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Frontend {5 F18 Tace | SC |mAce] XiangShan
Branch Prediction Unit Core
Backend PC Read Result
Redirect / Update for Backend
Instruction
Cache
1128 KB, 8 way|
| ms
pes. .| IR | vency, | EERERSEIEE )
o [ yoner [ e,

Register File | | 16 entries |

Block

Memory ||.zms &PTW

Data Cache
2048 entries. 128 KB, 8 way, 8 bank

RTLAX.#5,

{328/ cycle 13287 cycle
[ L2cache (1MB, 8 way, 4bank) | SestOffset |
I3281wcle
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L3 Cache (6 MB, 6 way, 4 bank) |

class XSTop() (implicit p: Parameters) extends BaseXSSoc() with HassoCParaseter

ResourceBinding {
val width = ResourceInt(2)
val model = “freechips, rocketchip-unknown"

.root, "model”) cestring(model))

.root, “compat”). cestring(model + "~dev*))
-soc, “compat") ceString(model + “-soc*))
Lroot, "width").bind(width)

5.50¢, "width"). bind (width
Resource(ResourceAnchors. cpus, "width") .bind(Resourcelnt (1))
def bindManagers (xbar: TiNexushode) = {
HanagerUnification(xbar.edges. in. head. nanager. sanagers) . foreach{ manager =
nanager. resources. foreach(r => r.bind(sanager. toResource))
}
}

.13 _xbar, )

-perip )

)

println(s"FPGASOC cores: $NumCores banks: $L3NBanks block size: $L3BlockSize bus size: SLIOuterBusWidth)

val core_with_12 = tiles.nap(coreParams =>
LazyModule(new XSTile() (p.alterpartial({
case XSCoreParamskey => coreParans
ny
)

val U3cachedpt = soc.L3CacheParans0pt..nap(L3paran =
LazyModute(new HuanCun()(new Contigl(Ly _, ) = {
case HCCacheparanskey = U3paran
nn
)

for (1 <= © until NusCores) {
core_with_12(1).clint_int_sink := misc.clint. intnode
core_with_12(1) .plic_int_sink isc.plic. intnode
core_with_12(1) .debug_int_sink := misc.debugHodule.debug.dsOuter.dnluter. intnode
misc.plic. intnode := IntBuffer() := core_with_12(1).beu_int_source
misc.peripheral_ports(i) := core_with_12(i).uncache
misc.core_to_13_ports(i) :=x core_with_12(i).semory_port

)
U3cachedpt.map(_..ctinode.map(_ := misc.peripheralXbar))
3cache0pt.map(_. intnode.map(int => {
misc.plic. intnode := IntBuffer() := int
»m

mRYTIB S Pk, PEREFRBT, 2022, 37(1): 24-29.
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class XSTop() (implicit p: Parameters) extends BaseXSSoc() with HassoCParaseter

[ uBTB ] I XiangShan
Frontend 52| 8 | TAcE | sc ||TAcE 9 RS
Branch Prediction Unit Core Va1 width = Resourcetnt(2)
Vol aodel = *freechips, rocketchip-unknoun
ors.cost, “esdel®), cestring(modeV)) 1
9 + "-dev)) 1
PLRISCV? cestring(model + "-soc")) i
Resource(ResourceAnchors.root, “width").bind(width) 31
5.50¢, “"width").bind(width] 13
Resource(ResourceAnchors. cpus, "width").bind(ResourceInt(1))
det bindtanagers(xbar: TiNexusNode) = {
256-entry Hanagertnificat on(xbar. edges. in. head.nanager. sanagers). foreach( nanager =>
s manager. resources. foreach(r <> r.bind(sanager. toResource))
}
Buffer '
| Move Elimination | Scheduler N s !
Integer Rename Table|

Dispatch println(s"FPGASOC cores: $NumCores banks: $L3NBanks block size: $L3BlockSize bus size: SLIOuterBusWidth)

val core_with_12 = tiles.nap(coreParams =>
LazyModule(new XSTile() (p.alterpartial({
case XSCoreParamsKey => coreParans
ny
)

Physical Register File

The RISC-V Instruction Set
Manual Volume |

val 13cache0pt = soc.L3Cacheparans0pt.map(13paran =>
LazyModule(new HuanCun() (new Configl(_, _, ) = {
case HCCacheParanskey => \3param
Unprivileged Architecture ”
)

Version 20240411

for (1 <= © until NusCores) {
core_with_12(1).clint_int_sink := misc.clint. intnode
core_with_12(1).plic_int_sink :+= misc.plic. intnode

Core_vith 12011 debup.ink.sink = wisc.debughodute.debu. dnduter. daduter. intnode
Memory  [L2TLB & PTW Data Cache eisciplic intnode 1= TntBuffert) e core vith 12(1)-be,int,_source
Block 2048 entries 128 KB, 8 way, 8 bank misc.peripheral_ports(i) := core_with_12(1).uncache i
_____________ Ta28 / cycle 1328 / cycle . , misc.core_to_13_ports(i) :=x core_with_12(1).senory_port it it R
[ L2cache (1MB, 8 way, 4bank) | BestOrfset
T . ocachpt.map(_code.map_ i< misprigheraiabar) i L3 Cache
328 / cycle 13cacheOpt.map(_. intnode.map(int => { t
| et ee e vy AaD | | Shetic e - et o« i — R

FrRERBRKRR = (L1)FFRES T + (L2)F RE T KA+ (L3)FRIA

FKig: B, FINEE. FRC R SRR EH
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"W . FiREIEEERISC-VALIEER

* Highest performing open-source processor series by far AN Hosted on GitHub
* Open RTL design with comprehensive documentation T > 6.4K stars vy
* Open development tools and platform XIANGSHAN >770forks ¥
Kunminghu (3" gen.) Nanhu (2" gen.)
versus ARM Neoverse N2 versus ARM Cortex A76
» Designed for high performance » Designed for power/area efficiency
» Targeting server/data-center segment » Targeting industry-control segment
* RVA-23 profile * RVA-20 profile
* Leading RISC-V feature sets (H/V ext.) * Taped out and tested

