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Abstract: With decades of development, X86 and ARM have gradﬁally dominated the markets of desktops and mobile
phones. Although these two architectures are becoming increasingly powerful from the standing points of technical
advances and software ecosystem, they are not good candidates for architectural research due to their complicated
Instruction Set Architecture (ISA) definitions, comprehensive technical designs and intimidating copyright protection
issues. Before the introductién of the open RISC-V ISA, there is no appropriate ISA for computer architectural research
and innovation. RISC-V has attracted attention and participation from both the industry and academia. Hardware
Performance Counter (HPC) is an important tool for researching and optimizing computer processor cores. The original
definitions of HPC in the RISC-V standard do not scale properly and the number of events simultaneously monitorable is
rather small. For these reasons, we propose a new distributed HPC based on RISC-V in this study. We have integrated this
design into the lowRISC-v0.4 open SoC platform and run it on the Genesys2 FPGA board. Our HPC only uses three
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Control and Status Registers (CSRs) to capture all events. The number of events that can be concurrently monitored is one

order of magnitude higher than that the RISC-V standard can support. Meanwhile, our strategy could provide detailed and

accurate data for researchers focusing on the performance analysis of RISC-V processors, the architectural optimization,

and side-channel attack and defense.

Key words: RISC-V; distributed hardware performance counters; Control and Status Registers (CSRs)
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BUARAL B A% b — AR A 5 T AR RE AL e 1
# 3% (Hardware Performance Counter, HPC) 27 /7 5!,
X EF A7 A R S i I B IC B AR 45 8 B AR A
H T E, oAb BRI IR TAREE PERE R M A=A
S X Be P 10 % 145 B R A5 B R A AR AR
BEAT AR AL, o BE % B B T SEATL 2R AL Uit xof Ak B 25 2 3t
ATIAE, BRI HPC JLF i A AR AL 24 bR C.
VE R4 K % 52 S ARG Talk 5 K PR TR 2 45
RISC-V, FAbFE487E it 2 HIREAE HPC % T 3t 32 3¢
N E T AHSARUE. RISC-V FERUEE 4 BIFE 2 LT
P T ¥ H AR S %47 2% (Control and Status Registers,
CSRs) fENTHE A AL £ S, il — A 2
A () 7K R G FAF BE T BB, AT T
A SRR 8 AR HPC. 7R IARAL 3 35 45 1 8k 5 %
(RIS AR, 3XMks HPC 2 72 CSR Bk N 177 UANH)
T HPC (30 R, B PR 7 v (7 I e 00 P 44 2R 5 4 A
Ko, Nk, At 17— Rl A R RE T R 1%
AL T 25 A AR K1) 23, K HPC 73 AT FEAN A X3,
F I b H K HPC Al CSR REHUE B, M BRI

T CSR B IR, [RI 1109 HPC ROFR R At 1A |

ASCHAVBER IR : 55 2 1548 T AR AT SR
93 AT SiFive U74-MCP O RS 1HH0EE I 4047
HARZI. 2 4 %ﬁﬁi)ﬁ!ﬁﬁﬁ‘mc Ti EAFAER I, 32
T MR HPC 7%, 45 5 45/ T/ R HPC
#% F lowRISC-v0.4", i#iTiz 17 SPEC CPU2006"!
IR EE IRV 1Z T SRR, B 6 T RAE AL

2 WHARHER
2.1 RISC-V

RISC-V' & — Rt 75 (1 FFJ5 75 4 5L 204, el
KEATHR BT 2010 4K A6. RISC-V 4L T
Foph AR A i S RHEAE TSI, RS sy
W GWITIRTT i B AR . AL X 5K T A
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i e 3 SN IR A s AR B T A2 LI AR
N EIFEBR. B AT A K & SiFive 15 A I
AR T 5T RISC-V 46 44 H 47888, SA 1T RISC-V
SE I HPC AEEAN L, TG [FTI s I 2 ok 3 54 <
P, A5 IR JR R RO
2.2 RocketChip

