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Abstract

AE64000 is the 64-bit high-performance
ADC Co. Ltd. is
developing for an embedded environment. It

microprocessor  that

has a b5-stage npipeline and uses Havard
architecture with a separated instruction and
data caches. It also provides SIMD-like DSP
and FP operation by enabling the
8/16/32/64-bit MAC operation on 64-bit
registers. AE64000 processor implements the
EISC ISA and uses the instruction folding
mechanism (Instruction Folding Unit) that
effectively deals with LERI instruction in EISC
ISA. But this unit makes branch prediction
behavior difficult.

In this paper, we designs a branch predictor
optimized for AE64000 pipeline and develops a
AE64000
precision to validate the performance of the

simulator that has cycle-level
designed  branch  predictor. We  makes
TAC(Target address cache) and BPT(branch
prediction table) seperated for effective branch
prediction and uses the BPT(removed indexed)

that has no address tags.
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II. AE64000
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213 1. Branch Predictor Diagram for AE64000

- 130~



IME UEE olo|AREZ2MHME

Si3t 271015712 4 2 HsEIt

PCEE o188 7] 5 &7 dFo] 433
e IFUClA ofvl &d BHeS F4
(flush)st 3, IFUIA amdte ATE £7]
&4, & 2 clockd] &g Zer

Hide PPCE 01% ] d&e g clockdl
dzd F22RH AEE 7HedA oA o
g &4 el EW&M 27 4&& st
gk gy 2 =8& PPCE ol8% E71 o
%8 7AHAsta oo w2E oS fFstn
g

. AE640001 A 3& £7115

a8 1€ Ag"E BrdE7sr F7HE
AE64000 wtolZE}ele] EEZ  toloja ol
AE640000] WAgolm2 RI|EHFALY A&
3 WAAde FTE&AY ARgo] Btk whEhA
Brxnd &7 545 zaaﬂ*é— 2asle A}
=L Ao BAHe E8A0l 1A T

IFU @AM Fado] AAZEEH A& FAl
By ¢&& 93 BPT (E71d5H0 g, £71=
AdiZ=7]), TAC (EXF4AHA)E PPC ¢4 F
27} Bule] Ak TAC hit7b @A83d dA <
293 e 4 M ®WHo FolM £ Bl
9l go] ElE 3 o] wf BPTY A7} takenold
TACE hit¥® entryd] A=l de 7] B
9] =53 PPCAl A&t thg clockel
o] o
FeolE A&z uf
clock #tth Hol 4789 £7] W oo s|Bate
Byld&g sjof @} AT o|AY 470 =B
o) FolA 270 o)de E7| WHe] LAY &
& olF A NE AT wE2W SPECint9
o= B 4749 "o F 1le 718 Ee] 3
, SPECfpo5ells BT 2078 "3 F 1719
B @3e] gtk t&o] AE6400091 4= LERI

Nl

= 2=
-T_Z!\—E

o} ZH FARREH WHHE AT
[FUE gdd 4 719

s

F

gHe Agos TE orlaxg wag b, A
oA ot BErigae dxE FHolHrh
azEs 47H-4 Hy F 29 01”—/] w71 B%el
*“Zﬂ?ﬂ"‘ A$E A AA taken® ¥V1E 53

3 UmAE o AdE LA ]'E ol A&
;9,0114. olg} e wWyg ol&3td, tF £

o2 7] (Multiple Branch Prediction, Yhe &

Pat){4]& A8 28+ gk

£g [Blels 13 ¥A143/470 B387 18
716 Z/17) Heolo vt Aol m=za g
< Addstan o

31 E7HEE

1319] s HITo2 4719 #HEelst AEd
wEtA 47F 2 AR PFojrt £7] BEAA
geld "art Yot wetd 275 FHF a4
tagE AAE w) PPCAA 02 AFstd FTF

B a9 3 MEE AFs] FY 27 B
o #28 AFVT ot BrdZT A IFU
of Wsel dE8 ¥A9H FlA 4T B

Jlmae TR Wz, IFUWS =go] nisd
By d g BASA HFA BEAdZ0] A
&g ddg

3.2 ¥ ™7} (Comparator)
13 72L& E7NAdE70A4 438 871 &

3 FaE oz E oA BrldZe 43
=, ol AZAE ) IRl Al 95D
B7) B4 Fao @ Fael YE AYA H
¥ "ert Ak

Takan bit
Address buffer & comparator

Address buffer

Previous target addr. I \ I
A

)

Branch addr.{2bits) fgrancn®™] Comparator
Target addys. addr. VIb 101322 taken SIRE @ branch
Delayed br. Bit [ N addr (2bits)9 previous target addr.Sf
or

i HpItE HIDBIOI OIR tarpet A
branch 21X ®elgct.

