190K HounY ISR 1o 72917 ,uoT0PRY 72N 4
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(mno2 mornw Type Ahead Buffer=m)1n3°ma 27am opn 9% scan code=t npnyna 2ovn ISR .5

.ov02 yan 77nnm end of interrupt 120 PIC-2 nw 7avma ISR 0¥ oroa .6

Type Ahead Buffer ntopnm 252

DAINMY TR D2 R PW DTAY ,scan codeT DR e nopna 7190h 9h uourka 7oy byomw ISR
'a' wpnn Y yan wanwanw o1l 3nt MR 2Nk 1 oowpn Ty 1era vn ASCIHS anann AASCI g anx
TP DR 1920 ,21300 1D nRY LA’ wrn 1w ASCI 1 12 wow A" nvab A ananna L shift wpnn oy 1
nx mp1? ISR-17 .0°n2 1w 5o o2 oooinw ,ASCII code ax1 scan code a3 115 v vwoy .07 57132 ASCII-a
7% 17 1oxan. Type Ahead Buffer ,nT5pnn 1982 owa 1112°12 3120 7K OR aMX P°nynT 19K 0°N27 1w

1l ]

99827 WX OV ¥y°agn —0040:001A opn -
99827 237 Hv vaxn —0040:001C oo -
(words) o°7n 16-0040:001E oy -

WY NRANMNN TR0 POW DWwn) NTYpRn Sw MTepn 16 Ty PUIma 9130 K17 10827 DTN NIRTD WORW 11D
IOXM WRID ¥Oa8n W0 —0aun 9K K17 19827 2MTopa 16 anr aMp o .(scan code, ASCII code—oona
,JDR2T DWW DINNAR REP T R .2-2 ORI 237 YW 7V DR T KT ,NT9PR LDI0IR I avd 93 w21

S9AV7 DRI 72V 1797 .IDRAT DDA TN RI

AP nynw ,BIOS npooo “mir 19827 221101 ROXIT2 ARITW PIAN WO ,IOKI7 22101 0213777 ARITW NN WO D

.272 79X WRA YA¥A DW 197V DR 779M1 179V Y7287 1982 WRIW 2IP°H2 1R YT DR

DX O7P% NARITY NT2PR NP0 w0021 16 1970w 22avn 7190m2 19827 2w 2317 0I0R "7 19K W wRIT 2
MynAwnn 22357 IR "Pwn" WRIT OR 7P 01 .wRIT 2w 78 IR 27R° naxTw BIOS npros vy 21 Hw vn
19910 KD 1TV NTORAN DY AT9RT 01171 WMIR W TV 1907 VI OK 190 RO N9RATW RO AT 7P v
YUY 2WmAT 1IWOND ,0°MYD 7377 NTYPRN Y PNk 0°01n ank1 ,aIvIpn 039w NPIoing oW 9% 2% oy annw
5Y P12 oonyd 15 anwpn ,nTOpRn 19RA DR anRRw HH3a ar 2nThpnn Bw aTopa 9o av jaxva 9hY o

19827 IR NI K7 BIOS-17 5w apo0on ,»pn awnnaw 97321 (2317 DR 9Py WRIT IR 379P02) NTopnn

TORATW 797 NIRT? PRI NPT AW RIT ORI PO AIPOAY YA 0T RO LA AP0 95 DR NI 712°07
Y2 WANWI 701,012 PIRW 77 7 LNTOPRR WA 20N 1I17P0 091977 DR OYTARN MR NNR —X9n 7O KD

N
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S0 par ASCIHE TP 7197 n7opn mwpa? M mMwea DWW 5w IR DR 1IP0W NR L, 1Pwoy

NPV MWD SNW DOYXAA TR IR

DO AN YW ARMp -
NTopna YW T9RAT PN -

npP°od NTya) BIOS npros natva ,nTopnia D 22umom 717 MY —MNw Mot wbwa 19RT MW IR AR
.DOS

NTOPRT DR 200D vt

D ORA MY DY RYNI 1Y ,NTORR TN R¥A1 TR .microcontrollers ,inmin 22007 1w D 72w Taven APl

:NTOPHI QY 7712V2 222MYAY DD FYNDY DI . 7aVnn

0°301 211N O 0012w .NT9PRR YW microcontroller-i 2% avan Pa nwpnt wawn 60h ve L1

NToPRIN DUy scan codes-i K 11 WA NI, DM

My am°°2 0°7°2Yn 07 .aRa M 5w microcontroller-i 2% 7avnn 2 nwpn? wawn 64h v 2

.60h v192 scan code v axk nYTY WoR 1977w ,77P2

DR ,7T U0 WIW MWW KD DTN MTORPR Ny e Par ,64h v mo gapa v Ry 61h v 3

(277 02873 DM 7YY AXNIWI) TWRna PR A 1991 I 12 WY PUTYY DOINR SmIn 02000 0w

:(D10VDA PR PTAN PIWT 1°277) TP WM N AT aR 64h vo2 pTaw TP

in al, 64h ;Read keyboard status port

cmp al, 10b :Data in buffer?

OPNN —NTOPAIN W YT WO TR ORI TV %W ,ARPY 0023979 1001 A1 TPn DR

WaitForData:
in al, 64h
cmp al, 10b

je WaitForData
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:60h 0D —R¥NI YT 12W DIPAAR ARIP YXIALNTOPHTA WIN YT WO IPTAY INRD

in al, 60h

.2-2 NTOPNT WRA YOA%N 21T TRV IR YXAY 1071 ,79R3T 11900, 1R 25w s

95X DX D°pIA K? NIR T INT7Aw 27 W .yna ESCHn wpn ara ap°721 NTp MIT9R0 DYOhp —1naaT 1h1on
MDA o1 ARYIND L2217 DR 1W 720 WRIT R2T N2 —X92 120 79X 200 15 R LATopn 9o R nTopnn
199" 720 ARPM 1677 20 .2 1571 o2 1217 Ty 5o ,ESCn 2199 1179p0w 2o Jon 10971 101N
Y UMK 60h LMD 5 MY DOTW UMIRY 9732 ,XP1 9R2T OXK O3 .02 TN 2R OrRY "TIND

.IDX2% @°0101 K 720 077 PR ,0°wTn 2N RpL ovvaon
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; Use keyboard ports to read data, until ESC pressed
: Author: Barak Gonen 2014

IDEAL

MODEL small

STACK 100h

DATASEG

message db 'ESC key pressed',13,10,'$'

CODESEG
start:
mov  ax, @data

mov ds, ax

WaitForData :
in al, 64h ;Read keyboard status port
cmp al, 10b :Data in buffer ?
je WaitForData :Wait until data available
in al, 60h ;Get keyboard data
cmp al, 1h ;Is it the ESC key ?

jne WaitForData
ESCPressed:

mov  dx, offset message

mov ah, 9
int 21h
exit:
mov ax, 4C00h
int 21h
END start

253
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SNTASMSB IN>keyboard
ESC key pressed

INTASMNB IN>012345678901234 _

D707 79832 10w oonn 15 77,0000 1570 0 179w mans

1IN NOXT Y Jon? 1097

,ARNTY NN R WP DY aX0nY K37 20 OR 03 ROKR ,NT2P02 YY1 wRn AR P RY NVTY 227X IR oYY

WPRT MW OV NRNomY WRn DY AXOA20 OV 77°101 719337 -0N1092 10 1317 2°%17 MR WK

80h Hyn X1 scan code-i1 AR P72 70N -1YP MPWA IR TR N°I0INT DY 00201 NRT MwYL NI Yy

and al, 80h

;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

msg1 db 'Start'$
msg2 db 'Stop'$
saveKey db 0
CODESEG

start:

mov  ax, @data

254

7797 11¥°2 18 ,80h Sy X 7w R L(WRnRa NN M)

L0DR 77N RN NIAR L0OX JIRW IRIND 02

TINT TP R



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 al 1
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 msg1

jmp  print

KeyReleased:

print:

255

;print "Stop"

mov  dx, offset msg2

mov ah, 9h

int 21h

jmp  WaitForKey

(72am7) "M mpeos -12 P19
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exit:
mov  ax, 4c00h
int 21h

END start

BIOS npoosa wnw

79R2 "P™ (TP OR) TPPITW N NRIP LNTOPRN 2 NRvTa oo 290 17 nin 16h (oon BIOS npros
(D101 PR LR Y 99K 2XAW 0 NTYRRN N9R DW 2377 ¥0A8MY WRIA YOARD MIDW Im193) NTpni

7 R al 7in2 770 apoon .ah=0h mp oy 16h nx °%°von ,nTHPna 9982 JINn K27 N7 DR RIPY 7
99X NI DR "AP" apvoon A2 15w scan coden nxk ah 71N 98T wR1a X¥21w na Sw ASCIIa

272 9RA7T WK DW 10 21Tp Ty

D°X17 IR OR 797 ARYIND .NY 707N P00 —I9RI2 PN N PR ORW X7 L0 Ap°007 QY a7 7°van

JTRORNND R 73727 370 7P°097 ,IPAwn SW 391900 71NN DX ROW piwn n1onk

1w aRk 0-nTopna Sw 0wvon DX 37%1AR OR000 a1 apna .ah=1 Tp oy 16h fp 097 nx 25wH X117 11nNon

ann 5w scan code~m ASCII=3 557w nxk19ap> ah-1 al ;19w an w oR om n prax 1 ,7980P% 1911
217 WORN NP0 MW

(WnNwn? Man? %070 DR MRY? 092) NIRRT YT WO M YT -

yraanrooph -

NTopRn BRI IR 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

:NTopN 9K M1 NEoIN -ESC THp1m oR AR NP MTORT NYOR X°5 O3 NYEAN 8T 1PN

; Use BIOS int 16h ports to read keyboard data, until ESC pressed
; Author: Barak Gonen 2014
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’

IDEAL
MODEL small
STACK
DATASEG
message
CODESEG
start:
mov
mov
WaitForData :
mov
Int
jz
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

(7amn) 7 mprod -12 pn

DOS npooa winsw

alm2 MW 7Y NAPI? RO —TAn1 PUIY NYXan XY ,NTOPR PW 19821 nR apin ah=0Ch mp av 21h apo

