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I
Excuxion time.

Per,?o rmance =

Cpu Excubion Eime = cpuw cycles x Sycle Lime

N\

CPn Cxcles
ClocK rate

clock cxcle = clock peried

Clock rake = clock ?re%umca = \

cloaclk CaQ({

CPT = Ltotal Mewber oF Cycles
Lotad um ber o tnstrackions

C'_Pl—i ﬂl/e-f‘a'je Cze\«s Per taskrw e blion

CPu Cycles = CPT K instrackions Count

<pu EXcukion bime = CPT X insk, Comnk X chlz Lime
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MIPS . Milliens instructions per Seceond .

MIFS = IHSJ’NC(':GV\S ém’(‘ = Clock rale
E Xcukion time X 10® CPIx (o‘

Excukion +ime = Inst. Count = Iast. Counr xcpl
P10s x 0% Clock rate

O Doesn't take into accowt Hhe Capability
of Jastruckions (e-a. Instructions Ceunt)

@ MIPS Va.r"eS bdwceu Pr‘ojrqu on -H\(
Same Compuker.

G) MIfs Can Va.rd I'nVCdeJ with per formance
@3- a higher MIPS rating Adoes not

a,lwa]s mean better PwPeer\cz)
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Ch_q,ﬂfcr‘ 10 : InS/'rud—cah Set ﬁrchlf'cchkr(
(ISA)

Instruction Formak , fike. :

Opcode De sh‘nah'a1 Source 1 | Sourze 2

Instruction Cycle State Diagram

cwo b
e (¥ -
> o aﬂg) o-sv“J "’J j . gl
& @ Y/ od o’ Lo
O 3 & Instruciio) Operand) perand 5 I\ ,
fetch fetch store -~ \
,:. J \,J _ ﬁ/Q
< dﬁ
-
‘0 >P
et 2 Multiple Multiple
c.ao( operands results

nstructl
= address
- Iculatiol
G 5
\r~

Tns P .
w ~ SE \
3 / Instruction complete, Pe/ Return for string z =

fetch next instruction or vector data
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= Mumber of aoldressess Coperavds?)

© ¢ -addresses :
operand 1, operavd 2. fesult,
nerl instruction
- VCfa Iou.g I'Vlg"fuC.I'IIOV\
- Not+ Comwaaon

@ 3- acldresses
oPerand I, operand 2. Lesdt.
- Aop A, B.c ;3 A= R+C

® 2- acddresses :
operand 1 and fesudt are Ssame,
oferand 2.
- ADD A/B ,' ﬂ:ﬂ-&B
- Peduce the temghh of instruckion
-~ Seme extra work

Cto hold Semg resdts if needed)

@ - address
;MP,I'CI'I' Second 40’0‘&55 Caccumuld'or)

-ADD B , AC= ACxH

- Comanmon own w\a VNO\ClI\"IV\Q.

@& 0- address
- usivg Skack .
~ Hhe operands are He top Lwo
elemeks fn He Steck,and
He Resdb stored in Hug stack.
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= Bute Order :

@ Ar‘)q'lﬁ —Eholt.cw, J

The least Significant Bybe
ton Hae lowest address.

@ 610 — Endian :
The meost Si3v\if?cn»\k By Fe
In He Lowest aoldress.

Example : Store. K12345628 in
Byte - addre Ssable memory -

Oloy3 B ol OXx12
I |%9x 56 ‘| _©rsy
2|0y 34 1| Oyx56
2|lox12 2| _©x38
v y

D i#le Endios, Big End i
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Chapter 11: ﬁa(a/ress{rﬂ Modle_

————

O Tmmediale (CoﬂS‘\'aw\"\
- operand = Address Field.
~ Vo need to access mewmary or flegisters
- Fast
- Limited
- Le.aols o Poer‘ Pl‘oJr‘qw\M'-vj Pro\c_h'CQ

(2 Direct Aoldressing (Dicect mems
~ EfPective 4o'dr?ss (Ea)= aoUr:(ngr'dJ
— himited address space AoD A, [5)

@ Indirect ﬂaldrcss\'wj C Indivect mcmol:vj)
_ EFffective address EA) = Hre Convent
o He memery celd which aololressed
in the instruction. ADD ﬂ,[ﬁﬂl
- barge adolress space .
—_ UC/‘J Slewn.

