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ABSTRACT

-

*A speclal pu:pos multlple processor :systeh; \the"éhared

I/O ﬁs d1scussed

!

//processors such that all processors perform 1dent1cal_

/ operatlons. Due' to \thew nature‘

<

1mportant that the communlcatlon between the procesi§§§ be

~managed‘\1n las} short

.

that superGﬁse the xnter processor communlcatlons 1n"

J
an- env1ronment are’presented fThe concept of shared I/O is
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C 4. . 1.1. Bn Overview =
In the recent past many computer systemsr»haVe 'heeﬁva

;’ffglrf3fde51gned spec1f1cally to 1mPlement a’ 51ngle algorlthm or atﬂ;-ib
” ”;ﬂfgroup f” s;mllar, algor1thms Thesel! Spec1al e purpose3?fﬁff
‘kaas;hardware .unlts “?fé]'used for algorlthms that requlre an ;nfﬁh
f{;exten51ve amount of t1me to execute\on a con&entlonal com—:h;g%;‘

o

dv,;;puter._ Examples 1nc1ude SYStemS-ﬂdeveloped for Computer' o

4;:{ﬁ”diass1sted tomography [BROO76 SWAR82] anaIYZ1ng data frOm"“"“
Lrﬁfaﬂﬂ;;husatellltes [ONOE81] and 'real tlme proce551ng of 51gnals?fc{h
| t””?fand 1mages [RABI75] R SR ' - '
e f;,_ u_t 4 o SRR | : _
f”ThiﬁythéSis presents, a de51gn of yet another spe—_ch; jfﬁj
lij;clal purpose system regerred to. as the Shared I/O organl_fiii
'tgzatzonp developed by Heuft [HEUFBO& Shared I/o | jéukéu‘"ﬁ"
h‘methOd [of °r93n121n9 mfltlple processors such'that all;?hﬁ

s

f7processors perform 1dent1 a{

operat1ons. ThlS characterls-h;tfffffﬂ
'ﬁ\tic 5makesv'th( shared I/d well su1ted for 1mplementatlonff€d _f%ﬁ
;ig;lfjtvmusxng commerc1ally 'avallable LSI; components' such ”p'sfgl”ﬁ'””'
»"3:;?fpf”ﬂ:mlcroprocessors.,a.bqethﬁpfthe nature of the structure (tofﬂfilﬁ'h'
‘f g;;:;:éﬁfsibe dlscussed later), kfﬁiSFAf paramount 1mportance thatpp

- the cqmmun1catlon between varlous modules w1th1n ‘the- sys—f;fk"u*’

f;“tem be managed in as short t1me Spanuu’ p°551ble-n~fTwod[f>f

L §3519n5 that superv1se the 1nter processor communlcatlonsfig,

R




1n such an?enVironment 'are descr1bed ;nThe. concepttiof‘_”

Shared I/Cu 'dx also compared w1th other schemes usedpford'

r"( :

51m11ar purposes, llke p1pe11n1ng.;liff_:ﬂ“ 'Kh*ld-hf;hdyk*'}Q‘ﬂl
The next sectlon relates shared I/O Wlth h‘ other‘5:
;multlple processors. systems avallable' today It is folf5,7fj.f'

‘lowed by a. dlscu551on of;the shared I/O _hej subsequent«“

ﬂf;:{!dchapter compares jshared I/O w1th Plpelln1ng and SYStollclv;

'fffarrays.Q‘ Systol1Cj arrays arel hlghly regular cellulaﬁ

*f}f'structures that work on the pr1nc1ple of plpel1ne yet have}fﬁu

N

‘?ara close resemblance to shared I/O ‘;It 1s followed by

Jﬁfdescrlptlon of the two methods of managlng 1nter processor?d

°

l“f{yfir,~T;'commun1catlons.; Conclu51ons and recommendatlons compbeteﬂfg_;’v’

' dthe the51s.wj L g

1 2} ;"’Sh,ar'e,é' 1/0 ana.;o'thér'niu-it’iple'-:pf_c;’cé;'ss_ar‘*.s‘ystems‘_,; SO P

thce the t1me of Unger [UNGE58] there has been 'QC?h:fi
“”fslgnlflcant ylncrease intfthefﬁnumber of computer systems

fd:whlch attempt to 1mprove the performance to1 cost ratro.~

e

o Most of - them make use of multlple processors cooperatlngh;f'
S w1th each other to achleve the desared performance levels,371ﬁ
']Slnce the shared I/O scheme also uses multlple processors;f*hé '

;fthere 1s a need to present aj clear 1dea of what shared I/O\cf.
ul:1s 1n relatzon to other systems.t,; | .f' Lo
Y 13',N1“5:'“T7 s vT' £ v_'f’ e .. . ~?;¢; SRR ke

~There’ are £wo: approaches' one 1s based on a. partlcu—:f
fvlarl,archltectural .featurg;ﬁ the memory and the other Qntw;:ff,,u




* University of ‘Alberta- 0 .-

v : . : , v T I _ R
'“1.& Shared I/O and other mult1p1e~processor systems Wi;j'3

‘\.

e

the'degree of cooperatlon‘among the processors 1nlthe'syS_Q_~
%tem,'Vr dlscuss the'vabove: 1n the followxng sectlons,
: Flgure 1 1 1llustrates ;;heﬁ dlscu551on h' follow riﬁgté;?“"

gnaphlcal manner._f For completeness, a br1ef descrlptronﬁnjffr

Of each node 1n the graph iS_ glven wh1ch 1nc1udes ,féw‘ﬁ‘

'

representatlvei examples. -Before we go 1nto any detall wejf“

f1rst brlefly descr1be the shared I/O organlzatlon. s

N R S
_\\

C1.2.1.0 ~’"s’harje_d_-'. I'Zo_"f__in ‘a hu'_t«,s'h’ei_lf

‘., -

The shared I/O organlzatlon IS a spec1al purpose sys—ig

tem de51gned to 1mplement a certaln class of alégrlthms.'j'
dsd.It consasts of multlple processors /that cooperate'kfh,{éhp;j{%~

computatlon. Flgure 1 2 shows> ;'set of processors con-ﬁjj;l

nected in’ the shared I/O conflgurat1on..; EaCh processorgkhs?*
’"f?QhaShfi?quany memory that is not. acce551ble to any other%fv}:th

processor in the system A 51mp1e 1nterconnectlon scheme;'vf”d

connects adjacent processors together to form the communl-;f

catlon llnk The flrst and last processors are cons1deredfﬁﬁ?”*53

are shared by all the processors (hence’}thé;.name ;sharedijJ i

-.(

I/O) _dTheF major -env1saged use of the shared I/O 1s 1ts”

functlon as a: per1phera1 to a. maln computer.fﬂ

N

adjacent .“In' shared I/O processor(l) sends values toih
. processor(1+1) and recelves from processor(1—1) There
}faref only I/O dev1ces for the entlre system and they{’;-” B



1;2;1,§haredfI/O'in_a‘nutsheillin;f;"1‘ﬁ ﬂ‘“,,f‘ - ,-4' |

]

et omwt s

co1.2i2, ,"‘f'I'he.',‘,ai”'s"pe’c'."t .of_t:ﬁemoryf' |

| g

1

The processors 1n a: multlple processor;‘system can}

\

”e‘elther share a common memory or operate from w1th1n thelr R

o p,

'R§own prlvate memorles. The multlprocessor ~as“ def1ned by

T

'h@Enslow"{ENSL77] 1s a- shared memory system.’It con51sts off7dr

\ftwo or more processors sharlng a malwmemory and 1/o dev_,.y aﬁh
flces, under' the SUPerv1é?*n of ‘ar 51ngle operatlng system. g?ftﬂ"ﬁ
'It also has the capaﬁullty to, allow gnteract1on among ??héi:l'

Td}ocessors both at/)software and hardware levels.,;?-mmpwﬁ

“[WULF721 and Cm* [SWAN77] are two‘ well known models Fif;f'“
’HmVsuch a muktlprocessor.; The shared I/O though 1t allows L

.athe sharlng of I/O dev1ces, does not permlt the~shar1ng ofpv\“dvm_f

'v.._'z*Fa"

3 R

17Whenfthe'memories attached h processd}s~jare”;iyi,ﬂwﬁ
“”1separate from each other,; we can have several dlstlnct.

‘ﬁfmultlple proFessor systems. There are dlstrlbuted systems"
'fh;and computer networks.,i_fﬂr\”

Enslow deflnes a d1str1buted system to be - character-fu

'.'fhflzed by flve components [ENSL78] udff;>fiikig7f;»'w[jfrffiyﬁjs~

R

_;(T)n.1t has 8 number of processors ‘which be dyﬁam{ip?

r;,y;fi,cally a551gned to spec1f1c tasks,‘fff?:f‘,ff:§:ﬂﬁd‘//<;%"

",:(2)=pthev'pf¢ces;ofs* are’ phy51cally dlstrlbuted ’/andeﬂf

“interact withf-each‘ other over a. communlcatlon net—f

o owork;




1.2.2 Ihepaspecthof;memory ; re.‘*;ig . RIS
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(3) the dlstrlbut1on of the processors and :theA computa—

\‘rtlon they perform 1s transparent to the user._ Thathﬁgf‘

‘1,isf‘a user 1s unaware of the'dlstrlbutlon hf the sys—"ylf

T

'bgtem' and thus 1s unable to spec1fy the prbcessor he;_xll‘”‘

| fwould llke to use for a partlcular computatlon-*

"(4N‘fthe processors cooperate w1th each other on a compua_f'

"sepltat1on though they remaln autonomOUS W1th respect tohf‘

_‘a serv1ce request from other processors.j?; J”.[j\[‘ff
. | . TS AN

T'each‘other.f That21s, they retaqn the r1ght to refuseharhﬁ L

:(5) hand flnally, each processor has 1ts own local operat*_ﬁh”h

/'

‘Zjlng system-' there 1s ah_o a. common operatlng systemfff'

S”that superv1ses and 1ntegrate' the operatlons of he@t'
“ﬂ7ent1re SYStem--tffffA"ffbp[i;lrf\}\ P
';*JHXDP developed at the Honeywell is, an example o ;an”e?perlg~"'m

.

Ay'jlmental dlstrlbuted system [JENS?BU

Shared I/O conforms t° .i"thj;hébo’vei def1n1t10n w1th;£57_"V

*”frespect to Ltems 2 and 4. The processors ‘in the shared I/O”;ft

”hl~are autonomous, because they may not grant the1r nelghborsf:V‘h

"ﬂ.perm1551on to_ communlcate w1th them untll they are readygft

w to do so. For 1nstance, processor P(l) may not process a

."~hrsend from P(1 1) untll 1s ready to recelve the data._{Ash3m

for 1tem 1 tasks are not dynamlcally a551gned to the pro—”':«7*°

' ”f?cessors i the shared I/O\duxlng a- computat1on-'they aref&f

vfdetermlned at the beglnnlng of the executlon. Slmllarly,ﬂ’hQV’d

\

“fhltem 3 ‘f~no”‘ appllcable because, the processors 1n the-'h’
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S e

”7vm cooperatlng on ‘a’ task For example, the plpellned centralb‘V““'*

’1,2;2 The7aspect.of memory ~k‘f””“‘i‘ ‘,“'v‘, s ”‘:5

‘fls not a. dlstrlbuted system.

LN,

ashared I/O perform 1dent1cal tasks.,Thus, the shafed I/Q,“”c,r

f

LS
- [

. Computer networks are 51m11ar to- dlstrlbuted systems

R Ee 4.5.
ql”except that there:~is‘ no system transparency The useri

8]

must be knowledgeable about the resources avallable elsef{

Saas <)

‘twhere .and spec1fy exp11c1tly how to aCCESs‘them Alsof‘

Q:there 1§ no h1gh 1eve1 operatlng system that controls 'and%r

';’/

" f1ntegrates .the__underlylng hardware.. To state it other— P ERA
‘«Wlse,gcomputer networks are de51gned for resource sharlng;7

‘ Lrather than sharlng of the computat1onal load Shared I/Or”r"

\

-_1s not a computer network because 1ts ma1n objectlve inl”

’ ‘”u1n roduc1ng cooperat1on among the processors 1s to sharef“

_e c.omPUtaj:lopalzlpa&_: SRt

Vf_Other multlple proceSsor systems we have,not yet con—e"

G|

3a%}51dered ﬁso°?t are isystems that exh1b1t a master slavepf
“fh?relatlonshlp These are nelther multlprocessors [ENSL741$fh’
B dlstrlbuted systems nor computer networks [ENSL?B]»h?ﬁ:\i
&;fShared I/O could be cla551f1ed ‘ »- member»fo : thlsfffo:'
v“_category fin_ that ff operates ’asf:a slave to a master{ffrtfin

'?pW1th1n %th'f_slave there' could be.-multlple_ processorsﬂ*n

..

‘f:processor 1n TI ASC operates as a slave to the perlpheralkfF:

‘processor, wh{th executes the operatlng system [WATS72]
"fajThe perlpheral processor analyzes a jOb and 1n1t1ates:rtheufﬂr"h
”ﬂcentral -processor: on the executlon of the JOb after furQb]fﬁbkb

frnlshlng 1t w1th the requ1red data. Ingawsrmllar:,fash10n,»rf
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”%ﬁ'.1n1t1ated w1th separate jObS 1ndependent from each other. pj,a"

‘“1;2,2 ThéaaspectVijmemory _

P

T
, A

plpellned array processors such as Float ing: P01nt Systems-

AP family,‘are de51gned to be perlpheral d~v1ces that act
. AN
on!.a" command from the master..[BERN82]

';of how a matrlx multlpllcatlon operat1on 1s carrled out on

ives: an examplef~

"the FPS AP The master, referred to ‘as the h st, transfersv,j

B

.;isﬂ,th methods 'of: computat%

-, all the data necessary for the multlpllcatlon to the arrayfyf

processor .and recelves the results from~the«latter.-iThev»

shared I/O can ‘be programmed to do operatlons 'Similar5 tépj

B !;

that of the FPS AP»famlly The dlfference between the two“v

Wi o
o

e {

exp101ts' parallellsm 1n the”glven operatlon whlle FPS AP* PR

uses p1pe11n1ng.._

e
!

' When there are multlple processors 1n a sYStem' they

ng@mployed o Shared I/O;

"?ﬁg2.3;fyThe'a5pethof cboperationr-a.

.vusually vcooperate among each other to share the computa—dhifp

']tlonal workload._ There are three levels of cooperatlon-ia'f

o

r?multlple processor system \may exh1b1t- ;jfbs.ntask 'orfh )

-;y1nstruct1on.i At the jOb level dlffereng processors Jaré}fl**

"'aTradltlonal multrprogrammlng as done ‘on ’aV multlprocessorp'-tV'

1s an'example.v The experlmental ver51on of M1ch1gan Ter—d;_

‘, around two IBM 360/65MP processors [SROD78] At any glven\

tlme, the processors are executlng dlfferent jObS or1-:fga

fvmlnal System (MTS) “'a‘ multlprogrammlng system bu1lt‘f

' glnat1n§ from separate users. The cooperatlon between the;fff‘



e

‘jOb level _ S R

1.2.3 The:aspeCtgof cooperation - C " , 8
. ' . i \:,.,... . B ! . N .

5 N . . s ~
N , : . =

“proceSsors 1s 1n the form of obsery&ng the ethuettes of
) sharlng common resources, such as memory or’ an I/O dev1ce.'

“rThus communlcatlon needs are at a mlntmum.f The PRIME com—'

I -

}puter [BASK72] 1s an example of a prlvate memory muLtlple_'

:processor system in whloh the processors cooperate at the_”

Py
L

-
i

At the\\ask level of cooperatlon ‘a_'job isf parti—

.h:tioned,irnto‘ several tasks that are dlstrlhpted among thek
processors. Slnce all the tasks must cooperate w1th eachﬁ'

,dother, ’itg”ls necessary for some communlcatlon mechanlsms,~
;tOvbeVEStabllshed between the dxfferentvtasks so that -thedt

‘ values produced by one. may be transferred to another. "The

3 e

'communlcatlon needs at thlS level of cooperatlon'_tend .to_ig'

../»

,”.,be moderate‘ becaGSe the jOb 1s partltloned in a way that:'
»would mlnlmlze the commun1cat1on overhead c. mmp ‘is"anh
.;example of such a ltlprocessor; con51st1ng up to 51xteen""v
rhpdocessors w1th ta§>\level cooperatlon [WULF72] h Cm* “ds
fanother ‘1nstance of task level cooperatlon in a multlpro—h‘
v.cessor [SATYBO] All useful computatlon in’ Cm*;ﬁis ‘donev%f

j'”V,fthrouc_;h task forces,, h1ch are act1v1t1es that may}execute

: udln parallel HXDP [JENS78] .”anv example.hof” prtuatew

f:memory system that exhlblts cooperatlon at the task,level.

I

At the 1nstructlon level of cooperatlon 1ndependent

‘v1nstructlons are executed 1n parallel oa dlfferent proces—fu

R

' sors ‘ There are three methods of organlzlng the .1nstruc-

’pt1oh flevelvcooperat;on;-parallel plpellned or overlappedh

P &
1 L T
N DR e e e T Co S LR - R : 2
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L

‘1.2;3”%he aspect of cooperation = o g

LN

operat1on. _'Parallel execution refers to perform1ng

1ndependent operat1ons 51multaneous\y onfd1fferent procesm"

sor. In a plpellne, the. executlon functlon is subd1v1ded

¢

such that the 1ntermed1ate results move from one stage to:
another for appllcatlon of another subfunctlon. For examf

ple, the floatlng point add1t1on on the TI- ASC [WATS?Z] is

.a p1pe11ned functlon.- Overlapped-proce551ng 1s d1fferent

from p1pe11n1ng 1n that the evaluatlon of the funct1on may

g rv‘ 'fv‘"

, \-regu1re aﬂdlfferent sequence of  subfunctions depend1ng ,
upon. “the dynamic statev of the system [KOGGB1]. The:
blnstructlon overlapplng in IBM 360 model 91 [ANDEG?l-is an .

”,excellent 'example.' Plpellned vector processors such as

v
g

‘1dent1cal operat1ons that, have to be performed on large
‘ ‘vegtors of data [RAMA??] ‘STARANrand PEPE are examples of
‘parallel executlonw off 1ndependent 1nstruct10ns 1n wh1ch»

,the operands are broadcast to a set of 51m1lar processorsf

X

f[RUDO72 EVEN73] ‘ MPP and ASPRO are: 1mprovements overl
STARAN developed at the Goodyear Aerospace that ‘make4‘ se

.. of advanced technology for 1ncreased speed of- operatlon,

example: whlchv employs cooperatlon _a the ‘1nstructlon

"level. In’a data flow computer, ‘the - executlon‘ of“each

A3

1nstructlon depends upon some other 1nstructlon Whlch pro-

--duces 1ts 1nputs [TREA82] ‘.Shared 1/0 15 a,multlple'-prol

’

ﬂcessor ,systemzv that cooperates at the 1nstructlon level

,an ftfteach processor may’depend~upon values; produced by.

(]

@

Jthe TI ASC and CDC STAR utilize the parallellsm among ‘

’.[BATCBO BATC82] The concept of data flow ;s yet anotherjbf



'that‘offinstrhction'execution time.

“tem. - . R .