70971 ,NT2PRN DR MNP R —mba Lal=7h 12 3T AR MR LA e av int 21h g2, qunind

MWD SNW DOVRA MR 737 IDIRD TONT PV 0T NODTI KDY NTPRIN 10 NWhp Hw e Rinw , 7h 717 Mavn

257
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waNwnIn wIn N Ny -

19w 0 Sw ASCIH=3 7p ok 9920 al 7o aroa
"1 MWD DR YXAN K37 R0

; Clear keyboard buffer and read key without echo

mov ah,0Ch
mov al,07h
int 21h
:MINOM *IW DIW° NRT QY .NIDN MLWD NN NI2 PIN° W0 3T A0w2 I7av°

OX NV NPA° 100 AT .Wnnwnnn 0oRR aoma ROTW AT DAY TI0NAW XL 1URD N2 NPT L, IWRY P00

B} rlyiirialaks'aiialhighty

ASCII 7p XoX 708 1°2 2732 o1 7p R2 R anbw ASCIH=R 1pw oonw oowpn DI1wsw XI5 ,°05 100N
TXO1 OR LT PR 20XM OWRR IANTY 11D ,20pnwnh DWW TIRD RPNT 19X DWRR .0°N2 W 972 200

aPvaa o — ASCI=7 7P By p7721 AW OXIn mwys

nTopn :12.1 237N /

opna xymw Type Ahead Buffer-n 9% scan code-n nx pnyn n7opna 9w ISR-7 R
.72y 112012 0040:001EA

TD-2 0210107 R X7 L,(@oknan 7pn oy int 21h72 wnanwi) n79pnamn i DRMPY 1°12I0 120
nR 10°1577 ,u%p N2 .type ahead buffer-i 5w o1pona 115012 wwa v step by step awna
J7w scan codes™1 nX type ahead buffer-a1xem 'a' 1ni

APnwn NNTNY wnwn wasd Dwpna 0N 2w prwna .2
W=up -
A= left -
S =down -

D=right -
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,S'Move up" Ton%? o971 ,wasd Cwpnpn IR WP OR .NTOPRY OPIRAY NI AN
72 727 AWYN XY 710N -ONR wpn 90 .X¥n n1onn LEscta wpn wpt or o1 "Movedown"

.09PY AN D210 DX DR DR APRY TRO002 WHNWT ,AWnn prwn MnT?

20X YWk YPn 00 DM RAT NPT 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

229987 YW DR 220977 D17 0°112% 073 R TP

in al, 61h
and al, 11111100b
out 61h, al

29987 NYAWA DR R°007 WRRT MW a7, 2798 ARO%IN WO Wk YRIw YANaw N°101 1200
MPI2INT W YT WO OR LNTYPRaN WIN ¥R W oR p172% 072 16h ap°002 wanwn no1on (10073
TP YU HYD ORNAY MINWY WX A¥°nYY oXnn scan code-i ark 60h v1D NATva pi7an

990X NYAWT DR P00 TP YUR IR PO9¥ vawnaw
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Q1299

,PIC-7 %Y 7mm 23pnima 7199u% nIpeona TR w5902 anb i2ourR S IR Tnvha 290 DR 1°0n0

.70 1725 TN PN P WP NTIAY DR V¥ ,0MH0T0PRT P2
STMINT 22797 9K YT AW Dapn T2VnT 2ONTY NI NMINPH DMK 200D DY 11T

7°%707 IR 11701 scan code NARY NTYRpnT By %Y 9w 11TA% (NIRRT —2100 N 2°072 1Tpnna 1025
mxanT wRY L Type Ahead Buffer-a ,awmnan 112°12 w91 nopna yrioaw Ing 127 5w 1902w 797 2w
:NIWW AN NTOPRN DI TV

64h-1 60h ,nTopna bw ovwea P e ATy -
int 16h ,BIOS mpromavww -
n7opnn oRa 1 ,21h . DOS mprosa wwmw -

.01°077 "UP 1D N2°NIY DWW DRWID PIOYI K27 P92
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261 oL o0 — 13 po

°uP»9Y 2090 — 13 Po

2790 SVPIMIES Kan

WPW 27 PVNRCN MW TW WO 12D DTN 20 NI HR2IW VIR AN 90 DR DMATIPT 0°P092 1100 T
OR L,NPWYAN ATV OR DOATPNN WNIR PWIY 7I¥P2 052 1IW 2ORWI NANTT DY P02 D217 DaR ,09200K nowh
0°7277 onTAPW 0°7277 P2 NAYwRw "neneaRk" mIN 2N57 209w MIATIAN X QP00 VR0 .D°upIDT
RIT o0V 7O ARPY TV 17 P97 AT DR OO 20O I DR 0°1°2n QDKW WUAII7 000K DO1nw
M0 "NW 727 NINMP XY TIn'HH MIMPRY SHIWRD 1207 NN P KRR DORWIT DR K97 1DIN2 MDIY 1700 1K
SWn P9 07 WIPM MDY LDORWI PRIW? MO3? MWK PR TR PID NIA0N (WA 72°0 ,ANWRIT NPIRY
0°°p 0°2°7% ONRW Y7 —T°N¥ 103NN 732 3792V0 NIEY 230X 17 11X ROT PIWT 1712°077 .190 197K IN anky

.O27XY MM INIR 172721 VIR 39337 , MK won? 03°9Y ,aw X

21°0 VPS5 NI

DNRY 27272 P72 TPANTR 2NW T2, PO DRMP 2197 BP0 1MANY Yo 22170 UpP™1N0 NN 920 O
59 DR TINYY PUIY 5% WO ORW L1 .DMINAR DKW POV 1T MIAD WpPwN B N9 BY Tavy 7 vy

L7770 TR ARIT 02D 779X PO T 127 —DORWIT

wxo 7P M 2000 v 1000 Hw 5713 7702 2 2°UR 97 217 .25N7°HAY 210 YRN8 W R RY 1IN 00
X177 VP97 AR .02°W MP12°T X192 DR 2% X2 anRw 10,7 M 10005 nnnn 595w vpoinoa 1217n
DUPPID7 NR AN0? WOR LT 27 AT ORPNW AdWR DIRRY DY 212 ankw 10,7 mw 20005 Sy 1200

JNPIPOY NP WL

TR ITIAVAW RIT,PAWA RIAW VR 11D NI°I22 NN .0ONYT DY A7IPW 12T 90 W AND ,pTI0 —Dpnwn -

LR P15N DY Hpnw 027 ,NPPWIRIVIK 77 719107 NPV D93 71721 NITAA 0T R IN9a MwY?

MW DO9°7X NYRW L7790 NPYEITY DA 020V IR NIRRT DY WR) 710A 090 N7 —TI0p YR -
O¥ 1EY N XY 07D TN 207 D) 908 L(WR W0PPIY 20w N7RR) apTn naon L (R0
TR MWY? WORY NIPNTXY 27 2PN WO RN TIROHOKR MINPO2 NN .0oNYT DY 37w 127 93 W (7017

02NN PIvnw

NPV W PND IR IPITIO W 0AMIR T1IND MIRMAY NIPONY DT DWW anNTY —NrAnTIaeR nYva -
Y777 93 NRW WRIM 17720 L1107V INOY 2031007 ONR OX —112°0 1w 7 201 2°0R°1102 .MNW Nuanng

DR 7197 0°2721 aNR oK P 798D DPRWIY 1012°NW ORTD ,T97 OR .0INXY MMD2 71172 127080 SUIRNI
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SAMNAPRT YT QIR TINGD DORWIA 12ITAW RIT T VR IN02 NN LLINLPRAR QoN%Ya Y7 9

TNV WYNW 221279 211357 DT WY WOINY

107 AT P92 7AW 00707
Ny -
P2IP? 7AW PIpR ARP ,0°%3p QY 7Y ©
PP -
ASCII 0 pamva apsoa vy’ o
Ton? 2500 NOOTI NIV AP DY ©
BMP vn192 maman bw X120 o
oY -
DN 017N 0% Ny o
quw -
(W) AT DT WY WMWY o
D°KRIPR 027907 DXL WA VMW o
wnnwn pwnn - -
NTopnan QY aMAYY oW o
720V MTPD NYYP o

NI -
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2°%ap Ay 7Y

Y21 NronD

MR RINP? WOR X —190 113) ARPR IMR MDY RIT LyAPn KPR 070 MwYY 000X WMIRY PWRIAT D277
7P av ,DOS npron My¥nRa X7 7P AOND Y¥22 A0Wwen 7170 (.92 DX MND? X TP L0 RIwD

1077 7P°09° MYwh XY ovunei .ah=3Dh

anenen navn —AL
TR0 -
TAPa M1l -

7MY ARMp 2 -
Y20 aw By waxn —DS:dx
;13177 .072 2°N0AY 79°7X YW AW SW AN 22 mw @

Filename db file.txt’,0

,CF 237 p97v ,ax03w anei ok .DOS 7oyoin nowvn 15w 1o axpinw filehandle=n nx 920 ax ,mxn oroa

:0°K277 O°07WA TR DR 2v3°ax™
RXPIRD papn 2 -
OMND QAP T N 5 -
2P0 NNk aRvn PR 12 -
Y21 QY TV wnaD 011 R AR NYTIN 099777 —K? K1 ,A1PN 07 0097 OR P1729 AenonanR? yonmn

