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os_muldif.rr for Risa/Asir
A library for computing (ordinary/partial) differential operators

by Toshio Oshima

1 List of Functions
1.1 Functions related to differential operators

AT OEEIE module {b &, B4 OSEHEIZ os_md. #2177, os_md.muldo() ® K HIZFEONHT.

1.1.1 Fundamental functions
1. muldo(p1,p2, [,0,] 11im=n) F7ziEX muldo(pi,ps,z|lim=n)
muldo(p1,p2, [[21,04,1, [22,05,],...111im=n)
s AEEH (WIERHTH LWV REOE (3R MatERSE (01751) Off (< [0,,2] =1)
2. muledo(py,po, [2,0,]1) F721L muledo(py,ps,x)
o Buler BUFEMSER S (D1TF]) O (<= [0y, 2] = 2)
3. transpdo(p, [[x1,04,1, [%2,04,1,...1,[[y1,0,,1, [y2,04,1,...1lex=1)
2 WO TERR O (25— yi = yi(x), Oz, > Oy, = cj(x) + 3, aju(7) 0s,)
4. translpdo(p, [[z1,0,,]1, [22,04,],...]1, mat)
s O TER R ORI EELE . (v — Ej(mat)ijxj)
5. appldo(p,r, [z,0,1) F7iX appldo(p,r,[[z1,0.,]1,[22,04,1,...1)
s OERE (0175)) OFFERCHER K (O1TF) ~OIERADFE
6. adj(p, [z,0,1) F7=iE adj(p, [[z1,02,]1,[22,0.,]1,...1)
= OERSE (01751)  p @ formal adjoint
7. sttpexp(p, [x,0,]1,q,7) F72iEL sftpexp(p, [[x1,0.,],...1,¢,71)
D WOERSE p &2 g Topoq” LEMTD
8. appledo(p,r, [z,0,])
. Euler RS ERFZOFHA~DOIEHOFHE
9. divdo(py,p2, [x,0;] |rev=1)
s OWMAOTERF ORI &
10. myged(py,p2, [x,0, ] |rev=1,dviout=n) F72IT mygcd(p;,ps, [z] |rev=1,dviout=n)
mygcd (p1,p2,x|dviout=n), mygcd(p;,ps,0ldviout=n)
u BEHBIREOEBOERSE (Fdz 02X, ERITEEL pr & py © GCD (R KAKI0)
11. mylem(py,p2, [2,0, 1 lrev=1) F72IT mylem(py,ps, [z] |rev=1)
mylcm(py,p2,x), mylcm(py,p2,0)
o HELRBURE O FMOERSR (Flid e 0LEKX, F2ITEEER) pr & po © LCM (/ARG T)
12. midiv(m,n, [z, 0,]1) F72iX midivim,n,[z]) F721F mnildiv(m,n,z)
v AR O FEWMOIERZE (or x DLIEX) OEFHFITHIm LAHNX (or z #EF2WAFNX) OF
FH1iFIn lZkt L, m = R[1)(0, —n)+ R[0] (or m = R[1](x—n)+R[0]) &725 VU Z + R =[R[0], R[1]]
ZRS. R[] 135y (or o) A& £
13. qdo(p1,p2, [, 0, 1)
w R TR pru = 0 126 L qupou = 0 L 22 A0 1ERZEE q1 & qapou = u & 72 BITERE ¢ @
U Ak [ql,qz] %—f@ﬁ—
14. mdivisor(m, [z,0] | trans=1,step=1,dviout=t)
mdivisor(m,x|trans=1,step=1,dviout=t), mdivisor(m,0|trans=1,step=1,dviout=t)
s AEEEIRE O FE M ERE /1 BHEZESCEROITHOHR 21455
15. sqrtdo(p, [z, 0, 1) ?
sx— 1/ T (@ ORE/BFERVT) RERMOERFE p T 288 E e —»y=a+ Va2 -1
16. toeul(p, [z, 0,1 ,n)



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

o MEERFR AT ERFE % o = n T BEuler BUCA#

fromeul (p, [z,p.],n)

:: Buler EMGEMFEZITTITET (toeul(p, [z, 0,],n) DWIZEHL)

expat(p, [z, 0, 1,n)

v FEERF RSSO VERE D v =n TORMEEE KD 5

sftexp(p, [z, 0,]1,n,71)

O WWOERFE p & (x —n) "opo(z—n)" ITEHT D

fractrans(p, [z, 0, 1,ng,n1,n2)

i HROIERISE p T (no,n1,n2) = (0,1,00) LW D —IRGGEEMZAT O

chkexp(p, [x,0,1,n,r,m)

2 i=0,...,m—1ORTITH L, MeEERSEMOERE p O uj T(x—n)" 0Dy B r=n
TIEHITZEZTOMEN 1 &2 D b ODOIFESRM:

soldif(p, [z,0,1,n,q,m)

n WHOERSE p © o =n OEFTO 2914372 ¢j27) OROFRRISKH L, RE m+1 O~7
MV Il ecren o0 ¢l 2IRT (z=2—n).

okuboetos(p, [z,0, 1| diag=[c1,c2,...1)

= Bl m BE Okubo MAREK pu =0 (n BEOIHOERED n IRELTDOZIA) % Okubo B> 1 D~
AT MBS D

stoe(p, [z, dz] ,m)

1 BEOE M FRERRE B SR E T

dform(/, z|dif=1)

w B 2[0], x[1], ... @ 1 BT DD LE][0]d(CE[1]), E72ix 2 i S £i[0)d(€:][1]) A
d(L[i][2]) DRHE. dif=1 1T 1 WSROI DFH.

solpokubo(p, [x,0,],n)

B Okubo BUHEMERSE p © n WOBEALHEX L BEAEE KD D

1.1.2  Fractional calculus

DI, [02] DEFEFER FEARE 1L [O1] THERN) % Risa/Asir ETEHLELBD Lo TND.
laplace(p, [z,0,1) F72i% laplace(p, [[z1,04, 1, [22,04,1,...1)

= WO ERER p @ (§847) Laplace Z5#:

laplacel(p, [x,0,1) F72i¥ laplacel(p,[[z1,04,1,[22,0:,1,...1)
s WOERSE p @ (F847) 1 Laplace Z5#t

mc(p, [x,0,1,r)

i WO ERSE p @ middle convolution me, (p)

mce(p, [x,0,1,n,r)

 HEMOERFE p & (0, —m) " opo (0, —n)" LA

rede(p, [2,0,1) F7iX rede(p,[[z1,04, 1, [22,0:,1,...1)

WU ERISR p @ reduced representative Z K3

ad(p, [z,0,1,f)

v OWWOMERFE p D 0, B 0y —f ICEEHRZ DL

add(p, [z,0.1,f)

s WWOERFE p © 0, & 0, —f IZIEEHLZ B addition, T2 L rede(ad())
vadd(p, [x,0, 1, [[cg, 701, Le1, 1], ... 1) '

=2 versal addition add(p, [z,0:1, 3,5 Wficm))

add1(p, [z,0,1, 1) -

s WS ER FE @ addition @ Laplace ZE#t laplacel (add(laplace()))
cotr(p, [z,0.1,f)

wEBOVERSE p O o f(x) I X DIEFEL
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42.

43.

44.

45.

46.

47.

48.

49.

50.

o1.

92.

rcotr(p, [z,0,1,f)
wOWMOERFR p © x— f(x) 1T X DIEREAHLD reduced representative
s2sp(plnum=1, std=k,short=1)
i ARY MAERSITINE “BOY A PO YRR & DL
chkspt (m|mat=1) E7i% chkspt (mlopt=t) 7% fspt(m,t)
2 EIOM m (A7 "V AT) F721F generalized Riemann scheme (GRS) #F = > 27 LT
[pts, ord, idz, fuchs, rod, redsp, fspt] %3
opt="sp", "basic", "construct", "strip", "short", "long", "sort"
spgen(nleq=1,str=1,std=fpt=[k, ¢],sp=m,basic=1)
= B n LT O rigid e EIof (B2 Wt 2 bz b O ofuE) %155
n 2N 0RLAD L EIT, rigidity index 2% n @ basic 2b D E&ED.
n ¥ —10 BLEIZxHE LTV 523, okubo [O5] NEMET 2 BEEIC L CTRITIEX, Z OHIBRIZA V.
sproot(p,tldviout=1,only=k,null=1)
i AT MR B2 TRV — D OIE#H A" 3. t="base", "length", "type", "part", "pair",
"pairs", sp
sp2grs(m,a,f|mat=1)
:: spectral type 75 generalized Riemann scheme #4589 %
ssubgrs (m,¢)
:: Generalized Riemann scheme m @ ¢ \Z%9 % #PEFa%cn
mcgrs(m, [r1,72,...,7,] Imat=1)
:: middle convolution & addition % generalized Riemann scheme (ZfiE 3"
mcop(p, [r1,7re, ..., 0], [z, 21, 22,...1)
:: middle convolution & addition % (ffd) M EAFE p WIAIHE L TV <
redgrs(m|mat=1)
= EWIBOVERSE O generalized Riemann scheme @ 1-step reduction
getbygrs(m,t|perm=¢,var=v,pt=[p;,...],mat=1) E72ix
getbygrs(m, [t,s1,82,...] |perm={,ver=v,pt=[py,...],mat=1)
:: generalized Riemann scheme (GRS) TiEs& & % Fuchs MMy A O (GRS (3HHEF £
ToIX AR MV E AT TH I
t ="reduction", "construct", "connection", "operator", "series", "TeX", "Fuchs",
"basic", "", "All", "irreducible", "recurrence"
s ="TeX", "dviout", "keep", "simplify", "short", "general", "operator",
"irreducible", "sft", "topO", "x1", "x2"
CITFE R R OB E - I1XAR (cf. mperm()), var I exponents DEHL (cf. sp2grs()) , p1,... (5
A ONLE (oo 1TFRL).
shiftop(¥/, s|zero=1,raw=k,all=t,dviout=1)
o origid R ALy WAVRL L L shift s 205 shift (ERFEEZRD D
conflsp(m|x2=+1,conf=0)
i AT NV m DS TE 3 Poincare rank 1 OAEEEZ RS
anal2sp(m,l)
AR AT NV m DAY
mc2grs(g,r|dviout=k)
PO 5 R OREICKT 5 KZ B HRAROFFEALS h L g DZEH#
m2mc (¢, [ag,ay,a1,c] | swap=1,small=1,simplify=0,MC=1)
m2mc (¢, s|small=1,simplify=0,int=0, swap=t)
i+ Plaff 3 du = (Ag 22+ A, 20 4 4, 2D 4 oty 4 gy A0y, 05 3 25%T o> addition-+middle
convolution #xKH>% (¢ = [Ag, Ay, A1, By, B1]).
LN AT hLIRe Riemann scheme @ & %, D% Tld s ="GRC", "GRSC", "Pfaff", "sp",
"pairs", "irreducible", "A1l", "swap"
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60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

mcmgrs(g,r|dviout=k)

2 PO 5 AL EOSELEIZH T D KZ BGRAORIE AT My g OZEH
mnc(l, [u,a1,...,a,] Imult=f)

:: Schlesinger B #55y HHERI L OV KZ B 50 addition+middle convolution
linfracO1(/|over=1)

wx=0,1,00,9,2,... D—KGFEHED Y XA b (£ = [z,y] etc.)

1£t01(¢t, 0)

w Al = (z1, 20, X3, ...) ITKT DRER—IRGEE

1.1.3 Some operators

okubo3e([po1,---s00m] > P1,1s-- -, P10l s D215+ s D2 mtn lopt=11)
=0, 1, oo ICHEERFRSZ RO m + n O Okubo BIMATEHZEZ KD 5
fuchsBe( [Po,l, N 7p07n] ’ [pl,la e 7p17"] N [p2,1, e ,pgyn] )

20, 1, co IZHEERF R S ZFFD n B Fuchs M EHFEZRD 5
ghg([p1,1,P1,25 -3 P1,m1 5 [P2,1, 02,2, .., P2.n])

i XABRAT L 0 F (p1;p2; @) (cf. seriesHGQ)) D7z 3o 1EHR
evende([p1,1,p1,2,P1,3,P1,4]1 5 [P2,1,P2,21)

0 4 B even family (Rigid)

odd5e([p1,1,P1,2,P1,3,P1,4,P1,51 5 [D2,1,p2,21)

0 5 B odd family (Rigid)

rigid211([po,1,po21, [p1,1,p1,21, [g0, 1 1)

:: Type 211,211,211

extrabe([p1,1,p1,2,P1,3,P1,4,P1,5,P1,6] » [P2,1,P2,21)

:: Extra case (Rigid)

eofamily([po 1, po,2], [P1,11, 2,1, ., D2,0n])

:: even/odd family (obsolete)

evéds (pl sP2,P3,P4 sp5)

:: Heckman-Opdam #&(i 0 (BCy, BCy) BUHIBRE#% (Rigid)
b2e(p1,p2,P3,P4,D5)

:: Heckman-Opdam #82(i > (BCs, A1) Z4HIFR##5> (Non Rigid)
heun([a,b,c,d,el,p,r])

i Heun O HBRREEZS. r 37 7Y U RTA—H

1.2 Useful functions

LT 040X module b &4, B4 DIFEFHIZ os_md. % 21F T os_md.myhelp() @ L 5 IZFEUMHT .

1.2.1 Extended function

myhelp(h)

v os_muldif.rr D~¥==2 T LVEHFKRTH

chkfun(f,s)

w B (= 30T BERBEANE DR, REFELD load(s) & FAT
isMs()

:: Micorosoft Windows BgBim & 9 i~ 25

isyes(plset={)

D10 ERTEEEERL, ThEMHED

isall(f,m)

s mOBERIZpHLT f(p) B0 ERDLOBHFETHE0, £ TRIFNIL ZiET
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e

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

ptype(®,£)

s OIIER, ETLEFEROV A RNT, TNOHREERE 72 LIz type() HIRT

keyin(s)

D s EFRRL, 1ITOXR— AN E2RF-T, FREXFHIE LTRT

showbyshell(s)

i shell Ta< B s 29T LICERMER ) O R % Risa/Asir THR

getbyshell(s)

woshell Ca~wr RN s ZFATLIEER O/ RE 77 AL ELTHS

makev([{1,05,...] |num=1)

shortv(p, [v1,va,...] | top=v)

up DIRFEREDERETL v,... 2 LFO v U TOERLIIEZD

makenewv ({|var=v,num=n)

s AAEDILTO RV LWRETLEAERKT D

isvar(p)

wop WEEINE D DD

varargs(p,z|all=t)

D R p B ENDIUEHBOHEK T & ZOERICBEN D RETLOY X N EIRT
pfargs(p,x|level=t)

w RplZBing o BEEGATHEERE ESIHEDO Y A P &S

isdif (p)

S op DS ERSFEHRIEND & XITZOEKEMIDOMDO Y A M &KL, %5 ThiFuL0 %7
mysubst(r, [vy,r1] linv=1) F72IL mysubst(r,[[v;,r1],...]1]inv=1)

o osubst(r,v1,71,...) &A%, r NEHET r NAEERO & XITHIZERD.

myswap(p, [z1,%2,...,2,])

d AERELFETOY A RR EORETLOKEIEL (11, T2, ..., Tp)

mulsubst(r, [[p1,0,p1,1]1, [P2,0,p2,1],...11inv=1)

s AEAEIFZZEOY AR, X7 b, AT ITEBORA pjo = pia (J=1,2,...) ZFERIZIT
fmult(f,m,¢,nl---)

omy = migr = f(m L], n[0,n[l],. . 1) EWVWD B (mg =m) DRMEFER Miengnq) RS
mtransbys(f,m,l]---)

0 AT T AER F() 2V AN, X RVETIITH m ICIRET S

mmulbys (f,m,n,l| ---)

o RIS TEFE STz objects @ 2 DIZK LT 1 2® object 5% 215 f %, objects iy &5
7 MVEFIIITHI m & n OFEEICHEET S

cmpsimple(p,q|comp=t)

: p &g OFHEI Z LK

simplify(p,¢,t|lvar=[xy,22,...])

v l= [, ) DEXFIL, p (DFEFRM) I subst(*,0g,01) ZRATLVMHELZLEXMHRZD
t=1~7T). =[] Tl BZHEKXDE XIE, O IT—RICEFEENDEFENDIEBOBHREBRA L AT
LT 5. BEHANDEZIILEZ Y A PRLLZEADY A M T 5.

getel(m,1)

sm BY RN, X7 R, {TEIT i BIEATELK R D mli] RS

evalred(rlopt=[[s1,t1]1, [s2,t2]...1)

: 8in(0), cos(0), exp(0) 72 &% 0,1, 1 2 EOEHICEEHRZ S

evals(r|del=s,raw=1)

TS D VI A TS .

myeval ([r, [z, f1,v1], [22, f2,v2],...1)

:: os_md.myeval (subst ([r, [x2, fo,v21,...],21, f1 (os_md.myeval (v1)))) %K



96.

97.

98.

99.

100.

101.

102.

103.

104.

105.
106.

107.
108.

109.
110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

os_myeval ([r])=map(eval(r))
mydeval([r, [z, fi,vn1], [®2, f2,v21,...1)
:: os_md.mydeval (subst ([r, [z2, fo,v2],...],21, f1 (0s_md.mydeval (v1)))) %K
os_md.mydeval ([r])=map(deval(r))
myval ([r, [z1, f1,v1], [22, fo,v2],...1)
omyeval () & [RERZRERETH 575, FIREZR[R Y EME/RE 2 K3
f2df(f|opt n)
B f 22D sin 72 EOBET ARV T myeval () ° mydeval () @51% 0 1) X b REHEERIC A
todf(f [vi,...,v,]) todf (Lf, [ops]], [vy,...,v,]1)
A f TEED v, .0, DY R MEREEESED (01X f OBI1EDE)
df2big(f|inv=1)
i U A MR f 2RI/ NUREHE ) S bigfloat FHRAEE T2
compdf (f,x,g) compdf(f,[x1,x2,...],[g91,92,...1)
o URAMEREE f OZH 12U A MEREHE g ZRA LY 2 MEXEHE KT
cutf(f,z, [[z1,v1], [x2,v2], ..., [®n,v,1]1) cutf(f,z,[t, [z1,011,..., [xn,v,1]1)
L f OEEDFIEOHPHO & EHEBEOEE 21TV, TOMELITY X MEREEEIRT
periodicf(f, [a,b],z) periodicf(ltov([g1,92,---,9n]1),C,x)
X BREET DB o) & ABIBEEUCRR LIS TS
cmpf([f [a,b]1] |exp=c) cmpf ()
MoK A a7 SR 0, 1] B L HERICT S
myfeval(f z) (f,a) myfeval(f,[z,al) myfeval(f,[[z1,a1]1,...]1)
myfdeval(f,a) myfdeval(f,[z,al) myfdeval(f,[[z1,a1],...])
 myeval () X°mydeval () OFIED Y X MEREE f OELKIT a %:ﬁ]\ LTEZE%
myf2eval(f,z,y)

myf2deval(f,x,y)
: myeval () X° mydeval() O5#D Y A MER 2 BHHE f ITRA L THEESES
myf3eval(f,z,y,z)

myf3deval(f,z,y,z2)
: myeval() X° mydeval() O35 D Y X MER 3 ZBHEHE f ITRAL TEEZES
execproc(/|all=1,var=k)
w U R MEXTFHE 0FAT
fsum(f, [m,n,d] |df=1,subst=1) fsum(f [x,m,n,d] |df=1,subst=1)
s fER f(z) THABRBFEOM L f(m + kd) & &
fint(f n, [t1,t2]1]1 | cpx=1,exp=c, int=k,prec=v) fint(f,n,l|---)
 EFEMES 2B TRMERE S
flmag(f z|inv=g)
D EREB ORI A FEEB OB A
tr1g2exp(f,x|1nv qg)
i AR R D Ll HAL
isshortneg(f)
w f & —f BRETAHXFHNOEZ DL
fshorter(f,x)
wox O =AEEOME R
fzero(f, [x,z1,22] Imesh=m,dev=d,zero=1,trans=1,cont=1)
 FEEAEEE f OFRERD D
fmmx (f, [x,21,22] Imesh=m,dev=d,mmx=1,zero=1,trans=1,cont=1,dif=1)
u SEEE AR f ORRMEE R 5
flim(f,v|prec=c,init=t)
s B x DOFEMERIR f ORRBRE A K 5



121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

fcont(f, [x,x1,22] Imesh=m,dev=d,zero=1,trans=1,dif=1) ?

u FEEEEE f ORERLRRLE D TRWVWEERD S

fresidue(p,qlcond=[f1, f2,...],sum=1)

2 ZHERA g 2R ET AR p/q OFFERAEEBOMD Y A b (z BEHKT, p X ERIEE

1.2.2  Numbers

abs(p) abs([p,precl)

o BEHCE TR E T 1T R p OB A KT

sgn(n|val=1)

s B EIRES 0 O S AR

calc(p,[s,q]) calc(p,s)

s B BRIk U IR E 2 T

isint (p)

wop DEHINE D DRRD

israt(p)

D op BDHEBEENE S RS

iscrat(p)

iop BECTE DI & BB IH B E S D
isalpha(n)

DB BTN T Ry FOXFa— FnE S iR D

isnum(n)

B BT 0~9 OLFEa— RpE I i D
isalphanum(n)

S EBEEaARTNT 7y NERBETFOXTa— R E ) D
isdecimal(s)

i T s B FE T NEAER L T E D iR D
nthmodp(a,n,p)

a™ mod p ZIT (alTHEE T n, p 1THRE)
issquaremodp(a,p|power=n)

s CEHRIRETRARD (VY v RO RIS (%), n XL & — &)
rootmodp(a,p|power=n)

D pEELE L TaDFEFHR (ICIEn BR) 2k D
primroot(plall=1,ind=a)

U WEBELITEONE p ORI NEIE L TOREBEE L LD D

rabin(p,q)

SpILgERIEETHIT— - FECOREHIELIT O GEE, BFEERL 1 21EY)
cfrac(z,n)

s A DV TR S BURIT D (n 13 EHED)

cfrac2n(l|loop=m)

i (TBBR) WA @ OICE S

sqrtrat(r)

o AR (F IR L ERMS AR OERL) OV IIRESED

sqrt2rat (r|mult=1)

PR A B A TE DA B

sint(r,plstr=t,sqrt=1,zero=0)

I FFEFE, U A MRITH (R A BRIE) 72 E DRGSO FEE & NI p HTZHD D
frac2n(n|big=1)

B EFEICRB T (r 13RS, AREARZEDOY A RRITHIRETH L)
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144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.
159.

160.

161.

162.

163.

164.

165.

166.

1.2.3 Polynomials and rational functions

radd(p,q)
w FEK (01T p & q OFEBENEEKX (OfTF]) O THET S
rmul (p,q)

o FEA (D1TF) p & ¢ OBEZBERNAHEX (Of75]) OB THET S

polbyroot([p1,pa,....,pnl, )

w ZIEXERTEZD

polbyvalue([la1,b1]1,...,[an,b,1],2)

sax®On—1REEXE nHlOS 2 =0a; TOMED THZX?

pgen([lz1,n1], [z2,n9]...],alsum=n,shift=m,sep=1,num=1)

w AREDY a, Tap By IR, IR TR RULTO zq,... O—ZEKXEED

rpdiv(p,q,x)

wox DEEXOE Y E

easierpol(p,x) F72iX easierpol(p, [z1,x2,...]1)

o AEAURHD ¢ OZHERXORIIC 2 25 ERVWAERXE T T, REROKRRAKIITLHE 1 OEHIREK

OF 25 it ¥

getroot (p,x|mult=1,cpx=1)

w ZHEAXORZ G 72T H RO T FIROFFH TRed 5

polroots(p,x|comp=t,err=r,lim={)

w B 1 EBESZEXOR, 2EELEXAOLER (R - BR) o G fEEiET

fctri(p)

i FEES & R A BRI O 1 B S EAE, O TN ST 5

polinsym(p, [z1,...,2,1,9)

(1, mn) ORMFRA B Z A PR TER S

polinvsym(p, [x1,...,2,]1,5)

o polinsym(p, [x1,...,2,],8) DOWEHEL

pol2sft(p,x|sft=t)

:: shifted power ZHX %5 2 5

polinsft(p,z)

:: shifted power ZIHXUZE T (pol2sft() DWZEH)

sftpow(p,n)

sftpowext(p,n,s)

it p @ s shifted n power [[/_,(p+ (v — 1)s) ZiKT

binom(p,n)

splp—D(p—2)---(p—n+1)/n! ZiF

expower (p,r,n)

2 (14p)" OERAEZ p” £TKDD

orthpoly(n|pol="type") orthpoly([n,a,...]|pol="type")

w B ox O n RERZEAZIRT

schurpoly ([my,mao,...]|var=v)

My > meg > >my, > 0D A D Schur ZIHEN &K

seriesMc(f,k,vlevalopt=[[s1,t1],[s2,t2]...1)

s B f OFEELTEEOV R Mol bk IROEE TO Maclaurin B %k 25

seriesHG([ay,a2,...],[b1,ba,...1,p,k)

seriesHG([[a1,...]1,[b1,...1,[c1,...1],[[dy,.. .1, [er,... 0, Cf1,-..10, [z, 9], k)

i FREETREL P (ar, a2, ooy @miba, Doy b p) O PP WDEE TRD D
F0T 2 B ORI Zogiﬂgk ()i (br)iz(C)iv 2yl 554

(d1)itj-(ex)i(f1);- il
fctrtos(rlvar=¢,rev=1,dic=1,TeX=f,dviout=1,1lim=n,small=1,pages=1,add=s)

11



uw HERE R LT B O TFIN T 5
167. tohomog(r, [z1,22,...1,y)
i (21,0, ...) OFBRUIE K y #EALT (y, 71, 72,...) OFKRAITT D
168. substblock(p,z,q,y)
wx DBHEAX p gzt L, y=q BT p % z O nydeg(q,z) KD (z,y) DLERIZET
169. invE(lp1,...,pnd, [21,. . 2], [yr, .- oy ynd)
nyj=pix) G=L...n) &z =qy) (G=1,...n) M
170. mydeg(p,x|opt=1)
i deg(p,z) LRI, p 3T CHREUIAE T L.
171. mymindeg(p,x|opt=1)
D pBAAT—0 L E T nindeg(p,z) LU, HREIFHEEXTIWD, p TR EDA T F—T7%
W& E L0 LIS O RRS O/ R A IR
172. iscoef(p, f)
0 p DIREDOETH f(x) 0 ZMITNEINTFzvIT5
173. mycoef(p,n,x)
i ocoef(p,n,z) ERILT. n, IR CEZDOY A FTH L. p 1 ITHIRBS TRENIA BT L.
174. pcoef(p,m,q)
pcoef (p,m, [[z1,..,x,]1, [Mm1,...,mp1])
i ZHEA P AR L7 & & ORI ¢ IT6§ 2R 8E KT
175. pfctr(p,x)
uox OZEAFE I HHAK p ORBE
176. cterm(plvar=[z,y,...]1)
w ZHEAOERAZ K. BHEHRE .
177. terms(p, [z,y,...] |rev=1,dic=1)
o ZHEAOFET HHOUEE REHFEHO Y A M &IKT
178. polcut (p,n, [z,y,...]1]top=m)
2 BEHEOV AN [x,y,...] OZEX p LR (m LLE) n BUF TRWIEZHIBR
179. mydiff(p,z)
w diff(p,x) LU, p ITHRES THREVIFIXNTEI W, 2 b U A M TV,
180. myediff(p,x)
woediff(p,x) ERT. pldATHIRCRA CHREUIA AT L.
181. ptol(p,x|opt=0)
wox OEZHENX p RO Y X M EIRT
182. pfrac(p,z|root=2,dviout=1,TeX=1)
wx OFERNX p ZEOSEIEAL, o1, 5 (ZHEXERE) OO R M EIET
183. 1pgcd([p1,p2,...1)
w ZHEK pr,po, ... OIEKTEIET
184. jacobian([fi,..., fnl, [z1,...,2,] |Imat=1)
BB (f1,. .., fu) DB (21,...,2,) IOV TOY LT Y2 BT8R,
185. hessian([f, [z1,...,x,] Imat=1)
B f OB (21, ..., x0) ITOWTONTT U ETIEAy BITHZIRT.
186. wronskianl[fi,..., fn],z|mat=1)
s BB (f1, ..., fn) PEE 2 12O TORYART VELIFR  AF—(THZKT.
187. prehombf (p,q|mem=+1)
B AR FAVEROFMAER p O b EEESD. ¢ IR LEK.
188. intpoly(p,z|exp=c,cos=c,sin=c)
i B e OZHEA p (i3 &R, MBI = AR OR) A BROR MG EEE KT
189. integrate(f,z|dumb=k,dviout=p,log=1,frac=t,I=[a,b])
B f AEH r ICOWTREREST D

12



190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

powsum(n)

2142+ m" O mE x CEIHXTZ 0+ 1 RSEX LIRS
bernoulli(n)

:: n R® Bernoulli 25 B, (x) & i3

1.2.4 Functions with real/complex variables
LU OB EB R CiaZL s (5180 2FREERICT L LT 5 U 2 MEARiz iRy
frac(z)

i B DANEER Sy

erfc(x) erfc(lx,precl)

i FRAHRAZE BB erfe(x) = % [ et dt
fouriers(lag,a1,...,aml, [b1,b2,...,b,],2lcpx=1,sum=f,y=t,const=c)
fouriers([f,m], [g,n],z|cpx=1,sun=f,y=t,const=c)
:» AR Fourier #%3% ag + a1 cos z + as cos 2z + - - - + a,, cosmz + by sinx + by sin 2z +
myexp(z)

= FEEBAE exp(2)

mysin(z)

i =AM sin(z)

mycos (z)

i =B cos(z)

mytan(z)

o =AM tan(z)

myasin(z)

= W =AM B asin(2)

myacos (z)

W= BE acos(2)

myatan(z)

W= A EEE atan(2)

mylog(z)

i ORPEOE S log ()

mypow (z,w)

RS 2

myarg(z)

= R arg(z)

sqrt(z) sqrt([z,prec])

w2 DVHIRELGZD

arg(z) arg([z,precl)

oz O

gamma(z) gamma([z,prec]l)

w W~ EET(2)

digamma(z) digamma([z,prec])

w T A~ EHE () = 1;((5))

lngamma(z) 1ngamma([z,prec])

: log(T'(2))

dilog(z)

A B TE Lig(2) = Y50, &

zeta(s) zeta(ls,precl)

o zeta B C(s)

13
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212. eta(r) eta(lr,precl) ‘

i+ Dedekind 0 Eta B4t n(t) = e 12 [[o_, (1 — e2™™mT)
213. jell(r) jell([r,precl)

. Elliptic j-invariant j(7)

1.2.5 Lists and vectors
214. 11size([my,ma,...])

2 URA R my; U A MIXL, 5 m; OMEE my OEIFRO R AR E K
215. findin(m, [y, 41,...]1)

miZHELWEFZEE Lo, by, .. MNHEET

216. countin(s,m, [{y,¥1,...]|step=k)

2 sBLEm BITD {{y, 6q,...} DEROMEE, HEm TOMEEBIMELIET
217. delopt(¢,s|linv=1) delopt(¥¢,[s1,S2,...]|inv=1)

AT arUAN (VARDOYRAR) oA Tvars BEIEER) 2E0ERS, FR3ksHT
218. mycat([{y,...,4,,] delim=s)
219. mycat0([4y,...,0,]1,tIdelim=s)

vl by BRRTD
220. fcat(f,slexe=1)

D 77 AN fIC s BEESHT
221. vtozv(v)

i HERONRY bLEAD T —fF L CHM LT 5
222. 12p(l,v|size=s)

SARBOV AN EH5EZTo0ZENEZIRT. FE0OUERE KT,
223. mulseries(vy,vs)

i 2DDNT MLV ERESHFILE B LT, TOEDRY L&Y
224. pluspower(p,x,r,m)

2 (14p)" @ lCBAT2NEREEMAEZE m HETKRD S
225. average({|sint=k)

w FEHOY A MK L, FEHESCEERELZRD D
226. vprod(vy,va)
227. dvprod(vy ,v2)

22007 kL (VARTH IV ONBEIKT
228. 1llbase(v,l)

o ERCL0]L L, . D—IRFRIRONT ML v OFEEHEIT S (FllE Lsol () OHAESH)
229. 1sol(w,!)

B L[0], L[], . . BT BN — IR R R AR <
230. 1nsol(v,l)

s BE L0, L[], . . BT AN, — IR TR RO EER A K D
231. 1change(/,k,v|flat=1)

2 (BHE) VAN O K THEELMEOR D v ICE XS
232. 1max([mi,ma,...1)

i my, M, ... DFROERKOYL O EIRT
233. 1lmin([mq,ms,...1)

L my,Ma, ... DFOIR/NOH D EIRT
234. 1gcd([my, ma,...]J |poly=1]1)

oMy, ma, ... DERKRAKE Go) 2&T
235. 11cm([mq, ma,...]1 Ipoly=1])

Mmy,ma, ... Di/NAEE (GB) AR
236. 1dev(/,s)

14



237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

i URAR s OFBAEAE Y AN LITIMAT, By O i % /M35
lsort({q,4o,tlc_1= [8170 5CL1s - 1,c_2= [6270 5C215 - - - 1)

w UR N THRIL, by &EDOEDE, @, F700E Ll @y Z R <
Zofth, BT —H OE(E

t = "cup", "setminus", "cap", "reduce", "sum", "subst"
msort (£,s)

0 XY RARY R RO E (FE) ¥—sliifit-TY—hT 5
addIL([a,b], [[a1,b1], [as,b2],...1lin=t)

w ARRMOEGHES L ARKMOFESOFE

vnext (v)

i RY MORG N~ 2, FEERIEF TRORY VAT S
vgen(v,w,m|opt=0)

R OFID m OIFARS DR bV w EIRIZAERT S
paracmpl(l,t|1lim=1,low=1,para=[vy,vs,...])

D AHEMIZLITRFELIZY A N ORGy (728 2 3FEKX) CEOSN S ZE/ o EAIsE b

1.2.6 Matrices

dupmat (m)

u RO DHEEKXOTINEZ1ERT v m OBREED

m2v (m)

= AT m DSy E LATE 2 BIRIZIE TR MUVICERT 5

m21 (m|flat=1)

w HEE, XY M vHDVIEATHIO m O ENRIZIERTY 2 MZT D
m21v(m)

2 AT m DITRY MV EARTY R MZT 5

m211 (m)

2 AT m BT MVE VA MIDZTZLDERDET DU A NMIT D
1v2m(/ | £ill=n)

S AT MV (TGO VU A R THA) DY R N M THEED
s2m(s)

i TR TORFEER Sy OITHNIRBIC, FIOU A R BITIEIED. MERKY A XDOITFNIR 5
c2m(l,v|pow=t)

u RIEOEE» GREATIIEED

mperm(m, [og,01 ..., [70,71,...1)

mperm(m, [[09,011], [[79,7111), mperm(m, [o, [m;1], [T, [m211)
i ATHI m AT (Mo,r, ) 216D, EIIIEBITH (EI1ZEH) TEMRT S
mtranspose(m)

2 ATH m DEEEITHNERD D (mIZV A MDY A RTH L)

madjust (m,w|null=n)

= ATAI m OFNEE w T S

mpower (m,n)

S ATEIm D n 'EKRD D

mtoupper (m,n|opt=t,step=1,dviout=1,pages=1,tab=k,lim=w)

S AT mATxE L, [TEAREFEEIT- T, TOLENG D 0 ORIy OMEEN T OFT O 5 ~FR3% B g
LB EHCT D, mED n FITER.

mytrace(m)

T8O trace Z i,

mydet (m)

det(m) ERIUC. 7277 LA EXTH L.
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258. mydet2(m)
wdet(m) ERU. 272 LI AEATH L.
259. myrank(m)
= 478 m @ rank KD 5 (HliX mtoupper () DIH)
260. mykernel(m|opt=1)
= 78 m DERET TSI kernel DIEEZE R D 5
261. myimage(m|opt=1)
= ATH m DESEITHI OB OILEEZ KD D
262. mymod (v, [vy,...,v; ]| opt=£)
2 XY MV, .o CTIERONDZEFMOPEZER A~ v OFEERD D (Bl myimage () DIR)
263. mmod (m, [vy,...,vx ]| opt=1)
2 XY MV, v CTIEBNDZEROFEZER~OIE G m OFHE
264. myinv(m)
= IEHITE m OWATHERD B
265. madj(g,m)
2 AT gmgT BZEHET S m I THIO U X R OTHIONT FATH K.
266. diagm(m,a)
s RHAITE AR T B
267. mgen(m,n,a,s|sep=1)
o osize m X n O—EATHNEAERT D
268. unim(s|abs=m,num=n,both=1,int=1,rank=r,conj=1,res=1,wt=w,dviout=t,lim=w)
2 ATHIR L TYHA X s OBBATINE 7 0 7 DTAERT D, 178 s T 0 X DITEHET D
269. newbmat(m,n, [[’]"00, 701, - - N B [7”107 o] . ] lnull=t)
w7y JATHEERT D
270. meigen(m |mult=1)
= ATHI m OEE A IET
271. mdsimplify(m|show=1,type=/)
 AEKXIESTTII m, £EF0Y R FoRY RV ERHAITA T AL
272. transm(m|dviout=1)
2 AT m ODREREEA L E T T 4 71T

1.2.7 Strings
273. str_char(s,n,t)
w SUFH] s D n SCFLABRISSCTS t OSEEC TR RANCEN DT ZIK T (str_chr () DOILIE)
274. str_pair(s,n,t;,to|inv=1)
w FH s D n CFLRET, T (B) to OHBUERLA ¢ OHBIERR A B 2 2 R OALE 21K T
275. str_str(s,t|top=n,end=m,sjis=1)
1 T s ITERAY SCFA t IS RN BN D T AR
276. str_cut(s,m,n)
LT s OYEEEND m LT EAX LT, ENLBER —m+ 1 XFEIET
277. str_subst(s,sp,s1lsjis=1,raw=1) F7i%
str_subst (s, [soo, So1,---1, [S10,511,..-11inv=1,sjis=1,raw=1)
str_subst (s, [[soo, s10] 5 [So1,511]1,...1,01sjis=1)
i ST s IZEEN DI LTI sg & 51 CERTHENLIAICEEHRZ D
278. str_times(s,n)
w XFF s (F72XV A N) ZnEREVIRLZCFS] (F7213) 2 b)) 2iET
279. strip(s,ti,ts)
i SUFHN QMU ORI E S
280. s20s(s)
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281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

s OB E AT AT RE 7R SCFEEIN T A

sjis2jis(D)

i T a— KOO Y A hOYJEEE 2 % ShiftJIS 75 JIS (45 H#
jis2sjis(D)

D XFa— FOETOU A NOSEE 2 o% JIS /5 ShiftJIS (2451
s2euc(s)

20 ShiftJIS F7-13 JIS X754 EUC oz 28t

s2sjis(s)

2 EUC & 7213 JIS 30551 % ShiftJIS SCFlic 484t

str_tb([sg, s1,...1,tb) F72iF str_tb(0,th)

D THRARAMNANY T EHER b=0) L, 22 (EVHEth) 1Z3XFF s, ... ZNITBINT 5. &HO
Bl%E 0 & LA ERY 1.