1.2.3 The aspect of»cooperation I : ' 10

.its adjacent'vprocessor for its proper operation. High

'cspeed commun1cat1on fac111t1es are requ1red at this lével

of cooperat1on since the 1ntermed1ate results have to Dbe’
“ﬂ"

passed among the processors on a time scale'comparable to\“”

‘1.3, Summary . | .

"To summarlze, we  have presented the’ shared 1/0

organ1zatlon' in relatlon to the multiple processor com-

P-4

puter'systems avallable‘today._ It isl avvspecial” purpose~p“
"<system thatv cooperates at the 1nstructlon level It has
no common memory and it uses shared I/O dev1ces.. It can

‘Be 'used as a perlpheral processor to a maln computer. The

next chapter presents the shared I/O ;n a greater deta;l.

It develops specificirelations that characteribe the sys-

£

;-

: Before we conclude thlS chapter, we. would 11ke to saye

a‘ few words about spec1a1 purpose . systems in, general ‘We

’

‘have mentloned that shared I/O is'a spec:al purpose s¥s-
._tem By belng spec1al et c1rcumvents'most of the problems
_that are commonly related to general purpose systems.} ForA

example, the 1nterconnect10n scheme used fbr shared I/O 1s

—

’ very 51mple because 1ts requ1rements are very spec1allzed

'Communlcatlon ;is‘ in one dlrectlon only and between adja-

'required_kini a“ general purpose multiple processor“system

7

R
v

‘cent processors. In contrast the 1nterconnect10n networkpnwgwww*”




1.3 Summary o o o S - oM
can be very complex -and hencenexpen51ve'[FENGB1]. Thus,  as
Haynes}. et al., polnt gut [HAYNBZ] "a‘Qery powerful way
" to optlmlze [a computer SyStem] is to tailor them io a SRR
spec1f1c problem or class o£’ problems" . By carefully

. .  ' 'ch0051ng the problems and approprlate algor1thms to ~solve

g _them, 'it"is p0551ble to de51gn systems that exaotly‘
Va o . . i . .
satlsfy the requxrements of the problems. However the S S
-dlsadvantage of such' a. de51gn 'methodolody is that thes S
appllcatlons that can be pfogrammed on the spec1al system? : o
become too restrlctlve. | a ' L o
————— e e o
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CHAPTER 2

Shared 1/0 Organization

2.1, Introduction

The shared 1/0 organization is designed to implement
~a certain class of algorithms. These algorithms have the
‘common characteristic that a large amount of time is spent
in executing a single main loop. Many signal processing
~algorithms have such a characteristic. In the% shared 1/0
scheme, all the operations within the loop are assigned to
one processor. Each processor executes one repetition of
the loop and adjacent processors execute the successive

repet1t10ns~\fThus all the péocessors are executlng ident-

ical program code. As an

5

xample, consider the following

FORTRAN loop:

&

DO 31 =1,

1 ’ C

2 Y(1) = * X(I) + B * Y(I-1) + C * ¥Y(I-2) 2.1

3 CONTINU 7 : »
onstitutes the program’for each of the pro-

cess Figure 2.1 shows one repetltlon of the loop as

: programmed for the shared 1/0 organlzat1on. Each proces—
sor ' %cesses ‘the Input. device to read an input value,

. X(I)‘ and applies the opérators defined in the loop body

L

. 'Here and in the rest of thlS the51s, for a varlable z,
z(1) stands for the Ith value of Z, rather than the Itb,
~element of an array 2.

°

14



ool .
e
[d

"Vtto X(I) : Thls@results 1n ithe‘ generatlon :oﬁ fan[ output

o

‘.

f

S

'ﬁrequ1res ”tvol prev1ous values =o§f &j' produced by

rfY(I) ‘n“ flgure ‘2 1 Y(I—1) and Y(I 2) appearlng on the

'fbleft are the values of Y produced by the repetltlons (1—1)

l

. '4‘_3]'-'and (I 2) respectlvely. “ R

!

Slnce the varlable X 1s used fbr 1nternal purposes 'f:tf;

’f{fs referred to as a. local varlable and each of 1ts values

g sasfa local\value. On the other hand the Y values are used

X

|
!

‘”ﬂlocal varlabler Assoc1ated w1th each non local varlable

o

. 2 .2 .‘ Specifi‘cs‘of Shared I/o ° ° 3 .v . a e

The t1me lapse between the;lrecelpt df_; ; nbh410céi'"'o

"rd»value, Y(I) wthh 1s then sent to the output dev1ce. fror-;;i*\

'f_the above program ‘. 1t can be seen gthat“ each--processor‘

’7T;processor(1 1) and processor(1 2) respectlvely to generaté'”

eu.only'- that 1s 1t 1s not requlred by any other processor fgﬁ;ﬁfﬁ

'f_lt is con51dered local to the processorﬂproduc1ng itid7lt77

el

“Sequently ;aregireferredv~v“luas: non local values.w'vThejf:

““[pcorrespondlng varlable, fY;ffTisF_referred*to as the non¥

*-vpthere i1s a non local segment wh1ch -1n repet1t10n I cal—!e
5;;sculates the non- 1ocal value, Y(I) | For the local values,,;f»i

V'hj'_there are correspondlng 1ocal segments wh1ch produce them.;f

‘*gﬁvalue, say Y(I—T) ;and the transm4551on of a correspondlng
-Value, Y(I) ’15 denoted by Tns (see flgure 2 1) Tns ’iS”‘5~'

ithe delay from the t1me a non local value 1s required from o

‘“"1n some other repetltlons as well as: repetltlon I and con—':tellj*f”L
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: ;ZléfSpeciflcsgof“shared-I/Q' fé"w7¢"-, ,h“id" L6

f*fw1th that varlable.

jgwhen repetltlon 1 must recelve a non local value until”dtu'i”
fnon local value._ Slnce the rest of the program on all theng.f.

: generatlon wofj succe551ve Noutput values. Therefore,;theh.”'"

.‘.'h;t ime 15: _.‘; .‘"; L ‘, ’j> .': : ";:. A ’ -

fprocessor w1ll requ1re a non local value before 1t 1s pro-fd'

'fjduced (flgure 2 2)

(L e B e

! R : ; : e Lo R : e

A -\_\‘-

a prev1ous repetltlon to the t1me the correspondlng value:h'

.tlme necessary to execute the non local segment assoc1atedh1

A SN

LA N o

‘blTnsi is;Befineansdthefmaximum«of“all~such:Tns:”

ey

L SR
Gp S

bﬁfIt represents the worst case tlme delay between thefﬁtime}‘}jg?
”'.frepetltlon (I+1) 1s] able : recelve _the correspondlng'ﬁfh
lqtsﬁg;rocessors 1s 1dent1ca1 Tns* 1s the tlme delay betweenf“'

'”_]7Wmax1mum t%foughput that can achleved f “héf 91ven 'algo—ff

3hgr1thm, R* : expressed as - the number of outputs pem unlt]fﬁ

aaiff;;“n?'fj S meea/mss S W2
..f'l. : l.”'xff A -:--'*““j" SR ;:..}”.,
Ngns* is an 1mportant characterlstlc of an- algor1thm sinceii.‘
_};%tezls a measure of the extent to whlch succe551ve repetl—{h B
u[tlons can be overlapped Consecutlve repetltlons have‘jtoﬁ

Y AR

oL

e N : . o :4

For certaln algorlthms Tns* has a Value Of zero ﬂ;fof‘h

fexample,.fln: the follow1ng equatlon as programmed for the'

.-

. Tns* = max {Tns} T

3”“15 avallable to the next repet1t1on. It 15 essentlally thegj‘. |
TR \

'~?icommence at an - 1nterval Ts, of‘ at least Tns*, 'S0 that nof-tjfl



| ;1te as deflned by equatlon 2 3

f:_throughput 1s,f53e;>

“fd2.2cspecifics¥ofiShareduI/Q;f;_‘rU.’vf:l fr“~é“}r." _“TZ

-

B "'Y'(‘-I'__)'” A x X(I) + B 3{"};(_1'-:'1 )"»‘\f._'c, x .X_‘(:I -2) 'v'f:'D,"% X(1-3) 2.4

.A zero value for.Tns* means that 1f all 1nput ‘valuesirare‘“
T?davallahle before executlon beglns, then all repetltlons of
o the\Loop can begln executlng 1n parallels However,hlf suci'a'h'f
_ _JcesS1ve 1nput values are avallable only after a tlme delaypk,hpf.pg
’Vfidf Ts as shown 1n flgure 2 4 oy then fth performance of:’l

. these algorlthms 1s 11m1ted by Ts rather than belng 1nf1n—f'

SR PERTINCEREN o

i
-]

aioperatlons assocrated w1th ‘ repetltlon of the 100p S

'fThen the number of processors needed 'tp' achleve maxlmumr"

R

”‘vfuwhere F x 1 1s the smallest 1nteger greater than or equA1;ff

'"jfto_‘x}ln That 1s, 1f m processors are avallable, then the‘:h

t

'L;flrst processor, P(1) completes the. executlon ,of _dts'(.
:f':repetltlon at the same t1me when the processor adjacent to.

'ffP(m*) is expected to begln executlon.vHence, P(1) 'a@f be,ha;ud
3h;1con51dered adjacent toﬁ“P(ms) and begln the subsequentyffﬁ/i'

firepetltlon.u“’“

The t1me each processor ’1dles .at;fther end fof pan3§ﬂh:4-"'
'*u,repetltlon /Tib w1ll be a f1n1te quantlty 51nce m* 1s an_

v'filnteger. ThlS :iS';vessentlally hetf'tlme | spent ':n“f]VT' -

Let Trep denote the t;me requ1red to execute all 'the",fkgr‘
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e

”hsynchronizing with“thevinput‘device,

R S m*ﬁk<Tns¥ - Trep . B O ;‘2;6:3»

: 1f‘1éésfthah*m*’sprocessors ,arédravaila51e¢4’theﬁ‘»a”

(S

‘d:fsmaller repetltlon rate can _be accommodated Comblnlng:vﬁ 8

- equatlons 2 '3 and. 2. 5 have h follow1ng equatlon,;*

f expre551ng‘ the reduced throughput R(m) 1nﬁterms7o§;the;'

"'number of processors,,_ m,

' ~fmult1processor can be’ varled to achleve a de51red level offfu

‘freal t1me at an 1nterg$1 of Ts, then the number o£ proces

: sor requ1red 1s,

fperformance. For example, 1f the A1nput values 1occur

R h7R(mf’¥fm;/hTrepV‘ U m S mE t;}'h-'gtégjf

. /‘

Equatlon 2 7 1nd1cates that ‘thet throughput .of;_thedt

e

,I

<p/> | mame

If durlng Trep, P(1) sends yﬁs non Local

‘;iP(1+1) before,fth later‘-recelves' the f1rst~o_lff:

"ffhvalues,ithen the data transfer 1s sa1d to‘f
~5dtof a . degree n. If P(1) produces a maxlmum of k non localfﬁ

*'fvalues,,kié‘ then 1f P(l) sends:ralf:d‘ff‘the kf value5333

”Vflnterleav1ng is_ k In thls case,' flrst 1n,f{
d‘buffer »of 51ze k 1s necessary between the processorsltdfh;tﬁﬁﬁ3f
lfstore the values untll P(1+1) 1s ready vv;érecelve them

"71The followlng dlscu551on applles to the cases where nﬁ< kfﬁ;gsi

ibefore P(1+1) beglns to rece1ve them;

[N

.t:en the degree ofx}
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1fwhere_we‘need-a3bdffer of¢Size'n.” )

Flgure 2 5 1llustrates a hypothetlcal'

o t degree"oflflnterleav1ng 1s two. net Trs denote the

B TR

;elapsed t1me between a recelve executed by processor(l)
and the nth send to processor(1+1) follow1ng thlS rece1ve

7(see flgure 2 5) The time processor(l) must wa1t at theg‘:
‘:ylnstant of (nf1)thdsend 1s:(flgure¢2.6),n:> | |

v‘Tw'= Ts - Trs S L2249

‘urThe accumulated walt tlme at the end bf“ea¢hr repetition"
Cwillbe, ;”x,rfafwfffjfif}”«Fﬁ,l.j{ S
L Tw 2: Ts Trs ST 200
DA ,;;-2: R 5g T RN L L

In order to c1rcumvent thrs wa1t t1me, the minimum'of'lail‘J
f»such Trs 1n a glven program Trs* must be such that
"”,jTrsf[fz ;Tsvgﬁujf ‘1L7f Sy .h2;117

:nhv(see flgure 2 5) For example con51der the equatlon 2. 4

eJ”‘whlch 1s a: four term f1n1te '1mpulse response fllterz‘”'

T dlgltal fllter can be expressed as,u

¥n) = A xE(n) 4 A xK(n=1) 4 A xX(n=2) +...% A,xx(n 3) -
R e B1XY(n 1) + B, x¥(n=2) #i, .t kaY(n k):
S for some 1ntegers 3 ‘and k. A; and B are constant oeff14z

'~f€va1ues of n

";;greater than zer

cients charzcterlstlc “of’ the fllter. 'X(n) -and Y(n) are the
h

~input and output respectlvely CTE theff'

~‘response  “of the fllter to.an: 1mpulse 1nput is of f1n1te'd
H;durat1on' then the’ filter- - called - finite ‘impulse
" pesponse ..filter, FIR, otherwise it is an. Jnfinlte impulse - .

' "UFGSPOUSG filter, IIR Slmply stated; when k 'is zero. in. the - o

't‘pabove relatlonré ~“have' .a FIR. For a IIR 'k "must be:

";itlon 2 4 and for the program 2 ] 1s 'Zero:. and k 1s two

s N
: ] - "".

jais three" and k ,1s ‘zero ' in equa-*~'
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%

,pre;processors requ1red then equals,‘<hu..ig<; ftih'.~7?f\,‘7fff“‘

d';?lZ“Speclfics ofvsharedtl/o‘

’accordance w1th equatlon 2.4, In the course of the execu-ip

:example, the degree of 1nterleav1ng is- one.-u:[;

N
=

FR

\

':Flgure 2 3 dlsplays the program that would be executed byAw

,‘beach processor.’ Send and Recelve statements 1dent1fy thed~

,(

vtransfer of non local values between processors. In thrs‘:

Processor P(O) 1n1t1ates the executlon by sendlng the

»1n1t1al values of X1 X2 and X3 to 1ts ne1ghbor proigssor,
fP(1) P(1) reads the f1rst 1nput value from the 1nput dev—-.\

Cice and produces'fther correspondlng output value Y in

. Ntlon,»lt sends a set of three new non local Values to pro-;h-”'

o

‘{ycessor P(2) Each processor performs 1dent1cal _operatlons?gh}“

on- succe531ve 1nput values to produce success1ve output L

5 %]values. Flgure 2 7 shows an 1nstance ‘off'a partlcular'«”»fh

"

“1mplementatlon u51ng 51x processors (only P(1) P(2) and

lth(3) are shown) N For the purpose of 1llustratlon,_1n flg¥

Cure .2, 7 Trep, Ts and Trs* are assumed to be 51 9‘and~$0 A

fd'tlme unlts respectlvely. f;’ '

l 1s three by equatlon 2 10 the total wa1t t1me-.onw:send_;fﬁi

Yo

5;51 Flgure 2 8 shows a case when Trs* 1s zero and Ts ‘is

‘ﬂ?9- t1me ‘unlts._ Slnce the number of sends 1n a repetltlon

¥ 3 . . .

P

L

O

'—”(9—_0‘)"5‘"4-'5-“(9—0‘) o

S P

18 t1me un1ts

'ipThls 1ncreases the Trep by the same amount The’number-fofl

/‘,‘. 5» ;



" 2.2 Specifics of Shared‘r/o,'ip_f', D R L2

5
1

o - (51+18)/9 1 "
;o ‘3’ jx,;[s”"‘ ERE

In flgure 2.7, theQSend 1nstrurtlons are moved down . untilef'

L3 S

Trs* becomes greater than ‘Ts. The wa1t ‘time on senb can be‘
seen to be zero.” Flgure 2. 9 111ustrates a case 'i/f.whlch o

e , :
.. Ts = has been 1ncreased to sugh an: extent (Ts-12) that the

<

. - : s
: ,adjustment 1n Trs* (Trs* 10) resultlng from kt e“'Shlftlng~

tlon 2. 11 Subsequently theltotal delay 1ncurred 1s,‘h

(12 10) +! (12 10)
5 | é 4 t1me units
~The number of processors requ1red now 1s,z
r (51+4)/12 1

m

n

2.3, Summary

T

»AA:Inhthis:ohaPter Wwe presented “heh“detailsV'ffrfthef'”?
‘shared I/O organlzatlon..It 1s a spec1al purpose\organrzafd
,‘tlon developed for 1mplement1ng a few spe01f1c algorlthms;ovv‘.rwn
Many of the 51gnal proce551ng algor1thms,‘11ke the FIR andgw

IIR fllters ve con51dered here,.have been found approprl—p

L]

"P’atep for 1mplementat10n on the shared I/O system [HEUFBOI;

It operates by overlapp1ng éucce551ve -repetltlons off”ap-~

of”_theﬂ send 1nstruct10ns does _not Stlll satlsfy equa;~n7

program loop to an: extent determlned by the character1s4 ?jfd:

.t1cs }ofj,th'f algorlthm.deel'developed ‘relatlons | thatd"

e

"rdesgribedfdtheV“throUghput;fvthe numberfof*thewprqcessors,dg,5

e PR A N Ll G N



2.3 Summary - S S o e 22
. . N > , v ) o v » | l;(, -v ‘ . ‘ \ - : .
the 1dle t1me on 1nput synchronlzatlon of the system and

;cer a1n ondltlons to reduce the delays 1ncurred dur1ng5k

o . :
‘_transﬁer 5ynchronlzat10n., In the next chapter we w1il
present a comparlson between shared I/O and the concept of |

.plpellnlng.



2 Shared 1/0 Orgéniiation

o Ith iteration

- Input X (1)

Y(I)éA*X(;5 g

Receive Y(I-2) .

P

';Y(r)qv(i)foi(zfz)_

 Receive Y(I-1)

fgghd‘Y(i41)' :

o

[T —

Co ). _sena ¥(1)

RIESRIPan

S

""u‘;Oufput Y.(I) E

"j?,Y(I) 1

L .

Figdtek2.1,‘Ith'itératioﬁ of program 2.1 - =
po T . . SEDS ,

':'\Tn5'=émax'(Tns{, Tns2) > 0

/

23°

"Tns]



Fxgure 2 2.

Schedul1ng adjacent processors
-w1th Tns* > 0, Ts = Tns* '

* 2 Shared 1/0 Organization ' 24 .
i o R K : S
lﬁ/ . W J
J/ P(i) & P(i+1) ,
o s B
A '
| Tnsi | ”
. . A , . o
: > . Ts=Tns*
-— - - ' . ) T
.
Tns¥ S .
. A
-
R B B | o |
- —> -
.
— .
— >
, ——>
/

A B and C are non 1ocal values. I1f the 1nterva1 Ts

is. less than Tns*,

then P(i+1) would have wa1ted at
second rece1ve unt1l B becomes avaxlable.‘_ A -



2 Shared I1/0 Organization.

- Ith iteration

 Input X (I) o

Send X(1)

25

‘eY(I)-A*x(I)

‘Receive X(I-1)

send,x(i-1)if

—» X(I-1) Tsend

Trcve

o

o

’§(I)SY(I)+B¥X(i:f),v 

Conm.

