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( What?

* Coarse grain trace driven simulator

* Message-passing applications
((Use?

* Developers 2 Understand applications
e System administrators - Evaluate hardware
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Introduction (ll)

({ Key factors
* Abstract architecture

* Basic MPI protocols
* No attempt to model details

({ Objectives

* Simple / General
* Fast simulations
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DIMEMAS MODEL
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DIMEMAS simulated architecture

Buses / BW
Links / Latency Links / Latency Links / Latency . .

Links=> Simultaneous access to network
Latency (L) = Software/Hardware start-up

Same model as

network

1
:
1
: interconnection
1
1
1

CPU speed factor :
(CPUratio) :
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DIMEMAS Primitives: CPU bursts

( What?

* Sequential computations
((How?

* Clock advance
* CPU Ratio divisive factor

T =2 sec.

Pl Ny
i "

Real Execution <

T =1 sec.

1l |-
'l i

oruaten

CPU Ratio=2
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DIMEMAS Primitives: p2p communications

( What?

* Message transmission between 2 partners

((How?

* Resource allocation time (non-linear)

* Resource usage time (linear)

MessageSize
BW

I'=L+
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p2p communication model
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1
1
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! .
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p2p communication model

({ Late receiver | T
i | Uses CPU .
| i Independent of size !

Simulated contention for machine resources
(links & buses|

i Physical Transfer :
Size :

Machine Latency

et : i Uses CPU :
| 1 Independent of size !
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p2p communication model

({ Rendezvous {1 Machine Latency |
1 Uses CPU ]
| i Independent of size !

Simulated contention for machine resources
(links & buses}

1

1

| i .

+ ! 1
: . L T il 4 : 1 : " :
: Logical Transfer - I Size :
b o o e e ] b h [ -

CollLBw i

1

1

IS ST N
’,—"”’ \\\\I ———————————————————————————
- N

! i Machine Latency ]
LT 11 Uses CPU :

Independent of size
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DIMEMAS Primitives: collective

communications

(€ What?

* Information transmission
between multiple partners

({ How?
* Barrier: synchronization
(non-linear)

°* FAN_IN: information
gathering

°* FAN_OUT: information
scattering

* Each FAN similar to p2p
communication but taking
into account # processes
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USE CASES
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Network sensitivity (I)

(( (€ MPIRE 32 tasks, no net network contentlon
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Network sensitivity (ll)

Impact of latency (BW=256; B=0)

({ WRF

* Iberia 4Km, 4procs/node s
* NMM / ARW models B
({ None sensitive to latency (L) mpactot W L5 50
({ Bandwidth (BW) =
* NMM: req. 256MB/s /ﬁ/j/./ =
* ARW:req. 1GB/s R*=24

64 256 1024

Contention Impact (L=8; BW=256)

({ Contention (B) : |
* NMM: sensitive at 512 procs. o= /_/./-/4"‘_‘_' e
Scale b B

* ARW: sensitive at all scales i n

~

8 12 16 20 24 28 32 36

Commectivity (B)
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Performance prediction

MPI call @ Specfem3D_192.chopl.prv

({ SPECFEM3D

* Do we need asynchronous
communications?

Real

Ideal

Prediction
MN

MPI call @ D.MN.100MB.prv

Prediction [T} .

100MB/s | = = =

N —
) / =N,
BRI 3.? MPI call @ D.MN.10MB.prv g
Prediction X
£ ]
AT A =2 =
I 52003 1GNITING INNOVATIC 10MB/s |
///;%Z/,, ? SC2003 Gordon Bell Award
KL Dimitri Komatitsch irh
i J California Institute of Technology P re d I Ctl o n
e i 5MB/s
| O el

17
i7%2 i
777
.

Prediction
Courtesy Dimitri Komatitsch 1MB/s
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Multi-scale simulation

WRF 128 Tasks

o
©

(€ Dimemas + CPU simulator

% 0,8
g
* Execution time using S
different cache size and :MZ
0,4 500Mb/s
network bandwidth T
Cache Size
VAC 128 Tasks
10
({ WRF & VAC
£ 85
" N s 8 O 125Mb/s
* Dominated by computation o
B 6'2 ,,,,,,,,,,,,,, =ty 500Mb/s
'f&’z” s ‘1’4—470 7% 4’0]% ‘)’97 J"%% %
ache Size
(€ NAS BT e
BT Class A 64 Tasks
e Can compensate cache _ 019 g5 | Cache: 4MB
. . P PPoooooooog 3y | Network: 250Mb/s
reduction with more oy — —
network BW Cache: 64KB ; ' e 250Mb/5
Network: 500Mb/s . zg;z """"""" = 500Mb/s

e 6 % Oy e %

Cache Size
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Application limits (l)

({ Load balance / dependences?

