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Evaluation of Twin-tail Architecture

KAzuo HORIO,t YASUHIRO WATARI,t* RYOTA SHIOYA,?
MASAHIRO GOSHIMA' and SHUICHI SAKAI t

This paper proposes a new inplementation of Twintail Architecture. Twintail Architecture is a technique
which gives effect similar to increasing issue width and instruction window size, but at low hardware cost. It
is expected to contribute to a practical implementation of ultra-wide super scalar processor. This paper’s pro-
posal, Half-pumped FU Array, reduces power consumption of Twintail Architecture at minimal performance
cost. Our evaluation showed that Twintail Architecture with Half-pumped FU Array improves IPC of base
model super scalar processor by 10.7%, a 2.4% performance loss from conventional Twintail Architecture.

1. L &I

R—/RAH T« T uk Y OME—DPC 2R EX
BE-RIRFTER, TOV=AEEEPLTILTH
%. LaL, IPCHY =4 Buzkefl L TN+ 38R T
1372V, ZO—FT, BHRRA—RAH T - Tuky
P OFFA U TiL, FEMOEREEITY = L Hoi3iE
3RIZHHAILTHERKLTLES?. 207D, U=A
BEERICEMESEZ L, MEARITRAENRREE
ZTLEDS. LER-TRETIE, §a707 =4
X2 BEICHZ, 2T E2SEE DI LIk THEE
MR BT D & REEWRMER LRBSATVAE.
LML, ZOXHIRTTu—FT, WhdIBEHRD
775 AOMRER EEFERT D Z LIXES TR,

TIITK LANIEEER TiE, BIREERY =AM HoD 3
FRITITHBILRNE S REREZNCOBERLTE
2. &2, Ao Va—V 7 -adolicwlT
BIMYYIR R Pa—3Y, @y FUiC

T BERKFERFM B TER R
Graduate School of Information Science and Technology, The Uni-
versity of Tokyo
1t Y =— K&t
Sony Corporation

HLTRA—AN - TAREVARTFTSY, Jk—
vy sz LTI R—LFE - FL—R -
Fowa® FLTC, LPRF - Tr A MK LTI
ERERIERAL SR Y « Fyydar YRATALY 242
KL INOLOEMOMABSLEIZL->T, HEH
DA BDRERA—=NADT « Tyt E2BHEN
REECERT I LRAMRICRD LEXTVS. K
BTHERBEYLVF—IL 7—F T F % (Twintail
Architecture)) ¥, FD L d REHO—>THS.

AEOEEFE

VAT T —FTF I F R RITECH SV 4
VR YA XRRERTHENSEIHIREHY, U
ABOKERA—IZAHD T « Ty P OERIZERR
T 5.

YA T = T—%F 7 F i, 10 tail/0oO tail
LIER 2 DDOFEITREFE-D. 000tail iF, BEDOT v
b eFT - —F e R=2BT Ty boas
AV RTI~Ny 7 e FERILLDEE XTI
10 tail 13, ZHIEMTHHTEHREINDIETRTH
3. 7xyFENFHGEIE, 10 tail/0o0 tail DV
NMZEbBRN, EfTENnB.

AT, Z0I10ail OBERERE BT 25—
N=T R FTAEMERET D, BEEELHE



$5—4T, 10 tail DFAEBRBEEETHZ L TIO
tail DR V—7» MIMHERFT S, ZUT KD b
MR T CHBENOHIREIRS.

UT, 2ETR—RERBYA VT =N T—FF
TFRIZONWTHALEE, 3FETHN—7 - X7k
WZANWTRAZ, N—T  RUFERIPC 1252 5%
EZOWTIE, 4 EETHRARS.

2. VAT -T—FTIOF¥

21 YA T—=IL =TI FvDER

B1iZYA TN T—F%7I7F¥xD7uny /R
FRT. LURY T A VDEFIZ, V4V Ry
LWFNEEBRBELZBMLTHEOBRY AL T —b
T—XT 7 F v ORETHB.

BN XN T EESREED B 72 5 E1T% % In-Order tail,
META VR EFOTHOBBERICLIDETRE
Out-of-Order tail &5, B 1iICRBWT, M 742
R & WATICERE 7 4 DOEESED In-Order tail,
ME7 42 R e 2 DOFEEZRD Out-of-Order tail
Thd. AL TIELA, In-Order/Out-of-Order tail %
ZF1Z 1 10 tail/Oo0O tail & B&3.

10 tail AT, HERL NSNS RA Ry NT—I D
BTHERENTWB LW ATHD. ZOFDREED
RA==RAHT - Ty POFRITaTITIERVAR T —
ZEUT 4 2.

10 tail IZEERZEMLTSH, BINT3ERERIT
HEBM L BEERONT T THS. —5HT, BED
TOb AT F—F e =285 - FTakydo
RITIBZHERE S 45 L vy POz RHtE
WCEEPHD. ETHSF2—DOHRBH LR M
T3, AFPa—I00xA 77 v EERHEINT
3. LRI OEERAARR—IIEMT2. Zhbo
HEOEKRIILE— O SRAM 2O T, FORKE
FIAR— PO 2FIZHBITE. ZOXHIZRA—IR2R
BT Ty FOREREECTE VI Z LIFRE
=Ry xT « X EES.

VAT T—%F 7 F i3 10 tail & 000 tail
FOHEFHSOIEIC LT, Aty FORABOBEIED
TVL—LU—IEREXBI R, FRRAr—5¢€
V7 4 #EBRT 3.

000 tail ITBEDZA— A AT « Tuk vyt LRk
DR E & DT, R ~& 3. KET
VXL, 10 tail EMEL, 10 tail/OoO tail ~DHF D
Ry A o AN -1z a

2.1.1 In-Order tail

I0tail 1Z, 7 VA RIEEEIN-FEREHTHS.
T LA DiE—F 0, Tty Ity Fige
RLETD. RIZY 2y F Iz, THROLA
CLI7zyF - TIL—THOGSIT (AVOMEBELE X
BIERL), TzyTF - TA—THOMBEIZHIL

| Register |
ot

]

l
I

Instructior
Window 3

[ It
\g

1 VATV - T—F77F¥xD7uy /R
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Table 1 Principal parameters of the base model

Fetch Width 4
Issue Width 4
Integer Units ALU X 4, MUL X 1,DIV X 1,

32entries instruction queue(used
universally by all integer instruc-
tions)

Floating Point Units ADD/MUL/DIV X 1, 16en-
tries imstruction gqueue(used uni-
versally by all FP instructions)

Memory Instructions Queue 16entries

L1 Cache 32KB, 4ways, 3cycles to access

L2 Cache 4MB, 8ways, 10cycles to access
Memory 200cycles to access

Physical Registers int: 96 float:64

Re-order Buffer Entries 128

Pipeline Depth Fetch-3, Read-2, Dispatch-2, Schedule-

2, Issue-2, Write Back-2
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