‘Receivgfx(l-z)*”fi

© | send x(1-2)

4> x(1-2)

-~

- Y(1)=¥(1)+CX(1-2)

{

CX(1-3) =

Receive X(I-3)

©Y(1)=¥(1)+D*x(1-3)

. OutpUt Y (1)

{

e Figurel2.3;;Ithfitération of equation 2.4
‘Tns* = Trcve-Tsend = 0 (since time cannot be negtive)




g
g
i
g
3
£
:
5

Oréa

nization 7 . o | 26

Ts>Tnss , SR

v

ns* = 0 and Ts > Tns*

Y

ling adjacent processors with -

¢ Vo



2 éhaxed‘I/O Organization CoLL ~,“ 27,

s

P(i) o B(i+1)

> ts(1,1)

— ts(1,2)

> ts(2,1)

> ts(1,3)  tr(2,1)— .
| , | e ts(2,2)

Y-
{

S et

Leéendé ’. o

ts(i,j): time- P(1) sends - value 3.
tr(i,j): time P(i) .receives. Tue j

For zero wait tlme at ts(1 3) we. have o
: © tel(1,3) > tr(2,1) o
‘tr(2,1) = ts(2, 3) - Trs P
If there is no wait time then, : e
, , ' ts(2 3) = ts(1, 3) +, T8 B o
e Therefore,,ﬂ’ S R T , —
T o R mL o ts(1,3) > ts(1 3) + Ts - Trs ; C
. s | . Trs:» Ts = S o
'r Figure 2.5. Interleaved data transfers wlth the L :
degree of 1nterleav1ng as two. , R
\ : L L S



2 Shared 1/0 Organization ’ 28

P(i) ' P(i+1)
—p t8(1,1)
' : Ts
> ts5(1,2)
1
— ts(1,3) > t8(2,1)
' T tr(2,1)—y —
: "—-iff,,_,./ 7 - ts(2,2)
e ;, ' //"‘/ s ' : Trs .
) //// . —;’ ///tr(z,Z)"-’
o /_/"‘/ tr(2,3)— ‘
. / P . . : ‘ :
Legend: P _
ts(i,j): time P(i) sends value j
tr(i,j): time P(i) receives value j
SR o At‘ts(f,3), P(i) must wait since the buffer is
R full. o o : '
The wait time, Tw = tr(2,1) - ts(1,3)
o tr(2,1). = ts(2,3) -~ Trs
, I ts(2,3) = ts(1,3) + Ts
- Therefore, : C .
‘ ‘ Tw = Ts - Trs
- S o R / ”
Figure 2.6..The case when Trs < Ts with the/degree
D "of interleaving‘as two / ’
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-Z“Shateé

Tt

N

1/0 -Organization

s |

i -
iy X(I"Z)

A xa-3).

: y

© Input X(1)|

o "

“SUM =
A

‘| senax(1) -

#,,“X“] B

P1

X2

X(I-l)

- ‘Input X (1)

_Reve X(1=1)} .

TEMP wn b

B X1

" SUM .+, TEMP

oM -

‘Send x(1-1)

SuM = b
aex

s

send X(1)

CR(T=1) |

Tnput ()|

K (1-1)-

£(1-2)

“Reve X(1-1) |

o el

ol TeMP. .

1 “Reve x(1-2) |

'-c:xz

SUM s

“SUM * TEMP|".

'rsend;x(x—z);f?

TEMP =

Er x1=;'g;;*

L x(1-1)
SUM '.ﬂ".-f;, o
SUM + TEMP. e T

Send x(1-1)

-
i _
e

'send X(1). °

fkg;41)

;211—11”‘”’”

Reve E(I=1)| . -

"'Rcve X(T-2)

TEMP =

| Réwe x(1-3) |0

| TEMP =

N

. Ds X3

R

SuM+ TEMP| -

‘Output Y-

? x7:

Input X(1)|

TX(1-3) = : .
' “Rcve X(I1-3)

e wx2 |

SUM =

SUM + .TEMP|. "

| sena x(1-2)| X

TEMP - -‘f
B * XT

SUM =

| stmw TEMP.-

o __Send ‘x(I-J )i

;x(er)

" TEMP .=

r-—»VY*iﬁV '

TEMP S
) D . x3

£ owX2

TSUM .

SUM: + TEMP.

send X(1-2)

| Reve X(1-2)| .

: ‘\

x(1-3) |

S

with Ts-9 Trs-lo Trep-Sl m-6..

Figute 2, 7 An inscance of . equatibn 2 G

o



TS

Q
e
L
W
o
I

LN
L

(a]
P

j
o

Ly -
S

g R A
b 1npue xun) |-

| seng x(1)"

Pl

X(I-1)

#'kv '

SuM
CA

| Reve x(1-1)| -

- {send&x(1-19>faai;2)

RN

1. thput x(nyf

o Sgnd;i{l)”

SUM-
A

| Reve x(z-1)| 0

TEMP = - 7

"t

ESUM =

'Send~x%172X

'Rgveix(1f2)~a‘

| RS - HE B SRR S

| send x(1-1)| X(1-2).

x'v :
s X

x;

~ Input X(I)

| sena x(1).

CpET

g

- SUM.

R g

TsuM = .
SUM + TEMP

CreMp g

. ‘ Slﬂdi?.,"v

3

o ‘Send’ X(1-2).

Rcve X(I-2)  f‘.

= _8(1-2)3

x(1-3)

| send x(1-1)

- TEMP =

T Reve x1-0|

B % X1

SUM + TEMP

‘Reve X(1-2)| . .o

g

. .figune i.SL;Aﬁocher'1natance_o£:equa:ibn 2.6;:3\"

PR

'yith'Tq-Q,[Trs-é; Trgb669;'mqé, 

Lo

&

 !>_2}'
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‘

N

Sna ed l/U Orcanlz

ion

EEE'S P G .
o w1 Input X{1)

P

i

SUM =
A E

| sendrx(1)-

X(I?W)

;2(}12)

N

| Reve X(I=1)

- TEMP =

B x X1

A7

".SUM. ‘
SUM + TEMP

| Send X(I-1)

“.lnput X(I)v

; SUM -‘»;_ﬁ o
R ex |

:*~5954x3(1*

IvQX(;QH) 

 x(fgif

‘Rcvéwxgl%T)

X(1-2).

Rove (1-2) |

TEMP = -
FR L 30 Y

SUM L

“suM + Téup

Send x(1-2)|"

TEMP =

OB XU

. SUH -'

SUM '+ TEMP’

;Sghdfilx¥j)

ffhpuﬁ,X(:)

.dgﬁﬁbé: 

SR SEL B

5

| sena x(1) "

B3

xu-2)

TReve X(I-1)|

| X(1-2)=

xX(1-3)

EHPE))

CReve X(1-3)|

|
| SUM -+ TEMP

! ,Oufpgt:j}f-

Reve X(1-2)

”‘TEﬁP P
(CUx X2

SUM =

SUM i TEMP.

-1 send X(1-2)

X(1-3)

TEMP =

)
MS

SUM a

LSUM +- TBMP '

sénd'i(i—i)

CR(1-2)

.x*x iRA'

Rcve

K (1- z),,

Rcve X(I-3)| -

_%rsmﬁ,! 

—

LETa

:  Figure 2 9 Yet another instance of equacion 2 4 e

b-cf__ wich Ts-lZ Trs-lO Trep-SS, m-5




" . CHAPTER 3
’Cqmggrison ﬁjth pipeiine'Sﬁﬁdctunesv

i

speed of operatlon

include parailel endf p1pe11nea,‘exeCutlon.;’vThe-flrst

" : o ,,,

P

DO 3 Iz1nﬁ5 e
(1) = A * x(I) + B * z(I)
CONTINUE - .

”.statment¢2"i-could be executed 1n two stages.aIn the flrst

stage a partlal value of Y(I)vls generated by mult1p1y1ng

. ex»fef;ff, X(I) bygA’and pessed to the second stage. Here the oper J‘;

.i}‘ i

tlon B*Z(If)fe carrled  ‘"  and ;added  £ﬁéi part1al

several_»evaluatlons




"3 Comparison with pipeline structures’ - . = 33

Though both methods achleve the same goals, for somepd"
nappllcatlons, there are certaln advantages 1n u51ng one of
sthem 1n preference to other._( A »general comparlson :ofi
E these‘:twob methods rc be found 1n [KOGG81] -vIn thlsvh
vchapter, we w1ll restr1ct ourselves to the compar1son “of

"fp1pe11n1ng and shared I/O WhICh performs a computatlon 1n:.f

.,‘7

ﬂ’parallel_* In the heﬁt sectlon we. w1ll make the comparlson'

117between p1pe11n1ng and shared I/O in terms of throughput
:”and efflciency . A5v~an example, We w1ll con51der 'thed
Eiilmplementatlon of FIR f11ter 1n a systollc array. Systollc

15'arrhys work on the prlnc1ple of p1pe11n1ng dlth later

'prart jof’ﬁthe chapter,_ we. w1ll dlscuss some more detallsrg}fbv B

r’nthat are spe01f1c to shared I/O 1n comparlson w1th p1pe—° .

;lene structures.’ These detalls 'anlude such aspects as~k
' 'flncremental expandablllty, software and hardware requrre—;

ments et cetera.f!w'g“

3.1, ‘Pérﬁormance;COnsidérations e

‘gfrformance evaluatlon 1nc1udes Lthe;-measurement _ffr
”_ throughput f the system and the eff1c1ency expressed in -

iterms of. system utlllzatlon

t[érT.l}V Throug?put Con51derat10ns

Throughput is def1ned as the‘ number ‘qu outputs ”o?-: L

‘instructlons processed per un1t tlme. Con51der flgure 3. 1f,

-ﬂfwhichishoWS'af p1pel1ne structure w1th four functlonal o



UNIVEFSILY. 01" Ajperid

‘f“f°throughput deflned by equatlon 2 3 as 1/Tns* . If thefk.;

e
RV s SETPUN I

':rrcapablllty of the bottleneck

~1’throughput w1ll 1ncreases proportlonately HoWever,-ifly

o 1/0,
- ﬁ{

;’fff3;152} aﬁftfciencyftonsiderations'

‘Vglven perlod of

. 3.1f1;Thrduéhputaconsiderations__ SRR e 34

Y
e

tunits; Each un1t 1mplements a partlcular subfunctlon.r_lnf
non plpellned 1mplementatlon, ‘the "total execut1on t1me*

o would be Tnp-t +t +t +t4 t1me units where ti for = 1 4 1s

\'-“w

tthe time’ to evaluate each subfunct1on.‘ That 1s,_for every
‘Tnp‘tlme unlts there. 1s an. output from the system. In the'
'tpipellne ver51on, it would requ1re only Tp unlts .Of;_tlme
’dto perform the 'same’ operatlon where Tp max{t } The stageﬂ :
liiof the p1pe11ne that needs max{t’} tlme, 1s referred to aS':

h bottleneck The maxlmum performance 1s 11m1ted by ‘the

5

For an equ1va1ent 1mplementat10n in shared /O;h;theh‘]f

1:71nput rate,»i/Ts, 1s such that Trs* Ts > Tns* then3_ he;;-
fthroughput 1s only 11m1ted by 1/Ts rather than the evalua‘_[

. tlon a partlcular' subfunctlon*y_as' 1/Ts’v1ncreases,3,thej'

" Tp <.Ts for some Ts,' Trs* 2 Ts 2 Tns* : then Q' plpellne
structu# may ach;eve greater throughput than shared

i v,iﬁfﬂ’°

Efflc'.”vﬁ“u' ut111zatfon factor, relates

llnumber’:o@f'subunlts of an organlzatlon that are busy 1n~aov..'

”ﬂ5ubun1ts each requ1r1ng dlfferent amount of t1me to evalu-yl,' “

’;-Fate the subfunctlons._ Thls compllcates the measurement of”;7

ﬁt;me. In a p1pel1ne, there may be several-'

Lo e !

@; EN.




.+ University of Alberia !

‘zatlonjfactor Uf Las,

V"wevaluate one subfunctlon, then,/

“75un1ts' to evaluate thet

‘torevaluate theyrest Thus,
bttt e R

' Then the’utilization factor is,

3.1.2 Efficiency Considerations . . 35

~

_'efficiencyv beéaUse, ‘some. bof‘7the§e'§ubunité'mayvbe'busyi

h

h»whlle some other are 1dle. " However, assumlng equal execu-
t1on tlmes (1dent1cal‘t1) for all the subunlts, a 51mple_”

- relatlon may be der1ved | Lee [LEE 80] deflnes the utlllf

’
e

o

‘.P}*>Tpaf,'j "3»h"n“”

~'If L 1s the number of functlons to be evaluated then Tsqu

]5”is -the- tlmeg to evaluate the L funct1ons on a sequentlal‘

I§

to n, “the number of stages. Let each functlon be'*madejhUp,f

'of n subgunctlons‘1' If the un1t Jf t1me 1s’?thei_tineu[to fl

] o

S Ti= L x'n time units’ -
a; _u_v-/;,’; L 1} e -'~“,~ §7°af EE

) aWhen executed in a p1pel1ned fash1on, 1t requ1res ;nﬁ’time'ﬂ

,1rst functlon and (L 1) t1me unlts

tparen @)

oo ‘L could be the number of loop repet1t1ons to ’be ‘exe~
- cuted and ‘the function could be the .doop body For exam-
"ple, in program 3.1, Niis L ‘and statement 2 is the func-
‘tion ‘to 'be evaluated. This function is made’ up of twoil~
Tsubfunctlons, namely, A*X(I) and B*Z(I) (n is 2)

“machlne, Tparﬁ\; the t1me to evaluate the same ‘number ;of,_Qj*?”

?lfunctlons w1th p processors. For a p1pe11ne, ‘P 1s equalff.-V




3.1.2 Effioiency Considerations T o .. 36

nox {n o+ (1))
Or,(. R

4“}} | _ _/ L R R R o AV{
i R ) "r . . Uf - —J——‘-————‘f. » . 3-2 ‘

g | AN AR |
It can be eas1ly deduced that Uf 1s always less than unlty'

unless L 1s,1nf1n1ty or n- is’ one. When n is on\ there 1s_"
L -,no plpellnlng When L is 1n£1n1ty,v the» computat1on' haS"
‘lasted long e'ough to offset the 1n1t1al delay 1nvoIved 1nd
.,f1111ng_up‘th_;p1pe, R
P L §¥he shared I/O the t1me to evaluate one complete_‘b

7funct10n -i

[

Trep ” Then vthe,_t;me, Tseq,_to evaluate L o
ﬁ'7jfunctlons sequentlally 15‘ |
i ‘o‘.-“v. . s B .‘ '- ‘ Tseq = L x,.: Trep N

!

"It takes Trep t1me unlts to obtaln the- f1rst result “and

here :is'7an output\from bﬂe system every Ts tlme unlts"'

fthereafter (recall that the throughput for shared I/O ls'-;

1/Ts) Then Tpar 1s, ‘v.‘n .T;A

N P
Y *
Vo8

i‘Tpar i=;.'I‘.r‘ép ¥§«L+fl’& Ts B e

. L‘*fTrép -
. Uf ek e o e e e e o e .
‘mox {Trep + (L 1) x Ts}
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oy

_ ritth'(for.Which Ts < Tp) | Slnce the degre

‘-of shared 1/0

,_rithms; '

3.1.2 Efficiency‘Considerations R 'ff‘__ o 37

o

_ Further ;51mp11f1cat10n will arisé if we assume . that

(Trep/Ts) : We get,

et ’”‘.ll oL R C N
S UF's ——--m---= 0 3.3

. We note:that this relation,is similar to eqfﬁkion'B.Z, An.

o~

1 Utilization factor of one is attainable'oniy_whenym‘is one

e

';or L is 1nf1n1ty That 1s, both plpellne ”and shared 'I/O

‘:utlllze the avallable resources ‘to. the same degree.

L2 3

th#n,»pipelﬁne _inL terms of throughputxﬁbr certaln alc

tion"ls same for both appro
er

i

' In the next sectlon, e w1ll con51der an example of a

\ \
vplpellne 1mp1ementatlon of FI% algorlthm and compare  the

;results with that obtalned for a 51m11ar 1mplementatlon on»

/

'..shared I/O. Our.almvhere 15'to 111ustrate the differences
in performance between shared I/O and a- p1pe11ne that has'

actually been 1mplemented

3.2, systolic Arrays: an example~'

SYstolié‘arraysvare highly regular structuresv'that

functlon on the pr1nc1ples of pmp\}1ne.r A SYStOllC system_

fecon51sts of a set oﬁflnterconnected cells, each capable of

',M/ Thus, we have shown that shared-I/O performs . better

o Utlllza‘;ﬁ
. the overall performance

than' pipelineuffor/ these ‘algo¥_”'

6




3.7 Systolic Arrays: an'examplek .o _ ig

performing some simple“operation. Intermedlate result&

from a computat1on £low through the cells in a p1pel'

fashion T[KUNG82]. Originally 'designed for 1ng matrlx

I

"computatlons eff1c1ently and cost¥e 'ctively w1th VLSI

*t,;n‘technology, it fCan. be ea
. _

|

lcessmg applicati

y be adapted for s1gnal pro- I
5~ by formulatlng the problems as matrlx
operatio_ : Kunge and Leiserson describe. a method of per—-
6rming the necessary calculatlons.*torv the EIRj,fllter,']

y[KUNGBOI, R f-“ I P '/' "ngr

A llnearly connected network is employed in wh1ch thei
1nputs to each cell are from the left rlght and the tpp._
fF1gure 3.2 shows one cell of the systollc array and//one-

 processor yof shared I/O conflgured to 1mplement the FIR
:tllter;‘ Recalllng equatlon 2. 4z - we not{ce that in shared_

I/b;o_the‘ coefflcients of each term are stored w1th1n he ,t

iprocessor durlng power -on t1me, and stay until the comple—

‘;,-l P

tlon, of the computatlon.»The X values move from one -pro-
cessor to another after enterlng from the top, and Jthe Y
‘values stay only to "be output at the end of one- computa—.-
tion. In the systollc cell the coeff1c1ents move in from
the: top, a fresh set enterlng the cells for each computaf
tion, the'y. values move from rlght to left ‘and ‘the' X to
- the rlght from left Flgure 3.3 shows® the FIR fllter'

expressed as a multlpllcat1on of the coeff1c1ent matrlx,

L Equatlon 2.4: ' PR
, Y(I) = A x X(I) +.B x x(1-1) + C x X(I 2) + D x X(I 3)
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€, with the X ma;rlx‘prodncing the Y matrix as the result

Figurewp3.4 shows the cellwﬂconnections to perform the

“desired multlpllcat1on._Dur1ng the course.of the multlpll-
cation, only alternate cells are: aetlve on each cycle,

\\Each cell performs One multlpllcatlon and one - addltlon,

§
-

ppgduclngl o

S
y - ’
]

T ym ¥ *Clik) x(k)

ywhere, y(1) is the kth approx1mat10n to ith value of vy,

l

C(1 k) 1s the (i, k)th element of coeff1c1eqt matrr@ C and =

x(k) 1s the kth element of. x. Thus- the‘.cycle tlme'vis

-

defined as the t1me to do one mult1p11catlon and one addl—‘

| tion. ThlS represents the t1me requ1red by eath stage -of

'theA p1pe11ne 'to .execute the multlpllcatlon\and add1tlon

operat1ons.' Flgure 3. 53 shows the first few steps of ~the

-.f

_ multlpllcatlon. If. there are w terms 1n the 'in_ the  FIR

‘fllter (in equatlon. 2.4, w is four) then. w cells are

required'to'implement-the algorithm.' Then the total time:

requ1red to complete the multlpllcatlon is g1ven by,

T 2(n 1) + W t1me un1ts

or,

LY

2(n-1) + 4  time units - . _ 3.4

-3
1

After the f1rst W time units,vthe Y VaIUes begin to emerge

' on' thei left 51de ‘and every two cycles we. ‘have another Y

In this flgure y(1) is 51mply denoted-as yl-and x(k)
as xk : . ‘ ‘ N o
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‘value. If n is number of “elements in Y. then we need
: another 2(n-1) cycles to'oompute the remainder of Y, which

A
P

‘explains the above equations.' i

In comparlson, for the shared I/O, we need ‘12' time

>

unlts to generate ‘the flrst Y value (4 time un1ts for per-
a

forming 4 multlpllcatlons and" 4 add1tlons" and 8 time

-\»~Eﬂi§§~16: 8. transfers ) and Ts t1me unlts to evaluatersuc—‘v
o i

'oessive values of Y, totally.requlrlng,

T = (nr1)Ts_+ 12 time units. - 3.5

.Comparing theffirst terms'df equatlons 3 4 vand;.3 5, we.
;ohserve that for the systollc array 1mp1ementat10n, the‘
throughput is. llmlted by the t1me required to do one mul-
t1pl1cat10n and one add1t10n. In the shared 1/0, it varles‘
- as a funct1on of Ts. The throughput 1s more 'ih the shared
"1/0 _when Ts is less than 2 time unlts. Ignorlng the con=
'
'stant terms, the overall executlon t1me is also less-“in‘

shared I/O when TS is smaller than 2 tlme un1ts.
3.3. Other‘Aspects"‘\

' In thls sect1on,~we}will compare the rpipeline and
shared 1/0 organlzations*on a more general term. We have
N T v . o

‘There are, 1n fao\» only 3 additions " which means it
requires less than \4 time‘units to generate the first ¥
value, ' .

