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2.1 Microarchitecture of the \1

8088/8086 Microprocessor

o IpkERe i T g > Sl yits, Wstle (Eu)Sof Peferetion Jh Nsade (210) oo 1 wim

&% 8088/8086 both employ parallel processing— ©= < 4

1)3_—‘%/41350@

* 8088/8086 contain two processing unit - the e g i
@ ?byli) Interface unit (BIU) and execution unit ®

¥ The bus interface unit is the path that T b g,
8088/8086 connects to external devices,\ "< 20 ¢

» The system bus includes an 8-bit(i u) ] B
bidirectional data-bus for 8088 (16 bits for[> """ ™ e
the 8086), a 20=bitaddress bus, and the | = "S-

I e (2) data by wihi=g \o:
signal needed to Control-transfers over thel, - ">
bUS. onol \owg_s

S-oite _5 \oyre __, 32749 555 IS cha
o— (\\eyte)

|6 _ bive 5 2 b&\‘e — d'z;jﬂ 2 VS Ao
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2.1 Microarchitecture of the
8088/8086 Microprocessor

()

. . . 5.
» BlWis responsible for: /nstruction fetching;

o, memory reading/writing and inputting/

» outputting data for peripherals.

Cac Ble fr yassly i
sk of  |ocohorns

N GSS g
addvess .

ith CamScanner
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» Components in BIlU  “»™@ . emovy
“= Segment register e ——
e The instruction pointer =3dess vaus [
= Address generation adder e . xox| we
“ Bus control logic Ty
“ |nstruction queue

—

» Components in EU

< Arithmetic logic unitZALU) CEFEF
“ Status and control flags
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2.2 Software Model of the \

<3 Gseposll D Ena il Toh
8088/8086 MinOpfOCESSOf (odhss) 1952 L &= Bw

EV & B spsall Spunntl Wb
» Software model describes: available registers, . c. e 4

memory address space and 1/0O address space.

» 8088 microprocessor includes 13 16-bit internal

. . . ‘ o ot =
- The instruction pointer, —Ew) |P(deesaz) S

- Four data registers, AX, BX, CX, DX( ©%52)

- Two pointer register, —— gV {BP, SPL—> addfesisse.

- Two index register, —— S|, DI J— odsess 132,

- Four segment registers, /J"“[CS, DS, SS, ES Jeddfesiyz.
, The status register; SR, with nine of its bits

implemented for status and control flags.

» The memory address space is 1 Mbytes and ,;fhe-- e
1/0 address space is 64 Kbytes in length. ° fas 19t IR

AxX,ox,Cx, DX Lelo
| Mlogtes = ¢U K pytec C(BY) o @ (BRI, >s0s0 (B0 Cru
‘VS‘_P\:L.J\Q'J{ e & \b st 8 . N CPE 0408330 8 .

| 9330l ddka Y& 5% Lo (ess &) dhelom Wy
. 3y s Wi oit 913 ¢ ( S S) &“C\o \a) \/ (\&‘Q Vo2 (BGG (QAA\C ED

|
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P 22 Software Model of the R

Jet 178 addfess ot
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SusS
|& Yir | sP ks Bis Lv‘uo .
_)>-‘“ :—\k ik B AR i S R
\B ‘O.\-\" BP \‘Qiﬁ\ _)! w._;u_,_, ,-‘l q‘.__n“ FFFF_“
\& ‘it |s! APefs gy A ¢ Gugo e ), T‘U/S*“:-‘d\.-’ gl Slewiay
\s ‘ot | DI @ . GH‘?Q 5590= (YK lge ¢
i t
(84K bytes) 1 Kﬂ Bk e o7 cep
[[3 biy]sn A otad A b 25555 L . (1 Me9d) G 2
- . (ool > AV s 5§
FFFFF.. -
.
CS s 9 PERF Vo eyiun, ety Bl A% i, R R R S VA P QT S 7 " & ¢ segmeiodion e 3.l
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Phsiycal O s Sua———s Seq = S paas Pw

addres;) Ps — 5 sata seq

IP] SP/ ﬁf’/SIﬁiﬁ ’.”ﬂ Pole S O£'£ set cu:-u cuu, <o Es SS H—e egiffolsc S.S:g
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2.3 Memory Address Space m 1

'j x L \ Meom = BkelS ,.__?m_._nx\t y :,,3
| Data Organization  ss : ... e o s ios seos &
;L 00000 FFFFF Shaudl) i) 1ol g
» The 8088 microcomputer supports FFFFE pos 0Bnon B
| 1 Mbytes of external memory. Eii';g sk = e S
| » The memory of an 8088-based dee Y
e st microcomputer is organized as 8- 4 8086 -
| T bit bytes, not as 16-bit words. 3
| Cs :ip Py Code S (bt 0y, sy zoge 1a s
0s - < s Do SY e ta y e Memory address et ot
, . space of the oot [ 1oAf
= ) Z 27 /4 O.Aﬁ vy 74 7/
b= © S 3088 /8086
\ss 18Py 7 Stack 59 0o R e Microcomputer 5 — | [
T % ===
Es z 8, 7 ed(a R odd s ¥ v - A S
* D; " 2
1
FFFFF 0

CPE 0408330 10



2.3 Memory Address Space and
Data Organization

]\O\nc}\ 8086 Sl 2o 808X
» The 8088’can access any two consecutive bytesmd{\—ﬂf

as word of data.
» Lower address byte and higher address byte.
» The two bytes represent the word

—_—

WQ‘(O\ 808L

Address Memory = =
00725 0101 0101 D ﬁ

el b e

00724 0000 0010 = 550216 1956 by2 (o cso1es

CPE 0408330 T
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2.3 Memory Address Space and ~

Data Organization
» Even- or odd-addressed word | pwsca | aigned E
If the least significant bit of the remory | verde
address is 0, the word is said ’

to be held at an even- misavgned, 00007H
addressed boundary. e igned 1o 00006H)
» Aligned word (even-address) oo
or misaligned word {add= . .. [&0"

address). 00003H
» Words 0, 2, 4 & 6: aligned 000024 |
» Words 1& 5: misaligned ... owm)
* Jdoude uo‘rcl__; Ol Y pnytre cf-ﬁ:‘ \OOOOOHJ
Aligned wevrd words

\o\a}-e. O,l,l,g S5y

aligned  double wil Giowiy  even Gw SN (‘.é,\: Weos CPE 0408330 12
msalied doidle werdqaus odd Gl e 1,23,y

>
= =




2.3 Memory Address Space and
Data Organization
» EXAMPLE
What is the data word shown below? Express the result in
hexadecimal form. Is it stored at an even- or odd addressed word
boundary? Is it an aligned or misaligned word of data?
Address Memory |
0072C 1111 1101 oo T2 FD T sord
0072B 1010 1010 ootee A A |
» Solution: '
111111012 = FDis = FDn .
101010102 = AA1s = AAH e O =0 S st cerm a i el
» Together the two bytes give the word 0000 6000 Ol ellgl s, s ocF28 o
11111101101010102 = FDAA16 = FDAAH A loly
Expressing the address of the least significant byte in binary form ol
gives 0072B1 = 0072B16 = 000000000111001010112 odd g W Ly
» LSB =1 = the word is stored at odd-address boundary in memory. o> Shy
» Therefore, it is misaligned word of data. MiSaligned wodh

CPE 0408330 13
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2.3 Memory Address Space ancN 4
Data Organization |

» A double word . mfg: Higod

corresponds to four words

: 00008H | Byte8 T
consecutive bytes of data _
. 00007H | Byte7 —l Double
stored in memory.

Scanned with CamScanner

_ 00006H | Byte6 | Double wgrd | _‘

» Aligned double word is S e ‘l Dot |
located at addresses of oo | 5o T e T
multiples of 4. ot | o763 | | bout ‘”‘;“’J \

» Word 0 & 4: aligned only o oz | oas “'H

- word
00001H | Byte1 0

00000H | Byte 0 J Misaligned

double words

CPE 0408330 14



2.3 Memory Address Space and
Data Organization

» A pointer is a double word. The higher address
word represents the segment base address while
represents the offset.

the lower address wor

s Ye

Address

00007,¢
00006,
00005,4
00004, ,

Memory
(binary)

0011 1011

0100 1100

0000 0000

0110 ©101

s 00Gs

Wghey Memory bWer  Address

(hexadecimal)

hig

hey 3 B

4 C

00

[exd

er 8 5

00008,
0000A
000089,
00008,

Memory
{hexadecimal)

AQ

00

55

FF

\b\ait-Zhyte 12Vt =2 byte
boge = offset

wpner lener
Pontev
32 bids Q&R
y bytes =
92 wevd s =

Example: Segment base address = 3B4Cis =

00111011T01001100:

» Offset value = 0065:s = 0000000001100101

CPE 0408330
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2.3 Memory Address Space and”™
Data Organization

» EXAMPLE

How should the pointer with content in segment base
address equal to A00016 and content in offset address equals
55FF16 be stored at an even-address boundary starting at

0000816? Is the double word aligned or misaligned?

» Solution:

Storage of the two-word pointer requires four consecutive
byte locations in memory, starting at address 000081s. The least
significant byte of the offset is stored at address 0000815 and is
shown as FFis in the previous figure. The most significant byte of
the offset, 5516, is stored at address 0000916. These two bytes
are followed by the least significant byte of the segment base
address, 0016, at address 0000A1s, and its most significant byte,
AO16, at address 0000B1s. Since the double word is stored in
memory starting at address 000085, it is aligned.

— bage 1 offet
Agoo t: ScFTE

Scanned with CamScanner
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Previous Example Solution

Address

00008,
00004 ¢
00009,4
0000384

Memory
(héxadecimal)

AO

CPE 0408330
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2.4 Data Types

» Integer data type
> Unsigned or signed integer
° Byte-wide or word-wide integer

MSB LSB

0, Dlo'

(a)
~ MSB

Pts | T | ‘.1 D:\

Unsigned byte and unsigned word integer

-, LSB

CPE 0408330 18
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2.4 Data Types

» The most significant bit of a signed integer is a sign

bit. A zero in this bit position identifies a positive
number.

» T
T

3
» T
2

ne range of a signed word integer is +32767 ~ -
2768.

he 8088 always expresses negative numbers in
'scomplement.

MSB LSB

[T T 1 [ T=s
T

Sigm bit

(a)

MSB LSB

Sign bit
(b)

signed byte and signed word integer
CPE 0408330

ne range of a signed byte integer is +127 ~ -128.

19
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2.4 Data Types

» EXAMPLE

A signed word integer equals FEFFi6. What decimal
number does it represent?

» Solution:

FEFFie=1111111011111111,

* The most significant bit is 1, the number is
negative and is in 2’s complement form.
» Converting to its binary equivalent by
subtracting 1 from the least significant bit and
then complement all bits give
FEFF.e = -0000000100000001.

= -257

CPE 0408330
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2.4 Data Types

» The 8088 can also
process data that is
coded as binary-coded
decimal (BCD) numbers.

» BCD data can be stored in

unpacked (upper 4 bits
=0) or packed forms.

Decimal BCD

0001
0010
0011
0100
0101
0110
0111
1000
1001

CONDONHWN=O

" (a)

MSB LSB
D, Do

BCD Digit

{b)

MSB ~ Lss
D, D4| D3 - | Do

| -

BCD Digit 1 BCD Digit O

(c}
(a) BCD numbers (b) Unpacked
BCD digit (c) Packed BCD digit

CPE 0408330 21

Scanned with CamScanner



2.4 Data Types \4

» EXAMPLE

The packed BCD data stored at byte address 0100016
equals 1001000712. What is the two digit decimal number?

» Solution:

Writing the value 1T0010001. as
separate BCD digits gives
] 00] 000] 2 — 1 OO] BCDOOO] BCD — 9] 10

Scanned with CamScanner
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2.4 Data Types

» The ASCIl (American Standard Code for Information Interchange) digit

>

The 8088 can process ASCII characters too.

T

e

peu Hex -Choo Tew Hes Chor | Doe Hex Chac | Dew Bex  Chac |
(B [ I 01 At A0 Space R Tn s 80
1 D1 et o nescin 21 1 ! ot %1 A IO <5 S
2 D2 el e tel 3% Zz - 65 42 B 98 62 b
3 03  Enaarted 35 23 M A7 43 1 an B3 ©
4 05 L of rsnsod e oA b ta 38 U 100 G4 o
5 N% Fregery AT 2B A 1 A4S F 1Nl &5 -
L o B rRRRNC Bl S e B be T I - S 1 T3 %6 T LOX GG .
I ek LD ST S S B iva  ef W |
& DB Bamanpacs o 2E 0 2% 48 H tN4 &R h |
G 09 reonTordsd ba qr &9 21 ag 1 SR LE X" I |
10 OA Lk leed 1% zh * 74q  4A J 106 &R )
11 0OR  werliesl lab 13 B 75 4R i n7 BB K
1 OC Fors feed a4 B Ju oar L i tonw er
13 DD Cermeiriorn 15 I - 77 4D H iDg &0 m
L nr T e it e K . el 4F H £10 EE
15 OF 5w q' ¥ WEoar o 111 GF o
15 10 Credn ok micnps af 3 0 &0 SN P 12 TO
14 4L Gewce oondrod | qa 21 L &1 Tl 0 L1 FL 7
1 AT Deved Cored I T I na  mz R 114 7§ €
1% 1T Frevion eeednd 3 51 a3 3 px 53 9 t15 73 o
£ 14 Dewcecontoid 52 34 4 ¢ S48 T r1s T4«
d1 18 e eckerrerietie 89 S T 5 33 U A OTE . w
2% 16 Synorennmas nbe Bl 36 R CY T Y v1a  TE W
rabt I R SN 3% RVE o T e ol ¥ wr, oAty o {23 S P B | T1E TR oW
T34 1B el 5& 3% & Bg S8 X 120 TB  x
28 4% Frar mecton 57 3% 4 27 SR . | 335 B L~
T LA -GUbIstuen L0 Y O Qi SA X T2z WA T
Z7 AR - Eatops 5% IB 2 91 5B [ 23 7B
25 16 Fie mepacmeoe g0 30« gz  &C TT B ~E
Sk A G Tephdr el e GI A - L B TR R | T2m WD)
A AT Ao sepeesln £ 3F 9 a1 SE* VEL I | P
31 AF untzeowsio | &1 AF 7 L O O B i =

23
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2.4 Data Types

» EXAMPLE

Byte addresses 011001 through 011041s contain the
ASCIl data 01000001, 01010011, 01000011, 01001001, and

01001001, respectively. What do the data stand for?

» Solution:

Using the ASCII table, the data are

converted to ASCII code:

(0O1100H) = 010000012 = A
(01101H) = 010100112 =S
(01102H) = 01000011, =C
(01103H) = 01001001, = |
(01104H) = 01001001, = |

CPE 0408330
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2.5 Segment Registers and
Memory Segmentation

w

A segment represents an independently
addressable unit of memory consisting of 64K
consecutive byte wide storage locations.

Each segment is assigned a base address that
identifies its starting point.

Only four segments can be active at a time:

- The code segment

> The stack segment

- The data segment

- The extra segment

The addresses of the active segments are stored
in the four internal segment registers: CS, SS, DS,

ES.

CPE 0408330 25
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2.5 Segment Registers and
Memory Segmentation

» Four segments give a maximum of 256Kbytes
of active memory.

~o Code segment - 64K

N o Stack - 64K

N Data storage - 128K

» The base address of a segment must reside
on a 16-byte address boundary.

» User accessible segments can be set up to be
contiguous, adjacent, disjointed, or even

overlapping.

Scanned with CamScanner
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2.5 Segment Registers and

Memory Segmentation

FFFFFH
*| are user accessible
B
DATA: DS:‘ 8 — — e i i B S-ES Iy (c“:sgl /@J _—j
: ces: I — | ' S\ L S Lo
cooe: cs:i| € "'} D K ars Bed sl |——
STACK: SS: H — | g€ o Sy 5 |
EXTRA: ES:I " 1 | | | Y - | s
|| [ r Ssbe,
‘W Contiguous—A&B or D,E&G l ver \apped. [———
or) &K | T b b s
W Adjacent | JT e v
NDisjointed—C&F L 1. . Guls Lie o) cia
Y Overlapping—B&C or C&D E
oH

The segments registers

Contiguous, adjacent, disjointed, and overlapping segments

CPE 0408330 27
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2.6 Dedicated, Reserved, and

General-Used Memory
The dedicated memory (00000, ~ 00013,,) FRFFFH
are used for storage g¥ the poil]w?:ers to [reseaveo) S
8088’s internal interrupt service routines , ; FEFEBH
and exceptions. ]oemcnsu‘
The reserved memory (00014, ~ 0007F,;) FFEEE JEEEERH
are used for storage of the pointers to user- |
defined interrupts.
The 128-byte dedicated and reserved OPEN
memory can contain 32 interrupt pointers
(double word 4-bytes) (128/4). | 'l
The general-use memory (00080, ~ il .
FFFEF,s) stores data or instructions of the | PESEAVED |
program. 144
The dedicated memory (FFFEO,; ~ FFFEB,) \pEDICATED | 1
are used for hardware reset jump — oM
instruction. S e 55 15 ) c5yanedl tm
The reserved memory (FFFCF,, ~ FFFFF,,) Jokichel o fpou ¢ Pofiast Sa
are preserved for future use.

Yecevved
FFFEF L_Es- a ZJ;" -= B
CPE 0408330 ooaSé—Fﬁﬁs 28 I"

Scanned with CamScanner



et

(B\\D <JLL01>4_1_, ).517\ L) SS/M:N\CJJ. ls_J:n_L T:Jl,h N 9 g\ E:...L,

—- T gl (oldanh R Wa b i) Ol
(EV) dl‘_it.p o

Qs Al A, Jia OLls ,

2.7 Instruction Pointer
G _d é;l;ll CJ)..:!, ,—-'8:"',1:2'&:& S 5o d J:.:I:ib A sy cude (eV) s3> o
- Ls (EV) SLBass A Luate i (BRI s

iP S (next wstuckiodyy &,50che P cuo w o Hdyio | ——
v The instruction pointer (IPj identifies the i é""li
-|location of the next word of instruction code to
:»’Dbe fetched from the current code segment of
s ey —Memory.
. umnce » The offset in IP is combined with the current
ok value in CS to generate the address of the
den s eenstruction code. CS:IP forms 20-bit physical
= .. address of next word of instruction code.

w93, During normal operation, the 8088 fetches
“eo> o instructions from the code segment of . ..
memory, stores them in its instruction queue

st \(why?), and executes them one after the other.
.(Cede <egment) Jel q:,_,s‘Y;;:, (machine code) | dymt (assemply Progrom) L [isiah L) *

. G et aop A B € oo Sho (assemply 1) L oo B = Ard F

- (nstuchon) i (mackine cod®) _3 (Line) o %
CPE 0408330 29
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2.7 Instruction Pointer

» Instruction fetch sequence:

e
\'\..

-

ne Xt JaskiuiHan

L)
cdu b clay

"‘s..,x

> 8088/8086 fetches a word of instruction code from code

s€gment in memory

* Increments value in Ip by 2
* Word placed in the instr

8088 prefetches up to 4 bytes of code

» Instruction execution sequence:
a o ° Instruction is read fro

5
-1

c * Operation specified by the instructi

C

- 2 -
J \__/__%_; r
MP el - }Ccdf‘ 5e9
3 .

B
a) . e (Cade ce PR "
(Ling) & wle YV o P 225250 (e segment) Jaid
CS :1ip " uAs (ip)

uaigﬁ&queue to wait for execution

Q

e L L (R h\:u
on performed on <4 pus gef ivoal @y
operands

Result written back to either data memory

or internal regis
- .
fs 0T 1

¢ ¥ 2bgte oo Bl
GeB (length) cde Lgas
-lnmckae code) 4

CPE 0408330

. gu“-,-;da‘u;-lg{-‘r'-' W e ¢ 8

M output of instruction queue and

executed
l : ! A,B- read from data memory, internal registers  «

ter

30

A Pl Ay g

Y

Scanned with CamScanner



/ -
2.8 Data Registers

» The Data registers are used for temporary
storage of frequently used intermediate results.

» The contents of the data registers can be read,
loaded, or modified through software.
* The four data registers are:
genecal dota (™ Accumulator register, A
egester % Base register, B
> Counter register, C
~ Data register, D

» Each register can be accessed either as a whole
(16 bits) for word data or as 8-bit data for byte-
wide operation.

CPE 0408330
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2.8 Data Registers
8 \bits 8 _bis £
p
Accumulator é
16 writs =
3
Base
Count
Data
15 8 7 0
H L
General-purpose data registers of 8088 microprocessor
CPE 0408330 32




2.8 Data Registers

» Uses:

- Hold data such as source or destination
operands for most operations—ADD, AND, SHL

(faster access)
» Hold address pointer for accessing memory
» Some also have dedicated special uses

» C—count for loop, repeat string, shift, and
rotate operations
- B—Table look-up translations, base address

o D—indirect I/O and string |/0O

CPE 0408330
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2.8 Data
iy

l\)( :
AL

AH
BX
CX
CL
55

Registers

Operations e
Word multlply, word d|V|de word /O

Byte multiply, byte divide, byte 1/0, translate,
decimal arithmetic

Byte multiply, byte divide
Translate

String operations, loops
Variable shift and rotate

Word multiply, word divide, indirect 1/0

Dedicated register functions

CPE 0408330
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2.9 Pointer and Index Registers

4

4

The pointer registers and index registers are used to
store offset addresses.

Values held in the index registers are used to
reference data relative to the data segment or extra
segment.

The pointer registers are used to store offset
addresses of memory location relative to the stack
segment register.

Combining SP with the value in SS (SS:SP) results in a
20-bit address that points to the top of the stack
(TOS).

BP is used to access data within the stack segment
of memory. It is commonly used to reference

subroutine parameters.

CPE 0408330
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2.9 Pointer and Index Registers

» The index register are used to hold offset addresses for
Instructions that access data in the data segment.

» The source index re
and the d
operand.

gister (SN is used for a source operand,
estination index (D) is used for a destination

° DS:Sl—points to source operand in data segment
> DS:Dl—points to destination operand in data segment

» Also used to access information in the extra segment (ES)

» The four registers must always be used for 16-bit

operations.
S S T PN
<=L B - ~
ES g- QS ~ 2 o
E-' S DS e 2

15

SP

0
n

Stack pointer

BP

Base pointer

Si

Source index

DI

\ Destination index

CPE 0408330
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2.10 Status Register: == . Tl

al ok ) ;ﬁ (‘Pl“&) Cues; ©

( contv

A CE (ndicoHon) <z g © Lis &5 Lo

v The status register, also called the flags = ¢ 2o =52 e
register, indicate conditions that are OF Cund > (i) iy
produced as the result of executing an
instruction.

» Only nine bits of the register are
implemented. Six of these bits represent
status flags and the other three bits
represent control flags

., The 8088 provides instructions within its
instruction set that are able to use these
flags to alter the seguence in which the

program is execute

Scanned with CamScanner
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2.10 Status Register

» Status and control bits maintained in the

flags register

CONTROL '
i

——— ~

——tamama,

A ks =

TF o¢ IF QF SF 2F AF PF CF

| - 0
Lo @

ZERO  (6)

siGh  (7)

OVERFLOW  (11)
INTERRUPT-ENABLE  (Q)
DIRECTION  (10)
TRAP  (8)

-

» Generally Set and Tested Individually
» 9 1-bit flags in 8086; 7 are unused

CPE 0408330
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2.10 Statys Register

» Status flags indicate current processor
status.

