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Abstract Branch prediction is an essential optimization for both the performance and power of modern processors,
enabling instructions ahead of branches to be executed speculatively in parallel. Different from the general branch
prediction, procedure return can be conquered with a return-address stack (RAS). By using a speculative emulation of
the call stack according to the last-in-first-out rule for procedure calls and returns, the RAS predicts return addresses
accurately. However, due to wrong-path corruptions under speculative execution of real processors, the RAS needs a
repair mechanism to maintain the accuracy of the storage. Especially for embedded processors which are sensitive to
the area, a careful trade-off between the accuracy and the overhead of repair mechanisms could be necessary. To
address the redundancy of RAS storage, we introduce hybrid RAS, a return-address predictor based on a persistent
stack. By integrating the classical stack, the persistent stack, and the backup prediction with the detection of
overflows, our proposal could eliminate wrong-path corruptions and redundancies at the same time. As a result, the
return misprediction rate is reduced effectively and efficiently. In addition, the classical stack is decoupled from the
persistent stack to further optimize the area. With benchmarks from the SPEC CPU 2000 suite, the experiments show
that our proposed RAS can reduce MPKI ( mis-predictions per kilo instructions ) to 2.4x10 *with a design area of
only 1.1x10" um® under design compiler, whose misses are reduced by over 96% compared with the state-of-the-art
RAS.

Key words return address prediction; speculative execution; corruption recovery; persistence; backup prediction
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HAE T A8 L ILA RAS 7T I 1K 96%.
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A5CIR [E] b ik D) R A 5% b B TR, T 5 AR 5% TN ¥ e
Skadron 25 A" F1 Wang 25 AU 4R T %L S5 Ak sk
B Y 0B S T S, (R AR TR O K R BT
PERER L. Sun 258 A" 3E a0 R R 58 B BEAS AT
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Table 3 Comparison of RAS Structures
3 RAS FH3TEE

- it BT WA RIF4 P
. e o e e AR A )
TR R .
1 RAS™ R ﬁﬁgﬁi‘?ﬁ;gﬁ Fe4 %
R (HERIFFRS )
_— . FeTitght
o ook .
SCRAS! [RI B UREL 15 YRR S TR AT pn
1 i B R Femih
[12] el =] 3
CTRAS BEREC oo s s AN TR TR AL %
DSRAS!™ AR % XU SR
i _— Feitgs .
[14) L s =R JE YR WS I 2y e
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I fEDIX 4 SR, A SCER T — R TR AR
3R B 1 hE 00 2% 1B &R [l Hb bk A% (hybrid return-
address stack, HRAS). HRAS T &b ¥l #% 7R 77 7£ W1 53¢
ik [13—14] A Bl ) 2. 25 6L F 25 & RAS A1 SSR™ 1y
Wi, AR SCEE AL gtk . R A LAk RS & B3 Fh
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RAS"™! I ] A7t 45 1]

2 HRAS &#3i%it

2.1 HRAS #£#E¥

HRAS £ 7% 2 58 #% (retired stack, RS) F%# il A 5]
(speculative queue, SQ)2 4> F A e, SR 45 #y W&l 1
P/ . HRAS 38 3o 4 15 e Ft i 55 (8] 42 Bk 7 1000 AH 45
B T I 8 Ao 21 G R A K B T T Y [ A
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Fig. 1 The overall structure of HRAS
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AT RIE S S, SQ 1 25 HAB R LS.
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117 2 fifk TR J25 Ui R 9 % [ Y HRAS 2R 54

3 XBREHBFESH

31 LHRE

ASCHERE VAL T/E 2L F EVE(emulation verification
engineering) {/j E AR &% . Horh, BEVE {5 B0 £ /2 57
SRR 2 W) R — R PR By Em - 5, BBk
SR EBENEFIEME T REAF PR, i
B REAAERAE RS D ia 174 T /RN K
T2 FF) % F & ] $5 2 DDR3(double data rate 3)-1000
MU I A, B— 3 Dl CPU .0y, Jii 31 Linux #
VE R G as A7 B i iz, AT o A 1 Sz mwle b B 85 45
P FERAE R G AT R A S B DR 2R X 3R [l 50 0 1) 52
FEPRAE 7 LA ] W] 4.

iz il CPU .0 £ F LoongArch 78 448, H 3t
AW & Q1% 4 Frak, m O A BT 4 IR S Ak 3 A
(3788

