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Abstract

A large multi-port register file is an indispensable component to achieve
higher computing performance, especially in recent out-of-order super-
scalar processors which fetches multiple instructions and execute multi-
ple instructions in one cycle. The number of SRAMs ports effects to not
only fabrication cost of a VLSI chip but also circuit scale, access latency
and power consumption significantly. Although those reasons, recent su-
perscalar processors require a larger multi-port register file to achieve
high performance. In this paper, we assume that superscalar processor
is implemented by FPGA or reasonable ASIC, these design flow cannot
implement a large multi-port memory easily. Therefore, SRAM multi-
plexing method is widely used. However, SRAM multiplexing method
tends to use huge amount of SRAM, if we want to implement a large
multi-port memory. A bank memory can reduce multiplexing overhead.
A bank memory diveds data across two or more memories. A bank mem-
ory can work as multi-port memory if two or more memory access op-
erations concentrate into a specific bank. However, if multiple memory
access concentrates to a specific bank, bank conflict occurs. Bank con-
flicts cause significant performance degradation because succeeding in-
structions can not execute until bank conflict is eliminated. In general,
high performance processor dynamically rename instructions to exploit
instruction level parallelism. If designer implements banked register file
simply, destination of renamed instructions is allocated different bank,
respectively. However, the number of bank conflict cannot reduce signif-
icantly because simple allocation method does not consider instruction’s
execution latency and instruction dependency. Therefore, we propose
a register write back port prediction mechanism to reduce performance
degradation caused by bank conflict. Our proposed mechanism stores
destination bank of dependency instruction. Using this information in
physical register allocation, our proposed mechanism aim to reduce bank
conflict. This paper also implements the proposed prediction mechanism
into a superscalar processor and estimates performance, access latency,

circuit scale, and power consumption. According to the result, our pro-
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posed mechanism can reduce execution cycles by 3.9% in maximum and
0.8% in average. Proposed mechanism also reduces power consumption,
circuit scale and access time by 11.11%, 77.6% and 8.3%, respectively.
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BT 7 AIFEET A 20 d. 72, XS] TRV I AK - F vy
VAl INFNVIERAVEFEEZRELTWED, J1 M- N7y
DOHBIZEHODEENEGTEL I L NIEL BZ>T WS,

ARTRET D VI AR T 71 WKL, 1RIW O SRAM OZ EALIC
FOTERIND VI AL T 7 AN EMNGEL LTS RTRITMILL IE
805, TATHUH/IEHEREEEZBELEES, NvraVy TV 7 D
FEEZNHTDEZIENTE, MR TZ2HADIEMNHRETHD. Y
FNV I EATFREMAGDE D LT, VIAZT 71O

H %2 KEHIKT R Z e TES.
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5 NVIUBARRBFEDRERRE

AETH, FTAAETRET DV IALEFAR- M FRIZERKTS
ZODIA AT —=FT I F ¥ DIFRICDOWTHA U 728, REFIKT

HDELR—F FHBEREIZ OV THIT S,

51 Y4207 —%70Fv DIk

Active
List
Free List 0
A
Free List 1 .
l— 3
— Register
le Prediction o o [
[~  Unit L--- >
Rename lssue
Map ---------------- > Queue
Table  f-----osmoeoenonoes >l Register ﬂ ¢
................... e . F---
................... 3 123 file 1!}_

X 5.8 X1 2707 =377 F ¥ DILE

M58 IZIETDHLVIARXT 7 A IR E EHT 5 - ODILEE 17> 7~
NA AT —F T/ Fv DTV IERT. K58 LX22%HND L,
WMRDVI AR T 7AINE 2NNV ZIZHELTND 2L, FAKII7Y —
DANZDELTNEZE, 7U—1 A K& RMT ORI PredictionUnit

WEMINTNS ZLWDNd. AR TIREYE L VAL FZIEE LV
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VARNY IR T D LN I35, BFIZIE, BEESIE
VIAZNY D02, GBBHEVIAZNY 7 1IZHIET D DTN
VIR ERITD. 72, VA —ARICYEL Y ZZOEY) Y TE Pl %
FAWTITRAS D1, FHlgRZEMTS.

