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Humans are visual creatures

* Films or books? PROCESS
= Two hours vs. days (months)

= Memorizing a deck of playing cards STORE
» Each card translated to an image (person, action, location)

= Qur brain loves pattern recognition IDENTIFY

» What do you see on the pictures?




Our Tools
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= Since 1991
» Based on traces

= Open Source
= http://www.bsc.es/paraver

= Core tools:
= Paraver (paramedir) - offline trace analysis

= Dimemas - message passing simulator
» Extrae - instrumentation

» Focus
= Detail, variability, flexibility

= Behavioral structure vs. syntactic structure
» Intelligence: Performance Analytics
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Paraver: Performance data browser

e | Trace visualization/analysis

11 + trace manipulation

Timelines Goal = Flexibility

No semantics

Programmable

2/3D tables Comparative analyses
(Statistics)

Multiple traces

Synchronize scales
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Timelines

= Each window displays one view
= Piecewise constant function of time

= Types of functions

= Categorical
» State, user function, outlined routine

MPI call @ AMBER-64.Z.chopl.prv

S. elo,n]e N, n <

= Logical
= In specific user function, In MPI call, In long MPI call S. { @) 1}

= Numerical
= IPC, L2 miss ratio, Duration of MPI call, duration of computation burst




Tables: Profiles, histograms, correlations
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» From timelines to tables

MPI calls

61.076 us

Useful Duration

B UE e i D iration s,

1,251,849,307 B8

1,280,739,5973 1m

MPI calls profile
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THREAD 1.113.1 67.6081 %

THREAD 1.114.1 JEEPRTEIDA
THREAD 1.115.1 [
THREAD 1.116.1 [JEZEEEERA
THREAD 1.117.1 [REEEERA
THREAD 1.118.1 [EERZECEA

THREAD

Total | 8,012.4546 %
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Maximum | 75.6821%
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StDev | 11.3685%
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ilayer_mpi_MT_120t.chopl.prv

0.0297 %
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MPI_Isend

THREAD 1.107.1 MPI_Sendrecv

Histogram Useful Duration

THREAD 1.35.1 [1.49196e+006..1.51085e+006) =0 us

1

1.3412 %
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Analyzing variability through histograms and timelines

Sonc IR SPECFEM3D

g

Useful Duration IPC

THREAD 1.35.1 [1.491968+006..1.51085e+008) =0 us THREAD 1.19.1 [0.26..0.265) =0us

3D_192.c... - |[E)BX]

Instructions L2 miss ratio

Useful IPC @ Specfem3D_192. chopl.prv.gz
1 B, v

THREAD 1.90.1 [1,30461e+009.,1,32113e+009) =0us THREAD 1.27.1 [1.11..1.14) =0us

1,251,279,754 us
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Analyzing variability through histograms and timelines

= By the way: six months later ....

Useful Duration IPC
I ] - &l
I} [ | L
; ; ! 'I :.'. .:'\-
; | A
— “ l. ; .prv ) ; ed.cut.prv |- |[0)(X]
Instructions L2 miIss ratio
| |

THREAD 1.30.1 [1.32..1.35) =0us
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From tables to timelines

= Where in the timeline do the values in certain table columns appear?
ie. want to see the time distribution of a given routine?

20DP - Tasks @ trace_l...LEIEld—hJ
€ D s | [0 | [ A Fa0m)

decompose_|b_block




Variability ... is everywhere

-

# " 2DH - Useful Duration ...

|

(n(=] |i:hr

= CESM: 16 processes, 2 simulated days

= Histogram useful computation duration shows high

variability
= How is it distributed?

= Dynamic imbalance
» In space and time
» Day and night.
= Season ? ©
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Trace manipulation

= Data handling/summarization capability WRF-NMM
. . 570 Peninsula 4km
. F|Iter|ng 2.2G 128 procs
= Subset of records in original trace MPI, HWC
" By duration, type, Va|ue,___ S s st
= Filtered trace IS a paraver trace and can be analysed with the same cfgs (as 557& .WJ“““E
long as needed data kept) mmm ——
= All records in a given time interval I B
= Software counters
» Summarized values computed from those in the original trace emitted as 4.6 s
new even types 36.5 MB

= #MPI calls, total hardware count,...
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Dimemas: Coarse grain, Trace driven simulation

= Simulation: Highly non linear model
= MPI protocols, resources contention...

