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4% Schedule

9:00-9:25 Introduction of the XiangShan Project
9:25-9:35 Tutorial Overview and Highlights
9:35-10:20  Microarchitecture Design and Implementation
Coffee Break
10:40-12:00 Hands-on Development

Institute of Computing Technology, CAS



4 XiangShan: Open-Source High-Performance Processor

15t generation: YANQIHU

» 2020/6: first commit of design RTL
e 2021/7: 28nm tape-out, 1.3GHz
* Performance: SPEC CPU2006 7.01@1GHz, DDR4-1600

2"d generation: NANHU

» 2021/5: starting design exploration and RTL design
e 2022/12: RTL Freeze

e Plan: 14-nm tape-out soon, estimated SPEC CPU2006 20@2GHz

3rd generation: KUNMINGHU

» |SA feature: Vector (V) extension, Hypervisor (H) extension
* Comprehensive performance improvement

& OpenXiangShan / XiangShan R O W % F
> Cod © Issues 33 19 Pull requests 3 Discussions ® Actions [ Projects [ wiki @ Security
¥ master - ¥ 237 branches ©2tags  Go to file Add file ¥ About

@ happy-Ix Fix replay logic in unified load... .. v e2dfdec yesterday O 7,306 commits
M github ci: use checkout@v3 instead of v2 (#1942) 3 weeks ago
B8 debug bump difftest & mkdir for wave/perf for local... last month
By difftest @ f630d03 bump difftest, track master branch (#1967) 4 days ago
B3 fudian @ 43474be Switch to asynchronous reset for all modules ... 2 months ago
B3 huancun @ 9a729b9 util: change ElaborationArtefacts to FileRegist... yestera day

chisel3 risc-v. microarchitecture

® 75 watching
Y 409 forks

>3.2K stars, >400 forks on GitHub

Open-sourced at https://github.com/OpenXiangShan/XiangShan

Institute of Computing Technology, CAS



https://github.com/OpenXiangShan/XiangShan

4 Yanqgihu: 15t generation of XiangShan

* Yangihu: named after a lake in Beijing, China
* RV64GC, 11-stage, superscalar, out-of-order
* 5.3 CoreMark/MHz (gcc-9.3.0 —02)

* Real chip: SPEC CPU2006 7@1GHz with DDR4-1600 (DDR not fully optimized)

Yangi Lake in Beijing

» Tape-out: single XiangShan core (commit hash ccbca07) with 1MB L2 Cache

-4 Integer
- | Block

i memBlock &2

(a) (b)
Figure. Layout of (a) the entire chip; (b) the core

Institute of Computing Technology, CAS

Tape-out information for the processor core
28nm
8.6 mm?
5.05M, 4.27 mm?
261, 1.7mm?
66%

Process Node
Die Size
Std Cell

Mem

Density
Cell

Estimated Power

Frequency

ULVT 1.04%, LVT 19.32%,
SVT 25.19%, HVT 53.67%

5W
1.3GHz, TT85C




4 XiangShan Microarchitecture (Yanqgihu)

» 11-stage, 6-wide decode/rename
* TAGE-SC-L branch prediction Frontend e

senmes [ Cache [ GHR Il uBTB

16 KB 4-way | BTB | BIM
160 Int PRF + 160 FP PRF o e LT T weeser Jwe
e 192-entry ROB, 64-entry LQ, 48-entry SQ | anoa |
Rename & Dispatch
° 16_ entry RS for e aCh FU .FP RenallmeTszIe S IntegerRenameTz.able . .
* 16KB L1 Cache, 128KB L1plus Cache for instruction ||
 32KB L1 Data Cache *EEEAC]*EE* EEEE ***Eﬁ*
Float Block 22 enines Integer Block?{

e 32-entry ITLB/DTLB, 4K-entry STLB oo |
 1MB inclusive L2 Cache e ——

I —
ccccccccc Memory Block

Institute of Computing Technology, CAS 5



4 XiangShan Microarchitecture (Yanqgihu)

Instruction Buffer Dispatch Queue
ICache fetch: | |
8*4byte 6*uop 6*uop 6*uop 3*4*uop

| : : 7 14R8W
IF1 IF2/BP1 IF3/BP2 IF4/BP3 I Decode Rename Dispatch Regfile

Issue Queue Int

| 4 Exec/Writeback
17*exe/rs
16-entry F
| P EACOHIE Writeback
| FMAC: 5-cycle latenc M
'| Load
1CSR/IAL 4 TLB/Tag/Data Tag Compare Writeback 6*instr
4 ALU
2 MUL/DIV <
4 FMAC tore .
2 FMISC WIEERSCK B In-order
2 Load .| Out-of-order
2 Store — — Queues

