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Coexistence of Different MoC Domains

Untimed
Domai

A. Jantsch, KTH
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An Amplifier as a Network of Three Processes

output
>.

input

A1 merges input data with a control signal;

As amplifies the input signal by applying the control signal;
Az analyses the amplified signal and produces a new control
value;

A. Jantsch, KTH
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Events and Signals

e Untimed events F = V;

e Synchronous events £ =V U {U};

e Timed events £ = F;

e Any kind of event E = FEUE U E;

o Untimed signals S : § = (ég, é1,¢€,...),6; € E;

e Synchronous signals S:5= (€0, €1,E9,...),€; € E;
o Timed signals S : § = (&g, é1, é2,...), é; € F;

e Any kind of signal S': s = (eg, e1,€2,...),6; € E;
e Empty signal ();

A. Jantsch, KTH
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Processes Connected by Untimed, Synchronous and Timed Signals

by L= (é1, €9, €3, ...)
= (6,3,1,...)

@
So = <é1, €2, €3, €4, >
p3
—(6,1.3.1,..)

\/

S§3 = <é1, ég, ég, >
= (6,L,1,1,..)

\/

\/

A. Jantsch, KTH
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Operations on Signals

Concatenation of signals s1 @ (s2 @ s3) = (s1 D S2) D s3,
(@s=5®() =s.

Length of a signal: #s, e.g. #{e,e’) = 2,#() = 0;

Indexing of signals: []: S x N — F,

e.g. s = (e1,ea,e3),5[2] = eq;

o <607---7€n—1> if #S Z n
take(n,s) = { S otherwise
B <en,...,€#3—1> If #S 2 n
drOP(na 5) — { <> otherwise
. €0 if s 7é <>
head(s) = { undefined otherwise

tail(s) = drop(1,s)

A. Jantsch, KTH
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Signal Partitioning

Definition: Let v : Ny — Nj be a function on natural numbers and s € S
be a signal. The partition 7(v, s) is defined as follows.

(v, s) = parts(v,0,s) Vs € S

We write 7(v, s) = (r;) with ¢ =0,1,2,....
The remainder rem(m, v, s) is

s = ( @ r;) @rem(m,v,s), s €S, i € Np.

(ri)=m(v,s)

parts(v,i,s) = { éétake(y(z’)’ s))) @ parts(v,i + 1,drop(v(i), s)) gth#eiwzisev(i)

for all s € 5,1 € Np.

A. Jantsch, KTH
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Signal Partitioning Example

s = (eg, €1, €2, €3, €4, €5, ...)
(v, s) = (r;) for v(i) = 3 for all 4

<’I“(), T, > = <<€0, €1, €2>, <€3, €4, 65>, >

VSN AN AN Y B A
= (eg, €], €, €3, €4, €x, ...)
w(v',s") = (r;) for v'(i) = 2 for all 4

<T6, 7“’1, sy = ((eg, e’1>, (e’2, eé), )

A. Jantsch, KTH
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Signal Partitioning in the Amplifier

s = {(eg, €1, €3, €3, €4, €5, ..

;) forv(i) =1V 4

w(v,s) = (r

y

(ro,T1,...) = {({en), (€e1), ...) >@

s’ = (e, €], €y, €3, €y €5y ...
w(V',s") = (r)) for v'(i) =5V 1

<r(l)7 Ti? "'> — <<667 6/17 6/27 6/37 ei_L>7 "‘>

(ro,r,...) = ({ey, €], ..

A3
! / / / / / /
s' = (ey, €1, €5, €5, €y, €5, ...)

m(v",s") = (r]) for v"'(i) =5V 1

D, (el ),

I

| o

" 111 111 111 111 111 111
s = (ey,€] €5 €5, €4, € ,...)

1 ///) < ///> for VW( )=1Vi
= {{eg), (e}, ...)

(v,

(o)

A. Jantsch, KTH
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Process Constructors

Process constructors are templates to instantiate processes.

Level | Name | Constructor | Description
1 map mapU Processes without internal state.
2 scan scanU Processes with an internal state
and a next-state function. The
state is directly visible at the
output.
3 moore moorelU Processes with a state; the
output is a function of the state,
but not directly of the input.
3 mealy mealyU Processes with a state; the
output is a function of the state
and the current input.