 Managed by the Beijing Institute of Open Source Chip (BOSC), an NPO
* Founding members from industry, academia, investors, law officers

* Supported by tens of members
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class X5Top() (inplicit p: Parameters) extends BaseXSSoc() with HasSolParameter

ring(model})

idth"}.bind (width)
th").bind{Resourcelnt{1)}

5. in.head.manager. managers) . foreach{ manager =

manager. resources. foreach(r == r.bind(manager. toResource) )
}

¥

bindManagers(misc.13_xbar.asInst

bindManagers (misc.peripheralXbar.a:

printin(s"FPGASOL cores: $HumCores banks: $L3NBanks block size: $L38lockSize bus size: $L30uterBusWidth”)

val core_with_12 = tiles.map(coreParams ==
lel)(p.alterpartiali{

Key == careParans

soc.L3CacheParansOpt.nap(13param ==
HuanCun{}(new Canfigll_, _, ) == {
Paramskey = 13param

Lint. intnode
lic. intnode

godule. debug. dnuter. dnluter. intnode
ith_12(i).beu_int_source

misc.plic. intnode :
nisc.peripheral_ports(i}
misc.core_to_13_portsii)

i=% core_with_12(i).memory_port

13cachetpt.map(
13cache0pt.map
misc.plic.in
My

node.map(_ := misc.peripheralxbar)}

_

8]: 54k IESE (Design Under Test, DUT) BI{FEZ5

. AMAERALL IR RRRYIT A IETR IR

B4R > A7

a7

= File Edit View Simulator Signal Scope Trace Window Help  Lslx
mxlps - ",—Ll fo b= BF of EPieR-E-a-tain- zimﬁ
g/.\ “E }ﬂ {5,] Name |\J‘alueJ -1
e l‘L ‘I/ ~io_mem_aw_valid St0
+r~io_mem_aw_bits_addr[31:0] 32'h8040_05c0 [k
-io_mem_aw _bits_id St0
+~io_mem_aw_bits_len[7:0] 8h07
+~io_mem_aw_bits_size[2:0] 3'h3
+~io_mem_aw_bits_burst[1:0] 2h2
~io_mem w_ready St0
~io mem w valid St0
#~io_mem w_bits data[63:0] 000 8900 0000 a8 4ell 0a50,; *00 8900 0000 it “9b 4a8b 40ef A
N +~io_mem w_bits_strb[7:0] 8'hff ff
RT L /{75 _ﬁ ~io_mem w_bits last St0
/N ~io mem b ready Stl
~io_mem b valid St0
+~io_mem_b_bits_resp[1:0] 2'ho
~io mem b bits id St0
1 ~io mem ar ready - _‘5‘& SD(jDOO. .. 1850000. . . . 1200000, . . . 1950000. . . . 12.000000. . . [1050000. . . 11100000. . . 11150000. . . 11200000, . . | 2-
= Wave, 1=
Ready O TOP.SimTop.soc, N/A| N/A[ElREdmiEal

-
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* RISC-V IESEEREIFT R

* 1 RVA23 Profile 735l
* 33 /I\Z\ﬁ'ﬂﬁ?é
« 830 TS ETF
- 18EL 2019 FFAFEIEENE

- IIRERL. REE. AR T4,

ESEREREREH
A

~ Integer

RISC-V ISA

extensions Vector

Debug

| [DER: WOFURRIE? |

* Program counter
* General-purpose

registers

e Control and status

registers (CSRs)

Double/Float!

Float registers

* \Vectorregisters
* Vector CSRs

Hypervisor | *

Hypervisor CSRs

* Debug CSRs
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DiffTest: A Co-Simulation Framework for RISC-V CPUs

+ RIS RISC-V CPU FEIE SHIEERRIATFA RISC-V ISA ER
- (ERIEN. SEUNERERIHEREDILEER
- (EFEESKIRIIER (W spike) SEEFMULEINIHER

([ =xes )

[ ) é éé TR | gé ERANEE ]é

A L%t | i éés%’z#&@ ] Verilog] [SV/C/C++] s A [

AT R Verilog: [SV/C/C++]

( ) (veriog) (svicice+) | (het | ( zxks ] [((HoL :
9544 | | | PAT 2 | Verilog

Verilog | | sv/c/c++ |

(a) 1% %7 X, (b) LA 7 X (c) B4 77 X,

_________________________________________________________________________________________________________________________________________
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Hii(Base)

;b A E D/FY &
éiifﬁ' VIR
HI &

Debugl &

JSMERYtREERR ]

ITRAVECE, XFFFEFBEE TN

"ﬁll:l:lll

* ArchEvent
* TrapEvent
 [nstrCommit

e ArchintRegState

e (CSRState

* ArchFpRegState

* ArchVecRegState

* VecCSRState
e HCSRState

* DebugMode

QR ARIBSESZIFE

Z R
RFZEIREEHT
iZE?ﬁE StoretbEs
=
— X E
TLBIG &S

HE

* |ntWriteback
* FpWriteback
* VecWriteback

* ArchintDelayedUpdate
* ArchFpDelayedUpdate

e StoreEvent

e ShufferEvent
* LoadEvent
 RefillEvent

e L1TLBEvent
e L2TLBEvent

21



- BRI
- AIEER AR AT IR/ HUA S E
- EHUESITIERINIES
- [ERHENRT, HRTEEERER

.+ 3%

Difffest: IESRERE R INIFIESS

B RISC-v A IERERYAEIGIE

- IBMEL. NutShell, rocket-chip FE{FEBZEH
2 Chisel #0 Verilog API
« 53 Verilator/VCS/BERL T /Xilinx FPGA/GSIM 25 RTL {HEL38

