BN EFRRETS
THE INSTITUTE OF ELECTRONICS,
INFORMATION AND COMMUNICATION ENGINEERS

EVBDD 7% F 7= BB #5018 O Rk
il AT R i

TIRBTN R HFER TR T 731-3194 J5 5T ZEm IX KIEEH 3-4-1
T UM TR BHER TR T 820-8502 #& [ Ik % i )11 6804
TTTHEERFERERYE TAVD BV T4 0=TMNES ML —

[CE=sa:H
TECHNICAL REPORT OF IEICE.

Jon T. Butler''t

HoFEL AL ZAREEL SHERBIE, SEIRER, EEE e £ oRE S KO 05 R B E FHR T 2 BUEEH R
[E1#E OMERGE A PR DT 5. AEMEFHEBEIKIX, 5 2 Do @Rk A R E XIS L, & X HE 2Bk E 2 EACirel
T 5. REX My EI 0 FZHLIZ, EVBDD (Edge-Valued Binary Decision Diagram) % % Z & T, % 72 B & Sk Tk
LV a Ry I oRBICEBTE S, ERICE VLU FA277~7: 1) EVBDD % HV\ 72 RKFi£1E, MTBDD (Muti-Terminal
BDD) & HIWZIERFIED T% O A EF Y &H2 40% OFFIERFH T, A EXM HEI A2 EB TE 5.2) NI LY, KEE
FHREIE I, PER TR IS < B R EIE O 38% D A E U &H D 59% OIRIERFH CRI% % FHLTX 5.

*—7—F EVBDD, % X[H55E, X2 m=Gr e, e, FPGA 322

Architecture for Numerical Function Generators Using EVBDDs

Shinobu NAGAYAMAT, Tsutomu SASAO, and Jon T. BUTLER 't

T Department of Computer Engineering, Hiroshima City University, Ozuka-Higashi 3-4—1, Asa-Minami-Ku, Hiroshima, 731-3194 Japan
'H' Department of Computer Science and Electronics, Kyushu Institute of Technology, Kawazu 6804, lizuka, Fukuoka, 820-8502 Japan
'H"i' Department of Electrical and Computer Engineering, Naval Postgraduate School, Monterey, CA 93943-5121 USA

Abstract This paper presents an architecture and a synthesis method for fast and compact numerical function generators
(NFGs) for trigonometric, logarithmic, square root, reciprocal, and combinations of these functions. Our NFG partitions a
given domain of the function into non-uniform segments, and approximates the given function by a polynomial function for
each segment. By using an edge-valued binary decision digram (EVBDD) to realize the non-uniform segmentation, we can
implement fast and compact NFGs for a wide range of functions. Implementation results on an FPGA show that: 1) To
realize a non-uniform segmentation, our method using EVBDD requires, on average, only 7% of the memory and 40% of
the delay time needed by the existing method using multi-terminal BDD (MTBDD); and therefore, 2) our NFG requires, on
average, only 38% of the memory and 59% of the delay time needed by the existing NFG using non-uniform segmentation
and MTBDD. Our automatic synthesis system generates such fast and compact NFGs quickly.
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X8 E S D FPGA FEHEfE

FPGA 7 /3A R: Altera Stratix EP1S10F484C5 (LE: 10,570 {i, M4K: 60 {i, M512: 90 {H)
FREL A ALY — b Altera QuartusIl 5.0 GEE ik, % 1 X > ZHil#J: 200MHz)
RE%L MT_SIE (% X [#45%l) MT_SIE (A5l EV_SIE (FH @550
f(X) AEVE |LE| Bt | BIE| AEVE|LE | B¥| B | At V& | LE| Bk | BTt
[Ey M [nsec] | [E > B] [nsec] | [E v ] [nsec]
eX 26,368 | 73 8| 2715 0| o 0 0 0| 0 0 0
sin(7X) 26,880 | 71 8| 275 0| 0 0 0 0| 0 0 0
tan(rX) | 1,802,240 | - 5 - 11,687,552 | - 5 - 15,108 | 142 71 241
arcsin(X) 61,440 | 72 8| 275 49,152 | 72 7| 243 9,984 | 88 5| 172
VX 61,440 | 72 8| 275 44,544 | 71 71 241 9,216 | 91 5|1 172
\/—In(X) | 266,240 | 81 71 332 172,032 | 71 71 281 12,736 | 109 6| 206
X In(X) 61,440 | 79 8| 2715 20,992 | 49 50 172 6,912 | 65 4| 138

FZHO 7 JTHIAIS RAM BARRE LEETE o2 L &R

#3 24 By MEE (23 E v MEE) BEFREIR O FPGA F2HER5R.