120s (1)

i U A NE AJIATRE 7 SCFH I 254

r2os(l)

i A eval_str() TAJIRREAR SCFFNC A M

r2ma(s)

:: Mathematica O DOEITZEH

evalma(s|inv=1)

:: Mathematica O % HiAiAde

readcsv(sleval=[ni, no,...],eval=n,sp=1,col=c,null=t,eq=1)
2 CSVIERDOT—% % U X MEX THiAIAT
tocsv(l|null=n,exe=f)

2 VA RDOU R NERIIITIIE CSV ERXDOT —Z ([T A #1

1.2.8 Permutations

ldict(n,m |lopt=t)

2 4{0,1,2,...,m—1} ZU 2 THENEFTn+ 1 FBOU X F&ET

ndict (¢ |opt=t)

i {loy b1y b1} DUWARFEZ DY AR L BIEEZIET (RHIL0 )
nextsub([ag,...,Qm_1],n)

2 {0,...,n—1} O m EOEHEREZW~TL X, {ag,...,am_1} DROWHEEEIKT. KEkx5
ZT-REE 0 2T

nextpart (£)

 HRBOSE DY Z ik L, BEERIETF TRICKRE 2L OERIRT
transpart (£)

s BREOSEIOY A R (Young KIFUCHKIR) £1ZxtL, EOXxt KT (HiliX nextpart () & M)
trpos(a,b,n)

i HAR (a,b) \HT2 D n REBEEO LA RS

sprod(s,t)

G EEEEOE A KT

sinv(s)

wEHE s DML E KT

slen(s)

nOEME s DR E &Y

sord(s,t)

 EHi% Bruhat order TH$ %

1.29 TEX

my_tex_form(p|subst=[tg,t1],frac=f,root=r,ket=k)
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i print_tex_form(p) DFE Y lh b LFHIBHSCAREIFHIBRZ TV, FHA0TU Y — R TEEH
303. show(p|opt={)
: p % dviout THUNIERTT S
304. dviout(plclear=1,keep=1,delete=t,fctr=1,mult=1,subst=[s0, sl],eq=k,title=s)
i p % dviout THERT D
305. dviout0(f) F7ziF dviout0([l1,4s,...]1) F72iE dviout0({]|opt=s)
i TEX TOERRDOIZD ONEHIBRR & O FAREAE
306. verb_tex_form(p)
i op & BTEX TR TREAR CFHNCT 2
307. monotos(p)
o AEAE AN A, HIEPA CIE (&) TR
308. monototex(p|lminus=1)
o AEAE TEX OXXFINCER. BIEALS T (&) THE
309. rtotex(p)
B E TEX OXCFINCES. 1 XFElix s Lx13{ & } CHb
310. texsp(s)
2 TEX OXTFH] s OFEN TEX OF—T— KD L X, s DRRBIZZEAHEDIT 5.
311. texbegin(?,s|opt=u)
= TEX @ \begin{t} [ul s \end{t} &5V —X%&HI1T5
312. texcr(k)
2 127 LR OEAFEH kS UT TEX 1B T 2 HOBAT O LT %K
313. texket(slall=t)
w TEX O Y —Z s (2B MDY A X & v 21235
314. 1totex(l|opt=s,pre="string",cr="cr",small=1,lim=¢,var=v)
2 VA RNERIEARY bVvE s ="spt" DL EHEMEEDEDY XA &AL T\1left\{... £7iF s = "GRS"
» & % \begin{Bmatrix} --- DJE® Riemann scheme & » T TEX O TN Hrle &
315. mtotex(m|small=1,2, null=1,2, sp=1,2, idx=0,1, mat=s, var={, raw=1, lim=n)
2 ATANETIERY M vE TEX OSCFFNCEWRT 505, ot GE8Ao0 & S IXNES R LRIz T 5
316. divmattex(s,l)
2 ATHD TEX O Y — R s OHFIRFNON ~FEZ 21T 9
317. smallmattex(s)
S TEX OV —2T ()R { } CHENTATINE YA ZEWT 5
318. texlen(s)
 TEX O ORNE 2 HERl L TSR ciR T
319. texlim(s,nldel=sgy,cut=s)

w ROV TEX o8%E, BEATICHET S

1.2.10 Lines and curves
320. ladd(u,v,t)

0 X MVEFY A OGO (t=1) °E t=-1) ZEDETH) A PERT
321. dnorm(v)

0 _XT RLVEZITY A RO VA, FETIE 2 AR OERE A RS
322. mrot(fldeg=1) mrot([f,,0,,60.]1|deg=1,conj=1)

i A O OREEETTH 2K
323. dvangle(vy,v9) dvangle([u1,us,us],0)

XY MVETIZY R R OSRTeAEDOSRE RIS
324. ptaffine(m,{|org=v,shift=w,arg=0,deg=0,proc=1)

v FEEOM (ERE) OV R MNEREETD, T 70 AR (ZHLIIREETER L) 2T
325. ptpolygon(n,r|org=p,scale=t,arg=0,deg=0)
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326.

327.

328.

329.

330.

331.

332.

333.

334.

335.

336.

337.

338.

339.

340.

341.

342.

343.

344.

345.

346.

347.

w R r OFICHNBET D IE n AT OTA S O A FEFE
ptlattice(m,n,v;,v2lorg=p,scale=t,cond=[f1, f2,...],1ine=1)

noorg B L LT o FIANZ m HE T, vy NS n fHE TOEEE m x n HOK T 5 D JHEE
ptcopy (£, v)

w JEEEDO Y A ML EBEIFMOY A N ol THERMa Y —T 5

ptcommon([sy,s2], [t1,t2] |in=k)

u ERRCRR P HIRT L Tl A, BASCEROR, Ny A, HFHGEETR, AEREERD D
ptwindow({, [x1,22], [y1,y2] | scale=t)

w OPHEERE (2,y) DV AR C o <z <o, y1 <y<y ZMEIRNVBO%E 0ICEZD
ptbbox([[z1,y1,...1, [x2,y2,...],...1|box=b)

ptbbox ([[[z() o)1, L) Lubded,. . 1, [z 2 (1,7, T 1box=1)

min ?maxS

AR (r,y, . ) RO Y A MR [[Cmin s Tmaz] > Wmin > Ymaz] 5. . .1 2T
iscombox([[z1) 2.1, ) y.1,..7, (12?221, 12 2.1,
2 2008 (KEOER) OE@Esy0fHE2 RS

1ninbox([p1,p2l, [[Zmin > Tmaz] » Wmin s Ymaz]] 1in=1)

s OFENG 2 58 pp & po ZRESERR (F72138) OBNOESS (2 mEkiSmy) 2T
scale({|scale=[cy,...],f=f,shift=[sy,s2],TeX=1,mes=[¢, [a1,b1,w1],...],1ine=[a,b],
prec=1,col=s)

o BREORE (B0 RoOAfERk

tobezier (/linv=[a,b,t] ,div=k)

w MOV AR L TEE D Bézier MBRD/RT A —F TR b Z O L yE|
1lbezier(l|inv=t)

X4y Bézier fhfRod T — 7 25 f

velbezier(f, [a,b,t])

:» Bézier iR DR RKEE Y ML

ptbezier(l,[n,t]) ptbezier(l,s)

i (BA) Bézier iR LR EHENRY brakd b
areabezier(l|rev=1,pt=[p;,ps,...],para=1,prec=v,int=k,exp=c,Acc=1,cpx=1)
i Bézier #ifR & AW 7o fEIR O AR - g o OFHE

ptcombezier (41,05, m)

w DU ARy, by TEED 250 Bézier RO 8 E2 KD %

ptcombz(b; ,bs ,m|red=t,prec=k)

1 X4y Bézier iR by, by O HERD D

1.2.11 Drawing curves and graphs

xyproc(fldviout=1,opt=s,env=t)

i Xypic/ TIRZ RHEE LZBREOG (f=1) T (f =0 XK=

xypos([z,y,s]) xypos([z,y,s,t]) xypos([z,y,s,t,ul) =xypos(lz,yl)

i: Xy=pic/TikZ TOPERE (x,y) R s REDLFHT). t1XTNNVOLF, widA7 v a 3550,
xyput([x,y,s] |scale=r) xyput(lz,y,s,t]) =xyput(lz,y,s,t,ul) xyput(lz,yl)

2 Xypic/TikZ TOPERE (x,y) RN s R EDLFWT). tIXTNVDXLTF, wldA 7 a 355
xyline([z1,y1,5171, [x2,y2,52] lopt=t) =xyline([zi,y1], [z1,y2] |opt=t)

2 Xy=pic/TikZ T (x1,11) & (v2,y2) ZM TS (BT FLTH XV
xyarrow([z1,y1,51], [x2,y2,52] |opt=t, cmd=s)

i Xypic/TIkZ T (x1,11) & (x2,y2) ZRAIFETHS GHIT~Z AL TH LW

xyarrows([f1, fol, [v1,v2], [[x1,22,m], [y1,y2,n]] | scale=r,abs=v)

2 Xy-pic/ TikZ THEED RN ZH#i <

xybox([[z1,y1], [z2,y2], [z3,y3]] lopt=t,color=s...) xybox([[z1,y:1], [x2,y21]|0pt=t,color=s,...

= Xypic/TikZ T (z1,y1) & (22, y2) ZXARE L, (x3,y3) ZIEAE T TMUAE (D WITKE
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RiNE L ORFE) E#i<
348. xycirc([x,y,s],r|lopt=t,arg=[0;,02] ,deg=[0;1,02],close=1)
2 Xyepic/TikZ T (z,y) F L rmm/cm O %<
349. xybezier([[z1,11],...,[xn, yn]] | verb=k,opt=t,cmd=s,relative=1)
2 Xy-pic/TikZ T4y Bézier Hiff (A Bézier ifR) i<
350. draw_bezier(id,idx,b|col=c,opt=s,init=1)
i ¥y N RIZX Sy Bézier HifRZ <
351. xylines([[x1,y1,51]), [z2,y2,82]1,...1lopt=t,close=1,curve=1,ratio=c,verb=1,scale=r,
Acc=1,dviout=1,proc=p)
0 Xy-pic/TikZ T sj % (zj,z;) IEZ, (z1,91), (22,92),... & (Bézier #h) HTHS
352. xyang(r,po,p1,p2|opt=t,scale=r,prec=1,ar=1,dviout=1,proc=1)
2 Xy-pic/TikZ TH Lpipops DRt 5 MIIRCERIEC AR 2 i <
353. xyoval(p,r,qlopt=t,arg=[t1,ts,t3] ,deg=[t1,t2,t3] ,scale=r,ar=1,prec=1,dviout=1,
proc=1)
= Xypic/TikZ Tp 2Hil e LT, ORI r & gr DA EIXZOIRCER 2 #i <
354. xygrid ([z,ts,uy,my,521, [y, ty,uy,my,sy] lraw=r,shift=[s,,s,])
w G FHRAR O R
355. xygraph(f,n, [t1,t2]1, [x1,22], [y1,y2] lopt=t,rev=1,ax=[xg,y0,5,t,ul ,axopt=[h,w,0,2],
scale=r,ratio=c,raw=1,org=[xg,y0] ,pt=[p1,p2,...],verb=1,para=1,prec=v,shift=[u,v],
Acc=1,dviout=t,proc=p)
i BSRO n BMTOMTHBD 7T 72/ (< x <to, (w1,y1) (22, y2) IZFRBOH)
356. xy2graph(f,n, [x1,22], [y1,y2], [h1,he] ,a,Bopt=t,scale=r,view=h,raw=1,trans=1,
ax=[z1,29,t] ,dev=m,acc=k,org=[z¢,y0,20] ,pt=[p1,p2,...],prec=v,title=s,dviout=k,
ext=[a,b] ,shift=[u,v],cl=1,proc=p)
o,y BHOXEE n S5 UCHiE 2 = f(x,y) ® 3D 77 7 &H#i<
357. xy2curve([f1, f2, f31,n, [t1,t2], [y1,y21, [21, 22] ,a, Bl scale=r,gap=g,opt=s,eq=q,raw=w,
dviout=d)
s 2] TR OO REBRALEER D X [
358. execdraw(/,t|shift=[u,v],ext=[a,b],cl=1)
s WEETRK LA H TR ¢ 129> THEITT D

1.2.12  Applications
359. powprimroot(p,nlall=1,exp=1,log=f)
S p A EORE n e ZDFIERD Y X N EED
360. ntable(f, [a,b] ,nldif=1,str=[k;,ks,...] ,mult=m,title=t,top=[t1,...])
i KM [a,b] & n %y, 72 n=[ng,n0] 5 LA TO x BEROKE f OBMEMEOHRKEED
361. distpoint(l|div=5,o0pt=s,title=t,size=/)
2 100 MR O RBEOT — X | IRl w7 EERICT D
362. seriesTaylor(f,k,vl|evalopt=opt,small=1,frac=0,dviout=n)
v B f OBETITER DY A b o lCkT D kEIROEE TO Taylor BZ KD 5

1.2.13 Environments
363. Canvas
:: Risa/Asir OiF v L NADT 7 4V b YA X
364. AMSTeX
w ZOMEN 11E AMSHTEX 2 EWT %
365. TeXEq
i T 74V O BIEX OFABREEDOFEE (dviout0(3) TN Z5)
366. TeXLim
i BIEX TREWERZ1T0HIT 580 1 {TOHFRR KIRIESUTFEOT 7 4 /v M
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367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

377.

TikZ

7T 7 RN Xypic & D H TIKZ &8 5 nE4aiE

XYPrec

i T T RO DFERED /N LD T D I DHTEL

XYcm

: X-pic TO¥NLZ cm THR LT, TikZ IC&dbED

XYLim

it Xy-pic X TIkZ T di I CIEIZHE E T 5 5 T OSAT ORI
DVIOUTH

:: myhelp () THRE LB OS2 7RI oD T 17T AOHEE
DIROUT

B E DTEX A L2 Y — A INDT 4 L7 MU (BEIARWRER Z EPREFFIND)
DVIOUTA

i BTEX O AMSTEX BEiC risaout.tex AL THERT L7177 LADRAL

DVIOUTB

i BTEX O AMSTEX BREET risaout10.tex (F7-iX risaoutl0.tex) # AL TRFTH 1
7T LDRAKT, DVIOUTA &AZHETE %D (cf. dviout0(), risatex.bat).

DVIOUTL

o WTEX B C riasoutO.tex #EM L TRRTH 70T T LADNRRA

.muldif

:oos_muldif.rr Zu— KLz & EIZHARAEND T 7 AV

risatex.bat

:oos_muldif.rr BT 5 BIEX O Y — A7 7 A VEEBRLTHRRTIHT0 ST A

1.3 Some functions in the original library

PUF OBEIE, module fb SN2\ T, B DIEFHIZ os_md. DT EHA.

10.

131 HDEER

. ddiv(iy, i)

w BEGREICK AR

irem (41,172)

o BEHBREIC X D REIR

fac(i)

o BRE T DR

nm(p)

p AEEELIIFEXOS T

dn(p)

BB EITAEEKO SR
ing(il ,ig)

igedent1([i])

B GCD O 7 LT ) R ADER
ilcm(il,iz)

ORI AEERERD D
isqrt(n)

on OYEHFREBZ DR KOS 2K
inv(i,m)

sm EEETD 1 OWEK
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

random([seed])

s OEEERT D
lrandom(bit)
 BEREBE AT D

mt_save (fname)

AL RAROBEOREE 7 7 A V=T 95

mt_load (fname)

B T ANMTE—T SRRSO REEE 2 — R 5

real (comp)

:: comp DFEE 7

imag(comp)

2 comp DESY

conj(comp)

. comp DIBERL

eval(obj [, prec])

:: obj OAEDFH

deval (obj)

it obj OEOFML (R E/ ML)
pari(func, arg, prec)

it PARI O%K func %O,
setprec([n])

it bigfloat DOHiEZE n HIITRET D
setmode ([p])

w AIRIEEZ GF(p) ICRET D
ntoint32(n)

w FEAEH L 557 L 32bit B M o RIS
int32ton(int32)

i FFREH L TS L 32bit RO M ORIA
iand(m,n)

s B om,n Oy MMED and
ior(m,n)

B m, n Oy MED or
ixor(m,n)

DB om, n Oy MED xor
ishift (¢, count)

B OekHE % bit 51 & AT shift 975
i2hex(ilcap=1,num=1,min=m)
 FEREHCD © 16 R
pari(binary,n)

o o 2 EHEFRR

pari(factor,n)

B T3 1 REZHA n OFRBRERD D

pari(issquare,n)

s B F32EA 0 S o) I E D i D

pari(omega,n)
B 723 1 AR SEK n OFERTF O

pari(bigomega,n)

s BB 72031 ARSI n OFK A OEBLAZ O

pari(numdiv,n)
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36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

o4.

95.

56.

57.

98.

o BB B n 2 H10 U) 5 IR O

pari(sigma,n)
= n OIEDOKIEOFN

pari(isprime,num)

i B num BEENLE D PRRD (BEERS 0 2R

pari(ispsp,num)

i AR num PR E D AL (BRI S 0 ZilkT)

pari(nextprime,num)

i B num DL E O/ OB A IR

pari(frac,num)
i FE num OISy
pari(conj,num)

i BFEE num (THITHA) OB TRz IS

pari(abs,num], prec])

s B FEH num OHEHE 2R
pari(cf,num)

: num O HIRR A IR
pari(mu,n)

i BRI n O A BT AEE uin
pari(phi,n)

i HAEn TS Buler @ ¢ BEOME (n LT D n &R OOEE) 24

132 2BEAK, FEADEEH
var(rat)

o rat O FEEE RS

vars (obj)

: Obj ITEHENDEHK DY A |+
uc(Q)

) OfE (0 721 £1) ik

i REREIED =D viype 13 1 ORNETLEEKT .

coef (poly,deg [, var])

o poly @ var (BWEHHIELER) ICBIT 5 deg IROIFEZ M T 5

deg(poly, var)

:: poly @, B8 var (BT 5 &

mindeg(poly, var)

i poly O, ¥ var (ZBI9 5 BRI

nmono (rat)

o rat O FRIERXOEE
ord([varlist])

= BHIER DR E

sdiv(polyl, poly2[,v])

:: polyl % poly2 THIZEREH
sdivm(polyl, poly2, mod|,v|)

2 GF(mod) LT polyl % poly2 THIZBREN K% E TEITTE HHAICHEEZRD D

srem(polyl, poly2[,v])
2 polyl % poly2 THE|BEREN
sremm(polyl, poly2, mod[,v])

: GF(mod) LT polyl % poly2 CHIDZBRENEE E TIITTEDLAICRREZRD D

sqr (polyl, poly2[,v])
:: polyl % poly2 THIZEREH

REETIITTEILHBITHERD D

REETIITTEOLAICRREZRDD

KRB ETEITTE LB, MRERDD



99.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

e

78.

79.

80.

81.

82.

83.

sqrm(polyl, poly2, mod[,v])

:: GF(mod) LT polyl % poly2 THIZBRE N K% ETIITTE 258100, FRz KDL

tdiv([polyl, poly2])

o polyl 7% poly2 THIN- L& EN 2T L 0 2T

subst (rat[, varn, ratn ]*)

s AEXORFEDOREIIC, EHH 5 WIFHHEN, FEA L E2RAT 2
psubst (rat[, varn, ratn ]*)

s AEAXORKEDOARETIC, EHdH 5 WIiFHHEN, A 2T 2
diff (rat[,varn]*) F721L diff (rat, varlist)

i rat % varn & % \ME varlist O OZLEE TIERMSY T 5

res(var, polyl, poly2 [, mod])

i B var 1ZBI9 5 ZIH polyl & poly2 O#&FERERD 5
fctr(poly)

i poly ZEERIR I oS 5

sqfr(poly)

it poly HESE ST 5

ufctrhint (poly, hint)

i WEIE A OB BREUR B D 1 B3 A O RE > if

modfctr (poly, mod)

= AIRE L TOZEXDORE S i

ptozp(poly|factor=1)

o AEMRE S A A B L CREURECTR SO GCD 28 1 O ZHAUTE S

% poly % m

0 poly DFAREEE S m TH - RIATEEI B -ZHEXEIET
prim(poly[,v])

u AERHZER poly DOJRIAHIESY (primitive part)
cont (poly[,v])

i FEMREZIEA poly DR (content)

gcd(polyl, poly2[, mod])

i ZoDHZHEADRRAKNX (GCD) 2R 5
gcdz(polyl, poly2)

i HBRE LD o0 ZHEADRKAKIX (GCD) Z2KH 5
red(rat)

worat 0T 5

umul (p1,p2)

o R — SR S T D R R

umul _ff (p1 ,pQ)

i ARRIMRE AR Z HA 0 mE R

usquare(p;)

s BEBRR A EA0ER 2 ®#E

usquare_ff(p;)

i AR AR ZHA 0 ER 2 A

utmul (p1,p2,d)

o R RSO mEER (FTH U0 REHRE)
utmul _ff(py,ps,d)

o AR — 5 S HOmEERE (FTHE 0 REIEE)
kmul (py1,p2)

i —EHEEA D FRE 4 Karatsuba £ TT 9
ksquare(p;)
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i —EEZEAO R 2 A4 Karatsuba #T17 9
84. ktmul (p1,p2,d)
—EHZEXOEHRREE (FTHE) 0 WHEEE) % Karatsuba 5 TIT 9
85. set_upkara( [threshold])
vl BHEHEAOREEEICRITS N? | Karatsuba, FFT 7/L3 U XA 084 2 o BIE
86. set_uptkara([threshold])
o 1 EEZHEAOHEEICE T 5 N? | Karatsuba, FFT 7 /L= Y X A O 2 ORBEME
87. set_upfft([threshold])
w1 BRSO BEEICKIT S N? |, Karatsuba, FFT 7L U X A DY 2 DRBIE
88. utrunc(p,d)
w —EHEEERTE S
89. udecomp(p,d)
w —EHEEA A RETH T D
90. ureverse(p)
i B EAXORE AW L2 HEED
91. uinv_as_power_series(p,d)
i EBEEAE RN L T, Wi A
92. ureverse_inv_as_power_series(p,d)
RS R R W L TR AT, WOTEE
93. udiv(pi,p2)
w —EESIEA p, po XL, BEEIRT
94. urem(py,p2)
w BB py, pa ISH L, RIRZ R
95. urembymul (p;,p2)
i BN pr, po ITX L, RIR AR
96. urembymul_precomp(py,ps,inv)
s EESNEZEAIC L DRRFEEZEITHIHEREICTHND
97. ugcd(p;,p2)
w —EESIER pr, po XL, GCD %K
98. pari(content,p)
x EROZIANL BT, FREDOERAKIICEIRT
99. pari(round,p)
i BB R TPV ES R D
100. pari(roots,p|,prec])
w ZHEADRERD D
101. pari(disc,p)
x BHOZIEK p OHBIX % KT .

133 UXRbF, RY R, BEIOEER
102. car(list)

i ZETRU list OEHHEHR (EOLHAITZEDOY A M) HiRY
103. cdr (list)

i 2B list N BIEBHER ARV (BOLEIEZED) VR NEIRT
104. cons(obj, list)

o list OYEHAIC obj N A 72V A N &K
105. append(list1, list2)

i list] OFIT List2 2772 U A M &2
106. reverse(list)

s WA~ 2 72U A R &R
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107. length(Iv)
2 VA RNELZRFARY MVOESZIRT
108. newvect (len[, list])
& len XY MVEAKT D
109. vector (lenl, list])
w Be& len DR MVEERT D
110. vect([elements])
D BROWONLGRT MEART D
111. 1tov(list)
o list BN MV B
112. vtol(vect)
i RY bR Y A MIEWRT S
113. newbytearray (len, [listorstring])
: newvect & [R#EIZ L C byte array #4895
114. size(vect/mat)
S ATANDOY A RETFIAN7 MOR I EZRDDHEH (RVEIZY A K)
115. gsort(array [, func])
i —RIehLA array &Y — b9 5.

134 TI0EE
116. newmat (row,col [, [[a,b,...]1,[c,d,...1,...]]
117. matrix(row,col [, [[a,b,...]1,[c,d,...1,...]]
:: row 1T col BN DFTHI % £S5
118. mat (vector[,...1)
119. matr(vector[,...])
S AT MV (F7FRV R R) OO BATHIE AT 5
120. matc(vector[,...])
2 BT MV (F7FY A R) OO BITHIEARKRT D
121. det (mat[, mod))
:: mat Of7FI
122. nd_det (mat[, mod))
o A F XA BRI E o ZEALTH mat D175
123. invmat (mat)
2 4741 mat D175
124. rowx(matrix,i,j)
ST L JIT R D
125. rowm(matrix,s,c)
D iITE cfET D
126. rowa(matrix,i,7,c)
D AT JATO cEEIMZ D
127. colx(matrix,i,j)
B R IRy W e )
128. colm(matrix,i,c)
w B AE cfETD.
129. cola(matrix,i,7,c)
2 FBIANZE jIIO cBEEMRS.
130. pari(adj,mat)
= 474 mat ORRKETFATH GeoiTslé OFENTHINE R D) 2T
131. pari(trace,mat)
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132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.
150.

151.

152.

153.

2 7% mat @ trace &K

pari(signat,mat)

i ERPMTHN O 5 A i

pari(indexrank,mat)

i AT8 mat OFEEUZE LY A ZOIERVIMTSN O —2> DT L FIONLE 2 i
pari(supplement,mat)

i FIR T ROV IRINSE 724 TH mat DA IZH &4l > TIERIE S1T51 % 1E %
pari(hess, mat)

s EFTANE S & VTR AT S

pari(eigen, mat[, prec])

s BERGY LT DATHIOE AR hL AR

pari(jacobi, mat[, prec|)

s FERPTHIOE AR L EA T b L ZziRd

1.35 XFHIZETHEE

rtostr (obj)

o obj BXFINIEZ D

strtov(str)

wostr (SCFF) B ARETCICEZ D
eval_str(str)

wostr (SUFS) ZFHET 5.
strtoascii(str)

w XFHNET AFZ—a— K (1 LLE255 LIFoFEE) oU A NTRT
asciitostr (list)

i T AF—a— ROF % CTFINEHT 5
str_len(str)

n XTFHOR S &EiIRY

str_chr(str, start,c)

s SCEP AN B DAL 2T
sub_str(str,start, end)

B Ea e ik sy

1.3.6 HBERKRICEATIEH

newstruct (name)

o MEEARA DY name OREERE AT D
arfreg(name, add,sub, mul, div, pwr, chsgn, comp)
u GRS B EAHE 2B ET 5

str_type (name|object)

s HEEROBBE S ARSI 5

1.3.7 AHH

end

quit

v HEBPIALTO T 7 A NVEHLD. by 7 L~ULZBW ity a2 T3HZ LIk b
load("filename")

i filename % HiAiAte

which("filename")

o Bl#% filename (Z%f L, load () MFtAiATe/ SAL &K

output (["filename"])

w LI /156 % filename F 72 IXEREH NICYI#E 2 5
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154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

bsave(obj, "filename")

:: filename |2 obj Z/3A U EATEXIAL
bload("filename")

:: filename 2> b % AN A F U B THRAIAL
print (obj[,nl))

: obj R L TERART D

printf (format]|, args|)

fprintf (fd, format[, args|)

sprintf (format[, args|)

2 CUlTl=7Y v M (ERRAIHAREIS0
access (file)

i file DFFFEZT A ML, FETIUL L, (FELRTHIE 0 2R
remove_file(file)

= file ZWEET D

open_file("filename" [,"mode"])

:: filename A4 —7 9%
close_file(num)

D AT num D7 A NETa— T 5
get_line([num])

BT num O7 7 ANDG 1 {TEE
get_byte(num)

OB num DT A NADES 1A Rt
put_byte(num, c)

B num DT 7 AT 1 A b e BEL
purge_stdin()

S AEREAS DN T BV TTD

1.3.8 EOEH, TP a1—ILICEHIEHK

type (ob))

i obj ME A KD 5 HEL

ntype (num)

wonum (30 O B CEH) 2T,
vtype (var)

aovar (RERT) OFE () 2K
call(name, args)

. ¥ name MOV T

functor (func)

i fune OBWET 20 HY

args (func)

= func OBV A FEERY H
funargs (func)

:: cons (functor (func) ,args (func)) %#iE$
module_list ()

G EBELOEY 2a—LDY X NEED
module_definedp(name)

i BV a2 —/b name DFEET A T 5
remove_module (name)

BV =2 —)L name ZHIET %
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178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

1.3.9 #HiEE#H

dacos (num)

o EEUE Arccos(num) ZEREEFE/NITRD 5
dasin(num)

o BEUE Arcsin(num) %SRBIV NLTRD 5
datan(num)

U Arctan(num) Z{EREEEE/NITRD D
dcos (num)

o EHUE cos(num) %R EERENINITRD D
dsin(num)

= BEUE sin(num) 2SR/ NLTRD 5
dtan(num)

B tan(num) AR EETRENNETR D 5
dabs (num)

i HMEEHE |num| Z RERERE B/ NECTR O B

dexp (num)

o EWEUE exp(num) &R EZEENINICTR® 5
dlog(num)

i RHEUE log(num) % REREEEFENMITRD 5
dsqrt (num)

i OTR num AR EETREINETR D 5

ceil (num)

= num PLEDOR/NOFERERD D

dceil (num)

= num LA EOFR/NOELZRD D (ceil () DRIA)
floor(num)

@ num LA T DR RKOBEEZRD D

dfloor (num)

o num AT DOmROEEEZRD S (floor ) Di4)
rint (num)

:onum FERICELD S

drint (num)

uonum ZEECEDIDHD (rint () DORIA)
pari(sqrt,num|, prec])

i (H) onum OV HRE 525
pari(arg,num, prec|)

i EFEE num ORAE G 2D (—n <RVE <)
pari(gamma, num|, prec|)

i Ao~ (num (TEFELTH LV
pari(gamh, num, prec])

¢ D(num+ 3) (num ITEFHLTH L)
pari(lngamma, num|, prec|)

:: log(T(x))

pari(psi,num, prec|)

:: digamma B%k

pari(erfc,num|, prec])

i PR ZER9%L (complementary error function)
pari(dilog,numl, prec|)
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202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

. dilogarithm B8%%
pari(eta,T[, prec])

i+ Dedekind @ Eta B% n(7) T 7 13RO IEOEFREL

pari (wp, 7], prec])

:: Weber B3 (1) T 7 IXEEAIEOHEHELK
pari(wp2,7[, prec|)

i Weber BA%L f2(7) T 7 IZE A EOHFEK
pari(jell, [, prec])

:: Elliptic j-invariant j(7) T 7 [ EOBFEEL

pari(zeta,s|, prec])
:: Riemann o ¢ B%k

1.3.10 fEEEHK

ifplot (func [,geometry] [,xrange| [,yrange| [,id] [,name])

2 BB O FEL L TOFESERFT D

conplot (func [,geometry] [,xrange] [,yrange] [,zrange] [,id] [,namel])

2 BHBEEROFER ETOFEEREFTRT D

plot(func [,geometry] [,xrange] [,id] [,name])

1 BB D 75 7 2FRT 5

polarplo(func [,geometry] [,thetarange] [,id] [,name])

i B r =func(d) THZ bR EZRRT S

plotover (func, id, number)

2 TTICAHELTWD U o ROl 5
open_canvas (id[, geometry|)

S HEHT 0 Ry (Fr RN R) BEKT D
clear_canvas (id, index)

D XN RETYTEA

draw_obj (id, index, pointorsegment [, color])

XY UNRNR RICEEITR S AR TS

draw,strlng(1d,1ndex, [z,y],string [, color])

I G Y ey &= Yl T T s

1311 ARKICEYT HER

setmod ff([p|defpoly2]) setmod ff([defpolyp,p])

setmod_££ ([p,n))

s AIRIRORE, BE STV D ARKCOE, ERSZHADER

fleld type_ff([pldefpoly2])
uORRE SN TV D IR MR OFEER
f1e1d order ff()
iORRE ST D HERE R DL
characteristic_ff()

BIE STV D IRDOFEE
extdeg £f£0

A E STV D IR D, SRR KT 2 SRR EK

31mp,ff(obj)
2 8 B D WIFZHAORE T A RAD TS
random_ff ()
= ATRIRD ST E LA K
lmptop(obj)

GF(p) %R DORMA I A
ntogf2n(m)

ZEffh
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225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

o AREE GF(2™) OItii4
gf2nton(m)

i GF(2™) Otk BRI A L
ptogf2n(poly)

n —EHEENE GF(2") Ot
gf2ntop(m, [v])

i GF(2") Otk AT
ptosfp(p)

s NSO TR~ D ZE HH

sfptop(p)

s MEEA TRIE D D DA

defpoly mod2(d)

i GF(2) BBEKY e d IRD—EH S D LR
sffctr(poly)

i B O/ IMEBA IR TORERI 2 fF
fctr_££(poly)

i 1 BRSO FRE L TORER /iR
irredcheck_ff (poly)

i 1 ERZEADARRIE LT ORI HE
randpoly_ff(d,v)

i AR OB BERE 1 A EA DR
ecm_add_ff (py,ps2,ec)

s AEM R Eo s oA

ecm_sub_ff (py,p2,ec)

i FEFI IR oD AL DJk

ecm_chsgn £f(p1)

s AR B oo s i

1.3.12 Z0OfihoEK

ctrl("switch" [,obj])

i "switch" THE LTZBREORE, BREEZ KT .

debug

w TNy TE—RIZAD

error (message)

D TT—RAyE—UERRLTT Ay 7 E—RIZAD

time ()

sy va VAN SBIFEE T CPU KB LU GC Kl 2 RR4 %
cputime (onoff)

B 0 22 H1F cputime OERE DD, TNLSNL HIXFRELTH
tstart()

:: CPU time FHHIBASE

tstop()

: CPU time FHAKE T3 L OFER

timer (interval, expr, val)

o HIRREEE S & THEEZIATT S
currenttime()

19701 H 1 B 0OFF 0 45 0 B0 b o3k
sleep (interval)

o Tt RDETE intervalx 1073 FhE I
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248. heap()

s BEOE —T ORE I ZIET (BALSA B)
249. version()

Asir ON—=TV g v (EH) EIRT.
250. shell(command)

¢ command Y xlawy ReELTHETTS
251. map(function, arg0,argl, ...)

w UA N, BAIOFBERICEHBEZEHT
252. £f1ist()

u BEERIN TV DA REE, 2 — P EREEOE AL % CFH) A k&L TRT
253. delete_history([index])

D BEAMNIEHETD
254. get_rootdir()

i Asir OV— T4 L7 FUAZERDY T
255. getopt ([key])

ATV a DOEEIRT
256. getenv(name)

» BRBIZAH name D% IKT
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2 Risa/Asir

Risa/Asir [IA—7 "2 — A O RS (FULE) v 27 AT

MFERIE OpenXM =1 v # =2k > TR SN TWET. 4V PF 0D Risa/Asir (35 H@bF5EHT ©H
FINFE L.

BUEOMFRIE Windows [l (32bit, 64bit), UNIX i, MAC OS X HIZ3E(E L

http://www.math.kobe-u.ac.jp/Asir/asir-ja.html

MHF o — RTEET.

Risa/Asir OFEEHE, 74 BV AREBEFEIIOVWTEILHAHEL Z&8 V. BT 5L TFERAOERA,
filfi, eZBIxE B WS B TREES TV ET.

AT §2.1 —§2.12 B3 X' 3. Some function in the original library ¥, Risa/Asir @ Help 7 7
4V (chm ZR) O—%, HETOUEXIZTEZ L TWMVAAL S DT, nyhelp() (2L > T os_muldif.rr
IZEENDLEHE & BT Risa/Asir OB TH Z L AR ET.

2.1 Risa 8LV Asir
Risa ORERUITRDOEY ThH.

o FEARHET
ZHUE, Risa ONHERICEBR SN AT V=7 b (B, ZHEXRE) ORMOEEZFATT 5 TH
»,UNIX & ‘libc.a’ e F LD, T4 T7F7 VL LTHFETD. =L, CBLY TRV TS
TR ENn, BT HEHEA ¥ 7 2 — A Asir OIKREREHE LTHWHRL TV,

o AU AEHL
Risa CiE, A€ VEHEI L LT, [Boehm-Weiser| I2X25 7Y —Y7 b =7 (gc-6.1alphab) & HL>
TWD., ZhUEH—_vaLrzyay (LUF GC EFES) 2 BEIMICIT ) AE U HI0 Y THEMAERD,
Risa OFEZITT X TIIZE W MERAEY 2/ TN 5.

e Asir
Asir |3, Risa DFHETL L DU DEFEA L F 7 = —AThH5. Risa TiE, WA IC2—FHDOETE
AU BT 2—AEBEL T ENTESL. Asir 1ZFD—oDH| & LTESTZHD T, C EFBIEVEEL S
2. F72,C OF NNy HE LTS AVWDLNTWS dbx BOT Ny THfz T 5.

2.2 Asir ¥

Asir 1E, R DOEY , BB U DEEA X T 2 — A ThHD. Wi Asir LWV ) LBIDFEITRRET 7 A
e LTINS, BESFR— F IR TV 2EEIEERROEY Th 5.

C SR —YZ5iE

¥, 21, AEAO N (B)

N7 BV ATHIOHEE

H/NRDO YU A st

FALIRIA BB H (K% R, GCD, 7 L7 KR &)
Z—PEREEIC L DY — v (KRR EORED R &)

dbx JADT /N H

e B A oD H b

PARI (see section pari()) & X % P BEH £ A & Te D FFAM
UNIX EToOs#EHRRE (Open XM)
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23 ARV KRSAFTLay
a<w L RIAF T a AXRDEY .

-heap number Risa/Asir T, 4KB o7 r vy 7 2 A€ VHID Y TORME LTHW WD, 774 KT
%, 181 heap & LC, 16 71w 7 (64KB) Hl0 ¥ TH0, 2N E2EET 554, ~heap # VD, H
fZ7 vy 7 Ths. heap DRE EIF, heap() I THRLZ LN TE D (BALIEAA B).

-adj number ZDEAREWVIE, FHAETY BIIRE <2 D5D, GC KN 72 < 72 %. number & LT 1
U LEOBEMNRETE L. 7740 FTIE3 THD. ZOMP 1 LLFICAdE GC & LRWREICR
HOTHEHERETHS. heap 27053 MIE ST, GC ZEMBICLTAEIVEHLILWEAIZE, 20
fEaREL< (FlziE 8) RET .

-norc WL T 7 A /b ‘$HOME/.asirrc’ ZHtE 7RV .

-quiet EEREOFIEHERREZITHOR.

-f file BEEATORDYIZ, file D AN ZGHFANLVTETT D, =7 — OB HITKR T T 5.

-paristack number PARI (see section pari()) OO KE K& RET 5. HALIE A b, T 740k
Ti¥ 1 MB.