« 15 NEMU/Spike I5SEEIZE{E golden model
W 5% mDifflest 4% W L AIR4E

2000

1600

=2
e 1200
Wi

e 800
400

0

1908

FBE K

1097

242
4 9 - 61 62

AR AE I E

2024538 E 20255 2H
B cl ZML 339 4
HLUA B BER TR

< IR
fllgg o« TIMMOEE ghizes
MESHRZS R INEREN SR
|
v
XJECIZEE
EAIGIFELR

while (1) {

icnt = cpu_step();
nemu_step(icnt);

rls = cpu _getregs();

r2s = nemu_getregs();

if (rls != r2s) { abort(); }

TELXIELH

22



[EE2: AT IhELIERRAYF RS

RTLAX A 15 B 4%

{) with HasSoCParameter

= File Edit View Simulator Signal Scope Trace Window Help : =181

800000 xlps - & o oo b o ot BBt w-B-w-war- |2 3[any Edger] 1
ring(model) }
gty : R E

idt ‘\.h,n;[w,d(hl E\TA i‘E }ﬂ {5,] Name |Value
. m"i.m-m‘ resourcelnt (1)) __L st0

~io_mem_aw_valid

Hanagerlnificationixbar. .in.head.nanager.managers) . foreach{ manager
manager. resaurces. foreach(r ==

r.bind(nanager . toResource)) ) +~io mem aw bits addr[31:0] 32'h8040 05c0
N ! -io_mem_aw_bits_id St0
de])

[TLhlexushode] +~io_mem_aw_bits_len[7:0] 8ho7

bindManagers(misc. 13_xbar.asInstance [T
bindianagersmisc.peripheralXbar.asInsta

+~io_mem_aw_bits_size[2:0] 3'h3
println(s"FPGASOL cores: $MumCores banks: $L3NBanks block size: SL3BlockSize bus size: $L30uterBusWidth”) . . .
+~io_mem_aw_bits_burst[1:0] 2h2
val core_with_12 = tiles.map(coreParams =» R
1e() (p.alterpartial({ ~io_mem w_ready St0

Key == careParans

~io mem w valid St0

#~io mem w bits data[63:0] 000 8900 0000 ¢ Il 0005 | 0005
ST . +~io_mem w_bits strb(7:0] shit 1
ParamsKey == aram -—
e ‘l’ﬂ\ lﬂl 45 _ﬁ ~io mem w bits last 5t0
! g

~io mem b ready Stl

Lint. intnode ) ? \o4 ? ~io mem b valid St0
lic. intnode ) . . ’
ebugModule. debug. dnduter. dnduter. intnode H H +r~io_mem_b_bits_resp[1:0] 2'h0

core_with_12(i}.beu_int_source

_with_12(1) .uncache ~io_mem b_bits_id St0

core_with_12(i
misc.plic. intnode : e
misc.peripheral_ports(i} o

misc.cors_to_13_parts() :=x core_with_12(i).memary_port .
) ' - ~io mem ar ready Stl 80(}000. .. 1850000. . . . 1200000, . . . 1950000. . . . [1.000000. . . [1050000. . . 11100000. . . 11150000. . . 11200000, . . [12-
7 =l . o] |4 0L
erchtptanp( ool o & » Wave.L+|

| misc.plic.Intnode i= Intduffer() := int Ready d TOP.SimTop.soc| N/A| N/AER:mFe

) BERNNEL IR EAERISIE?
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i ®UCBRocket(H) | s 5 )\
N 100,000 i ®UCB Rocket(MU#%) : 153%@?5%32%
~ ®
oo ... 2uCB Rocket\)
Jﬁ; élll(Mlnlmal)
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N .
\; 1,000 =1REE RISC VLIEE%le‘l‘ v, o BLERR)
REHPEEES A 2 "
(EBLR) .L,\)='.-195 1)‘552700& 4@ FLLNHZ)
100 4 e
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Verilog {GI5174Y
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HIFEmulator/FPGARI IR 2 ISE NN ZE
- HLLEPA < HA IR FFRISIFHEZEDiffTest, IR G EINLE

e https://docs.xiangshan.cc/zh-cn/latest/tools/difftest/

4 N\

&l gt SEEE NEMU
\ EAE ) DiffTest ~ - Spike \
, \ GERZS - /
Rocket

- J

Synopsys . Cadence Xilinx
{ VCS } Lve”lator} {GS'M} {Palladium} {FPGA}

<1KHz < 5KHz <10KHz <1 MHZNeW <1 OMHZNeW
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https://docs.xiangshan.cc/zh-cn/latest/tools/difftest/
https://docs.xiangshan.cc/zh-cn/latest/tools/difftest/
https://docs.xiangshan.cc/zh-cn/latest/tools/difftest/
https://docs.xiangshan.cc/zh-cn/latest/tools/difftest/

HFEmulator/FPGARJAL IR ZE S IENNZE

- i EHHAIEESHESMINEELRAR, FIEL EL{LDUT-REFE{RERE)

it

* 153 18 REF BB T Host 3ii5, LASKEE{H(RTL-Host)il(g otz
o fEE(RTLM): FIF{pEIMESS. FPGAZEINER DUT BBER{AE
- B (Hostll): {3{sEFx86. ARMTEEAHI=1T REF }R{hiZig

- B{5: FUFPCle. LK. InfiniBand(IB)ZFA

FEF RS A EIE SR

=0kt PCle, LAKM. InfiniBand$f SEiERY
DUT REF

e Emulator. FPGAZE
e 1EE 1~100 MHz

« x86/ARM CPU
e 1EE >>100 MHz
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Hiifi(Base)
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feos

HE

D/FY &
VI F&

Hi &
Debuglf &

RISC-V 422

SR, KN ER0ISiIEED

E3):

1N

7 :t/j =

9

H1T13.5 0815, Em1251F1

ArchEvent
TrapEvent
InstrCommit
ArchintRegState
CSRState

ArchFpRegState

* ArchVecRegState
* VecCSRState

HCSRState

DebugMode

IR3RISIIE
HE

ISMERYTREEIR ]

|

BISFHEI?

