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I Motivation for Examining Representativeness

Proxy applications used for
Long term vendor collaboration projects (e.g., PathForward)

Procurements (benchmarking/performance estimation)

Testing new systems/architectures

Incentive to limit the number of proxy codes
Constrained on staff and time (labs & vendors)

° Vendors have limited time & staff to respond to RFPs

Qualitatively down-select number of project codes
o Debate among team of SMEs about perceived relevance

o Choices often advocated based on familiarity, ease, etc

Strategy: Add quantitative support to balance qualitative inputs



I What are the Resource Domains?
Basic Node
o Host processors and memory

Communication
O MPI
Cluster interconnect

Accelerator
o GPU, et al.

Storage I/0
o Filesystem



I Cosine Similarity

A property of the inner (dot) product in vector
spaces of two or more dimensions
( Think: "Projection of A in the direction of B"

Uses cos8 as an angular distance metric
Quantifies the distance between A and B
independent of their magnitude n

A • B laibi — II A II II B II cos 0

i=t

IA cos0

:. cos 9
(E12=1 aibi)

(11 A II II B 11)



5 What Parent/Proxy Pairs?

List of the Proxy and real applications used in this work:

ProxMIIM Parent

miniAMR

miniAMRZ

SWFFT

ExaMiniMD

sw4lite

CTH Shock Hydrodynamics

CTH Shock Hydrodynamics

HACC Cosmology/FFT

LAMMPS Molecular dynamics

sw4 Geo dynamics
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7 I MPI Communication Cosine Similarity
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8 I LDMS - Aries Performance Counters

Latency
Report, in microseconds, the latency measured across request-response packet-
pairs

latency helps to find what?

B andwidth
0 Measure of the raw bandwidth consumed (Flit rate)

o Each NIC network packet is between one and five flits long.

Measurement of Traffic Between the NIC and the Processor
A high ratio of stalls to flits

Measurement of Traffic Between the NIC and the HSN
A high ratio of stalls to flits



9 Similarity — Aries vs MPI patterns (Averaged Data)
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Latency
10 Similarity Metrics over Detailed Time Series Data, Ball & Plate
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Latency i
Similarity Metrics over Detailed Time Series Data, Ball & Plate
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Latency I
12 Similarity Metrics over Detailed Time Series Data, 4 Sphere
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Latency i
13 Similarity Metrics over Detailed Time Series Data, 4 Sphere
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14 I Cosine Between Applications - Latency
i

1?)/ / 7 • /22/* /kg1-g NI /Ili? /?2/1 i • 1)?/4 nii? A niii. ..6„ o, 41Aik "4,14,anf . /.4„ _ se,„,,., • ,mio 'lips //itc, sil,/514'PA-7. 6'4 c'c'w/%,,4*//22:21E),e,s,/". 4q/li,?'- foor,s,"9, fot,pc>/y, .6 , ci,6,
- cos . - co . - cos . - co,s.. - cos- - cos; es,o, etso ,04,1, , Too, Pier s',o6 0/4,2  foo

//26)/1/%4/ /"E'ili %Ai //7en7 /?e47 'N' 4e e/0.- si360 es% °Peso eeesk fsi3v)otr. otp. Qtr. ot,... oe-ri tit, or, co,, tk.,, ro_ rr)? or, /0, et_
/12o //lc) //io ''?o /2o '"?c, -* ve '72 -''2 oi ve ce s

