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TO EXAMINE THE PATHS

OBJECTNE :
' THAT CONNECT A PRoOcCESSDZ

- To THE MEMORY AND INPUT- _

‘OUTPUT SYSTEM,

o

' COMPONENTS OF A AP SYSTEM

——— "
-
'.'J \ '.._-...--—\

) ~
PROCESSOR }

' [MEvory COMPUTER

] ’
. ﬁﬁ r ~ 4"'/ MAINFRAME.
! . .

!

. |rweurfoureur|
- § - '

' PERIPHERAL DENICES

© * PROCESSCR, PROGRAM, OPERAND MEMORY

« PERIPHERAL TMAGE MEMORY
* CONNECTS THE PROCESSOR To ITS
PERIPHERALS,

* LIKE. MAIN MEMORY :ARRAY OF REEISTERS

*ABLE TO BESCRIBE PATHS THAT CONECT
THE MEMORIES TO THE PROCESSOR,

(M ])—S

PERIPHERALS

P I /o fir——

~SwiteH (S) ConTROLS THE INTERACTIONS:
WITH THE PROCESSOR AND ITS

MEMORIES.

®



- BRCK.GROOAD + CONVENTIONS |
* INITIALLY ASSUME TMAGE +OFEEAND
MENDRIES ARE IN THE SHME PRDRESS
SPACE (DIFFERENCES LATER)
* IN ORDER To DESCRIBE THE ROOTES
BETWEEN THE PROCESSOR + MEMDRIES
- NEED To DEFINE Some SWiTeM -
DEVICES . -

- i[TR@A] . -sToREs BATA umL
- L o P ovERWRITTEN.

*ouTPuT 1S 'sTATIC!

copn T , * LOADED BY 'LoAb' conTROL
o SIGNAL, -

ONTO THE BIDRIRECTIONAL LINE
OR REARDS BDATA FRCM THE
SIDIRECTIONAL LINE ©MTe THE.
OUTPUT, '

* CONTROLLED BY THE ‘mirzcTion
CoONTROL. S GNAL. :

* ROUTES ONE OF N INPUTS
ONTO THE SINGLE ouTPUT.

* CONTROLLED BY THE 'szigcr’
CONTROL. LINE(S),

*DRIVES BATA FRoM THE ThpuT

<ACTNITIES

SIMPLIFIED PIEOC.E-SS_OR

MEMORY AnpRress |

MEMERY

BATA

* PROCE.SSOR S .
| ‘SOURLE OF MEMORY AUDRESS (PC,:\'.K,S& ..... )

*SOURCLE fOESTINATION OF MEMORY DATA
- STATIC ,
-« DESTINATION : TR, AL reg, GEASRAL RES,
*SOURCE : GPERAND reg.

« MEMORY

* SELECT INPUT DEFINES MEMORY LOCATION

* READ DATA ROuTE

* WRITE BDATA RouTe .

* READ/WRITE CONTREL To DEFINE MEMCRY FN.
+ SJANAL RIW

- . s LEREAD:OsWRITE

* GENERATE sGLEeT
. READ/WRITE BATA

© TIMING ACTNITY 1S IMPLICIT



PRoOCESZDR - MEMORY EouTE.s g
1. BivinzeTional DATA « DirseT ADDRESS

SE_LEGT e

weie |

~. . CHIP BODNDARY
-BIbleEc'nonm_ DATA ROOTE.
"+ 4 conTROL SIGNAL READ JWRITE,

*SETS BIRECTION oF THE DRNERS
PIN COLUJT = Npn =Nn+Nb+1

PRocEssor w:eu LENSTM  Roppess MEMenY

NDB) (NR) sI1ZE(K)

8020 8 16 64

| 6800 8 16 b4
. Zgo 8 16 o4
&svifn, 8 16 b4
6504 8 13 . g
6503)s 8 12 4+
- EA 9002 8 12, 4.
PPs -g 8 14 6
2650 -] Is 3o
TMsa900 - g aa.

e

PN counT

(Npn)
25

I

21
21
13
24
23

@ 2. SINGLE MULTIPLEXED ROUTE
- » ADDRESS = DATA WIDTH

.SE—LEGT vl Mux

‘ sz +
P Reap L B

WRITE mo LS

CH-i!P eouNpaRry .
*REDUCED PIN coﬁm’ BY MULTIPLEXING RLLRESS + DRTA
T *MUX + DRIERS ARE COMBINED TN THE CHIP
*DEMULTIPLEXED EXTERNALLY
‘2 BEATS TO LOAD ADDRESS AND DATA
*ASSUME NA=Nn -Np ‘Np = width o} dchport
. sPIN COUNT = an =Np+2
| +1 rean/wriTe

