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Outline

« Introduction of The Focused Paper
* A1.041Mb/mm?2 27.38TOPS/W Signed-INT8 Dynamic-Logic-Based ADC-Less SRAM Compute-In-
Memory Macro in 28nm with Reconfigurable Bitwise Operation for Al and Embedded Applications
[ISSCC’2022]
* Our Subsequent Related Works
* SRAM CIM [TCAS-1'2024, HPCA’2025]
* RRAM CIM [Nature Electronics’2024]
* Near-Memory Accelerator for Reinforcement Learning [DATE’2025]



Motivation

CMOS Accelerator Near-Memory
(Planar Integration) Computing

In-Memory
Computing

3D-stacked Memory

e
ADesignh <§( Logic Die X 18
pproac 04 =
(@) 2|lo
Y o4 I |EzisEt
e
J = 4*7 4*7 4[?],
§=-’ Interpose m ﬁoi
@) —
e.g. High Bandwidth Memory \Col Circuitry /
i 2 - yal
Energy to
Trangs¥er 200x~6x S5X~Bx 0
Weights of MAC Energy of MAC Energy
, JSSCC,2017

DRAM

On-Chip Buffer Source: AMD, Y.-H. Chen



Challenges

Challenge 1: Large
Compute Circuit Area

LPU: Local Process Units [1] J. -W. 8u, et al., ISSCC’2021
_ [2] Y. -D. Chi, et al., ISSCC’2021
CIM inputs@§
o)
5 [=b=b————
:* é MAC outputs
Bitcell array MAC outputs é Bitcell array
» o Shift | | Adder|®
Lpul AD » N &Addy Tree |-
= Logic Gates
3 [1]
Os
SO ADC
S5 - In-Array Gates
gg Local Compute Circuits [2] / Post g
bt , -proces
o< & Routing ——diqital cirauits g DCCHRLPU
O Analog CIM Digital CIM This work

* bitcells & memory |/O not included

Need Smaller Compute Circuits & CIM Architecture



Challenges

Challenge 2: Limited
CIM Function

Conventional:
R » || General Purpose CIM DNN
gg | |Vector Processing Unit| | Accelerators

@ heterogeneous cores increase design complexity

Ideal: <CIM | CIM

/ macros macro§>
CIM 4—CT

{} Macros | macros

Need reconfigurable algorithmic/logic
e.g. XOR, OR, IMPLY, etc.



Challenges

Challenge 1: Large
Compute Circuit Area

Challenge 2: Limited
CIM Function

Challenge 3: CIM to
DNN Deploy

DNN kernels in commonly
used architectures:

VGG-19 ResNet-34
| 3x3 conv, 64 EY conv2_x:

| 3x3 conv, 64

conv3_Xx:

3x3 conv, 256 EZN3%3 cony, 128 Y]

x4 conv4_x:
3x3 cony, 256 KXW

*4  conv5_x:

fc 4096 x2 x6
fc 1000 %l fc 1000 x1

3x3 conv is ubiquitous

. : low weight spatial
Direct mapping utilization rate cause

has low utilization low average energy efficiency

> Simulated Energy Efficiency
@ 2 5 on ResNet-34
EEEEEEE. o 8 This
o BEEEEE . 2f8 oy Adeal
sesl EEcz=e e
san’ EESEECES &
(3
w|2 )
) Préevious
unused and >
not available 5 s
weight storage 3:




Key Contributions

Challenge 1: Large compute
circuit area

.

Challenge 2: Limited CIM
function

.

