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Abstract This paper proposes a new high-level synthesis system which can synthesize low-powered system VLSIs
under the constraints of area, delay, and execution time. In the proposed system, first an initial system hardware is
obtained from an abstract behavioral description. Then three power reduction techniques, 1) reducing power supply
voltage, 2) selecting lower power modules, and 3) applying gated clocks, are applied to it. However these power
reduction techniques may increase area, delay, and/or execution time of a synthesized hardware, while they can reduce
its power dissipation. In this paper, we propose a power optimization algorithm which incorporates area/delay/power
estimation, in which we can obtain a synthesized hardware meeting given area/delay/power constraints. Experimental
results demonstrate effectiveness and efficiency of the algorithm.
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WENTBY, FETRELTVWAEEBEENLTVIYX
AB L OHBRENRBENLROFHHEIR E NI,

6. © T U

AETIX, BAE Y AT 4 Hyperion BT 2 HEE
NEECRERE, EEL, BELHHEFTTOHRE
TR L ., 77, AR TRELCVWAFEICE
Y, [9] TIREEN TV % Gated Clock & ik DHE L/
HEBEHOEICERE DY ZI0H L-ERERBELHIESR
WRETHDLZ EERLL.
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TEHERERICH VPV RERINERK @Y =),
ERA—BERICREV L ET. AR o—EX, JEEH
SRS GUF (A), SRE%S 12750369) DER
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(11]

[12]

[13)

£ 3 HABEFHRHNPEB BT RESHE BHEGEL) .

