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Performance Tuning: How to Prepare to be Surprised,
and then... How to Hunt for the Surprises

 Have Expectations

— make sure you can be surprised

» Validate your expectations
— follow-up on discrepancies

* Follow a methodology
— Use tools but don’t let them wag you
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Performance Tuning: How to Prepare to be Surprised,
and then... How to Hunt for the Surprises
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— follow-up on discrepancies ENT ‘RE

* Follow a methodology
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What is a cache?
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| have a 10,000 core
machine — but | insist on

50% efficiency.
How many cores

should | allow
you to use?
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| have a 10,000 core
machine — but | insist on

50% efficiency.
How many cores

should | allow
you to use?
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max that is 50%

efficient
0.5 3
0.6 3
0.75 5
0.9 11
0.91 12
0.92 13
0.93 15
0.94 17
> 0.95 21
at 95% parallel 0.96 26
we can only keep 21 cores 0.97 34
busy and be 50% efficient 0.98 51
0.99 101
0.999 1,001
0.9999 - 10,000
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max that is 10% max thatis 33% max that is 50%

efficient efficient efficient
| have a 10,000 core 0.5 19 S 3
machine — but | insist on 0.6 23 §) 3
50% efficiency. 0.75 37 9 5
0.9 91 21 11
How many cores 0.91 101 23 12
should | allow 0.92 113 26 13
you to use? 0.93 129 30 15
0.94 151 34 17
0.95 181 41 21
0.96 226 51 26
0.97 301 68 34
0.98 451 102 51
0.99 900 204 101
0.999 9,001 2,031 1,001
0.9999 90,000 20,304 10,000
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Single Frame

Adapted with permission, courtesy of Florian Zitzelsberger,
U d t' I . d f? Pixar Animation Studios, from “Building a Scalable
n e ru I I Ze H Evaluation Engine for Presto” segment of “Multithreading

for Visual Effects” talk at SIGGRAPH2017.
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Results

12
11 =®=Qut of the Gate Best Case

10

Relative Speedup

3.3 x

1 4 7 10 13 16

Number of Cores (Xeon E5-2699 v3) Used with permission, courtesy of Florian Zitzelsberger,
Pixar Animation Studios, from “Building a Scalable
Evaluation Engine for Presto” segment of “Multithreading
for Visual Effects” talk at SIGGRAPH2017.

Argonne & E(C

\
) EXASCALE
\) I COMPUTING

PROJECT

21 ATPESC 2017, July 30 — August 11, 2017




Single Frame

Adapted with permission, courtesy of Florian Zitzelsberger,
U d t' I . d f? Pixar Animation Studios, from “Building a Scalable
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Single Frame

Used with permission, courtesy of Florian Zitzelsberger,
(0) / U d t' I - d Pixar Animation Studios, from “Building a Scalable
~ 2 O (0] n e ru I |Ze Evaluation Engine for Presto” segment of “Multithreading
for Visual Effects” talk at SIGGRAPH2017.
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Underutilization

12
»®= Out of the Gate Best Case

11

10
Amdahl 80%

Relative Speedup

3.3 x

1 4 7 10 13 16

Number of Cores (Xeon E5-2699 v3) Used with permission, courtesy of Florian Zitzelsberger,
Pixar Animation Studios, from “Building a Scalable
Evaluation Engine for Presto” segment of “Multithreading
for Visual Effects” talk at SIGGRAPH2017.
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Optimized Rig

Adapted with permission, courtesy of Florian Zitzelsberger,
Pixar Animation Studios, from “Building a Scalable
Evaluation Engine for Presto” segment of “Multithreading
for Visual Effects” talk at SIGGRAPH2017.
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Optimized Rig

Used with permission, courtesy of Florian Zitzelsberger,
(0) / U d t' I - d Pixar Animation Studios, from “Building a Scalable
~ 1 5 (0] n e ru I |Ze Evaluation Engine for Presto” segment of “Multithreading
for Visual Effects” talk at SIGGRAPH2017.

Argonne & E£(C

NATIONAL LABORATORY

\ EXASCALE
\) IJ COMPUTING

PROJECT

26 ATPESC 2017, July 30 — August 11, 2017

S




Optimized Rig

12
1 Out of the Gate Best Case
10

9 = Optimized Amdahl 85%

Relative Speedup

4.3 X

1 —
1 4 7 10 13 16
Number of Cores (Xeon E5-2699 v3) Used with permission, courtesy of Florian Zitzelsberger,
Pixar Animation Studios, from “Building a Scalable

Evaluation Engine for Presto” segment of “Multithreading
for Visual Effects” talk at SIGGRAPH2017.
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KEEP
CALM

AND

LOOK FOR WHAT
YOU DO NOT SEE







It is hard to “see” if you do not look.



