Timing Analysis for
Asynchronous Circuits
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Timing Analysis

o Synchronous
= STA — critical paths
= SSTA - statistical models
O Asynchronous
= 1o established technique
= point-to-point STA
o disable cyclic dependencies
= simulation
o single values

Asynchronous System Specification

O Asynchronous systems — concurrent systems
O Specify behavior e
= graph structures
O Petri-nets
o STGs e
= CSP/symbolic languages
o Timing Separation of Events
O Alternative approaches
= Circuit unfolding and STA application
= Specification based: Petri-net simulation ¢

Timing Separation of Events

o Time between two event occurrences
= Performance metric in concurrent systems
0 Mathematical solution
= applied on graph specification
cyclic dependencies
delay ranges
applies unfolding

evaluates the tightest possible bounds

Process Graph Model
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O Vertices E’: set of events
o Edges R": set of rule templates-constraints
= Delay range [d, D] with0<d<D
= Occurrence index offset 5

Execution Modeling
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Execution Modeling
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Execution Modeling
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Problem Definition

10 28 48

0 [4, 10] [4, 10] [4, 10] [4, 10]
[0, o] ay —> a) —> a4y —> A3 —>

/7 1 2 '3 4
[1,6] [1.6] [1,6] [1,6]
root [1‘2]\4 / [1‘21\4 / [m]\4 [1,2]\4 /
Ty —— by ——> by —— by >

[, 0] 15, 20] 5, 20] 20l o b 20

2 22 42

68
a

o Timing Separation of events
" A= r(a3) - r(aQ) maximum

O upper bound t(a3) - 1(a2)

o lower bound

Maximum Timing Separation of
Events

o Upper bound — Maximum Timing Separation
O Main idea

= maximize t(target) — t(source)

= impose a timing assignment that

O maximizes t(target)
O minimizes t(source)
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Previous example

O source =a,, target=a,, A=?
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More Examples - 1
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More Examples - 2
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More Examples — Pipeline Analysis
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Process Graph Model PTnet-based Equivalent Model

O Cycle Time = Delay_FWD + Delay_ BWD

Fork-Join Performance Analysis - 1

Fork-Join Performance Analysis - 1

O Process Graph Equivalent - Tokens to Edges
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Fork-Join Performance Analysis - 1

O Process Graph Equivalent — Minimum Root
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Cycle Metric — CM(c)

O Heuristic metric for cycle time analysis
o CM,; =D(c)/M(c,)

= Foracycle c;,

o D(c), is sum of edge delays of cycle c;,
o M(c), is number of tokens of cycle c;.

o Cycle Time = MAX(for all i, CM,)




Fork-Join Performance Analysis - 1

2x4 delays, 1 data token 19

Fork-Join Performance Analysis - 2
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x8 delays, 2 data tokens
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x4 delays, 1 data token

m- and M-values

O m-values
= minimum delay to source
= longest path from source using minimum delays d
= m(v)=max{d +mu) | v—<2 5y}
O M-values
= maximum relative delay from source to target
5 M@u)={M©)+D+mu)—m©) | v—L2 5y}
= for events occurring before source M<0
T(target) — t(source) = M(target) — m(target)

m- and M-values
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o Different executions of the algorithm give the
following:

A A A, A
r(ax) = m(ax-1) < A =

Previous example

O source =a,, target=a;, A;=?

M=0 M=0 M=0 M=25
m=8 m=4 m=0 m=0
6, 0] o UELE a0 100 & DN
"o _
root mN / oy /l N / AN / B=25
M:S b —> b > by bs
m= [0, 0] M= 0[5 20] M= 0[5 20]M719[5 20] [5, 20]

m=6 m=1 =

ountil source M<=0, after >0




