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Offload Advisor: identify Roofline: Characterize

Roofline: Characterize
best offload candidates and optimize on GPU

and optimize on CPU
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Advisor Roofline
Characterize and optimize CPU code




What is the Roofline Model?

Characterization of your application performance in the context of the hardware

The maximum FLOPS as a product of
ops/byte (Al) and maximum bytes supplied
per second is a diagonal line.

It uses two simple metrics
=  Flop count FLOPS
= Bytes transferred

O

: The CPU’s maximum
2 Operatlons FLOPS can be plotted as

/\ a horizontal line.
Aloopor > O |

a; = bi + Ci * di function
‘ O

>

1W+3R = 4*4bytes - 16 bytes Arithmetic Intensity

FLOPS/Byte



The Roofline Chart in Intel® Advisor
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Getting Roofline data in Intel® Advisor

Roofline :
Axis X: Al = #FLOP / #Bytes
Axis Y: FLOP/S = #FLOP (mask aware) / #Seconds

Overhead

Run Roofline

P Collect m []

1. Survey Taryet

P Collect by Bm []

1.1 Find Trip Counts and FLOP
P Collect M []

|| Trip Counts
[¢|FLOPS

S.

Step 1: Survey (-collect survey)

- Provide #Seconds

- Root access not needed
- User mode sampling, non-intrusive.

1x

Step 2: FLOPS (-collect tripcounts —flops)

- Provide #FLOP, #Bytes, AvX-512 Mask

- Root access not needed
- Precise, instrumentation based, count number of instructions

5-10x




Questions to answer with Roofline

Am | doing well? How far am | from Final Bottleneck?
the pick?

(where will be my limit after | done all optimizations?)
(do I utilize hardware well or not?) Long-term ROI, optimization strategy
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Advisor Roofline
Characterize and optimize CPU code:

Threading




Roofline: iso3dfd example

Summary % Survey & Roofline | ™i Refinement Reports

Adjust roofs to #cores, ranks, NUMA
in your OpenMP application:
OMP_NUM_THREADS

" KMP_AFFINITY

“ x(Q 1y v | cores: 16 on 1 socket(s) © » || ¥ Default FLoAT car KMP_HW_SUBSET =
% @ 1 OPS (4750. leak: 2029.32 GFLOPS
L | m OPS on - = ——— T
1000 % 2 _,.-""d.' = == r"El_ SP Vector Add Peak: 1015.01 GFLOPS,
100 4 @ 4 . Scalar Add Peak: 85.89 GFLOPS
e
6 % Z
10 4 SFLOPS 23 8x) /
8
14
N 10 - Hotspot OpenMP loop |
0.1 - 12 -
0.01 - J ® Bind cores to 1 socket 9 [loop in iso_3dfd_it at iso-3dfd_parallel.cc:43]
' 5L 3 Scalar; processes Float32 data type(s)
0.001 Spread cores between all 2 sockets @ FPerformance: 0.326 GFLOPS
' i - CARM (L1 + NTS) Arithmetic Intensity: 0.201 FLOP/Byte
0.0001 - Self Time: 343.630 s
' Self Elapsed Time: 343.630 s
Total Time: 343.630 s y
00000e-5 7 Total Elapsed Time: 343.630 s
00000e-6 - ol Self Memory Traffic: $57.826 GB
and Total Memory Traffic: 557.826 GB _
fimetic Intensity’)
I I T I T I I I N I T I T I T
LZ' 1.000000000e-8 1.0000000e-6 0.0001 0,001 0.01 0.1 1 10 100 1000 10000 1.00e+25
Physical Cores: 44 o App Threads: 16 o
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Roofline: iso3dfd example

