OF TE(,
2y . . . ¢
& G
8 S
3 2
= (=
2 5 )
& =]
2 S
& 75 ~’
R &
Y we

() (1SO 9001:2015) (ISO/IEC 27001:2013)

FTATEERT TUT d=I5TH U ereht

forerur gt

(Learning Material)

MICROPROCESSOR
PROGRAMMING

(314321)

K Scheme
NN\

HIIDTHTRAHER
SR

0T ATEATEh! T
(Sh &=him)

S —2Ush (TewTieeR) |weaw

(AR & TSI <t T UgTaeht)




Rreor gfarer

(Learning Material)
HIASHTIRIER TR
Microprocessor Programming
(314321)

SRR AR
(P-Eh1)
K-Scheme
WRTo1-8Ysil (fgHTiY®) ATeaH
R LB KERIE IR ER FEED)

7
2
N/
=
=
= [ ] [ ] [ ]
(@]
3
-
S )
)
‘\‘l\\'\

(XATY)(ISO 9001:2015) (ISO/TIEC 27001:2013)



AP YR T
Microprocessor Programming
(314321)

1. fasra AR FHhY
faurTIRTE, ot Siftrifaet

1. faer g AR FHe
faurTIRTE, o Siftaifaet

1. faerg AdaRTa oH
faumTIE, Tt SrfbgifAet




(HTTT) (1SO: Roor:R0%M) (ISO/IES: R900%-30%3)
YRR AR SR, T JSTeAT, ¥R, WRATEl, Ji5T (J6), TaE - ¥0o o4,

ST . 0R-BRU Y00 / 262
Email : director@msbte.com Web : www.msbte.org.in

IS ICED

TERTSE AT YgierehT WRISRIT qATeomaes faeneard TSR Shivied foehid s ot
HROTHITET STIOT YR HHY Fien 9T HE ST 3ot Hvgre, [aeeisur o Jeamm FHRuar aud
Torenell ST MHesavaT=aT AreawTeh quiaut R ST WRRERT STHATd, 7T eATHIe! atidiel Trad JFT Eof
I BT, Yoo o HSiTeh STt STTehet UNYUT &1d, HTcHe ST FER ST e STTeiavars
<Gt dedl 91 Hd i [oaR e Heaihg SIeiiTeh Sl FiEdr suard siieiet o1 . 9Rd 39
BT TSATITSHT aehidd SeTell $97 TG JTHI0T IRTIAIT foenea i ditieh TO1eTor ST SToer ST = 3
iR SETT STT9R FHS[ SOl YT BISeT 4T SIeshiHIqT HeRTsg 54 o FoTeqvT HeabM Ugiaeh! TRieRier
ifsrer Toreromen<ian fommeaiT FRISH-Sustt Tyt AT uat Sieiforeh o 2032-3R TR SUeTsd T
Teeter o2

UL VeITF GRU-R0%0 WRRTE WO EOTE WA I, WM fomreA qites
TgTTtyeR ATeTmTET YA 5 o g TuhRatE] SUeTsd e SUATd STl 3T, THT b T SIeioTh
FHIET el TATRARIAT YT T SUTd 3 M.

TTSehT WA TR STHeh SIER HUATHIS! HeRTIA STHal J T3 ST FaeIRs
TRTST STST S SIS AT itk SISITaet! AT SR e HRIS! - ST TS Yav e AreuaTe e hetell
atTioT forehT Qreeiier. TRoTee:  fovaRaiid Aseie =T TR YUl hivaTd HeRTe 5T 3PRR TR o
TG TG AT FHRead STaHR ARel , 371 Hell fovaTd 3.

AT o FEHIV], TS TG AT SR Tetel AU o Se-GT i T 3T , a1 qard H 7: qah
e Y |

NN
(qqg;ﬁs‘%)
GdTeTsh
. 1. 7 orevr v, Has.




ERERIMEY

37 gfHed A1q Uy hHID

. |8us616 fae arawvaeR .
(8086-16 Bit Microprocessor)

, SR THael YHTRATT FeT s
(The Art of Assembly Language Programming )

\ 8086 ATIHIUITRT SR Ie s
(Instruction Set of 8086 Microprocessor)

) ST TS HRATRRT \g
(Assembly Language Programming)

s TifReR Sfor Hept o

(Procedure and Macro)




TGP IR WIATRT - 314321 Microprocessor Programming-314321

gfe-1
8086 16-fac AAHIVIRIR

(8086 16-Bit Microprocessor)

fawy fAreo=h (Course Outcome):

CO1: 8086 HIIHIVRIERAT HhaRd slleh JHTdhcild [T HR.

e frea=it (Theory Learning Outcome):

1. 8086 =T feaied fU=ar Hrar o &,

2. 8086 ARSI Aeiel 59 Sy e 3NfT ufegraer g orf Wy .
3. 8086 AP IIRIERALA faaiedT Ie=™ BRI T

4. 8086 HIIH YRR fgded TS fhfoiamd Ty HIal.

1.1 8086 HTGH VAT Uiv=g (Introduction to 8086 Microprocessor)
8086 HTIHITRIER & 8085 HODIMRD JUIRA Mgt 318, & 1976 AL 8085 AT TR
BHHRAIR HTd IO BRI Bl et Bid. 8086 BT 16-f9e HMOS HRISHITRIRR 3Tg St 40 fU IC
T IUAS 3Tg 30T 5 Flee ST UlaR T aR ATeAd. 8T U 16-Tae-SHTUTRd AIhIURIRR 3Te Sard
20 bit (Address Lines) 37S¥ @Te 30T 16 bit ST A2~ (Data Lines)3{Ted. 8086 ATIHIURIR aH
RIE Hie A HH Hdl. HdgHqT (Maximum) Al HTRTH, THT U 3MUdb TRIR rcied
RIcTaTdl Suge 318 ST fHfHH (Minimum) HIS SRR Tdhd YR ¥l RICHATdl Suged
3.
1.1.1 8086 HTHINIATRT! afkreed (Features of 8086 Microprocessor)
8086 AR Hald HewdTd! dfRIse] Gy -
1. 8086 HIUHIURITRAT 20 3g¥ AT~ (Address lines) 3Md, T 1024 Kbyte (LMbytes) FH
3y HdT Udl.
2. 1C R O Te Hl ruaidl A wiaRTs 16-foe Tgd 3M1fir a1 ADo-AD7 (Address/Data
bus) 3Tg.
3. 3HqRfeT i et (Clock frequency) 5 MHz, 8 MHz, 10 MHz 3{Ted.
4. SRR AT Ao d AU UIGR 30T HRTHRITE 8 fae fdhar 16 fae 9128 (Signed)
30T 3FHTES (Unsigned) STTeR &l 113, .
5. TRITE TR 311 AeiUiaR (Multiprocessor) B TREH Ui SHTORfET ArsHed &1 o
6. SXWAM I< (Instruction set) RfFARITEH, TafId 31T 3T ‘C’ THASTHREAT 81 g erigored
UIUTH ol SIS, Qb
7. 256 UBRd Racs ATed3R §ex¥ (Vectored Software Interrupt) 3fTgd.
8. SCHRM URIRIRT USUATZAIS] 6-813¢ S¥¢aRM & (Instruction Queue) UG P,
9. 8 fac fdar 16 foe 1/0 TSH TR HRdl o AU SRdld SRd 64 K 1/0 fSarsam Ty o
T,
10. I RGBT UTdeS! YT SRS HieqH i (Maximum) SATOT ffHd (Minimum) Areaed ot
GG
11. 24 JTATTeaT TSR HISe (Addressing Mode) A &R
12. AT (Multiprogramming) FHYH &
13. &7 AAE@FEET (String Manipulation) d7TeT S¥eaRT faaied Med.

Maharashtra State Board of Technical Education 1
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Microprocessor Programming-314321

1.1.2 8086 UTAHIMERA fU S/ (Pin diagram of 8086 Microprocessor)
8086 HIDIURIR BT 40 U9 AR 38 SHL SRR Udd dre[en 20 U 3gd. drEl Savd

WIATTIHTO! 3TR.

1. AD15— ADo: (Address/Data bus)

GND
AD14
AD13
AD12
AD11
AD10
AD9
AD8
AD7
AD8
ADS
AD4
AD3
AD2
AD1
ADO
NMI
INTR
CLK

GND

MAX

E Vee
E AD15

§| A16/S3
37] A17is4
36] A18is5
§| A19/S6
34] BHE/S7
[33] MN/MIX
2| RD

1| RQ/GTO

8086
Microprocessor |2

| 0
o‘o
Qo
ES

-

a 4 g

o »]
w W
- o

A =
o
2

21] RESET

BE|E|E|B|E| BB B B|B|E

(MIN)

Fig. 1.1:8086 HTIHITRIR fU=T STIUTH (Courtesy: Intersil Corporation)

8086 HTAHIVIAHR fU=< Ba=F (Pin Functions):

fg 16 foc UgH/Se1 99 3116, ADo-AD7 TSR 3fiax (Lower order) ST STSC ATg dll SATOT ADs-

AD;s BRR 3SR 93¢ 3T aIg Ad!. Ufgedn Jaie I, f§ §9 bit-16 (Address) BER T39

aTg A SHTIOT IR T ¥ 16-bit ST (Data) dTg d.
2. A16/S3-A19/S6: (Address/Status bus)

3 9 TR USHRCT (Address/Status)odT T 4-fac T3 O SiTd 31101 a¥d o ey R

JIed. T2, T3 3101 T4 XHEM, S3 3101 S4 Wy R{ud <& d 1.1 A SAeayHT At Ie

IBEUITTS! 7 Wy AZ-dT aTaR Hal S,

Table 1.1

Sy S3 Segment register
0 0 ES

0 1 SS

1 0 CS or none

1 1 DS

3. CLK(CLOCK):
& 9 gR Fal% (CLK) Raua e Sal. 3 MRRRal SiRMwrs! 9 UeH &-d. 5,8 ,10 (MHz)

TITECSl 3T AT SgoiaTa! AT fTher=it dTavTest 3_Td.

Maharashtra State Board of Technical Education
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4.

10

11.
12.

13.

BHE/S7: (BUS HIGH ENABLE)

BHE T8UIS! ¥ 819 3494 (Bus High Enable) Tf0T S¢T % Ds-D15 AT0% S¢Td §¥icRUl (Transfer)
SIAUarTS! AR . ufeed Fale Iraed 94 81 fRud a (LOW) 3rdl R g/ R wed
IRIqdl. S BN Sad el aTR ¢dd 1.2 Tl gRifdced 3= $iER (High Order) Dis-Dg SeT

TR ST TR HRUGMTS! el ST,
Table 1.2

= Ao Word / Byte Access

BHE
0 0 Whole word from even address
0 1 Upper byte from/to odd address
1 0 Lower byte from/to even address
1 1 None

RD:
g1 R Ufdees ot 3ileye R e, Siegt 81 R ot (LOW) SiTdl dgT ferd ol &1 TR Tost
fdar /0 € (READ) HTURRH & 3Te.

. READY:

81U Ufdcag 81 (Active High) R 31g S (V0) fe@Tside Scl e auamra! aruRe S,
SiegT /O TSR ST gRIhRudl TR 3Rd, degl /O SBT3 dgR Ye! R Arieh IHRRRal Urdad
STl SiegT 81 RFa &l (LOW) 31dl, degl d STl S-utha Udt& HRUM HIshITReRal Jfed od.

. RESET

RESET g1 Ufaes 81 (HIGH) $79¢ RiUd 3118, RESET Riyel TERd dhic JHTURRH JHIW B
TRIR e HRdl. ARImd g1 Rivd HHldeH! IR Filh Idhd 819 (High) SREEET Tiig.

. INTR

INTR BT Ufdees 819 7ad T8 (HIGH Level Triggered) ARG EA $ex¥ (Maskable Interrupt) 3¢
uret 31T S MRIRRAT $SR¥ (Interrupt) HRUATIST ATURET STl 8T RiUd e 3¢H R Adcdl
CSIEASIRETN] (last clock cycle) aX®&TH b HedT SITdl.

NMI (Non Maskable Interrupt)

NMI (AH-HARD A $e¥ ) 81 Ufdeg 81 TS TS (HIGH Edge Triggered ) $YC et 3118 S
UIRIERAT $eR¥ (Interrupt ) HIUATHTST AR STl g1 Rive YA S HR-d1 Jdcdl aelidh Aradhd
(last clock cycle ) aX®ITH dd hedT S,

. TEST:

g1 fdeeg ol (LOW) $1Yc RIUd 3iTe Sl "WAIT " S¥¢hRHM db chedl Siidl &l fU SR SR 39ge ol
(LOW) SredT TR TRiaRH & M8d, ST TR <38 d »(Idle) fRudid yiedr.
Vec: 8 OlaR Qg fU 3iTe STl Sv dieedl UiaR @i arTdl.
GND : g IS8 U 311g off Rifkew wrdsan Sisat e,
MN/MX :
URIR HI0TAT Aied Y 3HURe dxgd e d g {9 a3ad. sR & fiA +5v tiaR I d-ac
HAT R YRR FAfAHT 718 (Minimum Mode) A& ®10 &Rl SR g fUF GND TSl dide &l
R TR Afeqad 118 99 &1 $rdl. {09 Hex 24 d 31 9 S fHfae Sfor Afeqay dis 7
AT 3T

Maharashtra State Board of Technical Education 3
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o fUfFTH A8 7 U deR 24 4 31 A &k (Function of pins number 24 to 31 in minimum
mode)

14. INTA :(Pin No 24)
g1 Ra Ufde® @ (LOW) 33y REd 38ife. ST 8T Rud o (LOW) BIdl d&gl $exuciT
fSarsTa INTR feR 3exp fiesTear diermrad (Acknowledgement) &l

15. ALE (Address Latch Enable):(Pin No.25)
o1 Rpret Ufdess /1 (HIGH) 3mSeye e 3R, Sieg 81 Riret 319 gl deeT 31 Ryraisigw/ger
FIR (ADo -AD15) 39 (VALID) TSl SUctetsar g2ifaar.

16. DEN (Data Enable):(Pin No.26)
&l o Ufdeeg o (LOW) 33eyc Rire 3ife 311f0T §9 gRflegRard! $iideye THad e vam
FRA St TR (IC 8286) TASH HRUGIATS! ATORedT SiTd. TFURIER § Uh JUHBRUT 3] of
3SY/STT SHHYH ST ATe5 HRUITTST dTURT ST,

17. DT /ﬁ : (Data Transmit/Receive) (Pin No.27)
griegRgR Scl Yargrat i FafAd HRugrdl g Rgren aiaR el Srdl. SR g1 Riud g™
(HIGH) 3{9d R YR Sl §HaR Sl ¢IRAC Hl. SR 81 Riyd af (LOW) 318d oR R sl
Fqa¥dl gl RR® (Receive ) B

18. M/IO : (Pin No.28)
AR 0T /O SHTURRIT T WRh US| a1 el aTuR &l Sildl. Stegl 81 e 81 (HIGH)
ST degT TR AT SSRTEE (Read/Write) SHTURRM #d 3Rd.siegT g1 fRaua @l (LOW) SITel!
JRT IR /0 HSRTZC (Read/Write) SHTURTH Hd 3.
19. WR :(Pin No.29)
81 Roret Ufdeeg &t (LOW) 3T3cyc Rt 3iTs. SiegT 81 Rywred &l (LOW) SiTdl degT Jferd Rl &bl
TRIRR §FRY fdal /0 T3¢ (Write) STORRM HRd 3118
20. HLDA : (Pin No. 30)
gl Ufde 8/ (HIGH) 3M3cye Ry ofe S YRR G801 ORexdl Rd urdqd sidbHia
(Acknowledge) Txal 30T USH &9, ST 99 9 dheld o ga=aT ARCIAT Sl b3t YUg
Dl
21. HOLD: (Pin No. 31)
g1 Ufdesg 81 (HIGH) $71Yc R 3118 S RiRed §e GaRT AReR 5 f DMA dheler (STRde
IR TR didd o9 “gices” HRUAM! [a-dl dRd SRIedTd Jiod PRl Tor JRRar Rwa
BILCGI
o HIRTHH WIS HA fU9T Fa% 24 ¢ 31 ¥ ST (Functions of the Pin Nos. 24 to 31 in Maximum
Mode)
1. QSo and QS1 (Pin No. 24 and 25)
QS 3T QS, RIUE, 8086 TN S H R AT IHITa HTH U Ut T HRald oivl e
ST HRER A T el ¢ Hrdl A5, § Fid aIeh feedTIHT0l Seh R Fd! Ry v Hrdrd.

Maharashtra State Board of Technical Education 4
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No Operation

First byte of op code from queue

Empty the queue

Subsequent byte from queue

2. S0,S1,S2 (Status Signals)-(Pin Nos. 26,27,28):
B Ty R ed o SHuR=Fd! R U™ dRdld, o ¥ dhelerk 8288 gR BRI fdhar 1/0 dheid
vy TR HRUGITS TR STdTd. TRR JTatd JH10r SoReH Ry gRfad!.

52 51 S0 Status
0 0 0 Interrupt Acknowledge
0 0 1 Read I/O Port
0 1 0 Write I/O Port
] 1 1 Halt
1 0 0 Code Access
1 0 1 Read Memory
1 1 0 Write Memaory
1 1 1 Passive

3. LOCK (Pin No. 29):

81 RIUd TRIRRGR SFke dadl Ufaesg & (LOW) 33eye Rud 38 o Sav Ried 99 ARey 1
Ren sk o fr TS 59, SeT o9 317 deiat o9, a0 e et § gfed & 81 R

SFRE PRUGNIST LOCK $¥eh dTiRe o &l fier TR Rifen a9 Qs dadradt

(Acknowledgment) Rrure 3ar Rifter ARexa uraadr.
4. RQ/GTO RQ/GT1 : (Pin Nos. 30 and 31)

PHC MR 99 YAHaA dd! RRed §9 9y fob Tg9 79, Sl 9 101 dld §9 AISur

i<t HruarTet 7 Rwd SR Rived ARed o o HITRRR (Coprocessor) 31T DMA W@T’R@ﬁ

IR SITdTd. RQ/GT1 U&lT RQ/GTO Wl ST TTeT=T 3,

1.2 8086 T 3MMfHea=R (Architecture of 8086)

8086 TP ITAIRI S T e 3ATed of Fig, 1.2 A cRifaad 8.

a. 9By e a3y (Bus Interface Unit-BIU)

b. TERIFRRM gie- $9 (Execuiton Unit)
a. TfFIRI=A gfAe (Execution Unit)

Ul giied el @l e ag:

1. $CaRM a1 ST H@ MUMg= § BIU o Fi0L,

2. SHRM SIDIS B0
3. SR URIRIC HR0!

EU A9 16-f9e ALU 3718, O 8-fac a8 16-fac Serar sRiynfes 3T difvierd SiTuNR-g e Rdhd.

Maharashtra State Board of Technical Education



TGP IR WIATRT - 314321 Microprocessor Programming-314321

[MEMORY INTERFACE]

C-BUS

6

INSTRUCTION 5

STREAM BYTE 4

B-BUS QUEUE 3
ES

2

BUS cs 1
INTERFACE sS

UNIT s ‘

P EXECUTION UNIT
CONTROL SYSTEM
A-BUS

(AR AT
o AT
CH L
EXECUTION | DH DL :
- N —
BP 1
5] !
;

Fig. 1.2: 8086 T anfHea=r (Courtesy: Intersil Corporation)

1. 3rfyAfe® STfor Afora e (Arithmetic and Logical Unit-ALU) : EU A% 16-f5€ ALU 3%,

S 8-foe d9d 16-fae Serer sRIyHfCH 301 Ao IR HE Udhd.
2. 8086 ° SRS UUS Iforeyd (General purpose registers of 8086):
1 IReTUBT AX, BX, CX 30T DX IoRee Thar 3116 8-fe ey WWuH arRd SIS Wehdrd
U AL, AH, BL, BH, CL, CH, DL, DH fdhdl 9R 16-fdc Ul AX , BX, CX 3101 DX .UM TR
WS> Ahard. AL Iforexa 8-fae 3fagRIeieR (Accumulator) 30T AX T 16-fae SferRIcieR UIATd. 8086
T SRS Ul ¥ Fig. 1.3 A& fadial sied.

AX AH AL ACCUMULATOR
BX BH BL BASE

CX CH CL COUNT

DX DH DL DATA

Fig. 1.3: 8086 ¥ o Ra g Yored (General purpose registers)

T S-Re JUS IoReydl B WIo! T8 $ot 3R

e AX (Accumulator Register) : Sl ALU SRiyAfeds 3for diforerd SIORR- &Rd degl
accumulator ST T IR 3HRS WU Pl

e BX (Base register) : WMWW%@HW (Read) SOT AR Sal
fafguvararat (Write), 1 AT bRl 98 USY SAUIMTS! Sl STl

e CX (Counter Register): HT3cx IR dTR U< (Rotate) AT Rt (Shift) SChRaT
T 8-fae ST HIFeR T STV el ST, § qU SEHRE A3 16 fae qUBIER
T TR HRUNITS! ST aTuRa SiTdl.

Maharashtra State Board of Technical Education 6



TGP IR WIATRT - 314321 Microprocessor Programming-314321

DX (Data Register): fccitidg 30T fefegs a1 avem, sk Refee 32-facyen s/iq,
TR MSB A 16 fae DX IfoRexaed 3M1for LSB A4id 16 focd AX IoReaed qraaan oirdl. §
e /O TIE At U39 SauaRiat Suid arouRa oifdl.

3. TR ¥fOIeER (Flag Register) : EU TEd Wi IOReR (Flag Register) 16-f8¢ 318 ST BIRHCS
(Format) Fig. 1.4 7ed gRIfAaT 3%,

D15

D14 D13 D12 D11 D10 D9 D3 D7 D6 D5 D4 D3 D2 D1 Do

X

X | X XOF DF | IF | TF SF ZFXACX PF| X | CY

\

i V 0'\ erﬂlm Flag l Sign Flag ) Ausxilary C;:rry Flag I Carry Flag
Undefined Trap Flg Zem Flag Patity Flag

Direction Flag Interrupt Flag

Fig 1.4: 8086 URIT ¥foTeex

TReiMT XfoReHe GIF U Rd Uiy 3MTgd.

