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The Modified Network

Process q3(in int a, in int b, out int x) {
int k; bool sw = true; m Consider q3 instead of p3:

Ioo_p 7 Process q3 first tries channel a
if sw then . . or b, depending on sw, like in
k = a.receive() on timeout(d) do the previous version.
sw = Isw;
continue; o But, [nstead of blocking, if
else nothing comes after a timeout d,
k = b.receive() on timeout(d) do g3 will switch to read a token
sw = Isw; from the other channel.
continue;
end if;
x.send(k); ‘
sw = Isw;
end loop; } = With q3 we do not have a Kahn

process network.
. T om i ¢ deterministic.
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Process q3(in inta, in int b, out int x) {
int k; bool sw = true;
loop {

if sw then

'd'de; Aes (809 'a" (C3) o0 861,30l Jol> // k= areceive() on timeout(d) do
sw uSel (bl Jias @lg bl it 13] // sw = Isw;

dal=dl 3 Ju,Sal Jaxl /- continue;

else

'd'diey Aoy ' (C4) o Bel,all Jol> plols sw il // k=b.receive() on timeout(d) do
sw el ALl @l 13) // sw=lsw;

Juh,Lsaly Jasl // 0 continue;

end if;

U Ll LB 7Lty cead 8o a1 (T Gy 1d cLia Loy 13) //

X (0)z,2ll J) el Al i // xsend(k);
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(e Ll 8ol yadl wie Jadd Eyamy Ida) swaesd wSel // sw=lsw;
1}

S9! MY (ST sw dayd (e 2Ly b (C4) 9a(C3) (po cogbially Belyall gl 13 ¥ guoladll 3laill: Alia¥l p3 as alaLl
A B4 Hlanis Jy 42,06 5Liall =o' 13) (Blocking Read) w¥1 ) jlazis ¥ 3 dulaall o 4oy Ida on timeout(d) do aluziul ga

dsouzxe

Akl perudy sw uSe @ (el ) Ldbiy] cleadliw! iy d AL I bl cdimg 13] @
s4all continue alasiul gy s wSe o (osd Dl e ¥) s 85,8l o8 clily ot @dod Al ol 13] @
BLAH ¢yo 82,80l Jglmiw 3 0 g Ida xsend (k) ) Jlusydl Aglme ¢r90 cAaldl § JWII 51,81 Ayl J) 8,40

QW LSE 3 6y5Y)

81,80l Jol=s g3 JI55 ¥ "Process q3 first tries channel a or b, depending on sw, like in the previous version." o
FRAY p3 Jiesw e 2l gliddly

"But, instead of blocking, if nothing comes after a timeout d, g3 will switch to read a token from the other °
channel.”
Ll (has @ 15 (KNG gwbeal! el Ladl) bl 8535 oo J) SUaxi¥ly slami¥l e Yoty Aol Aazill 2 sda
@ &3 BLAN (o 8o 1,80 Jolmsg sw gliall ydise (uSiad Al 86,80 (y0 "elundund q3 " L6 od AL LI 548 M5
A gl

"With q3 we do not have a Kahn process network.”
Al L8« (timeout)duie) ey 3 1,aN pusind @1 g3 Auleny p3. Jladul syzay Jo¥ sl 7 i) 5o 1ia
KPNJ 2wludd) aelgall (gum] ,uS 5o coull. zllaiaell 38101 aall (KPN) o Sillas a8k ptad dad o 2501
dgrll e dozad ¥ S Al 3e 1,81 29

St Woall AL KPN L oS atal 8, L) de il ‘ufz!l gzl sa 1ia"The system is not deterministic.” o

o>

Seizl luad J) timeout(d) o3 15U

- edgtlly s cniliboat) slatag (@ lSeall) clguall ggimay badd sumn allasll dlolus o (e watad KPN @ Apaiinl oo S0l
bl on i &1 Buleall Ao s e laill iy ol SLledl 43535 0T ) s latis 2uleall of (et 2ailll 3,11

Ol od Al elsl Jid Sk €3 ) bl cubimg 13]. e gall e Tusins mamy 93 Aulead] gl 016 ctimeout(d) st Losie
Ol Ol 51,81 2l13 § diday =il p2a Auleall () d AL 39lnio S8 €3 ] ULl Jsumg 551 13] (5805 . Lbaay3s Lo, a2 3
C4 (o Byl Jolmig sw it Jy @glaell s §C3 (e 1,85 1 g3
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The Modified Network

