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® General overview

® Recent developments
® Time analysis
® Modelling
® Clustering
® Sampling
® Tools integration

® Peekperf
® |nterconnection evaluation

® Hierarchical modelling / prediction
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XML

o [ Trace handling & display
f ) Flexible and powerful performance analysis

O

OMPITrace

[ MRNET
Dyninst, PAPI .prv

N
Time analysis,
filters

trf

A

: :
Contenpon analysis how2gen xml
environment
Stats Gen
T

Machine
description

Instr. Level
Simulators

PeekPerf) ( Data Display Tools )
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® Paraver

® Dimemas.

® |nstrumentation

® Structure analysis tools
® Signal analysis
® Clustering

® Sampling + tracing

® OpenMP incl 3.0 tasks

OPEN SOURCE by end of the year
OPEN SOURCE by end of the year
OPEN SOURCE by end of the year

in development

OPEN SOURCE

® StarSs: CellSs / SMPSs /GPUSs OPEN SOURCE
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XML
control

(

OMPITrace

MRNET

Dyninst, PAPI

Analysis of a run

Time a
filters

trf

A

X how2gen.xml
environment

[ Contention analysis }

Stats Gen

Machine
description

Instr. Level
Simulators

PeekPerf) ( Data Display Tools )
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By Rainer Keller (HLRS)
& (UTK) MPI Calls

M7 il cpmE_Bppn

PERUSE By Rainer Keller (HLRS)

MFLOPs

% Vector instr

Avg vector length

collective [I
internals [

Benk corfict rem base £ cored S7.pv

Bank conflicts/us

Marenostrum

MPI + OpenMP
Lib. Preload
PAPI

IPC

Power 5 Al X

MPI + OpenMP

Altix
— MPI + OpenMP
Dyninst

m PAPI

= mal=2 ) (Supported by NASA AMES)
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® XML control specification

<trace enabled="yes" home="/gpfs/apps/CEPBATOOLS/64.hwc">
<mpi enabled="yes">

<callers enabled="yes">1-3</callers>

<counters enabled="yes" />

</mpi>

<openmp enabled=]
<locks enabled="n
<counters enabled
</openmp>

<user-functions ena
<max-depth enabls
<counters enabled
</user-functions>

<counters enabled="yes">
<cpu enabled="yes" starting-set-distribution="1">
<set enabled="yes" domain="all* changeatglobalops="5">

PM_CYC,PM_DATA_FROM_MEM,PM_GCT_FULL_CYC,PM_INST_CMPL,PM_INST_DISP,PM_LD_MISS_L1,PM_LD_REF L1,PM_ST_REF_L1

</set>
<set enabled="yes" domain="user" changeatglobalops="5">

PM_BRQ_FULL_CYC,PM_BR_MPRED_CR,PM_BR_MPRED_TA,PM_CYC,PM_GCT_FULL_CYC,PM_INST_CMPL,PM_INST_DISP,PM_LD_MISS_L1

</set>
</cpu>
<network enabled="yes" />

<resource-usage enabled="yes"> ——
</counters> <bursts enabled="no">

<threshold enabled="yes">500u</threshold>
<counters enabled="yes" />
<mpi-statistics enabled="yes" />

</bursts>
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Dgemm ) Dgemm ;2'95 Dgemm PYYS
duration E 10's IPC 2_85 L1 miss ratio = 0.7

Useful Duration @ linpack_10000_cache.prv Useful IPC @ linpack_10000_cache.prv L1 cache miss per Kinstr @ useful @ linpack 10000 cache.prv. [E]IE][ZT

T T T T T T T T T T T
213142359,23 us 425835316,43 us B355I4273 .62 us 1230230,52 us L 205TFEITE,E9 us 41633597965 us B2IFIIEE0,41 us 831460751,18 us 1039821651 ,9 213142359,23 us 4258353 16,43 us B3F5I427I 62 us
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Scalability

MPI calls
® A dynamic range issue
MPIl comms.
ns/byte
.__'I b
Eal’ly I‘eceivers Ed Ref:ves from late sender @ alltoall.outs1.128.gm.prv — O |x
Severe
® Real causes may be far early receiver
away from observed
effects
® Need to integrate Comms severe
measurement and early receiver
modeling

