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Introduction: Profiling & Tracing

Program Instrumentation
« Detect run-time events (points of interest)
« Pass information to run-time measurement library

Profile Recording
« Collect aggregated information (Time, Counts, ...)

« About program and system entities
« functions, loops, basic blocks per process/thread

Trace Recording

 Individual event records

* Precise time stamp, process/thread ID
« Event specific information



Event Trace Visualization

Trace Visualization

« Alternative and supplement to automatic analysis
« Show dynamic run-time behavior visually

* Provide statistics and performance metrics
« global timeline for parallel processes/threads
« process timeline plus performance counters
 statistic summary display
« communication statistics, more ...

 Interactive browsing, zooming, selecting

« adapt statistics to zoom level (time interval)
 also for very large and highly parallel traces



Vampir Toolset Architecture
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Vampir Displays

The main displays of Vampir:

* Master Timeline

* Process and Counter Timeline
* Function Summary

« Message Summary

* Process Summary

« Communication Matrix

« Call Tree
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GPU Tracing (CUDA)
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* Full support for GPGPU computing, CUDA and OpenCL
 Shows Kernel invocations, idle time, and DMA transfers



MPI + CUDA Tracing

Process 0
Process 1
Thread 1/1
Process 2
Thread 1/2
Process 3
Thread 1/3
Process 4
Thread 1/4

e Support for hybrid modes: GPGPU + MPI + threads
— Function invocations in host processes (Process X) and threads
— Kernel invocations in CUDA threads (Thread x/y)
— Host-GPU interactions via CUDA API (light arrows)
— Host-Host interactions via MPI (bold arrows)



MPI + CUDA + Pthreads
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* Detalls about kernel invocations

« Derived counter values, e.g. about GPU execution rate



Vampir Scalability

« Currently no scalability limits provided enough

analysis processes and enough distributed memory

* Full-scale ORNL Jaguar trace opened with 20,000

VampirServer analysis processes

« Vampir - find ways to show that much data



Scalability Features in Vampir GUI

« Compact timelines (Fit to chart height)

* In master timeline and performance radar

« Visualization of more processes than vertical pixels
« Clustering

« Allows detection of groups with similar behavior and
outliere

« Performance radar
« Highlighting performance conditions in a global timeline



Scalability Feature I: Fit to chart height
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Scalablllty feature Il Clusterlng
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Scalability feature Il: Clustering
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Scalability Feature Ill: Performance Radar

|dentification of relevant
spots with a heat map

Performance counters
and properties derived
from trace events

Arithmetics on counter
data and event
properties
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« Easily reveals
where given
functions occur,
e.g. MPI_Barrier

« Shows density of
function calls
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Scalability Feature Ill: Performance Radar

 Allows global
sum over all
processes, ranks
and threads
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Vampir - Trace View - Jaguar:30045:/lustre/widow1/scratch/tilsche/iofsl/traces/542425/merged/s3d. otf

BEE

2380s

Process 0
Process 6433
Process 13073
Process 19713
Process 26353
Process 32993
Process 39634
Process 46274
Process 52914
Process 59554
Process 66194
Process 72834
Process 79474
Process 86114
Process 92754
Process 99394
Process 106035
Process 112675
Process 119315
Process 125955
Process 132595
Process 139235
Process 145875
Process 152515
Process 159155
Process 165795
Process 172436
Process 179076
Process 185716
Process 192356

Values of Metric "MPI Wait duration” over Time

Process 0
Process 6865
Process 13730
Process 20594
Process 27459
Process 34324
Process 41188
Process 48053
Process 54918
Process 61782
Process 68647
Process 75512
Process 82376
Process 89241
Process 96106
Process 102970
Process 109835
Process 116700
Process 123564
Process 130429
Process 137294
Process 144158
Process 151023
Process 157888
Process 164752
Process 171617
Process 178482
Process 185346
Process 192211

0.000 0.025 0.050

2385s

Communicators

Process Hierarchy

2

Filter Processes
v Include/Exclude All

X

Number of processes
200448

Selected processes
200448

4 Reset

¥ MPI Communicator 0 58/58 > 4

¥ MPl Communicator 1 48/48 >

¥ MPI Communicator 10 72/72 >
.ator 100 72/72 >
tor 1000 72/72 >
..or 10000 48/48 >
.or 10001 48/48 >
.or 10002 48/48 >
.0or10003 48/48 >
.or 10004 48/48 >
.or 10005 48/48 >
.or 10006 48/48 >
.or 10007 48/48 >
..or 10008 48/48 >
.or 10009 48/48 >
tor1001 72/72 >
.0or10010 48/48 >
.or10011 48/48 >
.or1001258/58 >
.or1001358/58 >
.0or 10014 58/58 >
..or 10015 58/58 >L]

Vo [@

¥ MPI Comm..
¥ MPI Comm..
¥ MPI Comm.
¥ MPI Comm..
v MPI Comm:..
v MPl Comm:..
¥ MPI Comm:..
¥ MPI Comm..
¥ MPI Comm..
¥ MPI Comm..
¥ MPI Comm.
¥ MPI Comm..
v MPI Comm:..
v MPl Comm:..
¥ MPI Comm:..
¥ MPI Comm..
¥ MPI Comm..
¥ MPI Comm..
¥ MPI Comm.

