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Architecture & Organization 1

e Architecture is those attributes visible

to the programmer cs.m er‘ Claall AC jana (A 4\_\.\.\3\ o
* Instruction set, number of bits used for X J1 d allay  a
data representation, I/O mechanismes, o C'A ) =3 d “’A
addressing techniques. JHiadl deadiial) GUAY 2 Glaledll de gana —

40 gial) Cluiss G\)'A}I\/d&q}(\ <L et
elan dapdad Glllia Ja ;1 Jie —

* e.g.Is there a multiply instruction?

e Organization is how features are

implemented L 2aw A1) 4asl) ga ?.\.Lu.d 1) e
* Control signals, interfaces, memory ) .l
technology. -u\JS“MM
* e.g. s there a hardware multiply unit or s 51385 cdinll Oilgal sl) caSaiill <l HLE) —
is it done by repeated addition? B SIA)

u\j\U\J\Jc\hdgsmahjhﬁdA ‘Jie —
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* Chapter 3

Instruction Cycle Review 4wlzill 3 ) 53 4zl o o
System Buses sUaill aly 5 4Sus o
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(¢t osbia) (paddd) G gulall Aacsal) 2Y) 4a oLl

Ol |== Plug-in card

1/O bus connector
Integrated Circuits

1/O Bus ¢

L

4
Memory /

Motherboard
L~

Board traces

Ve (wires)

2HEEE =
7

A !

Connectors for plug-in cards
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Architecture Review - P’#"“@’ram Concept

Jia gl Bale Y deall (o Sl ) ~lss o
weS;.\&_i\J\.u;\ dga g <a )l dlae L_il.A.e_AJeL\SJ“\.Aw‘ @\J\ﬂ\@_\ﬂu&u .
Jeasll Bale ) (e Yoy Apand Gl JLEY) (e Bads Ao genay 2y 5ill (5 ag o

daalaill yuda L
il ) i Instruction > I c_.\_ujl\
Instruction Codes Interpreter | sl Results
faeSadll el LaY) “
Controt-Signal -
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Software Lisc y o
A sequence of steps <l shall o AU o
c‘\_\s.bmjiumm J\.;_\! LSJA-“’}LAJS@ o
(Do Aaglad) pSaill Ol LS} (40 B3> Ao sena ] GUAJBJLSJSJ;TQA .
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Controflnit aSadll sas g ddula

Aolae JSU3 jrata 3580l Slila o
MOVE sl ADD Jic o

control aSadll &l JLE) a9 3,40l Jiius hardware segment (1)) glad e
.signals

We have a computer! I sula Lal S adie o
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sComponents <l Syl

Central Processing Unit 42 S jall 4alleall 3as g o
Control Unit oSai3as g e
Arithmetic and Logic Unit Ghial s coluall 3o g o
e Jsaall s data Bl s instructions Sledaills CPUAN &5 3 () zlsd o
il
Input/Output z) AYI/JRY) e
results 2Wlls code 3_auill Clga (p jadll ) ~Uss e
Main memory 4xsi ) 5 SIAll o
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Top Level View

PC

MAR

IR

MBR

I/O AR

I/0 BR

1/0 Module

Bullers

Memory

Instruction

Instruction

Instruction

rC

IR
MAR
MBR
/O AR
/0 BR =

lHLpo.7 7 1nanal a.cud.oy/s

Program counter el dlae
Instruction register Aadaill Jaiia
Memory address register: SIA plic Jaua
Memory buller register : S J e Jaua
1/0) address register Cnsbe Jaa]/O

1/0) bulTer register Jdoe Jdau|/O
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Instruction Cy&le Hawall dadaill 5 ga

Two steps Cxils
Fetch sl o

Execute il e

Fetch Cycle Execute Cycle

Execute
Instruction

Feteh MNext
Instruction
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F&tch Cycle lall s ) o

Jalall AUl dalaill o) iz (PC) gabisddl dlae Jasy o
PC bl alazy 4] Hliall a8 sall (1 daplaill ellaall sy
Increment PC z=li_nll alac 34 ja o

DAl eh Syl
IR Instruction Register 4eadaill Jaisa A daalaill Jrans o
A laal) Alladl) Slals s s Aaslel) ellaal) oy o
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Exgtute Cycle 2uaxill 3 ) g