CF Carry Flag

OF Overflow Flag

ZF Zero Flag

SF Sign Flag

Arithmetic Carry/Borrow
Arithmetic Overflow
Zero Result; Equal Compare

Negative Result; Non-Equal
Compare

PF Parity Flag

AF Auxiliary Carry Used with BCD Arithmetic

CPE 0408330

Even Number of “1" bits @dd paritD
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2.10 Status Register

» Control flags influence the 8086 during
execution phase

DF  Direction Flag Auto-Increment/Decrement
used for “string operations”
|F Interrupt Flag Enables Interrupts allows

“fetch-execute” to be
interrupted. Used to
enable/disable external
maskable interrupt requests

TF Trap Flag Allows Single-Step for

debugging; causes interrupt
after each op

CPE 0408330
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[mo\ress aenerotion cmflt:mul ol (BIW) I 4oy *

bus control unit
(Higital odd)ds It~ Gy

277 Generating a Memory
Address R

» A logical address in the 8088 microcomputer system is
described by a segment base and an offset.

» The physical addresses that are used to access memory are
20 bits in length.

» The generation of the physical address involves combining a
16-bit offset value that is located in the instruction pointer,
a base pointer, an index register, or a pointer register and a
16-bit segment base value that is located in one of the

segment register.
Segment base address (CS, DS, ES, SS) are 16 bit quantities.

Offsets (IP, SI, DI, BX, DX, SP, BP, etc.) are 16 bit quantities.

CPE 0408330 41
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2.11 Generating a Memory

Address

15 0
OFFSET VALUE OFFSET

OPhysical Address: actual address O
used for accessing memory: 20-
bits in length Formed by: .

OShifting the value of the 16- éemem REGISTE 0 0 0 0] 3EGMENT

bit segment base address left —

4 bit positions

OFilling the vacated four LSBs

with Os

O0Adding the 16-bit offset
-+ Phsijaal Ay \egical e pEY i £

'O'E'gseb\ Ao c'.:“_.s | Wexa 3,536 swit q,u{us Bade .-y
= l - . . -

ADDER

c\equ
) Rese O
4 Hexa = sobd e T 2 -
deCma ) S\ =R L) _omset
[:l%b* is

N

20-BIT 9\
PHYSICAL MEMORY ADDRESS |

RQase = Filo, ~dR ¥
oRfset = 1230,

FQ\OO -1 dﬁ\

Generating a physical address

CPE 0408330
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8088/8086

BX

Memory

DS:FFFFH

Y

DS

Data
segment

DS:0000H .

Highest addressed byte

Lowest addressed byte

" Boundary of a segment

2.11 Generating a Memory
Address

. Four active segments CS, DS, ES, and SS
OJEach 64-k bytes in size 2 maximum
of 256K-bytes of active memory
064K-bytes for code

064K-bytes for stack
0128K-bytes for data (data and extra)

OStarting address of a data segment

DS:0H > lowest addressed byte
OEnding address of a data segment

DS:FFEFH = highest addressed

byte
0Address of an element of data in a data

segment

DS:BX > address of byte, word, or

double word element of data in the data
segment

CPE 0408330 43
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2.11 Generating a Memory

Address

OExample:

Segment base address = 1234H
Offset = 0022H

1234H = 0001 0010 0011 0100:
0022H = 0000 0000 0010 0010

Shifting base address,
000100100011010000002 = 12340H

Adding segment address and offset
000100100011010000002 +
0000000000100010: =

= 00010010001101100010:

= 12362H

5H1FT LEFT4 lITS

SEGMENT |
BASE

—Em,
PHYSICAL ADDRESS
“ 0

TOMEMORY

CPE 0408330

1234 ()
9o 2 3 +

V23 a2
H

}

LOGICAL
ADDRESS
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gose O —> 00240
offsetr t offset +

«2.71 Generating a Memory ™~ "5
Address ot - onea-

w00 23

» EXAMPLE ao23

What would be the offset required to map to physical Chon By ¥
address location 002C31s if the contents of the corresponding

segment register are 002A1¢?

» Solution:
The offset value can be obtained by

shifting the contents of the segment of the
segment register left by four bit positions and
then subtracting from the physical address.

Shifting left give
002A01s

Now subtracting, we get the value of the offset:
002C316 - 002A016 = 002316

CPE 0408330 45

- S “ oo WF et

Scanned with CamScanner



2.11Generating a Memory Address

» Different logical addresses can be mapped to the
same physical address location in memory.

Y <
. 2C4H
JExamples. Loy - e
~ 2BH:13H = 002BOH-+0013H = ( oetuer |
002C3H seament_____ | 2com
"2CH:3H = 002COH + 0003H = : 28FH
002C3H 2$
» BThese logical addresses are 28CH
114 . T 2BBM
called “aliases LOGICAL orrser 2BAw
ADDRESSES (13IH) 289H
Physical addtess Qg unque but  legical addvess ig- vnjge | ::::
“‘_;Si allps1 e 47 hms aplg ?\/\‘dciiiﬂ\ ) OGS o e ::‘"
= . SH
4 =12 2 J R Qe Sls 2b '":"
o
dx6=12 L 281H
" BASE - 280K

CPE 0408330
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2.2 Software Model of the
S088/8086 Microprocessor

0000,

Software model of the 8088/8086 microprocessors

Input / cutput
address space

FFFFyg

00000,
External memory
address space
8088/80868 =
MPU
1w (64 K oyres)
(84 K bytes)
Cs
DS
SS
Data segment
ES {64 K bytas)
AH AL AX
:13} BL BXx
CH CL cX —>
DH oL DX Stack sagment
(64 K bytes)
sP
BP
SI
DI
Extra segment
(64 K bytes)
e
FFFFF,q

CPE 0408330
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" 2.12 The Stack ‘

™ The stackis implemented for temporary storage of
information such as data or addresses.

» The stack i$"64KBytes long and is organized from a
software point of view as 32K words.

» The contents of the SP and BP registers are used as
offsets into the stack segment memory while the
segment base value is in the SS register

~> Push instructions (PUSH) and pop instructions (POP)

» Top of the stack (TOS) and bottom of the stack (BOS)

» The 8088 can push word-wide data and address
information onto the stack from registers or memory.

» Many stacks can exist but only one is active at a time.

Scanned with CamScanner

write dotra e las Push deda ¥

S datasey ve shorlc 3,5 40
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Upsapd Ly = i A
W1 <tack IL Gw By Wa Cadia
IS =D base segment % Ty &?_n:_m_, Gi3q c,-_«:):_. Oy &5 s

CPE 0408330 48




/ ' e )
: Eod 4 o fush S . -‘-Z}’\J}fcﬁ_é‘

// % % Doprom I E PP & ¥ ¥ i i
2.12 The Stack <, ~«s s f

=SP+Z Lue PP &7

2
ith CamScanner

Organization of stack: SEREAPN-FESS ISR R
0SS:0000H > end of stack (lowest 2 i 3 Jy | Memory | (LTFO)  aan rikiy 3 E
addressed word) S : FEEE (word-mde) Lask in Rirsk owr GEJ
1SS:FFFEH > bottom of stack (highest Y Y e Hoond (209 3
addressed word) T‘ ) Ff‘FC . Qs BTl
O0SS:SP = top of stack (last stack <o “ FRFA . lealls 5757,
location to which data was pushed Sﬁ’ ., (85:5P) ~[Hopof stac
OStack grows down from higher to Ss fFHF& C e s T
lower address Y fi . L | ek BT
OUsed by call, push, pop, and return == "FFQF & Sézf:en't SR
operations o | SS T T
0 Examples <DLl gon s O\j*: alpas g CfP) B> ‘!.".“”\’ dj‘* : g0
PUSH SI = causes the current corcljtgeﬁts”’ Ve gas fot d‘%\_,m’ — 880 7-.-1('End6f_§‘tac@ @EOSD
of the Sl register to be pushed onto the ' N R
“top of the stack” $ OB, ceold N[ vep a, potem s
POP S| = causes the value at the “top 32k wetd - | M i, shioven v
of the stack” to be popped back into =69 kB Q b Erlan B i
the Sl register Stack segment of memory ..z .o

toP of 3Fock =3?€_Hor&__. o b 6 Lo ¢ ol eme

sholl< deArer
CPE 0408330
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2.12 The Stack

OStack status prior to execution of the
instruction PUSH AX:
AX = 1234H
SS = 0105H
AEeos = SS:00 =2 01050H = end of stack
SP = 0008H
ABoS = 0105016 + FFFE16
= SS:FFFEH = 1104EH
AT0s = 0105016 + 0008156

=SS:SP > 01058H = current top of stack

BBAAH = Last value pushed to stack
Addresses < 01058H = invalid stack data
Addresses >= 01058H = valid stack data
Oln response to the execution of PUSH AX
instruction:

1. SP = 0006H decremented by 2

ATtop > 01056H

2. Memory write to stack segment

AL = 34H 2> 01056H

AH = 12H > 01057H

-How many free spaces ?

-When the stack get full ?

pe
e

| Bottom
'of stack

> 1058] 34 | 12

Not presently
on the stack

PUSH AX

wfzla}--
\ T

1082 00 | 11
1060 22 | 33
108E| 44 | 55
105c| 66 | 77

105A] 88 90:4
1058 | AA | BB

1054 45 | 67
1052 89 | AB
1050} CO| EF

SS

CPE 0408330
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(b)
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e
/ 2.12 The Stack

 EXAMPLE: Pop operation Ax =123y
DStatus of the stack prior to execution of the
Instruction POP AX: PUSH AX
AX = XXXXH 4 -
SS = 0105H ML 3 -}
SP = 0006H i T
ATOS = SS:SP - 01056H o6z 00 | 11 | |
1234H = Last value pushed to stack 1060 [ 22 | 33 |
Addresses < 01056H = invalid stack data 105 | 44 | s5 |
Addresses >= 01056H = valid stack data oscl o | 771 |
Oln response to the execution of POP AX : {
instruction tosal 88 | 99 f |
1. Memory read to AX . 156 | AR B0 1 |
01056H = 34H > AL ok 2 IO ogs [ a4 | 12 |
01057H = 12H 2> AH 1064 | 45 | 67
2. SP = 0008H incremented by 2
ATOP - 01058H i s B
Oln response to the execution of POP BX 1050 D | FF
instruction
1. Memory read to BX oLl L B
01058H = AAH -2 BL

00 [ 08 |sp

01059H = BBH > BH
2. SP > 000AH incremented by 2:
ATOP - 0105AH

(a)

CPE 0408330

AX

BX

1062
1060
105E
106C
IQE"'105A
1058
1066
1054
1062

—> 1060

POP AX
POP BX
12 | 34 je=-1
I
BB | AA *"!
[
I
|
00 | N |
I
2 | 33 {
44 | 65
66 | 77
88 | 99
AA | BB =4
34 | 12 f----
45 | 67
89 | AB
cb | EF
o1 | 05 |SS
00 | oA |sP

(b)

51
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[V edEl— potom of dhe mtock .

qQ Cf\cl 0'2 "f"l’l-L--AD_
) Stack -

&eL =
EoS = <SS ¢ 0009

- 0loR + 00O

= loho
oo 0 0

[le 5 9J—> end of %_é.'s.&aéK '

,, S toP of Hhe Shockas
— AToSewy YSSH 2 SR i e’ e s .
= O\UGQ 0008 d

= olomh0
0003
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AA R =
: Push d-f" o
sdho
A e~ ( )
5P = SP -2 T
= los8 -2
= losé
M
high low g T IR
— C:':‘L“J\ ao‘“‘ ol ST PopP PofP ;
Pl - ( Ak) d}J P,Léa =
toP = loBe 2P gy
ub . .
©AX el i, ety Al de

¥eprr  sSP-sPy 2
= 10% 5 +2
=lo58 O pyli2 Bﬂ
(Pof px) &1 #

| =
i - PR3 kg, adal sALL Swo. 6

SP = SP : S : 7 , ]
‘OBR+2 3 /
= o, losh _P\F=, gy - o
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2.13 Input/Output Address Space

The 8088 has separate memory and input/output
(1/0) address space.

The 1/O address space is the place where 1/0
interfaces, such as printer and terminal ports, are
implemented.

The /0 address range is from 000016 to FFFFis.
This represents 64KByte addresses.

The 1/0O addresses are 16 bits long. Each of these
addresses corresponds to one byte-wide 1/0 port.

Certain 1/O instructions can only perform
%5)erations to addresses 000016 thru OOFF16 (page
Po.rts F8H through FF reserved |

FFFFM
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73 Input/Output Address Space

/0O address space

CPE 0408330
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H.W. #2

aSolve the following problems from Chapter 2
from the course textbook:

3,9, 14,19, 26, 32, 34, 37, 45, 49, 55, 60, 65

It SS = C000, SP = FF0O0

1)How many data words currently in the stack

2)How the value EE11 will be pushed in the
stack

CPE 0408330 54
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Lecture Outline

» 3.1 Software: The Microcomputer
Program

» 3.2 Assembly Language Programming
Development on the PC
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3.1 Software : The Microcomputer

Program

» A program is a sequence of commands that tell the
microprocessor what to do.

» Each command is called “instruction’.
» An instruction can be divided into two parts:

2
[
*A- C+0 3
ﬁ N ;
on C,GA =
=7 £
C/0 A — oPexrants s
AOD =0 oferakion o:-:keg
(p)

x ADD  Axrs 8 X

- QOperation code (opcode) - one- to five-letter mnemonic

» Operands: Identify whether the elements of data to b
processed are in registers or memory.

Oiis BA 20 Ax R\ Bl

WU Ax 1D Cups ¢ A:ﬁ.é’% oo

Gyl (idw  OWHUT

w we
Opcode Destination Operand *Source Operand

AX +R Lac '_q—ﬁ036/3033 g@b ,;.b_;:h
TBX sAX g A@D W’/ dg.t; ‘-SL'AP]:s ZaFqur\tS_jh;G

——

5 souce ©Pexond,

coh Ul seoulce 5 deshnat

» Source operand- location of one operand to be processed

—_

» Destination operand—location of the other operand to be

processed and the location of the result
» Format of an assembly statement:
LABEL: INSTRUCTION ; COMMENT

——

CPE 0408330
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3.1 Software : The Microcompulter

Program

» Label—address identifier for the statement

1 4
| 4
»

>

v v W

Instruction—the operation to be performed
Comment—documents the purpose of the statement
Example:
START: MOV AX, BX ; COPY BX into AX
Other examples:
INC Sl ;Update pointer
ADD AX, BX

- Few instructions have a label—usually marks a point to jump
> Not all instructions need a comment

What is the “MOV part of the instruction called?
What is the BX part of the instruction called?
What is the AX part of the instruction called?

CPE 04082320
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I "~ 3.1 Software - The Microcomputer
Progranm

» Assembly language program

o As(sjembly language program (.asm) file—known as “source
code

- Converted to machine code by a process called “assembling”

> Assembling performed by a software program — an “8088/8086
assembler’

o “Machine (object ) code” that can be run on a PC is output in the
executable (.exe) file

o “Source listing” output in (.Ist) file—printed and used during
execution and debugging of program

» DEBUG—part of “disk operating system (DOS)” of the PC
o Permits programs to be assembled and disassembled
o Line-by-line assembler
o Also permits program to be run and tested
» MASM—Microsoft 80x86 macroassembler
> Allows a complete program to be assembled in one step

CPE 0408330
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32 7 Software : The Microcompute
Program

» Assembly source program

TITLE BLOCK-MOVE PROGRAM
PAGE ,132

Scanned with CamScanner

COMMENT *This program moves a block of specified number of bytes
from one place to another place*

;Define constants used in this program

N = 16 ;Bytes to be moved

BLKTADDR= 100H ;Source block offset address
BLK2ZADDR= 120H ;Destination block offset addr
DATASEGADDR= 2000H ;Data segment start address

STACK_SEG SEGMENT STACK 'STACK'
DB 64 DUP(?)
STACK_SEG ENDS
CODE_SEG SEGMENT CODE
BLOCK PROC FAR

ASSUME CS:CODE_SEG,SS:STACK_SEG

CPE 0408330 6
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< 3.1 Software . The Microcomputer
Program

» Assembly source program (continued)

‘To return to DEBUG program put return address on the stack

PUSH DS
MOV AX, 0
PUSH AX

‘Set up the data segment address
MOV AX, DATASEGADDR

MOV DS, AX
-Set up the source and destination offset addresses
MOV SI, BLK1ADDR
MOV DI, BLK2ADDR
-Set up the count of bytes to be moved
MOV XN
-Copy source block to destination block
NXTPT: MOV AH, [SI] ;Move a byte
MOV [DI], AH

INC S| ;Update pointers
INC DI
DEC CX ;Update byte counter
IJNZ NXTPT ;Repeat for next byte
RET :Return to DEBUG program
BLOCK ENDP
CODE_SEG ENDS

END BLOCK :End of program CPE 0408330

Scanned with CamScanner
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3.7 Software : The MicrocompUtN
Program _

» Assembly language must be converted by an
assembler to an equivalent machine language
program for execution by the 8088.

» A directive is a statement that is used to
control the translation process of the
assembler.

e.g. DB 64 DUP(Q?)

- Defines and leaves un-initialized a block of 64 bytes
in memory for use as a stack
» The machine language output produced by
the assembler is called object code.

CPE 0408330 8
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Microsoft

WWLNNNNNNDNRNBERERRRRER
FOLONOUAWNEOLEIAUAWNEOOOIRAWNE

PULWLWLY
Cvodonbs W

0010

dﬂibmm
PuNaop

.

0000

1020
Da

Q1L00Q

o120

o010

an assembled proaram

2 Asmembler Version 5.10
Page 1-3

iCepy source blogk, te, destination block

. Software - The Microcomputer
Program

» Listing of

(R) Moo=
PROGRAM

5/17/792 18:10:04

TITLE BLOCK-MOVE PROGRAM

PAGE 132 .
COMMENT *This program moves a block of specifisd number of bytes
L from one placge to another placa*

: Definae constants uuad'in thias program
= ’ 16 i Bytes to beae moved
BLKLADDR= : 'L1L00H iZouxce block offset addrass
iDastination block offset addr

BLEKZADDR= 120H
DATASEGADDR=1020H ;Data sasgmant start address
STACK_SEG - SEGMENT STACK *“STACK”Y
i BT 64 DUP(7?)

STACK_ _SEG ENDS
. CODE__SEG SEGMENT CCODR

BLOCK FROC FAR 4

CS: CODE_SHEG, SS: STACK _SEG

ASSUME

;To return to DEBUG program put return address on the stack

PUSH DS
MOV A, O
PUSH AL

sSetcup the data Bagﬁqnt addreaesa

MO AX, DATASEGADDR
) MOV DS, AX
T g - " 3 e s P I r . wa ANER el TSR W
rSetup -the mource and demtination offpet adrasmes
. TR e Y i e : v bl gty e
MOV ST, BLKLILADDR .
MOV DI, BLKZ2ADDR: - : i

sSetup the count of bytes to be moved

MOV cx, ™

Movea a byte: .

SNXTRPT: MOV, . AH, . [BT]..

MO [DT], AH ' ’

Mc sx iUpdate pointers '

NC VML - ) ol ) L
7 c tox o ' : C T JUpdate-kEyvbte countexr
JNZ CNXTPT CON- . TR S - - JRepeat fox, next.pbyte
RET ' ' | . ' FReturn’ 't DEBUG program
TBLOCK ENDF AT P ek TRARIRE P Lk T ach

" CODE_SEG ENDS , . - ;
CEND . ; A ; : : CorEnd o rprogyam. -
b
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3.1 Software : The Microcomputer
Program

» Listing of the assembled program

€.g. 0013 8A 24 NXTPT: MOV AH, [SI] : Move a
byte

» Where:

> 0013 = offset address (IP) of first byte of code in the CS
8A24 = machine code of the instruction
NXTPT: = Label

MOV = instruction mnemonic
AH = destination operand
[SI] = source operand in memory

Scanned with CamScanner
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3.1 Software : The Microcomputer
Program

» Listing of an assembled program

Segments and Groups: '

Name

0 Warning Brrdrs'
{: Savere ‘Brrors - .-:

(k)

Length

bk TpANAntey RiEg

H

Align
CODESEG . ......00... 001D PARA NONE CODE’
STACK_SEG . U0940" PARK - §TACK. »STACK'
- Symbols:
b e, il b R LT e g s SR
Nane . Type -.Valua = Attr
BLEIADDR . . v & v 4 v o v v 4 s NUMBER 0100
EIESADOR. = 5 o oo afiwin's ‘e . NUMBER - 0120 .-
RLOGE 5 5 % 5 %8 % 5 % % oW F'PROC 0000 CODE_SEG
DATASEGADER 3 NABER 120
T—— ‘.. NOMBER - 00101
NKTPT o« o o o v oo v v tn s L NEAR 0013 CODB_SEG
GOPU . v e N e e TEAT:0101h
QFILENAME TEXT. block
BVERSION « - = v « w0 v« = o+ TEXT 510
59 Source Lines
59 Total Lines
15 Symbols . ‘
47220 + 347542 Bytes synbol space free -

Combing Class .

Length #001D

PRI
A

. Other information provided in the listing

. Size of code segment and stack
. What is the size of the code
segment?
. At what offset address does it
begin? End?

. Names, types, and values of constants

and variables
. At what line of the program is the
symbol “N” define?

. What value is it assigned?
. What is the offset address of the
instruction that uses N?

. # lines and symbols used in the program
. Why is the value of N given as
00107

. # errors that occurred during assembly |

CPE 0408330 11
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' 3.] Software : The Microcomputer™

Program

» Assembly language versus high-level language
» It is easier to write program with high-level language.

» Program written in assembly language usually takes
up less memory space and executes much faster.

» Device service routines are usually written in assembly
language.

» Assembly language is used to write those parts of the
application that must perform real-time operations,
and high-level language is used to write those parts

that are not time critical.

|

CPE 0408330 12
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=

Memory MOdE|S (new slide)

Model Data | Code

Deflmtlon

Tiny* near CS—DS—SS

D

Small near*-* near DS SS

Medium near** far DS SS multlple code segments

smgle code segment, multiple data segments

Compact | far near

Large far far ] multlple code and data segments

Huge huge | huge } multiple cnde and data segments,; single array may be >64 KB

* In the Tiny model, all four segment registers point to the same segment.

** |n all models with near data pointers, S8 equals DS.

CPE 0408330 13
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3.2 Assembly Language Programming
Development on the PC

Describing the problem
Planning the solution

Coding the solution with assembly language
Creating the source program

Assembling the source program into an object
module

» Producing a run module
» Verifying the solution

., » Programs and files involved in the program
I development cycle

b
4
4
4
»

CPE 0408330 14
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3.2 Assembly Language Programming

Development on the PC

Program development cycle

C Givan problam —.)

Describe problem

Plan ateps of
solution

Implameant flowchert using
azsambiler languago

Hand-wvrittan aource program

Enter/edit source program
using the editor

Aszamble the program
using the assomblar

MNo Object module

Link tha program
using LINK

Exacutable run module
-

Execute and debug

using CEBUG

{ Solution 1o probleam )

CPE 0408330
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3.2 Assembly Language Programming‘
Development on the PC

» Describing the problem
> Most applications are described with a written

document called an application
specification.
» Planning the solution

- A flowchart is an outline that both documents
the operations that must be performed

by software to implement the planned
solution and shows the sequence in

which they are performed.