Institute of Computing Technology, CAS



% NANHU: 2"d generation microarchitecture

Named after a lake in Jiaxing, Zhejiang, China
Target: 2GHz@14nm
Estimated SPECint 2006 19.10, SPECfp 2006 22.18

Major changes
* New frontend design: decoupled BP and instruction fetch
* Improved backend: better scheduler, instruction fusions, and more
* New L2 cache: designed for high frequency and high performance
* Tape-out with dual cores (RV64GCBK), more devices support (PCle, USB, ...)

Continuously optimize the performance, frequency, ..., in an agile way

Institute of Computing Technology, CAS



4 XiangShan Microarchitecture (Nanhu)

192 Int PRF + 192 FP PRF

256-entry ROB, 80-entry LQ, 64-entry SQ
16-entry RS for each FU (32-entry as an RS)
64KB L1 Cache, 64KB L1 Data Cache
80-entry DTLB, 36-entry ITLB, 2K-entry STLB
1MB non-inclusive L2 Cache

6MB non-inclusive L3 Cache (LLC)

Frontend

uBTB
RAS

Branch Prediction Unit
predict result

F1B H TAGE | sc | ITTAGE

l T redirect / update

Backend

Fetch Target Queue

PC read result
for Backend

Redirect / Update 64 entries
|
FTQReq
¢ 0 0
Instruction Fetch Unit Instruction
Instruction
2 cachelines Predecode | BP Checker:
Cache (2.x 64 bytes) seyes|  Uncache
v 32 Bytes
EHIE S ey Instruction Buffer
48 entries ReOrder Buffer
ITLB { 8lnstrs 256 entires
| 32 4k-page entries N "
4 superpage entries | 6-way Decoder Instruction Fusion

Rename & Dispatch

l 6 Uops

Move Elimination

.................................................................................................................................................................... Echeduter
Float FP Rename Table Memory Integer Rename Table Integer
Dispatch Dispatch Dispatch
Queue i i i Queue i i i Queue
G enies FP Physical Register File 16 entries INT Physical Register File 16 entees
H 6ido 192 entries Bido 192 entries Bido
FMAC RS FMAC RS FMISC RS STDRS MDU RS ALURS ALURS
1672 1672 162 16*2 1672 1672 16*2

Memory Block

o

Fl FMISC| [FMISC|

Prefetcher

Float Block Integer Block
T =i Load Stog;eeanl:seue * 64 4K-page entries, 16 4K-page/superpage entries
Repeater Repeater Queue v 27 8B/cycle ¢
80 entries | | Committed Store Buffer L2 Cache
16 x 64B 1 MB, 8 way, 4 bank
$328/ cycle 1648/ cycle ¢
L2TLB & PTW Data Cache L3 Cache
2048 entries 64 KB, 4 way, 8 bank 6 MB, 6 way, 4 bank
f f

Institute of Computing Technology, CAS



4% Frontend

* Decoupled frontend
* Producer: branch predictor unit

- . Frontend
. . . Branch Prediction Unit
* Consumer: instruction fetch unit
Backend predictresult  redirect/update Backend
I rea redirect/commi
° Merlt e I:] Fetch Target Queue (64 entries) [j t t
* Fewer fetch bubbles Fdreq
* Fetch directed instr. prefetching  Tielink [ Jinstruction Instruction Fetch Unit -
Node Uncache 8 Bytes | Predecode | | Checker | S cachalling Cache

8-wa
/ \ 32 Bytes/cycle e 1(28Kg) Tilelink
Node

U S Instruction Buffer (48 entries)

instr instr instr instr instr instr
GHR ITLB

Senicig BPU Management (40 entries)
s1 S2 83 — Instruction
__________________________ ‘ 6-way Decode .
{} @ @ @ Fusion

