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SoC for District Heating Networks with 1/C Calibration
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A 65nm 3mA 0.14-m-Accuracy TDR Based Leak Detection SoC for
District Heating Networks with I/C Calibration Technique

Time Domain Reflectometry (TDR) is an electromagnetic approach to detect
and localized the i dance di ity in the propagation medi of
the wave. Low cost low power system on chip (SoC) has been proposed to
detect and localize the leak position in district heating water pipeline
networks based on TDR. The TDR SoC includes a 5-bit strength
programmable line driver, and a 2-bit trip programmable window
comparator (to identify impedance irregularities by analyzing the reflected
signal). The time difference between stimulating and receiving reflection
signals, called time of flight, ToF is measured by analog approch. An analog
integrator enhanced with automatic 1/C calibration technique (reducing
the effect of process and temperature variations) employed chopping
switches (reducing the effect of offset) has been used to measure the ToF
in analog approach. For supporting different length the integrating current
is programmed by 3-bit. The chip is fabricated in a 65nm CMOS, occupying
1.2:0.6 mm2. The window comparator and the driver draw 2mA current
from 2.5V supply voltage at maximum. The analog approach drawing 1mA
current more from 2.5V supply; the measured 3.5% integration time
constant deviation is removed when calibation is enabeled. Furtheremore
6mV indirectly offset measurement is removed systemaicaly throug
chopping switches providing 0.14m accuracy at best.
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Blockchain Al IoT a Perfect Fit
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The convergence of Big Data, Artificial Intelligence (Al), and the Internet of Thin
(IoT) is revolutionizing industries, advancing research, and enhancing quali

Big Data serves as the foundation, Al provides analytical tools for predictive ir

and IoT generates real-time data for immediate analysis. This integration creates
a synergistic environment where ToT devices collect data, AT algorithms interpret it,
and Big Data platforms manage storage and processing. Together, they offer new
capabilities in fields such as healthcare, manufacturing, transportation, and smart
cities. For instance, in healthcare, wearable ToT devices monitor patient vitals, AT
predicts health anomalies, and Big Data systems manage patient histories. However,
challenges such as data privacy, security, scalability, and the need for interoperable
standards must be addressed. As this integrated approach continues to evolve, it
promises significant advancements in efficiency, automation, and innovation, paving
the way for an interconnected digital ecosystem.

. Sherin Zafar is an Assistant Professor of Computer Science & Engineering at
Jamia Hamdard with a decade of experience in teaching and research. She i
in Wireless Networks, Soft Computing, and Network Security. Dr. Zafar has
ed nearly 50 papers in Scopus and SCI journals, r wed over 200 papers, and
s on the editorial boards of reputed journals. She has authored 6 books, ho
patents, and is involved in significant research projects including FIST and Unnat
Bharat.
She is active in student development, frequently organizing internships and career
campaigns. D afar has chaired sessions at over 15 international conferences
delivered 120+ webinars, and received multiple awards, including from IIT Bombay
She is also a fellow member of 120r India and works on Al ethics, focusing on

explainable and generative Al
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Applying Quantum Algorithms for loMT Security Analysis

Speaker : Dr.kaebeh Yaeghoobi
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The Internet of Medical Things (IoMT) is an emerging ecosystem of interconnected
medical devices that collect and transmit patient data. However, the security of these
devices is a critical concern due to the sensitive nature of the information they handle.
This paper explores the application of quantum algorithms to enhance the security of
IoMT systems. By leveraging the principles of quantum computing, we can develop

more robust encryption methods and improve the efficiency of security protocols.

Kaebeh Yaeghoobi received her Ph.D. in Computer ence & Engineering on
Wireless Sensor Networks, 1 17 from MRIIRS, India and her M.Sc. in Computer
cience from JHU, Ne India in 2011 with Distinction Award, and did her
B.Sc. ] sience from JIIU, New Delhi, India in 2009 with Distinction
Award. She recieved the first foreign national aw from JIU as the Best reign
Student 2006-2011 and Sepcial Ph.D. Vice Chancellor Scholarship during her Ph.D.
as a distinction scholar. She is currently working as an istance Professor in fac
of Computer Engineering, K.N.Toosi University of Technology. She has 6 y
teaching experience, and working as an loT, Sensor Networks and Networ
expert in CERT labs. At the present, she supervi aster students in the field of loT,
Sensor Networ Cloud Computing, ik 3 e-health and Smart
Management. She has published research papers in various peer reviwed international
journals and conferences, and published book and book chapters. She is a member of
many technical committees, including IEEE




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k




T (S gmols (widign 9 § 33 (wirigo S 0USLUINS) (YIS w33 29 (5387 3 g g
1Fo¥ 53T (gl (o )

' — —_— .Y
- w B iz —
R 3




1Fel 55T (yamols (uvigo 3§ (owvhigo (Sl 0uSEHN) IS duw 13 33 (5397 1 9 g 38 4




1Fel 55T (yamols (uvigo 3§ (owvhigo (Sl 0uSEHN) IS duw 13 33 (5397 1 9 g 38 4




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k

il )1 alado (59 393U — (oo (S 039 33 (sl ol lod (s

S R 335 OIS, bl aea Colax b g Ol gl Jad 5 b L
G = des lo 0jgn elS oRiled leyg0 (rens blisy g 3990
@ Gl (et 5 B et Sl oSy (ol )5 alade (lgeetils
ool 50 b ol VEY 3TYS &b o ¢ gyolis 5 Limgk atis Comlio
oliils (sUlgs o LagS (yligomitils g y0il 5 aslul e )8 paz jo a5 olSiyled
)8 e WA Ole Sl ens T 15 0 qush uilleal azlss S
e Sl VF T L )0 ieaalS wsiige 3 5y aiigs sl oaSiilo
5 ohugy (rl Comal s 3 aledy, 5 dles 9)slws VY gl o i
Sl 6l (AL waro b WS bzl bls)l oUls o)
O el ol Wizl 5 o slatdl a5 2 i 4z j8 G, 5 Slpae
D55 (50 )8 Al 950 olRAS po linletdl g (Sl 0503 556l 45T Slex
1935 b1 il 5 ghge i B 5 o Kiaio (ol ppdke ooliantils Llaa
oS slaslastnl ] SO sl Jlie wiglas 5lassl (oo logze joiS

eeitegs)l plosl 5 oo e 53 S8 5 ISty (B 5 Solans wcualls

)‘ 0 A 6&5 J&c 9 utfdu;).: ‘SQJ.!A grevTy) chi.i}.g.Lo.] gl dslol )
.dd; <? rg_»d.m ULMAJD GLiMoJLQJ 6)‘;).:




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k

(ol )15 @b a0 (58 3315 — (Jos (5120 039 3 Rl O3 Lod (pmos )

@ V¥ S)ghid g Qa9 i colic

@ P YVIPR
T oehils oo (S35 -  loe (G ol

F9umolS (wdigo 9 Gy (gwkige

90
®5
o

o
O

Ssdlas @ el sl &
LEguas sbga ©} JuS By
S598500L5 S plinsins S slare (G CPRV-EH

WY AN el — 1FY olo (g0 ¥ Ao @ oo
Yo¥ GUNY JNY celv anlis] gl o 950

1o 0080 IS S 3y eSS Sy (Brd stz ald (myd GLlS ol
Foeals Culos (iSan b sl 03 asgd pleidlu Fgenals (oudies 9 G (ekitn




