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t}, 3}L= black—box optimization®]al, Tt sh=
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3. Bayesian Optimization
orA A7l%F Grid Search®} Random Search % FAZAL
o] AA7ke glolal of okAl 73_‘,].7]- E]—g Al
0] 2| %] oropA] WY o7 23y}
Tk oju] 2A o] gt 3k
= AsHA Eol ARk AR A
Ch= wo) 9tk olsh 22 wAlE ek Siatol )
HlE] HHo| Bayesian Optimization (©]3F BO) o]t}
BO* Sequential Model Based Optimization®]2}ile
e WHoRA M HAE AuE vigo R oy
Sampling PointE A&sk= 71 540 = sl Q)
BO: % /7 84 R4 21 Ak
Surrogate Modelo]al, t}= 3
Function ©|t}, BO= AG7H4] 4 HAE AitE o
|3lo] At a2 LARS= Surrogate ModelS Ht
S ==t ©] Surrogate Model®| A ®Elx} 5 ¢
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=\ 220] 317 Gaussian Process (©]3F GP) o]t}
Acquisition Function & th& Sampling PointE
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Exploration®} Exploitation®]t}, Exploration 7|&
Aol Aggls ARE 22 4 RS oh= AdHolaL
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Exploitation& 7]&
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12 . 95% confidence interval |
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44444 Prediction
12 . 95% confidence interval

- ¢ Observations
----- Prediction
12 . 95% confidence interval
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----- Prediction
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(33 3) Gaussian ProcessS 028t Bayesian Optimization
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= Acquisition Function & Expected Improvement
Algorithm o]t}

(1% 3)2 GPE 9|83} Bayessian Optimization2]
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4. Population—based Training
Population—based Training (¢]3} PBT) += -+4¥1aL

2] (Genetic Algorithm) ©f 7]HFe & HPO 7]®Ho]ck

¥ (2% 4y PBT9} tF2 HPO 7|42 Hlasto] kol
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| e (I L . . é o
o O O—»uxplorc—-ol O
T T T 0T 05010 00
g ’ — I"_ N =

(& 4) Population—based TrainingZt CHE HPO 7|4 1to] H|
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O & A50] Yo hyperparameters Ad5°| tf =2 A4
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5. Successive Halving Algorithm
Successive Halving Algorithm (©]3} SHA) =
Multi—fidelity Optimization®l| &3l= HPO 7|%o]t}
| SHAX ¢lojz AeE o] g)7j2] hyperparameter
A0 &2 ZAlo| sk53ic= Ao 4] Random Search
o §AFsE o] olrk, ShAlur BE ARGt et 8k
T AasH) oL, vle] Aol Aasoel] w9t b

ek A0] 4] b2 ie] shirg Fekiei: WA

Tas
ko7t Qi

(C1¥ 5)+= SHA7} o] @A AP u|=A]& HojErt, 7}
22 budget i-{i%l (iteration) = 9/]13]6‘}51 A=
= losst= A= BlusH| $I3F FARA W 5 =
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DE ARGS o S-S AEsitt 1e]al o] Al oA
Lo A58 Hol= At AAZRe s Sekal o
A A Al oy st 1l HA| sl
0] 459] 1 A oA ThA] oF H AJe-S vlalelA] A
o] o ekl shhg Fushtt o] M-S A4 viE
SHAA vk st AdAgro] AeiEufzbA] viHEsh
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6. 0]2|2] Multi—fidelity Optimization 7|

SHA®] T34 S5t 21| HyperBand (°]5} HB)
e Zolc} SHA7} VAT A7 A9l 1A
}g S 28l Sl= Aol Hlsl HB= ohafst A4

o) Zghof| thshA o5 ﬂq

3], SHA% —Eﬁiﬁ Ak FEhA 7] A RE HB= o]
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SHAY HBEU &4 o]t}

upxut o 2 Bayesian Optimization HyperBand (
o]} BOHB) 4= oFe|=% 9lth. SHA, HB, ASHA
+ "5 Random Search& AME3ITH= 3-5-7o] St
oFi1E)E ZHbol= gaf&lo] x|t F]
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A Eo] ARt U= 24l 7hgsitt, Tl
iteration®] S14=0} ApAeteeFe] WA Al SHA
RF g Efo] Qi YmAl= ofei7bA] 23E gHgRit)
Hyperparameter®] 247k BOHBE A |t LA+
% Random Search& ARESICE o 7] 7RA|qt a1 glct
W BOHB7} 7F4 Zolro|x|ut A 74A] alejshchd
ASHA7} BOHBETH LR A 9lt}

Optimization Algorithm-2

e

III. HPO 3-&

QA ATfSE theFst HPO Yale]s2 ofu] thefsh §
B2 FFedsto] 37iE Zlo] wol qlom, fkeof wat A
&5to] ARg-Sl= Ao] 7hssltt, UC—Berkeleyol A &
A8 Ray—Tune "%, Micsoroft9] Neural Network
Intelligence "', Google?] Vizier ", Amazon<]
SageMaker ¥, Intel?] Sigopt 'Y So] 1’414*40 HPO
= TAdllES S80Itk o] FollA EaloAl= Ray—

Tuned} SigoptE 4715k}

1. Ray—Tune
Ray—Tune< UC—Berkeley®] RISE labojA4 71dtst
HPO Z| ] ole}, ehaf a7l is HPO ¥l
& W FHelsto] Algskal Q7] wiszell theket HPO &
—’Elz«] 3% X 54& HlasfE o] wie- Helsi},

h 8
=
=

HE Ea Ol]j-}_‘_ }Qoﬂ/\ﬂ = 7(]—@.\_% Z(l—jj_ Ol]q_‘ APl Q. AL

Egoj7} of7] wjio] FeReEE FolA] AH|AEE
= oPY AN, s A}ﬁx}a}tﬂ Zopoe Ao A
AAsto] ARz A 7hEsttt,

2. Sigopt

Sigopti= Ray—Tuned} Ee] @EAA AZE O]
7F okt Seke-= ZIRE A8 AL EQofolt}, Ray—
Tune#d thFst HPO &e]5S AlgdtAl= &

BT A2 ) 7] olehe AU & e
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(& 1) Muliifidelity Optimization Algorithm®] H|

SHA HB

BOHB ASHA

Discard ratio half

adjusted by user (1/3)

adjusted by user adjusted by user

Bvsn one choice several combinations several combinations several combinations
Sampling random random TPE random
Parallelization synchronous synchronous synchronous asynchronous
Scalability small scale  small scale small scale large scale
Time 2015 2018 2018 2018
: 3 271el FEek ol S FHATIE Helnt
11 Tteration SOllA] @A) HIAE AAgE X2HE A
0%l F7HAT7} R % hyperparameter?] A2
. Iteration Soj|A 9] BE E7FATE9] median FEECh 2
: ol FEN7IE Z1Helr). o] 71 Google®] Vizier,
Ray—Tune, Microsoft®] NNIoj| +& & o] -85 Qlct,
| HPOY| w0} BAHS HPOZ AR S9IA A
s me e galofsh w7l 2 4sstelt hyperparameter
(22 5) Successive Halving Algorithm@] 134 O] Agrt W AL} HAT 4= Qltk= Zlojtt. 9
= 50| o]J"H AEA7} Learning Rate?} Momentum
58 Al357] wjito] Helgk Al&Ho] Ray—Tune thB]  WHE Z|Zg}slal Alckal @ uf o]E 98 HPOS A
Aoy, vk, Seke-E 7|HE Au|2ol7) ol 2 AskH olHuy R e HPO Yale]5o] vis
4 ISl RAsloll s Aolo] SR, SIetel s} 3 S 515k (3Y 62 Ray-Tuneo.2
A7 ] 7Vsslthd S5t A1Zst B Alaely]) Wi % 7FR] hyperparameter® X A3}el7] 8t oA A
o Z¥7}e] hyperparameter’} %] *j%oﬂ ol oJ3rS T2 HolFil Q) oA FEoA] B 22 Q%o zhzb
A=A A skt ARt HPO 380l 9] hyperparameter®| thsjAl Zuighat gt A
Zolof 3}al, 7} hyperparameter’} oJ® Hx2E 7kl
IV. HPOZ9] ¢ WA= HajFolof dtt, o] dHa=ol it & A2

HPOE AREald 4 9] hyperparameters ZHopA]
230 458 9 4 Y WAL A 5 e A

© Aplo| gL, o] glaiAE B A7k Abglo] e
371 ol Al ARgsl7 1ol @A AR ofgfrel Sl
ey walo] AR o Ada A HA] SRS o] 2 4=3)
ittt 2 A o AIaL 7] miselw, of#
HAIE sllda7] $lste] HPOE & t] wh2A| 4es}y]
91t e 5o] Fgle] olojx| 1 glt,

Median Stopping= BOo|| &§& 4= Q= 7|Ho=
A1, BO9J =

HIAE AANS E714] shEAI7IA] faL
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= 828l &9 sholrt,
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search_space = {
“"1r": tune.sample_from(lambda spec:
"momentum”: tune.uniform(©.1, ©.9),

}

# Uncomment this to enable distributed execution
# “ray.init(address="auto")"

# Download the dataset first
datasets.MNIST("~/data",

tuner = tune.Tuner(
train_mnist,
param_space=search_space,

)

results = tuner.fit()

(a2 6) Learning Rate?} Momemtums /%

A7 I—EME 15;3 AR Ao
A7) ALg317] of ek Aol ApAelet, ¢
of FAE HH v A A7 AU AMgsio] A
| 7l A el Ssialehi, HPOS| A
7} 210 1]
wee v

e
o
P‘ﬂ
N
:E_
M
=2
s
59)
O

gste] sofu| & Zlolal, ol& Fdl o &
oA Q12 doll o] H71E Higi.
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23 Aodo] H2) (NLP) £ofollA] GPT Ry EdAzv| 75t
that olo] wele] STk o] AL oR QFHT ek, 1w
9 Alolnt PE 2UY AR SIS A $5 AT ok 5
chujefel HlofE, 3k5 AlREE FEAoR SeHA] ¢lo] HEd Qo]
o] vHgk HOV\W}XI olglfer 4= A Ut} NVIDIA Megatroni}
DeepSpeed 7|4+ Megatron—Turing Natural Language Generation
(MT-NLG)> £ mtepu]e] o] 427} 530097 7o) &gt} 20224 12
d 7|l r dEshe 7P it A¢lo] o),

efu} olefat diti <lo] oz oef 7hx) ofelgol uErt, @
£ GPU o2l o). wu shefulEE 2E5)7]7) o]

it H5rE QlZeprh Bt ot Aol L il ﬂﬁs}
7|17} ofsek, el E‘Eﬂ:l—% i%ff}% &¢F GPT—-3 ®d9] 79 s}
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YEHQ) ERAE Y] $-§ FokR Aelo] He] (NLPE 5 % 9
t}. BERT (Pre—training of Deep Bidirectional Transformers for
Language Understanding) % 2-& bi—directional ETAZH W
a8 AL85t= ot BERTE: tfd I3 A0 A Unsupervised
Learning©.= FHZ HA R o0& ofsfstes AR L&

eAE
Neubla
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1000

®

g GPT-3 Megatron-Turing
o (1758) NLG (530B)
€ 100
&
Megatron-LM

= (5:38) Turing-NLG
5 ;
g 5 (17.28)
=
S T5
= (118)
o)
= 1 GPT-2
g (1.5B)
v
@ BERT-Large
B 01 (340M)
=

ELMo

(94M)

0.01
2018 2019 2020 2024 2022

(a2 1) XIoI0] 2 Ajo|=o =3t

T58k= Zloltt, W2 Downstream MLP Taskof 4]
Language Model Pre—trainings -8st= 22 i}
Holekit Q17-59d] tjolch, A mEl sh Aol
Masked Language Model (MLM)¥} Next Sentence
Prediction (NSP) TaskE 7}A|31 Unsupervised
LearningS 3tch o]E 7| pretrained M &2 0]-85}0]
A gl e £E25]= Natural Language Inference
2. Sentence—level Task®} Question—Answering,
Name Entity Recognition®} Zo] B gilg =2
5= Token—level Tasks Supervised Learning® =
Fine—tuningsfo] F=2of o]-§-gict,

EfiAxzm o) Q5 E o]85k= BERT9} Ed], GPT
(Generative Pre—trained Transformer)+<= left—to—
right EsiAEWHE ARE-Sl=t], g Tol7l Y =H, o
ol & A8 BE2a Adshs Autoregressive WAL
2 sk5E olo] mdlolrt 20224 OpenAlof|4 GPT-3
HA7MA] S0 kel 1,750 9] sk atehuE
£ 7HA AL Qlo] 11 o]F ¥H]] GPT—2Kt} 2u)f o)A &
Hoju, 71 ool e npo] AR AL EO A FIRE e
NLG7} Ql=dl, GPT-3 Xt} ufeu|ef7} 108 2c}, &
§ Ho= Al 248 21 So| UAES ey
U, APEe) Aol the S, A ol Zleel
=

Z0] AE TRyt e)a GPT-35 WA
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OpenAl GPT

(a2 2) BERTR GPT B2&IO| Xj0|&. BERTE= bi—directional
Transformer2 AFE5HD GPT= left-to—right Transformer2 A3t} 7

GPT-3.55 7|¥he.2 3k53 A ChatGPTAE <11k
TEe7] ofef er AdAH ok Al AlE Al
S AE|E G g = Qe

T U2 o=, B8 sy sEo] 7hestal ol e
o] gloJg & 2Jv] Q= PR HSsk= representation
learning =42 fIsjA %= AMESF 4 qlch, 20219
of WEE OpenAl®] CLIP* €lAEQ} ofu]z] 7to)
representational learning®| A= FAA1717] SlafiA
7]%& ImageNetH Ut Wik 49 719] o]u|%| o] &
ARESEEH], A lolE T thalell § AEdS §9
A Apg o5 ofu]x|ef Y-S F=Esto] At HlofEAl
= 5P WA ofu|A 53 9l AE S Alolof| AL

=
Je e BAE Y shEsket, o714 ojulAet
BAES 717k TP ) EdAxy] Qo] Uyl

downstream tasko] AR 4 91=d|, 71 §197} NLP,
computer vision, generative model7}A] uf}-$- F-a-5-%1

sfea & 4= 9le

II. EAMATH 9o X

%

CheF3E NLP taskoll thsliA] @ architecture® <=
Jot= Zo] Eqiim mdlo) alplo|r} L4}l of
& BERT 24 F-2+= U5 glojo] oaf EfiAin
ol L2t} Pre—training$-E Fine—tuning7}A|
Downstream Tasks 5=345}7] oA 555 Q15Y] &
olo|F N7 4o} & ARgah= Wall 4L20] Theglo] &
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ownstream TaskE ¢34
2 WP}, BERTO|A 4ozt o
E9] Aol AT
= =l fIsiAl [SEP] B
st} BERT 92 RepresentationS Al 7}
Al Embeddings @A El=tl, #dolE EF)st
o] Vocab IDZ W3 3}+= Token Embeddmg e 4
9 of| &3 glATE 98 AT RS oa)A] =t
Segment Embedding, 18|11 53_4 A ARE 2=
Positional Embedding®]t},

BERT—base W HojA ot5¥ uetug 27|92}
Floating point Operations (FLOPs) ZWHoA] 7}
e wReel AR AH|shs ool HEx
= (Feed Forward Network: FFN)o|c}, FLA|40
= BERT-base R4 slLto] =29 E= (768 x
3072) + (3072 x 768) = 4829K Who] shsutaiu] g
= 8 1 v HEEE ofdlld S50 of
SIRS) o|de] Ay =

oloj= 7+ oJ"lHo] 3719 e (key, value, query)S
& o st E2& we] tiite] o'l o3 A
3 dlojo] =719f oF 3ufict, A= BERT-base %2

(Scaled dot—product attention)

> > > EdATN U AU @ QP @ ‘

Model Size and Computations

= 200 i N
= B Model Size \ | 2000
£ X3 Computations ki
£ 100 \ E
2 J \ [ 1000 E
: BN N
0 = AN °
Embedding Linear Multi-Head Linear Feed Forward
Layer before Attn. Self-Attention  after Attn. Network

Runtime Memory Consumption

@ 75 { EE GPU (GPU)

=3 &2 GPU (CPU)
£ 50 | mm cpu
: Em
=
0 y

Embedding Linear Multi-Head Linear Feed Forward
Layer before Attn. Self-Attention  after Attn. Network
Inference Latency
£ | === cru
221 mm cpPu
T
£1
=
€
S
2,1 EEE
Embedding Linear Multi-Head Linear Feed Forward
Layer before Attn. Self-Attention after Attn. Network

(22! 4) BERT base 29| of|22|/oAt mazmpey ©

o] eS| = ofgll A mlAUZo A= 7682k = 6421
x 128 =8 A% o] QlaL of’lld o] A ] AF glo]ofo
A= (768 x 64) x 12 3= x 3 (key, value, query) =
1769K Z12]aL of&llAl o]0 A7 #lojefollA= (768
x 768) = 589K uiejuElE P& 3l Multi-head
Self—Attention W& efuE 7} 24514 &Fal key,
query embedding vector 7Fo] MATMUL, Scale “L&]
I Softmax Ak afghct, o uff, Al Zojo A
wrofl Hlgsto] o] MEo) dibgo] AA ),
1 A2l 3] (GPU)OA S Asyet o
ERY] Wi ejolli= GPU &3 5% 2] A (CPU)
O w7t 2ot o] = - AA|of S ElA]
Aal7] wfol CPUSARE A= Mk = 71
A HEs= ofdlld S5 o2kt AR EAl H
2 Hlgo] =t} GPUw t] E31%F o)A glojofkry

o

N

el
o

N g ol

Ay dlojolE o WEl a&X 07 ViEslsle s A
EQlef, T2l EE FEN glojoj= AA| mdo)x 71 2
HEIAAS TeEta & 4= 9
IV. EHATN 299| AX7HE
1. X2} (Quantization)

SRR AW W) ahsE A4y (FP32) et

n|e]E 443 uleb]g (INT, Fixed point)® $8ks}
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(112! 5) BERT large 220 _*“'WH
(71=2=) ot2tolEfQ] min-max EHY (M2X),
A ofeff &2
(3) self_attention value layer, (4) seff_attention output dense layer,(5)
intermediate dense layer, (6 )output dense layer.
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21T O] o421 2fl0jofE 2t
IE0IM R=22, 2l0f

I
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-
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(1) self_attention query layer, (2) self_attention key layer,

!
& = w
1 1 1

a

=10
o 200 400 [ 200 400

(IE6) BERT large 22| 5 By OIill‘lol o4 elojof 2t E2 (
7t2%)9] moving average min—max He| (M2=),
QoA o2 =22 (1) self_attention query layer, (2) self_attention key
layer, (3) self_attention value layer, (4) self_attention output dense layer,
(5)sel_attention output layernorm, (6 )intermediate dense layer (7)
output dense layer (8) output layernorm,
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=M 2522,

= S oujgit}, HE S5 Weight, Activation®]
Gradient®] 3£ AA| Yol thefsfof o17] wfitel, F&
24 W2)9] FP32 EE FP16 & Fofl Agsiry ¢
ojox Ztoll &84 AREstaL Qlek Lefut Bk vt
7 mes 22 (Inference)oﬂ 0]-8-3} wj= INT8} 7]
Low integer bito.= WSO @2 wEo] Alo] =25 =
A3F 2= 9JolA] AR Rk GRS 2= 9Juh E3E A
AR ] oS Hoksl 4 QloA 22 &£ E =
o]l e AH[E A2 52-? AUt

O

(Static quantization)fz} Aele] 7Aoo &

3} (Dynamic quantization)® 34 s
PASIE 5171 SlalH B Bl el
ahikel st -0 ME dlolEeR F+E510e ),
oloJH & weight®} activation®] #§o] 44 His 7}
Aok alel, 1 #si} Ul kAL AV dolefoc of
9 ofg BEES /A g, A4 A} olF