-maxheap number heap fEIKD ERZRET S, HALIZNA b, T 7 40 hTIEERIE. UNIX O54, S
W2 limit 2~ > R TRAREND datasize DEICHIBR Z4L TV 5729, ~maxheap DHEEN 2 Th—
EELLEIZ heap BB TEXRWEAERH HD THE.)

2.4 IREBETH

Asir ODFATIZHET 2V DD OREEBNFAET 5. UNIX ETIFBREEZAHIL shell Da~ BT A i
BEERET D0, shell ® re 77 A LV THET H. Windows NT Ti, [RE]—[V AT A= [BREE] THE
9 %. Windows 95/98 T, ‘c:\autoexec.bat’ (ZFHW T reboot 5.

ASIRLIBDIR Asir 74773V F 4 v 7 M), T7bba—¥FSETEMET 7 ANV RERBINLS
T4 L7 Y. REN VA UNIX Tt ¢/usr/local/lib/asir’, Windows il Cit Asir A A
YTALZ MUDOTFO ‘1ib’ T4 L7 NUBHWBNS. ZOBREEZESIE ASTRLOADPATH IZHA Sh
BEIE &S5 TE.

ASIR_CONTRIB_DIR Asir @ asir-contrib 7 4 L2 VU, § 721 % OpenXM/asir-contrib 71 ¥ =
J RN TEPNTERNy F—URT 2R ERBIrNLT L7 NY. BENRWEE UNIX )
TIX “/usr/local/lib/asir-contrib’, Windows Wi CiX Asir A4 > T 4 L 27 FUDTFD
‘lib-asir-contrib’ 7 4 L7 NUNHAWSND. Z OBEEEZA$IE ASIRLOADPATH (ZHiA SHUBEIE S
b TRE.

ASIRLOADPATH w— RKEn(757ANLBHHT 4 L7 bV % UNIX O4 72, Windows D45 75
TRY > TWRB. T4 L7 NVIFEMNDIRICY—F S5, ZORERRZRWVGS, BLOHEEINLT
7 7 A JUH ASIRLOADPATH IZ 2o et hy, 7477 VT 4 L7 MU b —F 3 5.

HOME -norc &7 a v 2& TEE)LARWHE, ‘$HOME/.asirrc’ b, TOHOI D7 7 A V& ELT
9 %. HOME D3F%E I N TWRWEE, UNIX R CTIZRIZbat £ 720 2Y, Windows il TiE Asir A A
YT 4127 b (get_rootdir() TRENDT 4 L7 V) @ “Lasirrc’ #EL, bHEZT & ET
T 5.

25 EEMNLKRTET
Asir ZEENTD &,
(o]
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RH7a T NRFERIN, By a URHET S, ‘$HOME/ . asirrc’ (Windows RO G, HOME R E S
N TNRWGEITIT get_rootdir () TRENDT 4 L7 b VIZH D .asirrc’) MMFAELTWHHE, Z0
T ANE Asit 2—FEFETHhINILT AN ERB L, BINETT .

Ta 7 NIANOFESZEERT. By a i, end; F720F quit; EANTHI LTIV TT LS. AT
&, 0 ET P ETE RO ELTCGHEIND. 50 0L EFHERITRRIN, § DL ERFINR.

% asir

(0] A;

0

[1] A=(x+y)~5;
X"5+5xy*x"4+10*%y " 2%x " 3+10%y " 3*%x " 2+5xy " 4*xx+y~5
(2] A;
X"5+5oxy*x"4+10%y " 2%x " 3+10%y " 3*xx " 2+5%y " 4*x+y "5
[3] a=(x+y)~5;

evalpv : invalid assignment

return to toplevel

[3] a;

a

[4] fctr(A);

(01,17, [x+y,5]1]

[5] quit;

)

COFITIE, A a, X,y RAXFEMEA SN TS, A X7 BT MMIBITDHEHKT, a, x, y (XHFRER
TORETLTHD. — Tl T AEBIIKLFTHED, RETITNLFETHES. ZOfThbrd L)
2, 77T NEHE, B, KR EERML TR Z2HDOLDOTHY, C SR EICBIT2EHIIHIET 5. —
F, FETIEZNAE THEERFOZ LI TET, (o T, FETIZHTH2RAMFFTF IRV, BRITRT N, RE
JEIZxT D RN, MAIAZEEL subst ) (2L Y B RMICITDOND.

26 EYrH

R ZFATHICEI VAR Z DT T WIGE, BV iAL X v T 7 X (%X C-c, Windows, DOS I CiX C-x %
AT %.

@ (x+y)~1000;
C-cinterrupt 7(q/t/c/d/u/w/7)

R OFRITROEY .

q Asir Z#TT 5. (ERHY)

t by LIRS, (RS D)

c FATEAMkET D

d TRy TE—RIZAD. T3y HIZB L TIE See section T/3w 7.

u register_handler () (see section ox_reset, ox_intr, register_handler) TH & I 7=Bi¥A %

TH My TV VICRD. (HERH V)
TR E TOBRBDOIFOH LA EZFRRT 5.
HRFEO TR Z I T D

35



27 IS—miE

FADIA B BN AR TE AR B OB &P L2356 70 ST EITAPER SN 50, 2 —FEEofb Tt 7 =2
EEGEITE Ny T VLR DENC BT Ny 7E— RICA D, ZORETT T —0857, Hilo 514
DIER EEFARDZENTED. BRENDIZT— A v -V EIETHY, NETORKL IS &N T
Ay —UNRERIND. UL, MO ST AARBEE & 29 L bRHGIE L2,

ZOM, EEZIERFRICE Y AEERRKICBN T I —=RNETEZER/H 5. UNIX RoBE, 2
WDONFT IO internal error & L CTHAE &, @F O T — LEERIZHE - T, 73y 7 E— RIZAS.

SEGV

BUS ERROR #HAALEEIC K » T, SO Z BT = v 7 ETITHBEAL—F I EELTLE D
LEOLFEELTND. ZO X I RRIMICBNT, RIERFA 4, 5 0E NULL RA XXk BT 7
TREXRHSTGE, b= T —E7 5.

BROKEN PIPE 7ok AM@BEICEBWT, HEEO T AL DOEDA R —ANBEICEE L TWAR WSS
(BIZIFBECH PO T 2B AR T LTCWDEIGEERE)IC, ZOA N —AMZAHMALE S & LIEGA
WZZDTT—b7e s, ZIHITEBRITIE, MAALBKHEDOADIZBNT, BIEERI T =y 7 T52 8
WD RKEBGIIBAS B0, FRNE 0D 2L &, BRIl Ko TUIBIREE T LI R P12, H R
THIHTF = v 7T —F T LTHD.

2.8 ETEHER, BFHEH
QIF= AT —7XFEL L THEHEND. BIIERO LI BREERH S.

@n  n FHOFFERER.

QQ HEATOFHEER.

@i EEEEAL

@pi  HMAEE.

Qe  BEARKEODIE.

@ 2 ik GF(2) Lo—Z#ZHEADEH (REL)

@>, @<, @>=, @<=, @==, Q&&, @| | quantifier elimination (Z&} 5, — MR FEFHELFEF -

[0] fctr(x~10-1);

[[1,1], [x-1,1], [x+1,1], [x"4+x"3+x"2+x+1,1], [x"4-x"3+x"2-x+1,1]]
[1] @e[3];

[x"4+x~3+x"2+x+1,1]

[2] eval(sin(@pi/2));
1.000000000000000000000000000000000000000000000000000000000
[3] eval(log(@e),20);

0.99999999999999999999999999998

[4] @0[4][0];

X 4-x"3+x72-x+1

[5] (1+@i)"5;

(-4-4*@1)

[6] eval(exp(@pix*@i));

-1.0000000000000000000000000000

[7] (e+1)"9;

(@~9+078+0+1)
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k /7 LUV CHEASNFAEIZZOLE I A M ELTHRY I LAEETH DN, 20 &%, #—valL
ZIZE o TFAHEZ LT HRERS L. FrC, RERKXE My T VLV THE LIZSS, 0% GC
H%Faﬁﬁi%ti@:tﬁjw“é AREMERH D, D XD fx%é}, delete history() WA TH 5.

29 #

2.9.1 Asir CERAWREALE
Asit IZBWTIE, AIBREATANINT S E I ERHGE, N—FIC LD FRSEICAR I, 1 ¥
7Y RIZEY Risa DFE T VU EIFOH wm%vw% WA S ND., BRI 80%, kROWTh
73))0)’*”’5’#3?0 BE L, MIALBE type ) IR VRSN DMEIKHIE LTV D, &AL, Asir O 7
WX 2 ADIBATREZRIEERD W D)/ T,

00 FEFHIIZ 0 ZATFITHOMBRITFELRY. 01F, CIZBITS 0 KAV FICLVRBEERTWS. L
ML, fHH E Asir @ type(0) 1l 0 &7

1% 1 0x0d 2/3 14.5 3+2x@Qi
iE (0x0d 1% 16 ¥, @i 1TEEHEAL) , EHICWL 2RIz T bND. Zhic oWV TiE F Tk
~5.

22X (FTHRV) x afo  (2.3*x+y)"10
AL, R TEMIN, ZOREICET 2 Z28IEF IS - T, BRiic 1 252HEA L L THEREOIAE
WCHEH SN S, (See section S RFEHLER). Z oW, ZOZEKICHNDIEF Rk KOEKE FEK

LIS,
3 FEK (%IEJC’C?J?U‘) (x+1)/(y~2-y-x) x/x
AL, PR ATRE TS, FIRIOIZ red () MBFEINZRWVIR D K03 Tbn vy, 2, £

HAD GCD {ﬁ%ﬁ‘*ﬂ&)fﬁb VHAE THHT- T, FERXOBHEIIEENLETHD.

4 yX b+ [0 [1,2,03,41,I[x,y]]
VA MIFAHLEHATSHS. [1I3EV R NEERT D, VA MIT28EE LTHE, car(), cdr ),
cons() 72 EIZ X DEMEDOMIZ, FeAH LEHOES & 272 LT, [index] #MERIZTHOTHZ Lick
DEFEOWMYHLEITH> ZENTE S, Hlxid

ol L = [[1,2,3],04,[5,6]11,71%
(1] L[11[1];

(5,6]
HETR&EZ Lk, U RN, B (1751, f\7 M) RIZ, ATy 7 23200 0MHBELZLE, UARD
BREROMOVBPLEA T 7 ATITH & ,F%if‘ﬁ»ﬁ?ﬁ%d‘%/?%}tté LITHET D20

BeFNZ R DEEICLEER L CRE R U A N TR DB AR HD NI 2L ThHD.

5 R%YJ k)L newvect(3) newvect(2,[a,1])
7 Vi, newvect () THIRINICAR T2 MENH D, FIZ OB TIL 2 D 0 N7 MDD ERS
M, BETIE, B0 KSD a, B 1KTD 1 OXT MABERIND. HIHHEOT=DD 5 2 51503, 6
1B3IBUTOEEOV A N2 MF 5. VA NOERIILENSHANGIL, BV 72W3iE 0 BMffibivs.
B53iE [index] (Z X WHERY HHE S, EEITIE, HkoI, X7 b, 4758, U A M EGTEEOROS
ERATEXDHOT, ZIRTCES|Z X7 M TRETDHZENTE .

[0] A3 = newvect(3);

[L0o0O0]

[1] for (I=0;I<3;I++)A3[I] = newvect(3);

[2] for (I=0;I<3;I++)for(J=0;J<3;J++)A3[I][J]=newvect(3);
[3] A3;

[[L[ooo0]J[o0o00][00O0T]]1
[Looo0o]l[000]1[0001]]1]
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[[0o00]J[0001[00011]1
[4] A3[0];
[[oo00]J[000][00017]]
(5] A3[0]([0];

[L000O0]

6 9751 newmat(2,2) newmat(2,3,[[x,y],[z]1])
TTHIDARL S newmat () 12KV BIRMICITONLD. FILd, BIBRY A MDY R &L T & &R
THERY FVERIEET, VA MOEER (ZHTERI A MTHD) X, BITOMHMIZEDI, &Y 72
WEZITIE 0 O b D . 17518, FERITIIEBEDORHZEEZRATE L. 1THIOKTIE, X7 b L
T T ZENnTES.

[0] M=newmat(2,3);
[0o0O0]
[o00O0]

[1] M[1]1;
[00O0]

[2] type(@Q);

5

7 X$§|J nn Nafo
XFFNE, FILT7 7 ANAREICAVDEND. CFFNX L THIMAEDHZ N ER SN TNT, fFHRIE 2
DOXLFFNOFEETHS.

[0] "afo"+"take";
afotake

8 #:&1F newstruct(afo)
Asir [ZHT DHERIT, C BT HMEREZHAL LT b D TH S, BERRINOKK S ZHHITT 7
TATELA TVl MT, ERERBICARTIEZ DT 5.
9 MEIRITBIER  2%<<0,1,2,3>>-3%<<1,2,3,4>>
T, BEAE T LT FRREHEAOM T, BEOHETIORAKIEL 2D Z LIXETRVN, LT
FRIEHRE Ay F—VHRPR =P EFETEONTND 2D, 2—FRBIETE D LM LR e L
T Asir THEATEA X HICLTHSD. ZHIZOWTIT See section 7' L 7 FHLEDFHE.
10 B LT 32bit BH#
11 T5—#F#T>Pzv b+
PLEZ2iF, Open XM IZEWTHWONIRHRA T V=7 N THD.
12 GF(2) D475l
BE, 555 2 OFRKRICB T 2 RIELBROT-ODAT V=7 FELTHWLNS.
13 MATHCAP # 72z +
Open XM IZBWWT, FEINTWAHEEEZEZETHHDOLT Vs N THS.
14 first order formula
quantifier elimination TRV L5 — R sEREE.
15 matrix over GF(p)
INEEA TR _E D171,
16 byte array
%572 L byte OELH
—-1VOID#72xH b+
TERT —1 25547 V=7 MNIBEBORVER ENEHTHD Z L &R
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292 HOE

0 FEH
HEEL, EEZEEES (bignum) 1280 EBEIN TS, BEEITHICBEO D HcRELEINS.

1 EREZE/ML
< U ORMT DERERE/ NI TH D, Asir OREFFICIE, BF OB TAS SNERI/NMNITZ o
BNCEHIND. 72721, ctrl () 12XV bigfloat MHEIR SN TV HHA I biglloat ICE# XN S.

(0] 1.2;

1.2

[1] 1.2e-1000;

0

[2] ctrl("bigfloat",1);

1

[3] 1.2e-1000;
1.20000000000000000513 E-1000

RS BB N & FEE DT, AEBON R NMUIER I T, BE/ME L TERASIND.
2 {RERAIEL  See section {NERAIERIC B¢ A A,

3 bigfloat
bigfloat %, Asir TiX PARI 74 7 7 VIC LV EB I TWA. PARI 2B\ T, biglloat 1%, IR

DIHLELERE T, HBEHIT 1 V— FUNOEIHIZR G TV A, ctrl () T bigfloat #5425 Z &
W2 &0, DIk oRE NERO AT bigfloat & L THb 5. HEILT 7 +/4 N TIiE 10 # 9 HRRE TH
%3, setprec() IZX VIEEFRETH 5.

[0] ctrl("bigfloat",1);

1

[1] eval(2~(1/2));
1.414213562373095048763788073031
[2] setprec(100);

9

[3] eval(27(1/2));
1.41421356237309504880168872420969807856967187537694807317. . .

eval () 1, SIEICE EN D HEUE Z FTREZ2 RV #EL T 2 3L Th 5. setprec() THE I NI-HiEK
(&, WEROKFE ZRIET 2 b D TIZ/AR <, PARI NESTHWON L RBLD Y A X 2R 2 LICHERT &
T 5. (See section eval(), deval(), pari().)

4 1BFRE
MR, FEEL, MR R B/ NI biglloat 25555, B & LT atb*@i (@i IXEHHNL) & LTHEX

LA TH D, I, BEILENZEI real ), imag() THY HE5.

5 IMNEBDERZARDT
TITE I /MER LI, BN 22T REOLOD I EThD. ZDX O BRAREKIL, BEDL AL

T RIEFHFEICB O THEICA WV B, BREREOSBFRIALEXNOFREEIY B3 2 L THL
nNo. FNHFHITET HERKICET 2 FRITFZT, setmode() TRESNTWDHHEK p 2T
GF(p) LCTomEE M #EHINS.

6 RIZMDBERRAEDT
L L THEBEOREN D, ZOMOBIL, BHICK L simp £f Z#AT 62 &Ik 0ELNS.
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72 OFREDT
2 OTEORRKOTERIT 5. 55 2 OFRK F L, ks [(F:GF(2)] % n &g,
GF(2) L7 n REIER f(H) 10k 0 F=GFQ)H/(f(t) Lbbbang. S6ic, GF2)[] ®
T gL, f(t) bEDTHRRMELTTE Y Ml RAaENS 720, B LiE, F ©5t g mod f 1, g, f
AHOPT 2008y NMITRHTLHIZIENTED. F Oue ANT 0L OO FERHE SN T
W5,
Q@ QIETDHAIET, XFTEMH-T, b A MR AREE D LT R, BMTEHAHEAICIT,
F=GF@2)[t]/(f(t)) c¥3 % t mod f #bbbT. £1oT,e DHEAL LT F Or&kANT
5. (@7 10+e+1 72 k)
ptogfon {EEEHK O 1 %A%, ptogfan() 2LV kHIET 5 F OuIcET 5.
ntogf2n {EEO AR E, BRRMET T F Ol A4, AR E LTI, 10 #, 16 # (0x ThhE
%), 23 (Ob THED) TANNAHETH 5.
T ZHEAXDRBENT L F OJGICERT D L5 2358, simp £ () ISR VAW TE D,
8 higl p" DHRBIAD T
PEA p™ (p IHMEEOFEE, n IXIEEH) X, B p BLO GF(p) E¥ENZR n REEX m(z) %
setmod_ff ([ZL VIFETHZ LICKVRET D, ZOERDTIE m(x) kL T5 GF(p) EOLIENX L
LTEBEINS.
9 1% p" DHERAEDT
(IMZER) Br3ns p™ DABRIE (p™ 2% 220 LATF, p 2% 214 LB/ D n iE 1) 1, B p B L ORIk EK
n % setmod ff ) ICXVIRETHZ LICKVERETS. Z0EkD 0 ThWTiE, p 28 21 RioH4A,
GF(p") OREHOERTEABEETHZEICLD, ZOTOREL L TEREND. ZHUC kY, Zoko
0 TRWTIE, ZORXERE LTEBRENS. p 23 21 U LOBASITEFORRBIT L HEHR L 250,
Ll Te 7T ATREOEGARERAD L IICZIOL S ik /s> T 5.
10 fu%k p" QMMIBBREOREIERD T
ATIE D, (L3 p* O/NMIBARED m KILKOTTHDH. Ek p BLOIERKE n, m %
setmod ff() ICKVIBETDHZLICKVBRET S, EB A L0 m REENZHEINHEER SH, O
REAERDER T O EFRSEN L LTHOSNS. ATt s TH 5.
11 HBERBOR MK
See section fREXIENCEI T 2 1A, IMEEAHRF AL OFRKIL setmod ££() THRET 5. HIRIAK
DFTEE D LOBERETIE, —~FNAEHEEOSHAICE, TOAHEKITEBNICBERES N TV A ARAD
JCIZEB S dL, HEMTHhILD.

293 FETOH
SZHAOER L2V BHNREREILE L5 Asir T, J/DXFTHED, TEEOT VT 77Xy M, #K
T MORDLFINEAREITLE LTI D, TOMICH T AT ATE AETLE LTHRDNLD DAL
OB, Asir OREIIEAE LT, Zhbi3aTHHEAL LTOMEFOR, B FEk, RETORIZLY
Khlshs.
0 —MRATET
JNLF TR E 5304, ZHADOEH L LT bEBEICHAVWOD.

[0] [vtype(a),vtype(ah_12)]1;
[0,0]

1RERE ucO 1%, 0 THELIXFHEAFMETDIARAELELERTD. ZNHIE, 2—FRATTTE RN
LWIHEITT, —IRARETELEDL LRV, 2a—FRAN LERETL EHBE LRV E WS HEEZFM L
TREBBOHB AR EICHWD Z ENTE S,
[1] U=uc();
0
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[2] vtype(U);
1
2 EHEER
FLAIA L AL, = —FEHBOMEOH Ui, FHl S TH G230 Asir ONEFRICAR SN A7, sin(x),
cos(x+1) 2L, FHMIitE b ZDEE DO THEET D, ZIUIEEEX TN, TREHN 1 SOFR
EoLE LTHbND. FR00RHRE L LT, MESE opi REARREDIE ce bEEIFLE LTHbD
no.

[3] V=sin(x);

sin(x)

[4] vtype(V);

2

[5] vars(V-2+V+1);

[sin(x)]

3 E#ETF

BB LI, fname (args) & W5 TIT72 5728, fname D5y & BT & 5. BECFI213, &
O X VMR EE A, 21—V EREE T, PIFEE R EDRH D0, WEFITHEMTRET L
L CHRed 5.

[6] vtype(sin);
3

210 o—4E:E Asir

Asir OMAIAZEENL, K, GCD 7 EOFEEITHI LD, 77 A VAHIZITH b D, & D
DO—EERMOHTHEORESIEIERLORHBINTWVED, 2—FRERIITW NI L E2ETIE L
DIZIF—RIZIF2—FEFE LD TV T L2 ELLERNDHD. 2—FFFED Asir LIRS, LLFTIE,
=W FEOIERAB L OEREO—YERE T a /7 2580 L Lo al T AOEZFIZONTHRS,

2.10.1 3%k (CEELEMDEL)
Asir OIEIL C EEHICHELLTWS. BHZRMEESIIROEBEY TH5DH. UUTT, B LT Asir (2B
07T AHOER, Thbb KT THEIXLTIHIEE®RT L LT 5.
o DRI,
BEICAL L7722 B0, Asir THOLNIZ/EEAFIZETMOLNDOMEREHE ST, L, 70/ T 5%
BEEZ, EOXIB[BETHERATEL LN BRTHARNDTHS.

[0] A =1;

1

[1] type(A);

1

[2] A = [1,2,3];
[1,2,3]

[3] type(A);

4

o HBHNOELRIL, 77 4/v F THHIRBIHE 2D TT_XTHEITEK. 72721, extern H S SN2,
by TLUCBIT A RIBERE 5. b0, BEORa—7 13 RIEE & BT o 2 FEEICH
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filtsnTnd., by 7 LL, bbb a7 MR L TAT SN EHIT A TRIEZE S E LT
FRSALD. FTHBANTIIRONT AN E R D, HBBERIND T 7 A MTBWT, ZOEEERU
AT, 28D extern HE SIVTWDEE, BNOZ DL RIBAEHK L L THbiLd. extern
HE SN TOWRWEHITZF ORI/ &7 5.

% cat afo

def afo() { return A;}
extern A$

def bfo() { return A;}
end$

% asir

[0] load("afo")$

[6] A =1;

1

[6] afo();

0

[7] bfo();

1

o Ul T AEHIIRICFTIHEY , RET, WEIZ/NCTFTHE 5.
ORI, BEFEOBRRLIL L AT ADIFEAE LR DR THD. Asir R OHFEERA L0,
Z—PNREITLDOOH Y THA LB A L NOENA SN TWEGEAICRILERLS, £,
BEfFDO VAT AMMZH O MHLIRRRE T 5720 TH 5.
e switch 3L, goto 23720,
goto N7z, ZEN—T % —[EIZHIT 2 ONRCBHU R 2 GENH 5.
o a2 <R, for(A;B;C) £721E, while(A) @ A, B, CIZDAHED Z LN TE .
L, VA REEX ATV bELTNMATEZ LK D.
PLEFHIRTH A0, JERE L TIIIRORNZETF b b.
o HRAUCHT HatH %, BH O C B HAELFEMEICTE 5.
o VALNBRZD. MEEREZHVWDIETHRWEREOESEE, VA RNTRIZEMNTE, C TEHHEELS
BB LT r 7T AnEL, AT ETS.
o T —WERKIIZI T H—{T~/7. Emacs-Lisp IZHHEIL7-HRETH 5. 3 L <IZ, See section 21—
YEZREH & AL
o I —WEZRKMICKBITHA T a L H5E. 2T LTI, See section =7 3 ViEE.
Asir TIHFROFBANF—T— RELTED LN TN D,
e C E7BIZH k: break, continue, do, else, extern, for, if, return, static, struct,
while

o C EEN L OYLHE: def, endmodule, function, global, local, localf, module
o XK car, cdr, getopt, newstruct, map, pari, quote, recmap, timer

2102 A—HEZEHK

=PI L DEHBMDEEIL ‘def’ LTITH. JEZ T —THHPIAHLRIIHORET = v 7 Sh, BB LE
DEFBRFRRSIND. BRI (SIEOMENCER2 <) F4 OBEENER STV DLHEITIE, £ OEEIIHER
ENb. ctrl() EWEIZ LY verbose 77 7'M on 272> TV B 5E,

afo() redefined.
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VWO A E—UNREREIND. HOIEBOERICBNT, FLERERZROHBLZIFOH L TWTH, EEFFITIE
TT =T B, FATRHIREROEEEZFOHE ) & LRI T =L D,

def f£(X) {
if ( !1X)
return 1;
else
return X * £(X-1);

¥
def c()
{
A = newvect(N+1); A[0] = B = newvect(1); B[0] = 1;
for (K =1; K <=N; K++ ) {
A[K] = B = newvect(K+1); B[0] = B[K] = 1;
for ( P = A[K-1], J =1; J < K; J++ )
B[J] = P[J-11+P[J];
}
return A;
}

def add(A,B)
"add two numbers."
{

return A+B;

3

2 OHOFEITIE, RS N+1 D7 ML (A LT2) BRSNS, ALI] 1TEE I+1 OFFITHY, ZDOEH
FNOERNETER LT HESNITHS.

3 DHOFITIE, SIEEVCDH L ITCFFINEIPILTWDA, 2 Emacs-Lisp O BIE B ORERE
T, ~THOXFHNTH D, ZOFOEE, help(add) 12X > TZOXFIINRHIIEND,

2R section help.

UTFTI, Cltkd7us I v ZTORBRN/IRDADLDIZ, Asir S5 LD 07 T AOEX T & fifil
T5.

2103 ZEHBLUVUARET
BRI A7V | Asir IZBWTIET 0 7T DB ERELEZWHIZKA L T D.

T KXFETHED, TAT 7y N T, 0 DORLITFH BB DI T 077 5B L, Asir
DEFEZIFERAONEIEREZKNT DZODHTH Y, BIMSNZNEERDN, ZOEKDOHETH L. &
BNXOEHF L LTSN DKE, 22O bn-fHICES R NS . T7hbb, NEEXoHi
X7e 7T ANV, BEIIET 0 THEibEn TV 5.

[0] X~2+X+1;
1

[1] X=2;

2

[2] X~"2+X+1;
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7

REFTX /MLFTHEY, TVT7 7 Xy b BT, 2 o RDXFHN, iy 7 s 4 — FTHEN
T, b L <IFBEIEA. RET &L, ZHAREMHRT 2BITIRIMEN2EEZ 5. Asir ITBWT
3, NETIHEZ b 722 WEBI 2T TH Y, RETL~DEDORATFF SR,

[3] X=x;

X

[4] X"2+X+1;

X" 2+x+1

[6] A=’Dx’*(x-1)+x*y-y;
(y+Dx) *x-y-Dx

[6] function foo(x,y);
[7] B=foo(x,y)*x"2-1;
foo(x,y)*x"2-1

2.104 5BI%
def sum(N) {
for (I =1, S=0; I <=N; I++)
S += 1I;
return S;

}

ZHE, 1 S N FTOHREOMERD 5EE sum() OEFXETHD. ZOFNCEIT D sum(N) O N 23515
Thd. ZOHNE, 1 5IEHEOHITH 223, KB FOBEHIIEETH Y, RERTZTOMEE <> TK
Yo THETHZENTES. SIEITMEBSESND. Thbb, BIEEZ T & o7, O3 BOEEEE L
Th, ELEMOERIZZ(L LW, 12120, #isndb 5. Uk, X7 by, (THEBIEICEL-BETH 5.
ZOBEL, EESNEEHTOLDOEEESEZDZ LI, TOERKIIBINREBIETH LN, BErEXH2 -
BE, THE, FFOH LRIORZ kv, iTHI0EHEZEXWWMZ D2 LIk 5.

def clear_vector(M) {

/* M is expected to be a vector */

L = size(M) [0];

for (I =0; I < L; I++)

M[I] = 0;
}
ZOBEBIE, SO FvE 0 XY FVICHIEET 21D OEBTH D, Ee, N7 P ESIERICHET Z

LI, BEOBREZBIFONY MU L TIRT Z &R TE D, ERRITIE, 20 X5 RBEEI, ks
UAMILTETZEHTED. RIS CTHEWDT 5 Z ENEE L.

2105 3A2 b
C LR /x> & */> THENTH DT A L FE L THRDILS.

/%
* This is a comment.

*/
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def afo(X) {

Ay MIEEITIZE > THHED RV, ANTIZT 22 LI TE R, /% BN OHoTHLRIIOL DD
KN ET2D  ONTHNT %/ TR AL MIKRTLEERRZEND. 70l T L8 T, axy heEt
AREMENR B Dy E 2 A N T U b LA, #1if 0, #endif ZfE 21X X\ . (See section 7Y Oty
)

#if O

def bfo(X) {
/* empty */
}

#endif

2106 X
Asir O —VEEIT

def BHT (51%, 51%, ..., 51%0 {
X
X

X
}

EVWIOBTERIND. 20X, NEHEOEANBRERZTHY, 7u 7T 2EEL DI, IRED
92 b0THLIPMOERTNIER LRV, BRLEMARE LT, B H 5. 2T,
S = sum(N);

DX, KL S (52 I\t $) 2202 bDOTHDH. ZOHILKUHELID return I, break
L ERLOR/MEREALE 725, if 0 for XDEF (section SHEDFEM) & WXL 21EY, 216
DRI, D =20 E LTERI N TV D, BHFIT, AMRIITEBO IR ET L ERRELRD. 20
XoRBE, L & P TUDWVEFE-ST, —ODLELTHI ZLNTEXD. THEHETLE TS,

if (I==0){

J=1;
L = 3;

P OBAITITKRE B XL T e, AeE e b, 0 LAY O BERICCE RS TN, if XOEFEE T L
TVWENLTHD.

2.10.7 return X

return 313,

return Et;

return;

D2 ODBEXNHD. WITNLEHENOHITH2ODOXTHD. RiFITEEOME LT X 2K, %ET
I, BOfEE U TIBIRS D 0T b7,
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2108 ifX

if 3T
if ( &) if (&)
X kU X
else
X

D2HEENDHD. ZNOOIEITALNTH L05, LOMEIZ if LREGAICERELZE ST L. kofl%
BEATHED.

if (&)
if () X
else

X

ZO%E, TR MBIE, else AT, HAIO if kST AL IR 220, X—FiX, BEINIC 2 HED
if WCHIST D LW 5. bbb, 2 O if LEFF L0, SUEICEBRMENBN, Zh 2+ 57
WiZ,else LLFIE, i btV if 2T 2 W HAMNEA IO THD. /- T, 2B,

if (&) {
if () X else X
}

WO B E RS, FTIFICRIE S B 5 oI,

if (X)) {
if () X
} else
X

L LT IE R 520,
B#HoFc72<, top level T if XEHAWNWDEXIT $ £721d ; TRTITDOVLERDHD. TRV EK
DYMNEBRLITEIND.

2109 WL—7
N—T %R 5 30, while 3C, for 3T, do XD 3 FlENH 5.

e while X
AU,

while ( & ) X

T, 2T, X EFHMEL T, ZOMEN 0 TRWRD XX #FTTHEVWIEKRERD. 22X AN 1
7o O, iR — T L7 B

e for X
R,

for ( RAIU-1; =; HBU-2) X
T, ZRERET —1 (ZHIENT L= b D)
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while ( =& ) {
X
KA U$-28 (ZEXIELIZLIZHD)
}
LEMTHD.
do X

do {
X
} while ( & )

1, I LERFATL T bR HRIT X 2 HEZAT 9 Frds while L& B> T o, A—7 28T HTF
L LT, break XK N return XA3H 5. £72, L—7 Ol H A EICHETFEL LT continue
XD 5.

break

break XiX, TN &I —T % — DT HKiIT 5.

return

return X, —RICEEMNOHEIT H72DDOLTHY, V=T DFNLTHLHEHTH 5.

continue

continue 3L, L — T ORKDO L OREIZHIFZ BT, FlZ X for X TIE, HZEORI ODFEITEIT
W, while CTIHEMAROHIEIIE S.

2.10.10 #HERTEE

R &L, By DERFENARITT 7B ATE HEEREAS & B o TR, EMERIIART TR,
MRERIT, struct LKLV EFS NS, MEERNES IND & X, asir ITAHBTHEROENENOTRIZE
EOMMNE B2 5. = OB, MAALBIE str_type) 125 D IRETE 5. b2 HOMEIKE, MHiA
H P newstruct O IZE VAR IR D . FEEEROKEA LN, HET > ICE0 T 78AT 5. AU A0 HEE
EOHE, > LD EIIANTFICTE S,

[1] struct rat {num,denom};

0

[2] A = newstruct(rat);
{0,0%}

[3] A->num

1

[4] A->den

2

1;

2;

[5] A;
{1,2}
[6] struct_type(A);

1

210.11 EFITFLH

FRXOMRERLE LTUL, ROL IR LDRH 5.
o JINERER, B

WX, TR RS BRE /3, KE LToBEBEICHWS. B, 2/3 1ZAEED 2/3 2R T &K
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BrE, 2HEARE (RRE2 5 0EE) IS AALBEHENHE I TV,
x+1 A~2%Bxafo X/3

o (VT v I ADOEDEH
AR R ATH, VA RDEREFIA VT v 7 AEANDZEICE VROV EES. A 0T v 7 AT 005
WEDZ EICEET D MY HULAEERERY ML (T80, VAN, EBICA T v I A%D05H 2
Ly EBTHS.

V[0l M[1]1[2]

o LhERiH
LW (==), FLL R (=), Kb (90, (<, =0 <=2 O 2 HEFEN D D B HIXA B
D1, B2 51E 0 B EICE-.
o FmEEE
FRPRAE (‘&&’), mERAN (C112) o 2 HFEE L, AE (1) AHEINTVD. HITZRIEY 1,0 TH 2.
o XA
WEOMRAT =2 TITH. ZOED, BIFEE T LA TRBRRRAZITI 2L b TED (4=,

[} =) C /=12 C(~_>
, ¥ ) / ) )

A=2 Ax*x=3 (ZHlE A = A3 LRAL; ZOMDEEFLREE)
o HHIFOH L

HEMEOHLHERO—FETH 5.
o ‘447 -—)

INBIE, BROFERIZOWT, TREIURD K O I i#fE, Ha2 KT

A++ fEIXTTD A DIE, A = A+1
A-- fEIXTTD A DfE, A = A-1
++A A = A+, fEIXELEBOE
--A A= A-1, {EIEEIEEZOE

21012 FyJotyy
Asir D=2 —HEFEIXC FHEEMLIELOTHS. C O L LT, YV ety H cpp ik d~vruE
B, 77 ANDA LI —RKRHDLH, Asir IZBWTH 2 —FFFET 7 A VOFHRIAFHDEE cpp il L THh

HRtriATeZ L & Uiz, ZhIC LV 2—HWFFET7 7 A/ /LH T #include, #define, #if 72 EDHEZ 5.

e #include
UNIX Tid A v 7 NV —R7 7 AV, Asir DTATF VT 4 V7 MU (BREEZS5 ASIR_LIBDIR THE
SNT=T 427 V) & #include BEPNTWDL 7 7 AV ERILET 4 V27 FY 2% —FF%. UNIX
DAL TIE cpp ICHRIZBIE A JE X 7o 72, #include BEIPNTNDE 7 7 ANV ERIUT 4 L7 R U D&
EHh—F35.

e #define
IHUE, CIZBIT DD LA ERRICHWD Z LN TED.

o #if
/¥, */ IZEBaRXA FEANFICTERVOT, 7007 0OREREDEIAL N T U T BEE
2 #if 0, #endif %15 LHF|THS.

OB, ‘defs.h’ IZHDH~I/ O ERTHS.

#define ZERO O
#define NUM 1
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#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

POLY 2
RAT 3
LIST 4
VECT 5
MAT
STR
N_Q
N_R
N_A
N_B
N_C
V_IND O

V_uC 1

V_PF 2

V_SR 3

isnum(a) (type(a)==NUM)
ispoly(a) (type(a)==POLY)
israt(a) (type(a)==RAT)
islist(a) (type(a)==LIST)
isvect(a) (type(a)==VECT)
ismat(a) (type(a)==MAT)
isstr(a) (type(a)==STR)
FIRST(L) (car(L))

SECOND (L) (car(cdr(L)))

S W NN, O NO

THIRD(L) (car(cdr(cdr(L))))

FOURTH(L) (car(cdr(cdr(cdr(L)))))

DEG(a) deg(a,var(a))

LCOEF(a) coef(a,deg(a,var(a)))
LTERM(a) coef(a,deg(a,var(a)))*var(a) "deg(a,var(a))

TT(a) car(car(a))
TS(a) car(cdr(car(a)))
MAX(a,b) ((2)>(®)7(a): (b))

COTYVTabuydrERHALTNDEED, 7V 7ty did $ #ELAETE 2. 728 213 LIST N E

FINTWTH LISTSITEHR I AR, $ ORIl

210.13 AT 3 VIEE
A—PERRED N B TES SNGE, ORI, N R TONFCHE LOARFHFIND.

TZEHZBWT LIST $ & EZRWn VT Zaun,

[0] def factor(A) { return fctr(A); }
[1] factor(x~5-1,3);

evalf :

argument mismatch in factor()

return to toplevel

NEBLGIEOEEZ 2 —FFFHE TR L72WGE, VA N, B EZHND Z L TRREL 2508, RO K 572 &
DN RLTVWHIELAETHD.
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% cat factor
def factor(F)

{
Mod = getopt (mod) ;
ModType = type (Mod);
if ( ModType == -1 ) /* ’mod’ is not specified. */
return fctr(F);
else if ( ModType == 0 ) /* ’mod’ is a number */
return modfctr(F,Mod) ;
}

[0] load("factor")$

[1] factor(x~5-1);

[[1,1],[x-1,1], [x"4+x"3+x"2+x+1,1]]

[2] factor(x~5-1|mod=11);

[[1,1], [x+6,11, [x+2,1], [x+10,1], [x+7,1], [x+8,1]]

2 FA D factor() OO LIZEWT, BEERDOBRICES SNCHIE x°5-1 D% AT mod=11 M ENIL
TWA. 2, BHEHATIIIC, mod &9 keyword IZxF LT 11 EWHEZEIV HTHI EEBEEL TS,
INEATa VEBEEMESZ EICT S, ZOfEIT getopt (mod) THY T Z LN TES. 1 FHOROH
LD L HIZ mod IZXT B AT a VREENR WAL, getopt (mod) 1FAGRAI T —1 OAT V=7 FEIK
T ZNICE Y BERRWGEOEEL if UL VRBRTES. |2 OBAIE, TEEOF T a v %,
) TRUEI-THRETDHZLENTED.