RO 7oy ogs, 7V —VANDITY NVBIELVIAX T 7
ANDLZY NV ERMTOILY MVEDZETHS. UL, RILRIZH
WTHEIINZTNTNDO TV =) A MDY NUEERRLLFEU LD
ZHROTULES &, ZU=VAMDTY MN)DPWEHINTLES. Ih
259 %FHWTHHT S, fli#D~d, VIAZT7AIVOMBTY K
#iz1e, N 7EIE2, RMTOITY MVIZ4, BEFSOYHL VA
A2 %5 % Free List 0%, #HHFRSOYWHEL VA X %S % Free List 1 M
YD ERETD.

RO T yYDT7 Y =) A MDY NVBOFER H%EHAT DL
TV—UARDRITY MBI 16—4=12TY MV &Y, 2 DIT5HE
TEHDOTIHIZ12/2=6 LRDDTENTND TV =Y ARDITY MY
#}iE6 &b, K59EHAEDRMT & AMT DREZRLTEY, TA
TAA—YaV L IVRAZRIEMHHL T 2@ a2 Iy hINAMT O

FMTHTY M) AL, HOPHEL Y AZFSD P ZMIL, Free

20

SHEARFARER TSR



RMT

RO [ P5

R1

P6

Pe,

R2 |P10

R3 | P4

AMT

RO

P5

R1

P1 _£31—>

R2

P2

R3

P4

Free List O

Head

\ 4

PO

P6

P8

P10|P12|P14

A

Tail

Head

A4

Free List 1

Ll p3

P7

P9

P11{P13[P15

A

Tail

5.9: Free List [ 5
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List LIZRZES L L TWABHETHD.

Z D& XD Free List 1 ® Head Pointer & Tail Pointer (&[[ U S % $5
LRUTEY, ZOWRRETPL 23F X3JAE & Tail Pointer ¥ Head Pointer
ZEBWEBLUTUEVPTOILY NUDPHIEIND. 2 Free List 0 A%
EHT YL Y AZFEIZE ST Free List 1 WEHT YL I A X
BT DMRINI NS 728, Free List 1ODZY NVEMNRALARLTLES NS
Thd. Znzfi<EZDIZ7) =) A DY NVEENV L2V

VAR T 7ANDIZY N)EERUBIZETINRET 5.

RMT AMT
RO | P5 RO | P5
R1|P6 |2~ |R1|P1 [
R2 [P10 R2 | P2
R3 | P4 R3 | P4

Free List 0

Head
A

P4 | P6 | P8 [P10|P12|P14| PO

Tail
Free List 1
Head

1.l ps|p7|Po|P11|P13/P15| P3

Tail

¥ 5.10: Free List D¥EGE
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5101k 7V =) ANDZY N)VEENY ULV IART 7 A
DLy NVEERU SITHEELZ7Y —) A NZRL TV, P1OYH
VIARFGEHLADIY M) PERIN TS 2DMoT> M) D7 —
AR IND Z IR < RSB, /2, TOHEIRIZE Y Tail Pointer D#)
AN ENZAT D

RO 7T av Y D8gE, FETHII AXRA —N—T7 0 —78 EDH]
DR L 7256, T—F 727 F vy AT — a2 ERIE 572012 AMT O
W&E%Z RMT (Zat¥—LU, HKHZZY —1 A hD Head Pointer 2389 A
& % Tail Pointer ME3AEIZEDE ST TT7Y —1) A MDEENTE
5. UL, ARHEZTIE Tail Pointer DRI ENELZZ LITXY,
Head Pointer R R EMENRETCEIT T —FT 7 F ¥ A7 — hDHE
M TERLSAL->TLES. K510D AMT ONEZ RMT (IZa¥—U
7256, HeadPointer 2V % L& % Tail Pointer 2ABAER U TV S ALEIC
EbEELTRE, RITHEAMTT—EVRREM[ELERY, 7V —1) AR
DOHNBEPHEEINTLED.

