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Abstract

We report some results of the calculations of the coe氏cints of the cyclotomic polynomi-

als.We shall propose the calculations with the more good algorithm and more large size at

an early date.

1　The cyclotomic polynomials

We first report on the results of the calculations of cyclotomic polynomial ◎n(x),where

n - 3 × 5 × 7 × ll × 13 × 17 × 19 - 4849845.In this computer calculations we find the maximum

value 669606,the minimum value -654589 among the coefficints of this 4849845-th cyclotomic

polynomial.

Starting from the definitions of them,We consider the roots of polynomial xn - 1 in the complex

number field. Among the n roots,choosing primitive roots,let symbolize them Ci,�"�"�"i Cmijn -

the value of Euler function ¢(n) at positive integer n). Usually well known,

the n-th cyclotomic polynomial is the following polynomial:
●

◎Ax)-(x-Ci)-¥x--Cm)

The coefficients of this polynomial are rational integers,and the cyclotomic polynomial is irre-

ducible over rational number field (see for instance,van der Waerdenfll).

it seems to plausible that from the concrete forms of ◎ Ax) for small n,the coefHcient of poly-

nomial ◎n(x) has only the values -1, 0, 1. We understand this intuition to be invalid from the

calculations in the case of n = 105.

We investigate the behavior how large cyclotomic polynomial coemcints by super computer.

Formula <&mp(z) -

We shall remark in t e

i
h
ョm(zp) if p¥m

Sm(zp)

SmU
otherwise

case of n to be the product of distinct primes.
●

Above saying representing the equation
●

◎4849845(*) - Z1658880 + - - 654589z884974 + - + 669606x848274 + - + 1.

Bytheway ◎105(x) -x48+　　2x41+�"�"�"+!.

◎3×5×7×ii(x)-x480+�"�"�"-3x386+3x385+- +1.

In these polynomial there are at least 2 terms in this polynomial with coefficient maximum or

minimum. Followings give same examples.
●                    ●

◎3×5×7×11×13(x) -x5670+�"�"�"+23<r3466+�"�"�"-22x3440+- +1.
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◎3×5×7×11×13×i7(:r) - z92160 +　　532x53697 +�"�"�"+500z53213 + - + 1.

Looking the graphic of it,its frequency curve seems to be likes to the figure of Gauss normal

distribution curves in any experimented case.

This calculation is not by algebraic manipulations so氏on personal computers. In the methods of

algebraic manipulation.it has the limit ofn - 3x5x 7x ll x 13 Its programme of integer numerical
●

calculations is written by Fortran compiler language. Using super computer VPP700/56 in the

Computer Center of Kyushu Univ. its job had the time of about 73 hours. The contents

of programme are by only one PEfprosessor element)hitherto type(Neumann type).By paralell

instruments,it can be of high speed.But this programme is now incompletion.We report the

usage of super computers.

Formula

xn-l-　◎d{x)

dln

This rigt side member give the factor decompositions of light side member.
●

*n(x) -
xn-1

lidln,.
4^n◎i(x)

We calculated with these formulas.

The丘Ies consists of above main programme and subroutines are supplied in the programme

libraries in Computer center of Hokkaido Univ., Tohoku Univ., Osaka Univ., Kyushu Univ.

respectively.

Please use our softwares.

contact ermail address:koshiba@sci.kagoshima-u.ac.jp
●

The n-th cyclotomic polynomial 3>n is denned explicitly by the formula

</>(n)

*n(*) - ∑ ak(n)z4{n)-k
k=0

k-1

ak(n) -一言H(n) ∑a-(n)//((n,fc-m))¢((n,k-m))
m=O

where /x denotes Mobius function and (a,b) the g.c.d of a and b.

where ¢ is Euler s function.

1

for k>0

2　The Fortran programme in this calculations

At once.we proposed here the programme list of our calculations.

PROGRAM MOTOKO

c*********************************************************************

C*　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　*

C*　　　THE COEFFICIENTS OF CYCLOTOMIC POLYNOMIALS WITH HIGHER DEGREE　*

C*　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　*

C************************************He********************************

IMPLICIT INTEGER (A-S,U-Z)



On the Calculations of the Coefficients of the Cyclotomic Polynomials　　　　　　　　　33

INTEGER TEST

PARAMETER (KPARA=5000000 )

DIMENSION ENBUN(KPARA) ,PRODUC(O :KPARA) ,R(O :KPARA)

DIMENSION CYC(O :KPARA)

DIMENSION YAKUSU(IOOO) ,EULE(1OOO)

ENBUN(1)=1

READ(5,*)N

C

C

C

C

N123=N

OUTPUT N123,N

CALL NAME(N)

CALL EULER(R,N,KPARA)

ZAHL=O

TEST= 1

DO　50　1=1,N

M=MOD(N,I)

IF(M.NE.O) GOTO　50

ZAHL=ZAHL+ 1

C

IFCZAHL.GT.300) THEN

THIS NUMBER 300　MAY BE A PROBLEM ]?

