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Example System

e processes and gates

e Lotos specification

behaviour

A [g]l Ilgll B [g, hl [[h]| C [h]

e there are three processes, P = {A, B,C}

e there are two gates, G = {g,h}



Example System: Process A

e process and gates

e process A is attached to one gate,
Ga = {g}



Example System: Process A

e |Lotos specification

process A [g] : noexit :

(x| delay 1 *|) g; A [g]

endproc

e process A has one state, Sy = {ap}

e the model for process A is given by

(y | current state event [ next state
ag (t,8) ag

o

current state

offer

ao

(t+ 1,00)




Example System: Process B

e process and gates

e process B is attached to two gates,
gB — {g7h}



Example System: Process B

e Lotos specification

process B [g, h] : noexit :=
{
g; (*]| delay 2 [*) h; exit
[]
h; (x| delay 3 [*) g; exit
} >> B [g, h]
endproc

e process B has three states,
Sp = {bo, b1, b2}



Example System: Process B

e the model for process B is given by

current state event | next state
bo (ta g) b1
87 bo (t,h) bo
b1 (t,h) bo
bo (ta g) bo
current state offer
/8 bo (t,t)
b1 (OO, t + 2)
bo (t + 3, OO)




Example System: Process C

e process and gates

e process (' is attached to one gate,
Gc = {h}



Example System: Process C

e |Lotos specification

process C [h] : noexit :

(*| delay 1 *|) h; C [h]

endproc

e process C' has one state, S¢ = {cp}

e the model for process C' is given by

(y | current state event [ next state
co (t,h) co

o

current state

offer

€0

(00, t+1)




Lotos Specification with Timing Annota-
tions

specification Example [g, h] : noexit
behaviour

A [g]l Ilgll B [g, h]l |[h]l| C [h]

where
process A [u] : noexit := TypeOne [u]
endproc

process B [u, v] : noexit := TypeTwo [u, V]
endproc

process C [u]l : noexit := TypeOne [u]
endproc

process TypeOne [u] : noexit :=
(x| delay 1 |*) u; TypeOne [u]
endproc

process TypeTwo [u, v] : noexit :=
(
u; (x| delay 2 [*) v; exit
[]
v; (x| delay 3 |*) u; exit
) >> TypeTwo [u, v]
endproc
endspec
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Execution Model: Initial State

e the initial state S® has the form

((0947 agp, 0)7 (O%v bOa 0)7 (0%7 €0, O))

e where
og = @4(8%,0) = (1,00)
Og — 63(8570) — (070)
O = Bc(s2,0) = (c0,1)
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Execution Model: Rendezvous Vector

e for each gate determine the largest (finite)
offer time

e the rendezvous vector is comprised of
these times

e the rendezvous vector for state SO is

RY = (rg,m) = (1,1)
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Execution Model: Scheduling Function

e T he scheduling function, I, picks the gate
having the smallest offered rendezvous
times

e In the case where there is a tie, we can let
the scheduler pick a gate at random.
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Execution Model: Gate Activation
o suppose ¥ =T (p(SY)) = (1,g)

e the next state is given by

sl = ((0},s},1), (0%, s5,1), (02, co,0))

e Where
s = aalag,e®) = ag
SlBl = ozB(b?, D) = by
Oj]i{ — BA(Slfa 1) — (27 OO)
OB — 63(8371) — (0073)
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Execution Model:
Gate Activation (Again)

e the rendezvous vector for state St is

Rl = (rg, ™) = (00, 3)

e the scheduler selects

e’ =T (p(S8')) = (3,h)

e the next state is given by

S? = ((0O},ap,1),
(0%, 5%,3), (02, 52,3))

e where
82 — OéB(b]_,el) — bO
5 _ 1y _
S aC(Can ) €O
ozg = ﬁB(sigﬁ) = (3,3)
OC — 50(3073) — (0074)
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Execution Model: Summary

event

virtual time
0 1 2 3 4 5 6

O enabled event

X executed event

e [ he simulated system has undergone two
state transitions so far

50 (18) g1 (31) oo
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Sequential Execution Algorithm

function Q: (S°e€ S) — (S x &)T
variables
etec&:1=0,1,2,...
S'eS:i=0,1,2,...
gegG, i€, teT
begin
1«— 0
loop
(t,g) < T'(p(S"))
exit when t > T),4.
e — (t,9)
si—l—l - @(SZ, ei)
1—1+1
end loop
end
result {(S° %), (S, el),(S%,e2)...}
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Observations

e semantics are essentially sequential

current state offers
rendezvous vector

gate activation

¢ ¢ ¢ ¢

next state

e a gate activation (an event) involves all
processes attached to that gate

~» concurrency

e corollary: a gate activation has no effect
on processes to which it is not attached

