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Central Processing Unit (CPU) Memory
General RO Addr.
Registers R1 N $ 000
R2 001
ALU R3 Address Bus 0|02
Output Input Register 1 : |
Register - ” |
l |- Input Register 2 é :
= £ |
S |
E Data Bus |
Program Counter <> I
[ +— |
|
Instruction Register |
Instruction Decoderte—] | Iv
|_ Control Bus 3D
. ! : 3FE
Control Unit $ 3FF

il ) gl dalal) Al (4) JS
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CPU Organisation & Operation

The Fetch-Execute Cycle

Fetch-EXecute aetel iy s 550 e J3a 00 CPUJ dee il Lggle TaY) con sy ) Aliu) apans 5
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Fetch-Execute Cycle
2asill sl s ) 50

e dalgll apaliall 5 ALY e aall & ks

Fetch the Instruction

What is an Instruction? Where is the Instruction? Why
does it need to be fetched? Isn't it okay where it is?
How does the computer keep track of instructions?
Where does it put the instruction it has just fetched?

Increment the
Program Counter

zebill dlae 33) 3a

What is the Program Counter? What does the Program
Counter count? Increment by how much? Where does
the Program Counter point to after it is incremented?

Decode the Instruction
Laglail) 3 g ol

Why does the instruction need to be decoded? How
does it get decoded?

Fetch the Operands
SEN|JUKIEN

What are operands? What does it mean to fetch? Is this
fetching distinct from the fetching in Step 1 above?
Where are the operands? How many are there? Where
do we put the operands after we fetch them?

Perform the Operation

Is this the main step? Couldn't the computer simply
have done this part? What part of the CPU performs this
operation?

Store the results

What results? Where from? Where t0?

Aagiill (a3
Repeat forever Repeat what? Repeat from where? Is it really an infinite
il ) il loop? Why? How do these steps execute any

instructions at all?

) gall (8 Jaall o a3 ) Jal (e Lgde LY ile Gan gy A ABLY)

Representing Programs g/ _xll Jiias

aleall (o Al ) daps 2y o 43S jall dallaall 30 5 il Ao slalall Cilagall (pe dage 4 25 die o 51
L Ly al s (8, 25 S 8 (o ga coae e el i W) cppay GART 13 A1 34 ciladad ) 5 JansY]

A=B+C

(51 A Salual i g b Al pas lide s C3 5 B

Let’s assume they are held in two’s complement form.
3 A Band C are actually main memory addresses, i.e. natural binary numbers.
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LS cassembly instructionsgaesill 4l ciladat leie el Jas¥) cilogall (e dlukus ) dagall 65 3 Li€ay
et
Assembly Effect
Instruction
LOAD R2,B Copy the contents of memory location designated by B into
Register 2

ADD R2,C  Add the contents of the memory location designated by C to the
contents of Register 2 and put the result back into Register 2

STORER2, A Copy the contents of Register 2 into the memory location
designated by A.

A Gl il A Lo L3S e (CPU)) (Sa5 oS Lol daled JS e 53 ) i

Hypothetical Architecture ddavsall dsal jdy) 2uul)

A Cliaal ally 1A% Ay o Aassal) dpual Y1 A)
1024 x 16-bit words of RAM maximum. RAM is word-addressable.

4 general purpose registers R0, R1, R2 and R3. Each general purpose
register is 16-bits (the same size as a memory location).

16 different instructions that the CPU can decode and execute, e.g.
LOAD, STORE, ADD, SUB and so on. These different instructions
constitute the Instruction Set of the Architecture.

The representation for integers will be two’s complement.
el Y1 Uy puala dalal) 4y e onill Qe (g Gllaiins s dals gl 4ty a0 () (pennadS zliad

Hypothetical Instruction Format (—<al y8Y) o gulall dadat 43

fit Into @ MaiN-Memory s i s IV A il Cuns) 16-DItS (& (ol Y1 o pulal) cilaslas
CPU ) i of iy ) Adlisall il shaall e 53 Aalas J s ) Fanda Aalei JS5 (WOTI

Field Name OPCODE | REG ADDRESS
Field Width 4-bits 2-bits 10-bits
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Aol 16 acdy ) 3V G gadall S W g 4 lladl CPU J dlee Gy OPCODEA daladll 5 i Jia
A lleall JU Janas e 320 5 cdlaal) Jiall A 4 ) 2liag 4ild

0001 = LOAD

00 = Register 0

0010 = STORE

01 = Register 1
tol WS Ol i) il Gl 10 ) Leie plind a8 g0 1024 Sy O sinll Jis

0011 = ADD

0100 = SUB

10 = Register 2

11 = Register 3

rok S odef JUl & Sae sl AUS WS C 5 B 5 AJ202H 5 ¢ 201H <200H ¢ sbind) Lianas 1318

Assembly Instruction  Machine Instruction

LOAD R2, 0001 10 100000

[201H] 0001

ADD R2, [202H] 0011 10 100000
0010

STORE R2, [200H] 0010 10 100000
0000

Memory Placement of Program and Data

Claglaill gy Agwai 511 58I 3 culill) g Cilagdal] aum g ) zlind ol 581 Csulall e el yll 2w ST
5201H 5200H Gshindl 3 @l sall AC 5B 5 A Ol jusiall auzai s 080H o) sindl (e 21l oDle ED
(e 52 LS puia gl a5l e 202H

Memory Address
in binary & hex

Machine Instruction

OP Reg Address

Assembly
Instruction

0000 1000 0000 10 0000 0001 LOAD R2, [201H]
° 8 0 1 A 0 1

0000 1000 0001 (0011 [20] 1000000010 ADD  R2, [202H]
y 3 A 0 2

0000 1000 0010 10 0000 0000 STORE R2, [200H]
o 82 2 A 0 0

4 Operation Code

https://manara.edu.sy/



https://manara.edu.sy/

iz

6)liaJl
Etc Etc Etc
0010 0000 0000 0000 0000 0000 0000 A=0
2 0 0 0 0 0 0
0010 0000 0001 0000 0000 0000 1001 B =9
2 0 1 0 0 0 9
0010 0000 0010 0000 0000 0000 0110 C=6
2 0 2 0 0 0 6

bl 138 ol 81 gl CPU i oS g e Ala) Lile (o iy 63 U1l s
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CPU Organisation 4 S sl dallaall 32a g andas
Central Processing Unit (CPU) Memory
General RO Addr.
Registers R1 - $000
R2 001
ALU R3 Address Bus 0|02
Output » Input Register 1 |
Regetr et |, |
[ 1= Input Register 2 @ :
. 2 =
g Data Bus : ——
Program Counter !
paangouer | | =
|
Instruction Register !
Instruction Decoderfe——1[ | +—— IV %
B Control Bus
' ‘ .8
comrolunt | " Reaawie | |$3FF ——

i 3,81 (e b () amy A A0 Aaglail) Jasy (ald Jase 58 :Program Counter (PC) zbiall dlac
.a special register that holds the address of the next instruction to be fetched from Memory
Oe dlee S ae dadlaill J gl e 43 e (5523 5 . 10-Dits (= PC Al 8 (ol 581 L gl Jal s
.main memory 4l 5 SN e lall Gllee

Jal e dati 13 SIAN (e Lala aay daidail) Jasy ald Jas s Instruction Register (IR) el Jase
16-bit s m A Aaladll Y 16-bits am dae 58 IR (18 (al Y)W gula

Jae (s sinean iy e il Al CPU I i Se e s Instruction Decoder dadeill i yi ¢S
Control Unit oSl sas 5 o588 J s M dadlaill 2and (5 525 Cua Instruction Register (IR) dedsil
.Control UnitaSaill sas 5 (e fe ja dagladll 00 5 GlSea jiing 5 Lghan yi

pSail) 3as of CPUA cilillad aaes alaii (e A g5ue CPU Al (eiia Jae 4e saas :Control Unit oSaill sas
Bae (i 68 s i s «CPUS o) sl e pe Jlisail

285 e A g5me CPU Il e dee 4e saas :Arithmetic & Logic Unit (ALU) Ghiall s Cluall sas
AND/OR/NOT= (sihic tay 545 )lia g = a5 aan (0 Ailaiall 5 Aglual) Slleall ares

3 5an Ladind Lald Clawss o INput Registers 1 & 2 ALU b dalal) 4 sall Clasal) of Jaall s
ALUA Jas

CALU ke JuaSinl; dleal) Aoy BlESa 3 pald dase 54 Output Register ALU Y @ 55 Jas
S15803 g 5l dalall CPU < s (o Janasa) el Cargd) ) ALU 703 Jaase (g Al Geasi (5 yan
(/0 Jes
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Operation (c)
Processing from/to
storage
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Processing Operation (d)
from storage to 1/0
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Main Memory Organisation 4 ,il 3 SIAl audass
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Address < 8 hit
—>

O© 00N Ol & WDNPEF O

=
o

[HEN
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Address < 12 bit
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Address < 16 bit

https://manara.edu.sy/



https://manara.edu.sy/

iz

6)liaJl

SRS LR TR T

g &~ w DN o

A19 —p=]1 32— Vee
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A7 —m={]S 28— AI13
A6 —a={6 27— AR
AS —={]7 26 [ @— AY
Ad —pe{]8 25— A1l
A3 —@={19 32 Pin Dip 24[}«¢—Vpp
A2 —»fI0 . 23p@—AI0
Al —p{11 22[fat—Cl
A0 —m={] 12 210—m=-D7
DO -4—{]13 20— 16
D1 -a—{ 14 190—m=-15
D2 -w—{] 15 18— 124
Vss —16 7op view 17—D3
(a) 8 Mbit EPROM (b) 16 Mbit DRAM

CE = Chip Enable, Vss = Ground. Vcc=+V, OE = Output Enable,
WE = Write Enable
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Simple Bus Architecture