[100] xxx(1,2,x72-1,[1,2,3]|proc=1,index=5);

IBHZ, A7V a % keyl=valuel,key2=value2,... DL T > TRY->THEITRb VI, KR —
7 — K option_list &4 7> 3 U Ak [["keyl",valuell, ["key2",value2],...] ZHWVWTET Z &
HARETH S.

[101] dp_gr_main([x~2+y~2-1,x*y-1] |option_list=[["v", [x,y]], ["order", [[x,5,y,11111);

Kz, 31572 Lo getopt ) 134T a v URAMERTOT, A7y arz b b, A 7varvzds
BB A O T & X ICITERTH 5.

% cat foo.rr
def foo(F)
{
O0PTS=getopt ) ;
return factor(F|option_list=0PTS);

[3] load("foo.rr")$
[4] foo(x"5-1|mod=11);
[[1,1], [x+6,1], [x+2,1], [x+10,1], [x+7,1], [x+8,1]]
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211 EYa—

TAT TV TERINTWDEE, 8% 72t T 54703 E Y 2 —/b (module) THD. (ZLDIC
EDa— L EANT ST ADHEHT LS.

module stack;

static Sp $

Sp = 0%

static Ssize$

Ssize = 100$

static Stack $

Stack = newvect(Ssize)$
localf push $

localf pop $

def push(Aa) {
if (Sp >= Ssize) {print("Warning: Stack overflow\nDiscard the top"); pop();}
Stack[Sp] = A;
Spt++;
}
def pop() {
local A;
if (Sp <= 0) {print("Stack underflow"); return 0;}
Sp=-;
A = Stack[Spl;
return A;
}
endmodule;

def demo() {
stack.push(1);
stack.push(2);
print(stack.pop());
print(stack.pop());
}

Y2 —/UiL module E ¥ = —/V4 ~ endmodule TP, TV a2 —VIFANFITIZTE 2V, TV a2— /b
DT THE D KA T static TESETH. ZOERTEY 2 — L OANPBIISRL TERWLERE S T
XV, BV 2 — VOO KRIBEIIT extern TEST 5.

V2 — VNETERT DT localf ZAWVWTES LW EWF ., EOBITIX push & pop 2E
SLTNS. ZOESEFMNHETHD.

£ ¥ 2 — /L moduleName T/E #H &N 72 B % functionName % & ¥ = — /L D4 > 6 521X
moduleName.functionName(5|#x 1, 51# 2, ... ) R2IEATLS EFVa2—1OoFNLIE, B4
DOHTE. WOFITIE, T 2—LDADLEY 22—/ stack TEFEINT-BIEL push, pop ZHEA TN,
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stack.push(2);
print ( stack.pop() );
2

Y 2 — /L THWLBEEL IR TH L. DEVEY 2—LOARHOEY 2 — /L TEHRSNTWD AL
LRICARINFATE %,

TV 2 — /USRI KRBT 4 75 U OB EZREL TS, 94775 U 2MHBEIIS U THEIn— R4 5121%
B8%% module_definedp() ZHAWDONRERTHD. T~ Fu— Ridiz s 2IZRO X I IZTR 2 IR V.

if ('module_definedp("stack")) load("stack.rr") $

asir CIIAAEBDESIFARETH -7, LM LEY 2—/ b stack DFlZE BLES75 X 91T, local A;
RAERTRAEHEESTES. ¥—U—1F local #flVs L, ESHENED LS. BESHELHNIC
ToHE, BEESNTHRVWERKITIe— FOBB T I —2 R+, BERLOIATI AL TFHLARWET T
NERSIZE, EEBEEZAENILTT e T AT 500880

TV a— VNOBEEEZDOE Y 2— VN ERSNDENIIFEORHE T & 5 285 a2E < & &2, 0B
TEVa—LEROLIICT e hEATEFELTELERDS.

/* Prototype declaration of the module stack */
module stack;

localf push $

localf pop $

endmodule;

def demo() {

stack.push(1);
print(stack.pop());

module stack;
/* The body of the module stack */
endmodule;

EVa— VO Fy TNV TERINL TV S EEEZESICE, TOHOLIIT 1 ZHNS.

def afo() {
S = "afo, afo";
return S;
}
module abc;
localf foo,afo $

def foo() {

G = ::afo();

return G;
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def afo() {
return "afo, afo in abc";
}
endmodule;
end$

[1200] abc.foo();
afo, afo
[1201] abc.afo();

afo, afo in abc

212 TNy AH

2121 FNRyHEF

SETEINLE TR T ADIZSDOT Ny H dbx X, Y —ALNLTOT L —2 KAV NORE, AT v
TERAT, BEOS R N ARER BT Ny A THDH. Asir T, dbx ADOT ANy HEHEL TS, T
Ny FE— RIZADITE, by 7P L~ULT debug; & AT 5.

[10] debug;
(debug)

Z DM, IROTTE, 2 VIR TT Ny 77— FIZAD.

FATHT L — o KA v MCELIZGS

EDIAHLT ‘A’ ZER LS

FATP T =% LEEHE ZOBE, FATOMBIIARRRETH LN, BEOT I —DRRE L2 o7z
-V ERHBEOLEERLTT ANy T E—RNIADLTD, =7 —FIBT 28 OEEsBRTE, 7
Ny TIRSLT- D Z N TE D,

e error () NIFFRH EINTHE

2122 av v FOfE:H

A< NiEdbx Da~y ROWNLER/INEO DA LTz, HIZ, gdb D~ b b O0MEFR7Z2
HLOEHRMH Lz, EEOBARIL dbx L IZIEFRETH 5723, step, next |E, IROITTIE R RO & FEITT 5.
o T, VATIZBE DO XN H 5 8E81F, T DO XD next 2 FT LARITHITROITICHED 72\, £7-, dbx
LEAE ¢.dbxinit’ ZFHMALDT, dbx WL alias 25 2 ENTE S,

step
ROXEFATTD. WOXDKEBEET & &, ZOEBITAD.
next
WXL % FATT 5.
finish
BAEETHOEBOFIATHET LR THOT Ny 7E— RIZAD. 8o T step #FEATLIZHAIC
HhTHD.
cont
quit
TRy 7= RinbRT, ETE2MET 5.
up [n]
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ALy T b—L% 1B (518 nBb5RHIn B) ER3d. ZHICRY, ZORY v 7 7 L—AZ@ET
LEBOMEDSI, EHENTE .

down [n]
ALy T —0% 1B (B8 n RHDREn B) T35

frame [n]
%Iiﬁmi‘f@b\&% BUEETHOEBERTT L. 51BN SLHLE, AX vy 7 7L —2%5FK T n DHDIC
BETDH. ZITAY v 7 7 L—LbDFKF LT where 125V ERENDFFOH LINTIBWT, JLHHEICE

Téﬂé%’?ﬁ@l L Th5.
list [startline]
list function

WAEAT, £721% startline, £720% function OMEMND 10 TV — AT 7 A LV EFIRT S,
print expr

expr XX RT D.
func function
*EE K% function [ZREET D.
stop at sourceline [if cond)]
stop in function
sourceline 1TH, £721% function OEFHIC T L —7 RA v b EFRIETD. 7L —I KA ML, B
BORBERINZHABBIRICIVEINDS. if PE<EHE, cond il &4, 8 0 TRWIGE
CFEATHHWL, TRy 77— RIZAS.
trace expr at sourceline [if cond]
trace expr in function
stop LAKERTH D7, trace TIEHIZ expr #RTTHDAT, Ty 7E— RITIZAL R,
delete n
TL—2KRA b n ZBYIET.
status
TL—I KA NO—EERTRTD.
where
BUEDIE LR E TORFOH LA R AT 5.
alias alias command
command |Z alias DR %52 5.

print OFFE LT, by 7L BTFDHIELAETRTORNREND. @EIL, EHONEORFNE
THLHM, BEIECTRO LS REEVT B TED.
o ZHRDEEFTMR FITHOTL—IFA 2 MIBWT, BROMEEEE L CIEITEZHR S WEE,
WD XD RBIEEAT AT L.
(debug) print A
A=2
(debug) print A=1
A=1 =1
(debug) print A
A=1
o HHEDTFUHL HHEMFOHLLXTHDI0 5, print OF[EE LTEND.
(debug) print length(List)
length(List) =

ZOBITHE, B8 List IZEMESNTWE Y A FOEES% length() ICX D FHRITWS.
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(debug) print ctrl("cputime",1)

ctrl("cputime",1) = 1

Z OB, FHEBEIC CPU B OFROEEE LENTHA R EIC, sHERT TT Ny 7E— K»
DIREZITAD I EEZR LTS, Fe, LLEGTHEZ T L RITNIRORWGE, T3y JE—
R726 bsave() RED A~ FIZRVBTHRE 7 7 A MITRIFT 22 & B TES.

(debug) print bsave(A,"savefile")

bsave (A, "savefile") = 1
TNy JE— RPOLOEBEMFRH L THEETRE Z LT, print OB ER 2 —PERKBOMNOH L%
BUHE, TORBITFOH L T2 T =25 2 > 7B BT O BB O FATHEGR S R ATREIC 2 2 BB B & %
LWHZLETHD.

2123 TNy HOFERA
TITE, R EIRAICHA S E 2 P ERELEHIL LT, TNy HOEBEOMAEE R

% asir

[0] load("fac")$

[3] debug$

(debug) list factorial

1 def factorial(X) {

2 if ( 1X)

3 return 1;

4 else

5 return X * factorial(X - 1);

6 1}

7  end$

(debug) stop at 5 <-= TL—9 RSV FDEE
(0) stop at "./fac":5

(debug) quit <= TNYTE—RERITS
[4] factorial(6); <-- factorial(6) DFEUH L
stopped in factorial at line 5 in file "./fac"

5 return X * factorial(X - 1);

(debug) where <—— TL—9RAV FETOREVH LIIDOERTR
factorial(), line 5 in "./fac"

(debug) print X <-- X DEDCEKRT

X=6

(debug) step <-- RTYTET (EHIZAD)
stopped in factorial at line 2 in file "./fac"

2 if ( !X )

(debug) where

factorial(), line 2 in "./fac"

factorial(), line 5 in "./fac"

(debug) print X

X=5

(debug) delete O <-- TJL—9RA2 b+ 0 DHEE
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(debug) cont <-- EITHHE

720

<-- $ER = 6!

[5] quit;

2124 TN HOHNHIELT 7 1 LD
AR 72/ Y | Asir X, ILEIFFIZ ‘$HOME/.dbxinit’ ZitAiAde. 2O 7 7 A X, dbx O X F X F /R
Hoa<y RERIBLTREL 774V ThHDN, Asir 1L, alias {TOAEFRHT 5. Fl 21T,

IR E

% cat
alias
alias
alias
alias
alias
alias
alias

alias

~/.dbxinit

n

C

p

s
d
r
1
q

next
cont
print
step
delete
run
list
quit

RAHBEIZLY, print, cont 2L, TNy T E— FIZBWTHEICAWO a2~y R, ENEh p, ¢ 72
E WY TRATE S, £72, TRy 77— RIZBWT, alias 2~ 2k Y alias OBMNRTE 5.

lex_hensel(La, [a,b,c],0,[a,b,c],0);

stopped in gennf at line 226 in file "/home/usr3/noro/asir/gr"

226

N = length(V); Len = length(G); dp_ord(0); PS = newvect(Len);

(debug) p V
V = [a,b,c]
(debug) c

2125 XEDFHM

<=>:
cOo<xE>)
<> <ZIEEEF> <>
‘4 <H>
- <H>
<EZil{E>
<EifE> <KAEEF> <>

<EDE> ‘++°
<kKiD{E> ‘--’

C++0 <EDfE>
‘--2 <EiDfE

f

>

a1 <x®>

<z®> 7 <A> <=

<EE> O <HKIU> )

<E#> O <KIU> |0 <A T avIU> )2
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<XF 5>
<A FIL>
<7 kL>
<R k>

(See section & F I F%=.)
<EiDfE>:

<EH> [(D<H>]]%

<ZIHEEF>:
AR LS LAY SN ¢ )]

(—=> (!=; Cgr ) =2 (5= ‘&&) ‘ll)
<HKRANEBEF>:

C=) 4=y (=) x> l/=7 l%=7 C~=>
<HIU>:

<ZE>

<=H> [¢,7 <H>]x*

AT a>:
alphabet TIRFEDHXFH =’ <H>

AT a US>
<A Tvas>
<FToav> [, <FTLais>]x

<YR B>
D o<HA‘T> T

<EH>:

AXFTWHESXFSI (X,Y,Japan L&)
(See section ZE# & FETT.)
<EH>:

IZNXFTIRFEDSXFSH (fctr,ged &)

<T hL>:
<AIETT>

<#H>

<AETT>:
INCFETIESXFS (a,bCD,c1_2 #H )



(See section ZE# & FETT.)

<#>:
<EBEH>
<FE/N>
<R BB
<ER¥>

(See section #DE!.)

<HEH#>:
0, 1, -2, 3/4

<EFBI/IE>:
0.0, 1.2e10

<R EBI%>:
newalg(x~2+1), alg(0)~2+1

(See section KEMIEKICRHT HEE.)

<IERE>:
1+@i, 2.3%@i

<XEFFI>:
‘v THEEN=XFS

<IBHEARY FIL>:
‘<< <KIU> >>2

(See section FLJFHEDHE.)

<>
<> <§#Rim>
<#EX>
‘break’ <#&um>
‘continue’ <#&RiF>
‘return’ <#&imE>
‘return’ <z:X> <#Kig>
G O <HKAU> ) <>
GAf O <HKIAU> ) <X> ‘else’ <>
‘for’ ‘0 <HAUT> 50 <AAPU> 50 <ABY> )’ <>
‘do’ <X> ‘while’ < <HIU> )’ <#Kim>
‘while’ ‘(C <RI;MU> )’ <>
‘def’ <BH#ER> (0 <HKIU> ) L <EHEE> <XHU> ‘P’
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‘end(quit)’ <#im>
(See section X.)

<$RuH>:
<;; <$)

<EHEES>:
[‘extern’ <ZEHH> [¢,’ <EH>I* <Rim>]x*

<EX>:
0 <AUS> Y

<X U>:
[<3X>]*

2.13 BREKIZBIT3EE
2131 AREOEESLVEY

Asir [ZBWTIE, ARRMAIE, IEFEGRIE GF(p), 155 2 OARIE GF(2™), GF(p) ® nkIEK GF(p™) 3
EFETEDH., INHIFAET, setmod ff() IZX VY EHRIND.

[0] P=pari(nextprime,2750);
1125899906842679

[1] setmod_ff(P);
1125899906842679

[2] field_type_ffQ);

1

[3] load("fff");

1

[4] F=defpoly_mod2(50);
x"50+x"4+x"3+x"2+1

[5] setmod_ff(F);
x"50+x"4+x"3+x"2+1

[6] field_type_ffQ);

2

[7] setmod_ff(x"3+x+1,1125899906842679) ;
[1*x~3+1*x+1,1125899906842679]
[8] field_type_ff();

3

[9] setmod_ff(3,5);
[3,x"5+2*x+1,x]

[10] field_type_ff(Q);

4
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setmod ££() %, SFEFERHF A TOFREEREERLE LTy 5. SIEPIEEK p %4 GF(p), n
WZEX f(x) OHE, f(zr) mod 2 ZERZEXELT D GF(2") xRS LTEy b5, £72
BIRFEOFRKIER G ERTED. fE LI HOEE B, setmod ££ () IZB W TIEBIHOBENT = v
IFATHT, FEOH LIS BEE .

R EIE, HETHEREKROITLE LTESHDIWVEIERINLAT V=7 M, By b IR0
FIZHES EWIHIEKRTH® S, Al FHEEE S5 LOBEEORKRLIIFERHMLE 25, AL, WAEREIZIBWT—HD
AT RRFREOITTOEEIE, ot s HBIEICE CAREO I & RS, BAERELRKICRD.

0 CHRWEIRKDOIE, AT =7 b THY, @Bl TOfI1L 1 THD. I 51T, 0 TRWHREKED LOHGHE
BT, GF(p) D4 6, GE(2™) DA T L7725,

HIREDOITLO AN FIEZ, BREOFHHICEIVEEY THDH. GF(p) DHA, simp ££() 12X 5.

[0] P=pari(nextprime,2750);
1125899906842679

[1] setmod_ff(P);
1125899906842679

[2] A=simp_ff(27100);

3025

[3] ntype(@@);

6

7=, GF(2") DBENL ShOHERD S

[0] setmod_ff(x"50+x"4+x"3+x"2+1);
x"50+x"4+x"3+x"2+1

[1] A=c;

(V)

[2] ptogf2n(x~50+1);

(@°50+1)

[3] simp_£ff(@Q);

(@"4+0"3+0"2)

[4] ntogf2n(2710-1);
(@"9+0@"8+@"7+@"6+@"5+@"4+0"3+0@"2+@+1)

HIREOTIIHRTH Y, (KHENTRETH S, @ 13 GF(2") ©, GF(2) EOAEMTTH S, FLLI1T HDE %
S,

2132 ABRGFETO 1 EZHLEXROEER

fEf TiE, ARK Lo 1 ZHZmAUxt U, 85550, DDF, REs iR, 2 H0OBKHIE 2 £ ORESE
‘INTND.

WY, fERIT [EF, EEE] OV A &5, FAFIE monic &7, ANWZEXOEHEHITHETOHN
D LS RE, Z2HEA L ZOMS E D GCD OFHENOHEDL - &b R T7 LT XLERH LT
W5,

HIRE ECoREs R, DDF 0%, wERIET OS5 ROBRIC, Berlekamp 7L =Y X A THEZEMEZRD,
FEENT S OR/INBERE KD, FDR % Cantor-Zassenhaus 7 /L3 U XAIZE VR D, W) HiEEE
ELTN5.

2133 MEHERAKLTHOZEXIRDER

IMEBARERBOZEHAUCIRY | 2EBZHADORISRIPEAAHRBE L LCHEEENTWD. BT
sffctr() THD. F7z, modfctr() b, ARFENR ETEERLERORE G EIT O Y, FEBRIZIE, NET+
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DREIRIERERZHEL, sffctr() ZFOH LT, Ri&AICREE LORF 2T 5, Lo HETIHRELT
W5,

2134 HRAELOBEAMRICET HEE

HIRE EOFEM iR BI T 2 W\ < DO SR 72 A D, MHAALRBI S L LTt STV 5.

FEHEBROBER, E& 207 L [a bl TITI. a, b ITABREDOITLT, setmod_f£() TEFZSIN TV
HABENEIERDOLE, y? = 23 + ax + b, 155 2 DERDOEE y? + oy =23 +az? +b KT

BRI AR B oS0, BEREADIAD TINERZ 2. ZoOEBEICE LT, A (ecmadd ££0)), W
(ecm_sub_££()) BLOWILFHHRD =D DR (ecm_chsgn ££()) ARSI TV D, EET &L, HED
KL 72 B RORELN,

MR ST 0. ZNLSORIE, RE 3 O MU [z y 2], 72720, 2130 TRV, LWIHIRTHS. [z
y 2] BAEREEEC L5 KR THY, 77 4 VBT [o)z y/z] RoHEERT. koT, 77 4 HElE [
y] CRESNTEREZFEENGET DL, [y 1] 7257 MEARTHILERS D, HEMR S A RE
ETRONDN, z FEENR 1 LIXR SN, 77 4 VIEZ RO D720 o, y JEIEE 2 JERETHID 2
EhRdHD.

2.14 Risa/Asir & os_muldif.rr

Risa/Asir (ZAFEBOHR 21T ) BEITEEDNSLE T, FICHEBBEEREOZEA MO ERE, Y
DEHEIBOITHIOMEEN, FOFFTITRNEVIZELRNI RS, W ONOfEETTHR LS.

[0] 2/x-1/x+1/x-1/x;
(x"3)/(x"4)

[1] x/(x+y)+y/ (x+y) ;

(X" 2+2%y*x+y~2) / (X" 2+ 2% y*x+y~2)
[2] x/y*y/x;

(y*x) / (y*x)

[3] 1/(1/x);

(x)/ (1)

[4] deg((a/b)*x"2,x);

0

[6] diff((1/a)*x+1/b,x);
(b~2xa)/(b~2*a"2)

[6] diff((x+1)7(-3),x);
(=3*x72-6%x-3) / (X" 6+6*%x"5+15%x"4+20*%x " 3+15*xX " 2+6%*x+1)
[7] A = newmat(2,2,[[a,0],[0,1/2a]1);
[ao0]

[0 (1)/(a) ]

[8] det(A);

internal error (SEGV)

return to toplevel

[9] coef(x+1/a,1,x);

0

COXHIREAL, IVEENSHTHENELNL L IIESTT AT 5 VN os_muldif.rr [06] T
5.
LT, BUROBIKOMHA D 55, BN OMERR LD TH 5.
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http://www.math.kobe-u.ac.jp/Asir/asir-ja.html

e Risa/Asir O % — F R 2 (EHMITIT, RisaAsir—D T 4 7 7 U O H 5./1ib/D F O
./lib/asir-contrib T, names.rr R ENA LV A M= L ENTWVWAHFTICEL . TOHATIE
Risa/Asir # £ #) L T which("names.rr") & TNIXF /RSN D) 2 os_muldif.rr Z ANLD &
Risa/Asir |28\ T load("os_muldif.rr")$ £ 352 LI2L VD, os_muldif.rr O DKL E
HAT&5L517k5.

e T 74NV FTIFEY 2a— /L L THAREND DT, BWHADEHEIC os_md. &2 THFOH &< T
172 < TF R B 720,

e load("names.rr") & FEITLTHITIE (KIFD Risa/Asir D3y — P TITIEIRICHEAAEN TWD

ZERDHY, FOLXITINEIARE), HALHEREFHAOT WO TEX O Y — A THARHETE 5. &6

{2 MS Windows (2T, dviout (232 %E L TEIFIE, dviout TEARTH I EAHKD. o

VAT LATHEEAREET, TEX O L B afied o THRRENFRATREIC /LS.

chkfun(1,0) {ZX > T Version HEEZ21005 (0 0268 FE 5 OITEER) .

FEABINENTHRNEDIIRT A MDD T, 1IELLEELZRWATREMENE.

F220HIMTNTWA LD LEETH D.

REAITMSE T & A Y #uo,

CDOTAT T ORI EEE L TIE, dviout(), show(), ltotex(), fctrtos(), mtotex(),
myhelp(), xy2graph(), mtoupper (), mdivisor (), getbygrs (), shiftop(), m2mc() R EVH 5.

2.14.1 os_muldif.rr A4 >R b—JL
e get_rootdir() TSN D Risa/Asir DIA T T IBA VA M=V ENTET 4 V27 FVDTOD
(Risa/Asir DT A 75 U « $—F,3R) lib\asir-contrib I os_muldif.rr Z AL 5*L.
Risa/Asir °5H

[0] load("os_muldif.rr")$
Loaded muldif Ver. 00140330 (Toshio Oshima)

L LTHiAiATr L, os_muldif.rr CERSNIHENFEZ D L1225,

o T 74N FTIEEY 2— ML L THAAEND DT, LU S5 HEA DOFIEIC os_md. #DUF
TRERNH & 72 < TE R TE R B 72V,
LR, BIABROTHRED os_md. NETHK STV DO THEE.

e Risa/Asir OEIIFIZ BB FRAGATIZIE, get_rootdir() IZH B .asirrc I

import ("os_muldif.rr")$
DLITEEMLTBIFIEEY. 20L& Lasirrc [IHIZITLTOL S THS.

import ("contrib-setord.rr")$
import ("gr")$

import ("primdec")$

import ("katsura")$

import ("bfct")$

import ("names.rr")$

import ("oxrfc103.rr")$
import ("os_muldif.rr")$

end$

e os_muldif.rr ®FHED

*1 names.rr 7 ENEINTWBEFH/RDT, Risa/Asir D3~ K54 )35 which("names.rr") 2L LThIE, Z0F 1L
7 RUDBGND.
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#define USEMODULE 1
&

#undef USEMODULE
LEXWMZ DL, BV MEENTICHARAENDDOT, BWEOKIHEIZ os_md. &O1F B MEITR<
B, LIWLARE, MOBEKEDNyT 4 TR DAREMENAE T D0 T, ZIUIHEE SR,

o LI DA os_md. ZWE LI HARARNCT 2121, £ OBEE MO #7223 e B E
ELTBSEIw. =2 2F

def cat(X)

{return os_md.mycat(X|option_list=getopt());}
def myhelp(X)

{return os_md.myhelp(X|option_list=getopt());}
def show(X)

{return os_md.show(X|option_list=getopt());}

cat("mydef:\n cat, myhelp, show,...")$

EWVWH XN EE mydef.rr EWVNH T 7 A MICENTTA T T VICANT. asirre (UL FO—4T%
Mz THIFIFEL.

import ("mydef.rr")$

o TEX ZFIH L THAZMBICFKRT H120E, OS CEMERREIKGFTH 7L Ea—T DERRED
DYUE LD, 2ROV risatex.bat DEOFHZ SR L TS0,

e myhelp("fn") |2 X - TEE m ORI Z KR S DHREDO A IZ OV TIE, DVIOUTH OHEASH L
TLE&EW. %72, os_muldif.dvi & os_muldif.pdf i get_rootdir() /help IZAN T ZE V.
Z 9T dviout [Z/8A Q@S TV 5 &, DVIOUTH O EIFARETY

£

5
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3  Functions

3.1 Functions related to differential operators

PLF BT module b &4, B4 OYFEIZ os_md. #2513 T, os_md.muldo() ® X 5T .

3.1.1 Fundamental functions
1. muldo(py,p2, [,0,] 11im=n) F72IX muldo(py,p2,x|lim=n)
muldo(p1,p2, [[z1,04,1, [22,05,1,...111im=n) F£721% muldo(pi,p2, [[z1],22,...]111lim=n)
s AEEH (WIEERETH LWV RBEOE (3R MOERFZOR (< [0,,2]) =1)
o FHEHIIZHAOM TREIND. ZHAOKREITERITAIE L 2523, FEH LN FHEE O
BERETH LW (cf #0HE).
o 0, NEEMEMN de DL XIE, [2,0,] DRDOVITxz L LTEW.
ZAUTLL TOEBE LKL T 5.

o MM IERFED L 21X, 3FBDOTEN [[x],[ly,v],z] L& TH LW, ZnlddafmL<
[[x,dx], [y,v],[z,dz]] LMERREND. 722 LU R FORIIZY A R TR TE by, 3
ebb [Ix,dx], [y,dyl] X [[x],y] EEBNTH WA, x,y] ITHEBOIERZ EMRINS.
DT OEETHOERFE L HD5E1E, FERAIEN TR TH S,

P 1ERT FVEFHITHITH L. 2o & & 1T py JTHITH L.
X NODL XX, HRIEEIRT.
exp(0) 72 & DEIRFEMIIERFZRL 071 72 E OB ERFE LFHHEATHE (7272 L, appldo() 72 &
TIEART, FEHENAREITKOLRWZ 0D, ZOLXITRTTIHUS).
e Leibniz AXTOMOHE T, FEHOMIr OBEIEAD 100 BILL B2/ 5 &2 2 THHE 2 00T

T AN R THDLIN lim=n OA T > a L CEEARE (ZHUL pr, po BAD T —D L EDOHRAER).

7= & 21%, muldo(dx~(-1),1/x,x) <° muldo(exp(dx),1/x,x) IFHREITHEAEN KD LA,
[dx,x] =1, [dy,y] =1 LV MBRO L & (= do= £, dy = 2)

[0] os_md.muldo((1+x)*dx+1, (1-x)*dx+1, [x,dx]);
(-x"2+1) *dx "2+ (-x+1) *dx+1

[1] os_md.muldo(x*dx+1/(x-a),a*dx+1/x,x);
((a*x"3-a"2*x"2) *dx"2+x " 2*dx-x+a+1) / (x"2-a*xx)
[2] os_md.muldo((a+y)*dy, (b-y)*dy, y);
(—y~2+(-a+b) xy+b*a) *dy "2+ (-y-a) *dy

[3] os_md.muldo((a+y)*dy, (b-y)*dy, [0,dyl);
(-y~2+(-a+b) *y+b*a) *dy "2

[4] os_md.muldo(dx+dy, x*dx+y*dy, [[x],yl);

xxdx "2+ ((x+y) *dy+1) *dx+y*dy~2+dy

[5] os_md.muldo(dx+dy,sin(x+y), [[x],y]);
sin(x+y)*dy+sin(x+y) *dx+2*cos (x+y)

[6] os_md.muldo(exp(dx), (x-1)"4,x);

exp(dx)*x~4

[7] subst(@Q,exp(dx),1);

x"4

[8] os_md.muldo(x*dx~(-1),dx/x,x);

Over 100 derivations!
(x7100*%dx"{100}x~99*dx~99+2*x~98*dx"98+......... )/ (x~100%dx"~100)
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[9] os_md.muldo(dx"~(-1),dx/x,x|1im=5);

Over 5 derivations!

(x75*dx"5+x"4*dx " 4+2xx " 3*dx " 3+6*x " 2*xdx " 2+24*x*dx+120) / (x"5*dx"5)

[10] os_md.muldo(x*exp(dx),1/x,x|1im=5);

Over 5 derivations!

(exp(dx) *x~5-exp(dx) *x~4+exp (dx) *x~3-exp (dx) *x"2+exp (dx) *x-exp(dx) ) / (x~5)
[11] deval(os_md.muldo(exp(dx),exp(x),x]);

Over 100 derivations!

2.71828*exp (1*dx) *exp (1*x)

[0] i%
(I+2) L +1)o(l-a)L+1)=(1-2)L +(1-2)L +1

EEWT S, 7ok, [6], [81, [91, [10], [11] OFERIE, Mo LWL N EEZEX THIVEAZ LT
WARELZZSORBEFHORLTOMBLRD. Tbb

(6] i d
et o iy = ate st o+ b+ g+
(8l i 1
(L) Todd = L(dyly Z(dym2 gy
[10] X

= d d’ d?
vetror=(-g+m -+t G +ade +tam )

LIRS, [11] 1%, FEBIX

Thb.
2. muledo(py,ps, [x,0;]1) F72IX muledo(pi,ps,x)
:: Euler "HBOENFEOR (<= (04, 2] = )
po HITHNETZRT7 PV TH W, ZoLkE, p #78ITH L.
[dx,x] =x LV LSHBRDO L & (&« dz=2l)

[0] os_md.muledo((1+x)*dx+1, (1-x)*dx+1, x);
(—x"2+1) *dx "2+ (-x+1) *dx+1
3. transpdo(p, [[%1,0,1, [%2,04,1,...1, [[y1,0y,1, [y2,04,]1,...11lex=1)
s WATERFROLER (25— v = yi(x), 0z, = 0y, = cj(x) + 3, aju(x) 0s,)
o yi, Oy, 1T (21, ..., 2,) OAENE LOHEIUREOMITEHFHE
o [1;,05,] DHIX z; ODWOERIESL A (< 0, =dz;)
e BIHDY A ND2FHENIEFER LV EWGS, R0 ITHEELH L L.

[0] os_md.transpdo(x~2*dx"~2,x, [[1/x,-x"2*dx]]);

X" 2xdx " 2+2%x*xdx
[1] os_md.transpdo(x*dx+y*dy, [[x],y], [[x+y, (dx+dy) /2], [x-y, (dx-dy)/2]11);

yxdy+x*dx

[2] os_md.transpdo(4xdx~2, [[x,dx], [y,dyl], [[x+y, (dx+dy) /2], [x-y, (dx-dy)/2]11);
dy~2+2*dx*dy+dx~2

[3] os_md.transpdo(x*dx,x, [-dx+1/x,x] |ex=1);

-x*dx
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e o [0], [1], [3] TIE, [[21,04,1,[22,04,1,...] IZOWTAHEELHW TS (cf muldo()).
o [01 X [1], [2] T, oz 2R (z,y) = (z+y,x—y) &\ FEEERUT K DM 2R DL
ERODTVE. Z0LE, METER £ L 0 (L, 2 GE+32.35 - 32)
bIRETHMNERDD.
o TR TRV (2, L) (2, 2 + ¢) D& BRWOSERRBRORBERE 2D B DT LU,
o ex=1: (x;,0y,) — (Si(z,0),T;(x,0)) & WO MOTEMBROERM BRI L HEBMEZFHETD.
ThbbH [Tl(m,a),SJ(x78)] = (Si’j TH-oT, J A ES ({E,a) WCOWTEZHEXTHLIVENRDD.
311, (z, )= (L + L 2) LV HBEHALEEZ TV,
4. translpdo(p, [[x1,0.,]1, [2,0,,1,...]1, mat)
n PO TERIR OB IEIEAAME (v, — 37, (mat);jz;)
[2;,04,]1 Xz DIEOEMIE LA (<= 0y, =dxy).

[0] M=mat([1,1],[1,-11);

[11]

[1-11

[1] os_md.translpdo(4*dx~2, [[x,dx], [y,dyl],M);
dy~2+2*dx*dy+dx~2

5. appldo(p,r, [x,0,]) Fizix appldo(p,r,[[r1,0:,1, [x2,0:,1,...1)
i MAERSE (01T8]) OFBRASCHEEREL (D175 ~DIER O
rAEART FAVEIITIITEH XV ZOEAIT p 1TATHITE L.

[0] os_md.appldo(x*dx~2-2*dx, a*x~3+b*x"2, x);
-2xb*x

[1] os_md.appldo(x*dx~2+2*dx, x+y/x, X);

2

[2] V=newvect(2, [x/y,y/x]);

[ /@) (/)]

[3] os_md.appldo(x*dx+1,V,x);

[ (2xx)/(y) O ]

[4] P=newmat (2,2, [[x*dx+1,x/y], [0,x*dx]]);
[ x*dx+1 (x)/(y) ]

[ 0 x*dx 1]

[5] os_md.appldo(P,V,x);

[ (2xx+y)/(y) (-y)/(x) ]

[6] os_md.appldo(ddx,P,dx);

[ x0]

[ 0x]

[7] A=newmat (2,2, [[cos(x+y),-sin(x+y)], [sin(x+y),cos(x+y)]1]);
[ cos(x+y) -sin(x+y) ]

[ sin(x+y) cos(x+y) ]

[8] os_md.appldo(dx~2,A,x);

[ -cos(x+y) sin(x+y) 1

[ -sin(x+y) -cos(x+y) ]

6. adj(p, [z,0,]) F7=iE adjlp, [[z1,0.,], [22,04,],...1)
2 W EHFE (01751 p @ formal adjoint
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[0] os_md.adj(x*dx"2+x"3*dx+1,x);
x*dx "2+ (-x"3+2) *dx-3*x"2+1

7. sftpexp(p, [x,0.]1,q,7) F7zix sftpexp(p, [[%1,0,,]1,...1,¢,71)
D WMOERSFE p &2 g T opoqt LEMTD
q, r IFEEK. 2770, rix (@, 2EERV) RNT X=X,

[0] os_md.sftpexp(dxxdy, [[x,dx], [y,dyl]l,exp(x-y),a);
(dx+a) *dy-a*dx-a”~2
[1] os_md.sftpexp(dxxdy, [[x,dx], [y,dyl]l,x-y,a);
((x"2-2xy*x+y~2) *xdx+a*x-axy) *dy+ (-a*x+axy) *dx-a"2+a
[2] show(@Q);
(x —y)?0,0, — a(z — y)d, + a(x — y)d, — a(a — 1)

8. appledo(p,r, [z,0,]1)
i Euler BUHHOMER E O A FXA~DIEH OFHE

[0] os_md.appledo(dx~2,x"2+y/x,x);
(4xx~3+y) / (%)

9. divdo(py,p2, [z,0,.] |rev=1)
s EOERZOEIY B
o RVHE [q,7,m]
= mxp; =qxpy+7r (ordm =0, ordr < ordps)
e rev=l ZIFETH &
prxm=pexq+r (ordm =0, ordr < ordps)

[0] R=os_md.divdo(dx"2, x*dx+1, x);
[x*xdx-2,2,x"2]

[1] os_md.muldo(R[0],x*dx+1,x)+R[1];
x"2%dx"2

[2] R=os_md.divdo(dx"2,x*dx+1,x|rev=1);
[x*dx+2,0,x"2]

[3] os_md.muldo(x*dx+1,R[0],x)+R[1];

X" 2%dx " 2+4*x*dx+2

[4] os_md.muldo(dx~2,R[2],x);

X" 2%dx " 2+4*xx*kdx+2

10. myged(p1,p2, [z,0; ] |rev=1,dviout=n) F72IT mygcd(p;,ps2, [z] |rev=1,dviout=n)
mygcd (py,p2,xldviout=n), mygcd(p;,p2,0ldviout=n)
u HELEHBURE O EMOERR (Fid 2 0ZEK, EF3EEH p1 & p @ GCD (FKAKITT)
e EVfEx R L3< & GCDIX R[0] = R[1] *xp1 + R[2] xps & 72 5.
R[3) 5 p1 + R[] % p» = 0 235051 L, 7751 (gg g%) )
F72 R[3] xp1 = —R[4] xpa 28 LCM & 72 %.
e rev=1 ZET DL, ETHDIEFNETHIIRD.
e 21— Uy FOHEMRIBICLDFHETHDM, p1 & po OREEIVBFECHEIT py & pp THEIZZ L0
LR B.
e dviout=0: =—72 U v FARIETODEAT v S TOTFT—FZRY XA DY XA FNTRIND.
BHOL XL, VA NORINE, RYIOEEOM, ZORIIMERYOHMDO U AR, KON 0IZ
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725 F Thi< .
ZHA L HWMOERR ORI, BAOROM, TORIFIMERY EABT—HFD 3 >OT—X O
(divdo () DiTE) 23E< U A b.

e dviout=1: =—7 U v FOAREOE Y HR TeX 2o TOREnb.

e dviout=2: =—7 U v NOAERRENTHIOE T TEX 2> TREN5.

e dviout=-1,-2: E®O TEX OV —AMRRKIN5.

