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[Tpobnema HPC: HapacTaoLwun pasmep

YBenunumeawTcsa TpeboBaHus K pecypcam
YBenuunBaeTcs KONM4YecTBo NnapameTpoB
YBenuunsaeTcs Bpemsi MoenMpoBaHus
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#1 B cnucke top500 (Ha koHeL roga)




GRID Search
KaKk oHO cenyac?

MHOromepHble UccrenoBaHuUs
BbINOTHAKTCA HEA(P(EKTUBHLIMU U
HEeObbeEKTMBHbIMU METOOAMMU

STEEPEST DESCENT Search




Ecnuv Bbl XOTUTE
M3MEHUTb CNOCOD
peLleHns NnpobreMsl,
Bbl OO/XHbI cCHavana
M3MEHWUTb TO, KaK Bbl
O HEW OyMaeTe




The IBM Bayesian
Optimization
Accelerator

v [NepepoBasi banecosckas
onTUMM3aLNS

v Lnpokun cnekTp
NPUNOXEHUN

v [NpenocTaBnsieT nerkme B
ncnonb3osaHun APIl, SDK
& GUI

No3Bonsert co3paBartb 6osiee
Xopoulue NPOAYKTbI 6bicTpee nyTeM
HaX0XXAeHnsa npeasibHoro peweHusa

npv 6onee HU3KolU CTOUMOCTU

“Probability is orderly
opinion ... inference
from data is nothing
other than the revision
of such opinion in the
light of relevant new
information.”

-- Thomas Bayes



IlBa MmeTtoga ncnonb3oBaHmnda M B HPC

* Inference can be 1000x
faster than simulation

Inference
used as surrogate
to simulation

ML /DL

HPC Simulation Training Process
Input / Results

Library

*  Requires a full validation test
suite to assure inference gives
usable results

* Requires a library
of simulation data

R — PRO
Design variables * Validated simulator
generates results
5 § e (Can use surrogate inference
Objective h li
] \ IBM Bayesian ch when validated
fu nCt|0n(S) Optimization & CON
Accelerator ()
. * Simulation results can take time

Constraints without a surrogate

\—




IlBa MmeTtoga ncnonb3oBaHmnda M B HPC

Design variables

Obijective
function(s)

Constraints

IBM Bayesian
Optimization
Accelerator

]

Simulator

|

PRO

CON

Validated simulator
generates results

Can use surrogate inference
when validated

Simulation results can take time
without a surrogate



Kak aTo paboTaeTt

Interface Scheduler
Function

(in)

( Input Data 1

Interface
Function
(out)

BOA

Objective
Function

Onpegensietca
nonb3oBaTesiem

Output Dafa}

HOBOE: Interface Functions

TpaanumnonHbii HPC

YHUKaNbHO ANA KaXX40ro
KZINEeHTa



MpumeHeHune IBM BOA K opraHusaumnm pabotbl npunoxkeHmsa HPC

Mnarmnbl IBM BOA Interface Functions cneymMpuyHbl 4nsa npuaoXKeHUNn.
(Interface Functions ebinosnHaomM mpu ¢yHKYUU UCMoab3yemMble rpu yckopeHuu npouyecca HPC)

1. YmeHue 8bix00HbIX OaHHbIX pabomebl 3a0aHUA MOOenUPo8AHUA 014 8bI4UC/AEHUA Omaeema.
2. Co30aHue HoBbiXx 8XOOHbIX OGHHbIX 0715 C/1e0yroUWe20 3a0aHUA MOOENUPOBAHUS.

3. 3anyck cnedyrou,e2o 3a0aHUA MOOenuposaHus Yepes rnaaHuposuuk HPC.

Scheduler

' : Input Data
IBM BOA Interface Functions

/ lnterfac

{ Function )
Function i \ (out) /
User Defined ; .
Unique to each Client

E NEW: Interface Functions §




Tononorna BOA

o Cepsepbl BOA ncnonHsawTt 76,?‘
TONbKO Kof, BOA KnacTep BOA 4?0 TpaguumoHHbIn HPC-knactep
_______________________ ),
o PacnonaratoTcsa pagom c TN TR b —~0
HPC cpenon == = o= /= = S 3
e I e T e I o I e T o B | (D*
A A A A Qo
o Apxutektypa HPC - 3 B =r=l=mi=r=r= = =4
knactepa (x86, ARM, - RN N R R el
Power, rubpua) He BaxHa ] — PSS EES S ve
aa == =1 = =2 f— 3 2 3 Sg
BK/1HOUAOT MHOTO Y3/10B C B B B BTl -N__N_Y_ =
o MHoro nonb3oBartenen, GC)
MHOIO K/1acTepoB, MHOrO ] 7
MOAENVMPOBaHUIA, MHOTO ... S, Shared Filesystem 2
Bcero obpabatbiBaeT BOA 30 ~
B napasnsesb Oﬁ
%

