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Racial remarks about my hair
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AT LRI B 72D “IRICDOT —T VD ETh D,

Pandas EHRLO T A 7 F U & LT NunPy 238 525, NumPy CTI34 2 &
R DT — BRI ZW/ H T LR TERWA, Pandas Tl Z &2
LT =M EWR D, ZDZ LT, BT CSVIERDT — & &4 5 B
WZHNZ K D8E, BfF. e ERET AT — X &R H T ENRTE
el

Pandas |ZITEE 27 — 2 M LR RSN TR Y | REBHEOHITERL
HIBR, SCFHIOEMEE#, FE L7 ofit e 87— 2L s F
PP R 7272 & O T — 2 AT OFEREDN B (i > TV D,

B EMHAGDLED Z L TT— X ORMLENEBIZE 2/ 2 5,

KIS 78I Python (2% LTV 5,

s

O BWAECEELRDLIT =Xy NORNT, WL Wo7=, T—4
DRI DT DT A TZ7 V) Th D,

O NumPy &IXEZRV ., ST LB RO T — 2 7 L — L&z
60

e
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(14) Neural Network Libraries

2B Neural Network Libraries(NNabla)
g AN VEY/
B - $21F | Sony

Z M URL &

https://nnabla. org/ja/

Vo—NAHTE S TEIAL, T4 =77 == 7 0arilnyzid—
T —=AELTRARALIE D TH D,

a7 ES IR A RBREETENET 5 L 912 Cll TRtk &N TR,
Windows X° Linux 72 £ %< D7 T v h 7 4 — A TENMNET 5,

BIEDTAT TV ThDHIHORD KD RIFEOFHELEI 72> TW

A5

Do

- CUDA, cuDNN D Kif LI &L 5 @ik

CBHR T T FATOA— N =~y RHEIE

ATV REATE AR TSV EFIH LI AE Y

X ST Python IZ6 i LTV 5,
g O HLnarta—T7 I T3 ANOMEBRES TH 5,
R O Define by Run & Define and Run O & H B H %G LTV 5,
fii % HABENEELTWDETIA 7TV THD,
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(15) cCaffe2

4 FR Caffe2
g TJL—ALT—7
BH3E - ¥EfE3E | Facebook

Z M URL &

https://github. com/caffe2/caffe2

Caffe2 | Caffe DNAEMILT 4 —F T —=2 T 7L —LTU—7 T,
Facebook 23BH¥E & FE L T\ 5, HiE L 725 Caffe DBIRETH D
Yangqing Jia 7% Facebook (285 LB ZED TV 5,

Caffe2 OFTH & 705 Caffe DETFNVAEBI L CHEHT A2 L & AIEET
H5b,

N ONNX JTERDEFT L E VR — L TWDH720, B2 1F PyTorch T L
7ET W% Caffe2 TENANT NAZATHHTHEN) Z & HHA[EET
H5b,
L GPU LTk L 724y BULER IS RTRRIZ 72 > TN D,
KNS REI Python & CHIZHRE LTV 5,

o O Caffe &L ®A 0 RENHFELEEL TN D,

P i
O  #%% GPU (2t L 72y BULER N AIRE T H D,

fii %
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1.8.\— RO T 7RERDEH

1.8.1.\— ROITPRESHEH - A—/)\—E1—

(1) Tensor Core

44 Bk Tensor Core
73 5A GPU
BRI - $EHEFE | NVIDIA

Z M URL %%

https://www. nvidia. com/ja—jp/data—center/tensorcore/

Tensor Core L. Volta~A 27 a7 —F%7 7 F ¥ THIO CTHEHINTIT
YIEE A FATT D70 0FEHO T vt vy, #ihE LTIELGEV100 2
BHIhTn5

TIETIHRERDITHNER == hToh 2D CUDA Zff f L T HUREE

(FP16) DITANER 2T 4 — 7 7 —=> 7 OHfam i LT 7=, Volta
TIIT 4 —F T —= 7T OHH & FEH OW 2% e LT~ Tensor Core
EVIOBFLWERE 2T ZEHL, 74— 7 —=0 7 TEHT D174
OFEFEE (TH OFFAIL FP16, MBEILFP32 TR Z 72 9) 2 F479 5,