TR I mIem (B ml: 5 lvp TRE R aILR
No- I"if [am?] | I [ns] | FATGM [ns] T [W] | WK [pm?] | R [ns] | AR [ns] | AR ) [mW] I
0 861807 19.68 59.04 88.4456 658690 60.59 181.78 110772 | 1.8
1 579580 20.91 543.66 83.7634 275952 52.89 1375.24 5.0611 1.8
2 488485 20.91 920.04 85.8477 119981 52.89 2327.33 2.8252 | 1.8
3 473226 21.09 927.96 85.7140 119981 52.74 2320.44 2.8252 | 1.8
4 442910 14.24 726.24 78.7257 120005 47.02 2398.15 2.8105 | 1.8
5 435790 15.17 773.67 79.0511 120005 47.31 2412.79 2.8105 | 1.8
6 432842 20.40 1040.40 78.4806 120005 47.31 2412.79 2.8105 | 1.8
7 425063 20.25 1032.75 77.3897 120005 47.31 2412.79 2.8105 | 1.8
8 415329 16.57 845.07 76.9266 120005 47.31 2412.79 2.8106 | 1.8
9 408817 15.94 812.94 76.4489 120005 47.31 2412.79 2.8105 | 1.8
10 402284 16.20 826.20 76.9998 120005 47.31 2412.79 2.8105 | 1.8
11 395569 16.29 830.79 76.2157 120005 47.31 2412.79 2.8103 | 1.8
12 388852 16.20 826.20 75.8937 120005 47.31 2412.79 2.8103 | 1.8
13 382162 16.29 830.79 75.5889 120005 47.31 2412.79 2.8103 | 1.8
14 375492 16.20 826.20 75.2477 120005 47.31 2412.79 2.8103 | 1.8
15 354895 16.29 1140.30 71.1774 99171 47.31 3311.68 2.3830 | 1.8
16 339495 16.25 1446.25 68.4010 85687 47.31 4210.56 217331 1.8
17 334440 16.00 1424.00 66.5577 85687 46.08 4101.40 2.1733 | 1.8
18 299246 13.61 802.99 52.3429 85687 35.05 2067.66 2.1733 | 1.8
19 283160 12.85 1940.35 46.6914 85687 33.90 5118.44 21733 | 1.8
20 263763 12.29 2138.46 43.4938 85687 27.84 4844.69 21733 | 1.8
21 256693 10.18 600.62 45.5421 85687 25.70 1516.49 2.1733 | 1.8
2 227458 9.81 2177.82 38.2899 69680 25.47 5653.99 1.8910 | 1.8
F 4 HBUGCHRAMEER BT 2 RESHE
(B4t (a); HE: 450,000 [pm?], EE: 20,[ns]) .
THRE IR BILH (BB aE: 5 (V) THREREBILE
No- 8 [am?] | JEIE [ns] | ZATFEM [ns] %&%b W] | B ] [ EHE [os] | E0T T [ns] | HRET] [mW] | B V]
1 142910 1424 726.24 787257 120005 18.02 919.02 21.6856 5
5 435790 15:17 773.67 79.0511 120005 18.13 924.63 21.6856 5
6 432842 20.40 1040.40 78.4806 120005 18.13 924.63 21.6856 5
7 425063 20.25 1032.75 77.3897 120005 18.13 924.63 21.6856 5
8 415329 16.57 845.07 76.9266 120005 18.13 924.63 21.6856 5
9 408817 15.94 812.94 76.4489 120005 18.13 924.63 21.6856 5
10 402284 16.20 826.20 .76.9998 120005 18.13 924.63 21.6856 5
11 395569 16.29 830.79 76.2157 120005 18.13 924.63 21.6843 5
12 388852 16.20 826.20 75.8937 120005 18.13 924.63 21.6843 5
13 382162 16.29 830.79 75.5889 120005 18.13 924.63 21.6843 5
14 375492 16.20 826.20 75.2477 120005 18.13 924.63 21.6843 5
15 354895 16.29 1140.30 71.1774 99171 18.13 1269.10 18.3872 5
16 339495 16.25 1446.25 68.4010 85687 18.13 1613.57 16.7695 5
17 334440 16.00 1424.00 66.5577 85687 17.66 1571.74 16.7695 5
18 299246 13.61 802.99 52.3429 85687 13.43 792.37 16.7695 5
19 283160 12.85 1940.35 46.6914 85687 12.99 1961.49 16.7695 5
20 263763 12.29 2138.46 43.4938 85687 16.31 2837.51 7.3048 | 3.3
21 256693 10.18 600.62 45.5421 85687 15.05 888.20 7.3048 | 3.3
22 227458 9.81 2177.82 38.2899 69680 14.92 3311.52 6.3559 | 3.3
£5 HBEEEMEEECST 2 REAHME FHEME (b); T 400,000 [pm?) .
BRADAIH (AR el: 5[V THE . i BIes
No. I [pm?] [ F2IE [ns] | EATPEM [ns] | MR A/) [mW] | B [um>] | TEAE [ns] | RATREN [ns] | MR AN (mW] | BT [V]
T 395569 16.29 830.79 76.2157 120005 4731 3412.79 2.8103 | 1.8
12 388852 16.20 826.20 75.8937 120005 47.31 2412.79 2.8103 | 1.8
13 382162 16.29 830.79 75.5889 120005 47.31 2412.79 2.8103 | 1.8
14 375492 16.20 826.20 75.2477 120005 47.31 2412.79 2.8103 | 1.8
15 354895 16.29 1140.30 71.1774 99171 47.31 3311.68 23830 | 1.8
16 339495 16.25 1446.25 68.4010 85687 47.31 4210.56 2.1733 | 1.8
17 334440 16.00 1424.00 66.5577 85687 46.08 4101.40 2.1733 | 1.8
18 299246 13.61 802.99 52.3429 85687 35.05 2067.66 21733 | 1.8
19| 283160 12.85 1940.35 46.6914 85687 33.90 5118.44 21733 | 1.8
20 263763 12.29 2138.46 43.4938 85687 27.84 4844.69 21733 | 1.8
21 256693 10.18 600.62 45.5421 85687 25.70 1516.49 2.1733 1.8
22 227458 9.81 2177.82 38.2899 69680 25.47 5653.99 1.8910 | 1.8
G. Tellez, A. Farrahi, and M. Sarrafzadeh, “Activity [14] G. Yeap, Practical Low Power Digital VLSI Design,
driven clock design for low power circuits,” in Proc. Kluwer Academic Publishers, 1998.
ICCAD-95, pp. 62-65, Nov. 1995. [15] AW &, HI 2, % Bk, KRR, “wEes -
BN CE, WE Bk, KM RE, FEamEr ERE L Y 27 OBMARY X7 A0OOHRK/ BERAES Y F
N= Ry 27 EMBLETIRMUAWRY AT A E£OER) %, TR, 2001-SLDM-100-4, pp. 25-32, Feb. 2001.
BHLBES DA ¥ VRV Y L 99 HICE, pp. 189-194, [16] #&IL =, B2, g Bk, KRR, “FIHLEEE

July 1999.