o Explain-ability B peanbHoM
BPEMEHMU



EobbacHaeMaqa onTuMm3saums

Korpa ueneBas hyHKLUMS OLLEHMBAETCA KOMMbIOTEPOM, Mbl
MOXeM BbITb yBepeHbl, UTo byaeT NpoBeaeH Kaxabii
3KCnepuMeHT. Korga oueHKy aenaroT ntogm 6110 6bl 0UeHb
XOPOLIO 06BACHUTb MPUUMHbBI KaXKa0ro Bbibopa gaHHbIX.
Oco6eHHO B MHOToLeJiIeBbIX C/y4asiX CO CI0XKHbIMMU
OorpaHuYeHusaIMMU.
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There are several factors we might want to explain:

B7 <=0.576

1) Kakow napamMeTp NonoXuTenbHO BNUAET Ha
samples = 104
npenckasaHue (T.e. acCoOUUNPYETCS C «XOPOLLECTbH») vale = (80,4

B6 <=2.092
samples = 39
value = [37, 2]

2) Kakow napamMeTp oTpuLaTeNbHO BNMSET Ha

npenckasaHue (T.e. aCCOLMNPYETCS C «MIIOXOCTbHO») E— ‘ h N
S epies = a1 s Erapleasl mmien o5
3) Kakoi napameTp Ha BapuaTMBHOCTb NpeacKasaHus (T.e. O |-t "“l“i‘“k\
accouMMpyeTes C «He3HaHUeM») | e
4) Kakune napamMeTpbl U KaK BIUFAKOT HA OrpaHnYeHund
Mooenu?

4. N. Galichet, E.O. Pyzer-Knapp MiP




IBM Bayesian Optimization Accelerator

[MpumMepbl

= & a
Drug
Discovery
ASIC & PCB
Design

Molecular
Dynamics



Advanced Chip Design Costs

: i Design Cost IBM BOA
growing at unsustainable rate Contributors yMeHblIaeT
CTOMMOCTb 3TUX
* Engineering Personnel KOMMOHEHT

Estimated Cost of Developing

Advanced Node Chips , :
J 'P » Software Licensing

* Compute & storage
infrastructure

ﬁ i  Engineering training
- ﬁ i i . Optimize your EDA tool spend by using BOA

Reduces the number of jobs required on the
compute farm to reach a design

B Cesign ot B Emizedded Softema B vieki Romp-Up Cosi [ Pask Gt

http://site.ieee.org/rww-2018/files/2018/01/Michael-Thompson-RWW2018-presentation.

Perform a license remix
to address other throughput
bottlenecks

Use the compute cycles
And licenses in other areas

The majority of the cost is in design
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http://site.ieee.org/rww-2018/files/2018/01/Michael-Thompson-RWW2018-presentation.pdf

Accelerating EDA workflows

R cesgn Lo Standard synthesis workflow

& Lo 104 — 10° batch jobs, weeks of runtime, repeated when logic errors are found
(LT TP T P PP P LR T P TP PP TP PP T I T PRI
| el T | [ e [l | fpsl [pe( [pswe| (sl | [ [ [0 [ [FE[ [ [epige (g (o (el psipe) [ | [ [ |

Bayesian enabled synthesis workflow

102 — 104 batch jobs, hours of runtime, repeated when logic errors are found

L T T T T T T T T T [ T,
15 T T O :
EEEEE NN NN EEE SRS  cquired for less

- Design BOTH CASES: -/

L

[ (o)

HE

[ :

== 4 -= points Better design points
| [ |

| [

N

]

identified identified
: M

DRC and LVS

time on clusters

Taken from:

https://wdc65xx.com/asic-design-flow/
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https://wdc65xx.com/asic-design-flow/

Knowledge

Experience

IBM Experience
Applied to signal integrity

16



IBM Power Electronics Design

MpnuMep 13 peasbHOM XXU3HU
Signal Integrity Design for Power10

Llenb: OnTuUMM3aLma CKOPOCTM MEKMPOLLECCOPHbIX
CBA3eW 3a MMHMMasbHOE BpeMms

MeTop, rpybow cunel TpebyeT npoBecty ~5600
MOLE/IMPOBAHUM, KaXX40€ N3 KOTOPbIX 3aHUMaeT
~20 MuHyT (IBM Simulator: HSSCDR)
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Real Examples of HUGE Value