4 4
11 11
21 21
8 With an implementation such 8
5 | that channel C1 is very fast | 5
a_ and C2is very slow. s
Pl (p1)
et = c1 o
T o
p2)  (p2) P2, (p2)
3. /c4 c3.  /ca
9°) a3
T‘d With an implementation such _Ozf
:121 that channel C1 is very slow
5 and C2 is very fast. ?1
4 21
8 5

I gl Al i gy bise Jusesd

C4 (ya Belyall Jols 03 «C3 (0 1,35 3. 43 Ao Ll Jud €3 ) ias bl Ay Jai p2a:l golisud] @
sl@l day ety (3 ) Jgwosll 3 551 bl (el allasdl § Aablas vy Lasy) 28T elogy Janip2a: 2 goslicud! @
AW Wglell 3 Y9l C4 (o 561,20l Jolomsy esw calis (€3 oy Belyall (3 s q3.d &le

Cudaill e Talazel Caltieee C4 9 C3 (30 q3 @lelyd Jaadaad ccnlilaadl glate (udis o all (s ao < (pagalinaed | cpda
0Sar O (e ALl clmysel) il (ol8 ccutsys 6T 398L8 (61 (o 01,85 Lo e catad @3 il yies o0 Lasg . Lilidl Jgams) 343001
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Slaas Ll 559,01 ol om0 ool ylias I allail) Aim (po 3ol Jams ¥ oyt sloms @3 O s (R
ikt Jadd ag)ls § aBste pb sl J] 6352 45 Les clabolall 51 8,8100 J] Jsmsdl uldsl of gllall deyuo § Anay

S Alasll Jazey Las  KPN 73500 Baoleddl) Batoel] Bpmls ) of Koy Be,all 20 Ao 28U Jta Loy Jyoia 5> (3]
sl Ll e l,all Aols coelsd pylall sl iz, KPN § 2uazael e alazed) Aoyl udiy 340ald L5 pégToiaad 48T
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Scheduling of Kahn Process Networks

m Letus imagine we have to implement the

ll system on a single processor architecture.
p1) Let’s try the following static schedule:
A
P2y P22 p1 p21 p22 p3
" /ca L )
.y
(P3)
io The system will block!

s Mgu 929 Aud i delasl e Kahn Process Networks (KPN) e 73k 3udai e L;.Q_'>|3._,Lé.la.:. Goses Jgluis EEN-A TRV

. (single processor)uslg glas e daull aie Logwas « (Scheduling of Kahn Process Networks) o cilas

(st Jaall Tl Lo Atana 51908 Slelaadl o ys KPN 23505 3 Loty 19 (65550 llan e Ssm Lo WL ol sl o)
iz Adec (29« (Scheduling)ddguzt! 595 U:b Lia  Bae Auie) Alased 89 Aboe (Sgan dudis (Shay W eIy llan (e 281511 3

.énjwwéi

Augee 7ub999 (Jlasd pe WLe $29) Tu> s S o2y gl s Jolids Ay 2l 0n

Aabiell Slbeall e wllall by arsand 2T Cllasy amlg llas e diudas o0« g5s2ll A dad Jlie @y laill KPN allas @

iz ok Sl Uguzdl 3. (Static Schedule) SLudl gazli: T dapuy Woux Ayl 7148 e La: 7 [ASY] @

oyl S Jeedael 1y claigass glall Jglrpse G lilonld Grsnny s Juad

@p3 @ (Al Aseuddl) p2 @3 (Jo¥) Aeuddl) p2 @3 p1: 529 Al Wgazdl Judd sl isgn: oSLadl Jguzdl gy @
@ Jo¥1 p2 I ol Lus Aél wal). p1-> p2a-> p2b -> p3 > p1 -> p2a-> p2b -> p3 > .. &l ¥ Aal> & Juleadll lda 5,5,

(aSeady abail) s Al e 2Ly « €205 1585 @1 p2b (2 Aslillg « O e 185 &1 p2a (o Jouz]!