~» locality (of event effects)
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Introducing Speculative Parallelism
(Optimism)

e assume that consecutive events have non-
overlapping localities

— execute semantically consecutive
events in parallel

e approach

current state
offers

¢

rendezvous vector
speculative gate activations
compound next state

¢ ¢ ¢

next state’
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Speculative Scheduling Function
(A Heuristic)

e select a subset of the enabled gates from
the rendezvous vector

e choosing the smallest event times

e as long as localities are non-overlapping

e limit the size of the set to Imax
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Speculative Scheduling Function

function M : (R € O) — 29
variables
Ac29, 9g€G, icZ; RecO; teT
begin
R — R
A0
1«— 0
loop
(t,9) — (R’
exit when t > T4 Or @ = L4z
A— Au{g}
for each h € Hy,
() < 0
1—1+1
end loop
end
result A
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Speculative Execution Phase
e execute all the events in the speculative
gate activations set in parallel
— possible because localities

are non-overlapping

e compute a compound next system state
which is effectively the union of the next
states computed in parallel
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Speculative Execution Phase

function ©*: (Sc€S,Ac29Rc0O)— S
variables
Ses
begin
S—S
for each g € A in parallel
for each p € Cx, in parallel
variables
s, s’ € Sup, t €T
begin
t — Rexyg)
('7 S, ) — s(#p)
'i/ — a#p(sa (tag))
S(#p) — (6(8/7 t)a Sla t)
end
end

result §
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Reconciliation Phase

e construct the sequentially consistent state
by merging the initial state with the com-
pound state

e this requires determining the sequence of
events executed by the sequential simula-
tion

e this can be done efficiently because

— it can be done concurrently in all pro-
Cessors

— the processors don't need to commu-
nicate

— no alpha or B (model) computation is
involved

— at each step, a process simply chooses
to retain its old state or to switch to
the new state
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Parallel Execution Algorithm

function Q: (S’ € S) — (Sx &)t
variables
etc€:i=0,1,2,...
S‘eS:i=0,1,2,...
Ae29 geG iecZ; ReO;SeS;teT
begin
1«— 0
loop
phase 1: R — p(SY)
A —T*(R)
S — ©*(S\, A,R)
phase 2:loop
(t,g9) — ' (p(S")
exit when ¢ > Tiap OF g € A OF Ry 7 ¢
e — (t,9)
for each p € P in parallel
If p € Cx, then
si+l

(#p) < S#n)

else
SZ(—;E;) <_ Sl(#p)
1+—1+1
end loop
exit when ¢t > T},4x
end loop
end
result {(S°,e9),(St,el), (S2%,¢e?)...}
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The Big Questions

Is there locality in real applications?

Is there potential parallelism in real appli-
cations?

How much potential parallelism does the
speculative scheduling function expose?

How much erroneous computation does
the speculative scheduling function gen-
erate?
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Test Simulation
Closed Stochastic Queueing Network

e queue and server

. !

fanin ————— fanout

/ queue server l

e 64 servers in a hypercube topology

e 256 customers in the system
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State code

class Node : public LogicalProcess

{
Time const meanServiceTime;
unsigned short int const fanin;
unsigned short int const fanout;
unsigned short int const load;
GeometricRV serviceTimeRV;
NaryRV outputPortRV;
Deque <Departure> queue;

public:
void ModelAlpha (OfferVector&) const;
void ModelBeta (PortNumber) ;

};
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Behaviour code

void Node::ModelAlpha (PortNumber port)
{
if (port < fanin)
{
Time const serviceTime =
serviceTimeRV .Sample ();
PortNumber const outputPort =
outputPortRV .Sample ();
Time startTime = time;
if (!'queue .IsEmpty ())
startTime =
queue .TheTail () .TheTime Q);
queue .Enqueue (Departure (startTime +
serviceTime, outputPort));
}
else
queue .Dequeue ();
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Offers code

void Node: :ModelBeta (0OfferVector& result) const

{
for (PortNumber i = 0; i < fanin; ++i)
result [i] = Offer (time);
if (!queue .IsEmpty ())
{
Departure const& departure =
queue .TheHead Q);
result [departure .ThePort ()] =
Offer (departure .TheTime ());
+
}
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Committed vs. Speculative Gate
Activations, hypercube.
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Committed Processes vs. Optimistic
Processes, hypercube.
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Summary and Conclusions

e an algorithm for the speculative paral-
lel execution of rendezvous-synchronized
simulations

e cssential idea

— compute a set of non-interacting spec-
ulative gate activations

— apply all of the gate activations in par-
allel

— commit those gate activations which
are consistent with the sequential exe-
cution
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Summary and Conclusions

e Closed queueing network simulation stud-
ied

— the speculative algorithm can expose a
significant degree of parallelism.

— as many as 25 processes (on average
10), in a 64 process hypercube network
can execute simultaneously
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My WWW Home Page

http://www.pads.uwaterloo.ca/Bruno.Preiss

These Transparencies

http://www.pads.uwaterloo.ca/Bruno.Preiss/
talks/1995/pads/slides.ps
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