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QVOic\ing r‘eo.‘-'hme reqﬂ_uiremen"s: o _coase s"ucl%_

We consider a distributed sgsjrem cwsisling o? +uwo
ComPonen'\'s connecjrec' L}j means o‘: o mechuum o]:
Communication. The one com‘:onenlr, called Source, sends
so-called messages Yo the other c.omPovsemL_, which is a
compuiter. This oomeLer 1 eciu'\ppeo\ with o i—P\a,ce Euﬂ?zr
——-'H\o:t S, Capa,ue o¥ l‘\o‘c\inﬁ 1 message — in which |
ourv-iving wessaqges ore stored. The ComPu,“'e\' runs ,  omon
other programs , o dedicated program called Sink .
Process  Sink  rewoves messages gfom the l:m,g)er and
“consumes”  them. We oassume +hat Sink s a.pprop\f\'oc‘e\é
sunchronised  with the Luﬂ;r — jor examP\e, b‘él means of
ivﬁerrwiplrs-— to aveid o,lrjremP-‘s Yo remove messages ?rom an
emphy buffer. If, on the other hand, the next message
arrives  in the Eugér Beﬁ;re. the previous owne has been
removed , one of te +wo messages is lost and this is

considered as an error.

This error is avoided ir we Impose upon process Sink
o r‘eo,\—Jrime, r‘e,a'uiremen{', sl'a;hng that Sink is so 1{;5"-
thot each message s removed -\?mm the buﬂ’er Begc):re the
nexwl one arrives . This reau]remenjr con be Qrmw\mleol
wove precise\:j as ro“ows.

We assume arrival of o message n the ‘ouﬁ?ﬁr Yo
be an olomic event reauivring o hime and we ossume
the communication mecl(um 1o be Su,cL. that &)e-\'wee,w

o.rriVo.\ o? any two  successive messages ot least
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T vmiJrs of }ime e‘apse. Now , -qu rea‘-lime req_uiremen*
imPoseA upon Sink  can be ?ormw\o\:‘ec\ as ponows:

Ro : E\/erg message mu,s\' be removzc\ $mm the Eu,ﬂ?zr
wiHnin T u,nils 01() Yime o,‘:-‘er il& arr]va,\.

aside:  Mind You ‘Hna:" this reauiremen'l ncA on\g inVo\ves
process Sink proper but also aq)ccjrs the SCLCC\u,h g
op processor Lime in the COW)PUL"EY‘.

0

In Yhis no"e, we .s-luc\n severa\ o.rra.naevnen“s
designed 4o velax or aveid reauiremen+ Ro . ﬂolric:e,
hoWe\/er, -“na:\’ Lf Source 5enc\$ messages o«:\' (o ralre O‘P
4 per T units o? Lime then Sink _VI\M_S‘\;

Consume messages with an averoge rate oP 1 per T
units or Yime as well. This is o \ona—'term rea\-'hw\e
re«iu.irew:evzjr -una} can never be owoided

w\ﬂe-nner or no‘ reauiremev»l' Ro is do be \'a.ken
serious\ﬂ clepenc‘s wpon the acxwa,\ value oC T and
the dime needed b SML b consume o message . As
on  extreme exaw»p?e , Consu.mina 4 message Yokes

1 second apé T=14 o\c\g ten Ro il aWe,c\' the
scl'\ecjw\{nﬁ o? processor dime On\j Vnavgina\\g.

So\whon 0

The ow'a way Yo avoid rea,\-‘hme r‘eclu.iremen"'s o“’oae'u'ner
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is *"o o«:la,P“' the ‘tromsmission rate of Source 4o the Proces.sina
r‘o:}e o? Sink . This requives o Qorm o? sjnclvromso» 1on
that con be Imp‘emen“eo‘ 0 Qo”ows. We assume thal the
communication wmedium between Source and the covantev*
allows communication in both o\irec-|~ions. Hﬂer eoch re\mova.'
oC o wmessoge Qfom the \qu’ev) Sink sends o dedicated
message; O so-called ocknowlec]aemen", Yo Source. The
“meaning” o? the arrival ol Source o? ow aclcnow\eo\ge—
men? is that the Buﬂ:ar 1 emp‘\g, so that Source
may send e next message withoud risk of evvror.

