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71025k, BiI—EERIENTRES , SIFEERFPITSMEE. mUS , NSERFH
Kl HENFRFBREERTS. XREHMGERTEEIUR  BE BB LI ENREHIEK , Fr
RERZEARZEN.

EEELFEF , BRNBEITIREERFANEXHL. BEERASHIONSRES BN ETE
FitRBIE G  BNEEEVIIIRRESEENEE, XERFELTETEANEME, REN
SRR RINGES , (BERMEEN L , AT E SR EE AR M ESAERIEINE | IE
ERSFEHITSREERE  XERRERSKHENES LEEBY T AR, ETAttention
m&Atransformer , HISIBERT , ERKFEERRNFITE  BINFIBREREEHY , BRI
RAHHZBER AN 2H  RNEREFENESRIFRLEN, HNFEFARA  BEATUNE
RSN AR ERE.

TERE , NEERENSAIESERIEK , KAB3SMBE—&. Wi, tEFRENFEREX
INKR , HHEOIBREE 205k, G5KE | TAERNTERKEERZEK, T AREMARTIU
REREGBE. NAZEENAFETRINRRINSEKEESEE  Eitseparable
convolutionfflsparse transformerEi RIEAEAITEIE,

2000
Model size is doubling every 3.5 months 1800 —|—
1500
1200 ——
1000
Compute Requirements: Adapted from
OpenAl article https://openai.com/blog/ai-
and-compute/
Model Size: Adapted from (a) Hestness et al. 600
[— 2017 “Deep learning scaling is predictable, -T—
500 empirically” arxiv:1712.00409
ResNet50 256M
°
2013 2014 2015 2016 2017 2018 2019
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fEGraphcore , SIS AR ERETBRIRCLIFHE SR, MNSFHA] , SSRICPURIGPUEIEN
oA IRGRBAIRE. MIFE T RAULER | IMEEBAUSISESRAMIRER | RiEH T
HAHES, XHERMNEIEEERGEVSHTIPUNRE, IPUEA—REIGESS | TnEXLelsh
BERITK , BEf 7L 2R R MBS HT AR,

...A NEW KIND OF PROCESSOF IS RKEQUIRED

CPU | Scalar GPU | Vector IPU | Graph

IPUSTREE T MR SAER AR T, BINLEANRNEHE  LAERT EARH1T4ES

BRRATIEAT,

Graphcore Colossus GC2 IPUZEH

IPU-Tiles™ & e
IPU-Core™
—————————— = H
In-Processor-Memory™ :: 1
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Graphcore IPUE B ERERHRMIRLT , EEUWT XL

STEHTEMET MR B AR T R Bt AE)
FIFIn-Processor-MemorylBBMNMIRERFHELEREAR , IRKRERSNES
FHEIERERIRIK

IPU-COREXZHSIRBMRERREBEZREE | ZHEZEXKEHIT TN FREMN
BEAL AR AR (ST 5

FPIPU-CoreRZAIAEITO MRV RIREHTERFLAE , NI fERNPURRIANRIRE
FHITIEERBIET,000 M2

IPUSTHSIERIEADNNIRE | MR ERERIFTFTRY THRUERR | PIANEER RG]
LRI

BENR , PUTTLITERRIIGIIES | FEANFEETERM T REATER

it

BNMPULEBL216 RN F I EREA%Z (IPU-Core ) , B/ HZBR6/MEIESERE, FLL
EITEITRES , — 7296/ MM R AR EHITIET | XBeLEMPU-Core#fiR It 7812100
gigaflopsiIitEtaL,

ZAIPU-COREBSHIRRI256KBAMAMERE WNFRTARE | FFoe—EAIPU-Tile, 6 MEIRREEETE
A LAERIAEIN-Processor-Memory, SEI%5 , IPUKAE300MBRIRE , IESE H45TBps |,

HEZBERIANE , BAIPUESR T AT HEMIEM, IPUSTIFEEE FPI2FIFP16EIEIST. | ATLAMER
ERZMETNRER | FEEHH1T250 teraflopsh R AMBEN16/32([EAITE,