O / U pg ra d e uOP uOP uoP uoP uoP uoP
\ Fetch /

Yangihu Nanhu

) ) ) Institute of Computing Technology, CAS 9
* Frontend design of YQH is partially learnt from BOOM



4% Branch Predictor

Three-stage overriding prediction

* Stage 1 : uBTB

* Stage 2 : FTB + TAGE

* Stage 3 . SC+ ITTAGE + RAS

* FTB: Fetch Target Buffer

32 Byte unaligned

<1br

jmp

2 brs

br

PC

[

L

redirect——

@
@
©)

<2 brs, no jmp

uBTB —

target
calc

target
calc

target
calc

S R

Institute of Computing Technology, CAS

FTB
TAGE
SC
ITTAGE
BP1 BP2 BP3
10




4% Instruction Cache

* Main feature

64KB 4-w VIPT blocking cache
Even/odd bank interleaving read

Support TileLink protocol

PLRU replacement

e

\.

[ Meta SRAM |

r

Data SRAM

~

->[ IPrefetch

—>[ Pref-Entry ]

s mainpipe || i @@

G J
v
< % ProbeUnit H ReplacePipe ]—P[ReleaseUnit} >

Yanqihu Nanhu
|ICache level Two One Reduce
Size 16KB, 4-w 64KB, 4-w 4%
L1plus Cache 128KB, 8-w - Reduce
Read bandwidth 64 B 128 B 2%
TileLink Support No Yes New
Instruction prefetch Stream L2 FDIP New

Institute of Computing Technology, CAS
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4% Backend

Dispatch & Integer
RF Read Regflle
FreeList ROB
A"F?igteT lA:'acéiaJe A”F‘;’SE“"T lAEZ?,fe > IntbQ F F F
oxpacn & IntBlock
Decode ——> Rename ——> Dispatch —> L/ISDQ —| RFRead |ssue
LsSQ
Enq
Read \—¢ ’—T Read Data Allgggtel TA:I?oeiapte Ly Fp DQ —> MemBIOCK
Dispatch & RF Readl
RenameTable LSQEnqCtrl
Floatlng-pomt
Redfile
FloatBlock

Institute of Computing Technology, CAS



4% Instruction Fusion

: : sl r1,r0, 32
* Fusion of adjacent UOPs el r11r1 32 add.uw r1, r0, zero
* Improve backend efficiency Reuse
e Reduce data bypass delay
5 srli r1,r0, 8 Cvres 11 T0 |
andir1, r1, 255 ytedrd,
* How can we do that?
. . New desi
1. Reuse of the original calculation s B il )
2. Designing new types of calculations o
0.6
04
° ° 0.2
* Reduce dynamic instr. greatly 0
GC-Fused GCB GCB-Fused

Figure. Normalized Dynamic
Instruction Count for CoreMark (-02)

Institute of Computing Technology, CAS 13



% Rename & Move Elimination

* Maintain the mapping between arch registers and physical registers

* Move Elimination
* Mark as Complete when Move instruction enters ROB
* Use Reference-Counter to record mapping counts of physical registers

0: add x2, x1, x1 0: add x2, x1, x1

Move Elimination

2: add x5, x3, x4 2: add x5, x3, x2
x0 0 x0 0 x0 0
x1 1 x1 1 x1 1
X2 2 x2 32 X2 32
x3 3 x3 3 x3 32
0: initial 1: ad 2: mv

Institute of Computing Technology, CAS



4% Reservation Station

* Hybrid reservation station design
* 2ilo & 1lilo

* normal selection & age matrix base selection

DU RS ALU RS ALU RS
16 *2 16 * 2 16 * 2 16
Y Y Y Y Y \ 4 Y
MDU MDU ALU ALU ALU ALU MISC
\_ Integer Block

[ Floating-point |

Redfile
FMAC RS FMAC RS FMISC RS
16 * 2 16 * 2 16 * 2
v v v v v v
FMAC| |[FMAC| |FMAC| |[FMAC| |FMISC| |[FMISC
| | | | | |
FloatBlock

