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Abstract: RISC-V is rapidly evolving, with the porting and development of its software ecosystem advancing. Due to the
complexity of operating system itself, performan€e evaluations are often limited to the module level, making it difficult to
conduct systematic analysis at the function level. The software adaptation of RISC-V often draws on optimization
strategies from mature architectures like ARM. This study proposes a method for fine-grained kernel performance
evaluation and defect detection based on cross-architecture comparison. The method shifts the evaluation focus from the
module level to the function level by using cross-architecture context matching and architecture-specific anomaly
detection. It was applied to the Linux 5.10 kernel to compare the performance of RISC-V and ARM, which revealed the
limitations of RISC-V. Experiments using a targeted test suite identified 9 performance issues from 25 anomalous
contexts on RISC-V, with 80% classified as high priority. The result demonstrates that the proposed method achieves an
evaluation accuracy of 80%, indicating the effectiveness and accuracy of the method in identifying performance issues

during architecture adaptation.
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! o
\ £
< -
2 10
5t b .
¥ ﬁ e F_ [
0 L 1 d 1 1 1 1
0 5 10 15 20
Cycles ratio
(b) SOGAAL-0.15
* Normal
20 * Ins outlier
Cycles outlier
15 | * Both outlier
.2
g
2 10
5 | e e
d 4
s
0 L 1 : |. 1 1 1
v
| O 5 10 15 20
. Cycles ratio
Y (c) SOGAAL-0.2
El

K4 T BMER R R AR

3 SEERIMEE
3.1 HREHIE

FFRE A 6 B B, BRI B R AH T 11,
P30 BER TR] ) 22 . AR SR BnZE Y RISC-V 22841 Lichee
Pi 4APUR1I ARM64 2L Raspberry Pi 4B JF &R, H
BB AR AR a1 3R 1 FTR. X PRIT RARESR T 2
LT AT I ZEH, [F)IS SCRPEAT SRt 2 2, X L il
PR N G S0 SRR ER (i T B B L.

S YR 2 e i A I TR R A 1 2 S SR PR A
ZESE, RIIGAE P PR & X 55 7SR RCE,
2 FIus. NS PR ARAL 51 AW 22, 42— K H-00
Y BT, I )5 H-g Fl-fno-omit-frame-pointer DA 5¢ %
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i H AR SN A

SRECH AR Z . Ak, RISC-V 5 ARM64 ZEH4 (K] Linux
WAZ R &I 5 A [FE 0, PAR B A AZ BAT g2 — 2. &=

HE TS %A CONFIG_SMP, CONFIG_PERF
EVENT, CONFIG_SPARSEMEM, CONFIG_SLUB 4.

*1 WHTrEEER

X FldE L1 L1D- L2 P g
& AEREE QMR BoLd 3 WOKERRRE 3 SCH L
- " - 8 ” o ##%  Cache Cache Cache e
. . g LPDDR4-
Raspberry Pi4B  Cortex-A72 ARMv8-A 4 1.8 GHz Ebr&EGLFHAT GICv2 48KB 32KB 1MB 4GB PMU
. . . e L LPDDR4
Lichee Pi4A  XuanTieC910 RV64GC 4  1.85 GHz BIrEELFIAT PLIC 64KB 64KB 1MB .8 GB PMU

K2 XTI A

B mikEs A% BIERS Ciz{7F
FIRRA  gec 113 Linux 5.10  armbian 23.05  glibc 2.35

3.2 TEFMMEE

A SR FH B8 9% B A IR RS ME AR EHE (19 Linuxe
FFIEPERE AT T A perf™. JRIR 40 R, v

(1) B R ) 75 52, ARSI et 0 AR e A
A P RE RS (perforfnance monitor counter,
PMC) Hibk, A LSRR B 4 125, 1880 per
Vi la] PMU 3REU: Be 4.

(2) B¥ ol fE. BARAE W LG B RISC-V % perf
THRBSCFAA AR, HId5 W cycles Al instructions
ST SR, T AE ARM 2244 F, S Ad R4
PR AR B P00 S R 1 SRt T
SEM).

(3) B BERIETE . perf TR, AW E T Linux W,
A E N RS R [F) @ I, 0T 50 R A AR o
(I T H, 41 VTune.