OSLadl Jgazd! 1 alasezuly allasll sasell Joazd! 1ad Zeslall 2adlsll £ sda: "The system will block!” =11 @

Agre Ay 3Ls) puas @l 3y e deadl (e caBsiin sl « (block) pazicw

SJgaz! 1da as (Blocking) jlass¥| &um 13U
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lazisg (a8 dz,l8 5B e 8elyall Jolxs (31 2ueadl. KPN § (Blocking Read) aaslll 35 1yall dumls ,Siind
Sz OF oSy 13l 559 do¥1 clshasdl § gundl ailiv
JLodl Ldaoysy (> C253,8 ¢ -> €1 293) Lemdlad clalas p1 o bk (e Goim | J5 okl G 13). Joai p1: 18glazell @
JW Layes Hlazise Layes e @i p1. aile e
(Cez03 08 Ul oY) 28,0l Bslasedl 8 (855 Lall o)l B p1 s 13).CT oy Belall Jolons. Jai p2a: 2 Bgkai)|
O @ T T e o oy wis o L3y 08 Ul 0¥) 42508 C1 S 13) Laygs (s «C3 Ul syyei ¢ oSsall a5 p2a
Lia (block) yazmiiw Jlllg (Ae ks Lauzmiy CT (e bel,all Jglmive p2a old (adlard p1 J1 & Mol U5 e llia
dl oypas colya3p2b (L 08 skl (¥) 855 Ll byl a8 1 S 13).C2 e 851,301 Jglans. JoaS p2b: 3 3glaill @
ezl p2b (A )ld C2 S 13] Layes gy (C4
OSI (Balad) JULI & wane 4l LyTy 1) p3 Ldlaia (de 2Ly (C4 5 C3 L5 (pa Belyall Jols. Jaai p3:4 Bglace]| o
oo Jdl Laygs 8 dielyd Jglons ool o Soall JBYI e of C4 9 (3 oo caliSsnl zlies Leld) bl oliall 08 51 3>

p2b 9p2a ¢ GU O ey liSsall o (osliall gas
S Sl sLam¥l I s g33s 13U

g e e @iy o o Ley. juamidis p3 o)l8 (Ae,)lé 3L g9 C4 51 C3 (4 8el,all p3 gl 9 p3 ) Aol ciliny 13
8318 0585 08 &I p1, p2a, p2b s & Lay cdead o 531 Al ¥ Sy ¥ i ¢ pamiy alaST lall o gy p3 Slamsl o3
p3 s lazis gl (Sell 7 i) e

Ao wlgy ,Same Hlall o LSyl oY deadl Le@Sas ¥p2b gp2a (g p2b 9p2a ope LiSys Jlazis p3:de a0 dal> Lyl miay
Byl p3

Bales Algan 5 13). Bl Asalo Lae¥! 3 0L Y L5 (s Sl KPNs 3 Laall e 2iS Ll Alguael] A Gs ;a5 54 Iia
ezt gl ol (olgial) § L lixs @l bl asg oo (p2 5l p1 o) il cilbeadl (S5 of b8 (p3 ) aS0ns
ALeST allaill Cadgg

(ple JSis) Jool

Lpomiad (&1 ells o) 4salipll &lgudl § . (Dynamic Scheduling) 4Saliys Agus ol 055 b sale AL sdd =)
0555 6531 Auland dillacly Laa lall cumany Jouzell pody « prammind 42,08 BLA| wig Be LAl Lo Ao Jolons Lotie (il Zaas
Alaadl 2Ll 3 5y 08 Les (S LiSoall gty Joad ol Amid) Slleal) may Ida (328 3LS ¢y BeLall Jolms ¥ (6T) dpasal) 550l
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Scheduling of Kahn Process Networks

And all other schedules will block:

o=

=

C1/ \C2
AN
fp2jr p22 Q | p21 | p3 |b
c3.  /ca
oy
EPS;E

lo
"

Aiel o y20udy x>ty Wlas e (Scheduling of Kahn Process Networks) IS cilbdes il &gus (e Cuyuzdl JoSs g
A8 waid g,50 (Static Schedules) 8L Jglasd

I @i 38adl o) 1Sall ASLudl Jolizd) puez 0 (£55)Lie s.1a: "And all other schedules will block:" 5,Lall .1
(blocking) sLazs¥!
tals § el e 5, Sng nlloatl dgass Aol Talise Sl Jes Lo S <8 fde ST Jglood) 2idln| Alzal 233 2
p11p2_2|p2_1[p3  1dsuxdl ©
p1]p2_1|p3[p2.2 2Jsuxdl o
p1lp1[p2_1[p2_2[p3 3dsuzll ©