01PN 7I0INAWTA0 77w oW P neaw

proc OpenFile

; Open file
mov ah, 3Dh
Xxor al, al

lea dx, [filename]
int 21h

jc openerror
mov [filehandle], ax
ret

openerror:
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mov
mov
int

ret

oL o0 — 13 po

dx, offset ErrorMsg
ah, 9h
21h

endp OpenFile

TIPR NP

107 AP°0D? MPWY IRw o2 un1oa .ah=3Fh 1 >1-hvnyrann yapn axep
.mnon 2%wa DOS-n 15avpefilehandle—bx

X179 D°WpPan MMIRY 02027 NN —CX

PR YR pRYY PORY (779R) "9K2 9V ¥0axn —dx

12T 0T NONR LRIPY 2% WMIRY 22027 MDY AN IR T3 NaR 20 dX S D70 b mw @

proc ReadFile

: Read file

mov
mov
mov
mov
int

ret

9N INRY

ah,3Fh

bx, [filehandle]
cx,NumOfBytes
dx,offset Buffer

21h

endp ReadHeader

PV AN AR AR TP R LPIRA IRIPIY D227 NN DR P ax ,aeea

JI9X2 IR AN NRY P YRR R1OPL w0 00 25 MW

Y2P» 20ns

000 .ah=40h X7 7207 722007 7P 7907 21 =R P 12D 110 P77 RN TP 7270371 Nwo

no 25wa DOS-n nhapefilehandle-bx

o> filehandle »ank yapaw v7oan 90 18 €x=0 o ;77w 2127 0°Wpan 1IMIR aNN 0°N27 NNd —CX
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2P0 OR YR PRV nw (TIvn) 1982 5y voaxn —dX

PV AT OR TR0 TIP IR LPIPR 1001w 2°02T M DR PO ax ooy

ax=5 meaw TP Y R (ex=1, CX=2) 72°N0 IWORHY 2¥N2 PRI DX DNNAND K7 OR 27 WW @

.access denied mynwnw

proc WriteToFile
mov  ah,40h
mov  bx, [filehandle]
mov cx,12
mov  dx,offset Message
int 21h
ret

endp WriteToFile

JIM9RI2 INIR AANOW IR P Y2PH 21037 w1 00 2% mw
Y23 N

D°X2P 92 201 705N MINNAW 1PN°1a 95 mwn L(ah=4Ch 1p ay 21h 7p°00) nInm aROXT 1A
5Y 71207 9211 TN XYW R M20A DR 7072 DOWANWH IMIRY 2°%3p 71307 9922 171 L9 oK .anND nPIoNnaw
JIMNOW 2°X2P7 DR 0N R? K357 ,7%07 1472 70P N°I0INT AR ,AR3T7 190 0°%2P0 DR MA0NW NP0 AROXO
DMK D0AWNNT 2R L1097 ,0°%aP) Ona DOWHANWH NMIRY O°UNXT Q°ARWH MDY (TNY? 2 9307 03 1

NP YD IO I0W TIPM POV DOARWHT DR HXI7 M1 MIAKR NN LT IR (T 1Y NN
;X7 7P°097 NNY T7IRY T na9a .ah=3Eh 7y »71-hy nyxann yaip 0o

.mnen 25wa DOS-n 11bavpefilehandle—bx

proc CloseFile
mov ah,3Eh
mov  bx, [filehandle]
int 21h
ret

endp CloseFile
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oL o0 — 13 po

2°%a» W NIDOM NTIPD

DONW MTNPAY 77T MTPRT 1207 2PV ONXY TIHY PRWIW ,NID01 MWD YXIY 100 201w 20T NIVINRA

Y T P2 ,007 WOTIW PRI CNR WIDON2 727 10100 PV ,MNW MWD Y NIRDAITA 2°72072 227NN

assembly int 21h ' 53132 w0 75 3700 92 DY 19777 RI¥A? 1210 .N9RWY 7YY 21N IR NIRHAT L0207

2112977 P2 MBI MTPIT WP WK '...=ah

yaw nx ~AH=3Ch
yaw npnin —AH=41h

Y 702 yoaxna niin —AH=42h

filewrt.txt— 723179 no1on

.y23P7 nx naao ''Hello world' nmanna nx 1007 aponvna Ltestfile.txt owa P> y23p nnnio aRamT N0

: 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
jc 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¢cx,12

mov  dx,offset Message
int 21h

ret

endp WriteToFile

proc CloseFile

: Close file

mov ah,3Eh
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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
Mello world!
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A=

SUTIRCN YPT NXP 101,907 0199 109973 D°LIahR 039w N°101N7 0°15772 0°007 190n WP

17 MR LTONRT PV AW y7es 20 R mww 1/O-3 111212 R 1wew R 9003 4V 7T71ava v0°0an v
A000:0000 12w 113°12 D3P0 DX 091N video memory=11 .70nm 0010 PR MWp X1 video memory Xapa

.BOOO:FFFF 1m%

:modes DRIPIY ,0°2¥N "1wa TIAYH 9190 TonT 0°1YId

video memory-nn y71on IR X17P7 Yoy JonT 020137 2oy umk text mode R oRwopy 23na -
80 195 mMw 25 02571 Jom 0°82 LT 28R .(2°n2 4,096) 4Kio7ix B800:0000-2 P nnnw o1pona

ASCI nn 5w mminy

video memory=nn ¥y7°n77 DR X1pY POV o 020137 2°Y2p NIk ,graphic mode W ;973 23na -
9195 M 200 o971 Jona 0°015 7 2312 .(2°n265,536)64K 17713 , A000:0000-2 2 nnnw opona

.0%%op 5w m7ny 320

0725w AWIPWY Ton? 097 TP2AN DX PR TwoN

237 RIT AP0 2w 27 n2 axn ,DOSBOX oo%wonwa) qonn 0007 D 371av 2% NYap —PwR1 250

.(oRWw0PY

(710 DY YR RAPIW ) MIvER 9127 0% 0°0IW 0127 P IR DA DN —Iw 2w

S22n0K2 00127 TW M0 .video memory=2 217 QPR OR RDTAT DR DUXNY 2°0°AN Npnvn —whw 25w

NN 772 N2 YRIANGD 79190 7 19w

XIT 10T, MLAW IRWD NOOM TIRA 7 717 7 .video memory=h mw ¥7nn DR PonvaY weR -

JTORMIDY TPIXW NAINDT DR AN AWnT TIRY

X171 BIOS 0370175 .mpropa j7w o2 a1gp2 1onn BIOS mipos .BIOS nprooh w1ph wer -

M CIPNAY NP0 WD pwan 112 1M1 BIOS miprona winwi SR 1720 YW 510N N0

1o 1 ke "20w ,DOS miprona wanwa weR -
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.graphic mode- ayo1 text mode=? ays ,0°2%wi MWW DR PWIY 1°201

Text Mode=2 npoons

TN NMIPEARD AXMH WORY 0°71272 2230 RIT 1971 P22 LOPY NARIY V1R CHRIVOPY 2¥N ,1PA0 WORY M3

TIRD 2271 22275 oAk war ASCII nin ay priwn nrnxe nxp av 17y ASCII

Tonn a1 232 .DOS Hw S7nnt 0712 amava 2k Nt (text mode amay 2xn nyvap —nwrn 2w

.00 5w mmny 8071 mmw 252 P

_._U,-E._.i_ ....... AN S S i_.E;.?_B._.
e = o e I_ ..................... I_ .......
.. Y S E— L.
I (N O E |
240 | i i | 2479

X277 19982 poooh W .BIOS, int 10h np»on myxnra PHR Mavh 901 text mode=2 ooX¥n1 R 17N oX

mov ah, 0
mov al, 2
int 10h

01970 ¥X2Y 03 AWORY ,TO7 NP W1 —0°I7T NW PWIY IR .MV 510D W OWHhW 21w 25wh 18025

ASCII nyryarma winsw

,1°D12°777 .N2102 IR ¥ 22X1w 2°10 v Ao DATASEG-2 207a5% X077 mn°0pn MRYIN nHva 72K 70ws nusw
7107 include % mwy? ™Yy 7 20910 umR ,DATASEG-2 mvwe g7ann IR ovxah opna

.DATASEG

:monalisa.asm y2pn anaT»
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monalisa

oL o0 — 13 po

D2 $-71 MO0 22 MW AR TIAWH MI N W 07D MMWT DTN ,A91IR MNNK 937 702 R AT Yapn

QW RI7T Y1772 0°1°2% 12 720 DR —NNAnaa

.ah=9h 7 oy int 21h Jon% NI NODT YW ATIPET MYINRA ,NI2IN7 VWA YY1 JON? 7709777 NR

wRNAIDEALRRI DX a2 wow 707 27 mew) monalisa.asm 12197 DR 7012 700 7AW 7IXP NI annT

; Display ASCII graphics
; Author: Barak Gonen 2014

’

model small

stack 100h

DATASEG

include monalisa.asm

CODESEG

start:

271
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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,0h
int 16h
exit:
mov ax,4C00h
int 21h
end start
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772 maw ASCIE Generator 130 mmwn mwvxnra ASCIHE nn% anman 95 7wa2  weR

;7o http://sourceforge.net/projects/ascgen2-n

= ASCII Generator v2.0.0 = = -
File Edit View Help

i B See 150[x [102 Fort. @ @ D A < [E]E
Ramp: MMMMMMM@@ ~ Auto
+ muzuwunu.‘n:x:

sNINeT
3720382 8 5I00E 0000000 W
srssiiesx 3 —

D ol
PXE A eXT Pt

*5253)
SBeaITCIxT ;

TiaaTTeees

T e Mieisii,...