[0] P = os_md.muldo (x*dx+1,x*dx+1,x);

X" 2%dx"2+3%x*kdx+1

[1] Q = os_md.muldo(dx-1,x*dx+1,x);

x*dx "2+ (-x+2) *dx-1

[2] os_md.mygcd(P,Q, [x]);

[xxdx+1, (1) /(x+1), (-x) / (x+1) , ((-=x-1) *dx+x+2) / (x+1) , ((x"2+x) *dx+x+2) / (x+1)]
[3] os_md.mygcd(P,Q, [dx]);

[1,0, (1) /(x*xdx"2+(-x+2)*dx-1) ,1, (-x"2*dx"2-3*x*dx-1) / (x*dx "2+ (-x+2) *dx-1) ]
[4] os_md.mygcd(234,111,0);

[3,-9,19,37,-78]

[5] os_md.mygcd(234,111,0/dviout=0);

([234,111],[2,12],[9,3], [4,0]]

[6] os_md.mygcd(234,111,0|dviout=1);

234 =2x 111412
111 =9x%x1243
12=4x3

[7] os_md.mygcd(234,111,0|dviout=-1);
234&=2\times111+12\allowdisplaybreaks\\
111&=9\times12+3\allowdisplaybreaks\\
124=4\times3

[8] os_md.mygcd(234,111,0|dviout=2)$

234\ (2 1 111
111) —\1 0 12
(21 9 1 12y (19 2 12
—\1 0 1 0 3/ \9 1 3
(19 2\ (4 1 3\ _ (78 19 3
—\9 1 1 0 0/ —\37 9 0/’
3\ (-9 19 234
0/  \37 -T78 111
[9] os_md.mygcd(P,Q, [x,dx] |dviout=2)$

220? + 320+ 1 = (2)(20* — (x —2)0 — 1) + (x(x + 1)0 + (x + 1))
(2% 4+ 224+ 1)(20° — (2 —2)0 — 1) = ((z + 1)0 — (z + 2))(z(z + 1) + (= + 1))

[10] os_md.mygcd(P,Q, [x,dx] |dviout=2);
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11.

12.

13.

14.

(7 et )= (5 8) (G2 oy cd)

10— e 1) (#@+1)0+ (¢ +1)
1 0 0

_ fﬁﬂ—(;gz 7\ (2(z+1)0+ (z+1)
- 1 a x4+ 1 0

(z+1)2

<x8+1> B ﬁ i eEsy < 220% + 320 + 1 )
- 1 xr+2 x x+2 2
0 —oa0+ 5 FhOt+ o) @0 — (@ —-2)0 -1
mylem(py,p2, [2,0, ] rev=1) F72IT mylem(py,ps, [z] [rev=1)

mylem(py,p2,2), mylem(pi,p2,0)

o HELERBURB O FMOERSE (Flid e OZEX, F2ITEEER) pr & ps © LCM (R/hAREIT)

[0] P=os_md.mylcm((2-x)*dx-1,x*dx+1, [x,dx]);
(x72-2%x) *dx "2+ (4*x-4) *dx+2

[1] os_md.appldo(P,a/x+b/(2-x), [x,dx]);

0

[2] Q=os_md.mylcm((2-x)*dx-1,x*dx+1,x);
(x72-2%x) *dx "2+ (2*%x-2) *dx+1

[3] fctr(Q);

[[1,1], [x*dx+1,1], [(x-2) *dx+1,1]]

midiv(m,n, [z, 0,1) FT77iE midivim,n,[z]) FT7-F midivim,n,z)

u AHEEBRE O EMSVERFE (or x DZIERX) DOEFTITHI m L AKX (or x Z2EHFEF WA OIF
FITFIniZkt L, m = R[1](9; —n)+ R[0] (or m = R[1](z—n)+R[0]) &7:% U A+ R = [R[0], R[1]]
Zid. R[] 135y (or o) Z@ £,

qdo(p1,p2, [z, 0, 1)

WO RER pru =0 1Z% L rpou = 0 LR ABGERFR 1 & qepou = u &7 BOMERMFE ¢ @
U A k [ql,qg} f&i&'ﬁ*

q1, G2 ZULTOLLTF OMHE % % 0.

qpou =0 = Jr such that ¢ = rq;

gpeu = u = Jr such that ¢ = g2 + g1 and ordg, < ordg

[0] P=os_md.ghg([a,b], [c]);

(=x72+x) *dx "2+ ((-a-b-1) *x+c) *dx-b*a

[1] os_md.qdo(P,dx,x);

[(x"2-x) *dx~2+((a+b+3) *x-c-1) *dx+(b+1) *a+b+1, ((-x"2+x) *dx+(-a-b-1) *x+c) / (b*a)]

mdivisor(m, [x,0] | trans=1,step=1,dviout=t)
mdivisor(m,x|trans=1,step=1,dviout=t), mdivisor(m,0|trans=1,step=1,dviout=t)
s AEEERE O EMSERR /1 EHZESEHOITH O WA %2155
o HEWHLRI D EWER R DITHI 041X (02, Lemma 1.10] I2££5<.
o step=1: 17 LI DAL O F e 4 x4
e trans=1: BT, LT DIITERATH, HHENT DHNEFRATHD 3DV A &R,
trans=2 : kO 3 k3 DORKIZ, [TERATHOMITH, FIERATHOMITHNZMZ T2 5 sy U A b
&9,
o m NAlM & HKTH [1,1,...]. ZOHEIL trans=1 ZREL7LEDORVEE R LB &,
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R[1] 24751, R[2] 1ZHAATAIE 72 5.

dviout=1 : FEAZEFOEHEFEE TEX THETR.

dviout=-1: dviout=1 ® TEX ® Y — 2 ZiKT N, FRT LAV,

dviout=2 : EALE O EEL TEX TER. EHDD T 217516 ER.
dviout=-2 : dviout=2 ® TpX ® Y —RA%&iKT 72, FRIT LAV,

dviout=3 : EAZLDORER L EHATH & = DWATH|Z KA (trans=2 DOIEHR).
dviout=-3 : dviout=3 ® TEX ® Y —A%ZETH, F/RT LR,

unim() (2 & o THEFFHHEK AL OTHE O 72D OIESFBEEATHI O LR N TE .

[0] A=os_md.s2m("12-1,2-22,-121");
[12-1]1]
[2-22]1]
[-121]
[1] os_md.mdivisor(os_md.mgen(3,0, [x],0)-A,x);
[1,x-2,x"2+2%x-8]

[2] os_md.mdivisor(os_md.mgen(3,0, [x],0)-A,x|step=1);
1: start

[ x-1 -2 11

[ -2 x+2 -2 ]
1 -2 x-1]

(1,2) > (1,1
-2 x-1 1]
x+2 -2 -2 ]
-2 1 x-11]
: unit
1 -1/2*%x+1/2 -1/2 1]
0 1/2*x72+1/2%x-3 1/2*x-1 ]
0 -x+2 x-2 ]
. start
1/2*%x~2+1/2%x-3 1/2*x-1 ]
-x+2 x-2 ]

(1,2) > (1,1)

[ 1/2*x-1 1/2%x"2+1/2*x-3 ]

[ x-2 -x+2 ]

[ 20 1%

[ -42]
2: line 1 & 2

[ x-2 x"2+x-6 ]

[ 0 -2%x"2-4*x+16 ]

*[ 1 -x-3 1]

[o01]

2: column 1 & 2

[ x-2 0]

[ 0 -2%x"2-4*x+16 ]
3: start

L T T T e T e T e T Y e T e T e T e |

N
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[ -2xx-8 ]
[1,x-2,x"2+2%x-8]
[3] os_md.mdivisor(os_md.mgen(2,0, [dx],0), [x,dx] |step=1);
1: start
[ dx 0 ]
[ 0 dx ]
1: column 1 += col2*x
[ dx 0 ]
[ x*dx+1 dx ]
[ -x 1 1%
[ x*dx+2 -dx 1]
1: line 1 & 2
[ 1adx ]
[ 0 -dx"2 ]
1: unit
[ 1dx ]
[ 0 -dx"2 ]
2: start
[ -dx~2 ]
[[1,dx"2],
[4] os_md.mdivisor(os_md.mgen(2,0, [dx],0), [x,dx] |trans=2);
[[1,dx"2],[ -=x 1]
[ x*dx-2 dx ],[ 1 -dx ]
[ x —x*dx+1 1,[ dx -1 ]
[ xxdx+1 -x ],[ -x*dx dx ]
[ x11]
[5] os_md.mdivisor(os_md.mgen(2,0, [dx],0), [x,dx] [dviout=2) ;

0 0 1 0
z0+1 0 0 1
1 0
T 1
—x 1 L1
z0+2 —0) \L2
1 0 —x 1
0 —-0% z0+2 -9
11 o
T 1
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1 0 —x 1
0 —0? z0+2 —0
11 -a
r —x20-+1
L2+ (—-1)x L2
1 0 —x 1
0 0? —x0—2 0
11 -9
r —x0+1
As a result,

o #)- (a2 ) (0 5) (0 -2t )
0 92) \—-z0-2 0 0 0)J\x —x0+1)"
(a2 3) =(atn =)
—x0—2 0 “\z0+1 -z’
(1 ;) )1 B <—336 a>
rz —x0+1 "\ -z 1)

LD dviout=2 DA T a VORERDP B D L O, UTFTOT VI AATHEEZITS . 728, LIV

WZH 5175 C 1E myged ) IZL > TRDTND.

118 A OFE=—27 Y v KRR R T, LFOoWTFine LET.

(1) BHoR

(2) BEERELRED 1 5 EABR

(3) BHEEBIRE DO W VERMFRLR

T XTI OHEY

(a) A BFELTHI7 D 0] ik

(b) A DETRWER/ID (i,7) 5%, [TORM, FIOZHT (1,1) o d ((4,5) XFFERIEF T
B/ANRb D). T TRANEE, (1) M, (2) K3k, (3) BEE 23R

(©) AD1FIED 24TBUTIZETRWVESBZHIVUE, (1,1) f0 & ZORIDOFE TRV &I ~7-
YA X2 DI BTN GL(2,R) DI C ZENPLMNT T, X7 MAOF 2 Sy E2EICT
2H0%RDD (22— Vv FOERE). SL(2,R) T/&< T GL(2,R) [ L7=DI%, Lk
DE 1 S OEER (2), (3) PIICEZER L 2D L 1cT 570, 11TH LbET 21TIcE» D
C NPT THTERT S, Db (b) ~.

A ADIFERELRDERNWTEDOLE. FH1ITOFHE 2RO UBETE T2V ORHNIE, 3.
ERARIZH A X2 DITRT M EZNITEN LT D GL(2,R) DIt C & RO THEREZIT,
(b) ~.

-DUF, (L,1) RS EBRWT A OLIITE S 1FIHORGNET0 £ T5 -

(&) A DIFEFITFIOF A R 1 DL, [(1,1) BAY] 2T

~ UTFixZERLS

) Ao ,1)RENAHOLE, Thae 1l LEXELT, UFO (g)ii) LRERD L2175,

— (1) FHEF Q) nEE —

(g) (1,1) A TEIV BN VRN H D E 5 DD,
) FEINRORSE DTN BIIE, Z0FE 1FIEICIA, EOMSH 24TH TRITNIE 2
1TH &1TExH. D% (b) ~
i) +_TE UL, 197H & 1FIH ZBRWZ1T81%E (1,1) KO THEl-TT& 5, T&50
A XMW1 FONERITH, #5148 E LT, ZOERBENY, EVEOEKSE (1,1) oLz
A MZ(1,1) o aBLz ) A b &R,

— @B)pEx —

(h) FE T2 (0,0) BRSO (i,5) By Z2RAT FFEEXEF TR/ (4,)) 2788 Zhi P L
L, Pzk & (1,1) RO OMED A T T AN (1,1) O OIEDIEA T T VARV E 2k D (k
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VX (4,7) By OB T OHARELR L 72 %) . 7236 o 1350 &L O PEETE & 72 2 0T RAE
M. jHIBIC o* 2B EMNT L 0% 1FIBIMAZT (b) ~.
step=1 ZHE L2 L EORRINDITHO LD A AL FOFRIZLLTO#EY |
o EHDHTIL, mdivisor() BMEINTRXAT 4 VT DRI T, 1 EBIRE D L7591 XN 1 HD
(cf. (), (g) ii)).
e start : ZOBHBNBIFERH Iz & D751,
(a,b) -> (1,1) : af7THE 147H, bFIE L 1FIAZAH LT, (a,b) % (1,1) ICBET
% (cf. (b)) .
line 1 & a: 14TH & afTHIZAEMNS GL(2,R) #2F T (a,1) lu% 01292 (cf. ().
column 1 & b: 14IH & bAIRICAND GL(2,R) %727 T (1,b) iz 01235 (cf. (d)).
unit : (1,1) FAMNAHILO & X OREL (cf. (f)) .
column 1 += col b, line 2<->a: 1 FIHICbFIHZMA T, 21THE afrHEZRM (cf. (g)
).
e column 1 += col b*x"k: bFEIZEND x"k &NTF72bD% 1FIBIZMA S (cf. (b)) .

¥, TEK BT, ifTR% Li bR L, jSIA% Cj LH LT, L 2id G i) % 317H & 517
i 500

1 2 L3

3 4 L5
L#T

[6] os_md.mdivisor(mat([3,5,7],[5,3,3]),0|dviout=2)

[Nl IV
O = O W Ut

Cj—=Clxo (j>1)

1 0 0 2 -1

0 -16 —-26 -5 3
-11 -7 -11

0 1 0

0 0 1

-5 -—13

o oo (3 )

1 0 0 2 -1

0 2 0 -5 3
— |1 2 3

0 -5 -13

0 3 8
As a result,
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1 2 3 1 7 11
<O -9 13) = (O -8 13) .
0 3 8 0 3 )

[7] os_md.mdivisor(mat([dx,0,0],[0,dx,0],[0,0,dx]), [x,dx] |dviout=3)
1 0 0 0 0 0
<0 1 0>:P(O 0 O)Q7
00 9 0 0 0
—x 1 0 0 —220% — 420 — 2
P=|—-3z0-1 10 —32%0 — 2z =[2z0+1 —2%0?—42%0 -2z
—20% - 30 0° —2%0? — 620 —6 0 0
1 —z20—2z 12203 + 20 - 0 —20 0
Q=2 —2%0-2? %x383+%x282—$6+1 = —%xata %6‘2 f%
0 1 —10? —x 1
(8] A=mat([2,-2,-2],[0,1,-11,[0,0,21)%
[9] os_md.mdivisor(os_md.mgen(3,0, [x],0)-A,x|dviout=2)$
Tz —2 2 2 1 0 0
0 r—1 1 0 1 0
0 0 r—2 0 0 1
1 0 0
0 1 0
0 0 1
Cl+ C2
2 z—2 2 1 0 0
r—1 0 1 0 1 0
0 0 r—2 0 0 1
~1 o0 1 0
1 0 0
0 0 1
1
L1<—(§)><L1
1 2z-2 1 L o000
z—1 0 1 0 1 0
0 0 r—2 0 0 1
| o 1 0
1 0 0
0 0 1
Li—= ox L1 (i>1)
1 Lz —2) 1 i 00
0 —i@-2)(z-1) —(z-2) —-i@x-1) 1 0
N 0 0 r—2 0 0 1
0 1 0
1 0 0
0 0 1

74



Cj—= Clxo (j>1)

1 0 0 i 00
0 —i(z-2)(z-1) —(z—-2) —-i(z—1) 1 0
N 0 T —2 0 0 1
0 1 0
1 —3(z—2) -1
0 0 1
L2 4 L3, C2 ¢ C3
1 0 0 i 00
0 x-2 0 0 0 1
L0 —@@-2) —z-2)(z-1) —-i@x-1) 1 0
0 0 1
1 -1 —3(x—2)
0 1 0
1 0\ /L2
1 1)\L3
1 0 0 1 00
0 x—2 0 0 0 1
o o —t@-2)(z—-1) —-3(z-1) 1 1
0 0 1
1 -1 —1(z-2)
0 1 0
L3+ (—2) x L3
1 0 0 3 0 0
0 x—2 0 0 0 1
0 0 (z=2)(z—-1) z—-1 -2 =2
“lo o 1
1 -1 —2(xz—2)
0 1 0
As a result,

10 0 3 0 0\ /z-2 2 2 0 0 1
(0 r—2 0 >= 0 0 1 ( 0 x—-1 1 ) 1 -1 —i(z-2)
0 0 (x—2)(x—1) r—1 -2 =2 0 0 z-2/\0 1 0

1

15. sqrtdo(p, [z, 0,1) ?
sx— 1/ T (@ ORE[FERDNT) RERMOERFE p ST 288 e —»y=a+ Va2 -1
r=1(y+y ) ICHEE

16. toeul(p, [z, 0,1,n)
u MEERFE AN EMOERAE%E v = n T Euler BUZZ
BHER x> x2+n ObHE 20, % 0, CEXHZ, ZEARKICTS.
L, n BT “nfty” O L XX, BEER > 1/z ObL 20, 0, TEXHZD.
BBIZx OMEH#HITCr =0 THARWERZICHET S.

[0] os_md.toeul(os_md.ghg([a,bl,[c]), x, 0);

(0]



(-x+1) *dx~ 2+ ((-a-b) *x+c-1) *dx-b*ax*x
[1] os_md.toeul(os_md.ghg([a,b],[c]), x, "infty");
(x-1)*dx"2+((-c+1) *x+a+b) *dx-b*a

17. fromeul (p, [z,p.],n)
:: Buler BHEMGEMFEZITCIZET (toeul(p, [z, 0,],n) DWZEHL)
BRI x—n OMENTTr=n CTHARWSZEIZKET 5.

[0] os_md.fromeul(dx,x,1);
dx

[1] os_md.fromeul(dx-a,x,1);
(x-1)*dx-a

18. expat(p, [z, 0,1,n)
s MR BLEOMERFE D x = n TORMEFERERD S
o n [F3FH “infty” TH XV (n = oo ITHIR).
o Fuchs BUFE M ERIFE T n BCFF “7 O L X1, RTORRALZ 2 TORMEREZRDD.
o LIF, #ITEND ghgO 2oV T, (59) =2

[0] os_md.expat(os_md.ghg([a,b,c],[d,el), x, 0);
[-d+1,-e+1,0]

[1] os_md.expat(os_md.ghg([a,b,c],[d,el), x, 1);
[-a-b-c+d+e,1,0]

[2] os_md.expat(os_md.ghg([a,b,c],[d,el), x, 2);

[1,2,0]

[3] os_md.expat(os_md.ghg([a,b,c], [d,e]), x, "infty");
[a,b,c]

[4] os_md.expat(os_md.ghg([a,b,c]l,[d,el), x, "?");

[[0, [-d+1,-e+1,0]],[1, [-a-b-c+d+e,1,0]], [infty, [a,b,c]]]

19.sftexp(p [z, 0y ] Sy, T)
HWOERFE p % (x—n) Topo(x —n)" ITEHRT S
722U, [0g,r] =0 &9 2 (LATHEER).

[0] P=os_md.ghg([a,b], [c]);
(-x"2+x) *dx"2+((-a-b-1) *x+c) *dx-b*a
[1] os_md.sftexp(P,x,0,1-c);
(-x"2+x) *dx "2+ ((-a-b+2%c-3) *x-c+2) *dx+(-b+c-1) *a+(c-1) ¥b-c"2+2*c-1
[2] Q=os_md.sftexp(P,x,"infty",b);
(—x"3+x72) *dx "2+ ((~a+b-1) *x" 2+ (-2*b+c) *x) *dx+b"2+(-c+1) *b
[3] os_md.expat(Q,x,"infty");
[a-b,0]
20.fractrans(p [z, 0:1,n0,n1,M2)

IO TERFE p 12 (ng,ny1,ne) — (0,1,00) &V —RSEZEMEIT S
[0] os_md.fractrans(os_md.ghg([a,b], [c]),x,1,0,"infty");
(-x"2+x) *dx~2+((-a-b-1) *x+a+b-c+1) *dx-b*a
[1] P=os_md.fractrans(os_md.ghg([a,b], [c]),x,"infty",1,0);
(x73-x72) *dx "2+ ((-c+2) *x" 2+ (a+b-1) *x) *dx-b*a

76



[2] os_md.expat(P,x,1);
[-a-b+c,0]

[3] os_md.expat(P,x,0);
[a,b]

21. chkexp(p, [z,0,1,n,r,m)
2 j=0,...,m—1ORTICH L, HERRSEESIERSE p O u; T@—n)"0Tu; 2 x=n
TIERICZEZCTOMMN 1 2D bORTFET L85 KRD 5.

[0] os_md.chkexp(os_md.ghg([a,b],[c]),x,0,0,1);

(]

[1] os_md.chkexp(os_md.ghg([a,b], [c]),x,"infty",0,2);
[a+b-1,-b*a]

[2] os_md.chkexp(os_md.ghg([a,b], [c]),x,"infty",0,1);
[-b*a]

22. soldif (p, [z,0.1,n,q,m)
w EHBOERFE p O o =n OEHTO 2914372, ¢j2)) OROFRMRICK L, BE m+1 O~Y
FVvleiey - el 2R (2=2—n).
Zlogz DENHN LB LIRS NE. 2
n="infty" D& X%, r=00,2=1/z £ 7T 5.

[0] R=os_md.soldif(os_md.ghg([a,b], [c]),x,"infty",a,4);
[ 1 (a"2+(-c+1)*a)/(a-b+1) (1/2*a"4+(-c+2)*a~3+(1/2*c"2-5/2%*c+

[1] fctr(dn(R[4]));

[[1,1], [a-b+1,1], [a-b+2,1], [a-b+3,1], [a-b+4,1]]

[2] fctr(am(R[4]1));
[[1/24,1],[a,1],[a+1,1], [a+2,1], [a+3,1], [a-c+1,1], [a-c+2,1],
[a-c+3,1], [a-c+4,1]]

23. okuboetos(p, [x,0, ]| diag=[c1,c2,...1)
= B m BE Okubo B AKX pu =0 (n BEOIEDLRED n IRELTFDZIE) % Okubo o 1 o~
SANN |
o VI [Lag, ... am_11, B, T]
o A7V 3 diag=[cy,c1,...1 &> T, [ag,...,0m_1] DIEFEZEZLHLOERETDHZENT
5.
o Hil Fuchs D L X, p— px 0, +p’ OEBE(TENNET & Okubo HiZ7e 2

m—1
(x—ai)u;: Bij’u]‘ (i:O,...,m—l),
7=0
m—1
u; = T; jul)
7=0

[0] P = os_md.ghg([a,b], [c]);
(-x"2+x%) *dx~ 2+ ((-a-b-1) *x+c) *dx-b*a
[1] R = os_md.okuboetos(P,x)$

[2] R[O];

[0o1]
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[3] R[1];

[ —c+1 1]

[ (-b+tc-1)*a+(c-1)*b-c"2+2*xc-1 -a-b+c-1 ]
(4] R[2];

[10]

[ c-1 x1]

[5] det(R[1]);

b*a

[6] os_md.fctrtos(R[1][1][0]);
-(b-c+1)*(a-c+1)

[7] R = os_md.okuboetos(P,x|diag=[1,0]1)$
(8] R[O];

[10]

[9] R[1];

[ —a-b+tc 1 ]

[ (-b+c)*a+c*b-c”2 -c ]

[10] R[2];

[10]

[ atb-c x-1 1]

Ll b S
u= F(a,b,c;x),

<}>:(c—1u+xu’>’
( ml)(?) < b—c+117370+1) ab1+cl><z(z)'

Vo u
v = = c—1 x /3 B
U1 achrlu + achrlu
x v\ 1-c a—c+1 Vo
e=1)\u) “\~o—c+1) —a—b+c—-1)\y, )

l—-¢c a—c+1 0 0
dv 0 0 -b+c—1 —a—-b+c—1

— = v+ v
dx T r—1

24. stoe(p, [z,dx] ,m)
a1 O FE M FRERR & B S R E
OﬁﬁﬁﬁUfzzﬁdm(Mj®um@ﬁtfﬁ&ﬁ%ﬂf p ITHEERZ oy &35 EH1THI.
e m MY AN [m1,mo] DEZNL, Uy & upm, ZHVTRY (um, ([SHTHTERR).
o m NEAHD L XX, [-m,0] &RT

[0] A=newmat(2,2,[[(-c+1)/(x),(a-c+1)/(x)]1, [(-b+c-1)/(x-1), (—a-b+c-1)/(x-1)11);
[ (mc+1)/(x) (a—c+1)/(x) ]

[ (-b+c-1)/(x-1) (-a-b+c-1)/(x-1) ]
[1] os_md.stoe(A,x,0);

(x72-x) *dx"2+((at+b+1) *x-c) *dx+b*a
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[2] T=os_md.mgen(4,0, [x,x-1,x,x-1],0);

[x000]1]

[0x-100]1]

[00x 0]

[ 000 x-1]

[3] A=newmat(4,4,[[al,1],[a21,a2,1],[a31,a32,a3,1],[ad41,ad42,a43,a4]]);
[al1100]

[ a21 a2 1 0]

[ a31 a32 a3 1 ]

[ a41 a42 a43 a4 ]

[4] C=os_md.myinv(T)=*A;

[ (al)/(x) (1)/(x) 0 01

[ (a21)/(x-1) (a2)/(x-1) (1)/(x-1) 01

[ (a31)/(x) (a32)/(x) (a3)/(x) (1)/(x) ]

[ (ad1)/(x-1) (a42)/(x-1) (a43)/(x-1) (ad)/(x-1) ]

[6] P=os_md.stoe(C,x,0)$

[6] os_md.expat(P,x,"?");

([0, [a3+1,a1,1,0]],[1, [a4+2,a2+1,1,0]],

[infty, [dx"4+(ad4+a3+al+a2) *dx"3+(-a21-a32-a43+(a3+al+a2)*ad+(al+a2)*al3+a2+*al)
*dx "2+ ((-a4-a3) *a21+(-ad-al)*a32+(-al-a2)*ad3+a31+ad2+((al+a2) *a3+a2+*al) *xasd+
a2*alx*a3)*xdx+(ad43-a3*ad)*a2l-al*ad*a32-adl-a2*al*ad3+ad*a3l+al*ad2+a2*al*a3d+*ad]]]
[7] os_md.mperm(4, [0,2,1,3],1);

[al1 010]

[ a31 a3 a32 1 ]

[ a21 1 a2 0 ]

[ a41 a43 a42 a4 ]

[8] Q=E[2][1][0]-os_md.polbyroot([al,a2,a3,a4],dx);

(-a21-a32-a43) *dx~2+((-a4-a3) *a21+(-ad-al) *a32+(-al-a2) *ad3+a31+ad2) *dx+(ad3
-a3*ad)*a2l-al*ad*al32-adl-a2xal*ad3+ad*al3l+al*ad?2

25. dform (4, z|dif=1)
i A 2[0],x[1],. .. © 1 B S L[E)[01d([d[1]), FiE 2 kg S Li[0]d(2f][1]) A
d(e[i][2]) OFHE. dif=11% 1 IR OIMEI DFEFE.
o ([i][j] IFATFITH LW
o dif=1(%, 1 WEXOIMEGZFHT D

[0] os_md.dform([[ax*y,x/y], [b*x,y/x1],[x,y]1);
[(axx-b*y)/(x) ,x], [(maxx+bxy) /(y) ,y]1]

[1] os_md.dform([[a*y,x/y,x], [b*x,y/x,y1], [x,y1);
[[(a*x"2-b*xy~2)/(y*x) ,x,y]]

[2] os_md.dform([[x-y,y], [x-y+1,x]1], [x,y]|dif=1);
[[2,x,y]]
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26.

27.

28.

29.

30.

EoREE, UTEZE%RT 5.

ay - d(%) +br-d(2) = W;byder —a.’L;rbydy

az - d(2) Adz +br - d(L) Ady = ““=UEda A dy

z
Y

d((z — y)dy + (z —y — 1)dz) = 2dz A dy

solpokubo (p, [z,0,1,n)

Bl Okubo BUE S TERFE p © n IROBEAFZEA L BEAHEZRD D

Okubo BUH M EA T L1, Kk B OFREDS k WREL T DO ZIET, S BRI & BN ZE LU ME
JEES

[0] P=x*(1-x)*dx"2+(c-a*x)*dx;

(=x7~2+x) *dx "2+ (—a*x+c) *dx

[1] os_md.solpokuboe(P, [x,dx],1);

[axx-c,-a]

[2] os_md.solpokuboe(P, [x,dx],2);

[(a~2+3*a+2) *x~ 2+ ((-2%c-2) *a-2*c-2) *¥x+c”~2+c,-2*a-2]
[3] os_md.fctrtos(@Q[0] |var=x);
(a+1)*(a+2) *x"2-2x (c+1) * (a+1) *x+c* (c+1)

3.1.2 Fractional calculus
oML, [02] OFERR GEARE L [O1] TR % Risa/Asir ETEIALIZEDLR>TND.
laplace(p, [2,0,1)
laplace(p, [[z1,05, 1, [22,04,1,...1)
s OERHSE p @ (47) Laplace Z5#t
(2,04) — (— 0y, )

[0] os_md.laplace(x"2*dx+1,x);
x*kdx " 2+2*dx+1

laplacel(p, [z,0,1)

laplacel(p, [[x1,04, 1, [22,04,1,...1)

s WOERSE p @ (E4>) ¥ Laplace 2544
(2,0z) = (0z, —x)

[0] os_md.laplacel(x"2*dx+1,x);
—x*kdx " 2-2%dx+1

mc(p, [z,0,1,1)
i W EASE p @ middle convolution me,(p)

[0] P=os_md.mc(x*(1-x)*dx-a-b*x,x,r);

(x72-x) *dx "2+ ((-2*r+b+2) *x+r+a-1) *dx+r~2+(-b-1) *r+b
[1] os_md.expat(P,x,"?");

[[0, [r+a,0]1,[1, [r-a-b,0]1], [infty, [-r+b,-r+1]1]]

mce(p, [z,0,]1,n,7)
w HWOERFE p & (O —n) " opo (9, —n)" LML TEMOSERRICET.
e lnid, 0, EAMEET 5. n=0 O& XX middle convolution me,(p).
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. rede(p, [z,0,1)

rede(p, [[x1,04, 1, [22,0,,1,...1)

= A TESE p @ reduced representative %K

. ad(p, [x,0.],f)

v WOVERFE p 0 0, & 0, —f ICEEWZ DEH

. add(p, [z,0,1,f)

s HWOERFZE p @ 0, & 0, —f ICEEH X D addition, T72HbH rede(ad())

[0] os_md.add(dx"2+x,x,1/x"2);

XT4kdx"T2-2%x T 2%dx+x " 5+2%x+1

. Vadd(p, [m,am] > [[CO7TO] 5 [Cl,'l"l],. . ])
:: versal addition add (p, [z,0,1],

. addl(p, [z,0.1, /)
s WMOTER# O addition @ Laplace 24 1aplacel (add(laplace()))

’I"jiEj )
720 I, _y(1—c,z)

[0] os_md.add(x,x,a/(x-c));

-x*dx+c*xx—-a-1

. cotr(p, [z,0,.1,/)

wEBOERSE p O o f(x) I X DIREL

. rcotr(p, [z,0,1,f)

s WMOERSE p D 2 f(x) 12X DIEFEEHLD reduced representative

. s2sp(plnum=1,std=k,short=1)

w AT MR ERTLTINE OV A MDY R R LD

10,11,12,...,351%, a,b,c,...,z TRT. AOKL ~ LH%HEDD.

SE (REFETIERL) FAUHEOBRVIRLERT.

10 L L%z () TR TERLTH LW, FHEMOXR AT ¢ ZI1EARHA].

num=1 #{§ETH &, a,b,c,... [FRVEIHEOTITHEINTHE-> TET.

BRI HO T, 36,37,...,60 % A, B,...,Z LR LTH I

BRI >TH - 72 XFFNCEHRENS.

std=k ZHETDH LRV L, HFRERTOERBEEZRKEWIEIZLT

k=1 OWRIA RS % BEHE OFENIEF %2/ S WIEIC

k=—10& 13K RFES A BEEEOFEEXNIAT 2 K& WIEIC

WA_RFZART M5,

e short=1 Z{EET D L, FUEEEN 4L LR & X2 ~*x 2 HiEHE O FINERT 5.
DL E std=k OA T 3 b [RIREEE AT HE.

[0] os_md.s2sp("121,22,211");
[[1,2,11,[2,21,[2,1,1]1]

[1] os_md.s2sp(@@);

121,22,211

[2] os_md.s2sp("572,541,1"a");
[(5,5],05,4,1]1,[1,1,1,1,1,1,1,1,1,1]]
[3] os_md.s2sp("2-3a,179");
[(2,-3,101,01,1,1,1,1,1,1,1,11]

[4] newmat(4,4,0s_md.s2sp("1,01,001,0001"));
[1000]

[0100]1]
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[0010]

[00O01]

[5] S=os_md.s2sp("1(-15)a-b,fg-7/(80)");
([1,-15,10,-11],[15,16,-7/80]]

[6] os_md.s2sp(S);

1(-15)a(-11) ,£g(-7/80)

[7] os_md.s2sp(S|num=1);

1(-15) (10) (-11), (15) (16) (-7/80)

[8] os_md.s2sp([[1,2],[a-b,2.51]);

12,<a-b><2.5>

[9] os_md.s2sp(@@);

[[1,2],[a"b,2.5]1]

[10] os_md.s2sp(os_md.s2sp("32,2111,41,23"|std=1));
2111,32,32,41

[11] os_md.s2sp(os_md.s2sp("32,2111,41,23"|std=-1));

41

,32,32,2111

[12] os_md.s2sp("111111,33,222"|short=1,std=-1);
33,222,176

39. chkspt(mlmat=1) F72i& chkspt(mlopt=t) E£7-i% £spt(m,?)
w EIOHE m (A7 MV F A ) F721F generalized Riemann scheme (GRS) #F = v 27 LT
[pts, ord, idx, fuchs, rod, redsp, fspt] % IK9

pts
ord
idr

RSt (I DE)
iR
rigidity index

fuchs Fuchs OBHR

rod

reduction TOREEE

redsp reduction exponents ® Y A k
fspt X9 5 basic AT b F AT

mat=1 {%, Schleginger % EIL4 5.

PIFIEIZ t =0,1,... THY fspt(m,t) & LTH WD, XFEINT XY opt Z467E L1254 chkspt O
DIHFRET
e opt="sp" or 0: 52 67z GRS DAY b A T %K T.

opt="basic" or 1: chkspt(m) OREVED Y A +D TEHD fspt DA% UY . realizable T/
WE X0 2T,

opt="constuct" or 2: basic 2 AT ML A T D O E RS, realizable TZ2\ & XX 0
iR

opt="strip" or 3: generalized Riemann scheme £ 7213 A7 ML & A T L EBEE 0 ODIHE
HIS.

opt="short" or 4: GRS % &I

opt="long" or 5: GRS Z B 1 b R

opt="sort" or 6: A7 MMEZFLTY — L TERT

opt="root" or 7: Kac-Moody Weyl Bt TR % R~

ROMEDOY R ME 3D T, AL base, WITHZ 726D, HREMNEEMOY 2 b, SEMLT 3 By
THRAVPNEOM, KEZTDRT, HKOEFSLTEHANDDOEKS.

FRATE &%, BB 1 O exponent (X, BHHEEIALD Y A FH 6 exponent DAHE L2 H D,
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[0] os_md.chkspt([[1,2,1],[2,2],[1,1,1,1]11);

[3,4,2,0,1,[ 1 0 0 1,C[1],[11,[111]]

[1] os_md.chkspt("121,22,1111");

[3,4,2,0,1,[ 1 0 0 1,[[1],[1],[111]]

[2] M=os_md.sp2grs([[1,1,1,11,[2,1,1]1,[2,2]1],[a,b,c],[1,1]);
[[[1,-2%c1-2%c0-b1-2*b0-al-b2-a3-a2+3],[1,al],[1,a2],[1,a3]],
[[2,b0],[1,b1],[1,b2]],[[2,c0],[2,c1]]]

[3] os_md.sp2grs([[1,1,1,1],[2,1,1],[2,2]],[a,b,c],[1,1] Imat=1);
[[[1,-2%c1-2*c0-b1-2%b0-al-b2-a3-a2],[1,al1],[1,a2],[1,a3]],
[[2,pb0],[1,b1],[1,b2]],[[2,c0],[2,c1]]]

[4] os_md.chkspt(M|opt="sp");

((1,1,1,11,[2,1,1],[2,2]]

[5] os_md.chkspt(M|opt="basic");

[[11, (11, [1]1]

[6] os_md.chkspt(M|opt="construct");

[

(011, [1], 111,

(f1,11,01,11, 01,111,

(f1,1,11,01,1,131,[2,117,

(f1,1,1,11,02,1,11,[2,21]

]

[7] os_md.chkspt(M|opt="short");
[[-2*c1-2%c0-b2-b1-2%b0-a2-al-a3+3,al,a2,a3],
[[2,b0],b1,b2], [[2,c0], [2,c1]]]

[8] os_md.chkspt([[0,1,2,1],[2,0,2,0],[1,1,1,1]] |opt="strip");
(r2,1,11,[02,21,01,1,1,111]

[9] os_md.chkspt([[0,1,2,1],[2,0,2,0],[1,1,1,1]]|opt="sort");
(r2,1,1,01,[2,2,0,01,[01,1,1,1]]

[10] os_md.chkspt("21,21,21,21"|opt="root");

(001,040,010, 0110,002,1]1,[2,11,(2,1],[2,1]],
(r1,3,11,1,2,11,01,1,11,[1,0,11,[2,0,011]

40. spgen(nleq=1,str=1,std=fpt=[k,{],sp=m,basic=1)

i PR n LT O rigid 2 EIOM (H2WEEZ b OOiLE) 2155
n 2N 0RLAD L XI1T, rigidity index 2% n @ basic 2 b DEHED.

n ¥ —10 BLEIZxHE LTV 523, okubo [O5] BNEMET 2 BEEIC L TR, Z OHIBRIZA V.
e eq=1: BB TEROLD (n>10DL %)
o str=1: XFH|THD
o pt=[k, 0] : DEID kML ELHMUTOHD
e sp=m : AT MR m O L O LEEEIEMO TR TELND SO

EDHIZZ I Thasic=1 ZfHET 2D &, FEEEMOT AR 2N H O

o std=f : FRRFOEMREITRETWIAEIL, HRAMTI f =1/~ (resp. K& W) JEIZIEA~S.