Real run SADGET_A.256.ICE.trace.chop1.prv.gz

4747624 ,73 us= 7121437 ,09 us= 9495249 ,45 us

Joral
Fi MPI call@ D.ICE.256.ideal.prv <2>

E 4

i Ideal Network: o= bandwidth / 0 latency
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Application limits (ll)

(( Ideal speeding up ALL computation bursts by the

CPUratio factor
64 tasks 128 tasks 256 tasks
Speedup Speedup Speedup

Bandwidth (MB/s) Bandwidth (MB/s) Bandwidth (MB/s)

({ The more processes, the less speed-up
* Higher impact of bandwidth limitations!!!!
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Application limits (lll)

Profile

({ Hybrid/accelerator
parallelization

* Speed-up SELECTED regions by
the CPUratio factor

(€ We do need to overcome the
hybrid Amdahl’s law

. 1'2'3' '5'6'7. '9'10'11'12'3 Codere ionS

* Asynchrony + Load Balancing g

Speedup SpeN
99.11%

64
8

288 w0 g CPU

9“38‘%5%&5 ratio

Bandwdith (MB/s) Bandwdith (MB/s) Bandwdith (MB/s)

(Previous slide: speed-ups up to 120x)
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USE CASES
An in-depth study of the parallel efficiency...
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Application’s Efficiency ()

({ CG-POP mpi2s1D 180x120 — 10 iterations

MPI call @ cgpop.mpi2sld.MNT.24.chopl.prv

e

24 tasks

NN = e W

AW Oe

MPI call @ cgpop.mpi2sld.MNT.48.chopl.prv

THREls Good scalability!
THREAD 1.
THREAD 1.
THREAD 1.
48 tasks pEH speed up
THREAD 1.
THREAD 1 k 4
THREAD 1
o 20
MPI call @ cgpop.mpi2sld.NT.96.chopl.prv
THREB 1:4:1
THRE:D 1.19. 15 /
THREAD 1.23.
96 tasks e
THREAD 1
THREAD 10
THREAD
THREAD
MPI call @ cgpop.mpi2sld.NT.186.chopl.prv 5
HER 1:1:1 ' /
THREAD 1.32.1 [BEER
180 k THREAD 1,731 [EER 0 T T T
tasks MEEEEN 0 100 200 300 400
THREAD 1.133.1 !
THREAD 1.153.1 8
THREAD 1.172.1
MPI call @ cgpop.mpi2sld.NT.360.chopl.prv
THRELR 1:3s%y
THREAD 1.65.1 i
THREAD 1.105. |
360 tasks Pt
THREAD 1.225.
THREAD 1.265.1 [ill l“;
s 1207 MM
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Application’s Efficiency (ll)

({ Comparing 1 iteration — different time scale

MPI call view Duration of computing phase

WPI call @ cgpop.mpi2sld.MNT.24.chopl.prv Useful Duration @ cgpop.mpi2sld.MNT.24.chopl.prv

THREAD
THREAD
THREAD
THREAD
THREAD 1.11. THREAD
THREAD 1.14. THREAD

THREAD 1.16. THREAD
THREAD

THREAD .- . THREAD
THREAD 1.22. THREAD
THREAD 1.24. THREAD

Ous Ous

THREAD

Useful Duration @ cgpop.mpi2sld.MT.48.chopl.

FHRERB 1:
THREAD 1.
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
ous 3 Ous

Useful Duration @ cgpop.mpi2sld.MNT.96.chopl.

THRELD i
THREAD 1. ok
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD

cgpop.mpi2sld. NT.48.chopl.prv

ous ous

1 3,1
FREAD 1:1:1s e : hh
THREAD 1.33.1 ) . i i
THREAD 1.53.1 5 - 5 .60.1
THREAD 1.73.1 : .77.1
THREAD 1.393.1 = > .93.1
THREAD 1.113.1 : .103.1
1. - .126.1

1.

1.

THREAD 1.133.1
THREAD 1.153.1 - o ﬁ:;gﬁi
THREAD 1.172.1 - 1751

Qus 3 Ous

MPI call @ cgpop.

- e " W
THRERR 136", pm— e =
THREAD 1.65.1 rmrmrrs. D - .87.1
THREAD 1.105. 3 .113.
THREAD 1.145. S - - .152.
THREAD 1.185. = -185.
THREAD 1.225. T . - 3 -217.
THREAD 1.265. . - 3 . '533'
THREAD 1.305. = i . ‘316,
THREAD 1.245. ‘348,
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Efficiency model: Parallel Efficiency

eff, =

~ |

1 = LB x CommEff

P

E] Eeﬁi
CommEff = max(eff;)  LB= Pxmax(eff)

({ Obtained from real execution metrics

& 2DP - MPI call profile @ trace_24h_atmos_symbols.cho... /sl ie)

e B | Q& (([EEm

Outside MPI | MPI_Recv  MPI_Isend MPI_Irecv

ITARCAD LI5U.X
THREAD 1.131.1 116 %
THREAD 1.132.1 88,18 %

THREAD 1.133.1 88,18 % f / n
Total
' Average

Maximum

38,18 ° A ,04 %
Minimum e 0,00% 0,00 % 02 % c Eff
| omm
StDev o 506%  21,40% 0,00 % —
5 0,19

Avg/Max

< | 1

(LB
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Efficiency model (ll): uLB & transfer

({ But...

