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* Matrix Multiply Unit (MXU) — 64K 8 bits
fma

e Activation Unit — pyHKUMN aKTMBaLUM
e~ 12 nHctpyKuymin CISC

o Read Host Memory

o Read_Weights

o MatrixMultiply/Convolve

o Activate

o Write_Host_Memory
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Google Tensor Pr-ocessing Unit (72013 — 2015)
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Google Tensor. Prbcessing Unit

i - | : Unified Buffer Matrix Multiply Unit
1 I | for Local Activations (256x256x8b=64K MAC)
; L (96Kx256x8b = 24 MiB) 24%
l Partial Sums 20% dchb
|T§. . D Host ‘ Accumulators
=l - oene |18 Interf. 2% | | (4Kx256x32b = 4 MiB) 6%
28 nm, 700 MHz, 92 Tops, 40W p:. - Activation Pipeline 6% |~
* MMpousBoanTenbHoCTbL/W: i J PCle | B _ =
83X vs CPU, 29X vs GPU “— i {{ Interface 3% | m im | Misc. VO 1%

* Unified Buffer — 24 MB
« 8 GB DDR3, 34 GB/s




Goo'gle Jlensor P'rocesSing Unitv2 (2017)

« TPU vl - bandwidth limited
TPU v2

HBM 16 GB — 600 GB/s

32 bits floating point
OOy4eHune 1 NnpuMMeHeHne e
45 TFlops
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Sequential access is

good for dense data

Sparse data requires
random access
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Lower level primitives

(5x5 Matrix)

25 Scalar operations
5 Vector operations

1 Matrix operation

Intel CPU
Sequential processing
Sequential memory access
Slow (20GB/s) to memory
Limited scalability (16GB/s)
Optimized for Statistics
Source: Intel

Nvidia GPU
Parallel processing
Sequential memory access
Faster (288GB/s) to memory
Limited scalability (20GB/s)
Used for CNNs

Source: Nvidia

Google TPU
Parallel processing
Sequential memory access
Slow (20GB/s) to memory
Limited scalability (16GB/s)
Optimized for DNNs
Source: Google

HIVE

Parallel processing
Parallel memory access
Fastest (TB/s) to memory
Higher scalability (TB/s)
Optimized for Graphs
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A3blkM NporpamMmmMmMpoBaHnS

Tunbl Harpy3sKku
MacwTtabupyemocTtb

YnpaBneHue BbINOSTHEHUEM

dannoBblie CUCTEMBI
Annaparypa
OTKa30ycToOM4YMBOCTb

C/C++, nepekoMnnnauns

3HayanbHO BbIYUCIEHUSA

N3HauyanbHO
BepTUKamnbHas

Ha kaxgom y3ne — MPI

Lustre, ...
High-end, RDMA
Heobxognma obpaboTka

BigData

JVM, Python,
nepeHOCNMOCTb

MHOrO 1 CNOXHbIX AaHHbIX
[Opun3oHTasrbHas

Pasgada 3agaHum — Spark
jobs

HDFS, nokanbHble gaHHble
Commodity, Ethernet

BcTpoeHHas
13
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KnroyeBble 0COOEHHOCTM:

« Tononorusa cetn: 1D..4D-Top v avall

» ApanTtep Ha 6asze CBNC (65 Hm, AO «HNLISBT») "'

» [lo 8 kaHanoB CBSI3M C COCEAHNMM y3namu 92008

* [1psamon goctyn B namaTb yaaneHHoro ysna (RDMA) i =
* MopoepKka MHOrOSAEpPHOCTH A= e
- AJanTuBHasa nepenada naketos e f

« 3agepxka Ha MPI ping-pong: 0,85/ 1,54 mkc (x86/3nbbpyc-8C) =2

« 3apepxka Ha xon: 130 HC

» MacwTabuposaHue: go 32K yanos

» OHepronoTtpedbnenne go 20 BT

» PasnunyHblie cdonsndeckme cpeabl nepegavn gaHHbIX

Anbb6pycC

14



' BapuaHThI ceTeBoro o6opyAo aHus AHrapa

| I ||

1. BbicokonpounssoautenbHoe peweHune Ha base FHFL aganTepa
n Samtec kabens

2. YHuBepcanbHoe pelleHne Ha 6ase 24-nopToBoro kommyTtatopa, low-profile agantepa n
CXP kabens

3. 3aka3Hoe pelueHue Ha base oObeanHUTENBHOM NnaThbl
N OnTU4Yecknx kabenen




NHcTannsauun | |

« OUBT PAH: 32 BbluMcnuTernbHbIX y3na

1 npoueccop Intel Xeon E5-1650 v3
(6 spgep, 3.0 ')