*Assuming each transfer would take as long as one mul-
t1pl1cat10n and one addltlon, Whlch is a rather conserva- .
t1ve estimate., = { B} T

o T

-
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dy‘discussed the performances of both the organiza-
in terms of throughput and’utilization.AHere, the
rison is"in terms ;of data . movement ‘hérdwareﬂg

are requ1rements, 1ncremental expand\?lllty and test-

N/

Mouement of data'

». The local values 1n a program stay W1th1n a processor

'in} the shared 1/0 and the 'non -local values mo&e

/

‘ between the processors. In a plpellne 1mplementatlon,

M-

:they may e1ther ‘stay w1th1n a stage or move between

the stages, - For example, %n the systolac array

’vilmplementatlon of FIR 'filter, X and ¥ values move'

’:from stage o stage. In the shared 1/0,. Y values stay

R

‘w1th1n the processor and X,yalues,move between_the

processors. That is, the stageS"in ia plpellne may

oelther 1mp1ement a local segment of the shared I/O or

a non- local segment.‘If Tls* 1s the max1mum< t1me 'to;

e,evaluate one local segment then the throughput of

ithe plpellne isi 11m1ted by max(Tls*, Tns*) For the

shared I/O the l1m1tf'on the throughput is Tns*;d

Thus, shared I/O performs better when Tns* < Tls*.

o " ' . 7 _ L
Hardware: =~ '”g‘ e R :

For each stage in the plpellne, the m1n1mum amount of
o

hardware requ1red 1ncludes the hardware necessary to

1mplement the subfunctlon of the stage and tnol con-

_nections toy'establlsh.tcommunlcatlon- with neighbor
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|
|

‘estages. For the shaqed I/O each pﬁgce sor should be

able/ to 1mplement ‘the entlre func§1 n, and should
have two palrs of canect1ons one pa1r for communi-
cation to the input and output devices and the other
for transferring non-local values. éor the pipeiine,
at,‘the‘very,least the first and last étiges}are dif-
ferent from the rest of[the pipeline which have ' to

interface -to the external input, output devices, The

mproceésors of thevshared I/O, on-the other hand, are

all identical including their external connections. -

Software' g !

qcontalns the 1n1t1allzat10n co

i ’(

‘the processors except for ok

o

2

The software for th shared I/&%xs 1dent1cal for all"

"The flrst proces—

3
N

,sor' 1n1t1a;14es all the non- local variables to their

pre determlned values and beglns the executlon of the~*

functlon by transferrlng them to the second proces—

sor. .For thé pipeline, dependang upon the subfunc-

v

‘tion implemented by each stage}lit«is different for

‘all the stages. ‘ S o j I

Incremental expandablllty

“Once a funct1on haSnbeen partltloned and the subfunc-

tlons,have been allocated to the var1ous~stag%5‘jt is

'diﬁ;icuit to expand the pipeline oy adding another
‘stage. The%eﬁpansion would7necessitate'modifying'ther

subfunctions _implemented .by all ;. other stages.

L3



VIHIYCISY UL A1UCE e

343 Other Aspects fvff_ - ij”Tuf:d;h~‘ fv;?rﬁvulu"f 43

¢
Dow
. ...@'
(S

‘qfiprocessor can be ea51ly added o’ the structure' by

“ihreconflgurlng the inter- processor communlcatlon llnksvh

7tbetween@the two Processors where the nev. un1t 'dto
~;be attached Co ‘ BRI

s

- = ' 8 . T, g 2 . -

pHOWéVéf}A;vifh the shared I/O conflguration, another"”'

Testlng ,d f“fj“ e ﬂ- ’ e -ilf:“-'*»gfrf;d_v°

T, B . R

‘;Bé~ operated w1th only one processor{,In th1s mlnlmum

\

[‘j,conf1gurat10n a processor 1s con31dered adjacent- to

f;tself _The(’1nter processor connectlons of the~pro-

'i[dcessor is' connected to ~itself Operatlng at‘?the

. flowest throughput, thlS feature enables the testlng

_'rfrffand debugglng of the programs tJ be executed by th p__

|

";,‘#processors,\\u51ng‘only one processor.,At the comple—f

o

' “tlon of the testlng,‘ Suff1c1ent processors 7can” be

- o

7f#the p1pel1ne organlzatlon thlS»ls'not,90551blea;

-jTable 3 i summarlzes the above dlscu551on._fThef 1ast

-

:ng_entry.'ln the table refers to the need to. decompose a loop

"flbody 1n the case of a plpellne, S50, that the partltlons are

"lexecuted h“.separate stages.; For the shared I/O such a

o l

......

‘"bpgd1v151on 1s not necessary because the entlre loop body risfu

& EARE

ngfexecuted bx;eaCh prbcesSOr Both the approach4s have some

L,

‘_programmlng overheads _iﬁ 7;the, form Cof detect1n§§

Equatlon Z. 7' R(m)ve m/Trep n‘\ﬁ-/

\

1 . . ,H' SV
O AR N e .
) . . . .
. o . "- ', ° ’ . . FE

-”iwﬂyil,j

5&' From equat1on 2. 7‘ we note ﬁﬁf the shared I/O d'fﬂ‘

gadded to achleve the de51red performance level Wlth_ah'
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‘Qi dependenc1es between varlous statements w1th1n aisloop:

3.4,  Summdry

e

“ ,fformance.‘” e el

, ~az : B ‘Y"'
Y St X o )

tlThese dependenc1es have to be strlctly resolved 1n order”f

(i

”tosproduce correct results.. Analy21ng a program ‘for dataa?‘

‘dependenc1es 1s not a tr1v1al task [HEUFBO]

i o

f‘plpellne;, structures and have d1scussed }fnumber'“of:_

"hsv~features that make the shared I/O organlzat1on 'attractive;7?'“

fplpellne 1s more effectlve when Tp 1s such thﬁ&n Tp < Ts f,f,
"v;'Trs* 2 Ts 2 Tns* id_Wf should ment1on heré that we made a‘

“ab351c assumptlon about the operatlons w1th1n a Loopr .forfx'

ome cases thlS may not be true. For example, 1f the loopfﬁ

'i"f?body co ta1ns condltlonal statements, then dependlng

*‘thef condltlons prevalllng at executlon tlme, some opera—f'

L

7tlons of the loop may not be executed :Forffsuch caﬁes,,f

h;nelther the plpellne nor shared I/O achleves optlmum per—

L o
IR

-

a »A

44

We have compared the shared I/O organlzatlon‘ ‘o;nthe.i

]vtorticerta1n appllcatlons.'f.wef also 1dent1f1ed that the o

~f1mplementatlonr,onl e1therﬁ shared I/O 9 plpellne. iwéf dffv”

-iassumed that all the loop repet1t1ons areﬂgldentlcal Inhﬁuv‘~;t




':f2) Performance

e{JS)fﬁardWare‘ o

d_’n4)'Softwaret-d

”A7) Decomp051tlon‘.l_ -
‘loop

'3[1] Except for the fzrst processor whlch contalns the in1-'><‘“
txalizatzon code.“,- S " , . -

(SRR

v3'comparison-with'pipéline structures

45

d': 1) Value5~§

transferred

limited by

[\ ;

’7,5) Incremental

- expandablllty

bl‘f6) Prototype using .
- e

. only one
cessor :

-of .. the
'fbodY',

pfmax(Tlst, Tnst)

_input
.; connections -
- each
. least
.and
'f”are d1fferent

'»Pipeline'_“:’

- local or non localf
.or both

dlfferent for each
‘stage wzth ‘one
and output
for

‘the. .
last

t-dlfferent for ll?w
'stages o '

cpnot p0851b1e

.stage, At .2 for’
fzrst

stages:j

,Kcan be done
edase - ' .

Shared I/O
non- local d f

. .Tnsr

same for all pr0f~;‘_,cx{;:
w;th fourafﬁﬁfwg\
- _connections = .. Tl
~required for. eachz{f'
Anput and oo
';two for output PR

cessors

1dent1ca1 for iiﬁﬁfg':”"
' PrOcessors[1] :

yeg

_ngﬁ-

'ﬁ

L

4}"

R

mth 5

Table 3. 1 Compar1son of shared I/O and p1pe1ine “:,1.jt 
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rocessors in pipeline configuration @ '~ .
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.

-.coefficients

t

‘:QﬁéfcéllfOf.theféystblqit‘érray,EQ:_the FIR computation =~ 4

|

X

Do

One Pf9¢5350btofﬁfh;fsharédfi/o,fpr]thgiFIR ¢¢mpdgation  fn
Flgure 3 2, Systol1c cell and shared I/O processor forw'j:"”
R R the FIR f1lter - _ .
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WOy
o
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w
~
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:  LFigﬁre73,3;' FIR filter expressed as a matrlx
...+ multiplication
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Step 0. During the first three steps, x1 is moved to P(3).
and x2 to 1 as part of the initial1zation. Y 15
initialized to¢ zero., - R .

1 2. . -3 - 4

R : 1 F 1 L

txz‘ e S — x1

Step 1. y1. enters 4, A enters 4. x1 and x2 move r1ght to 4
'and 2 . . ‘

Step 2. y1 moves left to 3 B entets 3,:kzgmo¢es right to 3,
' x3 enters 1. , o . K .

oyl ; R
B N B H,y1=y1+th2
x2 N R S .

ﬂi'Step)3,,y1~moves'left‘to 2. C enters,Z ‘A enters 4 Y2
~enters 4. x2 moves r1ght to. 4 and X3 tor2.

y1-y1+C*x3
y2-y2+A*x2

estep 4, y1 moves left to 1.'D ‘enters 1. B.enters 3. y2
© .+ moves .left to 3. %3 moves r1ght to 3. x4 enters 1.

BEREN A - B FEEE R S B S R | y1-y1+D*x4
’”“fﬂfx4 — o x3 — |  ¥2=y2+B#x3

’,.Step 5. y1 1§%butput. C enters 2. A ‘enters 4. y2 moves left
- to 2. x4 moves rzght to 2 and. x3 to 1. »y3 enters 4.

T 2 I oo lre o : A y2-y2+C*x4
T L e = 3| p3my3easas

:Step'6.’y2’meves left to 1. D enters 1. B enters.3. y3 e
. moves left to 3. x4 moves right to 3. x5 enters 1. =

sl y2 j—o v \t*f;;*1;____ ' R
T B I S B v ‘B | - y2my2+Dxx5
B Figuref3;52 First seven steps of thelFIR algorithﬁg

i '
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' between the processors, P(l) and P(1+1)

'CHAPTER 4

Inter—Processor‘Communication"Mechanisms

\

¢

An important consideration in the design' of sharedd

\!I/O '1s ‘that data transfers between the processors be com—:
' ,pleted in as short- a time span -as p0551b1er ~Since~ the
'sends and ' receives occur on a t1me scale comparable to

instruction execution tlme, if a large percentage of_ the"

processing’ of‘ a loop repetltlon is spent 1n superv151ng
the data transfers, the performance galned by the parallel

executlon aof the loop repetltlons may be lost Also, Tns*

1ncludes the t1me expended 1n the data transfers (see fig-

',ure 2 2) Thus by equatlon 2 3‘ any reductlon 1n the tlme.‘

vrequ1red \forf’the transfers would dlrectly result 1n the

enhancement of the throughput - : S '

1 e

The overheads 1nvolved 1n data transfers are- in:_the""

-

F

'-form of observ1ng tlght synchronlzatlon between the sender

'vand recelver. In -thet shared I/O processor(l) sends'

[

‘values to processor(1+1) and receives from processor(1~1)

o

(see’flgure 1.2) - To allow proper operatlon it »must bedr..

nensured that P(1) does not send a second value to P(1+1)

¥

'before the later has read ,the ‘flrst’.v> Slmrlarly, P(i)

'-‘Equatlon 2 3 —1/Tns* B N el
It is assumed . that there exists a buffer of sf§§,j0ne~

50
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*must be prevented from rece1v1ng from P(1—1) when - there 1s

nothlng ~to recelve. This could be managed An software by

1ncorporat1ng a busy loop in the program. Once w1th1n-the

loop P(l) would repeatedly access the status of 1ts nelgh—

" bors and act accordlngly .elther wa1t or gos ‘This intrjo-

‘duces san unnecessary_ processing overhead_as_a result of

" having to. execute' the “busy loop .even when the
'cumstances :are%‘such that P(1) does not have to wa1t
1mp1emented in, hardware, such a 1oss of prec1ous ‘t ime
be ellmlnated‘ That 1s, we could dlspense w1th the d ‘
of sendlng 1f the prev1ous value has already been rece v
A.and the delay of rece1v1ng 1f the next value has alr'

nbeen sent. In thlS chapter ' - descrlbe 'two hard

A des1gns to handley the inter- processor communlcatlon as
; . oy

requ;red. _ s t T ,' S | L

B

In the flrst ‘a hardware un1t ma1nta1ns a buffer 51ze
~one Tto hold “the ~data sent by P(l) The buffer is con—\

iv51dered full when P(i) sends al value to it and empty “when'

kP(1+1)r reads from 1t ~The b ffer full empty condltlows

are termed as exceptlonal cond tlons._ P(a) is forced 1nto

a wait state® if -it tr1es to sjnd a data when the .buffer}”

is full. It 1is released fr
R It |
buffer becomes empty. SlmllarWy 1+1) is put 1n a.-walt

‘state whenh it trieS'_ to re from an empty buffer and

ing.

i

s

om the walt state when ther

B In a wa1t state, the processor walts and does ,noth-_f

g



4.1, selection of a Processor

"the size is n, then it permits'at‘the'most n dsends from

-sectlon ve descrvbe the processor selectlon. The primary ~°

1ncreas1ng/the cost - factor. It» must - also be - flex1ble

R— }'

~
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released. from it when the buffer turns full FigUre' 4.1

illUstrates the above protocol Note that this requ1res

no knowledge on the part of the: software, about the ~avai- .

lab111ty of‘thevbuffer for a data transfer.n ' o e
The second design is a more general Awersion‘ of the

f1rst ,where there is a‘buffer of size more than one. If‘_

P(i) to take place before any: recelves from: P(1+1) »OnCe.‘

the buffer is full, it allows n receives from P(1+1)fkto

- take place:.before any send from P(i). In the following

requ1rement for 5a processor is that it be Capable of

‘entering a wait state as explained above. R

\nph

The processor has to be selected in a such a way that

it perm1ts analy51s of dlfferent approaches w1thout unduly

-

|

enough to allow exam1nat10n of dlfferent algorlthms to see

1f they are fea51ble for 1mplementat10n on the shared I/O

‘For the later purpose, 1t is advantageous if the- processor [

‘is programmable"- that 1s, ‘it can be used under - software

¢

control, A m1croprocessor ea511y sa§15f1es these two con-

'straints. The use of a microprocessor not only allows

software,reconflgurability but)also,,at,the current market

prices, gives a.smaller cost to benefit ratio. g E ok



:data transfer to, ‘the CPU through ‘a Data. Transfer ACK-

4.1 Selection of a Processor - . B3

. . -

Depending,upon‘the techniques used to _iAterface' tok

the peripheral devices*, microprocessors can be classified

into three categorles. synchronous, asynchronous and sem- -

——

1synchronous5

A synchronous microproCessor interfaces Withr‘deVicés

transfers between the CPU and the peripheraltltake plddé

' wlthan'~a' flxed perlod of t1me. At the end of the. perlod

| and proceeds to execute the next 1nstruct10n. MC6800 from

Motorola-ls an example, Such a processor - is hnbt‘ suitable

of matching speed‘ of Operatlon. That is, the data

3the CPU assumes the successful completlon of the transferm-

for- our purpose because on exceptlonalecondltlons, there

¢

is no method of 1nd1cat1ng'”to the 'CPU :that the data

wait, -

3

'Asynchronbdus microprocessorS» monitor the. addresSed

P

i

nowledge (DTACK) llne._'As 1ong. as"thisf line is noﬁ"

|

'actlvated by the perlpheral therCPU waits. by 1nsert1ng'

extra clock cycles in'lthe, current machlne cycle. ‘This

"4These include memory as well as I/O dev1ces.
sThis classification 1is based on- bus communication

‘techniques discussed by Thurber, et al [THUR72].

‘,transfer' could ‘not be-.completed;and“hence,the'CPU-must

‘perlpheral ‘and automatlcally enter a wait state 1f it does‘
-not respond w1th1n a spec1f1c t1me perlod vFor 1nstance,n

in MC68000 ' the-per1pheral conveys the completion of the
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conforms to our requirement that - the processor, must be
.'capable »of/entering a wait‘state whe# necessary. However.
.pthe one disadyantage is that sufficient logic must be pro-
vided to generate the DTACK'signal for‘all,data‘transfers

1nclud1ng those that do not spring an except1onal c¢condi-

t1on.j ThlS loglc would be 1n the form of a t1m1ng dev1ce'-.

