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Abstract

In this paper, we propose a fast algorithm for computing the Discrete General-
ized Fourier Transforms on parallel dodecahedron domains with 3 dimensions and
4 directions. Our fast algorithm (HFFT) reduces the computation complexity of
DGFT from O(N®) to O(N3log N). A parallel implementation is given and it has
been run on a Linux Cluster up to 32 CPUs.
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(R ¢ UV LI g i 2 B2 BREERGTA+EARS An

NFM, M8 RATRBEZSE LY B R4 RILTE S AR EN A RIE £
#0075 1 FAT+ AR O R AT AR AT A T A
éﬁiﬁéél\ﬁ]zﬁ\gﬁ‘ﬁ%%m% €1,€e2,€e3, -i’a Gra'm %E%jg

€€ €e1-€ex e]-e3
G(er,e2,e3) = | ez-e; ey-e; ex-e3

€3-e] ez3-€2 e€e3-e3
4 ey =—e —e; —e3, {n;,ny,n3} = {e1,e3,e3}[G(e1, e3,€3)] 71, NH

€-n; e;-nz €;-n3
€'y €ez-ny e3-ng = G(el,ez,e;;)[G(el, eg,eg)]_l =1. (11)

€3-ny €3-1Ny e€3-1ng
H%I‘lﬂ'ffﬁ—;ﬁ P) /ﬁgs{f‘\‘ﬁﬂélé*/% (t13t27t37t4,t59t6)7 ﬁ':F‘
ti=P-n; (1=1,2,3), tyg=t1—ty, ts=ty3—t3, tg=1t3—1y,

D_IJJEE (11) %ﬂ €1,€e2,€3,€4 H‘Jéléﬁ‘ﬁ’%ﬂ?@ (1a 0, 07 17 07 _1)7 (07 17 07 _17 17 0)7 (07 07 17 07 _17 1)’
(-1,-1,-1,0,0,0).
& X3,

QO = {P(t17t2,t37t49t57t6)| -1 <t < ]-72 = 1a27"' 76}

WA 1 PR, CREEETVATESE, A 12 NTATMRE, 24 48R0 14 ATA.
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+ 2 Qo HHEFZABRILAER, HPEEEN—-FRNREE—FIT/ LR
ATLLER =07 W K PR FE — 8, BERHURESA NIRRT, Td TER
SRR 2 (A). SR R SO XA b F) S R i — b BE AR A

ETABEREER, f—4g [—1,1) KERE, &XHRE-FT+ I T R

1= {(t17t2,t3at47t5at6)| —1<t1,82,...,15 < L-1<tg < 17
te =t —to,t5 = to — t3,t6 =tz — t1}.

KIXE Q B, BALAK N %5y, MR SR ES

AN = {P|P = (k1, kg, k3, k4, ks, ke), —N < ky1,ko, k3, kg, ks < N,—N <kg <N,
ky = ki — ko, ks = kg — k3, ke = ks — ki }.

An BDEBATFIERFR 0 5B S A 0 K, HIBRO A — N FAT+ 24, B
B+ = AE R A AR BT, AR BAAEAREDE (E 2 fiR), B
dim(An) = 4N3. N = 28, dim(Ag) = 32, ENEE 2 iy 32 44, ERsNERARILN
ERAPENTEENA BB Ay TLSEHNASPATATERS, B4 810 e1, ez, €3, 64
i = A R K R

AN ={P|P € Ax,ky, ko, ks > 0} | {PIP € Aw, ks < 0,ks, —ke > 0}

(1.2)
\H{PIP € An, ko, ks < 0, ks > 0} J{P|P € An, k1, kg <0,k > O}

H 2 FAHNMRREERIRE N =2 8, A SBIRANAEKA 2 KFPTNHEE.
FEAIP, WEANMERHEY, BAFH C,P,j k BRESAMK/NHAYE, I C=

(C1,C2,C3,C4,C5,C6), Hp Cy = C1 — C3,C5 = C2 — C3,C6 = C3 — C1, O REFH

(0,0,0,0,0,0).

N AEF RS EEAHRF, M8 AT AN N, i SN n =

p B, BATAWT =04 g L E— R EEFA7+ ZEE

A(C,n,m) = {mk+ Clk € A, }.