4> rlr
.—\1
ol o
i)

of gstwts e wlo] /A3 U HRES A3t
7] ofiget, §] T1glol | BERTS] skl male o] g3}

of glojojH & ] 2] min—max HHE =431
< ), intermediate dense layer®} output dense layer
oA 54 AdolA o2 AR [ e 2 Ae
e 4= Sl o] wAIE siEsk] SlsiA Ad ©e
2 9FA3}sl= channel—wise quantization© & 3|43k
4= Sk, shAE, glofolo) &Hgkel activationol Thsh
A moving average min—max WS 7S o], self
attention output layernorm, intermediate dense
layer, Z12]3L output layernorm®| §$]7} th= glojo]
Ho}p JfA o= Atk A2 g91d 4= Qlek, o] INTS
tlolg ekl Akt oflef7t A 4= qlek, Z1ejal &
7 EololEe] #H vt BT {hol| i Adolgk &
Ae 7Y, olF SE3l] fleiAl AL dal AdE
A sh= XAt A QA oAbk wheulE s aaA
O BESIAL activation®] HisiA B2 SRS 4G
gith, &, Ak AdeolA Z2AAE] Ao floato.2 A
‘% activation 54O & integer= %FA}5}s}
AL ZEAY Foll= vAl AARERE Stol floato 2 A
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i,
A GRS A¥shs st=glole] AlEAl= CPU =
Algkel GPU gH ol Ant 7%—&@ Held mddo) &
0] 22E QA wHEo]A AlAW 7157 (NPU)L
ARl 54 PSS xw—mx] e 397t o

OFx

O

oY Mo f|r

=
=

3} k5 (Quantization—Aware Training)-<
aflof shr}. o] k5 B A|Hof o3} 280l o)
S Fake Quantization 4|02 AlEgo]dgto R

i

rsL e T

¢

W oAt 1 el S ThsaH shel, A kst
E%]E S § ‘g_]. ] X—L‘Q]—E 71—/\ _—.5_0_ ‘4/\9:]_6;— %1—4_

e, epAys} sheol TEA 9o wge] melolely,
A5} s )R Maajop dhrie
st}

Fhdor Edsxs e Hd 4K
MATMUL £J¢f] Softmax, Layer Normalization,
GELUZ BlAlg iAol St o] i =
gk AR 2akm PARSRSHEA IntegerZ|HEO® ¢
A &5 w2 517 Yok d9tS (Look—up table,

polynomial 714k %)o] ghdls] Mgy g)ct,

Ao

(o]

ol =AY

o.
d

i

-

2. ™3} (Pruning)

HAASH= Ao A U =& Synapse (Edge) =
Neuron (Node)2] 14 ZojA & %23} FLELS Jof=
Aojc}, mhetu|el o] doigk A717F AtAY g5 1A

o ddlo|EZ Aiid e R | Hupe AR5 7L &
Q e} vl getst 4 Q)

Adeted o Fx2E Lﬂ%% R S =R
Unstructured Pruning®} Structured Pruning©.2 1}
% 4 9ok, Unstructured Pruninge dj2fu|e]o] 413

(a) Encoder
unit pruning

7777777777777777777

(b) Embedding
size pruning

(a8 7) EMATH DEHO| Structure Pruning BEHS ©
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oAl Structured Prunings, EsiAEH W dofA] A
"84, Attention Head, Encoder Unit, Embedding
Size & Unit @92 AAI}6l= 42 ou|sio},
Attention Head®] 840 tish o522 A< A7 & o]
$+=tl, BERT-base Q1T A 127H9] Attention
Head 0| 1-27]} wtoaw =9 AHslwy} 7l
FABHs =Eo] vt ¥ Z¥ @A) 52l Attention
HeadE 192 7H4] #]7] sh=t, oA thFeh 9
Attention Headol] A& A5 U511 0]3 282 A
of+= o 22 HElS =530 592 Encoder Unit
= Yo® 7HAA7|BEAY oln] AJojE HeFo R QT
£ dropoutstA] SH5dk= Aoloh, wiAeoR | o]
embedding sizes E0|i= A, oJAE YHE4 0= o}
o= Foﬂ Zﬂ
AASH= "

Z 9814 %2 feature dimensions
oz A,

l

F

3. @& 23l (Matrix Decomposition)

BERTOAS] At W3 =% F=& Linear Layer
2} Self—Attention Layere] = w9~ & MATMUL
oA xto| A HhAslch dE Hls I mjEg A
b2 Hamo] mjEY A HALS 2 Bk 1S oulsh
T}, Linear Layer?} Embedding LayerolA]:= W
Matrix 9} Input Matrix® & (A x B)2 &49] 2Fe
Weight Matrix@}9] ¢14:2]0] & (A x C and C x B)2.
=2 Fafigict,

Attention S-o[l& AR th0] EF O o|Fojx]
Ae ol tieliA 2= B 23 1ol Attention 94F
& ok, B39 74 wet o]2k4 <l (quadratically)
ejof AAk S7HE op7IRlt, o]= =E A%t OIV‘}—J =
7he WA 4= Sk, ofufeld, o] dojdes (B
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o] F7IEE) WiE BEdo] 2R YA
ZHAIAL QIA] o5 4= Q7] wiszeldt,

o] {FAIE sh4 5‘} | f1elA, B o4 A94, 2
71o] 719k 94| E= Adaptive Attention Span
= 7o R 1*-6‘% 4= QL &Y T Uil Sl B
71219] Attention 2308 Zagh 4= Qleh, AHE,
Attention 2852 SHAOR Ao 7153817] wf+
of, W ZrAAE FEsto] 7kl Thssit 7R,
key—query matrixs @2 202 Projectionsto] 1
ARe fHaA717y Top—k key—query product 44
jaf AR Softmax 4R Sh= W AlQkE it P, ®
Softmax—attention MatrixS £3el= WHS A|¢ts}
L o7t 27059 Y Querye} KeyE Normalize dot
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4. 72 g (Kernel Fusion)

Kernel Fusion A% HE9] 7455 9J8iA] Q1H

S 2429 Tayer Fi= 52 519 Operator
= wyghete] AEfel= WHoltt, thAl el Fusion |
AR ARl 9] 3 E8} Ale oulshet], VAo o
Q] sl=9o] (GPU, CPU, NPU) oA 45 2k
& Agto] =S Bk BRHOR AP 7 B
olt}, ofe] #lojojE AelstHA tlolg olsA| LAYst

QOut0 Out1 Out2 Qut3 Qutd Quts Quté

Inp0 Inp1 Inp2 Inp3 Inp4 Inp5 Inp6

Attention decomposition
into smaller groups l
Out0 Out1 Out2 Out3 Out4 Quts Outé
Inp0 Inp1 Inp2 Inp3 Inp4 InpS Inp6
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= oo AR FASHeS et Eqiarn W
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A o] AAAoR e 580 A % HAIZI
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e

add bias + activation
ag?mT
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(b) Fused Transformer Encoder Layer

(
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(a) Unfused Transformer Encoder Layer
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2} Transpose, Add
Activation)5< g <
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bias®} Layer Norm, Add bias®}
AL AAE wfo]Ask 4= o)
98 2o gl 243} 2ol

2]l DeepSpeedi= 1LA&9] ALEHURo| A% EqiA
2 A Thdste] S =2 HE] GPUYAS] o5
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. R HUE ZEA (Numeric Precision Reduction)

[EEE754 #3525 1 2% Floating Point 37| w}
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opal B2 HhR o A2 bitR oF AT
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o WElo] Ato]=rp HAF AAHA AL v =
7] Fol 7IshagA & S71ekaL ek 918 W
a7b FAsA| A = odet, of2fet EAIHE sk 9
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F7F e R SOl HET 4 ol WS A =%
L, Ankga wisejoll = =LA 7HAe] EQlek, eyt
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HLE] 07}0} FA7} 2=, Half Precision® &
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Mixed—Precisoin Trainings 2788k =d], THefvlg
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Turing o}78l4 o4 Tensor Cores A7|8}7| A|ZS
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ol )41 At —6—% S5 RS Ak AT
3] FP8E oF52 s EdAXEM HEll forward,
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- FP8& WRISHA| 94l 422 precisions ]UPE}
FP8= ol5% WdlS FPY =207 gj
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Processing ¥4 o] Q3= A2 %98k Scaling
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4= Qlt} £3), GEMM and Add operationa t}o|ufH]
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o4 sl
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Effiazm A2 AAE stEgo] st o WSt
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A AHE #lolole] Projection w22 SolA 2
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embedding no-op oop. 3-convolution
[ 1024 768 s12
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S7F FA7E S48 AlEtEo] = 4239 Jle) mhetulEE 7RR] B
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O] AzAEL ol Al a84o7 28s517] 93k Al
inference LU A5 AlFT & iEE%M 4
AEE o7 st=go] elA12] backend
B Jof| A= Al Inferenced]l o]l

9o} Z2ME&1} Al inference 3| Y=

I. Al Inference ”"“Oﬂ I\}QEJE
25 Ql sjegfo] ESHE

3 12 Al Inferenceo]] ARE-¥]IL Q= TS sH=9o]

HET ) Al ALl SJel] A== AL ZHY A =
AL EQ o] 7 =55(SDK: Software Development
Kit)S Roj&t} Al Inference of ARRE= sHEgjoj=
=7 CPU, GPU, custom Al Chipl.& Us 4> ¢JoH
2 ol A b2t B4 ARl

r{o mlu

2.1 CPU (Central Processing Unit)

Al inference®] AHEE]= CPU9l= =7 Intel Xeon,
AMD Epyc AlEFO & &5 A CPU, Intel Core
i, AMD Ryzen A|&+-0 & t) #5]%= desktop CPU, “1g]

11 ARM7]51+e] mobile CPU 5o] it 7zt A&kl wje}
oLk vjig] 14, clock Sk SO &Fo]7} Qlct,

PSR ZA]O}UE E} =
o7} 2o ol UﬂEﬂA z3to g ol AAkS:
& 758l s vhEolA o) =

b} custom Al 7}&:7]¢]

instruction 4~ HAAS &-8317] ¢t +

PN
i
N

A}, %, shpe] Yyom ofe dole s FAlo] A
spluch ZRaY A 55 oS5 YuUEe o
& PAS oA, Hhat Be Wae 29 glo] o
AFgulel) BFehs o FAE £ xolt ol g

prediction 3|22} instruction scheduler 3%+ CPU
HA T A e An o) A Fitg AA|Rt, TRk 4= )
o] 5ofE 2§59 thread/process = HEAFE ©
& 75 BHAEE ANHHOR 4 A o]3kE, GPUC| 1]
sk B ek, webd, Aol A0l Fie) B
L data level HEHA]S M= 2730 AL GPUY
custom 7H&7]of Hlslf A/Ju|7} Wt shA)gE, of8-5F
H 2]} 7j41E &8 715 5o, LSTM (Long Short—

(& 1) LBt A S8 SH=SI0] E3E ot MIEAE A Z2Uel=

Company Computing Power Architecture SDK/Framework Target
Intel Greco 150 TOPS (INT8) Tensor processor core SynapseAl Datacenter
Intel A770 16GB 275 TLOPS (NT8) GPU Vino™ Datacenter
Intel EyeQ Ultra 178 (INT8) Mobie CPU + vision cores EyeQ Kit Edge

Intel MyriadX 4 (INT8) VLW cores OpenVino™ Edge
NVIDIA H100 80GB (Tensor core) 624 TOPS (INT8) GPU TensorRT Datacenter
Google TPU4 275 TOPS (INT8) Systolic Array TensorFlow Datacenter
Google Edge TPU 4 TOPS (INT8) Systolic Array TensorFlow Edge
AMD Radeon 7900 XT 64 TFLOPS (FP16) GPU ROCm Datacenter
Qualcomm Cloud A100 400 TOPS (INT8) Al Core AIC SDK Datacenter
Amazon Inferentia 32-512 TOPS (INT8) Systolic Array Neuron Datacenter
Grog GrogChip 750 TOPS (INT8) Systolic Array GrogWare Datacenter
Arm Ethos N77 4 TOPS (NT8) Compute Engine (MAC units) Vela compiler Edge
Tesla FSD chip 73 TOPS (INT8) NPU (MAC units) NN Compiler Edge
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2.2 GPU (Graphic Processing Unit)
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(22! 1) Google TPU V2 Block Diagram @

After TensorRT optimization

(a2 3) Layer fusion in TensorRT (Vertial/Horizontal)™”

Input format . + L
ofbLmocets I TensorFlow PYTORCH O Caffez @xnet S5E% ) ONNX -
Compiler frontend e specific Low-level IR /
r > Opﬁmizztlons Operator IR
| ] 1. Intrinsic mapping (Device specific)
Transformation Computation graph 2. Memory allocation
Symbolic representation Optimizations 3. Memory latency hidin 1. Halide based
1. 2 relay (TVM) 1. Algebraic simplification 4. Loop oriented opt Auto 2. Polyhedral
2. - bridge (nGraph) 2. Operator fusion 5. Parallelization Scheduling model based
3. 9 ATen (TC) 3. Operation sinking 6 ... g., polyhed 3. Other unique
4. - direct translation 4. CSE IRs ...
5 ... 5. DCE
6. Static memo annin,
E— 7. Layout hns;zrpn:aﬂon = E- Auto-tuning Compilation
& 8 .. & 1. Parameterization Scheme
High-level IR / Graph IR 2 E g 2 Cost model 1. JustIn-Time
(Device independent) S £ 2 3. Parameter searching Manual 2. Ahead-Of-Time
g L Scheduling
1. Representation o Methods oo (e g Halide
DAG-based g 1.  Pattern matcher E e Code generation
Let-binding-based 5] 2. Graph rewriting 3 Using kernel libraries 1. LLVM
Tensor computation 1. Intel DNNL 2. CUDA
Lambda / Einstein "; A";;“':’;LL TensorRT 3. OpenCL
2. Implementation Debug tools 4. Other customized libs ; ?lpenGL
(IR dumping)
Data representation 1. Text form . v
Operators supported 2: DAG form [ >
3 .. Compiler backend
Target CPU GPU AsIC DSP More and more
platforms (X86, ARM, RISC-V)  (NVIDIA, AMD) (TPU, Inferentia, NNP, ... ) Accelerators
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2.3 Custom Al Inference Chip

Al inference® A= matrix multiplication,
convolution, pooling, activation 5 A5 220]= Ak
o] =T, o]egt daksell 52FE Al Inference 8-
St=golE vHE o Atk AT 715 sh=9)o]9f thae| <l

o2, Google TPU ¥ 5ol A& € sytolic arrayS &

4 &=, o= matrix multiplication 715317] ¢
3t oA &, CPUY GPUAE A As #| A A H

of A= Aol ole} stEgo] AFo] glog 588 %

7 TensorFlow K?.% OPyTorch Caffe € ONNX @xnet [ Keras

L | | || |
¥
©penVIN®

optimized performance

I
v v ) ) v
CPU iGPU GPU VPU FPGA

intel intel intel intel
core [l ATom [l XeON :RIS ARC vOViDIUS

Wmdows macOS

Linux

(22 4) Intel OpenVino™ Framework ©
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Al inference & custom Al {&2, E4 #HY
o] Al -8 Adlsto] Aean/Ha o] 2o 4

2 o] gl BRRT O shugle] 2ie & oln
AL SRS el g 7l slEglo] 9ER 74
w ¢7F Wk 2ol NVIDIA 2] V100, A100 2
Tensor Core, Intel Arc GPU2] XMX Core®} Zo], il
g6 GPU, CPU Alszoll= ol=iet Al dqk 8- sl=4]
ol F AAA O HAsk= Aot} E3F, TPU V34§
inference®ut ol 2} training™= 34| 7145517] $J%t

=3t s g,
I Al 2ZEg]o] T

Ego] =)A=
Auf A TLejar, 583 etolHaejejet APl &
% AZE o] LS W3t} Al Inference 52
=0]7] SleiAl= sh=glo] o=A ¢l 43kt Hash 4
71w,

AT 382 Hshd] 2
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GE oAl o], 7t st=glofo] AlxAE
ok =gl 545 ateRk 2 AekE 418 7Fsst
7%] Bl Al AXEQo] ZYQlYAE A Talal ).
Sk Google®] TensorFlow, Meta ¢] PyTorch ¢} 7

WG AT TR 5 olelal ARAY AT A
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E
)
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ATl r[o
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u
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7
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=
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Xooﬂ
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3.1 A S39 tiEX2l |3t 7|=

L9 2094 & 4= kol Al &89 F43=
Graph level 5-¥] A2 W g@lzpz] chokst oA
oA o 7}A] 7m0l AEEHHY. &
L} PyTorch 52 & training ¥ Xdlo] Fojx|H, &
T o g Hzof 7t YA o IR (Intermediate
Representation)® Hglel= 2kojo] f=a)=lc) o] 3t

, TensorFlow
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Flet st=go] SSEL &

=0l zAgea0ls @Q @@

OPTIMIZATION DEPLOYMENT

. = graph level IR Aof|A] of &
7HA] 2 ASE Ax= AL graph compilation ¥
graph optimization®|2}al gt} ESE W tool E9]
o] 9] IRS 7). Graph IR ZF node:= #&#
A0 & kernel source code=z H2}IE| o] 7| Ao] 2 Huld
E]~Eﬂ o] ﬂrx*oﬂ*ﬂ Graph HU} A4=32] TRo] o]-g-5]
= 457 gt ofst, thiEA <l graph level X243} 7]
&= i7ﬂ OPE}

® Data Layout X3} : 7} #o]o]o] Hlo|y A% =
NE sk A4S weke doleE A v, %
st Adolu 71 st=glojo] SA wet, 574 ke
layoute] 2lgt 4971 Wt & E°] convolution
kernel®] 73-$-, channel W3aFo] g|o]E] 7} w i g]Afof| H
A ARE AL, S0 & width, height ®HeFo = #A&
o] Fe]sHes kernel S-2 SH=go) 7k A = oI Qd
797} Wt o]#sk EAJS 1183t data layout> 4
skl AAs] o= XS F A8
® Layer Fusion : (C19 2)of|A¢} o] go]ojES &
4=9] glojolE Z7f whm AsstA] ¢har, gF Hof A 2|5}
= £ £ 59} convolution, pooling, add
SaR=] oqéﬂoi Asd A5, Z7ke) ddAbe] il
kernel TR Aesh= ZHCH oF o] Aejsh= Aol
latencyt} ML) ARG B SO E&Aolr, o
WA 072 o]t fusings A8517] fleliAl= fused

A2l 8 7] 91t s

_1

ox [‘1[‘ rlr

P

&

ol post processing2 $HHO
o] 7]5o] EAshof gt

® | ayer Conversion : sl=¢o] 7]-50lut 0]8- 753t
Ado| e} 54 AARS thE AARC R A dh= Aol
G218 4= 9t} o) &9 deconvolution=
convolution©.& A 44 reduce—mean operation
S average—pool® HHL7| &= Si)

o SI=9|0] 71& HE #& | Systolic array 2] 715
SHEglol2 24| Ahgsh7] IS 315 228} kernel

& 85kl Heb parametersS AAs| o gt}

transposed
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| train the model yourself |

| retrain with optimization | | run inference locally |

| pick a pre-trained model | | quantize | | build package / image |

download a model from
Open Model Zoo

serve a model with

convert to optimized
OpenVINO Model Server

OpenVINO IR

(22! 5) Openvino™ 2] workflow

Simple Logic ey
inside App AUTO

Compile
network for
CPU

Inference

1 | Workload
E stopsonCPU [/

one CPU
Intelligent and
optimized
Logic inside
AUTO

Waorkload
one GPU

™ T2 Time

(22! 6) OpenVino™ Auto Plugin 2 228t
First inference latency Z|=5}

® Kernel tuning : data sizel} shape, AFR-E= 5=
o] Z2HE o] Ak fU, e Afol= 5 2 27
of uje}, Aol Ad) Tt sy ek, tiling size -2
ahetafElEo] & A ojof gitt,

® Memory optimization : Cache, local "} e] 55
2 &-gol7] 93t tiling, Wk bank FHIHES 99t
AL A 24, glolo] 7F wx e reuse, device—host
7t dataols %43} 5ol -84 4= St

