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INTRODUCTION

8086 micropriocessort s on enhonced yercsion of €085
trhod woecs d,eg)gmed Iﬁy ntel in 1274 Tt i A l6bit
micnopnoc=ssorz thich has 16 bit datos hhe oand 20 bit
odalress ne . TF prvides up to 1MB S'?Dﬂaa,@.

I T+ is a l{-bit processor.

. TF has a 16-bit datzx bus.

. THhas 20 bif addiress line and can acceds wp fo
2%° W\&W\Or\?y locations (1AM 13).

V. Tt ¢an 5upp0n’f' up o &4k I/0 ports .

v. T+ prisvides 14 negiskns, lb-biF+ eoch .

vi. Frefetdhes upbo & jnsinuction ]oy-/e/s from memorty and
gueunes tham jn onder o speed up Jhe process.

i, It wses oo 5+a\€es of P"Pf’—(ib";ﬂa, l.€- fefchn 543(6% and
exécute si-qe,a_,



INTERNAL ARCHITECTURE
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REGISTER 0RGKAN|ISATION
The 2086 neg?s#ens ane classified into fe +ouowim67 fypes:

—> (heveal Punpoce ch?ﬂens
'—}S&g ment (Reai?refs

—> Printers ond Segw\e/\f‘ RCOC(fg"‘eV_g
—> F‘lag Reoc(is+e\/

pxl i im es 1 e

o o w5 e
T e FLAaS
D e

hrenenal daterveg shers vegisters va“c%isiers

1. Geneyal Dato Reé,is'f‘ers

1, The Vegl\ﬁds AX,BX CX. DX ave the 3cr\e_r7cal pUrpose.
1L-B)F req fstevs.

1. AX is used o bt accumulator. The bwert P-biF is
desfgvxed as AL & Fhe higher g-bit 1 016573%@[ AH .

{'1')', AL o oder Y‘ég.lS'{'éVS can phe (/LSQ,C( AL ér'H’\Cﬂ [é—b/'/- orc
g-bit. be example. pX s o W-bit register , but BL mlicafe s
the lowere ¢-bif white BY indiates the nighert € b

V. The rcgis#'en BX js used as offset efonagt Son »Jmmiwd,
Pf’\\ySiCOLI oddness.



V- The vcﬁkh’v % is ysed as defoult counter in ase
of sh:’va and oop jnstructons.

vi. DX reéi#er moy be vsed AS on iwmplicst o perzand ort

destinotion n case &€ Few tnshuctions.

2. Seg ment 12@3@‘}27‘_5

There ave 4 Seg\’)"@ﬂ'/— Y€g7$+€W5f

—> (ode Ségmem‘f' (C§>
— Dot §c3mcm+ (D5>
—> Stacle Seétmcmt (SS)

—> Exfra §egmcm+ CES}

(ode Se(cfymcnf Regﬂs’f‘er (CG)—'

T+ ts used fov a\cidre_ss?nj memovy locah'on v dihe (ode
Segmcmf‘ of the memor Y, Where execulable progr‘a\a/\

s stored.
Poto. Seg ment Regﬁsfen (Ds)-

T+ Pa?n’h the doda segmcwf oF Ahe rhc,rr\ov:y wheyre lodo-
is stovred-

Extra Segw\crﬁ' Qegishr (ES}:

Tt vefers to oxsegvv\em‘ in The memory which s
anothey data Sej\ma\'i' ‘N the memev Y.



Stock. S@é‘mcn‘f QegTs’rer (s9):

The stoch Séémcwf is et segrr\en’r o memort() mhnich
is used do clore stock data- tanile aacfdnessfmg any)
locatton \n-fhe memovy bonle, the phkysfml address 13
@alculnted drom dwo pavts.

Phy siaal Addyess = §e(7mcn’r address X [0H + offsef address

The fivet pantis secf] ment address 4he segment V‘cg]s%er
contain g bit schN.V\i' pase addresses ,related 2
diéfevent segmcmt The second part is dhe offset valuc
N Ahat Sejw\ax\fﬁ

3. Poitev & TIndex Ragisi-ers
The index ond pointer rcg[isf‘ews are g?vem below !

(P2 Drstruefion pointer - sfove wemory location ot
nexf insfruction 4o pe execteted. (ontains pffset
withivi Hhe code segmcmt

BP' Base psinter. contain s o set within dode chmmv’:

P Stack Poivter , rontains oHset within Stach s%qmmﬁ

ST ' Soeurtce mdex s vsed fo store the offset of
source datx \n dot= segmcm‘f'-

DI | Deshnation index | vsed to sfove Hre oHSsef
of destinaton im dato or extrra Segmcm’f‘.