THREAD 1.40,1

THREAD 1,101,1

THREAD 1.102,1

THREAD 1.,103,1

Detall severe
early receiver

THREAD 1,104,1

|
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S
@
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® There is more load imbalance than typically aware/accepted
Duration Alya @ 128 Instructions WRF @ 512 (Iberial2K)

#Instructions @ Iberia-512-CA.chop1.shifted. 2it. pry

(7
EJ
)

Useful Duration @ tren.prv.

| = | =]
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Instructions @ traza_128_out0.prv, Duration Alrbus @ 128

| =

I Useful Duration @ traza_128 out0.prv. Eﬂg . vt 5| paka Wi
= l,_ = |

I
L
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b ul | s
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® Filter

® Duration, Type of event, Size, Space.

® Cut
® Merge
® Shift

® Software counters
® Paramedir
® Trace format converters: OTF = Paraver, AlXtrace = Paraver, ...

® Combinations

® Minimize backwards comms: optimization loop
® Paramedir
®  Shift

® Extract a communication phase sub-trace

®  Shift, cut, shift, cut
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Signal processing
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® Signals

® Flushing processes, %preemted time, #msgs/BW (clogged system)

® Sum burst duration, #processes in MPI, average IPC,...

® Mathematical morphology
® Spectral analysis

® Autocorrelation

® \Wavelet transform

®  Useful

® Periodic structure: Reference focus for detailed analysis

===
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® CPMD

[

i

Flushing & = ‘ }

ol

Bl

Flushing filtered ol } |

w25 1] RGO |
Speciral dens‘ity JL: “ |
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Models
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570s WRF-NMM

2.2GB Peninsula 4km WRF-NMM WRF-NMM
MPI, HWC 128 procs Peninsula 4km Peninsula 4km
256 procs 512 procs
570s
5MB
465
36.5 MB

T N
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IPC _ #instr,
|PC0 #instr CommEff = max(eff,)

> eff,
_ i=1
P *max(eff;)

Directly from real execution metrics

microLB = max(T,) CommEff =Tif|’_—ea'

ideal

T

ideal

[
& 3
a »
[l
[

_ P, macroLB 4 microLB
P, macroLB,\ microLB,

IPC _ #instr,
IPC, #instr

Sup

Requires Dimemas simulation
Migrating/local load imbalance

Serialization

ooty
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Speedup model el t

i + b halmand
=SSN Yy S L L

Replication of computation oo, communication efficiency

WRF-NMM-Iberia WRF-ARW-Iberia// CPMD
1 1.0
i1

| 1l

147
Wpws  Bhpws Spwss B Bopus Slpuss . . Improved macro and
micro load balance

LN
157
14
137
121

E——

EEEEEGEEEER=

EEEEEEESEEES
] I Y ) |

WRF-NMM-Europe WRF-ARW-Europe CPMD- taskgrnups

TR

12 process 6 process 512 process 124 process 2% pocass 912 process

Communcication
B Micro Load Bal.

Macro Load Bal
o IPC

B Computation
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Clustering
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% ClusterlD @ CPMD-128-4.. dwnl IlE'I'LST.ﬂ 01._20 40001 5.0V

® Useful for

® Identifying and highlighting structure

®  Cluster information injected in trace

®  Phases within routines

® Different routines may have similar
behavior

¥
|

® Compact trace encoding

e——4—1 —
I
.}__-1

® Input to time analysis

. . T ¥ DBSCAN (Eps=0.01, MinPoints=20) clustering of trace WRF-128-Pl.chop2.trf
1t @ BT A 64 4kt CPISTACKIAARLERS chop3 10Pts B136 prv

Communications N AS B T

@ Cluster 1
@ Cluster 2
Cluster )
@ Cluster Resulting Clusters

1
® Cluster

0.0

Cluster 1 +
Cluster 2«
Cluster 3

Cluster 4 ©
Cluster 5 m

0.8

0.7

Completed Instructions

LJF AL A B £ )