® Baich size ZH : v|me] Afo]=,
sH=gllo] ESHEe] EA4E alesto] g
©] batch size 5& A8l 7= 7lo= Asd 4 A

® Multi-device optimization : CPU9] bit/little core,

.2 CPUSF GPU, Al custom chip &, heterogeneous

OP T304 multi devices B8 4= oS o, #lojo]
h9] 32wl stream TR 7} t]Hlo] Ao 2 A s] B
v, ShgaiA A =Y o ook
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3.2 Intel OpenVINO™ ©

Intel2 Xeon, Core i A&+t 5 CPU¥T ofY g}t HD
Graphics, Iris Graphics, XE Graphics 5 W4 GPUE
A sl ek ERE MyriadX, VPU 59 thRt Al
custom chiptk 7HEs}tal Qo X Loi= Arc A|E0
= 91 GPU = EAI5k= & tfURk AL 88 74458 3t
4012 Ataa ook,

OpenVino™ += o|#3} Intel 3F=gJo]ollA] inference
5 2Hsjs)) $i oman mAAT (1Y o
A MOz A3} o] ThsEe] AT Wl ES A glshv],
Intel ] CPU, GPU, VPU (MyriadX), FPGA 59| 3l=
#lol Pluging A staL glet,

(1¥ 5)+= OpenVino™E A&7 943k 7]
Aol workflows Hoj&t), WA, F0]% trained
model& Model Optimizergh= 243} £ 0]-8-5}0
OpenVino™ IR= H[ro] &t} 19 o} 3o IRS
Python/C++ APIE E3)| Hu}ds}al Inferences 413
s e,

OpenVino™ ¢} 2| #|3}= W= Ze|1Rle] ¥-54 <
2 A8y IR #¥9) common transformation, 1]
AL ZF Feael W SRR ol Alss 3t layer
fusion, kernel optimization, WX 2] reuse, layer
conversion, 2 = A2}t A8E 0 9ok, 235t
7'9e CPU= OneDNN -2, GPU+= OpenCL 7]4}€]
A A (a.k.a cIDNN)Z} OneDNN = = tf &
o,

E3F OpenVino™ += Auto Plugin} Auto Device

ek sheflol -
A A2 ool e] el S AR HHsl)
e}, Auto Pluging AHSIH, o8 /K5t shEglol
A0 ZHAoLL, 7} elolo] S8 H AT alasof 2kt
52 7} 2ol
Al o] 8 7%t %% 9] batch size, stream i 5= 7|
A1l 2o, 0] o] 8510] AHEAIE thE: coded 1ol
A A3} 28 Hagte] HgoR HAe] AAE L

25)a1

st} Auto Device Configuration 7]

from openvino, runtime import Core
ie = Core() # Initialize OpenVino
model = ie.read model(model="model, xml")

= ie.compile model(model=model,

device name = "AUTQO")

compiled model

Auto plugin & (19 5)olA 9] AIAH, First
inference latencys &°]+= SO0 2% -8 Hr}
GPU Pluging Ad AudS #Hepelo)] 43sH= JIT
(Just In Time) HHA1S AR5l 2| AS) BATE Eo
b= 2z BdS Hupdsk= Algko] CPURT ol
At Auto Pluging o281, GPU ElZlo& ziutel
Sk &¢h CPUE o]83to] %9 inferences A5}

= Ao ks R,

OIv

3.3 NVIDIA TensorRT M

TensorRT+= NVIDIACA] A&kt ZpAFe] GPUS Hi4d
S = 3t Al Inference 2|43} feRoleh, (C1¥ 7)olA =
NVIDIA GPU9| 4 Ego] 1AL HojZr)

TensorRT+ CUDA, CuDNN (CUDA Deep Neural
Network Library) 52 A9 librarys &85}, layer
fusion ¢ graph optimization, kernel auto tuning,
precision 43} (FP16 or INT8), memory reuse 52
341*’545 gk ek, [9]0] &1 TensorRTE 41

S, Y3 GPUOA native TensorFlow7Ho &
a5l mlsf 6ol ds e He o AsiHkL

o= ta

n&"

Lo o

%
s},

TensorRTE AF8-5H= WS 1) ok ¢

e e
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Up to 40x Faster CNNs on V100 vs. CPU-
Only Under 7ms Latency (ResNet50)

6,000

5,000

%

Images/sec

g

1,000

(a8 8) Performance improvement for NVIDIA GPU with TensorRT

Deployment Tools

6.67 ms

5700

(sw) Aduaje

140 305
||
CPU-Only V100 + TensorFlow V100 + TensorRT

Inference throughput (images/sec) on ResNet50. V100 + TensorRT: NVIDIA TensorRT
(FP16), batch size 39, Tesla V100-SXM2-16GB, E5-2690 v4@2.60GHz 3.5GHz Turbo

HT On V100 +

: Preview of volta optimized TensorFlow (FP186),

batch size 2, Tesla V100-PCIE-16GB, E5-2690 v4@2 80GHz 3.5GHz Turbo (Broadwell)
HT On. CPU-Only: Intel Xeon-D 1587 Broadwell-E CPU and Intel DL SDK. Score doubled
to comprehend Intel's stated claim of 2x performance improvement on Skylake with

AVX512.

Libraries

Compilers & Tools
Programming
models
Drivers/Runtimes

ROCm SMI

MiGraphX

BLAS

[hor I o |

RedHat, Ce

ntOS, SLES & U

untu Device Drivers and Run-Time

(3 9) AMD ROCm Software Stack ")

Inferentia -J Host PCle (Gend)
[ 1l [ NeuronCore-v1 (NeuronCore-vl
o = =
U Tensor am Tensor 11
o
_b Engine mEm Engine T
— —
Vecto Seal, Vect: Sealar
EaﬁanEmran
: ( NeuronCore-vl | [ NeuronCore-vli
S| [ onen SR : | | — R
g Solmhp @ :ngine o mp @ 1E-r|glr|e g
memory memory
|
— —
Vector I Scalar Vector | Scalar
Engine [[__. Engine M] Engine [l__. Engine I_]
NeuronLink-v1 ] ( NeuronLink-v1 ]
(3 10) AWS Inferentia architecture'?
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t=Ro] SSE &

Edlof a3l 232

20000

S TensorRT oo & 214 WHglslo] o] &z i
2) TensorFlow ¢} PyTorcho] TensorFlow—

229t
TensorRT, Torch—TensorRT 7|52
7HA7E 9

ohH, T FAE7L ol EffAET RAES THG
817] 9J3t boost AZEO|R FasterTrasformer %
Alg =3 Sl=tl, & ©|& 3P multi—head attention
ip o] EgfizarmofA] 2k AR R sfHlES 2|48t

42 34 FoRA A P4 28 4 9k

o].g:s =S H]—H%

R

3.4 AMD ROCm "

AMD CPUS} GPUCl|A] Al $-82 Alae}r] 9Jat 5
T2 ROCm (Radeon Open Compute Stack)
o] gleh, ROCm Al zani B/ o] glom],
AIEQO] stack & (TLH 9 oF Zo] =] 9l
TensorFlow2tPyTorchE A b4, graph compiler?!
MIGraphX, #/A3}tkernel library$!l MIOpen & £3$FsH
t}, Native toolZ24] 22 ONNX Runtime®] backend
& o]go] 7k55itt,

3.5 AWS Neuron ™

Amazon AWSO|A] 7§dk&E AT inference 758 3
%l inferentias 913 A3} ZYJYAE, AWS
Neuron®| Qlt}, Z} Inferentia Devicet:= (Z19H 10)1}
o] 47)] Neuron Foj& o]Fo}A It Neuron
TensorFlow®} PyTorchel integration o] ¢lom, 7]
wAo 8= 7) ®uls 7} Neuron FLojof tiste] Hup
Adstet, shH, 2SS 8 oY 7)) Neuron 9]
of tfalf mdlL- Aol batch compilation 3= 7|%
T Akl olar, wEe faste] Ao ol 7o
Neuron ilojoflA] wto]szelel e Adisl= %43}
7| E Algetet,

3.6 Google TensorFlow/XLA '3
Google 2] TensorFlow+= Meta®] PyTorch®} o+
o] Al training®] 7H§ @Wo| ARE-E= |9 0lTh

Inference®] TensorFlows AREE 749 backend=
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Canned Estimators
Keras
Model
T EE ERE
TensorFlow Distributed Execution Engine

%]
P
7]
%]
@
i
©
(=]

(g 11) TensorFlow XLA 17

O +T®@ D

ML-based
Optimization

High-Level Differentiable IR

) Edge  Cloud
Qe ===

(a® 12) Apache TWM

| High-Level Graph

Low-Level IR Machine Code

(a2 13) Glow Compiler Workflow

TensorFlow—TRTY TensorFlow ©f integration %
OpenVino™ -5 B} st=9fo] &% of 243} <l
5 gl ALg sHAlo] AHolny, olejal WAL, w
4l9] graphs partitioningd}o] THS0]%l subgraph &
OpenVino™l} TensoRTE £3f A18)a}A o},

T=, (O™ 1194 Hojx]:= TensorFlow XLA
(Accelerated Linear Algebra) ¥ & A&l 2= 9]
t}, TensorFlow XLA+= Tensorflow &Y= 9] Al
compiler®, IS WS A2 Ad ©@ele AdYehs
7ol ozt o & AYE FolA Autd Foan 4
5= Ak Eoltt, Aol dekdof HutdE=
JIT (Just In Time)¥} A=Y Heof vtojuelE nje] Hut

=
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9 3h= AoT (Ahead of Time) +7[4] W4{o] o] 715
sh, JIT B4 training®]], AoT W4 Inferenceo|
283 5 ek

XLA+ TensorFlowX a9 #oloj&5S HLO
(HighLevel Operation) gt IRZ W35}l
affine transform, instruction fusion, common
subexpression elimination, constant folding 59
HLO &/l ofA]o] Hgl/x&ss A2 &, LLVM ' 1
A2 E Sl Bl SRS VAol HEkEY, ERL
o] gl A} CuDNN " 7} CuBLAS ¥ 50| #/#3} 2}
o|He#j2|E AMggith @A) NVIDIA GPU, Intel CPU,
TPU 52 Elo =2 ¢ o] custom backendE 2]

A Fste] 558 4 gl

3.7 Apache TWM ™"

TVM & Apache @ZA Al compiler Z# 9=
oltt, (19 12) + TVM & workflows Hojst}, =,
IR #|¥lof| A constant folding, dead code elimination,
layout transformation, scaling factor folding 52| #|
A5}7} o] F0A]3L; tensor operator description®]gf
= A= &l 2} operatore] AA| FFele Aot (L
2 1204 HEo] tfHEo] Al =9 frontend=
A sk, 7ldA o' 25k CPU, GPU o 9] of
t] 7F4] custom backend= 7} & 4= it} E3F Auto
TVM 7|5 Algsto] theket st=go] E3h5-2] 243}
59| B Ato] = 5 7 wetnE 55 AFs O R

3.8 Meta PyTorch/Glow!"®/AlTemplate

PyTorch + Tensorflow®} Bj&0] Al trainingo)| 4] 7}
2 wol ARgEl= 2y elF0|H, Torch—TensorRT,
Intel extension 5= ©]&35}o] GPUY CPU backend&
7HESE 4= Qe

Metao| A= Al inference 7}4:-8 #Hutelg|el Glow
2 Aarstgl o JIT/AoT = 7HA] BE7} 9tk
Backend®+= CPU/GPU £ A ¢35}, custom backend
2 L2351 Ax fo|sl}, (19 13)-2 Glow compiler
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] workflows UERm, 19 mdo] target sH=9o]
SM50] 71Alo| = W2k 7| 74A] =LA| High level graph
IR / Low level IR& AX|H, Z}7}9] THA| o4 %25}
= o1/ %t} Graph level of4]+= transpose sinking,
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tf o HIER ¥ Yxd dlo|g e}l TL glojHE 12} ket Ao
L5hE| %] oPotq AR =2 7\131 ;qXL T1e)al 365k olE o] 2o
I} olof] FRgt sFEgofof AL Eo] AsE, AHIA T1e]al e I
AR},
qAE tfxeke] Ajtjol= HAX o= HolH o] ¢fo] Ao

S7ksHA 2 el dHolHE g5 Pt A4 (sensor) 7+ 71E2]21
TFEQ SAl7) 718 ofuet, AR, RS, AA|, 2R 5 He AR
(IoT, internet of things)oll BA1% 0] Al -8-Ec} ¢ Yo}, o]
ok AFEo] Ql¥- A5 (artificial intelligence, AD% &0l Al sBHAIOT,
artificial intelligence of things)%]o] AR Al 2E5H o8&
7IRFe 2 RS gAketal, shES Foll AAlE S45k, A4S 7]
HEO & 2|4 Q1 =23} ek o1/ Elok, 71 A%l Ak 7} AR Aol
o AR AR AHE2 AutE 7Rl Sl A Aol

a3l
o,

jad
2 2 ot 30

_mj_

o l-ru

0

7)ol Afgto] 2t 2413} 71 2] 5 Aol Tash o] o
: £ YISl Aol A7} B} Aol Haghe) Tolit 2
LS bl slofe), Qo2 olelel Wb AHEAHE olel el A

AHRko 2 3hikE Aol
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Artificial Intelligence
Machine Learning
Brain-Inspired

Neural
Networks

Spiking

(2] 1) Q1ZX|Sartiicial inteligence)2] 2H2+0f A DNN(deep neural
network)2t SNN(spiking neural network)2| £2

A=) A 52kE 7P 7P tisEA]] Qe Als gL
2]20] DNN(deep neural network)o|Qlch (18 1)1
SANE, TL Qlqbo] EAFslaL T ofo] wrlske] 7|9
CPUCA= ok s @817 ol flom, 174
HIFE 52 GPULF =2 543t A7 Hasioit), 1
= 7P 615tk A7} Google DeepMind @] AlphaGo=
120271¢] CPUS} 17671¢] GPUR 4+44% #A4HY s1=9)
o5 AgEIALE Y, o1& 1M A%d WrEAetr RE
T ek sHARE, 2t &0 CPUY clok ik 5 s
o] ¢ o4} JHA =] Far Q1o multi—core FEJZ

Aol thehE CPUE 5= 7l A& sk e 4
von Neumann +Z7} 7FA|aL Q&= w|&Le] o] of
e AHel A% x[¢do] =419
To] Algk Aot

o] Z+e wjAof A, SoC(system—on—chip) FE|= 7
TFE 29 A F5E AlEshe 2*1|EH Asd He
A7F At A=At BlEete] AaaeE ol L
ZAQ AHZ DNNY o Ald= J4 —L‘ﬂtﬁoﬂ 5ot
CNN(convolutional neural network) ¢ailg]&5S W
T4 SoC= F+&s517] $l8 3719 Quad A72 CPU, 17§
9] GPUL} B=o] DNN 7|8t Ql5 Al dare|&e a4
ol hA dAkS Hddsh= 9,216712] MAC(multiply—
and—accumulate) 3| 29} 7}=2%](weight) 2] A4S
o= 32 MiBO| SRAM=S A%t 2719] NPU(neural

processing unit) ¥ 7} 25 9A5H= NoC(network

or & o % o

F

i
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/AR ez 7 A% DNN 7]REe] Q1A
745715 QU ek ol A o) A
Oﬂ, SNN(spiking neural network)2} B|5eHA] %5}
| 52| (nonvolatile resistive switching memory)
w= 3A1]EH A5 RHeAol tiek AR 2|5y
&= HER o] ujzolt} (1 1), SNN& 5+
k= o] Al WO & 7] &£ 9] DNN
Hfloating n mber)J sk oA}
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ek 4. 121}, ReRAME] - w]gjut Aol 2]

C1el SRAMS] 31 secll vl A0 <
olglc}, F3k ReRAM 7]HF CBA(crossbar array
| 9] CMOS7|8F SNN st=9017} o43] GiAl7 |7}
2= 9l why CBAVEO. 2% dholito] 7153t 2F
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I. AxPEARS %

A 35| 2 (integrated circuit)s 7/ AAkeh= 1A
A 427 (design)2t £ (technology) = =1, A
A A A ESHelectronic design automation)«= 73-E
9l Ze s 283 AR AA 2o AsitE
i), AR 27 U E] o] o) MRS RS A=
Q] £} Fol 5 ARERE A Rlieh & i Al
A Y EE(bread board)e]l o S4& =
.

o)
)5_

AL Ashe BAS 22t A4S wHl)
U:] o

=

T

ABS SR S Wt s, A4

& AR A7 PLg ] Bt S

w3, Tole] WA wek Sk

At vle) 1 EAS ol BRAS YT
=

E-32-A-grte] A4
ol olsislr] ¢tk (1 2). AlAEl-HaE o) A
A A AFESEe] AL 1970W ] AppliconAl, Calma
A}, Computervision A7} B & (layout) AAIE A3kt
= 7lss AR o]y HirEel 48 OS(operating
system)E Z-&5to] | 7] A2 A7 AsdkE 2x
2 Alest A5E AL AA(computer—aided design,
CAD)7} 1AIdekal Eop o] 1980d ], Mentor
GraphicsA}l, Daisy SystemA}, Valid Logic SystemA}

Atom/Thin-film Device

7F w=2] AHA|(logic design) 7152 F7Fsto] QAU o]d]
AArFHOAEWS)H 492 (Unix) OSE B-gs}o] A
AR 191 1S 7HA] AL ARsste AAlE 3e AldE
A3l

o2 #Eo AAHdAIAESh= SPICE(simulation
program with integrated circuit emphasis)7} tf
FAolr, ey ol et #Z2]9 Laurence
Nagelo] 19719 7jdel SPICE1-S XEj&, 19754
SPICE2, 19894 Thomas Quarles’} Cloj= 7jjdt
3} SPICE3E A A& SPICE?! HSPICE(Synopsys),
PSPICE(Cadence Design Systems),
SmartSPICE(Silvaco) “L&]3l LTSpice(Analog
Devices)?} @3Z—4* SPICESQ! ngspice, XSPICE(*
Aotd]) 507 ofolA] gkoun] AhE A A9 FF
(DC, AC, transienct, noise, transfer function %), &
A = W (compact model)®] %, W =9 7l
o] 7}s}Elo] Y}, SPICEE: 7|E2 o0& SPICES| o]
3]&9] nodal analysisE =35t HAY PR3

S YA A AEH (implicit integration method), i+
H

o> e

H(Newton's method), 3|48 (sparse matrix

technique) &= =t}
a4 Y AAdAARETSE S
TCAD(technology computer—aided design)=
Autt. 3= AEE9] -4 AR 549 &
S s

o =¢]

=)
=

ko

Circuit System

Atomistic simulation Finite Element Method SPICE

* Abinito o
* Molecular dynamic
« Kinetic Monte Carlo

Device TCAD

! o't I Compact Model
[ b 3 .