ZIZT, AMTZH\WEWT —F 727 F ¥ A7 — NOERGEEZRHT

5. 511 D & D12 Active List IZfHDT AT A 32—V a3V VI ARE

N

5, DATIZEID B TONT WYL Y A4 EFS, BEEY Y THNT
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Destination| Previous | Current
ID ID ID

Tail —»

4 R2 P8 P10

3 R2 P2 P8

2 | Rf P1 P6
Head

1| R3 P3 P4

0 RO PO P5

5.11: Active List

WAL VAR B EEERRT DI LICLY, T—FT IV F Y AT — %
BRI VKD, 4% T3I Y bT5 & FiF Active List D Head
Pointer M OJEFIZ T —H 2D H U, MEG#ED 4 ToNTWYHEL Y
ARFEBEMRRLU 7Y =) ANMIRY. T—F 77 F Y AT— M fRd
%35¢13 Tail Pointer 2567 — X & a3tAH L, BAEHID) B TLNTHDY)
L YAREZES% 7Y —1) A MIRU Head Pointer # Z9. Iz T, B

RIEID U TONTWAEYHE L Y AL ES% RMT 288k T 5.
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5.2 LIYRIEZAR— MFRDFFH

H321FRITRUAZEDIZ, ROV I AEVIINY 727D b
2RI UMREZETRTIE TS, TZTARIE, Nvr7av7) I %
BEF B 72DV Y AR EIAR— M PR(11], [12] 2RETL. LI ALH
AT, FEHZL Y AR T 7 A IVZEAZ R T REMED S a4 5
ZTPHIL, FHIL Z@aDE A EEZNTNRBLDZNY 7 IZEHY LTS
TNy 7av 7V 7 hNelliEdd. N—Ry o7 OEMENG XS
e ERBIIBD, FHIONKE RS M4% ADD 4% SUB 4R L
DY Y TNVRERHERFTDOAREZ—T Y NMZT S, TIVIT) XAL1LL
K512 HNTFHT NIV ALZHATS.

RETDTNITY ZLFLLFD 3 DD ATy T TR I VT 5. last_assigned bank
1% 0 T L9 5. last_assigned_bank (£ 0, 1, 2, 3, 0 &\W\DERIZHEER

DARNDESIME»ERT S.

Assign physical register
Ty HETF AT F— 3V LY AKX last_assigned_bank %
FIVTHIERL ¥ 2 4 (B5A580 2) B EID ST 3. & UbBMa A

MEATE BICH U THREL TV E5E, m A DETIE

2
<

B

DEFHRERD. £oT, MOTA 7)) 2—LINDmHdle
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Ny 7aAv 7V 7 "eBITHEENRDS. £oT, WHL YL
DEYETIE, N7V T7V 7 N2} 572012, EOmaiK
fEZE>TEBIEL, TOMTOFRALIZE ) Y TONEZNY ZIFE
ZHEONEVIERETEL TELRTNERSRY., 22T, #
K57V T) ANTEBET DN oFALz2EY B THI LI

Lo THMEMEZHIRL T\,

Detect dependency
U 3 — 22 & o TROREZBERIZEY RPN D 5, BOKFBIRIZ
HD RS Z & MHRAW. £ 2T, BEOFRGRZ R > mmOEFHIA
FAZEID Y TNV I 2ERTDHILT, Novrarv 7 )7 Mol
WEIHS. ZITIX, N—RU =7 OEHMZHIFT S 72012410
WZHFR U7 HOKFRERE R DM A DAIER T I LT,

