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A Low-Energy-Overhead and Interconenction-Delay Aware High-level
Sythesis Algorithm for Delay Variation Compensation with Body

Biasing

Kokt Icawa! YouHuA SHI? MASAO YANAGISAwWA! Nozomu TocAawal!

Abstract: In this paper, we propose a high-level synthesis algorithm to minimize the expected overhead of
leak energy by body biasing for distributed-register architectures. To use distributed-register architectures,
we can estimate interconnection delays efficiently in high-level synthesis. We estimate worst body-bias volt-
ages for each circuit block so that timing errors cannot occur. Moreover, we minimize the expected leak
energy under the condition that latency does not increase. Experimental results show that our algorithm
reduces the expected leak energy when we use body biasing by up to 53.9% compared with several existing
methods.
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16bit, BIfFEMEIE 1.0V, BEIfEREIX 25°C & L7z, & RTL
EVa— VORBESHEIEZHT I ANHEZEL, T4 AL
T—R, T—ANr—ADEBE%E, u, u+3c 95 8.
F£2D oIk, USVWEBES X OBBIEIZH Y A5 %
FELZa—r"ViEsoE 2 B#HEH%E 01 LTHEX,
%y%ﬁwD%M’ibﬁ# 9] 2%, HEY a2 -

XL, EALA REBERS CEHS B BN T A -
T ) — 2 BNREEERE U, MEROEA 2K 5I10R
T, 72720 V=0V ORI - V — 7 E I TIEH{ELL T
W5, U EDF— X%, Synopsys £LD Des1gn Compilier
B LU HSPICE (2 X 2 WIEFEH L 0572 *2. K203V
2 ARTRES 2EAMAKTIEE, =7y b7 OeA2L LT SOl

Tuv 2AEMHELTWS., UL7zA>T, RTL €V a—VHAT

PMOS, NMOS O iz [[—E| & THMR N 7 AT % FIhd

L0, NV TaRRAIBErEIN LSRN SV S a

AL BHEEA—N—~y REFEL TRV, LML SOI

T ADS AT 5 2L TWRWED, AFEERTIX 90nm

DN TOLADIATFY ZFH LR, SOl 7atAIZH U
REFELMAL GG, AROEERIELND LRET 5.
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F 2 AL ®

Area Delay Dynamic Leak

[pm?] Mean Std. dev. energy power

() [ns] | (@) s | 8] | [uW]

Adder 1028 2.09 0.156 269.643 4.781

Multiplier 6831 4.39 0.336 3183.285 29.351

Register 725 0.62 0.0554 57.054 8.982

MUX 320 0.46 0.0300 90.272 0.928
Memory - 4.39 - - -

@ Delay M Leak

1.02 11.00
1.00 10.00
o s g
,. 096 * - 7.00
5094 * = - 6.00 ¥
8 092 * - 500 %
. —
0.88 g2 * . 200
0.86 ’—'7' > 1.00
0.84 - ‘ : ‘ : ‘ ‘ ‘ 0.00
0 005 01 015 02 025 03 035 04
Vbs [V]

5: EALA KBRS TR S B IRER QIR N1 7 AEE-
B - ) — 7 E IR

fbE—=FE&KIZBEWT, 2 ho—F DOHEEIE Synopsys

D Design Compiler IZ & DiwEEGK L THE L. B

FREIE I ZEARE D 2 FIZ T 5 LAE L, 250um H7- 9

Ins EARES S [4].

HIRTFEIZIROED TH 5.

Typical [4]: TV a—I)VOBIEIZT «+ ¥ ANV T — A%
EL, HDR 7 —F 77 F ¥ 2R & Uiz @i alF
%4 #FETT 5. XA IVIERDPREE LGS, #
MNA 7 AHIENZ & 2 EIERHE %2 R1TT 5.

Worst [4]: TV a—J)VORBIEIZT — A M — X% A€
U, HDR 7 —F 727 F ¥ 2GR & Uz @& FiE [4)
RETTD. XA IVIERDPRELZGETS, HiK
INA T AN K 2 BIERHEIXEIT U 2.

Ours: RETFEZFEFTTS. 21 IV ERNEE G
&, WA T AHIENC & B EIEAEE T 5.
BRANZEMR N1 7 AHEHEAROHHYEE, Worst [4] & l/’f

TUVBEOXA I VB RLIRT 52 L THERT

WIZ, REFEDOIEMANA T AHIHERED T 2V ¥ — 7T-—

N—ry RS Typical [4] £ HERL, NS WZ & &2RT.