EERFLAY C, BHEAE n A48, MAFHAREY m (EMEKETH-m# B C =
O,m =1, W& A(O,N,1) = Ay, BEIRBA K RH T+ —Hik.
HAFMETIE T fn, AT+ ZEERE Ay 7 SCB SUE S AT R A

Fe= Y gif;, keAn, (1.3)
JEAN
Hr
gj];/( - ezg‘lﬁk - eiﬁ%(jlkl+j2k2+j3k3+j4k4+j5k5+j6k6)‘ (1.4)
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& Gy = (gl), BR—A AN3 Brin i, RKBk Ay b Fic 1 fy RS 5 BI0 R
AN® grsli g F A0 £, 0 (1.3) MR R R

F = Gnf. (1.5)

=B PATANDBKIA L, S8 PAT+ T E GRS R A X HESE RN, |
JR i e R AR . R R A U, 5 4% & GHE PRI U R, AT
FIRE RS, B (L5) N B EEH O(N®) B O(NPlog N) B4

AXE 2 FABTHEREENARES, NN =mn WRHEEIG, SEHE 2
fity N = NomP 578, 4 3 WA STHEEIN, FEMRTHRLHIEENT. %
4 WA TIATHE. 85 WA THRESRNLR, HET R R,

§2. HiXiES

BHhEELRE N =mn Bﬂ'ﬁﬁ‘fﬂﬁa%-
ESL Zg FF)#:% g = {QlQ = (kil/)’ﬂ = 17 )67k4 = kl - k2,k5 = k? - k37k6 =
3

ks — ki, > ky = 0(mod4)}, (8] ik

v=1

7 = | JANQ,N,1), A(NQy,N,1) [ A(NQzN,1)=0. (1)
Qé€o Q1,Q2€0,Q17#Q2

FRERES TR, FoHERE Ay T TS TESNARRAZ4BEETE. #
I, AHITF 8RS .

S8 2.1, fE 7 A k, LEA K € Aw, BERHER § € Ay, 19 gff =g

. i (2.1),3Qco B ke ANQ,N,1), 4 k=k-NQ, W k € Ay. s
o BX, AR Q1 +Q2+Q3=4p. MYjeAv A

ng;/{ = i (k=NQ) _ cian ik i T (4Q1~4p)j1+(4Q2—4w)j2+(4Qs—4u)j3) — gj];lc'

515 2.1 %91, FRASE, Av SMER SRR Ay WRIIEXIPLE, B 2 35
HERE dim(An) = 4AN® Fh BRATETLAZE R IR ST 1K B2 G HE PP LA R X405 R 50 548
Ay B5HK ms MIKA n /M ZHEA

4 Py = (1,0,0,1,0,—1),P2 = (0,1,0,-1,1,0),P3 = (0,0,1,0,-1,1), XM TH
m3 A~

P isis = 0P1+i2P2 +43P3, 0<iy,i2,i3<m—1 (2.2)

1 m® AEH K n, HASF SRS m KPR T ZEE AP 66,7 m).
B—HE, B8NPI EEREA 12 MRSKET 2, ST RBURAKE
Hj-, iX 12 /l\slzﬁ—i—:ﬁ'ﬁsﬂgqj'b%%ujb i(17 1’ 23 07 _17 1)7 i(lv 2a 17 _17 ]-7 0)7 :t(2a 17 1’ 17
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0, -1), £(1,0,-1,1,1,-2), £(-1,1,0,-2,1,1), £(0,-1,1,1, -2, 1)8], B e epdF%
%54\4‘§:, Z_\‘-)[Ujé Cl = (2a 1’ 17 170a —l)a CZ = (17 27 1) '“1) 1)0), C3 = (17 1a27 0, _la 1)
EXITH m3 A8

Cil,iz,ig =ni1Cy + niaCo + ni303, 0<14,i0,i3<m—1 (2.3)

m® AMGHEAE n A, ASFEAREA 1P+ ZEE AC im0, 1).
5138 2.2. KELEOHFRKES M, T Ay ET I E R 5

1) AN: U A(Pil,i2,i3 s, m)? A(Pil,iz,ia? n, m) ﬂ A(P€132;3’ n, m) = 0
i1,82,43=0 (i1,82,i3)# (11 82,13)
m
2) An= U A(leyj27j3’n’ 1), A(le,jz,ja’ n, 1) m A((}j1,72»73’ e 1) =0
J1,32,33=0 (G1,32,73)# (1 ,72.73)
iR, il (22) &, A(Pil,ig,iganam) n A(P'{l;i\z:{:;vn’m) T R AT =R BT m

