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\H\ Performance Evaluation process

Monitoring System

Observe both overall system performance and single-program
execution characteristics.

- Look to see if the system is doing well and what percentage of the resources your
program is using.

- Pro: easy Con: not very detailed
Profiling and Timing the code
Timing a whole programs (time command :/usr/bin/time)
Timing portions of the program (code modification)

Profiling



N

- °
5 Measurement Techniques

- When is measurement triggered?
- Sampling (indirect, external, low overhead)
* interrupts, hardware counter overflow, ...

- Instrumentation (direct, internal, high overhead)
* through code modification

- How are data recorded?
* Profiling
« summarizes performance data during execution
- per process / thread and organized with respect to context
- Tracing
* trace record with performance data and timestamp
- per process / thread



\ Useful Monitoring Commands (Linux)

Uptime returns information about system usage and user load
ps(1) lets you see a “ snapshot” of the process table

top process table dynamic display

free memory usage

vmstat memory usage monitor

Session Edit View Bookmarks Settings Help

 top - 15:48:25 up 2 dav 21:45, 1 user, load average: 0.79, 0.47,
' 1, n C : :nmble

| Mem 4044 [al,
| Swap: 11847896k total,

PID LSER FR. NI UIHT FES SHR 5 %CPU %MEM TIME+ COMMAND

sthrown 18 @ 12m B60 D
sthrown 5 -10 l.lg 1l.1g S
207 root 10 5 ? 0 0 s
5384 root 15 1 52 308m  28m S
7963 sthrown 15 1 302m  47m 9872 S
| 32213 root 15
32518 sthrown 0 -20
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\H\ Swapping... A top disaster

virtual or swap memory:

This memory, is actually space on the hard drive. The operatingsystem
reserves a space on the hard drive for “ swap space” .

time to access virtual memory VERY large:

this time is done by the system not by your program !

PID USER PR NI VIRT RES5 5HR S %CPU SMEM
11656 cozzini 18 @ 2172m 408m 260 D 4.3 82.4
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NAME

time - time a simple command or give resource usage
SYNOPSIS

time [options] command [arguments...]
DESCRIPTION

The time command runs the specified program command with
the given arguments. When command finishes, time writes a
message to standard output giving timing statistics about
this program

_______________ >time ./a.out
[program output]

real gmé : 3%3 user time: Cputime dedicated to your program
user OmO. s ) .
sys 0m0.590s sys time: time used by your program to

execute system calls
real time: total time (aka walltime)
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\H\' Timing A Portion of the Code

Most programming languages provide a means to access the

systems own timing functions

C function: clock

clock t c0, cl;
cO0 = clock();

section to code..
cl= clock();

cputime = (cl - c0)/(CLOCKS PER SEC );

Fortran Subroutine:
cpu_time

call cpu time (tO0)

section to code..
call cpu time(tl)
cputime = (tl - tO0)



It is good practice....

Session Edit View Bookmarks Settings Help

Good application writers
will take full advantage

of these to give users :
insight into code

S_INVFFT

TIMING

performance.

TOTAL TIME

CPU TIME :
ELAPSED TIME :

|| 6 Shell
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\H\' Profiling

Profiling is an approach to performance analysis in
which the amount of time spent in sections of code is
measured (using either a sampling technique or on
entry/exit of a code block) and presented as a
histogram.

Allows a developer to target key time consuming
portions of codes.

Profiling can be done at varied levels of granularity

Subroutine, code block, loop and source code line
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\H\ Inclusive and Exclusive Profiles

- Performance with respect to code regions
- Exclusive measurements for region only
- Inclusive measurements includes child regions

|
S
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\Hﬁ' GCC profiling and gprof

Simple gcc compiler flags can be used to get profiling
information.

Great place to start

GNU:

-p Generate extra code to write profile information suitable for
analysis program prof

-pg Generate extra code to write profile information suitable for
analysis by program gprof.

Procedure
gCC -pg prog.c -o prog

./prog
gprof prog.c gmon.out



Y Example

File Edit Options Buffers Tools C Cscope Help

Binclude
$include
$include
$include

<stdlib.h>
<stdio.h>
<math.h>
<time.h>

int main (wvoid){
double *xb, %%, %xd;
double #*a;
double begin, end;
double flops;
I T
1000;

int N
int ntimes = 100;

for (i=0;i<N;i++)

for (i=0;i<N;i++)
c[i]

for (i=0;i<N;i++)
d[i]

for (i=0;i<N;i++){
for(j= ? J<N JH++)1{

]

]