C

C
 
C
 
C

C

*

*

C

TEST=-1

ENDIF

YAKUSU (ZAHL) =I

EULE(ZAHL) =R(I)

50　　CONTINUE

IF(TEST.EQ.-1) GOTO 222

YAKUSU(ZAHL) : THIS MEMORY tIAS DIVISOR OF NUMBER N

EULE(ZAHL) : THIS MEMORY HAS THE VALUE OF EULER FUNCTION OF YAKUSU(ZAH

CALL KREAD (WRALL , OUTALL , PART)

JJJ=N123+ZAHL

DO 10 I=2,ZAHL

COL=1

PRODUC(1)=1

PRODUC(O)= -1

DD=1
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DO　20 J=2,I-1

M=MOD(YAKUSU(I) ,YAKUSU(J) )

IF(M.NE.O) GOTO　25

DO 30 K=O,EULE(J)

CYC (K) =ENBUN (COL+K)

30　　CONTINUE

DR=DD+EULE ( J)

IF(DR.GT.KPARA)　GOTO　333

DO 12 IK=O,DR

12　R(IK)=O

DO　38 IK=O,DD

DO 35 JK=O,EULE(J)

K=IK+JK

R(K)=R(K)+PRODUC(IK) *CYC (JK)

35　　CONTINUE

38　　CONTINUE

DD=DR

DO 40 K=O,DD

PRODUC (K) =R(K)

40　　CONTINUE

25　　COL=COL+EULE(J) +1

OUTPUT COL

20　　CONTINUE

DO 60 K=O,YAKUSU(I)

CYC(K)=0

60　　CONTINUE

CYC(YAKUSU(I) )=1

CYC(O)=-1

DS=YAKUSU( I) -DD

NM=MAX(YAKUSU(I) ,DD)

IF(NM. GT.KPARA)

N4=DS/2-1

N5=N4+2

IF(N4.EQ.0)THEN

N4=l

N5=2

ENDIF

R(DS)=CYC(YAKUSU(D ) /PRODUC(DD)

DO 130 IW=DS,N4,-1

GOTO　444
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DO 135 JW=DD,0,-1

K=IW+JW

CYC(K) =CYC(K) -R(IW) *PRODUC (JW)

135　CONTINUE

R(IW-1)=CYC(DD+IW-1) /PRODUC(DD)

130　CONTINUE

DO 17 IX=0,N4

R(IX)=R(DS-IX)

17　　　CONTINUE

C

DO 70 K=O,EULE(I)

ENBUN (COL+K) =R(K)

70　　CONTINUE

KKK=COL+EULE ( I) +1

C-

WRITE(16, 100)I,YAKUSU(I) ,DS

100 FORMAT(1H ,>ORDER=',14,>　DIVISOR=¥I8,>　EULER NUMBERS,17)
C

10 CONTINUE

IFCWRALL.EQ. DCALL WRITE(R,DS)

CALL MAXMIN(R,DS,AX,IN)

C

IF(PART.EQ.-1)　GOTO 200

IFCOUTALL.EQ. DCALL DISTRB(R,CYC,DS,AX,IN,N)

IF(OUTALL.EQ.-1)CALL DISTOl(R,CYC,DS,AX,IN,N)

C

200　CONTINUE

STOP

444　STOP'ARRAY MEMORY HAS BEEN FOOL : DEG A(X) > DEG B(X)

333　STOP>ARRAY MEMORY HAS BEEN OVER

222　STOP'NUMBER OF DIVISORS ARE TOO LARGE'

C

END

SUBROUTINE EULER(EUL , N , KPARA)

C EULER FUNCTION FOR THE CALCULATIONS OF CYCLOTOMIC POLYNOM

IMPLICIT INTEGER (A-Z)

C

DIMENSION EUL(O :KPARA)

C

D0　30 1=1,N

30　　EUL(I)=O

EUL(1)=1

C

IF(N.GT.KPARA)　　GOTO　555

C

DO 10 l=1,N

K=MOD(N, I)

IF(K.NE.O)

S=0

GOTO 10
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DO　20 J=1,I-1

M=MOD(I ,J)

IF(M.NE.O)

S=S+EUL (J)

20　　CONTINUE

EUL(I)=I-S

1 0 CONTINUE

GOTO　20

RETURN

555　STOP　>ARRAY MEMORY HAS BEEN TOO LARGE;

END

SUBROUTINE WRITE(K ,Nl)