7255832 155E 3510007

; WS IINOSa DI TITITIIAS
T08253x255:

KX 35x
PHOOGXENEEEISEDO ST
HHFAENTIITLIN; PATINCEITaLN:
XX IXaIRITRI : PAETROTIO0NK

TXIIXNEEIENN 7 7 X
5005283328 ? eets
e —— T bt T e Cm——

STANTY ,00NEY2 WO N ,2ORAT MMIPRT AR wanwiT? 0°919° 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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274 oL o0 — 13 po

Graphic Mode=z2 r1poo9a

77w TV DR MWD IO TN TI0RT AT R P0R00 .00h0R0 DY 9270 Mavl Pway 00N oY w7 30 T
SVGA v HY 1271 MR LTRIZN DRAPI TOR2 2°90R 0 MIND LIP003 B DaR 0K 1D R 9op s LJona
71257 DR NNY 27300 7o L0027 Mnpna Rk 1001 a1 uae Sw 77°po Video Graphics Array b p

SPIORR WK

http://en.wikipedia.org/wiki/Video Graphics Array

320 993 w200 175 ,320X200 5w 019112 Tpnn 13MIR L, Ton DX Toona min VGA e

.0°90p°0 Hw M7y

51 P92 %Y 202 nrwvaw BIOS, int 10h nprooa wianwi 77 °973 tnT1eh Mavyh 7o

mov ax, 13h
int 10h

.0°%0p°0 200320 Hw 733°un? 115w o 2% DX YR T P00

0,0 0,319

199,0 199, 319

S0P 95 awa .amana M wpw ¥y7na 95 1w ,A000:0000-2 P nnnw R L,video memory-i 7102

.50P0 HW YaRa an L7 IR L70n DY 19w D3P0 AR L9 0T 10127 P nYTH 00078 NN

700 I3 25020 YW 12w, IN Yy w0 5070 3%
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275 oL o0 — 13 po

a7 70 IR D02 TTHY ANPR D0ptD DD MDA W DR 1Y ¥apl qona By DopUon hw o opan
Y 7wa Soponb v 070 .axea 991 0:1 Hopeah mwp A000:0001 nean ,0:0 Soprs> mwp A000:0000

AVINw 22 12017 201191 X TR 1501 R 2°0°01 ,32072 371w D901 DR 077910

22 ,IOR NP2 770N AR VAT 1901 12 200w MK VGA 0n7192 ,11%RD VAR NYap HY 12077 DR vl
[0 53 TYRRW 70T 1YY WP AWRNT 37 .0AX S mMwer 256=28 mmab oo umixw j8on .owa 8
7777 nav 98 ,RGB v o021 w 256-n anv 7277 oo .RGB- 1%°pa ' ,Red, Green, Blue 5w 27%9°w5
Yax 19on video memory=2 unww mil (7772 N2 MYEARA YIX 289 770 10w 070) NWweR 256 P non
x> 1mva —0,0,0 o1 RGB-11 oww —m1:7 9720 —x¥» X1 aw ,0 2 n? anm nkav® 1197 qona 0°v1a .0

nw vax

standard -2 omwaw oovaxn 19X .standard palette nxapaw ,nPwa7I00 70 NRav we awnnn PN

:palette

X? standard palette-2 oon»pn oovagn 25671 apna WS TR 217 07 72 MY L,A1n0 10 W ooy
nn ,standard palette~a oovaxs 256 phn Hy 9NN WwoR ,NRT QY .0OINNT 172 1w DR AXMY 07D 25p00n
palette=51 X NMIW? 10°1 PR IR 77 .330A02 X 079 WOW IR 2°2INA2 2NR 9991 ,73002 02381 DPRY

.72 arnn palette 20w bmp w192 yaip Hw a10vn MyeaRa 5ImmT n2

70> bopeD NosTH

.O¥192 797 NI MITIPDA DR RN P71 117 M1 ,7077 22900 NODTT TINRA TAWY NIANT IR WIP0Y KRG
19 °19% .out NTIPD MYENRA N°2 57132 0°37Y 121N 02157771 video memory=H nwia? mws X7 INWRIT MAWORT

M0 XY MODTNRIPY YoPIw 270 ,1173°12 RN D3P DR 2wn? p1 Ik

nR - 9aph 1o7% apooon .ah=0Ch 7p ,BIOS npoon narva Har ,a9ws anIk IR ¥¥a X077 PIwn MAWwORT

Hagtmh RaknielaR byl
vax —al

(0 nvi% %) Ty bl
X DuITIRIP —CX

Y norxip —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  CcX,[X]
mov  dx,[y]

mov  al,[color]

mov  ah,0ch

int 10h
; Wait for key press
mov  ah,00h
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int

16h

: Return to text mode

mov

mov

int

exit:

mov

int

END start

ah, 0
al, 2

10h

ax, 4c00h

21h

7007 07°0 NodTT

oo ey v — 13 P

TomTR POPOD Bw Yaxn T NRMP

1R .ah=0Dh av ax°7p 2°v¥an WK 7007 Y0P 2w ¥axT 7 DR X1pY o 10 nawarn BIOS-7 npoos

,PPI0 PRAWR D°2MD WAIRY 7711 —IRATY .DPAwna DPWNAW DPaR 9120 R PP L MAWORY 37%pa 0Nl

QIPMA VAT TW DR 17291 T YA ph nnh WD 0°919° MR L1PP2 WAINT 19w WhIT AR P172% 27X 130K

; 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 DY [0TI7) P9IDONI NINW 2730 P

To%7 DY v1aBRY 2MP NN

ST 20 NRH 22912 WAIR AWYAY) 02127 2N O3 MR 09127 MK ,TONT DY D00 MNY DOV MMIRY Ya2

(7207377 7% 22129721 2PNPA TPRNI DaR

1=2 5172 X 779 av avo 92,7012 20p% 0°9 7AW IMTEINDY 2ORMP WAIRY K17, NIX° SR 207027 11°Y0
X=17 7992 03 W DWMT ON00PR P DR (IR P NXH 010) 12 T Y 7w oy R (OPRIN 1P 2°%10 MK OR)
X 1 xwn —“Bresenham algorithm”2332 warn ,%39m IR 10398 3 %k 22X ank ax Y"1 w2 an

.792 DO NNy TINDD

Y= 7°%2 79000 NP1 aY0 932 WRD POIN P NIXTPW AMTNN0% MIRIP A0 MYEARA NYXann 129 N

NI3072 INIR PR IR IR VAN 1D 11297 1003 7IND 1297 7IN90 3800 070 .12 10T

BADOSBox 0.74, Cpu .. - ~

(127025 N2APON :0OTIR) YITP DOTORT TN, 10D ST YW T80
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BMP w9152 7390 nRp

MAT7AT) DOLATID DMPP IRIAW ORI 120 WY 710N 25D 7301 ,IN8Y MDA 73N M8Y 0pna .oy
.m2°0 “nwn ,Bit Map 5w Mx°p ,BMP vnM92 7pnn1 MR ,mnn 5w 0027 (203292 37n N3»H mhapn
D°MW 7277 072 1YL work BMP y2ipa wow 0011037 DR DWW RIAW X7 AW ,PIDI LMD RITW RO ANWRIN
NAOMA APANMMOR gAY L7017 JPG D ,00nR 2ounMnk 1012 Nkt L,video memory-i Tin? oopnwm

iy

SOV MWy 591 vomnBMP tnn Hw 10D DRY TnR1Y 271,30 2195 .BMP vnT19 Nk 21 vopa aRm

T2 owop L“read bmp file inassembly” wioom myenxa K115 10°1 020NON 021207 VINVIRL VDN

www.brackeen.com/vga/bitmaps/html

www.ragestorm.net/tutorial?id=7

:0OR27 MTwnn 207 BMP vno

LMD X1 PARaw oorenaw 'BM' oonnn ovkentheader— noenna .o°na 54 72 mno —Header .1
.BMP

Jon 0V TWaw ,2% ww .(2°na 1,024 5571 q02) 2°na AvaaR 090 yax o ,oovax 256-Palette .2
omw BMP-7 5w palettemaw oovaza ,(9wma—-p1—o1R ,m90) RGB vn02 oovaza R 9apn
D007 palette= nX LI "19% D°YaRI 770 DR 0T 701 PN L(@TR-P1-7110) BGR vnioa

Tonn

¥2¥73 1907 RAw ,255-0 12 9907 701 17 Nan 700 N°22 W Popl Dopo 9o by v —Data 3
RITW M2 MK Py datati IR apc1 ok ,me0 L3Pk auntn Mnw mwaw 2% e .palettema
MR 17 AN 1277 2290 901 2377 291 BMP cxap 5w nann 9ap1 ,video memoryi 70
M7y 320 X7 09w S2m0pna DTIATY 0°Xapa POV UMK .72p0 7130 VGA Sw video memory-iw
.0°%0p°0 64,000 1% ,nw 200 5195

320x200 %7132 7m0 12 WWw P11 .701n7 00723 VAT TR MR 070 1TAR 30V W 27277 92 IR 7am
MW DR WwWBMP-w 1o L(9RAW 781 70n7 07 AXWAW) ANNANT TMW PWRIT Y0P O DR NP1 .0°70p D
7102 1079777 N 22 R¥AI X7 ,NIIAR 2°9°na .data=2 PRI o3pna ’¥naw opon 1t ,BMP-1 v 102 7190

.BMP(1079=54+256x4)-1 y2»

7n R AININT AMWA CHRAWT P00 YW vaxaw X0 a1 7w Yw mvawan S0 Ry 107977 nhaa wnw i
n>nna ooxkyn1 0 opTera vaxn SwBGR-7 07w ,palette™? oowsl umix .palette-a 0 op7ka Rymw

.54:57 o>naa ,paletten
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D12°7% 120 anR LT v XY 070 .200 Sy 320 72 BMP paip qon? 0o NRTMP AR2AT 02100
NP 2OX2P NYLDY MR 03 2°91° aNK .O°RNNT PTIAA 7PN ROW 72 73vAna 97 Nk nuw'?) Microsoft Paint?

1102w 229737 DR MWD 1070XN IR ,200p
P10 9V 9990 1207

902 QWY TIX YPA DR LPAPA aw DX Naw ov>0 anx test.bmp awa yawp mm nma -

tasm/bin
JRIPY PRI IR AAMD 1N -
.header-n xp1pn sy -
palette=1 Rp1 o RY - -

*72 BGR-77 5w 2°97wi1 970 nX mawn nvaong .3C8h, 3C9h oovmpa qoni oovdb wui paletten -
.RGB-% 1mx 71977

70 7197 7702 video memory=? ap nym AW R W datati nR nRTIp Ina on nRh -

12197 AN KD Aavanaw

DM DIWD 19IRA NPINNT DX 3272 IWOHRAY 127 ,MMNTXIND? NIona DY apnt b v -
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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)
Palettedb 256*4 dup (0)
ScrLine db 320 dup (0)

ErrorMsg db 'Error', 13, 10,'$’

CODESEG

proc OpenFile

; Open file
mov ah, 3Dh
Xxor al, al

mov  dx, offset filename
int 21h
jc openerror

mov [filehandle], ax
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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]
cx,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
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proc CopyPal

oL o0 — 13 po

; 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 dx
PalLoop:
: Note: Colors in a BMP file are saved as BGR values rather than RGB.
mov  al,[si+2] ; Get red value.
shr al,2 ; Max. is 255, but video palette maximal
; value is 63. Therefore dividing by 4.
out dx,al : Send it.
moval,[si+1] ; Get green value.
shr al,2
out dx,al ; Send it.
moval,[si] ; Get blue value.
shr  al,2
out dx,al ;Sendit
add si4 ; Point to next color.

