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i GCD 8% GPGCD DERFHZBERNDILIER
GPGCD, an iterative method for calculating
approximate GCD of univariate polynomials,

with the complex coefficients
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"~ Abstract

BRI, ThETIC, 1 EHEERICHNT 2354 GCD OREERTHS GPGCD A ERELTWVA.
Zhid, BANEBEXBIUREICH L, TR /N SBEIZMA 5 Lick D, 52 bhi=REK
D GCD BEUZFDHORBEVERDZEETHS. GPGCD HiElZ, 52 5h-MEEHK>2E/ME
MEICRE XY, h%, ARHEEO—BtO—DTH 3 MEF Newton ] LN 2 KEEE TR
(EDTHS. BT, GPGCD EEDANSERE 2 HOEEMRE 1 TESERICH G T S-ES
BET 5.

Abstract

We present an extension of our GPGCD method, an iterative method for calculating approximate
greatest common divisor (GCD) of univariate polynomials, to polynomials with the complex coeffi-
cients. For a given pair of polynomials and a degree, our algorithm finds a pair of polynomials which
has a GCD of the given degree and whose coefficients are perturbed from those in the original inputs,
making the perturbations as small as possible, along with the GCD. In our GPGCD method, the
problem of approximate GCD is transfered to a constrained minimization problem, then solved with
a so-called modified Newton method, which is a generalization of the gradient-projection method, by
searching the solution iteratively. While our original method is designed for polynomials with the
real coefficients, we extend it to accept polynomials with the complex coefficients in this paper.
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BIRIRITAZ NG & T HREEHE GELE) KB\ T, 8 - REMSEER, 80, HEZEH TV

5. BT, IEUBETHE, 72bb5, 51 5 REBEICIGRBIBERAEE LEVH, ZOE/HIC, R

BHBERZ & DL ONFEE LIBAIC, 2O 5 RBMBFRE L DOFRE, & EOFRN 5 OEBE 45 XL

INECRELGDORRT B & 5 BEER, HEROFERBOBEENEAFTES L IIRETHS X5 %k,
R NEGFBB RN E ORI, SHERBNFEZEAMEZLOL LT, B ffEh T3,

AT, EEUREGETE [20] OFHEE LT, BLEALMT (GCD) OMEZIRD EF3. chii, £H

RO (RNICIIEWVICER) &, R dHEZ 5N L&, 55 NZEROBBIESZMZ, d X

D GCD ZH DX I EREHRL, ROP-72GCD %, 5X 5Nz BHEADMEL GCD EMERLDTH 5.
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JELL GCD i, SELREG EOPTERLE L H S ERICHEMTON T E BN —DT, TNETIC
Ba nEEMERINTED, Thbohicid, ZERFRY (PRS) IcE3 <R ([1], [12], [13]), Sylvester
DRERITRIDERES R (SVD) I3 B (3], [6]), Sylvester DRAERITHIO QR AR ED < Hik
([4], [17], (19]), Padé SERICETD Bk (9], B#LEcBEICRE (Tsk) 48 BH5. Eoic, @A
DEZMERIEICHTT B ([4), [11], [21]) bEBREINTVS.

FETIE, Th 50T, JEE GCD ORISR SO & By IMURIEICIRE ¥, REME TH S suli{kikic
209 5. BEtEREVEERFEOER T, Levenberg-Marquard # [2] % Gauss-Newton ¥ (18], Hi&(E
5% FVW =B/ N RiEO—FTH S STLN i (Structured Total Least Norm) ([8], [7]) FMHWVENT
B, B, BERRE NIz STLN #IicED CEEE, 3EM GOD 2182 DICEY 5 (R ORE Z/h& <Hl
Z5RTHEEEZEDHTVS.

aiz, THETORET, GPGCD EMHEh 2 REEERIRRE LK [16]. Thid, 5 50z GCD Dat
BRE A H O E BECREICRE X &, ARREBEO— L BT L0TE 3, Hilt ([14], 22,
$ 4 ) I & BHELE Newton 2V TRFNB/MREZERT 5 6D THS. KBRERTIE, STLN HicE
SEERE L ARBEOBETIEL GCD ZHRTE, hOKBEHRILVIHSNE T ZRLI. ThETIC
BRULERR, 2 DOEEKSEADRL GCD 25HT 3 6D Th > b, AR TId, GPGCD Fik% 2
DDEEFBRSERICHIG S BT HRRIRET 5.