@ ﬂe.jisl'er Aold fesSsing (Direct)
—~ EfPective address ER)= R
—~ Limited pumber of Regqisters
— very Small addrese fiedd needed :
& Shorler wmSkructions
» Faster Petch.
-~ do memory Access.
- \Iofj Pas+ exculiawn.
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@ﬂgisl-c_r Indirect ﬂo'o'rcss"mﬂ
~ EBPeckive address (EA) = He Gonkent
of e a-tjis(-f-r_
~ operand in memery , its address
m Hee ﬂeg.’sl-e.r.
-~ Large. qddress space Q")
n: Aeyisker width.
_one FPewer memory access Hran

imolirect addre ssing (memory indirec

@ Displacement (indexed) /)oldmss.'vj
~—EA= A+ (A
A: bagse Vdu&
R: Register Hhak holds displacemes
or Uice Uelsa,
— EA = A4+P) pc Relative

@D Shack Add fessing
- opefand is implicity on top
e'e s’(-ogck.
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C}upkr 2: CPO Or'jan;eqk'.on

@"T\e major CompPonents o? Cpu

) ﬂcgiskr set (Resister Five)

@ Arithmebic and Logic unit CALY)
@B Centrol uwiv (C0)

% SPecial QPurpese Q—<3'-sl-e.rs in CPVU
PC : Prfogfam Counter,

IR ;i Tushruction Qeaister.

HHR'-' Memory adolress Regqister.

MRR [UDA: Memery bulle, (dlaka) ﬂeJisl-u:
0 AR -‘Inp-q-/au\-pu\- address ﬂeji; ter
T/o BQ ; _Tnpul'fov-('pw\- bkff(f‘ ﬂes(s ter

¥ RTL Statements (LRegister Transfer Lavguage)

Micro -o‘PC-f'Ol-H on 3

_ EQ"CL\ ;nSJ‘fuc""\eh >

MAR —-PC ; Pc=pes)
HRR <« Mem [ MAR)
IQ .. MAQ
— €xcuke HR instrackion (ADD Ry, Ry,R0)
He Sowme Skreps Por Fekc.
€ xcuwte &

Ra.(—- R\ -+~ Qo
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EXOLM{?‘C P Write At m\c.(o—c?ifo&:cv\ Rar
thege. ngkruckiens:
~ ADD (¥}, Ro ; Mem[xX] = Mef¥) +Re

Fetel : paR e—pc ; pezposd
TR  MOQ

eXxcute : MAR o . x
MBR e Mem CmaR)
MRR o URR Re
’-ln.w\EMﬂq(—— MQQ

- ADD [R), TR

fetch ¢+ MAR «— Pc; pe-= el
MBR e— Mem LiuAR)
TR <« MR

€ xeute MBR «— R,
Ig - e e— Mem [MAL]

=
MAAR Lo
MBR < Hem CHAQY

MRR &~ A +R
Pewm (iadle— URR

ALU
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o Inler/qpl-s : Mechanigm I’J Which other
mocldes (e-9. Lfo) m l"lltrrqpl- rormaf Seg uewcr
of Processing . Improves pProcess eff/'c:encd

-% Clasces oﬁ inl-crmpi-s :
- pr.a rawm : Arithmetic otltr'P'o'-D, Avision by 2ere

- Timer : Glenerated by internaf PloCessor timer
Used i pre-emplive mulli-tas Kivg

-T/o (from L/0 ControVer) : £o Signad
Normal Compldr'm or errer

-— Hardware —Pa“m‘l: mcmaf_j Part'l‘_'] &fror,
Pover Failure.

Instruction Cycle (with Interrupts) -
State Diagram

Instruction Operand Operand
fetch fetch store
Multiple Multiple
operands results
Instruction: Instruction Operand Data Operand
address operation —p address 0 eration'—’ address Interrupt —p  Interrupt
calculation decoding calculation 4 calculation Check

No
Instruction complete, Return for string interrupt
fetch next instruction or vector data
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Multiple Interrupts

e Disable interrupts

—Processor will ignore further interrupts whilst
processing one interrupt

—Interrupts remain pending and are checked
after first interrupt has been processed