Computational Computational Chip Oil & Gas
Chemistry Fluid Dynamics Design

e
S

Training _Set 0 Sample(s)/
ing Bimodal Cogfficie

-

f

BOA accelerated The BOA enabled Orders of magnitude Carbon sequestration
workflow uses 1/3 design process fewer simulations use case where BOA
of the calculations to accomplishes in hours required to minimize identified an answer
achieve 4 orders what a designer jitter for signal integrity 1.5% better in 1/3 the
of magnitude does in weeks on the Power10 server time

resolution increase



3apayu aBTonpoma, roe BOA MoxeT noMoYb

CFD Crash / Safety NVH ADAS

ADAS: THE CIRCLE OF SAFETY

Computational Fluid Often the largest Noise Vibration and Future: Self driving
Dynamics — driving consumer of CPU Harshness — one of vehicles employ
external design for cycles and engineering the most demanding trained and tested
drag, downforce, time for a commercial analyses coupling machine learning
cooling, combustion, vehicle. structures and fluids. models which can be

and performance tuned faster with BOA



Drag Coefficient

—@- Best
—@®- Current

2.0e+02

100

Pressure (Pa)

Formula 1 Racing
du3alH KOHCTPYyKyuu Hoca

7 nepemMeHHbIX OTHOCALLNXCA K
reoMmeTpumn f1onaTok Kpbljia

PyGEM — ansa reomeTpuyeckoro

mMopduHra (aedopmauus
NPON3BOSIbHON POPMbI)

OpenFOAM — anga noucka
ONTMMYyMa «NOo4bEMHAs cuna vs
COMNPOTMBNEHME NOTOKY» Ha
Kaykgom ntepaumm

O6bI4HO 3Ta YacTb An3anHa
BbIMOSIHAETCS BPYYHYIO
aKcnepTaMmu No aspognHamuke

PesynbTaTt — cokpalleHue Ha
Nopsa0K BpEMEHU pa3paboTku



Drug Discovery

Brute force screening
requires 20,000
experiments;
BOA accelerated
method required ~200

12.5 1 — Boaas
Competing method 1
12.0 1 —— Competing method 2
Competing method 3
11.5 A
11.0 - < g
>
£ 10.5 -
g 1
[
o
10.0 o
9.5 +
9.0 +
8.5 H
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0 1 2 3 4 5 6 7 8
Batches Tested
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baiecoBckaa onTummnsauma gna opraHmsaumnm pabotel npunoxkeHnin HPC

HeKoTopble NpUN0XKeHUA, KOTOPbIM MOXKeT

6bITb NnoneseH BOA* AN

ABAQUS LS-DYNA X 23 R =Y LR

ANSYS FLUENT Marc NN e

ANSYS MECHANICAL MSC Nastran \\\'r ~ *.:,o' ' U

ANSYS HPC NAMD VR i~

ANSYS Explicit NEXUS VISRl S

ANSYS Autodyn OpenFOAM eeers y

CFD++ US3D ok N -

CST Microwave studio Star-CCM+, A '§ 4/

COMSOL multi-physics Sigrity X “ ek YT Y AR,

Eclipse tNavigator s :

HFSS StressCheck N .

HSSCDR B, N

o WS

*UHTepdelicHble GyHKUMM 06bIYHO MOTYT BbITb CO3AaHbI 3a 3 - 10 ,‘ oy v f}'_:\-'
AHEN. QN NPUNONKEHUIA CUHUM LIBETOM OHU Y¥Ke eCTb. < é 3 i "
NHTepdeicHble dyHKUMKM ByayT BbiknaabiBatbca B BOA GitHub o / ‘ ,3,""’":. _ : .:_

public community site gnsa noowpeHnsa coTpyaHNYecTBa B
coobuectse BOA.




*  BOA ontummnsunpyet HPC ontnumunsnpya npouecc
paboTbl.

*  BOA HE nameHsaeT npunoxeHue.

 BOA HE nameHset Bpems obcyeta oTA€NbHOIO
3a4aHuA.

« BOA obecneunBaet apPHeKTUBHOCTb
MHOronapameTpuyecknx nccneaosaHuni (100x-
1000x napameTpos).

*  BOA 3¢0deKTUBHO COKpaLLLaeT KOJIMYECTBO
MOAENNPOBAHNIN HEODBXOAMMBIX ANA AOCTUXKEHUA
noctasneHHon uenm (10x-100x pas).

« BOA OBbACHAET npuHATblie peweHuna (Kakme
NapamMeTpbl Kak U Ha YTO BAUALOT) B peanbHom, .
BPeMeHM 1 N03BOJIAeT BMeLlaTbCA B npoL,ecc.
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