=8k Q M « % 1y v | Cores: 16 on 1 socket(s) @ « ||Y Default: FLOAT CARM (L1+NTS) v |T Compare v |6 =
:"3 —_ — —- L — LA LIRI LD B U ) P N W) L LR R L S )
g $030.1588 { 0 Py 1530.66 GFLOPS (416.2x) o= -z=B=F :T:'q;.: a:;:..:.a—:ﬁ'l"?fiaq»h oo
. e ¥ ] T . . .
Top max GFLOPS limit increases 88.88 GFLOPS (24.2x)-dge=" — Compare with previous version
with number of threads f// T
i Sandwign== \ e Filter In Selection y _
5 panawd Filter Out Selection | |
- T Clear Filters
13 Ban“prAM B fic: Intensity)
T | I Pad Show Side Pane
|._71 9.019e-5 0.001 0.01 0.1 ) noo
Physical Cores: 44 @  App Threads: 16 @  Self Elapsed Time: 30.490 Disable Roof Rulers
Summary % Survey & Roofline | ™ Refinement Reports \/
A Q™M « ¥ Iy v | Cores: 16 on 1 socket(s) © - || ¥ Default: FLOAT CARM (L1+NTS) « ||*[* 2 Compared Results v | £ =
2030.1588 1 © e o~y p—
I e "l
100 | 3 . -~ Visualized performance BGFLOPS
10 difference after adding
141 #pragma omp parallel for |
— A
0.1 -y T |
L = o Bound by computg T . "
0.01 = i ; 0 :-I? | | and -1':—*r'|"’:u||'-.,- roofs® | FLOP/Byte ﬁ“‘rﬁ'%lw‘}ﬁﬁﬂf}
LZ'| 9.019e-5 0.001 0.01 01 1 10 100
FPhysical Cores: 44 @ App Threads: 18 @ Self Elapsed Time: 30.490 = Total Elapsed Time: 30.490 s




Advisor Roofline
Characterize and optimize CPU code:

Memory




8 h Q" « 4 X% (I3 v | Cores: 160n 1socket(s) @ v ||Y Default FLOAT CARM (L1+NTS) ||T Compare ¥ H,* Guidance v =
% 5029 6446 _ & S VECIOr FIIA FRaK: JU9bA GHLUPS, 1
W0+ 17 =8 == T = ~ Memory Metrics
Shares
100 J 4 Banti——gen 22 2 __SeatarAdd Peak 88.88 GFLOPS L1 | — 47%
ot L2 - m— 26%
_ CARM (L1 + NTS) L2 L3 \  DRAM - L3 - 17%
10 4 — 122 323841 GB 182.03 GB || 116.772 GB ‘] 70282 GB :DRAM - 10%
o pandWic-= =
| 2o C’? ", Impacts
5Bt v
1 3881 GB v, y L1 4 2%
1 - pon 820 ‘- | L2 4 2%
Integrated Roofline: L3 - 13%
0.1871 DRA:IIg'a id boo | = Y ‘MDRAM EEEEESS—— 53%
T T T T T T T T L
Ist ttien
0.012 0.025 0.04 0.07 01 0.25 5 & 20 =hEe 785 1344
Physical Cores: 44 L2 App Threads: 16 @  self Elapsed Time: 2.820 s Total Elapsed Time: 2.820 s
Source | Top Down | Code Analytics | Assembly | ‘¥ Recommendations | 8 Why No Vectorization?
AVX512F 512 41.481s Roofline ®
Instruction Set  Self time 000 . SO‘%'Z;‘_\G\N\&‘ DP Vector FMA Peak
. . . @ 3 it
¥ Stafic Instruction Mix Summary ™ \11_%'#
¥ Dynamic Instruction Mix Summary
» Memory 60% (9974016000, 63.63) (N
> Compute 28% (4607416320, 29.39) [ .
> Mixed 1% (179712000, 1.15) | e BT 145.6 GFLOPS ("3.7%)|
Other 11% (1797998592, 11.47) @ \:5%"‘“
=y
CPU Total Time 39.26 GFLOPS
0.34 FLOF/Byt
2,64610e-07s | 3,04301e-06s 04 -~ head il i)
Hareds o e e q . :
Per lteration | Per Instance ?ﬁ@ﬁaﬂ CARM ROOﬂlne Guidance:
o . .
either DRAM or LLC is the
FLOP/Byioge

Traits ® y ! P bottleneck
FMA, Mask Manipulations ' A
This loop is mostly memory bound but may also be compute bound

The performance of the loop is bound by the bandwidth of the shared cache

Mada Nintimizatinne ) and DRAM. -




Memory access pattern analysis

How should | access data ? ........

