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Overview

* A study and analysis for optimal mapping of application-to-
architecture(A2A) mapping.

* A framework for optimal performance of scientific
applications on heterogeneous supercomputers.
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Motivation

* New performance milestones achieved
GPGPUs
Intel’s Xeon-Phi coprocessors
FPGA

* Application performance depends on multiple factors
Architecture
Programming model
Implementation Detail

SfZsc15 CLEMS®N

Austin,

| hpc transforms. U N |




Motivation

—
S .
1 o >
o S
= Comparison of
) Performance of K-means
= : :
: for different programming
2 models and different
o .
o ~ architectures
~N <
5 2 g
| | -
OPENCL OPENCL OPENCL OPENMPOPENMP CUDA
INTEL PHI GPU INTEL INTEL NVIDIA
CPU CPU XEON GPU
PHI

~c15 CLEMS®N

| hpc transforms. U N |




Primary Contributions

* Qualitative A2A framework: Application to Architecture
Mapping

* Function Partitioning (FP) Framework for run-time
maintenance of Application and Subtask in heterogeneous
architectures

* A2A with FP: optimal mapping of application task at runtime
for optimal performance
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A2A Mapping

* Various performance factor based on algorithmic
implementation of application

Memory Accesses

Algorithmic Complexity

Floating Point Operations(FLOPs)

/O

Network Latency and Network Bandwidth
Network Congestion

Communication Ratio

Etc.
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Application Performance

Characteristics

v Time Complexity

Computation The amount of time required to
Ratio perform computation
Characteristics
FLOPs The amount of floating point

computation instructions

v"FLOPs to Non-FLOPs

Non-FLOPS The amount of Non-floating point )
8 & po! Ratio

instructions
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Application Performance

Characteristics

L1 cache L1 cache Hit and Miss Ratio v" Memory Access
Accesses Behavior

L2 cache L2 cache Hit and Miss Ratio

Accesses

L3 / shared cache L3 cache Hit and Miss Ratio -
Characteristics

Main Memory Time required to access main

Accesses and memory

Latency v" Memory Access
Non-uniform The amount of time required for Frequency
Memory NUMA

Accesses NUMA

S CLEMS®N

| hpc transforms. U N E R S |




A2A Framework: Tesseract

Algorithm Space
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Application Performance Factors

Time Complexity

Floating-point operations (FLOPs) to Non-FLOPs ratio

Memory Access Behavior

Memory Access Frequency

Memory Access
Behavior

Time Complexity

o
Time Complexity S

Memory Access
Behavior

High Memory Access Frequency Low Memory Access Frequency

I Architecture Space
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Application and Micro-benchmarks

* OpenDwarfs Benchmark
* Rodinia Benchmark
* Scalable Heterogeneous Computing Benchmark Suite (SHOC)

* Linear Algebra, Divide and Conquer, Grid, N-Body, Sort, Graph
Traversal, Logic, Dynamic Programming , Branch and Bound,
Graph Models
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Time FLOPs-Non- Memory Memory Result Tesseract
Algorithm Complexity FLOPs Access Access based based
Ratio Behaviors Frequency Mapping Mapping |

GEM High High Bad High ((P,N)toG) (P)
LAVAMD High High Good Low ((G, P)toG) (G)
SWAT High Low Bad High (N) (N)
NW High Low Bad High (N) (N)
SRAD High Low Good High (G) (G)
CFD Low High Bad High (G, N) (P)

(Vary gg’:xvation) High Low Good to Bad | High | ((G,N)toP) | (GtoP)
(Var‘; DS i26) High High Good High | ((G,P)toG) | (G)
(VaryKM‘;‘xeaguster) High High Good High | ((G,P)toG) | (G)
(VaryKl;“;;‘fsi on) High High Bad High (G, P) (P)
LUD High Low Good High (G, N) (G)
(Varysll;lrt;,Size) High High Good Low (G, N)teG) | (G
Triad Low High Good High (G, P) (©)
Reduction Low High to Low Bad Low (G) (P)
FFT High _High Good Low ((G, P)toG) (G)
SCAN High Low Good High ((G, P)toG) (G)
Stencil2D Low High Good High G) (G)
TDM High Low Bad High (N) (N)
CRC Low Low Good Low (N) (N)
Radix Sort High High Bad High (G) (P)
BFS High Low Bad High ((G, N)toG) (N)
A* High Low Bad High ((N, P), N) (N)

Table V: Algorithm Classification and Mapping to Single (G)PU, Single (P)hi and Single (N)ode.
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K-Means Varying Data
T E S S E RAC T Memory Access Frequency

Memory Access
Behavior

Time Complexity

High Memory Access Frequency
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Functional Partitioning (FP)
Framework

* Cbased framework designed to utilize heterogeneous architectures

efficiently
ﬁFP Runtime Managemeh

{Application Runtime ] )
Smart Execution

l Task Queuing
L HFP Runtime J‘

Interference Control

Dynamic Load Balancing

\ \\HFP threads J

HFP Agent
* Specify multiple post-processing tasks performed concurrently based on

resources

* FP services allow a complex work flow

SfZsc15 CLEMS®N

~e|hpe transforms. U N E R S |




Framework Overview

[Node N
Node 2
ode 1 *  Main Application Thread ¢ HFP Agent_) HFP

s

Accelerator

~—— HFP Agent
(| | L HFP Thread )
RMA Transfer Monitoring IO Caching
Management
Data Queue Task Queue
Management Management
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Micro-Benchmark Analysis

85 1 84 FP ICPU + 4 FP DCPU B4 FP ICPU + 4 FP MEM B4 FPICPU +4FPIO
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Benchmark Performance Analysis
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L Myocyte~5500: 51.47 67.981101 65.141101
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Original Application + FP

Post Processing
Task(1,2)

68.67
79.29

Original Application + FP
Post Processing
Task(1,2) + Feature(Task
Queuing,corebinding,sm

Original Application + FP Original Application + FP
Post Processing Post Processing
Task(1,2) + Feature(Task Task(1,2) + Feature(Task

X inel ™

Queuing) Queuingl,corebinding) art execution)
68.54328156 52.34 52.34
79.38 63.24 59.13
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Original Application + FP
Post Processing
Task(1,2) + Feature(Task
Queuing,corebinding,sm
art execution,load
balancing)

49.78
55.88
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Questions ?
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