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k




1Fel 55T (yamols (uvigo 3§ (owvhigo (Sl 0uSEHN) IS duw 13 33 (5397 1 9 g 38 4




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k

bt 31 alaio (58 99,15 — os (5 039 9 (S olRiglod W i

© gl gmnoeens
L | eoff-hogbofgest
8T oty

ELwo 39 BT suge viige BT wlia: plisaidils Jgl o328
oy (o5 L yisas 1353 BT olir : Lasal oliwl

w395 Olye

tina] i Siten el Sl sl o5l s o
ARASHASIST p2 o2

s Wl ige SBT Wl : ylgaidils pes 6328

il s9eale ualy 5355 BT il : Lozaly olaw!
a5 Olae

T 55, b € (590 BLDC 5390 digei Sy c3lu y (o1l

Cugd it Lo sl witigo SBT Wl -5 5kul gl 03258 5
iy i puols Syl 535 T bz ¢ Lasal Sl

133wl g 05338 s

Oleisds b Lo pule 1353 ST Gl : Lasaly bl
w39 Olye

e 6551 15k 5o a5l sas,208 (g5l eoly g dnugi o>k
nle 3k S gl




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k

S5O dado (U gidtd (Sbd g 99 ol Lod
OB asiily) plaidoaw wop Je Bogn culie 5 bl «
(5 y9ld g by ALt Cawlie 4 (5 9uelS cwdige § (3 (i
c(f.«i’.glw" ‘Qliwlo O 3O GA.Lc Llas P s’l‘ﬂ’ Sbul o b P
w0 xhde Glaxdily gl (sl yiwgy
VP jea LT Y olo (60 Ve F90 aiiigs 39, 0, "d/uu.&.t,_w

D50 135 0 5 ewdige 00l LaSer Al j0 0uisS S LG

6&04&.&410 ..\...:L.:‘ 9 ubw‘o )9.,1':)% Fo ) olfw.ul.u u.:‘
Foog 5Ll jo g w0 S I8 0 SenalS cwdige 9 G0 (owiiges

M]J.o.cc\.s).sm Sbamils Cotie puizan 5 auilul i glo




1Fel 55T (yamols (uvigo 3§ (owvhigo (Sl 0uSEHN) IS duw 13 33 (5397 1 9 g 38 4

@ 16+Y $s9kid g Limdg dlid @

JE.P olo (52 )

€ sUluop 9 aclu
Sawl 239 21810 gloialw a5 rom adib




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k




1Fel 55T (yamols (uvigo 3§ (owvhigo (Sl 0uSEHN) IS duw 13 33 (5397 1 9 g 38 4




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k




1Fel 55T (yamols (uvigo 3§ (owvhigo (Sl 0uSEHN) IS duw 13 33 (5397 1 9 g 38 4

G259 dado (gl (i g 3 G w93 ol lod HEW F

V¥ Sygkid § id g deidd @

oS duloi glSasi5S 5
olisauw yusay) $3a5a vlgauiuila ._5[&_;.1.11:9,3

el Slya dama wiige SUT Gl t3Slel Jgtosg S5
Sy (B L yian 1350 GUT Gl : ladely sl

2y 92 Olgse

Surgical Training and Monitoring
Enhancement System via Intelligent
Video Analysis and Assessment

)l g ot WIS U s 2Tl g 03458 5
B S e 255 BT Wl : ladaly Stiwl

gl Olyse
ANOVA based assessment of the
model free adaptive controllers

) plagy raige SUT Wl iusniils Jstesy Sy
JLS 551 e Sgmane 35 ST Glis : Lada] ) SLiml

2yt 92 Olsae
Miners as an emerging
electricity loads

SHaz Loyule waige sUT LUs rousadils pys ey Sy
B ) el e 285 BT LU ; ladal ) Stiwt
313 una Golo 353 BT Ll
g Olgie
Arc-less and Controllable Hybrid
DC Circuit Breaker with Magnetic
Current Diverter Switch




1Pl 0T (Sgumels (wikigo g &3 (swintign S 0USiNS) (yid daws w3 39 5397 8 9 g 3 ki

03l g e 0 ST Wl
e Cagt ) HEZIND K 1SN 5550 S Cbl wjy Ry
RF zaize O lae (>1)b b o LT
RF a—sioe O jlas i s g g—idge
TS R S PN BT RN
Aalsl 53 et 519 3 g2 Skt B g b
e dian il 531 35 Sl e
Sl b mte L bl 53 S e
£ o= L 5 opi Cadence y ADS
1) b g sty plst g L 1330
3915 50t S Sl 53 S 0 Byl
S 21 18l

S f ot 559 BT Wl>

S o S g 58 5,553 A3y S iy Kby
&l ady Wl oSl

34173 035! 9y Comtl ey ey Ly
Sl 33 daled L jlubos adr aal 3 Fuemy
S e 4l Sl a Sy
Art § e (St s Ol P
N St et 3 0313 i Sty 1 5 pltd
) 53 el 2t iy b 98 s e
A el B Sl Ly Wi s
Ol Il g ST o153, i
ot Glymic 4t 391 dinlys ol fy Comtice
SN74LVC1GO4DCK iyiy; ity aisl b
s s 2,5

Sy 5 e e BT WL

e it R S0 3 A Sl bl Smgi
B e g sty ST
i e 3 i i e

33 S g WS o G Tt oSt
P L e T
Fltes ol 3 il S eag ey ady

e 5 g Gk 4 3
St Sl il 2 g e 535
st | Gl sl gl
et 9 i Canliins g ey S
Sy iy ks (LA by ¥yl

A aalys 0 a3y

lbblf)"

wob (il puai axlgs  Saio o8I
TS (0155 @ s 0SSl

il vt il
S gkid 9 ind g
.9& ),DT le)l’

Olylae L?bb L Q.vl....:i alf)lf v
adl iy algi aul o5 )5 v/

il 32y Connd g Gsdiung w8 05,15 v/

Ir/P. eJl asa 9 Cieluw - 1€ olo 5. € auiui auw
@3 s 00l Olud> 5L




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k




1Fel 55T (yamols (uvigo 3§ (owvhigo (Sl 0uSEHN) IS duw 13 33 (5397 1 9 g 38 4




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k

a G“)S"’T o5,
Gos S5l g pgad (310

ouidd &1,
A5y oy woigeo BT

3T YF acs iyl
16 Y el
Y1) GUT gl 88 apds oyl Lo 1o

odigee X ol 1 S g0 lod 4 5,15 cpl 4o 00>
2 orass b oeile 6,50l 5 oedle (gl HSl0leee
el (o b sle s elaS se a8 Bras (5 S0b
iz 650k g eile s 5wl pealis L
a8y slo Joe odipddArwgs L g 0as I%9] 0397 [yl (hos
$dyg eiyie epsal Julod gl 5l S sl ) eolanal
diadin slacibce 5 ladilels’ (nyiaded sl
PomalS wdige A% 639,9  PL Heb 4 cGes 5 S0L
u.n).” M 4.‘>,9;> oKisls 45-«-» LgLbeg)Lo.a.o e
6“"9"" LS“”?J?‘[S sas sl

25105 0 (CNN)




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k

@ i TR
- s oyaaT ol S
CGAL d..’l.?ul.af 9 b.’l.«.wlau Awdad l.’ GJLH&T

ST 1) 43‘)'