CPE 0408330 16
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3.2 Assembly Language Programming
Development on the PC

!ﬁeé in
(Enter block miove)

R 2
Establish data
segment, source
and destination
pointers, and count

' of bytes

P
T

: y
o Move ah element

Flow chart of a block-move program Ve B e

destination block

¥

‘Increment source
and destination
pointers, decrement
count

|

All elements -~
- moved? -

@@E CoM G

ELECTRICAL COMPUTER MECHATRONICS

CPE 0408330 17
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3.2 Assembly Language Programming
Development on the PC

C Begin/end )

/Input!output/

sssssss

Scanned with CamScanner

Commonly used flowchart
symbols

Subroutine
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. 3.2 Assembly Language Programming
Development on the PC

» Coding the solution with assembly
language
- Two types of statements are used in the source

program:

- The assembly language instructions are used to tell the
microprocessor what operations are to be performed
to implement the application.

- A directiveis the instruction to the assembler
program used to convert the assembly
language program into machine code.

CPE 0408330 19
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3.2 Assembly Language Programming ~
Development on the PC

» Coding the solution with assembly language
- The assembly language instructions

Scanned with CamScanner

[Example]
MOV AX, DATASEGMENT
MOV DS, AX

MOV SI, BLKTADDR
MOV DI, BLKZADDR

MOV CX, N
- The directive

[Example]
BLOCK PROC FAR

or
BLOCK ENDP

CPE 0408330 20




Y Language Programming
Development on the PC

» Creating the source program
> The EDIT editor

> The Notepad editor in Windows
> The Microsoft PWB (Programmer’s Work Bench)

» Assembling the source program into

an object module

o The Microsoft MASM assembler
> The Microsoft PWB (Programmer’s Work Bench)
- Used for writing and compiling code

> The assembler source file and the object
module

CPE 0408330 21
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3.2 Assembly Language Programming
Development on the PC

» Producing a run module

° The object module must be processed by the LINK
Program to produce an executable run module.

» Verifying the solution

» Programs and files involved in the program

development cycle

> PROG1.ASM
- PROG1.0B]J
- PROG1.LST
- PROGT.EXE
- PROGT.MAP

(Editor)
(Assembler)
(Assembler)
(Linker)
(Linker)

CPE 0408330

22
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3.2 Assembly Language Programming

Development on the PC _, |
| ( Handwritten )K Low BoUnly 355 4SO
’ : source program ./ ! N L

Y editing onlad
EDIT
Editor program ‘L
| PROGI.ASM  Progfam AsM S Qjsv
MASM ke
assembler progra.ri M AS M
. Frepiams 2 9,
The development programs - S , skl
and users files PROG1.0BJ ' v - ¥
Librariés - Other .OBI files -[%3(0,,., o0& Pﬁ.ﬁfqm AST

Y Y A 4
LINK
linker program :[
\ Ffaj'{&m Sj\ln._ﬂ.-q.rjﬂ _)_,r{_:;:':tLLl, o l_,;;g:u

PROGL.MAP :350_:':_:,_,,” ol £ :I’f"' cen o8 1liny,

PROG1.EXE
DEBUG _ _ \L
debug program o

LnKeyr ?‘l’ﬂ%)f&m

' Sl ol 2ol mofing g8
C Final debugged )
run module : J,
v ' - debug
CPE 0408330 V 23
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3.3 The Instruction Set

% » The instruction set of a microprocessor-defines the b.aSIC
operations that a programmer can specify to the device to
| perform

» Instruction set groups b oo

~ Data transfer instructions (moving data between registers
and/or memory locations).

= Arithmetic instructions (ADD,SUB,DlV,MUL,INC,DEC)

= Logic instructions (AND,OR,XOR,ROL,NOT)

= String manipulation instructions (REP,IVIOVS,LODS,STDS)
= Control transfer instructions (MP,RET,LOOP)

C: Processor control instructions (CLC,CMC,STC,HLT,)
w0l logs ) opw o5 fo3

A E

e Complement: -

-?Iaﬂ

CPE 0408330
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Mov inshichon) 2-bwl 45 g (xfe(ﬂ semple \ e Byle 50
{nstrucHaN

' 3.3 The Instruction Set gl i

£ 5 - i i @
oLelol oysual; Al Jis £
o
e

Scanner

O Cunsfl s Jav oF

. . .S 1 ed) o5y da Jdiv X &S,
» In assembly language each instruction AR R

represented by a “mnemonic” that describes its
operation and is called its “operation code
(opcode)”
- MOV = move - data transfer
o ADD = add - arithmetic
> JMP = unconditional jump - control transfer

» Operands: Identify whether the elements of data
to be processed are in registers or memory
- Source operand- location of one operand to be processed

- Destination operand—location of the other operand to be
processed and the location of the result

Scanned wit
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3.3 The Instruction Set

» Data transfer instructions

Mnamonic and

. Bewstiniion Instruction Code

DATA TRANSFER

MOV ~ Move: 76543210 76543210 76643210 76543210
Regisler/Memory Lo/ from Register [ 1000t1bdw | mod eg rtm |

Immadiate to Ragisiar/Meamory | 1100011w | mod000s/m 1 data l dataifw — 1
{mmaediate to Regisier | totiwemeg | dala [ dawmifw -1 |
Memory to Accumulatos | 1010000w | addr-tow l adde-hagh |
Accumulator 1o Mamary | wiotoiw | sddeow | addr-high |
Register/ Memaory 10 S egment Regisler [ 1v001110 | modorsgeim |

Segment Register 1o Registar/ Me mory | 10001100 | modOrmegr/m |

PUSH = Push:

Roegister/ Momaory I 11111111 | modi10/m ]

Rogisler [ e1010mg |

Segment Regisler [ oooregrio |

POP - Pop

Regisler! Mamory l 10001111 | mod000r/m l

H&g;islﬂ | 01011rag I

Segment Regisler [ _oooreg11t |

XCHG = Exchange:

Aegistar/Memary with Register [ 1o000011w |  modmgem

Register with Accumuator [ 10010rg |

CPE 0408330
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3.3 The Instruction Set
» Data transfer Instructions

Mnemanic and

Description Inatruction Code
DATA TRANSFER
IN = Input from:
Fxed Port | 1110010%w | port |
Vanabie Porl l 1110110w I
OUT = Output to:
Fixed Port | 1110011w | porl
Variabia Porl [ 011w |
XLAT = Transiate Bylolo AL | 11010111 |
LEA - Load EA 1o Regisior [ 10001101 | modregeim |
LDS = Load Poinler to DS [ 11000100 | modigim |
LES - Load Painter lES [ 11000100 |  modregum |
LAHF = Load AH wilh Flags [ 10011111 |
SAHF - Store AH into Flags [ 10011110 |
PUSHF = Push Fiags [ 10011100 |
POPF = Pop Flags [ 10011101 |

CPE 0408330
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3.3 The Instruction Set

> Arith metic instructions

BAA ~ Decimal Adjusl for Add
SUB = Subtract:

Rag. fllemory and Fogisler o Either
immediale from Rogister/Memory

Immadiais from Azcumalator

888 = Subtract with Borrow
Reg./Memary and Register 10 Either
Immediate from Regmter/Memory
Immediata from Accumulator

| bot11o111

[-: 00100111

[ 001010dw

mod rag rim j

Hg::;n:;:;d ‘ Instruction Code
ARITHMETIC 76543210 76543210 76543210 76543210
ADD - Add:
F_Ieg.ﬂ-‘lemou;with Regisiar to Gither L_ﬂnmoaw modm;m
Immediaia lo Ragrslan'Mermry l_ 10000 8w modO O Ordim ! dats | dalad s:w — 01 —l
Immadiate to Accumalatos | _oocooiow dala [ daatw -1 |
ADC - Add with Carry:
Reg./Memory with Rogisker lo Bither [ coo100dw modregrim |
!mnmdinlaloﬂag'ralarﬂdﬂmw |_ 1000008 w mod0 1 0r/m l dala | datnis:w-m—l
Immediate ta Accumuiator _oocioiow data | dataifw -1 |
ING = Incramant:
Register/ Mamory EEETERTY” mode00/m |
Register | oc1000reg
ARA — ASCI Adjust bor Add,

[ 100000sw mod 10 te/m | data | detaifsw-o01 )
| o010110w dala [ dastw-1 |

[ oocoriodw mod req rim |

[ 100000sw modo 1 vr/m | data | dataitsw-o1 |
|  ocoo0111w dsta | dstatw=1 |

CPE 0408330
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3.3 The | '
- nstruction Set
Arith iC i i
> Arithmetic instructions
Ninemanic and
Deacripton instructionCoda
ARITHMETIC 76543210 76543210 76543210 76543210
DEC - Decremant:
Register/memory. L 11111 1w | mod0 0 1¢/m |
Registar | 01001 rag I
NEG - Changs sign | 1111011w | mod0tle/m |
CWP - Compare:
Register/Mamary and Regster | _001110dw | modmegrim |
Immediate wilh Register/ Memary | 100000sw | modiite/m | dala dalaifsw = O1
Immediats with Acoumula or [ oorrirow | data | dataifw = 1
ARS — ASCH Adjust for Subiracl | ootr1nan |
DAS = Decimal Adust for Sublract [ oo0101111 ]
MUL = Multiply (Unsigned) | t1t1014w | modtoovm |
IMUL = Integar Mulliply (Signed) [ t1110m1w | modtorem |
AAM = ASCH Adjust for Mulliply [ 11010100 | oo00t010 |
DIV = Divida {Unsigned) [ 1111011w [ mod1toum |
IDIY — Integer Divide (Signed) [ titiottw [ modiviem |
AAD = ASCH Adjust for Divido [ 11010501 [ oooo0i1010 |
CBW = Convesi Byte lo Word [ 10011000 |
CWD - Comvert Word lo Doubla Ward [ 10011001 |
CPE 0408330 29




3.3 The Instruction Set

» Logic instructions

Hegater/ Mamary and Ragsler

[ 1ooooiow

mod feg ffm _|

Immedials Dala 2 nd Ragister/ Memary [ 11110114

Hmp';:ﬂ InstructionCode
Loalc 76543210 76543210 76543210 76543210
NOT = lmwert L _1111011w | modotodm |
SHL/SAL = Shil LogicaltAritmeic Lot | 110 100vw | mod100rm |
SHR - Shift Logical Fight L_t10100vw | modiocivm |
SAR = Shfl Arithmatic Right L_110100vw | moditiom |
ROL ~ Rotata Left l_ 110100vw |  mod0dOM/m —l
ROR = Ralate Right L_ 110100vw | modi:lDtn‘m—l
RCL ~ Rotala Thraugh Camy Flsg Left L _110100vw | modor0wim ]
RCR = Rotala Though Carry Right [ 110160vw | modotiem A
AND = And:
Reg_Mamory and Register 10 Either _001000dw | med ear/im |
Immediala‘to Regs er/amory [ 1000600w | mearoonm ] data | camitw=1 |
Immediate Lo Accumlalor [ oco1c010w | data | datsitw=—1_ |
TEST - And Function to Flags, No Rasult

Immediats Data 2 nd Acoumulglor

mod0 0 0r/m |

dalg ‘

L 1010100w

data

OR = Or

Rag. Mamory and Ao gisler 1o Either

| _©00010dw

mad rag r/m 1

Immediata o RegsriMemory

dalaifw - 1|

damifw—~1 |

| 1000000w

modO 0 1e/m

daly |

Immediate to Accumdatos [ cooo1iow

dals

d&lka-'ﬂ W= Lj

XOR = Exclusive or:

dalmifw = ‘I:l

CPE 0408330

Reg Mamary and Rogister 1o Either L_‘DQ 1100dw 1 mod seg rém _1
immediate lo Ragister/Mamory [ 1000000w | modti6dm | dala [ damitw=1_ ]
Immediala to Accumulator [ oot1010w | dala | dawaitw=1_ |
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3.3 The Instruction Set

» String manipulation instructions

Mnemonic and
Description

STRING MANIPULATION

REP - Repeal

MOVS - Move Byle/Word
CMPS - Compara Byl /Word
8CAS = Scan BylaMard

LODS ~ Load Byla/Wd o AL/AX
STOS - Stor Byte/Wd from AL/A

|

1111001z |

1010010w |

10100t 1w |

f
l
[
i

10101 11w |

1010110% |

l
f

1010101w |

Instruction Cods

CPE 0408330
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3.3 The Instruction Set

» Control transfer instructions

Hgm;cﬂ:ld ) InstructionCode
CONTROL TRANSFER
CALL - Calk
Diract within Segman | 11101000 | disp-low | dsphigh |
Indhrect within Segment | 11111111 [ mod0 10¢/m \
Direct Intersagment 10011010 | affsatlon | offsskhign |
[ SE3-0% [ sag-Tegh ;‘
Indiract Intersegment | 11111191 | modotiem |
WP = Unconditional Jump: 76543210 76543210 76545210
Divect wilkin Segmeant | 11101001 |  dspow |  deprign |
Dicect within Segmant-Short [ 11101011 ] disp |
Indiract witrin Segment [ 1ininas | modiooum |
Dicect Intersegment 11101010 |  offmbow |  ofisathigh |
L segow | segngn |
Indirect Inlersegment | 11111111 l mod 19 1r€mj
CPE 0408330
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Mneamonic and
Description
RET - Return from CALL:
Within Sagmaent

Within Seg Adding Immed 10 SP

Intarsagmsni
InlarsegmentAddnglmnediata to 5P

JE/JZ = Jump on Equal/Zero

JL/UNGE = Jump onLess/Nat Greater
or Equal

JLE/JNG = Jump onLess or Equal/
Nat Greatar

JB/AINAE = Jump on Balow/Not Above
or Equal

JBE/IUNA = Junp on Bslow ar Equsi/
Not Abavs

JP/JPE = Jump on Parity/Parity Even

JO = Jump on Overtlows
JS = Jump on Sign
JNE/JINZ ~ Jump on Not Equal/Not Zaro

JNLAGE = JumponNoi Less/Greater
or Equal

JNLE/JG = JumponMNotLess or Equal/
Greater

3.3 The /nstruction Set

» Control transfer Instructions

Instruction Cods

[jnoooon—q

[ 3vooooro | daaiow | datstigh |
11001011 |

[ 11001010 |  damarom | daamgn |
| _oi1tio100 | dsp |

[ 61111100 | dsp |

[ otiit1i0 | dsp |

[ o1i10010 | dp |

[ _o1110110 | dsp ]

[ otiti010 | dsp |

[ _ot110000 | dsp |

| 01111000 | disp |

[ 01110101 ] dsp |

[ ort1iio1 ] dsp ]

[ otriians | dsp |

CPE 0408330
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3.3 The Instruction Set

o
c
c
©
O
%)
=
©
&)
C . ; =
» Lontrol transfer instructions 2
©
¥namonic and GC)
Description Instruction Code %
_ O
INB/JAE .;mEmNmBahvdAbme [ orii001y | ap | n
INBE/JA -
NBEAA ﬂl?:hmamm ljmnmn | disp I
INP/JPO - Jump onNol Par/PxrOdd [ 1111017 \ dsp |
INO = Jump on Not Overfiow [ ot110001 | dsp |
JNS = Jump on Not Sign I 01111001 | disp 1
LOOP = Loop CX Timas 11100010 | disp |
LOOPZ/LOOPE ~ Loop White Zero/Equal [ 11100001 | gsp |
L -
OOPNZ/LOOPNE ;;og’g;:‘m [ i1iv0000 ] s |
JCXZ = Jump on CX Zexo 11100011 | dsp |
INT = Interrupt
TypeSpacibed | 11001101 | lypo |
Type3d | 11001100 |
INTO - irlomupt on Overtiow [ 11001110 |
IRET - Intermupi Relun l_ 11001111 “
CPE 0408330
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3.3 The Instruction Set

» Process control instructions

Mnemonic and
Description Instruction Code
76543210 76543210
PROCESSOR CONTROL
CLC — Cloar Cany [ 11111000 |
CMC ~ Complement Casy [ 11110101 |
STC - SelCamy [ 11001 |
CLD - Ciear Dircction [ 1111100 |
STD - Sat Direckon [ o |
CU - Clear Intemp! [ 11111010 |
STI - Sethntampt [ 111011 |
HLT - Hat [ 11110100 |
WAIT = wait [ 10011011 |
ESC - Escape (1o External Device) [ viotixxx | modxxxe/m
LOCK ~ Bus Lock Prefix [ 11110000 |

CPE 0408330
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Hyricall inshuckese 5

3.4 The MOV Instruction R cfeted S5

» The move (MOV) instruction is used to transfer a

byte or a word of data from a source operand to a
destination operand.

Mnemonic Meaning Format Operation Flags affected
4 e-g- MOV DX, CS ﬂ{a{_ Move MOV D,S (S) =+ (D) None
v
V HonsFar (a) _ \]’
MOV [SUM], AX o le,
Sl Mev imbr <3
EL Destination Source " P
. = . et Metise Acc i aXhmeHC (0
Note that the MOV instruction s ot :ccrfnﬁ‘.w Memary el -
cannot transfer data directly Resser | toemory TR
Memor Register -
between external memory. o Tmegate | YESWIE
Memory Immediate
Seg-reg Reg16
Seg-reg Mem16
Reg16 Seg-reg
Memory Seg-reg )
~ . _ = age-)\ 45'
’[ﬂ Keats ter?S Mov B, Ax  ~%  Sowlcen oo <l OMdl Lav — ’L“-"—JT—-’ - Uy,
JEs
@ memory 25 Moy cx,guqu? UM doad T o5 Gy 2 Allowed operands for MOV instruction
{2 Immediate 9%, Mov DX Lol CPE 0408330

36

[

Scanned with CamScanner



-

destination (b 1> 1) - D ®ister

3.4 The MOy Instruction

2B ()-8

»(MOV DX, Cs)

AX 5 2020 5 @335 2020 Qi o

Plze]  Ax &

Mov

- grpoaalicde A3 sla Lyl

(S5}

—_

ﬂ -

> MoV Ax, [_Q.cp_o'] i Ae gyoasall cP3)
CL ore _L5s 2020 hliah

A Ao Wals

memo-rj

d’:—’*\ G628

a9y 7

AR s

B0BB
MIU
0100 s
0200 DS
55 -
ES
AX
BX
\ CX
TS on
sP
ap
s1
b1

Before execution

B

@ Memovy
CORN &p Go Gud immediate o7
- Tmberer Gy o3af L5t 4 3 4
o Address M:rl:ory Instruction -
.c -
5o sk 355 gt e
-—C 01100 @ MOV DX,CS "
01101 CA 9:, N £
01102 Xxl Next instruction G s
F Mov |ove, Ax
CHLP A gols AX B35 ke
s
insHruction 10000
CAOCI\"C&
Yh
segment 02000 XX
02001 XX dast e 2 oW
| and
Lk DysU MEN  EMSYY, sfncinory
FagracL 95
5 6r| Gemel 3 s oy B
X;Cs LS ' a
o 53 [erds e Exds SRUD
2 loy¥e soomon lgh @
] A‘S“'lmha\r\ »
30
C A
i ‘1/ .\? P
Ho© o4
noz Ak
{¢)
CPE 0408330 37
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3.4 The MOV Instruction
Address | Memory Instruction §
content %))
01100 8C MOV DX,CS . %
: i 01101 CA . | _cé
> MOV DX, CS : ?\.nngg W 01102 XX Next instruction §,
CONE 3
c
©
Qo 1= l 3

/ 0200 DS

[ s

f |es

( AX 02000 XX
\ BX 02001 XX

T .

oy |ox

Sp

BP

sl

DI

(d)
After execution
CPE 0408330 38




déstination

3 5Addr6551ng MOdes WJ'.;? Seurée | r,g,:l-r--:'-!s-!:m_r‘”’ oM AL
IR A

Memed|  jpum Y€ memovy  YEY

» Addressing mode is a method of
specifying an operand & categorized
into three types:

addi®ss o
D - Register operand addressing mode ¥ mev Ax,gx — 7 gﬁmcw
® °» Immediate operand addressing mode o
@° Memory operand addressing mode s 2
. Direct addressing mode Por dagknation?
) AT ; cde AR
. Register indirect addressing mode MM«J—%J“
s# | . Based addressing mode
o . !Tgoa _— y 1
U’w - Indexed addressing mode ¥ Mov BXx /27 ?;Lfi;{:?
ol
MU“’J\ - Based-indexed addressing mode \W Ry
K, % Moy AX y [tooo] ‘ L, P
oddress addvess G distination 1
ol g mod fov\ CPE 0408330 1’;1139
destinat{on .»YeH) SoulCE —>Mpmovih 'rEj v
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3.5 Addressing Modes

» Register operand addressing mode:

The operand to be accessed is specified as residing in
an internal register of 8088.

e.g. MOV AX BX

~T2S s Operand sizes

» Only the data regtsters can . Byte (Reg 8) | Word (Rog 16)
be accessed as bytes or words [ aceamome: AL, AH AX
o Ex. AL,AH = bytes Base BL, BH BX
Count CL, CH cX
AX > word ' _ Data DL, DH DX
» Index and pointer registers | swck pointer — SP
Base pointer - BP
as Words _ Source index — _ Sl
o Ex. SI > word pointer Destination index — D!
» Segment registers only as w: | Code segment - °

. Data segment -
- Ex. DS - word pointer Stack segment - ss
Extra segment — ES
CPE 0408330 40
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3.5 Addressing Modes

» Register operand addressing mode

« Example

MOV AX,BX
Source = BX - word data
Destination = AX = word data
Operation: (BX) = (AX)

. State before fetch and
execution

CS:IP = 0100:0000 = 01000H
Move instruction code = 8BC3H
(01000H) = 8BH

(01001H) = C3H

(BX) = ABCDH

(AX) = XXXX = don’t care state

B08a
MPU

0100

XXXX €

Lo (ABCD) -

Before execution

(a}

CPE 0408330

Address

01000
01001
01002

Memory

content
8B
c3
XX

Instruction

MOV AX,BX

Naxt instruction

41
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3.5 Addressing Modes

» Register operand addressing mode

- Example (continued)

- State after execution

CS:IP = 0100:0002 = 01002H
01002H - points to next
sequential instruction

(BX) = ABCDH

(AX) = ABCDH = Value in BX
copied into AX

Address

01000

01001

BOB8 01002

MPU '
oz}
Q100 . cs
DS
SS
ES
ABCD AX
AjCD BX
o qx
DX
" {sp
BP
SI
D1
. (b}
After execution
CPE 0408330

Memory Instruction
content
8B MOV AX,BX
Cc3 y
XX Next instruction

42
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3.5 Addressing Modes

» Immediate operand addressing mode

> Operand is coded as part of the instruction

- Applies only to the source operand
- Destination operand uses register addressing mode

» Types
- Imm8 = 8-bit immediate operand
o Imm16 = 16-bit immediate operand
- General instruction structure and operation

MOV Rx,ImmX
ImmX = (Rx)

Before execution
CPE 0408330
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-Dblean

3.5 Addressing Modes

2 gize o wmov Jeef jups bk

mov  BL rAX df‘”"s 72 le
,{J,l? Y""Q (;_Jl,- ) ol ‘.”E
bgbe ol distnation

Instruction

MOV AL, 16H

15
xx\ Next | ion
XX \

Imrhediate data

: .
N Imrlnedlate operand ﬂaﬂdd\ressmg mogi PR

- amp e , content

MOV AL,15H LTJE e 15

Source = Imm8 = immediate o s

byte data o 3=

Destination = AL > Byte of oo =

data DS

. Operation: (Immg) > (AL) -

. State before fetch and Qo0 | ax

execution -

CS:IP = 0100:0000 = 01000H DX

Move instruction code = .