Institute of Computing Technology, CAS

Normal Select

true

true

true

true

true

false

false

true

false

true

0

1

Age Matrix
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4 Floating-Point Units (FPUs)

* Industry competitive Float Point Unit, IEEE 754 compatible

_ g OpenXiangShan/fUdian Public Q EditPins = O viatch @ ~ ¥ Fork 12 ” s € ”

FADD 3 <> Code (@ Issues §% Pullrequests (® Actions [ Projects O Wiki @ Security [~ Insights 83 Settings

F M U L 3 ¥ main ~ ¥ 15 branches  © 0 tags Go to file Add file ¥ <> Code ~ About &

Open source high performance IEEE-754

notlgr Add instructions to run unit tests 1bad625 on Aug 24, 2022 @ 33 commits roating unit
F M A 5 B3 berkeley-softfloat-3 ... Initial commit 2 years ago 00 Readme
¢ 31stars
berkeley-testfloat-3 ... Initial commit 2 years ago
® 8 watching
F DIV < 1 1 (fl Oat) M src FADD: avoid use decoder 2 years ago % 12 forks
< 18 (d O u b I e) 3 .gitignore Initial commit 2 years ago
Y .gitmodules Initial commit 2 years ago Releases
FSQRT S 1 7 (fl Oa t) [ .mill-version Initial commit 2 years ago No releases published
Create a new release
3 .scalafmt.conf Initial commit 2 years ago

< 31 (double)

FCVT, FCMP 3 https://github.com/OpenXiangShan/fudian

Institute of Computing Technology, CAS 16



% FPU

e Cascade FMA
e Reduce FADD delay 5->3

Multiplication Operands

* SRT16 Division units
* % delay compared with Yangihu (SRT4)

16ud — m[k] 4ud — mlk]

Mul-S1Reg @ b[j wj — 1]
Multiplication _?d =dd (3 4+d Sfl ;
U
| CSAs | | CSAs | \ CSAs \ \ CSAs \ | CSAs |
Mul-S2Reg b B fe B fo AV
|csas | |csas| |csas| |csas| |csas|
Multiplication Result w il i w )
vy Vv
Addition Operan ds Adders Adders Adders Adders Adders '
. ud Wide CSA
| Coder | | Coder | ’ Coder ‘ ’ Coder l | Coder Quotlgnt
Add-S1reg ) ) 7 Selection
\ 7 Block .
g Mux y » Wide Mux
Addition
m Iteration .
Add-S2reg Block Wide CSA

Addition Result

Institute of Computing Technology, CAS
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% B/K Extension Implemented

* B: Bit-Manipulation extension
* K: Cryptographic extension
» *\/(Vector)/H(Hypervisor) extensions are in development!

1. Extensions 2. Extensions Overview
1.1. Zba extension 2.1. Zbkb - Bitmanip instructions for Cryptography
1.2. Zbb: Basic bit-manipulation 2.2. Zbkc - Carry-less multiply instructions
1.2.1. Logical with negate 2.3. Zbkx - Crossbar permutation instructions

2.4. Zknd - NIST Suite: AES Decryption

2.5. Zkne - NIST Suite: AES Encryption

2.6. Zknh - NIST Suite: Hash Function Instructions

2.7. Zksed - ShangMi Suite: SM4 Block Cipher Instructions
2.8. Zksh - ShangMi Suite: SM3 Hash Function Instructions

1.2.2. Count leading/trailing zero bits
1.2.3. Count population

1.2.4. Integer minimum/maximum
1.2.5. Sign- and zero-extension

1.2.6. Bitwise rotation 2.9. Zkr - Entropy Source Extension

1.2.7. OR Combine 2.10. Zkn - NIST Algorithm Suite
1.2.8. Byte-reverse 2.11. Zks - ShangMi Algorithm Suite
1.3. Zbc: Carry-less multiplication 2.12. Zk - Standard scalar cryptography extension
1.4. Zbs: Single-bit instructions 2.13. Zkt - Data Independent Execution Latency
B Extension K Extension

