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Heterogeneous Systems

Drawbacks

Specialized
Accelerator Need to go through system bus

High area
Address [l Scratchpad
Uit Eien VL Complex data management
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In-Cache Computing
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In-Cache Computing

Gen SRAMSs SRAMs

Cache
Logic

System Bus

Massive computation requirements
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ARCANE: In-Cache Computing

In-Cache Accelerator
Address Data Tag
cen SRAMs SRAMs ARCANE Cache
VRF 0 - $ SRAMs
Cache Tag SRAMs
Logic SRAM SRAM
bank bank

System Bus

Cache Logic

Hit/Miss | Eviction

CTL

Replace
Regs P
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Computing Units

[f N ARCANE Cache\
VRF 0 - $ SRAMs

Tag SRAMs System
SRAM SRAM Bus
bank bank W

Covitov

Tunable VRF size, #lanes, #VPUs ARCANE Ctl
ot Hit/Miss | Eviction
DMA MEM

Regs
RISC-V CTL
Hazard Free
eCPU Regs

Unit Unit

Sliced Vector Register File reuses
data-cache SRAMs

Cache Logic

Replace
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Cache Logic

ARCANE Cache\

VRF 0 - $ SRAMs

Tag SRAMs System

[ Cache Logic \
i
Regs
RISC-V

Hazard Free eCPU sl Replace

Unit Unit Regs jj

SRAM SRAM

Concurrent computing
and cache mode

Fine-grained selection of usable cache
lines and lines busy computing

ARCANE Ctl

DMA o MEM
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Data Management Logic

ARCANE Cache\

VRF 0 - $ SRAMs
Tag SRAMs System
SRAM SRAM

Bus

DB Reorganizes data according to

r VRF layout for desired kernel
Uses cache logic to check for hit SEEGHE]C
on requested data Hit/Miss | Eviction

CTL

Replace
Regs P
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Data Management and Cache

BB Reorganizes data according to
r VRF layout for desired kernel

Uses cache logic to check for hit
on requested data
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bank
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SRAM
bank
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Tag SRAMs System

Cache Logic
Hit/Miss | Eviction

CTL
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Computing and Control

Custom subset of Zve32x (C-V-XIF)

Orchestrates other modules
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ARCANE: In-Cache Computing

ARCANE Cache\

. s s A ana

ARCANE
DATA VRF 0 - $ SRAMs

ACHE SRAM SRAM
CAC bank bank

Tag SRAMs System

System Bus

Cache Logic

Periph SPI 17.\:3) ee Inas A
Hit/Miss | Eviction

Flash DMA 12C
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Programming Model

Software-defined ISA

Register 4-dimensional tensors

ARCANE
DATA Call a registered kernel
CACHE

Periph SPI 97.1:4)

Flash DMA 12C
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Programming Model

& Software-decoded instructions
‘ ‘ Auto-tiling

Rich kernel library

[ ARCANE Runtime

Kernel Decoder Kernels Library

Kernel Queue

Kernel Scheduler
Kernel
Execution

Allocate
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X-IF

VRF 0 - $ SRAMs
SRAM

SRAM

bank bank
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Programming Model

- Programmable
/

A ana

VRF 0 - $ SRAMs

ARCANE Cache\

Tag SRAMs System
SRAM SRAM Bus
bank bank W
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X-IF

Cache Logic

ARCANE Ctl

ED B ¢
Regs

Hit/Miss | Eviction

CTL

Replace
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Programming Model

o o
S 3

¢ %

A 2

7 4

Tracks registered tensors (xmr)

A &

Selectively blocks critical
mem operations until data
dependency is solved
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ARCANE Cache\

. s s A ana

VRF 0 - $ SRAMs

SRAM
bank

Tag SRAMs

SRAM
bank

Cache Logic

ARCANE Ctl

m - Hit/Miss | Eviction
ma CTL

Replace
Regs P
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System Integration

System Memory

ARCANE X-IF
ARCANE Last Level

DATA Cache
CACHE

System Bus
System Bus }

m UART cv32e40px m

CHESHIRE

UART

INSTR S Jj DATA $

CVAG6

Ottaviano et al,, “Cheshire: A Lightweight, Linux-Capable RISC-V Host Platform for Domain-Specific Accelerator Plug-In”
Machetti et al,, “X-HEEP: An Open-Source, Configurable and Extendible RISC-V Platform for TinyAl Applications”
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Synthesis Results

CV32E40PX

System Memory

CV32E40PX )

INSTR.

DATA CACHE ARCA.NE
?&i‘?: 128k|B eese
ARCANE
DATA
CACHE 1.4x X-HEEP area -~ VIPUE
65 8 lanes
@5onm 16kiB eMem

6X speed up on
CV32E40P

\_ J
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Implementation Results

CHESHIRE

CHESHIRE

System Memory

CHESHIRE )

L11+L1D DATA L11+L1D| ARCANE
e, CACHE 16kiB + 128kiB
[ \ 32kiB 128KiB 32"'3
ARCANE
Last Level
Cache 4 VPUs
8 lanes
System Bus 16kiB eMem

L1
sl | INSTR$ :
1.2x Cheshire area

DcoE ... o
K CHESHIRE )
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Implementation Results

CHESHIRE
@500 MHz CHESHIRE CHESHIRE
A
+ LI1+L1D| ARCANE
L:GIki;1+D CDAACTHAE ) 16ki? + 128kiB
32kiB 128kiB 32kiB
e
=
o
o
o
1.4x LLC area
n 46% due to the VPU logic
36% due to eCPU and eMEM,
\ 18% to Cache Ctl
< 1300 um >
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Benchmarking

CHESHIRE MatMul
@500 MHz

int8 intl6 int32
[ T T ARCANE, 2 lanes
[ ARCANE, 4 lanes

[ I ARCANE, 8 lanes

1300 um

7300 pm

Up to 50x speed up

10x area efficient
on CVAG6

14x energy efficient

Flavia Guella
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Conclusions

ARCANE Cache\

Bus

. s s A ana

VRF 0 - $ SRAMs

Tag SRAMs
SRAM SRAM

bank bank

Cache Logic

X-IF

ARCANE Ctl
CTL

RISC-V

BES

Hit/Miss | Eviction

CTL

Replace
Regs P
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Demo

The hardware
Cheshire+ARCANE @ 80 MHz

Check out our DEMOs!

TinyStories on llama2.c DINOV2 VIT
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