283
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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, 0A0O0Oh

mov  es, ax

movcx,200
PrintBMPLoop:

pushcx

; di = cx*320, point to the correct screen line

movdi,cx

shl 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

movsi,offset ScrLine

284
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rep movsb ; Copy line to the screen
;rep movsb is same as the following code:

:mov es:di, ds:si

;inc  si
;inc di
;dec  cx

... sloop until cx=0
pop cX
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

; Wait for key press

mov ah,1

285
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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

TPID93 RRNI2 299U TIP SYUP

95 wWonh 0°712° ONR WD 17MA .0°0°0Y TIP YR 9913 ,aR D752 WINCW KW MR YT 290 ¥KDT 211D

TP YOI XN 1070 .graphics W bmp 7375 w02

https://piazza.com/class/i98gbkdp1mg15m~?cid=20

1T DR NN YTV 1707 .20RW 1901 1091 XM "Graphics- advanced" x3pa 1 1107

o197 o
.0°27 27150 PPOYAY KXW 1T PO RYOW 7R D732 219709 MW M URID 1977 71 T ¥ IR

23 QIR YO0 O 7R YT ,NIMIR TRD73 QY 2°0R 0 WYY 207NN MIVY TR 2°InNn T 0T
.0°R27 2°O1NIWS N

D°R2T DORWNID TP VLRI 07207 MYYIY NI

2°207°9 10x10 X171 BMP-73 573w 770n 5w v ,73n072 27012 2730 oy n? BMP ninn ovhvn .1
80,100 op°n2

LTXD T¥2 VI U900 ,anNTR 20971800 92 IR0 77X o Y AN 207 R L2

TNARD YPIT WRD UMY 39V NXOIP 1972 DWW MINT ,AnNTR 29V12R VR N3N 023 DY 7m0 200 R L3
12p R

PI0NT) DRAWD 1M A1 10T 931 01T 9 DR 03AW 2011y DW AN 70T 29017 Y 00X TR L4
(PR Y1 YR 2pna Rl

Q°V>7P + TIRO9R 90 YW ARAT 70732 aNIN 25D ANWR ,0°210 0°72077 19V°W 1 2aR ,N1wn Yy 0°079 PR
¢

70722

"P12

:Mawn Yy oowTp

T N1 QW 9AR ,AN2398w a8 -1 90
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T M0 oW DR L7192 3P -2,3 0°9°Y0

791712 VIR L PN I -4 7°v0

Y999 NYRwT

A RIXAD D°910° ONR .NIPIPTNY IR 003 ,00900% DY RN D0 aTIp R1PD PomIn 00908 nvnwn RUR 1°nnd
X1p91 Art of Assembly 1507 5w nonrnn pdf-a noax nR NAY TR PR LLINLIRY MNP YWY DY

.(The Physics of Sound) % "3 5w 17p°0%01 M7
2Wnnan 209708 nvRwa YW 01007 2°pYna Tpnn

S PR 070739 12N 10 DTN 292 RY TRY VW ,I0M0— POR TIAXW 7m0 W awnab
DAINAY ,2IP5 0207192 ONWR 9avA NPA0Y 0713 0 Y "phu" Do "oopn” IR LTI OpInpn 17 vaym awnan
923 7707 o7 PR 00010 DR MUuan A 9o Dovaaw "ooptu'n mnd mwh 2oh30n MIRY 2P ImR
19 DMWY 2P0 2N PR ARRY 8720 NP YRRING 902 .72 Ny 2Tnn —"opu" N ovhapnaw
,TALPIR TIN2 9193 97N RO IRT FA0PINT .0°2OHY 12-1 N2 FAVPIR 9D —I0WD NPwANn PRI W NpYa
;7 110 %01 0207 10 2w Mna ok s ,(1.06 71v2) 2 5w 12 ww Sw mPoona g a1 0P 0o0oxn
2%110 X°77 7827 720282 10 MR Sw MInm L paa 117 vvns ,1.06%110 X0 170X Xm0 W M7YINa TR

.y 220,777

,61hv >7-5y Rt 2w UMK .(speaker) awnnia 5w 7pnaa IR 192 a7 2°veah w0 iawho 0 b nin oy

72 .61h v19% 79m 230591 ,0075 2P 1R 0OV "W DR MWD 150 DIVVDT IR RI1TP? TR0 WIpH

in al, 61h
or al, 00000011b
out 61h, al

2P NP NPOOn
in al, 61h
and al, 11111100b

out 61h, al

43h v192 wAnwaS W IRT MWYY NIn DY Ynawn %01 NI 270 IR MWD 00V 930 PP wRd ,nva

42hvo
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mov

out
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:43h v 0B6h 12777 7797 IR £°107% w1 .Ipn02 270a wwh awea 7ap% 09577 1INIK L, NOWRN

al, 0B6h

43h, al

NR 910 PRI .YRWT? 2°¥17 UAIRY N0 MY 02 16 272 (divisor) "ponn" port 42h-H mhwh w 1on nk>

21X I0T TN

193 1877 100 2w 12 1193180 y1apn R Pon we ponna nR 22p% 07

1193180
[ DIV e | S ——

Frequency

SIYAYA MINDI NP2 DR NOWRI-DOP90 21w MR Poman ik mews w1991 ,72%2 va 8 97ma X port 42h

Rabbtal7ialInishsl

SHMOXT0P 0°021 ,2712 377 phran Lpan 440 X1 Bw TNaw L anwRIT 7P Y "a0" g May ownd

mov

out

mov

out

al, 98h
42h, al ; Sending lower byte
al, 0OAh

42h, al ; Sending upper byte

; Play a note from the speaker

: Author: Barak Gonen 2014

’

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:
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
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exit:

END

290

mov ah, 1h

int 21h

; close the speaker
in al, 61h

and al, 11111100b

out 61h, al

mov ax, 4C00h
int 21h

start

oL o0 — 13 po
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Ny

DKW *19% RN DR 0°2°371 ONKY P72 T Y0 Y 10T —MpP05 Y P92 19wn DPY0 MU RWND NWTRI
DPOW WM 71 pora .ah=2Ch 7 av int 21h 7P 05 NYEARA AYWS DR K1Y WOR |, .ARYI 2nTnn

JIWW IR 1MW 21w 0095 Cawa TN 1971 o°up 1ok o002

18P T 99 YXANN R FYWOW 2710 MMIRY M1 —WRIN 1YAPW OYAEP AT P TR 1190 RIT WK 2930

TN

MR VR DTPNY WA 1T ARd 92 v1aph I pivma -
D908 I AT N0 qwnk V1R awhs DR Doaanws -
TR 9RO AT P MIapY uanw prwna -

DY 1 ROW 001019 DOPRWR XY 2O WMIR O W 092 3T .0PKRIPR 021901 MXOY 091D R W Vo0
ORI 09077 NRY LPAWAT IR D807 WMIKY 0D 752 DUINwAw 2037V 17 1MW NN 099°7% R ,T0 owh .onky

STANTY .07 MKW 2R 01279 2307 70 IR 279197 13NN

.7072 PRIPR 2PN DI PW 72X ,PTI0 priwna -
SRR W T DR VpY ,2002M NINYI0 M0 ,T02p pawna -

.70mm BY 0927 W DRIPR 71NN LI cpnwna - -

=T NTITR

,APY0% NANA AIRMP YW ARDI? VAR —NYWE DR DRTIPY 17°097 770V RO 2w AT TIT? DAR DWOR 1T
X7 X7 ok —dl JINY MW 7w NPRA W DR DWAY PPO0R) NRTIPA AW Oy aywn DR 2Nwn oy 9o
TIRW 370 TP A2 PRYNI R 1971 P9RD 77972 10RO 1A 7170 (N 8D 70972 20390 IRY IR 730w
55 >R [0 I RY YW YW PWRIT W NP 55 90 manwn mywnw mnhw XonLoRa% 0w
55-n mimo np» 1971 AYWR DUNWT YAT2 P72 RD VX YW YW anwRIg ARTIPIw 110N DR N

20T RIT DOIATT WADAW 17277 009107 MK ARDTY W AT PO INWD avwnw 1Y Dy

RYNIW 7302 DW NOTV7 NATA M0 DY TR0 POW 772w whnwa? KU 172y nawcn 557w nyth mawn T3
172VW 93 DY ¥OaR° PN T N2IND2 RXAIW IV W D DaR L, avwn an ¥71 8D 1mK .0040:006Ch nanoa

M2Won 99 ay) AR°0Dn NT TN AN TR W AR MR R  A0wn Sw pana .arawn 55
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Do NPV XM AMIRY TP W OXR L2990 19INa .(MXDR ¥1X°21 NAI0MN 227V DAY TIA2 ,NNT3 RATY ND01IN

NIV 072 IR 210971 NN PO DR XA 20WH P7Y TR MNP

NAIND2 AN 2D DR DOPTI2 AT RIT OYIT (27 2P) DLW WY DWW TAT PID DTN NI5ING N7 1900
UIIR 717D 22X ANIRY JATT P9 2NN Nk DY UMIR J0 —NNR avd minwe Xinw o°onn .0040:006Ch

PIW WY W AT P9 2077 MR 791 (182x0.055sec=10.01 sec) nani bw o™rw 182 oo

; 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 DelaylLoop
; 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— 27"89pX 2" p0m% N9

SRW RO 707 ,11P°Y2 .N1DI0I7°D NIDHW OV TIRA NIV °¥ RO7 2WNN NYIARI NARD OPKIPR 221907 DY
2ODDR 1R 2WMAT N NINCT DR ARXIN W 77w 1735) LD HIVT AR RITW —2WAN NYINRI XY TWHR
TRYIN TWYAY RIT IR AWANTY ORIPR 007D 75 .NAR2 DPRIPR 077007 —(*RIPR 1DINA RN W2 W NYT NPw