L1 Misses
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Useful for

® Precise projection of hardware counters

® Statistics

® CPI stack model

100%

CLUSTER 1 2 3

%Time 5488  17.96 1690 644 142
Ava. Burst DUur. (Ms) 1.02 0.78 13.14 2.50 1.11 75%
IPC 102 065 0.8 091  0.53
MIPS 2231.8 1423.3 19665 2001.8 1163.0 0%,
MFLOPS  339.2 463  191.6  269.2 236
L1M/KInsTR 092 153 119 117 2.8
L2M/KInsTR ~ 0.06 126  0.06  0.35  0.21 2%
MeM.BW (MB/s) 16.79 21847 13.87 8577  20.76

0%

L3

Data cache misses per 1000 instr @ BT.A.64.42it. CPISTAC — 0O LI X 3

CPI Stack Modelization

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

W stall by FPU
instruction and
others

B seai by FXU
instruction

O stall by LSU
instruction

= Completition
Table Empty

B completition
Cycles
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Samping + ....
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® Tesis:

® Has much more potential than currently used

® Mixed with: instrumentation, frequency analysis, clustering

® Example questions

® Can we get Information of time distribution (i.e. same length of all instances )?

® Can we get very fine grain information with little overhead?

The issue: How to project information captured by sampling

® Periodic Sampling (cycles counter)
® High frequency (> Nyquist)
® Low frequency (< Nyquist)

® “non periodic” sampling

® Correlated to specific architectural/application hardware counters

===
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High frequency periodic sampling

Ej Sampled function (nev) @ siesta. 1000mcycles. 1-10callers-ref.prv

® Sampling frequency > Nyquist

® Function within interval?
® Event at beginning
® Eventatend
[ }

“safe” when both are the same

E‘i Sampled function (nev) @ siesta.1000mcycles.1-10callers-ref.prv
|

" IIII

'
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High frequency periodic sampling

Ei Properties: — ;O fuxt

Endl

L i Sampled Routine on the callstack @ bt.B.16.1Mcycles-5caller — ' O i X 2
3EA)| 1

® Sampling frequency > Nyquist | i e B —
Mot fourd —— I:
® Shows fine structure o e ; I

y_s0lve
2_s0lve
add

® |dentification of function span

® Assumption: consecutive Samples with i Fi Load mix @ useful @ bt.B.16.1Mcycles-5callersbysample-ref - 'Oz X
same call stack - whole interval e B —
assigned to function

. " - o=
® All functions / specific subsets 1N
Ei Mem Mix @ useful @ bt.B.16.1Mcycles-5callersbysample-ref — 10z X

® Top of stack

i

]
|
Fi Ratio of L1to L2 misses @ useful @ bt.B.16.1Mcycles-5calle — : O :a1 % |

® Walk the stack searching for the first
routine in the target set.
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Low frequency periodic sampling

® How to increase precision?

® Folding based on known periodic
structure of application (tagged
iterations)

® Applies to stationary applications

® Result; trace for one iteration with
synthetic paraver events

® Refer counts/timestamps to start of
iteration

® Call stack

® Search for consecutive sequences of
folded samples within same function
and generate synthetic events

® Hardware counters

®  Noise reduction
®  Fit folded samples

® Sample fitting curve to generate
synthetic events.

THREAD 1.1.1

THREAD 1,2.1

THREAD 1.3.1

THREAD 1,4.1
THREAD 1.5.1
THREAD 1.6.1
THREAD 1.7.1

THREAD 1,81

Fi Collapsed functions @ bt.B.16.100mcycles.1-10callers.ref.pr — O X

THREAD 1,1.1
THREAD 1.2.1
THREAD 1,3.1

THREAD 1.4.1

THREAD 1,5.1

Fi Folded instructions per nanosecond @ bt.B.16.100mcycles.1 — | 0 lle x .1

THREAD 1.1.1

THREAD 1,2.1

THREAD 1.3.1

THREAD 1,4.1
THREAD 1.5.1
THREAD 1.6.1
THREAD 1.7.1

'
THREAD 1,51 , I “

THREAD 1,9.1

Fi Avg. Instrs @ bt.B.16.100mcycles.1-10callers.ref.prv

APPL 1

i I““W

i
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® Low pass filter ...
® but still possible to identify loops

s s e

® Scalable summarization ...

