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% Svpbmt: BFRFRNAFRENE

» SCIU Svpbmt BITURB M S RkIEETD
Y L1 & L2 Cache

BE#EZZ3X PoS (Point of Serialization)
* NC: Non-cacheable, RVWMO

A&+, BIFH(T, BJHEN

* 10: Non-cacheable

s hl IR

- BX
* 3 Memory )%fiiﬂzijﬂ'ﬁ
- BEENBWERSIESE
- BreaakAY1/0 Coherent IR

{BEAEHENIR AT

/0 Coherency (PoS observable)

Cache Coherency (PoS observable)

Agent 0

Cache Coherent

Cache

Agent 1
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|/O Coherent
Agent 2

|/O Coherent

Agent 3
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Y

A

Y

A
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Coherent Interconnect
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Memory
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- BEIHIERARN SoC =3k, IFERRAN RISC-V X SoC IRARHYZS TR
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% Svpbmt: EFRFRHNAFETE
- @D NC HENIT - @ NCiBREFH

- NCiEXk RVWMO « 8-Byte XIFFHYREBIERIMBULATER AN G FH
.+ HEAT NC IESRIBLLIBRHT 10 i - {EREFS Outstanding IEIHEILIRI 3.13
R$KE 1.21 fNiEEL JI[IEd
SpeedUp SpeedUp

10 NC 10 NC+OT NC+OT+MergeOpt

Efeabarest Sy Ee BEinFEER N
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% Svpbmt: BEFRFHNAFELE

@ NC Outstanding
Ak 4 NOutstanding NC 153K

Master Slave Master Slave

NC Request O ' | NC Request 0

NC Request 1
NC Resp 0

: ' | NC Resp 0
: NC Request 1 ' ://

NC Resp 1

\ \ 4 \4 \ 4
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% Svpbmt: EFRFRHNAFETE

SpeedUp

» BB Svpbmt I RB S :

NCIERRIT
2
NC é#ﬂt{‘b } 1.5 1.21
1
NC Outstanding ) l I
i 10 NC

NC+OT NC+OT+0Opt

w

[y

BEinFE RN E
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% Zicclsm: JEXJFFLoad/sS
s R ESHREIEYFFIAE

toreifj[a)

- Bix: BRERSUNFS+3ZFREIERIFT

* D 16 Byte RIEXIFTFIEKALTE

:
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% Zicclsm: JENIFFLoad/Storei5|a)

* @ I5 16 Byte IEXISTIBKRIFTD

FRIRDIEXK, PiEibitPAC FIXIEDIEK, PIEibitPAC
o o
-
31
31
31
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% Zicclsm: JENIFFLoad/Storei5|a)

* @ IBRAVARRISFBXIFD

SIRIFDER, YEtiEPA1 FRIFDER, YEIEPAO
r A Y i\
31 15

31

15
31 15
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TEM%T$ﬁ &
HFiREEae CoupledlL2 e TL2CHI CoupledL2 ¥¥NKunminghuV3 Cache IP
RISC-V LIE%E 2023 2024-2025 2026

Nanhu Kunminghu Kunminghu V2 kunminghu V3
SREE 2GHz A 3GHz 3GHz A 3GHz +
BAEE 32B up + 32B down 32B up + 32B down 32B up + 32B down 32B up + 32B down
2N TileLink TileLink TileLink + CHI A Private + CHI
—E NN MESI-ish MESI-ish MESI-ish A MOESlI-ish
L1 —3qiE |+D D D A D/1+D
TR NINE Inclusive Inclusive Inclusive, NINE for |
L3 58E% - HuanCun OpenLLC, or Any CHI NoC TBD, or Any CHI NoC
i Rt ~ 8 cores ~ 8 cores A 64+ cores 64+ cores
ESHITE 14 / slice 16 / slice 16 / slice A 32+ /slice
— B IR - - A 5% X%
[RFESTH - - - A TF
L3 FREVTS - - - N 5