Processor-memory 3_SIall-gllasll

.main memory 4y 3 SIAll g CPU ) e <libadl Jals o
Processor I/O  1/O-gllaxll e

1/0 z3i CPU A o SLlal) Jals o
Data processing <Llul) dallas o

k) e dplual) ol Aghaial) cilleall (any Slad) e

Control aSadll e

Alteration of sequence of operations <ladaill JW juas e

Combination of above sJel 83 Laa gz e o
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Hypothetica%i‘;liﬁ?lachine Al yi8) 4|

Address range 4 sixll Jlas s Instruction Format 4ezill 4apa

Opcode | Address

0 34 15

Data range <tlull Jlaes Integer Format  Aspaall 4l
S| Magnitude
Dl Registers <Dl

PC = Program Counter, IR = Instruction Register, AC = Accumulator

Partial List of Opcodes <bleal) 3 jand (pe 43 ja 4l

0001 = Load AC from Memory
0010 = Store AC to Memory
0101 = Add to AC from Memory
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6JLi_o.jl

Example of Program Execution

Memory CPLU Registers Memory CPU Registers
001 9 4 O |30 0|PC 3001 9 40 3 0 0frC
5 9 4 ] AL A0S 9 4 1 I e
2z 9 4] 1 O 4 O)IR 30224941 1 9 4 0|IR
940 0 0 3 0400 0 0 3
410 00 2 410 0 0 2
Step | Step 2

Memory CPU Registers Memory CPU Registers
300[1 9 40 30 1|PC | 300[1 9 40 30 1| PC
s 94 1 000 3 ACHN S 9 4 ] 00 5] AC
30212 9 4 1 1-”5 O 4 11K 302249 4 1 Ci kI
QA0 1 [r-ﬂ 3 Q) 0 1:1-[] 3 34+2=5
94110 00 2 YA 0O 0 2——*”

Siep 3 Slep 4

Memory CPU Registers Memory CPLU Registers
0019 470 30 2|PC | 300[1 9 40 30 2|PC
005 9 4 o0 51 ACH3MNS O 4 1 000 5] AC
229 4 1—m2 04 [[IR]302(249 41 294 1]|IR
AH 1 [r-1] 3 i) ﬁl-[] ;

o410 00 2 Ug] 00
Siep 5 SLep f

TLLP UL 7 aiU W uaa



Simple Example L JUs e
Always added one to PC gl ) dlae ) as) g ddlia) o
Entire operand fetched with instruction ezl JM& (e Jol€ J<0 aall il o

More complex examples luixi i) At o
Jadas S Gladadll o glie clblea ) daladl Jlaal o
e Aadat J sy 64 bit Glallas Jia o
Aall alad s g e ISTE SIAN 3L ) Hliie W) ey Claglail) de gana aranad 331 38 o
L) AdS Jsha e 3 S Gl gie Jlae 3 Ledie Lagad o
BSIA 5 jSie b () Ll aall 0 585 ling 8
Vector calculation (Ax3¥1) Clga sall Clus o
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Instruction Cycle - State Diagram

Operand
store

Multple
operands

Multiple
resulis

Instructi
address
calculatio

Instructio
operation
decoding

(rperand
address
calculation

Operand
address
calculatio

Data
Operation

[nstruction complete,
fetcth nexi instruction

Ketum for string
or vector data

Start Here
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Introduction to Interrupts

Andaledl slats Lo BaaY (pjann Lea iU elllia o) Ko o

);\Mu_a_\.dal\ujhﬂ\ tkmu\ucdjm\.@);w@.k;md\@é\.da@\ .
(|/Oc_1\_d.os;)le)

Cilealaall 4ale —alial C'U\ Slllia o
Dba e andilll 5 overflow zikll Jie Program gl n daklic o
Timer Cdall o
internal processor timer. Aalal mlleall ¢ g jue Al 655 ) S5 o
pre-emptive multi-tasking s _all algall 2323 & daadiiall &l o
I/O controller I/O aSaie Cilablia o

Hardware failure &) )la Jlae o
memory parity error 5_SIall dylas) Uas Jia e

Jia s AY) zilall (e Unal zalaill aal () oS Ladie (ala (G dadalial) 3238 jelas o
(A 98l CPUL L 3L Laia (5 Mally) Gl 83 ) a3
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Llser
Proeram

WHITT

WRITE

-

c_________.__
b

)