—

"~ that wodld'actxvate and deact1vate the DTACK“_51gnal at

o - .
proper instanceQ\in time.
. sy oy
Semisynchronous microprocessors operate just as Synf-
chronous microproCessors as long as the - perlpherals are

faster than or-as fast- as . the CPUs. Nevertheless, theyg

1nclude . prov151on by wh1ch a slow dev1ce, if necessary,
. S _
" could force the CPU into a walt state. For -example, .=

. WAIT line on the iilog's 780 CPU is usec for this_purpose.
When the:WAiT'iine is active, the CPU,entersafand- remains
in ‘a wait. state.‘.Note ‘that this is in reverse of thef“
.operation of D%ACK'line.oh MC§8000 which when ' not active
at a particular .instant inwtime,,forcesythe CPU intova
wait state. For ourvaesign Ait"means that the circuitry
‘vmust 1nclude enough log1c to- generate the WAIT signal only‘
'on except;onal cond1t1ons. That ‘15, the t1m1ng‘ device
necessary for MC68000 type microprocessof'wonla‘be ahsent.
J/Without 1nvestagat1ng into more detalls, let"us state that

vwe opted 'for the 280 type m1croprocessor. Laternin this

chapter, we look into the use of asynchronous mlcroprooés—

: s‘sors.lnlshared'I/Q.



;che WAIT control llne during write cycles which is very

' /program size.. Apart from these two, any‘other from the

.avallablllty in our laboratory . ' ‘ e L

~lel as a complete entlty ThlS mode of operataon

'_most su1table for the shared I/O organlzatlon because»the

wtake place in the“ shortest time [GABLSO]. We use .t

4.1 Selection of a Processor , ’ oo 55

Apart from the 280 Intel's INTEL8080A, 8085‘ MCS6500

" from Slgnetlcs, CDP1802 by RCA and IMB100 of the Intersil

from the 8-bit m1croprocessor group offer-a 51m11ar WAIT

line fac1l1ty [OSBO78] MCS6500 does not allow the use;of

w"

: 11m1t1ng“ for our appllcatlons. “From the TS-bit aroup :
' INTEL8086, 28000 and General Instrumants CP1600 and

©TI9900 from- the Texas . Instruments haye a 51m11ar feature

(

[OSBO81]. On CP16OO _the’ ‘maximum length of the wa1t state

is l1m1ted to about 40 mlcroseconds by the CPU to keep its

Ulnternal/reglsters refreshed wh1ch 1nd1rect1y affects ‘the

/

rd 4
L

above -set ' could be selected as a- processor. ~ We used idg//-‘

due to 1ts popularlty as a 8 bit m1croprocessor and Cits

For the data tranSfers,-we‘selected the parallel“com—ﬁ*

mun1cat1on mode in. wh1ch the;gata is transferred in’ paral—

i

ﬁ»

Parallel Input Output (PIQJ unit of‘the Z80 mlcrocomQutar M RN
: pmb oo T
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dnring data transfers. The first, called the HOLD con-
'troller, makes use of thevregisters internal to the PIO to
form a buffer of size one ' to H6ld  the data .to.be
transferred.‘ln the second design, ‘firstnin, first=out
(FIFO) buffer of size 32 is used to contain the data to be

transferred.

A

4.2. Operation of the PIO

F1gure 4,2 shows a box dlagram of the 280. P;O unit as f
connécted to P(r). A and C are the I/O ports In gen-
‘eral,.iboth can“xfunctlon.as e1ther 1nput oryoutput port.
Honever, in,our design, port A is configured as.  an “inpnt4
. poft .and'porthc as an output port. anh”port has a regis-
-ter to hold theidata'tO'be transferred Assoeiated- wlth»
each port there are two control 11nes termed as ready
(RDY) and strobe (STB) These are ‘also referred to as the
handshake signal l1nes. RDY is an output signal 1nd1cat1ng

a&

/;_whether the port. is avallable for a traﬁ?fer of data. It

;d°i§ an actlvefhlgh signal. STB is anvlnpUt‘Signal gen-
“.etated by P(i-1) or-P(i+1). For port.C, STB is .used to

“gate the contents of the port register to the inter-port

' ?data‘bus.ﬁEor port A, it-c-is used to gate ‘the inter-port:

?ddata bus to the port register. STB is an active-low sig-
: . /'l ) : ' .

. ‘Thﬁ?;/are,two PIO‘chips on the PIO unit with ~a total
of fo ports A, B, C and D. C and D are the same as A
and B except that they are on different chlps.
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.M4)2ﬂ0berationfof'the‘PIO B I At s By

T

3 ,descrlbes the behav1or of the PIO durlng S

,.operatlons._t“w_ e .

g a4;2;1.~gTetminoiogy”¥h‘

f,fexplalned below h Some of the term7 may.b‘

"'the'f;gures. EEEE ijf‘.h' T

SRy ’,‘

v 5 . VA | em—-
L S I § A . R AR

. -/,, . . . -
The next sectlon llstséthe speczal terms used 1n _the

c‘remalnder:v;Offf‘thls ” chapter.: The - subEequent section‘

nd and receivé*

ﬁ N Be

Spec1al terms*'intfoduced. in /fhls chapter "afe

found only 1n

i ~, p : . i : - S e . S Voo ' IR P2
RN e . T : . . : . o . . S o

S ) N : . : 5 N L/

. / p(i) oprocesserci L S el L

CPU }1'5"?280 CPU f; f ,[ﬂigff i ";if'” /V

" RD " e _”Read 51gnal from’ the CPU. When lg%/ 1t,l" ‘

ATt P 1nd1qates that ~the’. the /peripheral’

e should place a- data in . the ‘s <&stém data.v

FURTEE . ’\,‘c bus' . . o B B \’.:'. ' »

erte 51gnal from the CPU ,/When, low,

‘it indicates:that the system data bus -
contalns a valld data tO/be output. .

/
§

-
-

IORQ - f:I/O request 51gnal from the CPU. When‘,‘
oo . :1low, it ’ indicates ‘!that .-the system”'
" address bus (lines A0-A7) c¢ontains a- "
' valid 1/0 ‘device address. The RD and}fﬂ
+. WR sigrials- are vused in. con]unctlon
. with IORQ L A B
R BREEN

CUWAIT . An 1nput to the"CPU ‘which when low . .
... s .- forces-the CPU insert additional clock
b “perieds in the current,machlne‘ .cycle.
= 4vWAIT(1) 1Svthe wait 51gna1 for. P(1) :

CA(i), ©(i)  Ports A and C of the PIO connected to
E oo P(1) . , v o
: |
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,1”Terminology

_ARDg(%),

. ASTB(i),

CRDY (i),

o CSTB(1)

CE1-

»1c/55-“~"'

L T1, T2,

T3, T4

;lfwaf

STD bus

PIO bus ' .

. HbLD”buS

-f’FfFOobus

! reset G

A

1)
i

ms -

us -

;“Chlp enable 1. se&ectsA:t,

A(l) and C(1)vrespect1vely.

conta1n1ng port A.

f;These ‘are - handshake “lines of ports = -

chip

Chip enable 2 selects‘ the‘ PIO chin

conta1n1ng port C. . P_

Selects port A or B w1th1n a PIO ch1p
Low for port A.A ‘

Control or data. Low for data.

Clock perlods in a machlne cycle used

the " timing diagrams.; T1 appearlng‘u

after T3:signifies the start of the

_‘next machlne cycle.v* : ‘e S

A
Clock perxod dur1ng whlch the ACPU'

wa1t1ng

CPU.

\ . . v - é’(:. -
-,

System bus whlch 1nc1udes the ‘address”,
‘Jdata lines’ -and . the . control -

"~ lines,

lineS'o ’the-CPU;vg‘

Bus that connects ports A and C.V this'fzﬁ
‘A1nclud s the handshake llnes._ R

" Bus th t carries’ the 51gnals generated
by,the_HOLD controller..,v R s

[

“The - bus that carrles the s1gnals g?”fﬂf‘~

'erated by the FIFO c1rcu1t

“wThe gnal is, turned hlgh

The s1gnal 1s turned low.

il

Loglcal AND operator.5‘
Loglcal OR operator.‘\.g/n
Loglcal negatlon..
Mllllseconds. ah\f‘f d‘f:ffi

Mlcroseconds. T N L

for ‘the 1/0 operat1ons, one*_
~Tw is au‘omatlcally ~inserted by  the

m——

..,
e
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S | . B ) Do A . ! . ey
N Lo N . . ‘» : ' “,‘ - ’ i
ns ... - 'Nanoseconds. e LW

K

' 4.2.2. ‘Data transfer operationsvusinngIO N

a -
[t

s The send ‘and recelve operatlons are(lmplemented u51ng

othel OUT_and IN :1nstructlons of the CPU Flgure 4.3 shows
_the Hwtiming*frelatmons between varlous sagnals dunang the

s execut1on phase of these - 1/O 1nstructlons._ Durlng T1

.\,

-fthe address of the ‘perlpheral becomes stable. For an OUT]_‘-»‘

'dlnstructlon,. the data “to be output alSo becomes stab%eug

‘atj about,th15~ ?1me.'The‘IORQ‘ and‘WR-or\Rnware actlvatedw

‘to 51gn1fy the completlon of the I/O operat1on. ’One Tw-1s o

tions. o T L

fthev‘varlous.
‘instruction.’

"55 the T1 of

”1n T2 f;'an fN 1nstruct10n, the data 1s read at the . -

falllng edge durlng T3 Just before T1 of the succeedlng

'r‘1nstructlonL]_IORQ and WR or RD 51gnalsv are. deactlvatedv

o

j4,2,2,1.» Send: OUIf(nn);fAﬁw - Cei L;ﬁﬁ%

e

The OUT 1nstruct10n when executed by P(1) output5~

ythe contents»of the" reglster A to C(1) nn is’ the address

d thej:inteffport‘vdata ‘bus ‘oonta;nsa,a valld data ;fofif‘

'helSUCceeding 1nstruct10n. Th;s denotes thatp

_automatlcally 1nserted by the CPU durlng these 1nstruc-

ufof C(1) : Flgu'e 4 4 shows the _t1m1ng relatlons between S
‘ | . ‘ -
’PIan519QalS 'durlng the- executlon of thls

RDY(i)‘iSISét by the PIO at the falllng edge'~?
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4.2.2.1 Send: OUT (nn)y A - 60

G

transfer CRDY(#)"remains_ highf"until‘a raising edge is:v?

”detected on CSTB(1) : At this instant itﬁis"reset by the

/

' PIO to‘ 1nd1cat that there is no valld ‘data in the portt

"output reglster{ The raising. edge on the CSTB(l) is .genf

erated by 'the‘ recelver, P(1+\), after 1t has read the

' port. If the CRDY(1) is hlgh when the 1nstrucblon ise é&e~fv

,cuted then ft :is reset by the PIO at the falllng edge -

during Tw. It 1sﬂma1nta1ned in that state untll the fal-'

lfngh-edge' dur1ng T1 of the next 1nstruct10n. This 1s tQ

‘ensure that the CRDY(l) is low whlle-_theﬂ port ~data. -is,’

changlng 'It also- ensures that a p051t1ve edge is’ gen—

“fﬁerated on" CRDY(l) whenever an output 1nstruct10n,‘is”vexe—f'

c'cuted,

.}4,2;2;2; fReceiVés JN.A,(nn)f’

fnpftranSfer‘the ASTB(l) 1s set by p(i-

o-'ialllng edge durlng T1 Of the succeedlng lgﬁtructlon,xthirygfﬁdvh

By

*

The effect of thlS 1nstruct10n 1s to cause 5the fcon—'_

' tents of the 1nput port reglster to be 1oaded 1nto regls-'

_ter*A.' Flgure 4.5 dlsplays the t1m1ng dlagram for the<PIO .

S

'51gnals durlng thlS operatlon. The sendlng dev1ce, P(1—d:

st

'1)v examlnes the ARDY(1) llne,_ before t'f sends : any
'valld data"'to' P(1) .ui f found hlgh vlt resets the o
anSTB(l) 11ne. This transfers the data present on the dataff';

:busf_to7‘thef'1nput reglsterv of A(1)} At the end of the

o

‘le'ARDY(i) d1sabllng fthei port forgfurther data transfers.

A

vwhen an . IN 1nstructlon is executed: by ;the P(1) “atf theﬁi"

»

),wahls resets"the'u”
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“4.3;j-The‘HOLD controller

ow C g
>~ 4.3.15 General operation .

 .troller.'

|
f
|

4o "

-ARDY(l) is, Lt hy the PIO,’enabling_ the. port.' If'vthedﬂ

‘ ARDY(i) 1;65 is. fOund‘high whenfanTIN instruction is in
progress /ﬁs kept 1ow by the P10 unt1l the;lfallingﬁ_edge B

‘dug@ng T1 of next 1nstructlon.
it

q - .

From the descrlptlon of- the handshake “lines ‘of_‘the'

PIO we can deduce two thrhgs-fafthr the receﬁver has read]‘-

the prev1ous data its ARDY is hlgh and whenv_the senderf
Y ‘ :

h s sent a data Eoﬁthe recelver, the ARDY of the recelver v

a’1s low.AIf the H@LD controller mon1tored these two 11nes“

4

at the _tlme'hof transfers, it could ea51ly regulate the“
'meSSagentraffic._ ARDY(1+1) Wlll be low when P(1+1) is not

‘ ready'.tof recelve‘ data FfIf at th1s t1me, P(l) tr1es to’*

\ -

’send anoth@r data to P(1+1) the HOLD controller w1ll place*:

low on the WAIT l1ne of P(l) e ThlS would prevent P(1)‘i

»

Afrom completlng the OUT 1nstructlon and keep 1t in a-iwaltﬂ
o state »untll ARDY(1+1) 1s set 'In the same manner, ARDY(il
'*w1ll be hlghllf P(i-1) has not ‘sent any data to. Pli)7' ltif
.fP(l) attempts ,to} read _its' 1nput port reglster at th1s'~

"<t1me, it w1ll be forced 1nto a wa1t state by the HOLD con-

»*

JERIER

*The.HOLD controller ,should be-‘able 'to"recogniaeﬁf
B N
"the':attempts by e1ther processors to send to or. recelve o

'_frOmlfthe Icher; in ord? to generate' the ',necessaryf

r. . L
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'fn351gnals.  This,. is made possiblef'~by'_inc1udinngome‘h_
decodlng logio_‘that dWill"produce"'af 51gnal ,when “the’
orrespondlng }nport‘- Es'[ addressed 'for data transfer.‘

A

’ ﬁAn OUT 51gnal 1s generated 1f port C 1is acqessed durlng an

\

OuT 1nstructlon._ Slmllarly, - an IN 51gna1 is produced 1f
b

»

"»~OUT' WR’V*IQRQ'Q cra v (¢/D) v (A/B) A
- ouT F Qv C/D) v (A/] s 1)
e |

S |

'RD 0r10RQ,v;cE1 vfxc/n>.¢.(g/3>

' We observe that OUT' Or IN'” w1ll be low when ‘an OUT or IN
1nstruct1on"is.iexecuted addre551ng the partlcular port

Nznvolved Then the WAIT s1gnal for P(1) on . send s' gen—; ‘

e

'7.enatedigas follows (recall that the WAIT is an aCtlve 1°W

signal): .75:‘;“',' , ‘l" ‘ qu"*‘-”“‘i.'v - ?w

WAIT(i) = OUT' v ARDY(i+1)'

; . FEE - I . o
EN v & . i . ENENIN )

;in”the"same”manner the WAIT 51gnal for. P(l) on receive 1s

__generated as follows-'lrf“’.-' :,‘_f‘;i{.'n o V.<;_

WAIT(l) SIN' v Annr(i)!

' Comblnlng these two equatlons, we get

oS T

7}wAiT(i);=.(oUT¥'v ARbY(if1))”A (IN' v ARDY(i)') 4.2

Due to sohe compllcatlons encountered durlng 1mple—

1f,ﬁmentat10n, Jquatlon 4 2 cannot be used as. 1t is (thls w1ll

h‘be descrlbed later) B Two 51gnals, SEND(l) and RCVE(l)

)

"aref,lntroduoed, yhlchdat'any time;deflne the-state of the

e
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, .. » . i
. ' o -

- . " { -“. ' .
data transfers for P(1) A low on SEND(i) ‘means that

“cannot .initiate another send 'Slmllarly, a low on RCVE(1)_

‘?g&;fg o refers ?tO' the fad@ that there is nothlng to receive: and
ﬁ@“ o hence P(1) must wa1t. Thus equation 4.2 stands modified

e
. 1

'"WAIT(i)A=.(oUT' v SEND(i)) » (IN' v RcVEdi)) 4.3

P(i), after 1t reads port A(i)’ resets its RCVE(l) to-n"

" P(i+1) has not yet read the prev1ous value and thus P(1):4

'-indicate that the port ‘is empty. It also sets the SEND(I—"”

1) in P(1 1) ,go_ the’ later can_ execute. another sendh
instrnction;HIn;thefsame fashlon}bP(r) after 1t has sent
a'data‘vto 'P(i+1) ’ resets SEND(l) It also sets ‘the
RCVE(1+1) in P(1+1) 1nd1cat1ng that A(1+1) 1s full so that;:
the later can'do a-rece1ve.,Flgure 4'6' shows the ‘above.

: protocol 1n an algorlthmlc fashlon.
_ S :

-In the implementation,'an-eQUivalent form”of'eqnation’

4,3 " is employed so that the avallable components cohld be”'b

‘used for fabr1cat10n.,7’i-p f"[“f".{ : .'_;'.¥~

WAIT(3) =‘{[{f‘(":ou'f »A:fssﬁn('i)'-f) © ~ (IN » RCVE(i)" )".,"}']v-*-f 4

Apart from generat1ng the WAIT s1gnal the HOLD con—!d
troller is also respon51ble for transferrlng the data sentn
S ‘ :.t by the sender to the recelver.' Thls is necessary because_
| ”'the HOLD 'controller basesA1t5¢€QC1s1on to Stop P(1) from_f

'<complet1ng 1ts recelve 1nstruct1en on the 51gnal level on
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e

RCVE(i). RCVE( ). is reset by PL-1) at the end of the

t

‘;send operatlon ‘as we expla1ned ‘earlile r; To accompllsh the

. transfer‘»of‘ data from sender to receiver;"ASTB of the

receiver is: generated by the HOLD controller of the

sender;' ThlS loads. the data from the 1nter port data‘bus

on to port A of receiver. That is, HOLD controller of P(i)

generates ASTB§1+1) to transfer the data sent by P(i) to

| Thus, the HOLD controlle; of . P(i) generates 51x sig—'
]>na15~- OUT' ‘IN"' SEND(l)' " RCVE(i)', ASTB(1+1) and
IAWAIT(l) Flgure 4~7a dlsplays the t1m1ng relatlon between o
these‘ s1gnals dur1ng~ an OUT ;1nstruct10n.v.Here it 1sf
lassuﬁed that there> are,-no exceptional"conditionstA The'd
vCRDY(i) ls' monltored by the HOLD . controller of P(i). The
gralslng edge on CRDY(1) 51gn1f1es the completlon_hof:'the'
_;output 1nstructxon and the presence of valld data,ln thejﬂ‘
._inter—port data. bUs; Thls ‘ls used to‘ generate ‘}the
‘thSTB(1+1) which transters the data to A(i+1). The raising.
””edge on the ASTB(1+1) sets RCVE(1) indicating_that' ﬁ(i%1)v

" has a data tovrecelve. SEND(i) | 'is reset by the raising

edge"on'vOUT'g ‘Note- that: WAIT({i) iremains inactive

;Jthronghout'the data transfer.

