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1! {7 T D-PIM CTRL
Moz /é | PFBC CTRL o —
Config. Fusion 1

|

1

Intra/inter-Layer Fusion Router (LFR)
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#8-4 & =E2 EdgeFTX +ZXE KN QtSHX, Transformer ZEO| self-attention= FFT(Fast
Fourier Transform) 7|8t Token Mixing2 2 CHXNEZM, HiE 2| XN 2f0] F 4Tt loT H

doiziE ClHolAQt Z2 SIX| HAFE SF0M ZAl Transformer ZEE TS5t
ot & AT = Attention HALET AXHE BE2AStALE 5|4 (Sparsity)S &&%t=
oo E&st= CHAlL, FFT 7|2k9| Attention-Free +ZXE XHEHBCZM, L2|FO| A7t
SEXEE O(NHOM ONlogN)2E, & SEHEE oMHLE RHF ZEHZ ZEsY

[ =

E

=
Ct. & A= NAS(Neural Architecture Search)& 8310 D EO| ML} SIESR
SM(FFT A4t &= SRAM B2 2l 7Ho| DY E XA X|ES EHMSIQICH O ZAxf, H o
A2kQl CHH| FFT AHAR2 75%, SRAM B 22 50% =0|HAME H&: Xdt= 0.76%= &

1 Interface I |

Weight Buffer

FHUB ] GEMMU (]
[ PEG 4
e e
BF1 » BF2 Fetch : :
1t ot Buffer gia PEO_O IS4 PE0 15 [
BUF BUF TF A Regfile Psum Ragfils Psum [§E
— — £ : : E
Self-Sorting RZ’SDF 0~ | 5 PE1 15 [ £
=z Regfile Psum i =
BF1 —» ] ] : o
41 s Bl PE7 15 B &
BUF TF o3 Regfile Psum ;
Self-Sorting R2*SDF 3 g >>>>>>> E
- — < <
Ly -]
L 3
L[ TnputBuffer || | i Intermediate Buffer le=| |
L) L) ) )
GSU
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a8 12 EdgeFTX2| FK| architectured| CHSt block diagramO|Ct. EdgeFTX&= FFT &
At0F 7| FFN(Feed Forward Network)2| @& GiitE 28X = X2|5H7| 2I8H, 4702
A= FFT ATI(FHUB)I 8702 HE PE H{E(GEMMU)E M=l FFT-FFN heterogeneous
OF7|EIXE MASIRUCE FHUBE Attention HFLIE S CHH|StH= Token Mixings =St
= & ZE0[Ch O] ZF2 4742 XE FFT A2 FYEH, ZF A2 128-point
FFTE XN2|$Ch WE M2 2= Radix-22 SDF(Single-path Delay Feedback) tZ=E& 7|EtS
2 MdA e, 7 2 EF2 Self-Sorting In-Place 3|2& AMEMCH= Ho|Ct Lt
KOl FFT StEQIO= A Aol Fhbs Z0Q HIO[He| =AM7F F[410]7| MZ0f O
£ HIZZE7| fIet e MY E HIH(Reordering Buffer)?t E==A0|Ct 2{L} FHUB
ol HEZE0] 252 Hitut SA|0f| HlOJEE HMAE[0f XZ(In-place)stH A& =
HEX T dA 0, Mol HEL 3 22 E MAHSHY HHE 7% HUsta BHAY
2 11% E0|= ZItE ERUCH GEMMUE Transformer®| FFN @4t & & =
Sh7| gt ZEO|C} O] 871 ®E PE array Group(PEG)E &M, Z+ PEGE 12871
o PEE ZETILE Zt PE= 7IBXIE ZESD MAC LS A3 FENS| #IE A7
A2 oLz HE= Ma2[otot