—Interrupts handled in sequence as they occur s
. . oy - @ ueve (Firgk L — Cirs\oor
e Define priorities
—Low priority interrupts can be interrupted by
higher priority interrupts
—When higher priority interrupt has been
processed, processor returns to previous

interrupt
Multiple Interrupts - Sequential Multiple Interrupts - Nested
? Hhe Same Pf:af«'\'a
i Process 4he firsk one
Interrupt No priority Interrupt e Sea 4
User Program Handler X considerations btw User Program Handler X Ahen K'AD
= | ! Interrupts. - — (sequt
E o H L7
S : | e
g : ’// | E : ,-"/ I\
2 od I S o
§ Bt P I E [ | \\ " ~
ERY gy === CR S N I Y BN
g s e _ lnlerruply = o=t W \\\ Interrupt
g | S . ---\_‘_‘_h}inndler\ z : \\\ *« Handler Y
§ : \"\ ™ £ | AN -
El “ ! =N \ !
= | A : = : ‘. :
£ | > | N N !
= ' = | Al |
= : \\\ ! =N N |
3 - 1 |
= a = \
=Y N
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= Rus ’T_Ypes s
O Dedicated : Separate oata § address

lines,
@) Hdtipleyed : - Shared lines.
— Addre ss Valid or oako
Valt'c} Control line .
—q.o'VenJ-qje. . Pewser \ines.
- a“Sqaanquat .
~ More cowmplex Conkrol
— Oltimate per?ermcmce

= CPOU Lecal Cr'mlerm.al} Bug Organ:2akion !

One —Rugs O ani tation
— CPU registers and ALV Uce Single RBus
kc move_ o%l‘aob\j awd I.U\CQM'\ cdafa.
— Single daka movemenwt Withen~one clock cac,le.
- Addl'/'r'ehﬂj reqisters MQD be n«o‘eJ Lo bq!f:r
Aaka Por He ALUL.
— Simplesk and each expensive.
~ Limils Hwe amownt of daba Aransfer +hat
Con be olone in He Same clock Qacle-
~ Slow dowwn +he overall pzrﬁormamcc.

To —Bus Or‘aqni?d’:ov\
~ two diffcro»\— Datq CoPer'qno'S) Cawn '\'fav\sﬂo'eo’
at H2 Came clockK cucle .
- an additiona] bupfer reqisker may be needed
b" ‘10’0' He eml'p\-l' °‘g H= ALU When Ho=
STUDENTS-HUB.&$he buses are "®““J (emryimy i PSR s



_or,one of Hhe buses may bR Jedicated
Por mov"v\ﬂ dada into mg-'.ff«r;(in—'ews),
Whilk e other is dedicated Bor trangfering

doka ouk of Hwe mj-'sl-e.r Q)w\-—lous)

/ITW‘C&—%ULS Of‘aqn'\’bo\kion
—Two buses used as Source buses, while
Hee -HG"J iS uged as dCS":ndl'cV\.
~ Somrce. butes meve daka ouk o2 He regiskess
(ow{- - bus)
- o(e_sh'nl.:.ﬂcsn bus move daka into a register
Cin-ous
_each of He two owt -buses is Comectel
b° an ALU l'npw"
_ The ovkpur o2 Hee ALV is connected
oh're_c_HJ 20 Hhe in-bus.

¥ More buses > Jore olake, cawn be moved withen
a szﬁ\a cleck C_ac_(e .

# More buses — Rore Complerity in harluare.

% Bus Arbitrakion

_ Jore. Hhow one medule. Conbrolling Hae bus

(e-g. CPU , Direck Memory Access DMA)
— Arbitrakion Can be :
Centralized : only one_medule may Conkre|
bus af on +ime.

Dictribuded : More Hhom one modele Coh-l’feu;vﬂ Mo
STUDENTS-HUIP®S(&-9: CPU and BUA c"‘""“ﬂp)oa
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Control Unit

e The control unit is the main component that
directs the system operations by sending control
signals to the datapath.

e Datapath: The data section, which contains the
registers and the ALU.

e These signals control the flow of data within the
CPU and between the CPU and external units such
as memory and I/0.

e Control buses generally carry signals between the
control unit and other computer components in a
clock-driven manner.

e The system clock produces a continuous sequence
of pulses (timing signals) in a specified duration
and frequency.

Control Unit

e A sequence of stepstO,t1,t2,...,(t0<tl <
t2 , .. .) are used to execute a certain
instruction.

e The op-code field of a fetched instruction is
decoded to provide the control signal generator
with information about the instruction to be
executed.

e Step information generated by a logic circuit
module is used with other inputs to generate
control signals.

e The signal generator can be specified simply by a
set of Boolean equations for its output in terms
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+  There are mainly two different types of control units:

- Microprogrammed

+  The control signals associated with operations are stored in
special memory units inaccessible by the programmer as control
words.