2 AU GCD AL >EFRIMEBENDRE
F(z), G(z) R ERFH 1 ERSERDOMEL L, XA TEA5N5EDLT 5.

F(r) =z™+ fm-12™ 4+ fo, Gl@)=2z"+ 12" + -+ + go, (1)

T, m>n>0&L, FLGR—RCEVICETHZ LTS GANREd (klELn>d>0)
IRL, F(z) & G(z) DRBICEBIEMX 3T 2ick b, XRD X5 7% F(z) & G(o) ZRIAT ST L%E
Z5.
F(z) = F(z) + AF(z) = H(z) - F(z), G(z) = G(z) + AG(z) = H(z) - G(z). (2)

T TIZ, AF(z), AG(z) i, —RICEZFRBEX T, REDZNTN F(2), G(z) DRBEBERAZNE S %
SIER, H(z) & d RO (—RTHEERE) $ERT, F(z) & Gz) BEVICKLTS. X (2) 2HET F, G,
F,G HAstEENL % H%F L GOEBGCD LR, AR TR, BXASNIRBdICxL, B8
D/ WA ||AF(2)|2 + | AG(@)|2 £ AR PEREDD, F & G D d RDEM GCD H ZHRRYT 50
xRl

F(z) & G(z) D k RBHIRERE S (F,G) TRT. BERX F(z) & G(z) BdRD GCD 2L DL &, #
SERERDOERID, F L GDd -1 XBHERNT0ICFLLES, §4bD

Sd—l(pa é) =0



DRDIUD. TOLE, FLGDd-—1XERESERITHI

fm 9n
Ny 1(F,G)= | fo fm 90 gn | >

fo g0

L S —
n—d+1 m—d+1

R 3) DS, FOFEE n—d+ 15, G OREE m — d+ 1 FRERTATID 5> 5 full rank 55 1
#5518, AVICRESHR A(z) & B(x) MHELT

AF + BG =0 (4)

(7e72U deg(A) < n—d, deg(B) < m—d) ZH/=F. Wz, AWM TEX BREIE, 5X 5Nz F(z), G(z),

dicH U, TR (4) ZHzT X 5% AF (), AG(z), A(z), B(z) T, [|AF|2 + ||AG||2 H5 B R E L

BBRLOERETHEBICREINS.

LIFTE, F(z), G(z) %

F(z) = (fma + fm28)2™ + - + (fo,1 + fo21),

G(z) = (gn,1 + gn,28)2" + +- - + (90,1 + go,2%),

TRY. TTI, fin, 951, fi2 g2 @FRET, fi1, gj1 BEE, fi2, gj2 ZEBERL, i ZEMHMER
¥. ¥, F(z), G(z), A(z), B(z) bREKIC, ThEh

(5)

F(CE) = (fm,l + fm,zi)wm +-+ (fo,l + fo,zi)wo,
G(x) = (Gn,1 + Gn,28)z™ + -+ + (Jox° + do,21)z°,

(6)
A(x) = (@n-d,1 + Cn-d,28)z" % + - - + (a0,1 + a0,29)2”,
B(z) = (bm-d,1 + bm—a2)™ %+ - + (bo,1 + bo,24)2°,
TEY. LERR, fi1, fiz G510 G2 s ag2, bia, bje REBTHS.
HHBERDBEHZITS &, | AF|2 + | AG|3 &
D IFsa = £0% + (Fiz — F2)2 4 D@1 — 951 + @iz — 95.2)7). (7)

j=0 7=0

kx5,
—7, fSGOEHIIOVT, R @) &

fm,l + fm,2i gn,l +§n,2i '
fO,l + f0,2i fm,l + fm,zi “Go,1 + Go,2% Gn,1 + Jn,2t

Joa + fozi Go,1 + Jo28

x* (an—d,l + Gn—d,2%,.--,a0,1 + @028, b g1 +bm_g2t,...,b0,1 + bo,zi) =0 (8
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i3, CORICEDNBFRERY MUCOWT, FNFNERBLERICHTZ L, 1\ (8) &

(N1 + Ng'i)('vl + '021:) =0, (9)
zTic '
fm Jn,1 fm2 Gn,2
Ny =| fou Fma  Go gna |, No= fo,z fmz2 Go,2 Gn,2
. . ) , . . . (10)
foa go,1 fo2 Jo,2
v1 = (@n-d1,---,801,0m—d1,---,001), V2= Y(@n—d2;---»00,2)Om—d,2;- - -, b0,2)-

%, TTT, R (9) OEL%Z
(N1 + Nzi)(’vl + vzi) = (N1v1 - Nz'vz) + i(N1v2 + N2’Ul),
YEET A LIckD, AER (9) EXROHEHEN

Nivy — Nyvg =0, Nyvy + Navp =0,

N1 —Nz v _
TERINS.