Proposed Datapath Supporting Non-Blocking Scheduling Non-Blocking Data Mapping
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£ 020 @ _ me L)
DI L | Di_dR £ EATH
£ D1_ri_L Di_M_R £ pEG
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= l—w}tﬁ T *W 03
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Schematic of Non-Blocking Dataflow Scheduling Cache Block Status:
Input fr Input fre Input fi
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S A RN AR A A A Y
It -4 ré-r7 5|
Switch Swlﬂ:h l:l PA l:] PsLO
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F:f;-; | ‘FF:-'FJSD|F1T:YM| F;r:ﬁs’n Fr‘e’t‘l‘i?|““-‘5m‘“:-c“l'g‘| |F:=‘|;_|.!:| FFN1_S1 FF:)I_SD ‘ - FVLO
Sudtch SWIED & Az Not Avallable
FR: FFT Result
PA: Part of the Activation
: P3LO. Partial Sum ol Layer Quipul
Layer 1 Layer 2—=  : FVLO: Final Value of Layer Output

[1Z 2] Non-Blocking Dataflow Scheduling

EESh FFT-FFN SX 7te| HOojH oJEMo = Qs mo|=Z2tel StallE 27| 2I3i Non-
Blocking Scheduling(NBS) 7| &S ArE%tA2M, AtM|et dataflow 2AHZE2 & 20 A
2tolgh = QUL Ol= FFNES M|F EBfA3E LEF0f, HIO|H7t TS| ddE Wrtx| 7|
CE|X| &3, FFT Zot7t L= FA| O/ Eh2|(Fine-grained)2 CtE A0 S535H0
AL FRHOl 7ISEZ 100%0 7HUH FXISIRACE O|F S8l layer executionO ZE|=



latencyS 7|E HE 2FAEE OiH| 1498 THS5HRIC

22nm CMOS 8822 HWEI EdgeFTX &2 0.51V, 100MHz &% ZZ0A 3.6mwW2
HMHEZ A25HH, 1.39 TOPS/WS| O|HX| 288 EHESIRACE SST-2 #MX[OA0M & #
29| BERT 2 OfH| 23% =2 & E 220, Z[4l General-purpose edge 7+57|
CHH| ™2 AZE Z|Cf 176H] XEEMN, FFT 7|8 HZ2E0| REES HEOFULCL

rt.

#8-6 = =E2 ML(Machine Learning)2 =850, PUFS| MY & =2 BHZ(VT
variation)0f| 2|t Bit Flipping 2FE S ASH0At SHICH MXA PUF(Physically Unclonable
Function)y=, S&¢%t QIO[mHel DtAIE AESIHEE BeHM M SFH0AM Lddt=
Vth mismatch®@} &2 Process Variationg O|&%tCt £73 =2 Q7S M, O/MT
0 E= 1°| 2 Y2 =M Chipdl 272t X|Z(fingerprint)
PUFE &t Xﬂ Xl-'?'-QEH 7SOk SEX|BF SA0| AKX OfCIALE
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7|E2| Dark-bit masking 7|82 =08t M2 &0} maskingStEE F8 0| E0E
= M7k QUCt ol2{st EXNE Si&ASH7| /Tt Reconfigurable 7|8 HEDH MEAX] HTt2
2 QI3 BER(Bit Error Rate)?t ZM3HA ECh & A= HEa 22 HES S, -40°C
~ 120°CO| M zero-BERZS Ed3dt= reconfigurable PUF X E K| QHSHRICEH
HetEl #+&2= PUF A SHLEE 367HK[2] dE(Way) 742 XSS HALRUCE &
AX 28 2M0 M3, 74 7tset 29 (N7t 71258 g & WM 38
mismatch7t 311 PHEH QI e S &3 2EO0| FOHNICH N=2 &= N=42 7|& A<}
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T AAUCE
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Soff the 2 W

Sl & 42 oLkl NMOS 74§§ gdstg = U =y
oM & 367HX[2] M2 CHE HF E2E g9 =+ UCL EEH S82| mismatch2
olslf MEfE =2 NMOS & Af0|01| & &/ XO|7t ZdSt, Of= X2 Bit line 7t

of Mg Xto|Z LIEFHLY.