-1 LOADY ADDRESS LARH-

I _
RocEssag WORD LENGTH ADDRESS LATEM MEM n
¢ (ouosupf (Na)  (N4) si2E() Np

GI-leoo g 16 16 64 I8
PAcE e ., 16 16 64 18
MPS-lB0O 6 16 o b4 Ig
IM-icoo |2 2 4 14
Bisli) € 8 8 Y4 (1)
Floo 1 5 15 32 g



3, SINGLE. MULTIPLEXRED ROUTE
.+ ADDRESS > DATA WIDTH

.'_SELEC.T‘ -~ L SE\ECT

READ |
WRITE

E,‘m READ

1D

A ~lwWRITe

" CHIP BowibARY

. "W.\l?.la‘l'lou_-:s REQURED IF NA®> Np

* ADDRESS IS SENT IN TwWweo BEATS
+ & BEATS TOTAL

*PIN COUNT = Npn = Np+3

v 4 READWRITE
. 2. LoAD AVDRESS LA‘re.uEs

Pm&ssoz WORD LENGTH ADDRESS I-A'I’a-! men  Npn
| . CND=Np)  (Na) (N1 sSRE(K)

CRD-8 8 16 Q+2 64 n
Itoce © 4 e+ 16 il

4. BIDIRECTIONAL DATA - - MULT\PLEXED mmss
* MULTIPLEYGD m-m RouTe.

I
- . CHIP BounbAaRy

*INTERMEDIATE. SoLUTIoN WHEN NASAD

* FASTER THAN SINGIE MULTIPLEXED ROUTE.
* NEEDS MORE PINS

.::'I'BHT OF THE ADDRESS IS Mul—TI‘PI-Ebe WITH THE

*REQUIRE. A SINGLE. LATCH , LENGTH N4,
 *EXTRA CONTROL SIGNAL (LOAD LATCH)

+PIN COUNT aNPn = (NA N1)+ND+Q_

* Ni£Np
‘|Plaoc£ssog maamam hpgmss LAt MEM | Npn
NL  SIE(K) :
koS - e ? b4 I3
go4tfpg) 2 12 @ 4 (4
MKSoes 8 s ¢

2. 7

(®)



5 BIDIRECTioNAL BATA -MULTIPLOED ATHRESS
s MULTIPLEXED ADDRESS ROUTE L

., ]

SELEeT b |Muie T T
| !
P . o
WeTE: i, hd g
-

. CHIP BOUNDRRY
- AGMN . Na >Np:

* ADDRESS IS MULTIPLEXED RATHER THAN. THE.
o DATA ROWTE.

* REQUIRE A SINGLE. LATCH, LENGTH N4
o *EXTRA CoNTRoL SIGNAL (LoAD LATCH) -
+PIN COUNT = Npn = (Na-Ni) +No + 2.

[ | *2Ni $NA
PRCESSOR  Nb 'Na  Ni Jen e Npr.\
ComMAC Bl B . o4 Ig

~

b ek |

o, BAang o

SELCeT ==
WITHIN. A

- READ [
WRITE

| ‘
CHIP BounpARY ¥ BS =z BANK SWItH

* BANK SWITCHING EXTENDS Basie PODRESSING RANGE.
TO PROVIDE A LARGER MEMCRY SPRACE

-*SOME pPls HAVE INBUILT BANK. SWITCHING (SZ€ BEiow)
* AODRESS 1S CONCATENATED WiTH Na sirs oF THe
BANK SWITtH REGISTER, To PROVIDE. FuiL MEmeRy AvDRESS
°'SPECJ'AI-_IMSTEuc.TtoN To LoAD BANK. .EEGIS;I'ﬁ-R.
‘PINCCUNT 3 (NA=NGY+ Npaa

+ 4 rEMwRITE
+ 4 Loan BANK CEG,

N,a_ BANKS SRE ToTaln Npn
e 4 16 4k ¢4k nn
16 8 ase 4 bk 1
v BANK, sm-rwmc. IS NoT FRE®

ENTLY OSED DOE
TO PROGRAMMING DIFFICOLTIES wH FTCHIN
MEMORY Blocks . A SwrtcHing

PROCESSOR. N Na
| Sclme g
CUP Igo!

