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A Design and Evaluation of Low Energy Processor
by Variable Stages Pipeline Technique

Yuur ICHIKAWA,t TAKAHIRO SASAKI,tt TETSUO HIRONAKA,ttt
KAzuvA TANIGAWA,ttt TOSHIAKI KITAMURAtt and TOSHIO KONDOft

Recently, in the field of mobile computing, the achievement of low energy computing and
high performance computing is required simultaneously. Dynamic Voltage Scaling (DVS) is
a current major technique to realize this requirement. However, the lower the chip voltage
becomes in the future, the less energy saving we get by DVS. Accordingly we propose Variable
Stages Pipeline (VSP) processor which has a feature of a unifying pipeline stages by the use
of flipflop called LDS-cell which has an ability to act as a latch or flipflop. We show that
VSP processor can achieve lower energy computing and higher performance computing than
a DVS processor on low energy mode.
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Fig.1 Relation between power consumption and
execution time.
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Fig.2 Change of pipeline stages.
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Fig.3 Advantages by pipeline stage unification.
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Fig.5 Structure of LDS-cell pipeline register.
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£ 1 LDS-cell D

Table 1 A variation of LDS-cell.

Ry 2 Tr #AX
LDSCELLPO010 40 13 um X 24.0 pm
LDSCELLP020 40 13 um X 24.7 um
LDSCELLP030 44 13 pum X 27.9 um
LDSCELLP040 44 13 um X 30.4 um
LDSCELLPO060 44 13pum X 32.0 um
LDSCELLPO080 44 13 um X 34.5 um
LDSCELLP120 44 13 um X 38.6 um
LDSCELLP160 44 13um X 41.8 um

% 2 LDSCELL DOEIEEER (10fF)
Table 2 Delay of LDSCELL (10 fF).

V& AbENFD [ns] | BT [ns]
LDSCELLPO010 0.56 0.57
LDSCELLP020 0.59 0.62
LDSCELLP030 0.65 0.67
LDSCELLP040 0.67 0.71
LDSCELLP060 0.68 0.72
LDSCELLPO080 0.69 0.72
LDSCELLP120 0.71 0.74
LDSCELLP160 0.71 0.75

¥ 3 LDSCELL O:EMERRH (1pF)
Table 3 Delay of LDSCELL (1 pF).

VDD

g AIbENY [ns] | ZHETHY [ns]
LDSCELLP010 1.96 1.53
LDSCELLP020 1.26 1.13
LDSCELLP030 1.08 0.98
LDSCELLP040 0.99 0.94
LDSCELLP060 0.89 0.88
LDSCELLP080 0.85 0.85
LDSCELLP120 0.81 0.83
LDSCELLP160 0.80 0.83
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Fig.9 Circuit diagram of LDS-cell.
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Fig.10 Structure of VSP processor.
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R4 RUFR—sTUTIAOGEESHEETYA IV E
Table 4 Number of instructions and number of execution
cycles of benchmark programs.

Ry F—7 weE | ETHA 70K
maze 7,482 3,140,791
pi 6,475 87,329
quick sort 5,989 68,676
bubble sort 107 1,034
euclidean algorithm 90 513

PSU, VSP 7Ot v HZ0VTHBEIANVF—LE
TR OV 24T o 72, 22T, @10 Tz 7o
Ly HICFry VaPBEINATWED, FMEITH
BOEZETO0LyHTF vy vahPBERENTwizn,
ZOEHIE, FYyVaOHEBIANF—IZLoTT
Oty FOHEBELANF-OBRISERIATLE)
WREENHB7:0THE. X Fv—r 70T T A,
REOBEVERBNT 7O 55 ThHD “maze”, HE
ReROLTUT 7 LThHD “pi”, 20 BOEK%: -
A2V —=MIEoTV—74 7§ 5 “quick sort”,
=27y FOEREDTTS S L ThbH “euclidean
algorithm”, 10MEOEKRENTV Y —MILkoTY—
74 7 %5 “bubble sort” TH 5. 4 IIENVF
2= DR EETY A I VEERT. GABIIE
Wz 7urs s adilginsaants, £ M4 o0
BEIA =N LT F65ETLE SICLE
BYA I NVETHAE., B, ETHEEOFHETIINRY
Fe—o70r 5Lk eETLUCEHELL. LaL,
H# = 3 V¥ — OFfix SPICE 7V % B/ itE
THb:0, BEHNLZRERNICHEEREHEL7201C
X707 T LD AL XDBNENSDTHLLENH L.
% Z T “maze”, “pi”, “quick sort” D% A XADKZX
BRYFI—7TOTTAIIONTIETOT T A
Da7eBbhsET*ETLTCEHEL, “euclidean
algorithm” & “bubble sort” D% A XAD/RKS N
FY—=2TUTFGLTRENYF =2 TUT 5 LEHK
»ETLCEHEEITo 72,
3on7akyHDAy PYXMILTOLIIZL
THERE L7z, DVS 22T Verilog-HDL % W T
MIPS R3000 s S HBD OBRNA TIA4 v - Taxy
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)552 L7-. PSU, VSP O 70+ v¥4ik DVS TR L7
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VSP D& LDS-cell TER LA T4 V- LY
AZ~OEH, BLULE £~ FTALERZBEE (&
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K5 7Oty HOrT VAT EEFEER
Table 5 Number of transistors of processors and
evaluation environment.