(Semi-)analytical

Sy e
A dlg) Ea a 9V
S 2 4 e’
e :xp(TT) x sinh (7 e TT)

» w/ TCAD device .
(Mixed-mode)

» w/ Verilog-A
device

» w/ default devices

Digital system
+ Analog system
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3|2 AAE fIsll SPICEe] HAjEo] &gt o= W
A2 7 Verilog-A ¢loj® #dEm ¥ 32 gl g
el ] WA Al (closed—form equation)®] W= 3= nodal
analysis® 7FsoH SR 2 A3 w0k A8} M3} ujm
2]e} o] g2k e 7EAgE Axte] - AsHS g
57| 915F0] semi—analytical sFAY for, if, 52 7]
t(branch) FE = FAE] 7% Jich,

TCAD+= fetaasiiile 7|Hkoe A ke A
A )i Aoz thpo] 7t letofx Aot WA
(coupled equations)S AH7| Y4 (self—consistent) U
Al S rohs RS Wit 1960 W BIT 44
O] HAE Slell Aete|glont, 1980 FRks A3 m
twin—well 7]§F CMOS 7]%9] t]xQl S} 7|48 /d2(cH
HH O latch—up)9] B4 $late] 43l a4
Ae] 2kt 9,

A =] AAEAA S AFA o R ol &4
(ab initio), #AsE8H(molecular dynamics), &
g 7152 (kinetic Monte Carlo) AlEdo]A 7| 5
O s ¢ vk 4 nm 8] AUl Ozt o
ofgha] 4] vhedat = A 9 52 deE 7|t
O & sk AlaAte] v AladolAel tigt a7t
HAF o AP AARS S RS o] FHAL QT

oA tha AolAl= B 7HA] olE =0l AAIHHAls B Rt
LA o) APt A4 7Rk w M e] axjel HA B0
otk A 4 91 AR AR s S ARl of] Thjsl At

-

1. BAPIARS ) MY nee)
47 88

1. MHt g4t JXt & AlS2|o|M

M2 94 #2894 A(many-body
Schrodinger equation)2 Roothaan equation®.® 3
@sto] Hartree—Fock 7|"& ARl allE -6l A&

20l Wi Kohn—Sham equation®.2 Edste] Ui

9
&4
B
N

114 The Magazine of the IEIE

e 330 el 1 5
2 slef A ghe] WEE wojEt . o
At i 579 B B} Agol4

&0l Bk opy2t At

It
=

o
4

N

1o

B
o

~

.
lo

¢

N
N
o

T
0 do met 2 EN

% ot 44 o

Py
%
_1>~
rE
el
(RN
o &
o
20d
=2
>
op
it}
rlr
i
iC)
L
lo
o
ri
ey

(

o
lo
o
i
AT
ol
;O
o

S
D)
>~
o
o)
o
r)“'
N
rE

—_ rlo
il
o
L
=2
>
o
D)
J

s
N
af
~
>
o
1o
<l
i)
{Tad
;
ol
o
o
1o o oo rlo

i

rig
i)
AY
aft
il
oL
E
&
rir
el
ics
ot
1
ok o
%

rE Hu
(o]

_r-\o
o5
il
o o
Y
o 2
= Y
1_[1_4
)
2 A
Hmé
2o
OlﬂOJ_.
ko
s
o
>
Mo o
il
o o
Mo
ok

4
= AAIRE 18 49] Abl= 600702] AR o] Fo1x]
A= 800709] YRR o] Fojxl v A= T1e
3L 9007H HAFR= SHd % B AHIO, 7|HE A
2] o] Aghasl 35 Aol AAE mAlsin 1 ol=
2.5x2.5 nm® WA 1.5 nm FAE 7= 9142 HIO:
& ololzl AZ ofu] g} HF ARG Falo]
valence change mechanism &% FAlol= #glHs}
Wme] 2 oA ATl Ak s e g
Harh HESJ AL HIkE doA LRSAE A 27
AR} M YelS B S, A3 W |
AF0] 9121 thien|E) 0] 7loAo] 24l O of

»
o

Vo?*
-

o

Now oW
=

o

transition
—
~ 6x1020

Fermi level (eV)

N
1)

—
>
2
&
o
X Chi

uf 2 arge
1

2
w

= Bulk
® 3x3x1
Bulk A 2x2x1

6
0 10 20 30 40 50 0 10 20 30 40 50
V,, concentration (cm™) V,, concentration (cm*)
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(AR 3) U4 0127 I8t 201X AMOR SIS Arh
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Xlev]
1.00

0.50

Xlev]

2.00
1.00
0.00
-1.00
-2.00

X eVl
1.00

0.00
-0.50
-1.00

t=2.5"ns t=4.0ns t=4.5ns

Xlev]

K
&
% 2.00
1.00
0.00
-1.00
-2.00

(Od 4) EXt 5243t AZ(0|M 78S Sal AlASH SET(AN) T
RESET(8}) =210 A Hi RIXF K9] Zt0) sub—ns 15} 19

0.50
0.00
-0.50
-1.00

ol oa WAggith= ofsflE T 4= A =Slch
AerAs) wjne]of A8%= @’% 2 2EH7EE 7Y
2 AR T} A}/ HES-S transition—state

719FO &2 Maxwell—Boltzmann statistic} %4
348 7= Eyring—Polanyi equation® & HAlSFIL
A7 A HAx #AS trap—assisted tunneling® & %
*P’S}Oi 7}7}+9] iteration time stepoll el sfE -3t
| &g 919t 10x10 nm® WAT} 10 nm FAE 2
= HfOz 7|8F A4S} v X 2] SETY RESET 714 9]
-V EAS AAB) (18 5. ArA] depdlEo] A
9 Ama &5} st @] ARl HEEA A
offish=tl T w2t sAloll, A/o=2] vijA] A
o [-V A4S AAIA ofsf Qlth= HollA ShA A
2 U2 WA o AlE|o k= 2P/ o] Al
ofelgh 24le] A AvE HuwHW, dAo] HiH

theoryS

(

Agdo] sfolH, Ut 50 Aol 7 WS B}
of AT §41 Hu S EO AR Axt 527k A

Felo|Ho] 7158-L stetat 4 glek. S, e v
Mo gust TaAe 2717k AY B9elw 24}
Gezee] Algdolde] Bk 713 Aol HgelAe)
GEOR AW S s Fstolo} shol, of 13| o
W BE 502 S oA HE Al
upEe el Bpeki, W AA A ¢

353t A
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o RMCH R SYEEA 271 L 2|2 2 S8 Q9O ‘

1 0_2 C) ( os;
<109
<
o o 2 4 g
810-4 ] V(v)= 038
10°®
0.0 02 04 06 0.8 1.0
age (V)
10'2 c)
_ d) b)a)
<
c
g10°®
5
O
-4
020 15 1.0 05 0.0
Voltage (V)

G 5y 23H 20| 7122 MSdlold 7[EHE Sall AME SET()
T+ RESET(5H) A8} &k EA4at &XH/0|2 BHX| AeHa—d) "

3 wsh Axo] ek ofsle Al =

°

=7d Z|A3tet 254
2 Aape] AAole 9 giifr CBA 3% L3S 915
Aelofol & ghE24 759 Aofol 71 & 4= &
Aol

W AlEol A
L Algh- %"J HES- WA A (redox reaction equation),

B2 yAlsts Lok HA A (Poisson
o]} Hz}o] o< v Al(fon continuity
equation and electron continuity equation), *3}o]|
ok Wrdat 4 552 HARSE: A2 & 5 WA
(lattice heat flow equation)S =4 ¥t} o] & &
gha s AR 7 AlEd|old Ve Aleths 38 A
AAAAESE 2272300 2= AltsoftAFS] COMSOL
Multiphyiscs®@} SilvacoAle] Victory Device”} t)3#2
olt},

AgHst wwe] A2 {3ke 'O‘H
COMSOL MultiphysicsE =38l -
H 6= AT wgrt 270 HhEagk = ?ﬂg =< T
w3k 77} olrh 2 90130 9] =R AlA

[e]
o] ot WP Alel Fick BHita} S5 W AVAS ThRal

equation)
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« Dependent variables « Constants
a Hopping distance, 0.05 nm ﬂ Mesh size, 0.5 nm
f Attempt-to-escape frequency, 10" Hz

Temperature [K] = 3
T el ” Eﬂ Diffusion barrier, 1.5 eV (y>0) or 2.5 eV (y<0) Pd Initial RESET
¥ Potential [V] 5 v o2 (forming)

N, Concentration of V, [cm™]

SET
A Coefficient of generation rate, 102 cm-3s-! ¢

Eq.(1)
« Oxygen vacancy transport Diffusivity(D), ~

Eq.(1) aaLrD =V-(DVn, —vn,)+G Velocity(v)

I Eq.(5)
- Eqgs.(4)

« Current continuity

Eq2) V.oVy =0

10 = model ~\RESET

Temperature(T) Conductivity(o)

« Heat (Joule heating) \ Eq.(2)
Eq() -V -k, VT =J-E=0|Vy Eq.(3) W E-field(E)
Potential(y)

(3 Initial (forming)

gap

a RESET

« Parameters from physics- Eqs.(4)
D=1/2-a*-f -exp(~E, / kT) Diffusivity of V, [cm?s'] s0nmx50nm| 05
v=a- f-exp(—E,/kT)-sinh(qaE / kT) Drift velocity of V, [cm/s) 10° ) Sweep rate = 2 V/s SET

G = Aexp(—(E, —qPE)/ kT) Generation rate of V, at y<0 [cm3s'] - Vol(t)age [V]1 2 0 1 22 [nn?] 4 5

*P from and pti - Eq.(5)
o=0,exp(-E ./ kT) Conductivity [Q-'cm™!]
| Thermal conductivity [Wm-'K-")

(08 5) 25H 26 122 AB0IN 7|ES Salf AlME SET(ANTF RESET(S!) At #ist St 2IX1/0l2 sHx| Alefe—d)

102 = ——

(a) Species Continuity Equation: | — m 5‘;2:3:235
a[X] Zo4q | — Sim: Hysteresis
?=—DX|7{(,:’T°)[X]E +V[X]} + (Gx — Ry) 103 = , m: Hystres

[X] = V§*, 1§, Dys Dy = D,z— _—t
Ebf+ xzpoE = |
GV2+ = GIZ— = RDWS = kf[Dws] eXp( T glO‘S
T 2+k B z}
s Epr +—5-(1-X)zpo E 3 !
Ryz+ = Rpg- = Gpy,s = ke [V3*][157] exp —rsz> ©10 G—j
1 E ]
fe = exp(=27) "3
(b) Extended Bridging Mobility Model ]
= = _— 108 NN SRF NE— .
Hett = ps +W(8, fo) [uc exp(—Ep/kpT) — 5] T e Y i h
Voltage [V]
(32 7) Sivaco VictoryE 2&st SAURAsiAMY 718t Mgt Ha) o 22| Ao AXF 43 AlS2|0[d At
(Zh ZEE LHAMTE AL U OIS (P) ME] AXto] RL0f M2 HMI-TRL E40| AlZ2]0|4 Zut xto|of A=gkntel Hlm ',

3, o]% 20149 e A AR(G) thAl &%= G 4 9122 mixed—mode simulationS E3l A AIgH AT}t
uof oot AtA F9] Soret B RS Tefsidct,  olot M ey Aube meks 2weE 44 CEA-Leti
COMSOL Multiphysicst= o]#o] Aghe wg4le] =4 9] 130 nm CMOS 574 28-38ll Weebit—nano”} A2}
W 3Pt golato] AF Hat vAYS tell =gl gH 1 EfiAAE -] Xﬁ}(lT—lR)Ei TE AL A

Fle}, Ak} Hlawshole o et RS Heldh o] 2

st 3| Silvacorl] Victory Device®] - & AFel & WS 42} o]9]9] 7]*” A3}p Bo 277]9] oJgkolit

=2 AlEYlolAd 27l SmartSPICERF $1AIEE mixed— & 2|29} AR 40 &8 = 4= 91& Ao]
KX 3|

mode simulationS E3l 3t As| A A} *]% fretaadAy 7Rk Algdolde, FedoR, Ut
dlold Aaks 3|8 Algdo]de] &8st 3&E 4= T Aol 7Y Blal 3e wf ikl AR E=
o] EAo] 7]%3}13}. TLE 79 Akl Al 5\—1}(56160’5 ARHaE QFo) AL Aol Qlek, whebA], AAke] AA U
transistor)& F7FFCEH current run—away A & of] w2 A%} EAJQ] W3HE RHEAQL Ay o]Hof o %
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A 9.2, 24 B4 212 v 2
Sfof ol

A9 mixed—mode Simulationg % H:h_ IR A,
A 200749 ==, 3007H9) 424}, Lefar 10749 3k
coH ) A e 312 o) Bl o

ol M 337 3|2 4230] Aol E-g3517]oll= oA
] Aokl ik,

=3 & 4~

Oll
-

:"‘étorj?i_

ool
3. xighsl Hl=el AXf SUE
WD
Agist vlmeo] el o

2En 3|2 SPICE

L=

REA i

R b
2HEEG(PKU-SU)9 g mdla} (of2 3L
=71t (oF= A E L) =7k ek 7] < 150 o) 2] —nf
2ARUYARA| O] F4] ol oF= wHl
memdiode compact model, DMM)<
PKU—-SU R4le 18] goj|Ae} o]
Apefe] UA/ole WS 1A A
o B ES} Al o] 202 A
2 WAL 19 dolo] Azt ]
dat gz maesi o), %

=J5}7] Sl

(dynamic
el

5 4 Sl

SET Eg RESET

A

A~
e

A (semi—analytical) &
Ex

EAo o) FxAdo] =
Verilog—A ¢lo]& L*éﬂﬂ 9)t}, o] SPICE A4 Al
LHEE AT 7]+ R0l 08 285t

DMM HEhe 13 9ojl kel gho] A= ofgro s o

de) _
dt

. E v
Evolution rate of gap —0g X exp (—k—;) x sinh (y x 20 17

8lear = /(ﬂw XX(f))d'

&

« Temporal noise

« Stochastic switching 0(T) =

Local field enhancement factor y=r0-p-8"

T=To+V xIxRu

\4
I =1 xexp (—i) x sinh (—)
g0 Vo

Local temperature variation

e Current

(IE 8) PKU-SU &= 2Elio) eut =g 2t (7)) ZatE 484
HEfRH 1RFE AL () AR -V S4ut 222X

53

2} R

SET: O +2e"->Vo+ 0% RESET: Vo + 0% ->0 +2¢

Asd

g A4 7 7ie tolets Fl
alo] SETY} RESET %2hS LR35},
S Azt Wik e o] AJeE L}EMJ
01 31 o] 7o uﬂEg] HPX%
H & 7)o} SET % RESET A2} SET #go| 4%
soff dmAoR & F 4 Sk, whehA,
PKU-SU =g tfd] 7hdst subckt HEf= nethstoﬂ
=0} SPICE Al&Edo] el &8 =2 4= i}, o]
AR o2 olsf] 1280719 AlWAR A% DNNY|
Al 8x8 TAo] MNIST dlolE] HEE
| I SPICE Al&d|o]dog A5 mAret
A = QAL ofglo] 3] 20f Al Aete] whE A7)
AIZEel A T1ejar A7) AQte] e =2 Hee
F2- 38 4220] AR o Sel =

ShH, SNN7|9E Qlg-4l7d o] sy wWiHof w2
S =35t A1} Yu Wang il 12|43 59l
o} 4 e gt oFA Al PKU-SU Rdlo] %
7] WAS AREEEl o 784 x 500 500 % 10 2712 U]
EQAE 2= A3z} wike|o] CBASE tlE©] leaky
integration and fire (LIF)E 3l ¢ 325 §F
Al Algdlol gt HoflA &jej7t it} 1 A3} o3 v
Eo|g LAo] Lo|alal AL} 2o NSLS(neural

= o,

NE

\l
m
lo

T or

[¢)

f
i)

/

i

Ir oﬁ

:

ol
54

> 2 OH
Ol
2 NE ¥0 AN e m

r_>i
ol 2 ‘l>’

a,
A

N

5%

p

sampling learning scheme)dh5 W41 /\]-—9—0}—
A4 HIAES HARE (~lus/HE) 02 -
= SRlskit

© Oxygen vacancy
M Oxygen ion
@ Oxygen atom

Current (A)

P s
2 4 0.1 2
Voltage (V)
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* Transport equation

I= ID(M[eﬁu(WV—IRs(A): _ ¢ (1-B)am(v-IRs (A))]
Memdiode’s TE
equivalent
Iy ()\) = Imm(l - X) Y Sﬁz i;):&();") circuit

* Memory equation

R=1g(V)

A 1-A A
dt " 15 (V) w(V)
v

5 (V) = Tusore V0508

Cc=1

vn(o)_»“I

R=7R(V)

¢ Switching dynamics equation

Vs = Vs In(RR) + Vg 1n(13)
Vs

An = (Ag = 1)e”NAS) 4 1

v
Vos [ Igs—1
T = _Tose ln( LR — 4T )
DC ILRS - IHRS

L=
TR =g () BR-TY, F7I
[HE A7| Q) B AJZHe] 2|, 2| u M| TRlof e S8 Hete E4[17]

(T2l 9y QU= ulo| AT} XSt HHEF AX} U 5|20| HEXOI EA pAF Zn}
o

oi=2| Y| 71=0] ==

dro|eet =
of2i|o] 2l=of =M e

IV, A%y 328

HAAAAARES]] gt Alo] ZE71skar 44| (design)
¢} 7] (technology)®] 7Hdol Fefo] Al 7id
oA AA-71% 35 24 3Hdesign—technology co—
optimization) A2 g9k /P o g Walsial )
ol=, AY—Ags-—HA HA A#E ARE-Slo] /\HET
Am, 24p A2 9 34 27 52 A4 08 grsial
2ot

} oaﬂw w =4 Ar, &4 72 6

S, Qromo] ARPARESE Qe A 24
7 2 ceRt Belx-steba-d Aol AAS vl
3, o] 2A|Qeo] i o) J5bHel AR vl
817] $Iek A2 40 Aol 3t B 20
S A0 oAk S sese] AR W A
919] TS FHolA] AAPAARFESH ARlo] AT v
23k Eqo] B Aolu], AAUALES S T A4
Shehyl FA 0 R SHH) BhEA] ARG WAL
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) LRS(A=1 25
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HRS wu
10-4 = f
215
Luin=650 p &Y £
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Vor=02 V! 3
10-5 Vns‘ﬂmvl n2n5| & 1
5 s P ¥]
=200 OEwaanx»me‘ 05| 71 V@100 nsec. | 1.1 VG100 nsec
10-¢ i 300 pulses i 300 pulses
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2
280 sys. (8x8 px.) NM-1
1.8 Ry =1-100 O 90
1.6 Veena=0.3 V
el NP=4 =
21.4 min Vi =80
. z
: g
370
<
©
§ 60
< NP=4
50 [ Vrieaa=03 V
Ry,=1-100 © Re
1280 sys. (88 px.)
1 fi2 44 16 18 2 40
Write voltage (Vurie) [V] 1 12 L4 L6 L8 2

Write voltage (Vuie) [V]

(&) ZefE YT MR T (B) Tl 2Et

A(long—term potentiation and depression),

ek Al A 202 Al 2 Ao B

AR ES wo] et
Aol g Ada 20 Alas 2!
931 3|5 U A AE 530 oqq_oﬂ AL 7R 2]
o] T agt A 5
o “PEiﬂ Q/\Poﬂﬁ ]XLOP H}Exﬂﬂ XWWMW 2
S AL Ao ool whA] Aol A= A
AAAAES LS A 420]0] sl 9 HA
o] Qit}, Huk MOSFETO|A FInFETS. 2 183l [A419]
GAAFET(gate—all-around FET) ©]2-9] Alax} 4l o
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Kubernetes 7|4k Q. > 200090

e | .
" " I. 7~1 g

AR A8 3k o4 9] AI/ML Application Lifecycle & (1% 1)
ol 4 ﬁ]i TJE T, WA Data DAOIA= 852 913t data
Hhol @ 31 (ingestion), A=%], 25 53 A|A3}L (cleansing),
A8tal (analysis), F&ol we Wgtolu}p K3t HEE wHEal
(transformation), @5 {+=A| 2| 3kl (validation) &4 ¥},

71t Training ©Ao) A= ok data & He|5kaL (splitting),
5-2Ju]sl field 52 A1E15}aL (feature engineering), ML model2
AlBkal (model development), 7] R % data® ML model < 35
Al7]13L, model 715 F|43SHA] 7|31 (optimization), test data® o5
= model?] G142 gl (validation) 814 FIc},

71t Integration THAOIAE= data % W A2 ZRAA
Z3}31 (data preprocessing), frontend, backend app 7H‘j£§ 0}
31 (App Dev/ Heuristics), inference pipeline & -3}, AI/ML
app = =S A4 (deployment target) AAsE & DA% canary,
rolling, blue/green 5 B3 pattern o whe} vl 22514 Fc),

th2 Monitoring ©Ao A+ AI/ML model ©] ¥vly} business

impact 7} 9+=4 (consumption metric), A5 ojwXA

o o &

(optimization metric), T-FE YA5=A] (satisfying metric) = #
LA o8 WUE s, =8 oHES skl AlZEsk (logging
& Visualization) ATE AW (explain) ¥+ 314 (interpretation)
sk, -8 317 W3} 714 Al (Drift, Decay, Skew, Shift) Ajsks E
+= model ¥t AA| 2 AukE 7§45 (improvements) ETt,

ojfgt AI/ML ZRMES A2 2gYe uff vtz os ofejel 2+
< ofefFol AksHA Fldt,
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Data Science
Data Splitting
Feature Engineering
Model Development
Model Training
Training Optimization
Model Validation