Challenge 3: CIM to DNN
deploy

h

4 ADC-Less Vector- 4 Reconfigurable Local Process Y ( Flexible VHP/VMM Support )
Hadamard-Product (VHP) Units (RLPU) +Dynamic Logic With Post Sum Circuits
Architecture Compute Circuits (DCC)
Weight |;
Map | = Bufet o fows ] outofts0]
XQ[MSEQ' = | . ?:sﬁijﬁs ® g§§ Wil wi6] Wi0] compartment 83{;{128{ %ﬁ .
S e VM, 858 Outa[15:0] 1
5% S it =35 - - rezggut § oﬁt4[15601 ]
Xn[MSB:0]4:  RLPU s RLPU ..r;/s'jjﬁso i?\?)tl?t EP Blﬂj L 'JD L 'JD \/D; z 83{2%%
N® L ME L ME Mo M 2 Tl G ® = | ourso
Supported @ Vector Hadamard Product (VHP) IjINP - - »n : :
Vectorized [x,7 [woo - Won XoWoo -+ XoWon o« ICL IINN B DLO[W/5ZO] Out28[15:0] o]
Operations []o[ - }:[ P : :l IS Out29[15:0]
Xm Wmo - Wmn XmWmo -+ XmWmpn (_g) Out30[15:0] -
@ Vector-Matrix Multiply (VMM) Dg v v v Out31[15:0] L »’4—,—»‘—‘17‘:&"5‘15\3—U’m“i?:
[)ET |:W?vo - w?,n} I:Zx\'Wio in.W‘m] g Reconfigurable to VHP results VMM results
o] Lomo LT EL AND OR XOR




Key Contributions

-

ADC-Less Vector-Hadamard-
Product (VHP) Architecture

Weight [ ot
selecl
Map out of 16 rows
o (I =L VHP
x[MSB0]+  RLPU RLPU e 0 PN
e : v
simultancously’ results
Xn[MSB:0] 4+ --rgs"fjﬁsa |

Supported @ Vector Hadamard Product (VHP)
Vectorized |:X0:| |:W0,0 WO,n} |:X0-W0,0 XO-Wo,n:|
Operations | : |o| : - - : :

Xm Wr’n‘O = Wmpn Xm-Wm,O Xm~Wm,n

@ Vector-Matrix Multiply (VMM) D

Xo i Wo,0 Won
: : i = [Zx\-ww Zxrw\,m:l
Xm Wmo -+ Wmpn ! !

sum along columns

\




Compartment-Based Macro Organization

+ Separate ports to support Vector Hadamard Product (VHP) operations:

Memory Read/Write Ports

4

Memory Mode
Read/Write Circuits

BL Decoders & Mux

Bit-serial inputs

(MSB first-in)
Xo[MSB] 1 xo[LSB] | Compartment 0 §

time

CIM Mode Input Ports

WL Decoder
& WL Drivers

O

(@]

i

©

e Q)

:  =h

3

D

=

Post-Sum
Circuits

Xm[MSB] - xm[LSB]

CIM Mode Output Ports



Macro VHP Architecture

Compartment-
based vector
element selection

Effective
vector-matrix
multiplication (VMM)

Weight
Map

x[MSB:0]
computeé
simultaneousl

x{MSB:0]

@ Vector Hadamard Product (VHP)

XO W_0,0 Wp,n XO-\_N0,0 ..
|0 : : = :
Xm Wm,0 Wmn Xm*Wm,0 ---

Compartment
-WO o[MSB: 0] 'Wo 2[MSB: O]
: 8x6T bltcellsi : 8x6T bltcells;
- RLPU +— RLPU =
Compartment
twi,o[MSB: 0] Wmn[MSB: 01
{ 8x6T bltcells- { 8x6T bltcells'
4 RLPU .——. RLPU

@ Vector-Matrix Multiply (VMM)

Xo i Wo,0
X.m W;n,O

Wo,n

: :|= I:ZXPWi,o ZXi'Wi,m]
Wm,n ! :

select 1
out of 16 rows

VHP,

result 9
VMM
results

VHP,

T resulfs (1)

X0-Wo,n
Xme

sum along columns



Key Contributions

Inside a compartment

Reconfigurable Local Process
Units (RLPU) +Dynamic Logic
Compute Circuits (DCC)

er

Wil0] compartment

WL select

o 1 out of 16 p
compartment
—

=

=

=

=

DCC
readout
input EP Bﬂ |—| |—4 'J VDg

] fo g TG G ?
1

QO
—_
@

jul

- 7
= DLO[5:0]

