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Abstract

Heterogeneous multi-core processors, which are composed of processor
cores different from each other, have attracted attention as a technique
to achieve both high performance and low power consumption. In the
conventional homogeneous multi-core processors, which are composed of
the same processor cores, the same resources are assigned to each ap-
plication. However, wasteful power consumption occurs due to excess or
deficiency of performance. In the heterogeneous multi-core processor, it is
possible to suppress unnecessary power consumption by allocating appro-
priate cores according to each application. But, heterogeneous multicore
processors have different processor cores, caches, and corresponding bus
systems, so design and verification efforts are higher than that of homo-
geneous multicore processors, which is an obstacle to research and devel-
opment. In order to solve this problem, FabHetero has been proposed
as a tool for automatically designing heterogeneous multi-core processors
of various configurations. FabHetero aims to automatically design het-
erogeneous multi-core processors by giving required specifications such as
parallel degree and cache size as parameters. However, the current Fab-
Hetero does not have the automatic design function of a floating point
unit (FPU) because current FabHetero use DPI-C which is a function
of System Verilog for simulation to implement an FPU. Although this
problem can be solved by implementing FPU with a description that can
be synthesized by logic, it is insufficient to simply implement FPU with a
simple configuration. This is because, due to the complexity of floating-
point arithmetic, in the configuration of a simple FPU, it is not possible
to provide an optimum hardware scale or processing capacity in response
to a change in parameters. Also, since FPU configuration optimization
requires redescription by designers, design and verification costs increase.
In this research, we aim to realize more diverse core configurations by
implementing variable designable FPU on FabHetero. In order to im-
plement FPU design function on FabHetero in the future, we will create
a variable stage pipeline and investigate the dependency of each opera-
tion from the benchmark for optimizing the pipeline configuration to the



required specifications.
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Homogeneous Heterogeneous

X 2.1: FEYVZTAIINF AT LATOAY =T AN F AT

2.2 R—NRRAAZERBNRNAT A4V

A=NRANTRFMHENA T T4 2%, M22D &5 12@mamL b
DAFIMEIZ K > CHEEILT B FETH L. BEO Ty TlETn s
T LEWRT 2R 5 —EIZ—maT Dl A TIEE IC A % 17
5. A—=NRAA T Taty ¥ Tlra & R RO FETS B B % @5
ZTW5, ZHZ& Y —EIZEBOMS E2HAAAR, FAREITTLI L
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RROHINEZIT S, MRFOKEFELE, FlE LT TOLS 870 s 7

LEZTS.
1. $1=92+93
2. $4 =95 x $6
3. $1 =81+ %4

EEETlE, el a2 IXERETTETH S, LrL, w3 iddae

B

1 & Ay 2 OEFERRZ M S 720, fOmEIERZEA L X TETTS

S

TEMTERV. ZTOED, ZTOLDBMEDOERENEFGETEI S XD
w7 I LT, N TIAVOMEARODK T 2EZT -0, Tas
S LT E 5T, SAEOMEMERE FldN— R o 7B L CE
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IF ID EX MEM WB
IF ID EX MEM WB
IF ID EX MEM WB
IF ID EX MEM WB
IF ID EX MEM WB
IF ID EX MEM WB
IF ID EX MEM WB
IF ID EX MEM WB

X 2.2: ZA—NAN T34 T 5414 > DO

2.3 FPU

FPU &%, FEVNSGEBE Z EMIT S WK ETH L. BUET — X
DRI AD—DTH 2FE/NERBOFEIF L TH Y, KBTS
LEIEDF AL <, MRHEWHFEDE CTHRbN S, FE/NSGEBILEL D
—¥RE 71X REA 2.3 D & 572, IEEE 754 &\ D BRI~ hTw
%. IEEE 754 TOFE/NSGIEHE T, FF5E6 (S), 8506 (E), KEBGH
(F) & 3o CHEE N5, MBHEEHNZET2 L, RFSHMoHE L5
B -BEOZEE, I LG hE, REEBDEHRED & 512 BAL
vy M S DONEFOWMIRIZ 72 5. B OBBUHE G H O A% H > TF
B/ NSGREAE 21T & 2 < O w IR BEIZ 5. D729,
BEEAR LTI I TIZHABRI N T WS Y, a7 oy & UTHER

INTWVWA., YHFETIE, #BDETIRARS FabHetero ~N® FPU DF %%



HE 95 & &Iz, BRMBRITNIE U 72 R 2 EiEE & k(b 2

KT 5.

