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ZBPIAF kL4, L PR E T —H AL FGauss-Seidel & o # 89 1% & & & 9PIAH
#(GSTS-PIA). A&, A &FME K LT H G £m2; KB, i@ idGauss-Seidel B 4 3
FEMET B AR R 69 R A2, RG, RIBRB R I 0HTE, KA e
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ARaE. Gkt —Bu o, M ohiX — in) B & s ARG T iR 2 AL Hoh ) ek AOE I
% (progressive iterative approximation, PTA ) i iz 1% A 1 423 i) 0T A, A8 sl — 4 ith e 5l ity D
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RGN F P BT T B LT 2 R 46, Xt S Gl i 8 1T 7 vk i — AN E B % 12 PIA 57 A
HANEEAE . BB Sma, Bar O AT UAME T UG AEHE  Hos R 46 S5 U P-4

Wk H HA: 2024-07-04 &5 H#: 2025-05-29
*EIREE, E-mail: gqiangian_hu@163.com
BETH: EFEAREIEHS (62272406)



380 SRR R T F IR A0 FEAMA

19754, FFAR MBI T 345 = IRBREZ B 10 B 5 18 IS, 19794E, de BoorlSI44H T
HU SRR . B S, LinZelgix — A BRI 5) = RBRE S i 2k il T, 20054, LinZFBlE
BT AT VA — 6 A IESE (VR & il 28 B T LA [RIRE (e, DR B 2 it I A . ot
Ja, BN AN R T 2 RS A PTAAE 2RO 101 b dn 51 N AR -7+ 3k 2 vy Wi S4c3de 7 (14 n AL 4 32k
1 ARE I (WPTA) T LA 58 K R 1 14 JR) 3 7 b i85 A8 I (LPTA) 8] i 4k B2 K 7 % 4 40,
A 10 A ) s B it 1% AR I (LSPTA) MOV 1 vy B X oty 28 i i 28 728 280 11 o b i AR
T (TPTA )20, ] Catmull-Clark 4 43 FI#3EG AR I Y DL T+ i 2 i T 6 5 ) 4 ik 1A CE
i (Fairing-PTA)1?2],

b Tk B FHVR B ffT T, G 3R R BT DA AR B AR B A TF SR R B i TR AL DR ok, TR %
FHPTAME B AT DA [ AR e ) S5k B AR & i, HoA% 407 102 0 i 3 B ME B 40 B 10 510K o R
s HEA R A &, R FH Kronecker FR 48 il T A PTAIE A NEE A N I . X Fp 5 vk B4R
fal LB T, B T4 AR, (HIEAE sEbrig b, R B Kronecker AR () i1 SRl K, 18145 12 5 ]
B, R AR AR AR AR S A 1) R b ) RO B A A, Wl iR X AN ] R
R, A E, PTAJT 25 Al 40 8 3R Al 28 4 05 F2 41 A Richardsoni% A 509223 éé;ﬂi%ﬁ/{:ﬁ@
FiJacobiik iz Gauss-Seideli% 0% SORIEAIEL A, n Skt 3 T 45 B R IR 7 i ft &
) {1 T A PTA SV oy a] 45 2508 4 A F Kronecker B, 1158 2x 18 M. 914, XU = IR B 5 i T
ff1Jacobi-PTAH %At 2 5 THFE HFEAX B = CHiJacobizr 3, i b —AMkast A 7 mif3 2104, )
& T THSS-PIA 5 ¥ M 2 7E Hermitian fllskew-Hermitian 2> 24354 i 2Ll 45 31 1y 125],

ZH L\ B R R B4, 1B % T Gauss-Seidel 7> 24 77 1ER6) X4 [E T FRAX B =
O I R MR AR By B AT 2 05 5 0 34, I 5 WPIAJVEMSE &, A CFR T —FHRG
HH T I GSTS-PTIA T 5. R T A3 Mz i et R Kronecker B 5, #5358 2 b 040
W 2k 5 s s A X, UEBA T E g AR A i 1 o T P 1 S8, I FLHL AR o T 4
S B AL SEERAE R W T2 VR R

§2 VR4 M GSTS-PIA S

8058 — AU SR Quy YTor oy, RHENER QT F S HUE (us, v)), FFAE
U < Uz < -0 < U, V1<V < - < Up.