————————— — — =L

—_
H
’
L

—_—_———————————
- _—
-

i)
E‘m_-_ﬁﬂu

@

10

Commumand

&

M

Llser
Proeram

@

WHITE

(2u}
- S

@

WRITE

&

WRITE

[A0)
Program
| P
Il |
| I
| . | I {:j
IR L
|- e [A0)
v -~ Command
- ¢
S
Fy
| !y
| fr
| !y
Y
- .;_r.f .
I S Interrupt
TN ™. Handler
I |"_|' " "\.l.-"1 ] I
Illr - l\.\l |
|l _I.r | ™ . | @
| & I I
A END
I r - "
l s
r -
'
|
|
|
v

Llser
Program

O

WHITLE

WRITE

i)
Progeram
| J i —0
| JF;J|
2 |
: L [ (::)
| l___.r" ! | .d_| 1
| e [/
b ,f’r J," Comumand
| 1 !
l rol
| o
I I
| o
| o
| Ir-r !
| r
| f f [nterrupt
| . .
o, Haadi
| s T
TIRET |
|
:_-II""“H i | (5]
I :,-""'I"—u.J —1
| ; ff MY
| { oy
| by
| £
| I
I
| }r
| £
[
i
"
[

{a) No intermupts

iby Interrupts; short TO wait

(ch Interrupts; long 1O wiil




Added to instruction cycle dedaill 3 53 ) slial o

Processor checks for interrupt dadalic culla 3 ga g llaall yiidy o
Indicated by an interrupt signal 4zkalic 5 jLa) 3 g g0 lhall e Jainy o

If no interrupt, fetch next instruction 4l dadaill (s (Ll e

If interrupt pending: <l 2 o
Suspend execution of current program (Al zalijull 2as 3ulad o
Save context (what does this mean?) (bl il
dadalaall dadd aali g Ay ) i Jo i ) dlae daval
Set PC to start address of interrupt handler routine
Process interrupt 4xhlidl #lle
Restore context and continue interrupted programetis 3led) daiul
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fadaliall liie b daidaill 5y 52 Alall Jalads

Operand

store
Mlultiple
resulis

Operand Operand
X - Data _
operation address Operation address
decoding caleulation pe caleulatio
. . No
[nstruction complets, Feturn lor string

: ; h inLerrup
feteth next instruction o vector data




Va)

Multiple Inteffapts 4aaxill Ciladalaall

alulis 4alls Disable interrupts <lebliall (S elad)) aia o
laklial) san) diallas £l 5 AY) Clalalaall mlleall Jalady o
28 dadaliall Aadd e sleiY) amy W LSa) (5 yay g Ailea cilabaliall L85
RENEPA|
sl Judatiy laaliall ek (5 g @
Nestediiaadl clalalaall (<l ol s¥1) ClladV) Cay y2i o
A oY1 @l Ciladalaall Ji e (SaY) Al oY)l ladalial) Aalalia (Say o
RS
A5 5Y) ) Aaaliall dadk (ga el die ABL Aabalial) ) allaall 3 gny o
ey
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Multiple Interrupts = Sequential

User Program

|
I
I
|
|
|
|
3

-

|
|
I
I
|
|
|
|
I
I
|
|
|
w

e B )

Interrupt
Handler X
-~
- I
I
|
|
|
I
I
|
- I
e Interrupt
T e e Handler Y

’

r
b

/
4

Disabled Interrupts — Nice aidSimple/das s goal 5 Claklial S clal)



diacadll— cumu.@hﬂ_w\
Multiple Interrupts - Nested

Interrupt
LUser Program Handler X
— I |
- | I
— - |
= | -
= | . |
= | e |
— | _,."". M"-\.\,
= | .t I~
— - .
= l‘_ﬂ' I "“-\.H ‘-u_‘_-‘.
E i-___-'__"_—-l——..__‘__‘__ } -h'.'n H"'\-..\_x
= . ~.. Interrupt
-_— .\ -~ )
= | . “~ Handler Y
E | . -ﬁ'hh
= | ., |
= | " |
= | '~,. |
= g
p— I - |
= | t |
= | - |
=N -
= ¥ 5 |

flabalaall (0 (Al sdie 230 xa Jaladl) 488
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cladalia 4o ganal (e 3 N o dis

PUAMASA LYY

Priority 2 Priority 5 Priority 4
User Program Printer ISR Comm ISR Disk ISR
=0 t=15
t=10
<?25
t=25
\ \
t=40 t=35