It is hard to “see” if you do not look.

We could guess.
after all - we are smart enough
to believe we know what is happening.
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Optimization: A Top-down Approach

Processor |

[ https://software.intel.com/en-us/articles/de-mystifying-software-performance-optimization

|
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Optimization: A Top-down Approach

. ‘ | H/W tuning: |

OS tuning:
BIOS (TB, HT) - gage s]:_ilze

M ~ Swap file )
'Y etk 1 RAM Disk @
T etwork - - Power settings 2
% : SiF Bk e 1))
AT T Better application design: w8
Lo e . : Parallelization =3

b T Fast algorithms / data bases S

. Application ' Programming language and RT libs E‘):
s —— Performance libraries = 17
Yo Driver tuning o
3
| Tuning for Microarchitecture: @

Compiler settings/Vectorization
Memory/Cache usage

CPU pitfalls

[ https://software.intel.com/en-us/articles/de-mystifying-software-performance-optimization
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Optlmlzatlon A Top -down Approach

H/W tuning: - OS tuning:

BIOS (TB, HT) | gage ?_ilze
wap file

gj Memory RAM Disk

3 Network I/O Power settings

Better appllcatlon design:
Parallelization

Fast algorithms / data bases
Programming language and RT libs
Performance libraries

Driver tuning

Tuning for Microarchitecture:
Compiler settings/Vectorization

Processor L s
. h Memory/Cache usage

CPU pitfalls

UoJN/MS
wasAs ‘SO

asljiadx3

|

https://software.intel.com/en-us/articles/de-mystifying-software-performance-optimization
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Application Tuning

Who: Software Developers, Performance Engineers, Domain Experts

How:

Workload selection
* Repeatable results
e Steady stat

* Define Metrics and Collect Baseline
Wall-clock time, FLOPS, FPS
*  <insert your metric here>

* Identify Hotspots '
* Focus effort where it counts S %
* Use Tools

> DelgRming Mnehieisneies This step often requires some
* Is there parallelism? knowledge of the application
* Are you memory bound? and its algorithms

e  Will better algorithms or programming languages help?

—
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Application Tuning
Find Hotspots

e This could be at the module, function, or source code level
* Determine your own granularity

$ opreport
PITTY,

2=

vma

08lecS74
0810c4d4ec
081315ds
080e45ds
080e34ad78
081255a4
080e3cf0
081128e0
081ead0z20
08110460
08lebcS4

samples %
5016
SIEAE
3220
3011
2623
1LEIEE
1804
1729
1380
1310
1227

——exclude—dependent
speed 863.15S5 MH=z=z
Counted CPU_CLK_ UNHALTED events

8.50%6
SR GS S
5.4627
5.1082
4.44SS
=T
3.0605
2 - BRI
2.3412
2.2224
2.0816
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——demangle=smart *which lyx*©

——symbols

(estimated)

(clocks processor is not halted) with a unit mask of 0x00 (No unit mask)

symbol name

_Rb_ tree<unsigned short, pair<unsigned short const, int>, unsigned short
Paragraph: :getFontSettings (BufferParams consts&, int) const

LyXText: :getFont (Buffer const¥*, Paragraph¥*, int) const

LyXFont::realize (LyXFont consts&)

LyXFont: :LyXFont ()

LyXText: :singlewidth (Bufferview*, Paragraph¥*, int, char) const

operator==(LyXFont: :FontBits const&, LyXFont::FontBits consts&)
Paragraph: :Pimpl: :getChar (int) const

font _metrics::width (char const¥*, unsigned,
Paragraprh: :getChar (int) const

agfont_ loader::getfontinfo (LyXFont consté&)

LyXFont const&)

oprofile: http://oprofile.sourceforge.net/

a-.:;“\
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Application Tuning
Find Hotspots

e This could be at the module, function, or source code level
* Determine your own granularity