4. Flag RagiS'f'eV

The 06 fffog reg'fsd'er contents indicate 4he result
o computation v e ALU- T alsoe confaing some
ﬂo\g bits 4o control the PO operation.

5 14 13 12 ) 1092 8 ¥ &5 &4 3 2 | 0
OF|DF||F[TF|SF|ZF| |AF| |PF| |(F

The descriphion o0F eoch 7‘10\3 bit is as Jollows!
Status Flags

(arry Hoy (F)
Thig Hag ts sef 1. Wwhen Hheve 1s A arry ot o
M503.

HENEEE

HpOtY 100 |

@M(“j P@oon 1000

Parity fflo\g CPF)
This 'flo\é/ /s Sef 4o 1. it the lover ‘@’f‘e ot the
vesult contarns even number of 1's

Aux}[r'r'ro\] (ow’rj ff‘loﬂ CAF)

Thie flowg ts set 1, if there 15 vry from the lowest
wnibble, oy borrott from dne (owest nibble.
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LOTL 1[(}1 %Hram,faryg”%

_0000 0109 from Brd bit 2 fle
(100 0011 X
4% pif.

Zeno ')Clog (ZF>
This «floxoo, is set 1. if the vesult of previows instinuction
1S ZTero.

St’gm 'F(Okg (sF)
Thig fHoxg je gset 1, i+ The resudt of any (omputati on
§'S ncga\fh'vc-

MSR=0 SF=0

Ovenfloo 4log (oF)
This 1s {lag st 1t an overflow occunrs . when e

resed t is more thon Zbits in size in case of %-bit
6ighcd Opmovl-r‘OV\ and wore. tan  [5-bits jn S1Z¢C
in cose of 1¢-bit sig\n opemh'om&v\d then dhe
overflow ill be sef

Trap flag (TF)
Tn“"er‘r‘b(p'f' f(ag (IF> St F'“é)’g
D inecion «Flag (DF)



EXAMPLE

# JFFFH %,M(IHH AR
+ /FFFH OV ) LU Ty (v
T Lo

CE=0O AF=|

TR o e uvlaert salted
PE=0 SF=1 P o PosITVE ¥ wlaer re 7 a

/ : 2 [
_ / gﬂg@y% Y pumer
ZF=0 oF=1 - ¢/

¥ FFFFE U S e
1 oD oD 0w (PO

CF: 1 AF: ’)
pr=1 sF=0 /
Zk= 1  QOF=0 -

i H ” &7 " Z : " t'{!
% Sty ﬁ*? %,@6}}%*‘?‘4&;{9‘ {j Y& OPOSIH /A "'!>
7" | N |

4

i [P
i M% . A3 ((.w 7!‘&;‘;‘? -(’5’ s ’: \\
U gLt 1S pasitTye or)

= r bttt
¥ FFEFH o L
FEFFH FOEL et ULl

L TI0T t0tl [11) [t10

CE =" AF=1 Jw”% ()
pF=0  st=1 (-



MEMORY ADDRESSING

(vw 80L& YV\€YY\Ov‘y a\ielwe_ssiwafevcvy memory
location o refevenced loy o |-t segament and

o (b-bit 0fSset, and o 20-bif phjsfml address placed
on fthe us s alculated as Physicel Address =
seavr\cm‘-XIOH + 04fsef . Thte scheme lels alb-bit
(PU address 1TMPB ng romb]n?w(o{ o 3cgmn‘r bose.
with on  gdcet within Hhat (4kB S%W\@V\'f‘-

Memeyy addness schemes:

1. 4 P‘US)(O\I Address such as 04A26H, Is o
20-bit value thret dfraaxafy references o spccif'{‘a
locontion.