BRI EEREEDIPU-Exchange , XA TFHERPEINZXFFX | ATLUEHI62.5TopsHIEIE.
IPUBIZ 16 @EPCI ExpressiziEZE F M ERS. IPUBL0AMERIPU-Link™imH , MNsOESD
FEF8/MEE L BE160GbpstEE:, IPU-LinkigOAFIPUEERBREE , MAE@IT LIRS
ENAFEIEEEE , NTFESMPURERLLILA450GB/SHIIPU-Linki BBt TIE, IPUKRBZERE{t
Bl & A TREM TN,
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Graphcore C2 IPULMMEEE K

Graphcore C2 IPULEEEPCle R 2B SR MNPURITUE#E 25 PCI Express Gen3/4+&, #£B5801
IPU-Link , 8°LinkLA32GbpsBUEREE R , SR 4£92.5Tbpsa450GB/sAY S A &I A ge.
£C2= L, 192GB/sHIPU-Linkis R FEEC2RAS ERIR/MPU |, M256GB/sHEIIPUS ST
BCEEZEE—IE , MTEESZMNC2-ERIIPU-ProcessorsE B2 AELAI R RIR |, R #ITT
£ (B TEAIDSS 8440RFHHE ) .

TE—HERMPULIERM2416 EIRAUAIERE AR , BFHAH200 TFLOPSRIRMERES., XEHSS
315W-RFEDSS 8440 IPURRSS ES P AR aNHIR -

. LAY T
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DSS 8440 IPURS R EFIEENVAUIRS SR | ETE VS SeN FIR At EMAIMERE , 8/ Graphcore C2
£ (WIPU ) TiEE K 1.6PetaFLOPHIE S5 EH| 285 AL T &Y

DSS 8440 IPURSS =M FIPU-Link®y "Mitezl" #hR3d , EC2= EHRAMPUZBIEB192GB/sHY
"B ECQEZ AR AN AT E 256G /s, ERBAFEIPUZ AIEELSERISH
activationg iz

C2RiEEEEPCle Gen33TiasaMEEREZIDSS 8440 IPU-Server fyEH1Xeon CPU, DSS 8440 IPURRSS
2SR E B MRIZAIPClesiEt , (BRI LERA "BEF" PClefEtd, IEWKEPoplar SDK—
THERNMRREOIE , ENPAERSSHESENLERS , BAIPURERESRIMIEITMUE
F.
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DSS 8440 IPURRSS 8RS T AEBHIAMFHE | FAEIPURBBERFEREENRZZNAE  XNT
T RAE (HH228) RENNASEIER.

8x C2 Cards
I |
IPU IPU IPU IPU IPU IPU IPU IPU
IPU IPU IPU IPU IPU IPU IPU IPU

x16 IPU-Link 64GB/s
x16 PCle G3 32GB/s

e 100G b ps 1B/Ethernet RN | | FINIE System | |xeon | | Xeon|| System NS | | (RNIIE
Memory Memory

Dual Xeon & System Memory

—— PCle Fabric

ST DTIVIGRA |, DSS 8440 IPUIRSSRIERHZ N 100GbpskLkitix | IASLIR S 2R 2RSS 2RAT
AR, BUAREERL00Gpbs InfiniBandi&fias, TS REREEMTINAT |, siRitil4k
BESEURIRREAFTEER , RESEAXDSS 8440 IPU-Serveriafh,

HTES LARXLR | EF8EE |, DSS 8440 IPURRS 28228 E se| SFES R ANEERZ %,
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Poplar® SDK

DSS 8440 IPURRSS88{EF GraphcorefJPoplar SDKATEEMESEEEM A | AT S SRR T4
BFRAYSEiERE. Poplar SDKRTSTensorFlow, PytorchfIONNXZES iz fFERRER—EFEH. BX

HFEMEY SRR | ARIFEINERIPU LA PoplarERIB XA T HIER. AR IEES
WHERRETLAZ DT BRANGCERSEATE , EEMERNFZIIPUL, Poplar SDKIEAIEEIFH
{THpipeliningi@ 2033 | FIANSHFEBHHZSEHIT—ANLPREL, Poplar SDKAYE(AINEE
BETEHTFEANE.