Data Engineering
Data Ingestion
Data Cleansing

Data Analysis
Data Transformation
Data Validation

Integration

Monitor / alerts
Consumption & optimization metrics
Satisficing (Gating) metric

Continuous Integration & Deployment
Data Preprocessing

App D Heuristi

PP ev./ euristics Logging & Visualization
Inferencing Pipeline Explainability, Interpolation
Deployment Targets P ! P

Drift, Decay, Skew, Shift

Deployment Patterns
ploy Improvements

DevOps

(a2 1) AI/ML Lifecycle

DataOps MLOps
o ALl olg BN g AE S3of Qs 2Q 7]e
w QY

= 7= FAIH | ol
9 olzets A ARESE 4= Al ol =
© Al AR 3 B glolE dsiAEat i
AEo] Q. SaES e wE
o AI/ML & ko ZsYE|al
F7F 2B R S-gof whe} AT/ML
lifecycle A7}

(rHu
rO
:?g‘
Ir
n
r>~l

olg] -84 o3
olfr= [1]ellA #1213t Hiel ZFo] Al/ML model& 7iE
3l coding Sh= o] A ZRAE] S5] YEE
off Eafsy] wiitolck (1 2), H AAIEA] o2 o
0] ZRAES0] AsfjstA Hx= olfolth

olef]t AI/ML lifecycle 9 a-82]91 8= As}]
I AR 715 2he Al (MLOps 2 Ed AL
A& ) Eol 2t o] S3LaL ek,

hE A AAEEE public cloud Zo)=

SEo] mEAE QLS Hosl

AWS

data machine

verification [esodce
management

monitoring

5 5 datacollection
configuration serving

infrastructure
analysis tools

process management

(g 2y AML Z2HE 14 @A

feature extraction
Model Code
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I. Container, Kubernetes,
Openshift

ZJ:t Software 5% % 74 £ H3}=2 Cloud—native
2o ME & 4 9on o)F HWel 740l
container (1% 3) 9} Kubernetes ? (1% 4) gt
W3l 4= Qltt Container += OS #j#l 7HAs}H 7143 9]
23] App binary, run—time framework, Z & library,
A 55 39| package o Bol 1) ©]= computing
2o A= Container framework ©] Z# &= st
=2k

kst 4= Q1A 3k 714 & Docker ' 7} A o)t}

Z]
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> > b Kubemetes 7[ut REAAAMLERE @ Q @ @ ‘

NOTE- PYTHON
| BOOK ‘ ‘ CODE ‘ MODEL ‘
| Container
bin/lib ‘ ‘ bin/lib ‘ ‘ bin/lib ‘ - R .
egistry
Container Container Container
Container Engine
Operating System
Hardware
(a2 3) Container
Kubernetes cluster Persistant
. storage
Control plane Compute machines
kube-apiserver kubelet E
kube-scheduler kube-proxy
kube-controller-manager
Container runtime Container
registry

etcd Pod

Underlying infrastructure

B @ B

Physical Virtual Private Public Hybrid

(a2 4) Kubernetes

Container image+= Registry of] #ZA|7] U] <] 5Lof A
a5 App 423 Al download 3 A X514 Fict,

o A =2 4% Clusters
TS Containers A9}k e=oA 461 oh= &
AF Computing EHEolth, (19 4)o] U}l ql%o]
HE i o] mEm GHdEo] 9l
o] quorum 7|Whe] 7FeAS HASIAL 9l om cluster
lifecycle AAo gk -8 API 7|§Fo.= Al-g<thc},
Etcd += cluster AEl, A4, 95 5 &8 2Q3l data
£ memory ‘gl A7skar glct Pod
o)A lifecycle |4 T2 A St o]A4F9] container &
&2 4%} Control plane of £3H4] o= E52

worker node & 2] AA| application pod &°] Hj

Kubernetes +

control plane &

= Kubernetes
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& 3= agent 7|5 St} Kubernetes 4] 7]
olAl TV AR P ARG 241 3ol
pod A71E Al data 7 SAVEIE ol W3] SIshA
+ persistent storage & €83t persistent volumes
Ut=o] ARR-3jjoF 3kt Container Registry <= pod o)l 4]
ARE-8H= container 59 A4 g gk

Kubernets & AWS, Azure, Google Cloud Platform,
IBM Cloud & A9 ®E public cloudo| A A-&3kar
9JaL on—premise o4 Openshift ™ (
edition: OKD "), Rancher Prime " 59| #|Z5o0]
Utk

E3] Openshift &= Kubernetes ©f 37}4 0 & self—

service console, web Ul 7|8l workflow, application

Community

build, metrics/monitoring, real—time/batch data

streaming, zero—trust security, GPU support,

< 75=

public cloud infra support

A
Self-Service |A s e & standards-

“  based

Multiflanguage @ Web-
@ scale
N ) \
Automation =¥ @ = Open
x = Source
o) @

. a°
Collaboratio )
¢ N M

) > ? ~®
Multi-tenant —» ® 5 @

Secure

(2l 5) Openshift

Chainer Jupyter MPI MXNet
ML tools

PyTorch scikit-learn TensorFlow XGBoost

Jupyter notebook web
app and controller

Hyperparameter

| tuning (Katib) PyTorch

Istio

KFServing

- = Serving
Chainer operator ] [ Fairing
_ — TensorFlow Argo
Kubeflow MPI operator | | Metadata Serving
applications and
scaffolding MXNet operator ] [ Pipelines Seldon Core Eromettalle
PyTorch operator ] Kubeflow Ul
TFJob operator ) e

XGBoost operator TensorFlow batch

predicti

Kubernetes

(22l 6) Kubeflow
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III. Kubeflow

< AI/ML Application 5% Container/
Kubernetes @704 A& Eal vj2E]ql ¢l EYE
o w2} MLOps AA A% Container/Kubernetes
oA RskE o] 7HA, S, oAl of
el E35/909Y as3) SHo A% fefsit, 2t
Kubernetes 78+ Open—source MLOps framework ©]
ofgl Felotal Qv tharAQl 2lo] kubeflow ' o]c},
Kubeflow = t}eFst Kubernetes =90 machine
learning workflows 7Fehshal A A Al&5h=
A& mRE oL Qlon £8 752 ofefjof
® Interactive & customizable Jupyter notebooks
® Distributed Tensorflow model training
® Hyperparameter tuning: Katib
® Model serving: Tensorflow serving, Seldon,
Nvidia Triton inference serving 53} ¢1%
® Kubeflow pipelines
® Multi—framework 1% : PyTorch, Apache
MXNet, MPI, XGBoost, Chainer & ML
framework; Elyra, Kale & workflow; Istio,
Ambassador 5 Ingress framework; Nuclio &

serverless framework

IV. Open Data Hub

Open Data Hub (ODH) " = Kubeflow 2] 7}
W odl rAdQ A 7|HEo R 2Q Kubernetes Z21E9]
Openshift thAFo =2 ARE HeJA] A3l 9 end—to—end
ML workflows A]8l+= Open—source MLOps =2l
Fololc}, 28 7158 ofefe} e,
® Kubernetes Operators 83t $]9- one—stop
ok
® = AT/ML ARSAF BFY) B ZF wA| M Tool Al
® Data scientists $gF AI/ML workflow %Y €T
A&

® Data Engineer $J$t ETL (Extract, Transform,
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Load) tools A&

® AI/ML pipelines and long processing tasks A&

Open Data Hub 9] F:x= (19 7)of 1<} glom
F9 4 R4 ofele} 2,

® Jupyter Notebook Controller: web Ul 7|4t
interactive AI/ML =2 127 3178 24=9] ALE-
Aol A5

® Tensorboard: Tensorflow 7|¥F AI/MIL model 2]
A5 metric tracking ¥ visualization A&

® Kubeflow Access Management (KFAM): AI/ML
pipeline 9 A& o] tf&l multi—tenancy A2 A&

® Traefik proxy:. Secure access and load—
balancing

® KFServing/KServe: AI/ML model serving

® Training Operator: Distributed training A&

® Kubeflow Tekton Pipelines: Cloud—native
workflow engine®l Tekton "7 7|8 AT/ML
workflow programming ¥ $~8J&h7 A5

® Central Dashboard: %% Application ¥ Tool
of tfgt shortcut, A% 71s$F 3rd party Tool list
s Al

® Knative: Serverless engine for Kubernetes

® Pachyderm %

Data Management &
transformation system with governance

® Service Mesh: Microservice S7F traffic Ao}, ¢F
%3}, tracking AlEsh Istio ! 7} th EAS],

® Prometheus " Pull ¥412] Metric monitoring
A28l & Openshift of|%= WAEo] Q1

® Kafka ' Distributed event streaming platform

© & H]57]4¢] data transporto]] To] 249

o] 9ol ofefel e A4 Framework & 5]
9Lt PAEL A4 H 0w shfea 9)
® Starburst "¥: data query engine (Open—source:
Trino ", 77 PrestoSQL)
® Anaconda Y t}eFst AI/ML library 5 23}st
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ODH Operator Starburst Service
Jupyter notebook web Hyperparameter
app & controller tuning (katib)
Knative Prometheus
Tensorboard controller K”";*."’“f Tekton
ipelines
Tensorboards Web App Volumes Web App Pachyderm Kafka
ML Applicationand Traefik-proxy Central Dashboard
scaffolding .
Profiles + KFAM KFServing
) ANACONDA g
PodDefaults Webhook KServe . ar Starburst
®penVIN®
Training Operator
Ecosystem Integration
Unsupported
Supported
Red Hat OpenShift
Platformsand e
Clouds ure
(32! 7y Open Data Hub 7%
Python package Starburst, Pachderm, Kafka 52 & 3 datas =

® OpenVINO #': Intel oA A|&sl= AI/ML A%

A3} framework

. 7F&skal, Pytorch, scikit—learn, Tensorflow
2835 Machine/Deep Learning model2 7l|&a}
. Jupyter notebook ¥} Katib 5= ©]-83f train Y
AI/ML workflow 2] 3t o= (18 8)of U} Qlt}.  hyperparameter tuning< A2 4= QJlc},

oo X

Open Data HubE 2-83} Experimetal Phase |4+ Production Phase oA % Z& tool 52 283
data 4=~8 3}, model train s}al, 5 el =
Experimentalphase iterate Application ¥} AFA[A vl g 4= Qlt}, o] & 714
s e e 0 - At 7] o]l W w8l re—training o] A4
acn(;;zc;j:a | c:dgeo;gurrnrr?ggel | datat?ar;:irT;Ode [peremsEe &]l oo ]?——l— /%48]—7-” T:)_—:!' _/'\_ % q,
Starburst PyTorch il Katio o =1 ,
Pachyderm scikit-tear Anoconds Open Data Hub& €23+ Managed Service 1 Red
e e .L,:,:,,M.: Hat Openshift Data Science U7 AWS S public
Productionphase iterate cloud oA AA AlEEiL 9len ODH | Enterprise

tuning an _ _
Serve the model tfﬁiﬂi{aﬂhe xﬂ%% 2023]51 %j\] Oﬂ ;S] CI)Z} .

Trainamodel ~=———for offline/online models
prediction performance

Transform data

Starburst PyTorch source-to-image
Pachyderm scikit-learn Intel OpenVINO Tensorboard V. xdtlo}i,—l- 725%
Kafka TensorFlow KFServing
etc.. NVIDIA TensorRT
(22! 8) ODH 22 of W 9 AES Au)s BMEE T 9l olmal 2
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o4l Container/Kubernetes 7|5FS & public cloud,
Multi—Access Edge Computing 7)o A w}

[23] hitps: //kafka.apache.org
[24] hitps: //anaconda.com

o} AI/ML 7 9 -8 #A53F S2luE o5 o35t

8517 Qs Al ookt Wekow Zslet Zlow
of| ST} o]ugt HalE Awshr] fl8f thdgt open—
source project 0] AAUIL QlaL o]F 8517 ¢
3t Kubeflow, Open Data Hub 5 Open—source Al/
MLOps platform®] 87} 6L sold Ao2 o4t
=

PN R
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[2] https: //en.wikipedia.org/wiki/MLOps
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[7] https: //metaflow.org
[8] https: //miflow.org
[9] https://kubeflow.org
[10] hitps://opendatahub.io
[11] https://docker.com
[12] https://kubernetes.io
[13] https://www.redhat.com/en/technologies/cloud—computing/
openshift/container—platiorm
[14] https://okd.io
[15] https: //www.rancher.com/products/rancher
[16] https: //www.redhat.com/en/technologies/cloud—computing/
openshift/openshift-data—science
[17] https:: //tekton.dev
[18] https: //starburst.io
[19] https: //trino.io
[20] https: //pachyderm.com
[21] hitps: //istio.io
[22] https: //prometheus.io

1 26 _The Magazine of the IEIE

[25] https: //www.intel.com/content/www/us/en/developer/tools/

openvino—toolkit/overview.html

+ 19861 29 Al&fs

+ 19884 29 Al2fs

+ 1996\ 59 B3

+ 19961 5¢ ~ 19961 8%Y IBM Austin Research Lab,
Visiting Scientist

+ 19964 8Y ~ 2000 W 109 AT&T, Senior Member of
Technical Staff

+ 200249 29 ~ 20209 7E A YEYT AR
AAT

* 202041 99 ~ 20214 74 HiolF Al

+ 2021 79 ~ #A Red Hat, Principal Solution

Architect

] 2op)
Cloud Platform, Data Analytics, MLOps, AlOps

62



P

£
HJ i

Kf

|2 mh2tolE

= =
Or 5
fl of
~ i
hh Ul Eﬁn HO E_ [y
TH = < =
3 K o ) < <) 2
= o 3l o Y
= N o " = ] o
K < = s ~
i =T <l
mT i < WH e mw 3
. M R - [ o 0
= il i @ o
1o} <l EN iKIr W 0
r <0 iz =3 o) H
) o 0 P 5
~ = > o wl
| © [=]
T = <lo - g
Mo 3 | [ ..% .M_
o 2 o = 9] il
%0 mm ~ o 7 g0
K <p %0 Yo T g )
=l o oM
< R fria) — N g o
O = o ol o = l
O . an oF . m % . K o
B Ew on = =z SN o
T a n & ol Ty =0
N < oy o o0 o =3
T N ¢l 2= C i g —
~e M HE S 5 &
]m_u__x,m._mo o 7 ﬂWo7,._._ﬂ__..__.o, ﬂﬂ
A%MA_”i pal X o Ho®e RO a3
wo N~ < AW B ow A md ol N @ W = =

x| 2023.2 127

3

RZ s

il

7i

[

oSS

S|

bl ZeRe, A, QT
+3D 2% 7|9 B4 Ol0|x] A4S 0|85 Holol mEIR} Eix]

63



[AlEx2] D AlAR ]

XIS 8 5 MM HaHEIE 9

1 28 The Magazine of the IEIE

°
- FOR E0QN S0 HEE 018
A

Atdxq

— e

215 M2t

=of gt A




AL =

22 ZOUEIRIAL X 7 AR 7|2 2L
sigem 0! 71 |
1= ' ” . o

| AHE : Sclera Recognition: Novel Matching Technique !
based on Local Spherical Structure

stolzis S le i
SR 20221 2%
p L= Andrew Beng Jin Teoh

M| Q14| Zasipioly, BNE, St BY 3, K|

KEY WORD TH AxH, XIF ZAKL

Foh(sclera) & 7HHOR SH= W54 A

> [
;
Sl
rlo
-0,
o
1o
Mr
=2
o)
)
=)
tlo
it
_ﬂi
X
o
%0
rlr
Hoome
-
)
=
ok
z
o2
12
rO

ro
>
[~
juit)
o
=
o
of
ol
rir
o re
-
o
O
mO
rU:

N2
rir

4
)
4
fu
4
ox
i
<
=
L

O E

= h
S 218 WAl (interest point), HARAF A4S 915F Aft(texture), Fiz 7L FEO X3

q_

Felof 717ke- 217ke] Qhtof|A] 71918k= H[Ad W& (nonlinear deformation)

b K
by
N
.ol
-
ot
i

I

r

il

1o
iy, o
o L
ol

el
N,
)
W

N

By
(i

= SEskA Yt webA B mRoAe oldsh BAE sidstaAl gt el gk 221
2RE 253 g weF 5 (vessel shape feature)s 7|WHOR k= HARR}F o FEjO] ¢hF WofS
T+ G2 A (local spherical structure)= Aokt
AellA= 54 99 wak(segmentation), 39 @9 £, 3k Wil 73} AR S=3=]w 53] )3}
A A= FEleH (morphological) 14k &8l dyke] F7 BzlE AStAIXIch “Lejal sfels 51 HeErlE
olgsto] FHe IFES & &, 2 WA FH9 2 J oS Fpolar) F|AETH EAYO R 53} 510
3 e mok Aol ®3h b ¥l 8 MIAET] 914 Bl (topological relation) XS QS

¢
th. A& (matching) HACIA= A Aofel S450] HaH WA Aol s
-7 [e)

2

of M N n2 -

Hoox

o nu
:%

H
-1 pu— fE
HlojefHlo)| A8 2-gsto] Felst A& ssiolon s F7HE 91t 432 EER(equal error rate)=

65 MxiZ8ts|x 2023 2 - 129



The Magazine of the IEIE

= - LHRIoM IHE == 245

AE &LotAl= 22 7=

rol jol

H2tX: biz@theieie.org

=th=l/MAISIE ATHELI
Hebsr3] FEE O|HYUZE ELHFAH ARisHIELIC

»20234 3
ozt STy HHERA = E ]
03.01-03.03 225?;nlfr;t;r]giggrgé\sg‘c;nference on Emerging Smart Computing Pune, India https:/fesciioit.org/
03.02 - 03.03 2023 |EEE Power and Energy Conference at lllinois (PECI) Champaign, lllinois, USA https:/www.peci.ece.illinois.edu/
03.02-03.04 égﬁngzfeog;’sg‘ﬁ(”lgﬁE%”Ffs‘)CO”ference on Electronics and | gcovin ndia hitp:/ficears.com/2023/
03.03-03.05 Eggisngr?ngt(?ggggal Conference on Computer and Automation Sydney, Australia http://www.iccae.org/
03.03-03.04 g%zmspﬁ?;r'Qﬁ@‘g}gﬁ‘gggﬂfrme on Information Systems and | iy g India https:/jwww. gla.ac.infiscon2023/index il
03.03-03.04 IZ‘ISZABp:)ithtIEEE (Igtseéi?tional Colloquium on Signal Processing & Kedah, Malaysia Eg&se://sites.googIe.com/view/asprg-cspa/
03.03-03.05 ﬁ%zfst'rr;t‘ag‘gi‘l’)”a‘ Conference on Robotics and Automation in | pog oo paistan hips/ficrai2023 org/
03.03-03.05 ﬁ’(z‘ZOBCZOnS)Intemational Conference for Innovation in Technology Bangalore, India hitp:Jinocont.org/
03.04 - 03.11 2023 |EEE Aerospace Conference Big Sky, Montana, USA https://www.aeroconf.org/
03.05-03.09 (200,%(3:)Optical Fiber Communications Conference and Exhibition San Diego, California, USA https://www.ofcconference.org/en-us/home/
03.05 - 03.07 égfn‘?n u'nfcgﬁonirg Ség;;;”(‘jggg)a' Symposium on Joint | gooteiy Austria hitps:/ficns-symposium.org/
03.06 - 03.09 2023 IEEE Underwater Technology (UT) Tokyo, Japan http:/www.ut2021.org/
03.06 - 03.07 é%iit)lln;ﬁ&n(a)g%ﬁbrfi:coar;ifgr:esny(;?er?\r; (?gXEPJ%eSS) in Electronics, BLIDA, Algeria https:/www.univ-blida.dz/icaeccs23/
03.06 - 03.09 agfioffstgr?doc\lfgrfs%%%sa(;rl\rl])o vation in Clouds, Internet and Paris, France https://www.icin-conference.org/
03.08 - 03.09 iggssgc?gﬁfg%fs?n Information Communications Technology Event Format: Virtual http://www.ictas.org/
03.09- 0311 |ZSO§§)SICE International Symposium on Control Systems (SICE Kusatsu, Japan hitp:/fiscs2023 sice-ctl o/
03.09-03.10 2023 Argentine Conference on Electronics (CAE) Cordoba, Argentina http://feamta.ar/
03.10-03.12 f\géﬁcgﬁgn?g@r&%nal Conference on Green Energy and Singapore, Singapore http://www.icgea.org/
03.11 2023 |EEE Integrated STEM Education Conference (ISEC) Laurel, Maryland, USA https://ewh.ieee.org/conf/stem/index.html
03.11-03.12 EI(;(Zj?olgEeEwETeléﬁngfgbi:L %glgfé%ﬁ_?no n Renewable Energy and Male, Maldives http://globconht.org/
03.12-03.15 2023 IEEE PES Conference on Innovative Smart Grid Abu Dhabi, United Arab Emirates http://ieee-isgt-me.org/