- Hardwired

+  Fixed logic circuits that correspond directly to the Boolean
expressions are used to generate the control signals.

Hardwired Implementation

e In hardwired control, a direct
implementation is accomplished using
logic circuits.

e For each control line, one must find the
Boolean expression in terms of the input
to the control signal generator
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Microprogrammed Control Unit

* Microprogramming was motivated by the desire to
reduce the complexities involved with hardwired
control.

e An instruction is implemented using a set of micro-
operations.

» Associated with each micro-operation is a set of
control lines that must be activated to carry out the
corresponding microoperation.

* The idea of microprogrammed control is to store the
control signals associated with the implementation of
a certain instruction as a microprogram in a special
memory called a control memory (CM).

* A microprogram consists of a sequence of
microinstructions.
— A microinstruction is a vector of bits, where each bit

is a control signal, condition code, or the address of
the next microinstruction.

—Microinstructions are fetched from CM the same way
program instructions are fetched from main memory

* When an instruction is fetched from memory, the op-
code field of the instruction will determine which
microprogram is to be executed.
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Chapler 1o: Compuker Arthmetic

N

> S‘@,\e‘) Integers -

® Sisv\eo\ ﬂaav\'\\\d& S| Value
-1 )—nbu_l"s—l
Ra.nae ;=\ 2 ...\).__;*' 2" -\
- Ewe fepresentakions of 2ers (to, ~9
@ BI.QSQJ n_\
Bias - 2 -
Range © —Biag — o (Rias AN

aimﬂ to Decimal -
S;Mf.‘j Value — g.\ al.
Decimal +o Riwnary :
Decimal 4 RiaS Hhen Convert
o anqfa_

@ KS Camﬁlcmenl'
_\ -
Range - -(2’ —l)_qf(f—l)
— Lwo reprasevkakions o} 2ere
(e +o, -9)

@ 27¢ Comp ment
Range : - .2’,-[___3 -\-Czh._‘. )
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S Addition and Subtrackion :

— When afing or Suotracking unsiqued invegess
He Carry 1S imfPortont +o \ndicates
(P the resedt 1S ouwx of rownge or net.

— Whesn adding or Sub \—rc.cl—-'nj Sl!jneJ ;n|-e3er;
the overflod is important Feo inddicakes
I.ﬁ )LLL ftSw“' ;S O!JC ge M&O& of not.

Flowchart for Unsigned Binary
Multiplication

START

C, A 0
M Multiplicand
Q Multiplier
Count n

| Shift C. A, Q
7| Count Count — 1
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Execution of Example

o A

0 0000
0 1011
0 0101
0 0010
0 1101
0 0110
1 0001
0 1000

Q
1101

1101
1110

1111

1111
1111

1111
1111

M
1011

1011
1011

1011

1011
1011

1011
1011

Booth’s Algorithm

Initial Values

Add
Shift

Shift

Add
shift

Add
Shift

First
Cycle

Second
Cycle

Third
Cycle

Fourth
Cycle

STUDENTS-HUB.com

A 0Q, 0

M Multiplicand

Q  Multiplier
Count n

Arithmetic Shift

p| Right: A,Q,Q
Count Count-1
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Example of Booth’s Algorithm

A Q Q-1 M
0000 0011 0 0111 Initial Values

1001 0011 0 e B | A A - M}_ First

1100 1001 1 0111 shift Cycle
) Second

1110 0100 1 0111 shift } cycle
0101 0100 1 0111 A A+ M}_ Third
0010 1010 0 0111 shift cycle
0001 0101 0 0111 shift }- Fourth
Cycle

Division of Unsigned Binary Integers

00001101 Quotient

Divisor— 1011/10010011

Dividend
1011

) 001110
Partial < 1011
Remainders ——

001111

1011 |
100 Remainder
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Floating Point Examples

sign of
significand 23 bits
| —_ z 1

\ |

44— 8bhits - 23
\T biased exponent significand

(a) Bormat

Converting from Floating Point

e E.g., What decimal value is represented
by the following 32-bit floating point
number?

C17B0000,,

Converting to Floating Point

e E.g., Express 36.5625,, as a 32-bit
floating point number (in hexadecimal)
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