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Introduction to the Cray Performance Tools e

= Cray performance tools overview
= Steps to using the tools
= Performance measurement on the Cray XE system

= Using HW performance counters
= Profiling applications

= \isualization of performance data through pat report
= \isualization of performance data through Cray Apprentice2
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Overview




Design Goals e

= Assist the user with application performance analysis and
optimization
e Help user identify important and meaningful information from
potentially massive data sets
e Help user identify problem areas instead of just reporting data

e Bring optimization knowledge to a wider set of users

® Focus on ease of use and intuitive user interfaces

e Automatic program instrumentation
¢ Automatic analysis

= Target scalability issues in all areas of tool development

e Data management
> Storage, movement, presentation
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C=RANY

St re ngth S THE SUPERCOMFPFUTER COMPANY

Provide a complete solution from instrumentation to
measurement to analysis to visualization of data

= Performance measurement and analysis on large systems

Automatic Profiling Analysis
Load Imbalance
HW counter derived metrics

Predefined trace groups provide performance statistics for libraries
called by program (blas, lapack, pgas runtime, netcdf, hdf5, etc.)

Observations of inefficient performance

Data collection and presentation filtering

Data correlates to user source (line number info, etc.)
Support MPI, SHMEM, OpenMP, UPC, CAF

Access to network counters

Minimal program perturbation
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Strengths (2) e

= Usability on large systems
e Client/ server
e Scalable data format
e Intuitive visualization of performance data

= Supports “recipe” for porting MPI programs to many-core or
hybrid systems

= |Integrates with other Cray PE software for more tightly
coupled development environment
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The Cray Performance Analysis Framework e

= Supports traditional post-mortem performance analysis

e Automatic identification of performance problems
> Indication of causes of problems
> Suggestions of modifications for performance improvement

e pat build: provides automatic instrumentation

e CrayPat run-time library collects measurements (transparent to the
user)

e pat_report performs analysis and generates text reports
e pat help: online help utility
e Cray Apprentice2: graphical visualization tool
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The Cray Performance Analysis Framework (2) T

= CrayPat
e Instrumentation of optimized code
e No source code modification required
e Data collection transparent to the user
e Text-based performance reports
e Derived metrics
e Performance analysis

= Cray Apprentice2
e Performance data visualization tool
e Call tree view
e Source code mappings
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Steps to Using the Tools




Application Instrumentation with pat_build e

= pat_build is a stand-alone utility that automatically
iInstruments the application for performance collection

= Requires no source code or makefile modification

e Automatic instrumentation at group (function) level
> Groups: mpi, io, heap, math SW, ...

= Performs link-time instrumentation
e Requires object files
e |nstruments optimized code
e Generates stand-alone instrumented program
e Preserves original binary
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Application Instrumentation with pat_build (2) e

= Supports two categories of experiments

e asynchronous experiments (sampling) which capture values from the
call stack or the program counter at specified intervals or when a
specified counter overflows

e Event-based experiments (tracing) which count some events such as
the number of times a specific system call is executed

= While tracing provides most useful information, it can be very

heavy if the application runs on a large number of cores for a
long period of time

= Sampling can be useful as a starting point, to provide a first
overview of the work distribution
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Program Instrumentation Tips e

= | arge programs
e Scaling issues more dominant

e Use automatic profiling analysis to quickly identify top time consuming
routines

e Use loop statistics to quickly identify top time consuming loops

= Small (test) or short running programs
e Scaling issues not significant

e Can skip first sampling experiment and directly generate profile
e Forexample: ¥ pat build -u -g mpi my program
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Where to Run Instrumented Application

= MUST run on Lustre ( /work/... , /lus/..., /scratch/..., etc.)

= Number of files used to store raw data

= 1 file created for program with 1 — 256 processes
= n files created for program with 257 — n processes

= Ability to customize with PAT RT EXPFILE MAX
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CrayPat Runtime Options e I

= Runtime controlled through PAT _RT XXX environment
variables

= See intro_craypat(1) man page

= Examples of control
e Enable full trace
e Change number of data files created
e Enable collection of HW counters
e Enable collection of network counters

e Enable tracing filters to control trace file size (max threads, max call
stack depth, etc.)
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Example Runtime Environment Variables T

= Optional timeline view of program available
e export PAT RT SUMMARY=0
* View trace file with Cray Apprentice?

= Number of files used to store raw data:
e 1 file created for program with 1 — 256 processes

e n files created for program with 257 — n processes
e Ability to customize with PAT _RT_EXPFILE _MAX

= Request hardware performance counter information:
e export PAT_RT_HWPC=<HWPC Group>
e Can specify events or predefined groups
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pat_report s

= Performs data conversion
e Combines information from binary with raw performance data

= Performs analysis on data

= Generates text report of performance results

= Formats data for input into Cray Apprentice?
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Why Should | generate an “.ap2” file? e 5

» The “.ap2” file is a self contained compressed performance
file

= Normally it is about 5 times smaller than the “.xf” file

= Contains the information needed from the application binary

e Can be reused, even if the application binary is no longer available or
if it was rebuilt

= |t is the only input format accepted by Cray Apprentice?
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Files Generated and the Naming Convention e

File Suffix Description

a.out+pat Program instrumented for data collection

a.out...s.xf Raw data for sampling experiment, available after
application execution

a.out...t.xf Raw data for trace (summarized or full) experiment, available
after application execution

a.out...st.ap2 Processed data, generated by pat_report, contains
application symbol information

a.out...s.apa Automatic profiling pnalysis template, generated by
pat_report (based on pat_build —O apa experiment)

a.out+apa Program instrumented using .apa file

S Rank reorder file generated by pat_report from automatic
grid detection an reorder suggestions
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Program Instrumentation - Automatic Profiling Analysis e