Flgure 4, 7b shows s1m11ar t1m1ng relations' fo - the

case of an IN 1nstruct10n. Here also the absence of excep—
"tlonal condltlons 1s assumed The rals1ng edge ,cﬁ IN'

”d”_;lndlcates the completlon of the 1nput 1nstructlon.vrThis S
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_‘to the CPU as a separate peripheral. dev1ce. The ASTBV‘

4.3.1 General,operation - | . o AU 65

1s used td. reset RCVE(l) to dlsable P(i) from 'executing

another' rece1ve. It is also used to set SEND(1—1) SO that

_P(1-1) is enabled to do another send " The WAIT(l) ié” not

affected durlng the transfer.

Flgures 4.8(a, b) 1llustrate the cases where. there is

an - exceptional cond1t10n; In flgure &, 8a, the WAIT(i) is
reset’the mohentnOUT' is generated because SEND(i)’ is low{
When SENDCi) fs. set by.P(1+1) (f1gure'4.7b), WAIT(i) is
iéet bY,thegHOLﬁécontroller releaslng gél)- from_'the:‘wait”

state. ‘The 'send operation is completed and the data is

L]

,fstrobed 1nto A(1+1) Similarly,'as shown in figure 4,8h,A
the WAIT(1) 1sv'proper1y generated when P(1) initiates a

receive when RCVE(i) is low. P(1) ex1ts the wait state

(figure 4.7a). Figure 4. 9 shows the flnal c1rcu1try as it
o K _
was bu1lt and tested - '

3 ¢ - -

-

' From thé above discussions, we observe that the only

"external" signal HOLD controller- ‘uses, is the CRDY(i)

produced by PIO: of P(l) The‘ HOLD controller uses this

-51gnal to generate ASTB(1+1) However; a;close examinationb

.'of figure 4. 7a' will reveal that- the generatlon of

ASTB(1+1) could have been trlggered by the ralslng edge on

/

>OUT' This. means that the HOLD controller could have ao u—

\’,

ally been: bu1lt 1ndependent of the PIO un1t and at’

?\:5

~'nals, though are part of PIO, would be stlll necgssary to

G

.

-

‘when RCVE(1) _‘ﬂset‘ by P(i-1) after. 1t has sent a data_»_



1

4.3.1 General operation . .. - 66

o
_serve as latchlng signals in a de51gn that does . not.. use

[

the PIO B

vdhe,next'seotlon discusses . some‘_of "the problemsh e
enoountered during"the '1mplementat10n 'of‘the_HOLD con- .}\
- troller. Beglnnlng ‘with equatlon 4 2, it shows how" eqna—l
~ tion 4.3 is derlved ' Though the problems were not very
@ifficult to solve, their solutlons d1d lead to a de51gn

that could functlon 1ndependent of the PIO as we explalned

above, . PR e L
4.3.2. Problems and solutions

 Let’ us "assume for7the tlme being that we are try1ngf
to 1mplement equatlon 4.2 as it is. Suppose that P(1) ‘has
1]ust completed a recelve operatlon.« Referr1ng to flgure
4.5, we see that ARB¥(1) 1s set by the PIO at the end of
‘the execution_of the correspondxng IN 1nstruct10n; Let_ us
-‘alsO'asSume-that'PKi) is inifiating another receiﬁé opera-
tion. IN' will® be low and since ARDY(i) is hlgh by eQua— |
| tlonl 4.2 WAIT(l) w1ll be reset by ‘the HOLD controller.
ThlS forces P(i) into a WAIT state. P(i) should .contlnue
to be 1n the wait state untll ARDY(l) is reset by P(i-1)
after it has sent the next data. However, 3(1) ,does -not

-rema1n in the wa1t state as expected.. As shown in'figure

4.10, B(1) 1s:prematurely releasedJ from the wait :state>
because,‘the.PIO"resets the‘ARﬁY(i) llne - ARDY(l) becomes

‘low - during. the execution of an IN 1nstructlon as
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explalned earller (see flgure 4.5 and section Z 2. 2)

" 'This results in P(1) readlng the. prev1ous data as many
t1mes as IN is executed by P(1) before the next va11d data
arrives from P(lfl). “The sender does not suffer from_ a
Similar set‘hack'becausexit ﬁakes usé of ARDY line of the

[}

recelver rather than the CRDY of 1ts own PIO

—

To c1rcumvent thls's1tuat1on, the'RCVE(i) signalu is
'1ntroduced in place of ARDY(l) RCVE(l) is made to reﬁlect
the state of the 1nput port~at any tlme' a hlgh/lndlcatlng‘
the presence of val1d data and a low representrng an empty
-port. RCVE(1) is set by P?1—1) after it strobes ”ln"the'
data u51ng. ASTB(1l. RCVE_is reset:by P(i)vafter it com-
pletes‘the,recelve'operaticn.v Thus -RCVE(i)h“remcves ‘the B
cﬁrcultfs dependency .on: ARDY(i)d‘and_prevents P(i)lfrom-
'exltingethe vait ~state inappropriﬁtely; ‘However, this
arrangement intrcduces another problem:‘deadlock. o

‘Suppose that P(i) begins the execution of an  IN

«

ihstructidn‘when RCVE(i) is low. The HOLD controller,will- N

promptly force P(1) ‘to enter a wa1t state. P(1) will »be
dma;ntalned in wait state unt1l RCVE(I) is set by P(1—1)

“But, the ARDY(I) line 1s st111 reset by the PIO and. kept'
Jlow untll the end of execut1on of the IN 1nstruct10n. Now,
it P(i-1) tries to do a send it will be blocked from“com-f

pleting i&‘ because A(l) is low (f1gure 4 11) The result‘“

is deadlock.

s
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The onset rofc deadlock can be. prevented if - the

sender's dlrect dependency on the rece1ver 's ARDY line is

removed. The SEND(1) s1gnal is 1ntroduced to replace

ARDY(i+1) in equatlon:4 2. ‘A high on SEND(l) means that

A(1+1) is available for another data. A low 1nd1cates ‘the

opposite. SEND(l) is set by P(i+1), after it has recelved
the prev1ous data. It is’ reset by P(m) after a successfn}

completlon of a send operat1on.

_RCVE and SEND signals could have . actually been

“

integrated into one 51gnal for the HOLD controller ';One-

S

v51gna1 would have sufflced in thlS case because = the Send

and recelve 'operat1ons are not permltted to occur at the
‘'same time. However, in the- next de51gn as' we w1ll - see,
they “can 1ndeed occur ‘at the same tlme and hence a 51ngle

.51gnal would have 1ntroduced a "critical sectlon : Just-to.

.

make the generallzat1on‘ easier, we 1ntroduced both RCVE7

and SEND in the HOLD controller 1tself

A

A power on reset c1rCu1t is 1ncluded that w1ll ini-

“tialize the SEND and RCYE s1gnals to hlgh and low respec-'

tively. At.power on time, thrs allows the unlnterrupted

execution of the flrst send operat1on. It also eﬁSures

'that flrst receive 1nstruct10n is blocked 1f no data has

been sent by thezsender yet.

" There is one problem  the. cnrrent' design  does
not address: the 2-80 available in the laboratory uses

e
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4.3.2 Problems and solutions

‘dynamic RAM which requires a refresh. signal. every

2 ms..

The manufacturer  recommands a time gap of 1 ms between

\ ) . P "
successive refresh cycles. This means, the CPU cannot be

‘held in a wait statedfor?more than 1 ms since the refresh

cycles are generated by the CPU itself during the course’

-of instruction executions. However, .it should be men-

tioned that a period of 1 'ms represents, on the average,

the: execution time of about 100 280 instructions. 1f the
programs cons1st of more than 100 instructions, then it is

recommended that the dynamlc RAM be replaced by a.statﬁc
RAM to avoid loss of data‘in the presence of extended wadt

*1ng a refresh c1rcu1try

4.3.3, Technical details

. 4
9

'Figure 4.9 1is the circuit diagram of ~ HOLD ’con—k

troller. The address decodlng is done by 7485 comparator
and 74LSO1 NAND gates to produce CE1 or CE2, ﬁ/B and C/D.

74L505 ‘hex 1nverter ‘1nverts these signals and IORQ, WR

signals These are .input to 7421 AND gates ta produce oUT -

that the ASTB is generated as an active high signal. The
tdnverters on the PIO unit converts this signalbintOyan
'active low signal.

1

‘,_states; The loss of data can' also be prevented by 1nclud—»

‘»and IN 51gnals._ 74121 monoshot generates ASTB(i+1). Note"

‘ The positive ‘pulse output from .the 74l21 ,i§~-150 ns

't'long which is ,1o'hs;gafe than required for’strobing the

r

& ,

»
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, A ‘ﬁﬁt -

data bus onto input register of port A(i+1l The SE&D and
) RCVE signals are derived from two fllpflq@s (74LS73A). The
ydfalllng edge ASTB(1) is used to set the RCVE fllpflop
The falling edqe on IN trlggers a monoshot that generates
a clear pulse for the. RCVE fllpflop Similarly, the fal-
-llng edge on IN from the receiver, P(i+1), is used to set A
the SEND fllpflop The falllng edge on OUT, triggers ‘a
‘monoshot_ that clearsglthe SEND flipflop. (see figures
‘\4.7(a,b)’_and L L

74123 is used to generate the clear pulses \for the
SEND ~and RCVE fllpflops. These clear pulses are 100 ns A' '
long Th1s means that these‘two signals will be low for a
perlod of 100 ns fgom the moment they are cleared pThe -
next processor should not be allowed to set them durlng
:thlS peraod because, when the clear pulse 15';;t1vé, the
fllpflops 1gnore all the 1nputs. A close ‘examlnatlon of f
vthe tlmlng dlagrams of 4 7(a b) and 4. B(a b) w1ll reveal"'

f*that such a: 51tuat10n w1ll never arlserl,‘,/' . \

I "rw {‘] N
e EEEE

- For a more complete, 1mplementat10n, 74LS76A shouldl
. e T
used 1n place of 74LS73A because the former has

, W

W‘ereas the later doesn' t. ~ The 'preset

:and .clear=fea? res aremrequ1red to 1mplement the powe{;onlf

reset c1r ;Etry The reset ‘'signal from the CPU can be used
to Seﬁiﬂ h SEND fllpflop and reset RCVE f11pflop at the
»power on t1me ‘and at every ‘manual reset "of ‘the ent1re Sys-—

"tem.x Slnce 74LS76A and other fllpflops with preset and ,

1 B
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4/{, /Llear“features were not avall ble»at the timehof cohstrUcfh
///; tlon of the HOLD controller the‘pdwer—on reset facility

h‘/lw could not be 1mplemented

) N . Ty o ."; B ' . . Lo ‘
g B L T
”94}3,4.f;Testing'ofﬁtheWHQLDQcontrolletwwj ‘

':,u, S The conflguratlon in whlch the 'HOLD"éontroller“ahs,'f

o

v¢dh_}'?"f;teste& con51sts of two 280 m1croprocessors w1th the1r PIOjda‘-ék
ﬁhfﬁl;gfunlts 1nterconnected C(1) is connected to A(2) and C(2)
":gisr connected o A(1). Two coples of the HOLD controllerﬁ"

"e;quﬁfjwergy built tone.‘was; attached to each processdr.aTwo
. . ‘, Sy / ‘ - o .
;methods f testlng “were sed In the’ f1rst called thej*.

: : i\ s

“fgpstat1c testlng,vthe generat1on of approprlate slgnals wereppr; ;d?;&;

- 4 HRES
monltored for operator a551s ed commudlcatlon. The program

[

“hgﬁf'ln each CPU wa1ts 1n a loop untll 1ssued command 'to -

*hsend-ﬂo_ recelve, from the te@ﬁlnal key boand 'Dependlngf_ilv

v,..‘
‘4

'ﬁpupon.the preva111ng condltlols,vthe processor is® prevented7f; S

f’?frjf[’dgzhfrom' complet1ng the instructions when theqbufferxls fullw":if “

“'fpwor empty In the sec0ndﬁdreferred to '4s. dynam1c testlng, A

s fv;ee‘-.»thef programs " let freely w1thout any operator"
s . : a : ‘ ) et
e 1ntervent10n. One of the processors 1s dellberately madef“' '

y &) .

vto " be slower than the other by 1nclud1ng extra instruc-[’

\

ézlons. The WAIT llne of the faster processor ‘is examlnedf

‘f#,b for Lthe 7esenqe of wa\t 51gna1 durlng the executlon of'J.hxf’*f';%;

e S

Qf;;n[“<ﬁ;ﬂu the I/O 1nstructlon and the length of the wa1t state 'fsv“.’f/?',
IO T R S ) . . DR

",f\éﬁ obserwed be»!equal to the executlon t1me of the extra\’

.ﬂ, . \‘T»

?'»fi’f , 1nstructlons ‘on the other processor. Flgure 4\32 shows the S
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‘.4 Testing of- the Hb;D~¢ontroller-‘

e

o N
pr¥gram used for the dynamic testing. = .. Y

AN

'“}The”sender;jaftenvsetting:up the PIO}Fbegins»tothend.

| continuously 1§t.3an_ 1nterval of approx1mately 10 us. The'ﬁ‘
N Arecelver recelwes a character approx1mat$ly every 164 us.
\‘The large tlme delay inlehe~ rece1ve5 is obta1ned byt;. .
.'f 1nclud1ng extra 1nstructlons 1n the-‘recelver s program.i“ i;
|F1fteen 1nstruct10ns (EX (SP) IX) each requ1r1ng 10 35 uswﬁﬁ~% ;-fk.‘
‘were 1ncluded to 1ntroduce a delay of 155 25 us. Thus ;}he:? ﬁ“%%h-:
‘ delay between succe551verbrece1ve 1nstruct10ns 1s about“aﬁw
. 164 us (1nclu§1mg the‘tlme nequ1red to do a branch) ThlS
u.@pi _makes the HOLD- controller assoc1ated w1th the sender to ;
;lﬁ;;#ﬁi;i;;;;_force the sender} 1nto ia;'walt state ‘fo ‘.approx1mately :
; | 154 us before'fevery send ewceptlng thelflrst onef In the

same fashlon,,the\sender was made slower than the recelver
e o i

S and s1m11ar resultslwere obtalned Flgure 4 12 shows th$

’,

’hlch;the recelvep 1s slower.vfﬁ_fu;u{_f;

program on;y/fbr?tkpuﬁase 1@

—~——~——~—~*’”’%han the sender.‘ ','_,j'jt

& -’ . - A ; e "
3 Ph : e L : "

‘ . ‘ .',“‘ . L - N . . . . . : . S L 8 . . | v S :_’ ' | . ¢ o -:. v 5 R .
- “\\g;-"‘% S The next sectlon presents a de51gn where a buffe{ f. a ‘
EE S N R . .

R

'53A51ze pmore than one is. ut111zed The Am2812 a. f1rst 1n,.

v s 3 ‘ a
o flrst out (FIFO) buffer is used fcr thlS purpose.
\ U S Ty . “ o o B ‘of‘ i
R .f4;4; -The FloncircuitTg TR e e i e T
The HOLD controller descrlbed p?evrously -represents

RO A\ N
’3.‘¢;jbjzdata transfers between adjacent pr%cessors u51ng a buffer i
n"of 51ze one\_where the buffer was part of the PIO un1t I 1ﬂf

Sy g

AT vﬁfthls-'sectlon,_ a mechan1sm us;ng external buffers of 51ze

5 : W
e A 3 ? v
., Coa . .
; ; = R A
\ . L. o
| . e ' ) PRV
i \ e L -_ . N
S . N v Y
* . . :
¢ S .
. - . ; : -. o :
~ ¢ N . L T . . N
) iy S [ B L : . L
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! 4 0'4"‘ YThe

"'used,_Am2812 can conta1n up to 32 bytes of data.a

hhtlon descrlbes the dlfferences between the FIFO

"1nstance, Am2812 contalns 32 slots.:

s.4.1. rhefAm281z:_';7‘

Coay

-

tlnterfa'e to‘vthe CPU That 1s,‘the CPU Stlll outputs to

vﬁandi """"" the assoc1ated c1rcu1try handle the routlng of the‘

Fa
b

' z'

%

-

1

‘buffer towards the output 51de',and occupleslythe' vacant.

’dgslot next to a full slot.- If the buffer 1s empty, thenr

' takes 10 us for the data to rlpple through the buffer from

i

: tgthe 1nput 51de to the output 51de when the Abufferf“fs-

'fempty ThlS 1s referred to as the rlpple through tlme.fv

,‘.b, rA

There are two 51gnals assoc1ated w1th e1ther Qend offff

‘r';ithe buffer. IR (Input Ready) is an: actlve low 51gna1 Whlch

e

IFO circuft o T R 73

The next sectlon brlefly descrlbes th Am2812 fol-

':?‘The Am2812 can hold up to 32 bytes of data. Once thef

';h@more th‘n one is presented 'Thé,‘PIOu is' still used’ to
;:port C and 1nputs from port Al However the‘ FIFO buffer, -

vdata from the sender to'.the- receiver, ,The FIFO buffer

"“tlowed by ‘a dlscu551on of the FIFO c1rcu1t The la»t¥5¢¢‘ _

‘ ' circuft‘h

L an@w 2 method of u51ng the prlvate memory assoc1ated w1th:‘wv?.h,
hh, P(l) tO form an 1nternal buff%r "D_;the? dlscusglons'_to S
‘:;;follow, ia}_slot is used to. represent one 1nternal unit offavj

:'the FIFO buffer that 'nQ hold :e' byte fof,:data,y For]; :

‘-flrst slot ]i fllled‘ up, the data r1pples throu@h the

‘1,the data falls through the buffer to the output plns. ;Itgv“
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‘ilndlcates 1f the f1rst slot is empty When ‘the buffer is
full IR w1ll be hlgh PL (Parallel Load) 51gnal 1oads the
‘vdata present at the input plns onto bthe‘ flrst slot.d“QR'
u(Output Ready) ’1nd1cates that therutput p1ns oontaln a
'valld data. When the buffer is empty, OR remalns low. PD
)_(Parallel Dump) s1bnal dumps the contents of the last’ slot
.onto the output p1ns.‘ Thls actlonv is_ followed by 'the-

',jshlftlng of the data 1ns1de the buffer towards the output'

"51de by one slot.- PL OR and OD are/actlve hlgh 51gnals m\”7,

«lDurlng the transfer of data e1ther from the 1nput p1ns to-

1_?the f1rst slot or from the 1ast slot to the‘ output p1ns,‘

o i i
r’the correspondlng ready (%@,‘

R) 51gnals remain low._ﬁx'f""
. E R .*") - e
Out of these four 51gn4 the FIFO c1rcu1t must be*

able to generate~PL for- oadlng the data sent by te sender

’Q_lnto the buffer and 'D for readlng the 1ast slot to} pro-"

.av1dei data for the.yecelver.. Flgure 4 13 shows the t1m1ngm

frelatlons for the Am‘812 PL is a p051t1ve pulse of w1dth”

at least 100 ns.v'I 3

. the 1nput plns have stabfllzed} Slmllarly, PD"1S a p051—u~

"t1ve pulse of wzdth 100 ns. The PD should be present after’r'

”l:pthe 1nput port ‘ofd thei recelver becomes ava1lable :for

"another data._The FIFO generates the PD after the recelver\

/

‘.‘has read 1ts 1nput port SO that the data at the last slot

Sinc ot the buffer can be routed to that 1nput port;fFrom the
; f‘;f - .