processor mode | stages frequency voltage
DVS HS 9 125.00 MHz 1.80V
1038514 Tr LE 9 31.25 MHz 144V
PSU HS 9 125.00 MHz 1.80V
1069761 Tr LE 3 31.25 MHz 1.80V
VSpP HS 9 125.00 MHz 1.80V
1069761 Tr LE 3 31.25 MHz 1.80V

FELTHA/H, PSUEL VSP 7ot Y
AT BIIE L TH S, WEAEKY —VITIZ Synopsys
Design Compiler # L, 77 / B Y23 Hitachi
0.18um CMOS 77 /U V% Hwi:, wmEBEAKIZL-
THEONETOky YD NT v VAT HESHIRES
FLOTRS IIRT. FnFho7aty FOHEEL
A V¥ — 13 Synopsys Nanosim % AV THIZE L7,

FH@ICB VT HS £— FORE KK 125.00MHz &

BELTVED, THIIHEERED Verilog-HDL
Y3alb—varvTEET A EIRRINTCETD
Bik#THA. DVS & PSU 22T h R LEIER
B CTEM%IT) 7-OICHS - F% 125MHz & L
72, FNEFENOLE £— FORMEREHIT HS £~ F
D 1/4THBH31.25MHz & L7z, $72, FALZW
WATSAVVIARIDIOD Oy 7EFIHELS
7.

BIEEREIZDWT Hitachi 0.18 um CMOS 77 /

OYVEHAWTWA7:81.80V &ikE L. DVSDLE
E— FOBREETEICOWVWTIR, kBN L BEREEDE
LiEEAWISEEEEL, 144V E L7z THEX
B 2) 1BV T 22nm 7O LA TTFHSNABREL
DEEERAr—Y Y FRIZHAWT0.18 um 7HE X
BT 5 ETRD.

5.2 FFfli &5 R

ZE-FIBITA2EMHERHEEE ALY — O
HERAZF 11, @12, M13, @14 IRT. £KD
EZENETNOEER K, BEEEDRHET TOF
liERIIBNT, DVSOfERX 1.0 & L2 EDHT
H5.

X 11 & HS €— FIZBIT A2 ETRHBOFHEERT
H5H. HEIETEROL, HE#IRyFv—2r 7O
755 THAH. HS E— FiZBWT DVS, PSU, VSP
DETRTOTO v YOI 754 BEE BRI
HBABMUTHAND, &7 7TV r—2 a v DETHEH
BECICZ 5.

X 12 X HS E— FIZBT A HE = 2 V¥ — OFFH
BRETHL. HEBMIHEELALVF -k, #EHiz~r
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Fig.11 Execution time ratio in HS mode.
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Fig. 12 Energy consumption ratio in HS mode.
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Fig. 13 Execution time ratio in LE mode.
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Fig. 14 Energy consumption ratio in LE mode.

5. ZOEHBELT, PSU & VSP TidX 13 T/RL
72X DVS LR L TETREIEHRS N2 &
&, FRLRL L2724 TS54 VIV RY EHETF
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MENTVBELDTHSE, ZHZLEy), LEE—F
IZBWTVSP I PSU & ) bIEEEZ AN F—-2EH
LTwb ez b, 2 “euclidean algorithm” Tl
TN FREENVESVIOEEMNIIEBEIANE -8
T 555, oy Fe—27urS565h b PSU
[ZH$ 5 VSP DEEE = A NVF - E DB TV 5.
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FOEHEZFTIIRL TVW{ Z & T LDS-cell DEhEIE
SHITKREL D LEZOND, T2, SEIDFET
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£6 HS T— FIAINF—-BERL
Table 6 Energy delay product ratio in HS mode.

NrF=w—2 DVS | PSU | VSP
maze 1.00 1.11 1.11

pi 1.00 1.11 1.11

quick sort 1.00 1.11 1.11
bubble sort 1.00 1.11 1.11
euclidean algorithm 1.00 1.11 1.11

F7 LE - Fxau¥-EBERKL
Table 7 Energy delay product ratio in LE mode.

RNyF<—7 ‘DVS | PSU | VSP
maze 1.00 0.18 0.17

pi 1.00 0.29 0.27

quick sort 1.00 0.29 0.28
bubble sort 1.00 0.40 0.38
euclidean algorithm 1.00 0.56 0.50

Vv, EREERCERAEDEBTER L-FHET-
7oA, BEREESRCI/UA =2 /4 X2k ) Rkt
57 v FORBOHBMTEL /20, LDS-cell IZ&
57V FORIBEIRE L TESICEVIRIET
5.

BHBEL AV — LEHEORMLIIONVT, TRV
F—EBEEEHWTVSP & DVS, PSUD T Oty
FOLEZIT). FHEICL o THL-BEEIANLF— L
ETREIO L ANF —EEREEL L7, HS £—
FiZBiI s LAV F—EBERILEEE I, LEE-F
KBITHIANF —BEFBHELERT IIRT.
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PSU OtE %475 . HS £— FTId, EATHBSEL
{, HEZANVF—-Hi2TE LD T VSP, PSUD
IANVF-BERIZIZIZHEL (25, LoTHS ®—
FTREHEIAVY — L BREOWILICOWVTHE
ThbHEvZA, LEE— FTIE, ETEMIIE LY
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