BSR4 (J1, 52, 73) F1 (1, 92, 73), BATTRARE. BEEH N = mn, AREETERRE, 4

A(Pil,iz,,s,n,m) ﬂA(P’\ =N, m) = 0

7"1)i2)i3’
X
dim(Ay) = 4N3 = m34n3 = Z dim(A(P;, iy 55, 1,m)),
[/ &<]
Ay = U A(Pil,iz,is’ n, m)
i]aiZyiS:O
1) 34

KBBAE Cj, 4,5, € 0, WH (2.1) 40

A(Cjy jz,55 15 1) (]A(C’T G233 T 1)=20.

71,32,

REEH dm(Ay) = 3 dim(A(Cj, j, 55,7, 1)), 2) 1BHE.
RIEFIE 2.2, THESX F # £ 55087 REas@mE ey, KitE (1.5).
HARRERT £ WHT. 08 Av 9 £ EHN m3 ARANE 40 B TR APy i)
n, m) &, EATREKEN 4n® K Eh o2 HESIEERES Qn, WA

QNf — (f0,0,0 f0,0,l . fm-—l,m—-l,m—l)T (24)

BEERE k € Ay, BAREEA N HR APy, 505, 1,m) H— 5 K, HEXMER j € Ay

) j.(mﬁ+p, i) PPy iR
N iz L RLPAL PRURAINES LLFALF g o 3 N n
gjk =e'? mn =e'2 N e2n = ngil,iz,isgjﬂ'
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Miixtg gl k € Ay, (1.3) ATLUEA

m—1 m~1
— N ri1,i2,83 _ E : N § : n ri1,i2/3 2
Fie = Z Z ngf:i - gPil,iz,i_ak ng-f:] . ( 5)
i1,62,3=0 JEA(P;, 1, 15 ,m,m) 11,i2,i3=0 JjeAn

BEkEgg (1.5) Wik, KER S EEBEIN /N EAT+ T AT B 0845 5H
Fivizis Bgangesy Py, 4

PyF = (FO00 poo1 - prmolmoim-yT (2.6)

FIR A, E5E5

n . . . -
gjk,keA(Cil,iz igiTh 1) — ng keA,» 0 < 11,172,173 <m-— ]-a JE An’ (27)

N ix z] 12 13 ] 2 3 N
an jg.dz ks keA"(Cu igsiz) =€z gPh,J'z:J'ak’keAn ’ (2'8)

0 < 41,12,13,71,J2,J3 <m — L.

v _"5_11_12_33___1_2_3.
FESL S X P [ HERE T = (€3 ), G (25),(2.7) A1 (28),
MENEE k € An
0,0,0 0,0,0
Fk gPo 0,0k Z_)EAn ngf
0,0,1 0,0,1
B et PoaaeTen Gl .9

Fm—l,m—l,m—l 1
k

N n gm—1lm—1m—
ng—l,m—l,m—lk ZjeA" gjkf:j

i An3 ot £ B ngl,Jé,JS Dzag{gpjl g2 Jgk}’ it Dy = Dzag{DQLOO DOOl, .

Drbm=tm=13 "5\ Kronecker iR ), th (2.9) aIBFI0F &5
EIE 2.1. N = mn B8 HASBIER Gy AT 5

GN = Py (Tommm X) Luns) D (Ins Q) Gn) Q- (2.10)

B (2.10), FIF Kronecker FefU Mt iTH S, BIFIHEH 2.1 ] Z— iy N = Nom?
HIE L.
#it 2.1 Xkl N = Nom?, L REMERE Gy BT K5

p
Gy =<H{(Im3(i—1) ® P;,lv_r)(fms(z 1) ®(Tm mm ® I4_1%_3: m3-1) ® D_ﬁy__l)})
i=1 me m "

(Lp3p ®GN0)(H{Im3(P—i) ®Q_I1)v__{}) (2.11)
i=1 ’"

PlFEE RSN RAERR E S e TR RSN EmE O
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§3. HiEI