JPONR DA ORI AnNTR M0 DPWYR MOYWT W T 1POI012D Jawnn? ANIK WY 100w 2R S

omR AW 1w 0von 19X (Pseudo-random) 2%RIPR=ITINDD 071901 XPIY AWM 1 MK 197
DA75M) D) NPRIPK W O 00 LU0 2P DO PUTY 07 2aR LAPANAT ORIM NTMYRA DY MK
,OPRIPR ITIRDD D901 SW MYAWHT DR PRIWY AN POW TNX PR D) QREy 5V 2Mn XY LITRR 77K
ITIRDD" QXY MONI "RIPR" N0 AYD 92 ,1PWoYn (XY TIDD MIDY 2°IRNA KW DUV 20790

ORIPR

RIDK IRNI .INEPAY RD 199DKY 12199 737 990 NI30N2 0> NAY 9931 RY .OPRIPR 071907 NPYH MDY MW nin»p

SRAXY IDIND TIN2T DR WD 23RN KW VT DR 200000 0011900 20700 DR NWOR 0w

o°weann o nnp 2212 umk .0040:006Ch na1non — 7P 97902 WI5W IR0 1 PY NoDAn 0w

.0°X17 IMIRY QN2 ORIPR 007 2P 701 1w

:al 72 (1 3% 0) *XIpR 1901 oww TP vup .1 IR 0 RIPR 1507 2291 NN 0227 DX 1P°1 OX ,INT?

mov  ax, 40h

mov  es, ax

mov ax, es:6Ch
and al, 00000001b

DPRT v¥a1 .0-3 2 Toon ;Mmoo 11,10 ,01 ,00 :pan sRIpR 9501 ap1 DUNNRT 2°0°20 AW DR 1Pl ON

AR T TOP MW MYEARI
and al, 00000011b

121 0—-15,7-0 202 SXIPR 9507 L3P 007127 1MIR LIRDT T

AMRIY LAWD PR RO ,2 W P IRY MK 2N 932 1% ,9-0 P2 ORIPR (901 DX 1A Awwaw b 20 mw

:OYRIPR 0771907 NPRYY MWD WHw S M2en -2y 9-0 12 owng IR Haph qwow

.1-0 212 *XIpR Do DY -
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.1-0 owna A0 RIAPR D0 NYY -

.7-0 01N2 70N *RIPX DR NXY -

0 7RXIN 93P AR MWOR P W 70377 IR TR D22 0279017 W NRYONTIY RO T A0WA ANWRIT YA
w 1,5,1 1w 1,1,51% 1,0,6 % 0,0,7) 7 axxin? amw R vxn e e 2ax (0,0,0 a7 1xuw o°oon)

(.1 6,1,0

DNNG PINA RIT 19 XX 00N AR ,07X WHIRY DN N DT DI RIPR 150D ML KT VWD PNND
—0 01N *RIPR 1901 M1 ,9-0 DN PRIPR 1DON ML 2T ,ANNTY MR 1DO0N2 MM IR PITS —WPIann

.97 17w 090N 22 NR P 15

NN22Y ONR2 MPWI TP DN T TP .OPKRIPR D000 YW SN 2Zp X7 LT WA Iwn ovan
X7 ,7¥P AT P92 O°ORIPR 2°71907 IR0 XYY 373 aX 190 NP 55 93 1o7vnn nakow ,0040:006Ch
9501 XY DX AR POV 720 WA J0WE LMY 002 WP O WOW 0907 72pIw IR L,MIRYING PINA 7ap]

R0 N7V HW AT 2797 NP0 IR AT P97 NNR QYD ORIPR

D°1°27 ONIX DX URIP AR DAY 70,7770 QORI UNIRY 2°0327 DY WD nunann a2190 YE2Y R OWOR PNND
URIPY 22220 MWL ,naTo ,00919° 1NIR .avD H32 0N 2202 07 201 PUIY ,MITI01 NINTIR 19002 0N
Wan RIPY L1WDD YR AnPY 1001 ,1o1PNR LANK Opn O avyd Y3 —)1N9°72 1IWhD OIpna 082 oY XorinTuan

MR D02 RAP1L,Y2IPT RIPIW Qv 92 . XOr 0K MwyY N2

DORYAIY D02 OV XOr™ ™ NXMIP 20 2% MIVYARA OPKRIPR 001907 NIXPW NNIDIMND TaNT 1907
0°7501 NPX°7 A N1V M2 MW MA»PR 792 2PRIPR 0°7100n Ne Yy 92w Nk 0301 .CODESEG

JDI0IR2 VTR W WY RIZAD 9910 KW POIVNAY AT ,07KIPR

: 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

296

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

di,10

21h

oL o0 — 13 po
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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 c¢x, 10

mov bx, 0
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RandLoop:

; generate random number, cx number of times

mov  ax, [Clock] : read timer counter

mov  ah, [byte cs:bx] ; read one byte from memory
xor  al, ah ; Xor memory and counter
and al, 00001111b ; leave result between 0-15
inc bx

call printNumber

loop RandLoop
; print exit message
mov  dx, offset EndMessage

mov ah, 9h

int 21h

exit:
mov  ax, 4c00h
int 21h

END start

298

oL o0 — 13 po



299 oL o0 — 13 po

WhRNwWnR PR
23Y WA NTIPN —13°I% WANwn pwnn OV NTWW NPINN 72w 093 "W P01 T APVl

NTOPRTA MTIPD NUR

:NTOPAN 2w DY QPNWR DMNAT IR NTYRPNRT NWD HW 3p°0R 0 OIRCAN DR 1190 Moo HY pana

Scan Codes -

NToPRA QY 7YY WP 220D

NT9pn0 7R M1 aonn N opoBIOS miprona wnw

N7%pna 7982 P oonn NP DOS miprona winw

Qv g72Y% 2WAT N1 7T 9°Y02 .40 LRI NTYPR 2PWH Dawa TPIRY NMIPPIDUN 93 DY 1Ny Lampy

NN

W3 IR 0909 299197 MR ,NTIPR MTIPD NYYR 25WHRY R 1D NIONT 007X UMK WwRD L1
XYY 9an vhp 9P 12 mwsrn BIOS mipron xw w3 (BIOS/ DOS /oou9) 1avs
7Y 9N YRR WA M7 wanwn man® 112 mwarn DOS nipeooy 1710100 ¥ DR

2YDN 7I0INAY DX IR 2

RPN —2owpn o1 79w wpnn Sw ASCII= 19 nx tin DOS int 21h-1 nprooa winw .2
72 .ann ASCI 7p onh wow —(7n3172 00X Swpn) 2°pnwna 02 wanwa? Ik a8
Sw opnay ,scan code=1 Hw opna ASCII=a 7p pnvin nhaonni 7oRa 7Nk ,anmn ASCII
IRNWITN P77 MWD DR YXAY TR0 9TV LT 72007 .01 292730 Joox pnvin ASCIIEa 1

SR 2o 577y ,DOS npropa ownnwn ark o .scan coden oy

in al,60h

[25077 MITIPE NuYp

72077 QY A7V PW NPXANT DR PO 201 51 Yo naona Lint 33h P00 Y77y nvkann 125vm MTpD nwop
1 7772 5332 "int 33h mouse function calls"w9°n *7°-%v 2001 o IT? MPPa ¥t 12210 ,DOS naaoa

JTT °Y02 MI0ION JIRW MDD MY12° 00% 1IWORw 0°5011 TR XIXnY 19010
T P92 AN QTP MWY? 1TARY 93,9073 TIN? N2V ,120¥7 DR PY0Iw 210

mov ax,13h
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int

10h

oL o0 — 13 po

M3 ah ®7 ax ,2% ww) ax "3 oy 2onowl oompa .33h apo0o S venw mnw MTITXIID 702 vhwl 020V

nR y¥an ax=0h 7pa 5w 79207 DRI INIR PNRD w0 nPwRY L1209 IR D eon 270 .(int 21h oy 00900 umsw

mov

int

mov

int

mov

int

ax,0h

33h

ax,1h

33h

ax,3h

33h

IMNRT N

:ax=1h 7P ,70m7 H¥ 122977 DX 2°¥1 Ny

POV IXOMYT 01000 DR V22V 21 DR VPP X1 X2 2500

:0°R27T 0°27V7 DR 77101 AP°057

92577 °MN93 Yy aonon axn —bx -
Y2 2RAw IN90 —"1' anw 0 2I1pna 127 —XXXX XXxX1 o
P2 230 ne0 ="' w1 0Ipna v —XXXX XX1X o

7% N0 PRw amynwn—'00" o7 1w 0 20waaw bx w9 Ho ,mea

320 ®°7 1% ww MW Mnd 973 TN 07 WMIRWYD ,27 ww) 639-0 P2 5w ,N20vn oy —CX -

(12177 DI AR 75 01NWA CX DR PRI RN YXA? N oY ,7272

199- 0 pa amnay ,N2ovn opn—dx -

DI TR ATIPI DYDY 27210 D20V YW OORAWT Wk DY aXY A1NP0w 2UINORT IR N25Wn ARAT N°10N0
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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 db 12

CODESEG

start:
mov  ax,@data
mov  ds,ax
; Graphics mode
mov  ax,13h
int 10h
;Initializes the mouse
mov  ax,0h
int 33h
;Show mouse
mov ax,1h
int 33h

;Loop until mouse click

301
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MouselLP:
mov  ax,3h
int 33h
cmp bx, 01h ; 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 "2 nww

2w 9713 9701 NPINN OV YXA? WOR 7097 1502W 223N 9O DR —T1H2 MR R? N1PIOINI POV PWIY TY
ONR OR DK TP MW 9PRD TPYAY W 00 LPPIND2 LNRT NAWY .MIND 1297 D90 77T TP MW Rn
MPIDNAY 197 D%R2A MWV V0PN IR POV T LT MW IRR? DX P OAR2 037 WM 2°7wn o°nionn
P91 °ava? DONR PRRNW 110 ,111502 7PYAN DOV Q%R DY 0272772 RY TWOIMIRY .ON1IONY %D T1AvN ananow
0°V1 ,071M9°% 0°0010 DITW1A AWnNT Jon 2% 29y M22% 00% 010 PIPYW ,an PR AR R ,QPN7 2pnn TR