VEer H3TYY ioloy
VO Gy, el
Gl 858 a0
B2 0uSLiS dwds 5L

g (ol lS" ablin ol Lo = 5l (SN Gleslxe awsin
o ol8ails o1y 053wl )l wlid)5 sole oo )l5 5 > sbeasls
2 5 b sl plleal 2l S Sb 4 oS ol Spls
S sslesl .6L"’(°3-1)9§J| &5"{% 338 s op wiin Jluw J> slp o
Bl 5 50 U5 il cenl a0 s sy s
awdid 0je> )0 pSlp e 5 ednany
iy Ol 5o gl 09,000 ot 4 (Flolone
e Sl (o (gdieds )l | sede DUl
Lol 05,5 &5l A3ls gl il ,aiS g 11 ) i
4 o9 iv?;zistb‘;jiigda S e ‘s'ubu
g s § 55 phalle 3)ls priiee &g 239 ol 4 By S (Bpre ey
GFSo e gymiils yolo Jlo s O35l 4T COAL sy
5 Nley lF el swaige Siwedky ly 09290 laly
axlgs  gmio oKl o i,sS peplym sl cwain glagi oSl
wilos gsb (pllyeal o

3 Gedle (@l g gal GBilo
L lasl ol8,157 ol o o)ls gl

dwdid 00 7wS gles IS o alis




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k

Oy ) (i ils

&as.)%{. ’..':n ..’ l.ﬁﬂq

.‘SM}}OT olf)lf

ol (550l w0 (5] oo

. K 43‘)'

(TR ROV WL 28 JERYR RN P
Gl 38 dupls ylosis L 10
By 00l awds 5L

gy 1 it w1 BT s

b by Gl g olasl Lol

UL Llus g odgs paal (Slo 5
Syiy lp el sl
2 wlygld (slaosgy g Sl
Fghae phge it ladse;

23,1

gl 4 o ol o

a;)ls 097 g (gmac HE
& Bes 5ol Lyl
R 0 P
e o s
6&035}& ) la 45-'-“’ U"l uﬁbb
Sy g S (gylopes e
Sl abls a8 iy slas 9lis




1P oF 55T (Sigmols (cwiign g § 3 (wigo S 0uSUiND) (yIwid s w3 § (89T 08 § Wb g 3 4k

@ OB F Akas Camwlio &
f 390l o548

todibd S
Sl anbli NGEES
s Lozl Gogn (it BT
Lo yule ywiigeo ST

4 el 43T YA 15k
Y.f ‘513" ‘cS‘*"*" a)é ROV OL&L&L& :‘)Lio

B B el oSS o
eSS Dllass o g jLolil 5 laagags glel @Sl col
SES S eals vuige ouSitils LT L alilie slafil 5 Slles
wwsb pllpal axler e slpdlls 4 g ab salys «l)f
ofails aisgal ils (g9 Sl b aSd coal oan] (o g, i

ablie ) @yl Jaie aBby g Gl sed
3o @L&”Ja.c MJB ) &y 6)45.)

Al 059>y calides (glyd] oS




'y

GrigueolS glmaS i widyl ulid)ls &) ggx—ivlh
@ U1} 295 yass b ppalluaiaslps o8l
ubiom S0y boudigiigl iy dise 10 g glad s yhmah
aaliys glgie 4y anad Juo Fjl i -piS e Judo " soainse
b gSan g o5 bl cSpd 50wyl wdyl guigi
29 5 ol 0315 lSal 3o @ (obad BBLONS suSdimgly
8 09 Gl glid gjlanoly oy glmybley) aswg 5
Amcylge a WSy aRugl g Cuul )3 GuulS glmyhdl
o @ ol 8l g 94 U S hagy cuass wia il
Ol sl iy il 195 66 9LiB 85> 50 polie 65453k
@0 @uatn 0013 itigo g rasdle 6 8ol e il -
S5 5olgiS gluia o (s sad g hgigh gl >oh LS

aiS

1FoF 55T (Sigmols (cwign g § 3 (wigo S 0uSUIND) (yIwid s w3 § (89T 0% § Wb g 3 4l

4—/ 9 o e 8y
PN

K.N. TOOST X ITY OF TECHNOLOGY

639943015 GlaSudy wibyl iy 9 6550 S gxdiolo
gbilo i aibgol iila g web (el algs oBuiils
Bl b s 2Bl yigrsals wsige ulivdyls
699020l5 GlmaSud 0jg> )0 anugi g LIl @ Suinon
P29 gla81>9 oS ysiso (19l sl g 19—idg
vas (ool ulgis ag loe ans Ju F )l gl b 0iS 0
9 g pliz oLl pwkigo CSrb 50 DevOps g aSuds
s 09 9390300200 a0y 13l DB id DuS N>
9 aSud glotdlany) gjlwaizgs 9 Phb yo L ploaygl
G G5 9 Bros DCylgo @ Ampiis Copuo
RACEE 1 Jlozouw 0)lgdadia 038y ilgie @ iipsizam ol
©0ig> 10 619195 9 B18285 suamno 30 698 lojaSil Ly 2023
i gl Gl dcusiol uibggd GlmaSadh s bl
G pioam (3 10 8 ooy pud sEgias g g (1oT) Ll
830 30 J335 9 amuig’ gyt gty 9 whelas AmSm)

emaash gioleiss

1DevOps 22209 wigyutl glgyuduS sl an wigil glady> yuuo o d

01815 glmygxo

gl GlcsagS sl asnasg o it SUBS4iS59 i Jool ¢

wolyl5 9 glado GRSl ol gl WDakus Cupio 9 &jluidiag U pubaSabl ol 332 9 Phb @&

CICD Pipeline g Lol g Agile glbuio 5 bl s’ g DevOps glio 5o GuulS cidluyj lgicay yu—Sgia) G55y &
Ugs90uuz gUnaSiud 30 paluo iluirig)as g shikul glouislyd cupe sebaio ay

00533 45 )b 50 iy 43 9) g wiyglgs hieed GlimcasnBgo Cag> 10 DevOps g wigyuil asagl o Sylge &

$i9110l5 9 @33 0uSEOI Cilunl> GUI Guasl 348 urgis

Q 1Pl acuclus 3




1FoF 55T (Sigmols (cwign g § 3 (wigo S 0uSUIND) (yIwid s w3 § (89T 0% § Wb g 3 4l

?L‘{J' ..1‘?0”;%’)

K.N. TOOST UNIVERSITY OF TECHNOLOGY

JQHW g9 cnllin al Jaw
eyl gidbil) 9),|,'1'.i;.;95_45l3
Mailglah caldaiyl)a

aslgd oBdlls g sigarols GlmaSid wdyl ulicdylS B3 gex—dils
ipo) 30 Gglg) 9 gy @y GBI L |y 09> yause (pugb cuulal
Jbo ¥l i piSip0 JUdo "pegiuao el 95g) b oudiaiigh (il
L &ylSom g ylS ybibs S 5 50 wgyudl iyl ugicialiys ilgie ay ayxd
Sl 8lpyS dsugl 1o U Cul 8310 5l (1o a islygs olELES BuSdung)s
agl g Causd 30 GualS Gl il g c1igd 5l 9LiS Gjlwwooley dusey
Juo @ ¢1lghd 05l g yguis Ly @S oy tawwd oyl lincyylgio @y wilSy
1600 byl 6l il il il o295 G698 g 10 pglhie G150l
Joox3 g ailigigl Gl ol G143 6 puaatn 0010 g 9 cpadilo 6)-150‘-.:

(iS5 15,05 &5glgiSI ghia yo Sl

3Rl glowial 0 &l sl 9 40395 51 g (iges GLSo @y yne

:USJ56LBJ9M

Sy g lepduSalil 81l g Guisdim g glys Docker aolaiwl ogxig g slaso b oByIS ¢yl 5o
9 REST APl Gub jl L yuig s ¢l bLG)l 0g2d ipaicxam .uigad 0 il Kuberetes b Lyl
b umlgS a0 Swagger b Lyl cupiue

