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4. Flag Registers (Cont.)

a) Conditional Flags (status)
b) Control Flags Flags I
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ey B3 | carry flag
v s . Overflo ALY ¥ag
4lad (9 flags active) 2 ) I
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Trap Zero
Sign

6 are status flags
3 are control flag
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Flags

I Control Flags —‘

Interrupt Flag «----
1 = Enable Interrupt
0 = Disable Interrupt

E

1=MSB of resultis 1 (.. -ve)

Carry Flag

1 =Carry out of

X X X X OF |DF | IF | TF | SF | ZF X AF X PF X CF
T v 1) Ll T L] 1) T T
il ' ' ' I Il l ' '
i i ! | ! | : ' '
Overflow Flag  4----- | | ' i : v ' !
1 = Overflow Occurred ' ' ' : | Auxiliary Carry Flag ' !
0 =No Overflow Occurred : ! ! ! ! 1=Carry from Lower ' !
(OF is calculated as C7 Ex-Or C6) 1 ' { H i\ Nibble to Higher Nibble | i
' H H H | 0=No such Carry ' E
Direction Flag «---- H H H | (Usedin 8-bit operations) | :
1 = Auto Decrement H H H v v !
{ H
0= Auto Increment | ' i Zero Flag Parity Flag |
(Used in String Instructions) ' ! ! 1=Result =0 1 =Even Parity |
H { ‘ 0= Result = 0 0=0dd Parity ¢
! 5
H
H
1
H
v

(Affects Only INTR)

0=MSB of result is 0 (.. +ve)
(Used for “Signed” numbers)

Trap Flag

1 = Perform Single Stepping
0 = Do Not Perform Single Stepping

a) Conditional Flags

MsB

0=No such Carry

* Conditional flags represent result of last arithmetic or logical instruction executed.
dalaiall 5l dusmly N @l JlayBU 3w HA) s Conditional flags J) i

« Conditional flags are as follows:

g5l sac Jaii3 Conditional flags

1. Carry Flag (CF): This flag indicates an overflow condition for unsigned integer
arithmetic. It is also used in multiple-precision arithmetic.

U (MSB )ied el z )i carry < oo 5l (overflow ) st s ) Flag J) 1 ey
48al) Badmtia dpaly ) cililee (B 235 g LS | (Unsigned 4as sa) dsasaa o8 5L dualy )l Alee

Carry Flag Ex:-

1 =Carry out of
MsB
0= No such Carry

CF=1 MSB  LSB

1010 1110
1010 1101
0101 1011
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a) Conditional Flags

2. Auxiliary Flag (AF): If an operation performed in ALU generates a carry/barrow
from lower nibble (i.e. DO — D3) to upper nibble (i.e. D4 — D7), the AF flag is set
i.e. carry given by D3 bit to D4 is AF flag. This is not a general-purpose flag, it is
used internally by the processor to perform Binary to BCD conversion.

O Carry/barrow o sase Ll I ALU J) 8 W gl ) aidglee cal 13) o
AF=1 J! o upper nibble (i.e. D4 — D7), ' lower nibble (i.e. DO — D3)
Aucxiliary Flag (AF) « (e dlsll 232 ld D3 bit to D4 e &y carry J)

Auxiliary Carry Flag . AF=1 4bit o= 2. -:Nibble »
1 =Carry from Lower

Nibble to Higher Nibble 1010 1110

0 =No such Carry 1010 1101

(Usedin 8-bit operations)

0101 1011

a) Conditional Flags

3. Parity Flag (PF): This flag is used to indicate the parity of result. If lower order
8-bits of the result contains even number of 1’s, the Parity Flag is set and for odd
number of 1’s, the Parity Flag is reset.

S5 Al (e 8-hits - Al Jawl i 5 G dagull Jila N s,WBN ) flag 1 pasdi

23 (5 gt Aagiill CilS 13 PF=1 JSAN 13 Wit o PF Gli (V) Qlas gl e as) 2 e

PF=0 JSill 3¢ Lginmisale ) oy 08 Cilas sll (0 (a5

EXx:-
Parity Flag
1 = Even Parity 1010 1110
0 = 0dd Parity 1010 1101

PF=0
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a) Conditional Flags

4. Zero Flag (ZF): It is set; if the result of arithmetic or logical operation is zero else

it is reset.
el Lgiped sale) s Ve ) 5ha dghiall ol dpluadl Llead) dais CulS 13) ¢ ZF=] Jimay 4iped o
.ZF=0
Ex:-
1 =Result =0
1010 1110
0 =Result = 0 1010 1101
ZF=0

a) Conditional Flags

5. Sign Flag (SF): In sign magnitude format the sign of number is indicated by MSB
bit. If the result of operation is negative, sign flag is set.