S i 5331 Joluzd! S 13U
LSy S Ll Agamell limss 38040 suia JLead Liagd e 2Ly (809 .l Lo gy 08 yummeills 1S Ll Jolazd) ez Ol sle s
slea¥la ] eldll gy o

3 ebdig 8215 B3 (ya Belpall Jolons ¥ 5Ll Abead) o olesis (o KPN clSiid S Ll Algoised! 3 Hwas, I UL o S
BUAN el § bl png! oy At coleleall 75 o Jib Wlakl yLass!
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Loyl iamis 08 Zoaall 1801 alead 150 Jelud

:p1|p2.2|p2_1|p3 1Jouxll @
(251 (13 oliSys i (Janipl O
Ladslip2 2 0 C2 JIpT cdus)l o g - pwamido p2_2 «(Slie C1 J) iy p1 () Le,lo C2 08 13) . Jeaip2.2 O

il A28 C1 S8 13) . C1 ¢y Belyall Jolns . hani p2_1
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o

ez 3 AEE Lage T S 13). C4 51/ C3 (e Belyall Jolxs . Joni p3
s e lyall p2_2 Jglows @ a1y (S5 atso 1 Jead a5 Lo e lagy GG pTIedsull tis oyl Jumnd  ©
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Kahn process networks are dynamic dataflow models: their behavior is data
dependent; depending on the input data one or the other process is activated.

Kahn process networks cannot be scheduled statically = It is not possible to
derive, at compile time, a sequence of process activations such that the
system does not block under any circumstances.

}

Kahn process networks have to be scheduled dynamically = which process
to activate at a certain moment has to be decided, during execution time,
based on the current situation.

There is an overhead in implementing Kahn process networks.

(KPN).0E oldoe S8 g (o gumses 4asludl mlddl 3 Lel) Lilogs (&1 Al ) ol Linud | uS359 (asels 3y 4 o

"Kahn process networks are dynamic dataflow models: their behavior is data dependent; dependingon .1
the input data one or the other process is activated.”
G s At a8 Ll gad Y L "Sialius . 2uSGabins bl (3805 730 Lel KPN 2aibs camsdlaaidlsda O
) el Sy ¥ Al Sp2al) § Aol Sbeel de catag (Ghag it Lo e T 51) LS5l
by Gl ddeall 18 (B BLS § iy AsLS 3 mliledl ciy85513) 5,857 Lisl 8 Jglos (&1 liledl 13
il Ll 3305 e detay dudisll Jam 1 il LSes G 2 A o Sl
"Kahn process networks cannot be scheduled statically = It is not possible to derive, at compile time,a .2
sequence of process activations such that the system does not block under any circumstances."
Holao slarely dailll 8o l,all dapds cuuny AasLudl w8l ddl o0 Lalalstal Gl 4yagadl dbaill 2 oda O
Sz ¥ ((compile time -3z A1 g1 5981 LS 8y JolSIL 89,00 00985 ¥ (31g) 8351511 Ll e allast]
el 2 Laga Tutgl ey oo wllaid] o rasiny cals (Static Schedule) ¢Sla Jgas <L) ple JSig
(pkas (a8 gag Able ¥ lsid daw Lyt (S5 @f o) bl Jgsms! Ll il gl of cdls
il duins LSy Mo 138 T (3 ULl 90 o Lo 830 ¥ Lol Loy iialailll 2Tl ) paliei iag O
s (g Lz L G bl Taals i Lapgs 3 Jeiao () 2elaadl 0 iy cilleall Jiaddd cols
"Kahn process networks have to be scheduled dynamically = which process to activate at a certain .3

moment has to be decided, during execution time, based on the current situation.”
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U3 iy Flall wdy e dias O cazmy Aekes 6 4Salipd) Dl s (e 2Ly 5yds9 (S Lol B30l
ol lasi¥l oo Yo (A28 3Ld (e bel,all 7 Lises Ll oz 99 Adoe Juidd Joazll Jols 13] 1 2 3,841
cpds 3y LeSay Alac) duarill Brala 651 Alace 5Lasly Joamll agang slanl Al g 2uleall sia ang
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ALl Sl dxtlae LSy oildes of 380w bily Jla of W Jaall
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o
o
o