A simplified motherboard of a personal computer (top view):

- Plug-in card
1/O bus connector
Integrated Circuits

—
ot b

[ I Board traces

(wires)
O 4
\_/

Connectors for plug-in cards
(g5 0 58ia) (addl) G gudall dacisall aY) 4Aa o)

bl o sgde Aid) daal s
Architecture Review - Program Concept

Joa sl sale Y agall (e iSH ) 2 lias Ll 3 &5 ey Ul )1a A gaca sl platll —

Baa e ganay 35 il A (4o dagaaa aSal Gl LE) 353 5 (e i Banae Clagaas Al Aalad) 450 ) Gl Sy —
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gl sala
Software bae » —
A sequence of steps <l shall e & o
laie 5l Anlua ddee Jlad) oaassha S 4 o
(Slia dalad) w8l ) JLE) (o B10a de gana ) Flinisghd IS Al e ©
Control Unit aSail) 3aa g il g
Alee JS13 jiaie 5 aad Slllia
MOVE sl ADD i« o

.control signals aSaill &l LS a5 3 880 Jit hardware segment Sl gl —

We have a computer! 1o gula sl ) & lavie
Components < Sal)

Central Processing Unit & S all daltaal) aa 5 —
Control Unit o.Sa333a5 o
Arithmetic and Logic Unit Ghialy Slualizas; o

2l e Jseasll s data <lilall s instructions <ledsills CPUJ s 5 ) zliss —
Input/Output z!AYV/JdwaY o

results zlill s code 3_asill Cse G jadll ) plias —

Main memory 4w )il 5 SIN o
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CPU Memory
I PC | | MAR | ]l‘l!i'll‘l.l(.'lilbn
Instruction

Instruction

] IR | |MBR|

1/0 AR
Data
1/0 BR Data
Data
Data
1/0 Module .
PC = Program counter bl alas
s IR = Instruction register el s
* MAR = Memory address register 208131 53,0 dea
- MBR = Memory buffer register #5181 ds deue
e VO AR = VO address register 00 dauel/O
/O BR = 1/O buffer register de dawel/O

Als e JS il 5 a0a5 e Aaadt S0 Salatill dlasanal) 352l Al )3 (e 2 muay
Instruction Cycle Adavaall dadaill 3 ) g
Two steps cils e —
Fetch Isll o
Execute il o

Fetch Cycle Execute Cycle

Fetch Mext
Instruction

Execute
Instruction

START r

Fetch Cycle a5 )92

el Al dadaill o) giny (PC) gabiall dlae Jony —
PC zeebid) alary 4] HLiiall o sall (o daplatll ellaall Cilay —
Increment PC gl ) dlae 3y 30 —

Alegd Syale o

AR Instruction Register dedeill Jause 8 dalaill Jpeas —
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Execute Cycle 241l 5 9
Processor-memory s_SIall-zllaall —
.main memory 4xsi )l 3 SIA s CPU ) g il dals o
Processor /O 1/O-gllaall —
MO z3wi CPU Il e bl Jas o
Data processing <blull dsllae —
abill) e dglaall s dakhiall cilleall (s s o
Control oS3l —
Alteration of sequence of operations <ledaill I jued o
jump S8 B o
Combination of above sdel <3 las 2 3
Hypothetical Machine &) i) 4

Address range 4 siall Jsw s Instruction Format dedsill daua

Opcode Address
6] 34 15

Data range <t Jlas s Integer Format — Asasall dxuall

| S | Magnitude
8] 1 15

Registers <3awal)
PC = Program Counter, IR = Instruction Register, AC = Accumulator
Partial List of Opcodes <lilasll 3 jaud (e 43 ja 4aid
0001 = Load AC from Memory
0010 = Store AC to Memory
0101 = Add to AC from Memory
oLl i) yelay

G siaa AC dasall Joent il 23555 IR=1940 (8 381U e (I 5Y) Aol Jraa A sl 5 (531 Al ol
AC=0003 I 5! doglail) s dngis ;4000 s yall 5 940 (0003) 58Sl & 50

sl gy 342 (5F ACH[941] eon i s IR=5941 Jaesa 2 Al dagbeill Jpan siaal Sl 5 2 Al yall
AC b

941 e 5all b AC (5 sime Jsend) IR=2941 Jinnsn 3 F0D) Lol Jpan a5 Funelaliln sl
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Memory CPU Registers Memaory CPU Registers
30001 9 4 0 30 0JPC | 300[1 9 40 30 0]PC
3|59 4 1 ACL 35 9 4 1 000 3]AC
2z 9 41 1 9 4 01K 3022 9 4 1 1 94 0fIR
940[0 0 0 3 940[0 0 D 3
Q4110 O 0 2 A0 0 0 2
Step | Step 2

Memory CPU Registers Memory CPL Registers
A00[1 9 4 0 30 1|PC 30001 9 4 :
s 9 4 1 0 3| AC] 3005 9 4
W[z o2 1] “Ws o2 1R | 302203
G400 [r-u 3 40| Q) 13-[] L
Q400 00 2 QAT 0 0
Step 3 Step 4

Memuory CPU Registers Memory CPU Registers
00[1 9 40 30 2]PC 3n[1 e 40 30 2]PC
LS 9 4 | 0 5|ACHNS 9 4 i n s|AC
JO2(2 94 1—mw2 94 1[IR]302({249 41 2494 1|IR
940[0 0 0 3 940[0 0 0 3
94110 o0 2 Ud] L]
Step 5 Step 6

dalaill 350 e Bans
Simple Example b Jis 1
Always added one to PC geli_d) dhae ) asl g ddla) —
Entire operand fetched with instruction dadaill J3a (e JalS JS5 aall Cils —
More complex examples fages i<l dial 2
Jagas ST claddadl) o lie clibea ) dalal) Jlais) —
e daglad J gl <64 bit Sl Jie o
Aall lal s e e SiSHE SIAN B 5L i) Cpes Cilagdail) Ao gene araai 2al 8
) AaS Jsha e 38 Ol gie e 33 Lesie Lasad o

Vector (AasYT) clga sall Gila Jia 6 _SIAS ) e <l ) A Lagd sl o as zliagy 88—
calculation

https://manara.edu.sy/



https://manara.edu.sy/

Multiple
operands

Instructio
operation
decoding

Instructio
address
calculation,

)

Start Here

Operand
address
calculation,

Operand
address
calculatic

Instruction complete,
fetcth next instruction

Retumn for string
or vector data

A ladais dalaill 3 g0
Instruction Cycle - State Diagram

Introduction to Interrupts 4akliall 1) Jiss

Andalially 3l Loy Y (s Laa i€l elllia () 5Sow 11
(/O Sslee Sia) 5 a0 Aglead (nall il wlaliy of Lo 23 50 LIDIA (o gy 41 oo dadaliall 2
rclabaliall dale Calial o ) cllin 3
i e andill s overflow zilall Jis Program  geb s dakilis —
Timer <ésal —
internal processor timer. A3 mlleall 8 go pe Al Al el o
pre-emptive multi-tasking (s wall algall 20a3 & daxdidl &lli o
I/0 controller 1/0 aSaic Glakalia —
Hardware failure 3l Jae —
memory parity error s_SIall dulas) Uad Jia o

ol A Sl Jie 5 AN z 3l e Uad 2 3laill aal () o) Lasie (als <0 dadaliall 5208 jelas 4
(Al 5 Saally) CPUA ) Slall Laiy (55 (Alsally)
Ladalial e AL

https://manara.edu.sy/



https://manara.edu.sy/

vAaY
deols
O)lial

User (W] User LA User (0§
Program Program Program Program Program Program
e C T T ! P i e
| i | .- I b
® i A @le A @|e . e
- o1 | o1 | 1
I N N N _ 'r’/.fif’f o I B L Jete=” IO
1" i - N « - Y .
WRITE : |l|' : I{ tﬂﬂi—d]]lj WRITE ;,f - %, Comimand WRITE rr_ ,.’ ;, Comimand
— | "-‘_J | | i ! — |
I e I L fd
I L @ I 1y : J.r ff
I ! I R Q) Iy [ A
! R ENMI iy lf
@ I a4 |: “;' £ @ : F
[ i
|1 Jf ! r‘jr\ e Interrupt : l,.'f l,"' Interrupt
(I @ IR ™ .. Handler LT Handler
1o lis o —— D1 e
—— — It I —— e
WRITE r” WRITE ,r I 1 WRITE ‘i : | @
— —_ St _ i S R
! © v IND LS END
| m [ - | o
I P ! S
| L r
@ E S
| | : ‘llr)'
i
| ®| Y
|
L+ I Lo
WRITE WRITE WRITE

(a1} Mo intermapts (b Interropts; short DO wait (¢} Imterropts; long 1O wail

Interrupt Cycle dxblsall 5 ) 53
Added to instruction cycle daseill 5 50 ) st 1
Processor checks for interrupt axahlis il 25 5 mllaall a2
Indicated by an interrupt signal dablie s L3 2 s 50 allall e Jxiuy —
If no interrupt, fetch next instruction AUl dadadll Cls el 3
If interrupt pending: b 2 4
Suspend execution of current program sl gl yull 2w gles —

Save context (what does this mean?) el Ll

Set PC to start address of dakliall 4 zali 3 4l o) sie Ao zali ) dlae Loyl
interrupt handler routine

Process interrupt askliall zlle
Restore context and continue interrupted programeast s Gluall aaiul
Ladaliall lie s daadll 5 5 52 Allal) Jalads
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Operand
store