"start of PD ”1t takes about 900 ns for the data to' move

¢! I's

4'f;'fr°m,;th¢ last slot to the output plns. Slmllarly,)after;

e g
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yshlfted towards the output side.

”'aetetmfne ~at any t1me it the 1n1t1ated opt” e

(butfer of B(3) is. full) Af*

.fand RCVE s1gnalﬂ

'tions- dﬁ'cussed below

4.4.1 The Am2812 = e | - 75

first slot become empty after ‘the loaded,data has

-

6 L

'4.4.2.-’Oberatidn"6f the,FIFo.cifcuitf

\
14

F1gure 4 14 shows a block dlagram of the FIFO c1r—

"PL has been generated it requires‘about‘tsso_ns' for the

cUit, The operatlon of the FIFO c1rcu1t 1s very 51m1lar,ég

;send or

c

},there *is,;no -data‘ present ‘ ni‘x the 1npu@ port reglsteré

(buffer of P(1—1) is emptyﬁx Both these gondlmlons 51gn1fy
g,

S : ‘ 3

¥

this time, then WAIT(l) is produced.v Slmllarly, durlng a
b‘recelve operat1on IN'Jls generated - WAIT(I) is produceddn
Cife RCVE(l) is. low. Thus equat1on 4 3 holds. The dlfference

'-between the“operatlon of the two c1rcu1ts is the way SEND

Q
v

,are set and reset

F1gureJ4 15/shows

,ow/on ﬁCVE(l) 1nd1cates that )

hectiming relatiOns?forﬂthe‘operar‘

The falllng edge on OUT"Is used?

<,tofthat of‘the HOLD controller. The SEND and RCVE 51gnals‘

._of the ﬁIFO buf&er is not avallaqle for loadlngY‘

' that .the,JP(l) must wa1t. When P(l) beglns a- send opdta?i.x

’tion,*@UT{'ls generated’ If the SEND(I) is: found lowyyata»f

‘b% completed A low on SEND(I) means that the

N v
lvto trlggerfa monoshot that produces PL(1) f‘ThIS »alsopl,;l’”
K " and IN' are deéerlbed by egnatlon 4 A
KLXW? ‘ A _
b

oS
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gos

R

“.dumps the contents of the last slot of

i

;4;432:Operation of the FIFO circuit. =~ .. .'-b 76

'

resets the SEND(l) The IR(i)'is deactivated‘by‘the Am28l2

‘”ﬁ!durlng he perlod in. which the data Erom C(1) is loaded

‘flnto the flrst slot. IR(i) 1is re- actlvated by Am2812 after‘

thls data has moved away towards the output side. emptylng

the f1rst slot If the. loadlng of the flrst slot fllls the

‘i

buffer, then~ IR(1) w111 nothbe activated untll the flrstg

slot becomes empty The ra151ng edge of IR(1) is used ~t06’

a negat1ve' IN'

4

C P(1) The ralSlﬁ% edge on IN':

1s also monltdred by the FIFO circuit .of P(l‘1).

S

The PD(1—1) pulse is generated by ‘this FIFO c1rcu1t nhich_

lhoperat1on. Once the dump1ng has beﬁn completed the ‘rals—l'
'_1ng edge on 0R(1 1) 1s used to trlgger the generatlon of -
ASTB(rmlergb loaﬁs the data 1nto A(1) The rais1ng edge f
‘ on_ ASTB(I) wh1ch 51gn1f1es the completlon of the transfer,‘

"_1s used to set RCVE(I) The ra151ng edge on OR(1—1) would !

':not be present 1f the correspond1ng buffer was empty

& . S
) '-n-x‘ . : S e .

:Awae-mentionéﬁpearlier‘ it requlres about 550 ns for

7.gthe,ﬂdata to be loaded 1nto the FIFO buffer Thls constf-

.

-

]
t"b,_ufgfer: ~on ‘v‘.to /

: itsb outpuE p1ns. ‘lh OR(1 1) is> 1nact1ve durlng this y‘/v
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7,theoZBD in operation'requires'about 4.4 us before‘fit can

h'oould haver beea‘*bﬁ?it WlthOUt the use of the PIO un

e
i

4.4.2 Operation of the FIFO'circuit oo o - 17

¥

tutes an upper - bound  on the ffrequency of the output
‘1nstruct1ons that oan’ be ekecuted by‘the'CPU;' Houever;
‘initiate ‘another.‘send"which‘ is very large compared.to
550‘ns; On'the»receiver side; the FIFO takesvabout 900 ns
- to move a new data to 1ts output plns. It requ1res another
150. ns to strobe this data 1qto th@ 1nput port reglster of'
kthe_ receiver. Consequently, there must be a delay of at'

least '1.05 us between succe551ve 1nput 1nstruct10ns.f

O

fWiAgaln, the 'large. time delaY does not c°”°ern us because-

Jthe CPU in use is. slow. Flgure 4 16 shows @ﬁs f1na1 .FIFO

.

-cr;cu1t@ nDue to t1me constralnts, thlsfcougﬁ_not be built -

and tested. v

b

'_,‘Referrlng to flgure 15 we see~that the FIFO c1rcu1t does a

‘not make use of any of the handshake llnes assoC1ated w1th,

Y
‘

w7

the PIO except for the ASTB
4.5, vA:method'of using_internal’buffer :

i

In thlS se5}1on we Wlll describe a method of housinq

;h buffer 1n ,the prlvate"memor1esv of the-proeessors .

L

'finstead of keeplng them external as in the case dof “adee
'vtwo‘ de51gns., Though thlS offers a. flex1b111ty of altera—'
' tlon of the buffer 51ze under program control we wrl}_see

'*fthat the' FIFO circuit fares’ better than thls,mééhodfinff

v/
Y S
l s

RN

As in the case oleOLﬁ'contrOIIer,;the FIFO c1rcu1t |

,\“Z
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4.5 A method of using internal buffer ‘ ' 78
: ’ - . ) i . 3
terms of speed of operation.

L
-

-In'the internal buffer method, a part of the memory
" M(i), of 'P(i) is set aside as a circular buffer to store

the data sent by P(i). The associated “circuitry,. called

Ll ‘the DMA circuit, would access M(l) to store the data and

.

later retrleve 1t when P(1+1) requ1res 1t x‘The storage
and retrleval operatlons are. carrled out by doing a direct

memory access. ThlS has to be done in three parts- f1rst;‘

"

1ssu§§ atbus request (BUSRQ) to the CPU and Walt untll'the

CPU rel1nqu1shes the bus~ next, access the memory. to
.)5€]x7 e1ther store or retrleve a data, and lasbly, update Eheﬁﬂ
- p01nters SO that buffer full or e@pty 'condltlons can - be;
detected. Two p01nters have to be malntalned one tohkeepl
track of the next avarlable storage, location L(HPTR)“and
,the second"to 'pointauto the next,'available databfor'
retrievainTETﬁ) ‘When HPTR is found equal to TPTR on a
store voperation initiated by P(i). 't 51gn1f1es a buffer
\'ffuiiecondition. P(i) has tofbe halted  at this’ 1nstant!y
from gompletlng thee;send"operation. :Similarly:“ on_a’”
J rece1ve ‘command from P(1+1) if TPTR 'is 'nuil then réﬁéh.'

. buffer ' is empty ‘and hence P(1+1) has to be halted " The -

haltlngacannot be done u51ng the WAIT llne, because, when

“the WAIT l1nee‘is:iact1ve, the CPU malntalns 1ts control“

v

overithe.bUS. Thus theuDMA c1rcu1t would be unable ,ﬁqf"

.,enterulthe processor s memory to store or retrleve a data
v.which'will be necessary-to remove the ~exceptlonal condi-
. . e . ; : X N . e ‘“// . : : ‘ . g .

- //' SR ‘ |

o

&
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.1nstruct10n.

3
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)

tion.‘ The only way the DMA can operate now is to issue a

BUSRQ and wait unt1l the processor releases the bus llnes.

’Once they are released, the DMA circuit must assume con-- . .

trol over them and retalnl}it until the exceptions are

3removed This will be done at the end of execution of the
current instruotion,- However, the completion, of  the’
'1nstruct10n lets the sender 1ose its data on a-boffet full

‘condition and alﬁmws the’recelver read an invalid data on

a buffer empty condition.

i ﬁorft%e'Sender;ffhegloee;ofndata[can be prevented by

addlng an:eXtra,latch'oﬁtside'the memory to hold the data

Y
Y

s
I
?.

_reoeiver the readxng of the inCorrect data can be_avoided:
by forc1ng it to execute another IN 1nstruct1on by meanS"

,of. 1nterrupts of having ;tmo -IN. 1nstruct10ns in tandem

L

throughomt the prbgram. The‘first Instructlon w1ll glve

*.advancewlnformatlon to the c1rcu1t aboqt the 1ntent1ons of

4\1

the_CPU and the second WLll read a va11d data. , when the

first optlon is used an~IN 1nstructlonfw1th1n the inter-

rupt serv1ce routlne would]acoompllah thevtask.;The cho;cen

of -u51ng fanterrupts ié_:not.,very desirable because'it-

|

'1ncreases the program' xecutlon‘dtime"by 14 us‘ ~ The

alternatlve of hav1ng d ubled IN. 1nstruct10ns in the pro~h.

¥
7

!

2 ThlS 1ncludes the J me to. recognlze, theg interrupt,_n

timé to branch to the IS| -and the Tlme to execute an input

B R
<

at| HPTR -becomes  empty. For  the
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-gram'is also equally uhdesirable‘because it increases the

program execution time by 4.4 us’ for every input value to

\
@

be read. = = : - - . . i
Also during normal operations, when there are‘ no
exceptlonal cohditions for every output 1nstruct10n from

&*“?w :

P(i) T2 requires 350 ns to store the data in the‘ buffer

(the t1me for a _memory write) plus at least another 400 ns

| t1me requ1red for stroblng the data 1nto the\lnput port of

»

(one T cYcle) whlch is the ‘time requ1red by the CPU to'

regain - control of the busses. Slmllarly, for every 1nput

'1nstruct10n executed by P(1+1) a total of 750 ns is

'requ1red to refurb1sh A(1+1) : To thls ‘the tlme per1od of

g r‘ -

a machlne cyele (max1mum 5 T cycles or 2 us) has to be

added 51nce 1t is the tlme requ1red by the CPU to release

.

the busses.. If there are N non local values to be sent.

and. recelved then ,thls represents a total stretch of

N x 3.5 us in the program execut1on time. ”qrf“

o~

In the DMaA . c1rcu1t “on a buffer full condition, the

sender has to wait for additionall1.1 us'after the input

. port of the receiver becomes empty'®. On a, buffer empty

condltlon, the addltlonal t1me 1s only 150 ns wh1ch is the

- \ T o
S o

the recelver assumlng that a \short circuit path;»rs

4.4 us 1s the time to execute an IN 1nstru tlon. '

- 1°350 ns to retrieve a byte of data for ‘the ‘receiver,:
350 ns; to store the ‘ddta that caused the buffer. full con-
dition in the buffer and 400 ns for the CPU to resume its
normal operatlon.'

‘o



Lo

{ on buffer full condltlon is the w1dth of - the OUT' pulse

'fabove 1nterface two »semlsynchronous mlcroprocessors. In

avallable from the sender to the receiver_‘to route the

data dlrec_ﬁy to the receiver when it is waiting.<

e, - ki)

In'contraSt for‘the FIFO circuit no processor time

is wasted» in updating the buffer. The extra waﬁtlng time

o

durlng normal operat1on (approx1mately 1 us) and 150 ns onv

buffer empty cond;t1on assumlng that a 51m11ar short cir-

cuit path‘is~available.,1f such a pathviS‘not present then

the add1tlonal wa1t1ng ‘time is equal to the rlpple through

v_tlme (10”ds) -Table\\4,1¢alsts thehabove discussion in a

In

tabular form. e } *\g\ N

“.
~

4.6. Asynchronous'proceSSOrsxin shared 1/0

i

&

‘thls sectlon, we w1ll examlne how these de51gns should be’b
modlfled so .that they could be used to- 1nterface two asyn-
: chronous m1croprocessors.‘Th1s is to give the user
" shared I/O, an option to choose between these two types of
rmlcroprocessors,. MC68000 m1croprocessor is con51dered for
| this_ purpose.', The approach here 1s jUSt ‘to mentlon what
addition%l fbnctlonal units are requmred‘ for MC68000_ in

'comparison: to ‘the c1rcu1try we built. for ZBO Noiattempt

1s made to g1ve exact detalls of the c1rcu1t.

MC68000 is.a'memory'mapped mlcroprocessor; That ,is,'

its input and output instructions are regular memory read =

|

of using internal buffer . | ‘ 81

The HOLD controller and the FIFO c1rcu1t we di} sed
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and write instructions. The send and receive operations of
the shared 1/0 can be implemented using these read and

write‘inStrUCtions;'The_address specified in the instruc-

tion would be-thé address of HOLDvcontrollerVor FIFO cir-
‘cuit''. There will be one 1/0 controller for each proces-

- R P . : - )
sor, The I/O'controller «0f P(i) will send-data to I/0O con-

troller of P(1+1) and.regeive from‘that‘of'P(iLJ);
\\ " g ' ) \ '
The,communication'between the CPU and "the 1/0 con-

—
-~

troller takes place in . a fully 1nterlocked manner./For

reading a value from the I/O controller the CPU uses two

control lines. The data strobe llne (ps)': when actlvated;
_ 1nd1cate5' to the 1/0 controller that . the CPU is. ready to
begln the transfer. The I/O controller loads the data on:

to “the data ' bus and actlvates the Data Transfer ACK-.

nowledge (DTACK) l1ne 1nd1cat1ng that the data ‘is avail-

\

“able on, ‘the data bus. The CPU accesses ‘the data and deac-«

N

tiﬁa;es DS. Thls_conyeys to the 1/0 _controller vthat the_

- data transfer has ‘'been. properly complete afrd 1% should

release the DTACK 11ne.‘ N

) T'For the remainder of‘this chapter, HOLD controller
“and FIFO circuit would " bz referred to as the I/O con-
er ‘

troller- MC68000 would be re ned ‘toV¥as CPU.

*?Thére are two data 'strobe 'lines. UDS and LDS spec1fy”

the unit of data being transf rred byte (8 bits) or word

(16 bits). Here we assume that\only one byte transfers.are

present. That is," -only one of hese- two lines would be
used. DS denotes thig line. _ T

e
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Y [~

.‘k," H l}: - ‘a,j . ) - , / . ‘ L
!
|
|
\

Similarly, for an output - fron)P(l) the activation of
‘DS 'Signifiesf the start of the operation. The edge on DS
can -be used to latch the data presept on the data bus.. At
‘1 - the end of loadlng the data from data bus, the I/0 con-’
| troller will actlvate DTACK llne. When DS is deactivated

. _ b
by the‘ CPU, the edge on DS can be used to deactivaté

DTACK. At the completion of this write operation,'the 1/0
controller routes ~the data to the I/0 controller of the

receiver., This .is ‘achieved by loading the datafoﬁvthe/data:!
bus~'between ‘the 1/0 controllers and generatlng a latch -~ | L
LT “fﬁéiv 51gnal (similar to ASTB of the I/O controller of '280). The T
o I/O controller 'uses the RD/WR ~ 11ne of CPU to 1dentify ” |
~whether the CPU 15 wr1t1ng a data to 1t or trying'to_ read,
‘f_from it. B °,hf . "l N

For the read operatlon of the CPU,, ;fa DTACK is not -

VHEVEISIY - O ALUCHa

. '; present w1th1n about 250 ns‘3 from the moment of actlva-r
o _tion ,of DS, then the APU waits for two clock cycles
(250 n§3 If DTACK is Stlll not present another two‘ wait
"\ ;'.: | ,cycles” are,vlnserted in - the current machlne cycle and 50
?Fon; Thus when- the buffer is empty, the I/O controller can.
force the CPU to wa1t by not*actlvatlng DTACK - untll a new ,“
i &

data becomes avallable from the s\nder. Slmllarly, {on' a

e ‘ vwr1te operatlon the CPU can be “made to wait by keep1ng

",the_DTA K 1nact1ve if the buﬁfer 1% full‘ f;{,‘_} v

'-‘1‘ ) ‘ . . " P .' \ - . . ‘ B . . _l‘.v

3 > g P, l
\ . ) ! £ R - B . \
. , - - .
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4.6 Asynchronous processors in shared 1/0 : SRRV

dlfferences between the I/O COntroller we des1gned for 280‘

g
¢

At thls p01nt, let us examihe - the s1m11ar1t1es _and,;

(‘ c/

,-‘ru

and the I1/0 controller for MC68000

KU

(2)

(3)

data?bus.

/ T
.
S

For b¢th the miorob}ocessors,‘the correspondlng 1/0

2,

controllers have some decodlng loglc to detect an I/O

,,,

operation. The decoding loglc 1s larger for MC68000,

because its address bus is 23 b1ts wide, tompared to

16 bits for 280. o | T

\
4

For the ZBO . the PIO managed the data ‘transfers to

~and from the STD bus. For the MCGBOOG ‘this has to be
done by the I/O controller“ The I/O controiler has’

“to monitor the ‘DS line and use the transitions on

this line in conjunctdon with “the 'OutPUt from the
decodlng Tlogic to ’load to or 1dad from the system
o : - - ™ “ : N X ‘.

SEND’ RCVE S1gnals. For MC68000 DTACK is

'by the I/O controller; DTACK ‘has to be gen rated‘for

actlvated by the CPU When DS fiSi déaﬁtlvated ‘fhe

L . . : S . ot

"‘at ‘fThls wouﬂd not “be nedessary, 1f the equ1valent of‘
PIQ,-

ER e

@he Peripheral Interface Adapter (PIA) 15/used {Here

we assume that such .a dev1ce unavallabhe to usn

s ) e : &
o - .

-

~For 280, the WAIT s1gnal is generated by the I, O con~ ,;'

rpllshed by resettlng - DTACK fllpflyé when DS 1STT

| all data transfers The,generatlon of DTACK’ls accom—f -
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’ onous. 'processors in shared I1/0° o 8By e

[

*if‘llpflop ean be set The §§s€tting\\f DTACK has to/be }f*&:j;;f"

3
;elayed 1f SEND Of RCVE s}%nals are. low durlng wﬁ1te
% B S N N “*Q“fﬂvf LS
' »or read operatlons It 1s not‘known how compleg th1s PRI A

1 E
Sl .

-.Cdelaylng mechanlsw would be.i.‘h;-?'