N T RG22 M A AT BRI IF I ARR

(0 82 FH b 57 e B R, AR S 36 3 ik 8 o 0 X
A% R A2, T AR 2 ik 55 G0 P 05 A VP4 Tt v
it B 2% DU R ﬁ‘éﬁzﬁﬂi?ﬂ%ﬂ[}ﬂ@, It HAERHB 5>
I 1] P 32 4T 76 P R A 1 S 6 34 PR F R 4 A9 rt-
tests. hackbench LA & UnixBench A A #5433 451
(8170 contextl 1 pipe &5). X 46 T 1F 1 #AE LG AR 1
HE M R I A E I RE, BRIk 3E T B A,
TG AP EE A IR A a5 R

E AR Lmbench WA £E R 0% 4 [ MO VPl B 4F R 4t
FANTT R PERE, EAESLIRAR R BT RE R ILIEA TR
5E, R ARk £ 1 SPEC MR 4E £ 2 A TiFAh i &
REJ1, I HEISATER P A, B IEAE T4 St e
Wi

33 ETXMILELER L\

ARSI A AR S M FERE A (2 L% 3. 78
A B O LG BT ST 4 E S A A
ERCH AP Wt 3 R, AR IR | F 3
ST VR B R SCH ERAEL AR AT AR B T
BRI, T PR £ L I S SR B A R . R A 2
FaBT A 9 02 3  f03— ML DL, 384K T B R ST
(WioE SY R

®3 T SCREMILE

£ RESH WA Ui RN
RISC-V 1304 616 734 411
ARM 1157 616 693 426

T EE 02, perf AR BV £ 6 5010 T AR
=8, IEAITESS 2.1 0L R SCUT ARSIk sh 3R 3 [ T 4
VLA 43 BT o 1 OISR S F 40 S A R L W
. PR, PSR UCHE b SO s T
SR 1) H (R g0 fl B BT RO AR A B, DR
R S0AE B B B VO,

s SR T A R AR 1 b R SO DL % % L 4.
TR L ] £33 R BRAT A28 22 S o T — L b ik
{EL B PR L RE 2 36 AT SRIL I T 70%. 4 2K ICIE g T
SCHCER R DASCHRR R 2RI R R ARV AN, RISC-V
TP REIAE T 2 I, AR T ARM 224

£ 4 ML AZITEE 5t (%)

MR WSS UL RTh S ik
rt-tests 76.82, 69.59 66.15,51.38 86.11, 73.84
hackbench 90.02, 78.95 81.59, 64.24 90.64, 81.37
UnixBench 83.55, 78.91 55.76, 49.30 66.74, 62.48
T3 — — 81.16, 72.56

7 25T E 2 HIARRISC-VHARME
34 RERNEZX

A SIIE R FH 22 o S R N RV VA AR 2R A4 ) 1
ZE 5%, B R SRR 5 B AR, U L FRROR,
A BRI R B R B PR IR
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e, AT R e B0 R B B R o R A A, B
S X 43 B B 6. & PR BB b 20 i) L FH AS [R] B gk
AT HREIN, S R B R U (L 5). ek
L, e H LG ORI BRI SCR T R, 5K 4 B3 —
;R REE RS T R E .

BTk ZAR4%, H [ 28 PPl 75 O AR AIE.
e A [ FRATT R P B P ) e e X, i g M e
W % K w R aVa L, a5
PER A R, ST SR VE A PR B 22 R VP4l R LU
B, AR RE SR LS E S R
Kl 5 o, ARHE 0T L as 3R, P A 20 60 s o e A
FVEHE N w1 S ). it — 0 R T R (cy-
cles). FhASHE 4% (instructions) 545 & H145 4% (CPI)

(R A7 i 155 D 0 5 3 A, JATTOxT 22 PG SR A

TXHEe. FE S R I, SOGAAL-0.15 A &ﬂzgﬁiﬂ%d&
THFHAERX . S ERERE RS 0 S Sy A 4

Ins ratio

Ins ratio

1% R 3 0 = A (B 3R 5 ) AR 1 B SOGAAL-0.15
BV, S L AR 2 st i ), o e ) S B0 4 R
RH.

