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- Problem Motivation & Solution

Enable parallel execution for commercial sequential
circuit simulators

Motivation: overcome circuit size & runtime limitations
of sequential execution
\_ q Y,
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Challenge:

Can’t modify these!
- proprietary software
- validated models

Solution:

Transform
the input!

Simulator &

MT Circuit Models

| >  Sequential J

| Sequential J

Simulator &
\ Circuit Models
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Presentation Outline

« Traditional parallel execution techniques
— Sequential & Parallel DES Overview
— Parallel synchronization approaches

 The reverse execution approach
— How does it work? Note:
— ' ? . )
Why choose it over others” « Reverse computation is

 How to apply reverse more generally applicable

execution to circuit simulation

« Example circuit

 Generalized transformation
architecture

e Other detalls
e Conclusions & future work

futureforward

* Here, applied to parallel
logic circuit simulation
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Rt Sequential & Parallel  ceeTvamacraw s
Discrete Event Simulation

Sequential
1 processor

_ T1 T2 T3 T4 15 16
Parallel
n>1 processors T1 T3 T4 16
Example: - ! ! ;
2 processors

12
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Parallel Execution Techniques

Goal: Ensure global timestamp-ordered processing.
=> Synchronization among simulators required.

futureforward

Synchronization

/ Methods \

Conservative Optimistic
““Safe” processing Rollback-based

a

Token Passing ~_Look-ahead
No concurrency Requires look-ahead

State Saving
Has memory overhead

Reverse Execution

T=10 T=20 1T=30

10 July 2002 47" SPIE Annual Conference, Seattle, Washington Perumalla, Fujimoto: Georgia Tech (CoC) 5



© Yamacraw, 2001-02

Rollback Using Reverse Execution

Georgia Tech yamacraw -

futureforward

|dea: Execute inverse operations to undo forward computation.

Example: Events Ea,Eb,Ec are processed. Later Ed arrives.

1. Reverse execute Ec, Eb

Rollback:
3. Re-execute Eb, Ec
2. Execute Ed

T=10

—

%
T=15

Ed

T=20 T=30

B—
Simulation
time

Event arrives from
another processor
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Why Choose Reverse Execution?

Advantages:

 Dynamic concurrency extraction
— Due to optimistic processing
 Low memory overhead
— No need to save state snapshots

 Can be automated
— Pre-processor for production use
For circuit simulation:

 Doesn’t require kernel/model source-code
— Transformations on input circuit are sufficient
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futureforward
Side Note: Compression via Reverse Execution

e Can extract core effects of computation
o Size of state trace reduced significantly

o State trace Is better compressible

N Original
— B H(alen <B) State Size
Exam ple: B— A SIS B+2 words
— delays[glen]++
Queue with B else
N inputs on cell arrival... lost++
and queue
size limit B
Forward Reverse
if(glen<B) if(b==1) _
€.g. ATM (t])l:ni . ::3Ie;iys[qlen] ftte)iitte Size
Multiplexer delays[glen]++ olse
else —lost
Ibost-?+
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Reverse Circuit Execution

Sequential

w:> Simulator &
Circuit
Models

futureforward

/
Augmented
Input
Circuit
Reverse —
Circuit Sequential
Simulator &

Circuit

I Models

To plug-ins on
other processors
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Reverse Circuit Execution - Continued "
.1. Augment the input forward circuit

for reversibility
i  In general, input circuit not perfectly
reversible (e.g. AND)

Circuit : :
xS | ——12. Generate reverse circuit from

I\ augmented forward circuit
E ~3. Integrate forward & reverse
To plug-lns\ circuits with control circuit
other Processors

4

Drive the integrated circuit with

[Detailsinthe% | plug-in.
report
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Georgia Tech yamacraw _
. . = futureforward
Augmenting Forward Circuit - Example
Original
. CS=current state, In=Input, NS=next state
R 01 CS In NS
‘ A 0 0 0
C
. : c 0 1 0
D AND j—7—>
"I Flip 5 0 1 0 0
Flop 0
1 1 1
)
Log(Q) bits added
Transformed Q=Maximum in-degree of any output vector
clk Input - : . =xtra
‘ A . 1->01 " El E2
;DFIFOI:)p . T 0 0 0 0 0
B
( 0o | 1| 0 | 0 | 1
| 1§EL 1 0 0 1 X
............. =z 1->XX

Auxiliary circuit
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Forward + Reverse Circuit Architecture

Georgia Techygmacraw s
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Previous input

FIR Input
\ 4
Tl ™M \ 4
A p U o
M X T* Original
U p{Current Circuit —}
X State . Output
A v
»| Auxiliary Additional
L Forward »  Output
> circuit Stack
Previous State__ ¥ P
Reverse
Input Stack [« Circuit |«
Recent output vector

/R signal to switch between forward & reverse modes
sAuxiliary forward circuit generates additional output bits
«Output stack buffers output bits for reversal

Input stack buffers input bits recovered during reversal
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Parallel Execution - Implementation

futureforward

For each circuit partition (processor)

e Replace original circuit with forward/reverse circuit
o Use plug-ins to detect straggler events

e |nitiate rollback upon receiving straggler events

o Schedule “infinitely fast” events for reverse
execution during rollback

 Map simulator time to circuit virtual time and vice
versa appropriately
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Conclusions

Novel parallelization approach - reverse circuit execution
» Algorithms for reverse circuit generation
 Architecture for forward-reverse circuit

futureforward

Better concurrency via optimistic execution
» Using forward-reverse circuit
e Can extract inherent parallelism

Does not require simulator/model source-code

« Automatic transformation of original input circuit
* Mapping normal execution to optimistic execution

Can extend to interoperate heterogeneous simulators
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Future Work

e Automation & usabillity issues need to be addressed
o Simulator vs. Optimistic clocks need to be mapped

* Intermediate input/output bit stacks need to be
dimensioned optimally for simulation speed

e Simulator statistics need to be reconciled with circuit
rollback operation

Develop prototype using Cadence Verilog-XL

— Preliminary work completed with conservative
synchronization using VPI
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