RocketChip!™ &I k2 FF 8 ) 3T RISC-V (1)
64 A FEZS. Hd RocketChip ) Rocket 4bHE 2§ 4% %
5 Zibr T i K £, KA Chisel (Constructing
hardware in a Scala embedded language) i& & 7T &' 1F
I K = N HE T RISC-V MG T & 1T 5 Ak BR 2%,
RocketChip 4=t F (FIRHIF F BASR4E 1 5 F5E 7k R 454
R R &,
2.3 lowRISC-v0.4

lowRISC-v0.4 & 8 K H K ()5 T RocketChip
ITTIE SoC, HEEA(E BanE 1 Frort™. kb T H AT
U5 SoC Bl H lowRISC-v0.4 JII AT OSD (Open SoC
Debug) BEHU HAE T B HOB R RERUR R IS, 2
FF R GBI UART 1) &5 ThRg. 1X46 T B 7E AR RS
BRI AR R AT BB R 5 5. A SR OSD R
5 R4 & 77 3, 1545 LowRISC-v0.4 AE6S [ 3012
47 SPEC CPU2006 benchmark™, 3-7£3% 47 45 % 32 L
HPC, $HUA R 45/ F AR 888, M6 IE HPC fig
B IEH TAE.
# 1 1owRISC-v0.4 A B

e
/)

=

(R 24
Eiziee S RISC-V IMAFD
F4 50 MHz (Genesys2 board''*)

v a2t ST b

— YR EAT 32 sets x 4 ways
4 TLB 8 entries (full-associative)
— WA GAT 32 sets x 4 ways (include 2 mshrs)
HHETLB 8 entries (full-associative)
YR EAE 1 bank x 128 sets x 8 ways
M AT 1 GB 800 MHz DDR3 (Genesys?2 board)
A UART SPI (SD) RTC
IR R Open SoC Debug
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AR I /fr H 2. TLB (Translation Look-aside Buffer)
(3B 2 i i YRR, ot T 2 32 AT K 2k B ZE 1 S,
FLe A H 35 ) HPC B it iz S 5 BUK PH 28
HE Y X B B AR AR IR AR N RA A A (Hln ARM
H ] System Register, RISC-V H1[] CSR), M fE % 4l
BBV N, R HPC A A B8 1R TAE R 2
H RS TT, WA 2 A B 23V Re A 520, SR T HPC 4
B 7RIS AT I AR S RS (R B R X L
FRATBE S T 0 v O R GURAS AT I, e
IR HEAT TR B X DR AT & A NS
EAREDEAT A T X ARSI oS R i
HEAT AR AL, (R, JL T Bl S0 A 2 L B %4
#. HPC 1B B RIG BEL (303 th M i M B 76 (Perfor-
mance Monitor Unit, PMU) € %. PMU JN%&—4 HPC
HOPHC T — A HAF R AR A A, 2 (B R RS
bR AR B AR AN Z A AR v s T S DL, PMU i
SPEHIT R HPC MG INTH4UE. B 7o Sds Ak £ 2
FFERIX AN BT ) 27 A7 2 A, FELehb 2 b () PMU
WAL 7 AT A g, AT AT LSRR EE 5 . S5 R )
WAL DIRE: Loy el RGO IE (i iER P A
NI S5 HPC [ AED BN ) g fal 5, T8 A
i AR PR A AT A, b SRR I A X T BN E R
{10 75 B0 AT LA ELBE M8 A Linux N A9 IFIR T A—perf®®”),

g ZERKIE, wO A EE HPCHIE A 25 14 1R |

BLE &4 563, ReHEI & & Fh S 75 K. 281, 12
4} 1EFF IR RISC-V ALFE 4% (41 RocketChip, lowRISC)
HH) HPC 17 (£ 2 AR RN (k55 . Ref RIS Siit
IV 2 4 Mg S AN I, T3 R ) T4 R 45 M 1
WMARFR. LT AT 2T — #4628 HPC,
AT H 1% HPC AT IRATAH G4 R 45 R 58 TAE.