.OvT? WIR» P2

,N2°7 NIPAI50A WA NIION NIIATA NWNT 72173 N°I2IN N2°N2 —1HRA 1210 DX 1°X7 27,0008 WRH 71197 PR

WOV TV 172 112PNIW NN 10 FI0P N°I0N N2°ND 22w3A MR JIRY

NT2W XY 739907 0772 2227 aNIR AR N17P2 N MPXL 239 YR 9K, DINW MIPtIoua WAV P10V 1ImIN

AR AW 230 PR

7o

N2°N2.7%MN72 aNana an 029 PUTY ONK NPINING M09 2O ONRWD IR LJAT BYA NOTN IR D101 N2Nd
.ON2ANDW AMNTIIND NLAPRW DO0RIDT 71 119TN 72702 DW DPVIAW IRY WPIN IR AT 7297 NI AT N0IoN

AT RO TN DW AN01 An TYnn
.OPIXINT 2°I0NID X M T M 207 ,ANTHND PO N -
K27 TIPA YOR TWW A T8 QW TP MW o ik -

ST .T82 207 DA D0 L, N1AY 9% KO 2% PORD M KOW D ,N0210n W W Ok -

27¥2 9°201 XY OR 272 CX DX 1P 7% M211 PR L1209 APYDT DY AnaTe N1oNna
shr  cx,1 ; adjust cx to range 0-319, to fit screen

WWY 717 V202 WRY IR ,INTPR 12,20 TN P07 2O0PYY 0O 209 nNK 0°NIaND 00T R? W ,NNT QY

120 70N QW NWA ROV TIWOND AAMT APWYY 0 DR

mov ax, 5 ; copy ‘5’ into ax
7R%MT QYWD NS — TP AN

1T 0O7 T2TRW NION NI YIINTY 027w NAITINT N3N 770 MWYL 02°9Y P 12 nv1Ina 9999 anr owan
19NN OR 23,19 992 .NIdNY 2°AWNn anXY 2199 ad9W NYIOINT DWW 70N RN DY NN YR el e
2NNNW ATV LLTAR 1IAR 29V Tpn 902w 70 L,an00T 2WAn AN 110N 935w w7 PRI TR ,00n%YS

.N15N% 0°1150% ONRW 712 770 D27 AWYUW 0 72°77 22WIN3

PP TN DWW BoPY L129Ma DMWY BOPY W1 1T AP DY 9P 973 .NINTA 9w W a0 nowan?

("7m°71 2wAN 2397 PR W) VITVIRA TR WD NOW DR MR TINPD 19210 .11 10V 0w opy
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‘ .starttxt n7nninn nyTIA nooTh |

1 td
e ~
l todo mixainn nosTh ‘

al WINg Im nop

call Clrscr
NYTINN NE9TNI
wronginput

.Menu 100N NesTn
.inst nixn Moo TN

l .endtxt Y TIAN No9TH ‘
'972 2¥NT AN
Call DrawKeys
m (al han7) port 60h N
1w MYl
Key I

WD DA
port 60h -2

7nnwn
al v wn iy

Kegy 0N OXN ty
4 X9 00X NIN WU P 4
MNYT7 MDD
2(nw ®7)
call Stop call CheckKey
le—|
call DrawKeys

TN NN

(key_freq)
call Play

>

call Stop
'972 2NN NN >

call CirBuffer

(197227 naroN) 030D YW 70 W IN TNT
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MMTRIDD YN

TR .DMYD W 27 7901 PIND DUOXW IR VLR I90n anIT ARl 2°WON QnIXw SR ORT? )
SY 2v°7 WAL 0°2°7% ONR ,0°AR RIXAY 720 *12°0 027 °7°W %10 ONK OK .2IN27 22TYN aNRY MMTRINNT
ONR ,7MR QNPT 72 77ITEND aNaAND OR -N12°77 29w R MNTIND HW v PN . MMTRINeY ap1enn

MMTIIMD NPDW NPI2IN 3272 D°O7T AD YA PXI MR LTOR WP DOIRTIA N1A? 095°IX KD

,0°T0WS 72717 DR P93 10K ,72772 INN0AY IR RIXAY 0°%17 MR R —"N27m R nowa wonh -

TP DR TANT N2 AR .RAT FUWL WAl ITINAT TUWT DR P00 2P0 INRY L1732 [uw 9D Rl
:bmp y21p72 73%0 NRMPY N°12I00 YW Ry

: Process BMP file

call  OpenFile

call ReadHeader
call ReadPalette
call  CopyPal

call CopyBitmap

0V T AP R? D190 LIWD L7 KY 30N MK 2202 MR NP0 KD 0IwD 19w NAINNY 1A
URTNWY MR ,NAR DR 7T 1R "W ,a379aR 05w MTITRIN0T IR 0°101 "2 R nowa

P PRI TYET L, ARNT LTI o MW Y

: Process BMP file
call  OpenFile

;call ReadHeader
.call ReadPalette
;call  CopyPal

;call  CopyBitmap

1M RY) APPN 771X AN91 YA P17 .72IP MINDR PO T AW ROTW A0 99 YANIW M1 DX 7ol

JIRDT 110wnn 27°P0 207 (AR TR

DR OIRXIW 1231 .78°7 572 TN NI 28 NPT 720 15°n0 12 poon TD-1 .%o >10 Jin o R1pY -
TN2 PPN M2 NTAW AMNTXNOT AR PI7A7 DX umXY ,awnn ReadHeaderh nxepn

aroa Tn 22 axn1 header R mR1? o1 .header-n nx mww Twn 177a1 DATASEG
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YA W LNR TW P0p ax — 'BM' nia® 009018 19w 2nWwRIT 2000 CIWW 2OV MK LR

JIRMP2

NPT ANTIMD 1Y W 71 .EAY 2MIDX 07 71 DOVTY WMIRY 2012 TP VLR MNTXND Aonah -
1,717 YR WY aWWW DINR TNTIN0Y YR DR T2y XM, Wanwnn 7Y phol wpn R
IR 21727 119 2107 DA L2090 7AW XD NIMNTXNDT LW 17X 9D 1731 L7000 DY 9973 IahR P 10
JURNWAN ST-HY PRI WRn UK TIWR ROW MIRY TP Y0P 90117 207137 1MIK LY DRYAT 717D
DR APTAY 77N YA WOW ARNID L,I2WeR YA OX L12P 7Y pNYY amIpna) 077N aRXINT

.J0n 9y apDIaT

MRWR DYXAW TP V0P 2w N1AD 179°7% MMTRINEY AP0 L0000 371182 2277 190N 21ow 20 W
TTITXINON NPY DY DIPW TNTXINONW ARWHT DR PXD7 WOHR DX 1NN 1AW .20 MNTAN IR @

ST 91K KD FNTENON AKX ,000W FNTEIN0N TIN2 a0y DY 2Nnw TP Yup W OR DR

Q%172 IR 2pyR

Y2 WY OR L1907 .N1Y MIRGAWY YIDI PR 07,719 17978 1200w AR?YY 27D 710 119°awa 0090w 798,001
52P% DIMR 17 R? OOW TV 021N QN0 7PN TN KD ORY 05w 0O YW RT3 YXAL W ,00%W TIpa

(CX DR MIwnw TNTRIND? aNRIP TR ARD? aNXIT A7)

129DR IR oMY Q2117 DW 2O07YR DR DU0DTAW TIP PYUR 039W N°I0IN7 021977 YRR L,1vab 25 onw RY anX ax
I IITXIND 12050 AR 2OY MY CIPATN DT 2NN 293 P 29PN DLW DONMIW RTN? 1IN D Ly
avs 922 W7 AR DR wnnh 2pna 7P R J0R% W TV DR 200D T00°A7 R0 2vhapnw pn

i

199%T MIPnYT

3192 XD PYI ,TIWNRD N01 KD DIPAY APNYAR IO PR .02 1101 KD DIpRY ApNYT RN TIRD PI91 AR TW
X ,DATASEG-2 onX 2°57Y 029 01772 72179 12 Apnva .anIT7aIw JIva YInn Y7o 2w apnvae ROR ,76xy

1007 10002 009 CODESEG-2 0% 017179 —91 0% w wian oX

IR .VINADT VORI W 20T DR MWD 09778 WMIR DUNYRW XU L,1N2TY Mpnva Jwpw N0 7Rl

72719 77739 952 NIMDY NP NIRYIN 2°15N07 1IMIR NINR ,ONPAN X172 aMK T2 TR wn
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SH2RORT W NI MY
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wynm (StackOverflow 72377%) 2°nionn D197 WoANW SRT? 217 W90 Ton? aXAWT TR DX PNy
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Q107 °BP1ND TNRY MIXINAW P12 °1AR 19072 WIRW 93701 77 2°a0n2
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nawn1 aoK 7%°n2 -27 Ww .neaona nx R o»on ESC By et “Key released” iy 0910
P NTORHAN WATW NIART scan code-n NR MAW X P70 DR YRAY 10317 7170 ,197 LOAR aXend

ORN2 Y77 09977 IR 7INW X7 OR
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100D WK AW QY 22V wpn DY axonh oy 3o

25 D0p 1Y YW TP DIDIW MYEARD R?Y NN IRDI? MYARD Y1207 DR R vomn .a
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Q1299

1RI MIHW NP19IN2 2573 DPHIADR 2PWHD TR 1TAY .10 BP™IND NNOY OMVIAYT DORWI AN 1IPOY 1T P92
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HINORA 2N MAA2Y 720 MTIPD DRI — 'R 11902