Poplar SDKZ#5—ZRFITEIELE, & TensorFlow , Poplar SDKETEEHESZXLAE , FHEXLARIZE
i 9PoplarBEfIi=HIfER. HittMLUEZRARLRI{EASEZFREHPOPART ( Poplar Advanced
Runtime ) #5. PopARTRRT ASHME—MUELR , EiRM T SHABMUERERN 2 RIET.

e =
USEYOUR EXISTING POPLAR™ : Graph Toolchain
- KN&‘;V[;}.;EPSGE POPLAR Graph Libraries OPLAR Framework
+ ® b
Tensor ONNX PyroReH C++ | Python Graph Framework

POPLAR
Visualization
& Debug Tools

POPLAFR®

Compute

Graph

Graph Toolchain

e,
= : POPLAR Graph Compiler
— o, o¥, o¥e e &b Graph Engine
IPU-Processor IPU Servers
PCle Card and System

PopLibs2Poplarfimites , BERMEHMIING , THFRARES. HRBEARHASH
fEF8 , PopLibsig#E2020EFFE , LASTFIPUR R HZEIPU_ERIRFBIET, PopLibsHositaiE :

o popnn-HEZMLEEEL (activation function, pooling, loss)
o poplin-fEpEIEEFIETRREL

» popops-Pointwise # reduction operator
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* poprand-REHEIEREL
 poputil-tTZEIRISTAREL
o« popsolver —EEIKRARFREL

ETFPoplar SDKRYRIEM

Poplar SDKIR T =MARRAIRFAIHRE , BERATHAKARNERMNBR. TERER T Poplar
SDK=MAERIEAL :

o BERHE-XAFAEARRMT —KERMNEE , BB(ITLERTensorFlow, Pytorcha
ONNXFirEMUER TEHEANIIEE, THEH , Anl@idPoplar SDKAIPUSLHEFIM
YIEHMLUELEER,

e PopART-Poplar Advanced RunTime2Poplar SDKAHE#Iruntime , AIRMEATFHSHI
HHERITEE. PopARTAIPUSERBIMMRMESGS | FHEGEMSSS , FARARERR
B,

o RRRFNmWBEEF&-Poplar APHRMERACH +RIBAK , RIFFAARBRIIPUA
E#TRIE , FRIT T2 HBRMiEEtensors, verticestledges, XAATFEIEBENXH
operator, BENXRMEESATFEMINILER. FRARALIAEPopLibsEAFBLIRE
TEIFIRE , LA REE,

Lower Level Coding

High Level Abstraction Poplar SDK Native Framework

[
LA o
Tensor

PYTORCH

POPAFRT POPLAF® API

« Deep learning/linear algebra

« Graphcore port tailored for
efficiency on mainstream
deep learning algos (e.g.
supervised SGD on a neural
net)

» Has flexibility for different
optimizers/modifications

« Poplar Advanced RunTime
«  Supports ONNX file format
« Supports both inference and

training

« High performance and

flexible

« Can be used as backend to

other ML frameworks

» API for close to the metal

development

» Anything is possible
« Can create new paradigms
» Also used for custom

operators within other
frameworks
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DSS 8440 IPURRS SR AR TSR SAUN B E R AMRRELR M T IR0 BeME | ATSTISRORTIREEL
WS T BENSIEHTRRES , URSEpipeliningl @ RFHTRREN, AR, RIELEGIZBUR
THEEAS , BRHATIPUREPoplar SDKAHSERGERE T -1 25T E | BRRRISANR
XE— A UEF AR ENNS, THEFEMEE LCREN T ERIMRRREN , BRI
BEANFERDHNERE. AREMEEL , BRIPULISHIATFREEY , QA% ER

=]

IR

1BidPoplar SDKFRAYEIFITIRE , BFRILAZE DI BIPURTIRES RIS,

(EFRBEHRFE ( GCD ) HFEmHT

B miFE ( GCD ) EX THEEE Y Poplar SDKAEHRIFIEEIFFITHIPUKE |, REFRARIREZ DT
BEwENIPUL RSN ATE. GCDRILABEDSS 8440 IPURREZEHHII6MNPU |, XEKE R LAIEBITIR
SBMINPUNARBERIM TR, F/NEERTLSTLBNERMPURILERERRRES , Nk
B 16 MNPUSTIMEHERNFTRE,