, , , , , , , ,

ExaMiniMDcosineMutrino -

LAMMPS_cosineMutrino -

sw4lite_cosineMutrino -

sw4_cosineMutrino -

SNIFFT_cosineMutrino -

HACC_cosineMutrino -

miniAMR_ballmeetsplatenormal -

miniAMR_ballmeetsplatecurve -

miniAMR_ballmeetsplatenormalZ -

miniAMR JourspheresZ -

miniAMR Jourspheresnormal -

miniAMR Jourspherescurve -

CTH_ballmeetsplate -

CTH Jourspheres -

1.0 1.0 0.6 0.6 0.7 0.7 1.0 1.0 1.0 1.0

1.0 1.0 0.6 0.6 0.7 0.7 1.0 1.0 1.0 1.0

0.6 0.6 1.0 1.0 1.0 1.0 0.5 0.5 0.5 0.5

0.6 0.6 1.0 1.0 1.0 1.0 0.5 0.5 0.5 0.5

0.7 0.7 1.0 1.0 1.0 1.0 0.6 0.5 0.6 0.6

0.7 0.7 1.0 1.0 1.0 1.0 0.6 0.5 0.6 0.6

1.0 1.0 0.5 0.5 0.6 0.6 1.0 1.0 1.0 1.0

1.0 1.0 0.5 0.5 0.5 0.5 1.0 1.0 1.0 1.0

1.0 1.0 0.5 0.5 0.6 0.6 1.0 1.0 1.0 1.0

1.0 1.0 0.5 0.5 0.6 0.6 1.0 1.0 1.0 1.0

1.0 1.0 0.5 0.5 0.5 0.5 1.0 1.0 1.0 1.0

1.0 1.0 0.4 0.4 0.5 0.5 1.0 1.0 1.0 1.0

1.0 1.0 0.6 0.6 0.7 0.7 1.0 1.0 1.0 1.0

1.0 1.0 0.6 0.6 0.7 0.7 1.0 1.0 1.0 1.0

1.0

1.0

1.0

1.0

0.5 0.4

0.5 0.4

0.5 0.5

0.5 0.5

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

0.9

1.0

1.0

1.0

1.0

1.0

0.6 0.6

0.6 0.6

0.7 0.7

0.7 0.7

1.0

1.0

1.0

1.0

1.0

0.9

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

- 1.0

- 0.9

- 0.8

- 0.7

- 0.6

- 0.5

1



15 I Cosine Between Applications - BW
hi/ .

/7)//) • Iki) • /249ni 
/27//2 • 122/Fk 441/11R 41/11, 1? 6 /22 /xillib /24,14,1,.6 . I., ' C V/ It ) • . . , iy C>.S 11/ 194 C V / ' 4.'0 / /72 4 e i A n ,I0 0 , PO ' I/ C 1`

'' Al / /2. 440/7141,0sS Pi'l lit Ss 11,1 PA>, CC, c lik,et ihiee oets,e/-7,9,,ro ts;06 Ors,0 -60// /y„0, cosy -cosy 'cosi 'cos/ 'cos//2 os/e sAiet tspi ate 0,-s_ etes here /?-ie Ot _/ion/ 11°i /2 i IleM eni eiic, °/20 °oc /°1- ?€, % sot/ 'ski "eOtt. tier. otri• otri otr; ttie riy) On, /270&, ibsc, 11/220/ r e dee res

. .
//)0 //70 /10 /)0, 120 0 0/ e

ExaMiniMD_cosineMutrino - 1.0 1.0

LAMMPS_cosineMutrino - 1.0 1.0

sw4lite_cosineMutrino - 0.3

sw4_cosineMutrino - 0.3

SWFFT_cosineMutrino - 0.5 0.3

HACC_cosineMutrino - 0.5 0.3

miniAMR_ballmeetsplatenormal - 0.9 0.9

miniAMR_ballmeetsplatecurve - 0.9 0.9

miniAMR_ballmeetsplatenormalZ - 0.9 0.9

miniAMR_fourspheresZ - 0.9 0.9

miniAMR Jourspheresnormal - 0.9 0.9

miniAMR Jourspherescurve - 0.9 0.9

CTH_ballmeetsplate - 0.9 0.9

CTH_fourspheres - 0.9 0.9

1111 13111 0.5 0.5

0.3 0.3 0.3 0.3

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

0.1 0.1 0.0 0.0

0.1 0.1 0.0 0.0

0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

0.1 0.1 0.0 0.0

0.1 0.1 0.0 0.0

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9 0.9 0.9

0.9 0.9 0.9

0.0 0.0 0.1 0.1 0.0 0.0 0.1 0.1

0.0 0.0 0.1 0.1 0.0 0.0 0.1 0.1

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

0.8

0.6

0.4

0.2



16 I Cosine Between Applications - Proc/NIC
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1 7 Cosine Between Applications - NIC/HSN
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18 I Conclusion

We showed how LDMS data was used for work beyond monitoring the
system health!

Explored how the underlying network performance of a proxy
application relates to its parent application
Network congestion

Traffic at the NIC

Presented a time-varying quantification method:
A time-varying network performance quantification method that captures how
much of one application matches the other



19 I Future Work

Study the similarity in terms of GPU performance (we just had the
GPU sampler!)

Examine alternative similarity methods

Investigation of underlying network performance for networks other
than Aries.
Do the differences in observed similarity matter in other type of networks?
o Network congestion
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