Operand
address
calculatio

Multiple
operands

Instructio
operation
decoding

Instructi
address
calculatior

Operand
address
calculation,

Data
Operation

Return for string
ol vecton data

Instruction complete,

! h i interrapt
feteth next instruction

Multiple Interrupts 4:a2a3) ilalalial)
4lulis dallas Disable interrupts clabliall (ofa clall) e 1
labalid) saa) diadlas oL 5 AY) Clablidl mlladl Jalaty —
Aallaall 28 Labaliall Ladd (e oLgii¥) aay la LSS0 (o a5 Allas cilabalial) 65—
Al Juabudhy Clabalial) deas (g —
Nesteddiaaall cilaklial (@l of ¥1) cilliadl) oy 232
eV A )y ladaliall Ji e a1 3 oY) ) cladaliall dadalia oSy
e VA 1 ) 3 Dadaliall dead (e eleV) die A8l dakaliall ) sllaall 352y

Multiple Interrupts — Seguential tilabud— dgaadl) cilaklial)

Interrupt

User Program Handler X
= 1 1
— | -~ |
e -
= | - |
= 1 - |
= - |
= | 7 |
= - |
= 1 -
= 17 I
= iy Sk SRR :
= "~ el =
= | e T Interrupt
= s e Handler Y
= | ~. ———
=i | h-\._\_‘ -"""'-—I
= | -~
= | - '
= 1 T I
= | T [
= | i I
= | Tl [
= | S |
= | s |
= -~
= ¥ -

Disabled Interrupts — Nice and Simple o 5 gl 5 ladaliall (S olal]
Multiple Interrupts - Nesteddiacaall— daanil) cilalalial)
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Interrupt
User Program Handler X
= | ==
. SN
— | f.r'-’ |
z | . !
= | - I,
= | = ~_
= | =T | t‘\' H\_
= - N T
- r— e _ | '\_‘ T
E | I - b -
= . - Interrupt
= . -
= ! . ~~ _Handler Y
— I E e
= | . -
= | e i
= | \-\_ |
= | |
= | A I
= K '
= . I
E | S
= ! Y
= ¥ 5 |
= 1
teladaliall o A gidie e aa Jaladl) i
) (3 (il 9 3 s 2
Cilakalie AS gaaal a3l AU Cpe dde
Priority 2 Priority 5 Prioritv 4
Ulser Program Printer ISR Comm ISR Disk ISR
—_  emas
o
S AW &l 3 =W Comm Axdalia pe 8N anianasty

cee T S 91 oD aTY Ll W 08 e Le tdAdaaia

wakdl aladiuly Connecting J )
el e las gl o3 prea dias g 1
as gl et Gl Jaa gl o Calid, 2

Memory &SIl —
Input/Output I/O Slasy —
CPU 4338 5ol dallaal 3y —
Memory Connection 3_SIall aa Jua gl
N-1 A0 (e Lisina (5 gusia J sy N words e basdis s <13l calls —
Gl Jus i g aling —
To Processor @l I o
To 1/0 Device /0 36l ) o
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Receives addresses (of locations) adl sall (pslie Jatus —
Receives control signals ¢! il <l L) Jasid —

Read 3:) &l o

Write L) o

Timing @88 o

Input/Output Connection(1) (1) z) AY/JAN) Ly,

el il dea g cya s SIAN e dag I L g Tl g 4t —
.M ports Ll ¢ 555 _SIA N words ¢ Y —

Output ! AY) —

Receive data from computer < smlall e Slla) 5wy o
Send data to peripheral Adaysall clas sl Jb SUL JlayY o
Input Jaayl —
Receive data from peripheral dxhmsall Slas sl e SUL JLEuY o
Send data to computer < sulall ) Sl Sl o
Input/Output Connection(2) (2) ) AYY/JAN ha
< sulall e control signals aSaall il L) Judiey —
sl Glas dl ) control signals aSaill &l jla) Jua ) —
e.g. spin disk Jsll ga il s o
Gsmlall e bl Jiies —
Lplamall Bas Sl 48 el Ll gill B ) Jia o
interrupt signals (control) (pSad) Zaklis &l HLE Ju i o
CPU Connection ---- CPUJ kayy
LAY Gl g ) control signals aSadl <l jls) Jlu ) —
instruction and data <Ulall 5 ciladadll 36) 3 —
(bl 3 i) S

Ciledaliall Aadlaa g Jldin) —

Buses 4Sudl g gall)
Ikl <Y1 g8 bus oald) alai s Jlall Jua gl alai (e 220 cllia —
Lo sati SV L ol 5 ala) (alll iy —

Control/Address/Data bus (PC) PC saaill o sulall cililall/) siall/aSail) (aly Jia —
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.Omnibus aw siall (aldl e L e Unibus (DEC-PDP) — sala¥) jaldl —

What is a Bus? Suald) sala

S5l Ol a9 a5 sl e —

broadcast <l aasiu sile —

8l Jan g sl Cag g cCual aeall o
)5 2 V) an g Vs G yean U 5 360 il 40 Master wdl o

a5 ey Glal ULl 48 je 4iSay 53 362 Y) 4- Slave 2 o

Often grouped traae oy s Llle —

sl el i channels 48Y1 e o

Aladie LR 0T 38 32 54 32 bit data bus Jie o

Al daall o glad jelaiy 8

.data, address, control : & gabll 4y ¢ ) 3 46—

Bus Interconnection Scheme gald) aladiul Jay U alad) Jid)

Memory [| **+| Memory

Control Lines

Address Lines

Bus

Data Lines

Data Bus <l (el
Carries data <ol Jasy —

(6 el 138 die Cilaglaill 5 UL G (38 @lllia Gl 4y S5 ae o

performance sa3U ol sasdl g8 (alll s yoiey —

8, 16, 32, 64 bit o

16 bits? s» dalaill (e Liw 8 bits bl (als g e i I o

£16 bits Jsks lalaill 3 64 bits G\ bl al o 5 13k

Address bus ¢pgtial) yab

bl Caaa g jaas yaadl

1O il 52 s3n) o sie 5158130 @ s aaf () sie e S o sbiall 2383 ©
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BSIAN A aase a8 se (e (Ll ) dagladll 361 3 CPU I zling —
Al 85 SIAN Ao W) dad) paldl i ye dany —

16 bit word (= <l Qi 20 bit address bus 4a 20 (=2 0=l 8086 ! o
BAK Ay pilie JSG A5 giall LB e A siZE

segmented Slelhd ) avdall 5 SIA 73 gai aladinly IMB s & 50 ki 4l Y] o
memory model

RAM: 0 — BFFFF, ROM: C0000 - FFFFF e

Glall i) cleSatiall s BIOSU &SI A iy Lty 640K sl plasivdy i DOS Jie pldas mans
. Needed High-Memory Jals S5 SIN e (e V) 5all jal ~Us3 9 hardware controllers
Manager to “break the 640K barrier”

Control Bus aSaill yaby
Control and timing information sl 5 5 sSaill il slee —
Casbiall o slad g ULl aladiin) apaind Al 23l 2a3 o

Jity (2) el phinly pladl o deany (1) O Sl dus) Js G zdsall e asts o
AT 7350 gl i Lgra Jaladl) Gl 8 31 iyl

:Typical control lines duldll sSail) baghs

Memory read o

Memory write o
I/Oread o
I/O write o
Interrupt request o
Interrupt ACK o
Bus Request o
Bus Grant o
Clock signals o
What do buses look like? Sgaldl gau s
S Aa ) e de phedy)lsie bsha o
Ribbon cables <3S by )i o
Strip connectors. a¥!da sl e cMase o
PCIH Jis  z

Sets of wires <Pyl (wide paa o
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COllae Lgasan 5 attenuation —asaail) s fan outz sl sxe 5 el palill g Al 5l G lEl A S
el Jsh oo Aaalis Jisa

Single Bus Problems sl gabl d<iia
Traditional (ISA)(with cache) (dsbia 5 813 352 &3) dpaddill) |SA claly

Local Bus

bl oy hAS
aldadl) Aol

Local VO
Main controller sl el g
Memory
| System Bus |

|Neluurk| Expansion ..
SCSI bus interface Serial
[ ]

l Expansion Bus ]
SV AN T/ B el ae Loy M 513 o 58238 4, jliall 03] 3 gayV

Mezzanine Architecture 48 ,&l &k s e el

Al e de sud) Adle /O B el 45 siad

Main
Memory
Cache I —
/Briage | System Bus ]
I SCSI | I pu-ul I(;r,.pl,-.,.l I Video I I AN I
1 High-Speed Bus |

FAX Expansion —_—
bus interfac I Serial I

| Expansion Bus 1
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3200 MB/sec 3200 MB/sec
400-MHz 512KB-ZMB 400-MHz 512KB-2ZMB

lﬁ Cache Core ﬁl
L]
Bridge

| 800 MB/sec I |

Based

100-MHz I
B u S Ar System Bus
AGP Intel 440GX 100 MHz 2GB
AGP 2X
" AGPset 100-MH
ch it e ctu re Graphics 533 MBlsec (Host Bridge) 800 MBlsec SDRAM
133 MBlsec | 33-MHz PCI Bus
| USB #2 i
scsi = pcito1sa | IDEBus#2
Interface 15MBlsec  USB#1|  Bridge p—
+ Bridging with I 1
dual Pentium I o, Camerat| | Wouse CD-ROM
=
Xeon proces- = | E
sors on Slot 2. 8|3 _IT — 'E;T Bue #1
ISA B
(Source: http:// Hard Hard =
www.intel.com.) Diaie Disk o -
E‘t';g::; Keyboard Audio

Direct Memory Access 881 1) il Jdil)

DMA Transfer from Disk to Memory
Bypasses the CPU

CPU Memory Disk
Y X :
1 1 1 1
] 1 ] !
! & | Without DMA ! With DMA !
T b= T T
b e e e 1 Bus