[i
[1
[i

Q0o
- - -
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—eee

3]
3]
]
}

}
begin = clock();
for(i=0;i<ntimes;i++){
for(j=0;j<N;j++){
1 alj] myvsum(b, j

end = clock();
printf("\nLoop time =
return 0;

double myvsum(double #*#*mat,
double myvprod(double **mat,

int: iy
Ines &,

int len);
int len);

b = (double **)malloc(N*sizeof(double*));

bl[i] = (double #*)malloc(N*sizeof (double));
= (double **)malloc(N*sizeof (double*));

(double *)malloc(N*sizeof({double));
= (double **)malloc(N*sizeof (double*));

= (double *)malloc(N*sizeof (double));
= (double*)malloc(N*sizeof (double));

(double) (i+3j);
(double) (i-3j);
(double) (1) ;

,N) + myvprod(c,j,N) + myvsumid,j,N);

%20.101f secondsin", (end-begin)/ (CLOCKS_PER_SEC))

File Edit Options Buffers Tools C Cscope Help

double myvsum(double *##mat,
double sum;
11 gy e
sum mat[i][0];
for(j=1;j«<len;j++)
sum += mat[i][
1

return sum;

int i, int len){

|
il;

}

double myvprod(doublse **mat,
double prod;

Ak g v -
prod = mat[1i][0];

int i, int len){

for(j=1;j<len;j++){
}

return prod;

prod *= mat[1i][3];




\ Example

Session Edit View Bookmarks Settings Help

i megatron: ~/programming> gcc -pg prog.c -0 prog
| megatron: ~/programming> ./prog

Loop time = 1.3400000000 seconds
| megatron: ~/programming> gprof -b prog gmon.out
|Flat profile:

| Each sample counts as 0.01 seconds.
% cumulative self self total
time seconds seconds calls us/call us/call name
77.21 0.86 0.86 200000 4,32 4,32 myvsum
21.55 1.11 0.24 100000 2.41 2.41 myvprod
1.80 1.13 0.02 main

Call graph

| granularity: each sample hit covers 2 byte(s) for 0.8%% of 1.13 seconds

findex % time self children called name
<spontaneous>
[1] 100.0 .02 1.11 main [1]
.86 0.00 200000/200000 myvsum [2]
.24 0.00 100000/100000 myvprod [3]

.86 .00 200000/200000 main [1]
200000 myvsum [2]

100000/100000
myvprod [3]

| Index by function name

[1] main [3] myvprod [2] myvsum
| negatron: ~/prograsming> i

- Chlhall
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\HS. Hardware Counters

- Counters: set of registers that count processor events, like
floating point operations, or cycles (Core i7 (Nahalem) has 7
counters per core, 3 fixed and 4 that can be assigned).

- PAPI: Performance API

- Standard API for accessing hardware performance counters

- Enable mapping of code to underlying architecture
- Facilitates compiler optimizations and hand tuning

- Seeks to guide compiler improvements and architecture development to
relieve common bottlenecks
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\HS' Features of PAPI

- Portable: uses same routines to access counters across all
architectures

- High-level interface

- Using predefined standard events the same source code can access
similar counters across various architectures without modification.

* papi_avail
- Low-level interface

- Provides access to all machine specific counters (requires source code
modification)

- Increased efficiency and flexibility
¢ papi_native_avail

* Third-party tools
- TAU, Perfsuite, IPM



S Perf, a simple tool for accessing hardware counters

static char array[leee][l1eee];
%n: main ({void)
" int i, i3
for (1 =8; 1 < 188e; i++)
for {(j = 8; ] < 1888; j++)

array[J1[1]++;

return e;

}

On hardware that supports enumerating cache hits and misses, you can run:

cycles:u -e instructions:u -e ll-dcache-loads:u
a.out

a.out" (1@ runs):

6,719,138 cycles:u [ 8.662% )
5,884,792 instructions:u B.757 IPC
1,837,832 11-dcache-loads: u [ g.809%
1,883,684 11-dcache-load-mi [ 5 ;

8.8038020¢ seconds time



\ Perf, a simple tool for accessing hardware counters

Mote the large ratio of cache misses.
Mow if we change array[jl[i]++; to ‘array[il[il+=+; and re-run perf-stat:

u -e ll-dcache-loads:u Y

Performance counter stats for './a.out' (18 runs):

cycles:u [ @.365% )
8 instructions:u 2.123 IPC

11-dcache-loads:u ( a.0 )

11-dcache-load-misses:u ( 4.8

@.208% )

seconds time elapsed

We can see the L1 cache is much more effective.

LI

To identify hot spots to concentrate on you can use:

 per

PerfTop: 1923 irgs/sec kernel: @.8%

. OUT

fhome /padraig/a
fhome /padraig/a.out




S Perf, a simple tool for accessing hardware counters

» pert record -a -g sleep 18

» pert report --sort comm,dso

That will display this handy curses interface on basically any hardware platform, which you can use to drill
down to the area of interest.