SIS
File View Help
P start IProfiIe %, [ Save As Samples: 1300
Functions | Self ITotaI - | ﬂ Descendants I Self | Cumulative - | =
g:id[e_;ispatch G| amee < [/usr/X11R6/bin/X] 0.00 42.08
g_signal_emit_wvalist 0.54 45.23 = _start 0.00 42.08
g_signal_emit 0.08 4515 = __libc_start_main 0.00 42.08
signal_emit_unlocked_R 0.46 4423 ¥ main 0.00 42.08
g_closure_invoke 008 4369 ~ Dispatch 0.15 41.92
_start 0.00 42.08 P ProcRenderCompositeGlyphs 0.23 9.77
‘[IusrlelRGlbian] 0.00 42.08 b ProcPolyFillRectangle 0.00 7.46
main 0.00 42.08 B WaitForSomething 0.15 6.77
Dispatch 0.15 41.92 P ProcessinputEvents 0.00 4.69
gtk_main_do_event 0.00 38.08 : b ProcCopyArea 0.08 3.62 —
gtk_widget_event_internal 0.08 37.31 L|: > ProcConfigureWindow 0.00 1.85
““““ b FlushAllOutput 0.00 1.08
SEllErE I ==l |T°ta' - | b ProcSetClipRectangles 0.08 0.85
<spontaneous> 0.00 42.08 b ProcPolySegment 0.00 0.77
b 7?77 [Jusr/X11R6/bin/X] 0.54 0.69
P ProcShmDispatch 0.00 0.46
b ProcChangeGC 0.00 0.46
StandardReadRequestFromClient 0.38 0.38
P ProcCreatePixmap 0.00 0.38
P ProcRenderComposite 0.00 0.38
b ProcRenderFillRectanales 000 0 38 L'

sysprof: http://sysprof.com
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Application Tuning

Find Hotspots

e This could be at the module, function, or source code level
* Determine your own granularity

Grouping: |Function / Call Stack

Function / Call Stack

= grid_intersect

™ intersect_objects ‘

CPU Time by Utilizationw * Wait Time by Utilization
@ Idle @ Pcor [0 Ok @ I!deal @ Over

S —

~. grid_intersect < intersect_objects 0.276s ll
=l sphere_intersect 3.542s -:-
™ grid_intersect Il 3.542s -:-
= SwitchToThread ‘ 0.926< ()
. video:next_frame < thread_trace< _kmp_invq‘ 0.811s -]
™ video:main_locop < main < WinMain< _tmainj}‘ 0.175s I]
#_kmp_launch_thread 0.874s ] 2.104s )
[# grid_bounds_intersect 0.297s l]
# shader 0.106s |
[# GdipDrawlmagePointRect! 0.098s|
[# pos2grid 0.090s ||
# Raypnt 0.073s|
[# tri_intersect It 0.057s|
[+ camray ‘ 0.048s |
Selected 1 row(s): 5.360s
< > H <

@O Idle @ Pcor [0 Ok @ Ideal

Overhead and Thread
Spin Time Oversubscription

Module

Start

Address gun

L E=74¢d 3 tachyon_omp.exe | 0x40c7f0 grid_intersect

Os 4.291s 3_tachyon_omp.exe 0x402130 intersect_objects(struct ray *)
Os 0.237s 3_tachyon_omp.exe Ox40c7f0 grid_intersect
Os 2.914s 3_tachyon_omp.exe Ox40acal sphere_intersect
Os 2.914s 3_tachyon_omp.exe Ox40c7f0 grid_intersect
0.986s 0.901s KERNELBASE.dII 0x10047e49 SwitchToThread
0.811s 0.727s 3_tachyon_omp.exe 0x402770 video::next_frame(void)
0.175s 0.175s 3_tachyon_omp.exe 0x402990 video::main_lcop(void)
0.874s 0.008s libiomp5md.dll 0x1004b0d0 __kmp_launch_thread
Os 0.215s 3_tachyon_omp.exe Ox40c4f0 grid_bounds_intersect
Os 0.066s 3_tachyon_omp.exe 0Ox406b50 shader(struct ray *)
Os 0.098s gdiplus.dll 0x10060336 GdipDrawlmagePointRect!
Os 0.074s 3_tachyon_omp.exe 0x40c410 pos2grid
Os 0.073s 3_tachyon_omp.exe 0Ox406610 Raypnt(struct ray *,double)
Os 0.048s 3_tachyon_omp.exe Ox40b340 tri_intersect
Os 0.038s 3 tachyon omp.exe 0x401c70 camray(struct scenedef *int.in
Os 4.527s v

>

Intel® VTune™ Amplifier XE: http://intel.ly/vtune-amplifier-xe
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Application Tuning
Find Hotspots

e This could be at the module, function, or source code level
* Determine your own granularity