3 b sg2 98 Al IS0 T Serverless g lase ihiz las Jlie Sy b culgs 4o
e gl 638l Lo 0 81l g solibo 5085 s9ba 322 aa xblasys iyt
Gl e 1058 084S cyal it i ulafio glandalip) Cupue g dsiwgd gh




1Fel 55T (yamols (uvigo 3§ 8 (owhigo Sl 0uSEHN) s duw 13 33 (5397 1 9 g 3 4




1FoF 55T (Sigmols (cwign g § 3 (wigo S 0uSUIND) (yIwid s w3 § (89T 0% § Wb g 3 4l




1FoF 55T (Sigmols (cwign g § 3 (wigo S 0uSUIND) (yIwid s w3 § (89T 0% § Wb g 3 4l

ol&w’ Lw’ )O O duy 43‘)‘ ‘SLQ ’.uu 9

G S0 gado fylgmiils Lhdgi b ypwgy

Q|A.1.‘>A.¢w QWO




1FoF 55T (Sigmols (cwign g § 3 (wigo S 0uSUIND) (yIwid s w3 § (89T 0% § Wb g 3 4l

Cross-lingual NLU:

Mitigating Language-Specific Impact in

Saedeh Tahery, Saeed Farzi

] aedeh.tahery@email. kntu.ac.ir, saeedfarzi@kntu.

ABSTRA METHO OGY: TRAINING

+ Problem definition « Generator G works to create language-independent representations that are
shared across different task-specific layers and discriminator D.

P Semantic Information

Text —— Large Language * Discriminator D's primary function is to determine the language identity of

Models * Language-specific Information the input utterance.
« These two components interact adversarially, each trying to outdo the other.
Contextual
Representation « As this competitive process unfolds, language-specific information in the
+ Objective: Mitigating language-specific impact without compromising the ~ embedding vectors gradually gets mitigated.
intended semantic 2> i language-it
representations 3
+ NLU: Intent Detection (ID}, Slot Filling (SF) NS CL= & - The auxiliary data is used solely to determine its
i [T & language identity, without utilzing any labels.
 weatho i £

g 5| Natural | intent
What's the weather today? | « Training models effectively by incorporating

both high-resource and low-resource language

 slot: datatime, value: today ~ T data, providing a foundation in the high-
slot: weather/noun, value: weather = £ resource language that benefits their
. ) ) . LN & i otabilty to low-resource languages.
. Serving as the for dialogue systems, (spanish) H
Z
5

Major challenge: Dealing with low-resource languages
Lacking sufficient data; Time-intensive data collection

+ The study encompasses five different languages, including both Latin and MAIN RESULTS
non-Latin ones, in the context of natural language understanding.

Dataset: Facebook Multilingual

* Our current approach excels in zero-shot scenarios for Latin languages like « Zero-shot adaptation
Spanish. However, it encounters limitations when applied to languages distant attains more than 70% Intant Detection (Accuracy)
from English, such as Thai and Persian. of supervised learning Izoroshot sdaptaton [illsuperviedieaming

in the ID task and
METHODOLOGY

Engiish
more than 50% for the i

SF task on Spanish
data.

« The  results  are
generally better for 1D

/
[,: than SF across all Spanish  Italian  Persian Thai
2y languages. Siot Filing (7
Frozen
i) : < A similar trend is  EBzeosnotacaptaton [llsupervised iarming
¢ observed; for: hallan Yoo coiiieasn i English

fipuop) oBenbue

and Persian, both of 90
which are generated 0
through automatic 4
translation. » I I
| ] l

The results decrease  ©
drastically for Thai, Spanish Italian Persian Thai
probably due to its The dotted line represents the performance of
nature. supervised learning over English.

=
" ot
. Senerr BT, | REFERENCES

ID: Multi-class Classifier (MLI

* Tahery, Saedeh, Sahar Kianian, and Saeed Farzi. "Cross-Lingual NLU: Mitigating

« Exploring the effect of cross-lingual transfer in NLU by introducing 2 model  Language-Specific Impact in Embeddings Leveraging Adversarial Learning.” Proceedings

rooted in learning using Networks. of the 2024 Joint Intemational Conference on Computational Linguistics, Languoge
Resources and Evaluation (LREC-COLING 2024). 2024.

« Firdaus, Mauajama, Asif Ekbal, and Erik Cambria. “Multitask learning for multilingual
intent detection and slot filling in dialogue systems.” Information Fusion 91 (2023):
299315,

[D: Binary [
SF: Sequence-Tagger (Bi

* User utterances are projected using multilingual-BERT (mBERT), with its layers
remaining frozen during training <> Lightweight Model (~7 million trainable
parameters)

OIS A (w13 3 (5555 adallo () g2rdils (upg%y (o puwgy oSl Lod

VFY gy
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Abstract

Cryptocurrencies, which are a novel combination of cryptography and currency in the
financial sector, are rapidly expanding worldwide. The increasing adoption and
significant rise in the value of these digital currencies have led to a growing presence
of mi n the power grid. The expansion of mining activities contributes to
higher electricity of urban
transmission and distribution networks a estments, However, the
unique characteristics o( |I\|s echnology Tave made it an ievitable component of
future electrical gri refore, in our u gtudy, cyptoeareniy ining devices (CMDs)
are considered as an mmgmg elec l0ad. We propose a model for calculating the
npmunnn costs of these Ir(hnolng-h and present frameworks for mmg.n.ng, their

acts while harnessing their positive effects on the electricity hese
benefits indlude improving reliability, flattening the demand curve, enlummg
welfare, and promoting the development of renewable energy sources (RERs).

Methodology

Our studies on CMDs and their impacts on the power grid have resulted in 3 papers. In
this section, we provide a brief overview of each study.

Stu

This study investigates a 3% bran oGkl (M) evmnersd:tn he wprreacs et
incorporating RERs, diesel gen s (DGs), electric vehicles (EVs), energy storage
ems (ESSs), and a (ryplo(nmn(y mining farm (CMF) as an uncontrollable
electrical load. The presence of a high-magnitude fixed electrical load at a single
network point poses operational challenges. A two-stage energy management
framewaork was propose

-Day-ahead planning stage:Focuses on minimizing operational costs while enhancing

operation stage:Updates the day-ahead schedule for S-minute
windows with the objective of minimizing fluctuations.

Study 2:
is study examines a 33-bus islanded MG,
CMEF as a controllable electrical load at a
management framework was developed [2]:
planning  stage:Optimizes operational
reliability, and maximizes the CMF's revenue.

ration stage:Updates the day-ahead schedule for 15-minute intervals
to minimize cost fluctuations.

Study 3:

“This study focuses on a multi-microgrid (MMG) connected to the upstream network,

including RERs, DGs, EVs, ESSs, and CMDs as controllable electrical loads distributed

across various points in the network. CMDs in this study were modeled using Eqs. 1-9,

An energy framework for the multi-microgrid system was proposed,

incorporating two stages [3|:

-Day-ahead planning stage:Aims to perform peak shaving and valley filling while

minimizing operational costs, ensuring adherence to the probabilistic nature of

network conditions.

-Real-time operation stage:Updates the day-ahead schedule for S-minute time
tervals to minimize imbalances.

comprising RERs, DGs, EVs, ESSs, and a
ngle network point. A two-stage energy

- costs, increases network

[m\

e Price

s
o = a2 (1= )PET ) G =
PRI =XSL ™ =X (®)
Profiey; =[ Ry nii Py xCPOxCP]-[Preply +Cly + Y] ®
Results
The lts obtained from ies mentioned in this section.