AT ARAE L S R b i A, 5 AR 7 2O SR R i Qi 1Ty I A AR BRI AR R ) T

0 1, 1
B Pyl

_Qljvi:1727"' mj:15277n1
Pi((?)—P(O) PO =PO P =P PO =PV =12 mj=12n

11 27 4,n+41 i,n ) 17 > m+1,5 = * m,j5>
0 0 0 0 0 0
P(go) = Pl(l)’PO(,errl = Pl(,rzvpr(nJ)rl,O = Pr(n)lvpr(nJ)rl n+1 — Pr(zg,)m
MR 3 — 5K W a6 V6 i T )
m+1n+1
(O)uv ZZP(O)B )1 S U< Uy, 01 <V < vy,
=0 7=0

H{B;(u),i =1, - ,m}E—HmiX 4 IR A (normalized totally positive, NTP)3E g ¥, ix
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HEESHI N ur < ug < -+ < up } EHIECEFFE )y

Bl(ul) Bg(ul) e Bm(ul)
Ay = (Bj(u)) i<t a Bl(.u2) Bz(.uz) Bm'(uz)
Bl(um) BQ(um) t Bm(um)

K felith, nIANTPEREB;(v),7 =1, ,n}HE{v; <wve < -+ < v, } ERBECEFEFE N
Ay = (Bj(v3)) i=1,...n -

=1,..., n
3705 OB SN I i S A A ’
1 1
B1 = Al , BZ - A2 . (1)
1 1

RS TEAR 1 T4 2 A2 3 ) T A A Py Yo 09 2 T 4 0
B{Qu Ty HeGRIIPTA T 1 2 R TR EL M A AR R 1 5114 )

P =[Poo, P, » Pmt1.0,Pot, - > Prt11- > Pmtint1] s
7= [Q00,Q10," ", Qum+1,0,Qo1, " s Q1.1 » Qg 1nt1]
BRI, #H HTPTA 77 72 H B IC B B 52 By A Bo i Kronecker £, HJJ
b= By ® By,

H @ RKroneckerAR, 4 T (PTAL A 2R 4k vl 2 % =X
n* = q—bp®,
P+ ) 4 ()
R 0 T BT SR B I Kronecker B TH B R OK. A T 3 FaKronecker B [ 1 5, AR SCHE
IGSTS-PIASLIE & & TSR RE, s th kAR N AERE 2R, A R kN g
HE
X (1) 78 SCHIRC B B By HEAT 1 T Gauss-Seidel 7352

B, =L, - Uy, (2)
Horp
1 0 0 0 0
0 Bi(w) 0 —Ba(u1) --- —Bm(u1)
0 Bl ('LLQ) BQ(UQ) 0 e 7Bm(U,2) 0
Ll = 7U1 = . . . )
0 Bi(um) Ba2(um) - - Bm(um) 0
0 0 s 0 0 1
et XF BY 34T 40 F Gauss-Seidel 73 %4
By =Ly — Uy, (3)

FLARSERE Lo, Us )8 SCRAL(2) W Ly, U
SE SUTFEX )ik 2R f,(X) A
X)=T+X+---+X" (4)
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HA 25 X FIF A A . 25 (2) A1 () IMAERE L, Ly R AE7T 71, A4
My = fr(G)LTY, M= Ly'fo 1(Ga), (5)
Ho %, n(4) e X, H

Gy =L{'Uy, Go=U,L;", (6)
SHr, sRAFFHREG FIGo [T 2420 2
(p"(G1) +1)° + (p°(G2) + 1)* < 4 (7)
FA 1 HE 5
B, SHEAEEE RQ,,, T L) 2 ) & 7
0 = Qi — SO (ui vy, i = 1,2, ,m,j=1,2,"
{6(0) - 5}(1(1)’5}(107)7-%1 - 5 0) }h 1»{5 ol — 5 11 75m+1l - 5 l}l 15
5(0) = 5(()O’I)L+1 552)“ 0= 57(1311 n+l — =0,
¥ B s B R N