ZR5Y

RFIEIREEHT
StorefG &

— T

TLBGE

IntWriteback
FpWriteback
VecWriteback

ArchintDelayedUpdate
ArchFpDelayedUpdate

e StoreEvent

e ShufferEvent

LoadEvent
RefillEvent

L1TLBEvent
L2TLBEvent



RTL-HostZ R {dRBEHHEE

- §If: B EESRERMMINEEERAE, FEItE

- 15 5 REF BPE

- Host I

A {EAY,DUT-REFEE{NERE

5=, LUREE(H(RTL-Host)IB(E 9%/

NutShell + Palladium XiangShan + Palladium XiangShan + FPGA

14% |

B DUT Emulation

Data Tranmission

!

W Communication Startup

m Software Processing

. (hEREFEGEE

3k

(A% EBERRE
EBB(S: 68%~88%

E(EI: 2%~14%

. %4

BAME: 8%~17%

K RTLBEL: <1%

SRz

~

)
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18 M ERENRY1D BB EISIEDDE DiffTest-H

5 SINARMIGESES, HRHE

 Batch: PHEEEIUX

« Squash:

I)EJZ// Lﬁ;&.m
 Replay: {REFEFIIALE

[ DUT ][ DUT ]
Core 0 Core 1
3 1

[ Monitor J

—————————

o_

' Communication
Hardware

[ Global Memory

-
[REFO][REF1] é

ISS ISS

_____ I_ ., T :
: ISA
REE | "~ Checker
Ck :
I 1

I .
1
S utututel it sttt i
EPREd =
Queue Queue : )

""""" " ®run

HITEEFHRINE

Category Types Representative Examples
Exceptions and interrupts,
Control Flow 5 P . ) P
Instruction commuits, Traps,
CSRs, General-purpose registers,
Register Updates 9 : 2 PP &
Floating-point registers, ..
Memory Access 3 Load/store operations,

Atomic memory operations, ...
Cache refill operations,

L1/L2 TLB operations, ...
Vector/Hypervisor CSRs,
Vector registers, ...

Memory Hierarchy 6

RISC-V Extensions 9

= ARG TRE SR

DiffTest-H T {Eifii#E

29



DiffTest-HEY TAEiRiE

[ Probe A ] [ Probe B ]
$ @ Monitor

[ A0 |[ A1 | A2 || A3 |[ A4 | @ Buffering
[ 50 ) B1 | B2 | B3 | B4 ]m

‘ @ Squash - i
i~ | Replay Buffer i
A01 A234 I ]

s 5 |
¥ @ Batch ¥ Replay

. [ Packed Data ] i [ B3 ][ B4 ] E
Hardwars [ @NemBlook i [
AO01 A234 | E

T B4 || 83% B4 )i

] W . ;U i
| Software ® Step & Compare === (® Report & Finish |

_______________________________________________________________________________

30



. Sy KBEBEHIE
DiffTest-HIME(FEIZIEIA57~109fF iexazzmcrozs
e XEFLUARS

NutShell (I T) WL (IR T) &Ll (FPGA)

Tl 14KHz 4KHz 0.1MHz
+Batch 102 KHz (7x) 24 KHz (6x) 1.3 MHz (13 x)
+NonBlock 398 KHz (28 %) 71 KHz (12x%) 2.2 MHz (22 %)
+Squash 1080 KHz (77x) 478 KHz (109x) 5.7/ MHz (57x)
Verification Communication Area DUT-only Co-sim
Work Platform States/Bytes T Overhead Overhead Speed Speed
IBI-check [8] IBM AWAN [13] 2/7 20 % 20 % 100 KHz 80 KHz
SBS-check [19]  Gemb5 [5] (for estimation) 2/7 2 %% 22%% 100 KHzF¥ 98 KHz*
DiffTest-H Cadence Palladium [7] 32 /1200 0.6 % 26% 725KHz 722 KHz
Fromajo [54, 55] FireSim [22] 7/ 24 99 % Unknown 100 MHz 1 MHz
DiffTest-H Xilinx VU19P 32 /1200 95.6 % 24 % 50 MHz 5.7 MHz

Z<. DiffTest-H T {ES5IE L{ERIXILL
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n] g H—227?
Eiﬂﬁ BesE X

E _FfRr]E]100MHz

s FPGAIEIIE,

H

- AET]REH

SIEFHIS?
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R

Host
(x86, ARM, ...)

Native Slow

AR ISIERE (SVM)

{4 D01E(RTL-Host)

\§

Hardware
(FPGA, Emulator)

Host (x86, ARM, ...)

BR(HDME(SVM)
4 Hardware A

(FPGA, Emulator)

J

Fast yet Link-
Constrained

Native Fast
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A TE: AEGRSISIERE (SVM)
S—HARBE: TSAEHRRINRENNRBEEREEE

- TESUARHEER, JR1

=L

gt | FLiZiE (BIRESES) | sEan
DUT ) REF

 Emulator., FPGAZE
e 1EE 1~100 MHz

- SR sVM HilimAYHEEE

GIUEZL:

aE(E% AR DiES, FoFE

 Emulator, FPGAZE

- WIS IFENEZ, WAIFHIREE(F REF RIETRIE?
- SRR FMESCIZURS, WAfR(REE(F REF RUATHIER?
- IBTRY: BRI AN, !ZU{EHEﬂ SVM EZRRIRTifEizt %
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Jbh%1: REF RUFBER(CHISCIN

- P18 REFBREARHESE R, wit@is, ME, RETEHE
» £/ C/C++ IR ERESIRSEH THRR
- (ERHEAERIRIELTN, Wik, RS, BEEHEXE

%m BR{HEIRS

1B< SRR insns WRITE_RD(sext_xlen(RS1 + RS2))
IE“:_'_M‘RBE csr_t::verify permissions
CSR 158 CSREZE csr t cst _r::read
= csr_t::write
BE ADDIgS RS HEA5ZK riscv-opcodes  #define MATCH_ADD ©x33
=82 EBEEUBAFEER fEEREO decode.h get field/set field