BO15H 8P

(01000H) = BOH st

(01001H) = 15H > Immediate .

data
What about MOV AL,1515H ?

(a)

Before execution .. .oqs0

mov AL, BH JS? i (_}i[_,
ul oo O
g L.él» Ldbld)‘_c
\OAr e
~% Jles
mov AK )}6
5

— you L
el 5
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- Example (continued)
- State after execution
(AH) = XX = don’t care state

What about MOV AL,1515H ?
Not Vabed ) oslo

021 wluw o v

Pr;-_ 2 1515

3.5 Addressing Modes

» Immediate operand addressing mode

MPU

|

0100

16

AX

BX

CX

SP

BP

DI

After execution

{b)

CPE 0408330

Address

01000
01001
01002
01003

thﬁry
contant
16

XX
XX

Instruction

MOV AL, 15H

Next instructlon
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- o o Mo v Ax + looo

ﬂ?‘- - L W“t;.‘mm
3.5 Addressing Modes :
_ Mov Ax » [looe
Ao Uy ), [ooo am') _* o:f;ﬁhé_r- Zsy. & \1/ L memO\'B %
X 3 1 O%?S{EL acu .)Li? —
Memory addressing modes ePPechie addless 1 =
To reference an operand in memory, the 8088 must o
calculate the physical address (PA) of the operand and then . i[53
initiate a read or write operation to this storage location.
AX
Physical Address (PA) = Segment Base Address (SBA) + Effective Address (EA) _
L
j H
s . offser Where:
EAE S BAIRR SBA = Segment base address
PA = Segment base : Bage + Index + Displacement EA = Effective address (offset)
Boase - offsek - Components of a effective address
cs i . - Base > base registers BX or BP
pa=td SSLIBX {7 Jisl | 1) 8-bit displacement - Index > index register S| or DI
DS (/|1'8P DI 16-bit displacement - Displacement - 8 or 16-bit displacement
ES - Not all elements are used in all
%: fo \6 % ©p o Bx 35> D oS AT IO computations—results in a variety of
e Egﬂ\ = Base + Index + Displacement addressing modes e
~-=- B Ao 3P ' Si e Bx o)k ey ; ~id
Wil zﬁﬁ"ysicﬁl and effective ad)zlress computation for memory operands v b o [T T
w M o
\nos e (.-.\,,,3 S L E 3 V5= 15) P [‘Eg;rsf}
AJNESS | _ e Moy AX
| ot 00 D> cov by lal &0 ¢ B DY) O RO av o M el
defonlt bose  address i p
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MOV AK 7 [Bx-f'sﬂ":rjﬂ' 1
S Phesycal add e~ st

Memory addreSS”’lg mOdeS bgse  (awl 515 U:A’q}:z,
DS wo Wlids
Effective address (EA) /DS T Ig,fﬂ]]
[ Bx/ BF si /p: Buik [16 b;,kl —_
addrg"s‘z'i‘;‘;rﬁmde Example Base Index | Disp. | 7
Direct MOV CX,[1234]
dis plasment g
' MOV AX,[SI &
Indirect 511 R\
Based s, . |; MOVIBXI+ 1234HAL v "
"~ | mMov[exsi2347] .
Indexed MOV AL,[SI]+1234H 7 7
Based-Index | MOVAH, [BX][SlI+1234H v v %
| = B
| PA=SBA + EA
oHfset,
- l EA = Base + Index + Disp,acement Rase Y9 i,
CPE Q408 47

305 aee) sume (i s
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3.5 Addressing Modes

» Memory addressing modes - Direct addressing mode

» Similar to immediate addressing in
PA = Segment base: Direct address  that infoarmation coded directly into the

cs instruction
PA = gg : ¢ Divact addrm-}  Immediate information is the effective

address called the direct address
 Physical address computation
The default segment register is DS PA = SBA:EA > 20-bit address

Computation of a direct PA = SBA[DA] - immediate 8-bit or
memory address 16 bit displacement

[DA]: Displacement Address
- Segment base address is DS by

default
e.g. MOV AX, [1234H] o ——
direck Lo - Segment override prefix (SEG) is

required to enable use of another
segment register
PA = SEG:ES:[DA]

CPE 0408330
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3.5 Addressing Modes

» Memory addressing modes - Direct addressing mode

* Example

MOV CX,[1234H]

* State before fetch and execution

- Instruction

CS =0100H

IP = 0000H

CS:IP = 0100:0000H = 01000H
(OT000H,01001H) = Opcode = 8BOE
(01003H,01002) = DA = 1234H

+ Source operand—direct addressing
DS = 0200H

DA = 1234H

PA = DS:DA = 0200H:1234H

= 02000H+1234H = 03234H
(03235H,03234H) = BEEDH

- Destination operand--register
addressing

(CX) = XXXX = don’t care state

[ 8088
MPU
[ o }F
0100 )
DS
0200
ss
ES
AX
BX
XXXX CX
DX
SP
BP
sI
()|

Before execution ®

CPE 0408330

Addren

01000
01001
01002
01003
01004

02000

02001

03234
03236

Memory
content

8B
0E

34
12
XX

Direc

XX
XX

ED
BE

Instruction

MOV CX, [1234H]

Next ingtruction

N
t address

Source operand

49
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3.5 Addressing Modes

» Memory addressing modes - Direct addressing mode

+ Example (continued)

- State after execution
Instruction

CS:IP = 0100:0004 = 01004H
01004H - points to next
Sequential instruction

- Source operand
(03235H,03234H) = BEEDH >
unchanged

- Destination operand

(CX) = BEEDH

L

B80BB

MPU

0004 J]IF'
0100 g8
0200 DS
ss

Jes
| ax
BX
BEED [
DX

L
BP

sl
DI

Atter execution
CPE 0408330

Address

01000
01001
01002
01003
01004

02000
02001

03234
03235

Memory
content
8B
0OE
34
12
XX

XX
XX

ED
BE

Instruction

MOV CX, [1234H]

Next instruction

50
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PA = Segment Base : Direct Address

PA=

The default segment register is DS
Computation of an indirect memory

e.g.

CS
DS
SS
ES

BX
BP
S|
DI

address

MOV AX, [SI]

3.5 Addressing Modes

Memory addressing modes - Register indirect addressing mode

. Similar to direct addressing in that
the affective address is combined with
the contents of DS to obtain the
physical address

. Effective address resides in either a
base or index register

. Physical address computation

PA = SBA:EA = 20-bit address

PA = SBA:[Rx] = 16-bit offset

. Segment base address is DS by
default for BX, SI, and DI

- Segment base address is SS by
default for BP

PA = DS:[Rx]

+ Segment override prefix (SEQG) is
required to enable use of another

segment register
PA = SEG:ES:[Rx] .
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3.5 Addressing Modes

» Memory addressing modes - Register indirect addressing mode

. Example PA = 0200016 + 123416 = 0323416
Address
MOV AX,[SI] 61000
- State before fetch and execution Instruction 01002
CS = 0100H o
IP = O000H
CS:IP = 0100:0000H = 01000H
(01000H,01001H) = Opcode = 8B04H
- Source operand-register indirect addressing
DS = 0200H w0
Sl = 1234H 3
PA = DS:SI = 0200H:1234H :
= 02000H + 1234H - om
032386

= 03234H

(03235H,03234H) = BEEDH

. Destination operand-register operand
addressing

(AX) = XXXX = don’t care state

5 (o}
Before execution
CPE 0408330

Memory
content

8B
04
XX

XX

ED
BE

Instruetion

MOV AX,[S1]

Next instruction

Source operand

52
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3.5 Addressing Modes

» Memory addressing modes - Register indirect addressing mode

PA = 0200016 + 123416 = 0323416

« Example (continued)
. State after execution Instruction
CS:IP = 0100:0002 = 01002H

01002H = points to next sequential

instruction

. Source operand
(03235H,03234H) = BEEDH =2
unchanged

. Destination operand

(AX) = BEEDH

After execution
CPE 0408330

Addres

01000
01001
01002

02000
02001

03234
03235

Memory

content
BB
o4
KX

XX
XX

ED
BE

Instruction
MOV AX,[S1]

Mext instruction

53
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3.5 Addressing Modes

» Memory addressing modes - Based addressing mode

cs - Effective address formed from contents of a base
={0S{.J/BX 8-bit di : .
PA= ss}-{sp}+E&bi; d;:g‘;m::} register and a displacement

ES - Base register is either BX or BP (stack)

Scanned with CamScanner

(a) y - Direct/indirect displacement is 8-bit or 16bit
I - Physical address computation
Element n PA = SBA:EA = 20-bit address
>{ Eleoment n - 1 PA = SBA:[BX or BP] + DA
(Geni . - Accessing a data structure
t : - Based addressing makes it easy to access
s Element 2 elements of data in an array
Elernent 1 - Address in base register points to start of the
Base register Element 0 array
i - Displacement selects the element within the
array
- Value of the displacement is simply changed
e.g. MOV [BX]+1234H, AL  to access another element in the array

- Program changes value in base register to
select another array

CPE 0408330 54



" 3.5 Addressing Modes

» Memory addressing modes - Based addressing mode
PA = 0200016 + 100016 + 123416 = 0423416

. Example pstn | Ny | o

MOV [BX] +1234H,AL | o000 | 88 MOV [BX] +1234HAL
. State before fetch and execution Instructionv w2 /——‘ E:.z'.% ?:E
CS = 0100H, IP = 0000H 1P 01008 | 2 | ‘Newinrution
CS:IP = O1 00:0000H = 01 000H
(01000H,01001 H) = Opcode = 8887H 0100 '?s“
(01 002H,01003H) = Direct displacement = ] "55'“
1234H _ W -
. Destination operand——based addressing | i | xx
DS = 0200H, BX = 1000H, DA = 1234H oe | E0 |oX
PA = DS:DS+DA = 0200H:1000H+1 234H o »
= 02000H+]000H+1 234H o
= 04234H
(04234H) = XXH P
. Source operand—register operand :i’ N R P
addressing o | S | x

(AL) = ED
Before execution
CPE 0408330 55
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3.5 Addressing Modes

» Memory addressing modes - Based addressing mode
PA = 0200016 + 100016 + 123416 = 0423416

Scanned with CamScanner

* Example (continued) e | ey | rancton
- State after execution Instruction oo | |
CS:IP - 0" 000004 - 0] 004H l E’:Ei II_IP glﬁ :gx Next instruction
01004H - points to next sequential
instruction l 0100 !cs
- Destination operand ==
(04234H) = EDH s oo |
- Source operand w | o | '
(AL) = EDH = unchanged o |ax
L
Note: if BP is used instead of BX, the e :_
calculation of PA is performed using S5 | st weu| B
instead of DS. o
()
After execution
CPE 0408330 56
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3.5 Addressing Modes

» Memory addressing modes - Indexed addressing mode
PA = Segment Base : Index + Displacement

Memory

Element n+ 1

e Elament n

nd i '—J -
I Hndin Tagpnr Array of data
T .

E Element 2

Element 1

[ Displacement J———>] Element0

(a}

PA = Segment base: Index + Displacement

|

Ccs
Dsi(.) sl | B8-bit displacemeant
PA=1 ss (') DI 16-bit displacement
ES
{b)

Computation of an indexed address

e.g. MOV AL, [SI]+1234H

. Similar to based addressing, it makes accessing
elements of data in an array easy |
. Displacement points to the beginning of array in

memory
. Index register selects element within the array

. Program simply changes the value of the
displacement to access another array
. Program changes (re-computes) value in index
register to select another element in the array
. Effective address formed from direct
displacement and contents of an index register
. Direct displacement is 8-bit or 16-bit
. Index register is either SI = source operand or
DI © destination operand
. Physical address computation
PA = SBA:EA - 20-bit address
PA = SBA: DA + [SI or Dl]

CPE 0408330
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3.5 Addressing Modes

» Memory addressing modes - Indexed addressing mode

PA = 02000156 + 200016 + 123416 = 0523416

° Example Address | Mermory
_—_ MOV AL,[SI] +1234H T

+ State before fetch and executi ' OimE)

€S = 0100M tion Instruction o ‘ ooz | 4

IP = 0000H meos | X

CS:IP = 0100:0000H = 01000H s

(01000H,01001H) = Opcode = 8A84H =

(0;002H,01 003H) = Direct displacement = 1234H -

« Source operand—indexed addressin |

DS = 0200H ° —

S| = 2000H % T 5l o0t | xx

DA = 1234H BX :

PA = DS:SI+DA = 0200H:2000H+1234H cx

= 02000H+2000H+1234H B%

= 05234H

(05234H) = BEH » -

. Destination operand—register operand addressing L - A K '.

(AL) = XX = don’t care state \:m N \ .

. (1Y)
Before execution

CPE 0408330

Instruction

Scanned with CamScanner

MOV AL, [S1] +1234H

Next Instruction

Sourca operand




3.5 Addressing Modes

» Memory addressing modes - Indexed addressing mode

PA = 0200016 + 200016 + 123416 = 0523416

« Example (continued)

- State after execution Instruction
CS:IP =0100:0004 = 01004H
01004H - points to next
sequential instruction

. Source operand
(05234H) = BEH - unchanged

. Destination operand
(AL) = BEH

-

8088
MPU

1 CS

0100

0200

XX

]
ES

Ds

BE |AX

L

BX
CX
DX

SP
BpP
Sl
Dl

j

After execution

(b

CPE 0408330

Address

01000
01001
01002
01003
01004

02000
02001

05234

{

Y
Tent

§

KuRee

XX
XX

Instruction

MOV AL,[SI) +1234H

Mext instruction

59
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3.5 Addressing Modes

» Memory addressing modes - Based—-indexed addressing mode

E.:i:: 1 . Combines the functions of based and indexed addressing
: Hges two—dimensional arrays of data
- - Enables easy access to two-
Beme im0 . Displacemeﬁt points to the beginning of array in memory
+ = . Base register selects the row (m) of elements
| Em;" - o o - Index register selects element in a column _(n)
Beme moe Emert 11,0 . Program simply changes the value of the displacement to
| B B access another array
1 ; . Program changes (re-computes) value in base register to
=y select another row of elements
- Program changes (re-computes) the value of the index

(a)

register to select the element in another column

e s = . Effective address formed from direct displacement and

u-[:%}:{gg}[glr}+{ggggmwwm:] contents of a base register and an index register
: - Direct displacement is 8-bit or 16bit

(b} = .
Computation of an indexed address + Base register either BX or BP (stack)

+ Index register is either SI = source operand or DI >
destination operand

e.g. MOV AH, [BX][SI]+1234H - Physical address computation
PA = SBA:EA > 20-bit address
PA = SBA:DA + [BX or BP] + [SlI or Di]

e —

CPE 0408330 60
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3.5 Addressing Modes

» Memory addressing modes - Based-indexed addressing mode
PA = 0200016 + 100016 + 200016 + 123416 = 0623416

» Example byteyai o2

werd  MOV(AH)[BX][SI] +1234H
. State before fetch and execution Instruction
CS = 0100H, IP = O000H
CS:IP = 0100:0000H = 01000H
(0O1000H,01001H) = Opcode = 8AAOH
(01002H,01003H) = Direct displacement = 1234H
. Source operand-based-indexed addressing
DA = 1234H, DS = 0200H, BX = 1000H,
SI = 2000H

PA = DS:DA +BX +5I
— 0200H:1234H + 1000H + 2000H

— 02000H+1234H +1000H + 2000H

= 06234H

(06234H) = BEH

. Destination operand—register operand

addressing
(AH) = XX - don’t care state

Ep =

Bx+ ST + 1234

=looo 4 2000 + 1234

B Y234
offset

Addrm

01000
mon

L

GE

01002
01003
01004

8084
WPy
[

02000
02001

06234

o

Before execution

CPE 0408330

; 623Y

Memory
eontent

ia

12
XX

XX
XX

o

5rs00 un Voose 5¢ Y Las

DS ler
gloo =
| ngtraction
MOV AN, [BX] [S1] +1234H
Next instruction
Phesycul  add
02000
o3y t
6234
qcla\ de Dor o
Pe oy ytunll # p
(BE) lgews; VLI
B S 3 >
AR R\ S
Source operand

61
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3.5 Addressing Modes

» Memory addressing modes - Based-indexed addressing mode
PA = 0200016 + 100016 + 200016 + 123416 = 0623416

Address | Memory Instruction
. Example (ContinUEd) | g:gg? MEEM MOV AH, [BX] [SI] +1234H
- State after execution Instruction | | ozl o
CS:IP = 01 00:0004 = 01004H T———vﬁﬂm Xk | Moxtinruction
01004H - points to next sequential BTG
instruction w0 |os s | %
- Source operand * :
(06234H) = BEH - unchanged

. Destination operand = ] E
(AH) = BEH o
—"

06234 BE

{b)
After execution

CPE 6408330 62
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HW. #3

J50lve the following problems from Chapter 3
from the course textbook:

3, 10, 23, 25, 26, 29, 31

&3
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=14.1 Converting Assembly Language

Instructions to Machine Code [ *57 ==
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OLL a2 <3 ad

» General instruction format for machme S S
COde 2ovte = b \sikg i

— OfHonal

[ BYTET BYTE 2 CBYTES)  Clloidd) 153l

-‘ _ s -
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I ¢ oy Q3L 59 Lo
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Y = G 03 ok i O DIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER

] (B & dem tns s

o OPERATION (INSTRUCTION) CODE  Wain ParmelerS o5 5.eu
~2 g 5 (2w ./TS; ¢E_ 80 86 78088 to ol e & T =3 (insfuChon) W1 1
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4.1 Encoding (1): MOV BL, AL

» EXAMPLE | 2 3 Gk
Encode the instruction in machine code 8 s S o
MOV BL, AL | “

2bghe 3\ 9\3) Zyle WA ¢ X9 imm ofeand v 4 ¥

o Rfr

 Soluton:  gpcope - 100010 or mow ==L LL1
D = 0 (source), W = O (8-bit) 1 eae! e 2

» This leads to BYTE 1 = 100010002z = 8816 , S e i
» In byte 2 the source operand, specified by REG, Is
AL = LW\JB@\L@ op codt cumr
REG = 000, MOD =11, R/M =011 @ e

. Therefore, BYTE2 = 110000172 = C316 3,503 G st > & e
MOV BL, AL = 88C316 | ro] = e ot Boae b aa

W Spue<tle S o Mod et [ i
=0 Pkt [G70] ¢ Gl g B A w oo B
Repzee] « fh W o £
Sl BV Ldas B0

(R/M—aui < Sl Sles BL Wl R/m o 5
: 323 ), ¢ (Joooloooll e no 1) = Sbo VL 2

CPE 0408330 13
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MOV WORD PTR [BP][DI]+1234H, OABCDH

ST} D=
t3 V.) QJ_\S . | B M;m“p‘:;‘d B - In:gwucﬁmcwe B J
- - [DATA TRANSFER
_/ MOV = Move: 786543210 76543210 76543210 76543210
ﬁ)::DJ Regialer/Momery lo/from Register [ 1000 10dw | mod reg wm ]| Disp.BL [ Disp. f] | o
mmediate to Register/Me mory )D@ooon‘y [ (modooormyiep  Disp. &L [ Disp. i | daa | damifw=1 ' |
Immediateto Regaler [ 10ttwreg |  daa [ dataitw=1__|
Memary fo Accumulator [ totoooow |  sddow |  sdaetioh ]
Accumulator to Memory - | 1010001 w | addr-low l :add'-righ 4]
4 —
MOD =11 - T ”"UUI‘IL Sgheco =b( Nesellh = c g
R/“ W=0 W =1 S W JUSTIRTIPS 8‘0*'6(7"‘\“0(10 UUQ QUJ = 33
ggg gu_ AX C S e G Y (e Aileo Byte () =b 3Y
L CX .
010 DL DX . BYte (M) —p 12
011 BL BX W=\ g e;(‘ﬁ'HOV\ Dl:\.\ B + C C—B
100 AH se e Red” T R R e
110 DH Si
e B St b MOD=11 EFFECTIVE ADDRESS CALCULATION 7
—— | RM [ W=0 | w=1 | R/M MOD =00 MOD =01 MOD =10 7
CODE EXPLANATION
000 AL AX 000 | (BX)+(S!) (BX)+(Sl)+D8 (BX)+(SI)+ D16
o [ Memory Mode, no displacement o | oL | cx | oo |(Bxy+(O) (BX)+(D)+D8 | (BX)+(D)+D16 ]
o1 y Mode. B-bit 010 OL DX 010 | (BP)+(SI) (BP)+(SI)+ D8 (BP) +(Sl) + D16
emory - o | BL BX 011 | (BP)+ (D) (BP)+(DI)+D8 | ((BP)+(DI)+D16)
displacement follows 0 AM Sp 100 (SI') (S1)+08 (S +DT6
10 [ Memory Made, 601 0 | CH | 8 | 101 |0@) (Di)+ D8 (D1) + D16
displacement fo 10 | OH I | 10 |DIRECTADDRESS | (BP)+DS8 (BP) + D16
11 Register Mode (no 111 | BH DI 11 | (BX) (BX)+D8 (BX)+D16
displacement)
CPE 0408330 24

*Except when R/IM = 110, then 16-bit
disnlacement follows
. g
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MOV [BP][DI]+1234HR, D3R
MOD =11 DS M)lobj) Evﬁolzé”d\? o=
i R/M W9 W=1 Mnemanic and InstructionCada
\, 000 AL AX L Descrption -
| gg:: gt gg: ;z‘:rl-mu‘:tm 76543210 76543210 76543210 76543210
2;; Eh g:; Regiater/Memary to/from Register r 100010dw I mod g ”"‘4]
101 CH (=1 Immediate to Ragisir/Memory [ 1100011w | mdooorm | dala [ damitw=1 |
110 DH si :
111 BH DI | | tomedinteto gt [ lO'liwreg | dats. | cataitw=1_ |
. ~ | Memory to Accumulator [ 1010000w | addow | eddehich |
Register Q SR Accumulator toMemory |_1010001w | addow |  addrhigh |
Register/Memory 1o Segment Register [ 10001110 | modOregum |
ES 00 Segment Registerta Register/Memary | 110001100) | modoSRwm | DispLO ] DispHI |
| D . Ay
CS 01 Bxg\-:(.ﬂ:\&uzcll&e_l - A Sc
Bure 2d:=001 oy o
SS 10 Sukeiatys 3H\§J b _;i;qﬁ |
DS ) Byre [C0212 Mop=t}  * EFFECTIVE ADDRESS CALCULATION
RIM | W=0 | W=1 | R MOD= _
CODE EXPLANATION M nop= MOD=01 MOD
000 Al AX 000 | (BX)+({SI) ‘
00 Memory Mode, no displacement (BX)+(S)+D8 | (BX)+(Sh+D18
follows* 01 CL CX 001 1{BX)+(DI) (BX) +(Dh) + D8 (BX) + (Dl)) +D18
01 | Memory Mode, -bit 00 | DL | DX | 00 |(BR)+(S) (BP)+(S)+D8 | (BP)+(SI)+ D16
displacement follows | o BL BX 1)1 (BP)+(DI— (BP)+(DI)+D8 (BP)+(DI) + D16
10 Memory Mode, 16-bit 01 A SP 100 | (S) (S1) +D8 (S1)+D16
displacement follows 101 | CH BP 101 | (i) (1) +D8 (DI)+018
11 Register Mode (no 110 OH s 110 | DIRECT ADDRESS | (BP)+D8 (BP)+ D16
| displacement) i BH " M 1 (8X) (BX) +D8 (BX)+D16
- *Except when R/M = 110, then 16-bit
" disniacement follows CPE 0408330 26
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Lecture Qutline

» 5.1 Data-Transfer Instructions
» 5.2 Arithmetic Instructions

» 5.3 Logic Instructions

» 5.4 Shift Instructions

» 5.5 Rotate Instructions

CPE 0408330 >
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/5.1 Data-T, ransfer Instructions

7/ ) ) -
, eS/9o )\t 3o c el 9 A\ Soang Iy iI:A %) reznin of ”"" N eby yyam s gt et d\Aw

r YVES /1(519‘*-":0: ,y)t (AL 637 yiro L’ <5y U“d"’\@ﬁ als
The data-

~transfer functions Ggrowde the
ab|||ty 0 move data either between its

Internal registers or between an mternal

register and a storage location in
memory. |

» The data-transfer functions include
'© MOV (Move byte or word)

- XCHG (Exchange byte or word)

- XLAT (Translate byte)

- LEA (Load effective address)

- LDS (Load data 1 segment)
LES (Load extra segment)

S —

CPE 0408330

3
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5.1 Data-Transfer Instructions -
MOVE Instruction . Used to move (copy) data between:

‘ - Registers
» The MOVE Instruction i Rzg;zter and memory

= - Immediate operand to a register or
Mnemaonic Mezning Format Operation Flags affected m le mory . S
MOV | Moe | MOVDS | si~iD) Nore | . General format:
” MOV D,S
_ . Operation: Copies the content of the
€2 <l Destination Sowree ] 3R source to the destination
s Memory Accumulator S S) > (D)
nemory | Accumulator Memory Memory - Source contents unchanged
:g.‘m“: ;:9:;:; R . Flags unaffected
Memory Register Tmm - Allowed operands
Register Immediate i
Memory Immediste :sﬁggissg
Seg-reg Reg16
:eo-;;n Mem16 Accumulator (AH,AL,AX)
il e Immediate operand (Source only)
Segment register (Seg-reg)
- Examples:

MOV [SUM],AX
(AL) > (address SUM)

H) - (address SUM+1)
CPE 0408330 4
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5.1 Data-Transfer Instructions -
Move Instruction

» The MOVE Instruction

e.g. MOV DX, CS
MOV [SUM], AX

» Note that the MOV instruction cannot transfer
data directly between external memory.