Institute of Computing Technology, CAS 18



% Memory Management Unit

* Translate from virtual address to physical address

* Privilege checking LB
ITLB —{ "%l DTLB m
* Support Sv39 . .
: v :
Repeater Reéfater Fif{er |
\
VADDR[39] 2T, 1
VPN[27] Offset[12] v y v
T 5 Arbiter
. PGD Memory; —
VADDR ----------------------------------------------------------- PMD Page Cache—bti;rzlts Prefetcher
IFU —— ITLB ——— e ] PTE ! Miss | |
Ly Queue vpn &fmd & pgd
MMU L2 TLB—;—i— Page Walker > Last Level
VADDR | g g —> Page Walker
Lsu —— DTLB —™- ] | l
Arbiter

!

Institute of Computing Technology, CAS 19



% Memory Block

e Datasheets

Memory Block

* 128 4K-page entries

8 4K-page/superpage entries

Load pipeline 2
Store address pipeline 2
Store data pipeline 2
L1 LD hit latency 4
Y
L1 LD hit bandwidth 2x8B/cycle ITLB DTLB
Repeater Repeater

Store data bandwidth 2x8B/cycle
Load Queue Entry 80
Store Queue Entry 64 .

_ L2TLB & PTW
Merged Store Buffer 16 cachelines 2048 entries

LD RS STARS STD RS
16 * 2 16 * 2 16 * 2
4 Y v 4
AGU | |AGU | | AGU | | AGU
LD LD ST ST
i B . [-="" 1--
DTLB DTLB*| |DTLB*| [DTLB
v Ty T v vy vy L4
Store Queue
Load 64 entries
2 * 8B/ cycl
Queue v cyee
80 entries Committed Store Buffer
16 x 64B
32B / cycle 64B / cycle
Data Cache

128 KB, 8 way, 8 bank

}

Institute of Computing Technology, CAS

i 32B / cycle
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4 Load Pipeline

* Four stage

* Optimized for load-to-load & load-store bypass

____________________________________________________________________________________________________________________

LOAD RS
ISSUE

load_sO

VIRTUAL
ADDRESS

GEN

UPDATE

UPDATE

LQ(1) LQ(2)

VADDR BASED
STORE TO LOAD
FORWARD

PADDR BASED
STORE TO LOAD

HOELLE FORWARD CHECK

DCACHE
TAG
READ

DCACHE
TAG
MATCH

DCACHE
DATA
READ

DATA
MERGE/
SELECT

DATA
RITEBACK

load_s1 load_s2 load_s3

Institute of Computing Technology, CAS 21



4% L1 DCache

Miss Queue

Write-back Queue

LoadPipe * 2
* Coupled with load pipeline | r | sel
. ] meta data |data
* TileLink protocol
r r | sel
meta|data | data
Repl
L1 Data cache size 64KB ;--e-p-e-ly ------------------------------ N
Y
L1/L2 Bus Width 256bit Store
Store Buffer
Store Buffer 16
r r | m )
Probe Queue 8 meta|data |data |
Prob
Miss Queue 16 Probe Queue rooe Main Pipe
Write-back Queue 18
w
Prefetch Instruction Support
ECC Support Refill Pipe
Replace

Institute of Computing Technology, CAS
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4% L1 DCache

* Noteworthy features

e Multi-bank
e Anti-alias

* MSHR request merge
e Optional L1D prefetcher

14 12 11 Same [11: 0] bit for vaddr & paddr 0
vaddr virtual ti AB I virtual index bank offset
12 11 0

paddr I physical tag I

virtual index

bank offset

Use paddr tag for data cache tag comparison

Institute of Computing Technology, CAS

0x0000

0x1000

For both load pipe #0 and #1, accessed in parallel

@ Acquire 0x1000

@ tag hit but alias conflict!

tag | alias=0

\_’
®
Probe

0x0000

DCache

L2 Directory

@ Refill 0x1000

tag | alias=1

—/

DCache

L2 Directory

23



4 L2/L3 Cache

Core #1 Core #2

L1l L1D L1l L1D

* High performance non-blocking L2/L3 cache

* Design features
* Directory based coherence
* Inclusive/Non-inclusive
* TileLink protocol