Jbh%1: REF RUFBER(CHISCIN

- P18 REFBREARHESE R, wit@is, ME, RETEHE
» £/ C/C++ IR ERESIRSEH THRR
- (ERHEAERIRIELTN, Wik, RS, BEEHEXE

- [BRE: fR/DSTHFAIERE REF B iE 2 50
@m

1B< 15SHEMR insns WRITE_RD(sext_xlen(RS1 + RS2))
l}ﬁ'lt_l_l?l‘RBE csr_t::verify permissions
CSR 158 CSREZE csr t cst _r::read 27?7
5 csr_t::write
== ADDIESHERD HE%5ZR riscv-opcodes  #define MATCH_ADD ©x33 ?2??
=82 EBEEUBAFEER fEEREO decode.h get field/set field 2272
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RERA1: BXAEEEEA
- BE: EEMLEEIRIKG REF PIUXEHIE S EENSE

- Bl MiEte SIEENSeRie STIRERIERE

WRITE RD § f StateTransition
l s
sext xlen : E;izn g
1 - TEEE
: : xpr SValue
+ | .‘; :
RS1 RS2
uop => uop.rsl + uop.rs2
WRITE_RD(sext_xlen(RS1 + RS2)) ~ StateTransition(xpr, SValue(uop => Uop.rsl + uop.rs2))

LT T T T P T T T T T T T T T T T T T T T T T T T T T T P T T T T T P P T T T T T T T P T T P T P PP P PP P PP PR PP PP PP PPP PP



REERIAR1: BT EA

- 2 FEHaSIEE. IBHIFIIASEHFERR(CSR). BEFENISRE
o« BB ERMALTFO Spike ¥{LAAY RISC-V REF Rtz

’

oiE%

ﬂ_ IREHEE PR
5S8R insns WRITE_RD(sext xlen(RS1 + RS2)) IESIStRigEEES
IEIEUWBE csr_t::verify permissions
CSR CSRE S csr_t cst_r::read CSREZR
= 7S C81- = CSRDef
= csr_t::write
BE ADDIESHERY HEEY K riscv-opcodes  #define MATCH_ADD ©x33 FiIeRiE(E
=8  EBEERUBANFER tEEZ O decode.h get field/set field EEO
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PkkE2: TR REF ROMITEE

* IEMAEIUEAE S EITEUR-

— DUT #[] REF fFR&F

* DUTIRITEZR, MEMMATFE, BIHITHES
* REF JiziTaiBARPETIRER] 58, AR EHATHER?

 Fomtond [ | o | e [imce

XiangShan | i )
Core 45

Prediction Result Redirect / Update . J
Backend PC Read Result
Redir:c'i IEGpdale Fetch Tll’ﬂﬂ Queue for g:cke?lfiu
§ ¢FTQ Req
4 )
Instruct Instruction Fetch Unit Instruction

: n:: al.‘l: h:" 2 x64B || Predecode||BP Checker Uncache Hx %g »
E 2 Bytes |
| [128KB, 8 way ihatruction Euffer 256-entry 3 L y
' | me 5 Insirs. _ _ Re-Order
E [ 6-way Decoder Instruction Fusion Buffer ‘
: . 6 Uops T T i s \
: Rename & Dispatch Move Elimination | Scheduler ! .

: Float FP Rename Table Memol Integer Rename Table| | Integer 'I«% /E.%
D U T wgtw Dispatch o

Dispatch

Queue 192-entry FP Queue 192-entry Integer Queue ~ 7/
16 entries || Physical Register File 16 entries | | Physical Register File | | 16 entries |

Dispatch

el ettt

AJ AJ ,-u 3 Lo A
1511-%* > [FmAc Rs] [FMAC Rs|FMIsCRs|  [LDRs|STARY BTDRS [MDU RS[ALU RS|ALU Rs[MIsC]., ( . )
1 e i e R
- [FmalFma FmaFmawiscmisc] fb 'L%%Giu;%@ru MoUpDUALUALUALUALUMIST] | \ )
1 TLBTLB TLB TLB 1
Float Block |'f—f- iy Integer Block
Load || Store Queue A
LB DTLB o 64 entries ( , A
epeal Reps . Col itted -
= Pt
| Memory  [L2TLB & PTW ‘ Data Cache \ J
E Block 2048 entries 128 KB, 8 way, 8 bank
T {328/ cycle 1328/ cycle \
| L2 Cache (1MB, 8 way, 4bank) | 5estOffset s )
32B / cycle

‘ L3 Cache (6 MB, 6 way, 4 bank) ‘

ARUNESHBAS

REF (154
it
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KiERAR2: BIFSEIREL(SRef)iIRIT

- TER#E: S DUTIRRI N KIS, SRef T NFKIES, XIS



KiERAR2: BIFSEIREL(SRef)iIRIT

* TIERTE: JDUTIRA NKIES, SRef TN KIS, XIELSE
- ERZEMNEIT: %K. FSHEE

 ¥RHR: T£ N * pipeline_length BT$HEIHAN, SRef —ERETRRIESHIT

« UNERTNEARLIZ, BB SRef BEFMERIERE(IPC)RIMEESHI TR AR

LI

IMMU Py FETCH P LAGU py DMMU P LOAD Py SAGU P ARITH Py PRIV P TRAP Py COMMIT

COMMIT

¥

» IMMU P FETCH P LAGU Py DMMU P LOAD P SAGU P ARITH pPf PRIV P TRAP

fl: DUTHRR 2 KI5, SRef (KIKIBI FifKB5THL 2 FISSHIT
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RERAR2: SEIRENETRIKZ(RCore)iZiT

- [a@1: I5<EIFE

- FERBE: TR

DUT{ER

TiEHIFIEE B (Hazard),

AAEEIAATAT

- A DUTHITER, BUIRNESR + 5

_____________________________________________________________________________________________________________________________________________________________________________________________________

A o e B B B o o

________________________________________________________________________________________________________________________________________

kil

&K PR ZE

ROGIE, TEPRIEHIFIZEAER

_____________________________________________________________

__________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________

IEW_ ?_ : I%Mﬁﬁ

fe<SERgE S kR
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AERAR2: SEIRBNEFRGF(RCache)iit

- (82 WERHIESIIER, RS REF IFEH TS

- EREBE:. A DOUTIhFEER, REReEREENFhE

+ ZRF: RCache {UF/FH] DUT RAM FHERIHIEL

/

=R (REF/DUT RAM %)