Propagate

FRUANY OB GR2A VIV AY N, RIETS. ROYA 7

MOYIEL YA ZDEY B TIE, RELENY IBESHHITD

512 # FHWTRET D 7N T AL % BARWIZEHIAT S, 22T

& i

%

SOETTHAIZNVEBITET 1YL 27)E L, FHRIZ 4 a5 T
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Algorithm 1 VY AZFATHO T IV X A

initialization
last_assigned_number < 0
1:Assign physical register
for i =0to RENAME WIDTH — 1 do
t < last_assignedyank
DestinationRegister|i] <— pop(FreeList[t + +])
if t >= thenumberofbank then
t«0
end if
end for
2:Detect dependency
for i =0to RENAME WIDTH — 1 do
for 7 =0to i do
if detectdependency then
depend_bank_number <+ i
break
end if
end for
end for
3:Propagate
if detectdependency then
last_assigned_bank < depend_assigned_number + 1

end if
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X270y EMHATS. oy ik o~3FOmEEY r—AL,
last_assinged bank %1 > 7 ) AV N UARNSFALICENTNRLRZ DN
VI EREDETE, KMROFALENVZIEFH12E6DEL512488. Z
DL Assign physical register (254249 5. FIFRFHC FHIZIZHFHD
IR Z TS 5. 2054, @8 0(lu) £ @F 1(addiu) Aigp LT A

BIZDOWTEDKIFBREZR > TS, £/, H4 1(addin) & &4 2(1w

~—

L gp VY RRIZDOWTEHDKAFBRZR D, &oT, @4 0(lui) &aw
3(lw) MEFFICEAT X MARICEIARITS. TATHOERENY 71X
0FL3IFLZDT, No7av7) 7 NMIBELZRW. FIOIZEDIT
HOKAFEBRE R @m LI LY TAENY7HFS (ZITIEL) % de-
pend_bank_number IZf#7F 9 5. Z DX Detect dependency (254249
%. B2 depend_bank number - 27 1) A2 ~ U, last_assigned_number
IZRFET D, T OMEEE Propagate (285249 5. RIBRIZIRY A1 2 Vi 4~
THEDmAEY X —ALU, last_assinged_bank 1 V7V AV NUBRHS
FIARN Y 72 ED B TS, EMHOFRAENY ZIEK51244D K D12
55, 208G, BEOKRMFEICE > TERIEL 2amw 1, 4, 5 BAKHIFETX
NEFIAZTD. MOV I, ThThl, 2, 3THD7=0,

NV 7) 7 NMIEI SR, IROY A Z)VIEda 2, 6 MBERFIZE
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AEITD. BEMBDEALNV VX, ThEh, 2, 0THY, SEEN

VAV MIEI SR, RBRICEETHREAEITD. £oT, £

p

FTHT7NTYVALEZRAL, FARIZLVIAZT 7 A IVIZERAETD A

BEMREV A E FHTEZI TNy 727 ) 7 M eEEd s 2 &n

k5.
order instructions pipeline stages bank
0] lui gp, 0x4b RN .. EXwB 0
1| addiu gp,gp. 30336 RN ... EX {WB: 1
2| w  a0,-32744(gp) RN ... EX 'WB 2
3] w at, 0(sp) RN .. EXws 3
4 | addiu a2, sp, 4 RN ... EX WB. 2
511 at, -8 RN .. EXiWB: 3
6| and  sp, sp, at RN ... EX EWB : 0
7| addiu sp, sp, -32 RN ... EX WB 1

RN: Rename stage
EX: Execution stage
WB: WriteBack stage

X 5.12: fpadlofl & RET IV T ) X LDOEHE
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i

6.1 FHEIRIR

ARET, R LY AL EAR— N FROAM %7 ¥ 720, FabScalar[13]
I PR 2 228 U, VEREEE, T U v A& AFEM, mEREFEM X OVE
JIEHi %17 5. FabScalar L IFEEDA—/N—AN T AT 2 EKTEH I L
WHHKDY =)ty NThHD. FHliiiE, SPEC2000INT &Y 164.¢zip,
176.gce, 181.mcf, 197.parser, 254.gap, 256.bzip, 300.twolf Z{#HH L, %

DD 20 EMmFEAFY TUTOHRD | EawEiilz. £6.1i1270
YV ORkE, K6.2I1ZHHLUZEDA/CAD Y —I)V%&RT.

