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Improvement of Twintail Architecture

YASUHIRO WATARI,t KAZUO HORIO,tt HIDETSUGU IRIE,t
MASAHIRO GOSHIMAt and SHUICHI SAKATt

We propose Twintail Architecture, an architecture which gives effect similar to widening
issue width but does not lead to greater latency. Twintail Architecture contributes to su-
perscalar processor’s throughput by enabling paralell memory access. However, it seems to
provoke wiring delay with enlarging the size of load/store queue for the purpose of increasing
in-flight load instructions. In this paper, we propose an reasonable model which increases the
number of in-flight load instructions, by decoupling the function of access order violation de-
tection from the load/store queue and enlarging a buffer which detects access order violation.
Evaluation showed proposed model improves IPC as well as ideal re-execution model.
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Table 1 Principal parameters of the base model

Fetch Width
Issue Width
Integer Units

Floating Point Units

Memory Instructions
Queue

L1 Cache
L2 Cache

Memory

Physical Registers
Re-order Buffer En-
tries

Pipeline Depth

Branch Prediction

Address Match Pre-
diction

4

4

ALU X 4, MUL X 2,
DIV X 2, 16entries in-
struction queue(used
universally by all inte-
ger instructions)
ADD/MUL X 2, DIV
X 1, 16entries instruc-
tion queue(used uni-
versally by all FP in-
structions)

16entries

16KB, 4ways, 3cycles
to access

1MB, 4ways, 15cycles
to access

200cycles to access
128

128

Fetch-3, Read-2, Dispatch-
2, Schedule-1, Issue-2,
Write Back-2

BTB: 2K entries, gshare:
32K entries PHT, 10
bits branch history

Store Set: 4k entries
Store Set ID table, 512
entries Last Fetched
Store Table
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Table 3 Average IPC improvement

twintail-s 18.7%
twintail-16 10.6%
twintail-24 16.9%
twintail-32 18.2%




18

179.art [

o
[
g
[
Q
z
~
2o}
—

£T 25§55 EEEERESERINTE
153K =8 g3 8 5 Sz F s aEg
8857 RS 2 25 B g ° § R B
Htwintail-s Btwintail-16 ®twintail-24 B twintail-32
5 VAYT—NT—FTIFvDIPC
Fig.5 IPC of Twintail Architecture
100 - DLy MIEEKELTEBLICKD, BERABET
g9 #AT o BRI E T L S OMEEESE C LATE
ey BT Libh ok,
$ % = Outof order tal SHOFBE LT, LY A YT—-7—F
Q:&' 50 - Inorder stage 3 ?7%*@?}1@%1?14‘, 4‘/1‘—57"—7‘—1147\]'(‘0)1
2o S R 7 RBOFITR, A VA —F—F—LTETENS
£ mioiensiogel BROUEERIGIIBINE 2B RTS T EH¥
10 | Fons.
e b aw b aoon BE AAXOWERIE, —iF 21 #i2 COE AR
AmE a7 |, RURZEAHREEE CREST (7«

8 179.art DMHARITOKT

JWATEFTENTWS, 00— FGald7 RLASTER
BT UIBETaRRC R B DT, AV F—H—F—)l
D 2 BRELEN SRBENS.

6. FLHLS5BODEHA

VA UT—IV s T—F T 7 F v CRETEEEE
FILA—IRAHA S « Toby HicEERZEMLTE
TTHREETL, EEMNCHTREMEZ 2K 5 %%
REBLTENTES. FHCAPLTAEY 771X
ETZ20—FafsOB B2 5T Lic kB HaEm L
MAREL, KR/ TR A—IAHS - Tawydoo—
ReArR7Fa—bmoT7 LA A—F +NAFL—
avOBERDBEERC LT, TOLS3ED—F
RBOBEY AT = T—FF 7 F vlic k> TH
MERZZEDNTELIRENEETNVEEREL.

VEial—vavickBFMTIE AOVD Ny T 7

189.lucas [

191.fma3d [

R AT VERILEEM | 1k 5.
B2 £ X #

=

1) BE —%, THIE BB E4 R BE— v
VTN T —FT 0 F v, SENETRER S X T
LY VRV I SACSIS2007, pp.303-311, May,
2007

2) FHhE, AL, RELES, RHE— V1>
F—) « T—FF 5 F %, 2006-ARC-169, pp.43-
48, July, 2006

3) ABIE#H: Out-of-order ILP 70t v il
BMBRT YV a—V) VT ORELOME., FEK
% (1BLEL), March, 2004

4) Chrysos, G.Z.; Emer, J.S.: Memory depen-
dence prediction using store sets, The 25th An-
nual International Symposium on Computer
Architecture, pp.142-153, July, 1998