"There is an overhead in implementing Kahn process networks." .4

23,0 llall (po Ly llany (Sanlins Jgoima s ASuolinnl) Algoizel] Ha Ll e 2,01 2531 (2 0
L,la0 (overhead) Ldls) L iy i Jaddll cudg 3 gzl colyl,8 3lasly lbaally oolgiall Al
(Lo e S cpotons oy gs) WSl gz (S pllaiy

KPN 7 3505 15158 ¢ 2331501 cazmy o(5,513 Alliae §,08) 39umme Ladylge 3655 Lo Lle (a1 Amantll 2alas¥l 8
ASalipd] Wgael] JLal sall |ia 2akKGy (2:Salips gz oluiil dic Lazall)

)

:0ligag I Ika Lo,

maall Bligsg, Nl clalas Jto aol gl delasl e B5lsall z3leall Baudas § oba s pmsels domsy il sda

(yoay 0Sons cAetlae ¢ oluws B51,8) asillagll Brunny coli duais cusys e slexe¥l Lasls LiSl, ¥ o
513 culiog Ja) Ll 5895 (e 2y Ll Bt AS Loy LS3 igag, | § Joazll of Judadll pllas 0585 o oy @
(§8y94a]) Axdlan Adoe gl Ja S8zl olus!

lizmally 85281 HLas s Al sreint aie Laed! § ladsl com 1l o b 4Skoluoad! Aguzllsia o

Flall slaghs 3 dexdl sda (e Joiamdl oS oyl Aol Aalas¥l 3 Buidny 9 )1 &atzell puiy KPN 73503 0 (2 24l
Sl ey duaas ASY1 aSalall gzl J) Glasidl go55 o 8 @) dauat) LS Ladl gzl (e JABY Callazy a5l
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Kahn Process Networks

=  Another problem: memory overhead with buffers.
Potentially, it is possible that the memory need for buffers grows unlimited.

Possible approaches:

- For some applications and restrictions on inputs, FIFO bounds can be
mathematically derived in design to avoid FIFO overflows

- FIFO bounds can be grown on demand

- Blocking writes can be used so that a process blocks if a FIFO is full (this
deviates from the KPN semantics and may lead to deadlocks, which add
further implementation issues)

m Kahn process networks are relatively strong in their expressive power but
sometimes cannot be implemented efficiently.

¢

Introd limitati thaf { efficient impl ations.
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"Kahn process networks are relatively strong in their expressive power but sometimes cannot be .4

implemented efficiently."
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Synchronous Dataflow Models

Dataflow process networks are a particular case of Kahn process networks.

A particular kind of dataflow process networks, which can be efficiently
implemented, are synchronous dataflow (SDF) networks.

Synchronous dataflow networks are Kahn process networks with restriction:

o At each activation (firing) a process produces and consumes a fixed
number of tokens on each of its outgoing and incoming channels.

o For a process to fire, it must have at least as many tokens on its input
channels as it has to consume.
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Synchronous Dataflow Models

Synchronous dataflow models are less expressive than Kahn process
networks:

7 With SDF models it is impossible to express conditional firing, where a
process’ firing depends on a certain condition; SDF are static dataflow
models.

For the above reduced expressiveness, however, we get two nice features of
SDF models:

1. Possibility to produce static schedules.
2. Limited and predictable amount of needed buffer space.
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Synchronous Dataflow Models

m Arcs are marked with the number of

1l tokens produced or consumed.
f/A\.} .. . = .
1,1 m This is a simple “single-rate” system:
1 \ 4 every process is activated one single
B’ E time before the system returns to its
\. 1,_;--" 1 initial state.
1?"5{1 Possible static schedule:
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A4S
Synchronous Dataflow Models
Our example from Lecture 1:
1714
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Deriving a static schedule for SDF

m Fora correct synchronous dataflow network

|/A\'2 4’81 2 C\'-‘ . - .
K E\ S “’2 J there exists a sequence of firings which
1 N oo/ returns the network in its original state.
i
‘L\D_/,ﬁ This sequence represents a static schedule

which has to be repeated in a cycle.

m  The schedule is such that a finite amount of
memory is required (no infinite buffers)

Problem

How to derive such a cyclic schedule?