The impact of the presence of a large uncontrollable C MF on the reliabili
operational cost is presented in Table 1 The results indicate that with an increase in
the demand of the CMF, changes in the operation cost of ESSs, EVs, encrgy exchange
with the upstream grid, and DGs can be observe. Other network-related costs, such as
wind turbine (WT) and photovoltaic (PV), do not undergo changes. With a 50% increase
in the demand of the CMF, the MG operating costs increase by 7.34% and the expected
unmet energy rises from zero to 771449 kWh.

Table 1. Sensitivity Analysis of the CMF's Capact

¥ on MG Operation Values.

CMIF Demand Change (4 | 20| <10 ]
Buy Con | osnis | e | o i
DG Cost (5) o | s | I
RERs Cost5) | C ||
ESSs Cost () 2 am | ar
EVsCost(9) | s | e | wee | nas | es | was | wm
Total Cost (5 RO e pesergy presprey ey peessyery gy
FENSCost0WH) | o | o | o | s | s | ou | sew |

The impact of implementing the proposed energy management framework on a
ted in

mining far's

Table 2 compares the results of the study with those from network operations without
the presence of a CMF (Case 1). The results show that smart management of the CMF
under the proposed model reduces operating costs by approximately le
increasing social welfare by 127%. However, applying the proposed framework for
planning the mining farm's capacity, despite a nearly 10.25% reduction in mining farm
income, led to a reduction in emissions by approximately 8.86% and operating costs by
1166 Additionally, the proposed framework eliminated loa ing and increased
the overall social welfare of the MG by approximately 10.31%.

of implementing the proposed energy management framework on multi-
ml(wgﬂd integrated with controllable CMDs has resuited in a modified demand
curve, as shown in Fig 2. In Fig 2(a), the modified curve reflects the influence of
miners, while in Fig 2(b), the modified curve accounts for the combined effects of

Fig 3 illustrates the relationship between miners' power consumption, mining income,
and operation costs, modeled linearly. It shows that while both costs and income rise
ith power consumptian. operation coss decresse 23 proporton of ncome. A 2
rise in energy use increases valley filling uces energy storage's peak-shav
role, cutting 47027 kW of capacity. legher consumption also limits
storage charging in early hours,
with stored cnergy supporting
miners during the day .Overall,} :
valley filling increases more than
peak shaving decreases, lowering
the peak-to-valley ratio by 17.76
Fig 4 highlights how electricity
nd cryptocurrency prices affect
income and operation
. As electricity prices rise,
mining income grows faster than
costs, making large-scale upstream
purchases  uneconomical.  This
shifts reliance to storage resources
for peak shaving, limiting miner =
consumption and increasing the
peak-to-valley rati
The analysis assumes a constant Bitcoin price of $30,000 and shows that eryplocurreney
price fluctuatior only minit 0t operation costs or other factors.
Average electricity prices across intervats are considered,
This study used the Ant
needs, power u
efficiency coefficients on the model's mmm.m are shown in Fi

iner 519 Pro cryptocurrency miner, focusing on its cooling

A simultaneous 20% change in

2 .. these coefficients minimally
¢ 4 affects operational costs  for
3 - microgrids and miners, as miners'

cost van.\lmns are relatively small
compared  to  total network
equipmem costs. Electricity prices,
however, have the greatest impact
Additionally,

valley filling shift by 315
19.4%, respectively.

A" ———
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ontrollable Hybrid DC Circuit Breaker with Magnetic

Current Diverter Switch

h Mohsenzade, and Ali A. Razi-Kazemi

o Abstract

The developments of the DC network necessitate the adoption of the DC circuit bresker (DOCH) with high speed and minimal power loss. The existing DOCBs have at

t one of the

following limitstions incloding low speed of meehsnical switches ()

), the high power loss in pre-fault conditio

interruption of the fasdt eurrent with a specified rate of the fault curment

increment (RFCI) and 3 specific fault current peak. and terminatig the fout current in MS with the pecsence of an arc. The proposed method pecsents @ hybrid DCCB (HDCCH) with &
magnetic current diverter (MCD) 1o address the shortcomings of the existng topologies. The proposed MCD consists of two coils. The first one has single-tum winding placed in the main
network current pah, the sccond coil is connected 1o & control voltage source to allow the DOCR to commatste and intermupt different RFCIs and varions peaks of the faalt current. Other distinctive

characteristics of this HDCCB are the o

jess interruption of the ultra-fast disconnector (UFD), controllability in the commutation rae of fault current, and reliability improvement. The proper operation

of the proposed structure is evalusted using finite element (FE) simulations and an experimental prototype.

O Pr oposed HDCCB

In the proposed method an MCD in the HDCCB structare is utilized instead of un LCS. MCD uses two coils:

© Fault mechanism in DC networks

As shown in the figures the fault in the DC network can be divided into the

peefialt, during-fut, and pos-fuult ses. in the pre-fuil sute the DCCB netwark side winding and control winding that are magnetically coupled. The network side winding is

should bave the least effect on the network: such as power loss. Based on fault
location and  the fuult detection time, the RFCI and the peak of fault current are
unpredictable  Guring the  fault  state. in this  stale, the DCCH should
terupt the  various  fault currenls immediately. Finally, at post fault state,

the over-voltage across the DCCB should be damped

postioned in series afler the UFD and is regarded as 3 single tum, The control winding is connected o 3
conrollable DC voifage source (Ve) through an IGBT (Sch Both ooils are wrapped on cach other around a
ferromagnetic core. An IGBT is placed in parallel with control winding to deactivate the MCD (Qc). To sisarb
the netwurk indoctor residual energy a snubber bas been employed with capacitor and parallel resistance

connected in series with a diode. By tuning the Vi the commutation rate can be modified

Abilities of MCD i nterrption
by tming the V' t0 optimize the
i .y it

In order to increase the performance of HDCCBs, a HDCCH employed with a MCD has been presented in this

Abilities of MCD in interruption Abilities of MCD i isterprion
commetation diffezent RFCls different peak af cuerents

paper. The proposed structure is faster than MS-based DCCBs. [n addition, the proposed HDCY

B remaves the

lexity of temperature control associsted with SSDCCB or HDCCH

that use LCS. The bencfits of MCO over CCDC include the ability to conmutate withoat an are, commitate 3

varicty of RECls, and commutate various fult carrent peaks. In acdition 10 al the previously Jisted situstions,
the fault current's commutation rate can be changed by altering the control voltage. The validity of the

suggested design was confirmed by the experimental prototype and FF: simalations.

O Refrences

] Foculy of Fngieing » ltws

A b cren ke Saas e commiaen s for

Experimental setup and all beanches waveforms

foodes DC ey ™ CSU 5 Power Usergy Sya. My 3019,
One of the capabilties of the proposed HDCCR using MCD is the ability to commutate K. N, Pstemanse Awa

fferent RECIs with the specified divcoa. Another featare of MCD is the sbilty to

of Pasive Rescaes Chut Beskers i VDX Sy

A

2, doc 10.1169TSYST:

5.

