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Our believe

Traces for small core counts express the symptoms that
would produce performance degradation at larger scale
even they have no impact
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Parallel efficiency model

Computation

. MPI_Send Do not blame MPI
:ﬁ | -
1 1 1 1
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MPI_Recv LB Comm

({ Parallel efficiency = LB eff * Comm eff

CommEff = max( eff )

=]

> eff

LB = =

P * max( eff )
Barcelona !
@ Supercomputing
Center
Centro Nacional de Supercomputacion 3



Parallel efficiency refinement: LB * uLB * Transfer

Computation

. MPI_Send MPI_Recy Do not blame MPI
¢ P P
LB=1
> « > |
MPI_Recv MPI_Send LB pLB |Transfer

({ Serializations / dependences (ULB)

(€ Dimemas ideal network - Transfer efficiency = 1
T

ideal

= 2k

&
|

MPI_Send MPI_Recv

Migrating/local load imbalance

MPI_Recv  MPI_Send al loac
Serialization

max( T,
ulB = (1) Transfer =
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Why scaling?

) = LB * Ser *Trf

CG-POP mpi2s1D - 180x120

Good scalability !!
Should we be happy?
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Scalability prediction

({ Efficiency extrapolation
— From few executions @ low core counts

(€ Fit based on

— Reasonable fundamental behavioral models (e.g. Amdahl)
— Guided by observed internal application behavior (tools)

Comparison of Predicted and Measured Fundamental Factors

1

0.9 -

0.8 r

FPerformance

({ Examples from DEEP project

— AVBP — CFD code (strong scale) 03

— TURBORVB — Montecarlo simulation (weak scale)
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AVBP structure

(€ Application structure

State as is @ avbp_512.prv.gz

VI=TN -

THREAD 1

ranks

Useful Duration @ avbp_512. chopl.prv
THREAD 1.1.1

THREAD 1.129.1 r | .
Duration

THREAD 1.257.1 i

THREAD 1.385. 1

THREAD 1.512.

HPI call @ avbp_512. chopl.prv
THREAD 1.1.1 i

MPI calls

THREAD 1.125.1

THREAD 1.257.

THREAD 1.

THREAD 1.512.
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AVBP scalabllity

(€ Input
— BG/Q runs 512, 1024, 2048, 4096
— Pure MPI executions, strong scale
— CFD simulations

(€ Analysis
— Load Balance: aprox. constant

512

Useful Duration @ avbp_512. chopl.prv

THREAD 1.1.1 ]
THREAD 1.129.1 H
THREAD 1.257.1 .
THREAD 1.385.1

THREAD 1.512.1 ==

4096

Useful Duration @ avbp_4096.chopl. prv

THREAD 1.1.1 I
|
THREAD 1.1825.1
REA 049, H
1
EA 73,
i
i
1
0 us
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Computations histogram
512

2DH useful duration correlated with @ avbp_512.chopl.prv

4096

2DH useful duration correlated with @ avbp_4096. chopl.prv




AVBP scalability

(€ Analysis (cont.)

— Communications — similar pattern

T avg #point 2 point calls
2l

) >

=]

g9 in
kax
N T
=: I

", car

b MPI call profile @ avbp _512.chopl.prv & @
e B 2 Q2 [WEGE
MPI_Isend | MPlIrecv | MPI_Waitall | MPI_Allreduce
THREAD 1.502.1 88 88
THREAD 1.504.1 | 155 IR
THREAD 1.505.1 o 1ol [ (ﬂ(‘_v_\
THREAD 1.506.1 EETEY e e B oap Q2 [EH k]
[ITELE ) LA __- MPI_Isend | MPLIrecv | MPI_Waitall | MPI_Allreduce
THREAD 1.508.1 : :
THREAD 1.509.1 THREAD 1.4086.1
THREAD 1.510.1 THREAD 1.4087.1
THREAD 1.511.1 THREAD 1.4088.1
THREAD 1.512.1 THREAD 1.4089.1
THREAD 1.4090.1
Total 66.308 66.308 5.632 THREAD 1.2091.1
Average 129,507812 | 129,507812 11 THERGENHEE 1
KR ho B e Laoeas o
StDev 38,135244 | 38135244 0 THREAD 1.2095.1 T 1e7
Avg/Max 0,560640  0,560640 1 T EREENHHES
<[
Total 614,768 614,768 45,056 8.192
Average 150,089844 | 150,089844 11 2
Maximum 231 231 11 2
Minimum 55 55 11 2
StDev 33,075305 | 33.075305 0 0
Avg/Max 0649740  0,649740 1 1
20 ) e
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AVBP extrapolation