= padraig@pb-laptop:~ BER)

Events: 10K

Event: cycles

.14% openssl  libcrypto.so.l.0.0d

BT openssl  libc-2.13.s0

B1% perf [kernel.kallsyms]

k- openssl  openssl

.39% multiload-apple [kernel.kallsyms]

22% perf perf

AT% openssl  [kernel kallsyms]

9% perf libc-2.13.s0

095 Xorg [kernel . kallsyms]

29% gnome-settings- [kernel . kallsyms]

LOBS Xorg

O7% kslowdd02 [kernel . kallsyms]

LOB% gnome-panel  [kernel  kallsyms ]

045 dbus -daeman

045 sleep [kernel kallsyms]

045 openssl  [ipw2200]

D45 nautilus [kernel . kallsyms]
nautilus 1ibc-2.13.s0

cpufreg-applet libglib-2.0.s50.0.2600.0

Fd 8
L e o s s Y s s R e e e i e s R B )

For a higher level overview, try: perf report --sort comm,dso




\HS. Using Valgrind for profiling

Note kcachegrind is part of the "kdesdk" package on my fedora system, and can be used to read oprofile
data (mentioned above) too.

19
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\HS. Some Take-Home Points

- Good choice of (serial and parallel) algorithm is most
important

- Performance measurement can help you determine if
algorithm and implementation is good

- Do compiler and MPI parameter optimizations first

- Check/optimize serial performance before investing a lot of
time in improving scaling

- Choose the right tool for the job
- Know when to stop: 80:20 rule
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TAU Parallel Profiling Tool
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\H\ Performance Evaluation process

Monitoring System

Observe both overall system performance and single-program
execution characteristics.

- Look to see if the system is doing well and what percentage of the resources your
program is using.

- Pro: easy Con: not very detailed
Profiling and Timing the code
Timing a whole programs (time command :/usr/bin/time)
Timing portions of the program (code modification)

Profiling
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\HS' Parallel Performance

- The speed of the algorithm over multiple computing
resources.

- Factors
- Multi-core architecture
- Network
- Algorithm
- Computational scaling
- 1/0O subsystem
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\HS' Parallel Performance

- Parallel performance is defined in terms of scalability

Scaling for LeanCP (32 Water Molecules at 70 Ry) on BigBen (Cray XT3)

2500 -

Strong Scalability
Can we get faster for a 2000 -
Problem size.

1500 -

—o—Real
—®—jdeal

1000 -

500 -

0 500 1000 1500 2000 2500
Number of Processors
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\Hﬁ. Ahmdahl’s Law

- The speedup of a program using multiple processors in parallel
computing is limited by the time needed for the sequential
fraction of the program.

Amdahl’s Law
20.00 —
Pl
18.00 v
/ Parallel Portion
255 16.00 7 50%
—75%
105 14.00 / 90%
I / ——95%
o Serial 12.00
& E g 7
25s g 10.00 —
o —___.-—'
@ 8.00 / /
(&)
S Parallel 6.00 //
4.00 /|
T
\V] /""f
@ 2.00 ——
) ) o=+1000— |
31 Serlal EJ;I.: omﬁ o = =] w = o L1 3 = = ] o =
g SREEERRRRERE
? Number of Processors




L
\H\ “Parallel Performance

- Parallel performance is defined in terms of scalability

Parallel scaling of liquid water® as a function of system size
on the Blue Gene/L installation at YKT:

CO Mode Natrve Layer with Optimizafions
Nodes 32| 64 [ 128 | 256 | 512 | 1024 | 2048 | 4096 | 8192 | 16384 | 20480
Processors 321 64 [ 128 | 256 | 512 | 1024 | 2048 | 4096 | 8192 | 16384 | 20480

WoTimesstep |(022)| 010 | 0082 | 0071 | 0.046 | 0026 | (@00 |
WiTmesstep | 03 | 040 | (0.33)] 015 | 0106 | 0061 | 0041 |00
WilTmesstep | 270 | 152 | 035 | 04 |(026)] 05 | 011 | 0081 | 006

W64 Time s/step 6.72 | 377 | 188 | 087 | 031 | 031 ({JJD 0.15
WIZ8 Time step T4 | 331 | 157 | 109 | 0381 | 04%)]
W256 Time s/step 200 | 143 | 764 | 354 | 209 {(1%0)
*Liquid water has 4 states per molecule. Weak Scalability
How big of a problem can
*Weak scaling is observed! we do?