X510, ERBOBE LA, A(x) & B(z) OFREBICH U, #Fizxsil

R <))

A@) 2 + | B(@)lI3 = (aB_g1 + - +ad1) + (BFega + - +531)
(a2 g+ tady) + (BB _go+ - +B32)—1=0 (12)

BRIB. chrABRR (1) OLiciEBT3C icky, AER (11) &
‘vl t‘vz -1 v
N1 —Nz 0 V2| = 0 (13)
N, N 0 1

rixh. TTT, EAER (13) i1, R (6) DSERDOSAEEERICEL DESERT, 2(m+n—d+1)+1
HOABREL DT LR L. B TOABERE ¢; =0 £B<.
TTT, INETOZHEADRBEZRTEH

(fm,la ey fO,l)g’n,l, e ’gﬂ,la fm,Za ey f0,27§n,2; e $g0,2’
Gn—dly--+»30,1,bm—d1s- -, 001,8n-d2;- 30,2, bm-d,2,-- -, bo2) (14)
B ZNEN @ = (2. .., Capmin_arz) CEEBAB. THE, K (7) BXUHER (13) 1§, 2hEN
F@) = (@1~ frn1)? 4+ + @me1 — fo,1)? + (T2 — In1)2+ -+ Emintz — 90,1)°
+ @mints — fm2)? + - + (@amints — fo,2)? + (Tominia — gn2)’ 4+ (Ta(mint2) — 90,2)%, (15)

q(z) =Yai(x),. .-, @2(min—d+1)+1(2)) =0 (16)
rEIND. HUEicXb, AETE X 3EL GCD ORI, UTORKDEB/MLBEICREENS.



R 1 .
723K (16) (g(x) = 0) DFT, R (15) D f(x) ZR/IMEE K. g

3 SEGCD D&%

FRTIE, 5X 5N 78R8 GCD OREZR HI¥D 2 BoE(LiTE (8 1) IKREXE-00%, IFREEE
LED—DTH 2 RS ((10): ELFIAREOEES GPGCD OFRE) & L < IIMEIE Newton 1 ([14],
(22, B4 H]) IC &> TS (FHRIEAEE DR [16) 2BH). WL DTN E TOEER [16, Section 5.1 T
W&, B U, BB & & RROUGREZRT—7, #8IE Newton DA D & MR TH 2REENMEL N
TW3%. Ko T, LIRIIEIE Newton R RECRIEOME L LTERD AN 3.

KBXMEIE Newton % & B W THL GCD DRIERRLICH b, LUTORELZZ R T2 RENHED
T, FRORMICB O TERT 3.

1. Y a5 Jg(x) DMK, 75 Tic, REFAHEOBRIC BT, Y aCF5] J,(x) »' full rank TH3
(GO Jy(z) DITBICF L) T & (58 3.1 ).

2. REFTEOVIIMHEORKRE (55 3.2 §).
3. B/MEMBZRENY FVITEICE M 5 T & (55 3.3 ).
4. GCD &3 ZHA L, BEHEOEREOHE (55 3.4 ).

3.1 YIEFHORBRES VY
ERFEBZHEN P(r) e Clz] 2, KX THEINZEDET 3.

P(z) = ppa” + - - - + poz’,
TOLE, HEBEERICLD (n+k,k+ 1)-f751 Cx(P) ZRRDED EHT 5.
D
Ce(P) = |po Pn

Po

k+1
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X (6) DRET A(x), B(z) H L, 1751 Cp(4) BET Co(B) %, SEROER/EH, bR AITIONT
UFDE S5 IcRT.

An—d,1 On—d,2
Cm(A) =] a0, an—dg1 | 2| aoz an_d2 | = Cm(A)1 +1Cm(4)2,
\ ;
ao,1 0,2 (17)
(bm—d,l bm—d,2
Cn(B)=1] boa bm—a1 | T2 bo2 bm—d2 | = Cn(B)1 + iCn(B)a2,
\ bo,1 bo,2
FLT, 175 Ay, Ay ERATERT 5.
A1 = [Crn(A)1 Cr(Bh], Az = [Ci(A)2 Ca(B)2]- (18)

(A1, Az BE (m+n—d+1,m+n+2)-FRTHHT LICER) TOLE, FIFIK (16) DERICED, ¥
A Jg(x) IEFRKXDBEORES.