Unit stride access are faster
=T SR ND
A[i] = B[i]*d

Constant stride are usually worse

for (i=0; i<N; i+=2)

SR EEENEREE
Non predictable access are ........
usually bad

b ENEREEED
A[i] = B[C[i]]*d




Memory Access Patterns

Summary % Survey & Roofline ™0 Refinement Reports MAP Source: iso-3dfd_main.cc INTELADVISOR

Footprint Estimate

Site Location Loop-Carried Dependencies Strides Distribution Access Pattern

Max. Per-Instruction Addr. Range

B2 B [loop in iso_3dfd at iso-3dfd_parallel.cc:4..|No Information Available Mixed 5trides

£ >
Memory Access Patterns Report | Dependencies Report | + Recommendations _ I
: : Strided access in : : Memory obJectJ
ID Stride Type . Nested Function Variable references F =
. OpenMP region - - :
[+ P1 2 65536 Constant stride T¥sO-3aTa_paranencos /s block Dx7fd89fffe010 allocated at iso-3dfd_main.cc:184, block Ox7
=P2 & 65536 Constant stride - Is0-3dfd_parallel.cc:49 block Ox/7/fd89fffe010 allocaled at 1so-3dfd_main.cc:184, block Ox7
47 value += ptr prev[offset]*cosff[0]; ’ 4
43 for(int ir=1l; ir<=HALF LENGTH; ir++) | »
49 valus += coseff[ir] * (ptr prev[offset + ir] + | ptr prev[offset - ir]);// horizontal
50 value += coeffl[ir] * (ptr prev[offset + ir*nl|~F Pttt prev[offset - ir*nl]);// vertic
51 value += coeff[ir] * (ptr prev|[offset + ir*dimnln2] + ptr prev|[offset - ir*dimnln2])
+HP3 & 65536 Constant stride Is0-3dfd_parallel.cc:50 block Ox7fd89fffe010 allocated at iso-3dfd_main.cc:184, block Ox7
+ P4 2] 65536 Constant stride iso-3dfd_parallel.cc:51 block Ox7fd89fffe010 allocated at iso-3dfd_main.cc:184, block Ox7

i@l 14




Advisor Roofline
Characterize and optimize CPU code:

Vectorization




Advisor Vectorization analysis

Filter by which loops What prevents

vectorization?

are vectorized!

Loops v|| All Threads

Elapsed time: 1462355 [RUIR= ] [REMVESVRIo® | | FILTER:| AllModules ~|| All Sources
Summary 05 Survey & Roofline ™ Refinement Reports

. | a |
INTELADVISOR 2018

= Trip Counts Vectorized Loops 2
=2 [=] Function Call Sites and Loops | ¢ Performance Issues Self Timew Why Mo Vectorization? - :
= Average | Call Count Vect... | Efficiency Gain...|VL (.. |Com..
E BI® [loop in runOMPRawlLoopsSomp{ * 2 Assumed dependency present 15.484< 1| 448 101976000 | - vector dependence prevents vectoriz ...
3|0 [loop in runCRawloops at rufiCRay| & 2 Assumed dependency present 11.766; B 12511 75120000 B vector dependence prevents vectorization
5|00 [loop in runCForallLambda ¥ 2 Assumed dependency present 11,766 I 12511 75120000 B vector dependence prevents vectorization
¢ /0 [loop in runCRawlLoops at nCRa| & 2 Assumed dependency present 5156 0 19387 3075000 B vector dependence prevents vectorization
iEG] [leop in runCForallLarmbd & 2 Assurmed dependency present 51250 19387 3075000 B vector dependence prevents vectorization
= [loop in runOMPRawloq ¢ 1 Ineffective peeled/remginder loop(s)..  4.190s @ 2102 1125%0000... 5.28x
3|0 [loop in runOMPRa 37680 2 1125900000
=00 [leep in runOMPRa 0,406 10 12320000 5.28x
4|0 [loop in runOMPR 0.016s1 2 b
L4 >

Which Vector instructions How efficient is
are being used? the code?