Source | l Assembly I <0 <9 Q, | | Assembly grouping: | Address
i? N S CPU Time: Total by Utilization A Address a Sf;_:e... Assembly CPU Time: Total by Utilization
@ Idle @ Pcer [0 Ok @ !deal @ Over | Oidle @ 0 Ok @ !deal @ Over
558 cur = cur->next; D.OZDsl iOx40cd21 573 cmp dword ptr [eax+edx*4], ecx i 11985_ - -
559 } 0x40cd24 573 jz 0x40cd3d <Block 49> 0.011s|
560 CUurvox.x += Step.X; 0x40cd26 Block 47:
561 if (ry->maxdist < tmax.xX || curvox.x == out.x) 0.011s] 0x40cd26 574 mov edx, dword ptr [esi+0x4] 1ot e
562 break; 0Ox40cd29 574 mov edx, dword ptr [edx] 0.1375.:.
563 voxindex += step.x; 0Ox40cd2b 574 mov dword ptr [eax+edx*4], ecx 0.0585.
564 tmax.x += tdelta.x; Ox40cd2e 575 mov eax, dword ptr [esi+0x4] 0.1035.:'
565 curpos = nXp; 0Ox40cd31 575 mov ecx, dword ptr [eax+0x8] 0.0375']
566 n¥Xp.x += pdeltaX.x; 0Ox40cd34 575 mov edx, dword ptr [ecx] 0.047s[|
567 nXp.y += pdeltaX.y: 0Ox40cd36 575 push edi 0.0325.
568 n¥p.z += pdeltaX.z; 0Ox40cd37 575 push eax 0.0725.]
569 } 0x40cd38 | 575 call edx o.27ss I
570 else if (tmax.z < tmax.y) { 0.0195' 0x40cd3a Block 48:
571 cur = g->cells([voxindex]: 0.2325.:' 0Ox40cd3a 575 add esp, 0x8 0.0ZOsﬂ
572 while (cur != NULL) { 0.030s|] 0x40cd3d Block 49:
573 if (ry->mbox[cur->cbj->id] != ry->serial) { 2.0205_ _ 0x40cd3d 577 mov esi, dword ptr [esi] 0.5515-:.
574 ry->mbox [cur->cbj->id] = ry->serial:; 1.212s -:_ __ || Ox40cd3f 577 test esi, esi 0.145s ':.
575 cur->cbj->methods->intersect (cur->cbj, ry): 0.577s -:. —| | 0x40cd41 577 jnz 0x40cdlé <Block 46>
576 } =| 0x40cd43 Block 50:
577 cur = cur->next; 0.6955-3 = 0Ox40cd43 572 movsd xmm0, gword ptr [esp+0x78] 0.030sﬂ
578 } = | 0x40cd49 572 mov eax, dword ptr [esp+0x48] 0.0005|
579 Curvox.z += 3Step.z; 0.014s| 0x40cd4d Block 51:
580 if (ry->maxdist < tmax.z || curvox.z == out.z) 0.0365[] Ox40cd4d 579 mov ecx, dword ptr [esp+0x58]
581 break; 0Ox40cd51 579 add dword ptr [esp+0x40], ecx 0.014s|]
582 wvoxindex += sStep.z*g->xs3ize*g->ysize; 0x40cd55 580 comisd xmm0, gword ptr [edi+0x48]
Selected 1 row(s): 2.020s w Highlighted 6 row(s):

Intel® VTune™ Amplifier XE: http://intel.ly/vtune-amplifier-xe
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Application Tuning
Find Hotspots

e This could be at the module, function, or source code level
* Determine your own granularity