N. Togawa, M. Ienaga, M. Yanagisawa, and T. Oht-
suki, “An area/time optimizing algorithm in high-level
synthesis of control-based hardwares,” IEICE Trans.
on Fundamentals of Electronics, Communications and
Computer Sciences, vol. E84-A, no. 5, pp. 1166-1176,
May 2001.
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EXE L

IZBIT5

WEABME (WHRE (c); BIE: 15 [ns])

BRI EORILH (Rkal: 5 [V]) B L)) I AR

No. g [am?] | JEIE [ns] | 7T [ns] | R B [mW] | Wk [pm>] | T [ns] | FAT05M [ns] | B [mW)] [ &I [V] |
3 488485 20.91 920.04 85.8477 146487 21.37 540.28 22.2562 5
3 473226 21.09 927.96 85.7140 146487 21.37 940.28 22.2562 5
4 442910 14.24 726.24 78.7257 146534 18.02 919.02 22.1094 5
5 435790 15.17 773.67 79.0511 146534 18.13 924.63 22.1094 5
6 432842 20.40 1040.40 78.4806 146534 18.13 924.63 22.1094 5
7 425063 20.25 1032.75 77.3897 146534 18.13 924.63 22.1094 5
8 415329 16.57 845.07 76.9266 146534 18.13 924.63 22.1094 5
9 408817 15.94 812.94 76.4489 146534 18.13 924.63 22.1094 5
10 402284 16.20 826.20 76.9998 146534 18.13 924.63 22.1094 5
15 354895 16.29 1140.30 71.1774 99171 18.13 1269.10 18.3872 5
16 339495 16.25 1446.25 68.4010 85687 18.13 1613.57 16.7695 5
17 334440 16.00 1424.00 66.5577 85687 17.66 1571.74 16.7695 5
18 299246 13.61 802.99 52.3429 85687 13.43 792.37 16.7695 5
19 283160 12.85 1940.35 46.6914 85687 12.99 1961.49 16.7695 5
20 263763 12.29 2138.46 43.4938 85687 10.67 1856.58 16.7695 5
21 256693 10.18 600.62 45.5421 85687 9.85 581.15 16.7695 5
22 227458 9.81 2177.82 38.2899 69680 9.76 2166.72 14.5912 5

£ 7 HBEEERNEEERICBT S RESHRIE
(Bl %P (d); FH&: 400,000 [pm?), FBIE: 15 [ns]) .
HR JJHE?EHII (E TR 5 hi 3 &

No. "B [um?] | FEK [ns] TS [ns] ﬁgé)%b [mW] | T [am?] | B [ns] | AT [ns] | BREN [mW] | B (V]
15 354895 16.29 1140 30 711774 99171 18.13 1269.10 18.3872 5
16 339495 16.25 1446.25 68.4010 85687 18.13 1613.57 16.7695 5
17 334440 16.00 1424.00 66.5577 85687 17.66 1571.74 16.7695 5
18 299246 13.61 802.99 52.3429 85687 13.43 79287 16.7695 5
19 283160 12.85 1940.35 46.6914 85687 12.99 1961.49 16.7695 5
20 263763 12.29 2138.46 43.4938 85687 10.67 1856.58 16.7695 5
21 256693 10.18 600.62 45.5421 85687 9.85 581.15 16.7695 5
22 227458 9.81 2177.82 38.2899 69680 9.76 2166.72 145912 5

K8 HBBTERNEERCBTIREARME WM (e); £17HM: 1,000 [ns]) .
R ITORILE (Rl L: 5 [V]D T B LT

No. "TE [um®] | ZHE [ns] | AT [ns] (éé B/ [mW] | T [um?] | B [ns] FATFEH [ns] | R BT (mW] | B [V]
G 861807 19.68 59.04 88.4456 658690 60.59 181.78 11.0772 | 1.8