= Automatic profiling analysis (APA)

e Provides simple procedure to instrument and collect performance data
for novice users

e |dentifies top time consuming routines

e Automatically creates instrumentation template customized to
application for future in-depth measurement and analysis
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Steps to Collecting Performance Data R

= Access performance tools software
% module load perftools
= Build application keeping .o files (CCE: -h keepfiles)

% make clean
% make

= |nstrument application for automatic profiling analysis
e You should get an instrumented program a.out+pat

% pat_build -0 apa a.out

= Run application to get top time consuming routines
e You should get a performance file (“<sdatafile>.xf") or
multiple files in a directory <sdatadir>

% aprun .. a.out+pat (or gsub <pat script>)
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Steps to Collecting Performance Data (2) Tt 5

=  (Generate report and .apa instrumentation file

0 —
% p<aSt rtaPc?lrrt> o my sampling _report [<sdatafile>_xT |
= |nspect .apa file and sampling report

= \Verify if additional instrumentation is needed
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APA File Example

# You can edit this file, if desired, and use it #31.29% 38517 bytes
# toreinstrument the program for tracing like this: -T prim_advance_mod_preq_advance_exp_
#
# pat_build -O standard.cray-xt.PE-2.1.56HD.pgi-8.0.amd64.pat-5.0.0.2- #15.07% 14158 bytes
Oapa.512.quad.cores.seal.090405.1154.mpi.pat_rt_exp=default.pat_rt_hwpc=non -T prim_si_mod_prim_diffusion
e.14999.xf.xf.apa - - - -
#
# 9.76% 5474 byt
# These suggested trace options are based on data from: -Toderivativg en?od gradient_str_nonstag
# _MOd_ _Str_| L
#
/home/users/malice/pat/Runs/Runs.seal.pat5001.2009Apr04/./pat.quad/homme/st
andard.cray-xt.PE-2.1.56HD.pgi-8.0.amd64.pat-5.0.0.2-
Oapa.512.quad.cores.seal.090405.1154.mpi.pat_rt_exp=default.pat_rt_hwpc=non # 2.95% 3067 bytes
. €.14999.xf.xf.cdb -T forcing_mod_apply_forcing_
# 2.93% 118585 bytes
#  HWPC group to collect by default. -T column_model_mod_applycolumnmodel
-Drtenv=PAT_RT_HWPC=1 # Summary with TLB metrics. # Functions below this point account for less than 10% of samples.
# # 0.66% 4575 bytes
# -T bndry_mod_bndry_exchangev_thsave_time_
# Libraries to trace.
) # 0.10% 46797 bytes
-g mpi # -T baroclinic_inst_mod_binst_init_state
# # 0.04% 62214 bytes
# -T prim_state_mod_prim_printstate_
# User-defined functions to trace, sorted by % of samples.
# The way these functions are filtered can be controlled with # '0.00% 118 bytes
# pat_report options (values used for this file are shown): # -T time_mod_timelevel_update
4 _Moa_| L L
# -s apa_max_count=200 No more than 200 functions are listed. #
# -s apa_min_size=800 Commented out if text size < 800 bytes.
# -s apa_min_pct=1 Commented out if it had < 1% of samples. -0 preqgx.cray-xt.PE-2.1.56HD.pgi-8.0.amd64.pat-5.0.0.2.x+apa
# -s apa_max_cum_pct=90 Commented out after cumulative 90%. # New instrumented program.
# Local functions are listed for completeness, but cannot be traced.
/.AU'I;O/c}ray/css.pe_/tools/m?lice/craypat//buiId/pat/2?09Apr03/2.1 .56HD/amd64
: . ; i/pat-5.0.0.2/homme/2005Dec08/build.Linux/pregx.cray-xt.PE-
-w # Enable tracing of user-defined functions. mme/pgipat: s
2.1.56HD.pgi-8.0.amd64.pat-5.0.0.2.x # O | .
# Note: -u should NOT be specified as an additional option. pdi am pa X namatprogram
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Generating Profile from APA T

= |nstrument application for further analysis (a.out+apa)
% pat build -0 <apafile>_apa

= Run application
% aprun .. a.out+apa (or (qgsub <apa script>)

=  (Generate text report and visualization file (.ap2)

% pat report. —o my text report.txt [<datafile>_.xF
' PRLISHprLy o My text rep [ |

= View report in text and/or with Cray Apprentice?

% app2 <datafile>.ap2
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HW Performance Counters




Hardware Performance Counters - MC 3.0

= AMD Family 10H Opteron Hardware Performance Counters

e Each core has 4 48-bit performance counters

» Each counter can monitor a single event
o Count specific processor events

» the processor increments the counter when it detects an occurrence of the
event

» (e.g., cache misses)
o Duration of events

» the processor counts the number of processor clocks it takes to complete an
event

» (e.g., the number of clocks it takes to return data from memory after a cache
miss)

e Time Stamp Counters (TSC)
> Cycles (user time)
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Hardware Performance Counters - IL sy

= AMD Family 15H Opteron Hardware Performance Counters
e Each node has 4 48-bit NorthBridge counters

e Each core has 6 48-bit performance counters
> Not all events can be counted on all counters

> Supports multi-events
o events have a maximum count per clock that exceeds one event per clock
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PAPI Predefined Events Ay

= Common set of events deemed relevant and useful for application
performance tuning

e Accesses to the memory hierarchy, cycle and instruction counts,
functional units, pipeline status, etc.

e The “papi_avall” utility shows which predefined events are available on
the system — execute on compute node

= PAPI also provides access to native events

e The “papi_native avail” utility lists all AMD native events available on the
system — execute on compute node

= PAPI uses perf_events Linux subsystem

= |Information on PAPI and AMD native events
e pat help counters
® man intro_papi
e http://lists.eecs.utk.edu/pipermail/perfapi-devel/2011-January/004078.html
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Hardware Counters Selection .