Move &\rmo.\lz)) Correc“ oPera,Jrion 19 awaraw‘eec\ ip
~H/ve sas-\ew\ inn“afms -”xe Q)“ow;wg invo.riavrl:

with 0 = “dhe number oC messages n

the \ouWer” :

n<4i

J

Pecause Jr‘ne sﬂs-‘em Jris c‘fs“rit)u:"ec\ Source has no access Yo
mus
n -‘-‘nere@re, we” derive a local im/ourian"' -E:r Source

‘Hna'l' ;mP\ies n<d . \Dllr\n :

D

ms = the number QC messages senJr k(\j Source
ma = “the number oP messages arrived in the Luﬁér”
mr = “the number o? messooes removed rrom +he L)wg:er»
as = a-uwe num‘oer o? aanow\ec‘aemen‘ls sevnl ‘33 SinL ?
ar = “the num ber o? acknow\edgewaenjrs received \0‘3

Sou.rce ? s

we \no.ve :
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n
= { Pmperlj o? waﬂér&ng }
ma — mr
< { PmPe‘AQ of {he Covnmun(cahon mec\ium }
ms - mr
< 1 as € wmr; behoviour oP SinL 3
ms — QS
< { ar<as: P’"OP"—"J% o? the Commum'ca,“\‘on medium §

ms — ar .

Hence, ngd Qz\\ows g—ow\ the local invariamce o?

Po . ms < 4+ ar .

As o ma,ner oC g:.c") the one and on\ﬁ W\O‘\'Ne Q:r the
ivnlroéucjrion of the ocknoxb\eolaemen'ls s our need op

wvariant Po: varia‘o‘e ar serves as a local
approx;ma,lion o? wmr . nohce 'nna)l -Hne -‘erm 4 n Po
accounjrs gr the (assumed) initial empsn'ness of the

i—P\o.ce \)ug:er.
H\”nouﬁL corvect the above Projrocol s not very

el icien"'. Suppose ‘H\a}) c‘ue '\'o 8eoara,PL)fca,‘ sepoura:hon or
Source ond 5?n\<> every wmessoge (in either c\ivec"ion)
arvives D units op lime loter thon the moment o which
 was Sen". (S0, the message “}ravels” @r D 4ime
umijrs Jr\wou_ak the commuwica-\-iovm meo\ium ) T‘nen, '\'\ae
ocknowled ge ment %r 0. message sent ‘03 Source

arrives o Source o} ‘easjr 2D lime wnijrs erer
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Senohng -Hnajf message : Hhe max]vna\ }ransmission raﬁ‘e is
Yhus reduced -——assumina T<2%xD — Crom I

T
24-3 3 ‘.r T«D dhis is wnacceP'\'a,Lle. C For exme\e)

@r T=4"s and D=4s we gejf o slow-down Eg 0¥

%clov op 2000 . )

So\whm\ 1

Ianor}ng So\u;hon 0 we choose o c\imrenjr approacL.
A 5‘\mP‘e way Yo velax requireme_nl TRo s o \rep\ace
the 1—P\ace buWer ‘o:l an N-\g\o.ce bb\.mr -@r sowe aneo\
N, 4<N . Under the o.ssuwa'Lion o? a FIFO c\iscip\?vse
gvr the l)u.g\er R the re,o»\—‘hme v‘eauni revmen" imPoseo\ wpon

Sivw\< now \:ecome&:

Ri - Everg messoge must be removed from the lawﬁ?er
within - N*T  unils o? time Q?“er iJrs ow'ri\/a,\.

The \o.raer N is, the weaker RL will be, O? course , the
\Ona—‘lerm reo,\-wlime Y%uiremen*‘ 19 no‘t ol\:?eoleo\ , \ou,"‘ the
s‘r\orL"'erm reau,irew\en} can be r‘e‘axac\ as wmuch as
desived bﬂ c\noosing N Su,mciew“:) lat’ae.