‘ f’

.hj(Q}ijor 280 the I/O controller generates ASTB 51gn€@‘1to
L "3'” - 3 ‘ R

?§route ethe data from the sender to-the recelver. For

”MC68000 we wlll,need a/51m11ar 51gnal ¥h1si 51gnal

‘gdfgx,igflf?jﬁfi~would be used by the I/O controller at the,rece;yer :
TffLﬁflftwf””}cito latch the data sent by the I/O controller‘;’r,hthe oﬂff[fﬁ,7f

o S \,r e
'°sender.v'“‘“' AL R O

‘ L T L e T e s

Idvfldffb We conclude ﬁhls br1ef dlscussng( by notlng that the_f;‘jj3~.gf

RPN e o\ g

Tladded loglp requ1red for t@e I/O controller of MC68000 1s,zﬁkhff75#

:fl) loglc\to load from and load to the/SwStem data bus when

\\\

*?t.;fffgf]foﬁS ;s actlve. The d1rect1on of load?ng is determlne_uzﬁV"

g T
by the 51gnal on RD/WR 11ne. “37_?j*“ [

s .
A

'“5,2) a c1rcu1t to control the DTACK llne. W',;g,% Gl
e D R faisn
73;4;]2”_5;,“3) deeod1ng c1rcu1try to\decode from 23~address b1ts.>

¥

In thlS chaj er we~have dlscussed the de51gn fd two |

1']f&7f5@{rfc1rcu1ts,v the HOLD controller’ and the FIFO c1rcu1t t l‘;
Lo C . . : ; \\ f$<~
ireduce the proce551ng overhead 1nvolved the software

o 42///
‘*.synchronlzatlon durlng data, transfers between adjacent

r:jprocessors., As a result Tns* is- reduced 1ncrea51ng he{l

”system throughput The ZBO mlcroprocessor was used becaUSe‘fv'




AT SRR o T : i C L o
,‘g\j>\ v o DR RUETRI ST
Y ' T e RN . AT oo
o RN N Y e B 6
L - AN B . o . K | r it

X * - | S . v v i
\ ;

‘T ArT 11ne feature. Both c1rcu1ts ut111zed thls;ﬁif ¥{}fw

:*;eas1ﬁf sensed and\\correctlve umeasuresf”"
1taken., ThOugh the general purpose PIO‘ s‘used to 1ntenwf::-~ :

R ~

face to the CPU 1s ¢§’ d1ff1cuf£ ‘td extend these=;yu

>,A

deslgns.j;‘ functlon “éSf separate; I/O unlts 1nteract1ngtfeeiﬁ»1,ﬁ

*-—~d1rectly w1tt_the CPU. 5_ also‘~drscussed~—*though veryg‘px

I 7bi”{ brlele, about the\ nature fef the"c1rcu1t requlred tdfzfj_ff;{f

S

hnterface MC68000 type mrcroproceasor.i~7‘f
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I

,.\

G e P

On normal

OUT'

luc"\m‘ S f:" .

Avulliwfﬁll]‘?

FTEIEE
f;&gf'1j7°‘

. . Butfer empty:

EETRITA L _
R Y BRI

> - Expansion

Table\\\1

operat1on.}iﬂfﬁ

2 75 us to ‘
another byte of datar

SN

‘Addltxonal

BuF fer 5\7/&1

;Q;Addltlonal
’g%¢1me 1s 150 ns-

«,buffer'

750 ns to update/the
c1r¢ular buffer RN

“the" 1nput “port.
regzster trom$ the
sender s memory

On abnormai-f*fiﬂnjgﬁ'.x*
cond1¥1on8-;jfgjf” g

s1ze 3 of

decreased:-.

-,
e \\.‘

Vait1ng
»,}txme 1s 1. 1 us A

wa1t1ng

the
_ , ;vcan be-
-“increased - oor
' “under.
\nisoftware control R

Comparlson of DMA and FIFO technlques

No processor t1me 1s
requ1red to: update
_the FIFO memory.,\-tv-,,i
Requxres 550 . pg o
‘between- ';successxve "‘-EJ‘ §

ijj updates. ;=v-
load,w

No processor txme 1s L e v
requ:red fill S ST
‘same reg1ster from ) "“v'ﬂT
v the - head - of " .FIFO"
buffer.;,, Requzres R
©1.05 .us: between suc—” Lo
‘cessive’ outputs/trom

FIFO buffer.: ’ .

Addltnonal
“time is.
mately 1 us

wa1t1ng‘ SR
apprOXI—,»f‘::;mf :

Add1txonal ; Waltzng PO
txme 1s 150 ns ;\Jff'""'

A change in the w1t-x’ff[.
1ng requxred to.
1nsert or delete an: o
Am2812 unit o ovo
‘increase or decrease=
the buffer slze

- S R " -
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N B : N . J g N N Lod | o BRS | R C : . R B . > e . .
L e T L T e e e : R
e ‘<,4‘Interfprocessor Commun;catlon Mec ;ﬁ{gms;w.m3A FEEERRENT - 1: B

R : e P

SR S Tim

516 t11 t12

Y
o . B S e eI e et ; " PREEOES
B AL T e LAy g”
v, ) L e Lot AR : :

3:1;:={P(1) 1n;t1ates send 1
. t2.2= P(i) completes send 1 a‘
T A T ;p[buffer becomes full" (BF) . - T TR
N T jgt3;w—<P(1) initiates gend 2 B
LT e oo o 0o omust wait since buffer is full (BF)
SRS N “£4 = P(i+1) initiates receive 1
o :Tvx,f“.i.tS';#;P(1+1) ‘completes receive 1.
S buffer becomes empty' (BE) :
sty S P() T is released from! wa1t state
ol g6~ P(A) . completes ‘send 2 : S
Co e e s 0 puffer . becomes full (BF) Dol
o t7 ,_P(1+1) lnitlates rﬁelve 2 . ’

*
pie
(9.4
W=

o TvarElly oll ARt no e i T

S t8 = P(i¥1) completes receive 2. jf‘f'*¥;?ﬂﬁ?,f_'j
Lo sioo 0 puffer- hecomes empti\(BE) _/wu»‘;f?xifﬂf"'

Lol T :}.7,103}-‘ht94'779(1+1) initiates receive 3 -,;t“ e
Sl T mudt waits sirce ‘buffer 1s empty (BE)

S R e “P(i) initiates~mend 3 - . ; _;}“;;_Tj
~P(i) completes sknd 3 (BF) T
P(i*1) is releaseN from wait state ' : a
P(1+1) completes rfoeive/B

i I\

'

R and so on :3 fff”f  -'

o'i,f;;-];7o7?igﬁté14}1;lfﬁCommunxcat1on protocol between ffff:'
e e P(1) and P(1+1) o

' ..'I\“
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B I nter-port
. Data bus
.kDO D7 :

- Pigure 4.2,
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: From cpu '__‘
D0—D7 CONtrolv-

'280-PIO".

» . Jwow
T u.v4{»3_.
"Afe:ncrv~*<v_u,

Iﬁt -port

- ‘DO-D7

713°¥P1§5asf}bnne¢¢gat~j;

 ;:89_

Dat bus*‘ f

:‘£f+~¥+¥¥+’fCSTB:k;,,L, -
f———> CRDY .

)
;
i
i
3
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4 Inter-Processor

A

;Machiﬁe cyd1é 3‘”\'”(5}“ e g

‘Po:;EAddrésg'

at

' T v
e L oo s :

|output cycle -

 -Rﬁ“- Read s1gnalff;,vﬂﬂ»'“
IORQ 1/0:ReQuest

Tw - 15 one

o»frigugerdgé;

R

'xifﬁR[~ Write sxgnal

wa:t state 1nserteT by the ZBO CPU
,F; AR ,Huv m.,

COmmuniéhtion'yeéhaniéméf . 80

Input/Output cycles’ of" the 280 CPU i uf 7T‘””

, ’without extra wait states

.o

nQa_,aaaﬁﬁqa,frbm‘[MQS??QI.fj
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E - v | " . | ““ﬂ

| 2

o
B

-

— CROY(i)

~(high)

| OUT = IORQ' WR' . CE' (C/D)"where CE ¢nd C/D are
B L decoded from the address lines, -

F1gure 4 4 T1m1ng relat1ons on OUT 1nstruct10n Lo,
. Lo for the PIO L :

. "qdaptgd from [MdST79]‘

csTB(#H

CRDY (i)

. Lpvhen crOY(i) is already high: -

gy

i bl e R e :



b hahdh’ e

_ '-‘DWH‘gAr} ‘A'RD;Y'(i)‘ is a;_lréady high.

.
\\
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Port Input pins . = . .'1”j>< o

i ———— — ASTB(i)
S : S C o (low)

IN = TORQ' RD' CE1'" (C/D)' ‘where CE1 and C/D are:

L decoded from the. address 11nes. :,

o

F1gure 4 5 T1m1ng telat1ons on IN 1nstruct1on
B R for the PIO" :

o\ Cléqk;*';

N  71‘

BT

,;'5 B "“.“?aaapted'from'TNOST79];f .




[ 4

. ;VV

Inter-Processor Communication Mechanisms - - 93

[y

'Sgndh;,t?(i)j:

o | Ro#iive?‘[P(i)J}
,&_

’END send S v '. RS

_<END rece1ve ,-;  SR

sénd' ouT (hn),X M
BEGIN send

Aload the contents of register A

into the output port register. nn
is the address of output port C(i).

WHILE (SEND (1) EQ o

WAIT(L) 3= o '
~END WHILE L
"WAIT(i) :='1

o complete the transfer of ‘data to
;the input port regzster of P(1+1).

RCVE(1+1) ¢= 1
_SEND(i) = 0

recexve: IN A (nn)

‘ BEGIN rece1ve'

WHILE (ncvz(;) EQ )
WAIT(i) -

END WHILE -

WAIT(i) = 1

.:coﬁplete the. reéding olethé” inp0t;‘
port register. nn ig the address of
: the 1nput port. A(i);_‘.- : ‘

RCVE(l) t= 0
SEND(1 1) = 1

_Figure 4.6, HOLD protocol
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Lk

Clock  ° th

ouT!

'SEND(i) |

WAIT(i)
(high)

CRDY(i)

ASTB(i+1)

e\ RoVELD

‘Figure 4 7a. Timing relat1ons on OUT 1nstruct1on\
for ‘the HOLD controller with no-buffer full ;
, conditxon.’ o » , L

. \
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ol

RCVE(H)

'ARDY (i)

SEND(i-1)

T
o

SR AN e WAIT(i)
— — R o . (high)

F1gure 4 7b. T1m1ng relat1ons on IN instruction
' forﬂthe HOLD controller with no buffer

: empty cond1t1on.
/—'—"——‘._‘

| T
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v i »

\ .Clock

ouT’

Ty

set by P(i+1) 4

%

- ' AFigdr¢A4§8a. Timing relations on OUT instruction
v . for the HOLD controller with buffer full
o o condition.

-_— — WAIT




Univestly of Albéna”™

4 Inter-Processor Communication Mechanisms : 97

®

Ciock

IN'

oy

set by p(i"1). '-'-)/ .

<\

' RCVE
/ / (1)

WAIT
T/ (1)
— ARDY

‘ f o (1)

»

reset by E(i-l) 44\;

¥

/ Fxgure 4.8b. Timing reélations on IN instruction
- for the HOLD controller with buffer empty

condztxon.

(1-1)

. *
» Y e AR A
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. Port Imput pins . | - .

Me e

— TG

N

fw.»* : , i R : S
fogure 4 10 Premature release of P(l) from wa1t a
' : "_ state durlng recelve _ o
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A/ ) W ‘ IR . "‘,» : ; e oo | ) 1

i P(” B Ao "‘f.'""f"“"f',"‘f‘""( \

A ) (1ow) B  ”;gofﬁHi,ffffffff‘ff"”“"‘“

A
WAIT

e kY .
EE R - abndoviede .—--‘ BN A
"WARDY7;f — : : ’

Y 'di{

9f7'“555f----;-};’°

OUT";j e T
from :

i
r
l

WAIT _f;ff[deh; R
(1 1)y755ﬁe¥ff;f': ’

CRDY
(1 1)

ASTB "i‘”i_s”*fﬂ”Qﬁfd;di5ﬂ”dffe;3,“d"

- -l

*¢x¢;ﬁ;_ﬂ;3' F1gure 4 11 The problem of deadlock o ¢A;jg&?.:
< Ignorxng the WAIT(n 1), bhe dotted 11nes 1ndlcate

. the. ser1es of actlons necessary ‘to. release'P(z)
T from wazt state.v_.a
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: 5?Dynam1c test1ng

' f"Th1S is the sender. 1t outputs one character every
”. “10 us when w:th:n a: loop - . .

Y)Y vevNe ne wo weo e N

TART#.LD:,, A,O0FH S L , _
Lo ouT - (OFDHM ~C is output port AT L
- LD" ‘B,46H -“70 characters to be output per loop B

ag,c;orcua> | AR

. OE522H Fwait ﬂor the go s1gnal

D,21H 't’°the first character is- l SR ,
_ “}(C) D' . ;(delay=3.2 us) : A
D vl-change the character(delay-1 6 us)

. u@LOOP-$*Q;'output 70 characters(delay-s 2 us)
suLD  D;21H ~ ireset the regzsters T

& - B,46H - h / S
’.“EQOP $ °keep going T N,

D¢ START

“p”is the receiver.,it inputs one. character every
53164 ‘us. when w1th1n a: loop.fiﬂg;_s- : .

m“vi-' weime L

TART LD??‘A 4FH FEEr ’"~.,4;. 7f‘“;t“’f o
.OUT;,(OFQH) A $A is the 1nput port o o

S ’anng 46H -70 characters ‘to.be 1nput per loop‘\\\J
'JV”CALL 03522“ 'Q'walt for the go 51gnal“%* el

- LD "D,21H. _F[idummy 1nstructlon s0 that both loops

t}}ffLOO?i?',INt'~D (C) - ;start at the same: t1me(delay-3 2 .us)

S ;ﬁEijf(SP) 1X ;dummy instruction: 1ntroduces a delay
o EX 0 (SP);, Ixeywof 10 35 m1croseconds | .

*“:f;riiﬁyp;ffgixrfIS t1mes (delay = 155 25 us)

q;*QDJN LOOP-$ ﬁ'°delay=5 2 us(total delay-163 65"
i LD S Dy21H = \ e/
LD B,46H. ...
IR ‘*---'r..oop-s' )
. 'HALT S
~END START-' T

"fﬁthe time- the sender spends wa1ting between"”
‘w_successive OUTs - 154 us.u-_;

I

Soiwe el we w0

5 Gindes 4,12, Dyhanis seiting rvtian Tor S0 eantioiive |
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PL -‘Parallel load
IR = Input ready: for load1ng-
o f1rst slot 1s empty

S Fgureus

PD = Parallel dump

' OR»—'Output ready:. output
: ~1ines contain valxd
'=f data 5 :

i)
Lo

~ Timing diagram A,f':,c‘vsjr -"M?Q‘ 2.

| adapted from [AMDI80]
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| 32 deep FIFO buffer

. amBrz
_ PL IR"OR PD . -

| ouT

: (1)

IORQ, RD, WR .

L INto (i-1) e

et 41 U D ER P

" . ASTB(i+1), PD generator . '~

. Figure 4.14. Block diagram for FIFO circuit ~ .
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‘CHAPTER 5 - '
AN

~ Conclusions

5.1.. Summary .
o T o

In thls thesis, we have presented a -’ description of -
Shared I/O organlzatlon. It cons1sts of multlple proces-

sors w1th adjacent processors connected to 'each other.

“'Succe551ve repetltlons ‘of a program 1oop are ass1gned to

adjacent processors such that more than one loop repet1f:
f;tlon may execute 1n parallel The max1mum degree of over-'
t;lapp1ng 1s controlled by a certaln characterlstlc of;‘thel
‘fprogram loop, namely, the maX1mum t1me to execute a non-t

‘llocal segment Tns* The throughput is the ,same as_ the

'f .rate'ga‘7fwh1ch the 1nput can be’ streamed 1nto thg_system,v

31/Ts; as long as sat1sf1es two constralnts-‘
1) Ts 2 Triss ;o

.2){T515;Trs*/” L {fvrf7w*

*The flrst constralnt 1s present when Tns* 1s greater than~

; fzero and the second ‘when Tns* is equal to zero.';

: We compared shared I/O w1th p1pe11ne and p01nted out‘f'

',that wh11e the performance of the former is only 11m1ted~hl‘

_f'by the 1nput rate, for the later, the bottleneck ;the-

"structure forms the correspondlng upper bound f We showeda :

_that both shared I/O and p1pel1ne have 51m11ar ut1112at1on.

106
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of‘hthe available*‘resources; The ut1llzat10n ;s maxlmum
when‘there is. only one processor 1n the shared 1/0 and
" when there is‘ only one stage in the plpellne. We llsted
‘add1t1onal features of shard I/O sug% as expandablllty and

. v
41dent1cal processorv un1ts, whuch make it more attractlve

H

/1 o

for some appllcatlons. o /

‘We 1dent1f1ed »that. the ’problem" £ 'communicationsk
overhead in_ shared I/O is ‘serious enough to warrant the
des1gn “of special controllers tbw manage . the, message
_tratflc between adjacent processors. '?hefHOLD cpntroller
.and the FIFO. c1rcu1try, make use 'offithe, "WAIT" charac-
terlstlc of 280 m1croprocessor to accompllsh ~the task. jBy;'?
»monltorlng certa1n control 11nes, they are able.~do’ tem—”.
ve'porarlly halt 'the processors on. exceptlonal condltlons
‘thus rellev1ng the processors from testlng for such 51tua—

”tlons themselves. The des1gn is reasonably stralght for—\

j,ward and the f1nal outcome is an assembly of 51mple c1r—V_%"

cu1t modules‘ such as NAND gates and fllpflops except for
the FIFO c1rcu1t wh1ch uses a LSI Am2812 flrst 1n,. flrst—lJ
out- buffer._W1th llttle modlflcatlon, they can funct1on as"
separate perlpheral attachments to- the processors .to;fand
-from Wthh to send and rece1ve data. We note in pa551ng
<H‘that the HOLD controller and the FIFO c1rcu1t could also

|

‘rpbe used to 1nterface two stages in a plpellne if de51red
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5.2.

()

..551ve..Clearly p de51gn tradeoff exlsts here._ It ‘isgf

C s

(2)

'Kung reports a number of algorlthms for VLSI ,1mple-,7

Future work

The design of the simple hinterconnection scheme

' assumes that_‘the communication needs are localized;
that is, non—local values required by one loop
7‘repetition is produced by the prev1ous repetltlon. If

: repetitionﬂl produces values v_to‘,'be used in.

\

repetition1J;jJ > I}W,“then a more generalized inter-

connection scheme may be required. This is necessary -

to route ' the data directly to the processors that

;vneed.them; without»the.necessfty 6; haying. to move
Vthem} through.a;chain of‘iﬁtermediate pfocessors; The
‘reason is the obvious overheadsdincurred’by all-' the
_processors 1n pa551ng data that is. not useful. to them

"to others in .the network However a genegallzed‘

' 1nterconnectlon network is complex and hence expen—

+

L

. an' 1nterest1ng problem to 1nvestlgate the advantages
:

i

of us;ng software to. manage a: part of the 'communlca-

Itlon and hardware for the ‘rest. .

More algorlthms should be -inVestigated to examine ,

thelrv su1tab111ty for 1mplementatlon on shared I/O

'mentatlon] [KUNG79].,Most of theyalgorlthms,under‘thepf“'
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category of one dlmensional linear array

suqh as dlscrete Fourler

109

‘algorithms

Transform could prdbably

1mplemented on shared I/O ‘These algorlthms are‘ exe

‘cuted in a

‘shared 1/0

'ofrshared 1/0 discussed in this thesis.

s D
\ \
A o R
e g
: =
RS
i .
3 .
’ i
¢ =
4 ‘ .
-3
.
s \ i
T \‘In a one- dxmen51ona1 11ner

“«

,'could benef1r from some of

plpellned manner and. 1f 1mplemented in

the features
;

O

array, processors

arranged in a 11near fashion just as in shared I/O

\‘,
4
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