= HW counter collection enabled with PAT _RT HWPC
environment variable

= PAT_RT_HWPC <set number> | <event list>

e A set number can be used to select a group of predefined hardware
counters events (recommended)
> CrayPat provides 23 groups on the Cray XT/XE systems
> See pat_help(1) or the hwpc(5) man page for a list of groups

e Alternatively a list of hardware performance counter event names can
be used

e Hardware counter events are not collected by default

CSCS Workshop, November 7-9 2011 Cray Inc. 28



HW Counter Information Available in Reports e erenrees s

= Raw data

= Derived metrics

= Desirable thresholds




Predefined Interlagos HW Counter Groups T

See pat_help -> counters -> amd_fam15h —> groups
. Summary with instructions metrics

: Summary with TLB metrics

. L1 and L2 Metrics

: Bandwidth information

W N =~ O

. Floating operations dispatched
. Cycles stalled, resources idle

. Cycles stalled, resources full

. Instructions and branches

. Instruction cache

© 00 N O O
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Predefined Interlagos HW Counter Groups (cont'd) . Smmamce

11: Floating point operations dispatched

12: Dual pipe floating point operations dispatched
13: Floating point operations SP

14: Floating point operations DP

19: Prefetchs

20: FP, D1, TLB, MIPS <<-new for Interlagos
21: FP, D1, TLB, Stalls

22: D1, TLB, MemBW

CSCS Workshop, November 7-9 2011 Cray Inc. 31



New HW counter groups for Interlagos (6 counters) e

= Group 20: FP, D1, TLB, MIPS
PAPI_FP_OPS
PAP| L1 DCA
PAP| L1 DCM
PAP|_TLB DM
DATA_ CACHE_REFILLS_ FROM_NORTHBRIDGE
PAPI_TOT INS

= Group 21: FP, D1, TLB, Stalls
PAPI_FP_OPS
PAPI L1 DCA
PAPI L1 DCM
PAPI TLB DM
DATA_CACHE_REFILLS_FROM_NORTHBRIDGE
PAPI RES STL
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Example of MC -> IL Counter Name Changes T

Check spelling via papi_native_avalil
PAPI DP_OPS

= AMD Family 10H:

* RETIRED SSE OPERATIONS:DOUBLE ADD SUB OPS:DOUBLE_MUL
_OPS:DOUBLE DIV OPS

= AMD Family 15H:

¢ RETIRED SSE OPS:DOUBLE ADD SUB OPS:DOUBLE MUL OPS:DO
UBLE DIV OPS:DOUBLE MUL ADD OPS
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Perftools Interlagos Counter Caveat T

= |[L % peak flop rate — we were reporting values too low
= Adjusted in perftools/5.3.0

= Assumes both cores are active with a balanced work-load
= Could see values up to 200% if only 1 core is active

= Will look into collecting core affinity information so we can
compute the right value for the case where only 1 core is
active
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Example: HW counter data and Derived Metrics e I

PAPI_TLB DM Data translation lookaside buffer misses
PAPI_L1 DCA Level 1 data cache accesses

PAPI_FP_OPS Floating point operations /, N
DC_MISS Data Cache Miss PAT RT HWPC=1
User_Cycles Virtual Cycles Flat profile data
USER Raw counts
e —_— Derived metrics
Time 4.434402 secs ‘//
Imb.Time -- secs
Imb.Time% -
Calls 0.001M/sec 4500.0 call
PAPI_L1 DCM 14 .820M/sec 65712197 misses
PAPI1_TLB_DM 0.902M/sec 3998928 misses
PAPI_L1 DCA 333.331M/sec 1477996162 refs
PAP1_FP_OPS 445 _571M/sec 1975672594 ops
User time (approx) 4.434 secs 11971868993 cycles 100.0%Tim
Average Time per Call 0.000985 sec
CrayPat Overhead : Time 0.1% '~‘\
HW FP Ops / User time 445 _571M/sec 1975672594 ops 4 _1%peak(DP)
HW FP Ops /7 WCT 445 _533M/sec
Computational i1ntensity 0.17 ops/cycle 1.34 ops/ref
MFLOPS (aggregate) 1782 .28M/sec
TLB utilization 369.60 refs/miss 0.722 avg uses
D1 cache hit,miss ratios 95.6% hits 4_4% misses
D1 cache utilization (misses) 22.49 refs/miss 2.811 avg hits _—’/
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PAT_RT_HWPC=2 (L1 and L2 Metrics)

C=RANY

THE SUPERCOMPUTER COMPANY

fills

fills

misses

refs

cycles 100.0%Time
sec

misses
avg hits
avg uses
misses
misses
avg hits
lines

USER
Time% 98.3%
Time 4.436808
Imb.Time ==
Imb.Time% ==
Calls 0.001M/sec 4500.0
DATA_CACHE_REFILLS:

L2 _MODIFIED:-L2_OWNED:

L2 _EXCLUSIVE:L2_SHARED 9.821M/sec 43567825
DATA_CACHE_REFILLS_FROM_SYSTEM:

ALL 24 _743M/sec 109771658
PAPI_L1_DCM 14 .824M/sec 65765949
PAPI1_L1 DCA 332.960M/sec 1477145402
User time (approx) 4_436 secs 11978286133
Average Time per Call 0.000986
CrayPat Overhead : Time 0.1%

D1 cache hit,miss ratios 95.5% hits 4 _5%
D1 cache utilization (misses) 22.46 refs/miss 2.808
D1 cache utilization (refills) 9.63 refs/refill 1.204
D2 cache hit,miss ratio 28.4% hits 71.6%
D1+D2 cache hit,miss ratio 96.8% hits 3.2%
D1+D2 cache utilization 31.38 refs/miss 3.922
System to D1 refill 24 _743M/sec 109771658
System to D1 bandwidth 1510.217MB/sec 7025386144
D2 to D1 bandwidth 599.398MB/sec 2788340816
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Example: Observations and Suggestions e

D1 + D2 cache utilization: 39.8% of total execution time was spent in 4
functions with combined D1 and D2 cache hit ratios below the
desirable minimum of 97.0%. Cache utilization might be improved by
modifying the alignnment or stride of references to data arrays in

these functions.
D1 D2 cache_hit_ratio Time% Function

56.8% 12.0% calc3_
77.9% 6.4% calc2_
95.7% 1.4% calcl_
96.3% 20.0% calc3 .LOOP@Ii.80

TLB utilization: 19.6% of total execution time was spent in 3 functions
with fewer than the desirable minimum of 512 data references per TLB
miss. TLB utilization might be improved by modifying the alignnment

or stride of references to data arrays in these functions.

LS per TLB_DM Time% Function
256 12.0% calc3_
B2 6.3% calc2_
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Profile Visualization with pat_report

and Cray Apprentice2




Examples of Recent Scaling Efforts




New .ap2 Format + Client/Server Model e B

= Reduced pat_report processing and report generation times
= Reduced app2 data load times

= Graphical presentation handled locally (not passed through ssh
connection)

= Better tool responsiveness
= Minimizes data loaded into memory at any given time
= Reduced server footprint on Cray XT/XE service node

= | arger data files handled (1.5TB .xf -> 800GB .ap2)
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C=RANY

Scalable Data Format Reduced Processing Times
= CPMD
e MPI, instrumented with pat_build —u, HWPC=1
e 960 cores
xf->.ap2 88.5 seconds 22.9 seconds
ap2 -> report 1512.27 seconds 49.6 seconds
= VVASP
e MPI, instrumented with pat_build —.gmpi —u, HWPC=3
e /68 cores

Perftools 5.1.3 Perftools 5.2.0

xf->.ap2 45.2 seconds 15.9 seconds

ap2 -> report 796.9 seconds 28.0 seconds
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Old Client/Server (Cray Performance Tools 5.0.0) e sorencomruren comrant
Linux desktop Al data from Cray XT/XE login  collected Compute nodes
my_program.ap2 + performance |

X

N 11 protocol app2 data |
System 'ﬁ' I
application my_program.ap2 my_program-+apa

= | og into Cray XT/XE login node
% ssh —Y karbab

= | aunch Cray Apprentice2 on Cray XT/XE login node
% app2 /lus/scratch/mydir/my program.ap2

e User interface displayed on desktop via ssh X11 forwarding

e Entire .ap2 file loaded into memory on login node (can be Gbytes of
data)
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New Client/Server (Cray Performance Tools 5.2.0) T

Linux desktop  Userrequested data Cray XT/XE login Collected Compute nodes

from
X Window performance I
System my_program.ap2 app2 server i | |
licati
application iy brogram sy Y
+
app2 client my_program-+apa

= | aunch Cray Apprentice2 on desktop, point to data
% app2 karbab:/lus/scratch/mydir/my_ program.ap2

e User interface displayed on desktop via X Windows-based software

e Minimal subset of data from.ap2 file loaded into memory on login node
at any given time
e Only data requested sent from server to client
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pat_report: Job Execution Information T 8

CrayPat/X: Version 5.2.3.8078 Revision 8078 (xf 8063) 08/25/11 ..
Number of PEs (MPIl ranks): 16

Numbers of PEs per Node: 16

Numbers of Threads per PE: 1

Number of Cores per Socket: 12

Execution start time: Thu Aug 25 14:16:51 2011

System type and speed: x86 64 2000 MHz

Current path to data file:
/lus/scratch/heidi/ted_swim/mpi-openmp/run/swim+pat+27472-34t.ap2

4

Notes for table 1:
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pat_report: Table Notes

C=RANY

THE SUPERCOMPUTER COMPANY

Notes for table 1:

Table option:
-0 profile
Options 1mplied by table option:
-d ti%@0.95,ti,imb_ti,imb_ti%,
Other options:
-T

Options for related tables:

-0 profile_pe.th -0
-0 profiletsrc -0
-0 callers -0
-0 calltree -0

The Total value for Time, Calls
The Group value for Time, Calls
The Function value for Time, Cal

(To specify different aggregations, see: pat_help report options sl)

tr -b gr,fu,pe=HIDE

profile_th_pe
load balance
callers+src

calltree+src

IS the sum for the Group values.

is the sum for the Function values.

Is 1Is the avg for the PE values.

This table shows only lines with Time% > O.