[0] os_md.spgen(4|eq=1,pt=[4,4]);
([f2,21,2,21,12,21,[8,111,[[2,2]1,[3,1],[3,1],[2,1,1]1]]
[1] ltov(os_md.spgen(4|eq=1,pt=[4,4],str=1));
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[ 22,22,22,31 22,31,31,211 ]

[2] ltov(os_md.spgen(4|eq=1,pt=[4,4],str=1,std=-1));

[ 31,22,22,22 31,31,22,211 ]

[3] 1tov(os_md.msort(os_md.spgen(4|eq=1,pt=[4,4],str=1,std=-1),[-1,01));
[ 31,31,22,211 31,22,22,22 ]

[4] ltov(os_md.spgen(-2|pt=[4,4],str=1));

[ 211,22,22,22 174,22,22,31 111,111,21,21 ]

[0] P 4 CHREFLEDS 4 D rigid 72 A7 "ABLO ) A N %2155

1] AT AR b AR Z B EACCH CERR

[2] rigid ¥R%%7S —2 THREE S 4 O A7 MV E SCFHIE R TR CERR
7v 77 LOFIE

/* SETHEAN4EDY Oy FEARY MLEZHEXIBFOXREVEIC
ER=)X &GS (XFHT) */
Rank=8; /* give rank */
G=os_md.spgen(Rank|eq=1,pt=[4,4]); /* get spectral types */
for(L=[1;G!'=[];G=cdr(G))
L=cons(os_md.s2sp(os_md.s2sp(car(G) | std=-1)),L);
L=msort (L, [-1,01);

41. sproot(p,tldviout=1,only=k,null=1)
i AT AR B2 TRV — R OIE#H A RS, t="base", "length", "type", "part", "pair",
"pairs", sp
e length : basic IZEH#T 5 Weyl HEORE X (= #A(m))
base : chksp(plopt="root") &[FU. HHlEM TORER
type : RiZxtind 2% (= [A(m)], cf. [02, (7.40)]).
height : root D& & (Hffi/L— b O—KFEE TRAR LI & EDFEEDOF. of. [02, (7.35)])
part : LD Weyl BEOTTCTEANRED DL —F (= A(m) : BEROSEMFICRHE. of. [02, (7.30)]) @
HRES55. BT D basic 20—k, 2HERGZbNL—F, 3EHANKDDL— b
BLOGEALNTV— M EONEOMD Y A b,
e pair, pairs : BB RRIZHNT D0 — N D53 fR
dviout=1 & only=k 234&/EFRE. /L— MIIET 2 0HITRT.
iand(k,1) = 1 DENDFFERFENKIET D6 D
iand(k,2) =2 : DEIOMFOMEN 0 DL—FERDHD
iand(k,4) = “ﬂ@ﬁ?ﬁﬁW*F&&é%@
null=1: % éowb@ﬁwiiibiijJEU\
o sp: AT MRE B 2 -850, *HtT 50— hONEE 525

[0] os_md.sproot("11,11,11","height");

5

[1] os_md.sproot("11,11,11","length");
4

[2] os_md.sproot("11,11,11","type");
[[4,1]1]

[3] os_md.sproot("11,11,11","base");
(CC11,011,0437,C002,17,02,17,[1,11],
(ft,2,11,11,1,11,1,0,1],[1,0,0]1]
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[4] os_md.sproot("11,11,11","part");
CCC11,013,0437,002,20,02,10,[1,11],
(fs,rf1,01,01,01,00,1111,[1,[[1,01,[0,11,[1,0]111,
(1,(C0,1],[1,0],[1,0117,[1,[[1,0],[1,0],[1,01]111]]
[4] os_md.sproot("11,11,11","11,11,11");

2

[5] os_md.sproot("11,11,11","10,10,10");

1

[6] os_md.sproot("31,31,22,211","length");

8

[7] os_md.sproot("31,31,22,211","type");
[(f6,11,[2,2]]

[8] os_md.sproot("31,31,22,211","height");

11

[9] os_md.sproot("31,31,22,211","pairs" |dviout=1);

31,31,22,211 = 10, 10,01, 001 & 21, 21, 21,210
=120,11,11,110 @ 11,20, 11, 101
=11,20,11,110 & 20, 11,11, 101
=10,10,01,010 & 21, 21,21, 201
= 10,10, 10,001 & 21,21, 12,210
= 10,10, 10,010 & 21, 21,12, 201
=2(10,10,01,100) & 11,11, 20,011
= 2(10,10, 10, 100) & 11,11, 02,011

FOEDOENOEIX A(m) IZJETHFEEL—NE/AD. £z, "pair" O L XX, EOFEKED 21TH
H720, 20,20,20,200 ¢ 11,11,02,011 72 &2 5.

(01, % 8 &] X [02, Chapter 7] (A2 MM m = (m;,) & Kac-Moody /L — FRD/L— bk o & D
KSR SN TN D,

m = No, + Z(Z mj,l,) i, M=mi1+mia+--- (GITKSZRWY)
j>0 v>i
"11,11,11" < a = 2ap + ag,1 + o1 +ao
"21,21,21,21" < a = 20[0 + Qp,1 + a1 + 2.1 + Q31
"31,31,22,211" — o= 4040 + Q.1 + 71 + 20&2,1 -+ 205371 + a3 2

(o) =2 (a€ell:={ag, oj,|7>0,v>0})
(a0|aj,l/) = _61/,1

L f0 (£ or |p—v[>1)

Sqa @ T — (z|a)a (€ II)
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Gauss OEBSTIZH T 5"11,11,11"D & &%

am = 200 + Q1 + 11+ Q12 = SapSas; Sy Sap (Q0) = w (),
Wm = Sag, Say 1 Sas.1Sag
A(m) = {ap + a,1, 0 + 1,1, o+ 21, ao},
[A(m)] := {(alam) [ @ € A(m)} = {1,1,1,1}
Sd=1+1+14+1:14

TohoT, height 12+ 1+1+1=5T, rigid 23551 [A(m)] 1% (height THEX b D 1) &
W BREOSEI L2508, 505813 4=1+1+1+17Th?. £7-base THX LN I FHD
HDY AR

(f1,2,11,01,1,11,[1,0,11,[1,0,0]]

%, 300 FD2HA L 3HAICELST

—1

Wy = Sas,15a1,15a0,15a0

ZEWL, BPOEFIIRET 28I K D height OE{LDOEEZ R L T\ 5.
72k, —MIZ Wm = Sa,, Sas, e Sa,, DEX
A(m) = {sq,, " Sa,

v—1

(;,) |v=0,...,K}

THY, m D rigid 22 & ZFiF wmom = ap ERDHES (= K) F/ho Weyl B (8Bt s, (o € IT) THRR
SNBH) DIE. AP my, Hmy, > mys > - LR5HEICERIELTEZBDT, ig=0 Thb.

/* BRETHERMN 4 EULIZHET S Dy RIEARY MLEDOH#ET,
Type 2 & Type 3MLDEELTHD */

[10] Rank=8; /* give rank */

[11] G=os_md.spgen(Rank|eq=1,str=1,pt=[4,100]); /* get spectral types */

[12] for(T=G;T!=[];T=cdr(T))

if ((os_md.sproot(car(T),"pairs" |only=6))!=[]1) /* only type 2, 3 */

os_md.sproot (os_md.s2sp(car(T) |std=-1), /* in standard order */
pairs"|only=6,dviout=1) ;

42. sp2grs(m,a,f|mat=1)
:: spectral type 75 generalized Riemann scheme %4589 %

o DML, chkspt() T opt="sp"ZHELIZHD.

o i+ 1HFHDORRAD j+1FEHDARY MNT X=X (T a WESODKE aij T, U A hOKF alilj
THRIND. aXali] IFLFFNITH L.

o UM [l,0a] LD URNDRE, £ FHORRERIZEIT S €y FH D exponent 1%, Fuchs D BHRE
T LOICRDEND. £D exponent 280 D& X, BD exponent THHIEIND.

o {WTEREk D&%, aif 1T aij+k £T20F, alilj+k &5, MiHEREOHHT D E XL, 0= [1,02,K]
EVH YR NMIT .

o (NAES 1 — kDL XiE, EEMIZW O D exponents 0 & L, EDEk LT FEITH.

e mat=1 (¥, Schleginger B % EHT 2 (Fuchs ORIMRAHER D) .

[0] os_md.sp2grs([[1,1]1,[1,1],[1,1]1],a,0);
[[[1,200],[1,201]1],[[1,a10],[1,211]],[[1,a20],[1,221]]]
[1] M=os_md.sp2grs("111,111,21",[a,b,c], [3,2]);
[[[1,a0],[1,a1],[1,a2]],[[1,b0],[1,b1],[1,b2]1],[[2,c0],
[1,-b1-b2-a2-al1-2*c0-b0-a0+2]]]
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[2] os_md.sp2grs([[1,1,1]1,[1,1,1],[2,1]1]1,[a,b,c],[3,2,-2]);
[[[1,a1],[1,a2],[1,a3]1],[[1,b1],[1,b2],[1,01],[[2,0],
[1,-b1-b2-a3-a2-a1+2]]]

[3] subst(M,b0,0,bl,1-b1,b2,1-b2,c0,0);
[[[1,a0],[1,a1],[1,a2]],[[1,0],[1,-b1+1],[1,-b2+1]1],[[2,0],
[1,b1+b2-a2-a1-a0]]]

[4] os_md.sp2grs([[1,1],([1,1],[1,1]1],a,1);
([[1,a01],[1,202]],[[1,a11],[1,a12]],[[1,a21],[1,a22]]]

[5] os_md.ssubgrs(M,"110,110,11");

-b2-a2-c0+2

[6] os_md.ssubgrs(M,[[1,1,0],([1,1,0],[1,111);

-b2-a2-c0+2

43. ssubgrs (m,?)
:: Generalized Riemann scheme m @ ¢ (259 2 BtEHa 5k

[0] GRS=os_md.sp2grs("111,111,21",[a,b,c],[1,3,-21);

[[[1,a1],[1,a2],[1,-c-b1-b2-a2-a1+2]1],[[1,b1],[1,b2],[1,0]],
[[2,0],[1,c]1]

[1] os_md.ssubgrs(GRS,"010,100,10");

bil+a2
[2] os_md.ssubgrs(GRS,"011,110,11");
-al+2

44. mcgrs(m, [ry,r9,...,7,] Imat=1)

:: middle convolution & addition % generalized Riemann scheme (Z 53~
i WAN T —ORHE me,, &, 1 KU A [rjo,...,15,] DL EiT addition ZFWKT 2 (r) o 1THEH S
nD). ST, &I 1, KIS rp_1 EWONET, Hf&HS ry.
45. mcop(p, [r1,72,...,mn], [z, 21, 22,...1)
:: middle convolution & addition % (ff) M EMZE p IIAICHE L T <
o [2,21,29,...1 I2L-T, o i3BH, z1,20,... (FTAROKFRSDONEZRT.
o [ry,72,...1 12BNV, r; =[rjo,7j1,...] |3 middle convolution & additions %%,
— £ middle convolution me,,, ZMi L. £ D%k v = x, \ZHF % additions (BI% u ©
(x —z,)"vu ~OF—VEHIIHE) 2175 (v=1,2,...).
—plZxfLT rj 2R T 2 %, 71, Ta,... DIEIZITS.

[0] R=os_md.getbygrs("21,21,21,21","construct")$

[1] R[OI[1];

[[[1,b+c+d+al+2%a0-2]11,[[1,0]1],[[1,0]1],[[1,01]]

[2] S=os_md.lsol(os_md.getbygrs("21,21,21,21" "Fuchs"),al);

-b-c-d-2*a0+2

[3] R=subst(R,al,S,ald,a);

tfo,[CC1,017,[[1,01],C(1,01],[[1,011]1],
[[0,a+b-1,a+c-1,a+d-1],[[[1,-3*a-b-c-d+3]],[[1,a+b-1]]1,[[1,a+c-1]1],[[1,a+d-1]1]1]1],
[[-a+1,0,0,0],[[[2,a],[1,-2*%a-b-c-d+2]],[[2,0],[1,b]],[[2,0],[1,c]],[[2,0],[1,d]111]]
[4] RR=[R[1][0],R[2][01];

[[0,a+b-1,a+c-1,a+d-1],[-a+1,0,0,0]]

[5] os_md.mcop(dy,RR, [x,0,1,y1);
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((=x+y)*dx-a)*dy+(-a-d+1) *dx
[6] show(@@)$

—(z —y)0;0y — (a+d — 1)0, — ad,

46. redgrs(m|mat=1)
i WO ER @ generalized Riemann scheme @ 1-step reduction
FEROT —4 [redsp, m'] KT
reduction 37\ & X 1TFIEAHEE (basic, 013 rigid) 7T ADME GEEFEE) &7
47. getbygrs(m,t|perm={,var=v,pt=[p;,...],mat=1) £/
getbygrs(m, [t,s1,s2,...] |perm={,ver=v,pt=[py,...],mat=1)
:: generalized Riemann scheme (GRS) TiE# S 2% Fuchs B 0T (GRS (ZHEMEIE £
TEANT FVE AT TH I

e mat=1 (¥, Schleginger A% &7 5.

e getbygrs(0,0) TEIND T A—FP/RIND.

e m DEROEKE p+1MHLETDHE, UL p+ 1 BOFEICHIET . ZNZEIAIZ 29 = 00,21 =
0,20 =1,23,...,2p T 5.

e Fuchs M H A DR o = z; ICHF 5 generalized exponents (— M 5 1% 45 %) 23
{IAo](noys - -+ [Ak](ni)} T % & 13 exponents WEMEZIAD T {Nj+v; 0 < v < nj, j=
0,....,k} TH>T, {Xoy.., M} CHWICENEE L RDBERENEG ENRVGE (£ Tl
BOERTIESTN, 2T N PETHELWRLIIST 2RFTE / Fu I —#o Jordan 7 1 v
I SO A XD, n=ng+ - +np OFFIOIABENKIET D2 L), =2, TORITE
JoRa IRV GHALATRE) L 7rb b &, bbb (x—12;)N e, ,(z) 0<v<n,)
LWSTEDRPFRPFIET 52 L 20D (¢),(x) 1F, v =2; TEAIT, ¢;,(z;)=1).

o K HEHL ST generalized exponents & 1 X TRIZ L7z b D% generalized Riemann scheme
(GRS) &9 (cf. [O1, 5 5 %], [02, Definition 4.6]) :

[m[o][0][1]] ooy 0] ] (mi7)10][0)
[ OIU0] ioon [T gy

perm=[[i,71] : i FHHOFE AL jFH OFE LD AN Z

perm=1[jo,...,jp] : FFEREDOW KL (x;, DFHEREDN 0o I D).

var=v : exponets DEHOIRE. spgrs() OF 2 EHOIBEICHTD.

pt=[p1,p2,...]1 : FEEEONEE 00, p1, po, ... £ T 5.

Generalize Riemann scheme m OFMHAEH O —o> &g, Thzs "?" TRLTbH LW, £
OFMEFEHUL Fuchs OB BREIND.

o m NARY ML (HEIDF) D& &, 5T D GRS ICEMSND. ZDLE, s="general"
FIRETED (FBELARWVWE, W 200 exponents 280 & LT, Okubo B E 7 i1ZZF itV
DIZT D).

R = getbygrs(m,t) &3 %.
FTay e RT AL s T—ODXLTFH|, HBHWE, BEOXTHEEETSH. "TeX", "dviout",
"keep" X, LLTFOLEDOHEREICBWTCHIEETE 5.
e t ="reduction" or 0 : basic 72 FFER~D reduction
s ="TeX" #ME Lz XL, E5HIZ "top0" HIEE FIHE
R[i][0] : ¢ % H @ reduction @ z; T®? exponents DALE R[i][0][v]
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R[i][0][v] (v =1,...,p) IZKIET % addition 247V, R[:][0][0] (Z%f4 % middle convolution %
pe

[i][1] : Eo reduction DFERD GRS

0][1] : E» GRS

'construct" or 1 : HREIOMEEIE L OFEL R

[1]: reduction 17z basic 72 52D GRS (m’ & #<).

(T (& — 2,) B0 o megpoo (&&= T GRS 28 R[i — 1][1] %25 R[E][1] (2Z b Y
(=1,2,...), m' 5 m ~OLHERNHD.

s ="short" % 5EFHE

s="TeX" Z45ET D &, MOEHERFRVELND (RFTE/ FeI—DEAEOEHEN 1 DR
FTiRt)

t ="connection" or 2 : AN ERD D

s ="simplify" %487 AI4E

BRADp+1/ADOLEEIE, BEADONEN x) =o00,21 = 0,20 = 1,23,24,...,2, £ T DL
GRS TH-TC, z=0¢& 1 TOR%ED exponent DEBEENIIC 1 THD L&, T2 EHE
L72JRPfigED 0 205 1 ~O8fefREkix

DT XX
=S L

>
o

e e PEOID g 1y ol
PHrne) L0 =

THALND. cp TMIET D basic FREADHERREATH 503, rigid vl & (Tbb7 74
U-N?%—&@ﬁwt%)ﬁchltﬁé.%ﬁﬁﬁsﬁmk%@\u—@fﬁmm@%m@
W EITER.

t ="operator" or 3 : HFfEHXE KD 5

s ="simplify" %457 EAIEE.

R, x M, dx 28 L a2RT

7YY - NXFA=FTri_j LRI, TULRE basic FERO de‘%—; DRI BT 5.
ZOFHFEIX, MOFRITHASTEWO THE.

t ="series" or4: x =0 TORE®D exponent (EHEN 1 OLEH V) IZxHET D RATRO~
FRIF TR ERDD.

R = [Ry, R1, R2]

Ry = [[Roo, [Ro1,T1], [Ro2, T3], . . .}, [P1, Q1] [P2, Q2] - . ]
Ry = [[R100, Pro1, Pi02; - - -}, [Ri10, Pi11, Pri2s - )y .-
Ry = [[R200, P201, P02, - - -], [R210, Pa11, Po12, - ), . -]

0<P<P<P<---

S Gt T ()

TO.:
np, ey, j>0, Pj£0 Qi

TT(1— =)™ Dot Ftdeny sy

fL‘Tj szO(RQjO)/’LP2j1+7Lp2j2+:..

j>1
T =x2 =1,

P17é02>n0=0 and C():l.
t="TeX" or 5: GRS % IIEX TFHE/R

s ="top0" ZEET H &, GRS T oo #EIZETTD.
t = "Fuchs" or 6 : Fuchs ®E%{ %525

e t="Al1"or 7: s(Z"dviout"ZFE L= & EDHALNT, dviout TORIET L ROFIR. s

IZ"irreducible" Zf5ET D & BEAMMEDHESRMFDOIER R, "operator"ZHET 5 & HRA DR
AHITD.
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e t = "basic" or 8 : JfF X415 basic 72 GRS #1535
s ="short" %5/ FIHE

e t=""0r9: GRS ZEMEE THRVWFEXTRT
s ="short" ZfHET 5 &, EHE TRT

o t = "irreducible" or 10 : BEHISRMHZRD B
s = "simplify %5 FHE

U A kD4 liner form MIEEAE & 72 H 7202 & BB OB

HITIFE SN R OBEKSE bR 5.
e t = "recurrence" or 11 : 3 HEMHI L%~

YAk, rigid ThRWARBIE, &

00, 0, 1 O D exponents DEEENTT 1 Trigid D & DA,
FUROBEIL S N7 RPTRIZ DWW T LD exponents #2327 L7260,

WESCFANETIICFHID U A M. CFFIE

e "simplify" : Fuchs OB AM > THRIER A HIZT D
o "TeX" : KIEX 0¥ TH9 2%

e "dviout" : dviout THR/RT 5

TDEEFTV gy RTA—H titles TUFHEIRETE D

"keep" : k& RIBRIZA, FoRITLAW
"short" : GRS % %MK TR

"top0" : GRS ® TEX TORRT, co B LT 5

"general" : AT MV E A T HE 2] L&, exponents & FEAUT generic 12 & D
"1t R, oo, 1y, Xa,... £ T D (GRS © TEX Fon, BLOMERFEEZE2 L X0HED)
"x2" R, 00,0, 20,... £ T (GRS ® TEX #r. BLOMERAF 25D L 2 0HLH%)

"sht" : HEIER S5 exponents DEFESZ 1 (F7 40 ML 0) HIEHD

(1] M=os_md.sp2grs([[1,1,1],[1,1,1],[2,1]1],[a,b,c],[3,2]);
([[1,a0],[1,a1],[1,22]],[[1,b0], [1,b1],[1,b2]], [[2,c0],

[1,-2%c0-b2-b1-b0-a2-al-a0+2]1]]
[2] os_md.getbygrs(M,"reduction");
[

(o,

[ [[1,a0],[1,a1],[1,a2]],
[[1,b0],[1,b1],[1,b2]],
[[2,c0],[1,-2%c0-b2-b1-b0-a2-al-a0+2]]

]

1,
[fooo01],

[ [[0,-c0-b0-a0+2],[1,a1-a0+1],[1,a2-a0+1]],
[[0,0],[1,cO+b1+a0-1], [1,c0+b2+a0-1]],
[[1,0],[1,-2%c0-b2-bl-a2-al+1]]

]

1,
[(C1101],

[ [[0,-cO0-b0-al+2],[0,-cO-bl-al+2],[1,a2-al+1]],

[[0,a1-a0],[0,0],[1,cO0+b2+al1-1]],
[[0,0],[1,-c0-b2-a2]]
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]

[3] os_md.getbygrs(M,"construct");

[

L[o,

[ [[1,0]1],

[[1,01],
[[1,0]]

]

]

[[0,cO+b2+al-1,-c0-b2-a2]

[ [[1,a2-a1+1]],

[[1,cO0+b2+al1-1]],
[[1,-c0-b2-a2]]

]

1,

[[-cO0-bl-al+1,cO0+bl+a0-1,0],

[ [[1,a1-a0+1],[1,a2-a0+1]],
[[1,cO0+b1+a0-1],[1,cO0+b2+al0-1]1],
[[1,0],[1,-2%c0-b2-bl-a2-al+1]]

]

1,

[[-cO-b0-a0+1,b0,c0],

[ [[1,a0],[1,a1],[1,a2]],
[[1,b0],[1,b1]1,[1,b21],
[[2,c0],[1,-2%c0-b2-b1-b0-a2-al-a0+2]]

]

]

]
[4] os_md.getbygrs(M,"connection");
[[3*c0+b2+b1+b0+a2+al+ald-2,b2-b1+1,b2-b0+1],

[cO+b2+a2,c0+b2+al, cO+b2+al],

[ 0 2*cO+b2+b1+b0+al+ald-2 -b2-a2 1]
[5] os_md.getbygrs(M, ["construct","TeX"])$
x"{b_{0}}(1-x)"{c_0}

\int_c"x(x-s_0) “{c_0+b_0+a_0}ds_0
s_0"{c_0O+b_1+a_0-1%}

\int_c"{s_0}(s_0-s_1) "{c_0+b_1+a_1}
s_1"{c_O+b_2+a_1-1}
(1-s_1)"{-c_0-b_2-a_2}ds_1

[6] MO=subst(M,b2,0,c0,0,b1,1-b1,b0,1-b0);
[

[[1,a0],[1,a1],[1,a2]],

[[1,-b0+1],[1,-b1+1],[1,0]],

[[2,0],[1,bl+b0-a2-al-a0]]
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]
[7] os_md.getbygrs(MO,"connection");
[[bl,-bl-b0+a2+al+al,bl],

[a2,a1,a0],

[ 0 -bl-bO+al+ald -a2 ]]
[8] P=os_md.getbygrs (MO, "operator");
(x73-x72) *dx" 3+ ((al+a0+a2+3) *x 2+ (-b1-b0-1) *x) *dx "2+
(((a0+a2+1)*al+(a2+1)*a0+a2+1) *x-b0*b1) *dx+a2+al*al
[9] os_md.expat(P,x,"?");
([0, [-b1+1,-b0+1,0]],[1, [b1+b0-al-a0-a2,1,0]], [infty, [al,20,a2]]]
[10] os_md.getbygrs(MO,"irreducible");
[b1-al,bl-a2,al,a2,b0-a0,b0-a2,b0-al,ald,bl-a0]
[11] Mi=os_md.sp2grs([[1,1,1],[1,1,1],[2,1]1],[a,b,c],[1);
([[1,a0],[1,a1],[1,a2]],[[1,b0],[1,b1],[1,b2]],[[2,c0], [1,c1]]]
[12] M2 = subst(M1,b0,1-b0,b1,1-b1,b2,0,c0,0,cl,-cl);
([[1,a0],[1,a1],[1,a2]],[[1,-bO+1],[1,-b1+1],[1,0]1],[[2,0],[1,-c1]]]
[13] os_md.getbygrs(M2,"connection");
[[c1,b1,b0], [c1+bl+b0-al-a0,al,a0],[ 0 -bl-bO+al+a0 -ci-bi-bO+al+al 1]
[14] os_md.getbygrs(M2, ["connection","simplify"]);
[[c1,b1,b0],[a2,a1,a0],[ O cl-a2 -a2 1]
[15] os_md.getbygrs(M2, "Fuchs");
-c1l-b1-b0+a2+al+al
[16] os_md.getbygrs(M2, "TeX")$
P\begin{Bmatrix}
x=\infty & 0 & 1\\

a_0& -b_0+1& [0]_{(2)} & \!'\!;x\\

a_l & -b_1+ 1 & -c_1\\

a_2 & 0 & \\
\end{Bmatrix}
[17] os_md.getbygrs (M2, ["connection","simplify","TeX"])$
c(0:0 \rightsquigarrow 1: -c_1)=\frac{

\Gamma (c_1)

\Gamma (b_1)

\Gamma (b_0)

H

\Gamma (a_2)

\Gamma (a_1)

\Gamma (a_0)

}
[18] os_md.getbygrs(M2, ["Fuchs","TeX"]);
-c_1-b_1-b_0O+a_2+a_1+a_0
[19] os_md.getbygrs([[1,1],[1,1],[1,1]1],"operator");
(-x"2+x) *dx"2+((c1+b0-2) #*x-b0+1) *dx+a0*cl+a0*b0+a0~2-a0
(20] HO=[[1,1,1],[2,1],[2,1],[2,11]1$
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[21] os_md.getbygrs(HO, ["","short"]);
[[a0,al,a2],[[2,0],b1],[[2,0],c1],[[2,0],d1]]

[22] os_md.getbygrs(HO,"TeX");

P\begin{Bmatrix}

x=\infty & 0 & 1& x_3\\

a_0 & [0]_{(@2)} & [01_{(2>F & [0T_{(2)F&\!I\!;x\\

a_{1} & b_1 & c_1 & d_1\\

a_{2} & & & \\

\end{Bmatrix}

[23] os_md.getbygrs(HO, ["basic","short"]);

[[b1+al,bl+a2], [-b1-a0+1,0],[0,c1+a0-1], [0,a0+d1-1]]

[24] os_md.getbygrs(HO, ["","short","general"]);
[[a0,al,a2],[[2,b0],b1],[[2,c0],c1],[[2,d0],d1]]

[25] os_md.getbygrs(HO, ["basic","TeX"]);
P\begin{Bmatrix}
x=\infty & 0 & 1& x_3\\

b_1+a_1 & -b_1-a_0+1 & 0 & O0&\'\!;x\\

b_1+a_2 & 0 & c_1+a_0-1 & a_0+d_1-1\\
\end{Bmatrix}

[26] os_md.getbygrs(HO, "Fuchs");
bl+cl+al+al0+d1+a2-3

[27] P=os_md.getbygrs(HO, "operator");
(—x"3+(x_3+1)*x"2-x_3%*x) *dx"3+((-al-a0-a2-3) *x"2+(-x_3*b1l+(-x_3+1) *cl+al+al+a2
+4%x_3+1) *x+x_3%b1-2%x_3) *dx"2+(((-a0-a2-1)*al+(-a2-1)*a0-a2-1)*x-b1"2+((x_3-1) *cl
-—al-a0-a2-2*x_3+2) *bl+(-x_3+1) *cl+al+a0+a2+2*x_3-r0_0-1)*dx-a2+*al*al
[28] os_md.expat(P,x,"?");

[fo, [b1,1,0]1],[1, [c1,1,0]],[x_3,[-bl-cl-al-a0-a2+3,1,0]],

[infty, [al,a0,22]]]

In the above example we examine the generalized Riemann scheme

r=o00 0 1
R—P ao bo [Co](z) y L
aq bl C1
a9 b2
with ¢; = —ag — a1 —as — bg — by — by — 2¢g + 2

whose spectral type is m = 111,111,21. Then getbygrs(m,1) shows that the equation Pu = 0
with the GRS R is given by

P= RAd(Jcb0 (x — 1)“‘)) 0 MC—_qg—by—co+1 © RAd(xao+b1+co—1>

OMC_qy—by—co+1° RAd(:L’ahLszrCO*l(x _ 1)7a27b2700) R

and the generalized Riemann scheme changes as follows
rz=o00 0 1
P { 0 0 0 ; x}
N RAd(ch+a1+b2_1(£C _ 1)—00—172—(12)
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p T =00 0 1
as—a1+1 cg+by+ar—1 —cg—by—as ; x

— RAd(anerl*C"*l) O MC—qy—by—co+1

T = 00 0 1
Playr—ag+1 co+bi+ag—1 0
ags—ag+1 cg+bys+ag—1 —2cg—by—by—as—a1+1 ; x
- RAd(xbo (l‘ - 1)00) O MC—ag—bo—co+1
r=o00 0 1
pl @ bo [col(2)
al b1 C1Zifaofal7(127b07b17b27200+2 ;X
a9 bQ

Hence an integral representation of the solution is

u(x) _ xbo(l _ x)co /I /SO (1‘ _ So)ao+bo+00880+b1+0071
C C
. (50 _ 81)a1+b1+6081111+b2+60*1(1 _ 31)_a2_b2_cod81d80.

When ¢ =0o0r ¢c=1or ¢ = 00, u(x) is a local solution at x = 0 or x = 1 or & = oo corresponding to

the exponent by or ¢; or as, respectively. It corresponds to the local solution for the last exponent
with free multiplicity at each singular point.

By getbygrs(m, "connection") we get the connection coeflicient

T(ag + a1 + az +bo 4 by + by +3co — 2) [[_o T(b2 — by, + 1)
[12_o T(ay + b + o)

_ T(eo—e) TppTlb2 = by +1)

B [12_,T(ay + by + co)

which corresponds to the local solution

c(0:bg~~1:icy) =

2%2(1 — x)® 3 Fy(ag + ba + co, a1 + ba + o, ag + by + co, 1 — by + ba, 1 — by + ba; 2).

The calculation

[29] G=[[a,b]l,[1-c,0], [c-a-b,0]];

[
[a, bl,
[-c+1, 0],
[-a-b+c,0]

]

[30] os_md.getbygrs(G,"operator");

(-x"2+x) *dx"2+((-a-b-1) *x+c) *dx-b*a

[31] os_md.getbygrs(G,"connection");
[[-a-b+c,c], [-atc,-b+c],[ O -b -b 1]

[32] os_md.getbygrs(G, ["construct","TeX"])$
x"{-c+1}(1-x) “{-a-b+c}\int_c x(x-s_0) “{-b+1}
s_0"{-b+c-1}(1-s_0) "{a-c}ds_0

[33] os_md.getbygrs(G,"irreducible")
[b,a,b-c,a-c]
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shows Gauss summation formula

I(c—a—0b)I(c)

Flab 6 1) = 5= e —p)

for the Gauss hypergeometric series

T

L =~ (@)a+1)--(a+k—1)-bb+1)--(b+k—1)
F(a,b,c; ) fg Ot (et k= DF F,

k=0
which is a solution of the hypergeometric equation
z(1—az)u” + (c— (a+b+ 1)x)u' — abu =0

corresponding to the Riemann scheme

Tr =00 0 1
P a 0 0 ;T
b l1—-c ¢c—a—9>

The equation is irreducible if and only if
a, bya—c, b—cé¢Z.

[34] os_md.getbygrs("11,11,11" ["A11","dviout","operator"]);
LT58, UFRERRIND.

Riemann scheme

Fuchs condition
b+c+a;+ag—1

Connection formula

T(—)T(b+1)

c(0:b~ 1:c) = T+ a0 (b - a1)

Recurrence relation shifting the last exponents at oo, 0, 1

b+1)
U0,0,0 — U41,0,—1 = (

U, 41,1
b+ ao)

Integral representation

/ (x —s0) %0 T (1 — 50) "% dsg
P

_D(=a0+ DL +ao) ,
T+ 1)

(p=0, x—0)
Series expansion

(b+ao)n(b+ai)n pin
> (b0+ 1),n! —ta't

n>0
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48.

Irreduciblity < any value of the following linear forms ¢ Z

ap a1
c+ayg b+ ag

which coorespond to the decompositions

11,11,11 = 10,10,01 & 01, 01, 10
=10,01,10 ® 01,10, 01
=01,10,10 & 10,01, 01
=10,10,10 & 01,01, 01

Operator
—2(z -1+ ((b+c—2)x—b+1)0 — apay

[35] os_md.getbygrs([[0,a,b],[[2,"?"],0],[d,e,f]1],[""]|mat=1);
[[[1,0],[1,al,[1,b]],[[2,-1/2%a-1/2%b-1/2%d-1/2%e-1/2%£],[1,0]11,[[1,d],[1,e],[1,£]]]
[36] os_md.getbygrs([[0,a,b],[[2,"?"],0],[d,e,£f]1],["","short"]);
[[0,a,b],[[2,-1/2*%a-1/2%b-1/2*d-1/2%e-1/2%f+1],0],[d,e,f]]

shiftop (¥, s|zero=1,raw=k,all=t,dviout=1)
0 origid R ALy WAVBL L L shift s 205 shift (ERFEEZRD D
¢ 73 Riemann scheme, s L7 b 5/37 A —% L ZNOEELOMDOY A N TH L.
shift fEMZ, W5 7E/HE, Riemann scheme @ 3IHD U X k &k
e zero=1: W O ORMIEE A 0 I ER L
e raw=1: TEHMHELE D TIEHL
raw=2 : £ O shift (ERFE L OERD A D T —%iKT
ZDOAHT N0 LD & shift (EAZERFREES TR
raw=3 : shift (fFFEA* oA B T—L DY A & LTRT
raw=4 : & O(Z/EW shift {EH#EZ DU 2 hDOFREIZINA D
e all=0: shift (EHZEDAZIKT
all=1 : shift fEf3H, # 7 EX, Riemann scheme, shift & 7= 1EA#E, shift Shiz
Riemann scheme @ 5 D Y A h &K T
e dviout=1: fEF% dviout IZ L - THERRTH. A7V a v all #HEEWRE (all=112L->T
Mo R B RAR).
7083, shift TTHBRMEREEIS, SFRATRLINZRIZEE L FnEEIcHETE 5.
[0] os_md.shiftop("11,11,11","00,01,0-1"|zero=1);
[1] [x*dx-b, (-x"2+x)*dx"2+((b+c-2) *x-b+1) *dx+a”~2+(b+c-1) *a,
[([[1,a],[1,-a-b-c+1]],[[1,0],[1,b]],[[1,0],[1,c]]]]
[2] R=os_md.shiftop("11,11,11","00,01,0-1"|zero=1,raw=2,all=0);
a”2+(b+c-1)*a+(c-1)*b
[3] fctr(R);
[[1,1], [a+c-1,1], [a+b,1]]
[4] os_md.shiftop("11,11,11","00,01,0-1"|zero=1,raw=4,all=0);
[x*dx-b,a”~2+(b+c-1) *a+(c-1) *b, (x-1) *dx-c+1]
[5] os_md.shiftop("11,11,11","10,00,0-1"|zero=1,raw=2,all=0);
a"2+b*a
[6] fctr(eQ);
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[[1,1]1,[a,1], [a+b,1]]

[7] os_md.shiftop("11,11,11","10,00,0-1"|zero=1,raw=3,all=0);
[x*dx+a,a”2+b*al

[8] os_md.shiftop("11,11,11","1-1,00,00"|zero=1,dviout=1,all=1)$

T = 00 0 1
{ a 0 0}:{u|Pu:O}

Shift Operator

—a—b—c+1 b c
Q: T =00 0 1
= a+1 0 0
Q (—a—b—c b c
Q1=QRa+b+c)zr(x—1)0+a((2a+b+c)x —a—c)
Qa=—-2a+b+c)x(x—1)0+ (a+b+c)((2a+b+c)r —a—10)
Q201 =ala+c)(a+b)(a+b+¢) mod W(x)P
P=—-2(x—-1)0*+(b+c—2)z—b+1)d+ala+b+c—1)
49. conflsp(mlx2=41,conf=0)
i AT NV m OB ER FE O Poincare rank 1 OAtiEfE 2 ~9
ANy MVEG 52 DAy EN, IR A 0o, L, o, ATKHET 2D E L, oo IHHET 2 0ENT
LISHIET 2 BIOME EHET S (¢ =0 BET). 2721, x2=1 ZHELRNE 25 =0 LT 5.
x2=-1 DEX, 3, & 5,... ET D,
conf=0 Z48ET D &, KA L%E 00,0, ¢, 23,... &L, FEEH c DFREOERE RT.

[0] P=os_md.conflsp([[1,1],[1,1]1,[1,1]1]1x2=1);
(—cxx™2+(x_2%c+1) *x-x_2) *dx"2+(((-a01-a00-1) *c+all) *x+x_2*c-x_2*all+a01+a00) xdx
-a00*a0l*c+a00*xall
[1] os_md.fctrtos(P|TeX=1,var=dx);
-(x-x_2) (cx-1){dx}"2-(((a_{01}+a_{00}+1)c-a_{11})x-x_2c+x_2a_{11}-a_{01}-a_{00})
[2] os_md.expat(P,x,"?");
[[x_2,[-a01-a00+1,011, [(1)/(c), [(al11)/(c),01],
[infty, [(a01*c-al1)/(c),a00]]1]
[3] Q=os_md.confisp([[1,1],[1,1],[1,1]11);
(c*x~2+x) *dx "2+ (((-a01-a00-1) *c+all) *x+a01+a00) *dx-a00*a01l*c+a00*all
[4] subst(Q,c,0);
x*dx~2+(al1*x+a01+a00) *dx+a00*all
[56] P=os_md.conflsp([[1,1],[1,1],[1,1]1]|conf=0);
(=x"2+c*x) *dx "2+ ((a01-2) *x+(-a01+1) *c+all) *dx+a20”~2+(a01-1) *a20
[6] os_md.expat(P,x,"?");
[[0, [(a01*c-al11)/(c),0]], [c, [(al1)/(c),0]], [infty, [-a20-a01+1,a20]]]
[7] subst(-P,c,0);
-x"2*dx"2+((a01-2) *x+all) *dx+a20~2+(a01-1) *a20
[8] os_md.fctrtos(-0@|TeX=1,var=dx);
x"2{dx}"2-((a_{01}-2)x+a_{11}) {dx}-a_{20}(a_{20}+a_{01}-1)

50. anal2sp(m,l)
u [EIEF AT RV m DFRERT
m = Hmla )‘17 /1'1]7 [m27 )\27 /1'2]7 o ] Giﬁﬁg & ﬁﬁj{:ﬁﬁ_ﬁ:
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LIIBL T OF M2 0.

0 RUAXZ bEE LD D (FREANT MATHRTHA]).
["add",n] AR MHIn 025 (FFREAZ R TRTH ).
["sub",n] A7 MAAIp 251< (RAREARZ FATRTHH]).
["swap"] FREA X7 MUDIEF 2 A2 5.

["+",e1,c2] BEHMEEST M 5.

["*",c1,c0]  EAMBO—KES 2T,

[("mult",m] FKXEAFEOEGEL 2T mET 5.

["get",f,c] [fEAOEAMEI c LRDbDEHEHT.

["put",f,c] [fEHOEAMEZ cITEEHRD.

["get1",f]l [fEHOEMAMEOHZEE LT FERITFEE AT ML TR,
["getl",f,c] [fEBOEAMEN c OLOEHREHT FERITMITDOALT ML),
['putl”, f,c] [FEREFTRNARY ML, fH&EAOEAFEIC c 2801 5.
["puti"] RUCA~XZ MAZaE—T 5.

["val", f] fFERDODANRY MIVORE L BFHEOT A KS.
(C--1,0--1,...] BEoza~<r FEHTFTEITTS.