3.1 #Hig&E#H
PP+ DA XE A B A0, S8BT NERS R _ R E R I R R,
BN ERSEER Ay hHA. B (1.2), Ax TSRS AEANRNA N® BFAT

NEAER, BATRANTEE (m,i,5,k) Fm An, Hdtm = 1,2,3,4, il FAL
&, 4,5,k=1,2,--- N ¥R T —A4KA N P 0SSl aBddht—ia
(m, 1,3, k), BXTRLESmALER I 4

if (m==1) J=0G-1,7—-1,k—1,0—73,7—k,k—1),

else if (m==2) J=(i-k-1,i+j—-N—-2,i—N—-1,N+1—-j—k,j—1,k—N),

else if (m==3) J = (i+j—N—2,i——N—1,i——k,j—1,k—N—1,N+2—j—k),

else J = (i—N—l,i—j,i-I—k‘—N—l,j—N—1,N+1—j—k‘,k).
RZ, HENFLER (J1,52, 53,54, J5, J6), EXTRHITEA (m,i,5,k) A

if (j1,J2,73 20) (m,4,5,k) = (1,1 + 1,52 + 1,53 + 1),

else if (j3 < —1,75 2 0,J6 <0)  (m,4,5,k) = (2,53 + N+ 1,55+ 1,J6 + N),

else if (jg,j5 <-1,74 2 0) (m,i,j, k) = (3,j2 +N+1,54+1,js+ N+ 1),

else if (51,74 < —-1,j6 > 1) (m,i,5,k)= 4,71+ N+1,j4+ N+ 1,76)-
MG ERSL T F7fif B 217 1R A bR 2 [B] BT R K R

Mk A AHEFSEREAL, XA ABEEEWHE. 5 THRESMA

3.2 HiEHESY

TR AR B 1 A BT R XT BRI EFHET, TIHER A e S TR A A S R Ay 4
—EHE Ay FIRIXIR A, BDSH SR — S § = (1, Je, 3,51 — Jas J2 — 3, J3 — J1), 3
i, ig, i3 F1 k = (k1, ko, ks, k1 — kg, ko — ks, ks — k), 3 j = NCy, 4,4, + k. HATE M
THEE:

Bk 3.1 HEEE—E ) E AN PRI A k.

1 BIEEENE r LB I=Nr+1, L,b,l3€[0,N—-1];
¥ 2.

1. r1 4+ ro+r3 =4q K,

(i1,92,93) = (11— q,72 — ¢, 73 — @), (K1, k2, k3) = ({1, {2, 13)

2. r1+rg+r3=4q—1Hf,

if Iy >1lp,l3  (i1,i0,43) = (11 +1—q,72 — q,73 — q), (k1, k2, k3) = (It — N, l2,13)

elseif I3 >11,lo  (i1,92,43) = (r1—q,m2—q,r3+1—q), (k1, k2, k3) = (ly,l2,l3—N

else (iy,12,13) = (r1—q,r2+1—~¢q,m3~q), (k1, k2, k3) = (I1, 12— N, I3) (i1,12,i3) =
(r—g,r2+1—g,r3 — q),(k1, ko, k3) = (I, l2 — N, Is)

3.ri+r2+r3=4¢ 20,
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if ls<lyly  (i1,40,03) = (r+1—gq,m2+1—q,73—q), (k1, k2, k3) = (lh —N,lp—
N,l3)

else if 4 < lp,ls  (i1,02,93) = (r1 — ¢,r2 + 1 — q,rs + 1 — q), (k1, k2, ks) =
(l1,l2 — N,l3 — N)

else  (i1,iz,33) = (r1 +1—¢q,m2 —q,73+ 1 —q), (k1, k2, k3) = (s — N, la, I3 — N)

4, 71+ 19 +7r3 =4qg — 3 B,

(i1,42,93) = (r1 +1—q, 72+ 1 —q,r3 + 1 —q), (k1, ko, k3) = (I — N,l— N,l3—N)

3.3 HFFT &%

F ERTAEMER L, RATAH N = NomP WHKHE (2.11) A HEHEEIHZER F =
Gnf MR HE S 4

p
fO =(Im3P ® GN()) ]_—‘[{Im3(P—>\) ® Qm—évj}f7
A=1
m3(p— u)®P_N )( m3(p— u)®(Tmmm®I 4nN3 )

m3Fi—p)