® but still high level of detail

e e

SEENEE

PP T T

Sl Ll T
o | ek aman_in Jos
et |
ErTe
i
i :: }m.
= =
§ P
- !
ta=s7 .f.
e |
: : = SIESTA

(b)
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Non periodic sampling

® Correlated with specific architectural/program feature
® Useful to identify

® Internal behavior

® Density of L1 misses within MPI in an SMP: when data actually arrives.

Ei MPI call @ bt.B.9.10k.L1misses.prv.gz P M m Ei MPI call @ bt.B.9.10k.L1misses.prv.gz

THRERD 1.1.1 — THREAD 1,1,1
THREAD 1,2,1 — THREAD 1.2,1
THRERD 1.3 .1 THREAD 1,3,1
THREAD 1,4,1
THREAD 1.5.1
THREAD 1,61
THREAD 1.7.1 — THREAD 1.7.1
THREAD 1.3.1 THREAD 18,1

THREAD 1.9.1 THREAD 1.9,1

THREAD 1,1,1 THRERD 1.1.1
THRERD 1,2.1 THRERD 1.2.1
THREAD 1,3,1

THREAD 1.4.,1

THRERD 1,5.1 THRERD 1,5,1
THREAD 1.6.1 THRERD 1,6,1
THREAD 1.7.1 THRERD 1,7,1
THRERD 1,5,1 THREAD 1.5.1
THREAD 1,9.1 THRERD 1,9,1

43394099,59 u= 43402456 ,15 us= 43410512,40 us

No arrival

e

| &)

|
.I.
L
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Profiles -- Timelines
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XML
control

4 N

O

OMPITrace

[ MRNET
Dyninst, PAPI

prv

Interaction with profile and data display tools

N
Time analysis,
filters

i

trf

A

e
how2gen.xml

Machine
description

Instr. Level
Simulators

: _
Contention analysis
environment
i

Data Display Tools |
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® Profile presentation tools

® Reduction/aggregation of the performance dimensions
® Time dimension disappeared / Space dimension sometimes
® Traces

® “All” data is there

® Library

® API to access statistics computed with Paramedir

® Translators

® Configuration: Tool building environment

® Prototypes

® Peekperf prototype, Gprof like, ...
® Starting

® Paraprof, CUBE

===
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¢ Statistics generator

® Built a set of C++ libraries to access paramedir stats.

¥ Useful Duration @ NMM-Eur-12km-512-CA.shifted.chop1.1.prv =13
X Main Window - [DATA VISUALEZATION WINDOW] =] x

In
File Manual Automatic Windows Tool
perfconuter l
Label @ums | IPC | #instr. Cycles L2 Data cache miss | Stores/lki | p2p: Bandwidth Mbytesis | p2p: Size (Byll—
153864e+07 202 044 177854e+10100443e+11 BBO20Be+07 31847 124247e+07 9.9287e+07
3 1 059 3.91185e+07 1.75352e+08 142020 1422 0 0
o x_solve f 043 35619e+10 176331er1l 92785e+07 35177 1.359632+06 535334e+07
®_receive_backsub_info_(x_solve.f) 112 4.97582e+06 3659 212.69 o o
| %_receive_solve_info_(x_solve ) 324463 9 2 64391e+10 360771 21565 0 0
%_send_backsub_info_(x_solve ) 507335 201 0239 i 10 2.56367e+07 230,67 317142 8.75556e+06
%_send_solve_info_(x_solve f) 364870 201 022 167362e+10 7. 1771e+07 211.16 1.35963e+06 525334e+07
© x_solve_{x_solve) 4ZITTTEED 043 35619e+10_ 1706931 112983 25334e+07
Compute_x_solve 423072e+07 2 021 3561910 176%1er11 : 0 0

MPI_Wait_70 210146 20 028 132037e+08 4.7128Be+08 BSGET o o
MPI_Wait_71 147932 20 0.06 1.81703e+07 3.45730e+08 12351 728154 5.25334e+07
MPI_Wait_%& 177408 20 043 1.7196%9e+07 4.06413e+07 5784 ] ]
MPI_Wait_%9 15803 5 201 009 356576e+06 3 75221e+07 2757 112983 8 75556e+0E;
y_solve.f 46181e+07 201 036 2.83117e+10 1.68343e+11 1.15226e+08 1.1555e+06 5.25334e+07
Z_solvef 5.53727e+07 201 0.67 1.9799%e+10 1.47329e+11 1.57546e+08 5.25334e+07
e