0 0 2- t'vl 2- t’Uz
Jq(:ll) = Al —A2 N1 —N2 . (19)
As A N, M

(TTI2, z DEHLZIRR (14) TRERAZHOLOZAVTVS T LITER. A, A2 33K (18), M, Ny,
v, v2 I (10) ZBR.)

BE Newton BEOREHEDOBIRICHE VT, Y I LTI Jo(x) B full rank TH D T LAMREEE NBBHE
H55 (£ Thne, BRAMRRETEE). TOMBECOWTIE, LIFOMENY MD.

1
x* €V, &, HER (16) BRI THARERLTS. TOLE, o IKHIETBSHEXF, G O GCD W d ZEX
BWESIE, YICTH Jy(a*) DTV 71 Jg(x*) DITRICFLL.
5B Terui [15) 25, 1
HE 1 &Y, BELOBRAAD, BFREDRITHHIET 5 GCD OXFE d KO KELTBHEDTERVR

D, Jo(x) A full rank TH 5 T EAMRIN, LU GCD DERAREBETICFREDOOREANFEZHRIONS
Tehbhd. :

3.2 REHBOVMMBIEDSE
RAEHE OB BT, YIBIE 2o RITFIORRESR (SVD) (5] cBEITERS. HFAGNRS

EROFEOHEROBAIE, R (11) DITFI N = (Zl ‘Jé"?) L, BEEMEEL OB EET 5.

2 1

N=UZXY,

. (20)
U= (U], ey u2(m+n—2d+2))a Y= dla.g(O']_, v 102(m+n—2d+2)), V= (’01, ceey v2(m+n—2d+2))'
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Zc LC, u; € R2(m+n—d+1), v; € R2(m+n—2d+2) TH D, Y= diag(al, ey 02(m+n»2d+2)) Li?‘\]‘ﬁﬁﬁ”'(“, %
JEBEOHRABEEREN 0; TH 5. FBEMEHMOME [5, Theorem 3.3 iKY, B/MFRIE oo(min—2at2) 1,
R2(mAn=2d+2) o) W RTERTH

SAMIN=2HD -1 _ (g ¢ RAmI—2442) | 3], = 1}

% N TELURES

N . SHmin 2401 — (Ng | @ € RHMH-2442) |||, = 1}
EDRD, IRRh b OEMOR/IMEZ S 2 5. R (20) &b

N - vo(min—2d+2) = 02(min—2d+2)U2(m+n—2d+2)
DD ILDDT,
Vo(min—2d+2) = (@n—d,1,- 80,1, On—d,1s--->D00,1,8n-d2,- - - 30,2,0n-d,2,---,b02)

iU, ZIEK A(z) BX U B(z) DIFRE%E

A(z) = (@n-a1 + Bn-a28)z" "+ -+ + (G0,1 + do28)2°,
B((I:) = (Bm—d,l + Em—d,2i)-77m_d +--+ (l_)o,] + 50,2’1:)11:0
LEDB L, Alz), B(z) i3, K (6) IeBVT A(z) = A(z), B(z) = B(z) &8 T&ic kD, |A|3+|BlZ =1

Z§I=UDD, AF + BG DEB/N/ VL2523,
WIS, FIEE LT, F, G, A, B OFEN 5557 L

g = (fTVL,l" . '1f0,17g'n,17 oo )gO,lafm,Za v 7f0,27gn,25' -+, 30,2,

Gn—d,1---180,1,0n-d1,---,00,1,8n_d2,...,80,2,bn—d2,...,002). (21)

Z5 X, REFREZITS.