1. Xd wiT (Status Flag )
2. Wgﬁﬁ TRIT (Control Flag )

(i) ¥ Wi (Status Flags )

8 BIT

fhal 16-BIT FeRaR HIUe!  SRIYHACH 301 diforend (Arithmetic and Logical) SR

B el TN U (Set) fdhar ST (Reset) Bl STATd. Il i Y4 A THUT g1 WK ed i
3{Ted it GTelt JuH el e,

1.

$ WA (CF - Carry Flag): 8086 HIHINRIRALY PIvde! 8 foe fFhar 16 e sfiunfes
30T ATTSTh el STURRM HedHaR HabTered (MSB) THIHSHYH B} dIR e dl Tt I
BT Sl

UT¥fe WHT (PF - Parity Flag) : SicgT Merammeia a1 1 < ¥=1 94 (EVEN) 3&d Ok URfe
TR I Sl il SATf0T fa¥H (ODD) SRR e & Sirdl.

SATfRTAT B TRIT (AF-Auxiliary Carry Flag): SicgT 3RyHfed fdhal diforea SO A&
dIaR e5d (Lower Nibble) U D; fae o3l TR &Rl ATaT HfGIaR! Bl Tl Bordrd
3T o ¥ 8ial. BCD 3RIYARH AL 8T TRivT aTuRdl SiTdl.

3R W (ZF - Zero Flag) : 3RIYARCSH fdhar diforemd IR el AdR SR F&Td (Result)
f23RY (0) 3R R BT TRAT Je gia 3T RRAe g,

TS WA (SF - Sign Flag): 3RIYARRS a1 Alforerd IR dhedl Hav ok a1 (Result)
ffe (Negative) 3T TR 81 TelTT I BIal 3=t R¥e g,

NFIFA THT (OF — Overflow Flag): SR Tlss o) IR 3RIYAfee fohar difoied Siuv=m
ST R SR BT (Result) TIaT 3 U IUeTsq 3RcIed facy T a¥fd T4d o SHIgRul
TR e Bl 3T af e gl

(i) a@aw‘ﬁw (Control Flags)
8086 HIIHIVIRIR A I dherd Wiy MTed of AIh YR Hla! IR THad (Enable) fdhar

IEREN
1,

(Disable ) HRUATITS! ATORT SITdTd.

U WA (TF - Trap Flag): U (Trap) i RiTd U AU UUH SIa7 HRUIMTS! aTaRal
ST $F TR I Hed (1), CPU SHTUISTH YAH SCHRAR ge-d 3exP HHI0 xal, S
TR U quryoft SRal Ad HRUT d SEHRA TR SEHIH URIRIE HRd. U v e
H (0), CPU ATHd TIRTagRH .

Maharashtra State Board of Technical Education 7
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2. $eXP W (IF - Interrupt Flag ): 81 TR Scx¥ GUSIAT 3! TeUNTT §ex¥ UHEd (Enable)
fdpar f&Tad (Disable) HRUATITA! ATIRAT STl SR $EXT Tl ¥T (1 ) Hdl ok TR IR
P T ST BIATBAT AT SR SEXP T IINIT (0 ) hal R WIR URTReH dhgH 3ferdl
SRy BIdlesd Srd Tg].
3. f3Y®=E WA (DF - Direction Flag ): SR fSY®RM TR YT oal 3 (1), TR URRR SRR
TR A h T (Higher memory location) AR AR ABADRS (Lowest memory location)
T ST Uiy Hedl. SR FEXH A Wl e el 3R (0), TR TR AaR AT AlhRHaRe
(Lower memory location ) 8IOR TR AhRhS (Higher memory location ) f&i‘T Sl TR
Hdl.
4, TS qUe Iored (Special purpose registers)
SR (Index) 3ATMOT Y UTSeR (Base Pointer) ISR THHAYY WS qUel IR RUH Talgs
S, § AR Uig ey WU aTuRe ST 16-fae I0TReR Simed i a1 Iforean aR 20-fae fbforws €9
TR PRUGTHIS! BT S, T Ulgex (SP), S UlseR (BP), N S8 (SI), SREARF S8 (DI) 3
IR 16-foe W@ TdS YoReH 3M13d W Fig. 1.5 T S0 3113,

Stack Pointer (SP)

Base Pointer (BF)

Source Index (SI)

Destination Index (DI)

Fig. 1.5: WS g Yo (Special purpose registers)
T WIS YU oReyd B JIo! TG o 3.

1. ﬁqﬁam (SP -Stack Pointer Register ): WP Ulac IoReR Wb HHI Faid a
Ul SAUIRITET aIiRdl STTcll, BUNd § Wb THR] bRl Ugd WISR dRd AHe sl
3lhod WISR HoT ST Bidl.

2. avtﬁ’izﬁﬁm (BP -Base Pointer Register ) : meaﬂﬁ%ﬂﬁm CRUII|
DT ST, § Th ATHE (SS) T SHTHC T BT Hrd 0T T 16-facy Yorex 3R,

3. R §Sa9 oI (SI -Source Index Register ): 8 U& HHRI UlgeR T8 of ReTT SXcaR-4aal
TR e e R Siithiie g ISR HRUARIT6! aruRa ST ST e o SiHe
IfoRex AgHia ge1 e I/RER (DS) 3.

4. SREAT 3@?\‘[ I (DI -Destination Index Register ): % Uh R ni| tr“é?? &ﬂ% S @T
SR RIS SR SREAR RN SfThde Ugd WISR HRUATIS! JTUR ST ST
Sid 9 YTHC IORER AgHd TRST JTHT IORER (ES) 3.

b. S $eXWH gie-d13mag (Bus Interface Unit-BIU)
BIU d % WIeid g UIequl 3115 S :

1. ATy SeaRM fdhal Se1 d (Fetch) 0!

2. Sl AmRAe forfgor .

3. OKR et fafgor.

4. Uréaid ST arEnt

Maharashtra State Board of Technical Education 8
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BIU A&8 U1 16-f9cd 4 e IOREH (Segment Registers) 3gd o9 &I CS, DS, SS 30T ES o
Fig. 1.6 A8 GAI[AS 8.

15 0

cs

DS

S8

ES

Fig. 1.6: A e Yorwed (Base Segment registers)
(a) PIS ATMHE (Code Segment): CS IREITT AR AR BT AHHANS AR BT Ugd
HRUGATS! b1 oI, 1Y YT 3HTT-H18 (Opcode) TSR HST ST,
(b) ST ATHE (Data Segment): DS IoTER HFRIAT ST AHALTE TR Gl (9Y SR,
1Y ST WISR T Sl
(c) TRcT {THC (Extra Segment): ES IR aTR HHCST JAUT HIUIRITST b T STl S
$CT TR HIUGMNST ATURS] SITUMRT SR e TWHE 35,
(d) WP TIHE (Stack Segment): SS IVREIT AR AHIAT Wb WHHNS Kb BIhaH Ulse
DHRUGIST TSIl 10T K haR TRl STl HISAUITTS! dTuRST Sl
o FWRM H (Instruction queue):
TfRIGgRET a7 ATGAUARITST, BIU HHRIAYT do1de] SRdid STd el S¥CaRM SIscd [Hadd. 9d gl
SR TR AR e -39-BRe -3¢ (FIFO) 6-TTSC SICARM oA STGAT AT SATS ] SR
F 1Q UM, FeR d S RM 3¢y EU &1 THh-U%h H& (G0 SITdd.
o SRCHIT W\I'%ET (IP-Instruction Pointer)
SRCARM Uigex T Yeid SCaRMal Ugd SRIA, S UTHHENd Jeid Stcar Ui SRUgRITS! aToRdl
S,
1.3 UTSUQATS (Tt HeheuHT (Concept of pipelining ):
TAH qaldh TS XCHIH YUl HRUITITST AR ST ATl UIgUaTa - g UrdTd. TeROTIu],
UISUArs- Ao TRIRAR (Non-pipeline processor), A SICHRITS! B (Fetch), SIGAS (Decode)
31T TP (Execute) TSI T3 Iiich Wb ey ATTLTD YT o @il Fig.1.6 Hel axfaat
3118 .

F D E F D E E D E

L1 o1z I3 15
Clock
Cycle > 1 2 3 4 5 6 7 8 9

Fig. 1.6 : A9 UTSUaTs - URIR Tfoaage=
IR, OTSUdR 3&ced] TR, Bd (Fetch), 31dIS (Decode) HRUN 30T TFRIRIC (Execute) HRO!
Bl TohaT TOicRUT Felt STd, T dH SR TRIRIC OGRS thdd UM dalldh AAdhd Haadh
SIRIATd o WIelTd Fig. 1.7 AL gRifderd o1Te.
F F - Fetch

B D - Decode

E E - Execute
85’;24 1 2 3 4 5

Fig. 1.7 : UTSUATS MR URTRRA (9 SeaR 91dh)
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TCRM, Ui Falh TaHd Uh SxarM 1 & Ul TfaRidRIe . aalie Iaed 5 Ge URRR 13
AR YUl A3, 14 SIPIS dhet ST 31701 [5 Tl el ofTel. TeATe TeRTaRIe Rl ST Joid SeeaR
3T a1 Urd HRUGTET dfRIeeaTd UTUans H1T WUrdTd SaTe UfaqagRITdT 9 & gial, TV,
UTSUQATE T YRR URIag=d! Tt dTedd. 8086 HED, UISUATS(-T ATa! 6 ATs¢ (6 BYTE) SX¢aRM
F (Instruction Queue) faTITN TR, ST TP STacdl UaT SIcaRM desdl e Adadr Ad, Ty Tt AR
Toh SR fEDIST 3107 UfRTergRITA! ST, T UL, R Heitel Ufgell SICaRM Taierge SraT, TR
SR SR SIPIS HRdl MO HARIAYA 8ol SICARM R T SHTUTA!. ST UBR, THT Falb TAhAHS
8086 SR THIARYUl Bd, fedie SHfUT ufqer]e .

1.4 8086 ATIHIMIIGRAL AU} ATHERH! HHEUAT (Concept of Memory Segmentation in 8086
Microprocessor):

R B =it Ufhar 3iTe SurHe WU T THR) dlfordet aiavTed] SHeHed fqumTer Srd
0T T h ATTHCd Wd:-al o Ugd 3dl. & Had: WU YuMeiedl YRIagRI—al o dTefquaraa!
qTORAT ST, STUde TR BRI Scl Hgoiqul 3107 STeie SO JTi0T UfeRierg R HRUa T&d
3. YOS THCAT Teol 64 Kbytes 3T 3107 ThT 9 JTHE IoReR gR UgH dhal S o &1 CS,
DS, ES fdar SS. 16-facy e Ioremed @1 fafy Siiedr wrcin 189 sl U, WHedid
fafRry I M Tgd HrRugrdt sihde Ugy fhar fewaate fdhdr shidee U89 SMaxdsd 3G
3HIhC TgH 16-fa 3iTg WM HHTA HTBAC Yed FFFF H 38 31101 IGUH SIUIATg! SHCdl HHTA
TS 216 = 64k ABT 3T]. CPU 8086 ToTwa AT 1 Mbytes USH HRUA Fed 318, Iqui 1
Mbytes BRI 16 THHS fIHRTE SIS Xdhd, T TTHE 64 Kbytes TTaoTdl 34l of WIehd Fig.1.8
T gRifaaa ofg.

Address
FFFFFH

Extra segment }64 K
ES

:

Stack segment }64 K

1 Mbyte
phys:cal
memory

Data segment } 684 K
DS

N

Code segment } 64 K
CS

00000H
Fig.1.8 : 80863 AU ATz
WTHEIA d BT (Advantages of Segmentation ):
1. DU SaRH fbar el Taiftd (39 wad 16-fcwman Mg, S 8086 Hedl 20-fyey
o a Te9 Sile.
2. Afet goR T3y V3T Riked A& YTHCIM IR SIS .
3. TIUTRY 3101 S PHCRFHE UHHD YR WAl IS (Store) SIS b,
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4. 3TV THTUET SR DIS fohal Scl WTHE dTaReH 64 Kbytes U SId URIH fdhdl 64 Kbytes U&T
SR S¢T aTI% Tehdl.
5. WHCRMYS WaA (Independent ) fdhal STHHG A I-Alidcad 3Reia U faifgol J1e gid.
6. TTHCIM GIF UIRIGAT STl SR HRUAN S &,
7. QHCYA TrRTA MR sfgufaferdt areauard wRarf d.
W@Wﬁ'ﬂ'ﬁﬁ%’ﬂ At (Physical Memory Address Generation in 8086):
DHIUATE! TTHeHS Fdaa AR AR ATRUIRITS! 20-fie TS9 STa=adhdr 318 wara fhfoidmd Yed
TEUTATd Sl Yo ATs-gaR araddl Siidl. 8086 TTHE ISR 30T TRl Taferd SHithie IoRexd ey
IR g1 fibforma U39 TR FRd! of @eld Fig. 1.9 A gRifaad 8.

OFFSET ADDRESS

- >

15 0

SEGMENT
SELECTION

SEGMENT

00001 ADDRESS

S
20-BIT PHYSICAL
MEMORY ADDRESS

Fig. 1.9 : 8086 uhia fpforpa At T3w fAfifd
BIU &S hierd UgH TR SHRUARITS! U JHUT STex 3HTg SarHed a9 ST difoied SHithae tged!
SIS Fefl S, s HRuaATgd| o s IR faca-t STean Sro@n Rige wal sirar Sfifor &1 IR faey =@
MR R B3R (0 ) 3¢ Pl AATd &1 T 99 U39 16 foew=n 20 focy dar Sdl. &1 20 foey a9
TSU AL 16 ey sifmde Usw Us ar Sl sifdr 20 foey hfYmd T dur gar it o faey tsa
TS aR UTSqa il
3Tl 319U Ueh WTeiiel 3aTeR0l 9 AT:
I HIFRT 3118 DI CS IOREIHAL P WA o9 UgH 3Ral U1 SR UlseR (IP) A His
Tl Jeld ie drgcdl 16-f9¢ 3ihie Ugd S/,
THST CS IoReR A 3000H o Yg9 3M1fg i1 [P IoReAed 0123H 3iithic TgH 318, TR 8086
ARHIYIRIR 91 BIU e WTaid Fig. 1.10 T aRifdean yam) b Uga v s,

Physical Address Byte

Inserted zero

l
SFFFE H i
cs: 13]o]ofo]o]

Mext instruction byte

to be fetch “i ”:: 0] 1]2]3]
' Physical
s0123H 3 .A-:rﬁecsas E
'0123

Start of code — 30000 H
segment
Fig. 1.10 : BYs WHear frforea Aad T fAffd
CS 30T IP =t ! SISl HRUATYE!, CS T B IR 9 RITGR STAidhs RIUE dell Sifd. 31dl CS
A 3000 H 3], SgT IR foc D= srdies e a9, deeT it &g 30000 H 3, St His
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e o U39 318, Wil 3Hthdc 0123 H T8 ol , 4l 30123 H Yald S¥dhH drgcdl 20-fae
i a TS89 TR g
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gfHe -2
T eTraoT MR e
(The Art of Assembly Language Programming)
faug o=t (Course Outcome):
CO2: TR STATHC TR U7 SRITeR fSvamicad iR &,
geo Aot (Theory Learning Outcome):
1. OH SeEehuHe S1for ufeagereT feciedr wwrd quf o,
2. SRis Tl AR B fGaied THRNE IS f[AdbRid FRuaNTe! W frg.
3. FAfdy vrnfiin 3¢ gowa Hruamre SR Gafid HHTS aTuR.
4. feaed sriger X I o= I&TERUMHE S qui B,

2.1 UHITH S@AUHd TROT (Program Development Steps)

SRfect TivaeT UIITHT Sead PRUTTITS I aR0T WTelt faal 3R,

1 gRYTST S0 (Problem definition)

JANRYY (Algorithm)

AT (Flowchart)

3RS ddeRe (Initialization checklist)

SR fAasu (Choosing instructions)

SATRYTAT SRS cliaol YA FUidRd HRol (Convert algorithm to assembly language

program)

1. X UfRHIfYG B0 (Problem definition): WA faflRuarh ufge Ure’t WUt Squr 9iumH
IS el GHASE URHINT BRI ST T&olt ST WU foTg 11 T SUUl B B
ST § SHTITe AR 37t Tfew.

2. AENNYT (Algorithm): FENREGH B Th TRUN -G -TRUN Ugd fobdl FHWT GISaudredT e SUail
YIS fetfgerel! faem afre.

3. WM (Flowchart): TS T TR fdhal e Mha R U@ 318, WK §
U SRR fdhaTl ered Tifthas e ufaffa sme o adso' (Circle), 31dd (Rectangle), Eaui
(Diagonal), IRY (Square)\’rl'l'fﬁf JHIARDRUT (Parallelogram) Ze! Mhdhd fagigR gRIfad SiTd.

4. ARfYF YHfRE (Initialization checklist): I UMMHAE 3H®b HIe< (Constant),
CHRUC| (Variable) OT IR fafay YT S fob Sde IoReR (Segment Register), e
(Flags), %&b (Stack) STG] SRIATd S ATART SRH HRUI HALID 378,

5. S IECEL] (Choosing instructions): g1 W 3O AR TR fhdl H Hrarare!
I AR FaSUl 378 ARITS! STl HRIeh ITaaRa Yyul $¥¢aR ¢ Alfed Ul avadh
31Tg.

6. EMRYAT A Fas WU FUiaia Heor (Convert algorithm to assembly
language program): Udhal UV SRR HRUGMAT LR FasH|R SeRedIaR a1
SR SIhH ATGH WUTH TR .

2.2 =t ﬁ‘ﬁﬁméﬁ?ﬁﬂﬁﬁ <™ (Assembly language program development tools)

ST Tiaol UHUTH SEauHe Hed aTaRa oot fafae g e fael Simed.

a. UfEeR (Editor)
b. 3R (Assembler)
c. fd®R (Linker)

AN o e
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d. %@W(Debugger)

a. TfSEX (Editor): 3T HTHT YU JUR HRUINTS! UfSe=T aTaR oefl Sidl. Tf$ex Hel Uiird ersy
PHAFR BIacTd TR .asm STIA UIgof$exd 318Ul EDIT, Alcds (NOTEPAD) 3Gt
31Ted.

b. 3RATER (Assembler): TR AR T sl UIMANT TdS SXeaRr-ad  arg H=fiA
PISAY FTUANRT HRUGRTS! ST 3fisciae BIEA dUR HRUGNTS! ball Sl Sard Hlsd TR I
.obj 3Td. TR BTG I&TERV! U TASM Rersd eal TR 3o MASM ARIh TR
Hep! SRITTR IS 3R d.

c. @ (Linker): Ko 50/ sifscide Braeiid AT 3iisoide BIATHS ATHIT HRUGTTS! ST R
UfRIRCTd BISd TR HRUGNS! ATURA SiTd! SiTd TeRCRH .exe 3d. foiaxdl Hlal IaeI0l
g0 TLINK SReig eal fofax 3M1for LINK ArishRirgel f[idx 3are! Sied.

d. fSTR(Debugger): SR FgR=AT ATAURAR R WU Aeqdl WUH TRia]ec HRUMNTS!
ITORAT STl ISR HTg! I&Tex0l BUSl dRASdl <8l SIeTR TD, AhNITedl SIeTR HIe &Y.
CV 3¢ 3fTed.

2.3 AR %mﬂ (Assembler directives)

S <A TR 3 IWIG IS8T JUIE Hal waral fhds (Keyword) fdar fedfaees (Directive)

TEUT 30T e SUTRT JReTal Ui ThEd HRUgrA S0 U TiaiegRHar Ol $auar &M

Il UM fevfaees & fAUm 3ime o srigeran fG=m ¢d 3fiT A=A SleHe HINIR dd 1d ATel. WE

fafgai=n arTumR f8Rfdees Wiell 94g o 3Ts.
1. db (Define byte): 81 fS¥fdce aTSc U 8 -foe T8y }Ruad 3i1g 3101 U fhar 3 age
RRUd AST IR STl
9T (Syntax): variable name db initialization value(s)
[SARRLYE num db ?
array db 1,2,3,4,5,
name db ‘MSBTE$’
earray db 10 dup()
2. dw (Define Word): 81 fXfde 9 U 16 -foe fhal S age ersy QINTad 3R 3nfdr te
fdrar 3M a8 BNTTA WIS AR SITell.
XT-1(Syntax): variable name dw initialization value(s)
SRR num dw ?
array dw  1,2,3/45,
earray dw 10 dup()

3. dd (Define Double Word): BT f&Xfaee Sad a3 U 32 -fae fdhal g a8 fdhar IR age
ey RRugd 31 31for T fhar s sad a8 RNued It arRar ey,

XdAI(Syntax): variable name dd initialization value(s)

JalgrUl: num dd ?
array dd 1,2,3,4,5,
earray dd 10 dup()

4. dq (Define Quad Word): g1 fexfdee &TS a8 TUod 64 -fac fdhal g S9d Js fhal IR a8
fhaT 3116 TTEc cIRU RRTTA TR 3101 TH fhal 3 DI I RNUST HTo! aTIRAT SIT.

XT-I(Syntax): variable name dq initialization value(s)
Jalgrul: num dq ?
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10.

array dg 1,2,3,4,5,
earray dq 10 dup()

dt (Define Ten Byte): g1 fexfdee® gl dT5c <z @NRTIA 3] 30T U fdhar 3 ¢ dlsc
SRTTA A3t aToRaT STl

IdI(Syntax): variable name dq initialization value(s)

JalgrUl: num dq ?
array dq 1,2,3,4,5,
earray dq 10 dup()

equ (Equate to): BT fexfacagar arR fog (Symbol) S HRUGRITST dhell STl Sai- dla! IR
T SIS ol Wld. 3R fgH Hebl g (Micro Symbol) WUITd, U Heb! SRR
TuTaAd AR fameTed e S el &g agad! oild.