A. Jantsch, KTH
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A Map-based Process

input =e =~{ A ngm
—

f(({x), (Y1, Y2, Y3, Y4, ¥s))) = (TY1, TY2, TY3, TY4, TYs5)

As((((10),(1,2,3,4,5)). ((10),(6,7,8,9,10))))
= (10, 20, 30, 40, 50, 60, 70, 80, 90, 100)

A. Jantsch, KTH
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The mapU Process Constructor

mapU(c, f) = p

where D

A. Jantsch, KTH
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The scanU Process Constructor

SC&HU(’}/’g,’u}O) — D

where p(s) =5

A. Jantsch, KTH
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A Scan-based Process

input oitput

As = SC&I.IU(’Y,g, wO)

where wo = 10

y

w;, —1 ifx1+x0+ a3+ 24+ 25> 500
g(w;, (1,22, 23,24, T5)) = w; +1  if x1 + 29 + 23 + 24 + 25 < 400
W; otherwise

\

A3((10, 20, 30, 40, 50, 60, 70, 80, 90, 100)) = (11, 11).

A. Jantsch, KTH
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The mealyU Process Constructor

mealyU(v, g, f,wo) = p
where p(s) =4
f(wi, i) = a;
9(wi, a;) = Wit
(v, $) = {(a;), v(i) = y(w;)
m(V,8") = (i), V(i) = #f(w;, a;)

A. Jantsch, KTH



System Modeling, Jan-Feb 2008, Kista Untimed MoC' 15

The mooreU Process Constructor

mooreU(v, g, f,wg) = p
where p(s) =&
flwi) = a
g(w;, 4;) = Wiy

A. Jantsch, KTH
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The zipU Process Constructor

ZipU(/Yaa ’Yb) N
where p(Sa, 8, 5c) = &'
./

m(ve, $6) = (bi), vu(i) = 7(&:)
T(Ve, §c) = (&), ve(i) =1
m(V,8) = ((&)), V(i) =1

A. Jantsch, KTH
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The unzipU Process Constructor

unzipU()

where

e; = <d;h a;/>
w(v,s8) = (&), v(i) =1
m(V',§) = {ai), V(i) = #a;

RV, 8") = (al), 1) =

A. Jantsch, KTH



System Modeling, Jan-Feb 2008, Kista Untimed MoC'" 18

The zipUs Process Constructor

zipUs(ci,c2) = p
where p(8q,8p) = &
(ai,bi) = ¢
T(Va, $q) = (G4), Va(i) = 1
m(vp, $5) = (), vp(i) = co

m(v',8') = ((éq)), V(i) =

A. Jantsch, KTH
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The zipWithU Process Constructor

zipWithU(cy, ca, f)

where

A. Jantsch, KTH
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A Zip-based Process

input =e > A, ngm
—_—

Ay = zipUs(1,5)

A1((10,11),(1,2,3,4,5,6,7,8,9,10)) = (((10),(1,2,3,4,5)), ((11),(6,7,8,9,10)))

A. Jantsch, KTH
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The Amplifier Process Network

A

Sin = Al 81 A2 So}u>t
A
A(Szn) =  Sout
where Sout = Aa(s1)

§1 = A1(82, Sm)

S = A3<30ut)

A. Jantsch, KTH
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Process Constructors to Initialize Signals

scandU(v,g,wg) = p
where p($) = (wp) @ scanU(vy, g, wp)(s)
initU(r) = p
where p(§) =rds
v=1v' =1
F$ES

A. Jantsch, KTH
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Sink and Source Processes

sourcelU(g,wg) = p
where p() = ¢
w; = €

sinkU(y,9,wo) = P
where p($) = ()

A. Jantsch, KTH
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The Amplifier with Signal Initialization

A, = 1initU((10))

A/(S'Ln) =  Sout

Whel’e Sout — A2(81) S Sout
) = 1 e
S1 — A1<837 Szn) S'm__e. "\ -

sim = (1,2,3,4,5,6,7,8,9,11,12,13, 14, 15,16, 17, 18, 18, 20)
sewt = (10,20, 30,40, 50, 66,77, 88,99, 110,
121, 132, 143, 154, 165, 160, 170, 180, 190, 200)
s3 = (10,11,11,10,9).