DMA aladials sa Al as clibgl) Jobal 8855 Jaladse
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DMA Flowchart for a Disk Transfer

b
CPU sets up disk for
DMA transfer
“en
DMA device begins
transfer independent of
CPU
" DMA device

\ ,»~  interrupts CPU
CPU executes e’ when finished
another process

Y

Continue

Bus Types gakll £1 il

Dedicated yaads —
Separate data & address lines i o slic s clilu lasha o
Multiplexed z2 3« —
Shared lines 4S jiialaghd o
AS yidall bl § o gliadl Jashad e W) s uwl o
Onsbiall g llull Zisladll Sasda gl ) £liad 0
EHRIT Ry @
Jihghd de sl pdl o
Disadvantages s stsall 0
More complex control Taiss JiSi oS3 o

Ultimate performance ¢330 (asad) yaas

Bus Arbitration gakil aai gf asas
o2l aSail) e 3 gai (ga ST il 58—
CPUJ 55,8000 ) cbilall Jls )l oSaill /O zila zliss 83 o
Algaa Adaal 8 (il aSailly aal g 23 el ) rans¥ 0l V) —

_uakﬂ\ewgﬂ\w ?S;.d\ BB INe)
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Ay 55 8 /0 3eal Gl ) by s Sl 0 S ol e 0

o jga gl LS e ansadl) ¢ 68
Centralized Arbitration Sl asailf
o) ) Al clalend aaad e Gls Jspe 3al 5 lea —

Bus Controllers =l oSais o
Arbiter SSadll o
Sie ol CPU DI (e Te a0 5K 8
Distributed Arbitration £ jgall assail)

No single arbiter 2 e oSae 32 ¥ —

oall) callay 73 ga JS o g8y —
ol LI Al el pea e )5l aSaill dulic dihie Ao gana ol —
.master 2ol 2aa5 g8 ¢ 5 gall g (5 S yall alaiill Coan
Slave gl s Aalial) bl Jiiie —
Z....priority <l Y s round-robin die aSaill Glae 3 ) s (e paall @lilia

Bus Arbitration

Bus request

(a) | Arbiter | Bus grant
VI [ ] ¥
Ly o

-’
0 1 2 n

+ (a)Simple
centralized bus
arbitration; (b)
centralized " Bus request level 0
arbitration with ) | Arbiter e : Bus request level &

priority levels; (c) ] |,—d’ |
decentralized bus  Bus grant level 0 o/ \)j

i
arbitration. Bus grant level £ 0 1 3 .

(Adapted from
[Tanenbaum, Bus request
1999)). Busy

R’ } U =3
o/

Bus grant "7 Y
0 1 2 e n

Daisy Chaining
of devices
What if a device breaks?

Devices to left higher priority
Sl palil) atal ciliuds
Centralized S ol axsadl)

assert bus request Lk dus 5 (ald) Lo Slea 31 i 13 —
bus grant cllall Jsd 5 LE] o) e OIS 13 Laid aSadll ) 3 —
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5362y ameal daisy-chain ils cu YA (e allal) J g aeny —

bUs grant Ll 58510 e Y 5 Aesiins 488 ald) Slasi o Jpemnl Shen 35113 —
36 e dalile ) o) yar 4ild SlId CaDLAy 5 cilaa 5l gy )

Aol e Jgeanll 8 4leadt) 4l culS LS (Kol (e a8 Sleal) S LIS Tl 568 —
Centralized with Multiple Priority Levels dlise dloadl <l sivas (5 S yal) aal)

5] sl pSaall o &Y 435 e ST Uil Jrog Law 58 5 L) G ST 5 dbiadl sy (e ST i) DA (3
eV s gd laddl Y bus grant <kl J s

g isall pall) ausad cilida
Decentralized £ Jsall assadll
S Y Gl Al 55 L8) |y alil) a1y
Lol J s 8 L) Jus )yl 5 palall 4 e aae (e 2B (el Glers e Jpaall

Jas master Taw 05 o Slead) gy 8 Allad e Galll Jsd s L cul< 13 o
Ll ) J sl 3L

S Al J 55 Ls) Jas )l Allad 5l 55l cailS 1Y) o
Joll e duala s Jlea (s 5m 055 OF D) oty Laxiad —
Sl T s busy Al sediall 3,5L8) KT —
e Jaany g (alll) Waey Cllay (2311 U 5leal)
Timing <8 sil) of ¢al 334
okl e oY) A) go g ok

Synchronous 4l jll —

clock signals deludl ciliayy Glaa¥) saai o

S al e 1325 6 ja delidl clas hasha o
tall g aaf gl s jiie U 8 palll 30 o

Aelull lasha 155 jeall aen 0

leading edge s lall dgall ae bile Gl 3l sy o
Aaallsaalgd yasile o

100 MHz Bus Clock

I 01010 10 )
Crystal M -~— LOglCﬂl 1 (+5V)
Oscillat <«— Logical 0 (0V
scillator | T | ogical 0 (0V)
ns
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5100 million cycles per second =
1 cycle in (1/100,000,000) seconds = 0.0000001s = 10 ns

sawtoothed Jbiiall cpe JS& (1 delid) lian o s 488a1) 4

A N

a3l el 33 Jaadia
Read Operation Timing 3s)& 4dee cud g

Clock

Start

Read

Address
Lines

Dalta
Lines

Acknowledge

Synchronous — Disadvantages ¢s 3 (s gbwa
5 sbaaall (s ) (8 ) gl Aol liari Al ot ) —

Leld 3.1 cycles — dudae U jash 13 delud) Ciliays (e prima amy Glilaall s Jlad) iy ©
4 cycles Jaaally 2abi

(SIS PEN 05 PFNPIRE LR NYPSN PR VTR STEN JUPE W PSP E VPO PTG

Loty Jaally 3380 5 36 Y) paand calanll gy Jaxi o Aag jull 3 362 Y) gl @
T 32380 4505 de b Clicane

Oe Aol 2 55 Jl 8 Al Lo ju ) Jas (1 010NS (0 g oY) 581015 el o
.100Mhz clock 43 »

asynchronous bus o sid) ye (aldl alasiuly s Jslall aaf —

Asynchronous Bus ¢! siall u& (alall

No clock delu 2a 5Y —
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A5 Al Slaall (el e Gas g @y das n —
el 4l 5 el axiy 43l ) Lgadla) 5 ollaa) (i€ Caman g 48y V) Aéa e Fling —
networking <ludill cllee 82030 —
Ol il gl il il (8 B gl jeds o
Ethernet < Y1 aSui Jie pali Aol ol dladiul gy llaly o

Asynchronous Timing Diagram ¢x) siall & cu i) Jahie

MSYN I |

S5YN - Rl

Read o

Address
Lines

Data
Lines

ool & ) 8 laiaY)

>0
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:Characteristics yaitbaill

Performance «2¥) .1
Access, Cycle, Transfer time Jul_sill 53 5all 5 Jall a5l @
Physical type b sl baill 2
.magnetic, optical (s s<a sl ouaica sf JBU Coai o
Al 5l pailasll 3
Volatile , Erasable aall 1G5 5 llis o
14 dali g aplaiill 4
Physical arrangement of bits <lalS faca QUAT AL 5l s jl) @
into words
Location adsll 5
:\ﬁ;J\A A.As\a cCPUJ\ (aa o
Capacity 4=l .6
GHONIN{ RSP PN PO
Unit of transfer Jw il as 5 |7
Word on bus, block, cluster 2 siie sf A5 i jald) e 2S o
Access method 3l 4, )l 8
Direct, Random, (lulus of S sl ) séic of il o
JAssociative, Sequential

-Access Methods il (3 )k

Sequential =i sh Ll 1
Start at the beginning and read through in order .a
ad) 8 sall e 5 ) o8 5 e 3l (30 ) Adiny
tape (bl byl Jia ¢

Direct 2w 2
/ wala Ol sie AS S 3
Lol Canall o3 (g 5 A 8 Alaie I 5481 S (g Jail) by
el sl 2 pall e saiay Sl (305 €
disk (abaiaall (=il Jie d

Random 4 sdall 3
A8 a8 gall 4ol 3N (pglinll 2aa3 3
(Gl i) 28 50 e JEiue Al (e
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RAMIA Jis ¢

Associative 4S Ll

LM‘M‘U‘““P&P@“”JM\ bJJ&Jé}A&QbM\@A XX
&uuw)@}d\u;dgmqwuw b

.cache 4badi s SIA i ¢

Memory Hierarchy s_SIa 4:1<a

Registers <l |
CPUJ & Al elli Jis o
Internal or Main memory aalall 5 dua i 5 ,SIAl
.cachedl (e ST ol (5 sisse i 5 @
“RAM™J o
External memory 4 lall 3 SIAI
Backing store (Lbia¥ls JAlaYl g adll o
Lty el
Performance
Access time &l ) |
4 slhaall AUl e Jsandl 5 o) sindl aadi (p Jualdl) (e 301 @
Memory Cycle time 3_SIAll 3 593 (e ) |
il J8 5 58I (5 gina Balainy dalisg 2d 3 (a3l e
Baleiy) + il =3 SIAE H 53 () @
Cycle time is access + recovery

Transfer Rate Jwl il Jaxs |
bl 4y Ja5 o oS o oS A Jasall @
3l 3 pailiadl)
Physical Characteristics

Decay Jlawal) o

Volatility kil e

Erasable (~<ll 415 o

Power consumption 48all &Beiul o

The Bottom Line s2Y) aall 5 kal)

Capacity 4=l ;i sall How much? €S .1
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Time is money 44lS a3 il sall How fast? $e judle 2
AU Jal gall oy dcailia 1l 2l How expensive? $4alsll ¢ la ) sa e 3
Tradeoffs among all of these
Uaf 1y (Al Jil 4dS = ST ST dalS= ¢yl o
Faster = More expensive, More = Less cost (per bit) but
slower