A Ol Conbtion hciterng Mt for Sees Conmecind YR

s Avwid Croxlioy Fuiire” IEEE Tras Ind
control discrydt by modifying the Ve 1o cover the divg s/t and prevent MS interruption

fuilure. As stmalation results indicate both abi

we been proved. To validste the s  corens commuseson kv circu e hybed de kv bessher s pimessin desgn” (KT Guser

10, 119-313 O 916,

fnctionality of the proposed circuit, a low-scale cas s implementod in the laboratory
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K N Toosi Universiny of Nanostructured-Electonic
Technology Devices Laboratory

“A 3D Printed Self-Powered Millifluidic Device Driven by Triboelectric
Nanogenerator for Label-Free and Real-Time Detection of Pathogens™

Presented by: Tara Ghafouri Supervisor: Dr. Negin Manavizadeh
£ seaas N
ik Abstract ) ~
Differential diagnosis of p:dmzemc diseases is crucial with due attention to their ding events, bly long i
period, 1 , and This research suzgests a ! and npxd ieaty meﬂwd applying the
integration of 3D printing and triboelectri (TENG) technologies to realize di 1 devices. The
liquid-solid TENG device is served as an energzy harvester and sensor at the same time. An innovative triboelectric immunosensor is
\fzbnczted based on Ag les-d d ZnO heets as a sk of the ional adaptability of the device. )
/»- ﬂ(fDe\'ice Structure Design and Operati -_;\, g
The electrochemical dataction ralies on equiltbri tants of specific antibody-antigen reactions and 1soelectr: int-d; d \
electric charges of antigens. The formation of electric double layers across channel leads to an electrophoresis ﬁeld.
Rrpmeion . P8 R lei T :-....-—'v:'; [
4 Vo Ay < "
Astgen-Speatic Amibedy () $

\ 7,
G S AT \
H@dy sensitive, selective and rapid recognition of SARS-CoV-2 & HINI viral agents / Gram-nezative & -positive bacterial DNA: |

A landmark equal to -4.113 V in the open-circuit condition is feahued to discern the viral agents in a wide detectable range.
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A Novel L-Type Segmented External Rotor Consequent-Pole Machine with Asymmetrical Poles
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Abstract

This paper presents a novel unequal pole L-shaped modular consequent-pole permanent magnet (UPLM-CPM) machine to improve the PM utilization ratio and torque
ripple of consequent-pole permanent magnet (CPM) machines. First, a topology is presented for the proposed machines, and the simplified magnetic circuit model s
applied to demonstrate the positive effect of an L-shaped modular structure with unipolar PMs on flux leakage. Then, the genetic algorithm (GA) is combined with Finite
element method (FEM) to optimize the width of the iron pole and flux barrier between poles with the aim of maximum average torque and minimur torque ripple. While
the PM di: during

1- L-shaped Modular CPM Topology 3- Optimization of LM-CPM Machine

* Method : Finite element analysis combined with a multi-objective genetic algorithm.
Goal functions : maximize (T, ) & minimize (T

constraints: T, 10.

wil

Variables :[W,

+ Optimization parameters and result

"]
shaped moy
4- Performance Analysis and Comparison

+ On-load torque characteristics

e
| TeeN— v

M-SMPM | Modular Surface Mounted Permanent Magnet (PM) 5 o,
CCPM g o1
LM-CPM | Lshaped Modular Consequent.pole Permanent Magnet z b
UPLM-CPM | Unequal Pole Lshaped Modular Consequent-pole PM . B0 B A - i Taes e
v | 7Ty SE,
2- Simplified Magnetic Circuit Analysis % Botweposia ot bog) WAL Dt
« Less Flux Leakage. + Cogging torque characteristics « Material volume and PM utilization ratio of machines
+ More Flux-focusing. i
e
Sru2R)
o=@ AT 8
2R, R+ 2R Ry 3
» % Sry 2R g
(X £ H
R ok k- an R,
« to compare the flux leakage of LM-CPM and M-SMPM .
machines, an index a is set as o 0 W s
Posiion ek deg)

©:-¢; _ 2RR +R,+2R,R +2R. R, ‘ . Flux density distributions
2R R+ B2 R AR R, iy

5- Conclusion
+ Benefits of the UPLM-CPM machine compared to M-SMPM machine.
+Saving 52% of PM material, +_Improving PM utilization ratio by a factor of 2.

2 f;‘;;""‘“"“"‘““‘""""“"““’ + Reducing the cogging torque from 2.41 Nm to 0.96 Nm. |
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Introduction

The Intemet of Things (1oT) has significantly advanced. increasing the number of sensors and
tasks requiring rapid processing fog environments. This has necessitated effective
task seheduling strategies to oplimize resousce utlization. This research integrates Task
Scheduling and Task Result Caching to address challenges in resource management. While
scheduling has been extensively studicd, caching and its integration with scheduling have
received limited attention, The proposed framework
enabling faster respouses and optimizing both proc
reinforcement learning algorithm based on Actor-Critic,
esources in non-cpisodic cnvironments with multiple agents. Experimental results show
substantial improvements in response time and costs compared to methods like A3C-R2N2,
DDQN, LR-MMT. and LRR-MMT.

The intruduction highlights the transformative ol of 10T, cloud, and fog computing in
intelligent networks. Fog computing complements cloud systems by improving latency.
reliability, and response time, particularly in foT applications with vast data from numerous
sensors.

cloud:

Figures illustrate the structures of fog &
and 1T architecturcs and  their

integration. In the ToT-Fog system,
sensors in the device layer collect raw
data, which is stored in fog-layer
storage nodes.

These nodes connect 1o processing nodes in both fog and cloud layers, managed by a
Resource Manager (RM) that assigns tasks to appropriate nodes for processing. This structure
eliciently supports data management and rapid task processing.

System Model

In this work, the system model, given in Figure, encompasses both
fog and cloud layers as well as user and devices layers. The resource
manager system, which is respoasible for handling user tasks and
dispatching them to fog and cloud nodes, resides within the cloud
layer, This assumes to be a single management node for the whole
available resources. For simplicity, and as it can be seen in Figure, the
cloud and the fog layers are referred to as the computing layer in this
model

]

“The computing fayer consists of & diverse set of resources with different processing power,
memory. and storage capacities. In addition, it is assumed that fog nodes are relatively eloser
to the user layer than cloud nodes, and thus, encounter less delay. However, they have limited
‘computing capabilitics in comparison to available resources within the cloud.
The resource management system provides following services:

weceives ks from usens.

ek whete ek it b procosed a0 e s o b g o revinly

b el
xchadles e ks 1o o excuted o opyopine vl recies, cnmiding i CPU RAM
bundbwickh, aee el as aad

~deteminesthe necessiy of caching resuls for  given ask
Informally, the problem at hand s to design a resource management system that can provide
above mentioned services in such  way that the overall delay and the overall resource usage
is minimized, while the number of processed tasks is maximized. In the following sectior
will define this problem formally using mathematical notations,

we

1t is assumed that the resource manager system collects received 75 g 3
tasks into a task queue for a Cotat time oterval before stan & O}
scheduling them. That s to say. the time is divided into u number
of cqual intervals and the scheduling process of the RM system is
carricd out t the cnd of cach interval

In the proposed method, tasks from the queue are sent to
the RM node for scheduling and caching at cach time -
interval. The RM checks if a task is frequent and whether Iy
its result is cached and valid. Cached results are reused if
valid, otherwise, the RM identifies suitable nodes for
processing and caching. For non-frequent tasks, only
processing nodes are selected

Reinforcement leaming (RL) agents using the A2C
algorithm assist the RM, Each frequent task (fiz) has a
dedicated RL agent (A(fiz)) for scheduling and caching,
while a separate agent (AO) handles non-frequent tasks. At
cach interval, RL agents decide actions, and the RM

determines the scheduling and caching plan accordingly,

The RM system uses A2C-based RL agents for task scheduling and caching. Each frequent
task (fiz) is managed by a dedicated agent (A(fiz)), while  single agent (AO) handles non-
caching tasks. At any time, only one agent interacts with the environment to select the optimal
node for task exccution and caching.