2. A Logfcal Addvess:  (ombines segw\@/\f and
oSset address. 0f§set address s e (ocation
within 64K byfe scgmcwﬁ roma,z_

SPCCI"@INV\OOI Address

To vepresent o se ment aCiQ"resj and. ?'FS rdative
offsef we use nofation

Seévnér\‘/' 5 0ftset

020A 2 \BCD

% q
Seqment D otfset



Lommon Seczlmcn—oﬁgef pains

Segment Offset Special Purpose
CS P Instruction address
SS SP or BP Stack address
DS BX, DI, Sl, an 8- or 16-bit number Data address
ES DI for string instructions String destination address

How 1o calculat &
P\r\jsiml Addvess = ch'mcmL X108 4+ Offcer

F* J005H L S5E55H > Logiel Adlyes
JOOBH X I10H —> 10050 H

S SegmenT
e ¢
065D H -

+ Soogp — > Offset
‘TBBAB H - pf/“:ym\(m'% Addyess

% 020AH:. 1B¢DH
020AW X 10H —> 02040 H

O20AH0 tH
13¢D v
D‘ZCé D Htm”;};&, Qi"‘ﬁg?‘{&! ,Ae}d‘y’{»gs

¥ 13561 1 2E20H
1356H XOH = [3560H
125604

2E20 H . A
1 éB 50 H e m"i\yﬁ;;f@ﬂ Aclaless 44§

-~




PASIC INSTRULTION

MOV A%, 1234 H
MOV AKX, BX

> Peda 4o ng{s*)‘er‘

> Regisb to zaarsJor

MOV AX,[_IZBéH] > V\uwr:j o plgTva&V‘
MOV [—2349@,[[2241!] /5 | NVALID X
XCHOG AX, B X > Enchonge 4k e of AX 4 BX
ADLC S Add parth (o\v:] (PV‘C\/“M 0P>
MULT \PLY
MUL source (g/,é B!D
MUL BL > [n age st 2Bit dodor, §086 well
Vnu\-fip‘j Ane source ol AL r\t/ﬁ"slﬂf
ond stone e 16 B+ mto AX.
S@/ AX = AL * BL
MUL [3X > W ose of 1681+ datde, source wmill
be YY\OLH—fp(l\eé et AX . Hiélr\u"
16 it il be shred v DX ovd lower
o AX
5o, DX AX = AX % BX [ 32011
Iob/t bt Resed -
[MUL — —> ngv\,z.d Mul i pli crdionr~



DIVISION

DAY

DIV

DIV

bL

AL= AR/ BL
At = Remynder

2X —

AX=(DX A/ BX
07( = Revnmder

—> Sigme,d Division

— When e gperand s 8 Bt

AH

—_—

AL

R (&

=
Wharn e operond is 14 bt

pX

AKX

R

8

|




ADDRESSING MODES

The way ot sPC(inM%I diffenent  source by A
instrw chiorn 15 lenowon &as Aeldrv.ss;v'a medes-
Thane ane (g qypes oF o\dc/mc,gs;vg vode & €086

i (Y O PVO(EeSSOV.

1. Ivnvy\tdr.a'@& Ac(cfress;m Mode
The doder opernand 1s e pont of the Instrection -

e e,

/,../" \\\\ . ’\ /
Mov AX,(1234H, 7 7 Derta Qperond

2. Qegi;?%n Mode.
Both Opcmmcvls aAre r\chnggy\

MOV AX, BX

2. Direct Mode
The effcctive addiress fs dr'rccffj g/'vem ity e
finstrue on-

“:'} /2)r {—\v,_[ Il

MOV A)(/ ['234 Hj' 7 })é,L ;ﬁi'cw\j(\fsf"‘@;g

4'P\egf>+er Indivect Mode
The ocldness ¢ VVICW\OU [ocation) sfeved W\O&V‘%)S’/Zﬁ‘

MoV AR, [BX]

< tere BX wlds fha_

@Tﬁ"&i ijﬁ‘ olalreg (.



5-W&TF%€W‘RcmHVC

The doda is availoble at an etfective oddress forwed
by addiva /14 bit displace et with e rondent
ot any S ot vegister pX,BP.S), Pl in e

defau [+ (DS ov ES> sywe,wf'-

MoV AX, SOH[BA]

FLOW CONTROL INSTRVCTION

The yomp ond losp nstrucfions tyransfen control 4o
onothe v ponT of fthe program' This tromsder con be
uncondifional ov con depend on o pavticalav: combiiation

0f cdnturs fig %ﬁiw(js

JUMP
JMPpP — This ‘\V‘3+VUC,7‘0Y\‘ U"TCOV\A;"';OV\O\\b ’[‘\N\'V\S"FCV‘(fL\L

(ontrol o execufion 4o Hre specidie d acdress.