S Y ol 3 e Comm Aakalie (o sl aabiiey
e sl B ) AlE Y i e UWlle rddaadl
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st Connecting daa )

@\.&d\ CAQ_\\.J;}S\ XY c.m;d.o.ajg_x;_qo
ohjj\.kmum;\_\ dmjj‘.bmul\;_\ o
Memory 3_SIAll e
Input/Output 1/0 Clas g e
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Memory Connﬁéﬁ@ﬁon 5 SIA) aa Joaa Sl

N-1 Y 0 (e 4 sine (5 sbia Jshay N words e L 3 SIA callis o

L_it_i\_\.\j\ d-‘-“ ‘)J 9 AL e
To Processor zlaell I e
To 1/O Device I/0 33l I o
Receives addresses (of locations) a8 sall (glie Jaaing o

Receives control signals (! 3l <l jLa) Jastas e
Read ¢! yall e
Write 4USl) o
Timing <8 gl o
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(1) g AYYJIEN Loy

0)liaJl ]
Input/Output Connection(1)
AR B Aen 5 e 8 SN el Sl LiSs y Lol g 4

.M ports Ll (5553 5,810 N words ¢ Yo

Output z!_AY!
Receive data from computer < sulall (e Cllull JDELY o
Send data to peripheral ahsall Gilas ol b Sl Jus )Y o
Input J&aY!
Receive data from peripheral dudamall Glas 1) (e QUL JLsiny o
Send data to computer wsslall ) cllall Jla ) e

a0
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d0LDe

(2) gAY/
Input/Output Connection(2)

c sl (e control signals aSadll &l HLa) Juainy o

sl Glas il ) control signals aSadll <l 5L} Jua ) @
e.g. spin disk sl L yall Jia e

G smalall (e G slndl Jasias

interrupt signals (control) (aSa3) dzlalas &l HLE) Ju i e

https://manara.edu.sy/



Dy

CPU Conri#gtion ---- CPUA L

s AV Glas i I control signals aSadill cal jLa) Jls ) o
instruction and data <Ulall 5 Cilaalail) 3¢) 58 o

(Andlreall 2ay) GLLLl) 4US

Giladalaall Aallaa g JLsis) o
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il JSY) g4 bus gall alai sy  Aalall Jua sl alas (e 2o lilia o

e gud <Y A il L;A\;Y\ oaldl e

Control/Address/Data PC »asill o gulall llull/ ) giall/aSasll jaly Jia o
bus (PC)

.Omnibus das siall (&bl (e L se Unibus (DEC-PDP) — ggJ\AgY‘ galdl o
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Whatis a Bus? Sualdl sala

85l Galea da e gl yua e
broadcast <ull aadiug sale
Al Lo g sl s g cCualy aaeall o
a5 e V) an g0 W 5 b jpean UK 5 360 3l 43Sa Master 2wl
Moo g el paly Cililal) 48) e 480y 58 3¢ Y) 4 Slave &)
Often grouped s (55 Llle
sl gal 8 channels 4:8Y) (e 23 o
Alaiic Al 4la) 58 32 58 32 bit data bus Jbe e

Al ) Aaal Ll jeliy a8

.data, address, control ;2 oalll 4 ) £ g3l AU

https://manara.edu.sy/



sald) alasiuly Ly wu\ Jall

Bus Interconnection Scheme

{ CPU Memory H soe [ Memory /O soe 1/0 H

Control Lines
HEN HIB HIE [ 1]

Address Lines Bus
| | | | | | I

Data Lines
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sibData Bus <blull (aly

Carries data <bibudl Jasy e
(5 siuall 128 die Claglarill 5 UL G (358 lllia ud aily Sl a0
performance ¢330 sl a3l s Galll (o je yiing
8, 16, 32, 64 bit °
16 bits? s dadxill (= ye iy 8 bits <l (aly e ol s J3 o
£16 bits Jsky Sladedll 5 64 bits oS @il Gals o 5 13 o
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Ad@ress bus (n skl (als

ULl Caaa 5 jdias paadl e

1/0 <l s o) () sie sl 3 SIAN &l se aal o)) sie ale (S o sliadl 2a3 o
BSIAN 8 dase adge (e (lilad) f) dagdedll 361 8 CPU ) zlias o
e\.b.\j‘ @ SJS\AM 4_3.&;;:;‘21\ | ua\_d\ UAJ‘G RREN