MSB i€ 1315 (Negative) s dadle (s wis SF=1 J) oé (1) 4l MSB bit J1 <l 1)
(Positive) 4 50 dadle (i oy s SF=0 J) 8 (0) 4aiill bit

Sign Flag Ex:-
1=MSB ofresultis 1 (... -ve)
0=MSB of result is 0 (.. +ve)
(Used for “Signed” numbers)

1010 1110
1010 1101
(‘)_101 1011

SF=0 Positive
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a) Conditional Flags

6. Overflow Flag (OF): It occurs when signed numbers are added or subtracted. An
OF indicates that the result has exceeded the capacity of machine.

AL e 5k Al 0 1 OF sy 7oy 5) gy 58 iy 530 o8l Losie i3s3

— Signed (both positive or negative)  depend of MSB value(®- - - - - - - )
if MSB=1 (Negative number)

if MSB=0 (positive number) N ““jjﬁ bit J 'f‘;
T S

Range of signed NO is (-128 — 0 -127) (7 bit) s asial
(-80H....0....7TFH) 27 =128l

Number _

0—-256D (Decimal)}
0—-FFH

Un signed no (always positive) 28 = 256 {

b) Control Flags

« Control flags are set or reset deliberately to control the operations of the execution
unit. Control flags are as follows:

.execution unit i) sas 5 cllee 8 2Saill saxie S5 Control flags s ale) sl Jasa oy o
1t WS a Control flags

1. Trap Flag (TP):
2. Interrupt Flag (IF):
3. Direction Flag (DF):
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1. Trap Flag (TP):

a. Itis used for single step control.

(DAY A GV i as) g Jlal slad) sl Jizag) Jadd 3as) 95 ghad e 3 jlasll aadius
b. It allows user to execute one instruction of a program at a time for
debugging.

i) anal (i jad aal g g 8 amalil) (e aal s Slag) B addiiall e
c. When trap flag is set, program can be run in single step mode.

pi @leall Cus single step mode Jasy gebidl Waie ¢ trap flag TF=1 hui o Lexie

Trap Flag

1 =Perform Single Stepping
0=Do Not Perform Single Stepping

|

2. Interrupt Flag (IF):

a. lItisan interrupt enable/disable flag.
<l jla¥) 25 W nterrupt dakalial sasg mawy Y gl e flag oo 3oke 5

b. If it is set, the maskable interrupt of 8086 is enabled and if it is reset, the interrupt is
disabled.

J bt by ((IF=0) leiwad sale) 3 135 8086 Hlaall interrupt Jl o€a oy ¢(IF=1) 4wl o3 13)
.interrupt

c. It can be set by executing instruction sit and can be cleared by executing CLI instruction.
CLI DY) 288 IR (e e (S g Sit Jlan¥) 2858 SR (e ddpet ) adai (Say

Interrupt Flag «-
1 =Enable Interrupt
0 = Disable Interrupt
(Affects Only INTR)
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3. Direction Flag (DF):
a. ltisusedin s

b. If it is set, string bytes are accessed from higher memory address to lower memory
address.

3 S (o)) sie Jawl () Lladl 3 SIM () gie el (g string bytes B J s sl ol (DF=1) L & 13)

c. When it is reset, the string bytes are accessed from lower memory address to higher
memory address.

38 o) gie Jet )3 S o) gie Jaul (e string bytes Al Ssa sl o ¢ (DF=0) Leiwat sale ) die

Adla) 5 cada (outala e Jaids string J e alleall

Direction Flag «----- 6 AL Al Jlasiad ¢ il e cilily

1 =Auto Decrement Ex: concatenation string1/string2

0= Auto Increment (‘noor*)(‘ahmed”)
(Used in String Instructions)

*xxx%k Examples of flag registers*****

First example

MOV BH,38H

ADD BH,2FH
AF=1

CF=0_msB M\ LsB

3800t 100

2F 0010 1111 ZF=0

A ) PF=0
BT(GLIO 0111 D ba ol @Y g pcisash e oy
SF=0 Positive

CF=0 PF=0 AF=1 ZF=0 SF=0
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*xxxx Examples of flag registers*****

econd example

Show how flag registers is affected by
MOV AX,34F5H; AX=34F5H

ADD AX,95EBH; AX=CAEOQH

A
CF=0 wM™sB LSB

34F5 0011 0100 1111 0101
95EB 1001 0101 1110 1011

CAEQI100 1010 1110 0000
PF=0

SF=1 Negative " jj;)m\w o il sl 3 oY

CF=0 PF=0 AF=1 ZF=0 SF=1

The EU contains: -

1. ALU (Arithmetic & Logic Unit):

2. Registers
3. Control unit
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3. Control unit :-

Control Unit Functions : L&

» The control unit (CU) is a component of a CPU that directs the operation of the
processor.

el cililee 45 8 Al CPU &b 58 aa) o4 control unit (CU)

* It tells the computer's memory, arithmetic/logic unit(ALU) and input - output devices
(I/0) How to respond to a program's instructions ?

gl o) Sl 3l i) A8 ) AY s JAaY) 3 jeal 5 shiall g luad) 3as g5 e guladl 3 I3 a7 o
* It directs the operation of the other units by providing timing and control signals.