31 30 23 22 0

IS] Expornent(E) | Fraction(F) |
BEREEZE/N A

63 62 52 51 0

S| Expornent(E) | __Fraction(F) |
EREZE/NI AR

2.3: IEEE 754 #if&



3 FabHetero 7O T 7 bk

FabHetero & (%, U#FEETREINTVWEIATHIY =T AV ILF I
T7aty Y EABHRHTEY —LTHE. ATAVTARILF AT
Tat Y OHE - BERIZIZZ KRR 3 A N2 B, FabHetero 1, £
SDOARANEEBT 5720, NTA—=RERETHILTATAY =T
ARNF AT Tay b2 HERET LI L2 HNE T 5. REHEIZE
RAFEE NI AR UTRETSE LT, Hefilo~Tsoy=7
ANF a7 Taky i HEEGL, RETROCWGEET A b 2 K)%T 5
ZEMNTES. FabHetero IZL o TREIINHEATOY =T AYI)LF O
7 7aty Ol %EK 341259, FabHetero 1, M34D&512a7%
&t 3 % FabScalar[2], ¥ vv ¥ a%#gt3 % FabCache[3], /NA%F%E
$ % FabBus[4] ® 3 DD TH O LDY —VTHD. LarL, BED
FabHetero TId FPU ® HEEXEMHERENFEL I N T VRV, ATRY =T
ARNF A7 Ty Y TIIRLLEHO T 2KD7720, FPUHZH
ZTNOFRGET — X %2FD. UL, BFE/NGRHEEOER S 1S, &3
7 TOFPU OG- MEEIZ K E BRI A N5, BOFETIE, FPU HE
REHERE D FRIEXT G T H % FabScalar DEEE K VFEBEIZLE S BIREA 2 %

F5.



FabScalar
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Inst Data t t t t
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Interconnect

A
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3.1 FabScalar

J—=2AHha T A4 FMILRFZED, A=N_=2Hh T 7oty S HE%
#Y — )l FabScalar 2@ XN T\W5. F7z, FabScalar ® FPU IZ 5t
U7z 754 2V DOFEE 5] 1d A. V. Shastri 512 &> TIREINTWVWS.
ZhiE, M35D&SRFPU K ONRA T54 VAT —VDEKEHN
I 5. FE/NUS AR LR A AT VR B Eas AL, DBED
AT —U TR, B3 AOEBERLR (IU: Integer Unit) ~, FEI/N
BUSAIEAED FPUANSHHI NS, Reg-Read AT — U h 5 WriteBack
AT =V, mueHREAET 2R TV -2 THS. IU, FPUOHED
FITL =, BEREOCFE/NUSO T — N e A b7 O E T,
B FHE/ NS OB DO BEZEE YR — b3 5. FabScalar Tldfkx 72N
A&, BIZIET7 v FIEPFHITIE, I Iv ME, BfiF¥a—Dx b
VE, VA—ENY 77Dy VIR EZIBET 5T & TRRDHEK
DA—=NRAHZ AT % HBHG L, Bt R OMEEI 5 5 I %2 K& <

s s Z L amgEL T B,
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Execution Lanes

Reg-Read
Execute

WriteBack

Int Instruction

2

Fetch

<

Decode

v

Rename

U

Dispatch

Integer Issue

Load-Store

v

v

Cross-communication
between Int and FP

FP Instruction

N

Floating Point
Issue

v

Retire
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3.2 FabScalar ICH 75 FPU ORBIES

FPU T 5 8/ NSRRI L 1 T v Y OR\WamS#EE T
H5. FOH, FE/NSGSEETIEINS T514 VAT —=INL W F EME

Rem EAMARF T E 255 03% . UL, FabScalar @ FPU & FabHetero
ZEik T 2 N— R = 73R S 38D System Verilog DFERET 3 % DPI-C
(DPI-C: Direct Programming Interface - C) (Z& > TK¥:Z kTN T
W3, DPI-C &%, System Verilog & C S5E Ttk U7-BpEET L L2 D
BEHeiT 51 VR —T 2 —AThb. TD-d, BIRD FabScalar TlZ,
Bre I al—Ya voAsEfsh, N— KKy zT7ToHBIEFRINTY
N2, FHEAKIZ &S FPU O HERRGHIAARETH S, £/, FPU
THHONEEHEY VY — ABPEITAT =V OBRBII NN T A=Kk >
TEELT DI ENTE AW, TREV/NSGR BRI BEBOHE & ik L Ton—
Yz 7R SREICLPEBELAZ V. ATHY=ZTAIIILFIT S
vy VDX LRLD aTHERER OGS, ThENTRLSFRP B
B - OREL - MEEICIEF TR 2 2 5. & o T, FabScalar iZ FPU
DHBRET A EAER BT 20 ENRH L. L, HiZREEciro
28T A= RIBED T E R VEEN 7 FPU O TIEFERE U 5. £
7z, BIfED FabScalar TIREI N5 FPU I&, £ TOFE/NG S a4 1X[H
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—FHDONRA T T4 VT ING., TDH, ®TOFE/NUEMS I
B b MR O #h B IR B/ NBUS @I & o THEREAME R T 5. Lo T,
MET NS TIAVERITBRI Tl eDOMfEx s S 0E

WHd. LirL, aleling 774 v 2EMLT 5 EEPEL 5.