Function Summal

ry

Cancel ]

o

D]

tool_
| rate_bounds_ | |

lc_temp_
looptool_
.centh_allpts_
ge_lt_

buff_

(]

| =

&

0 GiB

Sum
12KiB
18 KiB

iB |768 B
iB 5128

0.200 0.225 0.250 0.275 0.300

2415355

Connected: laguar




Overview

 Introduction
« Vampir Displays

« Advanced topics

 GPU Support
« Scalability

* Finding Performance Bottlenecks

« Conclusion & Outlook



Finding Bottlenecks

Vampir trace visualization

several displays with many options

identify essential parts of an application (initialization,
main iteration, /O, finalization)

identify important components of the code (serial
computation, MPI P2P, collective MPI, OpenMP)

make a hypothesis about performance problems
consider application's internal workings if known
select the appropriate displays

use statistic displays in conjunction with timelines



Bottlenecks in Communication

« Communication as such
(dominating over computation)

 Late sender, late receiver

« Point-to-point messages instead of
collective communication

« Unmatched messages

« Overcharge of MPI's buffers

« Bursts of large messages (bandwidth)

* Frequent short messages (latency)

« Unnecessary synchronization (barrier)

« The above usually result in a high MPI time share



Bottlenecks in Communication: Example 1

VI-HPS

Too much runtime share for MPI all-together

i % ./ Vampir - Trace View - /trcdata/tracefiles/knuepfer/flash_uchicago_edu/FLASH_trace_00256_original_mpionly/flash_original 00256.0tF <@neptun> % 0 X
W File Edit Chart Filter Window Help (=T&x]
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Bottlenecks in Communication: Example 2 VI-HPS

Long bursts of MPI_AllIReduce operations

% ./ Vampir - Trace View - /trcdata/tracefiles/knuepFer/flash_uchicago_edu/FLASH_trace_00256_original_mpionly/flash_original 00256.0tF <@neptun> v & X
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Bottlenecks in Communication: Example 2

Long bursts of MPI_AlIReduce operations
9

%W &/ Vampir- Trace View - /trcdata/tracefiles/knuepFer/flash_uchicdammedsBoasit umse€00256_modified_mpionly_new_x3/flash_modified_new_x3_00... % & X
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Bottlenecks in Communication : Example 2

Long bursts of MPI_AllIReduce operations

9

Replace by NBC
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Bottlenecks in Communication: Example 3

VI-HPS

Chains

of MPI
Sendrecv
replace

% ./ Vampir - Trace View - /trcdata/tracefiles/knuepFer/flash_uchicago_edu/FLASH_trace_00256_original_mpionly/Flash_original_00256.0tF <@neptun> ¥ & X
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Bottlenecks in Communication: Example 3

% ./ Vampir - Trace View - /trcdata/tracefiles/knuepFer/flash_uchicago_edu/FLASH_trace_00256_original_mpionly/Flash_original_00256.0tF <@neptun> ¥ Q X
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Bottlenecks in Communication: Example 3

Y & Vampir- Trace View - /Ercdatas/tracefiles/knuepfer/Flash_uchicadéampin F@BMptrace_00256_modified_mpionly_new_x3/flash_modified_new_x3_00 & \’)
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Bottlenecks in Communication: Example 3

Y W Vampir <@neptun> & & X

Chalns b4 File Edit Chart Filter Window Help (=18
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| [«]2]




Bottlenecks in Communication: Example 4

Many MPI
barriers are
unneeded

Y W Vampir <@neptun> <2> ¥ \’} %

W File Edit Chart Filter Window Help (=18x]
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Bottlenecks in Communication: Example 4

W Vampir <@neptun= = X
W File Edit Chart Fiter Window Help
ENLEOITIERL2SH 2V

Timeline
66.8625 s £6.8650 5

Many MPI
barriers are

Function Summary

66.8600 s 66.8675 5 | All Processes, Number of Invocations per Function

P 0 -] 2k 1k 0k
unneeded = S
9 Process 14 MPI_Irecv
Process 21 [PIEEM VP _Waital
Process 28 256 MP|_Comm_size
R emove Erocess fé_ 256 [77MPI_Alireduce
rocess ;
. . Process 49
barrl e rS If E:gzzz: gg . Function Sumr1:'1ar_v ;
. Process 70 All Processes, Accumulated Exclusive Time per Functi. ..
pOSSIbIe, Process 77 10S 05 s 00s
. Process 84 UMS;Ir Alred
foll Process of _Alreduce
O OWI n g P:gzzzz 08 0354's P VP I_Ssend
- Process 105 0126 s MPI_Waitall
Operat|0ns Process 112 églgg.a mH MP|_lrecv
Start IeSS Erocess 1122 . <1ms |MPI_Comm_size
rocess ;
E:gzzzz 1230 E Context Viegw
reg U Iar b Ut Process 147 = | = Master ﬂmelineﬂ1 T
Process 154 L |F’roperty |Va|ue
are faSte r_ Process 161 Display Master Timeline
Process 168 Type Function
Process 175 Function MPI_Waitall

Process 182
Process 189
Process 196

(« L]

Function Group MPI

Interval Begin  66.864375 s
Interval End £66.865346 s
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Bottlenecks in Computation

« Unbalanced computation (single late comer)

 Strictly serial parts of program (idle threads)
* Frequent tiny function calls, sparse loops
 Memory bound computation

« Inefficient L1/L2/L3 cache usage, TLB misses
« Detectable via HW performance counters

 1/0O bound computation
« Slow input/output, sequential 1/0
« 1/0O load imbalance

« Exception handling



Bottlenecks in Computation: Example 1
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Bottlenecks in Computation: Example 1
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Bottlenecks in Computation: Example 2

High rate of
FPop/s with
low rate of
L3 cache
Mmisses

VS.

low FPop/s
rate due to
a high L3
MISS rate.

¥
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Bottlenecks in Computation: Example 2

High rate of
FPop/s with
low rate of
L3 cache
Mmisses

VS.

low FPop/s
rate due to
a high L3
MISS rate.

(zoom)
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