* 6.1: 70t vy ok

Data path width 32 bit
Fetch, Dispatch, Issue, Commit width 4
Branch prediction 16K entry, bimodal
BTB 1024sets
Issue Queue size 32
Register File 96 entry
L1 I-Cache 32KB, 16B/line, 4way lcycle latency
L1 D-Cache 32KB, 16B/line, 4way 2cycle latency
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#* 6.2: i L7z EDA/CAD Y —)

Functional verifiation Cadence NC-Verilog 12.20
Synthesis Synopsys Design Compiler 2013.03-SP2
Power estimation Synopsys PrimeTime PX D-2010.06
Technology Rohm CMOS 0.18 ¢4 m
Standardcell library Kyoto University standard cell library

6.2 TEREFTAM

6.131%, TNETNTIFKR— ML I AXT 74V (Multi-port), Fill
PR LD ANV I LI AR T 71 )V (4 bank without prediction), Fill
BtEDH Y D ANV I VI AR T 7 A )V (4 bank with prediction) & FH\ 7z
MRERHMIT 2 R LU CTWD. K707 T ADFEFHMIE, YIVFR—-FL I
RI7AINVEMBEHAUZE SOETHMZ 1 UTEREIN TS, BE
TBLUYAREAR— M FHlZ W2 &, 164.g7ip, 176.gcc, 181.mcf,
197.parser, 300.twolf (Z/N> 7 227 1) 7 NOFEFBIB- 72720, F
MEFANZNANY I VI AR T 7 AV IS B &, EITIERH % 5%
T25IENHETHS, LU, 254.gap, 256.bzip2id/ N> 27 a7V
N DOFEERDIEML T ZOFEFREAMHTTCLE>TVS. Ih
E78 YT ADOMBRIRWVRERBRRH D, FHIEEEE TNV 20

Y7V hOFRERBELUAEPLTLUE /DL EHTED. £
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EI2 THUBEEZ N Ga L HORWGE2HET S &, FillzHW

7= TiM, FEATIR 2 K 3.9%, FHH08NHIHTE S Z LAbhro 7.

Multi- port
14 4bbﬂnl(wwllfmﬂtmaeﬂn¢imr) 8

0.8

Execution time

06

04 r

02r

Q
&

164.gzip 176.gcc 181.mcf 197.parser 254.gap 256.bzip2 300.twolf

6.13: MPEBERTA

6.3 T tRYA L

FKO63IET 7V AZA LFHiZ RUTWS, FHIiIZIFR6.2ITRUZL
512, Synopsys Design Compiler & FAWTH#HINR XA IV TN %217
oo M kB &, ANV I VIART 7 A IVIESRAM £ ELE W
INVFHR—RLVIART7ANEIDET V2 ARA L% 83%HIHT X2
LD ANVIVIART 7ANEMNS L TSRAM DS

A MR—=—bFEEMAEZF YR, WMPHRIZRSZZETY 7R AAR
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A LA L 72 8 BERTE 5.

% 6.3: 77 AXA AT
SIVFR— B | 2.46ns
4N 2.25ns

6.4 MEELME

6.4 I XEBEFMMiZ RLTWD. £6.21IIRLAZTZ /DY —%HNT
Aliz 4T o7z, FHMiilC & D&, 4NV I VY AR T 74 )VIiE SRAM £ &
LWV FR—N LI AZ T 7V &) EHEE 7T7.6%HIKT X5
ZeBbrol, ANV I VI AR T 7 AIVIET — R E 4 DIZHEIT
5720, FHMICHEZ 47D 1T ENTES. £/2, 714 hA—
NDZEITIFEE 31 2THT/RUZ &L D ITEMDEEESBREIZ R DN, Z
NEDEEEE T4 MAR—hDELEAZF YU EIVTEHILETHIKRTES.