Percentages at each level are of the Total for the program.
(For percentages relative to next level up, specify:

-s percent=r[elative])

CSCS Workshop, November 7-9 2011
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pat_report: Additional Information e il

Instrumented with:
pat build -gmpi -u himenoBMTxpr.x

Program invocation:
- ./bin/himenoBMTxpr+pat.x

Exit Status: O for 256 PEs
CPU Family: 15h Model: 01lh Stepping: 2

Core Performance Boost: Configured for O PEs
Capable for 256 PEs

Memory pagesize: 4096
Accelerator Model: Nvidia X2090 Memory: 6.00 GB Frequency: 1.15 GHz
Programming environment: CRAY

Runtime environment variables:
OMP_NUM_THREADS=1
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Sampling Output (Table 1)

Notes for table 1:

Table 1: Profile by Function

Samp % | Samp Imb. Imb _ Groug _
Samp Samp % Function
PE="HIDE"
100.0% | 775 | - -- | Total
94.2% | 730 | - -- JUSER
43 .4% 336 8.75 2.6% lwxyz
10 | 138 | 8:43 730 Eav Y
8.0% 62 6.25 9.5% |fu
6.8% 53 1.88 3-5% rev_
4._.9% 38 1.34 3.6% |bn
3.6% 28 2.00 6.9% Jcurrent
520 77 | 1:80 8:8% |bn sf_
1.7% 13 1.97 13.5% m% el”
1.4% 11 1.53 12.2% |c
1.3% 10 0.75 7.0Q% curgen _
1.Q% 8 5.28 41 .9% Bn 0
[ 8 | 8128 | 53I2% [bndtos __
S 5.4% | 421 -1 - mPI
1.9% 15 4.62 23.9% |mpi_sendrecv_
1280 12 | 18:85 | s5:0% |Im |_Ecast
1 __17% | 13 | 75166 | 30I7% Impizbarrier_
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pat_report: Flat Profile

C=RANY

THE SUPERCOMPUTER COMPANY

Table 1: Profile by Function Group and Function
Time % | Time |Imb. Time | Imb. | Calls |Group
| | | Time % | | Function
| | | | | PE="HIDE"
100.0% | 104.593634 | — | -- | 22649 |Total

I 71.0% | 74.230520 | -1

| =6o-7% 1 72005208 | 0.508350 |
Il 1.0% | 1.050931 | 0.030042 |
e R
=6 7% | 17.261110 | 0320532 |
Il 7.7% | 8.078474 | 0.114913 |
ey R
o 2k | 2.207a67 1 o.768847 1
T T 1
iI“‘1?1[;0‘1“‘1?155;5;‘1‘5‘1;;;;5‘1‘

CSCS Workshop, November 7-9 2011

0.7% | 125 |mpi_allreduce
2.8% | 94 |mpi_alltoall_
— | 73 JUSER
1.9% | 23 |selfgravity
1.4% | 48 |ffted_
— | 435 |MPI_SYNC
26.2% | 172 |mpi_barrier_(sync)
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pat_report: Message Stats by Caller

Table 4: MPI Message Stats by Caller

MPI Msg |[MPI Msg | MsgSz | 4KB<= ]Function
Bytes | Count | <16B | MsgSz | Caller
| | Count | <64KB | PE[mmm]
| | | Count |

15138076.0 | 4099.4 | 411.6 | 3687.8 |Total

|

:.

|] 8080500.0 | 2062.5 | 93.8 | 1968.8 |calc2_

3| | | | | MAIN_

1 -
411l 8216000.0 | 3000.0 | 1000.0 | 2000.0 |pe.O

4|l 8208000.0 | 2000.0 | Z— | 2000.0 |pe.9

4|1l 6160000.0 | 2000.0 | 500.0 | 1500.0 |pe.15
I I I I:::::::::::::::::::::::::::::::::::::::::::::
|| 6285250.0 | 1656.2 | 125.0 | 1531.2 |calcl

3| | | | | MAIN_

e e e
411l 8216000.0 | 3000.0 | 1000.0 | 2000.0 |pe.O

4|l 6156000.0 | 1500.0 | Z— | 1500.0 |pe.3

4|l 6156000.0 | 1500.0 | —— | 1500.0 |pe.5

111
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Cray Apprentice?

Call Graph Profile
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3
B

eV IBMEA

—— = leunction
jbverview

—
PV PHMEA
—
|
Y
B oo | r = =
P —— r
@AY YEHIBMEENA:
= Ovrvie | e Aeport. ¥ Mosse |
W1 664e-05

Average Time
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C=RANY

Cray Apprenticez THE SUPERCOMPUTER COMPANY
= Call graph profile = Cray Apprentice? helps identify:
= Communication statistics * Load imbalance

* EXxcessive communication
* Network contention

* EXxcessive serialization

* |/O Problems

" Time-line view
e Communication
e |/O

= Activity view

= Pair-wise communication
statistics

= Text reports
= Source code mapping

CSCS Workshop, November 7-9 2011 Cray Inc. 51



Accessing Remote File from app2 Client

M, NN , Open Remote File
Host kaibab

\llus/scratch/heidited_swim/mpi-openmp_big_grid/run

—

| | 513swindpat+16425-13tdt.ap2 Apr 08 2011
| swimndpat+10302-0t.ap2 Apr 12 2011
| swimtpat+10302-0t.ap20LD Apr 08 2011
| swimndpat+30314-0t.ap2 Apr 12 2011
| | swimdpat+30314-0t.ap20LD Apr 07 2011
| swimtpat+4790-56s.ap2 Today

| swimtpat+7846-0t.ap2 Apr 12 2011
|| swimpat+7846-0t.ap20LD Apr 07 2011

W1 Show only * ap2

CSCS Workshop, November 7-9 2011 Cray Inc.