3 U74-MC HEgevHEds

U74-MC™ & i SiFive 2 & KA 1%+ RISC-V
e A5 64 hrm PERE 2 AZ AL HE A%, T N T £
O JEAE B SE MERE ER IR M . 1B B AT
REf fL ) RISC-V b3 88 2 —, U74-MC A Dy g4
() HPC. KA % U74-MC ) HPC #EHAT T % B 4>

1. U74-MC ¥ HPC W] LAZr AR 55 1 8448 RISC-V
HERLEE A3, 5 T CSR £ HPC 247258, BAFwT
PLid IS CSR 484 W B A5 WX 48 HPC. 5 2 K+ 1H
Kgiit L2 Bk R 45 34T, iX2K HPC A2 5 H CSR,
1M 24 4% —# il i MMIO (Memory-Mapped 1/0,
BRI P A7 BB 5 AbER 2 A% &2, N TR T X 45, A4
% 1 BFRN%N HPC, 25 2 2KFR N4 HPC.

3.1 #%MA HPC

12 RISC-V R4 HER, U74-MC 2} AL T
4 4~ CSR £ HPC (lz%fr%[%%ﬁ(j\j mhpmcounter),
HAH A (meyele Al minstret) T T 4t i+ o A0 2
PATIE AR, BT 4R CSR, 7T T 543K
SFEIISOE, JFSE AL S0 B 1 mphevent 7777
B, ARSI T — R LR S O T AR,
9% (user-level) IR F A RERC B 1% 27 /748, tLICIE
FL#%77 I1] mhpmcounter, R BETENLAS LK (machine-level).
FEFFAE [mls]counteren 1 FFJE T X B A T E 2% U7 il ALFR
Jei, F P L P A 8 7o Bk U7 i) hpmceounter, MM [E]
R I mhpmeounter H (1771 I THEHE. B hpmeounter
#& mhpmcounter [ 51 27 {745 (shadow CSR).

W 1 R, #% W HPC & A7 246 T CSR AR
W, G5 R B AR, R Fl 45 44 (1) HPC
A AR (U7 1) E B, 3@ 3T CSR A4 B 6 B 323k
HUHPC ¥l BAAXA HPC S5 a1 &, % T SK B HLAg
% 3 S KB4 N 37 5, (A AEAS A 5, TCikIA]
B0 K A, A K T N HPC ST,
Sl e ST B 0 ) T 2l S X
?ﬁ%‘? PERE, ARG PR T I SRS R, ok, THEE D
SET7E CSR XK, T (14) 1 28 45 0 S e 0 43 A1 76 A
HEEMZ . G207 BEA7fE#E VI M (Direct Memory Access,
DMA) %5 &AM B2 11 0S5 R IR 45 11 o 4
THAI S oA 2t ok 1T BER Pk K.

3.2 5ME HPC

PLAR A B 2% 9 S0 90 A b 2K o 2 (i e Ak g
P ZB77. DMA %5, KX Sl () 4015 2 A i
FEAZ N HPC 2R AR i . s [8] — B8 ) HPC
£ IE— R IHAE A ROERE R MMIO, X 5t ik o |
%W HPC THEUE 53 T 20 8 i) &8, T Hos o vy 7 45
4 (LOAD/STORE) Bl fg XX £ HPC #4742 1l A7 ).
U74-MC HJ L2 HPC B A 13X Mk v 77 2Rk 58 I il
L2 21710 (%) Tk R 1.