CPE 0408330 5
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5.7 Data-Transfer Instructions -

Move Instruction

MOV DX, CS

Source = CS = word data
Destination = DX = word data
Operation: (CS) = (DX)

« State before fetch and executionL

CS:IP = 0100:0100 = 01100H
Move instruction code = 8CCAH
(O1100H) = 8CH

(0O1101H) = CAH

(CS) = 0100H

(DX) = XXXX = don't care state

Address

01100
01101
01102

8088
MPU
0100 4
0100 c
0200 DS
S5 -
ES
Ax |-
BX
cX
XXXX DX
P
ap
st
ot

Before execution

02000
02001

{c}

CPE 0408330

Memory
content

8c
CA
XX

XX
XX

Instruction

MOV DX.CS

Next instruction

6
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/ 5.1 Data-Transfer Instructions -

Move Instruction

MOV DX, CS

- State after execution
CS:IP=0100:0102 =01102H
01002H - points to next
sequential instruction

(CS) = 0100H

(DX) = 0100H = Value in CS
copied into DX

Value in CS unchanged

MPU

0102 s

0100 =

0200 DS
SS
ES
AX
BX
CX

0100 DX
SP
BP
SI
DI

After execution

(d)

CPE 0408330

Address

01100
01101
01102

02001

Memory
content

8C
CA
XX

XX
XX

Ingruclon

MOV DX.CS

Next instruction

7
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5.7 Data-Transfer Instructions -

Move Instruction
» EXAMPLE 8

What is the effect of executing the instruction
MOV CX, [SOURCE_MEM]
Where SOURCE_MEM equal to 20:s is a memory

location offset relatlve to the current data segment
starting at TAO0OQ1s.

» Solution:
((DS)0+2015) — (CL)
((DS)O+2016+116) — (CH)

Therefore CL is loaded with the contents held at
memory address

1A00016 + 2016 = TA020156
and CH is loaded with the contents of memory address
1A00016 + 2016 +116 = TA02116

CPE 0408230 g

Scanned with CamScanner



5.1 Data-Transfer Instructions -

Move Instruction
, EXAMPLE

Use the DEBUG to verify

MOV CX,[20]
DS = TA00, (DS:20) = AA55H

(1A00:20) = (CX)
» Solution:

e
o, 4, = 555531 O0 L4=0000 Ur=0000 P=FFEE EP=0000 5 YT =03
E 55608385 CSs0E38 IP=0100 MY UP EI ¢

- = 4 F'f."
.5.74.' {Jl /o

£~ -~ o
)

201
M

LASO000  EAs0000  CAsAASS Cr=O00 SP=FREE

eoia0l ESs(R3E  S5eDE3S CE=OB35 IPsOLO4 MV UP EL PL NZ MA PO e

05350104 AO0390 MoV AL, (9607 ] DS :9603=00

- -
‘ : 2 OB
CPE 0408330 =i

EF=0000 S1=0000 0I=C000
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3.1 Data-Transfer Instructions -

Move Instruction DS, ES to 2000H j

. _Exa}mple—lnitialization of internal registers | SS to 3000H ‘
with immediate data_ and gdglress information AX, BX to OH

L- DS, ES, and SS registers initialized from

immediate data via AX - | CXto OA
I(MM] 6 > (AX) Sl to 200

AX) = (DS) & (ES) = 2000H
IMM16 > (AX) i fo 300
(AX) = (SS) = 3000H MOV AX,2000H

- Data registers initialized MOV DS, AX
IMM16 > (AX) =0000H MOV ES, AX
(AX) = (BX) =0000H MOV AX,3000H
IMM16 - (CX) = 000AH and (DX) = MOV SS,AX
O100H _ S _ _ MOV AX,0H

- Index register initialized from immediate MOV BX AX

operations MOV CX’OAH

IMM16 - (SI) = 0200H and (DI) = 0 MOV DX, 100H

MOV SI,200H

« MOV Di,300H

10
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5.1 Data-Transfer Instructions - N
Exchange Instruction \ Zomin Lac 3

éé} XCHC-‘ AX,BV.
baw « XAig

B b D350 Dl 45 oo
L' - -
3mov"cjﬂ"‘" j g ro
r’_jﬁo\:\; e @ S 0\,,’_',? lgra3s BX Gob)s LpL Pl dJsi E’XQ-D:,? N Ly a2
" P . e the data between sy sl
Koo Qade >u2 doud) o Used to exchang Ax <Flgrs

e et _ . two data registers or a data register
Mnemonic | . Meaning | Formst | Operstion | Fiags atfected and memory
XCHG | Exchange .| XCHGDS | (D)« (S) None - General format:
~ = XCHG D,S
(a) :

- Operation: Swaps the content of the
source and destination

: - Both source and destination change
c)slf e o | Destination Source ]y of ule (S) > (D)

I Accumulat@r Reg16_ M,@ (D) —> (S)

0] Memory Registef | ' + Flags unaffecte

et @ Register ’ aegister ‘5/3"*'—@) . B gcia| C (Ij t d . .

i Sty P accumulator destination
- version executes faster
(b} « Examples:

Allowed operands for XCHG instruction XCHG AX,DX

(Original value in AX) > (DX)
(Original value in DX) > (AX)

CPE 0408330 1
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5 1 Data-Transfer Instructions -
Exchange Instruction

—

XCHG [SUM],BX y - -
Note: SUM = 1234 contemte.

11101 87 XCHG [SUM] , BX
. 11102 1E
Source = BX = word data 088 11103 u

M 11104 12
Destination = memory offset [__:'_U___,—LB /e o
SUM = word data
Operation: (SUM) = (BX)

(BX) = (SUM)
What is the general logical address
of the destination operand?

. State before fetch and execution
CS:IP=1100:0101 =11101H

Move instruction code = 871E3412H
(01104H,01103H) = 1234H = SUM

Next instruction

XX
XX

\y Veridble
llSU Mll

(DS) = 1200H
(BX) = 11AA o1 oo 3 V234 @
, (DS:SUM) = (1200:1234) = OOFFH | 2000
\kle-QN\ Sy soued\ 3 @l BX. Fuumi ) o DL Jad oY W w " T"H'IB"T
C o@a 1234 Before execution sbde G 1 AR 9w Bx OF o
Ds ULL s Lase Y sume e BT K- o odless r"“v‘“"’ > CPE 0408330

© T (ofDE L

o (Ubute) plaze o5 Callal ¥
Scanned with CamScanner
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5.7 Data- Transfer Instructions -
Exchange Instruction

:}:g; ?z XCHG [SUM] , BX
XCHG [SUM]’BX | % : i o Next instruction
[ oo 17
- State after execution = :
CS:IP = 1100:0105 =11105H ‘ ss 12000 XX
11005H = points to next | " S
sequential instruction AX
- Register updated 0 | e fox|.
(BX) = OOFFH —o
- Memory updated | :
(1200:1234) = AAH | e ® o | an | v
(1200:1235) = 1TH —1u N
DI
. (d)
After execution
CPE 0408330 13
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5.1 Data-Transfer Instructions -

Exchange Instruction A
» EXAMPLE

Use the DEBUG to verify the previous example.
» Solution:

AM=Q0Q0 8X=0000 oX=0C XN=0Q00 ==[F+E EP=QQ0C SI=0000
03=0R3S5 [ES=0R3&§ =55 \ OB 3 )120C NV UF EI PL NZ NA

CE2S.:01Q0 BRQEZCQC
f-5% 1100:101
L0 0L0) XCHG {123
1100:Q108
-R B X
BN QDaD
" _:_ _1_ -‘i_t'?l.
-k DS
DS OR3S
P12Q0
.
ics OB3IS
- 1100
-R IF
IP QL0
1IN

. -— -

CPE 0408330 14
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) 5.1 Data-Transfer Instructions -

Exchange Instruction
» Solution (cont’d):

|8 CONSOLEMODE

-R

AX=0000 BX=11AA CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000

DS=1200 ES=0B35 S§S=0B35 (S=1100 IP=0101 NV UP EI PL NZ NA PO NC
DS:1234=11AA

1100:0101 871E3412 XCHG BX, [1234]
-E 1234 FF 00

-1 101 10+

1100:0101 871E3412 XCHG BX, [1234]
-T

AX=0000 BX=00FF CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=1200 ES=0B35 SS=0B35 €S=1100 IP=0105 NV UP EI PL NZ NA PO NC
DS : 00FF=00

1100:0105 0000 ADD [BX+SI],AL

-D 1234 1Z35
1200:1230 AA 11
-Q

CPE 0408330 15
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5.1 Data-Transfer Instructions -
Translate Instruction

» The XLAT Instruction : &ebaisg#e oferaion oz L

. L
Mnemonic Meaning Format Operation Flags affected
XLAT Translate XLAT (IAL)+(BX)+(DS)0) - (AL) None
2 S
sk —> Ci?” >ls
- Translate instruction P PHev AL, [AL+8x] s alas
» Used to look up a byte-wide value in a table in memory and copy that '
value in the AL register
- General format: Ds: [AL+84]
XLAT I GoDLy uo b
- Operation: Copies the content of the element pointed to in the source s e lyfaos
table in memory to the AL register . AL

((AL)+(BX) +(DS)0) > (AL
Where:

(DS)0 = Points to the active data segment
(BX) = Offset to the first element in the table

(AL) = Displacement to the element of the table that is to be accessed*
*8-bit value limits table size to 256 elements

CPE 0408330 16
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5.7 Data- Transfer Ins tructions -
Translate Instruction

XIAT E AL +BxX + Dsg ]-y—) AL Addresa Memory Character
(EBCDIC)

- Application: ASCII to EBCDIC Translation  Oldse
- Fixed EBCDIC table coded into i _ R ,
memory starting at offset in BX oo ¢ [T — = :
- Individual EBCDIC codes placed in e l‘_FLJ e I :
table at displacement (AL) equal to the e r & g
value of their equivalent ASCII character = 0
. A =41H in ASCIl, A = C1H in EBCDIC i ;
. Place the value C1H in memory at -z [
address (41H+(BX) +(DS)0), etc. o addeess Guad ol 95F o1 ;
. Example OS t (AL+ Bx) §Z E
XLAT o & G
(DS) = 0300H e+ = =
(BX) = 0100H nl=o :
(AL) = 3FH > 6FH = ? (Question mark) 0813 F

- AL n’...:,.._a_)_)\,:_-_-’: bF == 5 ‘fn

AL vefor erecution2dFyog330 17

AL attey execution ;f—f-“F o]
- ' - Scanned with CamScanner




5.1 Data-Transfer Instructions -
Load Effective Address and Load Full Pointer

Instructions
- The LEA, LDS, and LES Instructions
Mnemonic Meaning Format Operation Flags affected

LEA Load effective address | LEA A EA - (Reg16) None

LDS Load register and DS LDS Reg16,Mem32 | (Mem32) = (Reg16) None
{Mem32+42) — (DS)

LES Load register and ES LES Reg16,Mem32 {(Mem32) = (Reg16) None:
(Mem32+2) - (ES)

(a)

- Load effective address instruction

- Used to load an address pointer offset from memory intc a register.
- General format:

LEA Reg16,EA
- Operation: oSy
EA = (Reg 1 6) eSS e R
- Source unaffected: o ol .
" s ic
. Flags UnaffECtEd LEA Ax,[B)(Hz_; LEA Ax> ["\Q_gbl] = Maovr Ax, 113\1
e R A
Sk ) \2_3[1_. CPE 0408330 18
Ax o3 Qo 1234 —> Ax
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Y

P 5.7 Data-Transfer Instructions -

Load Effectiv
I _ e Address and Load Full Pointer e
nStrUCtIOI’IS IES Cxa2 s71]
M l ML -
R 5001 r—_‘“::m“c Meaning Format Operation Flags affected U\::MSI Ezz
&y~ LE A <H A Load effective address | LEA Reg16,EA EA - (Reg16) None o =]
e L LDS Load register and DS LDS Reg16,Mem32 | (Mem32) -+ (Reg16) None VU duiaciman
eP2te: @, — (Mem32+2) - (DS) 55 fommy X, 52 :
&M—"J\d}’i; EES Load register and ES LES Reg16,Mem32 (Mem32) = (Reg16) None WirrT ig By o
- &5 (Mem32+2) - (ES) Cr
L5 U @ 22 Clc 250,
) jn AP (a) :
-9 ) .Es =2
v 822¢ Load full pointer
ST Used to load a full address pointer from memory into a segment
s register and a register Los Ax, [1234] oL
. Segment base address N PR |
- Offset Sy carsy ) 451 h
. , % i
. General format and operation for LDS DA & I w il

LDS Reg16,EA
(EA) = (Reg16)
(EA+2) > (DS)
. LES operates the same, except initializes E

. @oms (M)l v,

. '-_ ‘L’
DS o @i 55 7

CPE 0408330

19
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5.1 Data-Transfer Instructions -
Load Effective Address and Load Full Pointer

1 Address Mermory Instruction
Instructions & *% 120 35 o ||
- Example o 5
| LDS $1,{200H] | LA s j R - A
Source = pointer to DS:200H-> 32 bits M
Destination = SI - word pointer offset )
DS = word pointer SBA o =]
Operation: (DS:200H) > (SI) ) [os o |
(DS:202H) = (DS) ' s | :
- State before fetch and execution |
CS:IP=1100:0100 = 11100H ]‘;’)‘(
LDS instruction code = C5360002H | ex
(11102H,11103H) = (EA) = 0200H ox
(DS) = 1200H o )
(SI) = XXXX = don’t care state o h@‘, .
(DS:EA) = 12200H = 0020H = Offset i = :
(DS:EA+2) = 12202H = 1300H = SBA | —_—
| . Sl
- DS 5 sT c__? \%'_)533 DLY Cwo oLy PSS 200 ) g3y W“ Before execution i
\9-.;00_\_
. da
] Ayds  ST[ 0020 ... 29 CPE 0408330 20
ei | 1305 s 8% 55 11 g
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5.1 Data-Transfer Instructions -
Load Effective Address and Load FuII Pointer

Instructions woll I [Poren
& Example . 1}13 ;cnx Next instruction
. State after execution o}

CS:IP=1100:0104 = 11104H e

01004H - points to next e o |
sequential instruction es racet X

(DS) = 1300H - defines a new "

data segment B

(SI) = 0020H > defines new “

offset into DS —

After execution

CPE 0408330 21
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5 1 Data-Transfer Instructions -

Load Effective Address and Load Full Pointer

Instructions
» EXAMPLE
Verify the following instruction using DEBUG program.
LDS SI, [200H]

» _Solution:
/m CONSOLE! MODE - DEBUG : , ‘ : ‘ '-',:Hﬂ

LG o1my LGS sI,
TLL AL LG

E 200 0 D Q0 13
-T

AX=000C  BX=00C0 C\ 00 uu DX=0000 SP=FFEE 3P=0000 SI=0020 DI=0C00
N\ _\:.:.-_‘3.:*..\3 £¢ ..n:“ ZORIT  €8=1100 IP=0L04 NV UP £1 PL NZ NA FO he
cQl u\fl‘l lb’\' IJ AL CS.C020=00

a 14

M.

< | »

CPE 0408330 22
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3.1 Data-Transfer Instructions -
Load Effective Address and Load Full Pointer

Instructions
» EXAMPLE
Initializing the internal registers of the 8088 from a table
in memory. | ooy |
. DATA_SEG_ADORD00CH —
» Solution: il
- DS loaded via AX with immediate value using move |z |
instructions o ssa ADoRAET_TABLE —
DATA_SEG_ADDR > (AX) = (DS) OATA_SER ADDEESET TARLE +24 ———I,<s
- Index register Sl loaded with move from table _ —
. DI and ES are loaded with load full pointer instruction MQSEGSES““'“;‘M% ——_}i X
(INIT_TABLE=2,iNIT_TABLE +3) > DI | £s DI,gNIT_TABLE+2] I Z
(INIT_TABLE=4,INIT_TABLE=5) > ES e e ——4__%
. SS loaded from table via AX using move instructions ~ P
V AX, [INIT_TABLE] '

(INIT_TABLE=6,INIT_TABLE=7) > AX = (5S)

. Data registers loaded from table with move instructions
{INFF_TABLE—S,INFF_TABLE+9) -> AX
(INIT_TABLE—A,INIT_TABLE-B) - BX LES DI, [
(INIT_TABLE=C,INIT_TABLE=D) > (X MOV AX,
(INIT_TABLE=E,INIT_TABLE+F) > DX MOV

CX, [INIT_TABLE—+

MOV DX, [INIT_TABLE+10

CPE 0408330 23
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5.2 Arithmetic Instructions

» The arithmetic instructions include
N o Addition
N . Subtraction
™~ © Multiplication
™~ . Division
» Data formats
> Unsigned binary bytes
o Signed binary bytes
« Unsigned binary words
o Signed binary words
o Unpacked decimal bytes
o Packed decimal bytes
o ASCIl numbers

BCD and ASCIlI Arithmetic: The microprocessor allows arithmetic
manipulation of both BCD (Binary Coded Decimal) and ASCII data.

CPE 0408330 24
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4 o AS C I I a n d B C D Processing ASCII Numbers

* 8086 provides four instructions

aaa — ASCII adjust after addition

aas — ASCII adjust after subtraction
aam — ASCII adjust after multiplication
aad — ASCII adjust before division

-
ASCII representation

+ Numbers are stored as a string of ASCII characters
» Example: 1234 is stored as 31 32 33 34H
ASCII Code for 0,1, ..,9: 30H, 31H, ..., 39H
BCD representation
* Unpacked BCD

Example: 1234 is stored as 01 02 03 04H .
PR o SRR T Processing Packed BCD Numbers
— Additional byte is used for sign

+Sign byte: 00H for + and 80H for —

# Packed BCD
» Saves space by packing two digits into a byte

* These structions do not take any operands

» Operand 1s assumed to be in AL

*, Two mstructions to process packed BCD numbers
daa — Decimal adjust after addition

7 Used after add or adc instruction
das — Decimal adjust after subtraction

% Used after sub or sbb instruction

— Example: 1234 is stored as 12 34H

# No support for multiplication or division

» For these operations

Note: ASCII = Unpacked + 30H — Unpack the numbers
— Perform the operation
— Repack them

Scanned with CamScanner
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ASCCI Adjustment Instructions

» Arithmetic operations are performed on
numbers expressed in ASCII format , but we
want the final result in decimal. (this saves
conversions!)

- Result must be in AL

» After the arithmetic operation, an adjustment
must be performed on the result to convert it
to the equivalent decimal result.

» This is main principle for all ASCCI adjust
operations.

CPE 0408330 26

Scanned with CamScanner



5.2 Arithmetic Instructions - Addition
Instructions

. . Maemonic Meaning Format Opeation Flaps Affected
mg.'of—‘:“ » -
addeyr ~EF—ADD Addition =t>ADD D, § (s).;(m..@ OF, SF, ZF, AF, FF,CF
. TS ()

U e loape | Astvitan ADCD,S | (3)+@)+ @MY OF,SF, IF, AF, FF,CF
q)&f- ] = “y H ’ L] ’

(—w Increment by | (v D ) (D)+1~(D) OF, SF, IF, AF, FF

AAA | ASCH adjust for AAA - dle AF,CF
| additios TNC Ax | OF S 25 FF wadefiet
| DAA | Decimiadimstfor | DAA AU | EZEARPECE
| sddition A= OF, wdefied
; () =
’ e [12341
, — L—’J:’El?l ration
Sy spende
m W )'d’ ._J qus
: Register Memory af_?J s
; Memory Register >, DL Memory
} Register Immediate -
Mesmory Immediate >[I =<
? Accumubtor | Immediste | lglec ot
0S:123y

(b} e
(a) Addition Instructions. (b) Allowed operands for ADD and

ADC (c) Allowed operands for INC

» Variety of arithmetic instruction provided to
support integer addition—core instructions

are
ADD - Addition
ADC = Add with carry
INC = Increment

» Addition Instruction—ADD
ADD format and operation:

ADD D.S
(S) +(D) = (D)

Add values in two registers
ADD AX,BX

(AX) + (BX) = (AX)

Add a value in memory and a value in a register
ADD [DI],AX
(DS:DI) + (AX) = (DS:DD)

Add an immediate operand to a value in a
register or memory

ADD AX,100H
(AX) + IMM16 > (AX)

» Flags updated based on result
- CF, OF, SF, ZF, AF, PF
CPE 0408330 27
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5 2 Arithmetic Instructions - Addition
Instructions

» EXAMPLE

Assume that the AX and BX registers contain 110016 and

0ABC16, respectively. What is the result of executing the
instruction ADD AX, BX?