10:
15:
10:
15:
09:
14:
15:
09:

39
48
17
47
19
26
47
40

| Elopen || € cancel

4
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Statistics Overview CRRAN

Switch Overview display
Ele =

w T+hew 1 +3wim 1 Bp ap2 |

EH {rn| -
¥ \g i A ;
E L (rores |
W Overview |
Sort by Calls Sert by Time o
Bear fecion Do SU02L U User Region: Do 200:25.1 %
mpi_jzend 28.1%
2l OthersS 4%
User Fegior; Do 100:17.8%
Al Others:17.9%
rpi_waitall_9 6% I
eit 5.5%
mpi_waitall_14 7%
0.00 053 1.06 153 212
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Function Profile

C=RANY

THE SUPERCOMPUTER COMPANY

File Help
w swinn+te 1 Bgp.ap2 |
W Overview |
Functioh Callz Tirne =
calel _ [ — o]
calc?_ | — |
calod_ ——]
calc3z_
inital_
haIN_
MPI_Cornm_rank
MFI_Comm_size
MPI_Finalize
MPI_Init
MPI_lrecy [
MPI_lsend [ =
MPI_FReduce
MPI_Type_get_true_extent
WP 1_aitall =]
User Region: Calci | — |
ser Fegion: Calc2 —]
Izer Fegion: Cale3  —
zer Fegion: Do 100 —] ]
User Region: Do 200 — |
Uzt Region: Do 300 —] |
Uset Fegioh: Inital
£ Se+04 3.3e+04 0 44 39 [x]
A A
0.00 0.45 041 1.36 1.62
|
Slide
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Function Profile
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THE SUPERCOMPUTER COMPANY

File Help
w awim+iompi+1566td.ap2 % Tl +swpHio+mpi+48p ap2 |
Ry VE DR LUE E X :
w Owerview vFur1cti-:r'||
Time | Percend Hits | Callsites | Imbalance % 'DSDBE:ZZJ Function Line | File =
124179511 63.29 576 1 563 015 sweep_ 116 ushnidd0036AdriApps/sweep3disweep f
40211774 2080 113080 1 2340 0.25 ropi_recy_ 0 ==Mdi==
16319527 832 45 1 4526 030 exit 35 mothackedupiusersirsteltscd REL_1_4_33 060914 Thufpeicomputelibslglibestlibdexit.c
G.173236 3.15 1536 3 50.00 012 mpi_allreduce_ 0 ==PMAi==
2760376 1.41 113080 1 17.58 0.01  ropi_sencd_ 0 ==Ma==
2.250029 115 576 1 262 0.00 source_ 18 Ausmid00036Adr Appslsweep 3disource T
14934620 1.01 144 1 254 000 ropi_barrier_ 0 ==Mdi==
0867359 0.44 192 2 247 0.00 mpi_beast_ 0 ==PMAi==
0416231 0.21 576 1 2.60 000 flux_err_ 17 Ausmicd000360cdr Appsisweep 3dMux_err f
0382130 019 113080 2 10.93 000 snd_real_ 135 Mushid000360cr A ps/sweepScimp _stuff.f
0237772 0412 309 1 5575 0.07 fwrite 36 MnotbackedupiusersfrsreltsB4 REL_1_4_33 080314 Thufe/computelibsiglibelibiofofwrite o
0185067 009 118080 2 17.30 0.00 rov_real_ 164 Mushid00036Adr Appalsweep3dimpi_stuff.@
oo0e7gsz 003 48 1 456 000 initislize_ 42 Musinid00036Adr Appslsweep3dinitialize.
00sa407 003 45 1 4949 000 initss_ 77 Musinid00036AdriAppselsweep3dinitialize.
0041371 0.02 48 1 23.54 0.00 inner_ 72 Mushid00036Adr Appsisweep 3dinner T
oo0z23a4s 0o g 1 000 fpute 35 mothackedupiusersirsteltscd REL_1_4_33 080914 Thufpeicomputelibsiglibedibiofpute .o
ooeg0z oo B35 1 000 gete 36 mothackedupiusersirsteltscd REL_1_4_33.080314 Thuielicomputelibsiglibctibioigetc o
ooog104 000 4992 2 258.14 000 octant_ 17 Mushid000360cr Apps/sweepSdioctant .
0002457 0.00 575 1 18.79 000 glokal_real_mas_ 321 Mushid0003E0c A pssweepSdimpi _stuff.f
0002083 000 45 1 E3.55 000 Malk_ 72 Nusinid0003EAdriAppaliswveep3didriver
ono1sas 000 576 1 39.10 000 glokal_int_surn_ 373 Mushid000360drAppsisweepIcimpi_stuff f
oooiz3es o000 45 1 10.23 0.00 inner_auto_ B9 usmid000360dr LA pslsweepddinner _auto f
ooo0gsz 000 48 1 97.74 000 task_init_ 24 Nusinid00036Adr 2ppslsweep3dimpi_stuff.f
0000738 0.00 384 2 2757 0.00 glokal_real_surm_ 347 Nusinid0003E0driAppssweepSdimpi_stuff.f
0.0008E2  0.00 2 1 0.00 fopen 106 Mmothackedupiusersirsrelirs54 REL_1_4_33 05031 4 Thufe/computelibsfglibelibiofofopen.c
0.000499 0.0o0 45 1 754 0.00 initshe_ 175 Mushnid000360dr/Appsisweep Sdinitialize . © ﬂ
4 [
D‘DD il 115 2.30 345 4.&%
| —
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Load Balance View (Aggregated from Overview) . Seeevammsme