4

bt f x_solvef y_solve f z_solve f

&1 first=0
call x_receive_solve_info(recv_id,c)

overlap computations and communication

call Ihsx(c)

wait for completion

sed in this cell

call x_unpa

) ) Q?ﬁ (@a———-
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Tracing???
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® Traces

® See - colors
® Scalable view of metrics and variance
® Detailed analysis
® Experience - Understanding - Insight
® |deas

® Then

® Putthe intelligence in online environments

® Use scalable infrastructures

===
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® MRNet based mechanism

® [ ocal instrumentation on a circular buffer

® Periodic MRNEet front-end initiation of collection process

® Local algorithm
® Reduction on tree
® Selection at root propagated

® Locally emit trace events

i+n

10

. 1300

i [ .. [i+m]
(o ]..[1]

===
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Collective duration threshold

win_1 @ cpmd_32.prv.gz

245MB, >15500 col

Periodic clustering snapshots
Periodic frequency analysis

Maximize information/data ratio

® Direct report metrics, ....

® Activate tracing (user/automatic)

® Focused traces

25MB, <85

<1MB, <85 col

col

Collective internals

s a2 iz @

4 prv.ga

S Gnuplot™
DBSCAN {Eps=0,025, HinPoints=20} CLUSTER3
fgsal Filtered
HOTSE
Cluster 1
Cluster 2
Cluster 3
1e+10 | W | Cluster 4
Cluster 5
Cluster B
o
E
E 1e+09 F
S
w
£
B L]
£ lev08 |
=
2
= x il
#
1e+07 -.
1e+06 L L : x
0 0.5 1 1.5 2 2,9
IPC
2i28559i 5i325833+09

oo O%X+
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Dimemas
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XML

control \

'U
=
D
Q.
O
=
O
S
o
~~
@
X

o
D
O
—
Q
=
O
S
»

4 N

O

OMPITrace

MRNET
Dyninst, PAPI .prv

filters

N
[Time analysis,

X how2gen.xml
environment

[ Contention analysis }

Stats Gen

Machine
description

Instr. Level
Simulators

PeekPerf ( Data Display Tools )
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® Simulations with 4 processes per node
® NMM Iberia 4Km

1.002

i —e— NMM 512
- g 09 —8 ARW 512
® Not sensitive to Latency - A NMM 256
== A ARW 256
Y .- - ) ¢ 0.99. — NMM 128
512 sensitive to contention” o 094 o ARW 128
3 0.992
® 256 MB/s OK &
0.99
® ARW lberia 4 Km
® Not sensitive to Latency
Impact of BW (L=8; B=0)
® sensitive to contention
® Need 1GB/s _
Contention Impact (L=8; BW=256) —e—NMM 512
- —@—ARW 512
= A NMM 256
g —A— ARW 256
z w —- NMM 128
§ —e— NVMM 512 —6—ARW 128
g —&8— ARW 512
2 A NMM256
‘-E — A& ARW 256
s :zmlfzi 1 16 256 1024
&
4 8 12 16 20 24 28 32
Commectivity (B)
M @=
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XML

control \

- ~ Interconnect evaluation environment

O

OMPITrace

[ MRNET
Dyninst, PAPI .prv

Paraver

filters

N
[Time analysis,

)

how2gen.xml

analysis }

Stats Gen

Instr. Level
Simulators

PeekPerf) ( Data Display Tools )
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Dependence on appl.

_ onlarge systems? 512nodes, 4MB____ phase (comm. Pattern)

® |n multiuser environments

64 nodes, G=8, 4MB

External
contention

Internal / _ Propagation of
contention Bubble propagation internal contention

What is the benchmark measuring?
Appropriate number of iterations?

ooty
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® Dimemas

® Very fast
® Sensitivity: identify

coarse grain factors

Config
File
® identify relevant
communication phases

traces

Dimemas
Sim.
(Client)

O

® Venus

® Very detailed network
model

® Venus-Dimemas integration

® Understand application
usage of physical comm.
resources

® Communication
subsystem design

—
traces

Interaction
(socket)

Venus Sim.