60 =@ - B PYBY,
HHF By, Boin(1) PR, Q = (Qz‘j)z‘_:o,---,erl = PO RY 5 HHE SRR,

=0,---,n+1

J
P(k) — (Pz(jk))l:() m k= 0, 17 e
§=0,,n+1

72 555 R RIS TR 110 42 | T A0 ) R P R
BRI, SHFANMEBITI AP, Mk 3L 0, 36 4oR BUBREE
AO=p7, 6O 0y,
FLArFERE My, Mo n (5) B € S, A BT ) sk A 1] Tl i
PM=pO) L AO)
AT AR BSR4 VR 5 T

m+1n+1

S(l (u,v) ZZPl)B

=0 7=0
ALl BB R UCIEAR S 13 30 5 k%A R T Fo R i T A PO . AR 1% 0H% 30
6" =Q — B,PY BY
A® = 65 M, , (8)
pl+1)_ pk) 4 A(K)
P aE e, Motz (5) BirsE X, WSS E + 1k kAR w7

m+1n+1

S+ (4, v) Z ZP(k+1)B Bj(v).

i=0 j5=0

T AT R IEARI R 0T LA AN T80 { S (u, 0), & = 0,1, }. FITAHE T
FE AR CSAITY, H ELHLBRL TR T S 5 Qi Y T
8321 EHBYr = s = LHR (T, SRR E)BILN
P = P® 4 171(Q - BLPWBY) L, Y,
EASCRR[26] T e, b 2 B 2 SCHR[27)35 M Gauss-Seidel-ty peits Fo B0 [ 2 A4S 204 I 2
TR, EEER T, BN B = s = VRTEWE(T). BAWE, Wr, &8, 5%
2 (7) NIk,
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§3 GSTS-PIARL VLU Sl 43 #

513E3.1028  FAEFEART — GHBAER 5, I AAFEME— I FER W M NG, 113
G=WgNg, A=W;'— Ng.
KA WeRAEA TR, FRA = W5 — NoRIEFEABGH S H 5 2L

31383.2029-39  KroneckerfH A L FPER1)-3).

CHIMEEA € R™™ B € R™", C € RV"fIX € R™*", 4
1) vec(AXB) = (BT @ A)vec(X), H 5 Foec(-) &l i H B S50 B 1 518 50 B4 3 1R 1) 51
Ep=#

2) (A® B)(C ® D) = (AC) ® (BD);
NN @A+BT®@I—-BY®A) = {\ +p; — Nipj|\i € MA), pj € \(B)}, HApNFIRIERE 3
£.

51383.3  HFEG MG 1(6) 1 X, #HAFR(T)AL, W4pm(Gh) < V3 -1, H

p*(Gy) < V3 —1.

W BT Rp(Gr) > 0, p(Ga) > 0, HApT(Gr) > 0,p°(G2) > 0, HZHr, s/
RARER(NEREL, W (G) +1)? > 1. XEaRER(T), THH(p(G) + 1) < 3,
Blp*(Ge) < V3 — 1. FHEANE"(Gy) < V3 — 1.

SIFE3.4  #E (1) I B MR By M Bo AR AE A 10, H B Ao R A AEE, 7 HAr
FEN1, Ny € Nt {1524 > Ny, s > NoltF, #H(6)E XIWAEREG MG IS A2 2 (7), 44
AFAEME— B RE FEXT My, Ny FIM o, No, 4§15

By =M;'~N;, BI=M;"— Ny, (9)
PR RE My, Mo (5) BT e .

WE HFHEMEB M ENALICRIEE, BAHQ) DB T =AML AT R, ORI
TEN; € Nt M > NI, FEFEG RS 42002 (7), iRIE 51 #3.3, Hp(GY) = p"(G1) < V3—-1<
1, IBASERET — Gl idi. X RNHERE By AR 7T 1), IRAE 51 383.1, FRLEmE— MR REX W, Ny, fiff
3

G1 = W1iNy, (10)
1M1 G 175 5 AR BE B R0 2N
By =W;!'— Ny,
How, i, th(10)3 31N, = WGy, KA G
By =W NI -GY).
NI EHEB AR 5, TRA
Wi=(I-G)B'=(I+G1+--+G (I -G1)B; " (11)
T Ly P30, AR (2) MG € X (6), T B AERE By il 7R ik
By =L, —U =Li(I-Gy).
¥ RN (1), 153
Wi=T+Gi+ - +G ™ HLTY = f_1(G)LTY,
X LR R R S, W (4) P 3L, I W 345 T (5) e SCIRIM
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AU, ARHESIHE3.1, FEXSRERE By, A7 AEME— RERERS My, N, 15
BY = My ' — N, G35 = NoMs,
bR Mo T, i (5) 9T 5E 3, GofI5E LAn(6) Frs.

