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Multiple Supply Voltages aware High-level Synthesis
for HDR architecture

SHIN-YA ABE,! MASAO YANAGISAWA 2
and NozoMu Tocawa Tl

As buttery runtime and overheating problems for portable devices become
unignorable, energy-aware LSI design is strongly required. Moreover, an inter-
connect delay should be explicitly considered there because it exceeds a gate
delay as the semiconductor devices are downsized. We must take account of
energy efficiency and interconnect delay even in high-level synthesis. Recently,
a huddle-based distributed-register architecture (HDR architecture), which is a
kind of island-based distributed-register architecture for multi-cycle intercon-
nect communications, and its associated synthesis algorithm have been pro-
posed. The algorithm is composed of scheduling/FU binding, huddling, unhud-
dling, and floorplanning. However, the original scheduling/FU binding does
not minimize energy consumption directly but minimizes execution time. In

this paper we propose a new scheduling/FU binding algorithm whose purpose
is the minimization of energy consumption considering multiple supply voltages
for HDR architectures. Experimental results show that our algorithm achieves
45.1 % energy-saving compared with the conventional distributed-register ar-
chitectures and conventional algorithms, and 15.9 % energy-saving compared
with the conventional algorithm for HDR architecture.
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Fig.1 HDR architecture.
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FIRY, WABSLLYRAY, avia—7, Le-ybar A "—ZEHET 5. (LEOERE R
AR LT 0T 7T 35720, GDR & RERIS/NEGE CTHEEBEN DL 2NWT —% 7
IFXERD.

NRIFEL T OEHRE NG 5.

e Huddled Local Register (HLR)
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e Finite State Machine (FSM)
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e Huddled Level Converter (HLC)
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F4 554, HLR BT —##5% %2179, HLR M7 —Ziskad 758, & FAOEENR
725484 HLC 2 V5.

3. HENER

RETFHETITEMEROMEL LTHDR 7—37 7 F %Y £x1% L +%. HDR 7 —=*
T F X O AR ISR

AN LTay ha—AF—%7n—257 (LLF CDFG) %#45.%2%. CDFG G(N,E)
RS T 7 CRESND. NIZEE—F N, LHlfl ) — K N. o725, EiZ75—4
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Vol.2011-SLDM-152 No.17
2011/10/25

ZUTOATKRDS.

2 Du(W(hs) + H(h))) + Drey(hy) < min {Slack(f,)} @)
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Fig.2 Synthesis algorithm for HDR architecture.
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(iv) vm TEITTIEREEZTRTRITLEED (a) R TL, €9 ThyaEi~R5.

(b)  BIE v, op OFFEBENRDH DHE, vy OB L (a) &7 CLEA EAT.
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3 HBEME
Fig.3 Common processing algorithm.
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Fig.4 Voltage-increasing phase algorithm.
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Fig.5 Voltage-decreasing phase algorithm.

® 1 EEFOKR.

Table 1 FU component information.

£ 2 LARLIUA—2DOER.
Table 2 Level converter information.

Rz TR Wik EEIpES T— 7 Vin - Vout TR T EEypE T— 7

(WIE) [pm?] | [ns] [£3] [ W] [pm?] | [ns] [£3] W]
nGiee (1.2V) 386 0.75 92 3.9 1.2V -1.0V 113 0.17 83 49.1
InELEE (1.0V) 386 1.22 64 3.2 1.2V - 0.8V 113 0.22 71 32.3
ke (0.8V) 386 2.71 41 2.6 1.0V -1.2V 113 0.17 76 45.0
FH# (1.2V) 2161 1.65 1135 19.8 1.0V -0.8V 113 0.30 55 18.3
Pt (1.0 V) 2161 2.7 788 16.5 0.8V -1.2V 113 0.22 86 39.1
TR (0.8 V) 2161 6.0 504 13.2 0.8V -1.0V 113 0.30 55 18.3

BETHEIz—X
BIETHT = —XZAT v FHIK &M =TT, Iz x VX —2i/ T 2BIEEEET
Trx—AThd. BETHT7 x—XONHEEZR 5 IZ7RT.