Exomple:
M ov A L ’ 2030 H T ?*&'é?«‘f"\véiz “ e '.I 1 5*}% A (N’JL g :}i’“‘ﬂz D
M 0 V B L— ’ 3 Lf é 5 H , /// 5’}? rO— uo g {/17/\(’ '::x o (:)S oA “%”{/j D k)\,x}@&(«gfk

- f nr \ ’ N ! N /
MmUuL AL, BL s ~o | 0w n (//* WO MSTypeTon AAna

/{,/' - : fM | » ‘ '
T {/
IMP A , " SO A I
O exeludr. speetmed el

PNC AL r

byl i
N OmMmaATio \,ﬂgﬂ It /7 ,
/

pNe Bl
Al X(N&O AL, BL



(ondifoval JUMP

To ?mp‘evy\l)l\')' o\ (OY\&H_}OV\O«\ TUYNPY, "n\L cpA [abl(_$

at Ha Flags regisfers. if-the condifion br 4re gump
are Truel, The cpu odgust tre (p 4p poivt 4o The

deshivation label so that the mshouwefion at Hals labe]
il be dove next 1 4ne condifon (s flse, Bun die (p

is ot aldeved . #is vneoms dhe next v the e will

be done-
Example: |
> Jump AL s fx’}t’”mv[e rooy mzvica}
p -
MoV AL, 2 / . ; - o
’ /e BL (& st pydhe CMP int)
MoV BL,=5 / ,« - o
s o pesad Tt il bypass
(mp ALBL /) " &

/ rfa')}"ouf’_,mﬂuéf [fnl ond execdcs
JOE \abef — C

PT\I‘V\',’ ,ALL-§“
label:

Print "ALS-5 "

' { n\J \‘-\,
3ot " O~ 5

(MP
The cmp mstnucHon subtveets second operand from-he

rffr§+ Opcfamd Upclq'l’&ﬁ Yo valu e o»]c ,_H rpais.}frn . BM_-(-——
it doeswif sfone the vesult of dhat- subtracton anyuhenc.
(MP AX, BX — Dges AX-BX ond vplodes flae
flow s ((F,OF,sF,ZP/Ar,p,:)
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6.2 Conditional Jumps

Tahle 6.1 Conditioua_l Jumps

Signed Jumps
Symbol

JG/INLE

JGE/ANL

JUINGE

JLE/ING

Description

jumg if greater than
jump if not less than
or equal to

jump if greater than
or equal to

jump if not less than
or equal 0

jump if fess than
jump if not greater than
cr equal

Condition for Jumps
ZF = 0 and SF = OF:

Sf = OF

SF <> OF

jump if less than or equal ZF = 1 or SF <> OF

jump if not greater than

' ‘Unsigned Conditional Jumps

Symbol
JA/INBE

JAE/INB
JBANAE

IBE/INA

1 Single-Flag Jumps

Symbol
JEN2

INE/INZ

IC

INC

JO

INO

)5

INS
JPLPE
INP/IPO

Description
jump it above

Condition for Jumps
CF=0and Zf =0

jump if not below or equal

jump if above or equal
jump if not below
jump if below

jump if not above or equal

jump if equat
jump if not above

Description

yump if equal

jump if equal to zero
jump if not equal
jump if not zero
jump if carry

jump if no carry
jump if overflow
jump if no overflow
jump if sign negative
jump if nonnegative sign
jump tf panty even
jump if parity odd

CF=0
CF =1
CF=1or2F =1

Condition for Jumps
ZF =1

F=0
CF=1
CF=0
OF =1
OfF =0
SF=1
SF=0.
PF =1
PF=0



LOOP
The ltop instrweton can be vsed 4o implenant
fov loop- [+ has the form .,

LOOP  despvation_fabed
The count on dne (oop is the register (X which 1s
ibatised o loop cocunt. Execution o1 lpop wil3
ouses do decremant (X au+0vna-h'co«|[j, ond 15 (X s

not O e loop condfnwes. I (X=0, tle next metnuctior
odten loop s dore.