Focus on What vectorization

hot loops

issues do | have?




Enabling Vectorization

Vector Issues Self Timew | Total Time

20.030s1 |
13.508s|
6.895s|

20.030s |
13.508s|
27.750s|

Scalar Versions
Scalar
Scalar

| = 2 Assumed dependency present

Check dependencies

v

sort ¥ Refinement Reports

Use #pragma omp simd

N4

_3_1_5_h:err1 El_rn a}:.cpp:ﬂﬂ]

Vector Issues Self Timew | Total Time

Vectorized Loops
Vector ISA VL (V...

Efficiency Gain ...

10.507s1

® 2 Possible inef... 1.762s

3 lfll'.'ls 1b.‘*Et:ti:nrl:tan‘.‘l 1b."Er

.n A‘.‘HEII 73% 5.B4x |B




Offload Advisor
Define regions to be offloaded




Offload Advisor Summary

Intel® Advisor Beta

(intel) OFFLOAD ADVISOR

Summary | Offloaded Regions | Non Offloaded Regions | Call Tree | Configuration | Logs

Speed Up for Accelerated Code @

Program metrics ®

Original @ 7.04s
Accelerated @ 1.92s

Target Platform

Number of Offloads @

Speed Up for Accelerated Code @
Amdahl's Law Speed Up @

Fraction of Accelerated Code @

4 2% Number of Offloads @ 2 Fraction of Accelerated Code ® 959%

Gen11 GT2 Time on Host @ 0.30s 16%
(s}
2 Time on Accelerator @ 1.61s
4.2x Data Transfer Tax @ Os
: 84%
3.6x Invocation Tax @ <0.01s

95% Code Transfer Tax @ <0.01s




Explore offload candidates

Top offloaded @

Location ®

[loop iniso_3dfd it at iso3dfd.cpp:233]

[loop in initializeFT$omp$parallel@51 at
iso3dfd.cpp:59]

Speed Up @
IS CPU 6.68s
4.27X GPU 1.56s

I CPU 0.06s
1.10x I GPU 0.05s

Offload candidates

Performance r
bounding factors

Bounded By @ Data Transfer @
DRAM BW  465.83MB
DRAM _BW  357.9/MB

Total Execution Time by Compute: <0.01s

Total Execution Time by L3 BW (s): 0.010

Total Execution Time by LLC BW (s):

0.039

Total Execution Time by Memory BW Time
 (s):0.055

Data Transfer Tax(s): 0

Invocation Tax(s): <0.00001

Kernel Code Transfer Tax(s): <0.00001

i@l 20



Offloaded regions details and source view

Loop/Function > Offload Informati |lI! Source Name: [loop in iso_3dfd_it at iso3dfd.cpp:233]
Q 225 { A
_ ER . P Estimated % 226 izEnd = MIN(bz+n3 Tblock, n3End);
Hierarchy Time (s) Total Time 4 Type Speed Up - 227 iyEnd = MIN(by+n2 Tblock, n2End);
o 228 ixEnd = MIN(nl1l Tblock, nlEnd-bx);
s [loop in iso_3dfd it at iso3dfd.cpp:233] | 6.68s 130.878s (94.53%)  Parallel: Assumed ~ 4.27x = = //ixEnd = MIN(bx+nl_Tblock, niEnd);
= = 3 230 //ixEnd = MIN(bx+nl _Thlock, nlEnd);
> [loop in initializeFT$omp$parallel@51a 0.06s 0.719s (0.52%) Parallel: Explicit M .10x = 231
J 232 for(size t iz=bz; iz<izEnd; iz++) {
v 233 for(size t iy=by; iy<iyEnd; iy++) {
Q 234 ptr_next = &ptr next base[iz*dimnln2 + 1y
& 2 p’cr‘_pr‘la\\.nr &ptr‘_pr‘ev_base[iz*dimnan + 1y
. o o =
The region can be 4.27x faster on Gen11 3| | |4 - e -
= 36 ptr_vel = &ptr vel base[iz*dimnln2 + iy*n
/ o] 237 v
238 < >