XTI(Syntax): variable name equ expression or value

JaleXUr: num equ 10H

Inc_fact equ 2
org (Originate): 8T f&¥faes fSfdeansd MfEY Haedl Gegal SUAN He- AGIH B3R
(Location counter) 358 &Rd. § TR AR HISHED IR IR dar fafy
fSHTUT HRH DIS SIUAY Hed B,

XIAI(Syntax): org [$+] numeric value
JalerUr: org 100
org $
org $+200
dup (Duplicate memory location): dup f&¥faes 3% a3y fhdl a8 Tve HRUIS!

qTORT T3> el

RIHARRUK array db 10 dup()
ASSUME directive: ASSUME f&¥faee SriqeRal difoled WHed A1d Jfod Hrdl off MGy

JIHCHTS! ORI Sel.

XTI(Syntax): ASSUME segment register : segment name..................

3algrUl: ASSUME CS:My_code, DS:My_data

SEGMENT directive: SEGMENT fe&xfdes qffoierd AHcd! JRard GRITIuara! arRar
STal. SEGMENT 3ffor ENDS f&fdesg=n aed e 3¢l (data), ®I (code), Tacl(extra)
fohaT THITHET W (stack) TAY HRUT ST 3.

XdAI(Syntax): Segment_Name SEGMENT [WORD/PUBLIC]
Galqu .
@) My Data SEGMENT
YA Sal......
My_Data ENDS
(b) My _Code SEGMENT
A BlS......
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11.

12.

13.

14.

15.

16.

17.

My _Code ENDS
ENDS (End of the segment): ENDS f&fdc sigeRan TiHc=ar Radt Jfad @l
SEGMENT 3101 ENDS f&Xfaeag=an Aed IHe 3a (data), IS (code), TRTCI(extra) fdar
U €& (stack) FTd HRUT SaRID 3.

XII(Syntax): Segment_Name ENDS
36'620 .
@ My Data SEGMENT
YU Sal. .. ..
My_Data ENDS
(b) My _Code SEGMENT
UUEATBIS......

My_Code ENDS
END (End of the program): END f&xfaeeg a1 aTtR SreRdl URH Rac Jfrd HRUgrErat
Bl ST,
XT-1(Syntax): END
.CODE (Simplified CODE segment directive): 9d Uaagedd IS 1 HIs WHE AL $aur
3ARAD 3.
.DATA (Simplified DATA segment directive): Id SeT Sheg 3for feaerRe=g ar
WHeHD 30! HTTH 3T
STACK (Simplified STACK segment directive): 3 STHc fedfaee Wa Tide gRyfta
B SO Wbl Shlec MBR 1024 TTFcY 3.
.MODEL (Memory model declaration for segments): f&3fdceg .MODEL Sthlec THc
dUR hdld.
Xg1(Syntax): .MODEL type of model

Type of Models:
e TINY :.COM URITEHI3! aTURd ST,

e SMALL : TohI Sicqdid ¥d ST 10T T SHeathd 9d die.

e MEDIUM : U1 SHcHd Gd STT UuT UHTUET SIRd IS YTHe

e COMPACT : Ueh] THcHENT Id IS TUT THTUET SR Sl I e

e LARGE : Gl S¢1 U IS ATTHT THTUEHT SR UuT RTHC ! ATset 64K T&T SR g,

e HUGE : GIgl ScT 301 I8 JHC THTUST SR YT TTHCT ATeel 64K U&lT SIRd 3R

hd

OFFSET Directive: OFFSET f&Xfaee I o Ugd UR[H ey oiuadd feeaade
fyffed HRoamTd! sriaeRen gid HRd iUl § Feur AonRexaed [RUET e dls
HIUIMTS! ATOR S, AT SHHUC Gegdl dTR HE, SoRTS SR AT aue Rudl
e far SIrs, Tl
XdAI(Syntax): OFFSET variable_name
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RLARRIYE MOV SI, OFFSET ARRAY
18. PTR (Pointer): PTR f¥fdee Indt Touen UeR <xifquaradl amRear Sidl o
BYTE/WORD/DWORD.
STARRL MOV SI, BYTE PTR NUM
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gfie - 3
8086 AT TR He

(Instruction Set of 8086 Microprocessor)
faug o=t (Course Outcome):
CO3: ITaTeH TSRAT HIguHed SRCaR-4 aTuNl.
Ueo fsa=it (Theory Learning Outcome):
1. feciean Sgarr=i et Ffgd o,
2. IareRUiys fededn TR Higad auiH &,
3. feeiedl SR URIRIRM SR Hoied SIS WBTHR T,
4. foorenn SeaRrar TSR A siiewr.
3.1 RN ea™ §%aRM WitHe (Machine Language Instruction Format)
TR Tiael SeaRM BRHCHY TR Jaftid wiesd Ue fovar 31 TReam s/yd. ufgedn wicsar
3T P18 Bics (Operation code field) fdhdT 3U-HIE Wits (Op-code field) WU, S CPU §R
Pl SR IR THR God dRd. g1 Biesdl IS Bics (Operand field) TUMIT, UM Sl
Wit SR CPU &R 3ifu-sis gR Ay Hard TR FRd. 8086 SR YeHed XM Tel
I &Y TR d. SXCaRd! diel Ub S1g¢ (One byte) o T ST (Six byte) Td 31 X, TxCa-H
T @t feat ST,

1. U® §Ig¢ ST (One byte instruction) : 8 BiRHC Hhad U d13¢ Aid 3] AT ATd
SRaRic 3eT (Implicit data) fhar IR RS 1Y . IorRex sifRs Ay Hruarmst
3HTT-PIed AR 3 foe IR STaTd, SR 3R @R, 39T, ¥4 8 faey e Sifu-dis s-adrd sfir
JHTRSY eSS (Implied) 3.

2. OTREX g ¥ (Register-to-register): YoRex ¢ IR SeaRMY WEY 2 TEC AT 3.
DS U 13T SICARMAT SRR DIS GRiad!, T H1T-PHIS AT Soeg fore [y darean
st $at W fer a=ifae oid. SXeaR ®isdl gIRl S15¢ Wl Fig 3.1 A GrRaqedTyHIor
IR TR MU R/M ics giad oxdl. REG Bicere ffdy daa Moex § e
TRSUD! T 3MTE. R/M HIts GER IS Jfed HRd of DHalrad IoRex fdhal BRI AHRH SR
R

First Byte
D7 D6 D5 D4 D3 D2 D1 DO
| Opcode |W|

Second Byte
D7 D6 D5 D4 D3 D2 D1 DO

| 1 ‘ 1 ‘ Register | R/M |
Fig. 3.1: ¥forex ¢ Yforex witde
3. Xforeer day Audt fewmvde IRA (Register to/from memory with no displacement):
1 UHRAT SHRMAL, TCRMY Wl 2 TEcyd 3. Uil Ji8e 81 IoRex-g-IoReR
BRHC IREMT 3§ U U1 d1scHL @Mal Fig. 3.2 A RAGYAT MOD Bits 8.
MODE, R/M, REG 3101 W Ie Table 3.1, 3.2 3fTi0T 3.3 A&l fdeiel 3iled.,
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First Byte
D7 D6 D5 D4 D3 D2 D1 DO
| Opcode |W|

Second Byte
D7 D6 D5 D4 D3 D2 D1 DO

|Mode ‘ Register ‘ R/M |
Fig.3.2: YPRex amyA aud fewaade Ifea
4. IR Ay AR fewaade afgd (Register to/from memory with displacement): &1
e GIF 1Sc hiRHC |Ied Fig. 3.3 I8 GRadd 3e.

First Byte
D7 D6 D5 D4 D3 D2 D1 DO
| Opcode ‘W|

Second Byte
D7 D6 D5 D4 D3 D2 D1 DO

‘Mode| Register‘ R/M ‘

Third Byte
D7 D6 D5 D4 D3 D2 D1 DO

| Lower byte displacement |
Fourth byte
D7 D6 D5 D4 D3 D2 D1 DO
‘ Higher byte displacement ‘
Fig. 3.3: YPReR AmeA An fewmde afga
5. 3ATSUE TS ¢ ¥foIex (Immediate operand to register): a1 UHRTd, $XCaRM HIRHE AL
YT d13cH d4d Ul Si3chdd 3-f9cy, o REG Witedra! aiuRd SIdld, SR o IoReR-¢-
IR BIRAC 3, TR SHU-DHISHST IR STATd. AT YHRId, SR BRUCHL Wil Fig.
3.4 A0 TRAGTIHIU] SHSUC ST U fohal giF a13cy THIAY 3iTed.
First Byte
D7 D6 D5 D4 D3 D2 D1 DO
| Opcode ‘
Second Byte
D7 D6 D5 D4 D3 D2 D1 DO
‘Mode| Opcode | R/IM |
Third Byte
D7 D6 D5 D4 D3 D2 D1 DO
‘ Lower byte data ‘

Fourth byte
D7 D6 D5 D4 D3 D2 D1 DO

| Higher byte data ‘
Fig. 3.4: 3AfSTC 3RS g ¥hrRex
6. SATSUC 3fRs ¢ AW fewwvide |Afgd (Immediate operand to memory with 16-bit
displacement): IT YR ST BikHcdl disl grd fdar Tgl d15e 3dd! 31d. Ufgedn
&I qerT aIgeTHeE OP-CODE, MODE 3101 R/M Wicsd! Afgd! 3d. Jacsl IR Sscaded
Ufgedr & S1gcy fowaited 3Ryd 311 5iakd G ST3cyal Scrd 3Rdrd of §rdid Fig. 3.5
AL RIS 315,
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First Byte
D7 D6 D5 D4 D3 D2 D1 DO
| Opcode ‘

Second Byte
D7 D6 D5 D4 D3 D2 D1 DO

||'v10de| Opcode | R/IM ‘
Third Byte

D7 De D5 D4 D3 D2 D1 DO

‘ Lower byte displacement |

Fourth byte
D7 D6 D5 D4 D3 D2 D1 DO
‘ Higher byte displacement |

Fifth byte
D7 D6 D5 D4 D3 D2 D1 DO
‘ Lower byte data |

Sixth byte
D7 D6 D5 D4 D3 D2 D1 DO

| Higher byte data ‘
Fig. 3.5: SAfSTC 3RS ¢ A} fswwiade afga

Table 3.1
W-bit| Register |Registers|W-bit| Register |Registers
address bits| (8/16 bit) address bits| (8/16 bit)
0 000 AL 1 000 AX
0 001 CL 1 001 CX
0 010 DL 1 010 DX
0 011 BL 1 011 BX
0 100 AH 1 100 SP
0 101 CH 1 101 BP
0 110 DH 1 110 Sl
0 111 BH 1 111 DI
Table 3.2
Segment register|  Segment register
(2 bit code) (16 bit)
00 ES
01 CS
10 SS
11 DS
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Table 3.3
Operands Memory operands 8 /16 bit
without offset With 8-bits With 16-bits Register
displacement displacementt operands
oD 00 01 10 11
R/IM
W=0 | W=1
000 (BX) + (SI) (BX)+(SH+D8 | (BX)+(SI)+D16 | AL AX
001 (BX) + (DI) (BX)+(Dl)+D8 | (BX)+(Dl)+D16 | CL CX
010 (BP) + (SI) (BP) + (SI) + D8 (BP) + (SI) + D16 DL DX
011 (BP) + (DI) (BP)+(DI)+D8 | (BP)+(DI)+D16 | BL | BX
100 (SI) (S) + D8 (SI) + D16 AH | SP
101 (D) (DI) + D8 (DI) + D16 CH BP
110 D;g d(r[ggd (BP) + D8 (BP) + D16 DH | sl
111 (BX) (BX) + D8 (BX) + D16 BH DI

3.2 g R WIgd (Addressing Modes)
TRY, IR bt 1/0 A& St fhar ST S RMYTATTST 3TgRiT Arear aruR &l Siidl. 8086 =t UK Ts!
SRR U fdar ffd ISR AeHed TRl 9IS, Uhd TR Plal SR HIUATe! g R AeqH
qTURT ST, XShd ATeId HRUI T Sl TRUAR aag 3.
Gﬁﬁiﬂtﬁﬁw (Type of addressing Mode)
SHTSTe SR HIS (Immediate addressing mode)
SRR fgRITATS (Direct addressing mode)
IR IgRITAS (Register addressing mode)
IoReR gfevac rgRIT AS (Register Indirect addressing mode)
IforeR Reifed srgRiT AS (Register Relative addressing mode)
9SS 3SR A1 (Base Index addressing mode)
Reifcd 99 Ssa 3R OIS (Relative base index addressing mode)
1. g'ﬁ‘%‘l!'c' SGRIAT #I8 (Immediate addressing mode)
ST, SHISTCT STl 8T SR HIT SR T 3fU-H1e STEeu-aR a3 [dhdl aIgeye Weurd
g A, s SAfSTe SaT 8 fe [a15e) fobar 16 fae (o) wielan 3Ry Yebd. SEaRM o el Juasy
T SHSTE SeT aiid TR dall oS, Udhd!, A Sl arauarie! Hiudme! Sifafkad a9
ARG ! TGl ATg1.
JalexUr: MOV AL, 64H

MOV BX, 4321H
2. STO¥ae GRIT UIs (Direct addressing mode)
1 Hiewdd, Redr 16-foe Al 3IgH (3Thye) ATEl U UM WU SIRMAY AT THG dHell ST,
%@aﬂwmwsmmlemmm@wmmwmmma
e 99 e IoRed U CS, DS, ES, SS Ael Sig- fhi¥ied Ugd dledl S,
IETER: MOV AL, [4000H]
3. e SR HIS (Register addressing mode)
ST, STTRIOREIAR WISR Bl Sl AT al ARy IfoRex aroe A fid ova S Tgurord St
(IP) Tl Id IR 1 AisHE IR WS . Aorex § IR TS (Source Operand),

No ok~ wbdpE
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SREARM 3HTIRE (Destination Operand) fdraT Gigl 3Rg [ahdTd. XforeR 8 fae fdhar 16 foe 3y Trara.
1 ArsHe, ST S3CaRH A aF 3TIRS 318 fad IR Sffks (Source Operand) 31101 SReARM s
(Destination Operand) TR ATSg 3R TIoT.

JalgrUum: MOV AX, CX

4. IR e GI@{ﬁI'lTIﬁTE' (Register Indirect addressing mode)

gl HigHe, BX, Sl, DI IR IRBAT ST ISREIAN IR e, el fhal SHuS sieied Hut
R TSY S T0 SUT 3. TR SR JUR, Shle YiTHe Iforex 81 TahaR DS fdrar
ES 3rd!. SR BP dTURal 38d, TR SS & feWiee WHE IOReR 3.

JETERT; MOV AX, [BX]
S g uls:
g1 AISHY, SIS THUC HIVATG! Uh] Sod IAoReAS S DI S| 3101 DI G FUfgd Sl Sl
DS 3101 ES § 3fIshH S ISR Sl 3101 DI il Sithlee ATHS 3Td o IR SRR
IS 3.
TR MOV BL, [SI]
5. ¥foreeR fYafed srgRiTT Al (Register Relative addressing mode)
g HISHE, SIhlee DS 30T ES YTHSHA, BX, BP, S| S0l DI YRBHAT HIUATE] U] ISR STIE
8-fac fhar 16-foc feTmadc SIgH TOR ol shidee Ugd Hledl Sl SaIeaR Scl Iuds 317G
JETERT; MOV AX, 50[BX]
6. 99 Sood USRI HIS (Base Index addressing mode)
g AsHY, DS fdhdl ES U8 S5 IReR S| fdhdl DI =1 STHed 89 IAorex BX fdhdl BP =i S siig
SerAl Shidesg Ugd diadl STl
JETER: MOV AX, [BX][SI] or MOV AX, [BX+SI]
7. Rrafea 99 37 gRIT AtS (Relative base index addressing mode)
g1 greaed, DS 0T ES T1 fSWiee Tde Teflid 99 Iorex BX fdvar BP oiftr S1 fdhar DI fore=an
Iore 8-fae fhd 16-faew fevaiaie Siga Semn sifhic U39 Sl sl
JETER: MOV AX, 60[BX][SI]
3.3 8086 AT $¥€aRM Ie Instruction Set of 8086)
8086 T ZICARM W H AT HIAIHR WIelTd FHT0 I Hael 3Mgd.

1. sa ST $CaRM YU (Data transfer instruction group)
3RIYHfCH SI¢a—M YU (Arithmetic instruction group)
dfoieh el $¥¢aR U (Logical instruction group)
YU ol gRIhR fdhar sifein SigaR=a Ju (Program control transfer or branching
instructions group)
TR fdvaT TR @il $%¢aRM U (Machine or process control instruction group)
' BT’ $3¢aR U (Flag manipulation instruction group)
fRrre 3for e $¥¢aR™ YU (Shift and rotate instruction group)

8. TR SHTUR= §=¢a=M YU (String operation instruction group)
3.3.1 ST SR YU (Data transfer group)
T e SXCARAT AR WIS Hg SRCHRMDBS Sl TR SRS dhal SiTdl ol TR YoRex
(Register), I AHRA  (Memory locations)fdrar SATETE SeT (Immediate data) 3R el 3T
SfefARM YoReR, AR A= 3RY .

Mo

N o o
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1. MOV destination, source

B SaRM TR (Source ) UREA SfeRM (Destination) AL ST HIUT HRUTMTS! TaRa ofrd, fo7
Wi g IR/ Am ApeH/2MfETe SeT &1 Ut U Sy Xavall 10T SRR 8 guR ore/amst
AR SR, M 3T SRR TR THH 30l SHTaRTH 318, TR i1 SRz aigt
AR} b Sl Hohl. SRR 81 3Afgue Ser e e,
3HTRTH: destination € source
RIARRUYE MOV AX, BX

MOV BX, [3000H]

MOV AL, [SI]
2. PUSH source
B SR WIRURLT W d (Stack) AIBIFR TS TSR HRUINITS! ATURA! Ofdl. Wb Ureex HH! dall
S 30T AR T h T ford Wab Uigex Uige Hrdl T RIMGR WISRURI X 96 WISR Hal.
16 foe IR &1 SR gdet IfoReR, THe XforeR fdhar 16 foe At o= 3/ 3TaRad 3T,
SRR SP & SP-2

SS:[SP] €< MSB of source

SS:[SP — 1] €« LSB of source
RARRUYE PUSH BX
3. POP destination

B S RM TP UigegR MR Hoedl Th AIBIHYT Th g8 [+ 1R0d haedl SRR Aed Hidt
Fal. 16 fae SReARM g1 SRa yus IforeR, FHe oRex fdhar 16 foe AART AIHRH SR SHTavadh
3. KHIR YeId a8 M RId HRUIRIS!, Teh UlgeR SATANSATY 2 = Jraaa sirar for Far o a8 e
SREARFIE Pt el ST
SHTORRM: LSB of destination € SS:[SP].

MSB of destination < SS:[SP+1].

SP & SP + 2.

RIAREE POP DX
4. XCHG destination, source

B SR IoReRAL T ST a1 IforRex a1 TS} R STNg Sedlaaa dd. fg SeaRM aF
AR ANH et St e Searaad e Xahd ATal. MRt ftr SReAwH gt a8 3ot a<as
318 fdhaT o GIE1 STZC 3T STIRIH 3118, AT SERMAS ATTHE IRER ATUR SIS, [hd Tal.
SHTIRRM: destination €-> source
RTARRIYE XCHG AX, BX
5. IN accumulator, port
IN SEaRM UIEae faiedl SRR Sl ®1dl vd of AL fdhar AX (Accumulator) YRER 31 Xl
Oica t39 Ac fdhaT smceaul Sxearmaed fAfGY T oiTs, Wl fihaws Uiewra! (Fixed Port) dicdr 8-
fae U39 de SeaRmHY THE odl oidl. RRTad Uledra! (Variable Port) dicdr 16 foe g9 wad DX
Ioreme MGy S Srdr. U DX Iowex A AgH! IN Sxearmyd! 16-f9cy Uid Uguwg dis ol
S0 3Ta=T D 3T,
SHTORRM; AL < [port] for byte.

AL < [port] and AH < [port+1] for word

JaleXUl: IN AL, 80H ; Fixed Port
MOV DX, 8000H ; Variable port
IN AL, DX
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6. OUT port, accumulator

OUT SR AL T¢td a13e fhar AX Aefid 78 foaienn TidaR St s, Gidan sy de fhar smcaeror
TeRMID [y Har IS AHdl. flhas TIdHTat (Fixed Port) Uicdn 8-fae gy 9 SearmAe) 79g
Pl ST, RNTTA UIedt (Variable Port) Giédr 16 fae ¥gd wad DX Iorexyed Ay war .
TUH DX IoRex A8l AgH OUT SxaRMYdf 16-fdey Uid T3ude ais $dl SITul Tauh 3118,
SHTORRM: [port] €< AL for byte.

[port] € AL and [port+1] < AH for word

Jalerur: OUT 80H, AL ; Fixed Port
MOV DX, 8000H ; Variable port
OUT DX, AL

7. XLAT

XLAT §aRH AL Iorexadid srgear A did o e caantid a2cyg daad. XLAT SeaRH
TR HRUGIYE! FaH Hisdl Yoo iU oad HHIHED 3901 HTaRge 31T 30T vy eaerean
Al hde U199 BX A A8 HRUl RIS 318, qHAU cqadsd Sfwdd g RIGuaTat
XLAT $%¢aRF BX Hdld cac=ar &ddra Hihacqsl AL Heid §1gc Sigd 3101 [BX + AL] A
gise daiedl Gguarid a13¢ URd AL H Hidt HRd. XLAT HIUde! i SGad ATal.