Source | ‘ Assembly l <0 <9 Q, | | Assembly grouping: | Address
SL? N S CPU Time: Total by Utilization A Address a Sf;:,rem Assembly CPU Time: Total by Utilization
@ Idle @ Pcer [0 Ok @ !deal @ Over | Oidle @ 0 Ok @ !deal @ Over
558 cur = cur->next; 0.0ZDsl iOx40cd21 573 cmp dword ptr [eax+edx*4], ecx i 11985_ - -
559 } 0x40cd24 573 jz 0x40cd3d <Block 49> 0.011s|
560 CUurvox.x += Step.X; 0x40cd26 Block 47:
561 if (ry->maxdist < tmax.x || curvox.x == out.x) 0.011 s| 0Ox40cd26 574 mov edx, dword ptr [esi+0x4] 1.018s -:_
562 break; 0Ox40cd29 574 mov edx, dword ptr [edx] 0.1375.:.
563 voxindex += step.x; 0Ox40cd2b 574 mov dword ptr [eax+edx*4], ecx 0.0585.
564 tmax.x += tdelta.x; Ox40cd2e 575 mov eax, dword ptr [esi+0x4] 0.1035.:'
565 curpos = nXp; 0Ox40cd31 575 mov ecx, dword ptr [eax+0x8] 0.037sl]
566 nXp.x += pdeltaX.x; 0Ox40cd34 575 mov edx, dword ptr [ecx] 0.0475[|
567 nXp.y += pdeltaX.y: 0Ox40cd36 575 push edi 0.0325.
568 n¥p.z += pdeltaX.z; 0Ox40cd37 575 push eax 0.0725.]
569 } 0x40cd38 | 575 call edx o0.275s 1B
570 else if (tmax.z < tmax.y) { 0.0195| 0x40cd3a Block 48:
571 cur = g->cells|[voxindex]: 0.2325.:' 0Ox40cd3a 575 add esp, 0x8 0.0ZOsﬂ
572 while (cur !'= NULL) { 0.030s | 0x40cd3d Block 49:
573 if (ry->mbox[cur->cbj->id] != ry->serial) { 2.0205_ _ 0x40cd3d 577 mov esi, dword ptr [esi] 0.5515-:.
574 ry->mbox [cur->cbj->id] = ry->serial:; 1.212s -:_ __ || Ox40cd3f 577 test esi, esi 0.145s .:.
575 cur->cbj->methods->intersect (cur->cbj, ry): 0.577s -:. —| | 0x40cd41 577 jnz 0x40cdlé <Block 46>
576 } =|| 0x40cd43 Block 50:
577 cur = cur->next; 0.6955-:. = 0Ox40cd43 572 movsd xmm0, gword ptr [esp+0x78] 0.030sﬂ
578 } =  0x40cd49 572 mov eax, dword ptr [esp+0x48] 0.000sl
579 Curvox.z += 3Step.z; 0.014s| 0x40cd4d Block 51:
580 if (ry->maxdist < tmax.z || curvox.z == out.z) 0.0365]] Ox40cd4d 579 mov ecx, dword ptr [esp+0x58]
581 break; 0Ox40cd51 579 add dword ptr [esp+0x40], ecx 0.014s|]
582 wvoxindex += sStep.z*g->xs3ize*g->ysize; 0x40cd55 580 comisd xmm0, gword ptr [edi+0x48]
Selected 1 row(s): 2.020s ~ Highlighted 6 row(s):

This may reinforce your understanding of the application but often reveals surprises
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Application Tuning

Resource Utilization

* Is the application parallel?
* Multi-thread vs. Multi-process
* Memory Bound?

48 ATPESC 2017, July 30 — August 11, 2017
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Application Tuning

Resource Utilization

 Is the application parallel?

Q- Oe 0.|55
OMP Worker Thread #1
OMP Worker Thread #2
thread_video (TID: 5712
OMP Worker Thread =3

WinMainCRTStartup (Tl | |
func@0x100097fe (TID: I

CPU Usage

Thread

Thread Concurrency

>>

() CPU Usage Histogram - .
This histegram displays a percentage of the wall time the specific number of CPUs were running simultanecusly. @ Elapsed Tlme. 6.1 075
be higher than the Thread Concurrency level if a thread is executing code on a CPU while it is logically waiting. Tr Teotal Thread Count: 6
possible. -
2.5s ' , Overhead Time: Os
Bs =¥ Spin Time: 1.909s
B g E! A significant portion of CPU time is spent waiting.
£1.5s r v - - -
i= s =8 implementation (for example, by backing off then
B1s 2 S ]
& : ) CPU Time: 12.029s
TR ; ﬁ Paused Time: Os
B 0 1 Ty 3 2 5

Simultanecusly Utilized Logical CPUs

Argonne & E(C\P
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Application Tuning

Resource Utilization

Memory Bound?

Welkcome r001bw <
& Bandwidth - Bandwidth A © Intel VTune Amplifier XE 201

@ Analysis Target Analysis Type B Collection Log Bl Summary Q Bottom-up

& il Read Bandw
A
g package_1
g
g packags O
=
<]
g package_1
3
»

Groupeng: [Fu’xt-un[(ol Stack F |

Function § Call Stack Module Function (Fu

DO | maakrix, exe
Ik _arr ] O matrix.exe e _arr
= KeSetTimer 0 moslanl.exe KeSetTmer
s KeSynchronzet xeaution X 0 ntoskanl.exe KeSynchronzeE xeostson
* PeGat Currert Thr eadWinSZ Thr eadAndEnt er Critic sl agion 0.015= 8,000,000 3.2S0 10,000 ntoskenl.exe PsGetCurrent The eadWin32The ead
= KeUpdsteRunTens 0.015= 8,000,000 3.7S0 0 rmtoskanl.exe KelpdateRunTme
s KeRemoveQueuetx 0.008s 2,000,000 S.000 0 mtoskanl.exe KeRemoveQueueEx
* ExfAacqurePushlockExclusive 0.003s 8,000,000 3.250 40,000 rtoskynl.exe ExfAcquirePushilockExdusive
= SeAccessChackWithi-got 0.006< 8,000,000 1.250 10,000 rmtosikonl.exe  SadccessChedkWihi-nt
Selactead | romd<): | 83,220« 43 082 000000 S.A23 1 206.890.000