'll [
l" —

= Parametric sweeps

» On abstract architectures
= On application computational regions

= What if analysis

Impact of BW (L=8; B=0)

» Ideal machine (instantaneous network) _ o0 I
= Estimating impact of ports to MPI+OpenMP/CUDA/ ... £ 00 27 /e S o oot
= Should I use asynchronous communications? " os0 ;/// N
= Are all parts of an app. equally sensitive to network? é_//

= MPI sanity check S i ® e e
= Modeling nominal Enunerate collectives @ avbp 1024. chopl. prv

= Paraver - Dimemas tandem

= Analysis and prediction
= What-if from selected time window <>

4ms Detailed feedback on simulation (trace)




Network sensitivity

= MPIRE 32 tasks, no network contention

[=| mpire32_25_i00 = 0

mpire32 25 10 a i[]

L = 25us — BW = 100MB/s

All windows
same scale
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Ideal machine

The impossible machine: BW=wo, L=0
= Actually describes/characterizes Intrinsic application behavior

» Load balance problems? roal
= Dependence problems? Allgather allioa
J allreduce sendrec
GADGET @ Nehalem cluster sendrecv
256 processes | - E§ MPI call @ GADGET_A.255.1CE.trace.chopi1.prv.g: ' waitall
-] g ' ' j 3
Real I
run I 1 . 5 bz
._‘l = 7121437 ,09 us=s 9495249 ,495 us=s 11892799 AJ:
1

Ideal
network

F121437 .99 us

4747624 .73 us

4
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Why scaling?
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CG-POP mpi2s1D - 180x120

Good scalability !!
Should we be happy?

= LB * Ser *Trf
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Using Clustering to identify structure

TASK 1 TASK 1 o o
TASK B TASK B “ i
TASK 16 TASK 16 'y o
TASK 24 TASK 24 Y 3
TASK 32 TASK 32 7
TASK 48 TASK 48 o 51
TASK 4B TASK 4B oy ]
TASK 56 TASK 56 1 i
TASK 64 TASK 64 i ]
TASK 72 TASK 72 - o
TASK BB TASK BB ¥ ¥
TASK BB TASK BE | H i
TASK 96 TASK 06 ¥
TASK 1684 TASK 1084 ] = ":g
TASK 112 | :3 :}
- TASK 128 =k B
Completed Instructions a0 1256 328 gy o st 20

TASK 72
TASK BB
TASK BB
TASK 96

IPC

2,199,498 us
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le+08 ' ' : : : le+08 ' ' : : :
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IPC IPC

J. Gonzalez et al. “Automatic Detection of Parallel Applications Computation Phases” (IPDPS 2009) .
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Performance @ serial computation bursts

DBSCAN (Eps=0.015, MinPoints=10) X Gnuplot

L] [ M DBSCAN (Eps=0.025251, HinPoints=10) CLUSTERING_STEP_.7
- Trace 'Iberia-128-CA.chopl.1lit e e ifeinte e
X 20 © Se+008 i - > . S Cluster T
DBSCAN {(Eps=0.025251, HinPoints=10)> CLUSTERING_STEP_S5 6 ","‘Téj E{u:t; 3 I;I
1e=10 NOTSE | ] 1 cluster 5
Cluster 1 = wv 4'Se +008 Cluster 6 -
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S E S 8ev07 Eluster 3
Bem e g 4e+008 g Cluster 10
1e+09 o ‘ §
= = 3.5e4008 | g seeo? +
B = 2
5 v g *h
& <= 2
Sl B 3e+008 | - £ 4evo7 |
: T
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@2 .
. o } S + .
o £ 24008 | | . I s et TP .
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- <2 1.5e+008 | 5N 1.06188, 3.23731e+07
1e+06
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1PC le+008 - 2 - - + :
2.213553,_8,0062%208 = 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 GROMACS

IPC

SPECFEM?’D Eﬁ‘ Clust riD @ GROMACS.prv.gz "'
_ 8% BEBBBEBEBE

Asynchronous SPMD MPMD structure

Repeated substructure
Balanced #instr variability Different coupled
in IPC Coupled imbalance imbalance trends
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Integrating models and analytics

What if ....
l PEPC

|

... wWe increase the IPC of Clusterl?

8 ns 782,233,912 ns

Aggregative Cluster Refinement

le+08 3 o -
9.5e+07 1 /o gall .
9e+07 782,233,912 ns

Noise
8e+07 C|uster 1
Cluster 2

mnstructions Completed

i.'We balance Clusters 1 & 2?

IPC

19% gain
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Tracking: scability through clustering

OpenMX (strong scale from 64 to 512 tasks)

64 a 128 -, 192

1010 b ATl S : .

Clusters trajectories 3

(o)

Instructions
Instructions

oC 00 O

i L L
10 15 2.0 2.5

I I L L
1.0 15 2.0 2.5
IPC

Instructions
@]

256 0 | 512

lolﬂ__ 100

Instructions
Instructions

: 1 | | 1
e | # 1.0 1.5 2.0 2.5 | 5 | 1!