EEAERZK 11289 . “Res. of HLS” I%, &4

HEDHRTH S, “CS” AR ORI Y b —L A

Ty T ERT. REFES KO Typical [4] 1&, Worst [4]

LI UEWL A 7o 2 FEBITE 5.

WIZEFHEIZHL, 623775, KI6DEVYTHAIL

O ClE, LEWEEBEEB I UOBEEIIA Y ANA %

HELEZ7a—rWEs 2 2 2H)HEME 0.1 L LTHER

7. Npaz 1£1000 & U7z, 22T, “Fv THRZITANS

Nz i, TOF VT TR IVIERPEE P57

ZEeEEWRT A, £ 1D “Timing yield” X, &2&DF v

T (Npaz) WRLU, ZIFANSNLZF Y TOEAETH

%. “Before BB” &, m#lOBEETZIIANSNFv T

ﬁ(N@)aﬁk*tﬁé “After BB” 1%, F:M S 7 Al

Nz & BBIEMERCZ I AN NZF Y T (Ny) &

N, DEEIOEETH D, REFIES KU Typical [4] 1,

EEFHERTTIE Worst [4] &K 0 B8 £ 0 2KV, LHAL

BEIERHEZIZIE Worst [4] ERICREBEOSWAR £ 25
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#* 1. GBI

Apps. FUs Algo. Res. of HLS Timing yield Mean of energy

#CSs | ite. CPU times Before BB After BB Dynamic Leak All

[sec] Nor/Nmaz | (Nor + Nop)/Nmax [pJ] [pJ] [pJ]
DCT Addx3 Typical [4] 16 2 173.33 0.717 0.935 101.93 29.56 131.49
Mult x 3 Worst [4] 25 7 508.32 0.993 - 100.35 19.68 120.03
Ours 16 9 600.64 0.741 0.954 101.39 18.31 119.70
EWF3 Addx3 Typical [4] 89 3 357.19 0.729 0.959 217.33 188.82 | 406.15
Mult x 2 Worst [4] 123 6 677.93 1.000 - 200.84 72.24 269.24
Ours 89 2 231.8 0.778 0.992 218.34 87.09 305.43
FIR | Addx3 Typical [4] 36 2 228.55 0.777 0.973 155.12 39.63 194.75
Mult x 3 Worst [4] 47 6 580.43 0.996 - 156.65 36.21 192.86
Memx 1 Ours 36 3 245.3 0.746 0.947 155.45 33.35 188.80

RTLE & NFILERE Nmax

Nmax@E DELTHILOREHTIZEY,
EEE, ')—- B H%ERIFE(SPICE)
¥

| o0 |

Yes

(BB OMEBRITHLTE/ T B

BAIVTEBRHY ?
Yes

BASVTBREMET S
RNDERNATREBEDENM

v
[ BE V—vBhERME(GPICEH) |
v

\ AT \

e AT ERBY 7 5
Yes, No

4'{ i+l

S

BT
Accepted chips Discarded chips
Original Body biased
(Nor) (Nbb) (Ndi)

X 6: FEAf 7 = —.

FLUTWD., UL7zdioT, BT 7 AHIENC & 2 BT
BT —A N r—2AFE LD b EmWEREEEI &L, D
EWAHED REBTE S,

WIZ, BETFHEICLD) -2 22X —OHIERIE %2R
AT B, FA—DIESDEF—RIZNT HHEET 20,
i EHOFERIZH U, #REFHEL Typical [4] TE HIZHMK
NA T AR X B WRERMEVETINZBEOT XL
F—IZHEHTS. 0<i< Npgz L, 220FFETE
H 12X 6 @ Accepted chips @ Body biased IZ A > 72 F v
TDIXNF—DOFEIEZFH U785 1A, £ 1D “Mean
of energy” TH 5. REFIEIL Typical [4] LU, &K
53.9%, V¥4 35.9%DV — 2 T3 )V F — D LHEDHIE %
EH LU

UEXY, EFERZEEES O ESRE N CTHERET
PN, BWHEEEDTIRINLF—F ==~y RD/H
IWVWFETHEELEEXS.

5. B8HYIC

ARETIE, AL T AHIEIZ & 2T S D S S
F ORI 2 B U AR T RV F —F — N =~y FigH
DEMERTFEEZRE V2. REFERZT A EANVT—A
EAL AR L, &K 53.9% Y — 2 T XL F —DHE %
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MR U7, SROFEL LT, & 0EEMzMERE, M
BENDIES DEADOHIEBEIT SN 5.

HHEE

ARG, JSIATBOEAH T AL — - PR A B
JergkE (NEDO) DSEBMFERERANAIL FHO &%
Tirbrz.
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