Model Parallelism on DSS 8440 IPU Server: Graph Compile Domain

Example: ~500M Parameter I |
Transformer Model

| - i i
as L]

|

|

PCle Fabric

|
ensure optimum

Layer 3
Layer 4

Pipelining is used to
efficiency for the

|

|

l Layer n-1

l IPUs

1
System . System x16 IPU-Link 64GB/s
Memor Xeon | | Xeon || Memor
0 W €0 UL/ x16 PCle G3 32GB/s

Layern
Dual Xeon & System Memory

Z&pipelining (WTFX ) , GCDWFHRARER VD ESHEHEANEABNITESIER., tRE
=~ 7 1M ETFtransformerfU KEUER! (BEENLPAG]) |, ZEREEDSS 8440 IPURRSSAVATE L6
MNMPULE#ITT "ok (sharded) "
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Pipelining

Pipelining 5170 (BIEGCD ) 1BES | AIRAREMF BREATHER T RINABIPU ,
IREHESENE |, HEeFHEMERMEE. TEEERE T AREHTHUMERpipeliningd#t
1THES (E&ERTpipelineE AR AEEFBATBIPUNR ) . Pipeliner] LABS{HIIRE ( DSS
8440 IPUBRSBSSIZMEEIALI6/]IPU ) . HactivationfEiBZIBEIPURT , HERIHTES (IPUL) FhEs
—MPUESZE— Nbatch (Bl ) , IPUL4kEHESFbatch , KR AXLbatchfEiBactivation, -1
IPUER activationFFMET—E | (KIELRHE, pipeliningfERTBIPUEIFEsIENERS , FHEET
batch4 (B4 ) , FTBIPUERLAFHTHITEMIE, iz EpipelineXIHESHEIERIGANEER , AIXS
FETFback propagationfil|l &G AL REZ.

B, B, B,

3 3 3 3

As Ay PP « Ai- Forward prop activation for batch i
*  p=number of IPUs

* n=batch size

Ny Ny N *  Bi="micro-batch”. Sum of all Bi is mini-
batch or batch

IPU,
>
>

2
Layer 1 | I Layer 1 ] l Layer 1 | | Layer 1 |

IPU,
>
b=
>
p-3

Layer 2 ] | Layer 2 I I Layer 2 | l Layer 2 ‘

IPU,
>
>
>

pJ
L]

| Layer 3 | | La\;erS | l Layer 3 ] | Layer 3 |

IPU,
>
b=
>

p-3
[ ]

[ Layer 4 ] | Layer 4 | | Layer 4 | l Layer 4 ‘
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3t Fil4 , pipeliningEE R ER forward pass , Xi&Rback propagationfIiNEEH, TEERT
B Morward passfllback propagation , AEERT EEHTESMLENTEpipelining, FELHE
FR T pipelinefIEK ( ATLAREHTRE , EARNRETLIEIMGENNE )  XEEAEEMFA
TETSRAYIPULLEERI[Factivation , MFfEfJactivationf N EHTiH B TRIfYactivation , FitEH

EEH, BIRTFARARTDFIA

=
S

RSERNAT  BINTE (S20TH ) RUZANRES

REE.

B,

i
g A AG

Layer 1

A
= A AGH
- B
\ /
é’ AGy
-
B B, B By Bs Bs B Bs
3 3 3 g $ 3 3 3

2 | A Ay As As As AG As AG; A A Ao AGs| oo

Layer 1 | | Layer 1 | | Layer 1 ‘ | Layer 1 | | Layer 1 | | Layer 1 | | Layer 1 ‘ | Layer 1

N 4 x
= A A, As AG; As AG, As AGs A4 co e
= Layer 2 ‘ | Layer 2 | | Layer 2 | | Layer 2 | | Layer 2 | Layer \
Recomputed Fwd Activations

= AG; AG; AsGs AsGy oo
a
- | Layer 3 ‘ | Layer 3 | | Layer 3 | | Layer 3 |

Graphcore IPUBR5328-Dell DSS8440 AR 2020828

www.graphcore.ai

13



EFNTHE ( Recomputation)

IPURREBN T BB R B % 5/RERAInProcessor-Memory, E#FitEZPoplar SDKAAIIHAE
Z— , EAURAKIPUREFERMIPUNSHEETERE . BZEEEAF | activation2FEITER
BERFATEER. BIEHRTE , Poplar SDKSFEFEENactivationig N , FiR#Ebackward
passHEXFRAX LM AEHITEactivation, TEAE—NMERBTERTENERL | EEFHE
HifAactivationt{R77 , LAz Fbackward passHEINEEHITE.