[0] R=os_md.anal2sp([[2,a,b],[3,a,c],[-1,a,c]],["add",[[-2,a,b],[1,b,c]]1]);
[[2,a,b],[3,a,c],[-1,a,c],[-2,a,b],[1,b,c]] /* R DEE */

[1] os_md.anal2sp([[2,a,b],[3,a,c],[-1,a,c]l], ["sub",[[2,a,b],[-1,b,c]]]);
[[2,a,b],[3,a,c],[-1,a,c],[-2,a,b],[1,b,c]]

[2] os_md.anal2sp(R, ["swap"]); /* IBBEZHIZ +/
[(2,b,a],[3,c,al,[-1,c,al,[-2,b,a],[1,c,b]]

[3] os_md.anal2sp(R,0); /x £EHD x/

[[2,a,c], [1,b,c]]

[4] os_md.anal2sp(R,["*",f,-gl); /* EHEDT T+ */

[[2,a+f,b-g], [3,a+f,c-gl,[-1,a+f,c-gl,[-2,a+f,b-g], [1,b+f,c-g]]

[5] os_md.anal2sp(R,["x",f,-gl); /x BEHBEO—XREE */

[[2,f*a-g*b], [3,f*a-g*c], [-1,f*a-g*c], [-2,f*a-g*b], [1,f*b-gxc]]

[6] os_md.anal2sp([[2,a,b],[3,a,c],[-1,a,c]], ["mult",2]); /* EEE *=m */
[[4,a,b],[6,a,c],[-2,a,c]]

[7] os_md.anal2sp(R, ["get",2,c]); /* EELI-BEREOHME */
[[3,a,c],[-1,a,c],[1,b,c]]

[8] os_md.anal2sp(R, ["put",1,f1); /* ERMEZEZTHA D */
[2,f,v0l,[3,f,c],[-1,f,c],[-2,f,b],[1,f,c]]

[9] os_md.anal2sp(R,["get",1,al); /* EELI-EHEOHHME */
[[2,a,b],[3,a,c],[-1,a,c],[-2,a,b]]

[10] Rl=os_md.anal2sp(R, ["getl",1,al); /* {EEL-EHEDMAZHME */
[[2,vl1,[3,cl,[-1,c],[-2,b]]

[11] os_md.anal2sp(R1, ["puti",1,al);

[[2,a,b],[3,a,c],[-1,a,c],[-2,a,b]]

[12] os_md.anal2sp(R1, ["putl"]);

[[2,vb,vl,[3,c,cl,[-1,c,c]l,[-2,b,b]l]

[13] os_md.anal2sp(R,["val",1]1); /* BEHEDF */

[3,2*xa+b]

[14] os_md.anal2sp(R,[["get1",1],["put1"],0]);
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[[2,a,a],[1,b,b]]

51. mc2grs(g,r|dviout=k)
2 PO 5 AOBREICKT 5 KZ BIFFRRDFEEARRT ML g D4
KZ A5

du = Z Ai,j wu

.
0<i<j<3 v J

)

3
Ajg=— ZAi,ja Aji=Aij, Aii=0
=0

CBWT, 1, JC{0,1,2,3}, #l=#J =2, INJ=0 DL &

[Ar,As]=0

W72 INDDT, A & Ay ORIFEAESMRALEDS. 20X 57 150 (I, J] (%3 2 [F R
Al (EEEEAEAE OV AN (N 23 UL,J] T, I=li,i2], I=0ji,jo] &30 &, i1 <,
J1<jo,i1 <j1 £72B) DUANE g LT 5.

a c
A0,1=< a >,A2,3=< c >
b d

O & = IFREEAMEO Y 2 MT [[[0,1],[2,3]],[2,a,c],[1,b,d]] &725.
1ok, BEAWED D 3 0o icg Aij EANT—ATHIE LTRVDT, TDOANT—% Kk &T 5.
FRFEEEOV A DY A N& g THZZ20, TRUANOREET

eg=0mtx, WA [[[[0,1],([2,3]],[1,0,0]],[[[0,1],([2,4]],[1,0,01],...] &M%

T5.

® g %‘f, 4??5” A0’4, AO,la AO’Q, Aoyg DAY LAY (Xiﬁ”%éb\ﬂi, 4 50 GRS) %—_’, :@JIIEVC“

riZ

BETD. ZoLEE, m2ncO) KB 5 LRk A 7Y 9> (dep=[m,n], int=0) 72 EDOEE
INTTRE). 78385, top=0 ZHRE L7Z8iA 1L, Ag1, Ao, Aos, Apa OIELFR S NS
ARy MOV SR THRIE LTe A1, LT O r BRI O FE % Fio.

—r=1: A7 MBIEEREARIEFICL, FRFEAHEOY A FOY R MEZOEEIRT.

—r=3: FKEAEDOY 2 DONRXFTA—F% a,b,c,... THFL, Fuchs & RKBEHEDY

ARDUARNEDOMEY A NELTKT.
LoT, UToWRRIZRS.
0: [FIFFEAMDOY A DY R NE2FDFE FIKT.
["sort"] : ~y ¥PIEENRIEFIZRAD LS, VA REWOEZXD ([ ] 13EIKAD).
["deg"] : k ZI&T ([ 1 1TEHMEW).
[[Z,j] ,/\] : Ai,j — Ai,j + /\, Ai,4 — Ai,4 — /\, Aj74 — Aj,4 — AW 5 addition % X9
(0<i<j<3).
["homog"] : 7 =[[2,3],—k] IZX&T D addition 12X > Tkrk =032 ([ 1 IFAMEA).
["swap",[i,7]1] : RAFD i & j &M 5. i 720137 B4 D& XX, r=["homog"] #1T-
TODLIWRATFHIZWT D,
1 2 3 4

UmmmummJu]:%ziwﬁ@<p . ‘>%ﬁ5.%2$4%%5?6&%
90 11 12 13 14

I%, r =["homog"] ZAT> TINLEHTD.

(] = zo Z%Txt9 % middle convolution mey, , #1795 (743 Y X AL [03] ITL->THZH
ni-).

li,p] @ @ Z#ICxt9 % middle convolution me,, , #1795. 727 L, i = 4 ®& &I,
r=["swap", [0,4]] Z17>THhH mey,,, &ML, #HEr=["swap", [0,4]1] TKRT.

[Llé1,51], 10,0, Ligspid,...] : additions & middle convolutions % ##5i L C{T 5.
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[[a,b,c1] : [[[0,1],a],[[0,2],0],0[0,3]1,c]1]1 &WILC.

(la,b,c,p1] = [[[0,1],al,[[0,2],b],[[0,3],c], [p]] EFIL.

["get", [1,J1] : [Af, Aj] = 0 (S D RIBFEAEZ RS (~v & [I,J] DONIZ A b).
["get",I]: A ICXIFT2BEAEEET (~v X I DDONZY A ).

["get",i]l (0<i<4):iel #WM=d Aricx3% GRS #iET (5 z; [ OWTOFEMD
2D GRS).

dviout=1 ##E T 5 & TEX #ffi > CTHRZFT 5. dviout=-1 TIX TEX © Y — A& KT .
dviout=2 Z{EET L &, TEX O Y —AZFZHIRERIIL RV REOFRI~ FTELD
TETFTD).

["get"] : I0EETD A OEFEDO Y A &K .

dviout=k DOIEEMNAIHE.

["geto", [[,J]], ["getO",I], ["get0",i] (0 <i<4), ["get0"] : "get0" % "get" [T %
7EbDERUTH DN, ~y XIIDF 720,

o ["get0",I,J] : A+ A; DAXT MLV EIRT.

["show"] : RIKERAY F % TEX Zffio TRRT H.

dviout=-1 OfFEI FIHE

["show0"] : 15 MDFIFARY MVOEAEOEEE Z/T (15 #HONEFIE, "show"lZEBIT D &
mL).

dviout=1, -1 DOFEN ATEE.

["spct"] : A7 FAMIEZRS . 5 X 5ATHICT (4,5) ML, i #£jDE&E A j DAY b,
i=7 D& E 2; IZ2TO index of rigidity (0 <1i,j < 4).

5% 5ATHIT (4,7) BAIE, i £ DEE Ay DAY MR =4 DL&E z; ITOVWTOD index
of rigidity (0 <4,j5 <4).

dviout=k DIEENTHE.

["mult",ly,...,0n] : go=g & LT g; =mc2grs(g;_1,6) &i=1,...,m Tk L CIEIZEST
LTy, &iET. 7 abER.

[0] M=os_md.mc2grs(0,0);
ttcco,11,02,311,01,0,011,[C[0,1],[2,4]11,[1,0,011,...
[1] Mi=os_md.mc2grs(M, [[[0,1],a],[[0,2],b],[[0,3],c]1]);

[

(cfo,11,2,311,[1,a,011,[[[0,1],[2,4]1],[1,a,-b]],...

[2] os_md.mc2grs(M1,"deg");

atb+c

[3] os_md.mc2grs (M1, "homog");

L

[[[031] ] [2:3]] H [1,3.,0]] ] [[[031] H [2’4]] H [1:a’_b]] ERR AR )
(Cf1,4]1,[2,3]1]1,[1,-a,-a-b-c]]]

[4] Fl=os_md.mc2grs(M1, [d]);

L

tcfo,11, (2,311, [1,a+d,0],[1,0,0],[1,0,b+c]], [[[0,1],[2,4]],[1,a+d,-b],[1,0,-b],

[1,0,-a-b-c-d]l],...
[5] os_md.mc2grs(F1,"get");

[

(fo,11,[1,a+d], [2,0]], [[0,2],[1,b+d], [2,0]], [[0,3], [1,c+d], [2,0]], [[0,4],

[1,-a-b-c-d],[2,-d]],[[1,2],[2,0],[1,a+b]],[[1,3],[2,0],[1,a+c]],[[1,4],[2,-a],
[1,-a-b-c-d]]1,[[2,3],[2,0],[1,b+c]],[[2,4],[2,-b],[1,-a-b-c-d]],[[3,4],[2,-c],
[1,-a-b-c-d]]]

[6] os_md.mc2grs(F1,[-d])==M1;

1

[7] os_md.mc2grs(F1, ["get",0]);
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(rfo,11, 2,01, [1,a+dl1, [[0,2],[2,0], [1,b+d]], [[0,3],[2,0], [1,c+d]],

[[0,4],[2,-d],[1,-a-b-c-d]]1]

[8] os_md.mc2grs(F1,["get",0] |dviout=-1);
\begin{Bmatrix}
A_{01}&A_{02}3&A_{033&A_{043\\

[0]_2 & [0]_2 & [0]_2 & [-d]_2\\

a+td & b+d & c+d & -a-b-c-d
\end{Bmatrix}

[9] os_md.mc2grs(F1, ["get",0] |[dviout=1);

At A2 Ags Aoa
[0 [0z [0]2 [—d]2
a+d b+d c+d —-a—-b—c—d

[10] os_md.mc2grs(F1,"get"|dviout=1)$

Ao1 Aoz Aoz Aoa Aqa Az Azs A1q Azq
[0]2 [0]2  [0]2 [—d]2 [0]2 [0]2  [0]2 [—al2 [—b]2
a+d b+d ¢+d —-a—-b—c—d a+b a+c b+c —-a—-b—c—d —-a—-b—c—d

[11] os_md.mc2grs(F1,"show"|dviout=1)$

[Ao1 : A2s] ={la+d:0],[0:0], [0:b+ |},

[Ao1 : Aog] ={la+d:=b],[0:=b],[0: —a—b—c—d]},
[Aor : Ayl ={la+d:—¢],[0: =], [0: —a—b—c—d]},
[Ag2 : A13] ={[b+d:0],[0:0], [0:a+ ]},

[Age : A ={[b+d:—a],[0: —a], [0: —a—b—c—d]},
[Agz : Asq] ={[b+d:—c], [0: =], [0: —a—b—c—d]},
[Aos : A12] ={[c+d:0],[0:0], [0:a+ b]},

[Aos : A1) ={[c+d:—a],[0: —a],[0: —a—b—c—d]},
[Aos : Agq] ={[c+d:—=b], [0:=b], [0 '—a—b—c—d]},
[Aps : Aol ={[-a—b—c—d:0], [-d:0], [-d:a+ D]},
[Ags : A1) ={[-a—b—c—d:0],[-d: 0], [-d:a+d]},
[Agg : Ags] ={[-a—b—c—d:0],[-d: 0], [-d: b+ ]},
[A12 : A3g] ={[0: —c], [0: —a—b—c—wﬁ[a+b —cl},
[A13 : A2q] ={[0: =0, [0: —a—b—c—d], [a+c:—b|},
[A14: Aog) ={[-a:0],[-a—b—c—d:0], [-a:b+ ]}

[12] os_md.mc2grs("322,52,52,43","show0" |dviout=1)$
2213,17,17,221%,17,17,215,17,17,17,17,17, 17,17, 17

[13] os_md.mc2grs(F1,"spct"|dviout=1)$

To T1 X2 X3 T4 | idx

Zo 21 21 21 21 2
z1 | 21 21 21 21 2
To | 21 21 21 21 2
g | 21 21 21 21 2
g | 21 21 21 21 2
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[14] os_md.mc2grs("21,21,21,21" ,"get" |dviout=1)$

A1 Aoz Aoz Aoga A2 Az Aas A1q Azq Azq
[0]2 [0]2 [0]2 [d]2 [0]2 [0]2 [0]2 [—a—d]: - b*dh [-c—d]2
a b ¢c —a—-b—c—2d a+b+2d a+c+2d b+c+2d —a—b—c—2d —a—-b—c—2d —a—b—c—2d

[15] os_md.mc2grs([[[[2,3],[0,4]],[1,a,b]],[[[0,1],[2,3]],[1,c,d]]],"sort");
(cceo,11,I2,311,101,¢,d11,[([0,4],[2,3]1],[1,b,al]]

mc2grs ) Zffio 7B OFI 2 261T 5.

/* KZABRKANDHEAR—EGDY Dy FARY MLVEOY—F
S:ARY FLE A=D1 D0HNIE, ART FLEOHEERY.
S: ¥ SPET 2 BEHBRMICHL, EDUR FERY. */
def sameKZ(S)
{
if (type(8)==1){
SS=os_md.spgen(S|eq=1,pt=[4,4]1);
for(L=[];S8S!=[];SS=cdr(SS))
if ((TL=sameKZ(car(SS)))!=0 && TL[0]>TL[1]) L=cons(TL,L);
return L;
}
S=os_md.s2sp(S|std=-1);
KZ=o0s_md.mc2grs(S,0) ;
Sp=os_md .mc2grs (KZ, "spct") ;
for(L=[],I=1;I<5;I++){
if (Spl[I][1]==2){
for(82=[1,J=0;J<5;J++) if(I!=J) S2=cons(Sp[I][J],S2);
S2=o0s_md.s2sp(S2|std=-1);
if(8!=82) L=cons(S2,L);

}

if (L==[]1) return 0;

for(LS=[];L!=[];L=cdr(L)) LS=cons(os_md.s2sp(car(L)),LS);
LS=os_md.lsort (LS, [],"setminus");

return cons(os_md.s2sp(S),LS);

/* KZARBRKXTNBETidx A KOLDOHNENDIEDDUR MEHED +/
def idxKZ(K,N)
{
L=os_md.spgen(N|eq=1,pt=[4,4],std=-1);
for(LL=[];L!'=[];L=cdr(L)){
KZ=o0s_md.mc2grs (car(L),0);
Sp=os_md .mc2grs (KZ, "spct") ;
for(I=1;I<5;I++){
if (Sp[I][I1==K){
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}

LL=cons (os_md.s2sp(car(L)),LL);

break;

}

return reverse(LL);

52. m2mc (¢, [ag,ay,a1,c] | swap=1,small=1,simplify=0,MC=1)

m2mc (£, s|small=1,simplify=0,int=0, swap=t)
i+ Pfaff B du = (g2 + A, 20 4 4, WD gy vy gy A0y, 5 3 %84T addition-+middle

=y

convolution 3k % (¢ = [Ag, Ay, A1, Bo, B1]).
LR AT F VAR Riemann scheme O & &, EDO#%%F TiX s ="GRC", "GRSC", "Pfaff", "sp",
"pairs", "irreducible", "A1l", "swap"

o m2mc(0,0) THWI MMl L TRREND.

01 [Ag, Ay, A1, Bo, Br] £V5 5 HOEFFTHIO U A R E 32 b,

Ag, Ay, A1 IZENLER ag, ay, aq (X D addition 2 L7=d &, /8T A—% ¢ 2L 5 middle
convolution (MC=1 #{5%E L7235 1% convolution ) &4T7- 72 5 BOITHID~RT ML AEIKT .
addition 217D\ E XX, [ag,ay,a1,c] DRDOVIZHIZ ¢ & LTEL.

addition OAHD & X1, ¢ ZH T [ag,ay,a1] LIEET 5.

L1 o B D ALY F RIS Riemann scheme TH LW, A~ kL AIR Riemann scheme 13
r=00,z=0,z=y,z=1DIAICEZS. ZDL&ETay X siL0 ([Ay,A,,41,By,B1] %K
) FLITRAHIZET HXFHET 5.

CHARY MARITHEZ 2 L &1, BRFERATEEENRE QIR RS ERERMHREICRD Z &
NEN (A7 3 dep=[m,n] DEEMR).

ap X s MELFOLFFNOEHEIL, FROBMZFF>

— GRS : Generelized Riemann scheme #iX7". a, (T "dviout" Z{EETE 5.

—GRSC: LERIUTHDN, Ebllaz=y=0,z=y=1 O—tEEHELLED 5.

— Pfaff : 54T Plaff X \& KT a, |T "dviout" ZFHETE 2.

—sp: s BHE yEHDOART MABIE ¢ =y D DIEICET.

— pairs, pair : AR & EDHMRE G2 D EERT.

— irreducible : BERIKMHAZ B X 53T A= &R T.

— A1l EOETEIREL, S5IT. a1 IZ "dviout" ZIBE L E AR &5, & 51T GRSC
ZIETHE, GRS TR TGRSC AEE LI LA IND. operator=0 DA 7+ 3 T,
Pfaff RO FREAZ R I 20,

— swap : x B E y BEE NIV 2 AR R 2R T.

SHIZA TV a v swap=t IEET D EHIDOEBROERIZRS.

t=1:cZHL yEHOANEZ FEELRWIEGAELFEL).

t=2: A (z,y) — (a?,%) 1T

t = [to,t1,t2] = (to,t1,t2) 1% (0,1,2) DIW~FE 2T, 0,1, 2 (ZNEICHKFE S 0,1, 00 ZEWRT 2.

F7o, UTOF T aribd.

swap=1: z & y #%# L C middle convolution %47 9

small=1: TEX TOITANE /NS 720 A RIZF 5

simplify=0 : K ATTHNT L 2 WARZEHIZ K D1THI D L2 L

simplify=1,3 : XfAITHNC K 2 AL L 2RO H LA 3 5

dep=[m,nl : A7 bARING ORMEEE O BEVER T, m & HORELO n & HORMEERE
Fuchs £ BEDSD. T 740 MIm=1 (F¥H z = o00) TREDOFMELE T 5.

73¥B, x = oco USRS DR ORMEREIL 0 ICERILISND.

int=0 : A7 MBS ORFEFEER O BEVERK T, 7 XA =2 O5EERBND Z & 2T
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[0] Z=newmat(1,1,[[0]1);

[ 0]

[2] Fi=os_md.m2mc([Z,Z,Z,Z,Z],[a,b,c,d]);
[ [atd b c]
[000O0]

[0o00] [000]

[ abtd c ]

[000]1 [000]
[0o0O0]

[abctd] [ b -b 0]
[
[
[
[

-aao0]

0001 [000]1]

0 c -c]

0-bbl] ]

[3] os_md.m2mc(F1, ["GRS","dviout"]);

r=0 z=y z=1 y=0 y=1 T = 00 y = 00 T=y =00
a+d b+d c¢c+d a+b b+c —a-b—c—d —-a—-b—c—d [-a—b—c—d
[02 [0z [0z [0z [0 [—d]2 [—bl2 —b—d

[4] os_md.m2mc(F1, ["Pfaff","dviout"]);
a+d b ¢ 0 0 0 _ 00 0 _
du:<( 0 0 O>dx+<a b+d C>M+<o 0 0 )d(x )
0 0o 0/ ¥ 0 0 0o/ T-vy a b c+d) *—1

b -b 0 0 O 0 _
+ [ —a a 0 @Jr 0 c —c dly —1) u
0 0o o0/ Y 0 —-b b y—1

[56] F2=os_md.m2mc(F1,[-a-d,0,0,e]);
[ [ —a-d+e 0 ¢ 0 ]

[ 0 —a-d+e 0 c+d ]

[L00O0O0]

[0o0O0OO0O] [00O0O0]1]
[00O0O0]

[ (-d*a-d*b-d"2)/(c) -d b+d+e c+d ]
[oo00O0] [0000O0]1]
[00O0O0]

[00O0O0]
[
[
[
[
[
[
[

(-d#b)/(c+d) (-d*a-dxc-d~2)/(c+d) (c*b)/(ctd) c+d+e ] [ atb+d ¢ -c 0 ]
00001
(d*a+d*b+d~2)/(c) d -d 0 ]
00001 [c-c00]
-bb 00]
00 c -c-d]
00 (-c*b)/(ct+d) b ] 1]
[6] os_md.m2mc(F2, ["GRS","dviout"]);

z=0 T =1y z=1 y=0 y=1 T =00 Yy = 00 T =1y =00
[Fa—d+el2 b+d+e c+d+e a+b [b+d]2 [a—e€]2 —a—b—c—d a—b—e
[0]2 [0]3 [0]3 [0]3 [0]2 —b—c—e —-b—c—e [-b—c—e]3
—e [—bl2



[7] os_md.m2mc(F1,[-a-d,0,0,e] |simplify=1,small=1);
[ [ -a-d+e 0 1 0 ]

[ 0O -a-d+e 0 1 ]

[00O00O0]

[oo000] [0000O0]1]

[L00O0O0]

[ -d*a-d*b-d"2 -d b+d+e 1 ]

[0000]1[00O0O0]1]

[0o0O00O0]

[00O0O0]

[ -d*c*b -d*a-d*c-d"2 cxb c+td+e ] [ at+tb+td 1 -1 0 ]
[L0OO0O0OO]

[ dxa+d*b+d"2 d -4 0 ]

[0000] [c-100]1]

[ -cxb b 0 0 ]

[00c-1]

[0O0 -cxb b ] ]

[8] os_md.m2mc("21,21,21,21",["GRSC","dviout"] |small=1);

=0 z=y z=1 y=0 y=1 =00 y=00 T=y=00 r=y=0 z=y=1
a b ¢ a+b+2d b+c+2d —a—b—c—2d1 —a—b—c—2d [—a—b—c—2d]s [a+b+d]2 [b+c+d]2
[0]z [0]z [0]z  [0]2 [0]2 [d]2 [—b—d]2 —b 0 0

[9] os_md.m2mc(0,0)$
m2mc(m,t) or m2mc(m, [t,s]) Calculation of Pfaff system of two variables
m : list of 5 residue mat. or GRS/spc for rigid 4 singular points
t : [a0,ay,al,c], swap, GRS, GRSC, sp, irreducible, pair, pairs, Pfaff, All
s : TeX, dviout, GRSC
option : swap, small, simplify, operator
Ex: m2mc("21,21,21,21","A11")

[10] os_md.m2mc("21,21,21,21", "A11")$

Riemann scheme

=0 z=y z=1 y=20 y=1 T = 00 Yy = 00 T =19y =00
{ a b c a+b+2d b+c+2d —-a-b—c—2d —-a—-b—c—2d [-a—b—c—2d
[0]2 [0]2 [0]2 [0]2 [0]2 [d]2 [—b—d]2 —b

Spectre types : 12,12,12/12 : 12,12,12,12
By the decompositions
21,21,21,21 = 10,10, 10,01 & 11,11, 11, 20
=10,10,01,10 @ 11,11, 20, 11
=10,01,10,10 @ 11,20, 11, 11
—01,10,10,10 @ 20,11, 11, 11
= 2(10, 10,10, 10) ® 01,01, 01,01
irreducibility & 0 = Zn

{d,c+d,b+d,a+d, a+b+c+2d}
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The equation in a Pfaff form is

a b+d c+d
(<o 0t % )d
0 0 0o ) =
0 0 B
+<a+d b d) dw —y)
0 0 -y
0 0 B
+< 0 0) dz—1)
a+d b+d c) -1
b+ (b+d) 0
+< a+d a +d O)dy
0 0) Y

0 _
+<0 c+d (c+d)> dy—1) 1)>u
0 —(b+d) b+d y—1
93. mcmgrs(g r|dviout=k)

i PO 5 AL B SEE IS 5 KZ B OFRKEA 7 R L g D%

KZ #)5F2AC me2grs O ICH D IEHITHI A j DA T v 7 AN 0H—D N — 1 £TOHAEZH

o (a2 ERBEBMBER L EX T L EOEBOMEUI N -2 L72%). T7bb

A
Ou _ > 2y (i=0,1,...,N —1),
0x; . L Ti — Xy
7€{0,1,...,N—1}\{:}
A =0, Ajj=A: Ain=—(Aio+A1+ -+ A nN1),
Aoy = Ao+ Ao+ Aij.

ﬂ?ﬁfﬁffﬂ (A07i7Aj,k) L (AO,i;AO,i,j) 6:;(‘Tj—%) Iﬂﬁjﬂ‘:ﬁﬂﬁ (E%ﬁﬁk%ﬁ%ﬁ) DY R NE g L
THZDZENRTED G, 4, k13 {l,... N} OFORENIHRAR LA > F v 7 Z). BiFEN x v_1Cy
i, BEE N x (N -1)#c, At XD mor—g b i s, A0 PABRSITHIRKT g 446

ELTESEE, LTOL 51225,

o g N2 Ll EOEHORE, A g ZHOBBMITHET 5 RIGEAHEOT — % 2T (N = g+ 2).
o g%, 1781 Ao.N, Ao, A0 2., Ao N1 DAY RAAL (UFFNd 50N, 480 GRS) T, =

DIETHRET 5.

ZP L%, short=0 #fET DL, A>T v I AFEDRT A= %S,
riZkoT, LUFOBEEICRD.
0: FIFFEAMDOY A MDY R NEZEDE FIRT.
["deg"] : k ZI&T ([ 1 1TEMEW).

(0<i<j<N).

).

C0Ciy,710 A1), .., [pel,...] : additions & middle convolutions %t L CT1T 9
[la1,...,an—1]1] : [[[0,1],a1],...,[[0,N-1],an_1]1] &IRIC.

(lai,...,an—1,p1] : [[[0,1],a:],...,[[0,N-1],any—1], 1] ERIC.

["get", [I,J1] : [Ar, Ay] = 0 ICRT DRAFEREZIKT (~y X [I,J] DOWU A R).
["get",I] : A T 2EAMEZIET (~y & I ODONZY X ).

["get",i] (0<i<N):iel Zlii/ed A iZxd9 % GRS Zikd (B 2; IZOWTOH
B> GRS).

[[Z,j] SAL Ai’j — Ai,j + /\, Ai,N — Ai,N — /\, A]'JV — Aij — X &9 addition &K

(] : o ZHUTx3 % middle convolution mey, , 2179 (7T Y ZAF [03] ITE->THZS

dviout=1 ##iE T 5 & TEX #fff > CTHRZFT 5. dviout=-1 TIX TEX © Y — A& KT .
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dviout=2 Z{EET L &, TEX O Y —AZFZHITBRERIIL RV REOFRI~V FTELD
TERFRTD).

o ["get"] : WHUN mocoy A, OEAEDY 2 b &K
dviout=k OfFE /N ATHE.

e ["getO",[],J]1], ["getO",I], ["get0",i] (0 <i< N), ["get0"] : "get0" % "get" IZE X
T2bDERUTHLN, ~vZiEoF 7.

e ["show"] : RIFFA~Y R TEX &fli> CTEIRT 5.
dviout=-1 OFEED FATHE.

o ["showo"] : X0 s~y M AORAMEOTMEEFT (EFIL, "show" 31T 5 &
FLT).
dviout=1, -1 OIEE ATHE.

e ["spct"] : ALY MABIZRT. (N +1) x (N + 1) 1780T (4,7) i, i £j DL A DA
~R7 MVEL =7 DL E 2 IOV TO index of rigidity (0 <¢,7 < N +1).
(N +1) x (N + 1) 47801 (4,5) RO, i £jDOEE Ay DA WAL =35 DL E g; 1T
WT O index of rigidity (0 <i,j < N +1).
dviout=k DOEED FHE.

o ["mult",l1,...,0n] : go=9g & LT g =memgrs(g;_1,4;) i=1,...,mIZx L CIEIZSEAT
LT gy, &Y. A7 arba8%.

[0] os_md.mcmgrs("31,31,31,31,31", ["get"] [dviout=1)$
[1] os_md.mcmgrs("31,31,31,31,31", ["spct"] |dviout=1)$
[2] os_md.mcmgrs("31,31,31,31,31", ["show"] |dviout=1)$

DFEATHRERITLL T O L 51272 5.

Aot Aoz Aoz Aos Aos A1z A1z A1a Ais
{[0]3 [0 [0]s [0]s le]s [0]3 [0]3 [0]s [—a—els
a b c d —a—-b—c—d—3e a+b+2e a+c+2e a+d+2e —a—b—c—d-—3e
Aszs Azy Ass Asza Ass Aus
[0]3 [0]3 [~b—e]3 [0]3 [~c—e]3 [—d —e]s }
b+c+2e b+d+2e —a—-b—c—d—3¢ c+d+2 —a—-b—c—d—3e —a—-b—c—d—3e

To T To I3 Ty xIs idx
Zo 31 31 31 31 31 2
zy | 31 31 31 31 31 2
z9 | 31 31 31 31 31 2
zz | 31 31 31 31 31 2
zq | 31 31 31 31 31 2
rzs [ 31 31 31 31 31 2

[@:0],[0:0]2, [0:b+4 c+ 2]},
[a:0],[0:0]z, [0:b+d+ 2]},

[Ao1 : Apie] ={[la:a+b+e],[0:0]2, [0:a+b+e]},
[Ao1 : Aois] ={la:a+c+e],[0:0]2, [0:a+c+el},

54. mmc(l, [p,a1,...,a,] Imult=f)
:: Schlesinger B %4y 7RI & OV KZ A5 addition+middle convolution
Schlesinger 7 5=
du - Aj
% B Z Xr — Ij Y

Jj=1
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95.

96.

F 7203 KZ B R 5 N
a“: By (i=0,...,n)
FE{0,n}\{i} J

® addition % 7z1% middle convolution %47 5.
A& OEHEIX (T [Ar,...,A,], BEOEEIE [Aoq,.--, Ao, A1, A1y A ]
(20D O EARET . HHVERNY PR GRS RARET S (HOBAE, EH a0 O
?’lﬁ yHRRAUZOW TR 7]'?‘?45. IOEETI VY RTHLIRERHD).
o [ai,...,an,pu] : Aj (F721F Aoy) 1T L Ta; ZMAT72H%, v (L7213 xg) ZE D middle
convolution mc,, #7179,
—FHFOHOEL, [ai,...,a,] T W] £T5.
e mult=f: f = 0 /& Schlesinger &, f =1 (% KZ WA BT 5.
T 7 AN BT, L ORGSO 6 LLEDORIZ KZ T, 5 LUF Tik Schlesinger & 70§, 7z,
AR MAVBITHRE LT & 21X KZ ’*”J:ﬁfotﬁ'.
linfracO01({|over=1)
x=0,1,00,9,2,... DO—RIBEEHED Y 2 b (0 = [z,y] etc.)
linfrac01([z,y]) 5L linfracOl (newvect(10,[---]1) O
#%E DOLE O RFITIAIC
0:2=0,1l:z=y,2:2=1,3:y=0,4:y=1,5:x=00, 6:y =00
T:x=y=--=0,8:z=y=---=1,9:1z=y=--- =0
10:y2 =0, 11:yo =2, 12:y2s =y, 13:y2 =1, 14 :ys = 0
15:y3 =0, 16 :y3 =z, 17T:y3 =9y, 18 :ys =92, 19:y3 =1, 20: y3 =00
21y, =0,---
T, —ROBEBZED2ENLOBEBBRMELND.
7 RO A R, 10,15,21,28, .. ..
ya A (VA ROH A ZXNRELLE) O & &iT over=1 #F7E
yp TTOEEE, B+ D EOTBFELND.

[0] os_md.linfrac([x]);

[[x)/(x-DI, [/ -D], &1/, [A) /)], [-x+1], [x]]
[1] os_md.linfrac([x,yl);

[LCCy-D*x) / (y*x-y) , (y-1)/ (x-1)], [(y-1) /(x-1) , (y) /(x)],

1££01 (¢, 0)
2= (21, 29,23, .. .) (TR D REER— IR B
LT 0% . linfrac01(f) @ ¢ &HB%&A& M TH A

t=0 (z2, 21,23, 24, -.)

t=—j (1,22, oy Tj, Tjt2, Tjt1, Tj+3, ---)
t=1 (1—21,1 — 29,1 — 23,1 — 24,...)
t=2 (1/z1,1/z0,1/x3,1/ 24, ...)

t=3 (x1,21 /T2, 21 /23,21 /24, ...)

3.1.3 Some operators

57. OkUbO3e([pO,1;-~-ap0m] [pl 17~-~7p1n] [p21a"'7p2’m+nlopt 1])

10, 1, co IZHEERE S ZFD m + n O R Okubo My EHFEEZ KD 5
0 CTnikit, 1 TmERITOIEAIEE 2. Riemann scheme MFEE 5 Tl
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58.

59.

60.

0: 0 1 -+ n—1 po1 ool DPo,m
pq 1: 0 1 m—1 pi1 - Din ;X
OO I P21 et i e P2, m+n
Fuchs OB%E : Y p;j = mn
TPV NRGA—=EZRN (m—1)(n—-1)EHY, r1,r2,... TRIhD.
pij PO HO—=DF "?" TH IV (fEHIT Fuchs ORGRANLEAE I LD).
e opt=1 Z{EET 5 & getbygrs() #H 5.

[0] P = os_md.okubo3e([1l-e,1-f],[2-g,"?"], [a,b,c,d]);

1 accessory parameters: rl,r2,...