DIMENSION K(O:Nl) ,N(100) ,NN(100)

J=l

DO　30 1=0,NI

N(J)=K(I

NN(J)=I

IFCJ.NE.4) GOTO　20

WRITE(16,123) (NN(L) ,N(L) ,L=l,4)

123 FORMAT(1H ,4(19,'.サ',17:,':'))

J=0

20　J=J+1

30　　CONTINUE

N2=Nl+1

M=MOD(N2,4)

IFCJ.LE.4) WRITE(16,123)(NN(L),N(L),L=1,M)

EⅣD

SUBROUTINE NAME(N)

WRITE(16, 100)

WRITE(16,200)

WRITE(16,300)N

WRITE(16,200)

WRITE(16, 100)

WRITE(16 ,400)

100　FORMAT(1H ,790*'))

200　FORMATCIH ,'*¥77(J　>),'*')

300　FORMAT(1H ,>*',15X,>THE COMPUTATIONS OF　¥18,>-TH CYCLOTOMIC;,
*2X 'POLYNOMIAL:　　*')

400　FORMAT(80X)

RETURN

EⅣD

SUBROUTINE MAXMIN(K,I ,AX,IN)

IMPLICIT INTEGER (A-Z)

DIMENSION K(O:Ⅰ)

AX=K(O)

IN=K(O)

DO 10 L=1,I
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IF(K(L).GT.AX) AX=K(L)

IF(K(L).LT.IN) IN=K(L)

10　　CONTINUE

RETURN

EⅣD

SUBROUTINE DISTRB(K,M,DS,AX, IN,TH)

IMPLICIT INTEGER (A-Z)

DIMENSION K(O:DS) ,J(-9999999-.9999999) ,M(O:DS)

DO 10 I=-9999999,9999999

10　J(I)=O

C

CALL LABEL(TH)

C

D0　20　L=IN,AX

DO　30 1=0,DS

IF(KCI).NE.L) GOTO　30

J(L)=J(L)+1

M(J(L))=I

30　　CONTINUE

IF(J(L).NE.O) CALL BUNPU(M,J(L) ,L)

20　　CONTINUE

C

TEST

S=O

DO　50 I=IN,AX

50　　S=S+J(I)

MM=DS+1

IF(MM.NE.S) WRITE(16,*)S 'THIS RESULTS WAS BAD]] '

C

WRITE(18,*) ;THE HISTOGRAMME OF THE VALUE OF THE COEFFICIENTS'

DO　40 I=IN,AX

WRITEU8,100)1,J(I)
40　CONTINUE

RETURN

100 FORMAT(1H ,'NUMBER OF TERMS WITH VALUE　>,17,>=>,18,>

EⅣD

SUBROUTINE LABEL (TH)

INTEGER TH

WRITE(17, 100)

WRITE(17,200)

WRITE(17,300)TH

WRITE(17,200)

WRITE(17, 100)

WRITE(17,400)

100　FORMAT(1H ,790*0)

200　FORMAKIH ,'*',77(' '),'*')
300　FORMAT(1H　>*¥7X,; THE DISTRIBUTIONS OF THE VALUE OF',IIO,;

*CoEFFICIENTS ',7X, '*>)

400　FORMAT(80X)
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RETURN

EⅣD

SUBROUTINE BUNPU(M ,K ,L)

DIMENSION M(O:K)

WRITE(17,*)L

WRITE(17, 150)L

150　FORMAT(1H ,'COEFFICIENT=>,17,': >)

WRITE(17,*)(M(I),I-i,K)

WRITE(17,*)K

DO 10 l=1,2

10　WRITE(17,*)

RETURN

END

SUBROUTINE DISTOl(K,M,DS,AX,IN,TH)

IMPLICIT INTEGER (A-Z)

DIMENSION K(O:DS) ,J(-9999999:9999999) ,M(O:DS)

DO 10 I=-9999999,9999999

10　J(I)=O

C

CALL LABEL(TH)

C

AXO=AX-50

INO=IN+50

C

D0　20　L=IN,AX

DO　30 1=0,DS

IF(KCI).NE.L) GOTO 30

J(L)=J(L)+1

M(J(L))-I

30　　CONTINUE

IF((L.LE.AXO).AND.(L.GE.INO)) GOTO　20

IF(J(L).NE.O) CALL BUNPU(M,J(L),L)

20　　CONTINUE

C

TEST

S=O

DO　50 I=IN,AX

50　　S=S+J(I)

MM=DS+1

IF(MM.NE.S) WRITE(16,*)SETHIS RESULTS WAS BAD]]

C

WRITE(18,*) 'THE HISTOGRAMME OF THE VALUE OF THE COEFFICIENTS'

DO 40 I=IN,AX

WRITEU8,100)1,J(I)

40　　CONTINUE

RETURN

100 FORMAT(1H ,'NUMBER OF TERMS WITH VALUE ',17,'=',18,' : 0

EⅣD
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SUBROUTINE KREAD (WRALL , OUTALL , PART)

CHARACTER CARD*10

CHARACTER*10　CARD

INTEGER WRALL , OUTALL , PART

WRITEU6,*)' DO YOU USE THE SUBROUTINE WRITE ALL OR PARTLY??'