W 2 fios, b HPC 84X —FEdE iE MMIO
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MMIO Hi i 2 #M 3=, HPC $iE T AE 0% = A %3k
B, 3 T e ) P R A A5 3 ks, 5 A e D 0 199 22 4
im) #. f% 5, AHEET CSR Vil 4, LOAD/STORE ##
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S RS ) HERA
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CSR_|2
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\Machine-level CSR [mlh]counteren : EUser—level CSR |
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L1
MEM
network
MMIO E
T =)
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a

event(
eventl
even

eventN

| hpmevent 0 }3‘ \-—| hpmecounter 0
| hpmevent 1 |—‘§ \——| hpmcounter 1

| hpmevent M }3‘ \»| hpmcounter M

2 4ME HPC 45

4 A CtEReTHEER

EEXE A EAN AR, AR STt — ol o A SR 1 RT3
IR, G RANEEE TIAN/AME HPC &L AL
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(Rl AN 2 SRt bk i S OB F 4. B, A& A
2 ARV, RERSIE T CSR AR 4% 1 3 #E HPC 1V
], AT 7 HPC #ARy2:4d F, 31 5 2 1 2.
4.1 25y

%W HPC Z5 A b (B — AN S8 3 5 4 1 1
A~ CSR, 24 75 A f I il o 2 i, s 2 1)
CSR. WA IX L1028 N CSR 355 ok, ARYE HL
PSRRI i AT 5 BRI, A H A A EAS [ AR e rh, I
i EHGE, SRR B B{g CSR HHI%, 1XF¥
AIUAT DA LA /b5 ) CSRSRAZE AT 17 B0 e K HY)
HPC, KR, 230 vt T e 3 B skt
Ak WA 3k T LI Bt ph 3 TS
2H Bt HPCManager, HPCClient A1 HPCInterconnect.
i HPC )& A7 8 4% 7 #/E | HPCManager H.

(CoreOHPCClient Core HPCClient
CSR- """ ' CSR_ """ '
hpce hpce
hpcm hpcm
hper hper
______ s s S
fifo fifo

A \
\ A

HPCManger0

HPCMangerl HPCManger2 ... |HPCMangerN|

counterQ counterQ

counterl counterl
counter2 counter2
counter62 counter62
counter63 counter63
5
5

counter(
counter]l
counter2

counter()
counterl
counter2

counter62
counter63

counter62
counter63

g
5]
2
%

t (64

3 AT AR RETH RS A

HPCManager %2 41 574 A 4b #E5R B HPCClient
4 15 oK, R 1 SR r & £ B HRIE € 1) HPC, JHE
1% HPC K% 7145 HPCClient. 1 /> HPCManager
2 0] LLZEYN 64 A~ HPC, iX 2% HPC F: LgmfEIIRe,
ANTHEES R RIS 0 R E I () 1A RE5H FAF. HPC
TR MR BT BB AT R 4y, Lh b PR A AZ P I AR S —
%4> 45— HPCManager, L2 (2 17) 20 F h &
48— %4325 55—/ HPCManager. 24455 ip () S 4418
it 64 Fhit, v 9B 7 B £ A~ HPCManagerID. ‘2
SR, AHELF U B A TR 7 CSR A 1977 3K, 1K b 42 A B
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LR oA 7 R REVE S 5, A E . IS
AT Y 25 42, T B 4 I i A1 28 4 B .

HPCClient & %41 5t [7] HPCManager &K it2 HPC %
ETH R DL L FRUGR (Bl (et HLE5H a0 4 s, v LE
i, HPCClient fi T~ AR S54% 1 K] CSR BER, B 5 T
3 /™ CSR: hpem (hardware performance counters bitmap),
hpcc (hardware performance counters config) UL & hper
(hardware performance counters receive). JHiT X 3 4>
CSR, ¥ e % SR BIAE R HPC AR, B A1 140
NAKGAEAR LI 4.2 /N5 JRTT.