S92N0R O°TAPW D°TOMPN MY 7210 MITIPD TR 19X -39 1MW 920K AN32 N1AAR F2I0T MTIPD W 037197

292082 177912 P92 D°AWNN2 NMNAIY DWW 227170 MaY P71 ROX ('D0723"2 1MD) A72nR DTN NA0mna

1720 DAV MTIPEa MTIR U591 AT 2752 ,722 11727 MTIPOT 211 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
JNGE
JNL
JNLE
JNO
JNP
JNS
JNZ, JNE
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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:0°937 °2%n NMYAPY MNP

Xwii 737 n7n -CLC

X171 237 NP1 -STC

mp097 %37 n7n -CLI

I¥OP MTIPD

RINT MXR°N | Signed 0901 | Unsigned 01907
wnn 2173 OX 7IOp JG (JNLE) JA (JNBE)
wnn Jop axk YIop JL (JNGE) JB (JNAE)
TN IR 173 OR 7I9p JGE (JNL) JAE (JNB)
W IR JOP OR 7I19p JLE (JNG) JBE (JNA)
Y oK 79 JE JE
71w OX 7I9p INE INE
cx=0 ox y1p -JCXZ
:0°9370 2% DR N1W° MPpTIAw 38°0p MNP
7NN AR
P177 RWIT 937 OX 7I9p JC
120 RWI7 937 OR 7P INC
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177 DDRIT D37 OX 7I9p 1z
"2 DORIT 737 OK PIOP INZ
P127 1°077 27 OR PIOP JS
2D 12°07 737 OX PO INS
P27 IWOLAT DAT OR 7IOR JO
20 WIYNT DAT OXR PIOp INO
P27 NPT 93T OR 7Iop JIP/IPO
22 NPT 937 OR 7IOP JNP / JPE
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Y937 WO MNP

ah-% 0773777 w3 W 2°o13n 0w an 8 X P nvn -LAHF

nI0nRY 2¥9A7 oA nR P nvn -PUSHF

D°23777 W00 R NPI0mAn R 1IN Nk pnva -POPF

MDD MR MTIRD

-MIR2T MTIPOR 1w ,0°°0n umRw LOOP-5 non

DATW WATI-AR0OPY ORIN TW W IR .NMNNY AX0p NY¥ann 0ox2 M X7 cx ok ,LOOP 1m1>-LOOPE (LOOPZ)

.LOOPZ & LOOPE »1x°2°19% cmp a8Nw:s DTP0 327 “winsw 199 .17 7°7° 007

WATI-%°OPY RIN TIW W IR .M 7¥°9P nyxann 0oR? 7w X7 cx ox ,LOOP 1m> -LOOPNE (LOOPNZ)
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:MB0N AT MTNPD

-MIR2T MTIPOR e ,0°°0n ukw SHL, SHR %y non

HRAW 377 0227 -TNR 97372 ,KWIT PATY PRV AN HRAWT 0am aoRaw oo o°wean 7o ,SHL mo -ROL

PR 8RR M X ,20 Y 1w ROL 1% yxan mnxTh ah nR fpt1 ax 12 1m° 297 072 PR 03 pnvn

D3 PRYIN 210 937 VAT -TAR P72 ,RWIAT D3TY PRV NP2 21 vam e o't vt 95 ,SHR mo -ROR

DRRIW 7 1N DR

211 5977 ©°27 OR pnvn Rwan 9aT X ,SHL m> -RCL

SORAW 7977 v PR pnvin Xwan 9a7 IR ,SHR 15 -RCR

SHL-% 77 -SAL

SHR-% 7771 -SAR

NI MO NTIPD

RWIT 237 HWw 129 R RN, 79°01m Yax ,SUB 1> -SBB
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:Piazza-5 noo10

"students get started" »n2 www.piazza.com nx? 10127

pIQZZQ s

https://piazza.com & # O

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 class on track

« Anonymous posting encourages every student to participate

« Highly customizable online polis

« Integrates with every major LMS and is FERPA compliant

) Professors and TAs Get Started

View a Real Class

Over 30,000 professors have chosen Piazza

Click on an instructor to see why

"gvahim" nv 0722182 172

Welcome to Piazza!

Piazza is a free platform for
instructors to efficiently manage
class Q3A. Students can post
questions snd collsborate to edit
responses to these questions.
Instructors can aiso answer
questions, endorse student
answers, and adit or delete any
posted content

Piazza is designed to simulate res|
class discussion. It aims to get
high quality answers to difficult
questions, fast!

The name Piazza comes from the
Italian word for plsza—a common
oty square where people can
come together to share knowledge
and ideas. We strive to recreate
that communal stmosphere among
students and instructors.

313

Select Your School

You can create your school if it does not already exist

Are you a professor?
Click here to create & join classes

Search Schools:

gvahim| ‘

Searching for "gvahim”

Gvahim
+ Add New School

Next, you'll get to add your classes...

2
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Welcome to Piazza!

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.
Instructors can siso answer
questions, endorse student
answers, and edit or delete any
posted content.

Piszza is designed to simulste real
class discussion. It aims to get
high quality answers to difficult
questions, fast!

The name Piazza comes from the
Italian word for plaza—a common
oty square whera people can
come together to share knowiedge
and ideas. We strve to recreate
that communal atmosphere among
students and instructors.

Welcome to Piazza!

Piazza is a free platform for
instructors to efficiently manage
class Q&A. Students can post
questions and coliborate to edit
responses to these questions.
Instructors can also answer
questions, endorse student
snswers, and edt or delete any
posted content

Piazza is designed to simulate real
class discussion. It sims to get
high qualty answers to difficult
questions, fast!

The name Piazza comes from the
Italisn word for plaza—a common
cty square where people can
come togather to share knowiedge
and ideas. We strve to recreate
that communal stmosphere among
students and instructors.

P 90 — 13 pd

"other" qvono 17na

plazza

Gvahim

(change school)

Are you a professor?

Ciick here fo create & join classes

Selected Term: | Summer 2015 v
Selecta Term
Spring 2014
Summer 2014
Summer 2015 Fall 2014
. Winter 2015
Class 1: Spring 2015
Summer 2015
. Fall 2015 .
Classis: Winter 2016
Spring 2016
Class 3: Summer 2016 5
Class 4: "
Class 5: o
Add Another Class

assembly omp 1m2

plazz

Gvahim

(change school)

Are you a professor?

Click here {o create & join dlasses

Selected Term: Other

Summer 2015
Class 1: |asse|
Class 2: Searching for "asse” X
Class 3: | 1-Assembly 76 Envoled | x
Class 4: X
Class 5: X
Add Another Class
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"assembly" o0 10710 student- v M .5

plazz

Welcome to Piazza!

Piazza is a free platform for
instructors to efficiently manage
class Q&A. Students can post
questions and collaborate to edit
responses to these questions.
Instructors can aiso answer
questions, endorse student
answers, and edit or delete any
posted content.

Piazza is designed to simulate real
class discussion. It aims o get
high quaiity snswers to difficult
questions, fast!

The name Piazza comes from the
Italian word for plaza~a common
city square whera 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?
Ciick here fo create & join classes

Class Access Code:

i assembly

submit email 5y 121 ,A0RT YW T9YD TP TP 79K ,971 N2IN2 100108 .6

plazza

Selected Term

Gvahim

(change school)

Summer 2015

1.

1: Assembly
Instructors: Barak Gonen - 76 Enrolled

' Joining as Student

Please enter your email address

test@test.com

Email:

Confirm Email: | test@test com|

Submit Email

Unable to sign up? Email us st team@piazzs.com and we'll help you get started!

{go back & edit classes)
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submit 5y 1xn9 an?20pw Mpa Nk w7

plazza

Gvahim

(change school)

Selected Term:
Summer 2015
1: Assembl
1: )

In: ors: 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 fokder
first. Click here to resand the email. (It may
take a few minutes to amve.)

iz9TeY9shho| |

Submit Code

If it's still not there, please email us at
team@piszza.com for help!

Unsble to sign up? Email us at team@piazza.com and we'll help you get started!

RIN DR ANRIPY WX | am not pursuing a degree X982 12 munb .00 wanwn ow na .8

.0°R377 2997172 .ann»0 11 -Continue by 1gn® 1on anrh wnwn

Finish setting up your Piazza account:

Account Information (required) 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
testtest = sessssss | sesesees

Academic Information (required)

What degree are you currently pursuing?

Graduate Program Major Anticipated Completion

[ Select current program.. vl [Emer current major ] [ Month v] [ Year v]

@ I'm not pursuing a degree

This info UsSca for collaborative features on Piazza. We will never share your information without your permission.

< # |'ve read and accept the tems@
Continue to Piazza

| have two majors
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JWI0 I9RW No1dn

172 N9 W 1PN .new post Py wpa AR IRWY nan By

- Post type = Question

- Post to = Entire class

- Folder = Other

Post my question %y wpi 710271 ,798W2 N> NNk mown HX

plazza T aE A e e e
B okt 0 it ptien e

<« d Unresolved Following Q-

Post Type
|

Note Polliin-Class Response

Search or add a post. i you don'tneed an answer i you need a vote

® Question
if you need an anawer

Postto @ Individual Student(s) / Instructor(s)
<po<ip>
= = Select Folder(s) i b hed  bwd  bwd  hed b7 heE  hwe  hwiD  poRct  exam gt
- PINNE
. Your o currently set to use default folders. Edit these folders via Manage Class page
W Private Search for Teammates! 51315
pusey Enter a one line summary

+ THIS WEEK (100 charscters o less)

B instr agona Mon

[ Details

use plain text editor

Edit- Inset- View. Format. Table -

B I E = M T i i/ B ®| i code tt | ®| Help

Sun
E
NSt “nox xen iKY Sun
v ne ot oo ) E
« Aninstructor thinks this is a good note
W Private Introduce Piazza to your st... Sun
E
o M Private Get familiar with Piazza Sun
| E
Posting Options Send email notifications immediately (v
o ' Prate Tips & Tricks for a successf... Sun
aE
Save Draft Cancel
Welcome to Piazza! Sun
s | E
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http://edjudo.com/wordpress _livedec10/wp-content/uploads/slider/digital.jpg
http://visual6502.org/images/pages/Intel 8086 die shots.html
http://www.ousob.com

http://en.wikipedia.org/wikiiMS-DOS _API

http://iitestudent.blogspot.co.il/
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