E’Kownp(ﬁ,- Wi te o count contvolle d leop > dis P’@ 2
rw 6t [0 strs.

Goludion:
MOy (X, ID S Numbep 6% Sfavs fe. tount
MOV AH, 22 > Fanation do proivt chon
MoV DL, "4 > Store chow 14
TOP .
INT 21 H - > Evectde funcfion

LOOP TOP e Repeot untrl) (X Js ()



LOGI (AL [NSTRUCTION & MASK ING

‘ chical tnshrwetion sf 08¢

= AND des, sre

— OR  des gyce |:des—)De$3rma’rion
— XOR des. src Ve -> Source

=S NIOT des, svre

MASKIN Oy

AN D

O = ear b AND O =0
| = Pyeserve bAND | =b
OR

0 > Pveserve b OR O = b

1 = Sef 1 b OR | = ]
XOR

| = Complipant L XOR 1 = b
0 — Preserve b XOR 0 =D



EXAMPLE Of iww»«e@

Lefs assunme. AL-100] 0010 . |f we wont —)vuleaw

R

Hhe MSBstH AL, what will be tre W\aslcmqo, brf-shreom?)

ANS -
Us[ry AND OPer\outiovl, O = (lear
ngi(‘O\’ E)cprngfZDV, AL - (000010
AND AL OV MASK. =SO0U IV T 1]
AND p0010010
EXAMPLE 02
fgcf—rw value of AL=10110000 i~ O postion bf
\xgk
ANS:
L0C7fcoxl Erprnession, AL 100(0000
MASK=>0000000 |

OR AL, 0000000

12N 1011000

EXAMPLE 02 e
et the even p09r1r‘ro\n & Pl OOO IOIOO

ANS!

-

Loaicm\ Erpression,. AL 00010100

MASK. O1 010101

OR AL ,01010]0| —
01010] 0

O~



PROBLEM

Mov AL, 234
MOV &L, 32H
INC AL

APD BL, AL

COVY\()“W&VUF dThe 3nd and Gt bif. what wil be the
wxoksl«?v\g bit after the execwdion of [ast line? Shows
Hne d’\m’\gﬂ_ S pamber in ecach Nine.

Solution :
AL
Mov AL, 23H —> 00| IO OSO Ill_l
B L
MoV BL, 324 —> [plo|1 [\ ]|olo IJQ_l
AL
INCL AL > 0)@“1@ OSI ojol (ZéH)

APD BL. AL y BL 00lloo1 O
+ AL 00100100

T L 0Ol0toltoO (56H)

Nows, (omplivent &t Z.¢ ond 5 bif

XO0R BL, oOtio 1000 BL OlolottoO
Z MASk ©O10100 O

asly '
Mswgbrf_ gL oMo




SHIFT & ROTATE

SHL (shift |edP) -
CL contarmms N
SHL deshwation, | N = foter] numbe

Sywvntek ‘
J SHL destineton, CL A shifts

A Ois shifled (vt tne N;_H‘mos']' PU}H{JYL
Elfects on fF)ogSi

(F=|ast biF shifted oot
6F = 1 if vesult Clnaycmycs 57314 o st Sl'\f7£f'-

Exowmple Suppose DH confauns &AH and CL (onfains 3.
what are the values 6f DH and of C(F aftern e execation
of SHL DH, (L 7

Soluton: B.‘y\p\yy eq/u;v&n/cwf d’{‘ DH=10001010 . Affen 2
left eniffs, (F will confain . The new cmtent of DH
con pe obtained bj eracna leftwost three bits and
o\id—fwg three zero bits Jo The r‘ighf end.

CF Dt
[0] [olilolt]olo]o[o]

DH=50H

(havractenistics:

MOV AL, S5 —3 00000101 = 0SD Thus we coy ant/i,'p)y
SHL ALY —> 00001010 = 10D By 2 by jejr <hib]
SHL AL, 1 — 000 (0100 = 20D




SHR (shift R;gwr)
The ivstruetion SHR (shiff Ligh)) performs right shith o
e deshvation gperond. The forwod for S:'mgla shift

SHR  destnation, 1
CHP- detivation, L —— For wulbple sShifts .

The Crﬁvcccok on ()02 s same o> SHL.