Solution : Memory Hierarchy _SIAll Al g4 :Jall o

Hierarchy List (el ¢l 418
Registers
L1 Cache
L2 Cache
Main memory
Disk cache
Disk
Optical
Tape
Vs el el (e JEY) xie o
cost per bit 4lal 4dS L8155 o
Increasing capacity 4zl zla 3 o
Increasing access time &l (e ) 2 o
Lma el gl L gl - 5 SIA ) cellaall 345 03 55 (ilisy @
frequency of access of the memory by the processor —
locality of reference
So you want fast? de yuldl La ) 13)
(EaY cu)static RAM L aadivy o gula el LiSay
very fast las 8 € de ju el Gian

need no cache 4l 3 813 zlisy (]
Aobadl 5 SIAN aladiin) akius (S @
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fax Alle 33K o
oz jall dra gl @
Locality of Reference
Temporal Locality 48 sall iaa ool @
5l 35S0 a8l e Ge gana (el Lgima e Jaad malpall a0
e e )
2 <loops and iteration < ) Sl g GG sl dant o
Lo o aaite il o 53U (G 31 el jall el
Spatial Locality 4 sl Lxa sl @
L 5y sbaiall 3 SI3 a8) e dma ye Jand el ull aacai
Gt o dma e B glatial) 28] gall Lgy Jand (Al 4Gy Hhall @lld e =34 @
bl Jgas A ciladad)
A el Alae e Blal Laga oS0y o

Cache Example Cachel JUi

~ai Level 1 cache JsY! (s sival (e dgbaa s SI3 JUal Joe e 330
o8 S0 s Level 2 AU (g siwall 5.0.1 ps 34 (e 3 1000 words
1S o_ldie M

:cached) & daill llee 10 95% L) a313) |1
T=(0.95)*(0.1 ps) + (0.05)*(0.1+1 ps) = 0.15 us o
:cached) & daill Clilee (30 5% il &5 13 2
T=(0.05)*(0.1 ps) + (0.95)*(0.1+1 us) = 1.05 us o
cache hits ©blbay) ddlaial saly ) ) (5 yan N

Semiconductor MemoryJs sill Ciluail 3 I3

RAM o
il sie 3an S0 6h a J8 sl Cilail S0 6) aaen oY AdlA Gpenss m
random access
Read/Write 4,US/5¢) & =
Volatile 3_plaic =
Temporary storage <8 (n)ai =
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Static or Dynamic Saelia sl (Slu (e 55
Dynamic RAM e
LSl 8 i clilall a0
Charges leak sl s (o Jlad
refreshing alaaivy) aae die s i3 ~Uad =
Simpler construction dasw ¢l =
Smaller per bit WAl jia aas =
Less expensive 4K Jii =
refresh circuits (every few milliseconds) itz 3 s zUia3 =
Slower Ui =
Main memory 4wsb 5 SIXN 22355 =
Static RAM e
flip-flops <Lall alasiuly on/off qileeS Sl )5 =
No charges to leak aisall 8 o pii aa Y m
No refreshing (iU dalsy
More complex construction luiss jiSidy, =
Larger per bit sl ;S ans =
More expensive 4ilS i =
Does not need refresh circuits gilai) &l Hlal zUs3y =
Faster ¢ sl =
Cache bae
Read Only Memory (ROM) L 31 &l SI53 o
Permanent storage a2 (p )i =
Microprogramming 45 Ssall dss ) =
Library subroutines 4 ll mal i 43S0 =
Systems programs (BIOS) abaill Cilins 1
Function tables 4k i) Jglasl)
Types of ROMJI g5 o
Written during manufacture gzl (L& 4L ROM =
Very expensive for small 3_sall Gl 46K 4285 30 o
runs
Programmable (once) 3aal 55 daa 1 AL PROM =
Al dald Gl jueadl #UsS o
Read “mostly” L s 5 il
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Erasable Programmable Zs« il sale) 5 ~WlldlLE o
(EPROM)
Erased by UV dadidl (358 4230 aai
Electrically Erasable (EEPROM) LiliseS ~all 4Ll o
longer to write 3¢l &l (e (e ST ALSH e ) ellging m
than read
- Flash memory 4uaesll Sisd o
Erase whole Ll S Lelasli s SIAl as (Say
memory electrically

Chip Organization s »&ll aas

o Jd) sl ki e individual memory cell saa) 53 SIA s 5 siai o
(4_\1:15 )\ 3;\)5) eSA.\.L:;} (d\.ﬂ P
| o

Control

Cell

~‘_“ |

Data In / Data Out (sense)
Select

Memory Cell Operations 3 SIAll 4318 Sillae

Organization in detail Lisai sl

16MDbit s S i ASedll 3Lkl pans @
16 bit Lam G (0 IM =
L) (= pe (e bit Ala JS Ay 58 (IMbit Lo JSday 5516 =
A st all
4 A (e Hlie¥) e 3252048 x 2048 X 4bit array Gl =
A giall QU8 a8 50 4,194,304 = (Aaxi Cuny <hit
A gl 8 daxdiudiping ldy i aae & o
Baee V) an Sl slie 7 5 o
Al JS e (s (211=2048) 4 sl pins kil ] % o
A Dbit e Al 5e 48 I €22 bits (222 = 4M) o J sl
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Ju s o e s ((RAS) hasd) ) sie 4y Juu s 38030 ) 3aall o
SELECT line laii¥) s Jzdy Las (CAS) 25eadl ) g
..Data In/Sense L sha Jal (e b sha 4 ) zlias
i Sy 4 el 3 58 il e e L S i A L)
NP ETIY
DRAM (4M x 4) L2516 Mb 5_S):

AS CAS WE OF

liming and Control

A0

Refresh

ces Counter * MUX
Aol b5

Row Row |, Memory array
0 Address i el De- |00 3048 4)
Al Bufler coder|

' ﬂ o '
Data Input
AlD Column : - I!ultclr DI
Address Sense Amplifier I;.';
Buffer and VO Gate [ L] Data Outpul 4

Buffer
. Column Decoder

Refreshing (il3y!

Gay il e Hiacae iladl 3 o
Disable chip 4su il (S« elal) o

Count through rows sy yc 21l o
Read & Write back dxal, 4US 43¢) 8 o
Takes time Lilaa) U 5 3,205 o

apparent performance _alall ¢)aY) asi o

Packaging sl
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SRS LR TR T

A9 —={]1 32p—— Voo Vee ——1 24— Vss
At —me2 ™ B s he als D1 =2 23 Pt 14
ALS —={]3 30flet— A17 D2 =] 3 22 et - 103
A2 —={]4 20— A 14 W —e] 4 21— CAS
AT —m={]S 28— A3 RAS —={]5 20— O1
Seg— 27— AN NC —p{]6 19h— A9
AS —e{]7 26[1t— AV A0 —={]7 15— A%
Ad —={]S 25— A1 A0 —={]8 17— A7
A3 —={]9 32 Pin Dip 24 [J«— Vpp Al —=o 16[1—AG
A2 —={] 10 0.6" 23— A 10 A2 —={ 10 15— AS
Al —eg] 11 22— C1 A —pe] 11 14— A4
A0 —={] 12 210—m=-D7 Vee —{12 13— Vss
DO -a— 13 200—m=- D6
DI -w— 14 19— s
D2 -.— 15 1S 0—m=- 123
Vss ——Q16 10 view 17— D3
(a) 8 Mbit EPROM (b) 16 Mbit DRANM

CE = Chip Enable. Vss = Ground., Vcec=+V, OE = Output Enable.
WE = Write Enable

23 gail aplass

Memory -

Address H o | 512Wordsby

Register (MAR) ( o in 512 Bits
I—‘ 8% Chip#l
9 Decode 1 of

- Decode 1 0 Memory
512 Bit-sense Buffer
| — Register (MBR)
£l alasindy (i alaisA]
_ g ¥ .ot : - S |
256K 8 bit! e3elS Zuns e !
L T~
— 711 %
Oe s JSI8 256K 4 silAl

8 bit g)‘ d‘-‘-.'}‘“-""' @}Cj-ﬁll PPN Decode 1 of

| 512 Bit-sense

zisad K18 bit (pslie 2i[A]
Gl w) 5 & By z A Al

- L= 13 Y t —‘
_mljs\_a_'s_';cul_}....:l&qw_n - N
| B ords by
O+ EE | susis
g"‘: Chip #8
Decode 1 of

512 Bit-sense

(e

ST 8_SIA 23 pail) aalis

8T8 803 e sanll Tise 53 53 g i pan Ay oSy @
256K X 8bit sk ,S) 53 Jlie @
256K X 8bit il 4 Loy ; liSay 1M 3,80 e Jpaall a1 13) o
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liagd Al bl (5 simg Aay )Y Z3laill (e (5] A joa LiSay S @
’ AM hail e 1aa 20 zlisi o
il S5 LSy gliall Azl Uad 8 m

ugmdﬁm@\)ﬂ‘umaabuumuw\u@\ .
Ol LS 55 (e AS 5 S Jal (e o Bas) g 3 gald dag H

Module Organization (2) (2) gl mbii o

Memory
Address
Register (Y Y 77
(MAR) o oy
] LAl 2| Bl ~ ! Memory
™ =
Buffer
5 1/512 .
9 & 1L/312 ‘—/‘—>—| . . Register
g (1 E . E L e E | (MBR)
i Bit 1
91— B2 All chips 512 words by
T

512 bits. 2-terminal cells

1 A7
2
= R e o] [ o]
Group ‘U5 § > A - L4 > L4
Chip ¢—Ar——q e m ————————
Group ::](3‘—_— =
Enable g— - D A8 B3 C8 D8
Select 1 =
s | s
GI‘OUpS E L E E L E [ y
Bit 8