The Actor Network, receiving the state &5/ as input, outputs probabilities for selecting actions
based on an optimal policy. The Critic Network cvaluates state values and provides foedback
(sdvantage value) to refine the Actor’s policy, ensuring effictive node selection

OM_Hnataj

S50 ghilo Hlgmdild (Apg3y 5la gy oLy loi

Analysis of the Re

In this smdy, we cvaluated the performance of the |-
proposed A2C-FCS method with o varying mumber of

fog nodes in the range [5, 25). Simulation results with
1000 tasks. from the Bitbrain dataset showed that the -
proposed method has significant superiority in lotal cost, -
execution time, SLA violation, and percentage of tasks  [* b ;
exccuted in the fog. The main rason fo this superiority
is the ability of A2C-FCS
repetitive tasks and avoid re-

e for caching repetitive task results, w
positive impact oa all evaluation eriteria. I

This study evaluates the proposed A2C-FSC method
with 10 fog nodes as the percentage of repetitive tasks :
(5-40%). Results significant _cost

varies show a

reduction for A2C-FSC compared to other methods, |
thanks to its efficient caching mechanism for frequent |
tasks.

varying percentages ﬁ A0
showing significant_improvements in cost. execution
time, and system efficiency. By leveraging ifs caching
mechanism, the method reduced cloud reliance and
Processing time while minimizing exceution costs. This
f resulted in enhanced user sstisfaction, fewer SLA
wviolations, and better resource utilization in f Joud
- - < environments

= = This simulation evaluates the impact of increased task
“=| amrival rates on the performance of the A2C-FSC method
compared 10 other approaches, varying the task arrival

= interval from 24 1o § hours with 10 fog nodes and 10%
frequent tasks. The A2C-FSC method consistently

outperforms  others in cost, exccution time,
£ violations, and fog processing percentage du to cfficient

-~ . node sclection and caching mechanisms.  Results
I i . i " robusiness  under high task loads,
A——— . * % mainiining superior performance and  fesource

utilization.
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| rederated Leaming (FL) allows model training on client devices while preserving
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Brain-inspired Model Aggregation in
Federated Learning

Amir Abedi

privacy. Challenges include model aggregation, data imbalance, and noise. Drawing
inspiration from the brains predictive coding ond multisensory integration, we
. propose solutions for model hting and validation to improve the efficiency and || CoredsEransetg
PN robustness of FL aggregation.

Introduction

Federated Leaming is a novel approach in machine learning that prioritizes privacy by
keeping data on local devices and training models without transferring sensitive
information to centralized servers. However, model aggregation poses significant
challenges due to data heterogeneity. Recent advances in brain-inspired models offer
potential solutions to these issues. This work explores these challenges and presents
FedPred, a new approach aimed at improving model aggregation and addressing data
inconsistencies in federated leaming using Predictive Coding

Objectives E Why Brain inspiration?
Prodicrons - D,

Enhance Model Accuracy

Accelerate Aggregation Speed Fradcions .-l Multi-sensory

Integrati

Optimize Model Integration

+ Improve Communication CueReliability  Inference Confidence
Efficiency
Binding Tendency Client Selection
EedPred Method

FedPred is a federated model aggregation method inspired by predictive FedPredV2
coding. a framework from neurcscience. In this approach, the contribution :
of each client to the global model is dynamically weighted based on the Incorporating  Considering Global

g o
rediction Eors  Memory ek Vodel Behavi
prediction error between the global and local models. By prioritizing clients prediction Errors lemory Weights  Model Behavior
vith lower prediction errors, FedPred minimizes discrepancies, enabling

D -m
This method enhances client diversity management

faster convergence and stronger model aggregation, especially in non-I
environments

) Lyjerwise  MierarchicalEror  Gradient based
communication efficiency, and adaptability, making it ideal Preductionsand  Flow with Top-dowm _ Prediction Error
heterogeneous federated learning with resource constraints. Updates Predictions. Optimization

S () 8 FedPred V9

is s Single Layer version Top-do d Combinin

5 Bottom-up Emor Flow Cross-Entropy Loss wi
Leo = Leross-entropy(F1Y) Lreaprea = thprea + (1= 1) Lee Preciction Error Loss
Resuits Fedpredstess
AVG 1 intiotization

Local Model Prediction (Top-down

g
A

iction Errors
4 imilarity between Client

\ and Globol Behavior
Loss Computation
slobal Mode! Updo

or
Update Globol Behavior Model
9. Repeat
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Abstract
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As shown in Figures 9 und 10, considering.

that the speing wiffbess and damping

coeflicient vary with tempersture, the

‘motian carve for any desired tempert

can be obtaincd by ulizing these variatioes

and applying the appropriale cocfBcients

for each temperuture individully to the ;
coefficiens

the silation. 7l Sping il 8 et 118 Danping i v

Results (The effect of temperature on output waveforms)
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= using imbalanced registry data: A machine learning approach
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Intrinsic Defect-Driven Resistive Switching in Hexagonal Boron
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Abstract

switching (RS) in hexagonal boron nitride (h-BN), a two-
nal material with remarksble clectronic and mechanical
properties, presents a compelling avenue for non-volatile memory
applications. This study focuses on the intrinsic defect-driven
mechanisms of RS in h-BN. employing Density Functional Theory
(DFT) simulations to investigate the electronic structure and charge
defect levels associated with various intrinsic defects. Key defects, such
as boron and nitrogen vacancies, substitutional impurities, and edge
configurations, are analyzed for their influence on charge trapping and
release, which underpin the bistable resistance states. The computational
results reveal the energetic positions of defect-induced states within the
bandgap and their role in facilitating charge transport. The findings
highlight the critical role of charge defect levels in enabling resistive
switching behavior, offering insights into defect engineering strategies
for developing scalable and energy-efficient memory devices based on
h-BN.

Introduction

Resisive switching (RS)in hexagonal boron nitide (h-BN) has emnrgcd
as a promising for mory
technologies, thanks to its unique two-dimensional slrucmm. high
thermal stability, and exceptional electronic properties. This mechanism
involves @ reversible transition between high-rosistance and low-
resistance states under the influence of an extermal electric field, which
enables information storage at the nanoscale. In h-BN, re:
switching is predominantly attributed to intrinsic defects, such as
and grain boundaries, which act as conductive pathways.
Understanding the role of these defects, particularly through advanced
theoretical methods like Density Functional Theory (DET), provides
critical insights into optimizing material performance for reliable and
scalable memory devices.