Taken or not

t

19 4. Predicted Target Buffer and Comparator

33 d28 BI153534 ¥y

(Predicted Target Buffer : Address Buffer)
w7 zAe ¥7) 999 A4 4o 13
oJof gt wild «ZE &7 5 Fi9 &
7l 2Ae solzael moldlA HmH7] A
IFU W] 23 24 v]¥ (Address Buffer)o] A
gty 2719 Pl IFUIA sholZatel zojz
A4E o FAd A$stE EriEEde] dFH

- 131-



2002 A = CHEHHALS 55| s S Erete sl =27 M2 AMis

AteE A& (taken bit)E Wol &9 EFRF2
£ gojzejlez FFTY o] B B F&
€ d3ad dAelA dA Aidd o124 F&
9} HRElA dE2H F4A EE 43y 270 &
d A$ £7] 43 A7 g1 A& (0F) @A
IFU <ol "ol W) EAdes PHoEL

2+ A (flush) B th. Predicted Target Bufferdl: 3
Mo BERFAE AFSE buffers 2eth

w

4 d28 BE-Fr AF
Ho) IDYAAA =g
AF o) AT) g B2
-5—7151—‘1—’?&.2 Hlwale] & S
Atct, ol B &) HF3)
NEHFALE e PCo ¥
Lolvl 1 FAe HEHE IF @A
o]7] wEolct uwEtA E7|dZo]
19E A= 98 PCERE ‘BEVEHAFL
HAR B3 4F 8 27
Fa, B715EHFL9 @7 BPT, TACO)
3le] BPT, TAC AR E 74X3ct,

e

£

N
Yo
2

3R oox i N

7

mmrﬂ

2
7ol

w
ML Jﬁ
e

ol

> (S Jo Hr 2 X g

!
o

>
—hrﬂoﬁ_ﬂ,
ofy &

- Olﬂ
of

2ol F ook 2 O oo ok B Az
Lo

ofr off

Iv. 2 &

e B =8oA oin 7|&3 Ul&n o] 9
HolS 4H &= AE64000914 AF 2
71 &718 Asta, C languageS ol €3 AE
HolHE A2, Y4E3A S¢S FAPH
gl BE3 AL BPT, TACY Z7|d ©tZ w
4-584E sty HHstE A7 B4
718 AAEA BE Aotk o]& ojn Azd
AlgHelE 2 Ad Fo Urh

Aol 2
2 d7E $IVEAATZY(COSAR) B W
EALQARSHAE(IDEC)S] AYE do} 534
A&k
FEL

{1 T. Y. Yeh and Y. N. Patt, "Alternative

Implementations of Two-Level Adaptive
Branch Prediction”, in Proceedings of the
19th  Annual ACM/IEEE
Symposium on Computer Architecture, pp.
124-134, 1992

(21 S. McFarling, “Combining Branch
Predictors”, DEC WRL Technical Note
TN-36, June 1993

[3] Brian K. Bray , M. J. Flynn,
for branch target buffers”.
the 24th annual international symposium on

International

“Strategies
Proceedings of

Microarchitecture September 1991

(4] T. Y. Yeh, D. Marr, Y. Patt, “Increasing
the Instruction Fetch Rate via Multiple
Branch Prediction and a Branch Address
Proceeding of the 1993
Ipternationa] Conference on Supercomputing,
pp. 67-76, 1993

[5] John L Hennessy, David A Patterson,
A Quantitative
Pressed Morgan

Cache”, in

"Computer Architecture
Approach 2nd edition”,
Kafmann

[6] D. Burger and T. M. Austin "The
SimpleScalar Tool Set, Version 2.0
Computer Architecture News Pagel3-25 June
1997

-132 -