1 579580 20.91 543.66 83.7634 275952 30.98 805.47 17.0111 | 3.3
2 488485 20.91 920.04 85.8477 146487 32.66 1437.08 9.6948 | 3.3
3 473226 21.09 927.96 85.7140 146487 32.66 1437.08 9.6948 | 3.3
4 442910 14.24 726.24 78.7257 120005 18.02 919.02 21.6856 5
5 435790 15.17 773.67 79.0511 120005 18.13 924.63 21.6856 5
6 432842 20.40 1040.40 78.4806 120005 18.13 924.63 21.6856 5
7 425063 20.25 1032.75 77.3897 120005 18.13 924.63 21.6856 5
8 415329 16.57 845.07 76.9266 120005 18.13 924.63 21.6856 5
9 408817 15.94 812.94 76.4489 120005 18.13 924.63 21.6856 5
10 402284 16.20 826.20 76.9998 120005 18.13 924.63 21.6856 5
11 395569 16.29 830.79 76.2157 120005 18.13 924.63 21.6843 5
12 388852 16.20 826.20 75.8937 120005 18.13 924.63 21.6843 5
13 382162 16.29 830.79 75.5889 120005 18.13 924.63 21.6843 5
14 375492 16.20 826.20 75.2477 120005 18.13 924.63 21.6843 5
15 354895 16.29 1140.30 71.1774 99171 18.13 1269.10 18.3872 5
18 299246 13.61 802.99 52.3429 85687 13.43 792.37 16.7695 5
21 256693 10.18 600.62 45.5421 85687 15.05 888.20 7.3048 3.3
£9 (%) BBBGCHRAHEEEICB 5 RIEAHE
(H#HEtL L, BREEET 5 [V] THE) .
TR RICRT (AR a5 [V]) TR S ) IR AL &

No. "Irer Tam?] | JEIE [ns] | AT [os] | RS [mW] | B [pm?] | TRRE [ns] | EATH [ns] [ BRES (mW] | BE (V]
0 861807 18.68 59.04 88.4456 658690 33.22 69.66 85.4726 5
1 579580 20.91 543.66 83.7634 275952 20.27 527.02 39.0520 5
2 488485 20.91 920.04 85.8477 119981 20.27 891.88 21.7997 5
3 473226 21.09 927.96 85.7140 119981 20.21 889.24 21.7997 5
4 442910 14.24 726.24 78.7257 120005 18.02 919.02 21.6856 5
5 435790 15.17 773.67 79.0511 120005 18.13 924.63 21.6856 5
6 432842 20.40 1040.40 78.4806 120005 18.13 924.63 21.6856 5
7 425063 20.25 1082.75 77.3897 120005 18.13 924.63 21.6856 5
8 415329 16.57 845.07 76.9266 120005 18.13 924.63 21.6856 5
9 408817 15.94 812.94 76.4489 120005 18.13 924.63 21.6856 5
10 402284 16.20 826.20 76.9998 120005 18.13 924.63 21.6856 5

11 395569 16.29 830.79 76.2157 120005 18.13 924.63 21.6843 5
12 388852 16.20 826.20 75.8937 120005 18.13 924.63 21.6843 5
13 382162 16.29 830.79 75.5889 120005 18.13 924.63 21.6843 5
14 375492 16.20 826.20 75.2477 120005 18.13 924.63 21.6843 5
15 354895 16.29 1140.30 71.1774 99171 18.13 1269.10 18.3872 5
16 339495 16.25 1446.25 68.4010 85687 18.13 1613.57 16.7695 5
17 334440 16.00 1424.00 66.5577 85687 17.66 1571.74 16.7695 5
18 299246 13.61 802.99 52.3429 85687 13.43 792.37 16.7695 5
19 283160 12.85 1940.35 146.6914 85687 12.99 1961.49 16.7695 5
20 263763 12.29 2138.46 43.4938 85687 10.67 1856.58 16.7695 5
21 256693 10.18 600.62 45.5421 85687 9.85 581.15 16.7695 5
22 227458 9.81 2177.82 38.2899 69680 9.76 2166.72 14.5912 5
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