Add “#pragma omp target” here




Data transfer and memory mapping

Data Transfer < map (to:a) map (from:a) map (tofrom:a) J
Total Data Total Data Memory Memory

Total Da Transferred Transferred Mapped Mapped )=

Transfer . : Mapped ToFrom

(MB) from CPU to from GPU to To Device From Device Device (MB)
GPU (MB) CPU (MB) (MB) (MB) evice

465.83MB 232.91 232.91 0 0 232.91494

357.97MB 116.47 241.50 0 125.02630 116.46976

Total estimated data traffic




GPU Roofline
Characterize and optimize GPU code




Roofline for GPU

Preview feature, supports

Q Y Default: GTI (Memory) v || & Guidance v =
Gen9 GPU
® =F Vector FMA E’?aB_ 436.79 53_':_'—_@ PS
400 | & - , ; _
o) ’ » Command line data
0 .7 SP Ve;:mr Add Peak: 2’1,9 89 GFLOF’S .
oz AR A BT collection
, ) .
100 - 6%\5?%0____________13 '.’.---QF.Y?QT?_F EM%.??@E-[Q@??.@FPQ??- = HTML export as Ul
F“_},[f,”é\l'ae "‘-‘.-" -
70+ iR = 9P Vector Add Peak: 55.13 GFLOPS |
B S L e e e |
40 4 %%@?;&\ﬁ\é‘m. %\r-:-,e'c’ - ,f‘a #pragma omp target teams distribute collapse(3)
LR )
SN 13‘% 2575 GFLOPS (1 8 {
'\d, - 1‘3-‘5" - for (int bz = HALF LENGTH; bz<n3End; bz += n
L3+SEM CARM 1 a7l for (int l.::y HALF LENGTH; by*::nZEnd_, by
10 -668.628 GB || 457.184 GB || 292,524 GB for (int bx = HALF_LENGTH; bx<nlEnd;
7- o L9070 |iso_3dfd_it_tiled$omp$offloading:207 -
,?‘pﬁ‘ Self Performance: 16.33 GFLOPS int izEnd = MIN(bz + n3 Tblock,
44 O~ 4 Self GTI Arithmetic Intensity: 0.35 FLOP/By int iyEnd = MIN(by + nZ2 Tblock,
: Self Elapsed Time: 6.266 s int ixEnd = MIN(bx + nl Tblock,
Memory traffic across all

memory levels on GPU

_U Self Memory Traffic: 292.524 GB

| / 10

A

i@l 24




GPU Roofline

Q Y Default: GTI (Memory) ¥ || * Guidance v —
o) P SPy Vector FMA Peak: 436.75 GFLQPS _
400-§ e
B R S, oy sp F?PEQF_%@@EEHFE 219, ??.@E'.—Q.F’_S:_
o0 | Yr e W B L DR Vetior FMA Peak: 108,59 GFLOPS”
70 - B - e
6161,’1:;@\56 L e DP Vector Add Peak: 95.13 GFLOPS
_ém.’},-b‘{_a% """"""" E e b1 sl It e
40 - ;g;af“fj}'f&i“'{l (ARt -
:5 o Q\N\ G L P
.—}'{J\E’g{\ RIS i
cis - Tiled version:
P n :
%@nf}f‘:' @ " higher FLOPS,
G":\ o G‘E,i‘f‘»':’ .
1042~ ® Q2N 277 higher FLOP/byte
7 - N xﬁ\?_‘_‘?"f !
- : :
4. Ogi-j_«\il\a i Basic version J
o FLOP/Byte (Arithmetic Intensity)
0.4 0.7 1 4 7 10




Intel Advisor

Offload Advisor: identify Roofline: Characterize

Roofline: Characterize
best offload candidates and optimize on GPU

and optimize on CPU

o = fuf e - [y

/ EEn EEn
\\\\\\\::::555‘55555\55“‘3 #pragma omp target
Vectorization Memory Threading omp teams
@ ®
+ H EH B
ee0®

#pragma omp simd
#pragma omp declare simd

#pragma omp simd
#pragma omp declare simd