A. Jantsch, KTH
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Process Composition

e Parallel Composition
e Sequential Composition

e Feedback Composition

A. Jantsch, KTH
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Parallel Process Composition

p1 and ps are two processes with one input and one
output each.

S1,S9 € S are two signals.

Parallel process composition, denoted as py || p2, is
defined by

(p1 || p2)((51,52)) = (p1(51), p2(52))-

Example: p(si1, s2) = (s1, s2) can be defined as

p(81,$2> — (p’(sl),p'(sQ))
where P’ = mapU(1, f)
flz) = =

A. Jantsch, KTH
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Sequential Process Composition

p1 and po are two processes with one input
and one output each.

s € S is a signal.

Sequential process composition, denoted as
p1 © po, is defined by

(P2 o p1)(s) = p2(p1(s)).

A. Jantsch, KTH
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Feedback Process Composition

p:(Sx8)— (5x.9)isa process with two 51
input signals and two output signals. C sy
The operator FBp is called the feedback | |
operator. The process FBp(p) : S — S is | !
defined by A\ P |
FBp (p) |
L - |- — — — — _ J

FBP(p)(Sl) = S9 Where p(Sl, 83) = (82, 83). Sa \

A. Jantsch, KTH
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Models of Computation

Definition: A Model of Computation (MoC) is a 2-tuple
MoC= (C, O), where

C' is a set of process constructors, each of which,
when given constructor specific parameters, instantiates
a process.

O is a set of process composition operators, each of
which, when given processes as arguments, instantiates
a New process.

A. Jantsch, KTH
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Domains of different Models of Computation

A. Jantsch, KTH
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The Untimed Model of Computation

Definition: The Untimed Model of Computation
(Untimed MoC) is defined as Untimed MoC=(C, O),

where

C' = { mapU, scanU, scandU, mealyU, moorel,
z1ipU, zipUs, zipWithU, unzipU,
sourceU, sinkU, initU}

O = {HvO?FBP}

In other words, a process or a process network belongs
to the Untimed MoC Domain iff all its processes and
process compositions are constructed either by one of the
named process constructors or by one of the composition
operators. We call such processes U-MoC processes.

A. Jantsch, KTH
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Process Signature

Definition: The type of a process is a four-tuple (T'I,TO,NI, NO),

where
TI={Tr1,..,Trn} Is the set of types of the n input
signals
TO ={To.1,...,T0.m} isthe set of types of the m output
signals
NI ={viq,...,vin} is the set of partitioning functions

for the n input signals
NO = {voq,...,vom} is the set of partitioning functions
for the m output signals

The pair (NI, NO) is the process signature.

A. Jantsch, KTH
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Process Matches

Process p has one output with type T , and partitioning z/z’j.
Process ¢ has one input with type 17, = 17, and
partitioning v,

The match of the two processes is defined by

V(1)

match(p, q) 0l
match(p, q) = constant 1 ... perfect match
match(p, q) = constant rational number ... rational match
match(p,q) = not constant ... varying match

A. Jantsch, KTH



System Modeling, Jan-Feb 2008, Kista Untimed MoC 3

Matches of the Amplifier Processes

. . = .
Sout

S
Sin A1 1 AQ =

T
-

A/

TYPE(A,) = (TI,TO,NI, NO) with TI = {Z,Z}, TO = {Z}, NI = {1,5}, NO = {1}.
TYPE(A,) = (T1,TO, NI, NO) with TI = {Z},TO = {Z}, NI = {1}, NO = {5}.
TYPE(As) = (TI,TO, NI, NO) with TI = {Z},TO = {Z}, NI = {5}, NO = {1}.
TYPE(A,) = (T1,TO, NI, NO) with TI = {Z},TO = {Z}, NI = {1}, NO = {1}.

A. Jantsch, KTH
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Process Up-rating

Definition: Let o be a natural number p > 0 and let p be a
U-MoC process with one input and one output and the input
signal s is partitioned 7(v,, s) = (a;). Process p is up-rated by a
factor p resulting in another process ¢ if ¢ is continuous and the
input signal partitioning of ¢ is m(v,, s) = (b;) with

o—1
bj = @afjg—l—i \V/j € Ny
1=0

and p behaves identical to ¢ for all increasing prefixes of an input
signal defined by b;:

j—1 j—1
p(@ bz) — Q(@ bz) V7 € Np.
1=0 1=0

A. Jantsch, KTH
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Up-rating of Map Processes

= . - .