IR AL € DS:[BX+AL]

JalexU:

.DATA
LTABLE DB ‘0123456789ABCDEF’
NUM DB 10

.CODE

MOV BX, offset TABLE  ; BX T @30 caaredl Yeai Uige bRl
MOV AL, NUM
XLAT ; dH3Y et HISHYT AL T DIS 0AH HIUT HRdl
8. LEA 16-bit register, source
B SR Ter BUH GRUEd fhar TRt didbemar e FAuia sxa onftr fadwn 16-focw
SR BT ST WIS Hd.
SHTOR: 16 bit register < effective address or offset address
RTARRUYE LEA BX, STRING ; STRING ®RUSHT ST BX ASReHAA IS Hdl
9. LDS/LES 16-bit register, memory address of first word
T SEHR TAT G TR AHI I SRFAL THE o IAoRedd Th g8 HIUT ddrd.
IAHR d GEId JeT aH TART AR avid g8 DS YforexAed LDS Wial 3o ES YoRexae LES
TSl Bt HRd.
SHTORRM;
For LDS instruction
16 bit register < [memory address]
DS < [memory address + 2]
For LES instruction
16 bit register €< [memory address]
ES €< [memory address + 2]
STARRE LDS BX, [3000H]
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A} bR 3000H @1 8¢l BL A, 3001H 1 ST o BH 3101 3002H 31101 3003H =T 8¢l DS
e BT .
10. LAHF
B SICARM 8086 T TiTT ISR TSR T18C AH IoREAL TSR Hdl.
S{TRTM: AH € Lower byte of 8086 flag register
Jale}Ul: LAHF
11. SAHF
B SXCIRM AH SR ST B! HRd Sit 8086 T Tei'T IoRE=AT ciaR AgcH TeivT Ue fohar e
PHRUGTST ATORE! S,
IR Lower byte of 8086 flag register ¢ AH
JalgrUl: SAHF
12. PUSHF
Bl SR TR ISREAT W R (Stack) TSR HRUAITS! AToRe Sild. Wb Ulgex (Stack Pointer) g+
HH BT STl ST el oA T8 Wb IoRergR GRifacied HHRT ThR-IaR W3R Hl.
IR SP &SP -2

SP < Higher byte of 8086 flag register

SP -1 < Lower byte of 8086 Flag register
Jalgrul: PUSHF
13. POPF
B S RM WhHaA MU (Top of Stack) 3RcTed HHRT AHI-THYT Tl IR A8 Hral Sfor
D UlgeR G dTedel Sirl.
SHTIRRM: SP < Higher byte of 8086 flag register < SP

SP + 1 < Lower byte of 8086 Flag register < SP + 1
JalexUl: POPF
3.3.2 3RYYAfe® ¥ea=M YU (Arithmetic instruction group)
T SR SISl (Addition), GSTaTdT (Subtraction), TOMER (Multiplication) 30T HRTI®R (Division)
TMG] JNRET SRIYACH IR FHRara.
1. ADD / ADC destination, source
ADD SR Wi 311 SReA=H Afia Serdl s Hd. ADC SR ey 3 SRemwm Adta
Sl a3 HRd ST SReren Reiee T Il gl sirsdl. TR (Source) BT SHfSUE SaT, IfoRex fdwar
AU AIBRARIA STl 3R Wbhd. SREARM (Destination) 8T fSrex fdhar At alcbyHA A ST 3,
. AR AT SREARHT TS TRG S0 SHTARAD 3R AT Gla] TAR ANBR AT T,
SReA=M g1 SAfSTe &R 3.
YUTfdd BIUTR WiTT: OF, CF, PF, AF, SF, ZF
SHTRTM: Destination < source + destination for ADD.

Destination < source + destination + CF for ADC.
JaleXUr: ADD AL, BL

ADC BX, 4000H
2. SUB/ SBB destination, source
SUB SR A SReARMAT Sy AR Aefia SeT aoil dha Sl ST Refee SRem== A
ISR HAT oAl SBB SR A SRe-=RFHd Seyd e AHfid SeT aoil dval STTal T aor
HoredT RSeCHYT Bt GGT ol Sl STTal AT FofaTen a1 Reiee SRe-RH A TSR hal Siial. TR
(Source) B SASUC SeT, IoReR fhar AT MBI ST 31 Udhd. SREARH (Destination) &T
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IR fdhar TR} AhRAHER ST S Xhd. TSR T SReARMT Ay IRE! 301 SaRIS 317
3O gt HARY AIh R ST A1, SRR 81 SHfSTE HeR 9T,
qYTfdd BIUIR WRiTT: OF, CF, PF, AF, SF, ZF
SO Destination < source - destination for SUB.

Destination < source - destination - CF for SBB.
JaleXUr: SUB AL, BL

SBB BX, 4000H
3. INC destination
g SeRM YUd docdl SREARFAAE 1 Wigd. SReARM (Destination) & Yforex fdrar vt
AHIAL ST 3R Ihd. SRR 7T SHSTE ek 9T,
qYTfad BIUIR WRiTT: OF, CF, PF, AF, SF, ZF
SO Destination € Destination + 1
JalerUr: INC CX

INC [BX]
4. DEC destination
Bl SWRM Jfod Haedl SREARFHYT 1 dol d. SRR (Destination) 8T YfoRex fdhar A
AP SeT 3R Wehd. SR 7T SAfSUE e 9,
gu1fad IUIR Wi OF, CF, PF, AF, SF, ZF
3HTIRTH: Destination € Destination - 1
JalerUr: DEC CX
5. CMP destination, source
CMP R M Tefid ar5e/Reg i1 SReAvH Aefia a15e/Rea AreTd gamT Hd. ga-T T
Trard fohar Sftew far-faedds (Non-Destructive Subtraction) ISTETHIGIR el SITd, TEUSTT Jr3Rf
31T SRR Aefiet SR IR ATET, TR Ja-Td TRUITH Yferd HRUGRITST TR Ie bl S, Tl
(Source) BT SASUC SeT, IoReR fhar AT MBI ST 3 Udhd. SREARH (Destination) &T
YR fhar A ApRrHdie SeT 3Ry Xdhd. TR anfor Sfeawr=h wrEe IRt 3ot 3awd 3R
30T S8t AT AP R SITIdT Teh]. SRR 81 SAfSTE FaR 9T,
gHTfad IR WRiTT: OF, CF, PF, AF, SF, ZF
NIREIEE

R SReA=H > WM/ R CF =0, ZF =0, SF = 0.

RS < W TR CF=1,ZF =0, SF=1.

R SR = MR/ R CF=0,ZF =1, SF=0.
STARRE CMP AL, BL
6. DAA (Decimal adjust accumulator)
DAA SR gH UdS Site! (packed BCD) FaE RIS AR Releedl Uds diRite! (packed
BCD) Wﬁa Q‘\HI(‘IRCI ODQUHIHIOI qlyrdl \SIIdI DAA Tdd AL '{IUNCQOIQ PlH d‘Nd Y-, ADD/ADC
SHRFAR DAA TERM dIRU HaGS 3g. ADD/ADC SICaRM sRISRIAT (Hexadecimal)
WETd G BCD Aafdt skisl SR 0T DAA SR I gaITe Rid Rgfeedl BCD AeRAL S idRd
H.
TYTfad BIUMR WRITT: OF is undefined and CF, PF, AF, SF, ZF
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ST
1. SR AL Aid Rgieean diar ssa (Lower Nibble) 9 Uefl Hiel fhal AF=1 3N, &R
AL=AL+06 Hd.
2. SR AL Aefd Rgfeedr gRR Fe9d (Higher Nibble) 9 U&T HIdT fhal CF=1 3™, R
AL=AL+60 &,
3. R gl 3 guf e AL=AL+66 B
[SIARRUK
SR AL = 66 BCD 310 BL = 66 BCD
@ ADD AL, BL 0110 0110 = AL = 66 BCD

+ 01100110 =BL =66 BCD
1100 1100 = AL = CC H and CF=0, AF=0
3T, SROHAR a1 SGTERUMTHE, BRI (CF) ATIOT SITaIeRt Bl (AF) Uil R SiTaie 31Ted, YUl dlar
30T ERR fAae 9 V& A1 3iTe. R DAA SR A7 BCD Reiee s fauaradt AL YoReadid diak
(Lower) 30T 8RR (Higher) MacHed 6 Sied WU 132 BCD Tdid 32 AL 9 it sMfor CF =1
BRI RCIGINE
DAA X RM UK AR, Refee @reital vHmol fiesdl.
1100 1100 = AL = CC H and AF = 0, Cy =0
+ 01100110
0011 0010 =AL =32 in BCD formand AF=1,CF =1
7. DAS (Decimal adjust after subtraction)
DAS $XaRM gIH Uas Stal (packed BCD) -a¥id! TolaTeh! dhed-aR Raleedl Uds dIiTa! (Packed
BCD) A FUIdRd HRUIMTS! aToRal SiTdl. DAS Had AL IfoRexar &TH &xd. UM, SUB/SBB
SRR DAS SR IRl HaH 8. SUB/SBB SCaRM g d (Hexadecimal)
WEUd G BCD Aafd aoad! $Rd 301 DAS IR T gaITs Rid Rfeeell BCD HaRAed
FUIARd .
UYIfdd BIUIR Wi OF, CF, PF, AF, SF, ZF
SOV
1. SR AL 9¥id Rereedn diar fAsad (Lower nibble) 9 U&THIGT fdhdl AF=1 3 ed1y, dk AL=AL-
06 &,
2. SR AL A¢ta fgrecan R fe9d (Higher Nibble) 9 BT H18T fdhdl CF=1 3edr, @X AL=AL-
60 B,
3. Fd qret 31t Yol ey AL=AL-66 FHl.
SLARRE
SR AL =55 BCD 3101 BL = 49 BCD
@ SUB AL, BL 0101 0101 = AL = 55 BCD
- 0100 1001 = BL = 49 BCD
0000 1100 = AL = 0C H and CF=0, AF=1
3T, TOTETD IR a1 IaTeRUMHL, JifFIeR] B3l (AF) T T Med 31T, TR DAS SX¢aRM I
BCD feiee fisfauammdt AL Yorexadia d@ar (Lower) Faaded 06 ao &%+ d7g BCD Reiee
firesad eI 06 BCD Wt faemummol. DAS SR TR ear, Refee Wrefid vamor firesa,
0000 1100 = AL = OCH, CF=0 30T AF = 1
- 0000 0110
0000 0110 = AL = 06 in BCD form
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8. NEG destination

B SeRM SRR TR dZe/as s dIRaHc (2™ Compliment) A FUiARd &Rd 30T
SReARFIET ReieT WISR dRd of IoreR fdbdr Aot A= 3 Fahdl.

guIfdd BIVIR WiTT: OF, CF, PF, AF, SF, ZF

STORRM: Destination €< 2nd Complement of destination

JalexUr: NEG AX
9. MUL source

B SR AL IR\ 3Te-s (Unsigned) STEcal TSR T8 STac Aiad UMHR SIS
fohar AX IRERTNT SITSS Tl W 3RS a8 Add UNHR HIUIRITS! JTORUITS! ARt
ST, T3 (Source) HIUTAR! XforeR fdhal AFt TR S0 ST 3R, ST AL FeEld drgediad
W FIRedl TOMHR Sl Sdl, degT Reee AX A WISR Bl Sffdl HRUT g 8-fie Bud 18e
R B RTET Rgiee SdTd oIRd 16 foe 3Rl ST AX Teid gs a1 Werd a8 Hiead UTeR dhal
ST, egT Rgieeal MSW DX Hell W3R hal offal 31 AX IRexAed Rgiec=n LSW ISR defl S,
PRI G 16-foe Faxia uneRE Reiee Skdiid SRd 32-fae 3Rl SR Rereear MSB fdar Msw
I 3T, TR CF 301 OF gl I Pl SiTda.
YTAd BIUIR TRiTT: OF, CF 301 PF, AF, SF, ZF 3FIShIg Ml
SHTIRRM: R e d13e A R AX € AL * 3Tss 8 fae Terd

R T3 S 3T W DXAX € AX * 35S 16 foe Trant
REARRUE MUL BL

MUL BX
10. IMUL source
B SR AL IoReAid S (Signed) STZcal WS H5S STac Aiad UNHR HRUANIS! [dhdl AX
IR S-S e WIS 35S ds Alad UNHR HRUANITS! aTIRUATITS aTaRa SiTd. IR
(Source) HIUTAE! ISRER fdhaT HHRT TH R 3RI0T HTATH 3R, SicgT AL Al Sr3cdiad IRy arge
MR el ST, degT ReIee AX TL ISR Gl il HRUT GIH -3¢ Turerd S1ge A= bRl
fYgree SRt SIRG 16 fae Srya. St AX Aiet a8 QiR g8 Tiad UMHR el ofrd, degT Refeen
MSW DX AL WCI3R bl SITdl 301 AX IfoRemed Regleedr LSW ISR &l SiTdl, HRUT g 16-fae
Fefet U R Reiee SR ok 32-fae S, SR Rgfeear MSB fdhar MSW I 3Rd, @R CF
3{Tf01 OF GGt YT el AT,
YTAd BIUIR TRiTT: OF, CF 30T PF, AF, SF, ZF 3AShISS 3RIdNd
SHTORRM: SR TSR] d13¢ 3Rd @R AX € AL * U8 8 fae et

SR WIS 78 3Rd @ DX:AX € AX * U5S 16 foe Grerd
JTER: IMUL BL

IMUL BX
11. DIV source
& SXaH 16/8 HITTHR WM S dsal (Unsigned Word) 3IT$S sT8e (Unsigned byte)
faquIioTa Rd 31T 32/16 HFTPR SXH 35S 864 a8 (Unsigned Double Word) TgUTed 32-
facaar e a8+ (Unsigned Word) fauiord #=d. 16 /8 faue axar, a8 (fsf@es) AX
AT 3RV AL 3T T iy arse (FSarser) St 8 fae Worex fdhar Ar} b RHaR
3 Thd. HRTHR e =R, 8 fae dIie (Quotient) AL ITexTE Iuaisd 3 31T 8 fae RdeR
(Remainder) AH IRREAS IUA 3T, I dodl UHI do- HIHR HRAMT Uod 32 /16, T
gSIT MSW DX AL 3raT 3101 S doal LSW AX AL 3/7dl. T3 d8 (fSarssRr) HIvrdrs! 16
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fare IoReR fdvar AU AP RMAR 3 Jhd. URTTHR T e, 16 fae dIRic (Quotient) AX Ieaed
IUAS 3 3T 16 fae RASI (Remainder) DX IeHed IUTT 3d. SR I8 fdhal S§a dsa 0
= HITe fohaT HRTeR AR AL A (16/8 T1dh) ®ikic FFH Ter fdhar AX Al (32/16 13T PiRie
FFFFH T8 J13T 3RaT ok TIRIRR €184 0 $eRY SHYE xdl Tl [e®s s 9 0 fdhal femss shiexwa
$CRY WU
YT BIUTR WiTT: OF, CF, PF, AF, SF, ZF 97 3AIShISS SRIdrd
STIREM:

R e S1ge 38| @R AL / 3RS 8 fae Tt

AL = 8 foe ®Ieie (Quotient)

AH = 8 foe e (Remainder)

SR W3 8 A R DX:AX / 3Tes 16 foe dis/i

AX = 16 fde BIRie (Quotient)

DX = 16 foe RESY (Remainder)
RIARRLYE DIV BL

DIV BX

12. IDIV source
B SR 16/8 ISR I a8 dad (Signed Word) 28 18 (Signed Byte) fauTiord #xd
ATOT 32/16 UFTTHR M A58 S9d g5 (Signed Double Word) U 32-fdcqdr WRe de-
(Signed word) fAHTRTd #d. 16 /8 faHTSH HaMT, g8 (FSfRes) AX IREIT /U 3TaTSH 3]
0T e arge (FEarseR) Pvrrg! 8 foe Iorex fdhar ARt AHRaR 3R hd. UITTHR el AR,
8 foc IR (Quotient) AL IREIHA IJud a1 8 foe RHST (Remainder) AH IoReHA
JUA 3T T qo ol Ul da- HRTTHR BRI IgUIeId 32 /16, S dodl MSW DX Hed 3aT 31for
ST TSdT LSW AX T 3TdT. i 78 (FSarser) wiurarg! 16 fae Iforex fdhar Amst e MaR SRy,
Yehd. YIMTHR ATl AR, 16 foe HIRIE (Quotient) AX IREIHH IJudsy a3 16 foe RS
(Remainder) DX ITeHL IUAR 3. SR 95 fdhdl ST godl 0 7 HFTA fdhal HIMHR R AL
Tfia (16/8 TT3Y) PIRic FFH Uef fdhar AX Helid (32/16 13T HIRIC FFFFH U&T AT 3R o) TR
T187 0 3P TR FHRdl ST (SRS a1 0 fhar feRT=s Siievudia $evy RUrdNd.
YT BIUTR WTT: OF, CF, PF, AF, SF, ZF T 3ShIS SdTd
TR
SR 3 a15C SRd @R AL / Tr5 S 8 fae Werd

AL = 8 fae ®Iie (Quotient)

AH = 8 fae RESY (Remainder)
R W3 IS A @R DX:AX / U5 16 foe Al

AX = 16 fae I=ic (Quotient)

DX = 16 foe RESY (Remainder)
JalgrUr: IDIV BL

IDIV BX

13. CBW (Convert Byte to Word)
B SR AL Adid S1ged 918 fae (Sign bit) i.e. D7 AH A Td faciar ®1dt #Rd. AH B Ioex
AL d U5 faR Serd Bed S, CBW ITIRRH AL T ¥isS d13cd IDIV SRS gadl
S8 d13cgR fAUTSH HRUATgE! ol S0l 3a<ad 3Te.
3TIRA: AH < filled with 8™ bit of AL i.e. D7
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JGTEIUT: SR AH = 00000000 30T AL = 10011011
CBW TR "R
AH = 11111111 30T AL = 10011011
14. CWD (Convert Word to Double word)
B SeaRM AX Adta 389 W1gH fSe (Sign bit) i.e. Dis, DX A T4 focHar HIUT Hd. DX § IR
AX d T3S faR Sedmd Ted Siid. CWD 3TIRYM AX A Ilee ded IDIV SXeaRMYTs gudl
58 TSGR AU HRUTATYHT el SITUr HTTRIH 311G
STITF: DX & filled with 16 bit of AX i.e. D1s
J&Te0T: SR DX = 0000000000000000 30T AX = 1001101100000000
CWD 3HTRRA AR
DX =1111111111111111 3101 AX = 1001101100000000
15.  AAA [ASCII adjust after addition]
B SCRM AL IoRemdid Ser 3Fuds BCD Refeeds) wuidRd HRUARIS! aTuRdll s, Lehd. AL
forexar gRR fAed YRM HRAd Sdl. 81 SeaRM ADD SIEaRMHGR aiiRe offd 01 Refee AL
IR WISR Bl ofTall. AAA SR TfRIRIe HRUATgdT, AH 0 7 TS Hal Ulfes. AAA SKaRMHD
BT FIETTTHTO! 3R,
gHTfad BIUR TIT: CF, AF
3TeEM:
AL 91 8RR Fed FeileR $HRd Wuria AL= AL AND OFH
SR AL 91 dlaR fHed > 9 fdhar AF = 1 /e,
(@ AL=AL+6. (b) AH=AH+1,
(c) AF=CF=1. (d) AL =AL AND OFH.
3GIEUT: HS AH = 00H 30T AL = 0AH 3fT8 AR AAA T[RRI AR AH = 01H 3T AL =
00H fiese.
16. AAS [ASCII adjust after subtraction]
B SCRM AL IoReAH ST BCD 3Fuds Rgfecred wuidRd HRUgRIS! aToRel 9IS, [dhd. AL
forexar 8RR Fad YR HRAdT STl 81 SeaRM SUB SXeaRMHR dTaRd! Sid 3101 Refee AL
ORI TSR Pl ofTall. AAA FEaRT DT T TATHTO! T8,
THTIIA BIOTR WRiTT: CF, AF
TR
AL 91 8RR fAad FAI3R dHRd Ui AL= AL AND OFH
SR AL AR fAad > 9 fhal AF = 1 37,
(8 AL=AL-6. () AH=AH-L1.
(0 AF=CF=1. (d AL=AL AND OFH.

JalgRUm:
THST AH = 02H 30T AL = 0BH 3R TR AAS TfRIRIE FTedR

AH = 01H 31f0T AL = 05H i
17.  AAM [ASCII adjust after multiplication]
B EaRMA TF Y 3FUS deled BCD ¥ =1 OMHRI 3fUds BCD RgieeH el SUiaRd dRuarTa)
IR M. Bl SERME MUL THERMAR AR Uligel. $FUGS dhated] BCD FaRaxk MUL o
{TORR AgH! 100 U&T HHT 3RId; AT, Refee AL IoReaed 3lid. AL IoReaeid SRl Havar
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10 5 HFTA ST 301 HI”GE (Quotient) AH ISTREIHD TSR HaTl SITd! 3101 RHSI (Remender) AL
RfSReRAH WISR Bl ST,
guIfad BIVIR WiTT: PF, SF, ZF
SO
@ AL =ALMOD 10.

(b)  AH=AL/ 10 [hdx SCIOR HIT AT SIT].

JHS AL = 08 3101 BL = 08 3{d R

MUL BL AX = 40H (64 in decimal).

AAM AH = 06 and AL = 04.
18. AAD [ ASCII adjust before division]
I SERHE AAD 1 aR AH 31101 AL Ioreadia srdds (Unpacked) dael BCD 3f& AL
orexAed THged IRI (Binary) SeRAS FUART HRUARIS! Hal SIS Wehdl. fg Sea=M DIV
TEREE At TR UIfgS. DIV SeaRM AL I™ReIAD HIRiE (Quotient) 3T KA
(Remainder) AH ISRexTH W3R FHRdl. AH 30T AL 9 8RR fHad YR HReld ST
guTfad gI0TR WHT: PF, SF, ZF

IR (@ AL=AH*10+AL
(b) AH=00
JalerUr:
AT AX = 19H (25 in decimal) 30T BL = 07 H (7 in decimal) 3d @)
AAD
DIV BL : AL = 03 Quotient and AH = 04 Remainder

3.3.3 WifoTdd 3¥¢a=M YU (Logical instruction group)

1. AND destination, source

o) SR Rt onftr SRR ST Tiad fie s/ fae divied 3fs (AND) SRR HRd 3nfor
froiee RSy S SfeAzHmed WeR Fal ol Ude foe M= Reee 419 399 318 (AND)
fIeal T <o ST FXal. W § orey/ A AlprH/AMISTe SeT & Udt Ud S -1l SIf0T
SRR 8 gW ARe/ATS b 3y Whd. W iy SRefer= arder gum oy smazas
3MTe. e SffYT SRefRM e A bR SR !, SRR g1 3fafsue Ser srmae Fa.
TfRTFRIR R FeiT=h R : CF = 0, OF = 0, PF, SF, ZF.
TR destination < destination AND source
RTARRUYE AND AL, CL

AND BX, OFFOOH
2. OR destination, source

B SeaR Trerd sftr Sfen=M ifuis Hiad fae o fae affoied 31k (OR) TR @Rd T felee
Ay Fawn Sfeawrmed WeR e Sl Trert anftr Sfemwm g 15e (Byte) fhar a8 (Word) 3RL
bd. AP foe QfeRAEr Refee dF 1Y 3R (OR) el TY <odl STERUT Pl A 7
TR/ ApRF/3MSTe ST 7 Ut Ueh 3Rg Xl 31T SRR § g Iorey/Aust didhsH
3 T, W3R 30T SRR A5 THF 3R Sa=ad 31Te. SR 30 SRefH=m agr At
DB ST Ah1. SRR 81 IS ST et A1,

TfRTFRIR R Feir=h Rt : CF = 0, OF = 0, PF, SF, ZF.