52 Log SDF 73905 5o Lo Liagd (dayludl lyaall § . &l Sbled! 3805 dalast (Sl Joua BlaTal 2aiS Jobils By ()
S oSLadl Jood! 1 does a8 eclilaadl (e Btdae AS0d Luad O 13] 1 ga Jlgad! (81 Aapan dliel Lislys « o, SLudl Joue!

https://manara.edu.sy/



https://manara.edu.sy/

Av e g3lds 4byslxe
deol o

8Li_aJl
Alas ey Laml LT g 102 "1 LS sl o ! e alE 81 01 g dlasDlice s Jl sladl e sl il s, ) el

Slye Bue Joall I Ane Aulac 7 s 13 cala¥Yl slia & " (Multi-Rate) =¥uall suais” allss J] " (Single-Rate) Juall éabi"
ALl LIS 80001 (8 (633 dulas Llani Bl Byn Lilas

(Tokens) ¢ys3ey i « A dgandl Led JaaT B0 JS (3 4 (4 1o 4 03,01 B Cilmsg (2 03,01 A cuilmy i B JJ A (o ugd) @
BLall sda (e jgay 4 llgud « BAdeall Lpd JeaTs e IS 39 B d] &zmill 3L 3 Logasas

A9 die Il Jaaag a).um.\.u_cusj dew‘_ﬁwmwuﬁj U
oSl L Sy 1 a1 oLl

"For a correct synchronous dataflow network there exists a sequence of firings which returns the network .1
sda in its original state. This sequence represents a static schedule which has to be repeated in a cycle.”
S (# Ammiall 4401 (Schedulable) agusl) A" o "anman” dialiie lile 3805 38d U ) psolia] Al
(61 e ot 0 Al s ) sl 18 Bl 3 Uil 3 gy (65 k) Lo S ) b loms] o5
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ASTusi ga lia "The schedule is such that a finite amount of memory is required (no infinite buffers)". .2
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¢ Judwdt) ia uzes 4,8t "Problem: How to derive such a cyclic schedule?”
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Deriving a static schedule for SDF

m Along the periodic sequence of firing, on
A2 A.L-"B“;:1 EC each arc the same number of tokens has to be
. o >

1\ 5 produced and consumed.
2."‘1 a, b, ¢, d: the number of firings, during a
— period, for process A, B, C, D.
Balance equations:
2a-4b =0 40 ol
b-2c=0 a
5 d =0 0 1 -2 0 b
C - = _ =0
2b-2d =0 oo ¢
0O 2 0 2 d
2d- a=0 -1 0 0 2]

B lgdl Byoll § Ao JS Juddd il due slmy| 488
"Along the periodic sequence of firing, on each arc the same number of tokens has to be producedand  ®
consumed."
)'3.»)_” JL@;! L,_Sﬁ‘-*“-.‘ QT e [“'Q-“*-” d).‘c %) C).'z? g"\.” J}A).H JLAD! ‘AUa.n.U Sj)ﬁnj 8y U UL" Lle=l L_swl.wy‘ i..\..ll EY) lda
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sa By (8y99) 848 M5 (lsxll (de A B, C, D el (Firings) Juidd &lye sue Jiedia, b, €, d 590,01 L pudy adlad|
Ssadl 8dd Glase LIS coud) Buzgag Ao mud il sl s Lidua 1L die Lz ) "5, Sl dmie” SligSa (2 390,

O Toom e S Slple hames a8 ASAT 3 o JST 5911 03195 T oye pad Gl w¥slall 2 5.2: "Balance equations:”
X za] Jaan ) X (Xuadd &lya sue) 1 2 Aslall 18 « Youe CXY gl Juang X aiePXY 7 L] Juass Y ddes Jsaig X ddas
Aalall oSl sl Balels of) QXXPXY=qYXCXY (ngued! 1ia (ya Y Vel Joma) % (Ygadid clye sae) = (g 1a e
gXxPXY—-qYxCXY=0 il aijw.a

:(qA.gB,qC.gD o Yya b, d el plasial as) Lsgpall c¥slall e 1 Gdasd (¥

i (e B ke 4 Dl Junag A sie 2 z ) Jias edss oyl B JIA (0 medls 3las Aslall i 2a-4b=0 .1
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[ab,c,d]=[4,2,1,2] sa ;S dxin s eUé_LH lda Jo LoSay
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Deriving a static schedule for SDF

For a given SDF network (graph) we get equation:

a2 Bl Zc rq=0
1 o2 / \ vector of zeros
NG topology matrix
S f th h
ot the grap firing vector
n If there is no q=0 which satisfies the equation
above — there is no static schedule (there is a
rate inconsistency between processes).
Balance equations:
2a-4b =0 - ' |
b-2¢c=0 240 0 .
o1 -20 b
2c- d=0 00271020
2b-2d =0 02 0 2 d
2d- a=0 10 0 2
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"If there is no qz0 which satisfies the equation above => there is no static schedule (there is a rate inconsistency

between processes)."