Core
CSR
HPCClient
| hper || hpce | | hpem |
I |
HP‘Cresp y HPCreq

&l 4 HPCClient %514

HPClnterconnect 4% HPCClient 1 HPCManager

HERAE i, JF AU PR R iy 4. Bdle A58 2
& L & . HPCInterconnect X FTEIAL e, EARIE T

TEZ 45K, 86 HPCManager #R44 AH 7] 1)
Ay, 7€ 2 1% Rl ] [F]— HPCManager & 216 K,
AT LAA RIGEE G R AT AR 100
4.2 MEREHEEE S MR CSR

7E CSR H7E L T 3 &A1=, Bl hpee, hpem, hper,
WX 3 NRFAF AR SE SO HPC [ BRI ).

hpce Bl hardware performance counters config. Lt
R L SN 5 FFm. (RS A B o T
Hic B #F A7 4%, 1% CSR DjRe e 1745 %€ [¥) HPCManager
RitE HPC R SRR BICRE TR B
R

DL & 2 K48 B 5 % hpee 19 D) fig &I 4 k47
Wi

(1) trigger: hpcc[0] ReadWrite

AL T B RE R KA IGH HPC K. Wt fr
N0, W ZRoR AT A IEAE#HAT H) HPC 153K, XI5
A1 EERT AR — i) HPC 368 K. & IR 1, W5k
N IEAEBEAT ) HPC 3K, BT LLEE 5 A 0 1977
AR AT AR SE I K. = HPCClient #2458 i

6 5E MEHE 5, trigger & HENE AL, RIRFEM T 1K
R, BRI ATA 75 21 HPC i3 C A7 fifo.

63 22 21 20 1312 4 3 2 1 0
Module | Extend

Reserved[Useren Readerror | Empty |Interrupted|Trigger|

HPCMangerID

K5 hpce TAEAE

(2) interrupted: hpce[1] ReadOnly

A T 2% HPC fE i Rid iR, R E
Y. MRS hpem I, AL B B E AL 4 TR
Y4, interrtipted 95 B 17, 5 HPC 1% K I B AT A
IR AR, B R R AR, B R A A
BEHURUR.

(3) empty: hpcc[2] ReadOnly

AL T 2R FMOR R EGE 1Y fifo ARAS. 24 fifo 2%
I, AL AL, B EAL S hpem I 1Z47 H
ENELL, BT R ZAL B R, FIH empty, FATT7]
DS SE pRig it HPC 3, 2 empty A7 )5, B8k
AU B DO E A, 1A 048 21320 58 HPCManager
IR (6] BT s (MER trigger B3I EAL) A4 FF 4R 2L
TAE. BT ZAL 2 VR ST A6 A B ik 95, Be i 174
— X HRY IR e S

(4) readerror: hpcc[3] ReadOnly |

A 4 oM 5 HRC I 75 R 2 T R,
RS hpem I, %40 15 0, 248 A [ fifo
gt T RGN, T B, R TR I RO
A AT A O B EURLR.

(5) HPCMangerID: hpcc[20:4] ReadWrite

R HPCManager ] ID. ¥ A4 A1 AL 5 N IEH# ) 1D
5, MM TE % HF TP HPCManager 2 )5, B4V trigger
it BE ] 1% HPCManager &2 HPC 153K, N 1 5y i
P, AL ICE ML TAE, T2 hpem A7 A7 4L & 18 H.
HSL b, HPC w L% HE AT =0 U &1 4 £] HPCManager,
AR T I AR T 0K o R, B RE 4 A 2 o SR AT
I B 4% R i i AT 24 ) s 707 R JEAR, AR SR U R
“PEELAL BRI SR, B HPCMangerID 43 %% module
F extend P &R 47, module &8 1) & A0 A3 4% 0, AbHE 3%
1, RBGEAT R 0, RWGEAT 0l 1 G, i & 44
B Y ) ARl 2 64, BRIk A extend
X AEHL 7B 2 4~ HPCManagerID.
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useren: hpcc[21] ReadWrite