JB s 816 bit word size U= IS Jlis 20 bit address bus WA 20 =z =L 8086 el e
64K Ay pilie JS5 4 5l
segmented memory model lelhd 1l avdall 3 SIA 23 g0 aladiny IMB (s 4 sic aakaivg 431 Y) o
RAM: O — BFFFF, ROM: CO00O - FFFFF -
hardware lall slull CleSaiall s BIOS 3 SIAN 448 (anady lain 640K Js) aladiuly ki DOS Jis ol ey o

. Needed High-Memory Manager to “break Jala ,uSil 3 SIA (e e 3all a4l lisi s controllers
the 640K barrier”
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Cohtrol Bus aSadll (als

Control and timing information (! il 5 oaSaill Cila glaa o
O gliad) ijéj ULl aladsi @.L-u.uu &d\ zladll 20a%
) " < DAz ﬁ(ﬁ‘)u»éﬁ & Lera Jaladl Jﬁ % ) bl Jasy
‘Typical control lines 4l aSadl) L g o

* Memory read

* Memory write

e |/Oread

e |/O write

* |nterrupt request
* Interrupt ACK

* Bus Request

* Bus Grant

* Clock signals
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deola

coa  Big and Yellow?

What do buses look like? fuabill san caS o
solllda ) e de gdae 4 ) gia Jaghad e
Ribbon cables <3ulS Ly 54 o
Strip connectors. ¥ daslll e cdlasa o
PCH Jia
Sets of wires &MYl (e dc gana o

Caseatl 5 fan outz Sl a5 e 3l ealilly o 5l ol L Ko s
ol Jsha (e daali s fise O llas Lezan g attenuation
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ua gl SalidFa
Single Bus Problems

Y 258 s g aly e 3 3ea ) e yall day o
Propagation delays L&) ,ali o

bus U=alll i3l ) iy oY) e Lo el i LIS Y sl ST clilll ¢l jae Ciapal WS
S8 datise e il 8 i) (sl Cus skew

MSS]\ J.iﬁ Lase ua\_\j\ U e DJ\J&) @ 28 Sl u}ﬁ 6ua\_\j\ A dalia ) Q\J\:\.\M ddt_u L_ijtﬁ \JJ °
Device speed 3_¢a>Y) dc yu o

W) Sleallde yu e v 3ide yu ) Jali (alll gdaieny

ool de jud Tadaa yoiey UaY) Sleadl b Jully o

e o 8 ¢ald) i e dlale dagday ALl ) 5 L o s de yud) Adle AS0A1 3 gai L2AT 13
Lee llal) Jols el K3 Ll Zllol) 40 5ll e juu 530 e 404

Power prOblemS 3&&#\‘5 ASE.Q_LANM :\.Ctklu:‘}“ dSL&A °

JSLEA 228 Jad aly cpe ST andiind Caal sal) alai alasa
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(a3 813 3 a 53) KIS

| ISA <ilaly

Traditional (ISA){with cache)

Processor

% Cache

Local 140

. controller
Main
Memory
system Bus

MNetwork

S0

Fxpansion
bus interface

/

ULl o 333
Uil Aol
osall il

Maodem

7

Serial

Expansion Bus

Y e 1/O 3 jenhipwamantliai/ 3] (o i 3238 2 )8al) s3¢] 3 gy




Mezzanine Architecture

Aol ystide pull Wlle 1/0 3 eal 4 sial

Main
Menory
Local Bus Cache System Bus |
/B ridge | AL '
b1 1| Pl13vd Graphic Video LLAN

High-5peed Bus

FAX Expansion
bhus interface]

‘ Modem ‘

Expansion Bus

Serial
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.

Bridge

Based

Bus Ar-
chitecture

« Bridging with
dual Pentium Il
Xeon proces-
sors on Slot 2.

(Source: http://
www.intel.com.)