Aslall Yo Wglog ol 2unlsdl I L glgnghall 250 0m0 Lising <Ly Aunlidl SDF AScd Juloety Lo 13] gouinsll culd 2 Alacell slia
Lgo & Shud!| gzl alild e LiSids oo canddll qmy 1igd Glisal) dmia) 90 9o (Sl gl Sl ) iz gg ['q=0
Al

oK .@ldeall o (Rate Inconsistency) =¥ sl $ Sludl pue lia ol G 1 § Gisugy pllas § aleall s Ll (40 i (g 130
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Deriving a static schedule for SDF

For a given SDF network (graph) we get equation:
[/A\‘Z 4-.‘:_, B1 ,2,5'/6\'1
2

T
}, 2& - = Among possible solutions for vector q, we are
Nl 1 interested in the smallest positive integer

vector (smallest sum of the elements).

For our SDF graph, this solution is:
a=4, b=2, c=1, d=2.
a, b, c, d indicate how often each task is

activated during one period.

A possible schedule:

@A|B|A|A|B|C|D|Eb

The schedule is possible, without deadlock, only if 4 initial tokens are provided
on the channel D - A.
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e Bayls e
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i Dyle o

Bl 5393 Jtes Slslas 9 e OpSU kel 1 BMLI 9= 241+ 2+ 4 52 (Ll 1 3 GILY) Slye sue Jlaz ).
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: "The schedule is possible, without deadlock, only if 4 initial tokens are Jgu!! Jéwl 1> Zoge Aasde SJlia
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Deriving a static schedule for SDF

For a given SDF network (graph) we get equation:

A2.481 2¢C _
™ 2 2 l-q - 0
2- Dzr‘1 = Among possible solutions for vector g, we are

interested in the smallest positive integer
vector (smallest sum of the elements).

For our SDF graph, this solution is:
a=4, b=2, c=1, d=2.
a, b, c, d indicate how often each task is

activated during one period.

A possible schedule:

Q][IIIIII)

The schedule is possible, without deadlock, only if 4 initial tokens are provided
on the channel D — A.
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Deriving a static schedule for SDF

For a given SDF network (graph) we get equation:
A2.4281 2¢C
~ 2 2 I'q=0

33

o r‘1 = Among possible solutions for vector g, we are

interested in the smallest positive integer
vector (smallest sum of the elements).

For our SDF graph, this solution is:
a=4, b=2, c=1, d=2.

a, b, ¢, d indicate how often each task is
activated during one period.

A possible schedule:

dAIIIIIID

The schedule is possible, without deadlock, only if 4 initial tokens are provided
on the channel D — A.

Deriving a static schedule for SDF

For a given SDF network (graph) we get equation:
4
Lt —
Y q=0
fr s  Among possible solutions for vector g, we are

interested in the smallest positive integer
vector (smallest sum of the elements).

For our SDF graph, this solution is:
a=4, b=2, c=1, d=2.

a, b, ¢, d indicate how often each task is
activated during one period.

A possible schedule:

@AIBIIIIID

The schedule is possible, without deadlock, only if 4 initial tokens are provided
on the channel D — A.
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Deriving a static schedule for SDF

4 For a given SDF network (graph) we get equation:
K3 2 I'q=0
=  Among possible solutions for vector g, we are

interested in the smallest positive integer
vector (smallest sum of the elements).

For our SDF graph, this solution is:

a=4, b=2, c=1, d=2.

a, b, c, d indicate how often each task is
activated during one period.

A possible schedule:

dAIBIAI [ [ ] D

The schedule is possible, without deadlock, only if 4 initial tokens are provided
on the channel D — A.

Deriving a static schedule for SDF

For a given SDF network (graph) we get equation:

[N}
O

A 20..5- B 1l - f—
~ 3 2 Irq=0
2, = Among possible solutions for vector g, we are
interested in the smallest positive integer

vector (smallest sum of the elements).
For our SDF graph, this solution is:
a=4, b=2, c=1, d=2.

a, b, ¢, d indicate how often each task is
activated during one period.