EI3.1 A w (1) MR B 5 FE B B # R dE AT 2 1, HEX Mo RwMIES, I HA7
ENy, Ny € Nt 15 r > Ny, s > Noith, B(6) % I REG fIGo B3 1235 2(7), AR
P A 2 (8) L B T F 5 { S ) (u, v), k= 0,1,--- }EUELI, H e R PR i i 6 1 1 $oE
‘5{ng}£?le

HE ORI IEAHE T (8), T DA B 55 kg A 45 1) TR RH B K+ LIRS A1) 42 1) T Rt 2z ) 7
KA

pHY = p®) 4 M (Q — By PW BT ) Ms,
o My, Mo n(5)Fw, BT RCE AR FE By fl Bo 2353 7 1, 84 b ] ol 'S i
PO — BrQ(BY) T = PO — BIQ(BY) T — My By [P — B'Q(BY) BT M, (12)

CHIMFAEN; € N, fE5 Yy > NI, 41(6) @ S FEREG I3 42300 2 (7), AR 4 5

FH3.A, FEAEME—HEMERT My 5 Ny, I AR By 4y B (9). SURHE(10),
MBy = My(M{' = Ny)=1—MN, =1-GY,
[F 3, AT LA
By My =1—-G3,

Forpnl R B My, Mo i (5) B e SC. K DA B RIEHRON (12), 152

POHY — BrQ(BY) " =

PW - BrlQ(BY) T — (1= GpPW - BrlQ(B) (1 - 63) =

G P + POGs - GiPN Gy - GTBIQ(BY) ' - B'Q(BY) Gy + GiB QBT Gs.

N T 7 A E B iR AR R S, R 51 B3 29 Kronecker B I PE 1, Hvec 44 13X
FRRE R 3 S g el 3

p) —(By' @ By g =

Te6i+(6)" el -(G3)" o™ - By @ (GIB )l - [((G) B @ BT g +

(@) Bz @ (G174,
HpeE RKroneckerf, p*+t1) = yec(PFHD)) ¢ = vec(Q) 4 & X i PEHDRIQRI FIl 7] 3=
RNIER.

FR¥E 5| BE3.29 Kronecker R MR R 2, _F 20 A] ot 5 Al
p* — Byt @ B)g = D [p® — (B! @ By Vg,
Horh DR R
D=12G+ (G " oI—(G3)" ©Gy. (13)
A FIREARAR, 7T UEE
p* Y — (By' @ By g =
D2 [p* 0 — (B @ BrYg| =+ = D B0 - (B 9 BT 0 (14)
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R4 51 3.2 Kronecker A 1 513, H1(13)5E XA RE DI S T R m A
AD) = {N + pf — A il € MGr), iy € MG2),i=0,1,--- ,m+1,j=0,1,--- ,n+1}.
T
AT+ 15 = N3] < 0 (Gh) + p°(Ga) + 4T (Gh)p*(Ga),
DRI b, SARHE B D1 1% 42006 A2
p(D) < p"(G1) + p*(G2) + p"(G1)p*(G2).
WIEEAERN, H
" (G + [p*(G2)]* _ [ (Gh) +1° + [p*(Ga) +1)°

p(D) < p"(G1) + p*(G2) + 5 = 5 L,
NHREG MG IS4 2 (7), 456 B, PTAIDRE A 2p(D) < 1, H
lim DF' =0,

SO (m + 2)(n + 2) W EIFE. 5BV Sk — oo, (14) B
p>) = (By' ® By ')q,
AR
P = BrQ(BT) .
R PO BRI B, X BT = QUONR. il PO (8) A ety BT 1S (o, v),
b= 0,1, VR, L MR TR I T 50 4 Q).

§4 S

AT AN B AR 249 SR 36 31F A S0 H B GSTS-PIA VA Bk, 54 #PIAB!, Jacobi-
PIA(JPIA)M | JNAPIA(WPIA) T RIGS-PIAB-32) 5 JU it 7 vE 3E AT LU 82, i B0 S 96 7 %2
HiIntel CPUAL 2 %%(1.80GHz, 8GB RAM, i5 64-bit)IPC I i& 47 Matlab R2019a5Z 8.
FBFE 45 5K BRI Bernsteind o $ #8 R NTPIEB3 W = YRBFE 4 il 1 A1 5K & A Bézier i 1 2%
67ij) ’i:O,l,"' 7m+1aj:0a17"' an+1}7
ﬁwl@f%%ﬁ%ﬁ@)EPM’C)E%\%%ﬁ, HaHCR) L RAFIE 4.

