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Objective 

Sequential Matrix Multiplication  Matrix Multiplication - OpenMP Matrix Multiplication - MPI Matrix Multiplication - CUDA 
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-  Problem / Motivation 

-  Approach 

-  Example Usage 

-  Future work 

Outline 
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-  Scientists are increasingly developing complex software for 
data analysis 

-  “It’s all about the software…” 

-  Most are not trained programmers 

-  Many are using complex software platforms and techniques 
e.g. distributed & parallel programming, GPUs, etc -  that are 
hard for experienced CS grads to do 

-  Approaches to address range from packaged software (Lack 
flexibility), DSLs (Also Flexibility/Domain issues), programming 
patterns and toolkits (still complex) 

Problem 
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More Problems… 

OpenCL	   CUDA	   OpenACC	   OpenMP	   MPI	  

myApp	  
Version	  (1)	  

myApp	  
Version	  (2)	  

myApp	  
Version	  (n)	  

Problem	  Defini<on	  

Desktop,	  Supercomputer,	  CPU,	  CPUs,	  GPUs,	  FPGAs,	  
Intelligent	  Network	  Cards,….	  
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Lack of high-level, human-centric approach to help in developing high quality 
scientific apps 
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Motivation – How scientists design their applications… 

A 

B 



Swinburne   

SCIENCE  |  TECHNOLOGY  |   INNOVATION  |  BUSINESS  |  DESIGN 

Parallel Program Development Steps 

Sequential Algorithm / Program 

Task decomposition Data decomposition 

Grouping and Dependency analysis 

Parallel Algorithm Deployment Model 

Parallel Programming Model 

Parallel Program 

Parallel Patterns 

* Timothy. G. Mattson et al., 2004, Patterns for Parallel Programming, Addison Wesley Software Patterns Series. 

Finding Concurrency 
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Program Organization vs Parallel Patterns vs Parallel 
Programming Models 

* Timothy. G. Mattson et al., 2004, Patterns for Parallel Programming, Addison Wesley Software Patterns Series. 
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Approach 

9 

Problem 
Model Data Model 

Parallel 
Model 

Deployment 
Model 
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-  Support scientists – and developers! – to model their 
applications at multiple levels of abstraction – domain 
right down to detailed C/C++/GPU kernel code 

-  Use set of user-defined and reusable DSVLs to model 

-  Provide web-based envrionment including DSVLs 
designer, coding, debugging, linking DSVL views 

-  Provide semi-automated support for generating lower-
level models, generate code/code annotations, reverse-
engineer higher-level models from (existing) code 

Approach 
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Approach 

	  DSVL	  Designer	   Psuedocode	  DSL	  

Parallelism	  DSVL	  

Deployment	  Architecture	  DSVL	  

C/C++	  OpenCL	  code	  templates	  

C/C++	  Parallel	  Program	  Implementa<on	  

(1)	  

(3)	  

(4)	  

(5)	  Graph/3D	  Visualiza<on	  DSVL	   (8)	  

	  

Run	  Applica<ons	  on	  HPC	  PlaSorm	  

 

(6)	  

MRI	  DSVL	  

Astrophysics	  DSVL	  

Molecular	  Simula<on	  DSVL	  

(2)	  

(7)	  

*DSVL	  	  =	  Domain-‐Specific	  Visual	  Language 
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DSVL Designer Meta-model 

Concept	  

Opera<on	   Data	  

Input	   Output	   AWribute	  Command	  

Parallel	  Sec<on	   Split	   Join	  

Deployment	  
Node	  

Parallel	  
Opera<on	   Loop	  Unroll	  

Deployment	  
PlaSorm	  

Control Flow 

Parallel 

Core Deployment 

Program 

Deploym
ent	  

Group	  

Visual	  Element	  

Loop	  

Start	  

Control	  Opera<on	  

Condi<on	  

End	  
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Platform 

Sequential	  Program

Parallel	  C#	  Program

Parallel	  Program	  Designer

Code	  Generator

OpenMP Code	  GeneratorMPI	  Code	  
Generator OpeCL Code	  Generator

Parallel	  Model

Parallel	  Java	  Program

Multi-‐CoreMany-‐Core GPU

Shared	  MemoryDistributed	  
Memory

Parallel	  C	  Program

Compile	  and	  Deploy

Reverse	  Engineer	  1

2

3

4
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C = A X B , Ci,j = Sum( Ai,k * Bk,j ) 

Example – Matrix Multiplication 
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Snapshots 
1

2

3
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-  Integrated web-based development environment for scientific 
applications 

-  Flexible DSVL designer with pre-packaged DSVLs (Parallel 
DSVL, and Deployment DSVL) and user-defined DSVLs 

-  Semi-automated roundtrip engineering support: model-> 
code-> model 

-  Working on: 
-  Template-based DSVL Designer 
-  Patterns and critics to guide users, analyze models/code 
-  Visualization of running parallel code onto models 

Summary & Future work 



Questions? 

Mohamed Almorsy 
malmorsy@swin.edu.au 

Thanks to ARC Discovery Project scheme 
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