FPGA 7 /34 R: Altera Stratix EP1S60F1020C5
(LE: 57,120 &, DSP: 144 fl, M4K: 292 f, M512: 574 )
FRER A Y — v Altera Quartusll 5.0 GHE ffk, & 4 I > 7 #il%): 200MHz)
BE%k TREX A ENCH-S < MTNFG R ENC -5 < EVNFG
f(X) AEVE | LE|DSP|B#| & | A€V & | LE|DSP| Bt | I
[Ey M [nsec] | [E' v B] [nsec]
eX 39,040 | 689 | 10| 13| 99.6 8,064 | 432| 10 3| 251
sin(m X) 36,864 | 635| 10| 13| 99.1 7,936 | 395| 10 3| 283
tan(rX) | 2,867,200 -l 16| 11 —| 973572 11,059 | 16| 12| 923
arcsin(X) 84,736 | 1,301 | 16| 14| 107.3 53,504 | 937| 16| 10| 803
VX 83,712 | 1,041 | 16| 14| 1165 52224 | 962| 16| 10| 855
\/—In(X)| 357376 | 950 | 16| 13| 99.8| 103872 | 972| 16| 11| 883
X In(X) 83200 | 988 | 16| 14| 116.0 29,696 | 997 | 16 9| 703

PO 7 THIAZ RAM 3R LEETE R o7 Z L 2R,

BICL - THEONZKMEAEFE L, “FIFAISE 13, 3. i TRL
- FIRE D ENEZ £ T, “FIRRIED O T, “KE% 1713, 3.
ORI SENE T 2EA LTS LR KR EFR L, “XH
270X, 4. FOREIRO A XEIBIEZ @A L% o XE S E
Fe3. “BEM [msec]” 1%, BRI B & REI OV A XHIEE
DO f &AL & %D CPU % I UMM TRLTWA.

F1ID2H,1FE A EDURFIETHO LTV D ZE X E
BT, tan(m X) 72 EOBKICIE, ERAN TRV ERbNS, —
07, REEK Ay Bk & BERE ) BNE R, Bk x 22 B B VW T
FAM) 72 X5 CRAS &Ll T & 5.[21] TIRE L= A% XM 4
FENENZSOOFHED S b TRLDRVCKEE Tl ELMIT
x5, L, REBHSEEIZSESEZRIRLTYH, FHhod
RTOEBICE DTN [21] DE 2.2 (EI2#M L=
Zote. bbb, KRB OENEIOERERR LRSS,
BB L 7= Bl 2w I HBVERR T & 5. B, B e B
LW sin(n X)) 12T, ARBEE A ENEIXE XK 08 & AT
5.[211,[26] TRLZE SIS, 2 b 0EKICR W TIE, REX
R4 E & 0 X SEINE L TWD. BLEDRER LY, AK5ET
Y X AT, BRI U7y A ml I AR T &, BC X o
UL, EEEER 5 2 L XM E S 2 AR TE 5.

5.2 XMIEEMEED FPGA E&EHER

# 2 1%, MTSIE & EV_SIE @ FPGA F24EfE 5% ik L Ty
%, ZDFEBTIZ, MTSIE 3 XL NEV_SIE ®4% LUT O A AH
FPGA FDAEY 7 m vy 7 M4K DY A X745 & 512, MTBDD
B L EVBDD %73 L7z, D “MT_SIE (%5 X [H 5%l
13, £ 1 THOLNEAREXMH %2 MTSIE THEBL L 72551,
“MT_SIE (FFIRE9 0 E)” 1ZFIRAYSE 2 MT_SIE THEIL L 725
&, & LT “BV_SIE (BRI E)” 1IXHIRe0 0% % EV_SIE T%
HBUBRERYT. £1 TRLEL I, e & sin(rX) T,
IR ENENE X B 2 AR T 5720, KFEEER AR
IR D. 00, KEFRERB D A€V B0 ERFEIX 0 1
m5.