SHTRTM: destination € destination OR source
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JalexU: OR AL,CL

OR AX, OFFOOH
3. XOR destination, source
B SICaRM TIRT 31T SReARM TS Wiad fae a1 fae Affcidd Tai-31R (XOR) TR &Rd S1fo1
feotee fAfET o ST TR et wrar. TR 3for Sz 2 I15e (Byte) fhat € (Word)
Y b, A foc NfSr=Ia1 Reree G 37YC Ta-3R (XOR) 1Tl T Cae TR0 Hdl. Qs &
ITRe/AART AIhRF/3MAfSTE ST 7 Uh! U 31y Wbl 10T SREMRM 8 R IFoRe/Am dihrH
3 Tehd. FIRT 31U SRR A8 THM SRI0T AT 3. TRy M1 SRefF=M grg! At
AR ST b1, SREMRM g1 SMAfSTe Ser srama Aa!.
TRTRIRM HaR STt fRUelt : CF = 0, OF = 0, PF, SF, ZF.
SHTORRM; destination € destination XOR source
JalgrUum: XOR AH, AL

XOR BX, 00FFH
4. NOT destination
B SR [y SRzt age fdhar a8 e faear Ide #vd, oo 1's HiRade (One’s
Complement). Sff=M g XoTex fdvar AH) bR 3 Wb,
TIRTFIRM R T et : NON
STORRM: destination € NOT destination
JaleXUr: NOT BX
5. TEST destination, source

B SXeaRM W T SR TS Wiad fae a1 foe diforwa i fexefaesg 3f8 (Non Destructive
AND) S{TURRM HRd 30T Thad Tl 'T ST dhal ST, TR HIVda! ST0RS Faadid Sld ATgid. Tdid
foe difserar Refee &9 $99¢ 38 (AND) ieal Ty ¢9d SR Fxdl. e g Iorey/ans
AHI/EMETe ST 7 TPt T 3R halt 3T SREARE § g IAORe/ATE A 3Ry Wahl.
M 30T SRR A TAM U TS 3. A AT SRR gl T AlhI
ST Febl. SREMRH g1 ST SeT SRrge e,
TfRIRIR =R Gl Rl : CF, OF, PF, SF, ZF.
SHTRRM: Flags < set for result of (destination AND source).
JGIeRUT: TEST BH, CL
TEST BX, OFFFH

3.3.4 WIUTH Held g-awR fohaT FifevT $¥¢a==a JU (Program control transfer or branching
instructions group)
1. CALL procedure
PId (CALL) SR ATIR URIH dheld &-UIH (Sub-program) fdhdT I =EHA (Sub Routine)
TN HROTTITS! Bl STelt. fA3R (Near) MO BR (Far) ® Hierd e Hayd UHR 3MRd. s8R &ia
(NEAR CALL) 0! U UIRISRYATS! il 3118, STl PhId S¥eaRI YA I i WHeHE 3R, BR
PId (FAR CALL) Ul Ueh] TIRISRYTS! i 318, S gO-a1 Ple WHcHE 3Ral fSY dHid xR
Td. AR T Idl IP Il G b R WISR Pedl ST TN BR bl FIdt CS AN IP df g Kb R
ISR ol SiTd.
TR
1.  SRFSR®IA (NEAR CALL) 3Rd R

SP &SP -2

Save IP on stack
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IP < address of procedure
2. SRWRPIA (FAR CALL) 3&d ™
SP & SP—2
SP ¢« CS i.e. Save CS on stack
CS € New segment base address of the called procedure
SP ¢« SP -2
SP < IP i.e. Save IP on stack
IP < New offset address of the called procedure
JalgrUm: CALL FACT
CALL FAR PTR FIBON
2. RET instruction
DI UITHALTT CALL SRR e UIH Tiasie R helerel THAHE Jeid SIarar iRd
PRUANIST RET SR ATWR dhell SiTdl. SR UIReR fg R MR (NEAR Procedure) 3/, o)
XH cluaed U a8 IP o B TIAd de YA Held BifeiT URH A URd STed. BT
TN CALL SERM AR Ko aval 98 JaId secaRdT 3Hthie Usd 38 Sl CALL SEaRM gR
WHa Hadl 3TN, TR WRASR fg BR MRISR (FAR Procedure) 318, TR T elaaee- giF ds IP 9 CS
I B TR Bl U dheidl DIelT UH A IRd S5,
TR
1. SRFRReT (NEAR RETURN) 3&d @R
IP < content of top of stack.
SP & SP + 2.
2. SRWRRed (FAR RETURN) 3Rd @
IP < contents of top of stack.

SP & SP + 2.
CS < contents of top of stack.
SP & SP + 2.
3. INT N [N = type of interrupt]
1 SCIRMYS 8086 AT INTR fdar NMI $9gearid $ex¥ (Interrupt) Rvera ST g wia™ng gd

T UGdH 8086 T R UIRTOR S HRUINT UG dxd. secaRmHedd faad e ey (N) & 0 sfir
255 Tefel TReAT Tad off SerP s, SiegT 8086 INT SIeaR UTae §1d, degT d Jeid SR
B
P UIEe G- HHT Hal AT T haR Tl IorRed! & g G=T Hal.
ﬁﬁwwaﬁmmwmmw%@wm
%COb GiSex J6T G Bl DRl ST K haR IPWWQQTW
SR THG dhoed] USRI (Type N) 4 I TaHIE (Absolute) AR Tgd a4 IP A

G S B,
Wﬂ?ﬁ g dhaiedl YHRIAT (Type N) 4 ¢ UsHiege (Absolute) AT Tg9 a1 CS ALY
TdH F S B

6. IF 30T TF Glg! TeifT YT R, SR TeivTaR T SR GRUMH BIUMR HTal.

4. INTO instruction [Interrupt on overflow]
SR SIGIUA TRl OF T dell 3, TR 81 SR UDHR 4 g FHfor et 3o 8086 o1 SUa BR
DI MRIGR HUAR UGd DR ol IR gl (Ul graresvarand! fafgee! 3ifg. SiegT 8086 INTO
SHRM RIS DR, degl d GaTd SHTURIH DR,

B wbdPE

o
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TP TIEcx G HHI HRl TN K HaR Tl IoRe &g o Y= Hll.
P Uler G5 I FHH Il MY Thar CS It &g I=1 FHal.
L UISeR G5T Gl HH Rl ST ThaR IP IRe Teg T2 B,
SERMAL THG Haied] UHRTAT (Type 4) 4 G UqdIege (Absolute) THERT UgH 00010H T&A
|P HE T oo Al P

5. SCRMAIY TG daiedl YHRIAT (Type 4) 4 Ue Tadiege (Absolute) BRI US¥ 00012H g

CS A&l T o dlS B,

6. IF 30T TF gl TR YT &xd, SaR TRITAR T S¥CaRIdT UROMH gIOTR gl
5. IRET instruction
IRET aRM ¥ Tfd e (Interrupt Service Routine) T Rdc! Sy SMUed UUTHAR
TfRTRIRM TRd HRUGIS] aToRat ST,
6. JMP destination address [Jump unconditional]
$aRM fSA=| (Unconditional) TfaragRe fdamr 16-fae fewwmasic farar €s: 1P aueq f[fdy
USUaR Rd Hd. JMP T THIC AT I8 WHHH SN, THIC AIGIA R A0 gxidiRd
PRGNS hdes IP Sl aAH 3Mg M0 Al AR (NEAR) JMP gUS/d $¢1 THe (Intra
Segment) JMP TgUMAI. JMP d CRIC gudl s WHeHY 3RIN, TRIC QBRI aR a0 gxdidid
HIUGMTST CS ST IP Saaul 3a=ged T8 AU Il BR (FAR) JMP TUE X WHC (Inter
Segment) JMP TgUIdId.

JalerUl: JMP UP
JMP FAT PRT NEXT

7. Conditional jump instructions

IR JIMP (Conditional IMP) $xeaRM @Tg! fAfCE e guf Sieam U dheld eife AidbRMaR gedidiRd
HRd. T IMP T THIIG: HUSR (CMP) oM fdvar 3idAifesds (Arithmetic) fdhar afforea
(Logical) $aRM R AR SdTd. fafae Jerean Ierd JIMP SeaRM ¢dd 3.4 Aed fae 3R,

M owbd e

Table 3.4
Opertion | Description [ Jump Condition
Common Operations
JC Carry CF=1
INC Not Carry CF=0
JE/IZ Equal or Zero ZF =1
INE/INZ Not Equal or Not Zero ZF =0
JP/IPE Parity or Parity Even PF=1
JNP/IPO Not Parity or Parity Odd PF=0
Signed Operations
JO Overflow OF =1
JNO Not Overflow OF =0
JS Sign SF=1
INS Not Sign SF=0
JL/INGE Less (SF Ex-OrOF) = 1
JGE/INL Greater or Equal (SF Ex-Or OF) = 0
JLE/ING Less or Equal ((SF Ex-OrOF) + ZF) = 1
JG/INLE Greater ((SF Ex-Or OF) + ZF) = 0
Unsigned Operations
JB/INAE Below CF=1
JAE/INB Above or Equal CF=0
JBE/INA Below or Equal (CF Ex-Or ZF) = 1
JA/INBE Above (CF Ex-Or ZF) = 0
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3.3.5 O=fiA fdhar Wik @eia §¥¢a=1= JU (Machine or process control instruction group)
1. HLT: Halt
HLT SR TR glee U U= HRUIRT Ugd dRd. CPU $ICaRM Uhd HR01 JHTIOT U=
HR0! YT, WIeeie! BV U G- Y8 CPU a1 glee R S1RR SMUIe Sirss Uhd.
1. INTR foeR Sexv R seary
2. NMI fUaR $evy Rrd siremry
3. RESET fU+aR e R seam
2. NOP: No Operation
B SXaRH I Tl (Clock) Iraea Tdter R (Wait State) STSUITITS! araRaR Sird 31for a1 =
(P TG G- CPU HIUMAG! SHTURRH & ATg.
3. WAIT
AR WAIT TRRAT 3asd fRUdd (Ideal State) fdrar Ucite e (Wait State) T Ta=T HRUA
TG X 10T Jelarde! U et dsudid WK e R Y18
1. INTR fO9aR $exp Rigd s
2. NMI fUaR $evy R seary
3. TEST fUar Ryd sy
4. LOCK
B SR 3R YRR fdhal DMA dheleRal TiHTRid JH1ETaR (Shared resource) S fob Tod 89, Sal
Y SO DHclel 9 IR AU STUITH Ui id dHRd. Bl SR 8086 URITRAR 3feiedl LOCK fUq &R
e ad.
3.3.6 TR WA §¥¢a=E U (Flag manipulation instruction group)
1. CLC [Clear Carry] : 81 ¥R PRI TefTl fFI3R Hd. (CF< 0)
CMC [Complement Carry]: & SI¢aRM BRI Tl Tal HIRAHE HRd. (CFE"CF)
STC [Set Carry]: 8 SICaRM dxl Tl ¥¢ dd. (CF < 1)
CLD [Clear Direction flag]: & $¥aRM SRR Tif f&I3R &d. (DF<0)
STD [Set Direction flag]: & S¥CaR STRERM Tl Ve B, (DF<1)
CLI [Clear Interrupt flag]: 8 S¥¢aRM $cx¥ fRIeR e Hd. (IF€0)
7. STI[Set Interrupt flag]: BT SICARM SeRP Tl e Hrd. (IF€1)
3.3.7 frwe 3nfor ¥iee g¥ea=™ Ju (Shift and rotate instruction group)
1. SHL / SAL destination, count
SHL 30T SAL TP TIRRANTS! GIF SXCaRT 3MTed. &l SR Mgy SReIRHAHd s fae
fedeaT BT (Count) dosT SldTdh s fRITE HRd. SIS LSB TR fae STdies fRive el S,
qYaY LSB QfYRMAHE 0 °rda Srdl 101 MSB CF A Rt oharl SiTdl. UehT Ul 31 Rige=n
Sadid, CF A MSB AYH Jaid 3fciidbs RIUE dhad foe sRidid 3ffor gdf CF 7ed e Fadl fae
THES S, SReARM TIRE § a15e fdhar 98 oRexdd fhar Awt AihR-He 3R X, SR
RITCHe H3< TH 3R, R § RN HI3el araR 1 ffge s, Wdhd. Sk Rideaan #13—
Teh VT SR 3RId, TR PI3-cdl o CL IOReAL SRITIa Ui,
TfRTFIR R Tl R : CF, OF, PF, SF, ZF IO AF 3HSHhIgS 3ral
3TIYRH:

o 0k~ wd

Iﬂlllﬂfl\ﬂ

«—0

LSE
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REARRUE

SHL BX, 1

SAL AL, CL
2. SAR destination, count
B SerM Ry SfeAzrmed Tdw fae Fre<ad fidedr FaR 33T Ioidiws Rive #Rd. fae MSB
QIRAHYT SRR TSeTaR, -1 MSB fied! Td H1dt MSB UIfRae) acit oid Teurerd J1e- fae
MSB T 10} detl ST 30T LSB o CF Ted fRite dhet ST, et Ul 31fiieh fRie=an aradid, CF 3
MSB T Faid fdide Rt dad fae s/dia oftr gdf CF 7& Riue dad foe @& S,
SREARM 3IToRS § d13¢ foha 98 Yorexmed fhaT Anst AIhIAIS SRy Xhd. SR RITCHdl 1< Th
3, TR B SR HI3<A SR 1 feffgd SIS Wdhvd. SR Rt S13- T el SIRd 3Rid, TR
PII<d B CL IReAL 3Tt uifgs.
TIRTFRIR R T R : CF, OF, PF, SF, ZF 30T AF 3HSHhIgS 3Ral
STIRT:

NNy VY
g\MSB LSB CF
3aleXUr:
SAR BX, 1
SAR AL, CL

3. SHR destination, count

B M fAfidy SReazmmdia a5e ffhar a8 o1 Ud® fae #18< d&1 Iudids Rt #xd. MSB
IR fae Seidids RIte sredTaR, A=Al S 0 brdel Siral SATfOT LSB faie CF A&l Sird. SR Rioegn
PI3< T A, R § SLRFAA D<A TR 1 foifgd o3 hd. SR Rgewdr w13 U val
SR 3T, TR HI3d! &a CL IoReAed I Urfee!. gdf CF A&l fRite dhaidl foed THEd SiTdia.
SREARM 3ITRE § T15c a1 a8 AMoRexaed fhar Anst Toh-He SR T,
TIRTRIRM R T Rt : CF, OF, PF, SF, ZF 30T AF 3HSHhIgS 3Ral

HTORT:
(NN %
0—>|MSB LSB CF
JalgrUl:
SHR BX, 1
SHR AL, CL

4. ROR destination, count [Rotate right without carry]

B SR [y a5e fhar 9549 T4 focy Iudies dIdcad e T daT fhad. LSB AYd
fiaciar fae MSB T& Sl 30T CF Hed iUt gdid dhal Sl Ul Ual 3Hfdb da3T fae fhRaedmiaR
CF A&l LSB HYH 3fclidhs fhradiedn facd! didl 3id. SRe-RM SiiRE g ar3c fdhar g orexadd
foha B} ANh AT 3 Wb, AT SfRsd WA Udh SN, SERMHAL HI3-<dl Sl 1 ferga
B DRl Ud. UL, TehT U 3D AT, Sfasd At AT CL AT dre dbait Sird S1for
CL R F13<= f3hruft Saar Sird.

TfRTFIR R T T Ryt : CF, OF,
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(NN %

MSB LSB CF

JaleXUl: ROR BX, 1
MOV CL, 4
ROR AL, CL
5. ROL destination, count [Rotate left without carry]

g SeRM [y age fhar 94 ¥d facy SMids didcHd foear ¥=& 9aT fhrad. MSB AYd
fOhRaciel fie LSB #el STl Sf1fo1 CF Hell iUt Giiet el Sicl. Tehl U&HT 3ffeieh a1 foie fthraedicR
CF A&l LSB HYH 3fclicrs fhadiedn faedl oidt siid. SfeawM Sifks § arze fdvar a3 forexadd
fhar AR AR 3 Yehd. AT STwsd AT Udh SR, SCRMAE Hr3—eal ot 1 ferg=
2 Il A, TG, UebT Vel 3ifiiep JATTa, s Aew=l Weam CL IReRAed s defl Sirat 3for
CL ISR 13- f3ahruft o .

TfRTFIR R Tl Tl Rt : CF, OF,

3TeEM:
< N\ AYAYA
CF MSB LSB
I 1
RTARRIE
ROL BX, 1
MOV CL, 4
ROL AL, CL

6. RCR destination, count [Rotate right with carry]

B SR [y a3e fdhar 984 T4 focy Iodids ®Idchae G ¥ 9@l fthRad. LSB AYd
fiacia fae CF Tl STt 311for CF Tefid fae MSB A&l SiTd. Tl UalT 3 dool fae fthraeaiar CF
e LSB AYH 3fcfide fhraced faed! HIul 3Rid. SReneH SRS § §1ge fdhar a8 Xforexadd fdsar
OO AHT-HS 3R Wehd. A 3wsd TSN Udh SN, SR HI3<dl Sl 1 fag— 8
BT Ad. T, TehT Ul AP JCIHATS], Sfasd A T-AT CL ST ol deit S 311 CL
SRR B3 fEhTolt Saar sird.

TfRTFIRH R T Ryt : CF, OF,

S{TORTH:
(NN Y%

MSB LSBE CF

t |

RCR BX, 1
MOV CL, 4
RCR AL, CL
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7. RCL destination, count [Rotate left with carry]
B S aRH iy e fhar a8 d ey Sdide hiscHs fawa Ted aeT fthead. MSB [ fthraaan

fae CF & Srar onftr CF Aefid fae LSB A&l SiTd. TehT UaT $1fdid dest fae fihaeaak CF 74 LSB
YA 3fclips fhRade facet St sRfid. SReARH 3TRE § a13e fhar a8 Iremed fhar amdt
AT 3R . AT 3B WA T S, AT Hrd-edl S 1 forg= § Sar aa.
URq, UhT U&lT YD ACIHASY, 3fasd At &A1 CL AoReaed el dail Siid 10T CL IorRex
P fEnTolt Saar oird.

TIRTFIRM R Tl Ryt : CF, OF,

3HTRIH:
< N\ AYAYA
CF MSB LSB
| |
IS IARRLYE
RCLBX, 1
MOV CL, 4
RCL AL, CL

3.3.8 TR STUR=I=T SR YU (String operation instruction group)
1. MOVS: Move String / MOVSB: Move String Byte /MOVSW: Move String Word.
TERME MOVS M3 RETHYA SReAvH & a13e fdhar a8 Hidt v, AR [T ST WHe (Data
Segment) T 30U AT 3HTg 30T SREARM R TSI TTHE (Extra Segment) HEX 301 3TITAH
3R, iR arge fhar a8 Siihdie S| ORI SadT STl 3{a=ad 3118, of DS:S| T GRifaa Sid
3O SREARF S13e febar = 3t DI ITERHL S0 3TaTSH 3], S ES : DI TUMH SIIa ST,
T SR URIRME HedTaRr, S| 3107 DI IRER MY TTEe 3R @R T bl a8 3R¥d R
G 9Tead SIAId (SR DF=0 31d) S W A1 SRR eid arac fdhdl a8 a1 Ugd &Rd. a1
TR TR HedTar, S| AT DI IBRER MUY T3¢ A IR ThH [hdl I8 3d ) g
HH! el ST (SR DF=1 318d) S iRy 3nfor SRem=r=an et arge fhar a8 o1 439 &
SHTORRM: ES:[DI] € DS:[SI].
SR I3 (Source) ST SR (Destination) STs¢ 3 )
ForDF=0 SI < SlI+1and DI < DI + 1.
ForDF=1 SI €< Sl-1and DI €« DI - 1.
SR TI3RT (Source) ST SREARM (Destination) IS 3&d @)
ForDF=0 SI € Sl +2and DI €« DI +2.
ForDF=1 SI €« SI-2and DI € DI -2.
Jalerun: MOV AX, @data
MOV DS, AX
MOV ES, AX
CLD
MOV SI, OFFSET STR_S
MOV DI, OFFSET STR_D
a. MOVSSTR_S, STR D
b. MOVSB
c. MOVSW

Maharashtra State Board of Technical Education 38



ATISH IR TR - 314321 Microprocessor Programming-314321

2. LODS: Load String / LODSB: Load String Byte/ LODSW: Load String Word.
LODssRaaFrDSH%ﬁHSlw@ﬁw@ﬂW%wALnﬁmaﬁAxuﬁwm
SR TRTFIRM HeTaR, S| IRER AT FTRC 3 R ThA [$hal I8 38d @R g aledd

ST, SR DF = 0 3[d, R YoReR S| a13edra! 1 7 aredd ol 311 aadrdt 2 A argdd oidl. Sk DF
= 1 31, TR IORCX S| TRCHTS! 1 A HHT BT SITcl S0 TS WTaT 2 = HHT D Sirell.
STIYRM:
SR I3 (Source) §T8E 3T TR AL « DS:[SI]

ForDF=0 SI < Sl +1

ForDF=1 Sl € SI—1
SR WISRT (Source) TS 3T @R AX « DS:[SI]

ForDF=0SI € Sl +2

ForDF=1SI € SI-2

MOV AX, @data
MOV DS, AX
MOV ES, AX
CLD
MOV SI, OFFSET STR_S
a. LODS STR_S
b. LODSB
LODSW
3. STOS: Store Strlng/ STOSB: Store Strlng Byte/ STOSW: Store String Word.
STOS XM ES A DI gR S Haedl Alhe-ar AL HYd S5c fhal AX AYT I8 HIUT B
SR TRIFRE HATR, DI IR SIS aﬁ@ﬁmqﬁ%aﬁ&@ﬂmaﬁm
STATd. SR DF = 0 3/ d, d¥ Ioex DI S13eIa! 1 aredd Sl 10T g8 9rat 2 3 aredd Sl SR DF
= 1 39, TR IRER DI 13! 1 A HHI el STal S0 a7 It 2 A HHT el S,
3TITH:
SR SREA=M (Destinetion) Ts¢ 3@ TR ES:[DI] € AL
ForDF=0 DI< DI +1
ForDF=1 DI €< DI -1
SR SREA=M (Destinetion) 8 3@ @R ES:[DI] € AX
ForDF=0DI < DI +2
ForDF=1DIl « DI -2
ITARRUE MOV AX, @data
MOV DS, AX
MOV ES, AX
CLD
MOV SI, OFFSET STR_S
a. STOSSTR_S
. STOSB
c. STOSwW
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4. CMPS: Compare String / CMPSB: Compare String Byte / CMPSW: Compare String
Word.