AV VAR v

Reconfigurable to
AND OR XOR




Principle of RLPU+DCC

Inside a compartment

WL select
1 out of 16 per
compartment

data
Input

Wij[7] Wij[0]

wi,j[0]

compartment

DCC

RPLU

RPLU

=

readout

SJ 5,0

szg;gu =

I
“iICL INP
INN

DLO[T5:

RLPU: Reconfigurable Local Process Units
DCC: Dynamic logic Compute Circuits

Select e

one

column

SRAM

J6T Bitcell

- WL 1 T
Results ‘ }EZ'{
Single-Bit

RLPU: Ly~ w2 CL s i
T vve Nt Hy

VDD
=

clk—[ mPo

Input
vi"—Combinatory
Logic (ICL)

DCC

/'Reconfigure through ICL

Available bitwise logic options:
AND, OR, XOR

DFF




Principle of RLPU+DCC

= Take RLPU configured to AND as an example

BLP BLN ICL sets INN always 0, INP=IN
- [ T [20 1] IN=1
SRAM
1 0 JeT Bitcell

CLK |

O

; IN
L. S |DFF DLO

DCC

Single-Bit
RLPU

L
B

Out Out=08&1

1

v"<Combinatory
Logic (ICL)

wire: INP



Principle of RLPU+DCC

= Take RLPU configured to AND as an example

BLP BLN ICL sets INN always 0, INP=IN
" [ W \ IN=1 IN=0
SRAM
1 0 J6T Bitcell

CLK |

VDD ¢
T cC
e —4EIII\_4P0 D IN
Single-Bit ;
RLPUIL Tz ™% s - "X |DFF DLO
CLK o>
Out Out=0&1 Out=1&1
_ Input wire: DLO
V"= Combinatory
Logic (ICL)

wire: INP




RLPU Reconfigurability

All possible bitwise configurations

Dynamic Logic Output = INPsw+INNsw

RPLU | Config — |Dynamic Logic| RPLU Logic
Logic | via ICL | [NPINN'W W Gutput DLO[K|Result Outi]
01001 1 0
anp | INP=IN [T OO0 e O
muliply) NN=0 [T 0070 7 L
110170 0 1
010171101 0 0
INP=Q_ |1 (0 [0]0 |1 (B ot B
OR | INN=IN [0 To T 1710 T inverted I
0[0]71]0 1 1
01101 0 0
INP=IN [T [T]0 01 il o K
XOR | INN=N [0 T0 [T 710 Lverted I
11010 0 0

Applications

111

Element multiplication
-Vector matrix
multiplications
-Hadamard product

CIM data mask

Hamming distance
Computation



DCC Characteristics

Strengths

Area Comparison DCC in-out characteristics
save Static logic

SA area TN,
avoid bjtcell - sharper
5| \ ambugujous convert
{7.5x | | 'sensing fange threshold|
N
SAR DCC
ADC  +DFFs 0 vin VDD
| Ialleasured Simulated

[1] X. S., et al., ISSCC’2020

Possible Weakness??

Leakge Hazard Diagram
precharge: compute

:Ieakage potentially
1fades high DLO
; during computation

-0

fr

leaking
paths



DCC Measurement

Measured long-t.BER

&V

(8]

£06{ &

5 04] 3

502{ 8

L —
05 06 0.7 0.8 0.9 1.0 1.11.2

Compute Time t, (us)

Common compute time is <10ns

Test @ 25°C

Dismiss
this
concern

Not True!

Leakge Hazard Diagram
precharge: compute

(@]
>a' :Ieakage potentially
1 fadesthigh' DLO
; duniRgeemputation

-0

frg

leaking
paths



Entire Architecture

Novelty:

*  Compartment
-based organization

 VHP architecture

« DCC+RLPU circuits

Dynamic Logic
Based ADC-Less
SRAM CIM Macro

7 Dynamic-logic
Compute C?rcuits

. Reconfigurable
RLPU: Local Process Units

WL driver &

WLDCIC: Gip Input Control

Bit-serial inputs
(MSB first-in)

xo[MSBJ |+ xo[LSB] |

time

Xm[MSB] -4 xn[LSB] | -

Memory Read/Write Circulits

%D (8b)
EA (12b)