3.21 A TS54VDOEBOBE

NRATIA VOB EE, A TIAVDAT—IVBEIET. 4T
SV A WZHEIL 7256, 70y ZEEBOERIZL U THGS

NATIA VOHBEPBELLRD. N1 T T4 VERPL TN,

Tt

o0y BRI LA TIZTEZERATHSHD, Gruy s
JABBALIEHBE N O RICEN M, AT -V TicfEznd 17
TAVVYRARIZEBN—RY = 7B - HEE D OINMES . EHE
7% et Tld, REEPEEN & o ERARR, E2 oy 2 FEEUL
WX LUTHIRT B ENTERNZD, RTA—RTLIIZRITIT1 YV

Bl e ZEST DREND 5.

3.2.2 NATS5A4AVOERBOEE

il LT 3.6 TRENS FPU DR ZZITS. MTIE, Moz —H

NI D T B < BT (Reservation Station) Z/E D, @ wlHT 2 AN
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THRITTBT I AT - A=K =72 BELTVD. ZOMKTIES
e E CHERICRITARETHZ L LTE D, MEESE2 D& ERF S 1
DER->TWA. F47 & 1d, Reservation Station H1 D4y % i XY 72 5L 47
=y MIHUTEOYTEI 2. 22T, MEmT 1D TR
H20EFITLEOIEEZXS. LML, ZO3METI, MEMS LR

BMS 123 200 RITHRETHED, FTEROREBROERIZL ST

p=)

A OEEIZBE D S 2 DHOREMBIIFRITIIT AR WD, @f
DFHITEESEDIHBRERDHD. ZDX ST, &mhOHEHROEEINL
HMREICHE AR 52520 H 5. UL, MHFEITOMEEEEZ BT S
72N T4 VDA EER U556, TONET VY ARG
TEHR— MBS 5. LY AKX T 71 I)VILSRAM TSI TH D,
1@ dh7zh, 220 —=RKE=h 2 12O20F71 FR—- 2RBELT 5,
SRAM ORIEEEAIE, K— D 2F|IZUHIT 572D, LIART 7 A
VOEEEHERIZIEFICREVED RS, ZhiE, #iEa A M OHEE
B, 7O RARMOBEARE WoMEEGI SIS, £, H22800

BHIDRAFIZ K D81 T 5 A VKGR DRED & 5 (12 a5 N RAF D3 o

J

UTHRETDE, "M T I3 VOBHEMETT 5720, "—FUz7

BRI RE S EREPHE W e 3H 5.
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ZZT, H321HMEE 322 THEIFLMEERMPL, N—NV T HE
EMZOOEMEEEEBTT L2012, 1) @1 7540 DB
BHEIZL D00y 7 JEBEFEA~OXE, 2) RS 2 m ek
WHERR, MO T4 VERBAPFRBEOHBEREE LD, LYK
77 ANVDEZABR— NEHIBPBEDLD 5.

Reservation Station

Dispatch
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Issue Ip—
FERER
b mE=
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4 REFE

KRETIE, HI328TRREZ 2 DOMBEAIIGT 2Tk LT, 7
1y 7 JEBIIE U7z BN T A Y DRE, N1 T IV
BRODENT K B340 75 A Vi E B B#EAL D 7= & Dy R AF DA
IZDOWTHER B,

4.1 FEEBNA T4

55 3.2.1 filT R R RIEIZ R IG T B 72D A BB BUSA T T 1 VRRRET
5. AEBBBNATIA00E, SAT—VMIGEHETEZNNA T4 0L
VAR DEEIZ & > T AEZHET 5. System Verilog 13#%zFT — X fERK
TEHEE, EVa—ILEWS BN THREZET SN TED. LEAR
WCTHEEEITI NS TIA VAT =V AT =YD T34 LY
ARBEYVa—)VE LUTHIREHRL T, NTIA—KXRITLIZFNEY 2a—
WEUTHET B Z EHRETH B, HilL U T 4.7 IR ER D % 7R
9. X4.7 T, MEabEZEITD align AT —, EERIZINEZ1T 5 calc
AT =T HOPHIALIEZEITS norm AT —Y D3 AT—VrFAEL L
T, BAT =V T4V VI ARDERDELEE /8T A —&IZ

JGUTEETHI LTINS 3AT—YVDONEAEISRDOKGIZAgEL 3 5.
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X 4.7 Tl%, align A7 —, calc AT —YRIONAS TS5V VI AR %
B UBNWZET2BDNA T T4 87oTW0WS, NIA—RIZLD
7an! /?ﬂ(&éﬂw) EL-}_L.T\L/’C *’“nJrH#LEJE’JL/\/f 74 /@Exé&%