‘ Input

15 Layer Network o
All Fwd Activations saved

ssoT

Back Propagation uses
saved Fwd Activations

Forward Operations=15
Backwards Operations =15
Max Memory =15

NFEITERNEATFLOPZY |, Poplar SDKIBI{RFEENactivation \FHERFREFIT
e, AR AERMLERNARE., TEERATHITNEEHNbackward passitd |, FifRF
AactivationB \ FEWNIH BT EFITEME Y HMactivation[isHIER,

Subset of Activation Inputs saved

15 Layer Network /

| Input

ssoT

Forward Operations = 25
Backwards Operations =15
Max Memory =5

ZRIPURMIREIE | ETETHRSMTFL
- EFTEATLUEATResNetfDenseNetAU 1NN RN R Z1K5(E | BEBRDF
BEZRASMIPU InProcessor-Memory
Poplar SDK3ZIFRARAITTE | AIRAEREMED FLOPR BImAEFE
T EEIMYFLOPRTRAVERIMNT R AT LUBIE e A A AIbatchebatchki&iE

Graphcore IPUfRS28- Dell DSS8440H K4 202028 www.graphcore.ai

14



SEFT BSR4

I DNNRE—L ENBASIERTRINES., BRIEEERIANBASIEEHMIinibatchfIME
e, BEBERSERERATHER , IJLitEHforward passZ/FENRE (loss ) . ZIRER
back propagationFBHFRBFItENEREHEMERSE, EDSS 8440 IPUIRS s+ RRRE
NS BIABTIS (FBE RS LRIBN100GbpsinOY EEIZNDSS 8440 IPURRSS 25
) REUENHTIIG , HETUSREF THTES  EPEMENE A BE#SZ/NPU

(GCD> 1) k. TEBTRT —MNUEHTNEATRE , EFGCD = 2 (EINC2RLEEBMER
BIRE#HM21MPU ) , ATFEMEEEAEHTLERRNESMASYE , HittMback propagationitiE
HIBEEFIESMER THEEMAR (HEFE, "R PUTHARABERT)

Data Parallel Training on DSS 8440 IPU Server: GCD =2

o
N
N
o,
o,

—
—

Forward and

Backward P | | |
pass on each
C2 card
resulting in
calculated T [ ] |

gradients for
each portion = =

of model split
between the L J

two IPUs
[1T1
Host &
Sys Mem

=1

O

PCle
Fabric

BinEfEA—allreduceRERMEERESHIBHTEELEANRE MIESHESNH (HTEPH
B&BA1ERET ) . Poplar SDKZ#DSS 8440 IPURRSZ &R & FPallreducesTiE,
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Data Parallel Training on DSS 8440 IPU Server: GCD =2

After a local
reduce-scatter
each C2 card has —
merged values
for its portion of

the total array Reduce-scatter

operation such that
each C2 cards has
1/8t of total merged

Ly

The component parts
of the merged array
are sent to host

memory to form the _ i
total merged array for

Hostt &
the subsequent global SysMem

allreduce

PCle
Fabric

—BxAiallreduce , M7EInfinibandZF FAILASER 2 Ballreduce,

BT B2 ADSS 8440 IPUREZ2EMInfiniBand

BT fERIPU-LinkiH{TEHEEMIRERAARSS|AIEESL , DSS 8440 IPURRSSBRIEATLAERR A
100Gbps InfiniBandi&Ec =T RIERIERY B | W2 S NEE200GbpsM A EAIRS 2.
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EIERRES | GraphcoreSREATUARIFS A RTAICIFESIE , FRIPULIEZFIPoplar
WA, | IASRHBIRIHES:, PoplarstiFelF& M TensorFlow, ONNXFIPyTorchFBRIEHR
MESFIERBEIEIPU LETIERE,

IPUFFSEDFR , BSOS SIHSRUR B ST AOMERE, A TIEG7ENttps:/github.com/graphcore
EREHAIA I benchmark , FHRZHEEEE T BfshGraphcore IPURIRATIES.

GraphcorelBfEEERMZH | LLRENEEZERN. NIRENENEBIRANLRE  XEE
BHRETEEN, A=BHAER, BEERAEELRHREERNENNER.
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