Error Correction
Hard Failure 4 ylall ¢l
Permanent defect ails Jlac o
Soft Error duse_ll ol aulll sUaayl
Random, non-destructive 43« ne 548l sic o
oSN il Jlae Y o
e lbaY) CadS il o) dnels Uad onaai 5 5308 40 s
S il slan e (5 5ia LS eparity bit anlady) Alas dens o
saal 5 Al Uad vie il paail
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Cache bl 5 Sl

8umS Lo ju (S ja Lgana s S @
CPU st 15 S (s puia g5 o
CPU Jl zisai gldny)d e lenas s m i o

Block Transfer

Word Transfer (“-’L"\
(“-—*_/—\

CPU Cache I Main Memory

Cache operation - overview 4laal s SIA cillee e dale dadl

LeB_SI ad sa (5 5i3aCPU I bk

Ao slladl)l il e (g giad ESH calS 1Y) Lagd 083

S e Aoy (s simall e J seanl) 1553 5a 0 CilS 1)

O ) A 5 SIA e 2 gl 3 SIAN S g ja Y

CPU I G (e ales a3 (e

Ll 3 o g A 11 5,800 S ol (ol aaail tags ciladle e SN (5 gial
S

Cache Design (sl arenas

A 5iall B AIS 2N e o g5at3 S CuilS 1Y) 0
ae sl Kwords e s sing Leie JS Sl )3 jSIAl o LiSay @

2N [ K = S Ll
K words aas Wia JS slots sl C lines o il callss o
C<<M e

£ La glad e 3SIA Sk diilae 24K (e JIsad) Lins e

https://manara.edu.sy/
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Memory Block 0
Cache Line 0 Block 1
Line 1
Line C-1 iy e M
Block (2" K)-1

Cache Design Gl syl &l yaia

Size aaall

Mapping Function Jauaasl) £
Replacement Algorithm Jlaiu) 4. )l sa
Write Policy 4US

Block Size &bl aas

Number of Caches (Sl SI 53 sae

Size does matter age aaall 13l

More cache is I 4dlS) culS S Gkl cilS LS :Cost 44l o
expensive
More cache is faster (up S| de yu= I ilS :Speed 4c ! o
to a point)
Lia ) (3oaten clilall (SN LA o
L Lo e il lee (s Ailn) BS AL w
Typical Cache Organization (i3SI a3 saill aplasill
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Address
> [>
Address
+ buffer
W
=
=
Processor ¢ Control > Cache » Control > E
E‘!
w
F
Data
buffer
o ¥ p %
Data

Mapping Function daskaasll a 5

BAKBYte druss GES 1 SSH AU 4y il Liaraid 13 o
4 bytes 2Cache line / Block o sl 43e o
4 bytes eie JS Uad 16,385 (214) & (il L ghadl) sae JUa =
16MBYtes daus 4pui )l 3_SIA) o
24 bit address =
(2%=16M) =
16Mbytes / 4bytes-per-block = 4 MB of Memory =
Blocks
16K Aoy 3 SI5 8N SIS L (e AMb I Jaslass Ulal Lile a5y @
s ) Bl S S s o L o sy (IS 8 o 5Tl (e
S 8 Jadll

Direct Mapping bl Jayassl)

s g (S Tt A 1 5 SIAN e gl O Aiilag 40 o5 e Tapladl) 4565 o

38 e 2n i 5e (S (A 350 pall gl 3y of i Dlie
-cache line i laa 113 SIAl &b daac dapa o

i=jmodc e
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™

i=Cache Line Number

J=Main Memory Block Number
c=Number of Lines in Cache
Direct Mapping with C=4 C=4- Ll laasill

Jisd slot/line/block JS) (s aa b S baa e Lllie 3 U il 1)) o

:(4 words s

Memory Block Held Cache Line e

0 0,4,8, ...

1 1,5,9,...

2 2,6, 10, ...

3 3,7, 11, ...

0 0,C, 2C, 3C, ...

1 1, C+1, 2C+1, 3C+1, ...

2 2,C+2,2C+2,3C+2, ...

3 3, C+3,2C+3, 3C+3, ...

C=4 Direct Mapping with C=4— &Ll laylaasl|

Valid Dirty Tag Block 0

/

Main
Block 1 Memory

Slot O

Slot 1

Cache Memory

Block 2
Block 3
Block 4
Block 5
Block 6

¢.‘.:. NER 34 J= ‘_Ji Y g
(e.g. 4 words) K words

Block 7
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Direct Mapping Address Structure &bl Jadadsll ) gie du

Address is in two parts omed (w5 s8a O siall o
OIS Jad e B g AlS o il daa] JBYIWY Dits clls e
BSIAl S sl aal o il dpaal SV g bits cUls o
cache line (il Lo ghaa Jia 1) MSBs dpeal SSY) il sy o
(most significant ixal SYI) s-r tag ~=l 5 field r

Direct MappingAddress Structure bl Jasadsll oy slic du

vV D Tag s-r Line or Slot r Word w

(16Mb I 3l 24 bit (e (58 O e Lual 0S4 o
(4 byte (e b)) 2 bit (oAl (e @l ddS e @
22 bit (e Al s xe @
(=22-14) 51 8 bit e O
slot or line dashall 5 (58l pasil 14 bit e
o) Jin i Legd Tl Gl 8 (S ol (o lllia Ll @
Tag pdladl jlial g Jaaldl slag) JOA (e GASH (5 sine 35 @
Dirty bit sl 4 5 Valid bitkislad) &4 ) zlias Julls o
2 gl ) () (i sl iy 311 IS 13 Lad o Valid 83badll o
il
Lae (SN 800 sa 5 die abied a3 28 & W) ()] e Jai Dirty &aslill o
AT G Bl aladiad sale) J S0 s daal 1) ALSH s

64K (i< Direct Mapping _rsbw Jashads (s
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LTTTeT

IS RNE daun )15 SN
Addr Tag W0 WI W2 W3 Addr (hex) Data
0 00 Fl | F2 |F3 |F4 33888? 11::},
2 (13 |14 : -
. e EEEE Line 0 000002 F3
3 000003 F4
A Linel 000004 AB
) 1B0004 11
1B000S 12
Line 1 1B0006 13
1B0007 14
214.]

1B0007=0001 1011 0000 0000 0000 0111
Word = 11, Lme = 0000 0000 0000 01, Tag= 0001 1011

il aplads JUs o

Linc +

Tag Word Data
0000 [ 13579246 | — = —q
0004 1
1
~ ~ I
00 = i 1
R & 1
V! Juall 1
= . FFF 1
- 5 PEFC
64K e ] '
1 Line
4 \\-()rds — . 1 Tag Data Number
000077777777 ] = = ———] 00 | 13579246 | 0000
sl El' JSJ 0004 ] 11235813 == = = = = = - 16 | 11235813 | 0001
v ~4 L W -~ -~}
16 339C| FEDCBAY8 === = = = = = 16 | FEDCBA98 | OCE7
A —_ = ~.
————— FF | 11223344 | 3FFE
FFFCLL2345678 === = = = 16 | 12345678 | 3FFF
. 1
- Sbits 32 bits
8882 : 16 Kword Cache
1
1
FF B T 1
1
1
FFFE | 11223344 b = = =1
FFFC 24682468

32 bits

16 MByte Main Memory

Direct Mapping pros & cons bl lasadsll =il g Sl 58

Simple ikl o
Inexpensive <l s ) o
Fixed location for given block L & sl <ol 890 @
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Tlad it T g (ol (S ) 3l () S5 IS il gliad 1) o

laa e (5 siua ) (al< Und dus adi y3 c|ine Jaadl i 83 SIA)
thrashing s CUalbeia e gl 1

Fully Associative Mapping 4.sS_ il JalS Jadaadll

bl agdaasil) (Sl e ety of 48 il JalS Jaghaaill (Say @
OIS b ghad e dad (gl 8 A 51 5 SIAN e sl (6 Jrend (S
word 4alS stag xS 5_SIAN o glic an i
BSIAN 8 el gl o i JS 2Dl Caay
.matchgaill sy b Ste JS ) g ja
Valid d8ladl BlA 5 Dirty &bl Sladdalal) jelas Jull
/ (el )
1348 ST raay IS e Sl T Y

o 8 lada) aan il s akaie <l la ) Ll 2liss o

idaalll

Adle AS ) (g3 138 g &l plall e S dae ) ZUss @

(GaY o) G (e iy Al (a3 rand )il Ao ) zliss o

Fully Associative Cache Organization 4.S_ Ll JalS (il alats
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S,

,\J\_’_\ Cache Main Memory
Memory Address Tag [ala Wi
| Tag | Ward | | W
W2 By
[ I il W3

W

[ I | | |
-
| I | | |
. L ]
w 1 ., 1
| |
- ] I
!4 ; ;3—% W
c 1 . 1 w Widi+1} b
_OTTIprAr: Wi{dj+2) 1
. ——— 2 i
1 1 Widj+3)
{hit in cache) .
|
|