READ(5, 100)CARD

100 FORMAT(AIO)

WRITE(16 , *)CARD

IF(CARD.EQ. 'YESリ　THEN

WRALL=1

GOTO 10

ENDIF

IF(CARD.EQ. 'NOリ　THEN

WRALL=-1

GOTO 10

ENDIF

STOP*　NONUSE ROUTINE WRITE

10 CONTINUE

WRITEC16,*)' DO YOU USE THE SUBROUTINE DISTRB OR DISTOl ?J

READ(5 , 200)CARD

200　FORMAT(AIO)

WRITE(16, *)CARD

IF(CARD.EQ. 'YESリ　THEN

OUTALL=1

GOTO　20

ENDIF

IF(CARD.EQ. JNO;) THEN

OUTALL=- 1

GOTO　20

ENDIF

STOP' NONUSE ROUTINE DISTRB OR DISTO1

20　　CONTINUE

READ(5 , 300)CARD

300　FORMAT(AIO)

IF(CARD.EQ. 'YES') THEN

PARK
GOTO　30

ENDIF

IF(CARD.EQ. 'NOリ　THEN
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PART=- 1

GOTO　30

ENDIF

STOP'NONUSE ROUTINE　******PART******* J

30　　CONTINUE

RE TURN

EⅣD

3　The List of Cyclotomic Polynomials Sn(x) for l^ n ≦ 105

We listed below all calculations of the our polynomials for n less than 105.

◎(x)-　x-1.

◎(x)-　x+1,

◎(x)- ｣2+｣+l,

◎dx)-　x2+l,

◎;(*)-　'+X3+X+X- 1,

◎(x)-　x2-x+1,

◎'(*)-　　+x5+x4+x3 +r+x+l,

◎((a:)-　x4+1,

◎,0)- ｣6+z3+i,

◎10(*)-　X4-X3+x2-X+1,

◎iiO*0-　xlO+X9+x8+x(　　蝣xh+x4 +x3+x2+x+1,

◎12(x)-　x4-x2+1,

◎13(x)-　X,12+xii+xio+:

◎14[x)-　xe-x5-hx4

◎15(x) -
5
∬+

7
諾

ー
　
　
　
　
　
　
　
　
■
ノ

1

 

1

+
　
+

£
　
∬

f

　

一

2
　
　
3

ご
　
諾

+
　
+

3
　
　
4

諾
　
t
i

一
一

◎16(x)-　X8+1,

◎17(*)-　xm+x15+x14 +x13+.x12+xH+XIO+x9+xS+X7+x6 +

xb+x44-x64-xl+x+1,

◎18(x)-　x6-x34-1,

◎19(x)-　x18+x17蝣+x16+x15+x144-x13 +x12+Xll+XlO+x9+X8-f

x7-{-x6+x- +x4　-x3+x2-fx+1,

申(x)-　X8-x6+X4-x2+1,

◎21(*)-　X12-XU+X9-x8+x6-X4+X3-X +1,

◎22(x)-　^10-x94-x8-x7+x6-x5+｣4 -｣3+x2-x+l,

◎23(x) --　^22-+x^+x^ +xLサ+xl*+xl'+xlt'+xl>>+xl*+xu +x^+

Xll+xlO+X9+X8+x7+x64-xb +x4+x3+x2+x+l,

◎24[x)-　x8-x4+l,

◎25(x)-　X20+X15+xlO+x5+1,

◎ (x)-　a.12-a.ll+a;10. X9+xS-X7+x6 -x5+x4-X3+X2-z+1,

◎27[x)-　-18+x9+1,

◎28(x)-　X12-xW+X8-x6+x4-x2+l,

◎29(x) --　-^28.+xzl+xM+xza+x^+xZ6 +xzz+x21+xM+a;iy+x18+

x17+XW +x15+xU+x13+x12+xU+XW+x9　　+x7+

:r-+a予+x4+r*+:xl+x+1,

◎30(*)-　1+x7-x5-x4-｣d+Z+l,

◎31(*) -　^.30+x29+^28+x27+^26+^25 +x24+x23+x22+X21+x20+

∬19+∬18 +∬17+∬16+∬15+∬14+∬13十g12+∬11 +£10+∬9+

;+x7+xe+x5+x4+x3+x2+x +1,

◎32[x)-　x�"+l,

◎33[x)- ,,20- ,19　x17-x16+x14-XIS +xll-xlO+x9-x7+x6-

x4+x3-x+1.
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◎340*0-x16-x15+x14-x13+a,12-a,ll+a,10-a,9+a,8-a,7+a,6-x5+