Table 4 Basic Configuration Simulated by EVE
X4 EVEEEMEE

B i

g AR IS 5 4
BRI SRS 3
TR ACHE 2 ER 4
I3 SRR 1

S S 2
VIR A4 2
TR 2
HHAEP G2 AL 128
533 RS IEL 32

R IR BE /D 40

754 L1 A48 /KB 32
il L1 B A48 H/KB 32
Iz L2 74 /MB 1
KL 10
BRITUAE ST A R 9

Sy S W S R 0 P B 268 r i [ ik Y 0 o G 3R
L FCRE R B B 52 W), AR SO 5 b o PR RE I A 2 7
(Standard Performance Evaluation Corporation, SPEC)
CPU 2000 £ #E MK, ££ FC AL | 1 o 2 19 LB A 2 0
W3 FE 7. T FH 4 35 4 AR 7 GCC(GNU compiler
collection) 8.3.0. It FH 2 13 £ 3 Gt — A “-Ofast -static” .
Ry 75 2PN ], AR S T2 X HH: g AR (] R

219 A FHMENNK. IR R, T SO 4k
[l 58 FT 00 A& 14545 DA b 9 A BRIk ARk [l 4 T A%
T84 1= T ( mis-predictions per kilo instructions, MPKI)
AR (.

R DAk R B A o AR P 19 38 4T B[R] R
MPKI, A% 3Cil 1 perf T.H AR T2 170 [H] . &
F8 4, 1 BRI EOR G AR AR [l 5 I v £ A
eI o, perf J2& Linux #2/E R4 T 11— 3 A
S JRL RO 8 3 B TR, R T Ak A A AR

BT BRI A, ARSI T S bR b
RAS [ MPKI.

32 EEMSHW

AT 53 B 55 PR F 48z 47 ) 3R 8] MPKT X P
FE AR 52, DT 8 PR [ 5 000 o 4k P 25 44 g ) e e

Bl 4 43 T 3R 5] MPKI X b B 25 45 J8 309 4 4 54
(instructions per cycle, IPC) B9 52 Wi, & 7x T 3R [8] Hb 41k
FoO PR E Y EE B Horh, S T A0 A AL B BERL A
F B P RAS S5 44 52 1 X0 M BE 19 Ge 15
MR T etk Il I vk S g R B, 4R 7] MPKI
{EAE 0.2 LAY EF, 3% [1] MPKI {5 45 54 1 0] b 3% Ab 3
A% ) B SR A A B0 R 20 0.07 R L B2 BRIk
TR U 29 Y FE 23 NI ph R, HOP I SRR B R T
KLU BT AL A B2 vk el g 4 i s g
il FE A A7 A2 AT M, 43 SR TR0 Y 52 PR e R
O3 SCHIAT IE R A1, 38 A 5 T IR 1 IR AT A st
AE 1 T A A 0 A vkt Mo, R URGR [l T A o
BT 35 500 A~ B 4 Je 1

L79F «

005 010 015 020 025 030
& [FIMPKI

Fig. 4 IPC comparison on different return MPKI values
K4 KR MPKI MY IPC L4

33 HEESHT
T 58, AR R EGR [ HEAT 428, 4 — AR [l
BT ) A 2L SRR, AT IEAL T RS BUELRT SQ
TR 43 S 2 2 o B0 AT 35 00 (4 5 L i S, AR YT
BUE T 4R o 7 2OF AL T HRAS (955 1 FRPE g
BRI BIGR [ 4 4 m] MR 4 H X 1 9 FH 5 4 1 52 1 B
T UG 4 Ay - B 8 A e 8 2 b SR 2800 Hoep, K
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IR 2 3 [ 4 B 3% 0y 8 46 A 32 58 5 A 7 B i AT T
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[ b b1k 5T 00 6 3R [ 4 SiE 3R 2R (14 5 ), 45 3R (R EE
IR L b= U o R SN B B 4 I NS S 8
R Mys 5 Mo 20 5 L5 RS 1 SQ HYITEL Nis A1 Nyg AH
K. R, HRAS [ S0 15 T 28 M 3 AL 53 it oA i 330 0
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by B R 45w A ME B, HRAS 75 %208 SQ fil RS &
B3 BC A7 fits 25 18], (A5 R ITTEL NpgtNeg — 5 B L5 T3
I M AL AR 2 (1) 40 26 F1, AR 3] 43 51k
RS £ A1 SQ M4 5 = WOl i) ¢ &, FF DAL 35
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