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Optimization of Dynamic Jump Handling in QEMU Based on Address Space Identifier
WEI Jin-Yi, LIANG Hong-Liang

(School of Computer Science, Beijing University of Posts and Telecommunications, Beijing 100876, China)

Abstract: The continuous evolution of hardware and software technology demands higher execution performance from
instruction set architecture emulators represented by QEMU. This study analyzes the limitations of QEMU’s existing
dynamic jump handling mechanism in the scenario where the emulated architecture supports virtual memory, and
proposes an optimized scheme based on address space identifiers suitable for common virtual nierﬁ'ory systems. The
proposed scheme is implemented for the RISC-V frontend in QEMU mainline 6.2.0 version. Evaluation results show that
the dynamic jump scheme based on the address space identifier achieves an avérage performance improvement of 12%
compared to the native QEMU. \
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N Bk e 4, BUTRE T 1M (PC) 54 exit_tb IR
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S — goto_tb
jmpq next
next:

goto_?b n S — mov_i64
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exit_tb tb, n S exit_tb
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jmpq epilogue
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[ ] mov_i64
movq %rbx, 0x628(%rbp)
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Rl B AT ZE R B (B R e B B e H i SR WY A A7 S 2B O (B 24 T vCPU R RET TLB, 42

TLE. e R RRCAS 5 2R I JFAT AT 1 HeAth vCPU A%, PR3k
(3) BB AL R A S KT vCPU JRA S ——it IR PR A ar .
T e
fmmmeeemem—— JEI (Z)
'QASID.version |
At (<)
s (PC, flags, phys PC
- P e —
e % s
@baﬁm@l}xm éﬁﬁ‘z\)—%ﬁﬁqﬂ—' BRI, i
" PC, flags IPC, flags, QASID.addr | freh

: PC, flags, phys PC

14 SIS HI S HOl e F AR

422 PEUUH . P S B TS R A 4 ) A 4, T LA
H Al QEMU 5 51 B 42 ¥k 4% 11 2 B H BiAE T 5 = HE % 16 TB B bk 7= (8], QASID 2247 4> B 75 %
A B F B AR I AT I SRR Bk i H ﬁ}ﬁ‘}IEEﬁ'ré: DA T PR ER, H A HbE AT i Yorip (EMAETH R T 24k
A S IR T7 58 T8 % 1 R AT B, 1 £ AR e Tl g Bl Z A vCPU f FIAN[H QASID 47
(IS B B9 Y ke 23 (AR R4 (QASID) 42 PAT AH [F) B0 PR S 1) 3 5, 7Rk A R AF S 2 )
TR IG B AL H bR BRI R E S Tk, 2T QASID slow path F-44, K1 2247 1) K/N i vCPU £ A2 40 &
FIEE 4.2.1 Frp 5] NG A5 R H1, AT DASE I i s 24 Y, TEISATIHMEH vCPU 4 5372 51, 55— /7T, vCPU
HLVE SCHI R ) i U0 L B [ 4 5 A4 AT QASID 1J LA MALF %rbp ik Hhdik 1)
W7 BN B UL B BB R 1R ey i CPUNegativeOffsetState &5 F 1A H s B, 1X — 45 i 44
TAEMi% QASID IEMAIMNZAF 2= 0], FE 9l N— 2 TH & TAFAEAR FLASAT I 75 B AT B AL 1 ) T DG B (an
P A7 BB 2 75 2R 1 IR $54> asid_check, BC & T A #H soft TLB A4k % i Wi i R 45), TAPARIL 3 vCPU
BEHCE B RE B IR A 1) goto_tb Al exit_tb 58 % 45 1 QASID Wi/~ Bt LATRIL asid_check [ SEH.