Sin A e A Sout
7
AL = uprate(As,2)
Ay = mapU(1, f)
where F2), Y1y y2, Y3, Ya, Us))) = (Ty1, TY2, TY3, TYs, TY5)
Ay = mapU(2, f)

where f'((x1,22)) = f(z1) ® f(22)

A. Jantsch, KTH
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Up-rating of Scan Processes

- . - .

Sin | Aq 51 Ao Sol'u>t
A/
Az = scanU(y, g, wo)
where s’ = As($)
Wo = 10
v(w;)) = 5Vie N
w(5,8) = (a;) and w(1,$") = (a)

(

w, —1 ifxy1+x0+ a3+ 24+ 25> 500
g((x1, 22, 23, T4, T5), w;) = L w; + 1 if 21 + 22 + 23 + 24 + 25 < 400
W; otherwise

\

A. Jantsch, KTH
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Up-rating of Scan Processes - cont’d

AL = uprate(As, 2)
Aé — mealyU(2 ) 5vglaflav())
where Vo = wy =10
7'('(10, S) — (u,L}, U; = d2i D a2i+1
m(2,8) = (up),uj = ay; B a5,

i
/

[ (ug,v;) = u; = g(a2i,vi) B g(a2i11,9(a2i,vi))

g ‘ = Vi1 = 9(d2i+179(d2¢,vi))

/N

£

&

N—"
|

A%((10,20, 30, 40, 50, 60, 70, 80, 90, 100))
= f'(uo,vo) = ({10, 20, 30, 40, 50, 60, 70, 80, 90, 100), 10)
= ¢((10, 20, 30, 40, 50), 10) @ ¢g({60, 70, 80, 90, 100}, g({10, 20, 30, 40, 50}, 10))
= 11 @ g((60, 70, 80,90, 100), 11) = (11, 11).

A. Jantsch, KTH
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Up-rating of Mealy Processes

B = mealyU(*y,g,f, wO)
where wo = (0,0,0,0,0)
v(w;) = 2 Vi € Ny
g({v1,v2,v3,v4,v5),(T1,T2)) = (U3, V4, Vs, T1, T2)
f((v1,v2,v3, 04, U5), (x1,22)) = (v1 + V2 + V3 + V4 + V)

B" = uprate(B,?2)

B" = mealyU(2-2,4, f', vp)

Vo = Wo = <0,0,0,0,0>

U = a2; D a2i+1

u; a5; B d/27;+1
flui,vi) = flagi, we) ® fagiy1, wait1)
g'(ui,vi) = g(a2it1, W2is1)

with we; = v;
and W41 = g(dgi, wgi) for 2 € Ny

A. Jantsch, KTH
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Up-rating of Mealy Processes - cont’d

For s = (2,4,6,8) we get

B($) = éf(<§,4>,<0,0,0,0,0>),f(<6,8>,g(<2,4>,<0,0,0,0,0>))>
= (0,6

B'(3) = (f'(uo,v0))
= (f({2,4,6,8),(0,0,0,0,0)))
= {((2;4%(070»0,07@)@f(<678>,9(<2,4>7<070,0>070>))
= (0,6

A. Jantsch, KTH
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Up-rating of Processes with Multiple Inputs

Definition: p is a U-MoC process with n inputs and m outputs.
The input signals s;,1 <1 < n are partitioned 7 (v, 1, 51) = (ai).

Process p is up-rated by a factor o € N resulting in ¢ if the input signal
partitioning of q is (v, s1) = (b 1) with

o—1
bj,l = @ajgﬂ-,l \V/] eENp,1<I<n
1=0

and p behaves identical to ¢ for all increasing prefixes of input signals
defined by b; ;:

p((@ %,1)7 9 (@ Z,n)) — Q((@ bi,l)v 9 (@ b; n)) VJ € Np.