«Strong scaling on processor numbers up to ~60x the number of states! |
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5 Measurement Techniques

- When is measurement triggered?
- Sampling (indirect, external, low overhead)
* interrupts, hardware counter overflow, ...

- Instrumentation (direct, internal, high overhead)
* through code modification

- How are data recorded?
* Profiling
« summarizes performance data during execution
- per process / thread and organized with respect to context
- Tracing
* trace record with performance data and timestamp
- per process / thread
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\H\ " TAU: Tuning and Analysis Utilities

- Profiling tool that is inserted in the compilation process to
provide a very power and detailed level of performance
measurement.

- Useful for a more detailed analysis
- Routine level
 Loop level
- Performance counters
- Communication performance

- A more sophisticated tool
« Performance analysis of Fortran, C, C++, Java, and Python
 Portable: Tested on all major platforms
- Steeper learning curve
http://www.cs.uoregon.edu/research/tau/home.php



http://www.cs.uoregon.edu/research/tau/home.php

D - I HAH ” P
)7 Why TAU?

- One stop shop for profiling parallel, serial, and shared memory
performance.

- Graphical based reports make understanding the performance of
your software more manageable.

- Build system makes it easy to quickly instrument your software and
create a maintainable performance measurement system.

- Automatic profiling with PAPI, function level call paths, phasing and
timers through integration with Makefiles.

- Available on all major platforms (Windows, OS X, Linux) and works
with C/C++, FORTRAN, and Python.

20
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\H\' TAU Complications

- TAU works automatically at the source level with very
sophisticated parsing ... that doesn’t always work right.

- TAU can create a large amount of overhead when running,

especially if small functions that are called millions of times
are called.

- So much information.... Takes lots of experience to parse the
information.

21
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TAU, mpiP, ompP,
HPMToolkit, Cube,
HPCToolkit, Gprof,
Dynaprof, PSRun

Runtime Data
Collection

Supermon, MRNet

: Basic Analysis

o
Derived Data

Internal
Representation

Comparative
Displays

7, -

3D Displays

PostgreS0L, My5QL
Oracle, DB2, Derby

Scripting Interface

Jython

Reproduced from the TAU Tutorial Slides

22
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’What Does TAU Look like?

T TALU: ParaProf: C\Users\rreddy.PSC\AppDatat\Local\ Temp'tau-0004-unres-tau-c... | = || & |
File Options Windows Help

Metric: TIME
Value: Exclusive

Std. Devw.
hMean
hode 0
noade 1
hode 2
hode 3

EELEC [{energy_p_new_barrier.pp.F} {2204 72372 9}
Exclusive TIME: 281.118 seconds

Inclusive TIME: 285.669 seconds

Calls: 501.0

SubCalls: 3097250

23
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\H\’General Instructions for TAU

Use a TAU Makefile stub (even if you don’t use makefiles for your compilation)

Use TAU scripts for compiling (tau_cc.sh tau_f90.sh)

Example (most basic usage):

module load tau
setenv TAU_MAKEFILE <path>/Makefile.tau-papi-pdt-pgi
setenv TAU_OPTIONS "-optVerbose -optKeepFiles*

tau_cc.sh -o hello hello_mpi.c

Excellent “Cheat Sheet”!

« Everything you need to know?! (Almost)

http://www.cs.uoregon.edu/research/tau/tau releases/tau-2.20.1/html/TAU-quickref.pdi]



http://www.cs.uoregon.edu/research/tau/tau_releases/tau-2.20.1/html/TAU-quickref.pdf

L
‘Hﬁ. Using TAU with Makefiles

- Fairly simple to use with well written makefiles:

setenv TAU_MAKEFILE <path>/Makefile.tau-papi-mpi-pdt-pgi
setenv TAU_OPTIONS "-optVerbose —optKeepFiles —optPreProcess”
make FC=tau_f90.sh

— run code as normal
— run pprof (text) or paraprof (GUI) to get results

— paraprof --pack file.ppk (packs all of the profile files into one file, easy to
copy back to local workstation)

- Example scenarios

— Typically you can do cut and paste from here:

http://www.cs.uoregon.edu/research/tau/docs/scenario/index.html|



http://www.cs.uoregon.edu/research/tau/docs/scenario/index.html

e
N TAU API

- Additionally, TAU defines an API that allows developers to
manually instrument their software for very low level
control

#include <TAU.h>

int main (int argc, char **argv) {
int ret; pthread attr t attr;
pthread t tid;
TAU PROFILE TIMER (tautimer,"main()", "int (int, char **)", TAU DEFAULT);
TAU PROFILE START (tautimer) ;
TAU PROFILE INIT (argc, argv);
TAU PROFILE SET NODE (0);
pthread attr init(&attr);
printf ("Started Main...\n"); // other statements
TAU PROFILE STOP (tautimer); r
eturn O;