K5 RN IRRIRR R
SR JE S K IPC
SOGAAL-0.05 0.86 0.874 0.824
SOGAAL-0.1 0.775 0.806 0.784
SOGAAL-0.15 0.704 0.746 0.705
SOGAAL-0.2 0.649 0.683 0.638
LSCP-0.05 0.829 0.843 0.866
LSCP-0.1 0.745 %ﬂéz 0.751
LSCP-0.15 0.655 = 0.725 0.658
LSCP-0.2 A 0.583 0.642 0.594
ECOD-0.05 } X 0.806 0.792 0.81
\ECOD—O.I 0.712 0.708 0.726
ECOD-0.15 0.624 0.634 0.641
ECOD-0.2 0.546 0.567 0.565
LUNAR 0.751 0.735 0.76
LOF 0.775 0.806 0.784
20 :};Il(s)m?{ier 20 :E(s’rglﬁllier
15 | e I T B
5 Sopomgrl
0 5 10 15 20 0 5 10 15 20
Cycles ratio Cycles ratio
(c) LSCP-0.15 (d) LOF
2 ¢ e 20 e
15 e IR E B
10 B § 10"
2 i
5 5
0 t : . . . 0 h . . .
0 5 %10 15 20 0 5 10 15 20
s? Cycles ratio Cycles ratio
(g) LSCP-0.2 (h) LUNAR

K 5, AN [ S A N S5 42k e 2 M B R A 45 2R

20 - :{\r‘l(s)rg&?llier, 20 ¢ :{\tllts)ré?éllier,
sst s e s | i
S bl SpoangTlT
0 5 10 15 20 0 5 10 15 20
Cycles ratio Cycles ratio
(a) SOGAAL-0.15 (b) ECOD-0.15
20 e 20 e
215 e I L B ot
2, 10 2 10 }
5 5
0 t A . . . 0t h . . .
0 5 10 15 20 0 5 10 15 20
Cycles ratio Cycles ratio
(e) SOGAAL-0.2 (H ECOD-02 !
¥
4 G >

AR 55 2 57 v R 1 7 i, A SRR AR T
ARM 1E RISC-V _ERILH 1 25 A ETF3C, K 6.
B, 6 N AZARED ) — 20 o 2 DL SRR B UE AR
80% KI5 % AT LLUA IR F RISC-V 2844 _F ik fE % 5.
UEAk, 4% WIS E IR E CPU LIAMOIREEIN &, FlR 1
16% et — A\ R AL
41 ETXRERELIMNS S

ARSI KR 6 FITERE TR AT A, A T &
AN FH A B b 2 B 0% A D% 14 2 R P K R S I,
CAFZ 4 7 7E 22 5. HH T 72 R P B B 0 o i 1R 2 e Ak

136 Z%i % % System Construction

FFRINT FH B, 75 ) A O P AR PR B S
WAL, A A SRS R i 2 8 I A4 F b b, s
perf I K AE, il 5 X PN (1 e H X LA 2 8.
AEWR VPl FLIE BE RN, 75 0] X LoD B gt AT 4H B0 At
I bR 75k A T e M A AR ARED, 255 T RE S
BRSBTS RISC-V 4244l 5, 43240 °F.
(1) ThEEHRR: RISC-V 2, & bR 37 (E D e
BRI, W memepy Al copy from user 74 EE JEXT 5 Hb
HERS CRAK, cmpxchg double 2R 2 7 52 M PERE.
(2) $BAHRATZ 7 RISC-V SR ZH 50 0 B4R 4, F
B TT %, W memset. atomic64_read Fl smp_
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i H AR SN A

store_release M4 LI 22 7, 1t AT 203 T %,
(3) EECACAAS A 1 25 S A VR T G 136 8 FH SRl

B LA, tn%t builtin. memepy X FEFA—E, &
3 WRITE_ONCE #/EFR 2 7.