* Know your max theoretical memory bandwidth

Argonne & E£(CP e
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Application Tuning

Resource Utilization

MPI applications have added communication complexity

LEC: File O ptions Project Windows Help E"E"EI
WMiews Charts Mawvigate Scdvanced Layout

e Fe— o
= - - . k2 N N e -5 .
% >, 59.173 734 - 69.572 292 : 0.198 558 L, Al_rodes £ Major Function Groups  gie g == 4 = £ =
65_318 = 58 2= = E5_ 26 = s 30 = E5._ 34 =
S 30 = E5_24 = 65 _Z8 = E5. 3= = E5.36 =

node1 Application Aapplidapapplicaton rMapplidapapplicaton sapplidapApplication rapplidapapplicato

. ___________________— . ____________________— [ ./ ____________________— |

node 1-micO Qb= AFAPLIApplication MPI 1A MPI éapplication A apriPI tapplicaton A APIPI Lapplication

| node 1-mic1 B 18 MFPIL A pplication o 15)|MPI s pplication W MPI tapplicaton o SMFPI sapplication

|
|
node2 application sapphdapapplicaton hrapphiapapplication sapphdapapplication rapplidapapplicatio

Moy 1)

. ___________________— | . _____________________— [ . ______________________—— |

node2-micD 0 S AMPI . Sapplication WVIE'T AMPI eapplication MIART APl capplicaton maFEI

nodeZ-mic1E oz apMPLEApplication . 15 MPI dapplication IPT S MPI sapplication aMPI 2MPI sapplication

node3 Application rapplidapapplication HNapplhdapapplication rapplhdapapplication rapplidapapplicatio

. . ____________________— [ / ______________________— | |

node S-micO I AaraPLoapplication W AraFI éapplication AT apdrRI capplication g Lo apriPI capplicaton

node3-mic1iigizi aMPLApplication v 13 MPLapplicaton v apvPLiapplicaton W a MPI capplicaton
node<4 Application applicapapplication applicapapplication rapphdapapplication Aapplidapapplicatio |

_‘-ﬂ—‘-ﬂ_‘-ﬂ_‘-ﬂ

node-<t-miciD EE 2k -y =8O W SMPT A pplicatio A apriPI tapplicaton o aPPI A pplication |

node<4-mic1 Gz arMPLIApplication L AMPI capplication L AMFI capplication 1 S MFI capplication |

| 69.2421 =

Intel® Trace Analyzer and Collector: http://intel.ly/traceanalyzer-collector
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Application Tuning
What’s Next?
* If your Hotspots are common algorithms:
* Look for optimized libraries
* If your Hotspots are uncommon:
* Compiler optimizations
* Expert analysis and refactoring of an algorithm
* The opposite of “low-hanging fruit”
* Deeper analysis of hardware performance
* More on this later
* If the system 1s underutilized:

* Add parallelism - multi-thread or multi-process
* OpenMP, TBB, MPI, etc...

» Tools can help you determine where to look and may identify some issues.
» Some tools may provide suggestions for fixes.
> In the end — the developer and/or expert has to make the changes and decisions — there is no silver bullet.

ﬂ
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What is a cache miss?

KEEP CALM

ITS

QUIZ TIME

PPPPPPP




What happens if we reduce the number of cache misses?

KEEP CALM

ITS

QUIZ TIME

PPPPPPP




Performance Monitoring Unit (PMU)

* Registers on Intel CPUs to count architectural events
— E.g. Instructions, Cache Misses, Branch Mispredict

* Events can be counted or sampled

— Sampled events include Instruction Pointer

* Raw event counts are difficult to interpret
— Use a tool like VTune or Perf with predefined metrics

—

f'- \
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Raw PMU Event Counts or Metrics — you choose as you like