26
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H-' Roadblock: Reducing Overhead

ParaProf Profile Visualization Tool

T TAU: ParaProf: C:\Users\rreddy.PSC\AppData\Local Tempitau-0004-unres-tau-c... | = || = |[=a] Overhead (time in sec):

File Options Windows Help MDsteps base:

Metric: TIME 51.4 seconds
Value: Exclusive

MD steps with TAU:
Std. Dev. 315 seconds
Mean
node 0
fode 1 Must reduce overhead to get
node 2

meaningful results:

nade 3

EELEC [{energy_p_new_barrier.pp.F} {2204 7142372,9}] * In paraprof go to “File” and
Exclusive TIME: 281.118 seconds | «“ .

r lectiv
Inclusive TIME: 285.669 seconds select “C eat(_e Se ?Ct" €
Calls: 501.0 Instrumentation File
SubCalls: 399725.0

Click on one of these labels to
reveal detailed function info
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¥ Selective Instrumentation File

TAU automatically generates a list of routines that you can
save to a selective instrumentation file

Output File: |C:\Program Files\WMozilla Firefoxiselect.tau|

Exclude Throttled Routines

Exclude Lightweight Routines

~ Lightweight Routine Exclusion Rules

Microseconds per call: |1 0 |

Mumber of calls: [1oooo0 |

rExcluded Routines

woDD_HB_COMTACT
L PHA

IMRCOS

BETA

D AXPY

DDOT

DIST

EELECI]
EHBCORR

GCOMNT

MATMATZ
MATVECZ
PROGRAM ==ERGASTULUM ==ETOTAL ==EELEC ==EELECIJ
SCALAR

SCALARZ
SC_AMNGULAR
SC_GRAD
TRAMSPOSEZ
UMORMDERIY
NVECPR
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‘H\ Selective Instrumentation File

- Automatically generated file essentially eliminates
overhead in instrumented UNRES

- In addition to eliminating overhead, use this to specify:
— Files to include/exclude
— Routines to include/exclude
— Directives for loop instrumentation
— Phase definitions

- Specify the file in TAU_OPTIONS and recompile:

setenv TAU OPTIONS "-optVerbose —-optKeepFiles

—optPreProcess -optTauSelectFile=select .tau"

- http://www.cs.uoregon.edu/research/tau/docs/newguide/bk03ch01.
html
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‘H\’Getting a Call Path with TAU

- Why do | need this?

- To optimize a routine, you often need to know what is above and below
it
- e.g. Determine which routines make significant MPI calls

- Helps with defining phases: stages of execution within the code that you
are interested in

- To get callpath info, do the following at runtime:
setenv TAU CALLPATH 1 (this enables callpath)
setenv TAU CALLPATH DEPTH 5 (defines depth)

- Higher depth introduces more overhead



L
VGetting Call Path Information

T TALU: ParaProf: C:\Users\rreddy. PSC\AppData\Local\Temp\tau-0004-unres-tau-cp-414541-4.ppk
File Options Windows Help

Right click name of
Metric: TIME node and select
yalue e “Show Thread Call
Graph”

Stel. Dy,
Mean

hade 0 | i:i:_

gt
nd_Show Thread Bar Chart
rRight click for options L. o 1ot Window

Show Thread Statistics Table
Show Thread Call Graph e G o 000 e

Show Thread Call Path Relations e T
Show User Event Bar Chart main() (calls f1, £5)

Show User Event Statistics Window

Show Context Event Window

Show Metadata for Thread

Add Thread to Comparison Window

f5() (sleeps 5 sec)

f2() (sleeps 3 sec)
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\H\' Phase Profiling: Isolate regions of code

execution

- Eliminated overhead, now we need to deal with startup time:

— Choose a region of the code of interest: e.g. the main
computational kernel

— Determine where in the code that region begins and ends (call
path can be helpful)

—Then put something like this in selective instrumentation file:
static phase name="fool bar™ file="foo.c" line=26 to line=27

— Recompile and rerun
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»
)" Key UNRES Functions in TAU (with Startup Time)

To get this view, left click Metric: GET_TIME_OF_DAY
. Val_ue: Exclusive
on Mean, Max, Min, or Hiplts. econts
Node labels on left hand 364.929 SETUP_MD_MATRICES
21.167 EE BANAII
i i 11666 EINVIT
side of main Paraprof Ha] E BT
; 9693 [] ETREK3
wmdow 597 [] EELEC
2154 | FREDA
1917 | EGB
1193 | ELAU
0953 | GINV_MULT
0.742 | ESCP