I
l
5 | . . |
o “i-1
« 1
| I

L (miss in cache}

Associative Mapping Address Structure S kil ladassl) o) sie 4,

Word

Tag 22 blt 2 blt

32 bit e by &k IS Jal e 0334 22 bit 2e @
it Lyl Slaay GESD 8 aSed) Jane ae o Jladl Jis 45 jlie o
Ao slladll & 8 Dit (e ddl all LS (ol o)) il (e dpaal JAY) cpilad) 22a5 @
32 bit ¢y <al sall ililall &y 3 (50
‘i o
Address: FFFFFC =111111111111111111111100 e
Tag: Left 22 bits, truncate on left: =
111111 111111111112 1111
3FFFFF -
Address: 16339C = 0001 0110 0011 0011 1001 1100 e
Tag: Left 22 bits, truncate on left: =
00 0101 1000 1100 11100111 -
058CE7 -
Associative Mapping Example S il Jaadsll Ui
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Address Iata
QO0DD0 | 135732460 = = = = q
noonog 1
1
b Y Can NN} !
1
1
1
1
1
: Line
1 Tag [RETH Mumber
1 r=={3FFFFE] 11223344 | 0000
- = =05ECE7 | FERCEASE | 0001
163398 Lo
1633%C | FERCBASE | =1 I e .
1633A0 I I
B [~ — -+ -4 - J3rreFn| 33333333 AFFD
1 = 4= —|oooo0o| 13579246 | 3FFE
1 o= o GFFEFF) 24682468 | 3FERF
1 1 1
1 (| 27 i 1 i
1 1 1 L2 DS < Mls
: : : 16 Kword Cache
1 1 1
1 1 1
i Y 1 1 1 I
1 1 1
FFFF4 | 33333333 =0 1 1
FFFFE | 11323344 [ = = = b =d
FPFEFC | 24682468 | — = =1
32 hiis

16 MBwvie Main Memory

Set Associative Mapping 4e sesall & jLis Jaads o
bl el 5 S S il il G dass Ja e

Sets Cile sanall (o 22 ) GilSD 4uss @
ol de ganall dhad sl @l Kbk, o
Ashall e e de saan S (s 5iaT @
BSIAN (e Ao gana (38 5
lls b shad (e dad (gl 33 SIA & gl auza sy O (S Ji2ic
Ac ganall
2 lines per set 4c gana IS (e s @
2 way associative mapping ¢salaib (S L Jahads =
ol de ganall 8 Guladdl aal 8 0 o O el L Sy w
K lines per set 4e gane S lad k Jic o

K way associative mapping o3l kK < (S )L Jagads =
b ghi e dad KA (e o) (A Saadl S G5 o) (S
Bl de gendll
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deola
BlL_ol

Gndl 2 Yo de gana (b Adaalll i b Canll Jeul) (e o585
el s o
SOLE de ganall Luiy e
Set Associative Mapping
(A Ao sane pd ) Clun] o
SetNum=jmodv e
J = main memory block number =

Vv = number of sets in cache =

Main Memory

| Block O
B _,,-—-""//1 A Block 1

Set0 | SlotoO _— | Block 2

\

Slot 1

Set 1 Slot 2 ) /"7_'7_,,-«-*"" T Block 4

Slot 3 ry _7_7_’_*—*—7—# Block 5

\
\

Cpalaily de senall 48 il G aadaw
Two Way Set Associative Cache Organization

S4w

Cache Main Memory
Memory Address Tag Dla B
m T - 0
[Tax] Sel [ word ] ] Fq
B
5= d w | I :
S0 | |
| . | 1 . 1
-
1 1 I I
.
A I I
1

Fy 4 SHW
j i S
- ] .
ﬁmlwﬂ‘ - Fysy Set 1 I .
a B
1 .
|

| s
(hit in cache) (_ I— Fage

(miss in cache)

Address Set Associative Mapping SoWal de geaall laplads & () sl
Structure
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E.g. given a 13 bit set number for 24 bit address e
Use set field to determine cache set to look in e
Compare tag field of all slots in the set to see if we have a hit, e
e.g.:
Address = 16339C = 0001 01100011 0011 1001 1100 e
Tag =000101100=02C =
Set=01100 11100111 =0CE7 =
Word=00 =Q =
Address = 008004 = 0000 0000 1000 0000 0000 0100 e
Tag =00000 0001 =001 =
Set = 0 0000 0000 0001 = 0001 =
Word=00=0 =
Two Way Set Associative Mapping syl AU S L de gans Jasads JBa

Example
Tag  Se+Word  Data . .
" (70000 [TTSTTAEY - - -« Error in book: 001 tag in cache
0004 ] . ~
: should be 02C (or come from a
“++ ++ 1 . ~
: different memory block!)
Address Lies ] :
008004 — 11235813 ~ Py T T T s TR
. 1 lag D Number | Dal !
000077777771 =1 0001 13579246 | 0000 JOO1) 77777777 -1
0004 | 11235813 === === 001] 11235813 | 0001
Address 339C "chw 98 :‘ -------- T, “’" i i
16339C T 1 11 |
r==11FF| 11223344 | 1FFE
TFFC 12345678 |~ === = = +=-001)]12345678 ] 1FFF |1EF] 24682468 J=
o 1 1
| 9bits  32bits 9bits 32 bits !
! 16 Kword Cache !
1 1
1 I
i A I I
1FF =~ o 1 '
1 I
1 I
7FF8 | 11223344 p === = =4 1
TERC 24082408 b o = o o o o o o o o o
32 bits

16 MByte Main Memory

K-Way Set Associative slail K= de saaall 48 L5

4,5kl 5 2131 Two-way set associative omladl de saaall 48 LS P
. direct mapping bl auladsl) (e Juzadl
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problem <l A<is Jeaty o i) 35 o Lol cn gy o
omladly A8 Ll e lih e cilaladl g )l de ganall 408 HLi 2085 Laiyy o
Al 48Ky adf ae ) Ll Capean e gandll 22 833050 3l @
A lall

Direct Replacement Algorithms (1) &bl Jasadsll (1) Jlagul) <l )l 55
mapping

No choice <_a 52 o

Each block only maps to one ling x5 baa ae sl JSA4Uaa o
Replace that line hall <l Jasinl o

Replacement 4e gaaall 48 )L 5 4,8 HLEHN (2) Jladiw¥) Gl )l 52
Associative & Set Associative Algorithms (2)

Ao uall 33051 L1 285 Faa 155 Gulai g
Least Recently used (LRU) Llasiul 891 Jlaiiu) o
fallasinly o siivs S 5L (ol paalatly de sandll A8 5L e o
anl gl Ao 2aT (alatiuy) Ala) diloa) A Wl ¢S 3a IS
heall dad 220 V) 5 Al 1 ) Slad) 4 Laie
(RS o) 35 IS (e e () glind comlatl e ST
First in first out (FIFO) Jasiu (e Jsl callay (30 Js1 @
S ) @ o) e
ccircular buffer als 5l 53 J S Gukaill e o
Least frequently used 4elasiul ) S5 Cua (e SIS BT o
fewest hits 4l s J81 (53 &L Jlasinl o
counter to sum number of Cbbay)ae clualolae ) #zUss o
hits
Random o sé=ll e
Gkl Jeu s LFU 3258 i Ll o

Write Policy 4.l 4l
138 At 1) 8 SIAN Cuna (5 ya alle (ALK IS5l e g1 3R ALK H5a0Y o
13 Jagal Uia Ll ¢ gty Allad &gl 23S JUal) Qo e Slllia <
4858 Ul J8 & L)
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5 yuS Ao vy o (Sl 18 5 @
Lo als GEIS CPUS (e SSY 55 8 o
228 () oSIY 38 5 ,SIAN (e ULyl Be) 8 CPU I il s 13 m
a5 AY) Glalleall sl 218 13] 13 dagaia g de g e bl
5013 (e 4n Aalal) S
cache coherency JilSll clula AlShe ALl 038 and =
problem
5 38l Lt 5 I A sie Ll 1/0 ) i 36 0

Write through 3 el 4Ll

) AU Gllee pen X Cua 5 SIAN el A dallaal JauY) Al o
(SN 8 el ) Asla) A 1) 5 SIAY)

CPUs (snooping) 4! 223 Jia (58 4 Hl) 3 SIAN Slily 4S ja 481 ja Lide @

CPU <l Jla 4 CPU S0 Al ddaall EISH &las g Aalas e Jailaa)

Ao dalal) (lS) 8 i) 5 SIAN adge (e Adii 3 Yl (5 Al

Simple but Lots of traffic .5_uS 48 bl 4 ja of ¥ Jaguy

Slows down writes LSl cllee Uay o

«noncachable memory (a5l G 3l AL e 3 ,SIAl ;5 AN Jlal)
aladl e Llaall 43 jlall 4l aladsl

Write Back 4aal )l 4,u])
s SN L Cuaail) Glilee aes Juand
G i) DA il 1) A 1 5 SIAN 8 4SS 25 D18 (Lo gl Jlagind Can g3 13 o
.out of sync el jall (e 5 AN CLASH = A3 ) (Say
D OB Lgle Galiae e a3 800 U 3 o /O ) (e a5 1) o
Aa g hall Jgdall aal o sS) a8 <))
Complex circuitry (5135 asai o
A L e by e 3_SIAN (e ~1504 Lot

Cache Performance G\l & sl sl ¢l
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Jladl) il (ga 35 hiit ratio by A L (HSH el Gl () jlne Allia o

_ effective access time
(Num times referenced words are in cache)

Hit Ratio =------------- -

(Total number of memory accesses)

(# hits)(TimePerHit)+(# misses) (TimePerMiss)

Eff. ACCESS TiME = ===-mmmmmm e oo
(Total number of memory accesses) ~ ---m-me-ee-

Cache Performance Example Gi\Sll a3l i elal (e Ui
JEPSRNCH-N

Memory
0-15

Cache Memory

Cache access time = 80ns
Main Memory time = 2500 ns

Cache Performance Example CiS) 4 3a) o elal e Jl

Ji8 dals 8 15-31 (e 2y aild 3as) 93 el 48-95 a8l sall 8 iyl Lidadisy m
oA O 8l e e
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Event | Location Time Comment

1 miss |48 2500ns Memory block 3 to cache slot 3
15 hits | 49-63 80nsx15=1200ns

1 miss |64 2500ns Memory block 4 to cache slot 0
15 hits | 65-79 80nsx15=1200ns

1 miss | 80 2500ns Memory block 5 to cache slot 1
15 hits | 81-95 80nsx15=1200ns

1 miss |15 2500ns Memory block 0 to cache slot 0
1 miss |16 2500ns Memory block 1 to cache slot 1
15 hits | 17-31 80nsx15=1200ns
9hits |15 80nsx9=720ns Last nine iterations of loop