., ; ; IPC

| | | L I I I L L
1.0 15 2.0 2.5 10 15 2.0 2.5 1.0 15 2.0 2.5
IPC IPC IPC
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Folding: Detailed metrics evolution

Performance of a sequential region = 2000 MIPS

Is it good enough?

Is it easy to improve?

PMIFPS ewvolutiorn for rmrmhd_mipi . lotasks, ppc. clustered. fused. extract. L. 1. Cluster_ 1.0

2500

2000

2500

2000 H

MIPS

1500 H

1Oo00 H

500 H




Folding: Instantaneous CPI stack
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(R

CPI

PowwerPC P break-dowwn evolution for Cluster 11 of MrGenesis

<200

2500

000

2500

2000

1500

1000

S00

(o]

T 145 1

2222

Useful cvcles

l-cache miss

Branch mispredict
Flush penalties, etc
LS Translation lookup
LS Other reject

LS Drcache miss

296 .3
Time (ms)
—

ST0.4 G 5

LS Basic latency
Div/MAST PRMWSFRR
F>I: Basic latency
FPRPLU: FDIV/FSQRT
FPRPLU: Basic latencw
Other stall cwcles
PP =

o<

PowerPC CPI break-down evolution for Cluster 1 of Mr.Genesis

1447 193
Time (ms)

Useful cycles
|-cache miss
Branch mispredict
Flush penalties, etc =
LSU: Translation lookup
LS Other reject
LSU: D-cache miss

2413

2895

T 4000

- 3500

- 3000

- 2500

-{ 2000

MIPS

1500

1000

500

3278 286

LSU: Basic latency

FXxU: DiviMSTPR/MSFPR
FX1J: Basic latency
FPU: FDIVIFSQRT
FFPU: Basic latency

Other stall cycles

MIPS

51&.

S

MIPS

MRGENESIS

Trivial fix.(loop interchange)
Easy to locate?

Next step?
Availability of CPI stack models for

production processors?
« Provided by manufacturers?
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“Blind” optimization

= From folded samples of a few levels to timeline
structure of “relevant” routines

Recommendation without
access to source code

Evolution for Stall distribution model
Appl * Task * Thread * - Group_0O - Cluster_2

4= = = Evolution for Stall distribution model
g e S ] top Appl * Task * Thread * - Group_0O - Cluster_1
S, § @ = @
8= wn'm w'm g £ . ] K]
= S & SR 23 @ T 3 =
=5 o= s B B S @ @ -
sl = == 2 S i @ @ = B &
< L ! al—) S = = = iz 2 =
. — 2 - bottom S8 S & o 23 a o
7] e o o 5~ SN ®e =
90.00 ) 9000 == = a = = . =1
Tl = - = =3 - o
D, o ==
80.00 [ = -~ N S
90.00 = = = 00
_. 70.00
kS 80.00 -1 8ooo
5 60.00
—= __ 70.00 - 7000
2 m
s 50.00 “ @
5 . S, 60.00 - 6000
> = O
3 40.00 =
B3 ‘8 50.00 - 5000 .,
w  30.00 @ %
el 3 40.00 F - 4000
' 20.00 =
»  30.00 } -| 3000
10.00 _ 1000 ]
/ = TN Y 20.00 - 2000
0.00 L . ——— o
0.00 12.59 25.18 37.78 50.37 62.96 10.00 4 1000
Time (in ms)
0.00 - o
Stalls =— Stalls:LB = Stalls:SB Stalls:RS Stalls:ROB MIPS = 0.00 10.39 20.78 31.16 41.55 51.04 62.96
Time (in ms)
Stalls = Stalls:LB = Stalls:SB Stalls:RS Stalls:ROB MIPS ==

Harald Servat et al. “Bio-inspired call-stack reconstruction for performance analysis” Submitted, 2015
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Performance analysis tools objective

Help generate hypotheses

Help validate hypotheses

Qualitatively

Quantitatively
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First steps

= Parallel efficiency — percentage of time invested on computation

» Identify sources for “inefficiency”:
» |load balance
= Communication /synchronization

= Serial efficiency — how far from peak performance?
» IPC, correlate with other counters

= Scalability — code replication?
» Total #instructions

= Behavioral structure? Variability?

Paraver Tutorial:
Introduction to Paraver and Dimemas methodology
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BSC Tools web site

www.bsc.es/paraver

downloads

— Sources / Binaries

— Linux / windows / MAC
documentation

— Training guides

— Tutorial slides

Getting started
= Start wxparaver
» Help - tutorials and follow instructions

» Follow training guides
= Paraver introduction (MPI): Navigation and basic understanding of Paraver operation



http://www.bsc.es/paraver

