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Background

Parallel Discrete Event Simulation uses multiple processors to execute the same
sample path
Ð each processor maintains its own future events list

Causes temporal ordering issues---an event executing at time s on one processor
can cause an event at time s to be executed by a different processor
Ð But what if that processor has already simulated an event at time t>s ? The

actions of the event at t may have needed the change in state induced by the
event at s

Ð Processors should execute events in monotone non-decreasing time-stamp
order, or appear as though they do
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In The Beginning

¥ 1979 IEEE TOSE paper by
Chandy & Misra

¥ Poses parallel simulation as a
challenging application for
formal validation of
distributed protocol

¥ ÒNull messagesÓ described as
a means of carrying temporal
information

¥ Time on channel is promise
that no message with this
time stamp or smaller will
ever be sent by that Logical
Processor (LP)
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Time Advance and Deadlock

¥ Lacking knowledge of how
processing advances time of
output messages, output link
time cannot be larger than
smallest input link time.

¥ Deadlock can develop
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CM Paper : Proof of Freedom from Deadlock

¥ Assumption : Every cycle
has at least one output
link whose lower bound
can always be strictly
greater than least input
link time to its LP (e.g.
minimal processing delay)

¥ This is Lookahead
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Early-mid 1980 Õs

¥ Null message abstracted to ÒappointmentÓ
Ð Separated synchronization propagation from event processing
Ð Considered ÒpushÓ versus ÒpullÓ propagation

¥ Loops identified as being bad news
Ð ReedÕs experiments

Ð Feed-forward networks shown to not need lookahead
¥ Fujimoto studied Òlookahead ratioÓ

Ð Prediction ability relative to sim-time advance on real messages

¥ Generally results pretty negative

lookahead Send time
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Late 80 Õs : breakthrough!

¥ Pre-sampling in stochastic simulations
Ð Choose service times / routing decisions ahead of arrivals
Ð First good speedups ever reported for conservative methods
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ÒPushÓ lookahead through network
using shortest path analysis

Shift in philosophy : rather than try to build general purpose
      simulation kernel, take advance of knowledge of application 
      and topology
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Where Lookahead is found

¥ Pre-computation
¥ Knowledge of minimal execution delays

Ð Minimum time to move a certain distance
Ð Minimum time to process a task
Ð Minimum time to push through a medium
Ð Decoupling of behaviors (e.g. SharkÕs World)

¥ Temporary Model insensitivity to changes in local environment
(e.g. minimum service, Ising spin)

¥ Tolerable temporal inaccuracies (SRADS)
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Thinking Globally (late 80s-early 90s)

New breed of protocol used global reductions

Ð Tradeoff between ÒqualityÓ of lookahead, and cost of extracting it

¥ Conditional Events

Ð An event is ÒconditionalÓ if it is not assured to happen in general, but will happen
if its LP receives no further messages before its time

Ð Global reduction identifies least time t of conditional event leaving LP, all on-LP
conditional events before t become unconditional

¥ YAWNS an application of CE, exploiting pre-sampling

Ð Assumes non-pre-emptive service

Ð Proved to be within constant factor of optimal even with positive stochastic service
time with no positive lower bound

Bounded Lag--parallel shortest
path analysis which is bounded
in the extent of the analysis
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A Little Lookahead can go a Long Way

Ultimately the most important factors w.r.t. performance:
Ð The amount of workload enabled by L lookahead
Ð The cost of computing L lookahead

Example : large-scale computing system
Ð Imagine a model where an ÒLPÓ is made up of a sub-network of

servers, clients, applications, routers
Ð Suppose the computational work for an LP is 1 execution second

@ simulated millisecond
Ð Lookahead might be minimal latency for 1000 byte packet over a

1ms, 100Mb/second line
Ð A lot of work enabled for very modest lookahead
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Aggregation/Lookahead/Load Balance

Aggregation is necessary to force much of the coordination between
model elements through an event-list

Aggregation affects
Ð Lookahead, at the aggregation boundaries
Ð Load balance, based on size

Creates tradeoffs to be managed
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Exploiting Application Knowledge
Continuous-time Markov chain

Ð Exploit mathematical properties

Ð Remarkable speedups shown

Direct execution of parallel programs
      - instrument code to measure execution bursts
       - a computational sort of lookahead

send send clock

measured measured measured
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Take-home Messages

¥ Look for temporal insensitivities in your models
¥ To take advantage of lookahead, application / kernel interface

needs to be able to pass the lookahead down
¥ Think hard about how to ÒpushÓ it through a model
¥ Lookahead can be easy to exploit
¥ Lookahead can be impossible to find in some models

Exploitation of lookahead is one of several fundamental tools to have
in your high-performance simulation building toolkit
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Scalable Simulation Framework

¥ SSF was born from this context
Ð Basic idea is to make parallel simulation transparent to a user, by providing

a modeling framework where lookahead is easily extracted.
¥ Basic Concepts

Ð Entity : container that holds data and processes
Ð Process : activity expressed by a subroutine body
Ð Event : a message
Ð outChannel : communication endpoint to which Events are written
Ð inChannel : communication endpoint from which Events are read
Ð Timeline : Entities aligned on a timeline share an event list

¥ Implication is that all temporal dependencies between co-aligned
Entities are implicitly handled through the event list



ECE/CS 541:  Computer System Analysis.  ©2007 David M. Nicol .  Al l  rights reserved.  Do not copy or distribute to others wi thout the permission of
the author.

M odule 9, Slide 15

Where Õs the Lookahead?

¥ outChannels must have
minimum latency declared
when constructed

¥ Global lookahead g is
smallest latency for any
outChannel that crosses
timelines

¥ If we do a barrier
synchronization every g
units of time, no Event
written to an outChannel in
one quanta can be received
in a different timeline within
that same quantaalignedaligned
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SSF Components

¥ Entity
¥ outChannel
¥ inChannel
¥ Event
¥ Process

Pointers to doxygen generated documentation rooted in

http://www.crhc.uiuc.edu/~nicol/ece541/slides/doxygen-output/html/annotated.html
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Example :  Muxtree

¥ Traffic generated at the leaves, pushed forword through
multiplexors
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Muxtree Source Code

¥ muxtree.h
¥ muxtree.cc

http://www.crhc.uiuc.edu/~nicol/ece541/slides/muxtree.h.txt
http://www.crhc.uiuc.edu/~nicol/ece541/slides/muxtree.cc.txt