VUGB R, TR RN [

IR f5 4 750 WEl 5 fiow. # BRI vCPU 0% 5
movl -0xe (%rbp), %edi

asid_check tb, n, target_pc \ #B vePU B@ﬂhkilﬁj IR
goto_tbn movq -0x8 (%rbp), Yorsi
v i64 po, argeiu > # 5B PR I L 2 7]
V164 pe, I FRRRFELE
exit_tb tb, n BT leaq 0x..(%rip), %rdx
s " cmpq (%rdx, %rdi, 8), %rsi slow_path:
K5 E%ﬁﬁ%ﬁ%%xﬂjm IR 6475 # FRIRAF AR T IC T Bk e # FL R B OB S R 3
jne slow_path ] movq %rbp, Yrdi
asid_check BT vCPU ) QASID Jf 5 H # RBRS leaq $(tb | n), %rsi
N 247 1 QASID HEAT LL i LIS I Y A7 IR 5 2 75 R A2 Next_instr: \ ;Zz;gf;rtg‘f;ic;ri"
AR, AR AT 5 82 goto_tb AT exit tb X R push %rax
164, R 5T BRI — B RS P 7 P
54, MAE5 I ; = &2 # V8 BLEIR [R)
AT R A, PATTRBEN slow path, 1 asid check
. . . 54 asi A AR o
Sl 2 {14 B 6 8 asid_ check helper (i — 45 4h i L) Bl 6 IR 54 asid_check 7t x86_64 Ji b2k AR TS 7~ 451
x86_64 i M, asid_check i fr17E EHIACHS a1 6. 4 asid_check FIFATHEEN slow path B, 4 B o5

AT QASID [ BE R 8 15 LAMELE 64 {15 Hofdi F vCPU 41 1 QASID HiAL A ik % H A5 g 4
FHL T AR R TR 4 5E R QASID F AR, H Mk AR H1, B4R 25 4R H1 45 S0 24 B B B B i
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FEIRFS, A LU A b B 7 2

(1) H1 &4 an, HE RS il R RA S
VLHE, HJG4k goto tb CLAFEE: T H1 EHRFTIR [B] (1950
PR — b o] LR E R B = R BN SR A R,
PRI FRATT R 75 BB R L) QASID Z847 9 E ik [H].

(2) HARE N —R 0 A7 WL & AR AR, SRR
P 2 Aok s (Rt = HE R E & AT
Ja AR ER R, BORN R N R R, MR S 4k ki S
EEA Rt — PN, DL FRATT T A R T
goto_tb HE fFiR[A].

B R 2L asid_check helper &5 f5, slow path #
IR [E 5 AR goto_tb 544k, FR ¥ 4l Bl bR AR 15 Wy
FF T IE3%AE goto tb H [ EH Bk, AT S TE AL
SEEREE, BB exit tb [A1F] QEMU £ 4K j5 4 Bk £
o E TR

I T Bk 1 L R AR L KT 2%, B vCPU
SRS S T RN 7 AL 5 R S S R PRI
kL H AR I B0 S AR SO 1 B B2 1) i
Bhnan F [F B L

(1) i FH B0 PR A 5 (1) jmp_lock FR-37 B8 3 B 1) B
Pt R SRS B R e R AL ) A ER Uk e H
FREIEEHN jmp_lock, JF45 A T — S B gmfE H 15,
TATR HAZ 2 9 — TR H n B 1 PR Bk % 1 B
A B ) jmp_lock, i 50 AT S5 2 SR B 1R R, B
WIS trylock 17 kAT, 78 R WO R il A B IR 1E
.

(2) FINH B H T B link resolving F£4# H jmp

lock TR BART &, FRATLE Wr P BE#E 0 & & link . |

resolving 7B HON B Y T & FE B LU RE Oz, LAFR B vCPU
SRR 24 TR A ) R R, SO0 P D it 17
PR B link _resolving HHRT L 4 /i L& A% 9 ELARFAZ, H
1% 243K — 5 B A N A 2LE 4T

1F B3R FES LB RS, B PRS 7
A LUK LA 7Rl ST B

(1) WAEII 2 B8 S S0R i Sl B RS

(2) B F BRI 77 18 22 0 S E i

FURRE 2 Bl L TN R SR ek R B
BREEAE ALY, I E R, MR AR T A s
$ 52 O B 77 2 T AR TR o 4 R R B
BhEL %X R jmp_candidate 58 X £ Bk H Ar 4y
B b R, B AR D RS 1 R

20 %it+ZfiA Special Issue

Dh TS 1. 2 B B Ry sk i A6l

N BIPEDR tb, BEFETT I n, HAREHEDE tb_next
it Bk R AR 2 A AR B

if (tb—asid_cache[n] 1Y, & . —Hi ki 2% 7))
tb—jmp_candidate[n] = RAM_ADDR_INVALID

endif

if (tb—jmp_candidate[n] == RAM_ADDR_INVALID)
tb—jmp_candidate[n] = tb_next—phys pc

else if (tb—jmp_candidate[n] !=tb_next—phys pc)

return TRUE .
endif \ B
return FALSE

L

5 ERTERL

AT 64 AL RISC-V ZEH 240" ] UNIX #4F 5
4t xv6-riscv N HFH PR 9ot R, b A SC ket I
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