(13- u)®D N M, u=1,-
Wi (2.11) 41 F = Gnf = . BI048 Hi0 T 8k
ik 3.2 N = NgmP it F = Gnf.
1. % Ay i AN B £ 1 m3 NI A, HEF0A R T
£ = [ {Tmsto-n @ Q@ _}F = (F167 - £™)T, 3oft £ % ANG Brra
2. BEBHE m3 A No MU B BU#E S AR 4
— (. No
Gy = (gjk )

for i=1:1:m5P

£t = Gy, f
end
cx Ciyigiig Pirgada, . . . L L.
ﬁ 3. ﬂ“ﬁ m3 m#ﬁ%ﬁ% Tm,m,m = (612 m ),Zl,lz,l3,j1,j2,]3 = 07 )
m —1.
& 4. #HA p BIEH:
for i=1:1:p
1.D o —Dzag{g 1= ombkeEA_ N

mptl—t

2 5 RN P
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3. for j=1:1:m3P~?
~i i—1ym3+1 -3
£ =D_y = (g5 )T
E = (Tnmm @I _ans__ ) *F
m3(p+1—1)
fij =P N */f:l]
mpP—?

end

end

§4. FITHEHIZ

LURARIAERE K, B AL AR, FEIT HFFT . #1 FFT —#f, HFFT
R SR M RCE R A, BRI AR D BT S, I RHEAT RS
B SRRE TR R TSR B E . % RS FFT 3T 8cRm A 1) Bt
A RHEATHEF, BIFTEH Unsorted FFT, it 4 @& 0, FHTHAL B ARE, HX
P EAGE A s AR AR 1Y 2) eIt B RS AR R T
AT 12 3) FIABMOHT CER S Out-Of-Core iR 3] #1 ERFT AR, #A'
#9147 HFFT §M T4 RIERE HOIAT 80, SHEBORMERBI RERAE. Ff,
BT T AN T 0/ B R

f (2.10) 1 (2.11) 41, HFFT g4 REREEHEKRHET, 25005 TR P A
Q. &), (2.6) £8, Py tNHFHE MK AT Hk AO, N, 1) #51H m® 4
AN A(Ciyigigo 0y 1). TR A+ TR ESR A EX RS, WA Py = Iy
SR, BEAB AN+ T AR R A AR m® AN IR 3 IEHES),
W (2.10) F1 (2.11) WTKEH

Gy = (Tm,m,m ® I4n3)DN(Im3 ® Gn)QN7 (4'1)

Gy =([ [{Tnst-» Q(Tommim Q) Laws )(Lpsis=v @) Dz )i X Gw,)
i=1 > m

P

(L mso-0 X Q_u_})- (4.2)
i=1

tEy, HFFT REE—KE2BHF, AET MPI #5284, ExtNEs MEES BT —

7 MPI_Alltoall iAH.

(4.1) BHWNERFITE, BAIUSARE: F—SRUX AR D A LA AT
EIBRUSERE Tonymym BEE m° MO EHST, EZET MPI HEHH, BEXNREK
MPI_Alltoall J8H.

®i% 4.1 HFFT W335 (R 5)

L BB SGHERER, MECA BEIR R DI B AR5
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2. AT K2 RHP.
3. THEMEAR S AT AR KRR HFFT 4.
4. SR EEFHAT HEFT 34, Sitgiid m® M ass.

§5. #{EL

A7 Linux FETH CET LT ERBATROTEE, JFfT THMESE. B 3
B 6 SR T SRR, RTRFET TR0 BTHERNYLE RDCPS-II, £
EFREN PIL1G 485, 2G WiE. FATRFPETT 973 “KMERETEIIR” AN
BRS LSSC-II, "2faiE 256 itE A, HPENWAIHAEWA Intel 2GHz Xeon 4H
R 1GB WE, MEEH AL N Myrinet 2000.

TRFARE (0,1) X ERRENLE, RAIRZERET —KIEE R — KRG
EXT PR AR HR 2.

B3I 4 Mg REN, N =2° # 3P W, SHEEEE TENESFI N6 R
729) fEAE A B ARG, 1 FE AU B s L R R L V3 log N (4 BIEE T 8 A1
27) MEER K.

K 5 RS T ERGED, SAREHPMED, FETEREEREANRE. IE
1 N =320, RESEOEELLEEES b5 MBS, BME N X, HEREN
# R HREK.