AL F P SRR HPC 7 ) A PR F 42 i), P
PR RE AL R A S AR, R A B R
BT By Be s iz AL AT 3 2. 2 Ao 1, A
R IR T RS K HPC 153K, 15 WA 7 AR e A8
B trigger I 2 ik S5 %A B AL AT DL H
VER G 8RR, IXFE BRI XA B R AT HPC U ] AR
AR, S 7 HPC BUEHCE SRR P AN, A H IR
i) 22 A

hpem Bl hardware performance counters bitmap. f
E AV e TH U I A7 B $E 2, T AE AR R
FE#AT R HPCManager H 1) 1 4~ HPC. *4 hpcc.trigger
Ab T BRI, BAFA hpem KIS HR, 75 044
AR HUZ 27 /7 4%, 24 HPCClient #% 8 HPCMangerID
fe7x 1) H #x HPCManager K215 R N, hpem 3¢ | %
L HPC, RN %% A7 1 2 S0 0r. 2 I A )
HPCManager i B[] 4 HPC, 3K %1 1% i LL 4567 8
Az, i8I BB AL, BT ARG 2R i HPC. %
PR T 25 A7 A B K A7 9, DRt e B ) HPC AN REHE I
64 >, \ii# i ., 1 4~ HPCManager i £ & * 64
TS . VAN [ 43 I SR ¥ HPCManager, 165% 1
AR A I (T30) A R 5 F i, H AT SR S E
% B hpem A7 E W1EE 2 FT7R. read R on 2 HUZE A7 1
K. readmiss F7R I AT, (H A AR B4 SRR B CHL
write 7R [A1 547 5 N ELHE IR EL. writemiss 7R 1) 4%
175 NH, (2 R A BRI L. writeback #7442
A IHARE 5N — RERAEECE P AFH IRIREL

K2 ARMFEAEL N E

hpem module (core) module (L2773 })

[0] L.read ! read

[1] L.readmiss M readmiss

[2] Diread | write

[3] D.readmiss writeback

[4] D.write —

[5] D.writemiss —

[6] D.writeback —

hper 1E 9 BEAFVERETH 03 B BRU B A7 2%, T AE R
BiZ A A7 o SRR PR . @ e BOZ 25 47 8%, BAFnT LA
K43 HPC HUA. hper & B HEERE fifo % 1, &
P B — X hper, fifo g2z 5 H— B I EEE A
hper ZFfF4%. 24 fifo 75 I a2 4 0 I Bl 12 1 2500
TENZFAL S, R HPC 5K )5, #4 ] PLYE hpee.
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trigger Hi 1 48 0 J5 A4 JF4REHX hper (£7R 24T ) HPC
AR 5E ), AT ATE hpee.empty H 148 0 J&5 57 %
B (R M AT B IR [H ) HPC). fEBA 7 5L
BIANIIE LT, P2 15 2 0 HUE A S BB 56 4 4
[7], HJ5 % 54 29 o, JCHAETE K HPC &
B2,
4.3 IRIZIEEY

TEMHIA % (bare metal environment) B, RNFEZ
ANLRREXS HPC 2 IR 46 v &, Hic & JF Vs ] HPC
o fEi L BV 1 & F T RRAL A BE R R HPC #fA -
ITOfE A CSR E{ﬁ?‘éé\, # bitmap 5 A\ hpem 21725,
Hrp bitmap 8% 1 HPCManager #1113 )14 HPC.
F@id i Kk HPCManager, &1 trigger 2> filt /i %
HPCManager f1i#3K. 17@%:£F HPCManager & [A] ]
¥ (empty HAL). 17 Bempty A7 J5, FAFELH hper -
K13 201 HPC Hdh /7 N H 4.
S 1. LR HPC 7 11

Hi\: HPCM [f] id 1 HPC %} Biff) bitmap
Hith: HPC 103 M3 HE

Function get HPCs(id, bitmap):

@ set_csr(hpem, bitmap);

® set_csr(hpec, id&trigger);

® for(i=0; i<=hpcnumber; i++) {

@  while(get_csr(hpcc.empty));