Sl gl skl i Lal s timing <l <l il sy el s AN Slas gl Gllee 4n g Ll o
(3503 (e 361 8l 351 JU) control signals

 All computer resources are managed by the CU (Control Unit).
CU (Control Unit) daul 0 i ) iy o gulad) jobias JS o

3. Control unit :-

It directs the flow of data between the CPU and the other devices.
836 Y) At s CPU O bl sl a5 0 685
The control unit communicates / interact with ALU and main memory.
main memory s ) 3 SIA aa g ALU 2= Jusl 5 control unit J)
Control unit generates the control signals to perform the operations.
laleal) 50030 5 lagedl ) LS} 2l 53 o 555 Control unit JI «
It controls the transmission between processor, memory and the various peripherals.
VAV 5 QW) 5 jeal 4 53 SIAN 5 allaall (g Sl Y e lass o
It also instructs the ALU , which operation should be performed on data.
bl e el ) aab dlee f (A ¢ ALU 4a 58 L L)
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Design of Control Unit :-

« Control unit can be designed by two methods :
-1y sl Legranal (Ses Control unit J) e

1. Hardwired Control Unit
2. Micro-Programmed Control Unit.

s Control signals
Within CPU Control
_— — Bus
Flags Contrd signals roen
. L Control bus
Clock s _ 2,
Control signals 10
Controf bus

Block Diagram of the Control Unit
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1. Hardwired Control Unit :

* It is implemented with the help of Physical components which is Hardwired (gates, flip
flops, decoders) in the hardware.

& 32525l (gates, flip flops, decoders) Jie Hardwired 4Slad) aldl il Sall sac ey Waddsi o o
Aokl el &l

 The inputs to control unit are the instruction register, flags, timing signals.
. < gl @l L) 5 cinstruction register, flags, timing signals & aSaill sas o Slad) o
« If design is modified or changed, all the combinational circuits should be modified
which is a very difficult task.
Al dpma daga (A 5 4815l 5ol aen aast Canad ¢ o ) el Jaaat 313 o
* The sequence of the operation carried out by this machine is determined by wiring of the
logic elements so, it is known as “Hardwired”.

Sl JC gl jualiall Jua i Gosla oo Y1 o2 g o585 ) operation Aileal) Julud apast oy o
“Hardwired”. abs i yai ¢ i

. Micro-programmed Control Unit :

IS implemented by using Programming approach.
.Programming approach 4s_al (3 ks aladinly bibs &5 o

A sequence of micro operations is carried out by executing a program which consist of micro-
instructions.

micro- 448y &l Sl e OsSh el a8 JMA e micro operations 4adall Clleall (e dlude 240 5 o
.nstructions

* In this, any modifications or changes can be done by updating the micro program in the
control memory which is done by programmer.

Sl 5813 & micro program seal) gl Guast oyl e Sl pad 5 Bl (ol sl al (Sa ¢ 1 e
ol 45 a8 o

* In this ,Control signals are generated by a program.
.z=b e ddasl 3 Control signals 5 ksl <l jLE) 2l 6 o
* Its speed is slow because of the time it takes to fetch microinstructions from control memory.
2Sa1ll s I3 e microinstructions A&dall <l jlas¥) cala 48 jaiun (A1) i 6l G Anday 4%y o

AR



Basis Hardwired Control Unit

Basic It is a circuitry approach.
@})ﬂY\ )ﬁ\jﬁ\ AP}LAQ M@)}:

Design RISC style instructions

Modification
5okl Bas 5 Y e Cuaaill
e =3 control  unit
el s Sl Modifying it will require the
o AN hardwired 4Sldl change in hardware.
hardware s callaty Cyasill

Instructions

Modification is difficult as

It works well for simple
Aaseall Gl 5l il (K5 Jeslinstructions.

Costing Implementing hardwired

4alS llat hardwired 4lSa Adtistructure requires a cost.

Control No control memory is

mMemory

Faster execution
& 2T

Execution

Speed

Homework

» Show how flag registers is affected by
MOV AX,28E5H; AX=28E5H

ADD AX,83ACH; AX=?

28E5 0010 1000 1110 0101

83AC 1000 0011 1010 1100

CF=? PF=? AF=? ZF=? SF=?

the control unit is hardwired.

required memory 813355l Y
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Microprogrammed Control Unit \.

This control unit is implemented by

programming daa ) aatiad dly Hha

CISC style instructions
& Jend  Enaail)
Modifications are easy in case of ENIEN
microprogramm
. ) ) . ed control unit
it will require the in change in the il Gl L) Ly

microprogrammed control unit as

code only.

It works well for complex

instructions also. () 3. ) ) s IS8 Jans

Implementing microprograms is

not costly. ¥ microprograms 4iSsa law

Control memory is required

control memory S5 813 2 5a 5 allats

Comparatively slow Hades Lo
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