AT A RS BN S B BOE R TIPTASE A8 5 kM e Bz kK
2B RN QIS E v v, 13 5

1 1 . .
uzzfg ti,j»vjzig ti,jv'L:]-v"'vmvjzla"'7na
n 4 m <
j=1 i=1

Ek = max{

Horp

1Qi; — Q14|

t; =0t =ti1;+ =m ’
Lj \J WS Qi — Qi

AT A EIA R, R 2 TR SR RN = {a e, Sk

ai+2:ui7 12172a ,m, (15)

i=2,--,m,j=1--,n.

Hiug = 11 =ty = U3, Utz = Umts = Umia = Umis. HAFEYV = {@};ﬁgﬂ%@ﬁ%ﬁ

f514.1  H4x 3k Bézier B LA 5 x 450 145.(1,1,1), (1,2,4), (1,3,2), (1,4,2), (1,5,2), (2,1,2),
(2,2,2), (2,3,3), (2,4,6), (2,5,4), (3,1,3), (3,2,2), (3,3,4), (3,4,4), (3,5,3), (4,1,4), (4,2,6), (4,3,1),
(4,4,1), (4,5,2)0141.
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4.2 FHXU=RBFES Ml LA Bar-cut B FSRAE 921 < 204N WXRS Hicdis 121,
514.3 X =RBEES T 4L & M — 5K Tranguloid-trefoil i T _E 3 5) K REFS 3121 x 314
W B dl o, M0y 12
x = 2sin(3t)/(2+ cos s), (t,s € [-m, 7)),
y = 2(sint + 2sin(2t))/(2 4 cos(s + 27/3)),
z = (cost — 2cos(2t))(2 4 cos s)(2 + cos(s + 27/3)) /4.
fla.4 X =RBEES I & Mannequinfsi B REEI161 x 1214 Rk Hdis 10,
f#14.1 Bernstein i i U2 NTP R B3] i T4/ Bernstein i ik £ 2
Bi(u) = Ciu'(1 —u)* ™" ,i=0,1,--- ,4,
E—[U27U4] € (0,1), )UU(D%)‘(EI’JEEE%E[‘E&EPTT:%%BZ(uZ) = Bf,l(’ui) >0,1=1,---,5, BBy 1)
EXFALICRERTO0. A, wE() R IEERE B =X AT R B R T0. &l = s = 21, %
PE(T)I . BT, 4175 A e 331U
f14.2-914.47F = RBREAIE R R NTPEEDBS ) W ARAE (15), Bl BHFE B I EX Mkt R
521, By(ug), Bo(ta), -, By (time2), 1. TRIGBAE % 0R B0 Jm 38 SCHE R AN AR G, L 300f M 2k
JCEB;(tig2) >0, i =1,--- ,m. [RIEL (1) 8B FEB I EXT LG m WA IE. B S
Hor = s = 10F, %40(7)i 2, GSTS-PIA T iRIB AGS-PIAT V. IO, {914.2-4.45F 6 BE3.11
WSk okt
F GSTS-PIAFIE X514 1- 11 4. 4/ B8 sUdkAT 005 1 45 R an B 1- B4R, b B (a) 2986
IEAR T, [ 5 RN R A EE A, B (b) R IEAR 10K IHLA #hTH, (o) R IEFIREUE 1 < 1071211
PR PRADE T, P (d) 2 DA IE AT R AR R BIAREOR BE L x 10~ 2T &R AR B S G 1R Z 1 5%
AEEHE, AR RS BUREZ . MWEL(D)-E4(d) T LA R A B, GSTS-PIAK L FT 1%
ARUREBE I B> T HAD=Fh 5%, M = IRBE & T4 B, JPTAFIWPTA 75 1 i (AR
Ve i ER
RGPV T AFIEARIRECT WA 7L A R 2, F14.1-014. AR WIER 1R Zeo 7371 H2.4893 x
10° , 1.8916 x 1072, 2.9175 x 1071, 6.1956 x 1073, FEAH A K&K BT, GSTS-PIAJT i)
AR ZERDN, WHAM=F 750G R EE NS D ER. R T EARRE
¥ T, FIPIA, JPIA, WPIA, GS-PIAFIGSTS-PIA J7 2400 & 15114 1151 4. A/ 508 o5 BT 75 135 AX
PS8 AT N R G847 1000 T 38). W RUE HH, #2122 15 B AH [F RS 2R, GSTS-PIAT; i i %
HER R E A D, I HIgATh [ fe k. BT 94.2-614.47F GSTS-PIA J5 V2B N GS-PIA 7 ¥,
BAT s R P 75 9 PR IR AR IR SR A0 A iR 22 AR ). 23R ZE K BE AR B x 1077, 4. 1rh AR ST 5
7 B AT I T A 2 S PTA J7 74 193.36 %, JPIAJT V% H112.66%, WPIAJ7 % 1116.45%, GS-PIAJ;
EI76.92%. 4R 7RG FEIA B x 107120, 14.2-4.4 7 AR 3L 7V B 7 I8 AT I RN R £
HPIA T ¥ 100.53% ~ 34.21%, JPIAJT ¥ 134.71% ~ 44.39%, WPIA 7 #10.93% ~ 45.05%,
GS-PIAJIVERIL.0T% ~ 68.12%. it—3, 9 T R ASEr M X FIRRREm, R34 H 1 RN
FERT x 107121}, GSTS-PIAJVETEAF S50 Als T BT 5 (IR KBS 12 171 18] (J2 4T 107K B
). FTLAE H, BEEr AT R, AR B D, BISAT I 8] JF R R4 i, Ui S Hor Als I
JEME R 12 T S B s 38 K AR IR TS0 B2, H 2 Hak AR &R 2, S 80X
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IEACHITH SRR N,
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10° T T
—A—piA
—+—JPIA
—&—WPIA