A. Jantsch, KTH
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Up-rating of Zip and Unzip Processes

e zipU processes cannot be up-rated in a simple way.

e p = zipUs(cy,ca), ¢ = uprate(p, o) is defined by

q = ({2°(4q1
q1 = zipUs(oci,oc2)
a2 = lnaprlajv

()

/\\

f((a1,a2)) =

if #(a1) <1V #(a2) < c2

<(take(61,dl),take(CQ,dz))>
| @ f(drop(c1,@1),drop(ca, az)) otherwise

e p = unzipU(), ¢ = uprate(p, o) is defined by

q
q1

f(<(d17 [.71)7 T (dw b0)>)
qz

42 °q1

napU(o, f) o |
(a1 P ax @D DaybrBba®---Db,)
unzipU()

A. Jantsch, KTH
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Up-rating and Process Composition

e Sequential composition:
uprate((p o q), 0) = (uprate(p, 0)) o (uprate(q, 0))
e Parallel composition:

uprate((p || q), 0) = (uprate(p, 0)) || (uprate(q, o))

e Feedback composition:

uprate((FBp(p)), 0) # FBp(uprate(p, 0))

A. Jantsch, KTH
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Merge of Map Processes

p = mapU(c, f)
P’ mapU(c, f’
P = mapUlc f")
where fa:) = af = f'(f(a))
= c
1//// — V//

A. Jantsch, KTH



System Modeling, Jan-Feb 2008, Kista Untimed MoC'" 45

Merge of Scan Processes

s=t@) ot
p = scanU(7,g,wo)
p’ = scanU(v, g, w))
p// — mealyU(,y//, g//7 f//’ //)
where 7" (vy) = y(w;)
rUé)/ — (v()? UO) (w07 wé))
9" ((vi, v7)), ai) (Uz+1a vi 1) = (9(vi, ai), g'(vi, vi))

f//((vi7 ’Ué)a az)

A. Jantsch, KTH
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Merge of Mealy Processes

§ = ()

s = <a7,> . " % é// = <bz> —

p = mealyU(v,g, f, wo)
p' = mealyU(v', g, f', wp)
p’ = mealyU(y",g", f", vg)
where vy = (vo,vp) = (wo, wp)
9" ((vi,v7), ;) = (Vit1,v541) = (9(vi, aq), g (vg, fvs, ai))
[ (i vg),a) = ai = f'(vg, f(vi, i)
v (v) = y(w;)

A. Jantsch, KTH
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Process Merge Example

p,

zf“ﬁ@
wjy A. Jantsch, KTH
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/

where

/

where

Process Merge Example - cont’'d

mealyU(,Y% g2, f27 O)

V2 = 1
fz((<$>7 <y13y27y37y47y5>)70) — <xy17xy2axy3axy4axy5>
g2(x,0) = 0

mealyU(7ys, g3, f3,wo)

Wo = 10
V3 = 9
f3(i€, ’wz') = W

i

w; —1 ifxy +x9+ 23+ 24+ 25 > 500
93((z1, T2, 3,24, T5), W) = S w; + 1 if o1 + x9 + 23+ 4 + x5 < 400
| w; otherwise

A. Jantsch, KTH
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Process Merge Example - cont’'d

Az = mealyU(v, f,g, (0 wo))
where v((0,w;)) = 1Vie Ny
g(a’la (O7w2)) — (0793(f2(a%70)7wi))
flai, (0,w;)) = f3(f2(as,0), w;)
/23 — mealyU<’y/7 fla gla ’U}())
where v (w;) = 1VieNp

9'(((x), (Y1, y2, Y3, Y4, ¥5)), 0) =

(w; —1 ifyi +yo+ys+ya+ys>500/z
= qwi+1 ifyi+yo+yzs+ys+ys <400/x
| w; otherwise

f/(mawi) = Wy

A. Jantsch, KTH
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Merge of Processes with a Rational Match

P1 P2 pP3
Vp, Vé» Vp, Vg Vp V%
S s’ s" % SAQ s"

e Processes p; and ps for a rational match

v, (1) 09
match(py, ps) = 22— = ==
( ) sz(z)

with 02, 01 € N with no common integer divisor.
e Processes uprate(p1, 01) and uprate(po, 02) form a perfect match.

e They can be merged: p3 = (uprate(ps, 02)) o (uprate(py, 01)) with

o1—1 02—1
Vs (1) = ) vpy (i1 + §) v (1) =Y v (ios + 7).
7=0 =0

A. Jantsch, KTH
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Untimed Process Networks and Petri Nets

p4 p3

4 VETENSK;%(
OCH )
KONST

ey A. Jantsch, KTH
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Processes with Rational Matches as Petri Nets

~
\}

ty
A A Q | & ks
1) |

(a) (b)

A process network in (a) can be represented by the Petri net in (b) if

Vl(/]f) = ﬁ for all = € Np.
I/Q(’L) ]432
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Processes with Data Dependent Partitioning as Petri Nets

P4

P2

(—/ ) )

Ps3

y %
k1 = ‘ ko 2

V

\/
V

Ps

R

DPs
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Synchronous Data Flow

Definition:

Synchronous Data Flow (SDF) is an untimed
model of computation where all processes
define only constant partitionings for all their
input and output signals, i.e. all partitioning
functions are constant; all process signatures
are constant.