0.659 | MPI_Barrier(
0.359 | MPI_Waitall)
0.344 | SUM_GRADIENT
0.305 | MPI_Reduce(
0.223 | INT_FROM_CART1
0.208 | MULTIBODY_HB
0.148 | MPI_Allreduce()
0.142 | ZEROGRAD
0.134 | SET_MATRICES
0.127 | INTCARTDERIV
0117 | ADD_INT_FROM
0113 | YEC_AND_DERIV
0.109 | MPI_Bcast(
0.108 | STATOUT
0.091 MPI_Scatterv()

0.07 | READFDE
0.057 | OPENUNITS
0.0585 | INIT_INT_TABLE
0.055 | ADD_HB_CONTACT
0.052 | ETURN4
0.049 | ETOR_D
0.048 | EBEND
0.044 | EQLRAT

0.04 | INT_TO_CART
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™ Key UNRES Functions (MD Time Only)

Phase: PHASE_MD
Metric: TIME

Value: Exclusive
Units: seconds

6.100 [ ] EELEC [(energy_p_new:_barrier.pp.F}{2204,7+{2372,9)]

1899 [ ] EGB [energy_p_new_barrier.pp.F}{1208,7+{1350,9)
1.062 [ GINV_MULT [{lagrangian_lesyng.pp.F}{462,7-{561,9)
0.739 [ ESCP [energy_p_new_barrier.pp.F}{3382,71{3494,9)]
0519 [ MPI_Barrier)
0.36 [ SUM_GRADIENT [eneray_p_new_barrier.pp.F}{417,7-{721,8)
0.261 [E MULTIBODY_HB [{energy_p_new_barrier.pp.F}{4622,7{4924,9)
0.225 INT_FROM_CART1 [{checkder_p.pp.F}{483,7+{551,9}]

0.169 ZEROGRAD [{gradient_p.pp.F}{319,7+{387,9}]

0.152 SET_MATRICES [{energy_p_new_barrier.pp.F}{2004,7}+{2202 9}]
0137 MPI_Allreduce(

0135 MP1_Waitall(

0133

VEC_AND_DERIY [{energy_p_new_barrier.pp.F}{1766,7}{1918,9}]
MPI_Bcast(
0.054 ETOR_D [{energy_p_new_harrierpp.F}{4407 7-{4472 9}]
0.05 | EBEND [{energy_p_new_barrier.pp.F}{3741,7+{3926,9}
0.044 | ETURN4 [{energy_p_new_barrier.pp.F}{3079,7}+{3252 9}]
0.038 MPI_Scatterv()

0.035 | ADD_HB_CONTACT [{energy_p_new_harrier.pp.F}{4926,7}-{4981,9}]
0.027 | MPI_lsend(

0.026 | ETURNS [{energy_p_new_barrier.pp.F}{2979 7+{3077,9}]

0.022 | ESC [{energy_p_new_harrier.pp.F}{39297-{41959}]

0.018 | CHAINBUILD_CART [intcartderiv.pp.F}{273,7+-{331,9]]

0.017 | MPI_lrecv(

0.014 | PHASE_MD

0.01 ETOR [energy_p_new_barrierpp F}{4314 7}-{4405 9}]
0.008 | ETOTAL [energy_p_new_barrier.pp.F}{1,7-{306,9)]
0.008 | INTCARTDERIV [{intcartderiv.pp.F}{1,7}+{113,9)

™|
1|
0148 H MPI_Reduce(
8|
H
g
0.084 f
|
I
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4 . .
5 Detecting Serial Performance Issues

- ldentify hardware performance counters of interest
- papi_avail

 papi_native_avail

« Run these commands on compute nodes! Login nodes might give you an
error.

- Run TAU (perhaps with phases defined to isolate regions of
interest)

- Specify PAPI hardware counters at run time:

setenv TAU METRICS GET TIME OF DAY:PAPI FP OPS:PAPI TOT CYC



4
) Create a Derived Metric in Paraprof Manager

T

File Options Help

TAU: ParaProf Manager

- o EEN

@ Applications
¢ [ Standard Applications

¢ [ Default App
9 [ Default Exp
¢ @ Cilsers\Philip\Desktop\jacobi_tau.ppk
@ PAPI_FP_OPS
@ PAPI_LZ_DCM
@ LINUX_TIMERS
@ PAPL_TOT_CYC
@ PAPI_LZ_DCA

TrialField

Value

‘|Name

CAlsers\Philip\Desktopljac...

| Application 1D

]

“|Experiment ID 0
|Trial D 0
:|CPU Cores ]
“lcPumHz 2701.000

5? CPU Type

Intel(R) Xeon(R) CPU E5-26...