L] L]
* Highly configurable parameters
il ive + 36 branches 0 tags Go to file Add file
L] L]
° SI ice Slze #Ways # M S H RS o ) — R N ——
’ ’ ’ ithub/workflows -| 3 me
rocket-chip @ 851319  Bump rocketchip 3 months ago
* Replacement: Random/PLRU/RRIP - B
( util.sram: rm a r/w hazard mux which is not needed 10 days ago
O gtigore  gitignore: add build/ 8 months ago
* Prefetch: BOP/SMS - B
mill-version -1 3 m
t.conf 13 months ago

add Mulan PSL2 license (#15) 10 months ago

° ° ° 3 add Mulan PSL2 license (#15) 10 months ago

* Maintain coherence with both L1l & L1D o
README.md 3 13 months ago

Institute of Computing Technology, CAS 24



P
e

L2/L3 Cache

* Concurrent request processing flow

1

Client dir Self dir | | Data
! storage
1

OOUU-UU e

Sinks Sources

K TileLink channel controller

N Slices

@ Get request (@ Arbitration

® Read directory

Directory

(6 Release MSHR

Update directory

Allocator

(@ MSHR state machine
running

MSHRs

(Blocked by Set)

(0

|

(® Allocate MSHR

Tasks

State Machine & >
Control Logic H
Resps L SinkE J L SourceE J

® Send task for channel controller
Get response to update MSHR states

Inward Qutward

L SinkA J LSourceAJ

LSourceBJ { SinkB J
TileLink

L SinkC J LSourceCJ H

LSourceDJ L SinkD J

Institute of Computing Technology, CAS
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4% Microarchitecture Implementation

* Implement by Chisel HDL
* High readability
* High modifiability

CHISEU

* Beyond built-ins, we designed some open-source high-performance
utilities/components

[P A R e R e R i R e B e A

BinaryArbiterNode.scala
BitUtils.scala
ChiselDB.scala
CircularQueuePtr.scala
Constantin.scala
DataModuleTemplate.scala
ECC.scala

ExcitingUtils.scala

000D D0 D0 DO

ExtractVerilogModules.scala

FastArbiter.scala
FileRegisters.scala
GTimer.scala
Hold.scala
IntBuffer.scala
LFSR64.scala

LatencyPipe.scala

LookupTree.scala

RegMap.scala

MIMOQueue:scala Replacement.scala

Misc.scala
ResetGen.scala

ParallelMux.scala
SRAMTemplate.scala
Pipeline.scala

o StopWatch.scala
PipelineConnect.scala

PriorityMuxDefault.scala TLClientsMerger.scala

[ R B P R W I B B R I P
(IR EP AR I R P R P R IP A P

TLEdgeBuffer.scala

PriorityMuxGen.scala

Institute of Computing Technology, CAS

Check it out!
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4% Microarchitecture Implementation

* Highly configurable e.g.
* You can setup parameters as you wish How to change rename/decode/issue
IBufSize: Int = exuParameters: ExuParameters = Wldth?

DecodeWidth: Int ExuParameters(

Renameuidth: Int Jmocrt = 1, All you need is to change a number

. . 4,
CommitWidth: Int MulCnt = o,
2

FtgSize: Int = 64, MduCnt =

EnablelLoadFastWakeUp: Boolean = true, FmacCnt = ;)
IssQueSize: Int = 16, FmiscCnt = 2,
NRPhyRegs: Int = 192, FmiscDivSgrtCnt = @,
LoadQueueSize: Int = 80, LduCnt = 2,
LoadQueueNWriteBanks: Int = 8, stucnt = 2

StoreQueueSize: Int = 64, )s

K prefetcher: Option[PrefetcherParams] =
StoreQueueNWriteBanks: Int = 8, Some (SMSParams ())

RobSize: Int = 256, LoadPipelineWidth: Int
dpParams: DispatchParameters = StorePipelineWi

DispatchParameters( StoreBufferSize: I

I
PC
Frontend l ‘—;—'
e Instruction Branch Predictor

Cacho

BTB [ M |
16 KB 4-way
LizteEED i TAGE-SCL RAS
Instruction Buffer
48 entries

48 entries 6-way Decoder

128KB 8-way

MinimalConfig(n: Int = 1) extends Config(
DefaultConfig(n).alter((site, here, up) => {
case SoCParamsKey => up(SoCParamsKey).copy(

cores = up(SoCParamsKey).cores.man/_..opy( .
DecodeWidth = 2, Rename & Dispatch

RenameWidth = 2, FP Rename Table Integer Rename Table

Fetchwidth = 4, ReOrder Buffer

192 entires
IssQueSize = 8,

Fetch Target Queue

FP Physical Register File INT Physical Register File
160 entries 160 entries.