» Solution:

(BX)+(AX) = 0ABCi6 + 110016=1BBCi16
The sum ends up in destination register AX.

That is
(AX) = 1BBCi6

CF=0

Ax = \\oOo _
@x= 0 ABC P2 d g

Coftyy, out
App AX,Bx = ;}ch)g.-;- )
|\ Bgc
SRS CPE 0408330 28
5
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5.2 Arithmetic Instructions - Addition

Instructions

- State before fetch and
execution
CS:IP=1100:0100=11100H
ADD machine code = 03C3H

(AX) = 1100H
(BX) = OABCH
(DS) = 1200H

(1200:0000) = 12000H = XXXX

8068
MPU

0100 P

© 1100 =

1200 DS

s

ES

1100 AX

0ABC 8X

cx

DX

SP
BP
SI
DI

Before execution

CPE 0408330

Address
11100

1110
11102

12000
12001

(a)

Memory
cont
03 \
c3
XX

XX
XX

Instruction

ADD AX,BX

Next Instruction

29
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5.2 Arithmetic Instructions - Addition

Instructions
+ State after execution
CSIUP - 1100:0102 = 11102H

L1102H = points to next sequential
instruction

+ Operation performed

(AX) + (BX) = (AX)

(1100H) + (OABCH) > 1BBCH

(AX) = 1BBCH

= 0001101110111100:

(BX) = unchanged

+ Impact on flags

+ CF = 0 (no carry resulted)

+ ZF = 0 (not zero)

+ SF = 0 (positive)

+ PF = 0 (odd parity)—parity flag is
only based on the bits of the least
significant byte

L

[ona
MPU »
0102
100 2
1200 DS
S
ES
\nec AX
QABC Bx
cX
OX
Sp
ap
st
ol

After execution

CPE 0408330

Addren

1100
no
noe

12000
12001

Memavry
ocontent

cl
XX

XX
XX

Instruction
ADD AX,.B8X

Next instruction

30

Scanned with CamScanner



5.2 Arithmetic I
Instructions

» EXAMPLE

Structions - Addition

"\/erify the previous example using DEBUG program.
Solution:

F N % 4

y &+

J (%
(5%
1

A Lr=Cilbe Las0000 ODA=0000 SP=FFEE EP=0000 SI1=0020 OIsC000
(|

r"’ 0
L=l 300 EL0B37  SEs0B27 521100 1P=0L02 MV UP EI PL MZ NA PO NC
6 03,02 0002 aD [BP45T] AL R

CPE 0408330 31
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5.2 Arithmetic Instructions - Addition
Instructions

» EXAMPLE

The original contents of AX, BL, word-size memory

location SUM, and carry flag (CF) are 123416, AB16, 00CD16,

and 016, respectively. Describe the results of executing the
following sequence of instruction?

ADD AX, [SUM]
ADC BL, O5H
INC WORD PTR [SUM]
» Solution:
(AX)—(AX)+(SUM) = 123416 + 00CD156 =130116
(BL)—(BL)+imm8+(CF) = AB16 + 516+016 = BO16

SUM)—(SUM)+ 116 = 00CD16 + 116 = O0CE16

CPE 0408330 32
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5.2 Arithmetic Instructions - Addition
Instructions

» EXAMPLE
What is the result of executing the following instruction
sequence?
ADD AL, BL
AAA

Assuming that AL contains 3216 (ASCII code for 2) and BL contains
3416 (ASCII code 4), and that AH has been cleared.

» Solution:
(AL)—(AL)+(BL)= 3216+ 3416=6616

The result after the AAA instruction is
(AL) = 0616
(AH) = 0016

with both AF and CF remain cleared

Important: Any adjustment operation will be performed on AL therefore the result

must be always placed in AL before executing the adjustment operation

CPE 0408330 33

g

I ——— NE— ——
Scanned with CamScanner

B

W



If low nibble of AL <=9
MOV AL, '2' AL = 32H . Clear the high nibble of AL
MOV BL, '3’ BL = 33H « AF=0
ADD AL, BL AL = 65H « CF=0
AAA AL = 05
I (TR | (100 of AL~ 9 or AT =1
MOV AL ‘G' AL = 35H Clear the high nibble of AL
i « AL= AL+6
MOV BL, ‘6 BL = 36H . AH = AH + 1
ADD AL, BL AL = 6BH . AF = 1
AAA

Rt o e e g

T s i

ASCII Adjustment after ADD
AAA Examples

MOV AL, ‘9’
MOV BL, ‘9'
ADD AL, BL

AAA

AX=01H AL=0TH |. CF =1

It low nibble of AL > 9 or AF = 1
AL = 39H Clear the high nibble of AL

BL = 39H tAL= AL+E
N * AH=AH +1
AL=72H 'AF=1

AX=01H AL=08H |. CF = 1
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5.2 Arithmetic Instructions - Addition
Instructions

» EXAMPLE

Perfs)rm a 32-bit binary add operation on the contents of the
processor’s register.

» Solution:
(DX,CX) < (DX,CX)+(BX,AX)
(DX,CX) = FEDCBA98:16
(BX,AX) = 0123456716

MOV DX, FEDCH

MOV CX, BA98H

MOV BX, 0123H

MOV AX, 4567H

ADD CX, AX

ADC DX, BX - Add with carry

CPE 0408330 35
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5.2 Arithmetic Instructions -

Subtraction Instructions

Mnemonic
ik Meaning Format Operation Flags afTected
Subtract SUB D,S
¥ (D)~ (8)~+ (D OF, SF, ZF, AF
v (CF) AF, PR, CF
Subtract with borrow $BBD,S |((D)-(8)- (CR)~ (D)) | OF, SF, ZF, AF, PF, CF
’ Decrement by | DEC D @ OF, SF, ZF, AF, PF
N 3 Negat ( "
3\:,_5\ b egate NEG D 0 :((g}@ OF, 8F, ZF, AF, PR, CP
A
DUN| DAS | Dectmal acjust for DAS SF, ZF, AF, P, CF
subtraction Ol'f uu'dem;ed '
AAS ASCH adjust tor AAS AF, CF
subtraction OF, SE, ZF, PF undefined
(a)
Destination Boures
Reglster Ruylster
Reglster Memory
Destination
Memory Neglster Destination
Actutiulator | Timmediate Reyld -
Reyliter Immediate Regt Reginar
Memory Inivediate Memory Memory
(o) o J

() Subtraction Instructions, (b) Allowed mmr:uuls lor HUB and SBB (©)
Allowed operands for DEC (d) Allowed operands for NEG

ONC

Ar=\

X

Wy

B (W

AX RO RPN R L
- V’ . =Y

=RR Ax,Bx ~0ue
A =W = W

Ax 8 EROON $auds

Neg Ax

5N

O-AX S

A%Q;g Wi gy

Cr=) i ed 113

» Variety of arithmetic instruction
provided to support integer

subtraction—core instructions
are

SUB = Subtract

SBB = Subtract with borrow
DEC = Decrement

NEG - Negative

b AXs Bx o ellie

¢

Ak B % eV

Ax et @un WAy

¢ E WA bavow Als

T
Cott\\
P \oney

CPL 0408130 36
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5.2 Arithmetic Instructions -
Subtraction Instructions

)
(a) Subtraction Instructions. (b) Allowed operands for SUB and 588 (¢}

Maercex Mes-ieg Fens Oprse ion Fag s "acied
=5 | S ract o5 B3 ] - -1 OF 57, IF AF IF.CF
horrew = (CF)
-] Sebiract 922 bomow 3303 D= ~-CFi=@ | OF,F IF AF 17.CF
DEC Ducrpmast by | DECD = 1= CF S5 17 AZ 1Y
NEG Hegat ¢ NG D $-Di-D OF 7 17 a2.17.CF
I =&

DAS Ducimal adyunt foe DAS 57 17 AL PP.CF

mbtractaoe OF unie®pel
AAS ASCI] adjuet for AAS AF CF

mshtrsction CF, 5. 17, PY wintuent

it

Osstiratcn Sourm

Reginer Reugieer

Kegine ey Drmvuton

Meemor ¢ Rogioter Comcuran

Acourainnor | imeedate Peyt

Rogster Imemacate [ 2> By ater

Memory Imreiste Wy Mo sy

14 n

Allowed operands for DEC (d) Allowed operands for NEG

» Subtract Instruction—5UB

SUB format and operation
SUB D.,S
(D) - (S} =2 (D)

Subtract values in two registers
SUB AX,BX
(AX) - (BX) = (AX)

. Subtract a value in memory and a

value in a register
SuUB [DI],AX
(DS:DI) - (AX) = (DS:DD)

. Subtract an immediate operand
from a value in a register or
memory

SuUB AX,100H
(AX) - IMM16 = (AX)

» Flags updated based on result

. CF, OF, SF, ZF, AF, PF

CPE 0408330 37



5.2 Arithmetic Instructions -

Subtraction Instructions bt bt o raT

= CONSOLE MODE - DEBUG _ ; :Hﬂinstruction—SBB

- - SBB format and operation:

SBB D,S

(D) - (S) - (CF) = (D)

- Used for extended subtractions

> Subtracts two registers and carry
(borrow)

SBB AX,BX
> Example:
et e SBB BX,CX
REE=03CC (BX) - ]234H
(CX) = 0123H
If we execute instead: _ (CH =0
SBB CX, BX (BX) - (CX) - (CH) > (BX)
The result will be: 1234H - 0123H - OH =
CX= EEEF LS
CF=1 (BX) = 1111H
SF=1 > What about CF? CF=0
PF:O CPE 0408330 38
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Subtraction Instructions
» Negate instruction—NEG (2’s

complement)
- NEG format and operai ® CONSOLEMODE
NEG D
Eg 000G
(()) - ([)) 'E> ([)) iiﬂ
(1) = (CF) 0837:0100 NEG BX
o Example: ‘
NEG BX U 100 201
CB37:0L00 F708
(BX) =003AH
(0) - (BX) > (BX) noip e
0000H - 003AH= [l

e AT W
S3=UR3/

NEG

ADD

BX

AX=0000 BX=FFC6 CX=0000 DX=0000 SP=FFEE
CS=0B37 IP=QLl02

[SI+7RER],BP

5.2 Arithmetic Instructions -

b
4

£F=0000 &I=0000 DI=C030
MY UP EL NG NI AC PE CY
D&

0000H + FFC6H (2’s [z
complement) = FFC6H
(BX) =FFC6H - CF =1

» Since no carry is generated in this add

operation, the carry flag is
complemented to give CF =1.

L R g A ——me e
PRl

CPE 0408330
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5 2 Arithmetic Instructions -

Subtraction Instructions

C:\DOS>DEBUG
" =R BX ' .

BX 0000

137

-A
1342:0100 NEG BX
1342:0102 -

"R BX

BX 003A

. ZU 100 101 .

1342:0100 FTDB NE¢  BX
-7

AX=0000 “BX=FFC§ CX=0000 DX=0000 GpoFFEE BR=0000 SI=0000 DI=0000
e Be-1aiz ss-13a2 CS-1342 Ip=0102° NV U EI'NG NZ AC PR Y
1342:0102 BISAFF MOV CK,FF8A

-0

C+\DOS>

3 Decrement instruction——

DEC |
- DEC format and operation

DEC D
D) -1~> (D)
- Used to decrement pointer—
addresses

- Example
DEC SlI
(SI) = OFFFH
SHh-1-> Sl
OFFFH - 1 = OFFEH
(Sl) = OFFEH
CPE 0408330 40
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MOV AL, ‘3" AL = 33H
MOV BL, ‘2 BL = 32H
SUB AL, BL AL = OTH
AAS AL =01

If low nibble of AL <=9

. Clear the high nibble of AL
(no need)

« AF=0

« CF=0

MOV AL, ‘1’ AL=31H

MOV BL, ‘9" BL = 39H

SUB AL, BL AH=0 AL=F8H

AAS AH =FFH AL=02H
Answer= -(10)+2=-8

if low nibble of AL > 9 or AF =1
Clear the high nibble of AL

« AL= AL-06

« AH=AH -1

« AF =1

« CF=1

- "i;]Regnsters

A

MOV AL, ‘2" AL=32H

MOV BL, ‘3’ BL = 33H

SUB AL, BL AH=0  AL=FFH

AAS AH=FFH AL=09H
Answer= -(10)+9=-1

if low nibble of AL > 9 or AF =1
Clear the high nibble of AL

« AL= AL-6

« AH=AH -1

« AF =1

« CF=1

LS
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5.2 Arithmetic Instructions -
Subtraction Instructions

» EXAMPLE
Perform a 32-bit binary subtraction for variable X
and Y.
v Solution:

Scanned with CamScanner
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L structions -
lication Instructionsees o i ok avas

16 \aads
\6 wds

32 ‘ol

o

» General format and operation

2]

o

product.gives 16 bit result

16- bit product gives 32 bit result

o

Mnemonic Meanin
9 Format .
r— Operation Flags Affacted
ultip MUL 8 (AL)
—_~ -~ (ummned) | > '. (SB) - (AX) OF CF
C—"*‘;S € Division ovs )| o o(%)uﬁ'? STOX).(AX) SF. ZF, AF, PF undefined
=\ g — 8)) - (AL) OF s
I , SF, ZF, AF, PF, CF
A \&3\5 (uns aned) R((AX)/(S8)) —» (AH) undefined
— . (2) Q((DX,AX)/(518)) — (AX)
Bepl\ =3 R((DX,AX)/(5186)) — (DX)
= It Q s FFq in cage (1) or
- FFFFq in case (2), then
ol C\! \ type 0 Interrupt occura
- IMUL Integer multipty | IMUL 8 (AL) - (S8) - (AX) OF, CF
\ {signed) (AX) - (S18)  (DX),(AX) SF, ZF, AF, PF undefined
DIV Integer divide IDIVS [ (1) Q((AX)/(S8)) —» (AL) OF, SF, ZF, AT, PF, CF
{slgned) R((AX)/(S8)) — (AH) undsefined
(2) Q({DX,AX)/(S16)) —» (AX)
R((DX.AX)/(S16)) — (DX)
If Q Is positiva and exceeds
7FFF,yq or if Q I8 nagative
and becomes less than
800144, then type O Interupt
occurs
AAM Adjust AL for AAM Q{ALY/10) = (AH) SF, ZF, PF
muitiplication R((AL)/10) — (AL) OF, AF,CF undefined
AAD Adjust AX for AAD (AH) - 10 + (AL) - (AL) SF, ZF, PF
divislon 00 = (AH) OF, AF, CF undeflned
cBW Converl byte to CBW {MSB of AL) — (All bits of AH) None
word
CWD Convert word to CWD (M3@ of AX) — (All bits of DX) None
double word ’
@
- [N ey 5e
c1€5+1n00-}10 Nap o’ 3 Source < = ,
Reg8 it
Reg16
Mem8
Memi16

(a) Multiplication and Divisiof Instructions. (b) Allowed operands

AL . (S8) _5Ax

Ax- (318) —5(Dx - Ax)

gs’i’“‘)lnteger mu‘lt_iply instructions—
MUL and IMUL

e W VIR Y ' 3 bq.; \
bLliswo , 4\{
<X-Ax 32 olige & iy 7
AL- &) > Ax 16 biks |
o Ot oV w%h-\-g 16 J,ncﬁn;% {

Pr o5 s 55 By oK

< B ——

Multiply two unsigned or signed byte
or word operands

MUL S = Unsigned integer multiply
IMUL S = Signed integer multiply
(AL) X (S8)> (AX)

(AX) X (S16) = (DX), (AX)

Source operand (S) can be an 8-bit or
16-bit value in a register or memory
AX assumed to be destination for 16
bit result

DX,AX assumed destination for 32 bit
result

Only CF and OF flags updated; other
undefined

e —————— R R

CPE 0408330 43
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5.2 Arithmetic Instructions -
Multiplication Instructions

» EXAMPLE

The 2’s-complement signed data contents of AL are -1 and

that of CL are -2. What result is produced in AX by executing the
following instruction?

MUL CL and IMUL CL
» Solution:
(AL) = -1 (as 2’s complement) = 111111112 = FFi6
(CL) = -2 (as 2’s complement) = 111111102 = FE1¢
Executing the MUL instruction gives

(AX) =
TTT111112xT1T1111102=11111101000000102=FD0216

Executing the IMUL instruction gives
(AX) = -Ti16 x =216 = 216 = 000216

If the operation is MUL CX =>» multiply CX by AX and store the higher order word of

the result in DX and the low order word of the result in AX
CPE 0408330
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5.2 Arithmetic Instructions -
Multiplication Instructions

» In general-

1= The multiplication may take one of two forms

- Multiply AL by 8-bit operand = result will be 16-bit saved in AX.

- Multiply AX by 16-bit operand = result will be 32 but saved in DX,AX.

2- To perform unsigned multiplication convert the two numbers
into binary and perform the multiplication.

3- To perform signed multiplication

- If both operands are positive or both are negative = ignore the sign and
multiply the numbers normally

- If one operand is positive and the other is negative = multiply the
numbers and perform 2’s complement for the result

Div Bx -t Jls ¥ DNy L ~ )l lbeds %
@C 3 ol R (&) L S
DX, Ar o o - e
TP © 'é_{")“”” g ey
S e 16 bits
2 o o~ - -
R (M)q px s\ CPE 040;;&:“-”’ i, W 45
o ) AH =5

i
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5.2 Arithmetic Instructions - T
Multiplication Instructions
» EXAMPLE

Verify the previous example using DEBUG program.
Solution:

'@ CONSOLE MODE - DEBUG

-l

-R AN
ax, 00G0
.FF

-R CX
Ox NDGG
FE

A

DRIE:0100 MUL CL
OB3L:CLO2

@ AX

ax D0OFF

-REX
CX OOFE

AX=FDO?  BX=0000 CX=COFE OX=0000 SP=FFEZE QAP=000D0
0$=D835 ES=0B35 5S=0B3S ¢S=0335 1P=0102 OV UP EI

-
--

0B35:0102 185CGA0 SBR [BX4SI-RC],DL

CPE 0408330 46
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Instructions

Mnemonic Meaning
Forma!
A Opsration Flags Atteciad
MUL Mut
7&«:’ s viLY - (09 s 1 OF, CF
DIV Obvision (AX) * (816) — (DX).(AX) SF. ZF, AF, PF undefined
DIVS | (1) O((AX)}(S8
(unsigned) ) — (AL) OF, SF. ZF, AF, PF, CF
R{(AX)/(S8)) — (AH) undefned
(2) Q{(DX.AX)/(S16)) — (AX)
R((DX.AX)/(S16)) — (DX)
M Qis FF,q In case (1) or
FFFF,q in case (2), then
type 0 intermupt oocurs
IMUL Integer multiply | IMUL S (AL) - (S8) — (AX) OF.CF
(signed) (AX) - (S18) — (DX).(AX) SF, ZF, AF, PF undefined
[[»])% Integer divide IDIV S (1) Q((AX)/(58)) — (AL) OF, SF, ZF, AF, PF. CF
(signed) RA((AX)/(S8)) —+ (AH) undefined
(2) O((DX.AXY(S16)) —» (AX)
R((DX.AXV/(S16)) — (DX)
H Q Is positive and exceeds
7FFF,, Or if Q is nogathve
and becomes less than
B001,,. then typa 0 interupt
OoCurs
AAM Adjust AL for AAM Q((ALY10) — (AH) SF, ZF, PF
multiplication R((AL)V10) —+ (AL) OF, AF,CF undefined
AAD Ad]us! AX for AAD (AH) - 10 + (AL) =+ (AL) SF, ZF, PF
division 00 — (AH) OF, AF, CF undefined
CBW Converl byte 1o cBW (MSB of AL) — (AJl bits of AH) None
word
CWD Convert word to | CWD (MSB of AX) — (Al bits of DX) | None
double word
(a)
Source
Regd
Reg18
Mem8
Mem18

(a) Multiplication an

d DivisiofInstructions. (b) Allowed operands

and IDIV

5.2 Arithmetic Instructions - Division

» Integer divide instructions—DIV

Divide unsigned- DIV S

Operations:
(AX) / (S8) = (AL) =quotient

(AH) =

remainder

16 bit dividend in AX divided by 8-bit
divisor in a register or memaory,
Quotient of result produced in AL
Remainder of result produced in AH

(DX AX) |

(S16) =2

> (AX) =quotient

(DX) = remainder

32 bit dividend in DX,AX divided by 16~
bit divisor in a register or memory

Quotient of result produced in AX
Remainder of result produced in DX
Dlvnde error (Type 0) interrupt

may occur.

CPE 0408330
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MOV AX,

LAl Reglsters (In Hex) .
, AL 0E

'SIGNED DIV,

- Registers (in Hex)
MOV AX, 14

AR 00 AH= 00 , AL=OE

MOV BL, 3 BL= 03 MOV BL, 3 BL= 03

DIV BL AH= 02 , AL=04 IDIV BL AH= 02 , AL=04

MOV AX, 14 AH= 00 , AL=OE MOV AX, 14 AH=00 , AL=0OE

MOV BL, -3 BL= FD MOV BL, -3 BL = FD

DIV BL Operation = 14/253 IDIV BL AH=02 , AL=FC
AH = OE, AL=00 MOV AX, -14 AH=FF , AL=F2

MOV AX, -14 AH= FF , AL=F2 MOVEL 3 L=

MOVEL, 3 ol IDIV BL AH=FE , AL=FC

DL, Slicriml Sl MOV AX, -14 AH=FF , AL=F2
(Divide overflow) MOV BL, -3 BL=FD

MOV AX, -14 AH= FF, AL=F2 IDIV BL AH=FE , AL=04

MOV BL, -3 BL= FD

DIV BL ERROR : INTO gl

(Divide overflow)

The sign for the remainder == sign of the dividend |

CPE 0408330 48
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5.2 Ar/tbmetic Instructions - Convert
Instructions

> U.S(?d. to sign extension signed numbers for
division

» Operations
> CBW = convert byte to word
(MSB of AL} = (all bits of AH)

o CWD = convert word to double word
(MSB of AX) = (all bits of DX)

» Application:

o To divide two signed 8-bit numbers, the value of the
dividend must be sign extended in AX

- Load into AL
- Use CBW to sign extend to 16 bits

CPE 0408330 49
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5.2 Arithmetic [nstructions - Divisiosn

Instructions T

» In general:

1- The division may take one of two forms

- Divide AX by 8-bit operand = The division is performed between AX/ 8-
bit operand. AL will contain the quotient of the result and AH will contain
the remainder of the result. IF quotient is FF then interrupt occurs.

- Divide DX,AX by 16-bit operand = The division is performed between
DX,AX/ 16-bit operand. AX will contain the quotient of the result and DX
will contain the remainder of the result. IF quotient is FFFF then interrupt
OCCUrs.

