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Overview  

ÅOur community has major challenges in HPC as we move to extreme 
scale 
ïPower, Performance, Resilience, Productivity 

ïNew technologies emerging to address some of these challenges 
ÅHeterogeneous computing 

ÅNonvolatile memory 

ïNot just HPC: Most uncertainty in at least two decades 

ÅWe need performance prediction and engineering tools now more than 
ever! 

ÅAspen is a tool for structured design and analysis 
ïCo-design applications and architectures for performance, power, resiliency  

ïAutomatic model generation 

ïScalable to distributed scientific workflows 

ïDVF ï a new twist on resiliency modeling 
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Notional Future Architecture  

Interconnection 

Network 

See ISC30 talks 
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Workflow within the Exascale  Ecosystem  

ñ(Application driven) co-design is the process 

where scientific problem requirements influence 

computer architecture design, and technology 

constraints inform formulation and design of 

algorithms and software.ò ï Bill Harrod (DOE) 

Slide courtesy of ExMatEx Co-design team. 
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Prediction Techniques Ranked  
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Prediction Techniques Ranked  
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Aspen: Abstract Scalable Performance Engineering Notation  

Creation 

ÅStatic analysis via compilers 

ÅEmpirical, Historical 

ÅManual for future applications 

Use 

ÅInteractive tools for graphs, queries 

ÅDesign space optimization 

ÅDrive simulators 

ÅFeedback to runtime systems 

Representation in Aspen 

Å Modular 

Å Sharable 

Å Composable 

Å Reflects prog structure 

Existing models for MD, UHPC CP 1, 

Lulesh, 3D FFT, CoMD, VPFFT, é 

Source code 
Aspen code 

K. Spafford and J.S. Vetter, ñAspen: A Domain Specific Language for Performance Modeling,ò in SC12: ACM/IEEE International Conference for High Performance 

Computing, Networking, Storage, and Analysis, 2012 

Researchers are using Aspen for parallel applications, scientific workflows, capacity planning, quantum computing, etc 
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Manual Example of LULESH  
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Aspen allows Multiresolution Modeling  

Distributed Scientific Workflows 
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Threads 

Scenario Scope 

S
c
a
le

 



Node Scale Modeling with COMPASS  
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COMPASS System Overview  

ÅDetailed Workflow of the COMPASS Modeling Framework 

source code 
Input Program 

Analyzer 

Aspen machine 

model 

OpenARC IR with 

Aspen annotations 
Aspen IR Generator 

ASPEN IR 

Aspen IR 

Postprocessor 

Aspen application 

model 
Aspen 

Performance 

Prediction Tools 

Program 

characteristics 

(flops, loads, stores, 

etc.) 

Runtime prediction 

Optional feedback for advanced users 

Other program 

analysis 

¬ 
­ 

® 

 ̄

° 

S. Lee, J.S. Meredith, and J.S. Vetter, ñCOMPASS: A Framework for Automated Performance Modeling and Prediction,ò in ACM 

International Conference on Supercomputing (ICS). Newport Beach, California: ACM, 2015, 10.1145/2751205.2751220. 
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MM example generated from COMPASS  
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Input MatMul  Code Annotated to Use an Alternative 

Algorithm  

int N = 1024; 

#pragma aspen control execute flops(N^2.372, traits(sp)) \ 

  stores(N*N*floatS:to(A):traits(stride(1))) \     

  loads(N*N*floatS:from(B):traits(stride(1)), ...) é 

void matmul(float * A, float * B, float * C) { 

    ... //the original function body is here. 

} //end of matmul() 

 

int main() 

{ 

  ... //the original main code is here. 

} 

Å The original MatMul code uses a simple algorithm with O(N3) load operations. 

Å The new Aspen directive overrides the result produced by the analysis framework for the matmul() function 

to use the Coppersmith-Winograd algorithm that requires only O(N2.372) operations, generating a new 

Aspen application model without rewriting the input program. 
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Annotation Overhead  

Benchmark Name Lines of Code Lines of Annotation 
Annotation Overhead 

(%) 
JACOBI  241  2 0.8 

MATMUL  128  1 0.7 

SPMUL  423  10 2.3 

LAPLACE2D  210  7 3.3 

CG  1511  10 0.6 

EP  759  9 1.1 

BACKPROP  1074  4 0.3 

BFS  435  16 3.6 

CFD  752  9 1.1 

HOTSPOT  525  11 2.0 

KMEANS  1822  11 0.6 

LUD  421  6 1.4 

NW  478  8 1.7 

SRAD  550  12 2.1 

LULESH  3743  125 3.3 
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Example: LULESH (10% of 1 kernel)  

kernel IntegrateStressForElems 
{ 
   execute [numElem_CalcVolumeForceForElems] 
   { 
       loads [((1*aspen_param_int)*8)] from elemNodes as stride(1) 
       loads [((1*aspen_param_double)*8)] from m_x 
       loads [((1*aspen_param_double)*8)] from m_y 
       loads [((1*aspen_param_double)*8)] from m_z 
       loads [(1*aspen_param_double)] from determ as stride(1) 
       flops [8] as dp, simd 
       flops [8] as dp, simd 
       flops [8] as dp, simd 
       flops [8] as dp, simd 
       flops [3] as dp, simd 
       flops [3] as dp, simd 
       flops [3] as dp, simd 
       flops [3] as dp, simd 
       stores [(1*aspen_param_double)] as stride(0) 
       flops [2] as dp, simd 
       stores [(1*aspen_param_double)] as stride(0) 
       flops [2] as dp, simd 
       stores [(1*aspen_param_double)] as stride(0) 
       flops [2] as dp, simd 
       loads [(1*aspen_param_double)] as stride(0) 
       stores [(1*aspen_param_double)] as stride(0) 
       loads [(1*aspen_param_double)] as stride(0) 
       stores [(1*aspen_param_double)] as stride(0) 
       loads [(1*aspen_param_double)] as stride(0) 
       . . . . . . 

- Input LULESH program: 3700 lines 

of C codes 

- Output Aspen model: 2300 lines of 

Aspen codes 
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Model Validation  

FLOPS LOADS STORES 
MATMUL 15% <1% 1% 

LAPLACE2D 7% 0% <1% 

SRAD 17% 0% 0% 

JACOBI 6% <1% <1% 

KMEANS 0% 0% 8% 

LUD 5% 0% 2% 

BFS <1% 11% 0% 

HOTSPOT 0% 0% 0% 

LULESH 0% 0% 0% 

0% means that prediction fell between measurements from optimized 

and unoptimized runs of the code. 
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Model Scaling Validation (LULESH)  
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Example Queries  



Performance Modeling 

for Distributed 

Scientific Workflows  
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Aspen allows Multiresolution Modeling  
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PANORAMA Overview  
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E. Deelman, C. Carothers et al., ñPANORAMA: An Approach to Performance Modeling and Diagnosis of Extreme Scale Workflows,ò International Journal of 

High Performance Computing Applications, (to appear), 2015,  
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Workflow: 

ACME 

Climate 

Modeling  
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Workflow: SNS  
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Automatically Generate Aspen from Pegasus DAX;  

Use Aspen Predictions to Inform/Monitor Decisions  
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Workflow Monitoring Dashboard ï pegasus-dashboard 

Status, statistics, timeline of jobs 

 

 

Helps pinpoint errors 
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