:[CPU Vendor

Genuinelntel

“[cwo

_ home1/00283tg455546/ntl. ..
§§ Cache Size 20430 KB
| Command Ling jacobi_tau

Executable

/home1/00283tg455546/ntl...

:[File Type Index

1]

:[File Type Name

ParaProf Packed Profile

:|Hostname

ch57-804 stampede tacc.ut...

“|Local Time

2013-06-24T22:09:30-05:00

:[MPI Processor Name

cH57-804 stampede tacc.ut...

:[Memory Size

32836168 kB

cH57-804. stampede.tacc.ut...

:[Node Name
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5' Serial Bottleneck Detection in UNRES:

Function Scaling (2-32 cores)

3063 (56.146%)

£8.803

19.844 (28.841%) PHASE_MD == PROGRAM

10.850 (15.826%) E—

- Examine timings of functions in R —

38.254

your region Of interest as you 20,501 (53,591 %) | )
10.282(26877%) L | EELEC == PHASE_MD
scale up ey
- ldentify functions that do not N
3076 (26.895%) 0] ESCP == PHASE_MD
scale well or that need to be 1538 (12.047%)
. 0.716 (6.257%) [
parallelized 1105 e
. . . . 4.589 (41.327%) ==
- Find communication routines 1429 012635%) [ MPI_Send0 <= FHAGE_MD
that are starting to dominate 0373 202%) |
_ N —
runtlme 4'8532(_?1?1'?;?9)?2%) == EGE == PHASE_MD
. . 1.225 (13.544%)
- Caution: Looklng at mean 0572 (5321%) [
execution time may not reveal  gerial function 1 597 (10955 E
. 1602 {(109.52%) GIMY_MULT == PHASE_MD
some scaling problems (load begins to dominate — 18000365
. . 1.485 (101.523%)
imbalance) runtime 100

1.220(87.25%)
0.927 (65.839%) B MPI_Allgather) <= PHASE_MD
0.8 (56.775%)



\H\' Detecting Parallel Performance Issues:
Load Imbalance

- Examine timings of functions in your region of interest

— If you defined a phase, from paraprof window, right-click on
phase name and select: ‘Show profile for this phase’

- To look at load imbalance in a particular function:
- Left-click on function name to look at timings across all processors

- To look at load imbalance across all functions:
« In Paraprof window go to ‘Options’
- Uncheck ‘Normalize’ and ‘Stack Bars Together’



Phase: PHASE_HD Only looking at time spent in
petne TIHE the important MD phase

Yalue: Exclusive

Std. Dev. [
Mean
f,c,t0,0,0
f,et1,0,0
m,ct 20,0
m,ct 3,0,0
f,c,t 4,0,0
f,c.t5,0,0
f,ct 6,0,0
f,c,t 7,0,0
m,c,t 80,0
f,c,t9,0,0
n,c,t10,0,0
net11,0,0
net12,00
net13,00
14,00
n,c,t15,0,0

L
OONOOOOCn oD
LD

H
U

* In this case: Developers unaware that chosen algorithm would create load
imbalance

5. Load Imbalance Detection in UNRES

Observe multiple causes of load

imbalance, as well as the serial

* Reexamined available algorithms and found one with much better load

bottleneck
balance - also fewer floating point operations!

* Also parallelized serial function causing bottleneck



\5- Maijor Serial Bottleneck and Load Imbalance
in UNRES Eliminated

Phase: PHASE_MD
Metric: TIME
Value: Exclusive

Stdl. Dev. | I B 7| |

Mean e [ el ] EEE SOE00000001000N0
Nt 0,0, | Y}RERYTY (s L] =l H E=E EO0 0 00 0f(W
Nt 1,0, Y}YFE [l ] [ ] e el 0 e 0 E00 0 00 [ (W
N, 2,0, (] [ | [ [l ] EEE HEEEE 0 0000 (W
N, 3,0, M [ ] [ | ] e [ EEE DOE0080 Q00010
e, 4,0, (sl [ [ i 8] EEI ECOEO00000000 [N
e, 5,0, M [ [ [ | ] i [ EEE SOE00800 0000108
0, T s o ] [ il ] EEE EOSCORA00000008
1, 7,0, NN (s | [ |l O EEE DOE00600001000N
N, 0, (sl [ | [ |l B NN HOEOEEA00610 (N
Eny————————————————————————————————— e e EEE SOEO08a00000008
1, 10,0, sl [ [ Il 5] EEI EOE008000000 (W
Ay e | s T EEE ODONOEE0000 Q10
N, 12,0,y s [ [ el ] NI SCOE0000C00800 [
N, 13,0, (s [ ([ |l e EEE CCOE008000110108
N, 14,0, | s | [ eI ] EEI EOE0080000 (R(E
N, 15,0, ey (] [ ] [ ] el el EE COE0080000 I6(W