Q (Bb)I

21 *2*[- Lossless VMM Results

2
T 2
=| [FEA A FER i
Q 2|3
a2 : : : 3 || S
< =4 |[s
= [we rl.{z]ﬁ rlh[ol><]°}}1 ;LL[OI><]°]A DCCo = o
= | ©
Ol 16 IS
> — H o Y HooY H 55 5 55 2| vDD S
§ E}; E}ré i _Jhg EE B EE EMIoT.O T |5
= = = = =Ll [7p)
o lr-E-f— ab
=, i =716 N S
i - '| input combinatory logic (ICL) |
i m=32 : : : : compartment_
o [ =
o i+ RLPU DCCr-1 +
al, | e 16 N
1 [Xm-1 o
= | ICL |
‘|5n [o compariment_m fen _Ién

Top CIM Controller




Key Contributions

After a compartment

Flexible VHP/VMM Support
With Post Sum Circuits

Out0[15:0] [}

Outt[15:0] [}
Out2[15-0] L

Out3[15:0] [k

Ould{15:0]

. Outs[15:0] [} %}9
DOuts[15:0]
OutT[15:0] [

Shift & Add

Out28[15:0] [+

Out29[15:0]
Out30[15:0] Lk

-1
2x output select mux

Out31[15:0] [

N—— — L]
jJVHP results U VMM results




Introduction of Post-Sum Circuits

After a compartment

Dynamic Logic | Memory Read/Write Circuits %
Based ADC-Less 1 @
SRAM CIM Macro |= L LT L 1 L 1 o
Dynamic-logi O § E
Cgrggjggﬁl&its é : H : o B
(= =
RLPU: Egg:ljlrggolg::sleumts é WL 'L,—||z|l|—| J‘,—.lzaljﬁ J-HIEEIJH DCCo (-,E) -DE-
WLDCIC: ‘évlk/ldlrr?;l)irtgéomrol OQ; 16 %
o _'E:?_ _'E:?_ L'E:ia'— s/|a| =2/ 1a/l2] |=| VDD k>
o L hz | h3 L h2 B & & B E B T
Bit-serial inputs g = = = EPEP?*; ,
(MSB first-in) ) T = N
Xo[MSB] |-+ x0[LSB] -i = '| input combinatory logic (ICL) |
. i m=32 : : : : compartment_(j
time B
o + RLPU DCCrm-1H
O ___________________
Xn[MSB] - xn[LSB] | {= ICL |
“en [@ compariment_

21*2} Lossless VMM Results

Top CIM Controller




Post-Sum Circuits

Lossless computation

— Outd[15:0] Ch 17b = Shift & Add: Combine Bit-Serial Inputs
— Out[15:0] [+ 18b
:cnl Out2{15:0] Ly "t 20b * Adder Tree: Convert Hadamard
= - | Outd[15:0] D Products Into VMM Results
S || 38| outsos
|| <[ . outsso 1b
*% o »Out6[15 0] K T
o | |E _ <.
S || S| ownsor
®) n : : We Have A Little Trick Here:
&) Out28[15:0] [k D / Arrange A 59 Here
— Out29[15:0] [k 1
— Out30[15:0] [k .
— Out31[15 0] I:I- x output select mux Sk: sum of the k numbers

‘VHP results ‘ VMM results



Why Y k?

unroll & stored =1 cONV kernel channel 3 16 availble PIM memory words

into CIM macro = mmm | 8
unused memory space &
mmm'conv kernel channel 1 not available for computation

Conventional Deplo?iI method 1 conv spatial compute
in CIM macro w/o VHP support utility rate times

ENEEEEEEEEEEEEEEEN .
3 tme

CIM memory array 21132 — @ D—

compute 3 channels in series
(output 3 numbers)




Why Y k?

unroll & stored Fro) conv kernel channel 3

into CIM macro = mmm' |

EEE Iconv kernel channel 1

Conventional Deplo?i| method 1
in CIM macro w/o VHP support

CIM memory array

Conventional Deplo?iI method 2
in CIM macro w/o VHP support

CIM memory array

16 availble PIM memory words

8 unused memory space &
not available for computation

convy spatial compute
utility rate times
3 time

212 — @K@~

compute 3 channels in series
(output 3 numbers)