x4-X3+｣2-X+1,

◎35(x)-X24-X23+X19-XIS+x17-X16+X14-x13+x12-xn+xw-

tL･ボ+.r7-a-0+.i予蝣x+1,

◎36(∬)-∬12-∬+1,

◎37(a;)-x3e+x35+xM+x33+x32+x31+x�"+x29+x28+x27+x2b+x25+

+xlA+xsz+XZL+xM+a;19+xLa+xu+XLO+xLa+xi4+

･13+a.12+a.ll+a.10+x9-hx8-hx7+x6+x5+x4+x3+x2+a;-|-1>

◎38(X)-X18-X17+x16-x15+XIA-X13+X12-XU+xlO-x9+x8-

x7+x6-x5+X4-X3+x2-｣+1,

◎39(x)-v.24-x23+x21-X20+x18-x17+a;i5-xu+a-12�"xlo+a;9-

蝣x4-far3-x+1,

◎40(x)-xw-x12+X*-x4+1,

◎41(x)-X40+X39+x38+x37+x36+x35+x34+X33+x32+X31+X30+

X29+X28+X27+X26+X25+X2A+X23+x22+X21+X20+xW+

x18+x17+X16+x15+x14+X13+x12-xn+xw+x9+xs+

X7+x6+x5+x4+x3+x2+x-fl,

◎(*)-+x6-x4-X+X+1,

◎43(a;)-x42+x41+x40+x39+x38+x37+x36+x35+x34+X33+x32+

;31+^30,x29,x28+3,27,^26+^25,^24,x23+^.22+^1+

;20+x19+x18+^17+x16+xw+x14+x13+x12+xu+xw+

x9+Z8+ar+af+x5+x4-hx3+x24-x+1,

◎44(x)-x,20-x18+x16.x14+x12-xlO+x8-x6+x4-x2+1,

◎(x)-x24-x21+x15-x12+x9-xa+1,

◎46(x)-a;22-a,21+a.20-a,19+x18-a,17+^16-x15+x14.蝣X13+X12-

xll+x10-x9+x8-x7+x6-x5+x4-x3+x2-x+1,

◎47(x)-X46+Xi5+XU+x43+x42+x41+x40+x39+Z38+x37+x36+

x354x34+x33+x324x31+x304-x294-x284x274x264x254

x24+x23+X22+X21+x20+x19+X18+X17+X16+X15+xU+

･13+x12+xll+xl-+x9+x8+x7+xQ+x5+x4+x3+x2+x+l,

◎48(x)-,,16-xォ+1,

◎49(x)-X42+x35+X28+X21+X14+x7+h

◎50W-X20-X15+XW-x5+l,

*5i(aO-x32-x31+x29-X28+X26-x25+a;23-a,22+a.20-a,19+a,17-

X16+XW-X13+x12-xW+X9-x7+X6-X4+x3-x+1

$52(x)-X-a.22+a.20-a.18+a;16-x14+z12-,10--x8-｣6+｣4-｣2+l,

◎53*X52+x51+X50+x49+X48+x47+X46+x45+X44+X43+x42+

x41,^40+3.39+x38+x37+^36+^35+^,34+^33+^.32+^31+

X30+X29+X2S+X27+X26+X25+x24+x23+x22+x21+x20+

x19+z18+z17+z16+x15+a;14+z13+:r12+xll+xw+x9+

1+x7+x6+x5+x4+x3+x2+x+1,

◎54-->-,,18-z9+1,
◎55X-,,40-x39+x35-^34+x30-^28+^25-^.23+^20-^17+^15-

x12+xlO-Xb+Xb-X+1.

◎56W-x24-x20+x16-x12+x8-x4+1,

◎57(aO-z36^,35,^,33^32,-30-29-,-27-26,-24-23,^21-20,

x18-x16+x16-x13+x12-xlO+x9-x7+x6-x4+x3-x+l.

$58(x)-x28-x27+x26-x25+x24-x23+x.22-a.21+a.20-a;19+XIS-

X17+X16-x154-x14-x13,12-xll+x10-x9-x7+

L7予-r'+x'-r'+xA-x+1.