# 6.4: MR

SIVFIR— b | 2,764,611 pum?
ANV 619,261 pm?

33

SHEARFARER TSR



6.5 E LM

RREFIEDOMEEE I % T 5 72012, 326.2127R L 72 Synopsys Prime-
Time PX Z FIWCENFHIZ 1T o /.

#6.5, #%6.6, X6.7IETNTN, RAM#E LR\ 708y Y24k0
NAND 77— MEE D7 — ML, RAMEBZRW 2702y U 2RO EE
51, VYA T 7 A IBSND RAM iz R\ 72 70wy Y 2RO HEE T
ERUTWD. FHiifERICED &, BETD PHIEEZFETL LT
77— MU 0.83%, THEEIIX1.94% BIML . TR TFHRICHN S
WERGETEINY 77 RO, WL I ZAZ O ) ST 2175 EKIZEL
MALND DL EBLTES. ECROBMBYEL VXL DE) BT
321 HITRUZ &SI, VA—LARIZENTNRR D FIALZEY
WMTEHD, TALRF—RITPRET D ehdikd. TnNE2X3.7%2HNT
BEHT 5. ANEAY 0(lui) & 4(addiu) DM DERAKLIZILIZ 0 FDNY
2 THY, @AlE(addiu) & 5(1) X 1%, 2(0w) & 6(and) X2 &, 3(1w)
¥ 7(addin) i3 BTHD. DEVMBIEDOER T % 4 TH-7ZR) OFF
W—RIRETS. LrL, HFATFHIZHNE LT, M5120DE&512

AT S, £oT, FALDED Y T2ITORMMAI7 T ANE
25 7-OHEEENVEEMT S, RAMEOSHLIART 74 IVDA%E N
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Z7-70vyYoOMEEE ML, EBEO Oty e A 1L 11%
TEHEIENTE/-.
% 6.5: RAM % R\ 7= 70t w Ko B B H ks

WEO 70Xy 152,236 pm?
RETFHEZFEELZTOR Yy Y | 153,505 pum?

# 6.6: RAMZ 2R\ av vy eEoiEeEEh
wEO IOy 8.76 mW
BEFEZ2EELA-7ORYY | 8.93 mW

X 6.7 LIART 7 A INBMND RAM #B % R\ 70t w R0y E

=
FE,

WEOTOvw Y 18.73 mW
BEFEZ2EELAZ7 OV Y Y | 16.65 mW
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=A
7 'ﬁmm

AT, VIRZT7 7 ANVO/NaERLEZEHE LT, LY ALER
R=hFHEHN NI VIAR T 7ANERELUZ. VI AXEIA
R—= N FHNIERIC VY AR T 7 A I EIAE 4TS Al gEMED @ d 45 41
L, TNTNOMBDEFRALERZDZNVIIIRY 313528 T
Ny 7aAv79) 7 hOREZRE, WA N2 @I 0D 5. Gk
Rizksd e, BATHZFEHLUBNINY LI ZAZ T 74V &0 E Tl
FAWERBNYF =20 T 0T T AORITIH % 5K 3.9%, ¥ 0.8%i8
DI LITEYIUE. £, FHIBESERIC LY Toky Y OiHE
BHZE ILI%HEEL, VIAZ T 7 A IVOHMEE 77.6%, 772 AKXA
L% 83NHIKT D ZEMMTE ., SBROREL LT, MFEL DX
FATHOTINTY XL % XIHICHKEIE, IHICHERET AL

EEMHF U TS FETHS.
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B

AR ZITOITHY, SO THGEZHE £ U /2R 8, #
B E, WO E 2 REERBIZBITES E#H U ET. F72, FHEK
T =X T I F YIRERERE - FAED A VN IR IR AR & TE
X, RMrICE R oNE U F72, RZEIEHAR IR ORI AT
g2 84, Synopsys 4t CAD Y —)UIZ & % K% VDEC, Rohm #

VDEC, MARFIRIFEDLRIZEI D ERINAZZ & 2 W ONTEFH U 7.
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