#* 6 RISC-V PERER W m ek -~ 3¢

R P AE N I A5 o3 T HTRR JH TS P RE BRI A
. mprotect_fixup, populate_vma_page_range, .
__get_user_pages sigwaittest, ptsematest cycles, ins —
__get_user_pages
hrtimer_start_range ns cyclictest do_nanosleep, hrtimer_start_range ns cycles, IPC WRITE_ONCE, cpu_relax
opulate_vma_page range, .
handle mm_fault svsematest pop —vima_page_tang cycles, ins, IPC —
__get_user_pages, handle mm_fault
. . unix_stream_recvmsg,
unix_stream_read_generic hackbench . . cycles, IPC memset, memcpy
unix_stream_read_generic ¢ \
_ slab_free hackbench kmem_cache_free, slab_free cycles, ins, IPC cmpxchg, double, cpu_relax
finish_task switch cyclictest do_nanosleep, -+, finish_task switch _cycles - fence and stlr
pick_file syscall sys_close, _ close fd, pick file . “ cycles, IPC~ WRITE_ONCE, fence and stlr
rt_mutex_wait_proxy_lock pi_stress futex_lock_pi, rt_mutex_wait - proxy. lock IPC —
try_to_wakeup svsematest do_semtimedop, wake up g, h;y_to_wake_up cycles READ_ONCE, atomic64 read
finish_task_switch contextl pipe_reads s, finish task_switch cycles, ins fence and stlr
fput syscall __se sys close, close fd, fput cycles, ins, [IPC READ_ONCE
memset cyclictest “" hrtimer_nanosleep, memset cycles, IPC IRz
get_timespec64 cyclictest ’ __se_sys_clock_nanosleep, get_timespec64 IPC copy_from_user
\ ' p " unix_stream_sendmsg, .
skb_copy_datagram_from _iter hackbench . cycles, ins, IPC memcpy
. skb_copy_datagram_from_iter
. . . schedule hrtimeout_range clock, -+-,
finish_task_switch signaltest . . cycles fence and stlr
finish_task switch
Iru_add_drain_cpu ptsematest Iru_add_drain, Iru_add_drain_cpu cycles, ins WRITE_ONCE
find next_zero_bit syscall __se_sys_dup, find next zero_bit cycles, ins _ffs
skb realease data hackbench consume_skb, skb_release data cycles, IPC WRITE_ONCE, atomic64 read
__se_sys_semtimedop svsematest ret_from_syscall, _se sys semtimedop  cycles, ins, IPC —
futex wait_setup ptsematest futex wait, futex wait_setup cycles, IPC atomic64_read
skb set owner w hackbench sock alloc_send pskb, skb set owner w IPC a\tomic647read
unix_stream_sendmsg hackbench sock write_iter, unix_stream_sendmsg IPC me‘}lcp&, copy_from_user
sock read iter hackbench new_sync_read, sock read iter cygles 4 " —
finish_task switch ptsematest do_nanosleep, -, finish_task_switch c;ycles, ins fence and stlr
unlink anon_vmas spawn free_pgtables, unlink_anon_vmas | cycles, ins WRITE_ONCE

H
ARG T, 456 3 TR br, S50 3 A m v a o pT 7
AL, R 7 o, ' -

\ ‘
7 OIS R A e S
L R R

SO H ) 2 e A B TR RE T, RO R A

f6b5  top-5%  top-10%  top-15%  top-20%  top-30%
cycles  1(50%)  2(50%)  4(67%) 6(71%) 8 (81%)
ins 0(0%)  1(33%) 2(60%) 4(71%) 6 (80%)
IPC  1(50%) 3(60%)  5(83%) 5(88%) 7(92%)
all 3(50%)  5(67.5%) T(75%)  9(80%) 9 (78%)

4.2 ZRHE1E RIIETE

A 3 AR E——R PSR A%
AW AR AL S B 40 BT 56 SIE AT DR T 22 4 [ B 22 5
421 HPEME

— U LT P9 A% R BORT ATE R SN IE AT, BRI

ﬂi&\ﬁ"—%i IR PR B PAR R 20 AR P T I .

M 6 AfLAF H, Linux PA% ¥ memset. memepy
F1__builtin_memcpy, LA & fE WRITE_ONCE. READ
ONCE Hffi FH ) IX S8 bR 25, F 2N BRSO T
S, TX 6 R HLE AN [F) SR AL 22 8] PR S BRAEAE 72 3.