FERZFRRIT AR (ICT, CAS)
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o FES
- EFBEFH—EUEEF
* Inclusive B &5RER

XiangShan Kunminghu

Core 0

L1D$ | L1IS$

iii

CoupledL2

o 21 TileLink 1.8.1 (custom)
(kMHv2 TL2cHI) CHI Issue B/C/E TileLink
o« §514
- JEPEEMNEFRIKE
AMBA CHI

- EE%: Random/PLRU/DDRIP
o YUENELX: Stream/Stride/
Best-Offset/Temporal
- 511 cache BFBESL
« £ NoC _E1J¥ FEZl 64+ cores

L3 $

Scalable NoC

https://github.com/OpenXiangShan/CoupledL2 hER P E R ARFFZFT (ICT, CAS)

% CoupledL2: IEHFHLIRIFMNES I B—EE L2 &=

Core N

L1D$ | L1I$

iii

CoupledL2

L3 $



https://github.com/OpenXiangShan/CoupledL2

% CoupledL2: IEHFHLIRIFMNES I B—EE L2 &=

- JEPEE K, BulgeREAREKRZBENHITE
« 74F Multi-Cycle Path, LASZIFEEAHY L2 SRAM FHFS
« 1378, IEMEAY U AR

* TileLink <-> AMBA CHI

° ij:%'zﬁglﬁ&l\z%.lvj.]\iy PrObF) SourceB  —TL Channel B>»

MSHRs
* CHIlIssueE —L2 Prefetch—> |_) TXREQ ——CHIREQ—>»
SinkA Request
—TL Channel A—»
* CHI Issue C i RXRSP  |«—CHI CRSP—
e CHII B Birectory RefillBuf -
SSU€ ReqBuffer ——> g A <wri CHI RDAT—
rea alloc
It : d
1215t Soc SIS B A S A
o —CHISNP—» RXSNP —> - [ TL Channel E—
. TileLink MainPipe :
s ; > TXDAT —CHI WDAT—>
YRS readi write readi write
LJJEE L1 CaChe % —TL Channel C>» SinkC —> \ 4 \ 4 CompAck g SnpResp
write ReleaseBuf DataStorage | L y| TXRSP —CHI SRSP—>»

https://github.com/OpenXiangShan/CoupledlL2 chER P E S ARFFZFRT (ICT, CAS) 13
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% CoupledL2: IEHFHLIRIFMNES I B—EE L2 &=

- T SIS —EEIRIERIR (S22 KIER)

o« TIFAEP—BUERIRMER, LSTHFERMZOBIERRRHT
- TERRSS =R P FahIFEERAE

- UEAEMAXFFFEERAVGEREIE. AEh. WERE
- SZISET CHITRERI—E RN, RS
» BENMVOHIMEIREPIRNSRS, REREMUAERRER. AHITEH
- RS TERRIEEE %R, SRFIELE
- £ 12 EM TBIFERRSNSZEEO

* 3Z§F CSR ZHI—BUERE
* SZIFRUTIGREE

> SEFRAHFEERREZXERIIR, BESITRIG
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w ARk : @A TileLink IYINBEARRE. IESHERRE

—HUERT

% £

R

QoS

RFRF3ZS

iR 8. HHEE

Cache-to-cache
Direct Transfer

Cache-to-memory
Direct Transfer
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Exclusive
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25 MESI 25 MOESI
Ready-valid Credit

% B

% (=]
REX B(ZIESH)
7% B
REN (=]
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7c (=]
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w [A)RE: @A TileLink IYINEEARRE. BSERRE

CoupledL2 TL2CHI CoupledL2 KunminghuV3
2023 2024-2025 2026

« BMIISEE(EEL TileLink 11Y
o LISTERERHEIR (CMO) 185
« LUARK L1-12 Z BB S
- —HEIMNEEIRTFEEIRTGGIE
TileLink <-> AMBA CHI L1
EEAENNEZRIIEUEFER
IMYAIRITHESANE
- BEMAR. BERERMNAE
- S L2 ESTERIHRESRT -2
LSU-L1-L2 Z BV ST EmTAE
L1-L2 P=E5{K#f Rocket-chip Diplomacy
* Rocket-chip ZBIF R E2BBASELT