EHAEELTHIET, &1 T34 VOBELBRVPAE RO A

k ﬁ:{)jilj\

clk :
|_: 1
[
I 1 /—\
U |
I
1

align : : calc norm
U |
A N
U |
[
L
L
INTSAULDRE INMTSAULDRA

4.7 FADD N1 751~

4.2 N1 T4 VDBRERVDE DD DHBSIKEFEDRE

55 3.2.2 MR R 7RI IG T 5 728, B atIHT BN R S Ao
T4 VDMEROREEITD. UL, AT 740 v OiEROHE
XTI LMOERINE T2 YT ) 3= N2 & o THRIEAR I
MEU S, HlZIE, BEELETIE, 588 LI Uama % LT HE

T92L5mENL V=D, FA—0OmeEDETI= Y b2 ERERT
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B, MANRA T4 vOEMIRETEHELTE S, 72720, MR
EBIN—RY = THEOMKTH 2 00%, EBIZ@EHBUFNCETX
NTWENIZE-oTEDLBZD, ENEITHKRIFRETEITIN TR M@
BIDEMMEGFEEZTARDBENRHD. ~NTHY=ZTAI)NVF AT 70
¥ TIE, IT7ITERES TR T LR EEMET S L BL N
e, AT7TLIINRAT T4 VDMK EEADRERHY, hd T
T LTI U - MR R MRETS IR O A NS B, T D0,
AT T/ T T T LD H T IRV F =D ORERDIEEL 725
OB EFTRNSE Z 2T, 1T T4 RO AERE L EX 5.
WMADRFEL, RV FI—IDFETEBEEGLR Lz L — AT —X&
ERVFR—=TDHET VY ITNTFAMPOEHIT S, @R OKFEL
1%, @RI LITEEOME CTIRGE L ez ailic iy vy s Uk
LOZEY. mAITEEE, SEELZEDMAIEE, FE/NUIL Y
AREMES - RANT@EENRE L, &P RE2ETETCOY
A INERELZLE, EOMaRENZ T ORI FIRIFIRETH -
T=m%EHAT Y NUT, IKEEBIZE TSRO T 514 0 OE KRS
HOFEL T4, Hle LT, M48%E2ZITH. 1 FHDOFER S mul.d D

JUERIZ BB A 2 VT T S N5 PO a4 o S IRF R R 2 Mt 3
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%. MEOMm4 add.d X mul.d Tld e 1282 OB REAFH TH L7
DEAEVFIES B, 72, S/EHOGATIE, T4 AT 2 —Yavby
ZZAN I BHOME LR L TH S0, UEOGETIX 1 BHOGS &
KIFRARZ R D 2 L3R VD TYFM D & DRIFR T 2 5 5 B BIX R0,

AN IR OB T — F 2R d.

fill the Count array with O
fill the InstSeq array with assembly instruction sequence
fill the ReqCycle array with required cycle of each
instruction
while length(InstSeq) do
for i in range(1,ReqCycle[InstSeq[0]])
if OpDistination(InstSeq[0]) == OpSource(InstSeq[i]) or
OpDistination(InstSeq[0]) == OpTarget(InstSeq[i]) then
Count [InstSeq[0]] [InstSeq[i]] += 1
end if
if OpDistination(InstSeq[0]) ==
OpDistination(InstSeq[i]) then
exit
end if
end for
pop (InstSeq)
end while

43 ] CHRAFEE D3 D E ETERRG IR A 5 DIRED WL < 72, T Daw D
NA T4 VIMERINROIFEPEA S Z & THN— R Y = 7 HB O
Izt s MEaem EAVELS 2 5. 20720, KEEOE WA HE L %2

BTHZETHEBETZIMZ DD, N—=RU o THKEEZHENT 5.
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mul.d 52,510

add.d  $f3)5f2,5f6

add.d (Gf2)sf2,$f4

4.8: i OMAT
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Ll Ry FI—27D—FTH 5 SPLASH2[7] D 7 — Y T4 (FFT:
Fast Fourier Transform) , RADIX YV — b ROMEE RV F < —2 [6] D 7
B 277 Lip o B NG A R L O KRR EZHE L7z, £52 T, &
MADHEBIZHE U BB A 2 VB ERT. BV F I — 27 DIERLE
EOMTI, &@MBVNHE1TI74 Y Eildhdk, EhZrgiodqm
BWRFIRETH o722 Rmd. Hle LT, M5.9D—HFAEDFADD T
1%, IBEGERGE T T4 TR INTWBE, 331 2o
Bl D THNEL ar 4713 19481 [\, R ar4wid 2283 [8], A b 7 aparid
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