(a) Proposed PUF array

SiocIaT %2 Sense Amp.
Gate Gate ‘ Gate y D I
Decoder Decoder Decoder | ba
% ol Sl ER 6L [6R, GLI R, | |
= PUF { PUF } { PUF
s 22 WD B oo = Cel H—¥ ca " BLL
2| |88 [w. | ! e ||| BLR
° ° - = %PUF|" _|PUF|_‘ _iPUF}_ J ™
ol SET R T | [l
z i
- &> :%”3 o PUF o PUF H—4{PUF )_ Sense
n_':r:l 2 cen | ] Cell | | cen [/ Time (TD)
HLL, BLR, BLL, BLR, H.L, BL..?-Z Detection
CLK & SA & SA & SA &
Control E‘ D I:' | ‘ |
Qg N
VAUDo I.’A.I'_JD, VALID.
| Output Selector | ™ LE>e
[12 4] PUF arrayl| 2% 3|2
HIOEl PUF array= 1 49t ZCt Cell ArrayOll = Bit line Z+2| O|AlgH Mt XIO| S

X8t ZZA|7|= StrongARM latchZ T4 E SA(Sense Amplifier)Qf, ¢t Xf0|7f =
o] ot 19| oHE MEfE T[S K] XA AlZhE FHESH= TD(Time Detectlon)7f
AZm|0] ALt Mismatch?7t 24Z Bit lineZt M2 X0|7} 222, 00t 12 O WEH &2
2[Z[0] TD 20| ZOtX|A ECt matM ZFE TD 4S8 mismatchE FdEst= XEE
AHESHA EICE MismatchOl| [HE TD gl XtO|= 13 50Af =olgt 5= QUCH TD sweep
2 TS TD 2o Bt 242 ZHHE5H0] mismatch?| "EE LIEHLL, SA[Of T
o

2 sweepz TS0l MY RIZEZ (VDD sensitivity) S HEHC}

e

'(b} BELL/BLR mismatch sensing for TD

Address
/GLy, GR, —>e— e X
SE [ ' | =
Long TD Short TD TD = TSE - TLE
R L
BLI/BLR - 1 Large ABL
Large mismatch 0 i
Qé%gate tast 1—2 ‘*r. ....... 1 lit!lg ;::.:dTD
VALID l‘_\}'1 : 1

____________ i_____'l'_________-

BLL/BLR =.==—=_.—'= Small ABL
Small mismatch 0

D/DB T "‘1_'_
Separate slowly ' ; Inl;ufa|l1|d -
VALID N1 \g _ W/shon

[A3 5] mismatch sensingg &% TDE TSt= timing diagram



oHH, 25 Higo| ME FYdES HESH| feiM= Yut¥oz =2 H|E9 =2k
chamber H|AE(Temperature Sweep)?t ERSICH gLt 2 AFM= FE THE
(VDD Sensitivity)7t 2= QIZH= (Temperature Sensitivity)?t =2 AZZAHE 7HES &0l
SIRUCE O|Z &% ML model2 mismatchE LIEIL&= TD gfQ 22t MY RZEE ¢
oz ot MA 2|4 (linear regression)E T30 -40°C ~ 120°C 2k " {I0|M BERS
0| =3t1, Hungarian ¥12|5S O|8310] BERO| X|A7t E|l& 4719 2 =TS ROt

A =T} O]2{3F ML-based selection 7|HZ2 AFESHY, ST 2= H2{0|A BERO| 00 7t

ZA ==E A EZACEH

65nm S™OIA HEE XS CHACZ HHADH 2 HAEE ZIHSI0 C}
0 Ht |

o [=)
AT RM2, 7|E FaAE YA

ZutE ¢ El HAIO|L} S ™Y Sweep HAZ
=71 BHH ML-based selection2 HHE ZE 2% HP{0|AM BERO| 6.51E-8 O|RtCZ,
Areddh of|2{7t Sl=(zero-BER) 2HEEE HOFRULCEL EME, 36-Way T+d2 @lsh 2 W
8 EWX|AH =7} 30702 S0HB0 = =275t dark-bit maskingR 2 H2{X|= A0
A0, /8 HEY HY2 674 F/bit2 7|Z DAZ|Y PUF CHH| 7HE & &8 24
SIS AR, Md=l 7|9 DRd(Uniqueness)2 LtEILE s 7 E|(Hamming Distance)
= O|&&Ql 2ol 50%01 2H3 49.1% U2, NIST2| randomness testE 25 &S1t5}H0]
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