B Min, Avg, and Max o

W sweep3o+HE-u+HMpiaGp . ap2 | w swim+tr1 Bp ap2 |
Values

ey 5B M

w Overview ‘Lc-adBaJa.nce 1

Load Balance. MPf_Recy

FE
FE #57
FE #54
FE #79
FE #56
FE #71
FE #75
FE #63
FE #70
PE #55
FE #93
FE #62
FE #54
FE #52
PE #85
PE #4941
FE #54
FE #68
FE #77
FE #30
PE #33
FE #61
FE #6858
FE #76
FE #53
FE #60
PE #52
FE #28
FE #67
FE #75
FE #55
PE #52
FE #59

Time {in secs)

[¥]

2 9e+03

4

.00
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Call Tree View AN

File ( h Help
@AY EHDR MEEXE | Width <> inclusive time
~ Overview ¥ Call Graph X | / <
. Height < exclusive time B
(c=2.1083) J
(c=0.0433)
/ (c=0.39=0-1|=01-'0.2933} pﬁ‘n.uan nOdeS Or
: sub tree
Load balance overVIeW: \D2=2?I.I==3=_0.4705} (c=0.38ctl?i|:=2="0.5031)
Height < Max time P
Middle bar <> Average time DUH Button:
Lower bar <> Min time ' Bution:
Yellow represents @ Provides hints
L pre i 1 g for performance
imbalance time i tuning
&= 5.'3‘2'1"'3 }[ 4
1 I’Iz
ﬂSearch:| ﬂ a# a
(ﬂm 0.56 1.1z 1.68 2.251
|
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Call Tree View — Function List b o .

File Help

Right mouse click:
Node menu

e.g., hide/unhide
Pl Achildren )

Right mouse click: .
View menu: (el
e.g., Filter mpi w/

1
e=0.0412

w Overview X W Call Grap XI
Info

vl

Imb Time | Name
0.3702 mpi_waitall_[7]
0.3103 mpi_waitall_[4]
01586 mpi_waitall_[10]
01226 mpi_waitall_[6]
01108 mpi_waitall_[1]
01017 mpi_waitall_[3]
0.0917 calcl_
0.0673 calc3_
00649 calc2_
0.0249 mpi_waitall_[9]
0.0161 mpi_isend_[13]
0.01289 mpi_irecv_[10]
0.0117 mpi_isend_[10]
0.0090 mpi_waitall_[0] /
0.0084 mpi_isend_[7]
0.0072 mpi_irecv_[13]
0.0070 mpi_isend_[4]
0.0065 mpi_irecv_[4]
0.0048 mpi_irecv_[7]
0.0031 mpi_waitall_[2]
0.0029 mpi_reduce_{sync)
0.0025 mpi_waitall_[5]
0.0001 mpi_reduce_
0.0000 mpi_waitall_[8]
0.0000 mpi_irecv_[18]
0.0000 mpi_isend_[16]
0.0000 mpi_finalize_
0.0000 mpi_comm_rank_
0.0000 mpi_init_

0.0000 mpi_comm_siz

5101

calcl
{c=0/3901 e=0.2933)

calc3_ calc2
(c=0.0221 e=0.4705) (c=0/3803 e=0.5031)

: @
Sort Optlons : /f mpi waitall 7]
% Time, mpLuglals 31
Time,
Imbalance %
Imbalance time

Function
List off

[»]

|mn%/|m
— —r——\

[4]

-

oo|QL]

B @
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Apprentice? Call Tree View of Sampled Data T surchcouruTen courant

[ Appronticcs &, on guppRy. | = =3
(]

- S|
= Ongangiows 2 T Calioraph A 0
Crramaome Langrapn |
maas -]
—_— R
e —
1 1
—————
H e
& T
inner beast int barrier sync
A —_
—— ——
—— H
— P ——— i
o ——
el Bed enaee [ S P e
globar iht sum ocast int ba

i
0

Y
/

-

¥

II’J
c

am
~._,..

3
o

L

Iﬁ q
:!

&
-

.ri

—

o=
ii
o, E=0

]
e i —
B Hits =54
| -1
— ~1
— —
[ [+
1 T [ o
>> | Searchy Go| Sl L M
i = i WY
_
D T T T T T R Ty | —
IBPWESEFGITIRI+ Sa8iME. M5 .ade &, 001 SVENLS LR P oy o |
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Call Tree Visualization CRRANY

i_'_;i.',‘ff_:sweep3d.mpi.seal.PE2130.pat431.mud 10.pat-u-gmpiseal48coresit_suml.ap2 = ﬁl[ﬂ

File Help

@PYIBMERE

w Ovérview  wCall Graph xl

- _inner auto_ . alk Ir|It|
l IC-ZE.SSSSIID.DDZII | {c=0. 5 70 II-IJ]'OIJDU)
[ (c=25. 145?‘;—0 4220) J (:wg%g%tgjgﬂ.ilﬂlﬂﬂl
ﬂ "\ R
| s lobal int_sum

(c=0. 1{35’5‘:’-' .0131) [ (c=15'5348 e=0-0000) ‘

globl-l real
{c=0.00Z9 .-"D DDUO)
e

‘ mpi_| b:-a\'sgg&c] 31

sWeep
(c=1.3738 e=3.1107)

{c=0. {:‘1‘!’3‘5&0’050:::0 dgzrl‘:gu]nzsx: 0 é"s-z“'nﬁ}aonx:ﬂ I{?!rﬂ cﬂJhJOZI.)