ServerMod

(Server)

BEORAN | 7 Comm o fecv 3 Send 3 g I Cokor

PR

#  MPIcall cost (nsfbyte) @ chop.alit
3 n -

s pew [on logind) [=)o]=x

Config
File

—
—— 3

routes

mapping

topology
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® P2p application trace chop

® @ collectives

® Evaluating

Routing

® Oblivious

® Pattern aware

® Dynamic
Topology

® Slimmed trees

® Direct networks
®  Process mapping
Protocol

® Eager limit

® Packet segments

Actual run

Dimemas

D&V

MPI call cost in ns/byte

MPI call cost (ns/byte) @ chop.all2all.prv
w1

0.001000

0.000700

Time in seconds

WRF, slimmed trees

0.000900
0.000800

0.000600 -
0.000500
0.000400
0.000300
0.000200
0.000100

0.000000

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

#of middle switches

@ Bruteforce
m Random
O Darren

O Naive

m Colored
mBest
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Internals network

Fi 2DH - queue length @ wrf.prv — & X

X-Axis Semantic —i I Statistic % Time Mot Zero I

Control Window: Gueue length il Data Window:

DZoom_range[1.00,2.00] @ wrf.prv <5>

It W T w2 A

Fi Queue length @ wrf.prv

[€ SWI11 xl?arla POR"II‘ 19, [4.95..5.00) )

Minl:zj Max|En 8 ‘

Min Value | .01 haes Value
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Hierarchical modeling

Enreaienn
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XML

N Hierarchical modeling and analysis

|
OMPITrace
[ MRNET
Dyninst, PAPI .prv
—
3
X
) j N .cfg
Time analysis,
filters
J
Arf e

y

Contention analysis
environment

FSIV
IBM-Zurich

AR

how2gen.xml

Stats Gen

PeekPerf) ( Data Display Tools )

Enreaienn
Sty
Eomisr
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Q Clustering
[ »> prv >

+ * |dentification
MPITrace .pcf

Trf generation

_

T Usahil Durstion § Oime wef_P%_canp 128 chap prv

Machine . .
description N ”" l :
L E

BT:C.64, task 20, cluster 1
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Single Core / Single Thread

S % o ee.128x1CPU

Dual Core / Single Thread

%fuff' eee 64X 2CPU

Single Core / Dual Thread

IPC

Measured | Simulated P5 (TURANDOT)

Cluster MN ST CMP SMT
1 0,54 0,75 0,75 0,56

2 0,49 0,72 0,72 0,52

3 0,62 0,83 0,72 0,43

4 0,72 0,94 0,83 0,50

5 0,79 1,07 0,84 0,52

CPU ratio

Measured | Simulated P5 (TURANDOT)

Cluster MN ST CMP SMT
1 1 1,38 1,38 1,04

2 1 1,47 1,47 1,05

3 1 1,34 1,16 0,70

4 1 1,30 1,15 0,69

5 1 1,36 1,06 0,66

| |
| | |
T T eee 64x1CPUX2th
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------

Dimemas simulation results for WRF R

Baseline: ppc970 FX

S 3 % ees128x1CPU

Replace 970 by Power5

i

A

Replace 970 by PowerS CMP ﬁ'flsefulnuratinn@im.wrfPS_mlnp_ﬁhzp1.pru' — w — (O | X

9323 ee.etxzcpu

Replace 970 by Power5 SMT

=]

. &
T o e gl 0 DS

Lo etEs bR .

| |
| | |
? T eee 64x1CPUX2th
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Offers and interests
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® Paraver OPEN SOURCE by end of the year

® Dimemas. OPEN SOURCE by end of the year
® Instrumentation. OPEN SOURCE by end of the year
® Structure analysis tools in development

® Signal analysis

® Clustering

® Sampling + tracing
® OpenMP incl 3.0 tasks OPEN SOURCE
® CellSs /SMPSs OPEN SOURCE

===
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® HWC
® PAPI

® CPIstack models from hardware
counters = manufacturers

® Control infrastructure

® MRNet, LaunchMON

® |nstrumentation infrastructure

® Dyninst, PNMPI

® Profile display tools
® File formats

® Link to timeline mechanism

Instrumentation control. Profiler based
control

Probe injection mechanisms

Call stack API.

Compiler information / model on
application

Simple code restructuring

===
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