LI T — AN GitHub ZREUF IR T A, 451
PPl T IXEE PR %Y (memset. memcpy.  builtin_memcpy).
% LB WAZUE SO R B, W 1 USSR 491, 4 3 A
P R SO DUEAT VEREVEAS . 45 SR A& 6 s, Ho
forward 5 backward 73 137~ A A7 AR HEIE 21 57
HE. S HhE B HhE #$E DL 5 A aligned R H bR
HhE A2 5505 2R A% 55, unaligned R A5 55

(1) memset FIELE. B 6 Bor, KA memset #
YRR, AN A SRR 1 R L ZRAE 2 DA, 3 B 4840 [R) e 20 22

System Construction R4 % 137
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S, R R AR 2 SR T B R TR
WP R Vi SRR TEHAE RISC-V Bt fE

0 02 04 06 08 10 12 14 16
= 32KB = 64KB = 128 KB = 256 KB = 512KB = 1024 KB = Avg

(a) FEHLIIR (B/ns)

R-blt-cpy-backward
A-blt-cpy-backward e — !
R-blt-cpy-forward s
A-blt-cpy-forward
Rebit-cpy * E "
Acblt-cpy —
R-cpy-backward

A-cpy-backward
R-cpy-forward 5

A-cpy-forward |
Rcpy

0 2 4 6 8 10 12 14 16 18 20
m KB u2KB=4KB = 8KB = 16KB = 32KB = 64 KB
(b) KHUELMIK (B/ns)

R-blt-cpy-unaligned h_

A-blt-cpy-unaligned _
R-blt-cpy-aligned E
Ablt-cpy-aligned | -

R-cpy-unaligned h ’

A-cpy-unaligned h_
R-cpy-aligned __
Aepy-aligned
R-set h
A-set _
0 2 4 6 8 10 12 14
= 8KB = 16 KB=32KB = 64 KB= 128 KB = 256 KB = 512 KB
(c) AR (B/ns)

Kl 6 memset fl memcpy HE M (A 8 ARM, R fi§ RISC-V)

(2) memcpy MG, WK 7 Fros, RISC-V 7E3EX)
FU7 i RS T ARM, L IEw VL R AT
RISC-V R HZZTi# 1, T ARM TEALH AEXT 55 J5 #%
N DL 2021 4F Guo R BLIEHE T AN T ok Bt

138 #4i % % System Construction

TSI

.

BT R 2D T BE NP R R B, (HARBCRAN. 4T BAE
e 553 AR, (HAEX 5737 Sehs A e RE B %, Wil 7
Js.
8
7
6
o 5
£
qa 4
B3
& 2
1
o Mm II II II
8 64 .‘128 256
Block size (B)
\ \ “= Align-5.10 = Align-Gary
'_: \‘ - Unalign-5.10 = Unalign-Gary
- (@) "R MBI
12
10
£
a6
=
3 4
7
2
0
2 4 8 16 32 64
Block size (B)
= Align-5.10 = Align-Gary

Unalign-forward-5.10 = Unalign-forward-Gary
Unalign-backward-5.10 U liﬁbackward-Gary

) (b) Kb VLA »
n(py TERISC-V b {yh T

’ \3) ._buﬂtm_memcpy ()22 R . RIS EAH R RRA 1Y

CGECR R T, ARG AEEMI builtin memepy

SEUE B 3% 2 5. RISC-V I, GCC W & memcpy [
PEREB KT ARM, 52 7 READ_ONCE. WRITE
ONCE R, Fxf AL R JE Ha 454 (T 21 R A
) G RE T .

PEREMIAE M, 5 ARM #HLL, RISC-V fEA )™
ZAE AR EL (A0 memset. memepy A1 builtin memcpy)
ERIHRZENERE, s TG T AR IS T 1.
422 WEEIK

53 O R BN AE RS HAT, 2T HBUD. SE58
Vvt AT RGN D ) AR, T BRI

(1) copy_from_user FrJBRFE. Wl 1 MB Hdfs 7205 5%
AR FE LT BRI 8 s, ARM64 Xt
HAEPRZE S/, T RISC-V FEAEXS 501 5 T PERE] A=
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i H AR SN A

# 8 copy from user 7E PUAZBLELH IFF4Y (ns)

B3R XF-1 X2 AEXTF5-1 FEXI -2
ARM 531352 534425 576769 598204
RISC-V 265009 262669 1141021 1168687

(2) find_next_zero_bit )2 7. [AIFEIE L AR
MK find_next_zero_bit, 7EFE Y bitmap H 7 7 LA
0. 1 FIBENUEIE RS, 32 9 WoR, BEALIE 78 M U5 1 5L BRI
58, RISC-V fEZi7 5t TR S A i i, 255 LK
B LR 22 5.