CMPS oM Mer Remdia arze fovar gedl sRenwm Rémeha arge fdhar TSt gam &<, Terd
&1 ST ATHE (Data Segment) AE 30N TIRAH 31T 30T SREARA T RIS ATHE (Extra
Segment) HeD 30Y STATH 315, I dse fhal ge a1 e S| IReHS Sadl S0l IS
318, & DS:S| WU axifdet S 3for ST s1ge fohar g sifhde DI IRREIA 30! 3Ta<ad
31T, S ES:DI WUF SRifaat Sd. a7 $¥eaRy TaRIagRM e, Sl 3Mfor DI IReR Mg srse
A TR TP [hdl 38 3RA R G- dledd SIAId (SR DF=0 3/&d) o Jrerd 311 SRz géia
T5c fha1 78 A1 Vg ¥ HRd. T SR URIGgRH Hedray, S 307 DI IOTex 33T FEe ¥d R
U+ fdhal 98 3R TR G- HHI Pl SIIdTd (SR DF=1 38d) o QiR 3for SRea=m=an snefe age
fhar 98 a1 Ug9 .

TfRTFIRM =R Tt fRUdt : AF, CF, OF, PF, SF, ZF

STRT;

1. SR e arse fdha1 98 SRR a15e fhal 98 UeT HIGT ST R CF =0, ZF =0, SF
=0
2. SR e a5 fhar 98 SRen=H a5 fdha1 98 Uam d8M SRR CF = 1, ZF = 0,
SF=1
3. SR IR} drsc fdhar g YT SReARH TiEe fdha1 98 IRW SR R CF = 0, ZF = 1,
SF=0
SR I3 (Source) ST SRR (Destinetion) dTs¢ 3 )
ForDF=0 SI < SlI+1and DI € DI + 1.
ForDF=1 SI €< SI-1and DI € DI —1.
SR T3 (Source) ST 3= (Destinetion) a8 A R
ForDF=0 SI € Sl +2and DI € DI + 2.
ForDF=1 SI € SI—-2and DI € DI -2.
[SIARRIYE MOV AX, @data
MOV DS, AX
MOV ES, AX
CLD
MOV SI, OFFSET STR_S
MOV DI, OFFSET STR_D
a. CMPSSTR S, STR D
b. CMPSB
C. CMPSW
5. SCAS: Scan String / SCASB: Scan String Byte / SCASW: Scan String Word
SCAS SR AL A R arge favar AX Aefiat e 7€ SRevm R W dvd. Sfeezm e
ES A&l DI gR USH il S, SXeaRMd U= Hedmar, DI IReR SIS F5e 3-{d aR TaH
fha1 98 3T TR A dTead Sdrd. SR DF = 0 3/ &8d, R I/RER DI S13eT13t 1 A aread Sirar o
JSYTA! 2 7 gTeadl Sidl. SR DF = 1 33d, a) IR DI I15ed1dl 1 3 HHt el Sl 3nfor 98 Irat 2
= HH ol ST
SOV
1. SR AL Aid S13e fohar AX Aefid 98 SRem=H arse fdha1 98 Uem AT 3fid aR CF = 0, ZF = 0, SF
=0
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2. R AL 94id S15c fhar AX e 98 SRe=M a1se fhar 98 Uan e SRIMaR CF = 1, ZF = 0, SF
=1
3. IR AL Aefid ar5e fdhar AX A 98 SRe-=M a5e fdhaT a8 uR@T $_d R CF = 0,ZF = 1,5F = 0
SR 3= (Destinetion) ST3¢ 3d R
ForDF=0 DI< DI+1
ForDF=1 DI €< DI -1
SR 3= (Destinetion) T8 A R
ForDF=0DI < DI +2
ForDF=1DI &< DI-2
JalgrUum:
MOV AX, @data
MOV DS, AX
MOV ES, AX
CLD
MOV SI, OFFSET STR_S
MOV AL,’B’
a. SCASSTR_S
b. SCASB
c. SCAsSwW
6. REP: Repeat
R SR R SxecarM Tiad Withay SxcarM UM aruRd! Sid 3f1oT R sifad arge fdvar s a3
T RET SeaRM TfeiaRIe FRd. RN el e BUH CX IoReR A Al et ST,
SO
SR CX HEd ®r3< BRI (0) THa
1. & SR TURIHge Hd
2. CX €< CX-1

MOV AX, @data

MOV DS, AX

MOV ES, AX

CLD

MOV CX, length of string
MOV SI, OFFSET S_STRING
MOV DI, OFFSET D_STRING
REP MOVSB or MOVSW

Maharashtra State Board of Technical Education 41



ATISH IR TR - 314321 Microprocessor Programming-314321

References:

1. Microprocessor and Interfacing (Programming and Hardware) by Douglas V. Hall [ McGraw
Hill Education, New Delhi ISBN-13: 978-0070257429]

2. The 8088 and 8086 Microprocessors: Programming, Interfacing, Software, Hardware, and
Applications by Walter A. Triebel, Avtar Singh [Pearson Publications, New Delhi ISBN-13:
978-0131228047]

3. Microprocessor 8086: Architecture, Programming and Interfacing by Sunil Mathur [PHI, New
Delhi ISBN-13: 978-8120340879]

4. Microprocessor X86 Programming by K. R. Venugopal and Raj Kumar [BPB Publications,
Delhi ISBN-13: 978-8170294580

Maharashtra State Board of Technical Education 42



ATISH IR TR - 314321 Microprocessor Programming-314321

gfre- 4
SRATT TS WITRiT
(Assembly Language Programming)
faug ﬁ'ﬂﬁﬁ(Course Outcome):
CO4: 3RITTR 0 fediedT CRGUATS! SRt aivdel TR faad &,
gcdh ﬁuﬁﬁ(Theory Learning outcome):
1. feoen qree srist Thidet TR feare Afed aToR.
2. oo TEaet srvsc! eiva UIUmH (ALP) fasfid &,
3. Taciedn SHRTd! URmaed Heferd fa=r ou Ry &R,
4. Sere fodedt sld e UferHca-T STTaUaTe! T SXeaR aTuRT.
4.1 Models of 8086 assembly language program
8086 T TAATYRUT SRIsE! Taol MATERTE Aidd el fae 3med.
Model 1. SEGMENT, ASSUME and ENDS f&¥a oy aroRe=
Data_Seg SEGMENT

Program Data Declaration
[Data Segment of the program]

Data_Seg ENDS
Code_Seg SEGMENT
ASSUME CS: Code_Seg, DS:Data_Seg
MOV AX, Data_Seg ;lInitialization of the data segment
MOV DS, AX

Program Codes [Code Segment of the program]

Code_Seg ENDS
END

TId AlsaHe, Data _Seg § 3¢l YTHed A1 3T ST dTUR WU Scl Tl Sel YHRRTE diftd
FRUGTS! ohell Sidl, TeUoTd DB, DW 3dTfe. Code_Seg & WHITH ®ie failguamaral ara=edT Som=
DIg WHcd A1d 3HTg. END 8T YR AYPTd Sl gfad L.
Model 2 : RIS .DATA 31101 .CODE f&va ey amoed

.MODEL SMALL

STACK 100

.DATA

Program Data Declaration
[Data Segment of the program]

.CODE
MOV AX, @DATA ;Data Segment initialization
MOV DS,AX
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Program Codes [Code Segment of the program]

ENDS
END
T AisaHe, Aled Wid TRHHe aTRugRTe! AUt Ared Jfrd #3d. .STACK 100 § gford &d
Pt 100 word THER] AHRT LHH3! I 8. .Data Sl WHd! gard Jfad HRdl S TR
Sl U dell S1d. .CODE UIHa dRAfd® HIegR Hie AHed! godid giad drdl. ENDS
fdefia Ser 3nfdr s Tedn Ade Jfrd ST AT END TRITH JATE g=iddrd.
4.1.1 Ryvated, @Ruaet fdT H1EeH (Symbols, Variables and Constants)
TRUT 31 el 3ied Ui Ged A T8l aRH S HG Al 96 Adhd. 3R GRugdar dast
WHIA/AHI Fgdd B!, o JoRUTS! IT TG A4 30T sridcll ca=Tdel faym A=i= o
faymTeE YTiaRa axd. @RUETd 19 3/ Fasd ifgs &1 o =1d e e 31 aRiad. 3arexony,
oI 99 WISR HRUIMIS! U 31 RNTTa -71a |ur! 'age’ fhaT person_age’. T, iUl RRTITA
IR SIS, Vdhd IR UGl (Meaningful) ®RTSE A1d URITH ara-adi(Readability) ST SaHTa
(Maintenance) gaHdT ATeadrd. SRR RS, B RUTQT 0T BHRe caHe FTTTd auf SRTdT.
Upper case alphabets: A—-Z Lower case alphabets: a—z
Digits: 0 -9 Special Characters_, @, $, ?

Ruad, Raie il srecy Aarrae Fom @t foda eed.

1. RNUSd A1aTd Wielerde! HIode! guf SR AGAT A~ Z,a—2,0-9, (ATTHR), @

2. QRUITD 9 3&R (fhlac ) fhdl SETDHRA () &= B0l TGP 3. A FARS fSfore

81 Ufea guf (Character) TU aToRdl Id TG,

. RRUSd Arard diet sRTeRaR Saded 3, YR, HHTA dial 32 GUf (Character) 3.

4. TS TS ALY TR (Upper) HTIOT TSR (Lower) 59 3HeRMH N ATEY. TUH, RRusest

919 Y 3RAdGRNA (Case insensitive) 3Tgd.

Y (Valid) @Reae=h Sqeur:
numl, age, my_data, array, result_Isb, count, average, small, large, next_i, name, total_marks, rate,
baud_rate etc.
TART BIeed (Numeric Constant)
ARG DIy IaRT (Binary) fdrar SR (Decimal) fdrat SIS RIAT (Hexadecimal) quifes T
SRIfIT T3> WehdId. IFRT ST [iae ‘B! 31&RT ST Ulfeol, SRIFd IReatar Tae 'D' 31&RT
grfg 3101 ST Rt eI RIde 'H' 31&RT STl UTfgt. YTy, <D, ‘B’ fobal <H> a1 aIkgT SRt =
feomst e SRTa F@ A S, 94 SR Sl HeR AL Had 3 0 fohal 1 /o) sawadh
31Tg, I SRIAT R T8 Wad 0 d 9 3/ Ul SaRID 3T ST gaTS RAd Piee AaR AH 0 d 9
30T A O F GIg1 S0 TaRTDh 3Tg. ST RIS RIAd shHidb e ufgell 8idh A d F Hefiet auf 311g df i
0 7 == I UTeS], HRUT BA, A0, CD 3! TeAT GARS Piicey BUMH AR @R Rwiieq UM Jrei!
ST, TV RIS R|d Aad BA, A0, CD dT Tasit 0BA, 0A0, 0CD 3. 3 fergra.
Y Valid) FAR® Hi<cTd! I8
10101010 ; Decimal constant
10101010D ; Decimal constant
10101010B ; Binary constant
10101010H ; Hexadecimal constant
9561H ; Hexadecimal constant
OFB6AH ; Hexadecimal constant

w
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A (Invalid) gARS BT IeTEI0):

10102101B ;2 BT SR f&fore gt

09A7 . A &1 3Rwa f$fre T

ABCS8 ; Rytsia Ol Srd

4.2 ATEAR ATI THITHIT (Programming using Assembler)

1. et 991 (Addition of Numbers)

Program 1: €I 8 fde Aawf=it 88 (Addition of two 8-bit numbers)

.model small
.data
numl db 85H :First Number
num2 db  0A8H ;Second Number
res dbo ? ;Result Variable
.code
mov ax,@data ;Initialization of data segment
mov ds, ax
mov al, numl ;load 1st number in AL
add al, num2 ;add 2nd number with 1st number in AL
mov res, al ;Store result from al to memory location
ends
end

T UIEHS, num1, num2 3T res T3t AHART THRM SRATERGRT dley bl olizd, dTHes dl Sel
T FSFRRA 3Ma=gd e, TeUH .data fSfdeeg ae, MU savds eRugeqydg el Wi
I el SIS, Kehll,

Program 2: €191 16 fae sa<=it 98 (Addition of two 16-bit numbers)

.model small
.data
numl dw 8A64H :First Number
num2 dw  5F98H ;Second Number
res dw? ;Result Variable
.code
mov ax,@data ;Initialization of data segment
mov ds,ax
mov ax, numl :load 1st number in AL
add ax, num2 :add 2nd number with 1st number in AX
mov res, ax ;Store result from AL to memory location
ends
end

Program 3 : & 16 fde Aawst a¥ie 92 fRaree 16 U Wit 3 Jrawdl. (Addition of two 16 bit

numbers where result may be more than 16 bit.)

.model small

.data
numl dw Offffh
num2 dw Offffh
res lIsh dw 0
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res_msb db 0

.code
mov ax,@data ;Initialize data segment
mov ds,ax
mov ax,numl ;load numlto AX
add ax,num2  ;Add numl and num2
jnc exit ; 1f result > 16 bit
inc res_msb ; increment carry counter
exit:  mov res_Ish,ax ;store result
ends
end

R U Reiee 16 factean SRa SR Xehd, WU scl A Head res_Isb ITET Scl Tl DW 31T
30T res _msb ST ST el3YU DB 3%,

2. e} aIETPT (Subtraction of Numbers)

Program 1: gIF1 8 fde Ha<f=it asirama (Subtraction of two 8-bit numbers)

.model small

.data
numl db 99H  ;First Number
num?2 db 09H ;Second Number
res db ? ;Result Variable
.code
mov ax,@data ;Initialization of data segment
mov ds,ax
mov al, numl :load 1st number in AL
sub al, num2 ;subtract 2nd number from 1st number
mov res, al ;Store result from al to memory location
ends
end

Program 2: gI1 16 fore e} g=Imar®t (Subtraction of two 16-bit numbers)

.model small

.data
numl dw  OFFFFH ;First Number
num?2 dw  0AAAAH :Second Number
res dw ? ;Result Variable
.code
mov ax,@data ;Initialization of data segment
mov ds,ax
mov ax, numl ;load 1st number in AL
sub ax, num2 ;subtract 2nd number from 1st number
mov res, ax ;Store result from al to memory location
ends
end
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3. QT3S 3MfUT 3FNATS~S &< YU (Multiplication of Signed and Unsigned Numbers)
Program 1: g 8 fde 3FaTg™s Aaian UMeR (Multiplication of two 8 bit unsigned numbers)
.model small
.data

numl db OFFh

num2 db OFFh

result dw 0
.code

mov ax,@data ;Initialize data segment

mov ds,ax

mov al,num1l :Multiply num1 by num2

mul num2

mov result,ax ;Store result

ends

end

I TUHHER, num1 3T num2 & 3IF 8 fae sFars~s a3 3med 3nfor @ Reree 16 fac 3 anfor
AX IfSrexq e Rgiee (FEOLH) firesd of 16 foe 3iTs.

Program 2: g 8 fde 9rd=s ia<ar qums R (Multiplication of two 8 bit signed Numbers)

.model small
.data
numl db OFFh
num2 db OFFh
result dw 0
.code
mov ax,@data ;Initialize data segment
mov ds,ax
mov al,num1l :Multiply num1 by num2
imul num2
mov result,ax ;Store result
ends
end

I TIHAE, num1=FFH(-1) 37T num2=FFH(-1) g T 8 fac uss a3 s Hfor &men e
16 fore 3@ 3Mfor AX fSerae Rgree (0001H) fAesd & 16 foe 3ie.

Program 3: @9 16 fde sM™E~s A& UMHR (Multiplication of two 16 bit unsigned
numbers)
.model small
.data
numl dw  Offffh
num?2 dw  Offffh
res_lsh dw 0
res msbh dw O
.code
mov ax,@data ;Initialize data segment
mov ds,ax
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mov ax,num1l ;Multiply num1 by num2
mul num2

mov res_lsb,ax ;Store LSB of result
mov res_msb,dx :Store MSB of result
ends

end

T MU, num1 37T num2 g 3F 16 fe srums-s o smed onftr e @ 32 fae Mar
3. M DX:AX Ioeae ¥giee (FFFE0001H)Aayd o GIF 16 foe IfoReR simed.
Program 4: g 16 fae A1g7s Aa™f=m UM R (Multiplication of two 16 bit signed numbers)

.model small

.data
numl dw Offffh
numz2 dw Offffh
res_lsh dw 0
res msb dw O

.code
mov ax,@data ;Initialize data segment
mov ds,ax
mov ax,num1l ;Multiply num1 by num2
imul num2
mov res_lsb,ax ;Store LSB of result
mov res_msb,dx ;Store MSB of result
ends
end

I TRHHS, num1=FFFFH(-1) 3T num2=FFFFH(-1) § &I 16 fac A58 a3 ogd anfir fReree
FHHTA 32 foe il 3R, IeaTar DX:AX IfoRered Reee (00000001H) fesd & g 16 fae IvReR
3{Ted.

4. TE=S ST SIS Hawdl YRR (Division of Signed and Unsigned Numbers)

Program 1: 16 f@ / 8 fde 3MUE~s A<= URMHR (Division of 16 bit by 8 bit unsigned

numbers)
model small
.data
dividend dw  0123h
divisor db 12h
quo db 0
rem db 0
.code
mov ax,@data ;Initialize data segment
mov ds,ax
mov ax, dividend ;Divide word by byte
div divisor
mov quo,al ;Store Quotient
mov rem,ah ;Store Remainder
ends
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end
TG TR, f3fass 81 a8 3R WU 16 foe der 3nfdr farsoR 871 s15c BU 8 fae 9 3.
YRR, B AH Al 10H 3o RAEST AL ALY 03H 3.
Program 2: 32 fe / 16 fae w3 H9wdar YRM®R (Division of 32 bit by 16 bit unsigned

numbers)
.model small
.data
div_Isw dw Offffh ;Lower word of dividend
div_msw dw 0001h ;Higher word of dividend
divisor dw Ofh
quo dw 0
rem dw 0
.code
mov ax,@data ;Initialize data segment
mov ds,ax
mov ax,div_Isw ;load LSW of dividend
mov dx,div_msw ;load MSW of dividend
div divisor ;Divide double word by word
MoV quo,ax ;Store Quotient
mov rem,dx ;Store Remainder
ends
end
OR
.model small
.data
dividend dd 0001FFFFH ;Dividend as a single variable
divisor dw  OFH
quo dw O
rem dw O
.code
mov ax, @data ;Initialize data segment
mov ds, ax
mov ax, word ptr dividend ;load LSW of Dividend
mov dx, word ptr dividend+2 ;:Load MSW of Dividend
div divisor ;Divide Double Word by word
mov quo, ax ;Store quotient
mov rem, dx ;Store remainder
ends
end

TNT MU, fSfaSs 81 e a3 318 FUN 32 foe FaR Samr LSW AX IoReR 7ed WISR el SiTal
ST MSW DX IfoRex Hedl WISR e SiTd] 31101 fSaTsoR 819 WU 16 fe FaR 3. HRTBRHR,
PIE AX Hel 2222H 31101 RHSI DX Hel 0001H 31Tg.
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Program 3: 16 fe / 8 fae Ar$~s iaxf=m YRMHR (Division of 16 bit by 8 bit signed numbers)

.model small
.data

dividend dw

divisor db

quo db

rem db
.code

mov ax,@data

mov ds,ax

mov ax, dividend

idiv divisor

mov quo,al

mov rem,ah

ends

end

—-123h

12h
0
0
;Initialize data segment

:Divide word bit by byte

;Store Quotient
;Store Remainder

R TumHe, fefass g1 fiifes 98 siie UM 16 foe fiifes dav 3ftr fSargoR g1 s1ge /o 8
foe HeR 3118, UMMHRH®R, RASI FDH 81 AH 78 03 [ 03H] =t 2™ HIfRade 10T diRie FOH 3MTe
AL Tiet 10 [-10H] =t 2" BifRedic 3R, 03 =1 2" HIRGHE FDH 3R 3fd 10 2 HIfReHe FOH
3TE HRUT e Fod srHed @ Tiern 20 SR wUH axffdedn Sdrd.