◎59(x)-X58+x57+x56+x55+x54+x53+X52+X51+X50+X49+X48+

X47+X46+X45+X44+X43+x42+x41+x40+x39+x38+x37+

3.36+3,35+3-34,^33+X32+3,31+^30+3,29+3,28+^27+3,26+

X25+X24+X23+x22+x21+X20+x19+Xla+x17+X16+X15+xU+

･13+x12-hxll+xlO+x9+x8-f-x7+x6+x5+x4+x3+x2+x+j

◎6｡(x)-X16+x14-xlO-x*-｣b+｣^+l,
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◎6i(x) -　a;60+x59+x58+x57+x56+a;55 +x54+x53+x52+x51+x50+x49+

xiS +x47+^46+^45+x44+3,43+^42+x41 +^,40+^39+^38+

x37+X36+X35+X34 +x33+x32+x31+X30+X29+x28+x27 +X26+

∬25十g24+∬23+∬22+∬21+∬20 +∬19+∬18+∬17+∬16+∬15+∬14+

x13 +x12+xll+xl-+x9+x8+x7+x6+x5 +;r4+｣3+｣2+｣+l.

◎62(x) -　x30-x29+x28-x27+x26-x25 +x24-x23+x22-X21+x20-

X19+x18 -x17+x16-x15+xu　蝣X13+x12　!! +xlo-xg+

x8-x7+x6-x3+x4-x3+x2-x +1,

◎63W- ,.36-x33+X27-x24+x18 -x12+x9-ccd+l,

◎64(*)-　v,32+i,

◎65{x -　X48-x47+X43-Xi2+x38- ,37 +x35-X34+x33-x32+x30-

x29+x28 -X27+X25-X2i+x23-x21+X20-x19 +x18-x16+

x15-x14+x13 .ll ,10 -｣6+｣5-x+l,

◎660*0-　X20+x19-x17 -x16+x14+X13-xll-XlO-X9+x7+X6 -
x4-x6+x+1,

◎67W --　^66+x65+^64 +^63+^62+^61+^60+^59+^58+^57 +x56+

x55+x54+x53+x52+x51 +ar50 +z49+z48+z47+;C46+z45+

X44+X43 +X42+x41+X40+X3Q+X38+x37+x36 +x35+x34+

x33+x32+x31+x30+x29 +x28+x27+x26+x25+x24+x23+

･22 +Xzl+X�"+X19+xia+xU+zib+x15 +x14+Xid+XIZ+

xll+xlO+x9+x8+rr　+z-+xb+x*+x6+xz+x+l,

◎68(x)-　X32-x�"+x28-X26+X2A-X22 +Z20-｣18+Z16　x14+X12-

xlO+x8-x6 +x*-x*+l.

◎69(X) -　X44-Z43+X41-xiO +X38-x37+x35-x34+x32-X31+X29

x2S+x26-^25+^23-^22+^21 -^19 +^.18-^16+^15-X13+

X12-XW+x9-x7　-X6-x4+X3-x+l.

◎70(x)-　X24+x25-X19- ,18 ,17-x�"+xu+xia+x12+xu+xlO

x*-x'-xb -xb+x+l,

申71(X) -　X70+X69+X68+X67 +x66+x65+x64+x63+x62+x61+X60 +

X59+x58+X57+X�"+X55+XM+X53 +X52+x51+x50+x49+

X48+x47+X46 +X45+X44+x43+X42+x41+x40+x39 +x38+

･r37+a,36+x35+,r34+a,33+x32 +^31 +a,30+;C29+a,28+x27+a;26+

x25 +X2i+X23+X22+x21+X20+X19+x18 +X17+X16+XX5+xU-

･13+X12+xU +xlO+｣9+｣8+｣7+｣6+x5+｣4+x3+｣2+｣ +1,

◎720*0-　x24-x12+1,

◎73{x) -　x"+XIL+x'u+x�"+x�"+xbl +xbb+xbi'+xbi+xM+xb2+xt:>i+

x60 +X59+X58+X57+X56+X55+X54+X53 +x52+x51+x50+

x49+X48+X47+X46 +X45+X44+X43+X42+X41 +x40+X39 +X38+

x37+X36+X35+X34+x33+X32 +X31+x30+X29+X28+x27+x26+

X25 +XM+X23+X22+x21+x20+X19+XIS +x17+X16+x15+X14+

･13+x12'+xn +xlo+x9+x8+x7+x6+x5-¥-x4-¥-x3+x2+x +1,

◎74(*) - ｣36-x35+x34-x33+x32 -x,31+x30-x29+x28-x27+x26.

