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Model size is doubling every 3.5 months 1800 ——
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Compute Requirements: Adapted from
OpenAl article https://openai.com/blog/ai-
and-compute/
Model Size: Adapted from (a) Hestness et al.
F— 2017 "Deep learning scaling is predictable, 600
500 empirically” arxiv:1712.00409
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ResNet50 25M
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...A NEW KIND OF PROCESSOF IS KEQUIRED

CPU | Scalar GPU | Vector IPU | Graph
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Jejz30{ E2MA(Graphcore Colossus) GC2 IPU Of7| &)X

IPU-Tiles™

IPU-Core™

IPU-Exchange™

PCle

IPU-Links™

_________
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HA A-E[TA OfZ2|AH0|M2 X TF0{e| ZEEZ{(Poplar) SDKE &&3t= DSS 8440 IPU-AH
floll HEERACH, s 7 2 9dX[(edge) UM FAl AE JtsT HHH 45
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X(Open Neural
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CHE ML Z2iei3etel ZIZst St XIAFLCH
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i - KN%A‘EFSGE POPLAR Graph Libraries POPLAR Framework
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TPn;f QMM FYTORCH m _ Ct+ { Pythan Graph Framework

LAR

Compute

S OPLAR e Visualization
ik -y & Debug Tools

POPLAFR®

Graph Toolchain

IPU-Processor IPU Servers
PCle Card and System
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A 2 HYYLICE Poplibse| F2 EZ2 Cigat Z&UCL

«popnn - MAL Bt~E (activation functions, pooling, loss)

« poplin - &A ZM(matrix multiply) % ZH=2FM(convolution) &4
* popops - pointwise 3 reduction AKXt

« poprand - tt4=(random number) &4

« poputil - 2 ZMS 2ot REZ|E[(uility) &=+

« popsolver - 22 oA st

ZEZ2{(Poplar) SDKE 7HetXtel HHZAX
=2

2 PSRN o2t M7EX] =F2 JHE HAS MISLCh off
Jg2 ZE8 SDKo| chst 370 T X|ES

gL

o NFE FAMBH(High Level Abstraction) - HMZEE<2(TensorFlow), IHO|EX|(Pytorch),
ONNX & EZE ML I SoN HEE 7| JHZE S HUXSA 22 E=2E
Io

SELICt XE2 SDKE Edff HZE AFEQI0| 7|2 ML Zeela RES st IPUY|
S

+ POpART - Poplar Advanced RunTime2 F& ¥ st&= {8t =2 &9 i JZE
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Xelst= ZE2) SDK HIO|E|E T2z HEFJRILICE PopARTE IPUE J2HZ 2[Xstof CHst

X2 =28, MEXS0| che St=fofol o 7tEA H2g & JA=E st= 7|E XS

« X% TE(Lower Level Coding) - LE2{ API= HYXtE0| IPUE x|
Iy > JAEE XYsts HPHQ C+ IY HWAOZR HAIE A (tensor),

H(vertices)
HESZ AZS HE7Lt 7IEL A3}

[=]

1 AHSHA SHELCL Ol HAE AMI} E= HAH
8 E

HMS3st= Poplibs £ATE0 MM ASHO JHEY K0 HXHE Je 4 ASLIC

T2 AEE + USLICE A

High Level Abstraction Poplar SDK Native Framework Lower Level Coding

‘|-\ POPAFRT POPLAF® API

Tensor
PYTORCH

+ Deep learning/linear algebra - Poplar Advanced RunTime « API for close to the metal

+ Graphcore port tailored for «  Supports ONNX file format development
efficiency on mainstream + Supports both inference and + Anything is possible
deep learning algos (e.g. training + Can create new paradigms
supervised SGD on a neural +  High performance and - Also used for custom
net) flexible operators within other

» Has flexibility for different « Can be used as backend to frameworks
optimizers/modifications other ML frameworks
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Graph Compile Domain(GCD)2 EZ2| SDK7} ZE HE IS AMAST > U= IPUS HH+E
MolgtoZ M CHYE TR0l NCHHE |pU ZZAA L HZ2E HI 88 >

GCD= DSS 8440 IPU-MH LH 1670 IPUE E&stH, AMH W 24749 IPU Hete 2RSS
‘BIf=(sharding) AR Oy B E3to| JHsELICh IS4 HH2 oY |PUSl ZZAMAM LY
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Model Parallelism on DSS 8440 IPU Server: Graph Compile Domain

Example: ~500M Parameter I |
Transformer Model

1
Layer1

, SR

‘ Layer 2 ‘
|

o L T T L
=
/ [ |
e

‘ Layer n-1 ‘ Pipelining is used to

Layern-3
|

PCle Fabric

I ensure optimum
Layern efficiency for the
IPUs

System . . System x16 IPU-Link 64GB/s
Memory| |Xeon | | Xeon || Memary 16 PCle G3 32GB/s

Dual Xeon & System Memory
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.
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A Az
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As
| Layer 2 |

Ay LN

IPU,

Layer 2 | | Layer 2 |

Ag

IPUs

A
| Layer 3 |

Az
| Layer 3 |

As
| Layer 3 |

| Layer 3 |

N N

IPU,

A Ay As

(ol:3

2 ANa2|of
T2 MM

M3}(activation)
ALY MZL
. SFHW IPUZE
IPUE

e

2=

guC,

Ai - Forward prop activation for batch i
p = number of IPUs

n = batch size

Bi = “micro-batch”. Sum of all Bi is mini-
batch or batch

Ay LY

| Layer 4 | | Layer 4 | | Layer 4 |

| Layer 4 |
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o o
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MALStD J2C|HE HO|0|E(gradient update)E AMELICL XAAHORY FHZE)2

A0S ZRAHM W HZ2E A Z2E

24UL|C}

B,

ad

=
nx
Rl
fijn
o

g 4 QUTE s HoM o HIWAE

4o
rot
ey
0=

&l AMetsk HAH(forward pass) &
S M IOH(back propagation)?t Ct=9
P Mpto] Bigd QE(XIH GCD=16).