Exowmple  Suppose DH (onfziins A H and CL (onfains 2 .
what are the values 6f DH ond of (F affen dhe execation
of SHR DH, (L 7

Solution: Bfmm_y eiuivm/m'f 7 DH=10001010 . Alfer 2
right enifts, (P wrill (onfain 1. The new confent of DH
con pe obfained by emciw% riah’rvms% Fjwo bits and
o\el-cf_fwcol +wo zerp bits Jo fhe left end.

45 Dt
Ll TolelifoJoloTi]o]
DI =22H

The SAE thstrwel o~ refeins fe or;;}nal MS3 vvalue,
C#CCH\/{ for Sl'gr\e_cf divigisn.



Rolte. Lett

ROL (Rofade (et st biks do the [eft. The MsB i
shifted nto He ri(?hfmos‘r bif. The ¢F also 51@‘3 e
wf shidted ouwk from dhe M3 .

(F Z ¢ 5 491 2+t o
ROL QLQ_S‘[“"V\&\HOV\, ! e /
ROL- desfrnation, CL : . 1

RCL (Robateste. through Carry lekf) does fre same.
W\I‘Y\é bat weth CF  cduded.

Z ¢t 5 93 2+t o
(F
W—Q_J/ 'L
R atade R?jhi-
Som~e 03 ROL bud n opeosite diveehiove .

2 ¢S 472 1 o CF

ROR —> T T ]
N
2 ¢S 4722 1 o CF

=)

RERL — TTIL =]




STACK

st
&
£S5 ¢, S P 2
&4
5 &——3P
¢
7 <—SP
8
Stock Sollows LIFO strueture- 2
10
1
PUsSH 12
To odd o vierr dote o e stacle | S4acle (8rt)

We us€ PUSH. The syn%v« 1S

POSH gounrce

Lefvs assuwme , we want +o push AX o Ha sfacle .

PUSH AX

[# the sp poivts Z dhe hi&k@r\ ovder ¥ o AX, 23H
Wil moved 4o §, oand lower 2-bit,45H il wove o OHset
5. Thus aftec pusH operotion, SP (il decreose oy 2.

oP
;:He"‘ pop Oreroiov, dop 5t e stoale will wove To destinghon
ond  gP is Incressed by 2.
MoV BX,4050H
puse BX
poP AxX

&———5sp

&——3P

~ N H N —




INTERRUPT
Seconaap i

. r,?';gt-k?j_;l(.
halts the ymicvo processor hzmporomry 1%,
o worle on o difSerenT Fasle Hhan ol 7 |
. .o L TN
nedurn fo s opigrnal desle. PN
5 o (i,}'zm;ba
i H(f”?
\ i 256

= ToL +-
Mg ey up
g

TSR Sonﬁs tohout —03[76 O mnterrupt is (ov other ,(.\,1'9&))‘

IRET veturns backe 4o main Prograwx (m'm/-lg " 0579)

&
3
CS . P —CS holds A s%rw\u/\/f Address
Q — 1P nolds odfset oddlr a3y
(ode Tystruehon
Scﬁm&m Ponter

Jo. e oddness o b wads b be stved J‘Zmparam‘(ﬂ
S0 that |RET Know$ From whant e progrov Jhouud
Onhinwe. Thws fe oddress o b [es:1p] shore in stk

> CSH o

cs )

/’ NSk Y .
b / 1PH (PH 3
\;/P LSl 4
\)”)L Sy [

Stask



Tdevirmpt ond  vrain Program’\ Moy hove iffevent «Hobt
volurs - As o resed T, valuy ot f{o\g \/‘eéis'}‘er also needs

Yo be stored is the sfuwele wn gvder 4o onbue e
Maun f)r()(?ravm\

/>FLH (guit) 7?

Fly | PL L

LPH 5

\-}FLL (gb.')L) LS L 4

B s

FLL 6

FLH %

INTE RRUPT VECTOR TABLE
? 0000 (UD [ H _iTo-f-cLl l';é'ljpﬁ
1 > Téted =25¢ Xg= KB
)5 Jovoo 03FFH

TVYT 1s oo structured



QUESTION

0

WVen v 0
g 18 type ‘0" inferrupt is executed

[PL
(PH
st
(SH

\

 PA=
L3RI+ 1P = 2000 X 10 + 2406
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