Technologies - Middle East (ISGT Middle East)
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03.13-03.17 2023 IEEE IAS Electrical Safety Workshop (ESW) Reno, Nevada, USA https://electricalsafetyworkshop.com/
03.13-03.17 i(r)czhaiteguErg Cgo(r)]:gar!gr?r(lrgstiig?l Conference on Software L'Aquila, ltaly https:/ficsa-conferences.org/2023/
03.13-03.16 ﬁwotg?agﬁg; f\f;?fl; IEEE Intermational Conference on Human-Robot Stockholm, Sweden https://humanrobotinteraction.org/2023/
03.14-03.16 éggfn u'n’:éztrlg r?}'e‘é’;?i)logz . f;ﬂ’s/'lggﬂc‘;gon' r(‘lg?[‘)’é;\‘)v e Data | \yorakhand, India http/ficidca.com/2023/
03.14-03.16 g?gﬁ gg;%”g;;ﬁ?gg;&‘fera“”9 and Processing in the Field | 00 Russia hitp:/Jmedia-publisher.ru/en/2023-on-board/
03.15-03.17 gg‘i%TZEZ;)d International Symposium INFOTEH-JAHORINA El:rszégci/%;ajevo, Bosnia and hitps:/finfoteh. etf.ues rs.ba/indexe. php
03.15-03.17 ég;imggig G'{;f{;”g;/‘;foi'mg;’mmg"c‘;fsn Computing for | \ey, Delhi, India hitp:/fbovicam.ac.infindiacor/
03.15-03.16 (Z(g)igﬂlglcehr)nalional Conference on Communication Technologies Rawalpindi, Pakistan Qéﬁtgéigggg/r;giiil.mcs.nust.edu.pk/
03.15-03.16 E?ﬂzjeﬁtchy ‘(Téeégaéi)o”a' Conference on Energy Conservation and | e payistan hitps:/ficece kics.edu.pk/2023/
03.15-03.17 2023 |EEE International Conference on Mechatronics (ICM) Loughborough, United Kingdom https://www.imagovenues.co.uk/icm2023/
03.15-03.16 é?szfo‘v’:reyr?‘?l"ﬁg‘;' Conference on IT Innovation and Knowledge | y1-ama Banrain hitps:/ftikd.ahlia.edu.oh/
03.15-03.17 (2\/3‘28380\’2 ‘ﬁ;er Summit on Smart Computing and Networks | o000 nia hitp/fwwwwisscon.in/
0315-0317 | 2028 EEE 1 %t‘st'er;:iﬁgig"sga‘ Symposium on AUtonomOUs | yeyiss Gity, Mexico https:/wwwisads2023.org/
03.16-03.18 ﬁ]?gf’mgﬁ ;jctpngfgr;?fgg% Conference on Educational and | ¢y, cing. China hitp:flwwwiceit org/
03.16-03.18 é%i?mig ;rr]]lsrggﬁgpz&lﬂ\g(?:ézrﬁgrg&r;% on Radio Electronics, Moscow, Russia gtstg;//reepe.mpei.ru/IEEE/Pages/defauIt.
03.17-03.18 é%ﬁj&%iéngﬁg%agsgg nsso(r;g\%]ég)on Advanced Computing and Coimbatore, India https:/ficaccs.sece.ac.in/
cor7-outs | 2029 rermatonal Conference o Daes IBIOSTCE | oo nis
03.17-03.18 ﬁgsrin;{;;ﬁrg;sttigrrrl:‘ar?doggr:ﬁglggiezn(D[r\)/:%}Tl Management, Shenyang, China http://www.icdmist.com/
03.18-03.20 é%zfaf;‘r’o'c’gseg;g‘?XlaS'PC)O”fe'e”CE on Artificial Inteligence and | ;ayAwaDA, India hitps:/fwww.aisp.in/
03.18-03.20 %ggﬁnl) 1| ct)g;n(tlecrInEaTti)onaI Conference on Information and Education Fujisawa, Japan hitp:Jwww.ciet org/
03.19-03.23 (ZESE(I;EEE Applied Power Electronics Conference and Exposition Orlando, Florida, USA http://www.apec-conf.org/
03.20 - 03.22 2023 6th Conference on Cloud and Internet of Things (CloT) Lisbon, Portugal https://ciot.dnac.org/
03.20-03.22 f\géﬁe'd”tMe;t”ha;:;’;‘tfc‘sgﬁgfgtr:n”scﬂiso(rl‘c:%f\‘;ﬂ”sn)a”0” Technology, | A\ qadisyia, Iraq hitps:/lqu.edu.ig/ICITAMS/
03.20-03.24 i?czhaitel:lilfreE(IgCOS% International Conference on Software L'Aquila, ltaly https:/ficsa-conferences.org/2023/
03.21-03.23 égi?nuﬁg;iorlgt:r:g ﬁ:zgSIliczii)(l)Tsp(cI)SsFi’tg]) on Power Line Manchester, United Kingdom https:/fisplc2023.ieee-isplc.org/
03.21-03.24 2023 Data Compression Conference (DCC) Snowhbird, Utah, USA https://www.cs.brandeis.edu/~dcc/
03.21-03.24 E\C/)glitichErFaEn(lin}:t%g:er;]agtiir?gee:i‘ngc()g/fxel\jggie on Software Analysis, Taipa, Macao https://saner2023.must.edu.mo/
03.22-03.24 g(y)sti nfgt(hcégg‘“a‘ Conference on Information Sciences and | goyiore Maryland, USA hitps:/lciss.jhu.edu/
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03.23 - 03.26 2023 Young Professionals Virtual Control Conference (YPVCC) Event Format: Virtual http:/lypvcc2023.ieeecss.org/
03.23-03.25 é%%?ﬂ;gltEnlgitneergrzia;g)r(%é%mposium on Advanced Topics in Bucharest, Romania http://www.atee.pub.ro/atee2023/
0323-0325 | 020 C'gmiﬂﬁ’cﬁi‘oﬁ%’;;ﬁfmngil8255‘85;3i”ab'e Computing and | ¢4 jngia hitp:Jicscds.com/2023)
03.93-03.26 (ZA(?ESEtist)h Asia Energy and Electrical Engineering Symposium Chengdu, China hitp: fwww.aeees.org/
03.23- 03.24 ﬁggsrggg ,'Jg;;gf;‘sofsﬂlﬁ)o”ference on Signal Processing and |\ iia India hitps:/fwww.amity.edu/spin2023/
03.24 - 03.25 (280?_|3T(|:E)EE Bangalore Humanitarian Technology Conference Mysore, India https://www.bhtc-2023.ieeebangalore.org/
03.24-03.25 égfgﬁ:ﬁﬁ;é?gﬁ;ﬁ?:éh%%r::;a rence On Smart Technologies Singapore, Singapore http://smarttech-conference.org/2023/
03.24-03.25 %?g?m§§$a&:n;r;ts;nlzgtic()g%;ﬁ?ference on Technology and Mumbai, India g}g)ﬁ:’\//l/simsr.somaiya,edu/en/conference/
0324-0326 égiitgsdu'g‘ce&i“o”a' Conference on Computer, Control and | g china httofwww.ccer.org/
0326-0820 | Sorn o ey oS Communieations and Newoning | giasgou, Unied Kingdom hitps/wenc2023 jeee-wencorg/
03.26 - 03.31 (2&28 A1P7)m European Conference on Antennas and Propagation Florence, Italy https://www.eucap2023.org/
03.27 - 03.31 ?gnfsrtllﬁciiggigg;)al Russian Smart Industry Conference Sochi, Russia https://smartindustrycon.ru/index-eng.html
03.27-03.30 ggigﬁ?ncl&t%r;at\onal Conference on Microelectronic Test Tokyo, Japan T;&;;g/;cchfgé.ébL;{rtlzl;ﬁﬁ.Jp/'\cmts,if,t,u.
2023 IEEE International Conference on Electrical Systems
0329-0331 |l ncicna) Tanspariaion Electcaton Conferance (ESARS. | 7% 1 P esarsec.eu
ITEC)
03.29 - 03.31 igéﬁéitggnéz?oa;??g‘sg:; ference on Digital Signal Processing Moscow, Russia http://dspa-conf.org/pages/home
N20234 4
04.04 - 04.07 2023 |EEE Silicon Photonics Conference (SiPhotonics) \L/ng:hmgton’ District of Columbia, https:/fieee-gfp.org/
oats - | 2 Scnd eron Cnlerce i e SRS | g
04.05 - 04.07 ﬁgéBEg;th International Symposium on Quality Electronic Design San Francisco, California, USA https://www.isged.org/
04.07 - 04.09 %é)ffm')lEoZEy g;lar)]temalional Conference for Convergence in | | ouia ndia hitps:/fieeepune.i2ct.n/
04.08-04.09 g‘;g{z nlesEaEnd1 ﬁ}:@?{iﬁgfﬁj{‘);ﬁ;Igsemf on Communication | g ndia hitp://csnt.in/
04.11-04.13 ﬁggfmggc'snzlec"ggl‘)’”a' Conference on Trends in Electronics and | . ool India http://icoei.com/2023/
04.13-04.16 SoutheastCon 2023 Orlando, Florida, USA https://ieeesoutheastcon.org/
04.14-04.16 (22(2):;;&? Asia Conference on Power and Electrical Engineering Tianjin, China hitps:flacpee.net/
04.14-04.16 Eg;;s;gnlgnﬁégﬁgnal Conference on Control and Robotics Niigata, Japan http://www.iccre.org/
04.14-04.16 sgisclgzi%ﬁzfsmﬁp(ég;ference on Image Processing, Electronics Dalian, China hitp:fwww.acipec.org/
04.14-04.16 2023 IEEE 3rd International Conference on Electronic Taichung, Taiwan hitp:www.ceib.asial

Communications, Internet of Things and Big Data (ICEIB)
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2023 IEEE Conference on Software Testing, Verification and

04.16 - 04.20 Validation (ICST) Dublin, Ireland https://conf.researchr.org/homeficst-2023
04.17-04.20 2023 IEEE International Systems Conference (SysCon) Vancouver, British Columbia, Canada https://ieeesystemscouncil.org/
04.17 - 04.20 f\gﬁc'g‘g’n‘s‘(@[gl%i\'/\?{g‘lpgz%m on Technology, Systems and | o, Taiwan https:/expo.itri.org.tw/2023VL SITSADAT/
04.17 - 04.21 ﬁ(ﬁitlé(cLnr:glrg;:jc()‘r]ra,\ll%onference on Information Technology and Event Format: Virtual http://itnt-conf.org/index.php/en/
04.17 - 04.18 (Z\Eiiﬂl\g(E)EmW\'reless and Microwave Technology Conference Melbourne, Florida, USA https://www.ieeewamicon.org/
04.17 -04.19 Egﬁig‘t%is(ggﬁ?utomation & Test in Europe Conference & Antwerp, Belgium https://www.date-conference.com/
04.18 - 04.20 é%ﬁfe rgfgﬁ%ﬁc‘om‘h International Electrical Insulation | - gy ham United Kingdom hitps:/finsucon.org/
04.18 - 04.21 2023 IEEE 16th Pacific Visualization Symposium (PacificVis) Seoul, Korea (South) https://pvis2023.github.io/pvis2023/
04.18-04.20 é%i?egtnecgeratgﬂsgomm“”ica“"”' Navigation and Surveillance | 1100 Virginia, USA hitps:/fi-cns.org/
04.19-04.21 2023 Wireless Telecommunications Symposium (WTS) Boston, Massachusetts, USA https://www.cpp.edu/~wtsi/
04.19-04.21 2023 International Symposium on Medical Robotics (ISMR) Atlanta, Georgia, USA https:/fismr.gatech.edu/
04.19 - 04.21 (Zgé%‘LECEE”DSSV)mpOS‘“m in Low-Power and High-Speed Chips | 0 150 hitps:/fwww.coolchips.org/2023/
04.19 - 04.20 (2F({)§§IOSI53IEKT|£(I)EI\E\TATJOM‘ Conference Radioelektronika Pardubice, Czech Republic https://www.marew.cz/
04.19- 04.21 ggiac'gﬁﬁgﬁi‘;”fgl%%n;erence on Power, Instrumentation, Control | 0. ngia hitp:/ficetest gecter.ac.infpice-2023)
04.19-04.22 (EsofssTe'th%E Conference on Technologies for Sustainability | py .04 oregon, USA hitps:/fieee-sustech.org/
04.20 - 04.22 éﬁ?rAE(EEETEE“h’A"Sp)ea” Technology and Engineering Management |, 1o | jinyania htips://etems.digital/2023/
04.21-04.23 2023 |EEE Region 5 Annual Meeting (R5) Denver, Colorado, USA https://r5conferences.org/
04.21-04.22 f\giﬁcgl‘ggg"’(‘}'c";l% iﬁlgfnecrs'}gshﬁglo’;ry“g%‘ff'eg;‘z'g%ﬁ%&j‘q‘)’ Bangalore, India https: fwww.alliance.edu.inficaia-2023/
04.21-04.23 ég%frfgat'lg;eé;‘sgn‘ig?l‘cggg)f erence on Computer and | g .n0hoy China hitp:/lwwwicces.org/
04.91 - 04.25 5%2:S%Ih International Conference on Applied System Innovation Chiba, Japan hitps://2023.icasi-conf.net
04.21-04.23 é%fnspJJJ%A;%FQE%?Q%B%OQ;Grence on Bioinformatics and Hangzhou, China http://www.icbcb.org/index.html
ta21-0azp | 2020 IEEE Internationa) Conference on Contemporary | gngae, i Ptpsiios coi

04.22 2023 International Conference on Code Quality (ICCQ) St. Petersburg, Russia https://www.iccq.ru/2023.html
04.23-04.28 2023 |EEE Information Theory Workshop (ITW) Saint-Malo, France https://itw2023.0rg/

https://www.cementconference.org/
04.23 - 04.27 2023 |[EEE-IAS/PCA Cement Industry Conference (IAS/PCA) Dallas, Texas, USA event/9c9cbcec-fc6a-4fa8-alef-
b224d1bc6743/summary
04.23-04.25 gsgiESEgn?tgg?ggga(“ssg/&nspso)mum on Performance Analysis of Raleigh, North Carolina, USA https://ispass.org/ispass2023/
04.23-04.26 2023 |EEE Custom Integrated Circuits Conference (CICC) San Antonio, Texas, USA https://www.ieee-cicc.org/
04.24 - 04.27 (ZSE:N”SE)EE/ION Position, Location and Navigation Symposium Monterey, California, USA https://www.ion.org/plans/index.cfm
69 HMREsE(x 20232 - 133
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2023 IEEE International Workshop of Electronics, Control,

04.24 - 04.26 Measurement, Signals and their application to Mechatronics Donosti/San Sebastian, Spain https://www.ecmsm.eu/
(ECMSM)
04.25-04.28 2023 24th International Vacuum Electronics Conference (IVEC) Chengdu, China https://ivec2023.org/
04.25-04.27 ﬁ%frn'ggﬁ%‘;‘;?:r'ng(’g‘;ﬁ”Ce on Data Science, E-leaming and | - py o {njteq Arab Emirates https:/fiares net/Conference/DATA2022
04.26- 04.28 égfj ABEL'V”JE;”(TS%?‘Bgg)ﬁe'ence on Cloud Computing and Big | o004, China http:fuww.icccbda.com/
04.27 - 04.29 Eggian;girlgelirgsggﬂ;‘w %gg%ﬁg‘;e on Cogritive Computing and Pune, India https://www.mitadtsoece-iccmr.org/
04.27 - 04.30 2023 Panda Forum on Power and Energy (PandaFPE) Chengdu, China https://www.pandafpe.org/
04.27 - 04.28 2023 |EEE Kansas Power and Energy Conference (KPEC) Event Format: Virtual https://www.kpec-ksu.org/
04.28 - 04.30 é%i?pﬁgfé@ﬁ%?g;;i:gggg)ence on Control, Electronics and Event Format: Virtual http://www.iccect.com/
04.29.-05.01 Eﬁ;gﬁﬁgﬁ;ﬁﬁg@ (e on Advanced Systems &nd | igmmames, Tunisa https/attend.ieee.org/aset/
04.29 - 04.30 f/l%ﬁ;?rtsg]casuggglinCeZ?iLegr?rél\e/l :&g echanical, Automotive and Dubai, United Arab Emirates http://icmame.org/
oazm-0sc0 | B2 ierelond Contrencs o Do Conouio 10| gty o s
»2023d 58
05.01 - 05.04 é?yzpioéiﬁgn'c’;‘ﬁ&%‘)o”a' Conference on Blockchain and |y jooi jnited Arab Emirates hitps:/ficbc2023.eee-icbe.org/
05.01-05.05 2023 IEEE Radar Conference (RadarConf23) San Antonio, Texas, USA https://radar2023.ieee-radarconf.org/
05.01-05.03 E?eistrgnntgg?i81;lt5?_?ggm;ﬁeo?eSﬁﬁ;gtg?eivg]éggénoﬂ?d”Cal’ New Delhi, India https://reedconjmi.com/
05.01-05.04 é%i?;g:l:?ﬂgagf MI Advanced Semiconductor Manufacturing Saratoga Springs, New York, USA :1gvpaicltlescfsrzirﬁ?crgéZgétco?-w:n%tfgecﬁr?r:;{
conference-asmc
05.01-05.04 é%f:pﬁEgE(EEEE])IGFHBHOHB\ Conference on Fog and Edge Bangalore, India http:/ficfec2023.ontariotechu.ca/
05.01 - 05.04 2253"Aifféﬁggﬂmzsurﬁngt(%gaé'ﬁgf' Symposium on Cluster, Cloud | g 16 India hitps://cogrid2023.iisc.ac.in
05.01-05.04 2023 |EEE Radio and Antenna Days of the Indian Ocean (RADIO) Balaclava, Mauritius http://www.radiosociety.org/radio2023/
05.01-05.04 ggifritlyEErEdl%tEgg}Igg% Symposium on Hardware Oriented San Jose, California, USA http://www.hostsymposium.org/
05.03 - 05.05 2023 International Interdisciplinary PhD Workshop (/IPhDW) Wismar, Germany https://www.hs-wismar.de/iphdw-2023
05.03 - 05.04 2023 9th International Conference on Web Research (ICWR) Tehran, Iran https:/firanwebconf.ir/
05.03 - 05.05 g?éﬁe;?ézilcnggﬁ}ggﬂ f%’;z‘is;t%g%ggfign and Diagnosfics Tallinn, Estonia https://ddecs2023 taltech.ee/
05.04 - 05.06 ﬁ]?sﬁgsgcde ;ﬁgjﬁgﬂﬁlg?&ﬂi[&”ce on Applied Artificial | g 0, ngia hitp:/ficaaic.com/2023/
05.04 - 05.06 éﬁrﬁﬁ d‘%imwit\ijogr?:sl (%?ng‘;e rence an Smart Information Astana, Kazakhstan https://sist.astanait.edu.kz/
2023 IEEE Vision, Innovation, and Challenges Summit and . https://corporate-fawards.ieee.org/
05.05 Honors Ceremony (VIC Summit) Atlanta, Georgia, USA g\;?ar}t/ZOZB-wc-summn-honors-ceremony-
05.05 - 05.06 2023 International Conference on Advancement in Computation Gharuan, India hitps:/ficacct-cu.com/