®  hpes[i]=get_csr(hpcr); % )’
®} :

15 % BRI R A8 25 th BLIR AN AL BT 284
(9 2N L FRFIN ) HPC %5 5K. HPC (3K I T 28
HPC 1) 3 N2 A7 28 A EL LA, 470 B AR oAb 2k 2
T, D002 300 25 AR AR B Fr At b e 33 A i B, 3RA7
I BB, B 1 Z AN R % HPC f 3 4
AFAE S HEATE RNV ) SR B AR S 0 A
T HLIF A4k, kB BE A S ik, SRATTE A s
I hpce.interrupted 7, KW HPC {15 K272 5 K
At e, 24 R G AN TR B B I, X
o7 2110 2 T 28 AT LA 20 S BT iR B . BT
SEIR, ANt R GRS Ret £ AT RY, SE IS A AT
(IBF S T AE. BRI 5 2 FiR: 7 @E AL hpee
A7 8, kT AR IEFE HEAT I HPC 53K, T@EA4T
@unsE 1, 3JRE HPC H F- A2 N AL AT@H T ik
BRE R TS L R SCEI e, BT B R Sy, iR
[ BT @A
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i H AR SN A

ik 2. ZEREH HPC 197 )

i \: HPCM [f] id 1 HPC %t ¥ bitmap
it HPC it A5

Function get HPCs(id, bitmap):
@ do {

clear_csr(hpce.trigger);

®

®  set_csr(hpem, bitmap);

@  set_csr(hpce, id&trigger);

®  for(i=0; i<=hpcnumber; i++) {
®  while(get_csr(hpcc.empty));
@  hpes[i]=get_csr(hpcr);

h

© } while(get_csr(hpcc.interruped))

5 SRS

K. 1lowRISC-v0.4 fig 18 L) 50 MHz 4% T/E{E
Genesys2 JF &R, H TAESIR I ¥4 % % HPC [
s Il A OSD HiH, FRATSLHL T lowRISC-v0.4
A LLE 313E 47 SPEC CPU2006 5% > 5 K0 i 4,
TEIBAT 56— FL AR A 5, KA E: 1 5L HPC. 4
G v P A P 481 45 R B ST S T 2 4 B, AT DL HY
L2 FJ BOR B S5 T 45 4 B 17 RUBE 2 A7 O B B
A, FFE LI M L2 B KRR a3k 3. &4, JATAT
LAAS H— A58 434 2L HPC B LA /D fr B A1 2
VAR, SEIL T AR IC T SR . 41T 1 4 M
&L L%%éj‘)#ﬂ‘]ﬁ%ﬁ\iﬂﬂ@%ﬁi&i&.