Program 4: 32 fe / 16 fe A§~s A<= YRR (Division of 32 bit by 16 bit signed numbers)

.model small

.data
dividend dd
divisor dw
quo dw
rem dw

.code
mov ax,@data
mov ds,ax

mov ax, word ptr dividend
mov dx, word ptr dividend+2

idiv divisor
MOV quo,ax
mov rem,dx
ends

end

—12345h

12h

0
0

;Initialize data segment

:load LSW of Dividend
:Load MSW of Dividend

;Store Quotient
;Store Remainder

IR TR TRTegRH R, PIRIC AX T EFD2H 3Tg St 102EH d 2nd SITRqHS BUed —102E
3{Te 3101 RUSY UFT DX He 0009H SHTIT Ulfgsl IRy SHTUedTal FFF7H Sdsd St 0009H d 2nd
PHIRAHC 3Tg TUTSTd - 0009H .
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5. BCD Aew=lt 98 (Addition of BCD Numbers)

Program 1: g9 8 fie BCD Aa=fit ¥ (Addition of two 8-bit BCD numbers)

.model small

.data
numl db 09H
num2 db 09H
res dbo ? ; Result Variable

.code
mov ax,@data
mov ds, ax
mov al, numl

. First Number

: Second Number

;Initialization of data segment

: load 1st number in AL

add al, num2 :add 2nd number with 1st number in AL

daa

mov res, al ; Store result from al to memory location

ends
end

T T Hel SROHR AL e 12H Rgiee fida qur SiegT DAA Ufiiege gisd, deel Reiee Sfma

A 18 fresa.

Program 2: €I 16 fre BCD wiad=t a¥i1 (Addition of two 16-bit BCD numbers)

.model small
.data
numl dw 1234h
num?2 dw  4321h
res dw 0
.code
mov ax,@data
mov ds,ax
mov al,byte ptr num1
add al,byte ptr num2
daa
mov byte ptr res, al
mov al,byte ptr num1+1
adc al,byte ptr num2+1

: Add LSB first

: Add MSB next

daa ; Convert result to BCD
mov byte ptr res +1,al ; Store result

ends

end

6. BCD Saddl guitar®t (Subtraction of BCD Numbers)

; Initialize data segment

: Convert result to BCD

: Store LSB of result

Program 1: €191 8 fe BCD Aawf=i awirama! (Subtraction of two 8-bit BCD numbers)

.model small

.data
numl db 90H ; First BCD number
num2 db 33H ; Second BCD number
res db 0 ; Result variable
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; Initialize data segment

; load first number in AL

; Subtract second no. from first
; Adjust result to Correct BCD
; Store result

Program 2: €I91 16-fde BCD A&t aultara®! (Subtraction of two 16-bit BCD numbers)

.code
mov ax, @data
mov ds, ax
mov al, numl
sub al, num2
das
mov res, al
ends
end

.model small

.data

numl dw  8800h
num2 dw  0088h

result dw O
.code

mov ax,@data

mov ds,ax

mov al,byte ptr num1l
sub al,byte ptr num2

das

mov byte ptr result,al
mov al,byte ptr num1+1

sbb al,byte ptr num2+1

das

mov byte ptr result+1,al

ends
end

;Initialise data segment

:Sub LSB first
:convert result to BCD

:Store result
:Sub MSB next

:Convert result to BCD
:Store result

7. BCD Ha_f=T UI®R (Multiplication of BCD Numbers)
Program 1: aq sf¥e BCD #aﬁmgvm (Multiplication of two 8-bit BCD numbers)

SISl (BCD) wea¥dm UMHR U dxal Id Ale! HRUN UTHRHNR Seme Reee THR
HRUYMTS! BV E! SICaRM U Alel. R, dI1S! UTHR HRUFMTS RIRieg TSIRM (Successive
Addition) Ugd dTURdl ST [hd 1Y 30 ADD fdar ADC 3Mfor DAA $ERM U= bl
IETERUNY, T, 9 T 2 = UMBR BRI 3d aR Wit fgcied FHT0 9 =it 2 desl fdhar 2t 9 dea1 e

H> R[chdl.

® TRUINIS!, S13¢ UMHRINTS! CL IR A&l sRoredl ®dex U 9 fhal 2 O3 Wbt 01 a8
OGRS CX IR 931 SAAeaufl B Jbhdl. SR 9 8 9RIS Hrer BUH Uddl, aR Wrdd

0+9 fdhal 2+2+2+2+2+2+2+2+2

feciedT UIAvHTO) oS R g Refee fieauamre! 2 =t 9 9T HrdT Jed.

.model small

.data
numl db
numa2 db
res db

9H
2h

0
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.code

mov ax, @data
mov ds, ax
mov cl, num2
mov al, 0

up : add al, numl

daa

dec cl

jnz up
mov res, al
ends

end

; Initialize data segment

; multiplicand as a addition counter

; initialize AL with 0

: Add num2 to AL num1 times

; Adjust result to BCD

; decrement addition counter

; if addition counter not zero then go to up
;else store LSB of result

Program 2: & 16 fae BCD ﬁmﬁw (Multiplication of two 16-bit BCD numbers)
.model small

.data

.code

up:

numl dw
numa2 dw
res_Isw dw

mov ax,@data
mov ds,ax
mov cx,numl
mov ax,0

9h ; Multiplier
9999h ; Multiplicand
0

; Initialize data Segment

;Load multiplier as a Counter

add al,byte ptr num2 ; Multiply two BCD numbers

daa

mov byte ptr res_Isw,al ; Successive Addition method

mov al,ah

adc al,byte ptr num2+1

daa

mov byte ptr res_Isw+1,al

mov ax, res_Isw
loop up

ends

end

; IF addition counter not 0 go to Up

8. BCD H&=faT UM R (Division of BCD Numbers)
dRASt A= TuneRE THUE, dRiS! YTTERNS! 8086 2T SCaRM I T8 DU I

SR IUA ATgid. WU, SUB fdhdT SBB 31T DAS ¥R 3MaRgd 3RIcied] dikite] HRTTHR
IR HRUARITST YRR IollaTd! (Successive Subtraction) HYS AMURT! SIS, Xdhd. T HYSHY,
fefaSs Ay fEageR oo ardl Siwdd fSarRer fefassten TaM fdhar WoT sMdl. @, TRfkE
JITaTe! (Successive Subtraction) HISTUIITST U HI3cR (Counter) HTARADH 3HTg O T HRTHR
TR PRI (Quotient) d AT FerT goraTe =T Yact, RASI (Remender) @, Iargxumy,
TS 11 A7 2 A HRTR 38 @R o el [Ty o1 5.
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WY 1: 0 98 HIT B3R Q Y& ]
WU2:R=11-02=09 ; R=Dividend -divisor
IncrementQ=Q +1=1
Compare Divisor with R,

If R > Divisor perform next subtraction
WU 3:R=09-02=07
IncrementQ=Q +1 =2
Compare Divisor with R,

If R > Divisor perform next subtraction
WU4:R=07-02=05
IncrementQ=Q +1=3
Compare Divisor with R,

If R > Divisor perform next subtraction
WU5:R=05-02=03
IncrementQ=Q +1 =4
Compare Divisor with R,

If R > Divisor perform next subtraction
WY6:R=03-02=01
IncrementQ=Q +1=5
Compare Divisor with R,

R < Divisor stop subtraction

Q =5 31 O HIRIC 3MTg AR = 1 5 RS 3%

Program 1: 3 8 fde BCD Fa<dar UIMaR (Division of two 8-bit BCD numbers)

.model small
.data
divisor db 02H
dividend db 11H
quo db 0
rem db 0
.code
mov ax,@data ; Initialize data segment
mov ds,ax

mov al,dividend ; division using successive

next: sub al,divisor ; Subtraction method
das
inc quo
cmp al,divisor
jnc next
mov rem,al ; Store remainder
ends
end

Program 2: €191 16 fd@ BCD Haar Y& R (Division of two 16-bit BCD numbers)

.model small
.data
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numl dw 0009h ‘DIVISOR
num2 dw  0999h :DIVIDEND

quo db O
rem dw O
.code

mov ax,@data ;Initialize data Segment

mov ds,ax
mov bh,0
mov ax,num2

up:

sub al,byte ptr num1 ;Divide two BCD numbers

das

mov byte ptr rem,al ;Successive Subtraction Methods

mov al,ah

sbb al,byte ptr num1+1
das

mov byte ptr rem+1,al

mov al,bl ;Convert quotient to BCD

add al,1
daa

mov bl,al
mov quo,al
mov ax,rem

cmp ax,numl ;Compare result with divisor

jge up
ends
end

9. Rrfigrmefia (3R) Aawit S8 (Sum of Series (Array))

Program 1: AR Aréaaedr N Fadear SRy 8-fae Fai= a8 &=01. (Sum of Series of

8 bit numbers in the array of N numbers)

39, 915 fohaT 98 H1IeR (Counter) N S13e fhaT ad=ar cued SR @ielt (Length) Riadrd, 3RTYA
Fo IS STaRT® 3. n AT SRAYT d13c fhal 98 arIuarTe ! HHR) Uigex aToR 3avdadh

31Te.
.model small
.data
array db 99h,56h,78h,32h,46h
sum_Isb db 0
sum_msb db 0
.code
mov ax,@data ;Initialize data segment
mov ds,ax
mov ¢x,5 ;Initialize byte counter
mov si,offset array ;Initialize memory pointer
up:
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mov al,[si] ;Read byte from memory
add sum_lIsb,al ;Add with sum
jnc next ;If Sum>8 bit
inc sum_msb ;Increment msb counter
next:
inc si ;Increment memory pointer
loop up ;decrement byte counter
;if byte counter = 0 then exit else read next number
ends
end

Program 2: ARl Aeaaedn n et seatid 16-f9e Fdaxf 88w H01. (Sum of Series of
16 bit numbers)

.model small
.data
array dw 9999h,1111h,6666h,8888h,4444h
sum_Isw dw 0
sum_msb do 0
.code
mov ax,@data ;Initialize data segment
mov ds,ax
mov ¢Xx,5 ;Initialize word counter
mov si,offset array ;Initialize memory pointer
up: mov ax,[si] ;Read word from memory
add sum_Isw,ax ;Add with sum
jnc next :If Sum >16 bit
inc sum_msb ;Increment msb counter next:
inc si ;Increment memory pointer
inc si
loop up ;decrement word counter if word counter = 0 then exit
;else read next number
ends
end

10. R wefte wata ae™ A e (Find smallest Number from the Array)

3R N TTee fha1 a8 e T og 3107 3R Hefter A AheH o Fad S8 FRuarnd Ans) uiger
3TIOT BTICR SHTaRTD 3T,

Program 1: UTg 8 fae [av=ar SRUYA Jafa @g™ | MUY (Find Smallest number from the
array of five 8 bit numbers)

.model small
.data
array db  12h,31h,02h,45h,65h
small db O
.code
mov ax,@data ;Initialize data segment
mov ds,ax
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up:

next:

mov cX,5
mov si,offset array
mov al,[si]
dec cx

inc si

cmp al, [si]
jc next

mov al,[si]
loop up

mov small.al
ends

end

;Initialize byte counter to read numbers from array
:Initialize memory pointer to read number

;read number from the array

;decrement byte counter by 1

;increment memory pointer to point next number in array
;compare numbers to find smallest ;number

;if first number < second go to up

;compare it with next number decrement byte counter
;ifitis NOT ZERO, compare with next number in array
;Store smallest number from AL memory variable small

Program 2: UT¥ 16 fe Fav=ar SRUYA Haid @8 =T MY (Find Smallest number from the

array of five 16 bit numbers)
.model small

.data

.code

up:

next:

array dw
small dw 0

mov ax,@data
mov ds,ax
mov cx,5
mov si,offset array
mov ax, [si]
dec cx
inc si
inc si
cmp ax,[si]
jc next
mov ax, [si]
loop up
mov small, ax
ends
end

12h,31h,02h,45h,65h

;Initialize data segment

;Initialize word counter to read numbers from array
;Initialize memory pointer to read number

;read number from the array

;decrement word counter by 1

;increment memory pointer to point next

;number in array

;compare numbers to find smallest number

;if it is smallest then compare it with

:next number and decrement word counter

;if itis NOT ZERO, compare with next number in array
:Store smallest number from AX to

;memory variable small

11. 3R udie gafa MaT = MY (Find largest Number from the Array)
3R N F13c fdhal 9 AavdT ¥d 38 301 3R Tefid T QbR a e {18 HRUTNITS! HERY UfgeR

3TV BT eR T 3R,

Program 1: Urd 8 fire iav=ar 3RUYH Tafd 7181 4a= /et (Find largest number from the array
of five 8 bit numbers)

.model small
.data

array db

larg do 0
.code

mov ax,@data

12h,31h,02h,45h,65h

;Initialize data segment
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mov ds,ax
mov ¢X,5 ;Initialize byte counter to read numbers from array
mov si,offset array :Initialize memory pointer to read number
mov al,[si] ;read number from the array
dec cx ;decrement byte counter by 1
up: incsi ;increment memory pointer to point next number in array
cmp al, [si] ;compare numbers to find largest number
jnc next ;if first number > second go to up
mov al,[si] ;compare it with next number decrement byte counter
next: loop up ;ifitis NOT ZERO, compare with next number in array
mov larg,al ;Store largset number from AL memory variable larg
ends
end

Program 2: U™ 16 foe Sav=ar SRAYA Hald HIaT &% MY (Find largest number from the
array of five 16 bit numbers)
.model small
.data
array dw 12h,31h,02h,45h,65h
larg dw 0

.code
mov ax,@data ;Initialize data segment
mov ds,ax
mov cx,5 ;Initialize word counter to read numbers from array
mov si,offset array ;Initialize memory pointer to read number
mov ax, [si] ;read number from the array
dec cx ;decrement word counter by 1
up: incsi ;increment memory pointer to point next
inc si ;number in array
cmp ax,[si] ;compare numbers to find largest number
jnc next ;if it is largest then compare it with
mov ax, [si] :next number and decrement word counter
next: loop up ;ifitis NOT ZERO, compare with next number in array
mov larg, ax ;Store largest number from AX to memory variable larg
ends
end

11. N es=a1 SR Tl HM Hal SPHIRI A14T. (Sort numbers in array of N numbers in
Ascending Order)

.model small
.data
array dw 10h,56h,41h,36h,99h
.code
mov ax,@data ;Initialize data segment
mov ds,ax
mov bx,5 ;Initialize pass counter
upl: mov si,offset array ;Initialize memory pointer
mov cx,4 ;Initialize counter
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up: mov ax,|[si]

cmp ax, [si+2] ;Compare two number
jcdn ;if number < next number then go to dn
xchg ax,[si+2] ;interchange numbers
xchg ax,[si]
dn: add si,2 ;increment memory pointer
loop up ;decrement counter if not equal O then up
dec bx ;decrement pass counter if not equal 0 then upl
jnz upl
ends
end

12. N a3 =71 SRAW IaAT HHH et HHARI AMET. (Sort numbers in array of N numbers

in Descending Order)

.model small
.data
array dw 10h,56h,41h,36h,99h
.code
mov ax,@data ;Initialize data segment
mov ds,ax
mov bx,5 ;Initialize pass counter
upl: mov si,offset array ;Initialize memory pointer
mov cx,4 ;Initialize counter
up:  mov ax,|[si]
cmp ax,[si+2] ;Compare two number
jnc dn ;if number > next number then go to dn
xchg ax,[si+2] ;interchange numbers
xchg ax,[si]
dn: add si,2 ;increment memory pointer
loop up ;decrement counter if not equal O then up
dec bx ;decrement pass counter if not equal 0 then goto upl
jnz upl
ends
end

13. feeian SiaR sifs fahaT 5@+ 3MTg @ TURIT. (Check the given number is ODD or EVEN)

Do foed SR™a 9¢d 1 3ife (ODD) 318 BV Dy foe 3vad o faaiar AaR 3ifs fdvar s e 3nfir
JAT [T AT 2, 4, 8.... SATE! S8 (EVEN) 3MTed. WU 31Ul faard ek U foer Iodids
g e Dy fore TURY, SR fae 1 3Rd R HaR 31T 3112 3T 36+ 318,

.model small

.data
num db 54H
odd_num db ?
eve_num db ?

.code

mov ax,@data
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dn:

exit;

mov ds,ax

mov al,num

rol al,1

jnc dn

ror al,1

mov odd_num,al
jmp exit

ror al,1

mov eve_num,al
ends

end

14. fediear e uifsifess foar fAifeg 318 @ TURIT. (Check given number is positive or negative)
8 fae fhar 16 fae g s Aavwmed, Yaid Yacs fie WU D, fdhal Dis R e o g axfad. o=

~\

3T il R Tl foer STdiars fthrad e D7 fdval Dys foie dqurg, SR fae 1 orqdd R AR Faifes
3{Tg 3T Ulfvicieg 3T,

.model small

.data

.code

dn:
exit:

num db -20H
pos_num db ?
neg_num db ?

mov ax,@data
mov ds,ax

mov al,num

rol al,1

jnc dn

mov neg_num,al
jmp exit

mov pos_num,al
ends

end

15. STd PR SMTURRM (Block Transfer operation)

Program 1: N Savear Teri 3¢ AYA SRR sRmed KT SxgaR 71 aruRar Sad Hidt H1
TBUSIY 1P S-IWR TR, (Copy numbers from source array of N numbers to destination
array i.e. Block Transfer without using string instruction)

.model small
.data
src_arr dw  4545h, 5656h, 3232h, 9898h, 7474h
dst_arr dw  5dup(0) ;Declare empty array
.code
mov ax, @data ;Initialize data segment
mov ds,ax
mov ¢x,5 ;Initialize word counter
mov si, offset src_arr ;Initialize memory pointer for source
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mov di, offset dst_arr ;Initialize memory pointer for destination
up:  mov ax,[si] ;read number from source array
mov [di],ax ;write number to destination array
add si,2 ;increment source memory pointer
add di,2 ;increment destination memory ;pointer
loop next ;check word counter for zero, if not zero then up
ends
end

Program 2: N Sav=aT W3 3R A SR SRAH K Sea=M arue a4 it &1
USSP S-HWR JATIRRI. (Copy numbers from source array of N numbers to destination
array i.e. Block Transfer using string instruction)

.model small
.data
src_arr dw  4545h, 5656h, 3232h, 9898h, 7474h
dst_arr dw  5dup(0) ;Empty array
.code
mov ax, @data
mov ds,ax ;Initialize data segment
moV es,ax ;Initialize extra segment
mov ¢Xx,5 ;Initialize word counter
mov si, offset src_arr ;Initialize memory pointer for source
mov di, offset dst_arr ;Initialize memory pointer for destination
up:  mMovsw ; Transfer word from source to destination
loop up
ends
end

16. fEIT STIRR=T (String Operations)

e i fohar auf sraara. dvas TmH e, R R ®ie * * Al Oifd &x0) Sawad 3Mg AT
f&Tar Qae «$° foem Far uigel. KT Sel UHR AgH! d18c <5y 3Rl HRUN SRTeR AR
T Ud® diaexd ASCII B ISR Hd! o 8 foe srara.

Program 1: f&&Ir= @ieft R0 (Find length of string)

.model small
.data
strs db 'MSBTE$
length db O
.code
mov ax,@data ;Initialize data segment
mov ds,ax
mov si,offset str s ;initialize memory pointer
next: mov al,[si] ;read character
cmp al,'$' ;check for end of string
je exit ; iIf not end of string then
inc si ;increment memory pointer
inc length ;increment length counter
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exit;

jmp next

ends
end

;jump to read next character

Program 2: f&&1 &M #30t (String copy)

.model small

.data

.code

next:

exit;

strs db 'MSBTE$
strd db 10 dup(‘$’)

length db O

mov ax,@data
mov ds,ax

mov si,offset str_s
mov di,offset str_d
mov al,[si]

cmp al,'$'

je exit

mov [di],al

inc si

inc di

inc length

jmp next

ends

end

;Initialize data segment
;initialize memory pointers

;read character

;:check for end of string

; if not end of string then

; Copy character to destination string
;increment memory pointers

;increment length counter
;jJump to read next character

Program 3: {31 @ &0} (String reverse)

.model small

.data

.code

str s db MSBTE$'
str d db 50 dup('$)

count db O

mov ax,@data
mov ds,ax
mov si,offset str_s

next: mov al,[si]

exit :

up :

cmp al,'$'
je exit
inc si

inc count
jmp next

mov di,offset str_d
dec si

;initialize data segment
;Calculate length of source string

;Initialize memory pointer for source string
;read first character from source string
;check for end of string, if yes then exit

;else

;Increment memory pointer
;increment length counter
;jump to read next character

;Copy Source String to Destination in reverse order
;initialize memory pointer for destination string
;decrement memory pointer for source string
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mov al,[si] ;read character from source string in reverse order
mov [di],al ;copy it to destination string in forward order
inc di ;increment memory pointer for destination string
dec count ;decrement length counter
jnz up ;if length counter # 0 then jump up to copy next
ends
end
Program 4: &= %‘T Ssur (String concatenate)
.model small
.data
str s db ‘MSBTES'
strd db ‘MUMBAI$'
.code
mov ax,@data ;Initialize data segment
mov ds,ax
mov si,offset str s ;Initialize memory pointer for source string
next: mov al,[si]
cmp al,'$' ;Is memory pointer is at last character
je exit ;if yes then jump to concatenate string
inc si
jmp next
exit: mov di,offsetstr_d ;initialize memory pointer for destination string
up: mov al,[di] ;read character
cmp al,'$' ;check end of string
je exitl ;if yes then exit
mov [si],al ;else copy character to source string
inc si ;increment memory pointers for
inc di ;source and destination
jmp up ;repeat process till end of destination string
exitl:
ends
end

Program 5: {71 ®eae @iar & AYH 3WR $I A TGl (Convert string from lower case to

upper case)

.model small

.data
str I db ‘msbte$’
str u db 20 dup(‘$’)

.code
mov ax,@data ;Initialize data segment
mov ds,ax
mov si,offset str_| ;initialize memory pointers
mov di,offset str_u

next: mov al,[si] ;Read character from array
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cmp al,’$’ ;If end of string then exit
je exit
sub al,20H ;Convert to upper case
mov [di],al ;store into memory
inc si ;increment memory pointers
inc di
jmp next ; goto next character
exit: ends
end
Program 6: {11 H¥aex 3uR & GYH AR & Y F&aul (Convert string from upper case to
lower case)
.model small
.data

str I db ‘MSBTES’
str u db 20 dup(‘$’)