3.3 BMEHBEDRAENY MIVBREANDBE#Z
B S B MERTED HRIBES fIcH L, K (15) &b

Vf(a:) =2 t(wl - fm,la sy Tmgl — f0,1,$m+2 —~9n,15- s Tm4n4+2 — J0,1,

Tmintd = fm2s- -, Tamint3 = fo,2: Tominta = In,2s- > Ta(mint2) — 90,2,0,...,0) (22)

DHOILD. LU, COBRMERIEI, (21, ..., Tagminte)- BB (F(z) B& T G(z) DRBUITHIST 3) I
BIL, WAME @0 25 OEMPRINTHE LS nM o eV, ERTHMEL LLRBTENTES. BX
I, EFEBOBE (Terui [16]) & AR, B/MLRIED HNBEECE f(z) = 1f(z) L%, BIORLE q(z) =0
DFT f(e) DRIMER RS 5B MERIERE RS .
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3.4 GCD, &UBE%NZX SERNDHAR

R ERSEYNCINE Uik, F(z), G(z), Alz), B(z) DFEE%EE5S. A(z) & B(z) REVKRTHS
L4, COLE, F(z) & G(z) D GCD TH3 H(z) DREZEET 50BN HS. Hid F % B THU
1, HDHVIE G R A THRUIEE UTRE 30, EM SRR, FRICEEZ BRI IBNDD
%. 22T, H DS B/ 5k (18] TRo, ZThhd H OFREERVT F 5LU G OBERTTS.

F,G, A, B3R (6) Dilih&EEN, Hid H(z) = (haa +ha28)z® + -+ + (hoa + ho2i)2’, TRINS S
DeF3. coLE FBRXHB=FBICHA=CG % HIZDWTRICHED, #iL 1 RAEX

Cy(A)t(ha1 + haz2t,. .., ko1 + hop2t) = Y(Gn,1 + Gn,2%, - - - Jo,1 + Jo,21), (23)
Ca(B)t(haa + ha2t, ..., hoy + ho2t) = Y fomt + fin2ts- -+, fo1 + fo2t), (24)

PEN"RETR L AREZD. COBARR (23), (24) ZLUTO@EOERTS. K (24) icxl, X7
Fb, T FNTNEBEBPOMTRI T LICKD,

C4(B) = By + By,
*(haa + hdz2i,. .., ho1 + ho2t) = h1 + iha, t(fmg + Fm2bs -, fo1 + fo2t) = fi+if2

#18%. XoT, AER (249) &
(By + iB2)(hy + iha) = (f1 + i f2). (25)
LEIND. EREEFENThOABRICHIFEILIIED, (25) &

(Bih1 — Bzh) = f1, (Biha+ B2hi) = f2,

Bi =B\ (h1) _ i . (26)
B, B h; f2
rEINB. chickb, H(z) OFEIZ, HER (26) 2B/ _RETHRI LK, #5035, HREA
(23) DBUN_FBELFRIC L TRKDB.

HER (23), (24) ICH L, EROFEIC & > TROEBN_FME, ThEN Hy(z), Ha(z) € Cla] &8
{.TDExE i=12IKKHL, BE

Thbb

ri = |F — HiB|} + |G - HiAll3,

FHEL, BE r AED/NELRB L, Hi(z) ZRSDBEM GCD H(z) £ %. BEIC, EHT H(z)
XL, F(x), G) %Z, ThEh

F(z) = H(@)-Bx), C(z)=H()- Alz),

KL > THEIET 5.

4 RER

SEIRR LT, HEERSERD DO GPGCD Hi:%, BFXUHE Y X7 L Maple ICREL, R/ "%
HD—DT#H5 STLN (structured total least norm) EREIC LIz 8] L DLBZITo /. FHEOL



BRI, RBZS VX LCER U T-BEROHICH L, 205 DI GCD 23187 5T & TiTo /-, ERE
i3 Intel Core2 Duo Mobile Processor T7400 (Apple MacBook “Mid-2007") at 2.16 GHz, RAM 2GB,
MacOS X 10.5 TH 3.

KRRV 2 AN ZHERE, GCD 2L OBHRE TV X LIER L, FhSICEEEENZ 2 TlTo 1=,
Y, B2 7 m RBEKX Fo(z), n RBER Go(z) #, d RD GCD 2D S ICER L. GCDm—d
ROZFN, BO ODHETIE, n—d DEHEKTH D, T ENOFEBIE [-10,10] OFEH CEHBMTHRE S BT
FEIBETS. chbicnl, BEEE LT, m - 1 ROBER Fy(z) &, n— 1 XROBER Gy(z) B4E
KUz FRDOEZTE, Fo(z), Go(z) DFEBOEXHIcH#ET 3. 2 LT, R F(z), G(z) %, ThTh

F(z) = Fo@) + [ M@ 6@) = Go(@) + [a=tmGnla),
KO TED, F, GIENY ZBEED 2- ) VLOKEEH, ZhFNer, eq KBELL BB EIICTS. &
BTller=eg=01%,L7.