102 —%—GSTS-PIA| 4

10
o
10°
10712,
10'15 L L L L L L L L
0 20 40 60 80 100 120 140 160 180
AR UL
(c) HE33UKIEA T (d) BRUEB G RERRE

K 2 FGSTS-PIASLIFA A4, 2504 s ()34 i ThT AN 22 il 28 b s

(a) HOVIEAR T (b) 5107 LA i
10° T -
—A—piA
—+—JPIA
—S&—WPIA
102 —%—GSTS-PIA|
10°®
o
10°
10712 L
1071° - - - ; - : :
0 20 40 60 80 100 120 140 160
IEARUEL
(c) #38ucikACH (d) IR HERERRE

K 3 FIGSTS-PIASEIFA G 14, 3% w32l 11 A1 72 il 28 A1
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0.6
(a) Fovik i (b) S510VAEARHH
10° i i
—A—PIA
—%— JPIA
—6—WPIA
10° F\ —O— GSTS-PIA| 1
10°°
0)
10°
10'12 L
0.6 1015 : : : : . - .
0 20 40 60 80 100 120 140 160
AR B
(c) #3220 &AM H (d) EARRB S RERRE

K 4 FGSTS-PIASLIF AU A1 4. ABHRE ri (K384 il T AN 22 il 28 b A 1
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B R R EF TR

4045 554

F 1 ARIEREC R F14. 101 4. ARG iR 72

S WiRES €10 €30 €50
PIA 8.3882 x 10~1  5.0690 x 10~ 3.7855 x 101
4.1 JPIA 9.0212 x 1071 2.1191 x 101 5.0446 x 10~2
WPIA 6.3269 x 10~1  3.2412 x 10! 1.6439 x 101
GSTS-PIA  3.3778 x 10~%  1.2285 x 10712 6.2804 x 10~16
PIA 3.6666 x 10~ 1.0950 x 10~° 8.5431 x 10~ 7
#14.2 JPIA 2.8170 x 10~*  1.7806 x 10~6 1.6578 x 10~8
WPIA 2.2191 x 10~%  1.4490 x 106 1.2985 x 108
GSTS-PIA  2.5156 x 1076 3.2528 x 10712 7.8505 x 10~17
PIA 8.9082 x 10~%  7.6092 x 1076 5.8546 x 10~7
#14.3 JPIA 1.4456 x 1072 4.9482 x 107°  4.8054 x 107
WPIA 6.5810 x 103 2.8150 x 10—° 2.6798 x 10~ 7
GSTS-PIA 24560 x 10~*  7.0610 x 10~ 1.0175 x 10~15
PIA 1.2114 x 10~%  4.8749 x 10-%  3.0211 x 10~ 7
4.4 JPIA 1.0672 x 10~%  5.5585 x 10~7  5.1799 x 10~?
WPIA 1.0365 x 10~%  5.2579 x 10~7  4.7776 x 10~
GSTS-PIA  8.0940 x 10=7  1.9992 x 10~'2  3.3537 x 10~16