5. FHRHEREBRER

REFEL CH+SEE AV TRERK RIcge Le, FHRERRYY, CPU 28 AMD
Quad-Core Opteron 2360 SE 2.5GHz x 2, AEVRFREN 16GB THD. #4777V
br—v 22 & LT DOT (/ — N 48), EWF3 (/ — F¥102), TR FIR 7 4 A% (/) —
N 75) 2V EBRTHOWEEESEHREZE 1ITRL, L a "= ofFHY
AR 28T BEEHT 160t WEMEL, 7 ry 7 @M% 25ns LT 5. EER
v = 08V,v, = 1.0V,y, = 1.2V &35, 2> b —7 OmfbE Synopsys f10 De-
sign Compiler (2 & 0 EEICFHBEA AL L CRD 7z, EORREEITERE D 2 F|(ZLLBT 5 LK
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® 3 HEMEBRER

Table 3 Experimental result.

App. FUs [eF] Architechture Area Rectangular Dynamic Leak All Energy
[um?] | Area[um?] | Energy[pJ] | Energy[p]] [pJ]
ewf3 +3%2 50 GDR 47792 55250 414.34 57.64 471.98
RDR 69530 69530 362.35 85.06 447.41
HDR 52506 62252 331.95 77.96 409.91
HDR +10) 53405 66196 267.02 99.47 366.49
1) 43074 47674 231.62 89.15 320.77
MHDR 47002 49400 241.11 87.53 328.64
fir +3*3 35 GDR 36840 48278 223.34 38.35 261.69
RDR 81920 81920 191.34 105.18 296.52
HDR 30082 35910 191.65 31.61 223.26
HDR +10) 30082 35910 191.65 31.61 223.26
1) 35028 40400 138.60 60.08 198.69
MHDR 52051 61500 122.22 60.04 182.26
fir +4%*4 30 GDR 34540 36000 211.94 44.00 255.94
RDR 82816 82816 188.83 123.57 312.40
HDR 32047 35624 207.59 33.05 240.64
HDR +10) 32047 35624 207.59 33.05 240.64
1) 25836 29400 145.32 36.79 182.11
MHDR 44554 48174 128.59 43.60 172.19
dct +3*3 15 GDR 48551 58843 181.96 13.56 195.52
RDR 59544 59544 144.15 15.99 160.13
HDR 47321 63096 127.58 17.42 145.00
HDR +10) 48076 55770 112.25 25.10 137.35
1) 44850 68392 94.50 33.11 127.61
MHDR 51269 55221 86.17 21.17 107.34
dct +4%4 10 GDR 53864 58378 152.01 11.00 163.01
RDR 81476 81476 127.87 13.69 141.57
HDR 58184 71520 128.71 13.69 145.22
HDR +10) 58184 71520 128.71 13.69 145.22
1) 49503 54758 97.21 27.02 124.23
MHDR 58272 68255 89.11 25.37 114.48

EL, 250pum? H7-0 1ns & 95,

GDR®, RDR?, 17E#H®» HDR, 1o HDR & L TR L721% 10) %M LIEEKE
JRFEF L L= HDR, #ERELZ %K L7~ HDR(MHDR : MultiVqq HDR)V, #2%EF
HA A L EEEREIE D MHDR % g4 5.

FRRER AR 3 1T”T. MHDR (IHERTIE L B L, ¥ 23.2 %, WK 45.1 % 2
BTNV FE—FHCE . ¥ A F I v 7B NI A HEE=RLXF—IZBE L TiE, MHDR
IARERETFIE & B L 29.3 %, R 52.6 % Bl SN TWa. —FH U —27ENCL 5
BT VF—ICB LTI, MHDR IEMERTIEL Y ¥ 26.8 % WHERT R AF—NEKRKLT
W5, BEERETEOTFEETTY —Z7EBNCLAWEBT R L —NHRLTNEI L X
D, TXEAF—BROFRIZL VL R—=Z (L bb0EEZ NS, EKEFRSBTEZE
HALIGARLTHE LT, ¥ 135 %, K 28.4 % RIHE = R/LF—%HIETx /.
1) S LT, FHT7.0%, wK15.9 % REE =L —ZHECx -,
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6. BH Y I

AR TIHIREIMLEZEE L2V P A X 5EM T —% 7 7 F ¥ Huddle-based Distributed

Register(LLF HDR) 7 —% 7 27 F¥ & & 5 & LIZBEEREEIC & 2 1KE L SALE )
FIEERE L. BREFEITEMEBIEZEET 5 HDR 7 —% 7 7 F v X G REb T
52 &C, BlBEIE S KRB LA RIRFICEET 2@ Ak E 7o TnD. IREFEITNEKT
B L, 2B FAF—ITBWTRKA 451 %, FHT23.2 % OZFLX—HIEE
FHTE .
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