3

R3O MERETHEGS BHRTE ARG O

FEIR Slice LUTs Slice Registers Block RAM
FRATT 38 oK A ST BT ) o A 2R A PR RE TR, lowRISC-v0.4 52108 31422 505
HBEAE lowRISC-v0.4 |, FLyl ke B U anak 3. o] HPCClient 340 1243 0
DEFESTEES: 5 isters 4 HPCManager (L257)7) 80 266 0
: uﬁ‘ﬁﬁﬁ:ﬂ:%ﬁ &N LUTs Al Registers 7 HPCManager (core) 151 461 0
Pl i H 1 1.66% 16.29%. I EP, HPCClient ’fﬁﬁﬁ %“ﬁ%ﬁ HPClnterconnect 92 6 0
X %, LR B 2 HI T4 HPC 28 22 X A & L) 1.66 629 0
4 SPEC CPU2006 (%% 117453
HY: perlbench bzip2 gcc gobmk hmmer sjeng libquantum  omnetpp astar xalancbmk
cycle 4.122E+10 2.368E+10 3.048E+10 3.397E+10 2.813E+10 2.730E+10 2.898E+10 3.727E+10 2.996E+10 4.379E+10
instret 1.084E+10 1.046E+10 1.047E+10 1.038E+10 1.056E+10 1.046E+10 1.061E+10 1.031E+10 1.060E+10 1.015E+10
LlLread 1.369E+10 1.182E+10 1.256E+10 1.277E+10 1.292E+10 1.283E+10 1.137E+10 1.277E+10 1.232E+10 1.344E+10
LiLreadmiss  3.881E+08 2.378E+04 1.052E+08 3.690E+08 3.491E+05 2.310E+08 4.456E+03 5.642E+07 { 1.316E+06 1.529E+08
L1.Dread 3.107E+09 2.693E+09 2.833E+09 2.846E+09 4.218E+09 2.605E+09 2.639E+09 2.835E+09 ‘33.276E+09 3.753E+09
L1D.readmiss 4.038E+08 1.459E+08 1.931E+08 1.897E+08 2.173E+08 1.586E+08 2.524E+07 3.942E+08 2.458E+08 4.484E+08
L1D.write 1.167E+09 1.049E+09 1.501E+09 1.198E+09 9.485E+08 8.691E+08 \ 5."796E+98 7.037E+08 4.902E+08 5.996E+08
L1D.writemiss 7.579E+07 4.574E+07 9.363E+07 8.087E+07 5.180E+07 4.531E+07 = 1.369E+07 1.540E+07 2.528E+07 3.434E+07
L1D.writeback 1.188E+08 7.217E+07 1.135E+08 1.182E+08 6.694E+07 I\V.223E+07 9.205E+07 1.962E+07 7.880E+07 6.513E+07
L2.read 8.676E+08 1.917E+08 3.919E+08 6.395E+08 _2.695E+08 4350E+08 2.661E+08 4.660E+08 2.724E+08 6.357E+08
L2.readmiss ~ 1.175E+08 1.082E+08 1.598E+08 1.054E+08 5.117E+07 5.079E+07 2.513E+08 3.609E+08 1.078E+08 3.592E+08
L2.write 1.188E+08 7.217E+07 1.35E+08 1.182E+08 6.694E+07 7.223E+07 9.205E+07 1.962E+07 7.880E+07 6.513E+07
L2.writeback  1.892E+07 4.791E+07 7.952E+07 3.746E+07 3.140E+07 1.910E+07 9.038E+07 6.506E+06 5.000E+07 2.839E+07

6 SiphEE

El
*

L1D HI$ R FH — e

Wi, ASCBEH ) 73 A 2 HPC

% 5 ¥4 47 9 HPC Al SiFive 2 7 () U74-MC
ALFE B BT A2 2K HPC #EAT 4 EL: U74-MC I
B HPC &5 1 ] B 22 A Ve i, H2 7 WS UK & F AR
5 EEAR SR A AN W U 45 s I =, BE D T m R AR A
WA T B KS B2 . U74-MC 94 HPC Bt ge
HEAE 10 1), BRI A AR K 1) 9 e 25 0], B [A) i) 1
TR B FHAF, 4870 B T8 MMIO ##, HPC (4 ]
RV 8 25 S B A AL, W Ab R 2 A — s . i HLAb
¥ HPC 7% LOAD/STORE #541jj [], iX £e45 4 %t

REAF AR B T VR ECER, DT R AR R T
LB, FRAE S PPN v 588 5838 7548 [7) HPCManager
W, R ARAZ ) HPC HOI%EK1X HPCManager Fl14b 3
%I HPCClient #7142, Ik /31 2l HPC A&
TR K40 e 2 M AR L (1 22 A k. Bt 2 Az 7 14X
i/ 3 A~ CSR #iAe v inl fir A 1) HPC, i % 7 % CSR
FRIR IS 2 5 L X B A A FRAT 2 S A SR AN L T
YRR T MK B R, A AE 18 2 BB 15 260 i X
) HPC FUE T 64 b s, i Fl ki 2. Hkks
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