ML e
= i

melalgsqgsstyne Bl

s Searcn:! Go Q|
A
0.00 6.61 1322 19.83 26.44

| 7
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Discrete Unit of Help (DUH Button)

C=RANY

THE SUPERCOMPUTER COMPANY

=121

Help

Y XEL T

~Oveniew ¥ wCall Graph X |

inner
{c=25.14T75 e=0.4220) J

mpi_aItI:

syl ©

Function 'inner_' has the highest load imbalance time
(19.770283 seconds) and is therefore a candidate for further
examination for performance optimization.

Imbalance time provides an estimate of how much time would
be saved forthe overall program if the corresponding area of
the application had perfect balance.

To identify functions with notable load imbalance, look for 'tall'
or'wide' boxes with lots of yellow. Remember that an
imbalance that shows up at one point in the call tree may be
due to an imbalance that occurred further up in the call tree
To see values forthe imbalance time and percentage, hover
overthe function.

=1o1 x|

[ |
ask init
(€=0.5270"e=0{0000)

iy

enb SR B0

{0 I
mpi_b;:-o’ts?eq.'c) 31

(4]

[+

EIEY

— 9

_>_>-| Sear\:h:!
A

0.00

1322

19.83

26.44
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7-9 2011
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Load Balance View (from Call Tree) ) e

2 Min, Avg, and Max ko

W sweep3o+HE-u+HMpiaGp . ap2 | w swim+tr1 Bp ap2 |
Values

@,y OB MEX S

- Oiverview: I W Call Graph ¥ Load Balance |

Load Balance.: MPf Bcast

[¥]

Time {in secs)

’

FE Calls

FE #33[ |
FE #37
PE #43
FE #41
FE #61
FE #57
FE #35
PE #63
PE #51
FE #45
FE #67
FE #41
FE #47
FE #59
PE #35
FE #31
FE #34
FE #55
FE #33
PE #39
FE #53
FE #42
FE #48
FE #57
FE #65
PE #35
FE #73
FE #75
FE #53
FE #77
PE #71
PE #62

[

s
!|I

A
b

.I‘““‘“““““““““‘\Ill’

!
L,

i
o]
T

1.2e-05

4
.00 0.78 1.57 2.35
A
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Source Mapping from Call Tree e I

w aweep3d+mpiaGn+r smlgz |

&Y EMER

 Dverwiew I  Traffic Report | w Activity I  Call Graph v3‘\’-“3'3Fl-f|

165 []

166 < angle pipelining loop (batches of mmi angles)

167 C

168 DO ma =1, mmo

169 o = Cmo—1 0 *mrmi

170

171« K=inflows (k=k0 boundary)

172 s

173 if (k2.1t.0 .or. kbc.eq.0) then

174 do mi =1, mmi

175 do § =1, jt J

176 doi=1, it

177 phikb(i,j,mi) = 0.0d+0

178 end do

179 end do

180 end do

181 alse

182 if (do_dsa) then

183 leak = 0.0

184 ko= k0o — k2

185 domi = 1, rmmi

18E m=tm + mio

187 do § =1, jt

188 do i =1, it

189 phikh{i,j.mid = phikbhc{d,3,m)

180 leak = leak

191 & + wisi (mi*phikb (i .5 ,mid=di (i2=d7 {7

192 face(i,j.k+k3,3) = faceli,j,k+k3, 3D

193 & + wisi {mi*phikb(i,3,mid

134 end do

195 end do

196 end do

187 , leakage(5) = leakage(5) + Teak -
[4] | ]
A I | I A
0.oo 2.13 427 £.40 853
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pat_report Tables in Cray Apprentice2 e 5

= Complimentary performance data available in one place

= Drop down menu provides quick access to most common
reports

= Ability to easily generate different views of performance data

" Provides mechanism for more in depth explanation of data
presented
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Example of pat_report Tables in Cray Apprentice2 i

File Help
w About Apprentice2 €| ¥ Swim+pat+10302-0tap? © |

. f )
~ Overview €| ¥Texd ©

CrayPat/¥: Version 5.

Mumber of PEs (MPI ranks):

Mumbers of PEs per Node:

Mumbers of Threads per PE: 1 NeW FeXt
Mumber of Cores per Socket: 12 table ICONn
Execution start time: Thu Apr 7 09:50:13 2011
System type and speed: x86_64 2000 MHz
Current path to data file: swim+pat+10302-0t.ap2 ‘\
Right click for
Motes for table 1: table.
Table option: generaﬂon
Dp';iunﬁ;oi;-l;ﬁied by table option: 0pt|0n5 j

-d t1%@e. 95,t1,imb_ti,imb ti%,tr -b gr, fu, pe=HIDE, th=HIDE

The Total walue for Time, Calls is the sum for the Group values.
The Group walue for Time, Calls is the sum for the Function values.
The Function value for Time, Calls is the avg for the PE values.
The PE walue for Time, Calls 1is the max for the Thread values.
[To specify different agagregations, see: pat_help report options sl)

T T e T T oy O s L

1 | 3

4 | | | A
0.00 49.30 98.55 147 89 197.18
swim+pat+10302-0t. ap2 (1.373s) 4
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Generating New pat_report Tables e coran

Profile
] Custom...

] Source
] Calltree
I Callers

Show Notes

[ 1Show All PE's
Show HWPC
Use Thresholds

Select All

Select Mone

Panel Actions >

Panel Help