CUDA DHEMTT A 75 U cuBLAS T GEMM IZ31F A EHE% Tensor Core %

FE 2 FAH L 22 WO RTHEAR 8L (GP100) 73 CUDA THLEE L 72854 & GV100 23
Tensor Core THLERL 72456 & b9 % & FP32 TiX 1. 8%, FP16 T
9.3 fEDMERE & 72 D,
cuBLAS Single Precision (FP32) cuBLAS Mixed Precision (FP16 Input, FP32 compute)
1‘: ® p100 (CUDA 8) ‘z p100 (CUDA 8)
L8 ®v100 (CUDA 9) s  ®V100Tensor Cores (CUDAS)
- ‘”*
°ZI I I I . II
Matrix Size (M N= K) - Maitorzi:( Size (l\r’é:N::(A)s -
O %3k CUDA TIIHERR DA TH o 7273, Volta TldHEdm & 58 Ol 7
TR 125t L7~ Tensor Core Z#&# L T\ 5,

O Volta Ti 120T Tensor FLOPS % #8 % 5 HEZmMERE
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(2)

Radeon Instinct

4 FR Radeon Instinct

g GPU

BAZE - #2HEE | AMD

Z [ URL 28 https://www. amd. com/ ja/graphics/servers—radeon—instinct-mi
AMD T AT [A11FIZ Radeon Instinct &WH A Y U —2 L, BI{ET
Vegal0 L\WH 7 —F 7 7/ F ¥ ZHHL TS,
AMD T NVIDIA @ CUDA L[RIC K 972 ROCm WS Y T hU =T T4 7
7 VBRI — VAt LT D, ROCm (ZIE =273 T D LLIM X2
OpenCL. HIP (Heterogeneous Compute Interface for Portability) &
Wo eV — A NEEND, ZNHDY —/L%& T TensorFlow X Caffe2
REODT V=AU =7 ERATLZENTE D,

Compiler
P = Eangegs Runtims AFT

ROCr System Runtime API

ROCm Driver

Linux® QS

Radeon Instinct MI60 CTERAIN AWM DOT —FT7 7 F ¥ 725
Vega20 TIIMHMTFE N— 2D Al BIEN E 5125835, Vega20 T
I%. 4bit BEEE (INT4) b Rapid Packed Math ™% & L CTEMEN
%o HEWEFE OHER 7 = — X TIT dbit BEGHBE TR — A H %0
O THERRMERE D IR S LD,

F 7=, VegalO TiZ FP32 [HENMERED 1/16 LAr7eh- 7~ FP64 1iELMERE
Vega20 CiX FP32 JEFEMERED 1/2 (VegalO LbC 8 D EFEMERE) (21 EF°
el
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AMD1

AMD RADEON Jj RESNET-S0Training

LG I 1R

Tesla V100 MIG0
PCle

NVIDIA @ CUDA L [A U & 5 72 ROCm & W95 Y — LA L T 5,

7L =AU — 7 OFE{kiZ GPU ZfEH 32 FF & L CTiE, NVIDIA @
TIZ,

VegalO Z% M L7- Radeon Instinct MI25 OPEREIX. HIEAEZE)/S
B BIE S (FP32) © 12, 3TFLOPS, Y45 FE Fdh/ NS B (FP16) ©
24. 6TFLOPS Z il 9 ,
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(3) Arm ML

2R

Arm ML

g

—a—IV7uk vy

PHE - RftH

Arm

2 URL %%

https://developer. arm. com/products/processors/machine-

learning/arm—ml—processor

Arm ML (Machine Learning) 7’vat v ¥k, NGRS L WA=
— Iy hrty PRI =a—Txy T —27 Z{KE D
OFENT F— L AZFELTT D, ZHULCPUR GPU, DSP #4E3E L 7=
DOTIF <, MLABEERICHF ENTEEHT -7 7 FvyD0 7 vty
+ThHb,

2018 4F 2 HIZF8F, 2018 4F 5 HIZHANMZ2FEM AN & 2N S 47273,
2018 4 10 A BUE TSI T AT S TunZeuy,

Arm ML X1 2706 16 a7 £ TA— L, loT O HE#H, ——
YA RETEF—F v 8T 5,

T BNERIT Tnm 7 1 AHFIZ 3TOPS (Trillion Operations per
Second) /Watt & D TEAIBHEN B, HEGRLIE TR AL DG E
4. 6TOPS DYEREZ FHHT 5,