1

9/32

compute 3 channels simultaneously
(output 3 numbers from 3 cols)




Why Y k?

unroll & stored Fro) conv kernel channel 3

: 16 availble PIM memory words
into CIM macro = mmm's

l 8 unused memory space &
mmm’conv kernel channel 1 not available forrgon?putation
Conventional Deplo?i| method 1 conv spatial compute
in CIM macro w/o VHP support utility rate times
ENEEEEEEEEEEEEEEEN 3 'Ln»e
CIM memory array 2132 — @D —
Conventional Deplo?iI method 2 Comp(%tjtsufgaﬁﬂﬂzé?sie”es
in CIM macro w/o VHP support
T 1
CIM memory array 0/32
compute 3 channels simultaneously
This work: efficiently (output 3 numbers from 3 cols)
-------d-e IIO -::iEOHV kernelﬁ. 1
CIM memory array 31/32 =

compute 3 channels simultaneously
(output 3 numbers from X9 outputs)




Bw/o 29 [w/ Z9 (This work)

(11 1]
CNCNCNCNCNCNCNCONCONCECNCNCNCONCNC)

config register:

232
)

22

® 24

o ©% 78

®

o © 5216

®

® ® ®

o e 5232

®

® ® ®

®

® ® ®

@

@

‘ o °1 )
=117y 4 132

. | |

config register pUt mux

{i Yout , Tout , Yout , Zout;

=0~7,24 ' 28-15,25' 21623, 26 i=28-31

}=39

/

= >4: for 2*2 Conv Kernel

= >9: for 3*3 Conv Kernel

Three groups of >9
and One } 4 fits in a 32-element output
vector

Why ”32”: our design has 32
compartments



Yk Benefits

Measured Utilization Rate (conv+fc)

715% 100% L
; ; . . * Increase Utilization Rate

ResNet-18 — I * (Regular Shaped) CIM Macro is

ResNet-34 P | Naturally Good At Dense (Fully-

ResNet-50 —_ Connected) Layer
ResNet-101 : -

* >9is Added Specially for

ResNet-152 .— | Ubiquitous 3*3 Conv Kernel

Bw/o29 [w/ 29 (This work)



Measurement

Measured Shmoo Plot for CIM Mode
Interface to Tester/FPGA Holding Board

75
7.0
[ @ 65
TestChip </ 2 gg
LVDS clock input 12C % 50
(support 2GHz Clockln) Subordinate = 2.8
o 4.

~ T %35
SRAMADC-Less (N 2Kb S 30
CIM Macro Test Registers %8

15 |

0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05
Test at 25°C room temperature ~ VOD (V)



Measurement

Measured Power Breakdown

Array: 6T Bitcells+RPLEU WLDCIC
» 80.8% 10.2%
Measured from separate | 80.6% DFEs+Post-Sum

power supplies evenly

distributed "0" & "1" in

+Top Controller
weight & input 0.5%\DCC
Testing Configuration:

= Average values w/ precision
(input, weight)=(8b,8b)

= Benchmarked by conv & fc layers of
quantized ResNet-34 & MobileNet, data
reload not included

N NN
(@) ~ oo

8b Op TOPS/W

—_
(@>)

GOPS
~ o
o1 O

54.0

8b
o
o

asured CIM Mode Energy Efficiency & Throuhgput
T t=30ns
B tp—4.5ns tp:3_0ns
070 075 080 085 090
070 075 080 085 090
VDD (V)