2- The way in which you perform either a singed or unsigned division is
similar to the mechanism used in the multiplication instruction

3- The sign for the remainder is always similar to the sign of the dividend
ex. -26 / 8 & Quotient=-3 and Remainder = -2

CPE 0408330 50
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lnstructions

ting

» EXAMPLE
What is the result of
the following instruction?? srecy
MOV AL, OATH
CBW
CwWD
» Solution:
(AL) = Al16 = 101000012
Executing the CBW instruction

extends the MSB of AL

(AH) = 111111112 = FF16 or

(AX)=T11111111101000012
Executing CWD instruction, we get
(DX)=11TTT111111111112 =

FFFF16

That is,
(AX) = FFAT116 (DX) = FFFF16

C:\DOS>DEBUG A:EX520.EXE ‘

U009
0D03:0000 1E
0D03:0001 BBOOOO
0D03:0004 50
0D03:0005 BOAL
0D03:0007 98
0D03:0008 99
0D03:0009 CB
G5

AX=0000" BX=0000
DS=0CF3 ES=0CF3
0D03:0005 BOAl
-T

AX=00A1 BX=0000
DS=0CF3 ES=0CF3
0D03:0007 98

=T

AX=FFAL BX=0000
DS=0CF3 ES=0CF3
0D03:0008 99

-7

AX=FFAl BX=0000
DS=0CF3 ES=0CF3
0D03:0009 CB

-G

PUSH D§

Instructions - Convert

MoV AX,0000
PUSH AX

MOV AL,AL
CBW

CwWD

RETF

CX=0000 DX=0000 SP=003C
5S=0D04 CS=0D03 1IP=0005
AL,Al

MOV

CX=0000 DX=0000 SP=003C
S$=0D04 CS=0D03 IP=0007

CBW

CX=0000 Dx=0000
58=0D04 (CS=0D03
CWD

CX=0000 DX=FFFF
S5=0D04 CS=0D03
RETF

Program terminated normally

-0
C:\D0S>

(©

CPE 0408330

BP=0000 SI=0000 DI=0000
NV UP EI'PL NZ NA PO NC

BP=0000 sI=0000 DI=0000
NV UP EI PL NZ NA PO NC

BP=0000° SI=0000 DI=0000
NV UP EI BL NZ NA PO NC

SP=003C
1P=0008

BP=0000 SI=0000 DI=0000
NV UP EI PL NZ NA PO NC

SP=003C
IP=0009

51
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3.3 Logic Instructions

YTV~ Variety of logic instructions provided to

support logical computations

Mnemonic\ Meaning Format Operation Flags Alfected
AND Logical AND AND D,S (S) * (D)= (D) OF, SF, ZF, PF, CF
: AF undefined
OR Logical Inclusive-OR ORDS S)+ (D)~ (D) OF, “Sl;'. ZF, PF, CF »
. — AF undefined
XOR Logical Excluslve-OR XOR D,S (S)@ (D)= (D) OF, SF, ZF, PF, CP
oT Logical NOT NOT D (D)= (D) nge =
@)
= JeiE
- Oestination |  Source \< Syoo
HF Register Register ™ . J
2 Register Memory = Not-
Memory Register s
Register Immediate Destination
Memory Immaediste Register
Accumulator Immadiate Memory

(@) Logic Instructions. (b) Allowed o
and XOR (c) Allowed operands for

Ax Sz 40

(b)

NoT Ax

G

(c)

perands for AND, OR,

NOT
£ - -
~: 9\ v\ "*f’”"—‘.jd‘df‘" ~ e
AX —3p0 op i o
e B — NI} 111 o000 gljo
AND Ax Bx

NS
1) 90 001 0060 oll o

Logical AND Instruction—AND

AND = Logical AND

OR - Logical inclusive-OR
XOR - Logical exclusive-OR
NOT - Logical NOT

AND format and operation:
AND D,S
(S) AND (D) © (D)

Logical AND of values in two registers
AND AX,BX

(AX) AND (BX) > (AX)

Logical AND of a value in memo
register

AND ([DI],AX
(DS:DH AND (AX) > (DS:DI)

Logical AND of an immedijate operand with a
value in a register or memory

AND AX,100H

(AX) AND IMM16 © (AX)
Flags updated based on result

CF, OF, SF, ZF, PF

AF undefined

ry and a value in a

CPE 0408330
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» EXAMPLE

Describe the results of executing the following instructions?
AL 3 Janh &js = AL olololel

MOV AL, 010101018 —
AND AL 000111118 —>A&p2ssia g @ Ad den s woo101o |

OR AL, 110000008 —5= o » » # R & —> T
XOR AL, 000011118
NOT AL ;

» Solution:
(AL)=010101012 - 000TT111 12= 000101012=1516

Executing the OR instruction, we get
(AL)= 000101012 +110000002= 110101012=D516

Executing the XOR instruction, we get
(AL)= 110101012 & 000011112=110110102=DA16 |

Executing the NOT instruction, we get
(AL)= (NOT)110110102 = 001001012=2516

CPE 0408330 53
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5.3 Logic Instructions

» EXAMPLE

Verify the previous example using DEBUG program.

» Solution:

C : \DOS>DEBUG

A

1342:0100
1342:0102
1342:0104
1342:0106
1342:0108
1342:010A
-T

MOV ‘AL, 55
AND AL,1F
OR AL, CO

XOR AL, OF
NOT AL

AX=0085 BX=0000 CX=0000 DX=0000 SP=FFEE
DS=1342 ES=1342 §5=1342 CS=1342 IP=0102
1342:0102 241F AND AL, 1F
-T
=0015 BX=0000 CX=0000 DX=0000 SP=FFEE
%§=TSZb ES=1342 SS=1342 CS=1342 TIP=0104
1342:0104 0CCO OR AL, CO
-7
AX=00DP5 BX=0000 CX=0000 DX=0000 SP=FFEE
DS=1342 ES=1342 SS=1342 CS=1342 IP=0106
1342:0106 340F XOR AL, OF
-
AX=00DA BX=0000 CX=0000 DX=0000 SP=FFEE
= ES=1342 SS=1342 CS=1342 1IP=0108
1342:0108 F6DO NOT AL
-
=00 BX=0000 CX=0000 DX=0000 SP=FFEE
DS=1342 ES=1342 SS=1342 CS=1342 IP=010A
1342:010A 2B04 SUB -  AX, [SI]
-Q
C:\DOS>

BP=0000O SI=Q000 DI=0000
NV UP EI PL NZ NA PO NC

BP=0000 sSI=0000 DI=0000
NV UP EI PL NZ NA PO NC

BP=0000 SI=0000 DI=0000
NV UP EI NG NZ NA PO NC

BP=0000 SI=0000 DI=0000
NV UP EI NG NZ NA PO NC

BP=0000 SI=0000 DI=0000
NV UP EI NG NZ NA PO NC

DS:0000=20CD

CPE 0408330
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5.3 Logic Instructions - Mask Application
» Application- Masking bits with the logic instructions MasK Ax

* Mask—to clear a bit or bits of a byte or word to 0 b Axgama®
- AND operation can be used to perform the mask ... 3

operation: 26 oils) sads
- TANDO->0:0and 0> 0 i el o
. bit or bits are masked by ANDing with 0 L[4 bisls@es
- TAND1>1;0AND1 >0 e
- ANDing a bit or bits with 1 results in no change ,.,. ,:
- Example: Masking the upper 12 bits of a value in a "
register s 5% ales
AND AX,000FH S
(AX) =FFFF Mask 4, f“wﬂfjx |

IMM16 AND (AX) = (AX)
000FH AND FFFFH = 000000000000TTTT2AND 1TTT111T111111112

~ 0000000000001 11 Tz vt 2,0 %t s
_ 000FH AN A

AVD Axs> FFFF
55
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5.3 Logic Instructions - M}Q( Application

<k AoﬂA\H ().LL 93\

* OR operation can be used to set a bit or bits of a byte or word to 1 of Axdeeses 21,
*t XOR 0 = Xj result is unchanged =8 Ax> 200l

‘' Xorl1l>1;

result is always 1

* Example: Setting a control flag in a byte memory location to 1

MOV AL,[CONTROL_FLAGS]
OR AL, TOH ; 00010000 sets fifth bit -b4
MOV [CONTROL_FLAGS],AL

« Executing the above instructions, we get

(AL) = XXXXXXXX2 OR 000100002 = XXX1XXXX2

CPE 0408330 56
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548 /7/ft /nstructlons >

[egical

ANthmeHe S\ B

Mnemonic Meaning Formai -Operation l Flags Affacted J
> SAL/SHL | shif arithmetic | SAL/SHL DCourt | Shifttho (D) leftby the number | CF, PF. SF ZF
= lgft’:?_r_flt of bit posibdhg equal to Count AF undefined
logical leff and fil the vacaled s positions | OF undefined if count # 1
) on the right with 2eros
s, SHR Shift logical SHRD,Count Shiftthe (D) right by the number | GF, PF, SF, ZF
s right of bit positions equal to Count | AF indefined
and flll the vacated bit positions | OF undefined if count # 1
on the left with zeros
s JSi\_lj Shift arithmetic | SAR D,Count Shift the (D) right by the number | SF ZF PF GF
right of bit positions squal to Count AF undefined
and fill the vacatad bit posttions | OF undefined if count =1
on the left with the original most
l significant bit

swit —> \lactk c')_-,ﬁ_‘

Ge DA Loy

»
SHL AX:] ":dl:l"*‘

AX oz S0 o

(@)

=

AVD ;o R+ - Destination
C—U‘ .Aﬂe’ A= OF Q-$—
Register 1 / g
Register cL sl pl8L
Memory 1 <o
(;\,-_B/L_u. UL Memary cL AN ﬁ]
3 l SRS AX

(a) Shift Instructions. (b) Allowed operands

Every shift operation is equivalent to :

* multiplication by 2 for Shift left
* dividing by 2 for Logical Shift right

/'J.EG{ Gy ‘O‘:’,:f‘sj‘_u 1531 ¢ (cav.(\t) N Qi b 3¢
i_h» S ETTRRY: | &7 b ¢

C:-J-!‘

e e ——_ A s

Variety of shift instructions  uov cL>3 x|
sHY Ax,cl

provided W AR T e

o SAL/SHL = Shift arithmetic left/shift
logical left

> SHR = Shift logical right

o SAR - Shift arithmetic right

Perform a variety, of shift left and

shift right operations on the bits of

a destination data operand

Basic shift instructions—SAL/SHL,

SHR, SAR

Destination may be in either a
register or a storage location in

memory
o Shift count may be:

1= one bit shift
CL =1 to 255 bit shift

Flags updated based on result
- CF, SF, ZF, PF

> AF undefined

> OF undefined if Count = 1

- -

o
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-SAL/SHL Instruction , Typical instruction—count of 1
| e S +— (D 30 _ABRN A yef g g SHL AX, 1
! E)’.\ﬁd\(}‘-' Ax ol o o\\\o\o\\ \O(G\l\l [0\\\0\0( ’ Before execur.ior—\za:
Dest = (AX) =(1234H

= 00010010001101002
Count = 1

' ' | CF = X
wo L i o Te]¢] * Operation:

s The va1ue.in all bits of AX are shifted left one bit
[ / ot
E/ 1

Emptied LSB is filled with 0
o[ 1 el fele

- Value shifted out of MSB goes to carry flag
¢ ﬂfe—~—“\-———-‘Jg~—;;—”k————~49 » After execution
D g 8 Dest = (AX) = 2468H
i = 00100100011010002
S D) i 'S Gais (a:‘g\*l e CF=0

_ » Conclusion:
cF dL W weu &g“ L oyey 2WHE Glee s MSB has been isolated in CF and can be acted upon
by control flow instruction- conditional jump

' Shit & -
CFd 13 ub i Ezfmlx i o5 B o cu Result has been multiplied by 2

}5)9

CPE 0408330 58
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SHR Instruction

AX  Bitls

Bil 0

Before

1

After 0

SRR

Bit 0 CF

(b)

A| Ao

olofifofo]1[o]ofo i [i Jo i o]of

5.4 Shift Instructions - Operation of the

» Typical instruction—count in CL

el (SHRAXCE

» Before execution

Dest = (AX) = 1234H = 466010
= 00010010001101002

Count = (CL) = 02H (J,Jsow

CF =X L

30

» Operation: (20 ruag. ]
> The value in all bits of AX are shifted right two bit

positions
> Emptied MSBs are filled with Os
. Value shifted out of LSB goes to carry flag

» After execution

Dest = (AX) = 048DH = 116510
= 00000100100011012

‘3 J;‘” il \*\\l\\\;\a\!\é)\:\\-\,\\ \ A CF =0
| ©o=kle efeia ] wh [o i ch » Conclusion
\\\\\\\\\\\\\\\\ i 1 hasbeen ot in CF and can b actd upr
e ‘—‘b i I ‘Q} : ‘i’u Result has been divided by 4
o) £ g 5 CF
CPE 0408330 59
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5 4 Shift lnstructlops -0

SAR Instruction

=6 Sion Gy
3124 Ae Kga
%9‘3 3"'—-0'_\1%
AX Bit)s

G nnonannnnn
-3 Jlo

ae L T = VT

O S erne Sne oW SWv W% S 9
_— f\o)\\&

&B& \’1\1

v

Typical instructio

numbers

Dest = (AX) =

erat|

091AH

n—count in CL
SAR AX,CL

Before execution——arithmetic implies signed

on of the

= 00001001000110102 — +2330
Count = CL = 02H

CF=X
Operation:

The value in all bits of AX are shifted right two bit

positions

Emptied MSB is filled with the value of the sign bit
Values shifted out of LSB go to carry flag

After execution
Dest = (AX) = 0246H
= 00000010010001102 = +582

CF=1
Conclusion

o

Bit 1 has been isolated in CF and can be acted upon by

control flow instruction- conditional jump
Result has been signed extended

Result value has been divided by 4 and rounded to

integer: 4 X

+582 = +2328

CPE 0408330
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5.4 Shift Instructions - Operation of the
SAR Instruction

» EXAMPLE

Assume that CL contains 0216 and AX contains 091A16.
Determine the new contents of AX and the carry flag after the instruction |
SAR AX, CL is executed. |

» Solution:

Initial (AX)=00001001000110102
shift AX right twice: (AX)=0000001001 0001102=024616

and the carry flag is (CF)=12

CPE 0408330 61
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5.4 Shift Instructions - Operation of the —
SAR Instruction

» EXAMPLE
Verify the previous example using DEBUG program.

» Solution: | N
‘& CONSOLE MODE -DEBUG i o S -l
-A
OR35:0104 SAR AX. CL
0B35:0106
-R AX
AX FDO2
:091A

CX
O0FE

F
UP EI PL NZ NA PO CY -

AX=0246 BX=0000 CcX=0002 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=0B35 ES=0B35 55=0B35 CS=0B35 1P=0104 NV UP EI PL NZ NA PO CY

OB35:0104 D3F8 SAR AX, CL “
: | 4
CPE 0408330 62 ‘
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=" 5.4 Shift Instructions - Operation of the
SAR Instruction

» EXAMPLE

Isolate the bit B3 of the byte at the offset address
CONTROL_FLAGS.

» Solution:
MOV AL, [CONTROL_FLAGS]
MOV CL, 04H
SHR AL, CL
Executing the instructions, we get
(AL)=0000B7B6B5B4
and

(CF)=B3

CPE 0408330 63
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5.5 Rotate Instructions -

15 el

Ax , cownt

‘‘‘‘‘

Wik Go Bpls e g o
CF e 8oy Pt St S SafkY orl <3l O :

- 3
CF 2 COPY bz, Gsplall Budy Jrag slbs ok BVe (Yotalghl Lo

) ks Lo, s 1p > Variety of rotate instructions

CC‘L) -‘DS'Jb\s G :)-S{ g 7S

Mnemonic Meaning Format Operation Flags Alfected
CF - Rotate left ROL D,Count |Rotate the (D) left by the number of bit CF
positions equal to Count, Esch bit OF undefined
C ,_,5 shifted out from the leftmost bit goes if count # 1
Co s back into the rightmost bit position,
AT 'c‘r{\' Rotate right ROR D,Count |Rotate the (D) right by the number of bit | CF
potitioms equal 1o Count. Each bit shifted | OF undefined
? O\ out from the rightmost bit goes into if count#1
: the leftmost bit position.
\ — RCL Rotate left RCL D,Count |Same as ROL except carry is attached to CF
= through carry (D) for rotation. OF undefined
(@ i if countw
- s
i -
”?J - —U_ RCR Rotate right RCR D,Count |Same 2s ROR except carry is attached to CF
Go pem— through carry (D) for rotation, OF undefimed
M—“ —_— \f countw |
Lo _ppss i
. DenimﬁonT Count
F ok . 1
Register 1
Reqister CL
Memory 1
Memory CcL
(b)
(2) Rotate Instructions. (b) Allowed operands
1
{

provided:
ROL - Rotate left
ROR - Rotate right
RCL > Rotate left through carry
RCR = Rotate right through carry

» Perform a variety of rotate left and
rotate right operations on the bits
of a destination data operand

Overview of function

Destination may be in either a register or a
storage location in memory
Rotate count may be:

1= one bit rotate

CL =1 to 255 bit rotate

Flags updated based on result
- CF

OF undefined if Count # 1
» Used to rearrange information

AX

=

CPE 0408330 64
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AX

Bafore

ROL Instruction

RO

=3

<F

afier ope volation |» Before execution W\,\\\o\\alo

5.5 Rotate Instructions - Operation of the

v

Typical instruction—count of 1
ROL AX,1
I Vs

b

Dest = (AX) = 1234H
= 0001 0010 001%)1002

Bl1E

Bit0

D 0 OI

[o] ]e]

[o]e]

///////////////

Jefo]

Btls

Count =1 OW\‘“O \Jo\.c, ql

E] CF=0 le VA
Lo |

b Operatlon = = 2968

ﬂ.@ The value in all bits of AX are shifted left

one bit position

e a i X
o\ x4 o |xd

Ro L AX ,Cl

cl=3 1&5)5

» Value rotated out of the MSB is reloaded at

LSB
. Value rotated out of MSB is copied to carry

flag
» After execution
Dest = (AX) = 2468H
= 001001000110 10002

0

Ax , Cl
-9:%

Cﬁ

CF=20

by oot votodion - tCPE 0408330 65
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5.5 Rotate Instructions - Operation of the
ROR Instruction

» Typical instruction—count in CL

ROR AXCL]

» Before execution
Dest = (AX) = 1234H

= 00010010001101002
i Count = 04H

s}

Values rotated out of the LSB are reloaded
at MSB

Values rotated out of MSB copied to carry
flag

v [ B A e T Ooerats
AX N\I\T\l\‘\l\l\l\l\ul ’ o p;riiavb;ﬁ: in all bits of AX are rotated right
At D 3:‘51 ojofojolofifololrfo]o]o 13:0 our bit positions

» After execution
Dest = (AX) = 4123H
= 01000001001000112
CF=0
» Conclusion:

Note that the position of hex characters in
AX have be rearranged

CPE 0408330 66
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5.5 Rotate Instructions - Operation of the
RCL Instruction | |
» - Typical instruction—count in CL

|RCL BX,CL|

» Before execution
Dest =

= 00010010001101002

Count = (CL) = 04H

(CF=0]

1 Jo]o » Operation

four bit positions

» The value in all bits of AX are rotated left

Emptied MSBs are rotated through the
carry bit back into the LSB
First rotate loads prior value of CF at the

!Q_@ \g\{ o Ql o ‘?J@\]-Q ERTAE
- — s .
[_;‘ - ) '
} & | ] LSB
> Last value rotated out of MSB retained in

CF
carry flag

» After execution
Dest = (BX) = 2340H

= 00100011010000002

CF=1

CPE 0408330
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5 & Rotate Instructions - Operation of the
RCR Instruction

» EXAMPLE |
What is the result in BX and CF after execution of the following

instructions?
RCR BX, CL

Assume that, prior to execution of the instruction, (CL)=0416,
(BX)=123416, and (CF)=0
» Solution:
The original contents of BX are
(BX) = 00010010001101002 = 123416
Execution of the RCR command causes a 4-bit rotate right through

carry to take place on the data in BX, the results are
(BX) = 10000001001000112 = 812316

(CF) = 02

CPE 0408330 68
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5.5 Rotate Instructions - Operation of the
RCR Instruction

» EXAMPLE

Verify the previous example using DEBUG program.
» Solution:

§ - A e o
OB35:0100 RCR BX.CL

UP EI PL NZ NA PO NC -

AX=0000 BX=8123 CX=0004 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=0B35 ES=0OB35 S5=0B35 CS=0B35 1IP=0102 OV UP EI PL NZ NA PO NC
Joe35:0102 D3F8 SAR AX, CL

CPE 0408330 69
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5.5 Rotate Instructions

» EXAMPLE

Disassembly and addition of 2 hexadecimal digits stored as a

byte in memory.
» Solution:

MOV AL,[HEX_DIGITS]
MOV BL,AL

MOV CL,04H

ROR BL,CL

AND AL,0FH

AND BL,0FH

ADD ALBL"

1st Instruction = Loads AL with byte
containing two hex digits

2nd Instruction > Copies byte to BL

3rd Instruction - Loads rotate count

4th instruction > Aligns upper hex digit of BL
with lower digit in AL

Scanned with CamScanner

5th Instruction > Masks off upper hex digit in AL
6th Instruction > Masks off upper four bits of BL

7th Instruction = Adds two hex digits

CPE 0408330
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= H.W. #5

aSolve the following problems from Chapter 5
from the course textbook:

1, 10, 26, 38, 47

CPE 0408330 71
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6.1 Flag-Control Instructions = « - (e
. F199)D 2 A astrckony e
» The flag-control Instructions, when
executed, directly affect the state of the
flags. These instructions include:
~ O LAHF (Load AH from flags) . cs wo. M5 (o8 1t iz g
~ O -SAHF (Store AH into flags) ;ﬂ";

Ax | An

A
ofeands 213 o~ B L CLC (Clear carry) e sas. o

_jer

Co\f{gg‘) A

G WS 3 B ey Ry cde S5 e

- (sRhse Lg_r: S AN < Qs Q) (Shre)J& s

~ 0O STC (Set carry)
~ 0 CMC (Complement carry) AHF) 4 (Bl <5 st b 155 o
~ O CLI (Clear interrupt) () <3 el e S,
~ 0 STI (Set interrupt)

CPE 0408330 3
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6.1 Flag-Control Instructions -
Loading, Storing, and Modifying Flags

. . e
. Variety of flag control instructions provndteo?liﬁzo
for loading, saving, and modifying conten

flags register

-aL%\HF?SAHF > Load/store control flags

. CLC/STC/CMC =2 Modify carry flag

ify i lag
. CLI/STI & Modify interrupt f
. Modifying the carry fIag—CLC/STC/CMC

L Mnemoric Meaning Operation '-:!?95 affected | 1 cad to initialize the carry flag
ﬁe&\’l{ LAHF | Load At Trom(flags) | (AH) « (Flags) | None  Elear carEyLélag
&5 Ll gaHF |Store@M)nto flags | (Flas] « (AH) | SF.ZF,AFPF.CF 0 > (CF)
wden ' rry fla ([CF«<q  |°F - fla
ELE Clear carry flag ‘ Set carry Tlag
STC . | Setcarry flag @_ BF STC
€snd-cMC | Complement carry flag i'(CF)"(CFD CF 1= i
i Bl A ‘ IF . Complement carry flag
cFek | cu 710 ]
. i_:ﬁ STI Set.interrupt flag (IF)‘ «1 IF | (CF*) > (CF) * stands for over bar (NOT)
roveE— —— < \L -' | . Modifying the interrupt flag—CLI/STI
X, I Y - Used to turn on/off external hardware interrupts
CUEAT - Clear interrupt fla
sek % wnlex-2F B CLI ’ ?
3 A\ A , .
ot F ) cle sio 0 = (IF) Disable interrupts
Gra, - Set interrupt flag
STI
1 = (IF) Enable interrupts
CPE 0408330 4
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. Y
—l e, Dy T R
*h&wwwf