* DUTIE: AEREIRSIE—EZERY, RIEHEIEIE RCache
- DUTE: i\ RCache RIFEEEEUERHAIMCAKE, FHEARENIIKRE

Loy [

write read read
request | request response

[ RAM J——{ RCache J
refill
1 1

evict & check
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HERE3: RIS ISIEESRRY Rl [E

- REFIGUHESRSISIES. RixEE. EESFENELL
« (BRI RIRZ XIICHIRAE S5

RN e MEEHE 25

= assert
5 CI ey
HEiRAE display, printf REFRIE, FAIZS
g counter
2 oL signal, sig_handler T FE
1=

coredump
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KEREARS: IESEIERRNEAR

- MFIGIFEZET NS . e, TESEFERE N AT
- (BRSSO R S
ﬁﬂﬂe%ﬂ* REF —J%)Ezi%ﬁ@mm_ﬁmtﬁ’k ] cPU FHF i
FIEHMAOITS . RGBSR MHTIRGE, i REF IS
: “mftd‘i‘t F DUT HUTERNIERIGE
- B BFHEEIEIRIUZE

BRI

= assert B =S 12aNES
Ex=HE display, printf iR, + B
S ES counter e A s

signal, sig_handler IRSIEHIFIE =S

=2=JvIN
FRAE coredump IRSicHR=a
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SVM T H#%
A[AIRISC-VAMEESRY R RS ISIE T B ik

it

« RN TAESCIN T —13
- APEEIER

- # DiffTest' BIAPMIIEO, ST J)‘:‘EiEEE
s XFEARECERILNERE, WNFELW. BN
* ZFFRISC-VIESEM I, M, A, C, B?}*-&?E%\
« YIERISCVIESEM M, S, U ESRHEF RiSSURIE
» XIFENRIT Spike I8 S EIEIZRREIEFANENER

T https://github.com/OpenXiangShan/difftest



https://github.com/OpenXiangShan/difftest

SCISIHE . BREEESIEEhREE
« & SVM BT AR ERNEWL. RS E=DE{AESIE

- FPGAI'l: BB (& 512KB RCache, 1&EEIA 60MHz, Lt DiffTest [R6{=
- THRIT . REREIA 1.9MHz, SIEEIEE—E, LU DiffTest 1 90%

mIZ A% g mDiffTesti® & m SVM

NutShell MinimalXiangShan XiangShan

2000

1500

1000

500

ZHM /e i e SF O A R

11 BTFEERE, Z8iXilinx zu19eg FPGA{XSLH SRFTAMEZFAYSVMEGIE
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[RE3: MRk IEZRAY A RISUE S

RTLAX. 25

{) with HasSoCParameter

ring(model] )
ring(model + "~dev*))

ring(model + "-soc"})

igth").bind(width)
th*) . bind{Resourcelnt{1)}
Managerunificationixbar. .in.head.nanager.managers) . foreach{ manager =
manager. resurces. foreach(r == r.bind(manager. toResource))
¥

3

bindManagers(misc. 13_xbar.asInstance [T
bindianagersmisc.peripheralXbar.asInsta

de])
[TLHexushade] )

printin(s"FPGASOL cores: $HumCores banks: $L3NBanks block size: $L38lockSize bus size: $L30uterBusWidth”)

val core_with_12 = tiles.map(coreParams =»
lel)(p.alterpartiali{

Key == careParans

soc.L3CacheParansOpt.nap(13param ==
HuanCun{}(new Canfigll_, _, ) == {
Paramskey = 13param

Lint. intnode

Llic. intnode

core_with_12(i
misc.plic. intnode : e
misc.peripheral_ports(i} o
misc.core_to_13_ports(i) :=+ core_with_12(i).memory_port

ehugHodule. debug. dnuter. dnduter. intnode
core_with_12(i}.beu_int_source
. with_12{i).uncache

13cache0pt.map(_.ctlnode.map(_ := misc.peripheralxbar))
13cachept.mapi_. intnode.map(int == {
misc.plic.intnode := IntBuffer() := int

I&-iE 15
F?7 IR?

bR 45

s

1 A 4%

= File Edit View Simulator Signal Scope Trace Window Help : =181

800000 xlps - & a4  Jee

Bo Be BF of

=F R R R P zsmyﬁdge-ﬁ

[

S

Name |Value
~io_mem_aw_valid St0
+r~io mem_aw bits_addr[31:0] 32'h8040_05c0 8 | 8 0} 8 I 20_8040
-io_mem_aw_bits_id St0
+~io_mem_aw_bits_len[7:0] 8h07
+~io_mem_aw_bits_size[2:0] 3'h3
+~io_mem_aw_bits_burst[1:0] 2h2
~io_mem w_ready St0
~io mem w valid St0
#~io mem w bits data[63:0] 000 8900 0000 [ESEREEIEINEIEELER || 0005 | 0005
+~io_mem w_bits_strb[7:0] 8'hff ff
~io_mem w_bits last St0
~io mem b ready Stl
-io_mem b _valid St0
+~io_mem b bits resp[1:0] 2'h0
~io_mem b bits id St0
~io mem ar ready - _‘5‘& SD(jDOO. + 1850000, . . . 1900000 . . . 1950000. . . . 11000000. . . 11050000. . . 11100000. . . 11150000 . . 11200000, . . [ e

|
7 Wave, 1=

Ready

& TOP.SimTop.soc, N/A N/A[EBidmiEa

. et EESFISIERY IR EITEE?
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v EREEH

v Birias

QL IRRRISUE IRV BRI SR

| IEORAILENE
* riscv-torture

* riscv-dv
e force-riscv

| RS |

* riscv-tests
* riscv-arch-test
* imperas-riscv-tests

| DERRE |

e CoreMark
* UnixBench
e SPEC CPU® 2006
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M E R IRATFIEREA TEIERTE)R

| EORRIENE |
v ggﬁl}jﬁ*ﬂ, * riscv-torture - {Z‘zﬁﬁAIﬂﬁgﬁjEﬁ%ﬁ:

* riscv-dv
e force-riscv

| PRSI |

‘/ Egggﬁ * riscv-tests - mm AIiQi-t% ‘yum g
* riscv-arch-test
* imperas-riscv-tests

| DEEeE |
v EIFREE - CoeMar ) ATSERERE

* UnixBench
e SPEC CPU® 2006
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1): MAXEAG, NEH—SBIMRAINIER

=L

SUE

i1

315

——>

AR R A REZI0FNIR

IR FHCSUH?

il

EFE
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=R Fuzzing : &1 TREIBI B a6 A R

BifiE? B '
| | | R DUT
MrER | | ER | TRE
Seed Corpus Corpus Mutator
REF

n LJ\ 7|=+ Et&lﬂ?ﬂi%hﬁ
B AR ERTIRUEEE
B BT EEFERS SRR




SR IEESE=RARIR

S#1:riscv-tests —S#2:riscv-arch-test —S#3: riscv-dv
85% - ——

72.6% + 9.9%
o) L
?ED 75% »—
% o | 56.0% +12.6%
S 65% -
o : 44.2% +15.7%
Q0 0 L -~
g > MF BRI
A5 L TR
0 | 1 1 1 1
0) 200 400 600 800 1000

# of inputs / x 103
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AiET:

ERUERIR

> FFRME: ZEREEAFIA

ZZ(5: S#3 (riscv-dv)

240 224.59
180
X
N 120
~
oo
60
13.96
O [

FRE#EEE 1hohdRIEuE
215 93.8% B KB A ¥ 37 9]
4% K0T AR fe & LR

N 4

> BfRME2: TRAID

=7l

ZZf5l: S#4 (force-riscv)

000000V B8VVVVVYD <textOd>:

A

# base

# base+0.25KB
# base+68KB

# base+71.5MB

: # base+612MB

MK EMBE E £ KA K]
12 F-17 9] AR R R IE WA TS F AL
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AE2: MFAERERIRER

« MER . [FHARANFHAER, =ML IRARARANRITZE
- (B2, shHEA MB ANiSEIMn#E T SRRz ?

o 5] WIS, WISPEC CPU2006, BJESETEFRIT 1GB HEZE

S#1: riscv-tests

=
NCY

S#2: riscv-arch-test S#3: riscv-dv

El: ERARNHFEREITIRANSCIAGIEE S




R A R S 2 IR AR ROSEIIE R S ¥R

- it B ZFIRIA LtIEFHfﬁIJ IATEA REZINANIRAVEHE L
» ERDEERBTRALNEN, MAFERRERSE

- LIEBAGIAEM, WA FeiRilillitaE = Es?

- (RACIRRENN R BERLRE, EREIRAR TREMEIiShE!

{ EEXHVMRAER. EFERMFERIESZREIR J
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e IMENRABIALRGINS CPURITISIEA ILEC

- HBIERFLMILFFEEdE, (ECPUBEHIEIRA R I

=, BFIREFE, RS TR AERAIRBLESE]

00000000880ca508 <textb>:

880cab58c: 1do3d6ef jal a3,0x8810775c

88106b28: 62da92e3 bne s5,a3,0x8810794c

88107088 a8de7ce3 bgeu t3,a3,0x88106b20

88107888 fec65263 bge a2,a2,0x8810706C «—

am Y P A== ] K
ok 1 TEERITC AR
text6
text”/
text8
Qi'Ti text9
Ho bk 2= [A] | text10 |
text11
Linear i text12 )
Address ’ )
text13
Space > )
text14
( text15 |
f text16 \
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Zil: ZERFREIRNAE

- B BRI REIAESIER, EARLRANRINERE L

- ME: WEHERFHEN S E TN TIRESIEAILES
- MINRIEU FREL, (BECPUR TR HITIRIBENLILIE)

text12
text14
text15
> text16

HIERE  soen
Linear Memory &7

i | BAEBRE

| RIS




KRR BTREF

- 2t EZMFIRAIMBIEUERR, WEARZEFNRNERE L

- TREE. f)m%ﬁ IEWT_F"\’. 5 LIE #tﬁﬂ“fz%ﬂ/i\ JLF

(o)
_text7

HHHNE o eam | EtmsM REBRE

Linear Memory &) toxt12 B 1] IR 5 Footprint Memory

text14

text15

[ text16 (text16 )
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EAEF: bR RRIREER

[ texté |

[ tex’;1 5 ]

[ text12 |

( text8

[ text16 )

BENEF

Footprint Memory



BTAF: RAIERRRIREER &N

0x880ca508[ text6 ] 00000000880ca508 <text6>:
‘ gg@caSSc: 1do3d6ef jal a3,0x8810775c
[ text15 ] ......
[ text12 | .
[t ]
[ text16 |
erRE 0 L

Footprint Memory



EAEF: bR RRIREER

0x880ca508 [ text6 |

'\

0x88107758  text15 |

A

[ text12 |
| text8 ]
[ text16 )
BEEANEF

Footprint Memory

0000000880 ca508 <textb>:

880cab8c:

1do3d6ef

88107888

fec65263

jal a3,0x8810775c

bge a2,a2,0x8810706cC




BTAF: RAIERRRIREER &N

[ texté |
[ text15
| text12 ]
| text8 ]
[ texti6
BEEANEF

Footprint Memory

0000000880 ca508 <textb>:

880cab58c: 1do3d6ef jal a3,0x8810775c

88106b28: 62da92e3 bne s5,a3,0x8810794c

88107088 a8de7ce3 bgeu t3,a3,0x88106b20

88107888 fec65263 bge a2,a2,0x8810706cC

0000000088107948 <textle>: <
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AETEF EZRFNMRITRIGIE

- B2 MEIPEEE DUT 5 REF EBHERINEFHIRE
 [BRR: EBITRFANEN (MHBib-EEIRET R R) S B RSEtEXK
- BBRAEL: WEREFEZ, MmIAEBAER—RIERZT