Results and Discussion

Hexagonal boron nitride (h-BN) hosts various intrinsic defects,
including boron vacancies (VB), nitrogen vacancies (VN), and Stone-
Wales (SW) defects, each influencing its structural and electronic
properties. VB defects, created by the absence of boron atoms, are
pivotal in resistive switching due to their role in boron diffusion and
conductive bridge formation. VN defects, caused by missing nitrogen
atoms, introduce deeper localized states in the bandgap but are less
common due to their higher formation energy. SW defects,
characterized by a 90° rotation of a B-N bond, reshape the lattice into
pentagonal-heptagonal pairs and play a crucial role in facilitating
structural transformations. Notably, DFT calculations indicate that VB
defects near SW regions have significantly lower formation energies
than isolated VB or VN defects, making them more likely to occur.
Moreover, SW defects reduce the energy barriers for boron diffusion,
enabling efficient SET and RESET operations in resistive switching
devices, underscoring their combined importance in  clectronic
ons like memristors,
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In a two-layer hexagonal boron nitride (h-BN) structure, the Nudged
Elastic Band (NEB) method provides critical insights into the migration of
boron atoms associated with VB defects. The calculated energy barriers
indicate that SW defects significantly lower the migration barricr, enabling
boron atoms to diffuse more easily between layers.
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This reduction is pivotal for forming conductive bridges during the SET
operation. The charge transition levels further influence these barriers;
negatively charged states stabilize certain defect configurations, lowering
the cnergy required for migration and enhancing defect mobility.
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Conclusion

The resistive switching (RS) behavior in hexagonal boron nitride (h-BN)
presents a fascinating avenue for advancing non-volatile memory
technologies, particularly duc to its intrinsic material properties and the
pivotal role of defects in its switching mechanism. Unlike conventional
oxide-based RS materials, h-BN leverages its two-dimensional lattice and
high defect tolerance to enable a unique RS phenomenon. The formation and
annihilation of conductive filaments in h-BN, primarily facilitated by
intrinsic defects such as boron vacancies, highlight the importance of defect
engineering in optimizing its performance.

From a theoretical perspective, Density Functional Theory (DFT) simulations
have proven instrumental in elucidating the electronic and structural
characteristics of these defects, providing a detailed understanding of their
role in charge transport and resistive switching. Studies reveal that these
defects create localized states within the bandgap of h-BN, enabling charge
tapping and detrapping processes critical for switching behavior.
Additionally, the spatial confinement and uniform thickness of h-BN layers
enhance the scalability of RS devices, while the absence of ion migration,
unlike in oxide-based RS, ensures stable operation over extended cycling.
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Abstract

In this study, a statistical approach for the assessment of the
effectiveness level for the tuning parameters of the model-free
adaptive control (MFAC) method is presented with the!
compact form dynamic linearization (CFDL) data model in
single-input single-output unknown nonlinear systems, This is
a first step in the parameter tuning of the MFAC data-driven
methodology. The statistical approach is accomplished using|
the tool of N-way analysis of variance (ANOVA), the result of

which is the of the most

parameters on the system performance. The process off
assessing the effective parameters is data-based and no prior
mathematical model assumptions are required. A nonlinear
sample system is considered and ANOVA tests are performed
for different control performance assessment indexes. Finally,
the simulation results are summarized and comparison results
are provided by trial and error variation of the MFAC tuning
[parameters.

Introduction

MFAC is a data-driven control strategy for unknown nonlinear
systems. It has advantages such as no dependence on the
actual system model, reduced assumptions compared with
model-based adaptive methods, simplicity and closed-loop
stability proof. In MFAC, the existence of an equivalent data
model for the unknown system is proved. This dynamic

Sepideh Nasrollahi, Ali Khaki-Sedigh

linearization data model indicates the i input-
output changes. Then, at each time instant, through two
recursive equations, the equivalent model parameter estimate
and the control law are calculated.

Due to the model-free nature of MFAC, it is not possible to use
the conventional stability analyses in the model-based control,
and the problem of adjusting its design parameters should be
investigated in another framework. In addition, different
levels of the design parameters and the increase
in the tuning parameters number as the data model becomes
more complex are the other two challenges of tuning MFAC.
The current status in the tuning MFAC is that the

Faculty of Electrical Engineering, K. N. Toosi University of Technology, Tehran, Iran
s nasrollahii@email kntu.ac.ir, sedigh@kntu.ac.ir

Overview of three-way ANOVA

[ANOVA is a statistical tool to investigate the effect of different
groups of a factor o different factors on a response variable, By|
considering that the response variable is dependent on three
factors, the method is called three-way ANOVA.

“|if a data set of a measured variable called the response variable is

available, the sum of squares of the deviations from the total
mean is partitioned into several sums of squares terms that are
related to the main effect of single factors, the effect of two-way
and three-way interaction of factors, and the sum of squares of|
the within-group error (SSE).

for each factor is calculated as the variance of the factor divided
by the variance corresponding to the SSE. Then, the probability
that the F-value is smaller than its corresponding value from the F
sampling distribution s calculated and called the p-value. If this|
probability is less than a significance level, it is concluded that:
"The means of that factor levels are not close to each other at the
mentioned level of significance”, thus recognized as statistically
significant factor. The lower the p-value is and the higher the F-
value, the more statistically influential that factor is on the
response variable.

A test statistic called F-value (assumed to have the F distribution) |

Method

The CFDL-MFAC has five design parameters. The five-way ANOVA!
was firstly simulated that resulted in lower level of
of 5 and x. The goal is therefore, studying the effect of the other
three parameters 4.p and @.(0) on the system performance by
assuming 77 and u constant.

The test design is as follows: A control per
index i considered as the response variable. The parameters 4,5
and ,(0) are named as factors 4, 8, and ¢, respectively. For each|
factor, some levels (values) are chosen such that the combinations
of these values comprise different conditions of system
performance up to the limit of instability. Then, for each
combination, the closed-loop system is simulated with ten
different initial conditions of the system states, and the
corresponding response variables are stored. Therefore, the

approaches are mostly trial and error-based. To date, studies
on the effect of MFAC design parameters on control system
performance have been reported for the model-free adaptive
predictive control with the multi-parameter sensitivity analysis
tool.

Overview of CFDL-MFAC

If a general discrete-time SISO system satisfies the two
conditions of continuity of the partial derivative of output with
respect to the control input and the generalized Lipschitz|
condition, the system can be transformed into the CFDL data
model Ay(k + 1) = ¢, (k)du(k) , where the time-varying|
parameter ¢, (k) s called PPD. If furthermore, it satisfies the
output controllability and constant PPD sign for all k and Au(k)
#0, then, the CFDL-MFAC algorithm, which is subsequently
given, guarantees the tracking error convergence to zero and

BIBO stability of the closed-loop system.

number of our data set is ten and the total number of
samples is ten times the number of combinations. The case study
was chosen as the continuous stirred-tank reactor (CSTR). Eight
different performance indexes were selected as the response
variable such that they could resemble the system behavior. An
[ANOVA test was performed for each one and the results were
compared.

Results

For the nonlinear system, in all the tests, all three parameters 4.p)
and §(0) were found to be effective and the order of their
level was also the same. According to the simulation,

T

elh) = k= 1) 4
Bk = b (0);

el (v = 6.k = Dauk = 1) ()
./M )| 5 £ or Jaulk —1)| 5 ¢
or sign{#0) = sign ($(0)
L (4 1) = y(0))
7EWM2L 130, pE@ 250

@

k) = k= 1)+ @

Conclusions

The ANOVA tool was used to determine the most effective
parameters on the response in the CFDL-MFAC system for the
SISO case. To ensure the validity of the results, several
performance evaluation measures were used as the response
variables. A well-known case study was considered and it was|
observed that for all the chosen response variables, the ANOVA
test recognized that all three parameters 4,p and §.(0) are
statistically significant.

results of the trial and error changing for each of the five method
parameters, changing each of the first three parameters 4,0 and
#.(0) may render the two systems unstable (continuously
increasing control signals were observed), but this does not
happen when the fourth and fifth parameters n and u are
changed. Therefore, the sensitivity of the algorithm to the!
parameters 4, p and ,(0) is high indicating that the ANOVA results|
are consistent with the trial and error simulation results on the!
effect of the parameters.
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