205, HIRHSEEZHAND Z L T, MTSIE D AE Y & &
PIERRO® T 2R CE 52 LR b»d. B, Bk X In(X)
IZBWTC, IR EI 2 AW-354, MTSIE @ A £ U &%, R
XA E 2 AN T2 5E D 34%, % L CIEERRIZ, 63% (24
BWT&D. ZLCEVSIEZHWAZ LT, AEY & L IBIER
Mz ILICHINCTE 5. £2 0T X CToRKICEBW T, EV_SIE
DA E Y &8 EBERMITL, MTSIE X v &2/ &, flziE,
BIHC tan(mX) IS8T, EV_SIE O A & U B, REs 8 %
FEH9H MTSIE D ATV EODLT N 0.8% TH 5. tan(nX)
13, REXBENRRKREVOTMTSIE D AT BHRKELS 5.
tan(mX) IZFBV T, MT_SIE & W2 5B FLER O A £ U &
g, FEXMOENCES S BB AR O A€ ) B0 1.5% T
H DN, FPGA THIET HITITFEERE IS, LL, HIRM
ZyElL EV.SIE Z W5 Z &2k FPGA THRICEETE 5
FE, A ) BEREICHIKCE 5. f#E%E T T, EVSIE i3,
MT_SIE D4 1.5 fEZHIN9 % 721F 22 DT, EV_SIE %, MT_SIE
VIR IhoomETHD ENVZD.

5.3 HEFEMED FPGA EEHER

# 3 1%, MTSIE % W\ 7= 30 7 % [\ 8% [21] (MTNFG) &
EV_SIE # i\ 7= $% 7+ % [B] % (EVNFG) @ FPGA 45 3
ZHE L TW5, 7272 L, MINFG 13 R % X458 ko &,
EVNFG 1R BN SV T 5. 86 & Ol 35 B
b 24 By MEE (23 By MEE) THD.

2 #3015, MTSIE @ A E U &3, Bl E KR AR
AEVEDIHZO2ULEEZEDTWDEZ ERnbnd. —F, &
IR E L EVSIE Z W5 Z &Ik v, KEHEERKICHE
AT ) BEFEHAERKEED 450 1 LITFICHIBTE 5.
Z D=, EVNFG O # &V 8%, MTNFG ® 21% ~ 63% IZH!
WTE 5. FRIT, B arcsin(X) & VX IZBWTIE, £ 1ITRE
NTWD & 9T, BIRAISENT, REX R ENC A~ 2 5 04%
BENPLEZRHICHBEbLT,EVSIE # Wb Z &ick v,
B FHE R 2RO 2 £V BE MTINFG @ 63% ICHIKCTE 5.

— 5



F70, K3 TRINTND L H1Z, EVNFG 1, LE B0 IEREH]
{22V T MINFG XL D /) éu\. ﬁ%ﬁﬂéﬁﬂ% L7-B%izsnC,
EVNFG DIELERER L, MTNFG D) 25% ~ 89% 72 - 7=.

AR R B EVNFG % [15] ORE@R 2 ENCEES < $fEdE
FEE & g3 572012, B X In(X) @ 24 E v MEE DK
fEEHEL R EVNEG % Xilinx Virtex-1I FPGA (XC2V4000-6) (2
F2dE Uz, SEEA Y — /L Synplify Premier 8.5 % Fi\C F2%k%E
R2F72.[15] CRE S NIZBEFEER O A £ Y ST 40,446
vy b, BIER]IE 103.7 nsec T B DK L, AFUE 5 A%
D AE Y 57 EBIERRIL, 30,976 £ b (77%) 8 L1V 63.3 nsec
(61%) 7=~ 7.

EDORER»D, B El L EVSIE & Wi KTk
ex e BEREIC B W T, (kR FEEL Y a8y I\f})/)nﬂuiii
BRI & AR TE D,

6. !f‘nnHH&:l)“/l“

AFEIE, =A%, B, SRR, WA 2R & O )%
&ﬁ%ﬁ%%ﬁ?’é%ﬁﬁ%ﬁ@&ﬁﬁ)%ﬁﬁi%”:TE'$ L. 5zeni-
TE IR & IR B 0 BINE AR BN /B L, & OR %X M5
D FEHLIZ EVBDD %ﬁ%uv;s AR U= Y-8 = A/
M O@EERIZHEBLICE 5. FEBRIC I W LT %7~ L72: 1) MTBDD
ROV K EREIL, FROrEEEHNDS 2 ETATEY
% 49% £ T, % L’Ctﬁ:bﬁva AR A 53% £ CTHIB T
7. 2) KH$EE ZEVBDD 5 Z &L TAEY | L IRIE
R[] 2 & B Lﬁmf%, MTBDD % W =k FIEIT R, A
Vg% 7% 2, £ UCGRIERFH % 40% F CTHI T & 72, 3) XfH
FREEE CE LN AT U BOHIE mB bR 5, Sl 5l
D AU B EIRIERFFENE, PR TED 38% & 59% 1272~ 7-.

il 3

ABFIED —FBIZ, Rk 18 FRER AT IR M) & (G FHrJE
(B)) AREEH 5 18700048 F5 J UNFRR 18 4 IR L R PR
TERFFERE (— BRI TE) MR 5 6101 12X 5.
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