AN

[ text6 00000000880 Ca508 <text6>:
G‘X8‘8197758 textis ) 880ca58c:  1d@3deef  jal a3,0x8810775cC
waelRE — .
[ text12 ] ......
| 0000000088107758 <textl5>
| text8 | .
| 88107888: fec65263  bge a2,a2,0x8810706C “—
[ text16 ] ......
BIERF

Footprint Memory



KHEEBIAR2:

i e FiEH

* 5 |)\7C*E'.’|‘§M§ETE9§J~?‘2 T@TEEW NEYPRITESR, TR REIER

- FFER R

P SPEC

SPEC CPU® 2006

%2R

Restorer

Flags

Registers

Workload
Memory
Image

Rk

C

O M| @™ | >

A
—
B
—~
F
¥
D

AT R A2 RN A
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Seed
Corpus

HRRITEEEACIE AR TERIE

4‘ Feedback ‘<7 \ Mux
update r Control
[ Observer }; P [ DUT ]—»[ REF ] 1
() 1 Line
Format Scheduler N L CPU
Convertor Corpus i —): Design
v ¥ - i | Ready-Valid | :

| [ Executor }

{ Mutator ]7

LibAFL

- sim_main | [Simulation Reference ]

RAM RAM FSM

DiffTest CCover
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« AN

PathFuzz TE§%

)

C{ESEIRHA TR 7 —3

7[R RISC-VAM R RR AR RN T 2%

e https://github.com/OpenXiangShan/xfuzz

ﬁer DiffTest WFAFPIEL, EEEBANIZIE

S e B B ERIERAIEE. W&, &R
- RIS R R RIS

IRt X AYE FRERENNHESR LibAFL

- IEFBIEF IR E R RN 1R B AN RS EESR DiffTest
- B FRIENAES /I XIEEEMART S
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https://github.com/OpenXiangShan/xfuzz
https://github.com/OpenXiangShan/xfuzz

SIS AR ESRIEE S

« RKT{EE 15 IMIFREEINER S 95.3% AVISIEE =R (Rocket)
» SOTA TGS A MERIUE T BT 72/\BTRIAZE94.9% B 555 (CVASG)
« AT E: EEHRMFNIRIT. FHARIBEER. EBAA. EREiE
—S#1 S#2 S#3 S#4 —S#5 —S#6

100%
90% 1
80%
70%
60% |
50%
40%

95.3%

P e

0 200 400 600 800 1000

# of inputs / x 103
[1] Chen Chen, Rahul Kande, Nathan Nguyen, Flemming Andersen, and Aakash Tyagi. HyPFuzz: Formal-Assisted Processor Fuzzing. USENIX Security ‘23.



SEXVHME: RIS TR
R R R IR
EXT EHMTFERNES

#

S#4 (FM)

s s

B#1 (Rocket) B#2 (Rocket)
Since Mar. 2017 Since Dec. 2021

o gLy
B#3 (Rocket) B#4 (Spike)
S Since Dec. 2014
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MAZE “&WU" LEE%: 2o+ NMBESTER

20230905
20230907

20230915

20241028

725 / 50000
9531 / 300000
87 /1838 (S#1, LM)
179 / 25087 (S#1, FM)
16/ 3772 (S#2, LM)
25 / 4132 (S#2, FM)
174 /2181 (S#3, LM)
476/ 2532 (S#3, FM)
133 /2196 (S#4, FM)
121 /3751 (S#6, FM)
400/ 10000 (S#1, LM)
993 / 10000 (S#2, LM)
523 /10000 (S#3, LM)

(EL) BFRpFESHKRRE

(EL) RBESANEARRRR

(&LLI) mstatus CSR B9 fs 1a# SRR E
(&) HABIERIREE

(&) fmadd.d I5<STHEEIR

(& L) XF MMIO HBHERYIG IR R #E IEFfRIR B
(& LL) ebreak I8 LIMFHIR

(& LLI) mstatus CSR BYRBEBAFFEIRE N
(&LLl) mie CSR BURBEB#HEEIRE N

© 0o N Ok b=

—

0. (FLL) IBEIESHRERT mtval CSR IH{EFE1R
11. (NEMU) ;Z e AE2I5 SR E mstatus CSR BY s 8f vs 18
12. (NEMU) KX c.wi (REBISSIREE
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a4 : BHEAEHRLT + S8R ES FRIBRIETERE T
« 1521 7 —RISC-V CPU

° 1§/~Hl: f—“'ﬁﬁziiﬁﬂ/i\@%lé

» CPUBR CHITHEERIAIESS

SRR CPUMERE?
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PN{AIVE(% x86/ARM TAFTE RISC-V AYTERE

. . X86/ARM
X86/ARM & X86/ARM CPU
REAAA _[ SRR H — twean

] &7 7 25,1

Trace-Driven X86/ARM
[ X86/ARM Trace H ¥86/ARM Model H MBS

] e %2

%iEFESLI‘IEE%—[ RISC-V CPU ]
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= ISA Trace §5# + Trace I AN ZMH2E
o SCIEAZ LAV SN ESE i A A SR G T A 4R
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BN Bl AZTh Google Workload Traces (Version 2)

« 20255F1H13H, B BIEMm A V2 hRZA Google Workload Traces
« IRHKRREEIMR AR S IREURF O E TR B R IR ITE

KT DynamoRIO (—MERLISTE]

Announcing Google Workload Traces Version 2

B&g 64X

@

Enrico Deiana 202581H13H 17:52:28 ¥y
Wz4 A DynamoRIO Users

We are excited to announce that Google is sharing 12 new instruction and memory address
traces from workloads running in Google data centers.

The purpose of these traces is to enable computer architecture researchers to develop new
architecture ideas to improve the performance and efficiency of this important class of

workloads, which have fundamentally different characteristics from traditional benchmarks.

This new set of public traces contains considerable improvements from their previous
version, such as explicit register dependencies between instructions, and instruction
categories that provide hints on the type of operation performed.

The traces can be found at: https://console.cloud.google.com/storage/browser/external-
traces-v2 .
For more details, please visit: hitps://dynamorio.org/google_workload_traces.html .

https://groups.google.com/g/DynamoRIO-Users/c/z7vZKkLILf-U
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