3200 MB/sec 3200 MBlsec
400-MHz 512KB-2ZMB 400-MHz 512KB-2MB
Core Cache Core Cache
800 MB/sec
100-MHz
System Bus
AGP 2X AGP Intel 440GX 100 MHz 2GB
Graphics [— AGPset . 100-MHz
533 MB/sec (Host Bridge) 800 MB/sac SDRAM
133 MB/sec I 33-MHz PCI Bus
UsB #2
SCSsI U === PClto ISA IDE Bus #2
Interface : e¢c _USB#| Bridge '
I- 33 MB/sac
Snapshot
o ||, Camera Mouse CD-ROM
alle
— [14]
=
g = 33MBisec |DE Bus #1
I ISA Bus
Disk Disk I 16.7 MB/zec I
Ethernet .
Interface Keyboard Audio
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oU_oJI

Direct Memory Access

DMA Transfer from Disk to Memory
Bypasses the CPU

Memory

Without DMA With DMA




Va)

DMA Flowchart for a Disk Transfer
(e )

l

CPU sets up disk for
DMA transfer

DMA device begins
transfer independent of
CPU

L4
L4
+
+,

,+*" DMA device
L J ,~*  interrupts CPU

CPU executes r when finished
another process

l
(" Contime )
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“Bus Types =L b

Dedicated yaasa o
Separate data & address lines &iwa (jglic 5 Clily Jashad o

Multiplexed z2 )« ©
Shared lines 48 _yiia Jaghs e
A8 iadl bl g o gball Jagha e G 3al o
Csbiall 5 bl dBsliaal Sa% b ghad ) Ui o
(M) T A paudl e
LA da ghak dae 1l ) e
Disadvantages (s sbusll o

More complex control agas i< Sai o
Ultimate performance 230 (amad) s e
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Bus Arbitrafion golll aati o) asas

LCPUAs 5_SIal ) i) Ol )b oSaill /0 z3la zlind 08 ;Dlie
Alme Aaal 8 Galdly aSailly aalg 23 sail Y1 manny 3l YY) o

o) padiuss o2l o pSaall 8

Leilly 2885 38 1/0 B el O V)5 Loy aSatll ¢ S5 o) oy o
centralized or distributed e s sl LS pe aSaill (S o
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Centralized Afbitration

okl ) Al Glalewd) aass e ;\,33\)\4 Jssua alg Jlea o
Bus Controllers =l aSaia o
Arbiter aSaall o

Sliine 5l CPU I o Te s 05S0 38
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Distributed Arfitration g J.sell aSadll

»

No single arbiter 2% aSaa ax Y

oaldl llay 73 003 JS o g

ol dHlan Al il s Ao a5l aSailly duidlie 4akaie Ao gane a6
.master sl 1aas g & ) gall 5 (5 S jall aSaill Carg

slave &) s Aslidl bl Jiio

Z....priority WY1 s round-robin Jie aSadll ilue ) ) s (e ) lllia
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Bus Arbitration

Bus request

-
(@) | Arbiter | Bus grant

v Y Y !
o/

* (a)Simple - -
centralized bus 0 | 2 ... "
arbitration; (b)
centralized » Bus request level 0
arbitration with  (b) | Arbiter |« : Bus request level

priority levels; (c) _d’ _dr #lr

decentralized bus  Bus grant level 0 7/ \.>/ >/

arbitration. Bus grant level k 0 | 2 [ | om

(Adapted from

[Tanenbaum, Bus request

1999])). Busy

(©) +5V

. o Bus grant L L L *
Daisy Chaining 5 | ) .
of devices

What T a device breaks?  Devices to left higher priority



24 o

AR

Centralized s Sl aSaill o
assert bus request Ll o g ol e Slea o 51 13) o
bus grant Gl J 58 5 L3 Ju ) adde (IS 1)) Lad oSadll ) 3y o
53¢ aead daisy-chain il du JMA (e calhall J 58 aan,y
Gilaa sl 4a ) bus grant llall J 983 L3 5 yar Y g aeddion adld alll ledd e Jpandl Slea .J\j 13)
358 Y) e abile () oy e 48 Glld DAy
Aeadll e d@\@wy\duﬁw&(&;&weﬂ el u\SLAS@u)@S .
Centralized with Multiple Priority Levels dikida dyliadl il sisar (5 S yall aSall o
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Indicates read/address lines valid, noticed by memory
Start

Indicates we want to read, not write
Read
Address Address from memory we want
Lines

delay

Data Data from memory
Lines

Indicates data lines valid

Acknowledge
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Asynchronous Timing Diagram

Asserted once read/address lines stabilize
Deasserted when finished reading

MSYN i i

Master synC
Slave = memory, ACK’s master sync

SSYN | ke, Master reads the data from the data bus
Slave sync

Read [

Address

Lines L"

Slave places requested data on bus

Dala ‘_.l
Lines
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