ARORBRTI, HENRTHS STLN EREIC UIEE 8] DREL LT, 20EELICK2EERH
We (§22R) | STLN xR LB T), Clo] L TEBEOZER DML GCD 251ET 5% /o
=¥ C_con_mulpoly ZH\ /2. SEBRIX, Maple 12 LT Digits=15 OFE, THbBEN—RKI 27D
(ERE) FEMERZ AV SERICBOV T, 100 BOBERE S VA LICERL, 7R M EfTo k.
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BRECBNT, BRORT ZHET 5729 D&MHL LT, EIE Newton ¥ T, BERAMDHHENY R LD

55, F(z), G(z), A(z), B(z) (X (4) #BH) OFEBICHET BHOD 2-/ VL e =1.0x 1078 kb &
NELHEBHT LU, C_con_mulpoly Tid, ERIEKTDOLEWE%R e=1.0x 108 & L.

KBRERIIR 1 DEDTHS. m,n EEFNTNEF, GOREEEL, di3iFLl GCD OX¥EET. R
LAY “STLN” DFI& STLN HicEDCHEORREEEL, RHLA “GPGCD” DFid GPGCD EDOEHR
##&Y. “Error” 3 GCD %2183 1=Hic 52 b= BERICX 7588 | F — F|Z+ |G — G||2 DF4IE
ZERY (‘ae—b" 13 ax 1070 BET). “Ylterations” IIREEMOTERES. “Time” XEHERERA (B)
DEEERERT .

KBHEREZRD L, BLAZDEBITEWT, STLN ¥, GPGCD DR S & &, FAEEDAX X DEET
AL GCD ZEE LT3 —7, SHESIRICEE L T3, GPGCD EDAM STLN #Eh L DR L < (10 f~
30 fEREE) I GCD ZEHEL TV T e Ahbh 5. &, ERMBERICHT S GPGCD & [16) DS
LRy, ERFHSENICHT 2 GPGCD i, $XTOEBRMEICHN LT, T4/ & KUR B TR
GCD ZFHHEL TWA T LICERT S (STLN HRICBW TR, EEEEER, #REMSERLE, TTO
RO BN TREFTENNERLTVS) .

5 ¥&&

AT, B4 DFATHHIDRR [16] ZHIRT BT, ERFMBSERICH T 5 GPGCD EER L.

KBRRIC L B &, AR TRE L RER, REMSHACH S 55 (16] LAk, STLN KICESCH
L FREOERBYTIEL GOD ZFH T 5—75, STLN I E TS HE L D & KIE (RAKI 30 f5528) 1
B ENT EZR LI, THUTE D, GPGCD #iE, AN BHEADOKEMAN~REE % 5, +5=mms
HiETHs LBDNS.

SROBFITE & UTIE, HRHSIURIEOME], REFMFON TT 5 #7 1 RABROMLT, 17510
WEEER LINRNZEEORE, £ 0% OEMOANSERICH T 5 BEADHRER TV L&
ZTVB.
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Ex. | m,n d Error #lterations Time (sec.)
STLN | GPGCD | STLN | GPGCD | STLN | GPGCD

1 10,10 5 | 3.72e—3 | 3.72e—3 | 4.48 4.43 1.79 0.15
2 20,20 10 | 4.16e—3 | 4.16e—3 | 4.24 4.22 5.88 0.30
3 30,30 {15 ] 4.33e—3 | 4.33e~3 | 4.54 4.48 14.29 0.58
4 40,40 | 20 | 4.48¢—3 | 4.48e—3 | 4.08 4.08 24.10 0.88
5 50,50 | 25 | 4.63e—3 | 4.64e—3 | 4.05 4.12 39.19 1.36
6 60,60 | 30 | 4.61e—3 | 4.61e—3 | 4.02 4.06 60.48 1.96
7 70,70 | 35 | 4.82e—3 | 4.82e~3 | 3.90 4.02 84.51 2.66
8 80,80 | 40 | 4.84e—3 | 4.84e—3 | 3.88 4.04 116.03 3.65
9 90,90 | 45 | 4.79¢e—-3 | 4.79¢e—-3 | 3.85 4.01 151.27 4.66
10 | 100,100 | 50 | 4.77e—3 | 4.78¢e—3 | 3.83 4.06 199.48 6.00

2% 1: Test results for large sets of polynomials with approximate GCD. See Section 4 for details.

We thank Professor Erich Kaltofen for making their implementation for computing approximate GCD
available on the Internet and providing experimental results.
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