R 2 AEAFNRZENGEET M S P 5 ISR S 18 47 I 8] B

. L 1x103 1x10—° 1x10~7
gl TR yPTR——— YT E——

YA A (s) WE BRI (s) kBT INIED(s)

PIA 395 0.0121 662 0.0191 929 0.0298

JPIA 105 0.0054 169 0.0060 233 0.0079

4.1 WPIA 200 0.0073 334 0.0104 469 0.0155

GS-PIA 25 0.0007 38 0.0008 51 0.0013

GSTS-PIA 9 0.0006 14 0.0007 19 0.0010
1x10~7 1x10~10 1x10~12

Y L (s) YREL WL (s) VB Al (s)

PIA 69 0.0105 128 0.0175 166 0.0210

JPIA 43 0.0062 73 0.0103 93 0.0133

4.2 WPIA 42 0.0064 71 0.0100 91 0.0124

GS-PIA 15 0.0042 25 0.0057 33 0.0069

GSTS-PIA 15 0.0023 25 0.0038 33 0.0047

PIA 64 0.0168 120 0.0234 159 0.0266

JPIA 58 0.0117 88 0.0188 109 0.0205

4.3  WPIA 55 0.0152 85 0.0164 104 0.0202

GS-PIA 20 0.0103 30 0.0150 38 0.0195

GSTS-PIA 20 0.0050 30 0.0087 38 0.0091

PIA 59 13.6659 113 25.6983 150 36.4984

JPIA 38 0.2631 68 0.4310 88 0.5558

fl4a.4  WPIA 38 9.4997 67 15.9326 87 20.8493

GS-PIA 13 8.4838 24 13.8064 32 18.0154

GSTS-PIA 13 0.1132 24 0.1638 32 0.1929
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* 3 TEAFAr, s FGSTS-PIA VAT 75 AR KB 5 18 47 7] Ll
#14.2 #14.3 4.4
"% B Wll(ms) KE MEI(ms) B W) (ms)
1,1 33 6.4394 38 10.0155 32 217.6481
1,2 22 5.2158 25 7.5891 21 165.3351
2,2 13 3.8350 14 5.4056 12 124.9828

2,3 10 3.3116 12 6.7277 10  111.4896
3,3 8 3.0477 9 4.2983 7 89.4204
3,4 7 2.8847 8 6.1720 7 94.3524
4,4 6 2.8135 6 3.6860 5 84.3101
4,5 5 2.5974 6 4.4231 5 96.9931
5,5 5 2.6835 5 4.2302 4 88.0025
5,6 4 2.5168 5 3.2287 4 81.3321
6,6 4 2.5441 4 3.2467 4 83.5687
6,7 4 2.6323 4 3.6730 3 75.8459
7,7 3 2.3876 4 3.8189 3 76.3972
7,8 3 2.3414 4 4.0158 3 78.6261
8,8 3 2.3636 3 3.1334 3 77.1841
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Improved GS-PIA algorithm for blending surfaces
HU Qian-qgian’, DONG Wen-qing', YAO Zhen-min', WANG Guo-jin?

(1. School of Statistics and Mathematics, Zhejiang Gongshang University, Hangzhou 310018, China;
2. College of Mathematics, Zhejiang University, Hangzhou 310027, China)

Abstract: The PTA method for surface fitting usually transforms surface fitting into curve fitting
by vertically stacking the columns of matrix. It needs to calculate the Kronecker product of the
matrix, which has the disadvantages of large computation and long running-time. In order to avoid
the calculation of the Kronecker product, a new PIA algorithm for blending surfaces is proposed based
on Gauss-Seidel type splitting (GSTS-PIA), which combines the improved Gauss-Seidel method for
solving matrix equation with the classical PIA algorithm. First, the difference vector is calculated for
each fitting data point. Then, the difference vector for each control point is calculated according to the
Gauss-Seidel type splitting matrix. Finally, new control points are obtained by the difference vectors,
and a surface for fitting the data points is generated. Theoretical analysis proves that the limit of
the surface sequence interpolates the given data points. The experimental results of fitting scattered
data points or sampling points from regular surfaces with different blending surfaces demonstrate that
compared with the classical PTA algorithm, the GSTS-PIA algorithm requires an average reduction of
78.30% in the number of iterations and an average reduction of 80.96% in running-time under the same
fitting accuracy.

Keywords: progressive iterative approximation; data fitting; convergence rate; blending surfaces
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