LogGOPSIm i Simulating Large-Scale
Applications in the LogGOPS Model

Torsten Hoefler, Timo Schneider, Andrew Lumsdaine

.' e
. U“

| ‘Presentee{ at thé or-

AD. pJ *‘f o o t of




I Motivation i Why Simulation? I

A Analytic methods can quickly become too
complex and infeasible

A White-box analysis of application
performance (count events, trace backwards)

A Understand complex phenomena in parallel
programs (e.g., chained collectives)

A Save on expensive experiments or predict
future systems (e.g., Blue Waters)
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" Why LogP, LogGP, LogGPS?

A The LogGPS model is well established
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_____ Andnow LogGOPS?

ACPU overhead Aod is constan
(independent of message size)
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I How to model message passing? I

A Must support MPI but should be independent

A Used Global Operation Assembly Language
rank O {
11: calc 100 cpu O
12: send 10b to 1 tag O cpu O nic O
1I3: recv 10b from 1 tag O cpu O nic O
12 requires |1

}

A Can easily be generated manually, by scripts, or from
any MPI trace
A Is compiled into an efficient binary format for simulation




Design for Speed and Scalability I

A Support MPl message semantics
I Matching: source, tag + any_source, any_tag
I Nonblocking send/recv (keyword irequires)

A Simulate eager/rendezvous protocols
I eager: recv depends on send only
I rndvz: send depends on recv and vice versa

A Semantics require two queues per process:
I Unexpected queue (UQ): received eager msgs
I Receive queue (RQ): posted receives

A Each proc has virtual time for o and g
I Supports multiple CPUs and multiple NICs per process




Simulator Core Control Flow I
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A Single queue design
I Fast priority queue
1. Find executable ops i
I send, recv, msg, or loclop
2. Insert with current time

3. Fetch (globally) next op e
I check if it can be executed o G
I match send/recv i
I re-insert if 0, g not available

4. Lather, rinse, repeat iy

o available




Limitations and Assumptions

A LogGOPSim ignores congestion
I assumed full bisection bandwidth by definition

I High effective bisection topologies (e.g., Fat Tree,
Clos, Kautz) are accurately simulated
A Often have >70% effective bisection bandwidth

I Congestion simulation is implemented
A comes at the cost of speed

A Messages are delayed until o, g are available
at recelver (this is undefined in LogGPS)

A 1/O is not considered




Verification i Linear Scatter

Tscat =20+ L 4+ max{(P — 2)o+ (P — 1)sO),(P — 2)g+ (P — 1)sG}

A LogGOPS makes verification simple