The N—P\ace l:u\q)er can be imP\emenle_o‘ en-‘i\re\:l ‘Oj
meons of dedicated hardware Q, such as a so-called
DMA c\navme\ ) 5 w\nic\n s the Pregra‘ole SO\u:Lion.

Ru—ernaJrIVe‘a , the ‘ouﬂ’eV can be imP\emew‘eo‘ b(uj weans
of the o‘cl i—P\ace Bu,q‘er cmc\ an oo\ohjr\‘onal \Dwmring
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process in the Compuiter ; this process repeo:‘eo“é} removes
messoges From the i—P\ace Bumr ond) P\aces Yhem in an
(N-4) - P\ane Bu.ﬂ»zr in the ComPvAer’s store . The old
real-time requiremen“ Ho  now Perlains 1o the new
process | never”»eless, Hhis is an iwsProvemew‘ in +hose
coses where the act oC w\ovin% 0. message Qrom one

\owmr lo the other s (much) less -‘rime—consuw\ivsa than
Consum]a-hon op o message LH Sﬁn‘(.

So‘whon 2

Tn +hie SO\W‘{on we combine the lwo previous So\u.lrions.
We use +the snncL\roniSaLion PTO'LOCOl -G‘om solution 0 ond

we re[a‘ace the i—p\ace ‘qu)er E(j on N-—P\ace mefe?
The eﬂ%c" oP the lader is that the S\JV\CL)Y‘OV\;SQ"’;OV)

invariant —Po— Qr Source moy be \Dea,‘xenec\ o
Pl: ms ¢ N+ar,

where e La\/e o.ga,i n assumed +the in i“-ia.\ em[a'\'i ness OP
the ‘ou,wer. This weaker invariant enables Source o
send as many as N messoges Ee?ore the mknow\ec\ae-

ment of Hhe firsi message orrives. Sending these N

messoges requires NxT um'A's o? {ime , Whereas the
?iv'slr aanow\eo\ﬁemenJr arrives  Cin the best case) aﬂm—
2%D  time units. Hence, O Necessory condition fov*
messoge troansmission ot mo,x'xma,l s[aeec‘ 1S

NxT > 2xD ,‘ re.: N > 2xD
-
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This COncliJn'on a\SO 1S swmcie,vA 5 n -Hne gs”ow{ng way ir the
condition s SQ,Jrisfieol messoge dransmissions are not de‘aaec\

bﬂ the Sﬂnc\\ronisalion Pro"ocol)' the Y‘o:le o() Hransmission is
now delermined B}j the speeoLs of Source ond Sink , N

parkicular by the slower of he 4o . Thus, Jhe obove formula
Provic\es a lower bound -ﬁ)r +he \Dumr size such that
maximql-speeo‘ message transmission is possiUe. (For
eXQmP\c, Qr T=1%s and D=145 we Se-‘ N > 2000 . )
This soludion is mice ?:r s combination of so e“:)
and e icienca. When process Sin‘x IS "'oo slow the
5<xjvxclnroni5a“ion Pro“ocol Prevew‘s bumr overﬂow 3 when Sink
19 -rasl enoualw the EwWer Pre\/en"s slow-down of the -‘roms-
mission due fo the projroc:o\. As o resu\\‘\:_, whether Sink
meets its real-time Y‘eauiremen‘lé Now on\‘d cuWechs the
per@rmance and not the corvechness o? the stsswlem.
Okvious\éj) Yhis solution cwnno‘l be used ir
— Source may no“ be c\e\az}ec\ ‘03 Some o.o\c\il—{onal
Sjnc‘nronisoc\'ion , or
— dhe communication medium disallows 4wo—wa3 communicoion .
The mom,\ op this .s-loné) is that Hhese coses ave beller avoided:
ir this is impossib\e then onlb 5o‘wliowi can be app\iecl.
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