6.1 Flag-C ontrol Instructions
Loading and Storing the Flags Register

ba M ¥ 0

e N A

~ SF = Sign fiag
< ZF = Zero flag
« AF = Auxiliary
< PF = Parity flag
~ CF = Carry flag
— = Undefined (do not use)

W‘ﬁu saoa (LAR DS (SAD b o

ot [ae/aejerl cp o5 (B

Cg-o
oF =\
h-=©

‘.‘ PN

sF=

< N goy RO

At <2 5

AR r\ T~ Ix lolxh <ol
— 1\ SR |

= b
Moy AH,cu cll.n_cé-_}:ébbs\_; o~

. Format of the flags in the AH register
. All loads and stores of flags take place through

the AH register

BO = CF
. B2 = PF
. B4 = AF
. B6 = ZF

B7 = SF

. Load the AH register with the content of the
flags registers

LAHF

(Flags) = (AH)

Flags unchanged

. Store the content of AH into the flags register
SAHF

(AH) > (Flags)
SF.,ZF,.AF,PF,CF - updated
. Application: saving a copy of the flags in

SARFE  Saaeduym o
oL 0= s o

LR o R B D T0ESED ]
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6.1 Flag-Control Instructionss.
Loading and Storing the Flags Register

» EXAMPLE
Of the three carry flag instructions CLC, STC, and (_ZMC, only
one is really independent instruction. That is, the operation that it

provides cannot be performed by a series of the other two
instructions. Determine which one of the carry instruction is the

independent instruction.
» Solution:
* CLC < STC followed by a CMC —> Jc‘ffﬂ“""’“‘ﬁ' F aols @ CF <5 3 O
— csi 5 Budts Bl A2 i
<TC « CLC followed by a CMC ~7¢™ CLD 92 Ducts ok G¥G7 Ciplith sl

®
Therefore, only CMC is the independent instruction. R
-2 S g cwte GL2
- i i
Cled td ol Ccle N Dan CF 2 cler dacl
<t -E\_J_‘-ul\cé cleav _ or
S S ©STe OEM pu GF M Set decl =

< CE & snp O
Jpede ¢ cMe &%
Blo b U7 cv b Pt CPE 0408330 10
B o O AP P,
S
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6.2 Compare Instruction .- (. s
YUCHoN
- Compare instruction
- Used to compare two values of data and
update the state of the flags to reflect
their relationship
- General format:
Mnemonic| Meaning | Format Operation Flags affected . CMPD,5
) ey pa——" ————— oo R Operation: Compare; the content of the
s —== | setting or resetting S source to the destination; updates flags based
i | onresult
(D) - (S) > Flags updated to reflect relationship
32 w W . Source and destination contents unchanged
SHMP Ax,Bx . Allowed operand variations:
Ax—gx o> Destination Source n Glacyy -:dB= % . Values in two registers
¢t Zioy @ni Le Gw [ Register Register | cwsis ZE  OIS5 . Vglues in a memory location and a
v i o T TR P STy e o il register
o SSREEES € £ i e e . Immediate source operand and a value
e els s Lol E | yamory Immediate =S in a register or memory
. Catmo Lo} | Accumuistor | Immediate . Allows SW to perform conditional control
(b) flow—typically testing of a flag by jump
e BisT 00 ¢ & instruction
B |ZF =1 > D =S = Equal]

>l oF I54s ‘..5-5 24 yrvc B/A
- B asls Bamf ik g (A-B=0) S \ZF =0, CF =1 > D <SF Unequal, less
B than = —

r "
A<g ; - C),LN ) Ul; . e = I,
G so Lo st O 4, ZF = 0,CF=0-D > S|~ Unequa

greater than
bt = i
CPE 0408330 13

A7 8 C'J;L" 2 ot b4 1,
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- 6.2 Compare Instruction

» EXAMPLE

Describe what happens to the status flags as the sequence
of instructions that follows is executed.

MOV AX, 1234H —o Ax-= 1234
| MOV BX, ABCDH _» gx=-ABcD
CMP AX, BX _o Ax - Bx

» Solution: 34 - B Be i
(AX) = 1234:= 0001001000110100; *sie ez s s

X * <l > o> P .
(BX) = ABCD««= 1010101111001101: 5 57 & |

(AX) - (BX) = 0001001000110100.- 1010101111001101-
—=0110011001100111:
Therefore, ZF = 0, SF = 0, OF = 0, PF = 0,CF=1,AF =1

R
14 3 pa—
b @ N
i 08330
1§ 4
N — L I\J CPEO
1 ;‘ roa OO0 ) ELECTRICAL COMPUTER MECHATRONICS
i 3110101
-—

14

-
f

" 5
-4
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I T - e
[ 6.3 Control Flow and Jump g
| . s e |
| Instructions o incendionat
- (omP ;
- Control flow: alternate the execution path of instructions

in the program
-What are the pointers that kee

p track of the instructions being

executed ?
How it is possible to alternate the sequence of instructions being
executed ?

8  Unconditional jump instruction

~& Conditional jump instruction

"t Branching structure - IF-THEN

“X Loop program structure - REPEAT- UNTIL and WHILE-DO

N

Applications using the loop and branch software structures

CPE 0408330 i6
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6.3 Control Flow and_ Jump Instructior
Unconditional and Conditional Jump Control Flow

[ nconditional jum
instruction
Locations skipped du
to jump
ext instruction
sxecuted
Part III

| ISM'\JP-MJAJ Y‘\” IP
| o el (Leate) 1 cde

‘1‘ l - (Omp) A
|CS 5 iP cde PSS <

C by

AaasU 15

1019

}\L
b | ol N

Part 1

( Part [1

AA\& HKAUXKX X
~—)

(a)

Part I -
. ‘ C
condifen L k3rnms ¢ don
e el

T Condition
met?

. Jump operation alters the

execution path of the

instructions in the program—

flow control

. Unconditional Jump
- Always takes place
- No status requirements are
imposed

- Example (part a)

s ST 2 Clin L

b 2. 8. 9.9.9 ¢

- Next instruction executed

+ JMP AA instructions in Part
| executed

If condition not met

Locations skipped
f jump taken

—

Part I1

AA XXX AKX

Part . III

Next instructio
executed if
condition met

- Control passed to next
instruction identified by AA
in Part Il

M “\-“ -‘J? G (\(\S‘\'{\Ac'-han) A\Qﬁ

 Instructions in Part ||

{b)
Qoo le ) UpEl s skipped
m%h‘ru uo U\-l.n-u = oy (gm?)q_n,_;,, 3 LJ_Z:_?\JLD&J S pp
s ewsa. 1 Guz SG CPE 0408330 18

21
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Unconditional jump instruction:

- Implements the unconditional jump operation
needed by:
Mnemonic Meaning Format Operation Aftected tlags " Branch program COntrC)l ﬂOW structures
- IMP it::r::lc:m:iﬁcmal JMP Operand m::m;x:am None - Loop program control flow structures
Operand + General format:
* Types of unconditions Jumps
Shov- Operands &\- * Intrasegment—branch to address s
torbel Ty Short-laban 5t located in the current code segment
N eo s N C» TP * Only IP changes value
Qe L (MempErTs ) ey « short-labe|
(Memprrans L P - 8-bit signed displacement coded
into the instruction
A Jule| - Immediate addressing
* Range equal -12¢ to +129
CS:100 lab ADD BX,1234 * New address computed g¢-
_ (Current 1P) + short-labe| > (IP 5
CS:104 INC AX Jump to address = (Current cg) New Ip) |
] * near-label {
CS:106 JMP lab - 16-bit signed displacement coded in
] the instruction !
CS:108 NEG BX g
JMP 1234H
R T Lobel —ps ds ip g -4
F CPE 0408330 20
o LobleL = s oW o Bt

—
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* 32-bit immediate Operand coded into the instruction
- New address computed as:

- 15t 16 bits > (IP)
» 2nd 16 bits > (CS)
Jump to address = (New CS):(New IP)
- memptr3?2
* 32-bit value specified in memory

« Memory indirect addressing
- Example

DS DI Olsioli este aypmean e Tan
JMP DWORD PTR [DI] —» e wbae b
- Operation: T b St e

(DS:DI) = new [P
(DS:DI +2) = new CS NBNer 2 oyke s €S ou
Jump to address = (New CS):(New IP)

Lower 2 byre 5 \p New !

CPE 0408330 23
[
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6.3 Control Flow and_ Jump Instruct
Conditional Jump Instruction

is true the jump to the
address specified by the
operand is initiated;
otherwise the next
Instruction is executed.

Mnemonic| Meaning Format Operation Flags affected
Jece Conditional | Jec Operand |1t the specified condition cc
e jump

LI Tl e

;A b_,’l.)l-\_n}?

PCF=0 P Y

| ZF=p

BTN W

|

R " 3Py

|

[* " Flo%s

|

? | (a}
Mnemonlie Meaning Condition
— JA abave CF =0and ZF =0

JAE above or equal CF=0

JB below CF=|
(JBE>S squal CE=loarZF =]

ic carry CF = ) ‘
JCXZ CX register is zero (CF or ZF) = 0

JE equal ZF =1

JG greater ZF = 0 and SF = OF
JGE greater or equal SF = OF

JL less (SF xor OF) =)
JLE less or equal ((SF xor OF) or ZF) = |
INA not above CF=)|orZF = |
JNAE | not above nor equal CF =1

JNB not below CF=0

JNBE not below nor equal CF=0and ZF =0
JNC not carry CF=0

INE not equal ZF =0

ING not greater ((SF xor OF) or ZF) = |
JNGE not Eren{er nor equal (SF xor OF) = 1
JNL not Icss SF = OF

JNLE [ ndt 1¢ss nor equal ZF = 0 and SF = OF
JNO not overflow OF =0

JNP not parity PF =0

JNS not sign SF=0

INZ not zero ZF=0

JO overflow OF = |

JP parity RPE= 1

JPE parity even PF = |

JPO parity odd PF =0

JS sign SF =1

JZ zero ZF =1

(b)

same

. Condition jump instruction
. Implements the conditional jump operation
- General format:
Jcc Operand

. cc = one of the supported conditional relationships
- Supports the same operand types as
unconditional jump
. Operation: Flags tested for conditions defined by cc
and:
If cc test True:

IP, or IP and CS are updated with new value
- Jump is taken
- Execution resumes at jump to target address
If cc test False:

IP, or IP and CS are unchanged
+ Jump is not taken

- Execution continues with the next sequential
instruction

- Examples of conditional tests:
JC=jumponcarry > CF =1
JPE/JP = jump on parity even - PF =1 |
JE/JZ = jump on equal > ZF =1

These instructions are associated with the
compare instruction usually

24

____..';ngr:?rfi=m§_=7mm&ﬁm
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G Epas0oe
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. nshudiond 9B |y
e SE Cha2aw Gusgpso
e T o b Guded) ik
_ CFar a5
CS et 2, 2y o5l

Ll —— oo ¢ P O

—_ \paan) 2

ey seqment. JmP

Short  [abe,
lyle, asts

2Luyre oS

Far label
Y Lbyke oo
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OLe s

[x—‘e\q-\-ive. lg_tfx»wl \ P = 39 + Label
Sm?P ne’“’r o\ . .

/]
0
8]
C

(1
N
»

e .~ —
Imp 13y
= Tl (Rodd gy 65 1
. : P, \23Y ;7 (\Weld) =

d:u:“\ r-%b blgé Ax 2t

e Dmp a3uge,
JP >R Ol ale
\ I : \Qnew = low 206yle- 5614
) e Cs |
\°°3@\A Wighey cs A B h;%\\ Q‘bﬁ‘)"‘C: |9-3L-[ .‘
Q.by_){-e |

e e e e o i e e e e e — —. T —— S A Aok |
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6.3 Contro/ Floy
Program Structures

_%L EXAMPLE

Implement an instruction sequence that calculates the

absolute difference between the contents of AX and BX and
places it in DX.

» Solution: DA =

CMP AX, BX
JC DIFF2

DIFF1: MOV DX, AX
SUB DX, BX ; (DX)=(AX)-(BX)
JMP DONE

DIFF2: MOV DX, BX
SUB DX, AX ; (DX)= (BX)-(AX)

DONE: NOP

and Jump Instructions - Loop

Ax-.B;l.‘

CPE 0408330 29 ‘l
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6.4 Subroutines and Subroutine- e
H&nd/{ng InStrUCtionS 20 CASRl ) o s g0 o CLILDE G Qsofo e o g

© i ol e CISHoy sl Codl -"“’ﬁg‘ Wpe W lodS (densty of the inswuc%wamd\ QU Leol,

o (caw) Qe g (Punchon) Gases o cds ik Waied oF &2 5,580 CUSLL &) Go Q& o 5
» Subroutine—special segment of program that can be called

for executioln frpm any point in a program (like function)
* A subroutine is also known as a procedure.

. Program structure that implements HLL “functions” and
procedures”

- Written to perform an operation (function/procedure) that
must be performed at various points in a program

+ Written as a subroutine and only included once in the
program
» A return instruction must be included at the end of the

subroutine to initiate the return sequence to the main progra
environment. dram

- CALL and RET instructions
- PUSH and POP instructions

CPE 0408330

30
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_ A Subroutines and Subroutine-
- Handling Instructions

- Yetn <3 ol Jump Geeliny Call
- Example:
Main program - Instruction in Main part of program
calls “Subroutine A”

. L + Program flow of control transferred to
<3 Brels B 0 first instruction of Subroutine A

. S Oibaw Jf\“ . Instructions of Subroutine A execute
: Vgo s e sequentially

<L gmr s Gall

Call subroutine A~

Next instruction

Subroutine A . Return initiated by last instruction of

Subroutine A

First instruction . Same sequence repeated when the
subroutine is called again later in the
program

- Instructions:
. Call instruction—initiates the
subroutine from the main part of
program
. Return instruction—initiates return of
control to the main program at

@ subrouti@

Next instruction

d—
N

{

. Returb completion of the subroutine
. - . Push and pop instructions used to save
next 3 register content and pass parameters
ing+rucion
Subthne 22 U
The subroutine may be called and executed more than one time, but it is written one time
CPE 0408330 31
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L wed dﬁ’ S UGhon 33U R VIV mg\&iu?

)'J/-g 6- Cq“ Sub{ou-{-{neA J.uﬂ.‘ L-J-vog (.\P:X) C)G-‘L) Cj___. LjLL }(
Call 123y Qru e Gl Al ¢ al qpd)  wstyucHon 3y e 23)0

(d.e_bf Ows  inSKUCHON c)J/J.}L&_ ¢ (ip=1234) _reos ip Qs s
.c_l\‘“"“‘ﬁ\ Z-’E}UJ d\1>_): s Yeru'n J e
Al DU o ¢ ol W) e 200 gelel mlw ety

(iF=X+9)L&7—¢:G s g

S (A)edig*fuc onJJ L el el Ly de/ e L"‘p
Car b Js Call I el
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. <7 Subroutines and S
A ubroutine- Handli
/nstructlons Call Instruction il

- regptrl6

- 16-bit value of IP specifi i
: pecified as the content of
- Register addressing 7 register

- Example:
(CALL Bﬂ Cs : No ChanC
- Operation: i = Lobel= BX
. Same as near-proc except
(BX) > New IP

. memptr16
. 16-bit value of IP s
| location in memory
\ . Memory addressing mo

pecified as the content of a storage

des—register addressing

| . Example |
} ALL [BX] o Loy,
. Same as near—proc except oM S Sz

DS« Bx

(DS:BX) > New IP

UutPs Qre LU =72
. ip 6 CS e

1
CPE 0408330 33

\
l

CPE 0408330 35 I
L

Scanned with CamScanner



6.4 Subroutines and Subroutine— Handling
Instructions - Call Instruction

- Intersegment—start address of the subroutine points to another
code segment

- Both CS and IP change values
)

+ 32-bit immediate operand coded into the instruction
- New address computed as:

+ 32-Dbit value specified in memory
- Memory addressing modes—register indirect add

ressing
- Example
CALL DWORD PTR [DI] > OVt e <) sanal) cdde. L2y
- Operation: T
(DS:DI) > New IP Sl oy 2 - .
(DS:DI +2) > New CS = S e T e g

Starting address of subroutine = New CS:New |P

New 1p

Mew CS
CPE 0408330
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e X CTpnn— AT

moamn ﬁb@mm
: Mx = 1O SuvoHNe,
: Br=12

Rr L Ax @5 o det  (Main freRiam S

call Subfodng d\" Ldps inSWUC‘HOY\ .A_uw P

Y 7
S UGHen 3y =2l ey BX, B @& B bl Lol

A, Ax (%> e Ly el J& e ¢ (_ﬁfv;"’Jl ppol) Ll

) . P - > . —?ﬁ)ﬁl
Sebatee ¢ B @ 1 g, O P

Sobrovtine 7 el Br LAx Dk gl dn okl

A . .
1 ogw Vg & L
e Oaph BA A& & =

/\/\/:y\ Zl:-‘u)\
Subrovhine & Shudhwe ol Jusf 129

e G Bx , Ax San DLy b oo

. . kr &Y
0_5\_;:.L\ O\?J) \» io‘i' B;( (}83_, SuUp fou*‘\ﬂz dk ?L;pi\g\n Lx
Py

Pusw AK
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6.4 Subroutines and Subroutine- Handlin g

Instructions - Structure of a Subroutine
. Elements of a subroutine

i‘ PR By S & @& fugh P . Save of information to stack—PUSH 1
| To save registers PUSH XX . Main body of subroutine—Multiple mstructlons,
and parameters PUSH YY . Restore of information from stack—POP 3
| on the stack - PUSH ZZ » Return to main program—RET
| - Save of information .
- Must save content of registers/memory locations to_;
il . . b
‘5\ Main body of the ﬁ ‘ .epasézd gag;k;er program parameters (FLAGS)
| subroutine . . Wit body

\' | L i * Retrieve input parameters passed from main program
| via stack—stack pointer indirect address

To restore registers - Performs the algorithm/function/operation required

| and parameters of the subroutine

{ from the stack - Prepare output parameters/results for return to main
I Return to main body via stack—stack pointer indirect addressing

i program - Restore information

- Register/memory location contents saved on stack at
entry of subroutine must be restored before return to
main program—POP, POPF

CPE 0408330 40
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~Handling

ns Slavle ol inshruction e 3 Le
hor+ J‘PE LSL’:
Mnemonic ' -
Meaning Format Operation
LOOP Loop LOOP Short-labe] (CX) «(CX) - |
T . .
— N Jump is initiated to focation defined by
Fes Lo 5emlS) Q’" Ste short-lube] if (CX) # 0; otherwise,
)2pl] ¢xecute next sequential instruction
LOOPE/LOOPZ Loop while equal/ LOQ\EE/ LOOPZ Short-labe] (C X)A*- (CX) - |
loop while zero ’ =5 Bt Jump to location delined by short-lybel
eguall HP et s iM(CX)# 0and (ZF) = | otherwise,
o ) S fea, Cxecute next sequential instruction
ZFEz) (ZF‘D
LOOPNE/ Loop while not equal/ LOOPNE/LOOPNZ Short-label | | (C X)+(CX)- |
LOOPNZ loop while not zero | ——— Jump to location defined by short-labe]
[ if (CX)# 0 and (ZF)=0; otherwise,
2= S IRk €Xecute next sequential instruction
ey LkoLL%\ e St
ZF =0 By ¢ e,

CPE 0408330
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6.5 The Loop and the Loop—-Hand/ing

Instructions - Loop Program structure and
Operation

4 . Structure of a loop _
MOV CX,COUNT ! Load count for the number of repeats . |nitializati0” of the cou nt in CX

NEXT: . -
- . Body—instruction sequenfce thabt IS_tO tr’]‘;
- | . ' ifving beginni
- Body of routine that is repeated rePeated' Short.labﬂ ident y gf | g is
. Loop instruction- determines it 100pP
: complete or if the body is to repeat
@ ’ Loop back to label NEXT if couit not zero . Exam ple
5
sap CR Qus e Lol ® 1. Initialize data segment, source and
ST L destination block pointers, and loop count
©osll @B AXDATASEGADDR 2. Body of program is executed—source
- " MOV Dsi;\x element read, written to destination, and
X - MOV SI.BLKIADDR s .
MoV DIBEKIATR then both pointers incremented by 1
CxX=lo MOV  CXN 3. Loop test
. NXTPT: MOV  AH,(SI] 1. Contents of CX decremented by 1
3 ap &
| d“i | ] m" [S‘ID”"’*” b. Contents of CX check for zero
B2 us o INO DI c. If CX = 0, loop is complete and next
) Jpolo 42 :ﬁg*’ NXTPT sequential instruction (HLT) is executed
— d. If CX = 0, loop of code is repeated
. o) ca 2 > . ) )
. (b) by returning control to the instruction

corresponding to the Short-Label
(NXTPT:) operand

CPE 0408330 46
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MOV DS Ax

MOV si, 0 |
MOVICX, OFH) ' <fes v g
AGAIN: »INC S|

Ds-ST0a ity 4y, Caes DL, o/l

CMP [SI], DL
=2 | OOPNE AGAIN

n3_ )
s~ ST IPTs ED gled-QS; ¢ 56)‘9/1,-1'/1

-1 next
by +¢

Pl ST do Grb ¢ (5) 8 e

B
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w0.0 5lring and S lring-Handfing Instructions —
String Instructions

P Mnemonic Meaning Format | Operation | ' Flags Affect;d
oo G j "</ _MOVS Move string OVSB/MOVSW | {ES)p + (DI) « ( + (SI)) None
. = I) —(SI) = Tor :
Cugtem D> ' D)« D) x10r2 ,
Wl e | ovps Co : ' e
e mpare string | CMPSB/CMPSW | Set flags as per CF, PF, AF, ZF, SF, OF
- Cacdlanw ((DS)0 + (SI)) — ((ES)0 + (DI)) :
(SI) « (SI) + 1 or 2
(DI) «(DI) = 1o0r2
SCAS Scan string SCASB/SCASW | Set flags as per - CF, PF, AF, ZF, SF, OF
e | (ALor AX) - ((ES)0 + (DI)) : »
(DI) « (DI) = 1 or 2
~at=9 | (CoDs Load string LODSB/LODSW | (AL or AX) « ((DS)0 + (SI) None
loof - S« x10r2
st W /sT0S Store string STOSB/STOSW ((ES)0 + (DI)) « (AL or AX) * 1or2 | None
efeatE (DI) « (DI) = 1 or 2
é////———“\\\LY__ﬂ Moy Ldac ]
Es=s1 Dolar byre

2.

- =

s

36 (ST s wovd I move

Az S1 w
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6.6 String and String-Handling Instructions .
Move String Instruction

- Move string instruction
- Used to move an element of data between a source and destination
location in memory:
- General format;:
MOVSB—move string byte
MOVSW—move string word
- Operation: Copies the content of the source to the destination;
autoincrements/decrements both the source and destination addresses
((DS)0+(SH) = ((ES)0+(D1))
(S +1 or 2 = (S
(DI) £1 or 2 > (DI)
- Direction flag determines increment/decrement
DF = 0 & autoincrement — ST = 31 4\
DF = 1 > autodecrement ~%=914) *

[ o
Z
DI:D-X_\

IONIOOHOMIO A
E : omoiomol ELECTRICAL COMPUTER MECHATRONIC
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