X25 +x24-x23+X22-x21+X20-X19+x18 -X17+X16-X15+x14-

x13+x12-xn +xlo-x9+x8-x7+x6-x5+x4-x3+x2-x +1,

◎75(x)-　x40-x35+x25-x20+^15 -xa+l,

◎76(X) -　X36-x34+^32-^30 +^28-^26+^24-^22+^20-^18+x.16

x14+x12-XW+X8-X6+X4-x2+1,

◎77(Z) -　x60-^59+^53-3,52+^.49-3,48 +x46-x45+a.42-a,41+x39-

x37+x35 -x34+x32-^30+^28-x26+3,25-^23 +^21 -^19+

X18-x15+x14-X12+XU -x8+x7-x+1,

◎ (x)-　X24+X23-X21 -x20+x18+X17-x15-X14+X12-xlO -X9+

x^+r-r-r+^+l,
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◎79(X-x78+x77-I-x764-x754-x74+x73+z72+｣71+x70+x69+x684

x674-x66+x65+x64+x63+x62+x61+x60+x59+x58+x57+

X56+X55+X54+X53+X52+x51+x50+x49+x48+X47+X46+

xi5+XAA+^43+x42+^41+^40+^39,^38,^37+^36,^35+

xM+x33+x32+x31+x30+^29+^28+^27+^26+^25+^244-

x23+^22+x21+x20+x19+^18+^17+a;16+x15+x14+x13+

X12+xll+xW+x9+X8+X7+X6+x5+x4+XS+X2+x+1.

◎80(x)-,.32x24+xW-x8+1,

◎81[x)-X54+X27+l,

◎82(*)-r40.a;39+a.38-a;37+a.36-a.354-a;34-x33+x32-x31+^3--

X29+x2S-X27+X26-X25+X2i-x23+X22-X21+X20-xW+

x18-x17+X16-X15+XU-x13+x12-xll+XIO-X9+xS-

X7+X6-x5+X4Z3+｣2-x+l.

◎83(x)-xS2+x81+XSO+x79+x7S+x77+x76+x75+x74+x73+x72+x71+

X70+Z69+x68+x67+X66+x65+X64+x63+X62+X61+X60+

x59+x58+x57+x56+x55+x54+x53+x52+x51+x50+x494-

Xi8+X47+X46+X45+XM+x43+X42+xAl+x40+x39+x38+x37+

x36+x35+x34+^33+^32+x31+^30+^29+^28+x27+x26+

X25+X2A+X2S+X22+X21+X20+X19+X18+X17+Xm+x15+X14+

･13+｣12+｣11+｣10+｣9+｣8+Z7+｣6+x5+x4-¥-X3+x2+x+l,

◎84(X)-X24+^22-x18-^16,12-x8-a^+ar+1,

◎85(*)-3,64-^,63+^9-^58+x54-x53+x49-X48+x47-X4S+X44

Z43+Z42蝣X41+x39-x38+x37-x36+x34-x33+x32-x31+

x30-x28+^,27-x26+^.25-^23+^22-^21,^20-x18+^17-

x16+x15-xll+xw-x6+x5-x+l,

◎86(*)--^.42.-x4i+x4U-X�"+Xs*-X6<+xdb-xd5+xd4-X66+x'r32-
x31+x30-X�"+x2S-x27+x26-x25+x24-x23+x-22-x21+

X20-X19+XIS-x17+x16-X15+x14-x13+x12-Xll+xlO-

x9+x8-X7+x6-x5+x4-x3+x2-x+1,

◎87[x)-X56-x55+x53-X52+x50-x49+x47-x46+X44-x43+X41-

x40+x38-2,37+x35-^34,^,32-^31+x29--28+x27-X25+

X24-X22+x21-X19+X18-X16+x15-X13+x12-xW+x9-

X7+x6-x4+X3-x+1,

◎*(*)-,.40-a;36+x32-x28+x24-,20+｣16-x12+x8蝣x*+1.

◎89(x)-x8!+x87+x86+x85+x84+X834-x82+x81+x80+x79+x78+

x77+x76+x75+x74+x73+x72+x71+x70+x69+x68+x67+

'+x65+x64+x63+x62+x61+z60+:c59+z58+z57+z56+

X55+x54+xbZ+X52+X51+X50+X49+x48+X47+x46+x45+

x44+x43+x42+x41+x40+x39+x38+x37+X36+X35+x34+

x33+x32+x31+x30+x29+x28+X27+x26+x25+x24+x23+

･.22+x"-+xサ>+xLy+xl-+xu+xLb+xlt>+xM+xli+xL2+

xn+^io+x9+xs+x7+x64-x5+x4+ar+ar+a;+1.