144 hits| 16-31 80nsx144=12,240ns| Last nine iterations of loop

Total hits =213  Total misses = 5

Cache Performance Example G8&ll 4 3las) of ¢lal e Jlia

Hit Ratio: 213 /218 =97.7% =

Effective Access Time: ((213)*(80ns)+(5)(2500ns)) /218 =136 =
ns

Jshl 7500 s JUiadl 138 & Jladll Jal (a5 ddle dlal) 4o () Jaadls =
S et YA Ga g geaall o shall ca 3 e aalall GESH 3 (e ) (e

D e T gl il anhy AN A 1 5 SIAN IS QL Al s sale m

External Memory 4z )lall 3 SIAll

External Memory 4 lall 5_siall
Types of External Memory 4 ,lall 5 SIAll &1 5l

Magnetic Disk uhizall (a8l 1
RAID .1
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Removable Jlaiwdd Jdall 2
Optical Ssall 2
CD-ROM .1
CD-Writable (WORM) .2
CD-R/W .3
DVD 4

Magnetic Tape (uhbiaal by il |3

Magnetic Disk uhliaal a6l 1
(s paal) 20k dairas balay guSa (S35l Jdre g i
Range of packaging il J&il =
Floppy ¢l s= il o
Winchester hard disk «lall jiwing ga g o
Removable hard disk 4l 520 Jiall cilall e 8l o

Augil) g culilul) ?.d:m

Data Organization and Formatting

Concentric rings or tracks S all sasic Cilals ol cllle o
Gaps between tracks <libeal o el @ o
Reduce gap to increase capacity &aull 32k 3 cule) jéll Jilss o
Same number of (el 480ES (oAl ellie JS 8 Gl 2ae (udi o
bits per track (variable packing density)
Constant angular velocity 44 45l yde i o
Tracks divided into sectors Clelad ) clllual) ansi o
Minimum block size is one sector a5 glad 8 Ll (5 pal aan o
May have more than one sector per &b JSlglhd sl ellia <5 38 o
block
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Disk Data Layout<blull =
Sectors Tracks

Inter-sector gap

Inter-track gap

Fixed/Movable Head Disk 48 sl Al Gal 8V gy

Fixed head AUl a3, o

One read write head per track <llue JSI 4L 5¢) 5 Ll 5 ©

Heads mounted on fixed ridged arm & ¢ )3l e 48 o gss5)0 o
Movable head 4 aiall uss Al o

One read write head per side wla JSI4US/ze) 3 Ll o

Mounted on a movable arm & i g, e 4S8 4w o

Optical Storage CD-ROM (5 sucall (2 a3l

Originally for audio < swall Jal (e Lulud axsiey o
650Mbytes 4283 70 (e SSY (i ga Juanst Lilani 650Mbytes o
giving over 70 minutes audio
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Polycarbonate (assall sale) Syl e elazy (51 S sl slare
coated with highly reflective coat, usually aluminum
Data stored as pits a8 (e SULall () 333
Read by reflecting laser (sSaidl 3l (8 (a1
Constant packing density 45 —alss 43S
Constant linear velocity 43U duas de

CD-ROM Drive Speeds CD-ROM- 4s
Audio is single speed 32 il 43 pall de yull o

Constant linier velocity 4l 4dad de ju o

1.2mst o

Track (spiral) is 5.27km long S 5.27 J sk (Fs3la Jlse o
4391 seconds = 73.2 minutes b lubay o

Other speeds are quoted as 435 Cile ju (& GAY) Gle yull o
multiples
e.g. 24x e

CD-ROM for & against 4iels g e CD-ROM-

Large capacity (?) &_sS dxu

Easy to mass produce 5_uS Gl apiail) Je
Removable &0 J&

Robust ofie

Expensive for small runs 3 _nsa 3 yal Jiadall (el #85 y

Slow st
Read only 1 s¢) j3

-adla

;Aﬂk;u

Other Optical Storage ¢ AY) A gall cp 3l hilug
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CD-Writable 4.usll J&ll CDJ) o

WORM 53l o

Now affordable 4 e 43S o

Compatible with CD-ROM drives CD-ROM <l g s (38l 5 0
CD-RW o

Erasable ~<lJ& o

Getting cheaper u=si o

Mostly CD-ROM drive .CD-ROM &l gus alaza aa (38 530 0

compatible

DVD - what’s in a name? DVD au! (23 3t

Digital Video Disk <) s 5238 (= & o
Used to indicate a player for movies »283 axiivy o
Only plays video diskshi 43 s () B Jads—
Digital Versatile Disk _al ¥ axia ja 5 o
Used to indicate a computer drive 4 sl e A¥all andiig o
Will read computer 4 sl (al 81 Jad s a8l 13—
disks and play video disks

DVD - technology DVD-! 4y

Multi-layer ekl sxia o

Very high capacity (4.7G per layer) fas ille 4z o

Full length movie on single diskxs s s= 8 e (s ald e ging
Using MPEG compression .MPEG bax slaaiuly o

Finally standardized (honest!) 1,3 se Lgasyii

Movies carry regional coding siaall e il a3 Jaas

Players only play correct region films 4assaall 2281 Jads COliall

Can be “fixed” lea3ba) oSy

Input/Output ) AY)/JAaY)
Input/Output Problems z!_aYl/Jaay) Jslia
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Wide variety of peripherals 1/0 @las sl Sl g ol o
Delivering different amounts of data Jaliill bl aas ol
At different speeds Jaill de ju a3 —
In different formats <l dxpa cadal

All slower than CPU and RAM. RAM-l s CPU- (s Uadl o
Need 1/0 modules .1/O zilalddalall ek e

Input/Output Module 1/0 g2sa
Generic Model of 1/0 Module ts¥! 1/0 73 sai

Address Lines
- System
Data Lines Bus
Control Lines
/O Module
Links to
peripheral
devices

External Devices 4 lall 3 jeaY)
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Human readable aaaiwall J8 (je e 5 jaall o
Screen, printer, keyboard —
Machine readable AV Ja& (e e 5 jall o
Monitoring and control aSaill s 4 yll—
Communication Ju=3¥) e
Modem a2 sall e —
Network Interface Card (NIC) A<l 4sUay

External Device Block Diagram

_ Control [ A Spapus 4 Data bits
signals from signals to to and from
[/ module 1A musdule 1/ module
Y L
Control > Buffer
Logic
Transducer
A

Data (device-unigue)
to and from
¥ environment

1/0 Module Function /0 zisai il

Control & Timing aSaill g Cud il o
CPU Communication CPUJ g Juaiy) o
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Device Communication >l Sleall ae Juai¥l o

Data Buffering sl cp 33l e
Error Detection sUad¥) caiS

1/O Steps /0 e Jalaill Ja 1

/0 Jleaszisat ddls CPUAI_ ST o

CPU checks I/0 module device status

I/0 module returns status A= 1/O 73 sad ay
Gl Jaliis ¢ 58l CPUS ki 4 5alal) jigi Jla 3 o
If ready, CPU requests data transfer e

I/0 module gets data from . &l Sleadl (e Clily 1/0 73 sed Jinsy

device
I/0 module transfers data to CPU CPU- <llall [/O zgai Jaiy o
Variations for output, DMA, etc.

I/0 Module Diagram 1/0 g3« ki

Interface to Interface to
System Bus External Device

Data
— P Data Registers — —p E];:!E.[-“al
Data v Status
Lines Interface
Losi
= Status/Control Registers IgIC Control

h 4
Address
Lines > ‘_ External Data
110 Device
. L— tat
Logic Interface Status
Control .
.L'.li:::'s < P Logic Control

I/0 Module Decisions  1/0 <)) i alSal]

https://manara.edu.sy/



https://manara.edu.sy/

iz

Hide or reveal device properties to  CPU jleall ailad jlela) o

CPU

multiple or single device 2323 sl an 5 Jlgn ac o
Control device functions or .CPU- LS ji of Sleall caillagdna o
leave for CPU
Also O/S decisions Jsiillalas <l ) 8 sy ) dils) o
file <aleS ¢ 28 S ae Jalaty JEAl Juaws (Ae- Unix i) pUas—

Issue Read
command tof|CPU — I/O

|/O module

Read status
of /10
module

Error

Read word

from 1/0 /0 - CPU
Module

Wrﬂe A CPU — memory
into memory

Next instruction
(a) Programmed |/0

Input Output Techniques z! &Y Jiaay) il

—

Read status

Programmed ze_xll e
Interrupt driven 4xklaall Jaall o

Direct Memory Access (DMA) &_81all ) jalal) Maill o

) e gl JaaY Gl )
for Input of a Block of Data

Issue Read PU — DMA )
block comman Do something
to I/O module [~ ~ +else

PU — /O

Issue Read
command to
/0 module [~

Do something
“Pelse

=== Interrupt
of 110
module 110 - CPU
Error
condition
Read word
from I/0 110 — CPU
Module
Write word CPU —> memory

into memory|

Next instruction
(b) Interrupt-driven 1/O

Programmed 1/0 ge_al z) AYV/JAaY)

Read status
of DMA
module

Next instruction

=== Interrupt

DMA — CPU

(c) Direct memory access
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CPU has direct control over :J3& (e /034 bl JS5 CPU- aSa
1/0

Sensing status Al Guwad

Read/write commands &Sl sel jall ol i —

Transferring data <blall Ja——
CPU waits for 1/0 module to 4leal) a8y 1/O) 73 903 CPUA kot
complete operation
Wastes CPU time CPU4l < 5 puas
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