((... there is other type of LB! uLB

* Serializations / Dependences

CommEff = ulLB x Transfer

({ We measure it using Dimemas!
* How? Using an ideal network = Transfer efficiency = 1

M m—
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Efficiency model (lll): Speedup model

({ Final model

X

S P (LB ﬂLB T mnsfeﬂ (]PC #instr,
P P, LLB ULB, Trasnfer J LIPC #instr

Parallel Efficiency Computation Efficiency

M. Casas et. Al., Automatic analysis of speedup of MPI applications. ICS 2008
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Application’s Efficiency ()

({ Comparing 10 iterations — same time scale

MPI call @ cgpop.mpi2sld.MNT.24.chopl.prv

I % |
sl d
.6.1
.8.1
24 tasks i
1s.
3%
MPI call @
TR 14 -. EEEE Good scalability!
THREAD 1.10. - " -
THREAD 1.15. . : .' s p— - .
THREAD 1.21. . . . N
48 taSkS THREAD 1,31 - - I e speed up
THREAD . E . .
THREAD
THREAD
20
THREAB
THRE:D . 15 /
THREAD 1.23.
96 tasks i
THREAD 1
THREAD 10
THREAD
THREAD
MPI call @ cgpop.mpi2sld.NT.186.chopl.prv 5
THREHD 11511 : /
THREAD 1.33.1 BEREE
meosia BEE 0 - - -
180 tasks T s BReRRRGRES 0 100 200 300 400
THREAD 1.132.1 [BF
THREAD 1.1532.1 BB
THREAD 1.1732.1
MPI call @ cgpop.mpi2sld.NT.360.chopl.prv
THREAB 1:3s%, i n'
THREAD 1.65.1 i
THREAD 1.105. H
360 tasks P
THREAD 1.225.
THREAD 1.265.1 [ilb l“;
Tk 12021 LY
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Scaling model results ()

({ Comparing 10 iterations program global efficiency

1,8
1,6 —

1,4 /

12 k// ——Efficiency
—— _— -#-Parallel Eff.
1 e .
0,8 Instructions Eff.
k'\.\ —IPC Eff.
0,6 — -
0,4

0 50 100 150 200 250 300 350 400
Cores

L. Barcelona
PATC Tools Training. Barcelona, Oct. 14-18th 2013 Supercomputing
Center
Centro Nacional de Supercomputacion



Scaling model results (ll)

({ Comparing 10 iterations parallel efficiency

1,1

1 \
0’9 &

0,8 ~=-LB

0.7 \ Comm Eff.
) —
\.;\ . —~<pLB

0,6 T — =*Transfer

0,5
0 50 100 150 200 250 300 350 400

Cores
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Imbalance

({ Communication phase only (96 Tasks)
* Small computations point-to-point / collective calls
* MPI calls view / same time scale

HPI call @ n LHT 1.p

THREAD 1.1.1 [
THREAD 1.11.1

Nominal HiEesy

THREAD 1.40.1 |

Main computation = 0 [sixdeay’
THREAD 1.83.

0,80

HPI call @ ideal ze

THREAD 1.1.1 [
THREAD 1.11.1 | 0,40

Ideal network RErEeTEy

THREAD 1.40.1 |

Main Computation = 0 [sabagdi 0,00

THREAD 1.69.1 ‘:
THREAD 1.83. e he Parallel LB Comm. ULB  Transfer

Eff. Eff.

=0=Nominal =#—Computation Zeroed

* Imbalance in halo exchange

100
80
60
40
20

* Small amount of serialization
* Large transfer time

# messages

Tasks

L. Barcelona
PATC Tools Training. Barcelona, Oct. 14-18th 2013 Supercomputing
Center
Centro Nacional de Supercomputacion



CONCLUSIONS
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What did we learned?

({ How network factors affect my application?

({ Does it make sense to use asynchronous
communications?

(€ Which is the best combination of computing power and
network speed?

({ Does my application take into advantage the resources
available?

(( Is the parallelization of my application efficient?
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Wrapping up

({ Sometimes things are not as they look like

({ Small scale analysis can give us hints to identify
problems at larger scales

({ DIMEMAS offers a valuable insight to understand
our applications and systems
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