A. Jantsch, KTH
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An SDF Network as Petri Net
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Rows correspond to transitions; columns to places.

ko
_kl
0

0

0

0

k3
—ky
0

0

0

0
ks
0

— k7

0

0

ke
— ks
0

DP1

0

— ks
0

ko

0

OO O =

O O = = O

The Incidence Matrix of an SDF Network

_ O = O O

O =k = O O
O =R O =,k O

A. Jantsch, KTH




System Modeling, Jan-Feb 2008, Kista

Untimed MoC 57

Evolution of an SDF Network

D2

P4 p3
t3
T = Zo+ (do+ U+ U +uUs+dy) A

1 0 0

-1 1 0

= 10,0,0,0,1] +[1,1,1,1,1] 0 -1 1
0O 0 0

0 0 -1

= 1[0,0,0,0,1] +10,0,0,0,0] = [0,0,0,0,1]

O = = O O

ty

O = O = O

A. Jantsch, KTH



System Modeling, Jan-Feb 2008, Kista Untimed MoC' 58

SDF Networks and Scheduling

e SDF represents an important class of applications;

e Important implementation problems are scheduling and
buffer dimensioning;

e There exist necessary and sufficient conditions for the
existence of periodic, static schedules;

e There exists an algorithm to construct a periodic, sequential
schedule;

e There exists an algorithm to construct a periodic, parallel
schedule.

A. Jantsch, KTH
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Single Processor Schedule

Definition: s is a signal connecting the output of process A to
the input of process B. The initial buffer condition of s is the
number of events in s before A and B are executed the first time.

The number of events buffered in s is the number of events
initially in s or produced by executions of A but not yet consumed
by B.

An admissible, sequential schedule ¢ is a non-empty sequence of
processes such that if the processes are executed in the sequence
given by ¢ the number of events buffered in any signal will remain
non-negative and bounded.

A periodic, admissible, sequential schedule (PASS) is a periodic
and infinite admissible sequential schedule. It is specified by a
list ¢ that is the list of processes executed in one period.

A. Jantsch, KTH
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A Schedule as Transition Sequence

e A schedule ¢ is represented by ¢ = (t;, tg, ..., ).
e The firing of transition ¢; is represented by vector u;.

e The firing vector gy represents the schedule ¢, i.e.

s = > ;.

ti€o

e ¢ can only be a PASS if

A. Jantsch, KTH
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SDF Schedule Example 1

(O
Aa:[_gl

- 2 -
Gy Ao = [q1, 1] [ _3 ] =0 = 291 —3g2=0

A periodic schedule requires an infinite number of solutions,
which are represented by the smallest, strictly positive integer
solutions for ¢; and g¢s:

g1 =3 and g3 = 2

Possible schedules are:
¢ = [t1,t1,t1,t2,t2] or ¢ = [t1,11,12,11, 2]

A. Jantsch, KTH
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SDF Schedule Example 2

|
-

S 2 —4 o 2q1 — 3q
q¢Ab:[Q1’QQ][—3 6]20 @ g t6g = 0

These two equations are not independent and the smallest,
strictly positive solution is

¢1=3 and g¢gy =2
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SDF Schedule Example 3

|
o o

" 2 —4 = 2q1 — 3¢
A. = |q1, =0 =
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The Rank Test

Theorem: For a connected SDF process network with
N; processes and its corresponding incidence matrix A,

rank(A) = N; — 1 is a necessary condition for a PASS
to exist.

The rank of a matrix gives the number of independent
equations.

If the rank would not be N; —1 any periodic schedule would
accumulate tokens in one or more places.

A positive rank test result guarantees the existence of a
schedule with bounded token numbers in all places.