= Due to 4x faster serial algorithm the balance between
computation and communication has shifted -
communication must be more efficient to scale well

= Code is undergoing another round of profiling and
optimization



5' Next Iteration of Performance Engineering
with Optimized Code

Phase: PHASE_ETOTAL Phase: PHASE_ETOTAL
Mame: MULTIBODY_HEB [{energy_p_new_barrier.pp.F} {4622 7-{4924 9}] Mame: MPI_Barrier()
Metric Mame: TIME Metric Mame: TIME
Yalue: Exclusive Yalue: Exclusive
Units: seconds Units: seconds
25 | mean .40 ] mean
0127 [ <t dev. 0147 ] std. dev.
0192 [ 1,Ct 0 0T T ———] n,c,10,0,0
0191 [— 1,c.11,0,0 B3 e ———] net100
0212 [— 1,0,12,0,0 0,593 [ ] n6t2,0,0
0.254 [— ,C,1 30,0 0537 [ ] 0,6 3,0,0
0.275 [—— ,Ct4,0,0 0512 ] n,ct4,0,0
0.166 |— Ct 0,0 0624 | ——————] 0, 5,0,0
0.256 | — N0, 6,0,0 0. ] nipt6,0,0
0.260 [— 1,1 70,0 0.52¢ ] n,ct7,0,0
0.264 [— 1,C,! 00,0 0466 ] nete,0,0
027 e n,C,18,0,0 043 ] nete,0,0
0147 [— n,c{10,0,0 0545 ] n,c,410,0,0
0167 [— .ct11,0,0 0513 ] 1,5t 11,0,0
0.3 | n,ct12,0,0 0344 ] n,ct12,0,0
0171 [— n,ct13,0,0 0510 ] n,ct13,0,0
0.256 | — nC114,0,0 0444 ] nyet14,0,0
0,705 | — ', 1 15,0,0 0.035 B nct15,0,0

Load imbalance on one processor causing other processors to idle in MPI_Barrier

May need to change how data is distributed, or even change underlying algorithm.
But beware investing too much effort for minimal gain!



5. Use Call Path Information: MPI Calls

Metric: GET_TIME_OF_DAY
Value: Exclusive

s Secotids Use call path information to find
— CeLec routines from which key MPI calls
5635 EELEC <= ETOTAL == ERGASTULUM <= PROGRAM i i

on2 EENE Co are made. InFIude these routines in
1782 [ | EGB == ETOTAL <= ERGASTULUM == PROGRAM tracmg expe”ment

0.932 B GINV_MULT

0.873 [__] GINV_MULT == ERGASTULUM == PROGRAM

0.741 [ ESCP

0.694

0.54 1] MPI_Barrier)

0.461 MPI_Barrier( == SUM_ENERGY == ETOTAL == ERGASTULUM == PROGRAM
0.372 [] EELEC == ETOTAL <= VELVERLET_STEP == MD <= EXEC_MD == PROGRAM
0.366 [ SUM_GRADIENT

0.345 SUM_GRADIENT == ERGASTULUM == PROGRAM

0.272 [J MULTIBODY_HB
0.258 [E MULTIBODY_HB == ETOTAL == ERGASTULUM <= PROGRAM
0.225 B INT_FROM_CART1
0.211 E INT_FROM_CART1 == CHAINBUILD_CART <= ERGASTULUM <= PROGRAM
017 B ZEROGRAD .
0.161 E ZEROGRAD <= ERGASTULUM <= PROGRAM To show source locations select:
0.153 @ SET_MATRICES :
il g File -> Preferences
0.145 [] SET_MATRICES == EELEC == ETOTAL == ERGASTULUM <= PROGRAM
0145 @ MPI_Reduced
0133 [ MPLAllreduce)
0132 | VEC_AND_DERIV
0125 [] MPI_Waitall) <= MULTIBODY_HB <= ETOTAL == ERGASTULUM <= PROGRAM
0125 | VEC_AND_DERIV <= ETOTAL <= ERGASTULUM <= PROGRAM
0124 [] MPI_Allreduced <= SUM_GRADIENT <= ERGASTULUM == PROGRAM
012 [] EGB == ETOTAL == VELVERLET_STEP <=MD == EXEC_MD == PROGRAM
0.072 [ ADD_INT
0.072 | ADD_INT == INIT_INT_TABLE <= MOLREAD <= READRTNS <= PROGRAM
0.071 ! MPI_Reduce() <= SUM_GRADIENT == ERGASTULUM <= PROGRAM