P M
WA
hD==2—F/xy 7 rty FITITRVEEE LT, RN LSTY &
W7z ONNBISAD Ry U — 7 BT M bt T 2,
Convolution and vector product computation
IFM
broadcast
+ Feature maps are read from SRAM network
= The same map is broadcast to each CE
i MAF it X Input feature Input feature map read
- Effectively reducing bandwidth / energy use maps
= Each CE applies different weights o !
- Producing 16 unigue Qutput Feature Maps & pruned Weight decoder
= Qutput is issued direct to the PLE deighis —
* Results from the PLE written back to SRAM =
SRAM - |
| Smbamimst T Concapondig UK and ipan s sre ecsdon,Mey 2nd tpm 86T Wednesden Nay 3t szam st CITIT
- O ONPUMZHRWSRLSM & W o7z f Yy b U —27 BT /MTOHRIET D,
5 = . .
O HERwALEE DR KA R OPEREI 4. 6TOPS
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O HFmOBENEOM LEOTZD T N—=0 7 (BE) WA ~N— R T
=T TEIRI,

O 7 —ZHIEE INT8(8bit BH) DA & L. FE NI HEIT Y R —
FL7gvy,

PRE AL OB BT 2018 4ELH & B A
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(4) Arm OD

44 Bk Arm OD
73 5A —a—I 7 at W

PHE - RftH

Arm

P i

ZT 0N

URL %%

https://developer. arm. com/products/processors/machine-

learning/arm—od—processor

Arm OD(Object Detection) 7ut vk, A7V =7 FRFEEHD

nt Yy ThHD,

Arm OD [FHRERTY U —RFEHThH D EH T A T 72 EAAFZ BT

FIHENTWDH, Arm ML 7rtE v+ EHbtE Am 0D 7at v L8
TR OB A Y U — 235, Arm ML & AR T O S FTRET

o5,

Ao 0D 't v YTk, 7V HD R /60fps DREARENH 2> 5

UT NG A LT 2 DEER 2T 2 Z LN ARETH D,

Arm ML EfEAG DY, 7Y =7 MRELEEZ Arm OD ~4 7 17— K3
HZETAm MLAITRY ERNEAZIL 209 Z WAL 72 5,

OD plus ML Processors: Better user experience

Combined Arm solution:
v Real-time detection of pre-determined object types (e.g. p
highest accuracy
v 0D pre
v Significant reduction in overall processing by limiting ML algarithms to OO Processar’s
regions of interest

ssor isolates areas of inte t

v Interframe tracking and face recognition enabled by additional software libraries

Metadata stream
{Regions of interest)

Fine-grained

I Vid
mage/ Video ML to determine 1D

stream CPU/ GPU/
ML processar

OO processor

The embargo for this content presented at Arm Tech Day will lift on Tuesday, May 22nd at 8am Pacific Standard
Time. Corresponding UK and Japan times are: Tuesday, May 22nd 4pm BST/Wednesday, May 23 at 12am JST

arm

RF IS

O

Arm ML & Arm OD Z#HAGOETHER S AIEETH D,
7 )V HD R4 /60fps DORERENE /35 Y T VX A LT % DRI
RRENT A Z L RARETH D,

O

e

PEE L OB T 2018 4FEH & B LA,
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(5) Al12 Bionic

2B A12 Bionic

45 HE —a—I v Fat v

BH¥E - #2413 | Apple

2R URL & https://www. apple. com/ jp/iphone-xs/al2-bionic/

AHALO A1l Bionic ClIf#H+r2=a2—F L%y hFat ¥
(Neural Engine) X 1 272 >7=7%%, Al2 Bionic TiL 8 fl#5# L T3,
A12 Bionic OHEFHMEREIZ ALl Bionic @ 9 £iT 5TOPS A Rk L T\ 5,

R
o i0S TILV 7V A A TOYERSERELOFhH LR | BjEj o> HDR ALER 72
IR ENTWB,
Apple DA E 7 L — LU —27 @D Core MLHFIHTE 5,
SSRGS O HezmLE oMEfREIL 5TOPS
e
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(6) TPU

44 Bk TPU
oar| —a—I 7 atyH

PHE - $RAtE

Google

Z M URL %%

https://cloud. google com/tpu/

Google MEEMCZE MITIZH L L72 ASIC & LCBIR L= b D2 TPU TH
%, HEtEN %mtfwétb T 7=V 10PS &< 5729