A positive rank test does not guarantee that there are
always sufficient tokens available for the next transition to
fire.

A. Jantsch, KTH
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Initial Buffer Conditions

e The rank test is positive.

l

® Xog = 070
® Tog = 370

1

o ¥y =[6,0]:

. deadlock
. deadlock after (ts,t1)
valid PASS: qb = [tQ,tQ,t]_,t]_,tl]
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Computing the Initial Buffer Conditions

1. Find an arbitrary, positive, non-zero integer vector ¢ such that ¢ . A = 0.

(a) There exists a vector ¥ = vy, ..., Un,] With

v A= 6 vi =1, allv; > 0,1 <1< Ny, and all v; are rational numbers with
their numerators and denominators are mutually prime.
(b) Find n € Ny, the least common multiple of all denominators of v;.
(c) §=nv.
2. Select an arbitrary schedule ¢ with each transition firing as often as given by q.

3. We execute one cycle of ¢ starting from an empty marking and allowing negative
markings. We memorize the most negative marking of each place.

4. After the full cycle of ¢ the most negative marking, multiplied by —1, defines the
initial buffer condition for each place.

A. Jantsch, KTH
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Initial Buffer Conditions - Example

2 —4
Ay =
-3 §
1. Find @ such that ¢.A = 0.
(a) 2’01—3’02:0 —4?)1—|—6’U2:O
We set v1 = 1 and derive vo = 2/3.

(b) n=23
(c) nv =3[1,2/3] =[3,2] = ¢

2. ¢ = (t1,t1,t1,ta,ts)
3. ©p = [0, 0] T3 = X2 + U1 A= [6,—12]
1 = Zo+ U1 A = [2, —4] Ty = T3+ s A = [3, —6]
To =1 + U1 A= 1[4, —8] Ty = X4 + U2 A = [0, 0]
4. Initial buffer conditions: O for py, 12 for ps.

]!

8|
Il
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Multi Processor Schedule - Assumptions

e Homogeneous resources;
e Constant number of resources:

e Communication is ignored;

A. Jantsch, KTH



System Modeling, Jan-Feb 2008, Kista Untimed MoC'" 69

Periodic, Admissible, Parallel Schedule

Definition: Given is an SDF process network and n
resources. A periodic, admissible, parallel schedule
(PAPS) is a periodic and infinite admissible sequential
schedule for each of the resources available such that the
data dependencies between the processes are respected.
It is specified by a list {t1,....,9,}, where 1, is a
sequential schedule for processor +.

1. Compute a PASS schedule.

2. Determine a PASS “unroll factor” J, i.e. how many PASS
cycles form a single PAPS cycle.

3. Construct a precedence graph.

4. Compute the PAPS based on the Hu-level algorithm.
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2. Determine the Unroll Factor J

Ps

R

v
e
N
~
w

O

A possible PASS is

¢ = (t1, t1, t2, t3).
p4 p3
to
Processor 1| t3 ts t1 t3
Processor 2 t1 t1 t2 tl tl tz t1 t2
0O 1 2 3 4 time units 0O 1 2 3 4 time units
(a) J=1 (b) J =2
aip,
zf“ﬁ@

A. Jantsch, KTH



System Modeling, Jan-Feb 2008, Kista

Untimed MoC 71

3. Construct Precedence Graph

P ty

yZ

Ds

P3
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Precedence Graph Annotated with Hu-levels

3 @ 5
Vo s e

3

runtime(ts) = 2,

(a) J=1

|
—

Processors with runtime(¢)
runtime(ty) = 3;
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A Three Processor Schedule

with J =2

Processor 3 | ti th
Processor 2 |t t7
1 1 1
Processor 1 .t1 .t1 ty
0 1 2 3 4 5 6 0 1 2 3 4 5 6
time units time units
(a) Step 1 (b) Step 2
1 2 1 2
Processor 3 | 12 123 | |2 ta
Processor 2 |t t t2 t
Processor 1 .t11 ts ty .t% ty ty | t5
0 1 2 3 4 5 6 0 1 2 3 4 5 6
time units time units
(c) Step 3 (d) Step 4

p,
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Summary

e Untimed Model of Computation

e Process instantiation

e Process composition

e Type and signature of processes

e Merging of processes

e Untimed process network as Petri net (SDF)
e Schedling and buffer analysis of SDF networks
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