Grouping: lFuncﬁon / Call Stack v‘ E
Function / Call Stack

CPU_CL..~% CPU_CLK U... INST_RETIRE... LID_PEND_... OFF.. BR_MISP... CPU_CLK_U... CYCLE_AC.. CYCLE_AC.. DTL.. DTLB_LO.. DTLB_L.. DTL.. DTLB_ST.. DTLB_S.. ICACH..
X grid_intersect 13,604,020,406| 14,118,021,177| 12,572,018,858| 6,344,009,516 0 0 0
# sphere_intersect 8,706,013,059 9,134,013,701 8,494,012,741 4,238,006,357 0 15,600,351 9,464,014,196 3,016,004,524 2,808,004,212 0 104,000,156 26,000,039 0 10,400,312 0
# grid_bounds_intersect 984,001,476 1,004,001,506 672,001,008 104,000,156 0 15,600,351 962,001,443 312,000,468 286,000,429 0 0 0 0 0 0
& __kmp_end_split_barrier 676,001,014 624,000,936 460,000,690 0 0 0 0 0 0 0 0 0 0 0 0
& __kmp_x86_pause 228,000,342 224,000,336 122,000,183 0 0 10,400,234 0 0 0 0 0 0 0 0 0
@ shader 216,000,324 242,000,363 142,000,213 104,000,156 0 0 208,000,312 104,000,156 52,000,078 0 0 0 0 2,600,078 0 |
# Raypnt 206,000,309 210,000,315 208,000,312 0 0 0 234,000,351 52,000,078 78,000,117 0 0 0 0 0 0 2,600,03
pos2grid 204,000,306 248,000,372 180,000,270 26,000,039 0 0 390,000,585 26,000,038 52,000,078 0 0 0 0 0 0 |
tri_intersect 168,000,252 208,000,312 180,000,270 0 0 0 104,000,156 78,000,117 52,000,078 0 52,000,078 0 0 0 0
#VScale 124,000,186 126,000,189 164,000,246 0 0 0 234,000,351 52,000,078 0 0 0 0 0 0 0
& __kmp_yield 96,000,144 98,000,147 200,000,300 0 0 0 0 0 0 0 0 0 0 0 0
S T T T Selected 1 row(s):| 13,604,020,406 14,118,021,177 12,572,018,858 6,344,009,516 0 52,001,170 14,924,022,386 5,408,008,112 4,264,006,396 0 234,000,351 26,000,039 0 7,800,234 0 |
< > <

Function / Call Stack

Grouping:

wr Filled Pipeline Slots Unfilled Pipeline Slots (Stalls)

Front-end Bound
. ; Instructions CPI MUX > >
Function / Call Stack Clocktic...w Retired Rate Reliability Retiring SpechI:tion Bock-End Bound Cront-End >>] Front-End [>>]

Latency Bandwidth
£3 grid_intersect 0.946 0.246 0.033 0.647 0.063 0.012
sphere_intersect 9,134,013,701 8,494,012,741 0.965 0.250 0.065 0.619 0.057 0.009
grid_bounds_intersect 1,004,001,506 672,001,008 1.494 0.958 0.227 0.000 0.715 0.104 0.000
__kmp_end_split_barrier 624,000,936 460,000,690 1.357 0.000 0.000 0.000 0.792 0.167 0.042
pos2grid 248,000,372 180,000,270 1.378 0.636 0.367 0.000 0.633 0.000 0.131
shader 242,000,363 142,000,213 1.704 0.860 0.322 0.000 0.546 0.000 0.027
F __kmp_x86_pause 224,000,336 122,000,183 1.836 0.000 0.000 0.000 0.971 0.000 0.029
Raypnt 210,000,315 208,000,312 1.010 0.897 0.093 0.279 0.567 0.000 0.062
Selected 1 row(s):|| 14,118,021,177 12,572,018,858 1.123 0.946 0.246 0.033 0.647 0.063 0.012

—
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Performance (GFlops/sec)

A4 C")ﬁ’?{;-r-

5.6565¢-1 o 52

Roofline
Report

3 V - :‘
W 6_@9".—“"&' i

s2101_ loopstl.cpp:4399
Performance: 2.1514e-1 GFlops/sec
Arithmetic Intensity: 0.125 Flops/bytes

N
Intel "
Advisor =

T
0.0025 0.3458
Arthmetic Intensity (Flops/b

Source W =

Line Source Total Time| % | LoopTime| % Traits
4399 for (i__ =1; i__ <=1i_ 2; ++i_) 0,031s 1,859s

4400 aali__ + i * aa diml] +=bb[i__ + i * bb diml] * cc[i__ + i__ 1,828s 0 FMA
4401 * cc_diml];

...supplements Al-based analysis with a dynamic FLOP/s
profile and peak FLOPs and memory sub-system throughput levels providing
enlightening “bounds and bottlenecks” analysis for complex workloads.