& Computer Technologies (INCACCT)

134 The Magazine of the IEIE

70



EN

THEIREA

o

E10|x]/H2K

2023 32nd Wireless and Optical Communications Conference

05.05 - 05.06 (WOCC) Newark, New Jersey, USA http://www.wocc.org/
2023 IEEE Long Island Systems, Applications and Technology ) . -
05.05 Conference (LISAT) Old Westbury, New York, USA https:/www.ieee.liflisat/
2023 2nd International Conference on Vision Towards Emerging
05.05 - 05.06 Trends in Communication and Networking Technologies Vellore, India https://vit.ac.in/VITeCoN2023/
(VITECON)
2023 IEEE Workshop on Industry and Innovations enabled by ) ) .
05.06 Industry 4.0 Technologies (USEI40) San Jose, California, USA http://useid0.org/
2023 1st International Conference on Renewable Solutions
05.06 - 05.08 for Ecosystems: Towards a Sustainable Energy Transition Dielfa, Algeria http://www.univ-djelfa.dzficrsetoset/
(ICRSEtoSET)
2023 IEEE 9th Intl Conference on Big Data Security on Cloud
(BigDataSecurity), IEEE Intl Conference on High Performance http://www.cloud-conf.net/datasec/2023/
05.06-05.08 and Smart Computing, (HPSC) and IEEE Intl Conference on New York, New York, USA index.html
Intelligent Data and Security (IDS)
05.07 - 05.10 2023 IEEE 27th Workshop on Signal and Power Integrity (SPI) Aveiro, Portugal https://spi2023.av.it.pt/
2023 IEEE 31st Annual International Symposium on Field- P .
05.07 - 05.10 Programmable Custom Computing Machines (FCCM) Los Angeles, California, USA https://www.fccm.org/
2023 IEEE 4th International Conference on Electrical Materials . . .
05.07 - 05.10 and Power Equipment (ICEMPE) Shanghai, China http://www.icempe.org/
05.07 - 05.12 2023 Conference on Lasers and Electro-Optics (CLEO) San Jose, California, USA https://www.cleoconference.org/home/
0508-0512 | NOMS 2023-2023 IEEE/IFIP Network Operations and |y Fioida USA hitps://noms2023 ieee-noms.org/
Management Symposium
2023 International Conference on Optical Network Design and . ) .
05.08 - 05.11 Modeling (ONDM) Coimbra, Portugal https://ondm2023.inescc.pt/
05.08 - 05.10 (Z%%S')EEE 32nd Microelectronics Design & Test Symposium | o New, York, USA hitps:/imds.ieee.org/
2023 8th International Engineering Conference on Renewable . ) )
05.08 - 05.09 Energy & Sustainability (6CRES) Gaza, Palestine http://engconf.iugaza.edu.ps/
. 2023 IEEE 29th Real-Time and Embedded Technology and . )
05.09 - 05.12 Applications Symposium (RTAS) San Antonio, Texas, USA http://2023.rtas.org/
2023 4th International Conference on Artificial Intelligence, . . .
05.09 - 05.11 Robotics and Control (AIRC) Cairo, Egypt http://www.airc.org/
2023 20th International Conference on Electrical Engineering/
05.09 - 05.12 Electronics, Computer, Telecommunications and Information Nakhon Phanom, Thailand https://ecticon2023.ecticon.org/
Technology (ECTI-CON)
2023 |IEEE/ACM Eighth International Conference on Internet-of- ' https://conferences.computer.org/
05.09-05.12 Things Design and Implementation (IoTDI) San Antonio, Texas, USA iotDI/2023/
2023 11th Workshop on Modeling and Simulation of Cyber- .
05.09 Physical Energy Systems (MSCPES) San Antonio, Texas, USA https://palensky.org/mscpes/2023/
2023 International Conference on Control, Automation and . . )
05.10-05.12 Diagnosis (ICCAD) Rome, Italy https://www.iccad-conf.com/
2023 46th International Spring Seminar on Electronics - ) .
05.10-05.14 Technology (ISSE) Timisoara, Romania https:/fisse-conf.eu/
. 2023 3rd International Conference on Computing and Information A ) i
05.10 - 05.11 Technology (ICCIT) Tabuk, Saudi Arabia https://ut-iccit.org/ICCIT/
05.10-05.12 (23()5%)|EEE International 3D Systems Integration Conference Cork, Ireland https/3dic-conf.org/
2023 3rd International Conference on Advance Computing and . . ) .
05.12-05.13 Innovative Technologies in Engineering (ICACITE) Greater Noida, India http://icacite.com/index.php
056.12-05.14 2023 9th International Conference on Virtual Reality (ICVR) Xianyang, China http://www.icvr.org/
05.12 - 05.14 (28|2E3E(|3E)EE 6th International Electrical and Energy Conference Hefei, China hitps:/fwww.cieec.com.cn/
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2023 IEEE 12th Data Driven Control and Learning Systems

05.12-05.14 Conference (DDCLS) Xiangtan, China https://ddcls23.hnust.edu.cn/index.html
05.12-05.13 52%‘“”“””13'” Engineering, Technology and Computing | oy o a1 USA https:/Jwww.uvu.edulcetfi-etc/
05.14 - 05.20 202.3 ‘EEE/ACM 45th International Conference on Software Melbourne, Australia http://www.icse-conferences.org/
Engineering (ICSE)
2023 |IEEE 18th International Conference on Nano/Micro ) I,
05.14 - 05.17 Enginesred and Molecular Systems (NEMS) Jeju Island, Korea (South) https://ieee-nems2023.org/
2023 IEEE/ACM 45th International Conference on Software https//conf researchr org/irackficse-2023/
05.14-05.20 Engineering: Software Engineering Education and Training Melbourne, Australia htips: y 019
icse-2023-SEET
(ICSE-SEET)
2023 IEEE/ACM 45th International Conference on Software . https://conf.researchr.org/track/icse-2023/
05.14-0520 Engineering: Software Engineering in Society (ICSE-SEIS) Melbourne, Australia icse-2023-SEIS
2023 IEEE/ACM 45th International Conference on Software . https://conf.researchr.org/track/icse-2023/
05.14-0520 Engineering: Companion Proceedings (ICSE-Companion) Melbourne, Australia icse-2023-technical-track
2023 IEEE/ACM 45th International Conference on Software . https://conf.researchr.org/track/icse-2023/
05.14-0520 Engineering: Software Engineering in Practice (ICSE-SEIP) Melbourne, Australia icse-2023-SEIP
. 2023 IEEE/ACM 45th International Conference on Software . https://conf.researchr.org/track/icse-2023/
05140520 Engineering: New Ideas and Emerging Results (ICSE-NIER) Melbourne, Australia icse-2023-NIER
05.15 - 05.18 g(éfwleg;EE International Electric Machines & Drives Conference San Francisco, California, USA hitps:fwww.emdc.org/
2023 International Conference on Industrial Engineering, . . e .
05.15-05.19 Applications and Manufacturing (ICIEAM) Sochi, Russia http://icieam.su-ieee.ru/
2023 IEEE International Parallel and Distributed Processing . ) .
05.15-05.19 Symposium (IPDPS) St. Petersburg, Florida, USA http://www.ipdps.org/
05.15-05.17 2023 International Workshop on Antenna Technology (IWAT) Aalborg, Denmark http://iwat2023.org/
. 2023 IEEE Ural-Siberian Conference on Biomedical Engineering, : . . L _—
05.15-05.17 Radioslectronics and Information Technology (USBEREIT) Yekaterinburg, Russia http://usbereit.ieeesiberia.org/
05.16-05.19 2023 |[EEE MTT-S International Wireless Symposium (IWS) Qingdao, China http:/www.em-conf.com/iws2023/
2023 7th International Conference on Intelligent Computing and - e
05.17 - 05.19 Control Systems (ICICCS) Madurai, India http://iciccs.com/2023/
IEEE INFOCOM 2023 - IEEE Conference on Computer . m .
05.17 - 05.20 Communications New York City, New York, USA https://infocom2023.ieee-infocom.org/
05.17 - 05.19 5(():2TSC)4th Information Communication Technologies Conference Nanjing, China hitp:www.ctc.netfindex html
2023 IEEE International Conference on Mobility, Operations, e . -
05.17-05.19 Services and Technologies (MOST) Detroit, Michigan, USA http://ieeemobility.org/
2023 International Conference on Communication, Computing . ) )
05.17-05.18 and Digital Systems (C-CODE) Islamabad, Pakistan https://ccode.bahria.edu.pk/
05.17-05.19 2023 Joint Urban Remote Sensing Event (JURSE) Heraklion, Greece http://jurse2023.org/
. 2023 IEEE Renewable Energy and Sustainable E-Mobility . https://conf.manit.ac.in/resem2023/
05.17-0519 Conference (RESEM) Bhopal, India Important_dates.php
2023 3rd International Conference on Innovative Research in . )
05.18-05.19 Applied Science, Engineering and Technology (IRASET) Mohammedia, Morocco http://iraset.org/2023/
05.18-05.20 2023 |EEE International Conference on Electro Information Romeoville, lllinois, USA http://www.eit-conference.org/eit2023/
Technology (elT)
. 2023 3rd International Conference on Advances in Computing, o https://sites.google.com/adishankara.ac.in/
05.18-05.20 Communication, Embedded and Secure Systems (ACCESS) Event Format: Virtual access-237pli=1
2023 8th International Conference on Business and Industrial . P
05.18 - 05.19 Research (ICBIR) Bangkok, Thailand https:/ficbirtni.ac.th/
05.19- 05.21 2023 IEEE IAS Global Conference on Emerging Technologies Warsaw, Poland hitps:/fwww.globconet org/

(GlobConET)
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2023 International Conference on Control, Communication and

05.19-05.21 Computing (ICCC) Thiruvananthapuram, India http:/ficcc2023.cet.ac.in/
2023 5th International Conference on Intelligent Control, ) .
05.19 - 05.21 Measurement and Signal Processing (ICMSP) Chengdu, China http://www.icmsp.net/
IEEE INFOCOM 2023 - IEEE Conference on Computer » S
05.20 Communications Workshops (INFOCOM WKSHPS) Hoboken, New Jersey, USA https://infocom2023.ieee-infocom.org/
05.20 - 05.22 2023 35th Chinese Control and Decision Conference (CCDC) Yichang, China http:/www.ccdc.neu.edu.cn/
05.21-05.24 2023 |EEE International Memory Workshop (IMW) Monterey, California, USA https://www.ewh.ieee.org/soc/eds/imw/
2023 IEEE 3rd International Maghreb Meeting of the Conference
05.21-05.23 on Sciences and Techniques of Automatic Control and Computer Benghazi, Libya https://mista-con.org/
Engineering (MI-STA)
05.21-05.25 2023 !EEE/IAS 59th Industrial and Commercial Power Systems Las Vegas, Nevada, USA https://site.ieee.org/ias-icps/2023-
Technical Conference (I&CPS) conference/
05.21-05.25 2023 |EEE International Conference on Plasma Science (ICOPS) Santa Fe, New Mexico, USA :;tég;/{]?;e‘e-evems.unm.edu/|cop32023/
05.21-05.25 2023 |IEEE Symposium on Security and Privacy (SP) San Francisco, California, USA https://www.ieee-security.org/TC/SP2023/
05.21- 05.25 5‘;%1'SEEE International Symposium on Circuits and Systems |y oo calfornia, USA hitps:/iscas2023.0rg/
05.92 - 05.25 (2((5)%)IEEE PES GTD International Conference and Exposition Istanboul, Turkey https/fiess-gtd.org/
2023 24th International Conference on the Computation of .
05.22 - 05.26 Electromagnetic Fields (COMPUMAG) Kyoto, Japan https://www.compumag2023.com/content/
05.22 - 05.26 2023 46th MIPRO ICT and Electronics Convention (MIPRO) Opatija, Croatia http://www.mipro.hr/
05.22 - 05.26 (Zé)ﬁ?%SL;RSI International Symposium on Electromagnetic Theory Vancouver, British Columbia, Canada https://www.emts2023.org/
2023 11th International Conference on Power Electronics and . ) )
05.22-05.25 ECCE Asia (ICPE 2023 - ECCE Asia) Jeju Island, Korea (South) https://www.icpe-conf.org/
2023 |EEE International Instrumentation and Measurement . m Lo
05.22 - 05.25 Technology Conference (12MTC) Kuala Lumpur, Malaysia https://i2mtc2023.ieee-ims.org/
2023 |EEE 53rd International Symposium on Multiple-Valued ) .
05.22 - 05.24 Logic (ISMVL) Matsue, Japan https://mvl.jpn.org/ISMVL2023/
2023 |EEE International Interconnect Technology Conference
05.22 - 05.25 (IITC) and IEEE Materials for Advanced Metallization Conference Dresden, Germany https://iitc-conference.org/
(MAM)(IITC/MAM)
05.22 - 05.26 2023 |EEE European Test Symposium (ETS) Venezia, ltaly https://cas.polito.it/ETS23/
. 2023 IEEE 17th International Symposium on Applied . . ) ' .
05.23 - 05.26 Computational Intelligence and Informatics (SACI) Timisoara, Romania http://conf.uni-obuda.hu/saci2023/
2023 XIX International Scientific Technical Conference " )
05.23-05.25 Alternating Current Electric Drives (ACED) Event Format: Virtual https://aced2023.ru/
. 2023 26th International Conference on Computer Supported . . . )
05.24 - 05.26 Cooperative Work in Design (CSCWD) Rio de Janeiro, Brazil http://2023.cscwd.org/
05.24 - 05.26 2023 24th International Radar Symposium (IRS) Berlin, Germany https://www.dgon-irs.org/nome/
05.24 - 05.26 2023 23rd International Scientific Conference on Electric Power Brno, Czech Republic hitp:Jwww.epe-conference.eu/
Engineering (EPE)
05.24 - 05.26 2023 XXVI International Conference on Soft Computing and Saint Petersburg, Russia https://etu.ru/en/university/conferences/
Measurements (SCM) scm2023
05.25-05.26 2023 Smart City Symposium Prague (SCSP) Prague, Czech Republic https://akce.fd.cvut.cz/en/scsp2023
2023 6th International Conference on Artificial Intelligence and . ) .
05.26 - 05.29 Big Data (ICAIBD) Chengdu, China http:/www.icaibd.org/
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05.26 - 05.28 é%?mlﬁgir;%rzog%ir?eoer;;‘r(]eée(llwg&é)&lgllicrowave, Optical, and Bhubaneswar, India ihotntqygzé/_%ggy.iitbbs.ac.'m/conference/
05.96 - 05.28 S&ZCSE_?;h International Conference for Emerging Technology Belgaum, India hitp:/Janw.incet.org/
05.26 - 05.27 E%Z(:Stmlgr;sltgt;rsn(aéﬁrgl)Conference on Engineering of Modern Oradea, Romania http://www.icemes.uoradea.roficemes2023/
05.26- 05.28 igégmL?E;ifaaclsccoggeme on Secure Cyber Computing | .1 dhar, India hitps:/fwww.nitj.ac.inflcsccc2023/
05.98 - 06.01 ﬁ%sSAEESE(lgée\;vnoziit(:)hrg;lsfonference on Communications Rome, ltaly c/tct);r)kssjr/]/(i)iisgsgr.;eee-icc.org/authors/call_
05.28 - 06.01 ICC 2023 - IEEE International Conference on Communications Rome, ltaly https:/ficc2023.ieee-icc.org/
05.29 - 05.31 Egsﬁ*iﬁ:{&g%ﬁiﬁgﬂ% Workshop on Metrology for Living Milano, ltaly https://www.metrolivenv.org/
05.29 - 06.02 ﬁ(éZFfAI)EEE International Conference on Robotics and Automation London, United Kingdom https:fwww.cra2023 org/
05.9 - 06.02 %3230\:\/nir\]/§n:i\:g(t);ogiyc;;:sci(\i,bslzégﬂgation in Information and St. Petersburg, Russia :ltetcpo:é]{_rgoeztéi/a-pub\\sher.ru/en/about.
oszm-oo1 | 220 EEEACIS 21t eaton Confrnce n S | o, U L ot
0529-0808 | 2028 IEEE ég“TdC)E'eC”o”"C Components and Technology | oyango Fiorida, UsA https:www.ecte.netl
05.29 - 05.31 (ZZOE\IBC?ooming Innovation in Consumer Technologies Conference Novi Sad, Serbia hitps:/fwww.gozin.org/
0530-0602 | 2023 22nd IEEE 'Qggg’r}fﬂIf;giﬁ:gg}g%y‘;’gegg‘?{T“;z'm?)”d Oriando, Florida, USA http/www ieee-therm.net/
05.31-06.02 2023 American Control Conference (ACC) San Diego, California, USA https:/facc2023.a2c2.org/
05.31-06.01 f\%iin'g'ég’?:éfﬂ”;:)gy"(’l‘éeégg%e on Engineering, Science and | c jraq https:/ficesat.org/
05.31-06.02 2023 Prognostics and Health Management Conference (PHM) Paris, France http://www.phmice.org/
$20234 62
06.01. - 06.03. E%i?roitizs'g;‘;g;t;"(lng'cgs‘;mere”Ce on Communication and | ipoire, India hitp:/licoecs.org/2023/
oo0r.-teos, | B2 EEE ematirn Coreos on Pt Cortolof |y, o oo ez con
06.01. - 06.04. éggcget? ;r;tg%gz;m%g%gg&%?c)e on Engineering, Applied | \ioniane 1 acs hitps:/ficeast kmitl.ac.th/2023/
06.02. - 06.04. ﬁ%‘zﬁh'ggi g:é Eﬂ;ﬁ;‘lﬁa%ﬁ{t‘;e{gggfoos? Biomedical Engineering, | 1nan Taiwan hitps:/lwwiw.ecbios asia/
06.04. - 06.08. (ZV(\)/%%E)EE Wireless Power Technology Conference and Expo San Diego, California, USA https://ieee-wptce.org/
06.04. - 06.05. igﬁfi‘pg}fgiﬁg?ﬁ‘éﬁx){e’ence on Engineering Tecnology | | Nejaf Irag hitps:/ficeta.com/
06.04. - 06.09. 2023 |EEE Magnetic Society Summer School (MSSS) Bari, Italy https://ieeemagnetics.org/
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http://www.icsmartgrid.com/index.