%9 find_next zero bit 7E AZASHH T4 (ns)

2K Uz 0 BEMLIRE
ARM 14519 10.6 9.77
RISC-V 12667 30.5 32

Xf_ffs R A IR B, [F)—Ze 4 T A A e
__builtin_ctzl 5 C LI AR, (HAS [ 22 [T 17
fE 2 5. Wang %N T 7E Linux 6.7 1 5[\ Zbb 154
RACALERAE, ﬁéﬁ%%ﬁﬁ?ﬁ@'ﬂﬁ%ﬁﬂﬁ%ﬁﬁ%
R, KDL T RISC-VER IR I ERAE 1AL REREAR.

W AZ A S B 58 AU L S ER B, (H T E NS
P HATIRA RS, A B3R .

423 AT

T4 48 A 9 R M DUE i B E R B8, 7
RISC-V #4425 BESR S H A, AHT 5T 7 i
BUORIPAT 75 7, IR FIERE 22 AR AL

(1) empxchg_double: 1% R/ Linux 5.10 H'H
__slab_free P/, ARM64 ZH4 R #2 {1 K5 & SEI,
RISC-V H I AE I 48— A9 S B, ARMO64 ZEH 2 1
irgsave Al slablock F¥I3RHU5 BE 5. SR AE BB AR A 1
W, E40K cmpxchg double BRALFERR, ASFEAHH .

(2) stlr Al fence: 1% K 4AE finish_task switch Al
mark_wake futex H#51i H, f£ ARM64'H stlr. RISC-V
I fence SEHIL. strl 842 g B b, (X CRAE BT 7 V5 47 5¢
R, AR5 FE 4R 4 T fence 454 U2 XU BB, 74
BEL 1) 71T /5 U5 A 0 . A2 S 36 B A ) SCRF L AT 1)
B L, B ga) B B AE 1R e ST B

(3) atomic64_read: % iR £ A T i 1 Hh i3z AL,
ARM JHT Idrexd 54 PUESE M, 1 RISC-V ] READ
ONCE. RISC-V i/ 5E 145 2 S Bk REZ2 1.

(4) cpu_relax: 1% R 2 H T B2 A0 55 U8 55 4+, £
hrtimer_start range ns fil__slab_free "1 Ff LAil H %%
J5. ARM64 18 yield 54, T RISC-V JUlif it T6 34 B
0 $8 2 LR, it ¥ & CPU A, 52 ISA.

BAE RGBS EEEM, et D SR AT

5 nERSE

AR T — AR N A P R DA 5 SRR
73, AR LR SO 5 A DA, HES 5 28 M P
REr M S5 HEME R GEaE D, N RISC-V _E/ Linux fRfb42
HS% fEXTEE RISC-V 5 ARM B #2915
25 N E g ae R, o 20 MEESRILZE =,
o I HE R 2 0% 80%. i — BAUH AR IL T RISC-V
WAZ R 9 AN 1R B, AR ARG SR AR T 207 MY
& T AR REVE A, 17 P T At EL A 52 82 4T I
i H R, A T30 50 4 1) R S R R
I A A A 5 55 = 5 P R SE e AL

A FEAH P A 32 o “on-CPU L REFE b, RTE %
/0 5 M4 %&“off-CPU”T N, Ja 4L/ R I I 78 4>
F AR R 2R 5, DA FH DAl 4 T .

SIEBGIR R I, PN AZ 4% UG P A7 7E 2244 [B) S 22 S5
MASHEA—HERR. B THRZSHEER, 5
M DU 5 58 BE BT R A2 ARSRMG L7 T 58 38 5 B
£ PETHES ZEM UL HCKS B2, IS SRS HE R L e 44T

S R
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