Learn more: _
http://tinyurl.com/atpesc-roofline Ar onne ( \\ ) ExescALE
59 ATPESC 2017, July 30 — August 11, 2017 gNATIONAL it s k& = ) PROJECT
5 C




Roofline = Visualize a Performance Model

Compute Limit

.(@&
VD
5t
2
Y

W&

Attainable Performance
(Gflops/s)

v

Arithmetic Intensity (flops/byte)

Learn more:

http://tinyurl.com/atpesc-roofline
&. Argonne &
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There Are Different Ceilings
GFLOPs/S R ¥ A\

O
h© © CPU Cap: FMAs

CPU Cap: Vector Add

CPU Cap: Scalar Add

>
Arithmetic Intensity (FLOPs/Byte)

Learn more: I

http://tinyurl.com/atpesc-roofline 61 Argon ne 6 \\)I_, ExpsCALE
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Ask “Why am | Here?” and
“Where am | going?”

It is always useful to ask the questions:

11

11

why am | not on a highe

what should | do to reac

Learn more:

http://tinyurl.com/atpesc-roofline
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LIVE extremecomputingtraining.anl.gov
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BREAKING NEWS

WHAT TOOLS WILL NEVER TELL YOU
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#Moderncode: COSMOS

High Performance

—
1=
- =
Parallelism Pearls
VOLUME TWO l::"g
L'
¢ \. 2
=y [ o

F
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o~ »
- P i a"
k \ o : :.'p

e

more proven techniques

and real world examples

of highly scalable parallel
programming

B
|-:1I
-
8
2
.
-
L.
=1
7
-

b

Code Version

Book Cover Background: Photo of the COSMOS@DIRAC SGI UV2000 based SuBercomputer manufactured by SGI, Inc and operated by the Stephen Hawking
Centre for Theoretical Cosmology, University of Cambridge. Photo courtesy of Philip Mynott. Book Cover Foreground: 3D visualization of statistical fluctuations in
the Cosmic Microwave Background, the remnant of the first measurable light after the Big Bang. CMB data is from the Planck satellite and.is the topic of Chapter

10 providing insights into new 1physics and how the universe evolved. Visualization rendered with Intel’s OSPRay raggatracing open sourcesseftware by Gregory P.
Johnson and Timothy Rowley, Intel Corporation.
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#Moderncode: COSMOS What?

High Performance

—
1=
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Parallelism Pearls
VOLUME TWO l::"g
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more proven techniques

and real world examples

of highly scalable parallel
programming

B
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-
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b

Code Version

Book Cover Background: Photo of the COSMOS@DIRAC SGI UV2000 based SuBercomputer manufactured by SGI, Inc and operated by the Stephen Hawking
Centre for Theoretical Cosmology, University of Cambridge. Photo courtesy of Philip Mynott. Book Cover Foreground: 3D visualization of statistical fluctuations in
the Cosmic Microwave Background, the remnant of the first measurable light after the Big Bang. CMB data is from the Planck satellite and.is the topic of Chapter

10 providing insights into new 1physics and how the universe evolved. Visualization rendered with Intel’s OSPRay raggatracing open sourcesseftware by Gregory P.
Johnson and Timothy Rowley, Intel Corporation.
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High Performance Parallelism Pearls
Cosmic Microwave Background Analysis:

Nested Parallelism in Practice
Volume 2, Chapter 10

We find that using a simple

S

3

T T
B Processor

=

Z

.
=
I

S

Speed-up (Relative to Version 1 on Processor)

=

1

[0 Coprocessor [....io.oooeieomeeedieeeee oo o

i i {}543
. m wmSEe
b

2

0:67x 0;59x

3 4 6

Coprocessor (s)

Comment

trapezium rule integrator combined Version | Processor (s)
with  hand-selected  sampling 1 2887.0
points (to improve accuracy in 2 2610.0
areas of interest) provides 3 882.0
sufficient numerical accuracy to - 865.9
obtain a physically meaningful 5 450.6
result, and the reduced space and 6 385.6
time  requirements of  this 7 46.9
simplified method give a speed-up 8 374
of O(10x). 9 35.1
10 34.3

1991.6
667.9
655.0
49.5
37.7
34.5
26.6

Original code.

Loop simplification.

Intel® MKL integration routines and function inlining.
Flattened loops and introduced OpenMP threads.
Loop reordering and manual nested threading.

Blocked version of the loop (for cache).

Numerical integration routine (Trapezium Rule).
Reduction with DGEMM.

Data alignment (for vectorization).

Tuning of software prefetching distances.
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AND

MIND YOUR
sreaking News ALGORITHMS

WHAT TOOLS WILL NEVERTELL YOU
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Performance Tuning: How to Prepare to be Surprised,
and then... How to Hunt for the Surprises

i ——— Trust
 Have Expectations Seel e but verify
— make sure you can be surprised - "~

- Validate your expectations
— follow-up on discrepancies

* Follow a methodology
— Use tools but don’t let them wag you

Learn more:
http://tinyurl.com/atpesc-roofline | " ==
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