2 A AGH
é' A AiGy
-
= A1Gy
o
=
IPU 28T E 20istol)] A Cra2f s A& (forward pass)
™ It(back propagation)E S&& molZetel Fxol &
molZetole] EMR(BHd2z HAE AN ZE IPUS
st Hbk(forward pass) 245tE S8 HMelotld, MEE &4
L (input)oil A OIX EMHSE THAHAHGHH, 12HCI E(gradient)
Heatetlle 35 RE0tEAIL.
B, B, B, B, Bs Bs B, Bg
3 g 4 g $ 4 ad 3
,:D: Ay Ay Az Ay As AGy As AG, A; AsGs Ag AsGy LA
Layer 1 | | Layer 1 | | Layer 1 | | Layer 1 | | Layer 1 | | Layer 1 | | Layer1 | | Layer 1
N x x x
g Ay Ay A; AGy As AG, As AsGs AA )
Layer 2 | | Layer 2 | | Layer 2 | | Layer 2 | | Layer 2 | Layer 2 \
Recomputed Fwd Activations
= AG A,G, AsGs A, oo
a
- | Layer 3 | | Layer 3 | | Layer 3 | | Layer 3
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IPU OF7[EINo F2 ZH2 AUIE/XA At ZieE X|Hots ZZAMAM W HZ2[L|CH

N
M2 ZEe| SDK 7|5 & SiLtZ, IPU HZ2| 2|a2%t IPU 18s

HEl AE(layer) ZEOM ZHot= AT 2| ALEDH LeMo=z Fzt Zngto=z XMFEELICH
EE8 SDKe mMAMsS S £ 43t Y=H(input)S &

pass) Al 27&E= gdstof gt Atts BT of2f

12
T o
0z
1z
mjo
=
>
ot
i
n

15 Layer Network

All Fwd Activations saved

Input

ssoT

Back Propagation uses

. saved Fwd Activations
Forward Operations =15

Backwards Operations =15
Max Memory =15

EE2 SDKe MAM Al HZ2] Hfnt TFLOP XIES AXspst= R4 gdst dH(input)2
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MEs HEs ZZMAM L HE2E 2Lt RE2HOZ AMEEY £ JTE X|ELICt ofzf Oz
715X LH0|ES| Aotk HAlit(backward pass)2 flo ZE EHa M3t S|AEZ|E TALSHE O

Rl
okl
rn
it

43t Y=H(input)Ql ot2l TR0l AFEElE YAS LIEFELIC

Subset of Activation Inputs saved

15 Layer Network

Input =
o)
o
Forward Operations =25
Backwards Operations =15
Max Memory=5
A2 [PU OF7|ElXe| ZH 2ok Ctst O|FE HSELICH
- ResNets 3! DenseNets2| 22 Z{HL2 NNS StEAI7|= o HR3t HZ22|E XCH SHi7IX] e
& Qo YA (tightly coupled) IPU ZZ2 MM L HE2[Q AFES %[Nt & JUSLICH

- ZE2 SDKe e olZ22| QB =0 et FLOPS %[A3tsH7| 2ld MBtEl HAEES X|FeL|Ct

- Z7tH0l FLOP HEE| st AlZHwall clock time)2 Y HiX|(batch)E AI2EoZM AME

ALt

AN

s

DNNs &&2l A ttAl= 2= ClolEe] Mutek 2 A (forward inference pass)LICt. ZE Z2E

23 Ho|E &2 OJL|HiX|(minibatch) AtO|=o0f 2lsf ZH™ELICH XS AL =
2F(loss)= SHIE MY (correct answer)dt ZHE H[WSH] AHMELICL O] losse GXO thA|(back
propagation)di|A| AFEE|0{ 2 Di7HH4~0f CHot 7tEX| J2iC|ME(weight gradient) ¥ YC|0|EE
AlAretLICh DSS 8440 IPU-MH W ZEel o2 ZHEFZ[FIE 0|88t o&H(H MHUM K==
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100Gbps EZEE AtEd 0d2] DSS 8440 IPU-AMH o statste dalg St o
B (data parallel) &t&0|H 2t 2 2|Z2[717F 204 0|&29] IPU (GCD >1) Futo]| EAtE|

& (model parallel)2t Z2gE & JASLICE of2f &2 GCD =2 (C2 7t= Wi 2 IPU Mute| 2t mH
=

2 g

= =
glE2(7h)el ooy HE st&el oALC 2z 2 E2FUF HEE o2 CHE ™ Co|HE
HM2|7| mjEol <HTFm(back propagation)olAd AAtE J2iCIAE  HiH(gradient array)2 2

AojAz THE AYULICHS JHOM 2 “dEt” IPUC| M2 THE Mol HtAZ HA|E).

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

| 4 | 4
Forward and 1 1 | 1 1 1
Backward » . | | | — | — | —

pass on each
C2 card

.
N
.
.
N

resulting in
calculated IE—EI—E‘— |—E‘—\#_H_
dients f
gradients for H
each portion
of model split
between the L J
two IPUs ° O
oo
=
[TT]
Host &
Sys Mem

HE 2= ZE 2 E2(7F mEte] T ofviHES

A
=
AUCO|EZ Zgdt= AYULICHOr Dzlel M BtAZ FA| ZZEZ SDKe DSS 8440 IPU-MH LK
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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
1/8% of total merged

L J array
The component parts

o
of the merged array 55
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