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MuMMI (Multiple Metrics Modeling 
Infrastructure) Project 

Multicore/Heterogeneous System for Execution  

PAPI PowerPack Database 

Application 

E-AMOM 

EMON API 
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Data Collection: MAIDE System 
Source code 

MAIDE 

Instrumented source code 

 Compiler 

Instrumented executable 

Performance, HW counters, Power and  Energy Data 

MuMMI Database 

Call Graph Power and 
HW Counters 
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Power Measurement Tools 

n  IBM EMON API on BlueGene P/Q (MonEQ) 

n  Intel RAPL  

n  NVIDA MLPM  

n  PowerMon2 (RENCI) 

n  PowerPack (VT) 
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PowerPack Schema  (Virginia Tech) 

Power sampling frequency: 1 sample per second 

http://scape.cs.vt.edu/software/powerpack-2-0/ 
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PowerPack 
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IBM EMON API 

Power sampling frequency: ~2 samples per second 
 

     Source: IBM 
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IBM EMON API 
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IBM EMON API 
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IBM EMON API 
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Performance Counter Tools 

n  Perf_events (Linux) 

n  HPM (IBM) 

n  perfmon (Linux) 

n  PAPI (UTK) 
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Outline 

n Recent Development of MuMMI 

n Power Measurement Tools 

n Hardware Performance Counter Tools 

n Performance Counter-based Modeling 
 
n Performance Counter-guided Optimization 
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Overview: Performance Counter-based Modeling 

Runtime and Power Modeling 

HPC Application 

Application or 
 function-level  
Performance 

Counters 
(Ci) 

Metric 

Spearman 
PCA 

PAPI 
 

Application or 
Function-level 
Runtime and 

Power (CPU,mem) 
 

Predicted  
runtime 

Predicted power 
(node, CPU, mem) 

Counters 

Model Regression 

f(C1,C2,…,Cn)  

Four metrics: runtime, node power, CPU power, memory power  

 
Recommendations  
for Improvements 
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Four Models of Parallel eq3dyna on SystemG 
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Four Models of Parallel eq3dyna on ANL Mira 
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Prediction Error Rates on ANL Mira 
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Overview: Counter-Guided Optimizations 

Ranking counters based on coefficient percentage 

Rank(C11, C12, …,C1n),  Rank(C21, C22, …,C2m) 

Rank(C31, C32, …,C3s), Rank(C41, C42, …,C4r) 

Runtime 
f1(C11, C12, …,C1n) 

System Power 
f2(C21, C22, …,C2m) 

Memory Power 
f4(C41, C42, …,C4r) 

CPU Power 
f3(C31, C32, …,C3s) 

Ranking counters with percentage (>1%) 

(rank from the highest to the lowest) 

C1, C2, …,Ck  

Pair-wise spearman correlation analysis 

Final counters (rank from the highest to the lowest) 
C1, C2, …,Cj    (j < k) 
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Counter Ranking 

Ranking counters based on coefficient percentage 

Rank(C11, C12, …,C1n),  Rank(C21, C22, …,C2m) 

Rank(C31, C32, …,C3s), Rank(C41, C42, …,C4r) 

Runtime 
f1(C11, C12, …,C1n) 

System Power 
f2(C21, C22, …,C2m) 

Memory Power 
f4(C41, C42, …,C4r) 

CPU Power 
f3(C31, C32, …,C3s) 

For example, given a parallel aerospace simulation PMLB: 

Runtime 
TLB_IM: 64.29% 
TLB_DM: 14.03% 
L2_ICM: 10.49% 
L1_ICM: 9.75% 
L2_ICA: 1.40% 
BR_INS: 0.03% 
SR_INS: 0.01% 

Node Power  
VEC_INS: 76.64% 
CA_SHR: 22.45% 
L1_TCM: 0.89% 
RES_STL: 0.02% 

Memory Power  
VEC_INS: 83.91% 
CA_CLN: 13.74% 
BR_NTK: 0.98% 
L1_TCM: 0.92% 
RES_STL: 0.18% 
BR_TKN: 0.16% 
L1_ICA: 0.11% 

CPU Power 
VEC_INS: 99.15% 
BR_NTK: 0.81% 
RES_STL: 0.04% 
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Counter Ranking 

Ranking counters based on coefficient percentage 

Rank(C11, C12, …,C1n),  Rank(C21, C22, …,C2m) 

Rank(C31, C32, …,C3s), Rank(C41, C42, …,C4r) 

Runtime 
f1(C11, C12, …,C1n) 

System Power 
f2(C21, C22, …,C2m) 

Memory Power 
f4(C41, C42, …,C4r) 

CPU Power 
f3(C31, C32, …,C3s) 

Ranking counters with percentage (>1%) 

(from the highest to the lowest) 

C1, C2, …,Ck  Runtime 
TLB_IM: 64.29% 
TLB_DM: 14.03% 
L2_ICM:10.49% 
L1_ICM: 9.75% 
L2_ICA: 1.40% 

Node Power  
VEC_INS: 76.64% 
CA_SHR: 22.45% 

Memory Power  
VEC_INS: 83.91% 
CA_CLN: 13.74% 

CPU Power 
VEC_INS: 99.15% 

TLB_IM, VEC_INS, TLB_DM, L2_ICM, L1_ICM, L2_ICA, CA_SHR, CA_CLN 
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Correlation Analysis Using Pair-wise Spearman 

n  TLB_IM: Occurred in Runtime  
 TLB_DM: Corr Value=0.89217296 : Occurred in Runtime  
 BR_NTK: Corr Value=0.83305966 : Occurred in CPU, Memory 
 L2_ICM: Corr Value=0.88451013 : Occurred in Runtime  
 L1_ICM: Corr Value=0.96934866 : Occurred in Runtime  
 L2_ICA: Corr Value=0.97044335 : Occurred in Runtime  
 BR_TKN: Corr Value=0.88122605 : Occurred in Memory 
 BR_INS: Corr Value=0.88122605 : Occurred in Runtime  

 
n  VEC_INS: Occurred in System, CPU, Memory 

 

Final counters: TLB_IM 
and VEC_INS 
for optimization focus 
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Counter Ranking on SystemG 
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Counter Ranking on ANL BGQ Mira 
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Summary and Future Work 

n  We used runtime and power models to identify the 
most important counters for optimization focus 

n  Our counters-guided optimizations save energy by 
u Eq3dyna: 

 Average 48.65% on Mira; 30.67% on SystemG  
u PMLB:  

 Average 18.28% on Mira; 11.28% on SystemG 
n  We believe that the modeling and optimization 

methodology can be applied to large-scale scientific 
applications on other architectures such as GPU 
and Xeon Phi by utilizing counters for GPU and 
Xeon Phi.  
 
 

 