(€ Input: runs 512 — 4096

®

Comparison of Predicted and Measured Fundamental Factors
{avbp_jugueen.linear_amdahl}

1
0.8 F R
Strong scale 2
small
e 1 computations
_E metric 0 \1‘. betweeen MPI
£ Amdahl . =
= " i@-f. )*P calls become
04 | metric metric 7
more and more
Important
Model Load Balance (amdahl) —=—
0.2 f Measured Load Balance .
Model Serialization {amdahl} .
Measured Serialization ’
Model Transfer (amdahl) —e—v
Measured Transfer "
Model Parallel Eff. —s—
0 Measure.d Parallel Eff. n . .
100 1000 10000 100000 le+06
Processes
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AVBP validation

(€ Average iteration time (seconds)
— From Parallel efficiency (no instr., no IPC)

100,00
asgemm egssured time
— predicted time
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TURBORVB structure

(€ Application structure
Time (us)

Useful Duration @ turborvb_512.prv.gz
THREAD 1.1.1

I\/IkPI f Duration of computations between
ranks { MPI calls

Useful Duration @ turborvb_512. chopl.prv

THREAD 1.1.1

THREAD 1.129.1 Dura‘tlon
THREAD 1.257.1

THREAD 1.385. 1

THREAD 1.512.1 -

0 ous=s

HPI call @ turborvb_512. chopl.prv
THREAD 1.1.1

THREAD 1.125.1 M PI Ca”S
THREAD 1.257.1
THREAD 1. 5.1

THREAD 1.512.1 _

0 ous

HPI call @ turborvb 512, chopl.prv
THREAD 1.1.1

THREAD 1.129.1

Barcelona us 8 us

Supercomputing

Center

Centro Nacional de Supercomputacion 12



TURBORVB scalability

(€ Input Computations histogram
512

—_ runS 512’ 1024’ 2048’ 4096 seful duration correlated with @ turborvb_512. chopl.prv
— Pure MPI executions

— Montecarlo simulations R
( Modeling
— Load Balance: Small random
unbalance 5

512
J 4096

ions @ turborvb_512.chopl. prv
2DH useful duration correlated with @ turborvb_4096. chopl.prv

useful instru
THREAD 1.1.1

THREAD 1.125.1

THREAD 1.4096.1 =0~

% =
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TURBORVB scalability

(€ Modeling (cont.)

— Communications (Serialization,
Transfer)

» Collectives: Constant (size, number)
* Point to point

— Few processes do chains of 7
communications

— Average calls per iteration per process 4q96
constant (0.25)

— Probability to generate contention on
node network devices smoothly
increases with the number of cores

metric
Amdahl . =

fit 1/3

+(@1-f _ )*P

f metric metric
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TURBORVB extrapolation
(€ Input: runs 512 — 4096

Comparison of Predicted and Measured Fundamental Factors
{turborvb.T.5,LB=cubic_amdahl}

1
" 1 Network
contention can
06 } | be reduced
g balancing /
£ metric P
£ Amdahl . = © o - limiting the
04T fmetric + (1_ fmetric )* P | random
selection
02 | mesiod] Load Bajance —— {  within a node
Model Serialization =
Measured Serialization .
Model Transfer —g—
Measured Transfer —s—
Model Parallel Eff. —a—
0 Measured Parallel Eff. ) )
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TURBORVB validation

(€ Average iteration time (seconds)
— From Parallel efficiency (no instr., no IPC)

®

Avqg. iteration time (s)
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Conclusions

(€ 4 measurements can predict performance at 100x

({ Alot of insight Is obtained digging into traces for small
core counts

({ Important side effect: identify relevance of different
efficiency factors (where to improve)
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