L3

+ > F— L1-L2 [EIERABFAB Y

https://github.com/OpenXiangShan/CoupledL?2

Kunminghu
Core

L1D | L1l [PTW

l Tileiink l

CoupledL2

I
TileLink

v

HuanCun

REREERTERRFAT (ICT, CAS)

P

Kunminghu
Core

L1D | L1l [PTW

[T ]

TL2CHI
CoupledL2

|
AMBA CHI

A 4

OpenLLC / NoC

Kunminghu
Core

L1D | L1l [PTW
! I !

XiangShan Private

v VvV v

KmhV3 L2

|
AMBA CHI

\ 4

OpenLLC / NoC
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+ RE: RISC-v cBO IFS{ERTEEI R FIE—Hha
. '-Fﬂ#ﬁ E No Coherency (Out of PoS, System observable)

- \ AN 1/0 Coherency (PoS observable)
- {ERPEEIIKRY CBO 18X
MR RE
Ejﬂ 1] A SEHU Cache Coherency (PoS observable)
Cache Coherent Cache Coherent I/0O Coherent I/0O Coherent
Agent 0 Agent 1 Agent 2 Agent 3

B s o

. g;ﬁ CMO gj 5mml|‘$z'_‘ﬁ }-?’— ¥ 4 v v
HBERZED) 1/0 —Ei%iR (Pos, Paint of Seralzaton)
« {UKEEFRERT AMBA CHI SEE CMO x | 5
FoiLims e RISC-V CBO RYEK Y x
NN N Non-coherent Interconnect Non-coherent Interconnect Agent 4
° _ITII:I%% SOC Td]‘lﬁllﬁl-l—j E\?A%I‘IE A A 4 ¢ ¢
fgé RlSC'V CBO H/‘J%X | Crossbar
Y Y Y ¢
Memory Memory Memory Memory

> WHEREEENSE? | [ [SR] [ER] e

REREERTERRFAT (ICT, CAS) Y



% TL-Test: BF TileLink B2 188 EFIIFIESS

TL-Test Agents

XSCore
L1 Cache

v

XSCore

* |L1 Cache

CAgent

ULAgent

v

I TL-Test Interface I

v

<>

TL-Test Components

Local Data
Scoreboards

Local Cache State

System Data
Scoreboards
System Cache State

Scoreboards

Scoreboards

TileLink

TileLink Crossbar

Protocol

Abstraction

DUT (L2 Cache)

DUT (L3 Cache)

DUT Example

TileLink
Protocol
Check

* BF Tilelink BRI —EESZIGIE. R, EEREFEEMENE
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+ RETRiEH

* TL-Test-new: SZIFRg A EIAIGAY TL-Test B
: Verilog Simulators
- IER B TRAIFFR CHI TibF (VC[S)E:Z o

-« E2HA AMBA CHI (XA ML RTLIP FO VIP i TestTop

- (RIEEB IT{ERRIF
- RIFRERGEEEITA. Uid. EEDIEEL

. FRISCISTRE. AL{AEITRS
. —ERD, WEISARERBOTIER (W GitHub ) (R

- BEIFHYREH BRI E R RS (Fuzzer) SERENiRES PoriGen

. RERIEROTR, WA, FH=EETHEN ;I e I

> FaRtEkinEEE] SRS IF  Verilator Host Mode
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% JF[E CHI SoC IP