Comparison

On Form Factor

CIM Macro Type Analog CIM Digital CIM
Work 1ISSCC18 [1] | 1SSCC20[2] | JSSC21[3] | 1SSCC'21[4] JESSCIRC'19 [5]| 1SSCC'21[6] This Work
Technology 65nm 28nm nm 28nm 65nm 22nm 28nm
Array Size 4Kb 64Kb 4Kb 384Kb 16Kb 64Kb 32Kb
Cell Type S6T 6T 8T 6T 6T 6T 6T
Macro Area N/A 0.362mm’° 0.0032mm> 1 4mm?’ 0.2272mm’ 0.202mm? 0.030mm’
. . 177Kbimm’> | 1250Kb/mm® | 234Kb/mm’ 71Kb/mm® 317Kb/mm” 1067Kb/mm’
CIM Weight Density N/A @28nm @7nm @28nm @65nm @22nm @28nm
CIM Weight Densit
g Lensty N/A 177Koimm? | 78Kb/mm® | 234Kkbimm? | 383Kb/mm? | 196Ko/mm? || 1067Kb/mm?
(normalized to 28nm)
Power Supply 1V, 0.8V 0.7v-0.9v 1V, 0.8V 0.7-0.9v 0.6V-0.8V 0.72V 0.8V

t Estimated from [4]




Comparison

On Function Diversity

CIM Macro Type Analog CIM Digital CIM
Work ISSCC'18 [1] | ISSCC'20 [2] JSSC'21 [3] ISSCC'21 [4] JESSCIRC'19 [5]| ISSCC'21[6] This Work
Technolo 65nm 28nm /nm 28nm 65nm 22nm 28nm

Compute Circuits | cMivsa | TMARSART b ape | phape | OMOS Statie | CMOS Static ) Dynamic Logic
ADC Logic Logic Compute Circuit
Support Bitwise AND AND AND AND AND AND AND, XOR, OR
Operation
Fundamental Vector VMM VMM VMM VMM VMM VMM Hadamard

Operation

Product, VMM




Comparison

On Computation & Efficiency

CIM Macro Type Analog CIM Digital CIM

Work Isscc'18 [1] | 1sscc'20[2] | Jssc'21[3] | 1Sscc'21[4] |ESSCIRC'19 [5]| 1SSCC'21[6] This Work

Input Bits 1 4b/8b 4b 4b/8b 1b-16b 1b-8b 1b-8b
Weight Bits 1 4b/8b 4b 4b/8b 4b/8b/12b/16bldb/8b/12b/16k 1b/4b/8b
VMM: 21b

. 12b (4b/4b) 12b (4b/4b) ) 16b (4b/4b) _

Output Bits ! 20b (8b/8b) 4b 20b (8b/8b) 8b-23b 24b (8b/8b) \(/;b';éi';’

. 4.1ns (4b/4b) | 4.5ns (1.0V) 4ns (4b/4b) 10ns (4b/4b) . .
Cycle T 2. N/A t bit
yele ime 3ns 8.4ns (8b/8b) | 5.5ns (0.8V) | 7.2ns (8b/8b) / 18ns (8b/gb) || 3%/ MPUtPi
Energy Efficiency** 58.1(4b/4b)

55.8 (1b/1b)

77.3(4b/4b)

1 (1b/1 117.3 (1b/1b) | 24.7 27.
CIM Weight Density N/A 177Kb/mm? | 78Kb/mm? | 234Kb/mm? | 383Kb/mm? | 196Kb/mm? || 1067Kb/mm?
(normalized to 28nm)
SWaP (FoM)***
(TOPS/W-Mb/mm?) N/A 161 26.7 283 8.13 303 1826

** Average energy efficiency, no sparsity employed ***. The figure of merit (FoM) SWaP (space, wattage and

performance)=(Weight Density*Performance)/Power=Weight Density*Energy Efficiency




Summary For This Digital SRAM CIM Design

= VHP Organization Architecture
* Increase Flexibility
= RLPU+DCC Design
« Simplified ADC-Less CIM Operation