Nvidia GeForce GTX 1070
DDR4 16 b
AD-Top 4X2X2X2

 AHrapa-K1: 36 BbluMcnutenbHbIX y3510B

- 12 y3nos ¢ 1 npoueccopom Intel Xeon E5-
2660 (8 anep, 2.2 Twu)

- 24 y3na c 2 npoueccopamu Xeon E5-2630
(6 apep, 2.31Tw)

- 64Tb
- 3D-T1op 4x3x3

16
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' CTek nporpaMMHOro obecneyeHns LJd
i [ | . I Pocrex
Mopaepxka OC: Astra
annﬂ}HEHHH Linux SE 1.3-1.5, OC

«3Anbbpycy,

SHMEM MPI SLURM TCPNP OpenSUSE/SLES 11
SP3/4,

CentOS 6.0-7.3,
Bepcua agpa Linux ot

2.6.21 po 3.16.0
MPICH 3.0.4, 3.2,

BuicokoypoBHeBan bMbnuoTeKa Service Layer IP

BubnuoTteka HukHero ypoeHAa (ALLAPI) |

Apansep MNoopepxka
KOMMNUMSTOPOB SI3bIKOB
ApanTtep ceTn AHrapa Fortran 77/90/95 (GNU,
Intel), C/C++ (GNU,
Intel)

| OpenMPI 1.10.2

@ Kormal-space @ User-space

- . OpenVFOAM
ANSYS . FIOWVISIO“ The Open Source CFD Toolbox




MLIib

(machine
learning)

Spark driver

. [ - |

Task

Nades number
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R BT -7I'IporpaMMHaﬂ cUcTeMa XpaHeHus gaHHbix Ceph

APP APP HOST/VM CLIENT

1 ©

GEN CEPHFS
A raliable and fully- A POSIC-compliant

gatoway, compatiblo with | jicr it tod block device, | distributed file systam, Cep
with a Linux kamnel client |with a Linux kermel client

and support for FUSE

$# rados bench -p schench 10 rand
sec Cur ops started finished avg MB/s cur MB/s last lat(s) avg lat(s)

0 0 0 0 1] 0 - 0
1 16 258 242 967 696 968 0142073 0_0610817
2 16 487 471 941 .T89 916 0.0234243 0._0647762
3 15 739 724  965.163 1012 0.145%905  0.0643161
4 15 1048 1034  1033.83 1240 0.0233676  0.0603486
b 16 1361 1345 1075.84 1244  0.0055338  0.0579456
6 16 1714 1698 1131.84 1412 0.0299221 0_05656169
T 16 2065 2049 1170.7 1404 0.012719  0.0536391
B 16 2419 2403 1201 .34 1416 0.0165833 0.052387bH
9 16 2754 2738 1216.73 1340 0.0138274 0.051733%9
10 15 3103 3088 1235.04 1400 0.0764744  0.0510114

Total time rum: 10.080779

Total reads made: 3104

Read size: 4194304

Object size: 4154304

Bandwidth (MB/sec):  1230.43

Average IOPS: 307

Stddev IOP3: 43

Max IOP3: 354

Min IOPS: 229

Average Latency(s): 0.0512704

Max latency(s): 0.22866

Min latency(s): 0.00462222

R R R RO R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RRRRRRRRRRSSiBBSSSSSRRRRRRRRRDRRRRRRRRRR,




. _ PedbnextusHas namsT

AHrapa -

ObnacTtb namaTw,
KoTopas
aBTOMaTU4YECKU
pPennMuUMpYoTCs Ha
apyrue yanbl, Ha
KOTOpbIX paboTaeT
3agadva

BoamoxkeH
aBTOMaTU4eCKUN N
NpOrpaMmmMHbIN
PEXNMbI YNpaBneHns
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CeTb AHrapa: noggepxka u Ce‘pBVICbI

| IS o || S

* Hactponka nporpamMmMHoOro obecrnevyeHus Ha
BbIYUCINUTENbBbHbIX CUCTEMAX, B TOM YMCSIE
MPI

* OnepaTmBHas nogaepkka nosib3oBaTenen

angara.nicevt.ru

support@angara.nicevt.ru .,.,.,..um....,..,.,

i ®

» [MpodmnmnpoBaHne n agantauus
npuknagHoro MO
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KOHTaKThbI:
117587, MockBa, BaplwiaBsckoe w, 125

angara@nicevt.ru