\ LRTEST BP's (lo=-bik) HAVE A LARGE
WRVRESSING SPACE. B 2o giTs (21 M dy4es)

| (zsoogmesooq I 08k)



SUMMARY : PRoCESSOR -MENORY RouTES  (T1)

* INDICATED THE MAIN FEATORZS oF
THE P-S-M ORGANISATION Found ow MesT
p.P's ) )

* BIDIRECTIONAL DATA ~DIRECT ADDRESS

* PoPUuLArR ~SIMPLE. MEMOZY INTERFACE
* HIGH SPEED » TENDS To A LARGE NuMger
OF PINS

$SINGLE MULTIPLEXED ROUTE

* POPULAR WiTH lbbit uP's (earlier enos)
. SLow

* LARGE ADDRESS LATEH

* BIIBDIRECTIONAL DATA - MULTIPLEXED ADDRESS
*POPULAR WITH LATER sg.P's s
* No APPARANT LOSS OF CPEED OVER DIRERT
AvuReEss ' ‘
* SIMPLE. LATCH : .
sGQAIN ~ T PING E .

*PIN COUNT , :
+ FIGURES GNEN ARE WYPOTHETIcAL

* PINS MAY HAVE MULTIPLE FuNC.TIONS
* ASLITIONAL FunNcTioNs | ‘

.+ EXTRA SWITcH INFORMATION (INSTRUCTION
FETCH, MEMORY RIW, STAcK R/w)

'+ CODED FUNCTIONS : 2 PINg CouLd PROVIDE:
' o 4 stannns

SIGNALLING

*SIGNALS " ARE. SUPPLIED BY THE AP WHICK DICTATE
WHEN VALID TRANSACTIONS MAY OCcUg.

-StGNALs DEFINE PRoTocoLS For INFommaTion EXCHANGE
BETWEEN AP anDn MEMoRY

* TIMING + SEQUENCE OF SIGNALS (S cRdeia }

* TWO CLASSES OF SI6NAL 1. FuncTion (WHAT)

4, TiMIN G (WHEN)
* FUNCTION SIGNALS '

'+ READ AND WRITE ARE THE MAIN SIGNALS

* DISTINGUISH BETWEEN MEMORY AND Tlo
- TRAMSFERS (rmagbe)

SWITH MULTIPLIXED ROOTES, EXTRA SIGNALS To
LOoAD LATCHES

« TIMING SIGNALS

*RELATED To THE uP tioccke
* SYNCHRONOUS SYSTEM :

2 ¢ THAIN G INFORMATION (wWHEN) 1S OFTEMN ENCODED
o WITH FUNCTION INFORMATION (WMAT) _

EG. WRITE SiGNAL ’ |
*TRULY TIMING ONLY SIGNALS £9 MEVORY READ
s EXAMPLE 4 P'a '
&6¢oo ) '

RIW : READ o weiTE FuncTiown
VYMA : ADERESS VALID For MEMORY CYCLE
H

DBE : DATRA AND ABBRESS RouTE TIMING,
BOSS : ]

ALE : oAb ADDRESS FROM DATA RouwTE
Io/M : T/o or MEMORY pccess

-4 -3 1 READ guNeTion AND BATA TIMING
wR t WRITE FUNCTIoON ANt BDATA TiMING

goY SYNCHRONISATION FoR SLOW MEMORIES



290

* MEEGL T MEMORY ACCESS FuncTion
IoRx 1 Lle Accass FunNcTiond
R ! READ PuNcTON + DATA TIMING
wWR. : WRITE FunNeTion + DATA TIMING
’ WwWAT

1 SYNCHRONISATION FOR SLow MEMORY

+« MEMORY READ CYCLE. FoRR T 4O

ctock. LML LWL W
’ e . e —--—-’h
ABBRESS 2l e sis
' — £ nee i
DATA pX M e
RD TT\—————— ‘
~# machine cycle 2
£eve : CYCLE TME.  tAce : ACCESS TIME.
m ADDRESS VALD (] ‘Bus FLOATING .1 t.;m
(W)Y

. MEMOR.‘! WRITE CNCLE FOR E%Q

ctock L] I-.J !_J-'I_J_L
PBORESS o e
pata  TCTT 1
MeMRe T N/
WR eed

= twpu—

twp s WEITE PULSE WiIDTH
(LooKk AT OTHER uP's YOURSELE !)

