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Similar Vector Matching Application (SVM) Scenarios In-Memory-Computing 3D NAND Flash
@® M Sotvars
< # Offdine 1. Move fealure data o storage ) ey _{m’_ T oy it
0% SROJO RS 1 ' | } e e
= /l . 158
Feature Vector m i 2 Feature | ) [Pz Edge Processor  yy1.pased Edgs Starage Pooled Sampling
Extraction " ¥ Vector Extraction . @mm@ C possi sy oo
o k 3 o X for vestor matching et Gy }— bt
Simiar Vector 3 Similar Vector Jecomy esogotn ]
Search @ .ﬁ ﬂ Search OnHine 3.0y Move similar data (1x } 1o compule
25| 38| o
S o N face images in B . s . A
VGGFace2 dataset < 3\ = ==l {
imilar face images Various product dataset Proposed 3D NAND nvCIM Macro Bé'o'ck,
Application 1 — Face search Application 2 — Product-like Search 4’ SSL,—L'_“
o ] input condition / o E—
Feature Vector Extracti o | SSLE?:
eature Vector ction 5 B|| 30 NAND Arra WLSS
S nanp || wan | || 2 y
(Al Model, e.g., FaceNet, MobileFaceNet ) Sipilany Computation D 1| MNP 15| i vecr g 433 6y vt g
= P 2| cose wi Butfer-zone (B2133) = e
. (Processor DRAM  Feature Vectors)Store the entire [ ~ D
Vaaw dataset ) ti Cell Current Summation at CSL e
Offline ) Q!‘ Move the entire ShAND baaed | |[1Proposeo® Z =
4 R - Processor DRAM mvCIM Structure Dynamic-Feedback Current Summation PE/ - //
- Al Model Vraw dataset | Vraw dataset of Edge Storage (DFCS) Scheme + ADC ‘Summation Value
Ty . m r—&m—" Similarity C i Others® A~ DFCS+ADC
Online = H :> COALD (e.g., Euclidean distance, - -
U - 1o E— cosine similarity) Dataof | Voltage Stress | Data of | Input x Index | (faput =1
Vinput | of NAND string | Vinpex (lzw)
P— 0 n 0 Vos Ve | HVE 0
Long execution time due to large invalid data movement h ey m o
data swapping, invalid data of the dataset] - BLC,
1 Voo Ves, HVt b BLy (Val)
® Vaiid Data Movement O In-Memory Compute —_ 1 V- Ves LVt L T Iz ()
B Invalid Data Movement @ Compute 513 @Unmatched Set & Matched Set ‘ v~
—~ 1 Large data movement % 1-3-3 Gray code w/ Buffer-Zone (BZ133) s s [ Summalion Valus (gits]
3 ooeeennneen z 1 N W
o Sy z f L DF
® E g i b Detector
o [} =
ig 3 3 Buffer Zone D Vel eS|SOy anﬂ
< Sos S v, :l> [
8 2 " _ e g
= E = ' |
g 5 @I\ Voaw ! C
w o7 4 1 |\ Vinpex o]
Original Proposed H¥Veew 3 Vogn | Vesss Vi 41 o=l
9 Number of Samples Moo Vi Veouoe Vascs oL
LtVren  (0V) Veesoy
*Partial dataset of VGGFace2 '
(8000 photos w/ 100 people)
5 N
3D NAND Based The Performance
Detection > Lo > = N maiched e
; Similarity Calculation Info. OQutput
== Summation w/ constant legp BPooled Sampling
= ay, Data Readout
Face vectors —_— 16 4 == DFCS W/ lygep yax 3 120 Raw
in NAND Flash {[[===—=1 — 100
g 80
Send search vector e 60
©0 -+~ O] to NAND Flash =2 40
o Output Match Info. =
2 2
0 T r d @0
0 100 200 300 Conventional Proposed
Summation Current (a.u.) solution  solution
BPooled Samping mData Movement
= 380 5% acompie  AEwy
2 w0 = Mave the entire
3 =0 0.7 0.43% 189 || .gﬁ,’,,.,ﬂ Tg‘ 2 _anx Vyeiv: dataset % _
Eom ‘1\_?1_ o fta 3
i s C g g « 4 =
VVM oE_eratlon Request ADC value VWM oReratlon Request ADC value ,Z; 150 . Y w g § e 1w 5
8 100 ducti ‘ 33.3x 51
ne 50 edvetion | |reduction (g ction 1% E ¢ Output the similar| | [ 2 '5
- 0 | - 0% g ¢ Voaw only 0 8
) Conventional 20 Frypex/Pool 20 wpex/Pool 16 VipexiPool o ; 0
- soon  gremthe  Greumihe & retum the Egesyslon | Egde sysiem
5 = - Foe T Vieaw oftop-600 Vg4 0f top450 Vg 40f top-300 (Commentional)  {Proposed)
Physical page address 0010 0001 ? : .
(a similar pooled sample) (a dislike pooled sZmple) Chip Characteristics
FPGA based Tester 512Gb 96-Stacked-WL 3D NAND
Main Array 512Gb (TLC)
\ Ide nt,fy Chipmode | Storage/V\VM
vee 27-3.6V
J| Correctly veea e
Array (3644 + 292) blocks/dplane
PageSize | 16384B +2048B
BlockSize | 18432 KB + 2304 KB
1R (TLC/SLC) | 107usi50us
VVM Latency | 50us (w! 8bit ADC)
Back side