◎(x)-^,24+x21-x15-x12-X9+x3+1,

◎91[x)-r-72-x71+x65-j.04+XW-,,-52-2-50,x46-x43+Z39-

x36+x33-x29+x26-x22+x20-x15+x13-x8+X7-X+1,

◎92(x)-x,44-x42十x40-x38+x36-x34+X32-X30+X28-X26+X24-

･.22+x2U-x�"+xlb-x^+x12-xw+xォーxb+x4-x2+1,

◎93(x)-X60-X59+Z57-x56+x54-X53+x51-x50+x48-x47+x45

X44+X42-x41+X39-x38+x36-x35+x33-x32+x30-x28蝣

a.27-a.25+a.24-3,22+^21-X19+x18-x16+x15蝣X13+x12-

Xw+x9-x7+x6-x4-xA-x+1,

◎94[x)-r46-^+x44-X43+X42-X41+X40-x39+x3S-X37+X36

,35+x34-^33+x32-^31+^30-^29+^28-^.27+x,26-X25+

x2i-X23十x22-x21+x20-x19+a;18-x17+x16-x15+x14-

･13+x12-xll+xlO-x9+x8-x7+x6-x5+x4-x3+x2-x+l,
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◎95[x)-xn-xn+x67-x66+x62-x61+x57-x56+x53-x'51+x48-

Xi6+x43-X41+X38-x36+xM-Z31+Z29-Z26+x24-Z21+

X19-X16+X15蝣xu+xw-x-+x--x+1,

◎96(x)--32-xlb+1,

◎97(x)-xm+x95+x9i+x93+x92+x91+x90+x89+x88+x87+x86+x85+

^84,^83+x82+2,81+^80+J9+x7S+^.77+^76,^75+^74+

x73+x72+x71+x70+｣69+｣68+｣67+｣66+｣65+x64+:E63+x62+

∬61+∬60+∬59+∬58+∬57+∬56+∬55+∬54+∬53+∬52+∬51+∬50+

X49+X48+X47+x46+X45+X44+X43+X42+X41+x40+X39+x38+

x37+x36+x35+｣34+｣33+z32+z31+a;30+x29+｣28+x27+x26+

X25+X2A+X23+X22+X21+X20+X19+x18+X17+x16+x15+x14+

;13+｣12+zll+｣lo+｣9+z8+a;7+｣6+x5+x4+x3+x2+x+l,

◎*(*)-r.42-x35+x28-x21+X14-x7+1,

◎(x)-^60xou-xDi+x蝣57.v.51-x48+x42-^39+x33-^30+^27-^21+^18-
X12+X9-X3+1,

◎100(*)--40-x30+x20-xW+1

◎101(x)--^100-+zyy+xyo+xサ(+xyD+xyD+xy4+xy^+x*z+xyi+xyu+

･89+x88+x87+x86+x85+x84+x83+x82+a;81+x80+x79+

^78+3.77^76^75^74+x�"+^72+x71+x70,^69,^68+

･67+x-1+x65+x64+x63+x62+x61+x60+x59+x58+x57+

xm+x55+x54+x53+x52+x51+x50+x49+x48+xi7+x46+

x45+x44+x43+x42+x41+x40+x39+x38+x37+x36+X35+

x34+^.33+x32+^31+^30+^,29+^28+^27+^26+x25+^24+

x23+x12+x21+2.20+3.19+xW+^17+^16+^15+^14+^.IS+

x12+xU+xlO+x9+xs+x7+x6+x5+x44-x3H-x2+x+1,

◎102(*)-X32+x31-x29-x28+x26+x,25,23..x22+x20+x19-x17-

･16-x15+x13+x12-xlO-X9+x7+x6-X4-x3+X+1,

◎103(x)--^102-+xiUi+xluu+xyy+xy8+xyr+xyD+xyi)+xy4+a:^+x^+

∬91+∬90+∬89+∬88+∬87+∬86+∬85+∬84+∬83+∬82+∬81+

∬80+∬79+∬78+∬77+∬76+∬75+∬74+∬73+∬72+∬71+∬70+

x69-¥-x68+x67+x66+x65+x64+x63+Z62+｣61+｣60+｣59+｣58+

∬57+∬56+∬55+∬54+∬53+∬52+∬51+∬50+∬49+∬48+∬47+

X46+X45+x44+X43+X42+x41+x40+X39+x38+x37+x36+

∬35+∬34+∬33+∬32+∬31+∬30+∬29+∬28+∬27+∬26+∬25+

･24+xz*+x"+｣zi+^u+ziy+zi5+xi'+;riO+zK)+zi4+

X13+X12+Xll+XlO+X9+X8+X7+｣6+｣5+｣4+｣3+｣2+｣+l,

◎104(*)--x48-x44+X40-x36+x32-x28+x24-x20+x16-x�"+x*-x*+l,

◎105(x)--x48+x47+x46-x43-x42-2x41-x40-x39+x36+x35+x34+

x33,^324-x31-x28-X26-X2A-x22-X20+x17+x16+x15+

X14+X13+X12-X9-x*-2こ蝣x5+x2+x+1
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