.code
mov ax,@data ;Initialize data segment
mov ds,ax
mov si,offset str_| ;initialize memory pointers
mov di,offset str_u

next: mov al,[si] ;Read character from array
cmp al,’$’ ;If end of string then exit
je exit
sub al,20H ;Convert to lower case
mov [di],al ;store into memory
inc si ;increment memory pointers
inc di
jmp next ; 0O to next character

exit: ends
end

Program 7: f&&r=l g@=T (String Compare)

.model small

.data

str s db 'MSBTE$
strd db 'MSBTE$

count_s do 0

count_d do 0

msgl db  'Strings are Equal$'

msg2 db  'Strings are Not Equal$'
.code

mov ax,@data ;Initialize data segment

mov ds,ax

mov si,offset str s ;Initialize memory pointer for source string
next: mov al,[si] ;read character from the source string
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cmp al,'$' ;compare with $

je exit ;if equal then go to exit to read

;destination ;string

inc si ;else increment memory pointer

inc count_s ;increment counter to count length of string

jmp next ;jump to read next character

exit:

mov si,offset str_d ;Initialize memory ptr for destination string
nextl: mov al,[si] ;read character from the destination string

cmp al,'$' ;compare with $

je exitl ;if equal then go to exitl to compare length of both strings

inc si ;else increment memory pointer

inc count_d ;increment counter to count length of string

jmp nextl ;jJump to read next character exitl:

mov al,count_s
cmp al,count_d
jne exit2 ;If length of both strings are not same then go to exit2 else compare
;strings character by charecter
mov ah,09h ;Display string are same message
lea dx,msgl
int 21h
jmp exit3
exit2: mov ah,09h ;Display string are not same message
lea dx,msg2
int 21h
exit3: mov ah,4ch ;Terminate program & Exit to DOS
int 21h
ends
end
17. 16-fae Favue ara=t 11 3for "0 A F®AT "N (Count numbers of 'I' and '0" in 16-bit
number)
DIl 16 foe FaRvAe IRt *1* fdhar *0" AISUaNTdT 3Tl HaRdl 16 98] Soldids fdhdl Sldids
T HEA T Uhdl. IRST U0 ROR/RCR fdhdl ROL/RCL Tld PIUdg! Th SR a0
bl
.model small
.data
num dw 55aah
zeros db 0
ones db 0
.code
mov ax,@data ;Initialize data segment
mov ds,ax
mov Cx,16 ; initialize rotation counter
mov ax,num ;load number in AX
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up: rorax,l
jcdn
inc zeros
jmp next
dn: inc ones
next: loop up
ends
end

References:

;Rotate number by 1 bit right
;if bit # 0 then go to dn

;else increment zeros by one

:decrement rotation counter
;if rotation counter # 0 then to up

5. Microprocessor and Interfacing (Programming and Hardware) by Douglas V. Hall [ McGraw
Hill Education, New Delhi ISBN-13: 978-0070257429]

6. The 8088 and 8086 Microprocessors: Programming, Interfacing, Software, Hardware, and
Applications by Walter A. Triebel, Avtar Singh [Pearson Publications, New Delhi ISBN-13:

978-0131228047]

7. Microprocessor 8086: Architecture, Programming and Interfacing by Sunil Mathur [PHI, New
Delhi ISBN-13: 978-8120340879]

8. Microprocessor X86 Programming by K. R. Venugopal and Raj Kumar [BPB Publications,
Delhi ISBN-13: 978-8170294580
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gfe-5
MRSR 3ATfoT Hept

(Procedure and Macro)

ﬁ'Wﬁm?ﬁ(Course Outcome):

CO5: faaiea THRNTS! SRl Tiast TR fadRid HRuarTe! URIeR SH1foT Heh! aTuR.

ycoh ﬁm?ﬁ(Theory Learning Outcome):

2. fedied TRret Sefid TiRoR arae sRis! ciast Ui fasws R &,

3. focie TreTe! efid Hep! aToRe st v Ui fasfid .

4. TEoiean IRTHICI=T STYRTAR WRSR 10T Hep it g1 B,

5.1 TiiRyerEr ul=g (Introduction to Procedure)

T MUTHHS, SGTAT S=1T URIRCT FHR §d dRTd 1Y 6T Y51 YHH CReb HRUGT! Sa=ddhdl
315, W, SR A HH Y51 Y-l fafguamniastl, d 9a-UIUM (Sub Program) H WdAq0l feifgel
STATd ST WRISR (Procedure) TOTATd. WRISR=AT T SO0 YT TS HlegeR Ui
(Modular Programming) Ydbed-1 B IiTel ST UL b, d8d, Sieg] SiegT STedTel MReRAE
TG Al SR URIRIC SRR STIIDHdT 3, degl AU AN Had Hid (CALL) &
TTehal. WU, NIRRT Hed, SeaR= Aeid SitaRict (Duplicity) <Tesdl Ad.

5.1.1 MR gRyTia Hot (Defining Procedure)

PROC 3101 ENDP feRfdeegaan Sudi Uiffior uRuiitd erugreidl dell Sirdl oY fekfdce PROC
NRoRH! qReard FiTd 311for fekfdeeg ENDP sriaeRar Wifieikan Yde 9. f$¥faes PROC 3for
ENDP = g&ciH GRYTINT HRum=am UiRkoRe die Iad o0l 3a0® 3MTe. R (NEAR) WIRSR
Ha A hle WHcaLd URHINT dhedr rfgord ford HifeT usm (Calling program) 3l T BR
(FAR) TSR g1 ®ie SHcad URHING delt drfgol. IRISRYTS i aTdRaHT (Syntax) JTHASHTO0
3o

procedure name PROC [NEAR / FAR]
code of procedure

procedure_name ENDP

5.1.2 CALL 3MfT RET §R R
1. CALL procedure
PId (CALL) SR ITUR URIH dheld &-UITH (Sub-program) fdhdT Ta =EHA (Sub Routine)
TN HROTRATS! Bl STt FA3R (Near) MO BR (Far) ® dierd 2 Jayd UHR 34, fAsR dia
(NEAR CALL) U Th TIRSRUTS! Hid 3MTg, Sl dId SR JHIU I ®Ig IHCHS 3.
BR ®Id (FAR CALL) TUN Tehl MRIGRATS! Bid T8, Sl g1 Dle AHCHL 3 dl f5 sl
SHRM Y. 3R Hid 13T IP ot G Kb aR TISR bl Sild 301 BR Hidt TSt CS ST IP A B
HPh REIBR Bt ST
3TIYRH:
1.  SRFSR®IA (NEAR CALL) 3Rd R

SP&SP-2

Save IP on stack

IP < address of procedure
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2. SRWRPIA (FAR CALL) 3{d @
SP&SP—2
SP « CS i.e. Save CS on stack
CS < New segment base address of the called procedure
SP &SP -2
SP < IP i.e. Save IP on stack
IP < New offset address of the called procedure
Jalexul: CALL FACT
CALL FAR PTR FIBON
2. RET instruction
DITeiT UATHAYTT CALL SICaRFHR o< UIH UietergI dheleral Tiameie Yl Siearer id
PRGNS RET XA dTUR ol SiTdll. SR WIROR fg MR TiR™R (NEAR Procedure) 3d, @R
K& ClUae- Th 98 IP o o TIRIAId He UH el HIfeiT Uig I WRd Sied. DI
TUTHASA CALL SCHRM AR Ko aRa1 d6 Yo ol SIcaRdl HIhIC Ug 318 S CALL SEaRM gR
LHAR WISR Hadl 3R] SR MROR g R MRIOR (FAR Procedure) 3RId, TR ¥ & SlUde- G4 ds
IP G CS ot K¢ TIRardd dH& A dheld HIfeiT UiH A IRd olisd.
STORRM:
1. SRfRfed (NEAR RETURN) 3R@ @
IP < content of top of stack.
SP < SP + 2.
2. SRWRRed (FAR RETURN) 3Rd @
IP < contents of top of stack.
SP & SP + 2.
CS < contents of top of stack.
SP & SP + 2.
5.1.3 MReRAS WRRftex UTRiTT=ar Ul (Parameter passing methods in Procedure)
WRted Wieitd TR UG AR S G- TRTHAYT UIRORAl U dd Sihs, YT
1. IR IR FH& WHted IiRkiT (Passing parameters using registers)
2. T aToe WRiHted UTiRiT (Passing parameters using memory)
3. Ulscy arae WRTHeH UIRiT (Passing parameters using pointers)
4. WK I WIHCH UIRIT (Passing parameters using stack)
1. IRETET ATUR H URTHIEH UTRIT (Passing parameters using registers)
TRSRAY U FRUIRT ST oReAE TSR H6T SlTul Az 3T ST SeTaR Ufohal HRUAMTS! a1
SRR AT TR BT STl
JalgrUr:
.model small
.data
numl dw 1234h
num2 dw 4232h
.code
mov ax,@data
mov ds,ax
mov ax, numl
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mov bx, num2
call mul_num
mul_num proc near
mul bx ; TIRISR 821 AX 301 BX IfoRex T Ut
ret
mul_num endp
ends
end
Rt U HRUGTATS} AN ITIR SRV IREN 31T WIS IoRexd! T Uifg @t ar uRrHtef=t
e Haffed gia. IReT= aTR S 100 Favar 3R MRISRST UM BT ST, 2dhd ATal.
2. A8 Ao WRTHte™d wifiiT (Passing parameters using memory)
ST UHRUMTAED Aot d IRIHICY NRSR& S U HR1d BRI 31 UHRUTHE, IR TR SRIdTd.
CIS LG
JalgrUr:
.model small
.data
numl dw 1234h
num2 dw  4232h
result dw ?
.code
mov ax, @data
mov ds, ax
call mul_num
mul_num proc near
mov ax, numl
mul num?2
mov word ptr result, ax
mov word ptr result, dx
ret
mul_num endp
end

3. UTged arue- URTHIEH UTfRiT (Passing parameters using pointers)
1 UWRTHTeR ORI Ugdid, 3Tl 3fasd Sel aliR HRUGMNS! ALl Ufged aiuss bl of UIRTeR AL 3¢
ST RRUFEH! A1d aTURugT=T TRAGAR HId e Z1dhal.
JaleXUl:
.model small
.data
numl dw 1234h
num2 dw 4232h
result dw  ?
.code
mov ax, @data
mov ds, ax
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mov si, offset num1
mov di, offset num2
mov bx, offset result
call mul_num
mul_num proc near
mov ax, [si] ;S| TTRY Uleer a0+ HeeTRids AX IoRexHe STuTal
mul [di] : DI §A3} TS e qIoRe Hee IR 3MT0Tat
mov [bx], ax : BX AHR] Ufgex arue Reiee ISR dxal
mov [bx+2], dx
ret
mul_num endp
ends
end
4. IH IS WTHIEH UIRIAT (Passing parameters using stack)
XH I WHICH UM HRUGNITS! U T- TRTHAET TRoRYTe! did ®Roargdl il Khax
WISR (PUSH) Fdl. UIRToR A&l dToRed SITUM=] SR K hHYT I8 (READ) H&A § WRHIeH
ATURATd. ST SicgT T URTHICY U SHRUTTITST aToRal Sl degl WahaR o1 €IS (PUSH) o ST
30T g URma e CWehded S S (READ) Il I GATIET 3901 He@Td 3Tg.
JalerUr
.model small
.data
numl dw  1234h
num2 dw  4232h
res dw ?
.code
mov ax, @data
mov ds, ax
push numl1
push num2
call mul_num
mov word ptr res,ax
mov word ptr res+2,dx
mul_num proc near
push bp
mov bp, sp ;copies offset of sp into bp
mov ax, [bp + 6] ;numl value is available at [bp + 6] and is passed to ax
mul word ptr [bp + 4] ;num2 value is passed
pop bp
ret
mul_num endp
ends
end
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5.1.4 §-vug—e MRISR (Re-entrant Procedure)

Dol IRFRUTTAL 3R B3, Wb B! UIRIOR 1 BT MUTHHYA BHid el ofld, MReR 2 TReR 1 7YA
DA bl T AT TSR 1 GeT MROR 2 3% Hid il oird. a1 TR 9| WReR 1 9
TRNARAET Ya18 G681 YA HRd. A1 UHRAT UiRkeRar $-uue— WSk (Re-entrant procedure)
TUIATd. Y1-T0gC FHRUTrAT NIRSRUTS! TR UeRiRI=E1 UaTg Fig. 5.1 T GRIfad 3113,

PROCEDURE 2

PROCEDURE 1

| MAINLINE

CALL
PROCEDURE 1

RETURN

. CALL
PROCEDURE 1

PROCEDURE 2

NEXT MAINLINE
INSTRUCTION
AFTER CALL

RETURN TO ..
MAIN PROGRAM -.___ .. s

Fig. 5.1: ﬂ-@g?tﬁﬁﬂ'\' (Re-entrant Procedure)

5.1.5 f¥@fieg MRS (Recursive Procedure)

i TRPR g THUIRIOR 318 Sff Wd:dl Hid HRd. RapRicg MRoRd aTWR < (Tree) ATaT Siied
ST R B HRUGMNTS! bl il SR UIRToRar N (R S®) = 3 U8 Hid Pl 3T ok AR
TS WIS BIa-aR N ThMH HH! oodl o 30T MRORAT N = 0 815 Udd i dveit offd. Fig. 5.2
Yo Rics MRSRATS! el ST 31fdT YESI-H1S (pseudo-code) T=ifaal.

PROCEDURE PROCEDURE PROCEDURE

MAINLINE RECURSIVE RECURSIWVE RECURSIVE
CALL
RECURSIVE CALL CALL ¢ CALL
NEXT MAINLINE
INSTRUCTION
A
PROCEDURE RECURSIVE ~ RET RET RET

Fig. 5.2: W‘Jﬁﬁﬂ'\’ (Recursive Procedure)
5.1.6 WTRSR aUe SR efderd TR (Assembly language programs using procedure)
Program 1: S¥IoT, SITET!, UNHIR ST HITHR ATST TSR aTus Sss! &de WUmH. (An

assembly language program using procedure to perform for addition, subtraction, multiplication

and division.)
.model small
.data
numl dw OFFFh
num2 dw FFh
res_add dw ? ; result of addition
res_sub dw ? ; result of subtraction
res_mul dd ? ; result of multiplication
res_quo dw ? ; Quotient of division
res_rem dw ? ; Remainder of division
.code
mov ax,@data ;Initialize data segment
mov ds,ax
call add_num ;Call procedure for addition
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call sub_num ;Call procedure for subtraction
call mul_num ;Call procedure for multiplication
call div_num ;Call procedure for division
add_num proc ; Procedure for addition
mov ax,numl
add ax,num2
mov res_add,ax
ret
endp
sub_num proc ; Procedure for subtraction
mov ax,numl
sub ax,num2
mov res_sub,ax
ret
endp
mul_num proc ; Procedure for multiplication
mov ax,numl
mul num2
mov word ptr res_mul,ax
mov word ptr res_mul+2,dx
ret
endp
div_num proc ; Procedure for division
mov ax,numl1
cwd
div num2
MoV res_quo,ax
mov res_rem,dx
ret
endp
ends
end
Program 2: 3RAYT Hafd $gH Hav MNYTIRITST MR arue isdt J7ae URIW. (An
assembly language program using procedure to find smallest number from the Array.)
.model small

.data
arr s dw 196,7,2
sml.no dw O
.code
mov ax,@data ;Initialize data segment
mov ds,ax
call small_num ;call procedure to find smallest number

mov sml_no, ax
smallest proc
mov cx,4 : Initialize comparison counter
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mov si,offset arr_s ;Initialize memory pointer
mov ax,[si] ;read number from array
dec cx
up: incsi
inc si
cmp ax,[si] ;compare it with next number
jc next ;if number is smallest then compare it
mov ax,[si] ;it next number
next: loop up
ret ;return to calling program
endp
ends
end
Program 3: 3[Asd} 37d% MUTH o9 Pt Z=(A+B)*(C+D) IHi®ur Grsfavarard! MR aruro.
(An assembly language program using procedure to solve equation such as Z = (A+B)*(C+D).)
model small

.data
a do 10H
b do 20H
c do 30H
d db  40H
z dw ?
sum db ?
.code
mov ax,@data ; Initialize data segment
mov ds,ax
mov al,a ; load al with a
mov bl,b ; load bl with b
call add_byte ; call procedure for addition
mov asum,al ; store result of addition
mov al,c : load al with ¢
mov bl,d : load bl with d
call add_byte ; call procedure for addition
mul asum ; multiply the result of 2 sum
mov z,ax ; store final result
add_byte proc
add al,bl
ret
endp
ends
end

5.2 HeplaT Ui=d (Introduction to MACRO)
Teh! (MACRO) BT Ud e 3Mg WML TCdg SicaR-dl Uh I 3Te. 8086 A TR AlSeR
I SHTSSIaul HRUTTE! g1 U T Ugd 3MTe. Hebl TRAGIRUGT 3= UDHR H 3Mg Bl
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UIRISIRUHATY HId B0 0T FAE=07 Uvd HR01 IRIRRG AATe!. SicgT Siegl Heb ol hidl dbal Sld! dagl deg]
TR U@ da! MUHHAY HIe TR DRl SaeR [Sfaegadl aR d&d URTHHS Hebid! SR
DT OS> X o fb MACRO (Heh T ATaHaR Hebidl BT HI8 Y& HRUATYd! aToRdl Sl 31for
ENDM (Hsh=ar Tach). HehiRft Tafid sraciedn ¥d SRy a1 GF RiaeR fexfdeeadd srmaal
grfgal.

5.2.1 Hehl URRHTT S0 (Define a MACRO)

8086 HTIH YR Hep! URHTRT HRuamra! Wrefid Ridaq (Syntax) 31Tg:

macro_name MACRO [ list of parameters ]

Code of MACRO

ENDM
5.2.2 WRTeHTs Hehl (MACRO with parameters)
HepIHed TRTHICT UMY R0 Ui} 3118, SR 3MTIUT 1T 30l HebHEd UMY e 3fwsd ey, fevadis
MACRO FaRd 39Ul Hepl=aT AT UfgedT fAumTd &1 Jatar S e Ydbdl. 317901 WRiHedar
U HebIHed UT ¥ 3add e, f8acias (MACRO ) v 39U Hep =T 3Te ufgedt faemra
1 g4t IE He bl o Wa fead 3R,
add_num MACRO n1, n2, res

Code of MACRO

ENDM

R IETERUTHE N1, n2 3T res § HebHEd T dhaial IRMHICY 3T,
5.2.3 Web! aTUS ST S1Tdel THIT=T (Assembly language programs using macro)
Program 1: S¥IST, gSIET®!, UMER ATOT YRTIHR TSt Wep! a1 [sd! S3de WUTH. (An
assembly language program using macro to perform for addition, subtraction, multiplication and
division.)
.model small
add_num macro n1, n2, r_add

mov al, nl

add al, n2

mov r_add, al

endm
sub_num macro nl, n2, r_sub

mov al, nl

sub al, n2

mov r_sub, al

endm
mul_num macro n1, n2, r_mul

mov al, nl

mul n2

mov r_sub, ax

endm
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div_num macro nl, n2, q, r

mov al, nl
div n2
mov q, al
mov r, ah
endm
.data
ruml db 45h
rumz2 db 10h
res_add db ?
res_sub db ?
res_mul dw ?
res_quo db ?
res_rem db ?
.code
mov ax, @data
mov ds, ax

add_num numl, num2, res_add

sub_num numl, num2, res_sub

mul_num num1, num2, res_mul

div_num numl1, num2, res_quo, res_rem

ends

end
Program 2: st $7a9 WRITH o & Z=(A+B)*(C+D) THi®=ur Wisfavarardt W aruz.
(An assembly language program using macro to solve equation such as Z = (A+B)*(C+D).)
.model small

add_num macro nl,n2, res
mov al, nl
add al, n2
mov res, al
endm
.data
a do 10H
b do 20H
c do 30H
d do  40H
rl db ?
r2 do ?
z dw ?
sum db ?
.code
mov ax,@data ;Initialize data segment
mov ds,ax
sum_num a,b,rl ; Solve (a+h)
sum num c,d,r2 : Solve (c+d)
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mov al, rl
mul r2
mov z, ax
ends

end

; Solve (a+b)*(c+d)

5.3 WiTRroTR 3ATfOT Wb It g1 (Compare procedures and macros)

Sr. No.

Tl (MACRO)

UIRSR (PROCEDURE)

Teh! IRUNHY SRl Th I 31
W AR UERTeT 9aee 3.

IRSRAY SR U 99 3l Sar
a1y Sl U W R B Hot
WS> b

T SR Bicdl YANITe! AR S,

T R Hiod] I3 aTiRe ST

HAET STa=aHdl ORd 39d.

HHT SaxTHdl HH 3d

Thiael CALL Sfif01 RET SR
NICEUCZRIE

WRGRAY CALL 30 RET SXRMN
NIICEUCACIFS

TR feface MACROTT TR Hep!
gRyIid HRUgETdt BT Sl 3Mifor
ENDMTI dWR HIg IJusT 38 ©

ifquaraTd} HoT S,

TR fo¥fdeag PROCTT TR TROR
gRYINT HRUIETST BT STdl ST
ENDPIT dqR Hig UUST 38 o

Z2IfquaraTdt BT S,

HepIh UAIagRITeN ded HHT 318 HRUT Tt
UIRISRO&T ITdH UfRIRIE Hd.

IRoRdl URIRIRAGl 9 SRd 31T
DHRUT Tl HehTUST § TRIFIC P,

Y H2JH DI 3P dos] TR BT STl

Y A1 B8 Hhad Thard daR HoT ofdl,

BHRU UAD A Hep! BHIS HST Slldl dag]

=i ®Is TR B,

SiegT TIRISR RIS &eT Sfid degl o

had Uhard daR Bld.

ThIae IRTHICR TeHedl Udh HRT U

RIRAY Wi Iored b At

U b STd SATST Heb! URTHIER TgUrdTd.

Bl fhal WhHE U o SITdTd.

HIGT (CALL) 3T RefAm (RET)
THGUHS dobdl 3IgRes Bld g,

TRd a1 ddT slieves gl
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