= Yk Technique for CIM Macro

Post-Sum Circuits
* Increase Conv Kernel Utilization Rate

1C subordinate
& Test Registers

Chip Demo Video:
https://www.bilibili.com/video/BV15b4y1H7gP




Subsequent Works: PIM SoC Open-Source Project

PIM-SoC Design: (graduate course project @ PKU)
* PIM Macros (Verilog Behaviors)
* Programmable Interface

compilation flow Generalized execution unit macro13 PIM macro PIM B
" ress:33% progress:3 4 B
| time_compute : time_write o mode) e =

| NN model } 0331
- ting macros: 1~12 macro14 PIM macro PIM!
l mapping writing macros: 13~16 ress:33% progress:3 prog

| } execute ite mode) (ccompute (ccol

| Assembly code

macro15 PIM macro PIM
L ress:33% progress:3| prog

Assembler . ite mode) (ccompute (ccor
macro16 PIM macro PIM

: i ress:33% progress:3| prog
| Binary code | - ite mode) (ccompute (cco

Middle result
(current time)

Weights
(current time)

Input
(current time)

Weight memory

Ins for cores*4 Input memory [lResult memory

Ins for tile
(current layer) |l (current layer)

Tile instruction memory
t

hareware architecture Instruction generation unit

Available at: https://github.com/rw999creator/gpp-pim
https://arxiv.org/abs/2411.13054

6/24/25

Simulate Complex Dataflows w/
instructions

write
[ [
l:‘ idle

timen tume n+1 1 time n+2  time n+3

el !
peak ba |dth ‘

execution time

off-chip
bandwidth _

(a) in situ write/compute

e
Wl c c c Willllic c c
cccWilificc cwlE
Wl c c cWilllic c c

tmen o+ timen+1 1 timen+2 1 time n+3
- peak bandwidth

fi|macrds dre simfitdneoudy ring.

execution ime
(b) naive ping-pong

off-chip
bandwidth

_— peak bandwidth

Tl

off-chip
bandwidth

execution time

(c) generalized ping-pong


https://github.com/rw999creator/gpp-pim
https://github.com/rw999creator/gpp-pim
https://github.com/rw999creator/gpp-pim

SRAM CIM For Markov Chain Monte Carlo Sampler

Emerging Emboddied Al "Think&Estimate” Applications

- . P
T . - = - 2 s K J
= do take vitamin C? " - R -
c Tl e N>

Ly (MR 1Y E
[ E— — e S
5 ! ; n d " A e L} C:)
wid L Seae (®)]

Yixin Chen, et al. ICCV, 2019

L] .
Our Solution: PROCA Architecture
L]

N~
UpperiowerSound T erao T oo e 5
Sample Generation Module tio ul ;

Calculation Scheduler

il
Adder Comparator. q')
g s £
URNG Module | Randem Numoer El Posterior 5 Posterior o
ctus GPC_0 GPC_1 I I
Top-level Scheduler Current Sample Register EHEEEEEH wr — 4 [ [
EI11LY ve
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= Markov Chain Monte Carlo (MCMC) Acceleration

= Speedup 172~4871x vs. Intel Xeon Gold CPU
= Speedup 42~1058x% versus NVIDIA A100 GPU

Yihan Fu, et al., TCAS-1'2025
Yihan Fu, et al., HPCA'2025

Deep Learning (DL)

Probabilistic Al

f

Densenet, Efficientnet, Resnet,
LlaMA, LIaMA2, Mixtral, GPT3,
GPT4, MobileNet, ShuffleNet,
RegNet, SqueezeNet, ViT,
Transformer, MNASNet,
GoogleNet,...

Bayesian Regression, VAE, Hidden
Markov Models, Normalizing Flows,
Deep Markov Model, Causal Effect
VAE, Gaussian Mixture Model,
Gibbs Sampling, Metropolis-
Hasting, Probabilistic Circuits, ...
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RRAM CIM Based Universal Ising Machine

NP-Hard Combinatorial Deploy to Ismg Graphs Simulated Annealing Methods

Graph Coloring in EDA

Optimizations Problems to Find Optimal Solutions (layout decomposition)
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Near-Memory Computing Accelerator for RL

* PEARL: FPGA-based Reinforcement Learning Environment Accelerator
https://github.com/Selinaece/FPGA_Gym
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GPU can accelerator policy computing,

Challenges: but NOT environment update

Introduce near-memory pipelining to
accelerate RL rollout,

Jiayi Li, et al, NeurlPS OWA Workshop 2024
6/24/25 Jiayi Li, et al, DATE 2025 36
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