.

NRPhyRegs = 80,

LoadQueue

| Fuec) ] [Fuae] [Fuec) ] rsd] » 5 wou Ay (a0 [As] o] fuse] )
SRS = : e [Rer] [ | [ ) [ & = o SIS
ize = 32, -
EEEEEE BHEE S5 EEREREE
TLE
32 entries

Integer Block

IntDgSize = 16, StoreBufferThreshold: Int =

FpDgSize 16, EnablelLoadToLoadForward: Boolean = true,
EnableFastForward: Boolean = false,
EnablelLdVioCheckAfterReset: Boolean = true,
EnableSoftPrefetchAfterReset: Boolean = true,

LsDgSize 16,

IntDgDegWidth =

FpDgDeqWidth = 4, EnableCacheErrorAfterReset: Boolean = true,
4

Float Block

D1
’_,1 STLB & PTW J
4096 entries
StoreBufferThreshold = 3, 2x8Bigycie Load Store

Queue || Queue

LsDgDegWidth EnablePTWPreferCache: Boolean = true,

dpParams spatchParameters( L2 Cache Sniorcs R [
EnableAccuratelLoadError: Boolean = true, =8, Data Cache [
B 1 2 KB Store Buffer
8-way 8way 16x648
eeace Memory Block

Some key parameters

Institute of Computing Technology, CAS 27



4 Microarchitecture Implementation

 Easy-to-use performance counter system

* Multiple collection types
e Cumulative counter
* Delay counter
* Transaction counter

* Multiple analysis style
* Key-value list
* Histogram
* Database
e Time series visualization

Institute of Computing Technology, CAS

TOP.XSSimSoC.soc.xs_core.ctrlBlock.ftq:

TOP.XSSimSoC.soc.xs_core.ctrlBlock.ftq:
TOP.XSSimSoC.soc.xs_core.ctrlBlock.ftq:
TOP.XSSimSoC.soc.xs_core.ctrlBlock.ftq:
TOP.XSSimSoC.soc.xs_core.ctrlBlock.ftq:
TOP.XSSimSoC.soc.xs_core.ctrlBlock.ftq:
TOP.XSSimSoC.soc.xs_core.ctrlBlock.ftq:
TOP.XSSimSoC.soc.xs_core.ctrlBlock.ftq:
TOP.XSSimSoC.soc.xs_core.ctrlBlock.ftq:
TOP.XSSimSoC.soc.xs_core.ctrlBlock.ftq:
TOP.XSSimSoC.soc.xs_core.ctrlBlock.ftq:

BpBInstr,
BpBRight,
BpBWrong,
BpCRight,
BpCWrong,

BpInstr,

BpIRight,
BpIWrong,
BpJRight,
BpJWrong,

BpRight,

28



4% Microarchitecture Implementation

* Modules are designed according to object-oriented programming
e Support multi-level abstraction

circuit

AjD* abstraction
out
XK

Module Y )
Interface out
abstraction ]

Module X

Functional
abstraction

* e.g., to implement a new prefetcher

* We provide a clean set of interfaces that allow the developer to focus on the
implementation of the algorithm itself

Institute of Computing Technology, CAS 29



FRMIEAERLGL G (R :A REFRIECLES RISCV) B [T LRI b

INSTITUTE OF COMPUTING TECHNOLOGY , CHINESE ACADEMY OF SCIENCES China RISC-V Alliance B05C BEIJING INSTITUTE OF OPEN SOURCE CHIP

Thanks!

This tutorial is organized by Kaifan Wang, Yinan Xu, Guokai Chen, Xi Chen, Haoyuan Feng, Ziyue Zhang, Kan Shi, and Yungang Bao.