BERMICEESE 2 EEIc LT D,

oo Al 72717 L—F O A —I—TFIT ToT T/ A /LTI B
FLTWDLN, TPUIET =X Z—COFfAEZZ—7 >y LT

Do

Google #:NCiX TPU % AlphaGo X° Google A U — FE 2 —DOT7 F A |
WLFE - Google 7 # FDEENER  MZEFEE D RankBrain 2B W T HA#
HEnTnb, £7-. GCP TORIH L AEEIZ/2 > T\ 5,

TPUIZIZ 3 HARH Y . RO K 5 2R3 H 5,

AR
8 By MEEDEFE % 65, 536 (HISH L7-fMkcdh 5, FH L
BENEBRE I/ 0D T, HERALER DO AT 5,
28nm b A CRE X, HEENT L 2=y M 4oV IZEiz 5Ty
éo

S LK
ME/%ﬁfﬁﬁMm%%7%@%ﬁbt7mt/ﬁ%1;%yk
A EIEH LM T D, FEHHEICM T 16 By MEEOHERRE
BT 5720, BN x FEABEICHEHTE S, 1=y b
PEREIL 180TFLOPS & 72 %,
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Fy MU= THEER L 7Y v RIREED [TPU Pods| & L THERKT
HZETHRRZN ESEDZENTE S, Google DF—X &L X —T
1364 = N THERR S M7= TPU Pods 28 LTI 0 . FHELMEREIT
11. 5PFLOPS ZEHL L T\ 5,

o =AY

2018 4F 5 Al E I NIz, BIRRR TIEFEMIZRE R STV,
CAEARIZ A TALEREREIZ 8 fi5 & 72 U . TPU Pods & L Ci% 100PFLOPS
= RKHT D,

THETOHE AL R TPUIRZER TH o 7228, 5 =
SITIHEG AR A & 7o Tz,

O GCP(Google Cloud Platform) THFIHAHETH 5.
O TensorFlow 226 DAHFIHAIEETH 5,
O F— RGO A, 5 AR/ 55 = AT HERR & 238 ITkHS T 5,
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(7) Edge TPU

2R

Edge TPU

g

—a—I7atk vy

PHE - RftH

Google

Z M URL %%

https://cloud. google. com/edge—tpu/

TPURZ Z 0 KA RCTORHEZZ—7y he LB THDDITx L
T, Edge TPUIX [oT 734 Rig =y A TOFRIHE L —57 v M LTz
WL TH D,

Ty VITCOFHEIRET D72, EIRRITHE 4TOPS/2W & F28L L
TwWa,

FEAERRIZ, NXPAEO 27 7 > K27 Arm 7' vk v ¥ & W L7z SoC,
WiFi, Microchip ftDEF =27 = L X > b Z#E L7~ SoM(System on
Module) &, 1/0 BAEDEREZ #5# T 5 N— AR — FE GO -6H
¥y FE LTIRETETH D, MRS ZAT S AL, SoM
HTHRFET D TETH D,

WA
O #HesmoAIfEHTE S,
U O TensorFlow Lite MOAIHAFFETH D,
O 2018 kO Z TEL TV D,
k=3
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(8) Neural Compute Stick 2

44 Bk Neural Compute Stick 2
ok —a—I N7 at vy

PHE - RftH

Intel

2 URL %%

https://newsroom. intel. co. jp/news/intel—unveils—intel—-neural-

compute-stick—2/

Neural Compute Stick 2. Intel 2XEIX L7~ Movidius @ Myriad X
VPU 2 LT AL 7 78T L—X —Th %,

B Neural Compute Stick LHEILTCTF 4 —7 ==2—F /L% v b
U—7 T8fEDOMEREZ EILL TV D,

Y=/ MZIE OpenVINO Z 4 5. OpenVINO Z 4 L CRIFE S
72V 7 hU =T IE, CPUR GPU, FPGA BAMIC b Xl T& B/, BAJEHF
(21X Neural Compute Stick 2 Zf€f L. JALKHIIZFPGA ZERH4 %
LWVWomZ ENERETH B,

USB 7 /3 2 & LTI EN D120, 70 hZ A TORFEIC 7L

A R—Rarta—F LAY THES LV o HRBIZAWTN D,
F7o. 1 BTHERMEREDR RET 25613, BEEZFRRICHENTLHZ L
THERMEREZ M LS5 Z L L AEETH D,

O Mg ol Th 5,

i O USB 731 A& LTSN D727 7 N & A TR CTOMHIZH

| ANGAYN

i
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