’
D™

A possible schedule:

dAIBIAIAI [ | D

The schedule is possible, without deadlock, only if 4 initial tokens are provided
on the channel D — A.
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Deriving a static schedule for SDF

For a given SDF network (graph) we get equation:

A2 4B L.2C -
™ %‘ 2 rq — 0
2. D%‘.‘1 = Among possible solutions for vector g, we are

interested in the smallest positive integer
vector (smallest sum of the elements).

For our SDF graph, this solution is:
a=4, b=2, c=1, d=2.

a, b, c, d indicate how often each task is
activated during one period.

A possible schedule:

@AIBIAIAIB] I D

The schedule is possible, without deadlock, only if 4 initial tokens are provided
on the channel D — A.

Deriving a static schedule for SDF

For a given SDF network (graph) we get equation:

A2 481 2¢C _
b F 2 I'q=0
2. Dz".'1 s Among possible solutions for vector g, we are

interested in the smallest positive integer
vector (smallest sum of the elements).

For our SDF graph, this solution is:
a=4, b=2, c=1, d=2.

a, b, ¢, d indicate how often each task is
activated during one period.

A possible schedule:

@AIBIAIAIB]CI I D

The schedule is possible, without deadlock, only if 4 initial tokens are provided
on the channel D — A.
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Deriving a static schedule for SDF

For a given SDF network (graph) we get equation:
A2 481 2C
™ z’ . 2 rq - 0

2
>,

5 = Among possible solutions for vector g, we are

interested in the smallest positive integer
vector (smallest sum of the elements).

For our SDF graph, this solution is:
a=4, b=2, c=1, d=2.

a, b, ¢, d indicate how often each task is
activated during one period.

-

A possible schedule:

dA[B|A|A|B]C|D| D

The schedule is possible, without deadlock, only if 4 initial tokens are provided
on the channel D — A.

Deriving a static schedule for SDF

For a given SDF network (graph) we get equation:
> I'q=0
= Among possible solutions for vector g, we are

interested in the smallest positive integer
vector (smallest sum of the elements).

For our SDF graph, this solution is:
a=4, b=2, c=1, d=2.

a, b, ¢, d indicate how often each task is
activated during one period.

A possible schedule:

dA[B|A|A|B]C|D|DD

The schedule is possible, without deadlock, only if 4 initial tokens are provided
on the channel D — A.
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Deriving a static schedule for SDF
3,82
) 4 2-3 0||a .
. -~ 02 4||b| =
(A 3C) L 0 —3] u

Solution: a=3, b=2, c=1.

Possible schedule:
dA|A|A|B|B|C|:

Deriving a static schedule for SDF

3,82
2 1
-lA'-'—B—ZC:
- AB[0
Bclo
AC|0

dlllll)

Deriving a static schedule for SDF

4
. \ A
.A'-'—o—-—jc:
3 AB[0|2
Bclo|o
Aclo|1

dAIIIIIJ
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Deriving a static schedule for SDF

. 4
2
P -
-A'~1—u—-:C: AA
3 AB[0[2 [4
Bclo|o [o
Aclo]1 |2

dAIAI [ IJ

Deriving a static schedule for SDF

382
o 4
2 - AlA A
A-I co.-rC
3 AB[0[2 (4|6
Bclo|o [0 |0
Aclol1 |23

dAIAIAI I IJ

Deriving a static schedule for SDF

-%’éllz
2" -2
A c A|A|A|B
1 3 AB[0[2 [4 [6 (3
Bclo|o[o |02
Aclo|1 (2|3 |3

dAIAIAIBI |J

https://manara.edu.sy/



https://manara.edu.sy/

[A zoie gola

48 yinlzn
ojligJl
Deriving a static schedule for SDF
3,82
2 0.,_4
(A veen G A|A|A|B|B
3 AB[0[2 4 (630
Bclofofo|o[2]a
Aclo[1[2 (333
dAIAIA|BIB| b
Deriving a static schedule for SDF
3,82
2 4
A C A|A|A|B|B|C
N 3. AB[0[2Z [4(6[3[0 0
Bclojo[oo[2]4 |0
Aclo[1 (213330

dA|A|A|B|B|C|:
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