~p—— . OpenNCB
* OpenNCB: FHESEEE CHI to AXI4 1Y .
- Collion
+ 3 AXI4 BIFF—BIEAT S petect
- FEFREAFTRSE CHI CAM AXI4
« Credit-controlled Zero Retry TXRSP [ =T ] AW
Queue —3» W
- Y5SHEE outstanding R E RXREQ > E < 5
° ﬁ?%%%ﬁ{{@ﬂ%/%‘\%%ﬁyﬁﬁg RXDAT >
 CHI: 128, 256, or 512 bits —>{ AR
. AXI: 32, 64,128, 256 or 512 bits AT < F
Data
- OJEcERYERSSELS, EHCARAY SoCc 155 Payload

-+ 2EF. BOELF. FEUF
o (RUERTIEIRARISESSIRENERD], 2% HN EXRIELFZEE

https://github.com/OpenXiangShan/OpenNCB hERIEAPEE ARFRFGIFR (ICT, CAS) 20



https://github.com/OpenXiangShan/OpenNCB

% JF[E CHI SoC IP

* OpenlLLC: FFESTHEE CHI HN-F SEI

[ EJ9RN-FimHE, MTR/9 SN-Fim
XHFWERY CHI Issue E Z855
S CMO 53K
HIFBFRAY MesI —FEHHY (w/ Snoop Filter)
HIFSMEFE SR

o EA1Z /9 exclusive, Z#%JJ non-inclusive

EHREEITSARZE ERK SRS
« Zslices T, [EETTF set NiEKFFT
o XIFEBDEFJEWE bypass

- OpenlLLC 5 OpenNCB #BpY; CHI fR/NBEAZRSE 1P

https://github.com/OpenXiangShan/OpenLLC hERIEE T E R ARFFZRET (ICT, CAS)

XSCore 0

Core Pipes

CoupledL2

|

| SN-F Memory Ports

Lo | L | jprw| T

XSCore n

Core Pipes

Li1D| | L1l | [PTW

CoupledL2

|

OpenLLC

SN-I MMIO

CHI Endpoint

Border

AXI Memory Controllers

AXI Peripherals
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« FFE cHI EiighE
* CHiron: FFi& AMBA cHI i hie

- HHREMFR AMBA cHI TEE
 {EH C++ 1R AMBA CHI i, FIFRZmIES4FIESCIISE Machine Readable Specification
* 3Z§F CHlIssue B/C/E, HBIEZE4EF Issue E
- BEF RIS BIENNE. FSEHR

- XIFAEDESEHR, EEFNTE, A TSFRLITEBI—EIEPRESIES
- BRIBZ5EEE Kunminghu V2 BIFENK, FHPEIREREN NS SRl

- BirRkAEMZIERIEIZHE (Infrastructure of infrastructures)

o KEPoIEEER—ERITEL, JLFREINEELL AP LI

« AJLABK9 UVM EFEHIA%, 1B CHiron BJLUEEAIIM UvM HRRERIHESR, VIP ABRER
« BIIFZEIEDT, 9 Palladium BE&OITHFREEFAIMLRE (BIESEERE. REBEFTINS)
« EFFEIMEA A LAREEEER

St

https://github.com/RISMicroDevices/CHIron hERI T E R ARTAZIET (ICT, CAS) 22
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% FFi& CHI Bl htE

* CHiron: FFE AMBA cHI Eith&htE

- IFEHTFEEERS Trace IER. BEDIT
o XFFEELERURIV—HEHFIAET. (Clog.B) , [FEHE=EZII 37%, BT SEHIEEE DR
o BZF E TR Trace ot (FIA{XIER. D3RS Trace HER)

- BEIPMSOFEANIRIETEK, MENTEFAME. TE&FIEISHES, IR RIRER

/

IR-ish CHiron Hardware Task
—>] Hardened RTL Checkers (Hard VIP)
GFIFO
Hardware Simulators GUI
Palladium PCle A::i:agm
CLog.B CHiron Toolset CLi

DPI-C Coherency Bus Performance

Profiling & Tuning

Runtime Software Checkers (VIP)

CHlIlron Software Stack

Software Emulators

\ 4

Verilator

https://github.com/RISMicroDevices/CHIron hERIEE T E R ARFFZRET (ICT, CAS) 23
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