B 6 fuk 2 w1, 24 CPU #Hi 4 M8 32 48, HEREH 101.9584 BEE
T 21.9811 . HebAHbitEeta (B K HFFT #+8) BEE A it S iR M2 &R
1. ST R EAT R TR E, XA E N Myrinet B9 REERE/S, JE iR 32 dul il g
PE, MY N4E, 1T HFFT gl B AR L aiaTHE. A1 400 4
i, PN AAENEENER R, RERATER XFEEITHERK.

N=2" Serlal Result on RDCPS-II N=3" Serlal Resuit on RDCPS-II

ARunTime (sec)
RunTime (sec)

10" HFFT

3 4 5 6 7 2
log,{N) fog,(N)

B3 N =27 wi i B4 N =37 BT
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Erros atter Forword and Backward Transform N=2

HFFT

al

5
log,(N)

B 5 N =2 mra it HiREX I

N=2® 4N°=2*® on LSSC-Il (Myrinet)

* ®--& FFTForward
% *, @——=e FFT Backward
80
g
E 80
)
-3
50
40t
30k
%, 8 18 32

CPUs

6 N =2° pfii s

k1 N=2" BERRITEIREX
N BA% HEER RS
8 2048 9.09233e-10 2.67963e-12
16 16384 9.72329e-08 4.72695e-12
32 131072 1.75461e-05 1.75852e-10
64 1048576 - 7.73052e-10
128 8388608 - 4.83871e-09

%2 N =23 pi3i7 HFFT #HLETeE (B #)

CPU BN (Forward) S R At SR
4 98.6230 29.8768 68.7462
8 44.6280 13.7874 30.8406
16 30.8549 13.4633 17.3916
32 21.9668 13.2962 8.6706

& £ x

[1] E.O.Brigham,The Fast Fourier Transform and Its Applications. Prentice Hall Signal Processing
Series, Englewood Cliffs, NJ, 1988.

[2]
3]

(4]

[5]

SIAM News, 33(4), 2000.

Mitsuo Yokokawa, Ken’ichi Itakura, Atsuya Uno,Takashi Ishihara and Yukio Kaneda,16.4-T flops
Direct Numerical Simulation of Turbulence by a Fourier Spectral Method on the Earth Simula-

tor,Supercomputing 2002.

Sun Jiachang, Orthogonal piecewise polynomials basis on an arbitary triangular domain and its
applications, Journal of Computational Mathematics 19 (2001) 55-66.

Sun Jiachang, Multivariate Fourier Series over a Class of Non Tensor-product Partition Domains,
Journal of Computational Mathematics 21:1 (2003).



314 S EHLN R 2004 4

[6] Huiyuan Li and Sun Jiachang, Generalized Fourier Approximations on Hexagons Based on 3-
Directional Partition,The Annuals of RDCPS, ISCAS, 2002, http://www.rdcps.ac.cn.

[7] Sun Jiachang, m Dimension Fourier Series over Domains wiht m + 1 Direction Mesh, The Annuals
of RDCPS, ISCAS, 2002, http://www.rdcps.ac.cn.

[8] Sun Jiachang, Generalized Fourier transforms over parallel dodecahedron domains, The Annuals
of RDCPS, ISCAS, 2002, http://www.rdcps.ac.cn.

(O] FxaE, Beark, FAINLHRELORERBMIHER, HHEHE,  26:3 (2004) 351-366.

[10] Sun Jiachang,Shi Xiquan,B-splines on 3-D tetrahedron partition in four-directional mesh, Science
in China, 44:4 (2001).

[11] Izidor Gertner, Martin Rofhert,A Parallel Algorithm for 2-D DFT Computation with No In-
terprocessor Communication, [IEEE TRANSACTIONS ON PARALLEL AND DISTRIBUTED
SYSTEMS, VOL1, No3, JULY 1990.

[12] Parilama Thulasiraman, Kevin B.Theobald, Ashfaq A. Khokhar, Guang R. Gao, Multithreaded
Algorithms for the Fast Fourier Transform, Proceedings of the twelfth annual ACM symposium
on Parallel algorithms and architectures, 2000.

[13] Thomas H. Cormen, David M. Nicol,Out-of-core FFTs with parallel disks,ACM SIGMETRICS
Performance Evaluation Review, Volume 25 Issue 3, 1997.





