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Communication-assistedDelay Flow

Delay Flow Graphs: Basic FlavorsandFlow Speed on Silent SystemsFuture Work
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Interaction & Noise-assistedDamping+ Elimination ofDelays

Global Non-synchronismPhenomenology: Noise-assistedLong-distanceCorrelationsandStructureFormation

Lock-stepSynchronism Non-synchronism

Execution-comm. Overlap Perfect Non-overlap Partial or Perfect Overlap

Memory Bus/Network Utilization Intermittent More Continuous

Processes in Saturated Resource(s) Regime P n ╟ ▪

Resource(s) Bandwidth Per Process Less (contented) More/Full (less/no contented)

Execution time, ╣▄●▄╬
║╦╟╟╢ Slowest Faster

Idle time, ╣░▀■▄
║╦╟╟╢ Minimum Lengthen

Idlewave Decay Weak Strong

Workload Periodicity for Boundary Conditions Direction Distance of Communicating Processes Commuication Protocol Communication Routine Communication Load

: Compute Bound OC : Open Chain + or - : Uni directional d = 1 : Direct Neighbour Processes E : Eager B : Blocking (sendrecv, sendrecv,é) CF : Contention Free

: Memory Bound CR : Close Ring : Bi directional d = 2, ȟȣȟ▪ : Indirect Neighbour Processes R : Rendezvous
NB : Non-blocking (isend, irecv, isend, irecv, é, waitall)

SNB : NB + split wait (isend, irecv, waitall, isend, irecv, waitall, é) 
C : Contention in Network
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ExecutionVariations

Memory Bandwidth

Bottleneck: 

ÙÉÅÌÄÓ STREAM Triad

MPI Process Parallelism per Core
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Variations: Random/ Periodicwith

System Topology/ ApplicationTime step

CR, d=1, E Mode, NB, CF 

Parameter Space
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Problem: Analytic Performance Model for Distributed-Memory Applications
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Processes Delay andNoise

OC, d = 1, E Mode

Motivation: Model the Mystery of Non-synchronism
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Environmental Setup toDemote

Small Message (Eagerprotocol)

CR, d = +1, 

B/NB, CF

OC, d = 1, 

B/NB/SNB, CF

CR, d = 1, 

B/NB/SNB, CF

OC, d = +1, 

B/NB, CF

CR, d = 1,

B/SNB, CF

OC, d = +1, B/NB, CF
or

OC, d = 1, NB, CF

Large Message 132 KB (Rendezvous Protocol)

Small Message 16 KB (EagerProtocol)

OC, d = +1, +2, 

B/NB, CF 

CR, d = +1, B/NB, CF
or

CR, d =1, NB, CF

Propagation Speed
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Network Topology

Multidimensional Structured 

andUnstructuredGrids
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InfiniBand System
Omni Path System
Simulated System
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Number of Computing Processes per socket, PPS

PPS=4 (=k) PPS=6 PPS=8

PPS=1

No room for 
Bandwidth 

Improvement in 
Timestep-rank Plot

PPS=2

PPS=10 (=n)

Max room for 
Bandwidth 

Improvement in 
Timestep-rank Plot

CR, d= 1, E Mode, NB, CF

E = 0 % E = 20 % E = 25 %

LogP

Hockney

B
W
 
[
B
/
s
]

Msg[B]

L
 
[
s
]

BWL

Communication Models
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Socket 1 Socket 2
Communication

(Intra-chip 

+ Inter-chip)

Communication

Folk-Join

Overhead

Socket 2Socket 1

Demote

Communication

+ Folk-Join

Overhead

Socket 2Socket 1

MPI: ProcessParallelism

per SHMEM Node/Socket/Core

MPI + X (e.g., OpenMP):       
ProcessandThread Parallelism

2.

3.

X (e.g., OpenMP): Thread Parallelism

per Core/HT/Vectorization

1.
ÙÉÅÌÄÓ

Hybrid Inner-level ProgrammingModel (10 P, 5T)

OC, d = 1,

B/SNB, CF

System Noise Characteristics

OC, d = -1, E Mode

Synchronism

Partial

Non- synchronism
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PPS=1PPS=10 

(all cores)

1.STREAM Triad

2.LatticeBoltzmann 
Method

CR, SNB, 
d=1

Actual Total          Actual Execution

Model Total          Model Execution
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PPS=10 (all cores)
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Application: ComputationandCommunication Characteristics(        Nomenclature)

HierarchicalTopology(affinitymatters): Node-level: ccNUMASMP nodeswithmulti-socket, multi-core 

CPUs ofHyperthreadsandSIMD cores. Network-level: multi-routesofdifferent characteristics(like latency

andasymptoticbandwidth), multi-waysofhandlinginterconnetprotocolsforintra-chip, inter-chip/-node.

OC, d = +1, E Mode, B, CF

Demote load imbalances and network contention

Influence

Factors

Analytical-Model Based Simulator for

Chip-level Bottleneck and System Topology

System Noise

(Single, fully nonblocking
IB/OP leaf switch)
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(PPN=1 Č no intranode comm. 

full non-blocking bandwidth with small
Inter-node comm. overheadČ no
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CR, d = 1, R Mode, NBOC, d = 1, R Mode, NB

Steady-state

ComputationalWave

Steady-state

ComputationalWave

(Chip MEM Saturation by 1 rank)

CR, d= 1, R Mode, NB, C load

Exchange of Large Messages

(3MB) to Multiple Neighbours

Perfect

Non-synchronism

ComplexApplicationswith

AdvancedP2P andCollective 

Communication Patterns 