4

“PERIPHERAL IMRGE MEMORY

« DATA AND ATDRESS ROUTES ARE SHARED \mTH
THE OPERAND / INSTRUCTION MEMORY

InpruT
ENRBLE = = = <P peaTs
R GATES
. & A&
ANDRESS o= >} §
b -]
READ ST })__I < .
DRTA e rp— T
_ Lt‘ zeelsm'q‘
' ey PUT
< PoRrTS

* Two cﬂolcs.s Fel THE LocATON OF THE IMAGE
. MEMERY =« MEMORY MAPPED ‘
. * DEBICATED Ms.mz\f

OMEMOQ‘I MAPPED

‘ REGISTERS ARE SITUATED 1IN MAIN KenRESS SPM'E.
+ ENRBLE. not presgnt

* ERAGMENTED MAIN MEMORY

«RICH SET ©F Ifo INSTROCTIONS
< SAME AS OPERAND ACLLISING

v REQUIRE LARGE DECODING CIRCUITRY
« BLL pP's MAY OSE MEMORY MAPPED Ilo
s 8OO HAS MEMORY MAPPED Jlo oNLuY.

@



DEDICATED MEMORY

. DEDICATED SMALL MEMORY ASSIGNED Ta Ifo
{EXTRA CONTROL SiGNALS ( ToR®, To/M)
+ ENABLE is presa.nb.

* DISABLE MAIN MEMoRY wWHEN ‘Tlo memory'is
ACCESSED

+ SPECIAL INPUT-OOTPUT INSTRICTIONS

* SMALLER. DECOBERS > SMALLER. MEMORY

* RANGE OF uP's WHICH SOPFoRT
DEBICATED Tlo MEMoRY

PROCESEOR . WitTH  NZoF PORTS N%oF Ilo
(bits) IN ouT INSTRUCTIONS

goegd

8 ) 392 {
goso 3 15 256 o
€605 INT ] 1 I 2
g088 EXT - 256 2156 3
280 8 256 256 12

- 8048 INT ) X 4

8049 EXT 4 16 . a3

qq00 INT | 1 | 5
ceP| 204 Y 1 7 2
| Mk Soes 8 16 o 4
' 2650 8 256 a5k 2
IM blos Ty b4 b4 o
Fe 8 15 156 4

INT : Internal } Ile REGISTERS
EXT : Exiernal

@ +SPECIAL INPUT-QUTPUT

. LARGE RANGE OF PERIPHESAL CIRCLITS

ARAE AVAILADLE WHICH ARE TIWMPLEMINTED
oN L3 ELEMENTS

« THREE BROAD TYPES !

-PROGRAMMABLE PARALLEL Tlo
s SERIAL Tl CPE@&EN&MAESLE.)
¢ TIMERS

. P@GRAMMABLE PARALLEL Tlo

» TNPUT AND OOTPUT CIRLUITS ON THE SAME PN
OF THE LSI ELEMENT PACKAGE
* A DIRECTION SIGNAL IS REQOIRED
« EXAMPLES
: e Mbtaofi 2. B-bik ports
- 13IS5 (RwM) 3 ports : 3 86 bds
« 2%0 -Plo a s-hﬂ-. por’rs

- SERIAL Ilo

- sEmAL [PaealLEL 4 PARALLEL [SERIAL

« UART +UsSART

* CONTROL WORDS * FOoRMAT +ECROR, DETELTICN
+ BAUD RATE .+ SYNCH /ASYNCH

« EXAMPLES
- « Mb8S0 1 synew perk
«Isasi 1 34nch fosynch pork
«Z%0 -STo .'gndn Ia:gnc.h ports

» TIMERS

*USED m QEAL-T:ME. APPLILATIONS WHERE
'PROSGRAM' TIMING IS NOT ACCORATE ENOUGH
¢« DRVEN BY AN EXTERNAL CLOCK = COUNTER.
+ PROGRAMMABLE FoR VARIOUS TIMING FunNcTioNS

+ EXAMPLES

« T825% 3 lb-bfiz COUNTERS
* MEt4o 3 lo-bfc COONTERS



+ SUMMARY

*EXAMINED THE VARIOOS SCHEMES for.
CONNECTING AP's To mamories.

* METHOD ForR CONTROLLING DATA TRANSFERS
* FUNCTION + TIMING

-+ EXAMINET> PERIPHERAL. IMP‘GE MEMoRY

REQUIREMENTS

*MEMORY MaRPED IO
.. ‘DEDICATED MEMoRY

* SPEQIAL Tlo LST ELemeEnTS

* PROGRAMMABLE PARALLEL Tlo -
r SERIAL Tle
+ TIMERS

» ComPLENM Tfo svssvsfc:ms ARE
AVAILATLE

~ * FLOPPY DISK CONTROLLER
* SDLE PRoTceot CONTROLLER

. CRT CONTROLER

KEYRoARD [DISPLAY INTERFACE
DATA ENCRYPTION UNIT :

* UNIVERGAL PERIPHERAL INTIRCACE
ALL PnoquMMA&_E

@