06.04. - 06.07. 2023 11th International Conference on Smart Grid (icSmartGrid) Paris, France : ;
php?id=main
06.04. - 06.07. 2023 IEEE Intelligent Vehicles Symposium (IV) Anchorage, Alaska, USA https://2023.ieee-iv.org/
ICASSP 2023 - 2023 |EEE International Conference on Acoustics, ) S
06.04. - 06.10. Speech and Signal Processing (ICASSP) Rhodes Island, Greece https://2023.ieeeicassp.org/
06.05. - 06.08. OCEANS 2023 - Limerick Limerick, Ireland https://limerick23.oceansconference.org/
2023 |EEE 24th International Conference on High Performance . . .
06.05. - 06.07. Switching and Routing (HPSR) Albuquerque, New Mexico, USA https://hpsr2023.ieee-hpsr.org/
06.05. - 06.07. 2023 33rd ACM Great Lakes Symposium on VLSI (GLSVLSI) Knoxville, Tennessee, USA http://www.glsvlsi.org/
06.05. - 06.09. 2023 Days on Diffraction (DD) Event Format: Virtual http://www.pdmi.ras.ru/~dd/
2023 IEEE International Conference on Advanced Robotics and ) m
06.05. - 06.07. lts Social Impacts (ARSO) Berlin, Germany https:/fieee-arso.org/
06.05. - 06.06. 2023 |EEE Conference on Artificial Intelligence (CAI) Santa Clara, California, USA https://cai.ieee.org/2023/
2023 |EEE International Conference on Prognostics and Health .
06.05. - 06.07. Management (ICPHM) Montreal, Quebec, Canada https://phmconf.org/
2023 |EEE International Workshop on Metrology for Industry 4.0 . ) . ’
06.06. - 06.08. & IoT (Metrolnd4.081aT) Brescia, Italy https://www.metroind40iot.org/
2023 IEEE International Conference on Environment and
06.06. - 06.09. Electrical Engineering and 2023 IEEE Industrial and Commercial Madrid, Spain https://www.eeeic.net/
Power Systems Europe (EEEIC / I&CPS Europe)
06.06. - 06.09. 2023 International Conference on Unmanned Aircraft Systems Warsaw, Poland _http://Www.uasoonferences.com/20237
(ICUAS) icuas/
2023 Joint European Conference on Networks and .
06.086. - 06.09. Communications & 6G Summit (EUCNC/6G Summit) Gothenburg, Sweden https://www.eucnc.eu/
06.06. - 06.09. 2023 24th International Conference on Process Control (PC) Strbske Pleso, Slovakia https://www.process-control.sk/
06.06. - 06.10. (Z&E%é?h Mediterranean Conference on Embedded Computing Budva, Montenegro https://mecoconference.me/meco2023/
06.06. - 06.08. é(l)\IZSSI)nternanonal Conference on Localization and GNSS (ICL- Castellén, Spain hitps/fevents.uni fific-gnss2023/
2023 10th International Conference on Recent Advances in Air .
06.07. - 06.09. and Space Technologies (RAST) Istanbul, Turkey https://www.rast.org.tr/
06.07. - 06.10. 2023 IEEE World Al loT Congress (AlloT) Event Format: Virtual https://worldaiiotcongress.org/
2023 11th International Conference on Thermal Equipment, . .
06.08. - 06.10. Renewable Energy and Rural Development (TE-RE-RD) Bucharest, Romania https:/fwww.tererd.upb.ro/
06.08. - 06.10. (2&213 B;EEE Sustainable Smart Lighting World Conference & Expo Mumbai, India https://ieeesmartlightingworld.org/
2023 5th International Congress on Human-Computer )
06.08.- 06.10. Interaction, Optimization and Robotic Applications (HORA) Istanbul, Turkey hitp:/fwww.horacongress.com/
. 2023 9th International Workshop on Advances in Sensors and R https://mclabservices.di.uniromai.it/
06.08. - 06.09. Interfaces (IWASI) Monopoli (Bari, taly iwasi/2023/aimsandscope.php
2023 IEEE 14th International Symposium on Power Electronics A ) . .
06.09. - 06.12. for Distributed Generation Systems (PEDG) Shanghai, China http://www.ieee-pedg2023.org/index.html
2023 International Conference on Advanced & Global . . ) )
06.09. - 06.10. Engineering Challenges (AGEC) Surampalem, Kakinada, India http://aec.edu.infagec/
. 2023 17th International Conference on Engineering of Modern . ) . _
06.09. - 06.10. Eleciric Systems (EMES) Oradea, Romania http://www.icemes.uoradea.roficemes2023/
. 2023 9th International Symposium on System Security, Safety, . i
06.10.-06.11. and Reliabiliy (ISSSR) Hangzhou, China https:/fisssr23.techconf.org/
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2023 IEEE Radio Frequency Integrated Circuits Symposium

06.11.-06.13. (RFIC) San Diego, California, USA https://rfic-ieee.org/
06.11.-06.15. 2023 IEEE IAS Pulp and Paper Industry Conference (PPIC) Spokane, Washington, USA https://www.pulppaper.org/about/ppic-info/
06.11.-06.14. égﬁw?‘nuﬁ?g;iioLn;r?(riTuttigmn:tlios%lfhenrjggi:s 88 A+Tformat\on, Sarajevo, Bosnia and Herzegovina https://icat.etf.unsa.ba/
06.11.-06.16. %25%55;2{]2%??53%)0” VLS Technology and Circuits (VLS| Kyoto, Japan https://www.visisymposium.org/
06.11.-06.13. é(\]rzc?mlsEEE ng;SItnetSnrg?R?gis()?onference on Artificial Intelligence Hangzhou, China http://www.aicas2023.org/
06.11.-06.16. 2023 IEEE/MTT-S International Microwave Symposium - IMS 2023 San Diego, California, USA https://ims-ieee.org/

2023 International Conference on Advancements in Nuclear
06.12. - 06.16. Instrumentation Measurement Methods and their Applications Viareggio/Pisa, ltaly https://animma.com/

(ANIMMA)
06.12.- 06.14. 2023 24th International Carpathian Control Conference (ICCC) Miskolc-Szilvasvérad, Hungary http://mazsola.iit.uni-miskolc.huficcc2023/
06.12. - 06.15. (225,5) 12th Asia-Pacific International Conference on Lightning Langkawi, Malaysia https://attend.ieee.org/apl-2023/
06.12. - 06.14. 2023 International Conference on Future Energy Solutions (FES) Vaasa, Finland https://sites.uwasa.fi/fes2023/

2023 IEEE International Conference on Computational
06.12.-06.14. Intelligence and Virtual Environments for Measurement Systems Gammarth, Tunisia https://civemsa2023.ieee-ims.org/

and Applications (CIVEMSA)
06.12.- 06.15. fﬂoozgIéEalandzhjhr;tigfc;?:}llc;ﬁo?&gmg\i;\llmooa)a World of Wireless, Boston, Massachusetts, USA Cvg\?v;éﬁggég;)rtheastem,edu/Groups/
06.12. - 06.15. 2023 Photonics North (PN) Montreal, Quebec, Canada https://www.photonicsnorth.com/en
06.13.- 06.14. é%i?e’r‘gﬁ“c‘é“fﬁl‘gk"”lg’va“on and Digital Humanities International | g o\ £yt Virual http://smmtc.uum.edu my/MIDHIC2022
06.13.-06.16. 2023 European Control Conference (ECC) Bucharest, Romania https://ecc23.euca-ecc.org/
06.13. - 06.15. 2023 IEEE International Conference on RFID (RFID) Seattle, Washington, USA https://2023.ieee-rfid.org/
06.14. - 06.16. Eziiaii’;dlnAglgitar'lCi?gfne(ﬁgfoe”s;ﬁgﬁ Eﬁgfﬁ:;”n S\?EZ%E}'E’)” for | Eindhoven, Netheriands https://fontys.n/EAEEIE-2023.htm
06.14. - 06.16. ?(gzlitsltlrgg;}ﬂ?:rt]isggr‘t;i%r:z?gt(é?ngzM,\/B(Tigl)s and Technologies Nice, France https://mt-its2023.eurecom.fr/
06.14. - 06.16. igiifj;g&i??&gﬁ; AS)ymposium on Medical Measurements Jeju, Korea (South) https://memea2023.ieee-ims.org/
06.14. - 06.16. é?nzaanlg;i;g;tfzgs(é%gf rence on Sustainable Computing and Event Format: Virtual http://icscss.com/
06.14. - 06.16. E?ezceirfn%s Zntg lprgirgraggg;‘ece?igger(%}?gggv%%ggﬁglny’ Power Tallinn, Estonia https://taltech.ee/en/cpe-powereng2023
06.14. - 06.16. ésgérlnEsEaEnLnggnaﬁggg:nzygﬁﬂfggm on Broadband Mulimedia Beijing, China https://www.bmsb2023.com/index.html
06.14.-06.16. | 2023 AIAA/IEEE Electric Aircraft Technologies Symposium (EATS) | San Diego, California, USA ggzse}/éwww'a‘aa'org/ aviation/presentations-
06.15. - 06.16. é%ifaer'eEnEci z’\yv??ﬁ“c;” Engineering International Leadership | g.\ ioqs, Califoria, USA hitps:/fieee-wie-ilc.org/

2023 5th International Conference on Energy, Power and
06.15.-06.17. Environment: Towards Flexible Green Energy Technologies Shillong, India http://nitm.ac.in/icepe2023/

(ICEPE)
06.16. - 06.23. égi/?cf(lfvlf/égs’\)ﬂ 81t International Symposium on Quality of Orlando, Florida, USA https://iwgos2023.ieee-iwqos.org/
06.16. - 06.18. 2023 11th International Conference on Intelligent Computing and Chongaing, China hitp:fwwwicwoc. org/

Wireless Optical Communications (ICWOC)
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2023 International Conference Automatics, Robotics and Artificial

http://e-university.tu-sofia.bg/e-

06.16.-08.19. || icliigence (ICARAI) Sozopol, Bulgaria conff?koni=198
06.16 (Zfés.régjwt ARFTG Microwave Measurement Conference San Diego, California, USA https://www.arftg.org/
2023 1V International Conference on Neural Networks and . . https://etu.ru/en/university/conferences/
06.16 Neurotechnologies (NeuroNT) Saint Petersburg, Russia neuront2023
. 2023 International Conference on Applied Intelligence and . o
06.16.-06.17. Sustainable Computing (ICAISC) Dharwad, India https:/ficaisc.in/
2023 IEEE/CVF Conference on Computer Vision and Pattern Vancouver, British )
06.17.-0624. | Recognition (CVPR) Columbia, Canada hitps/fcvpr thecvt.com/
2023 |EEE International Conference on Automatic Control and . https://sites.google.com/view/i2cacis/
0617 Intelligent Systems (I2CACIS) Shah Alam, Malaysia home?pli=1
2023 ACM/IEEE 50th Annual International Symposium on . m )
06.17.-06.21. Computer Architecture (ISCA) QOrlando, Florida, USA https:/fiscaconf.orgfisca2023/
06.18.-06.21. ggﬁigl)E EE 97th Vehicular Technology Conference (VTC2023- Florence, Italy https://events.vtsociety.org/vtc2023-spring/
2023 International Conference on Sustaining Heritage: Innovative " e
06.18.-06.19. and Digital Approaches (ICSH) Event Format: Virtual https://heritage.uob.edu.bh/
. 2023 IEEE 10th International Workshop on Metrology for ' .
06.19. - 06.22. AeroSpace (MetroAeroSpace) Milan, Italy https://www.metroaerospace.org/
2023 International Wireless Communications and Mobile m
06.19. - 06.23. Computing (WCMC) Marrakesh, Morocco https:/fiwcmc.org/2023/
. . https://uit.no/tavla/artikkel/793268/2023_
06.19. - 06.22. 2023 ARC Workshop on Electrochemical Energy Conversion and Narvik, Norway ieee_arc_workshop_on_electrochemical_
Power Electronics (WEEPE)
energy
06.19.-06.21. 2023 27th International Conference Electronics Palanga, Lithuania http://electronicsconf ktu.edu/index.php/elc
2023 IEEE 9th International Conference on Network . ) .
06.19. - 06.23. Softwarization (NetSoft) Madrid, Spain https://netsoft2023.ieee-netsoft.org/
2023 8th International Conference on Smart and Sustainable . . ) .
06.20. - 06.23. Technologies (SpliTech) Split/Bol, Croatia https://2023.splitech.org/home
2023 18th Iberian Conference on Information Systems and ) N
06.20. - 06.23. Technologies (CISTI) Aveiro, Portugal http://cisti.eufindex.php/en/
06.20. - 06.22. 2023 |EEE Conference on Innovation Management (INNOCONF) Los Angeles, California, USA https://2023.innoconf.org/
2023 15th International Conference on Quality of Multimedia . e '
06.20. - 06.22. Experience (QoMEX) Ghent, Belgium https://sites.google.com/view/qomex2023
06.21. - 06.23. ﬁgé?é)lEEE Transportation Electrification Conference & Expo Detroi, Michigan, USA https:/fitec-cont.com/
. 2023 |EEE Cognitive Communications for Aerospace . .
06.21.-06.22. Applications Workshop (CCAAW) Cleveland, Ohio, USA https://ieee-ccaa.com/
2023 19th International Conference on Wireless and Mobile . ) .
06.21. - 06.23. Computing, Networking and Communications (WiMob) Montreal, Quebec, Canada http://www.wimob.org/wimob2023/
06.21.-06.23. 2023 |EEE 25th Conference on Business Informatics (CBI) Prague, Czech Republic https://cbi2023.org/index.php
. 2023 IEEE 36th International Symposium on Computer-Based A . .
06.22. - 06.24. Medical Systems (CBMS) L'Aquila, ltaly https://2023.cbms-conference.org/
06.22. - 06.23. 2023 |EEE 7th Portuguese Meeting on Bioengineering (ENBENG) Porto, Portugal http://fembs.ieee-pt.org/7th-enbeng-2023/
2023 |IEEE/ACIS 23rd International Conference on Computer and i https://acisinternational.org/conferences/
06.23.-06.25. Information Science (ICIS) W, China icis-2023/
06.24. - 06.29. 20.23 38th Annual ACM/IEEE Symposium on Logic in Computer Boston, Massachusetts, USA https://lics.siglog.org/lics23/
Science (LICS)
06.25. - 06.30. 2023 |EEE International Symposium on Information Theory (ISIT) Taipei, Taiwan https://isit2023.org/
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2023 30th International Symposium on Discharges and Electrical

06.25. - 06.30. Insulation in Vacuum (ISDEIV) Okinawa, Japan http://isdeiv2023.w3 kanazawa-u.ac.jp/
06.25. - 06.29. 2023 IEEE Belgrade PowerTech Belgrade, Serbia https://powertech2023.com/
06.25. - 06.29. 2023 IEEE Pulsed Power Conference (PPC) San Antonio, Texas, USA http:/www.ppc2023.org/
06.25. - 06.28. 2023 20th International Conference on Ubiquitous Robots (UR) Honolulu, Hawaii, USA https://2023.ubiquitousrobots.org/
2023 International Forum on MPSoC for Software-Defined )
06.25. - 06.30. Hardware (MPSoC) Helena, Montana, USA http://mpsoc-forum.org/
06.25. - 06.28. 2023 Device Research Conference (DRC) Santa Barbara, California, USA https://www.mrs.org/drc-2023
2023 22nd International Conference on Solid-State Sensors, )
06.25. - 06.29. Actuators and Microsystems (Transducers) Kyoto, Japan https://www.transducers2023.org/
2023 |EEE 24th Workshop on Control and Modeling for Power o .
06.25. - 06.28. Electronics (COMPEL) Ann Arbor, Michigan, USA https://ieee-compel.org/
2023 |EEE 47th Annual Computers, Software, and Applications . m
06.26. - 06.30. Conference (COMPSAC) Torino, ltaly https://ieeecompsac.computer.org/2023/
2023 IEEE International Conference on Metaverse Computing, . .
06.26. - 06.28. Networking and Applications (MetaCom) Kyoto, Japan https://www.ieee-metacom.org/2023/
06.26. - 06.28. 2023 21st IEEE Interregional NEWCAS Conference (NEWCAS) Edinburgh, United Kingdom https://2023.ieee-newcas.org/
2023 Conference on Lasers and Electro-Optics Europe &
06.26. - 06.30. European Quantum Electronics Conference (CLEO/Europe- Munich, Germany https://www.cleoeurope.org/
EQEC)

. 2023 IEEE International Conference on Smart Computing . . . .
06.26. - 06.30. (SMARTCOMP) Nashville, Tennessee, USA https://smartcomp.isis.vanderbilt.edu/
06.26. - 06.30. 2023 Radiation and Scattering of Electromagnetic Waves Divnomorskoe, Russia http://rsemw.sfedu.ru/

(RSEMW)
06.26. - 06.27. (2((3)5% 8)hlﬂa Semiconductor Technology International Conference Shanghai, China hitps: fwww.semiconchina.orgfen/5
2023 IEEE 11th International Conference on Healthcare I .
06.26. - 06.29. Informatics (ICHI) Houston, Texas, USA https:/fieeeichi.github.io/ICHI2023/
06.26. - 06.30. 2023 ACM/IEEE Joint Conference on Digital Libraries (JCDL) Santa Fe, New Mexico, USA https://2023.jcdl.org/
2023 53rd Annual IEEE/IFIP International Conference on . .
06.27. - 06.30. Dependable Systems and Networks (DSN) Porto, Portugal https://dsn2023.dei.uc.pt/
2023 30th International Conference on Systems, Signals and . . T
06.27. - 06.29. Image Processing (IWSSIP) Ohrid, Macedonia http:/fiwssip.feit.ukim.edu.mk/
06.27. - 06.30. (QFOU?OZNG)“ International Conference on Information Fusion | oy jeqion South Carolina, USA hitps:/ww.fusion2022.se/
2023 IEEE MTT-S International Conference on Numerical
06.28. - 06.30. Electromagnetic and Multiphysics Modeling and Optimization Winnipeg, Manitoba, Canada https://nemo-ieee.org/
(NEMO)
2023 IEEE/ASME International Conference on Advanced ) e
06.28. - 06.30. Intelligent Mechatronics (AIM) Seattle, Washington, USA http://aim2023.org/
2023 IEEE International Conference on Enabling Technologies: ) http://www.olab-dynamics.net/wetice2023/
06.28.-07.01. Infrastructure for Collaborative Enterprises (WETICE) Pars, France index.html
06.28. - 06.30. 2023 |EEE Imgmauonal Workshop on Metrology for Automotive Modena, taly hitps:fwww.metroautomotive.org/
(MetroAutomotive)

. 2023 Systems of Signal Synchronization, Generating and ’ http://media-publisher.ru/en/about-

06.28.- 06.30. Processing in Telecommunications (SYNCHROINFO) Pskov, Russia synchroinfo-2023/

2023 12th International Conference on Modern Circuits and ) .
06.28. - 06.30. Systems Technologies (MOCAST) Athens, Greece http://mocast.physics.auth.gr/
06.28. - 06.30. 2023 Power Quality and Electromagnetic Compatibility at Low Craiova, Romania hitp:/fpgemc-f.ucv.of

Frequency (PQEMC-LF)
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06.29. - 06.30. 5(53 19th International Conference on Intelligent Environments Uniciti, Mauritius hitps:/1e2023. mdxmru.com/
06.29. - 06.30. 2251:%‘3;? fﬁgﬁgsgi %sgze‘;ence on Electronics, Computers Bucharest, Romania https://ecai.ro/

06.29. - 07.03. ﬁwoéizétErEE Sgg;clg;e;tai,ag?ér%?:fgg&c)e of Young Professionals Novosibirsk, Russia https://edm.ieeesiberia.org/
06.29. - 07.01. égiirﬁt?éﬁﬁ/lr}i?reme on Electrical Machines, Drives and Power Varna, Bulgaria https://elma.tu-varna.bg/
Gozn-oror. | 22 50 ek St Crerce o AT | s s
06.30. - 07.03. 2023 Sixth International Symposium on Computer, Consumer and Taichung, Taiwan hitp:/fis3c2023 ncuteecs.org/

Control (IS3C)
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(F)EE Zh 47|z OHXA| St RZ1708X| 41-10, 45 02-6959-7007 https: //letinar.com
(F)oEEAA g2 MEA 2T dFE 854 7 02-3445-3999 http://www.marusys.com
(F)Mojztol2t 2 47| A 22T YSI2 322, F2|0IC|XIQMIE 25 http: //www.semifive.com
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SN SH53| MEA| MET MZ25 1320-10 ARG 02-1588-3366 https://www.samsung.com
AFl0|RIA olzge SHA| HotT ME2 2066, AstHHME 855115 031-299-6848 http://www.skaichips.co.kr
AHZ® oYL SHHE MO MEF 3ZTHE 20(HAF) 041-629-7480 http://www.steco.co.kr

Ol Al AOH M) 323 MEA GSET ME171, 1301 02-6925-2550 http: //www.secnc.co.kr
ollofAm|C|Z 0|ZI7 MEA fi HE&312 1838 070-7777-3186 www.airsmed.com
2E0L0[E|® Hgs Al 247 LTAENR 117 053-795-6303 www.auto—it.co.kr
SENAEE o|ME MEA| 227 C|X[E2262Z 110 02-852-8721 WWW.Yjsys.co.kr
YREMYHALH H3E  EEINZHMS YEZ 18 043-531-4389 www_Kisdi.re.kr
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