(x74-2*x"3+x"2) *dx "4+ ((a+b+c+d+6) *x "3+ (-a-b-c-d-e-£-9) *x "2+ (e+f+3) *x) *dx "3
+(((b+c+d+3) *a+ (c+d+3) *¥b+(d+3) *c+3*d+7) *x~ 2+ ((~-b-c-d+g-3) *a+(-c-d+g-3) *b
+(-d+g-3) *c+(g-3) *d+ (-f-g-1) *e+ (—g-1) *f-g~2+2%g-8) *¥x+ (f+1) xe+f+1) ¥dx "2+
((((c+d+1)*b+(d+1) xc+d+1) xa+ ((d+1) *c+d+1) *b+(d+1) *c+d+1) *x-r1) *dx+d*c*xb*a
[1] os_md.expat(P,x,1);

[-a-b-c-d+e+f+g,-g+2,1,0]

fUChS3e([po 1Pl s P11, - p1nd s Dp21, - - P20 1)
00, 1, co IZHEEFE R R 2D n D Fuchs B EHFEZ KD 5

0: po1 Do2 -+ Don
<1l pi1 P2 0 P 5
o0 P21 P22 P2n

Fuchs OBMER : Y p;; = "(” L)
TR URTA=FN w fH&HY, ri_j TERIND (cf. getbygrs().
pis D5 HO 1% 120 Th LU ([l Fuchs ORI S HHE S 5).

ghg([p1,1,P1,25 -+, P1md > [P2,1, 2,2, -+, P2,n 1)
i RS , F (D1 pe; ) (cf. seriesHG()) D7z 3 1EHFR

n

P, ) = T[(@d +p2y) - & — [ (= +p1y)
=1

Jj=1 J
0 m n
F ( . . V 1 i
min\P1,15---3P1.miP2,15---,P2,n7 T n ) |
n=0 l’ 1 n TV

M}ﬂtix, Wit dx TRELIND.
=n+1 ® & =% Rigid 72 Fuchs T

0: 0 1-po1 -+ Ll=pamoa2 l=p2m
pg 1: 0 1 e m—2 —y T
L P11 P1,2 e P1m

Fuchs DBRA 1 v=>"p1, — > Doy
m=2n=10& X7 Gauss DB

[0] os_md.ghg([a,bl, [c]);
(=x"2+x) *dx~ 2+ ((-a-b-1) *x+c) *dx-b*a

evende ([p1,1,p1,2,01,3,P1,4] 5 [D2,1,P2,21)
4 B even family (Rigid)
0: 0 1 po1 P22
pql: 0 I po po+1l ;x
o P11 P12 P13 P14
Fuchs OBRA: 2p0 +p11+p12+pi3+pra+p21+pi2=3
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61. oddbe ([p1,1,p1,2,P1,3,P1,4,P1,5] 5 [P2,1,02,21)
0 5 B odd family (Rigid)
0: 0 1 pa1 p22 p2o+1
pq 1: 0 1 2 po po+1l x
ool P11 P12 P1,3 P14 P15
Fuchs OBMR 2pg + pa1 + 2p22+ D p1,;, =4
62. rigid211([po,1,po,21, [p1,1,p1,21 5 [q0,q1]1)
= Type 211,211,211
0: 0 1 Do, Po2
pe1: 0 1 P11 P12 ;T
©: ¢ g+l @ ¢
Fuchs OBIR po1 +po2 + 011 + P12 +20 +¢1 +q2 =4
63. extra6e([p1,1,p1,2,P1,3,P1,4,P1,5,P1,61 » [P2,1,p2,21)
:: Extra case (Rigid)
0: 0 1 pa1 pei+1 pao poa+1
pq 1: 0 1 2 3 pPo po+1 z
0 P11 P12 P13 P14 P15 P26
Fuchs OEIFR 2pg + 2p21 + 2p22 + > p1,; =5
64. eofamily([po.1,p0,2], [p1.1], [P21,...,p2,n])
:: even/odd family (obsolete)
Even family (Rigid)
Fuchs ORERE po + (m — D)poo +mpro+ > p2, =n—1

0: 01---m—=1 po1 Po2 tt Po2tm—2
pgl: 01---m—-1 p2 pi2+1l- praot+tm-1 ;x
ool P21 ot P2m P2mAdl P2,m+2 *°° P22m

0Odd family (Rigid)
Fuchs OBIFRF po 1 + mpos +mpro+ D p2, =n—1

0: 01---m-—1 Po,1 Po2 - p0,2+m—1
p<l: 01 .---m=—1 m P12 - pr2+tm-—1 ;z
0L P21t P2om P2m41 P2m+42 0 P22m+41

65. evds (pl »P2,P3,P4 :pS)
:: Heckman-Opdam #&(i 0 (BCy, BCy) RUHIBRE#% (Rigid)
[0] P=os_md.ev4s(a,b,c,d,e);
(x74-2*%x"3+x"2) *dx "4+ ((-2*a+2%b+8) *x "3+ (4*a-2*b-13) *x "2+ (-2%

[1] os_md.expat(P,x,0);

[a-c+1/2,a+c-1/2,1,0]

[2] os_md.expat(P,x,1);

[-b+1/2,-b+3/2,1,0]

[3] os_md.chkexp(P,x,1,-b+1/2,2);

(]

[4] os_md.expat(P,x,"infty");
[-1/2*a+1/2%b-1/2*d+1/2,-1/2*%a+1/2%¥b+1/2*d+1/2,-1/2*%a+1/2*¥b-1/2*%e+1/2,
-1/2xa+1/2xb+1/2%e+1/2]

66. b2e(p1,p2,p3:P45P5)
:: Heckman-Opdam B0 (BCy, A1) RUHIFR# #% (Non Rigid)
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[0] P = os_md.b2e(a,b,c,d,e);
(x74-2*%x"3+x72) *dx "4+ ((-4*c+10) *x~ 3+ (6*c-15) *x "2+ (-2*c+5) *x

[1] os_md.expat(P,x,0);

[-a+c+1/2,a+c-1/2,1,0]

[2] os_md.expat(P,x,1);

[-b+c+1/2,b+c-1/2,1,0]

[3] os_md.expat(P,x,"infty");
[-c-1/2%d-1/2%e+1,-c-1/2%d+1/2*%e+1,-c+1/2*d-1/2%e+1,-c+1/2*d+1/2%e+1]

67. heun(la,b,c,d,el,p,r|)
: Heun O X E 5225, r 37 78V T A —X

0: 0 ¢
§ ; 8 j v Fuchs ®EE=: a+b+1=c+d+e
o©: a b

[0] os_md.heun([a,b,c,d,"?"],p,1);
(x73+(-p-1) *x~2+p*x) *dx"2+((at+b+1) *x"2+((-c-d) *p-a-b+d-1) *x+c*p) *dx+b*a*xx—b*a*xr

3.2  Useful functions
PUF OB module b &4, B4 DFETHIZ os_md. %217 T os_md.myhelp() @ X 5 IZFFOHIT.

3.2.1 Extended function
68. myhelp(h)
¢ oos_muldif.rr D~ =27 AV EFRT5H
e os_muldif.pdf, os_muldif.dvi % get_rootdir()\help IZANTH. FNZEi, h=1, -1
TEREIND.
e DVIOUTH AN IE L < &E S TWiE, myhelp("m2mc") @ X 912 L T myhelp(h) @ h IZHE4
EIFHITAND L, ZOEBMOMBA (os_muldif.dvi ICHEH TCWIUE) FrEShd. XF
B h AZIXHEDSEIHD os_nd. (THMETE 5.
e =0, os_md.getbygrs, os_md.m2mc, os_md.mgen THXETHHDONRERIND.
e h = [dviout,n] : dviout T dviout ®/SA%, n TH/RT S dviout DEZEHREL THL. 7
#, Risa/Asir O¥E7e EOREROFRICHEAIO dviout MNMEDILDHDT, n =27 L)Y,
o MLDEREER LV —HI72854 13 DVIOUTH TRET .
69. chkfun(f,s)
s EWECf (= 30T BNEBFEHNE DTN, REFERD load(s) & FAT
e f=0: Risa/Asir @ version &/~
e f=1: os_muldif.rr ® version 7~
o s=0: fRLFFNOK:, ZDOEBHLDEEBEREIFNE D InDI T2
o fITEY a2 —/HLENTZHEUTITRIIE L T2

[0] os_md.chkfun(0,0)$
Risa/Asir Ver. 20121217
[1] os_md.chkfun(1,0)$
Loaded os_muldif Ver. 00140401 (Toshio Oshima)

70. isMs()

111



2 Micorosoft Windows ERIEEN E 9 M5
BIEZAH temp, tmp XT3 LFHMN ¥(HH WL\ ) THIIL 1 2T
71. isyes(plset=()
D10 ERTEHEEERL, ThEMFED
o set=1 1L - TEXETD. ZOL X plFHEEEINITWET/NT A —F U X[ EHENISHE S Z DK
BOEET =y 7 T2HEED 3 O0BR2DY A B,
Tbb p=f,[t1,t2,...],[a,b]] 7251, isyes(X|set=p) IL
def foo(X){
R=fI](X,t1 ,tg,. . ) H
return (R>=a && R<=b)71:0;
}
WV BB RHET S,
— p=I[type, [1,[0,1]1] ®»& X%, type(p) OfEA 0 LLE 1 LLFORET 1(yes) &, %9 Tl
L &I O0(no) ZITHEDER. —oco R oo ld "" TKT.
— MR 1 SO 51, ZOETEY. Lo T [type, [1,1] i [type, [1,[1,11]1 L[FL.
— BEOFNERTLEE, LO3IOHEIDIZVANMITS. ZOHAIEETH yes DEED
1 BRTHBEERT D.
— p=I[[os_md.isint, [],1], [os_md.calc, [[">",0]]1,1]11] %, EDOEEEDOLETDH 1 %K
THEDES.
— F7-I set=1 TEXT S E TIXRIEIOERZNHZD.
e set=0 Tl¥, BUEERINTVDHHOEET (UUTFOFO [11]1 #5H).
o set= DHBIZ LD p THZXAHELHREL, plCIXZORETHETRELOEET. 0L X
I, ERINTWEREITMWME S 0.
e set= ZFHELRWVE XX, BRIESTpZHELT1I N0 ZIRT.

[0] os_md.isyes([[os_md.isint,[],1], [os_md.calc, [[">",0]],1]1]Iset=1)$
[1] os_md.isyes(0|set=0);
[[os_md.isint,[],1], [os_md.calc, [[>,0]],1]1]
[2] os_md.isyes(3/2);

0

[3] os_md.isyes(@i);

0

[4] os_md.isyes(-1);

0

[5] os_md.isyes(3/2);

0

[6] os_md.isyes(3);

1

[7] A=mat([1,2],[3,4]);

[12]

[34]

[8] os_md.isall(os_md.isyes,A);
1

[9] A[1]1[1]1=0%

[10] os_md.isall(os_md.isyes,A);
0

[11] def isPositiveInt(X){
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P=os_md.isyes(0|set=0);
os_md.isyes([[os_md.isint,[],1], [os_md.calc, [[">",0]],1]1] |set=1);
V=os_md.isyes(X);
os_md.isyes(P|set=1);
return V;

13

[12] isPositiveInt(3/2);

0

o 11T T &R

def isPositiveInt(X){
return os_md.isyes(X|set=[[os_md.isint,[],1], [os_md.calc,[[">",0]],111);
1$

72. isall(f,m)

com OBEHEIT pRLT f(p) B0 LD EONEET S L0, %9 ThiFhi 1 &K
mRY AL, X7 ML, fTAITRTNE m BE%Z m OEFL BT (isyes() OHIEZSH).

[0] os_md.isall(isint,[0,2,3,1/2]);

0

[1] os_md.isall(isint, [0,2,3,4]);

1

[3] os_md.isall(isint,[0,2,3,[1]1]1);

0

[4] os_md.isall(isint,mat([0,2,3,4]));
1

73. ptype(p,£)
w LIIEE, ETCEROY AT, FNOHEEHE B LT type () &K
e ptype(p,vars(p)) i¥ type(p) &R L
o HHATH-T, ZOHRHIEZ bNIZELKD (ZEALSND) WIFEBEEEETeHE1E 128 &, 77
FAT G2 DI BB O EFERRZ S 05E13 64 2 R0 EICIA TR,

[0] P=(x+y)"2/a;
(x"2+2xy*x+y~2) / (a)

[1] os_md.ptype(P,x);

2

[2] os_md.ptype(P,a);

3

[3] os_md.ptype(P,z);

1

[4] os_md.ptype(P, [x,y]);

2

[5] os_md.ptype(P, [x,y,al);
3

[6] os_md.ptype([1,2],[x,y1);
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74.

75.

76.

e

[7] os_md.ptype(sin(x)+sin(y)+Qpi,x);

65

[8] os_md.ptype(sin(x)+x,x);

66

[8] os_md.ptype(sin(x)/x,x);

67

[9] os_md.ptype(1/sin(x),x);

129

[10] os_md.ptype(sin(x)/(x+cos(x)),x);
195
keyin(s)

D s EFRL, 1ITOX— AN ERH-T, ThEXFHNE LTERT
ITROSEATREF & HIFR L= CFF & il d.

[0] S=os_md.keyin("Input? ")$
Input? This is a pen.

[1]1 S;

This is a pen.

showbyshell(s)
i shell T K s 2T LIARHEH ) O R % Risa/Asir THR

[0] os_md.showbyshell("echo %temp%")$
[1] os_md.showbyshell("dir c:\\")$

getbyshell(s)
woshell Tawy R s 23T LIBEER O/ RE 7 7 AL ELTHES
o RVfEA Id LB L, Id> 0 b IRRANBEONTZZ LEEKL, R get_line(Id) T
— (TP OLFHE LCHAIAD D, get_byte(Id) T1 /A FFOFAATL D &L HES.
o HMATDH%IL, getline(Id) 1% 0 ZiRF. #T11L getbyshell(Id) £7-iF close_file(Id)
n (Dl & B HEZ OBREE SN M.
o TURT YT 7 ANPEREEEE Ytempl F721E %tmpl F 721X DIROUT TERSNZT 417 kY
B SN D, FIEIHWONTZ T 7 AV EEEL THBHTZIZT 7 A VBMEBILD.
makev([{1,ls,...] |num=1)
2l by BERDET—D2OERLEIED
o 0 1TIE, EH, TS, HAEEIR L3 ATRE.
e 10,11,... LWHHEFIE nun=1 ZFE LRV E, a,b,... EWILFIRD.

[0] os_md.makev(["a_", 0, 1]);

a_01

[1] os_md.makev([a, 0, 1]);

a01

[2] os_md.makev([a, O, bl);

alb

[3] os_md.makev([a, 10, bl);

aab

[4] os_md.make([a,10,"_",3] |num=1);
al0_3
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[5] os_md.my_tex_form(@Q);
a_{10,3}
78. shortv(p, [v1,ve,...] [top=v)
D p OWTERSODERET v1,... Z—XFTDO v N TFOERLICEZD
RETE 0; 1T LTFORETLT, TIUHATEZILT0 F2E 1 208 F > Tl L TV AEEAL DR
ETCIZXIL, v (T 740 ML a) 22BiE > TEIZHEDI TWARNWEKSL (z £C) AT S.

[0] P=[al,a2,b,c0,c1]$

[1] os_md.shortv(P,[a,c]);
[a,c,b,d,e]

[2] os_md.shortv(P, [c,al);
[d,e,b,a,c]

[3] os_md.shortv(P, [a,c] |top=x);
[x,y,b,z,cl]

79. makenewv (/| var=v,num=n)
D LITELILTO RN LORETLE KT S
e NEIXZz_0,2z_1,...,2_9,2_10,... EWIOJET LIZEDLNTWRWEHIOEH D EZ KT .
o RETDT 7 )V D z_OF4 L var=v LIEEL TCo TEZXHEZOLND.
7272 L v IFAREIE F ST
o L OHDOEBOBIBMICEENDIAELHEEIND.
e num=n T, n{HOFH LWAREILOY X MBELND.

[0] os_md.makenewv(0);

z_0

[1] os_md.makenewv([z_0+z_1,z_2]);

z_3

[2] os_md.makenewv([z_0+z_1,z_2] |var=x);

x0

[3] os_md.makenewv([z_0,z_1] |num=3);
[z_2,z_3,z_4]

[4] os_md.makenewv(z_2*sin(cos(z_0+z_1))+z_3);

z_4

80. isvar(p)
2 op WEHEINE D DD
p BWEBOIREL, £ 95 Thnek & 0 2T

[0] os_md.isvar(dx);
1

[1] os_md.isvar(-dx);
0

[3] os_md.isvar(1l);
0

81. varargs(p,zlall=t)
R p ICEENDUERBOEKT L ZOERIZENDE RETDO Y A N EiRT
o pHTHIRY A FTH L.
o BINDWEHBMOEE DY AREZNLTHELNOIEEDY A K.
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o HEDFIEITEENDMFHEIZOVWTHBEIND.
e all=1 #FET 2 L EEND R TONFHEOKE T & 2 TOELZIRT.
e all=2 ZIHET L LA ENDIETOEKZIRT.

[0] os_md.varargs(x*sin(y)+z+cos(s-t));
[[sin,cos], [y,s,t]]

[1] os_md.varargs(x*sin(y)+z+cos(s-t)|all=1);
[[sin,cos], [x,z,y,s,t]]

[2] os_md.varargs(x*sin(y)+z+cos(s-t)|all=2);
[x,z,y,s,t]

[3] os_md.varargs(sin(cos(x)*sin(y)+@pi+z));

[[sin,cos], [x,y,2z]]

82. pfargs(p,z|level=t)
o Xp ICHND o BEEFATEWFEREEBEDOY X &R
o pIIfTHIRU A R TH L.
o BN DMFEHE L ZOHEF LFIKOMDY A P& Y A ML TRY.
o WHDOSIEUZE ENDMFHLEIZONTHLEEEIND.
e level=t : t = 1 [ZEMOFIEITIER, ¢ =2 T, BHEOFIHMOAT, TOWSE t TET (T

TH/VRMEIt=0).

[0] os_md.pfargs(log(log(log(x))),x);
[[1og(log(log(x))),log,log(log(x))], [log(x),log,x], [log(log(x)),log,log(x)]]
[1] os_md.pfargs(sin(cos(x)*cos(y)+@pi+z),x);
[[sin(z+cos(y)*cos(x)+@pi) ,sin,z+cos(y)*cos(x)+@pil, [cos(x),cos,x]]
[2] os_md.pfargs(log(log(log(x))),xllevel=1);
[[log(log(log(x))),log,log(log(x))]]
[3] os_md.pfargs(log(log(log(x))) ,x|level=2);
[[1og(log(x)),log,log(x)]]
[4] os_md.pfargs(log(log(log(x))),x|level=3);
[[1og(x),log,x]]
83. isdif(p)
2 op DOTTEMR LHERI SN D & SIFT DL EWIOMOY A M &KL, €5 TRIFAFE0 2

p NEEXRETIIFHXNTH - T, d THELIELR T2 XTFANNLTFOT NI 7 Xy Mo TND
%@ﬁpmﬁgb,%@;5a%§é1mﬁbfpﬁ§@t RoTNDEE, WHERFR LT 5.

[0] os_md.isdif ((x+dx+dxl+dy+dz)~2/z);
[[x1,dx1], [x,dx], [y,dy], [z,dz]]

[1] os_md.isdif ((x+dx+dx1+dy+dz) ~2/dz);
0

84. mysubst (r, [vi,m] linv=1) F7iZ mysubst(r,[[vl,rl],...]Iinv=1)
:osubst(r,v,71, ...) EFEZ. r BPEMET r PEERO & S IZRHIZER.
o r [IHHXSCENEM D LT HY XN, T b, ﬁﬂ(ﬁm%)&?é#,wmﬂ)&ﬁﬁw
SFHNDRET N EH > TH L CCFFIDORRIT TR E 200,
om%TEE@&%immlﬁ%ﬁﬁ%f,@ﬁ%@ﬁ%@i(wéﬂy%ﬁwﬁiﬁﬁﬁ)%ﬁ5.
85. myswap(p, [z1,22,...,2,])
D AEAXELTEOU A N EORESLOKEIEL (1,22, ...,Tn)
nMNn20OE XX, RELOAM.
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[0] os_md.myswap(os_md.myswap([x,y,z,w], [x,y,2]);
ly,z,x,w]
[1] os_md.myswap([x,y,z,w],[x,2]);
[z,y,x,w]
86. mulsubst (r, [[p1,0,p1,1], [P2,0,P2,1],...1linv=1)
s HBRELIZEOY AL, N7 M, ATHr ITEEORA pjo = pia (G =1,2,...) 2R
[[x,y],[y,x]1] Tx &y &25H.

[0] os_md.mulsubst(x+y~2+z~3, [[x,y], [y,x]11);
X" 2+y+z"3

[1] os_md.mysubst(x+y~2+z"3, [[x,y], [y,x11);
X" 2+x+z"3

[2] os_md.mysubst(["top",x,y],[x,2]);
[top,2,y]

[3] subst(["top",x,y],[x,2]);

subst : invalid argument

return to toplevel

[4] os_md.mulsubst([x,y,z], [x,w]);

[w,y,z]

[5] os_md.mulsubst([x,y,z], [x,w]|inv=1);

[x,y,2]
87. fmult(f,m,l,nl---)
omy = migr = f(mg L], n[0],n[l],. 1) EWVWD B (mg =m) DERMEFER Miengnq) RS
e/ LniXVY AR,

o IV A REIXEOEFESND.
88. mtransbys(f m, el )
AT — E?JT%BTT@ FO &RV AR, X7 MUVERIIATH m IZHIERET 5
o m OEFSr my & f(my, 0], I[1],...1--+) LEHTS.
o VX, XU MVELIIATINIRAFLTWTH LW ((THI0Y R h 7 ).
o HIEIZV AN LITLTELDD.
o T a REREOEERSIND.
e map(f,m,l[0],...) LRUZEA, map() (IR A FRA T ¥ a SEENAT.

[0] A=newmat(2,2,[[(x~2-y~2)/(x+y),x/y],
[yx/x"2, (x"2-y"2)/(x-y)]11);

[ (x"2-y~2)/(x+y) (x)/(y) ]

[ (yxx)/(x"2) (x"2-y~2)/(x-y) ]

[1] os_md.mtransbys(red,A,[]);

[ x-y x)/( 1]

[ (¢/x) x+y ]

[3] os_md.mtransbys(os_md.abs, [[1,-2],[3,-411,[1);

[[1,2]1,[3,4]]

[4] map(os_md.abs, [[1,-2],[3,-411);

[[1,-21,[3,-41]

89. mmulbys(f,m,n,l|---)
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w FIMEFE SN 7= objects @ 2 DIZX LT 1 2D object 252 BER f %, objects Zksy &4 5
7 FVERIITEIm & n OFERICIET S
o FIEIZV AN LIZLTELDD. midobject F72ITATHI.
e m & n BMTHND & ZIILL T OITANZ KT .
(zbfumyﬂbdmmLauwugij
o m ELIEn BALT—DLEL, WH (DESY) ICZDAN T —E S 7 R4 LT
e M MNRY LD EXIITRY Fb, n BRI "D EEFHNINRT bRz, REEOFEZ LT
(BT, i FH3 000 Ty 7 AR W EEZ D), BRE~7 ML TRT.
EELmE n BT (FALHA ZD) X7 b0 L X, fRIEADT—TET.
o IV alBEIRETDOEEEINS.
90. cmpsimple(p,q|comp=t)
w Xp & g OFE I &L
p DFMN q LV HERGEAOERZ, WOLAEORER %K.
iand(¢,1) =0 @ & X IEHKOEE %, iand(t,2)!1=0 O & X HIEXOMEE %, iand(t,4) =0 D & X
ERROEIEZEEL, FEITP L Q OX/NBEMRE, ZOIATHEL, EZNdH ok T & &7
T, FIFANIE, t=1T.

[0] os_md.cmpsimple((x+y)~2, (x+1)"3|comp=1); /* ZEEHDEE */

1

[1] os_md.cmpsimple((x+y)~2,(x+1)"3|comp=2); /* HIEBXDOEZL */

-1

[2] os_md.cmpsimple((x+y+z) "2, (sin(x)+cos(x))"2) |comp=4); /* RITRDEZ */
-4 /¥ REDRSDE */

[3] os_md.cmpsimple(1l,-1);

-1 /¥ REDRSDE */

[4] os_md.cmpsimple(4,2);

1 /x RINLER */

91. simplify(p,¥,tlvar=[z1,22,...])
o= [y, lq] DXL, p (DKTEHME) 1T subst(x,0p, 1) ZAXTLVMHERLEEXHRZ D
(t=1n~T7). (=[] Tl BEEXO L XL, £ 1L KICEENDE ENDEHROBIVEIRA L 2T
LT 5. BEHANDEZITILE Y A PRLZHEADY A FET 5.
e iand(t,1)!=0 O & X ILEEDOEE %, iand(t,2) =0 O & x HIEX O %, iand(t,4)!1=0 D &
IR TORIZEMEIZ, ZOIETHEL, ZNDH o iR T & 2T,
o ZOHIITHLWE XX, WMEZEHELIThEWE LT 5.
L %ﬁ;i@%%@i%ﬁj‘&%bi, {= [[600,601], [610,611],...] ET5.
o var=[zy,x9,...] ZHETDHEL, p & x1,29,... DHERE BT, 200 T OLEXOFREE
IZHHiE T 5.

[0] os_md.simplify([x+y+z+a+b,x+z+a+b], [a,-x-y-w/2-c],1);
[z-1/2*w+b-c,x+z+a+b]

[1] os_md.simplify([x+y+z+a+b,x+z+a+b], [a,-x-y-w/2-c],4);
[x+y+z+a+b,x+z+a+b]

[1] os_md.simplify(x+3*y+4*z, [x+y+z],1);

2%y+3*z

[2] os_md.simplify(x+3*y+d*z, [x+y+z],4);

-3*x-y

92. getel(m,i)
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SmRY R R, T R, ATHIT i NIRRT & mli] &R
i D [i1, da] EV0ND U R R T m BMFEIR BIE mli][ia] &K
LS T m 2 Z O F FiET

93. evalred(rlopt=[[s1,t1], [s2,t2]...1)
: 5in(0), cos(0), exp(0) 72 X% 0,1, 1 e EFOREICEEHZ D

o EHXMWZIE, UTDOLDODIHE
sin(k@pi), cos(k@pi) THEN O,il,:t% DOWT T2 H D, tan(0), asin(0), atan(0),
sinh(0), cosh(0), tanh(0), exp(0), log(1), pow(l,z), 1"z

o5 Aty TEEMZD (j=1,2,..), LWORAIZMAMT S, MHIT 2800281 SOH0 & &1
opt=[s,t] & LTH IV

[0] evalred(exp(sin(0)));

1

[1] eval(exp(sin(0)));
1.0000000000000000000000000000
[2] os_md.evalred(exp(sin(@pi)));
1

[3] eval(exp(sin(@pi)));
1.0000000000000000000000000000

94. evals(r|del=s,raw=1)
u SUFEH B D VI A RS

o P NUFHID L E1E, eval_str(s) ZilK{Y. E5HIT del=s PHEEEINZ L XL, XFH s #XY)
VB E L TRYLNTZFHNEFAL T, JEICY A & LTET. 72720, rav=1 BMEELTH
L&, FHEETICTHNIO U R MIEILCGRT.

o r MURAD [rg,r1,...] DEE, ro BILFHTRITNIE rg ZEEE 7R LT

ro(ri,ra,...) ZiK7.

ro MWXFHN OIS FERRR D2 . 51 ry,... OFITXFHDR LT, Thid eval_str() (2
FoTHONLEE LTEH SIS (execproc() bIEIT-HREDHED .

[0] os_md.evals("(x+1)"2");

X" 2+2%x+1

[1] os_md.evals("(x+y)~2,273,10/20"|del=",");
[x"2+2xy*x+y~2,8,1/2]

[2] os_md.evals("(x+y)~2,273,10/20"|del=",",raw=1);
[(x+y)~2,2°3,10/20]

[3] os_md.evals([dexp,1]);

2.71828

[4] os_md.evals(["pari","gamma",3+@i]);
(0.96286515302378809804+1.33909717605325744298*@1)

95. myeval ([r, [z1, f1,v1], [z2, fo,v2],...1)
:: os_md.myeval (subst ([r, [x2, f2,v21,...],21, f1 (0s_md.myeval (v)))) %#iKT
os_myeval ([r])=map(eval(r))
96. mydeval([r, [z1, f1,v1], [z2, fo,v2],...1)
:: os_md.mydeval (subst ([r, [z2, fo,v2],...],21, f1 (os_md.mydeval (v1)))) ZiKT
os_md.mydeval ([r])=map(deval(r))
o r ITHIMAFS DT FARATHIR Y A Mg ETH kv
o FEMNLEAXSLHEN r L &%, eval(r) Foid deval(r) KEX#HEZHND.
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o SIHNARY MARITH r O & &Y, map(eval,r) F72iX map(deval,r) ITEZHZ OND.

e v, vUg,... 1%, BT TCENFN myeval () TENKREDLOTH LW (RA2AT 0 VAT,
BRI T D).

o KL f1,... 1%, dsin R EDOEEDIEN, SIEEHE L, BHERTEET (—FRERLZLO
T) b, LV —RICER SN D OPMFRATEE THILT L.

o 1=00D& XL, EHEGHRLMBRIND.

o WAL f1 DFIBIEED D L XX (21, f1,011,01,2,...] EHET D& f1(os_md.myeval (v1)) I

f1(os_md.myeval(vy ;) ,0s_md.myeval(vy2),...)

° Ul,UQ,...%DULl,’ULg,... Z)’U A F@ké‘ﬂi, %ﬂg"gf [Ul], [’ULQ] DX 5 (::Hgfﬁﬂj‘z) (mydeval()
L myeval () T/ < Tdeval() X eval() CiMlish ).

o KL fLIZA TV ar RTA—FEMMLTHNWS L XX, f1 oRDVIZ [f1,0pt] O L D ITiEEK
t%@ﬁ7/a/)xb@ﬁ@)xk&bf%ﬁ#é.ttbqﬁi[bhm]b%w]njlm
BT, s; 134T v a TS, v ITEDHETH D (getopt O THLNADIE).

o fo LLFIZOWT A,

e F=sin(x)$

for(I=V=0;I<1000;I++) V+=deval(subst(F,x,I/1000));
T 5 EAREILN 1000 HER S, LD E ST Risa/Asir OBEREL DN
F=[y, [y,dsin,x]]$
for (I=V=0;I<1000;I++) V+=os_md.myeval (subst(F,x,I1/1000));
ETIEZFED XL S R AREFTLDAERIE Z 720, Zhix L v sz
F=£2df (sin(x))$for (I=V=0;I<1000;I++) V+=os_md.myfeval(F,I/1000));
EFTHUZ I (of. £2d£ ), myfeval())
o HEMNZ DOBIBDOIBICERI N L DX, xygraph() X° xy2graph() THHR—FEINT15D

[0] F=os_md.f2df (exp(-x"2-y"2));

[z__,[z__,dexp,-x"2-y~2]]

[1] for(V=I=0;I<1000;I++) for(J=0;J<1000;J++)
V+=os_md.mydeval (subst (F,x,I/1000,y,J/1000));

[2] V/1000°2;

0.558218

[3] F=[w, [z,0,x+y*@i], [w,os_md.abs,z"2+1]1]$

[4] os_md.myeval(subst(F,x,1,y,1));

2.23606797749978969619

[56] def mkC(X,Y){return X+Y*@i;}

[6] G=[w, [z,mkC,x,y], [w,0s_md.abs,z"2+1]]$

[7] os_md.myeval(subst(G,x,1,y,1));

2.23606797749978969619

97. myval([r, [z, f1,v1], [z2, fo,v2],...])
o myeval () & FERZREETH 573, Tﬁ'éfoﬁlgﬁ UNIE (2 (RS e

o “ABIMIL, ZTDFIE rCpi T 4r £721E 6r NEEKO & X ICIEREE AR,

o FEMBIMUE, F OB BN EEE TR E 72 1E rx@ix@pi T 4r F721F 6r N O L X \TIERERE
ZiRT.

o MHEBAKUE, FOBIEAee /211 O L& F IEMEREAZ RS

o REEH Y ITBNT, s M0 ELITLHINNTy BEHOLE, HHWILy =] T VHEED
L X IXEME Al AR,

o FEHOHMuxHEIXIEME 72l % K9

o IR fEICIE, ﬁﬁﬁ@@ V=1, ym (mIZIEER) NEENDZERDHD.
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[0] os_md.myval(sin(@pi));

0

[1] os_md.myval(sin(@pi/6));

1/2

[2] deval(sin(@pi/6));

0.5

[3] eval(sin(@pi/6));
0.49999999999999999991

[4] os_md.myval(4~sin(@pi/6));

2

[5] os_md.myval(2 exp(@pi*@i));

1/2

[6] os_md.myval(sin(@pi/3));
1/2x((3)"(1/2))

[7] os_md.myval (2xexp(@pi/3*@i));
(1x@1)*((3)"(1/2))+1

[8] eval(@@);
(1+1.73205080756887729346530507834*@1)
[9] os_md.myval((2/3)"sin(@pi/6));
1/3x((6)~(1/2))

[10] os_md.myval(os_md.abs(1-2"(1/2)));
((2)~(1/2)-1

[11] os_md.myval((27(1/2))"~(-2)+(37(3/2))+sin(€pi/6));
3% ((3)7(1/2))+1

PLEIE, ROX I REHEREEE TN,

. inZ L
sinm = 0, 496 =2 20T = 1

2exp Ti =1+ /31, (2)sinE = 46, 1-Vv2|=v2-1.

98. f2df (flopt=n)
B f D sin R EOBERF ARV T myeval O R mydeval () 51D Y X MM RXEHBIC A

e K41 sin,cos,tan,asin,acos,atan,asin,acos,sinh,cosh,tanh,exp,log,pow % & A7
L, BRO Y OROREOHBRAE G ALICEEN D, ThbERW U 2 MEXREICART 5.

o fITHEARADITD, AT DT FARITHITH L.

e opt=1,3: map(eval, f) IZxf L CTEHEZITH (Opi X° cos(0) 72 ENE TN TV DBELHDHHEL)
opt=-1,-3 : map(deval, f) (Zxf L CEHAEIT
opt=-3,2,3: f BNV A NOEELEREITO (BFITERETITKT)

[0] os_md.f2df (exp(-x"2-y~2));
[z__,[z__,os_md.myexp,-x"2-y~2]]

[1] os_md.f2df(x"(y+1));
[z__,[z__,os_md.mypow,x,y+1]]

[2] os_md.f2df(x"0.5);
[z__,[z__,dsqrt,x]]

[3] os_md.f2df (exp(-x)*(sin(x)+cos(y)));
[(z__1+z__2)*=z [z__,os_md.myexp,-x],[z__1,0s_md.mysin,x], [z__2,0s_md.mycos,y]]

[ pp—)
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[4] os_md.f2df (exp(t*sin(x)+cos(y)));
[z__,[z__,dexp, [z1__*t+z1__1,[z1__,dsin,x],[z1__1,dcos,yl]1]]
[5] os_md.f2df (exp(t*sin(x)+cos(y))/(sin(x)+2));

[(z__1)/(z__+2),[z__,os_md.mysin,x], [z__1,0s_md.myexp, [z__*t+z1 [z1__,

os_md.mycos,y]]1]]

[6] os_md.f2df (tanh(x));
[z__,[z__,0,(z__1"2-1)/(z__1"2+1)],[z__1,0s_md .myexp, x]]
[7] os_md.f2df (exp(x+y~2%@pi)) ;
[z__,[z__,os_md.myexp,x+Q@pi*xy~2]]

[8] os_md.f2df (exp(x+y~2*@pi) |opt=1);
[z__,[z__,os_md.myexp,x+3.14159265358979323829*y"2] ]
[9] os_md.f2df (exp(x+y~2*Qpi) |opt=-1);

[1*z__, [z__,os_md.myexp, 1*¥x+3.14159xy"2]]

[10] M=mat([cos(x),sin(x)], [-sin(x),cos(x)]);

[ cos(x) sin(x) ]

[ -sin(x) cos(x) ]

[11] F=os_md.f2df (M) ;

([ z__1 z__1]

[ -z__ z__11],[z__,os_md.mysin,x], [z__1,0s_md.mycos,x]]
[12] os_md.myeval (subst(F,x,0));

[10]

[01]

99. todf (f, [v1,...,v,]1) todf(Lf, [ops]], [v1,...,v,])
s BT f TEED v, 0, OU X MEREEESEDS (01X f 05130
o [ops] 1T fiCTATv 2 UAR (getopt) THEHOLNDHER).
en=1Tuv BV AFTRWVWEZIL, [W1,...,0,] FEIZv ELTWHLTH IV,
o v [3HUE, AiEE, AHA, U A MEAEKL L £2df O THRRTE 2HETI0.
LT 2|, [2exp 5], C(3 + V=1x), |¢(53 + V—1z)| IC/ET 2 U 2 MERBEEEB TV 5.
[0] os_md.todf(os_md.abs,z);
[z_0,[z_0,0s_md.abs,z]]
[1] os_md.abs(z);
[z_0,[z_0,0s_md.abs,z]]
[2] os_md.todf (floor,2*exp(x/2));
[z_0,[z_0,floor, [2*xz__,[z__,
[3] os_md.todf(os_md.zeta,1/2+x*Q@i)
[z_0,[z_0,0s_md.zeta, (1%@1)*xx+1/2]]
[4] F=os_md.abs(os_md.zeta(1/2+x*@i));
[z_1,[z_1,0s_md.abs, [z_0,[z_0,0os_md.zeta, (1*@i)*x+1/2]]11]]
[5] os_md.myfeval(F,98.831194218);
0.00000000068100083539303687859
100. df2big(f|inv=1)
i U A MEREE f AR R R NEUREHE ) S bigfloat FHRA~EE T2
e sin, cos, tan, asin, acos, atan, exp, log IZX}it.

e inv=1 DIFEITHEHREZEHRT 5.

os_md.myexp,1/2%x]11]
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[0] F=os_md.f2df(sin(x));
[z__,[z__,os_md.mysin,x]]

[1] F=os_md.df2big(F);
[z__,[z__,sin,x]]

[2] F=os_md.df2big(F|inv=1);

[z__,[z__,os_md.mysin,x]]

101. compdf (f,x,q) compd:f(f,[xl,xg,. J,091,92,---1)
MEREE f O 2 12V A MEREE g ALY A MEAE KT

o f Li%%ﬁiﬁ@ﬁﬁ@iﬁ’@%ib\ 2BV A NERE S f L glckt LT f-g 255121
compdf (x*y, [x,y], [f,g]) &T Tk

o fRglFE2df () THERWREZRA TS Lv.

o [ MIXFHDE XX, Ipl, [p], abs(p), floor(p), rint(p), zeta(p), gamma(p), arg(p),
real(p), imag(p), conj(p) MAMAE. 7272 L p i £2df O TR ATREZRZ. 2% (p) 2R L7235
A x) %?E%Ltkﬁiﬁ@"

o B xq, xo,... ICENENY A MEXEEK g1, 92,... ZRAT DL XX, ¢ = [11,29,.. ],
g=Ilg1,92,...] ETHIFEL .

[0] Sin_x=os_md.f2df(sin(x))$

[1] Exp_x=os_md.f2df (exp(x))$

[2] ExpSin_x=os_md.compdf (Exp_x,x,Sin_x)$

[3] os_md.myfeval (ExpSin_x,0);

1

[4] os_md.compdf ("|2*sin(x"2)|",x,%);
[z__,[z__,os_md.abs, [2*z__, [z__,0os_md.mysin,x"2]]]]

102. cutf(f,z, [[z1,v1], [x2,v2], , [Tn,v,]1)  cutf(f,z, [t, [zy,v1], ..., [2,,0,]1])
.: 7%( | DEEDFFE DH l0)<‘: %jfiﬁ(fﬁ@'ﬁﬁ%ﬁb‘, FOMEEIFY A MERE R EIRT
FI3BHDOY) A MO n X2 ET, 21 <29 <9<+ < Tp1 <y BT HVENDD.
o v < x1 DYHIT v ZIRT, vy X (VA MERAEE TH IV (myfeval(vy,z) ZiKF).
B I3BBORPIOEEN [] O & X%, TOHITERSNS.
x>z, DA v, ZIRT. E 35 ROKREBEOEREN [1 0L XX, FOHFEHEIND.
I1<j<nTo=z; DEEFv; ZIRT. v; (TU R MEAEHETS L.
RPN DR f(2) BT
fOEEN x ThEXE, ThEE 35 HORHOERLE L THEETH. 2L 2 iX
[t, [z1,v1]1,...] BT S,
° 2%9@’3@&#7”@%0)&% W, FORETLEEHETHI A MERXFEEKIZ L TR

[0] os_md.cutf(1/x,3,[[-1,0],[0,0],[1,0]11);

0

[1] os_md.cutf(1/x,0.5,[[-1,0],[0,0],[1,01]1);
2

[3] OS_md-CUtf(l/xyo, [[_1,()] B [O)O] B [1’0]]);

0

[4] F=os_md.f2df(sin(x)/x)$

[5] os_md.cutf(F,1.5,[[]1,[0,1],[11);
0.664997

[6] os_md.cutf(F,0,[[1,[0,1],[11);
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1
[7] os_md.cutf(1,-2,[[0,-11,[0,01,[11);

-1

[8] os_md.cutf(1,0,[[0,-1],[0,0]1,[11);

0

[9] os_md.cutf(1,0.5,[[0,-1],[0,01,011);

1

[10] os_md.cutf(x/y,0.5, [y, [-1,0],[0,0],[1,0]11);
2%x

[11] F=os_md.cutf(sin(x)/x,x,[[],[0,1]1,[11); /* x=0D&F 1 LR LT-EE */
[z_0,[z_0,0s_md.cutf, [(sin(z_1))/(z_1)1,x,[[=z_1,[1,[0,1]1,[1111]

[12] os_md.myfdeval(F,0);

1

[13] os_md.myfdeval(F,1)-dsin(1);

0

103. periodicf (f, [a,b],x) periodicf(ltov([lgi,92,-.-,9n1),C,2)
X BB LT DB o) & ABIBEEUCYRR LIS TS
e x—kib—a) Dy a<y<b&RDBHEZERALT f(y) 2iKT.
o [L] —kn OfEA 0 LLE n KO LA 28k &, o — (kn+0)c Dy 230 L L e KifFicdH 2 ¢
AT goyr1(y) IR
g 1 3EME, DV (VA MERX) B
o L BAETDLE, v #8HETHEDOLS 7Y X MEREWHIZ L TET.

[0] os_md.periodicf(x~2,[-1,1],0.2);

0.04

[1] os_md.periodicf(x~2,[-1,1],1.2);

0.64

[2] os_md.periodicf(x~2,[-1,1],2.2);

0.04

[3] F=os_md.periodicf(x~2,[-1,1],x)$

[4] os_md.myfeval(F,2.2);

0.04

[5] os_md.periodicf(ltov([1,2,3,4]1),1,2);

3

[6] G=os_md.periodicf(ltov([1,2,3,4]),1,x)$

[7] os_md.myfeval(G,2.2);

3

[7] os_md.myfeval(G,4);

1

[8] G=os_md.periodicf(ltov([x,1-x,-x,x-1]1),1,x);
[z_1,[z_1,0s_md.periodicf,[[ z_0 -z_0+1 -z_0 z_0-1 11,1,[[z_0,x]11]

104. cmpf (Lf, [a,b]] lexp=c) cmpf (x)
s AR A a7 FEAKH [0, 1) ICE LTS

b 1
o [f,[a,b1] LZJZO'C/ f(m)dx:/ g(@)de &R BB g(o) ZEEL, TREY X MEAEK
a 0
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105.
106.

107.
108.

109.
110.

LR
Bz EFRETHETHE, cmpf (2) 1 g(x) 2T

e g ="-infty"l¥a = —oco %, b="infty"iX b= oco ZEML, HRXHEDOHEY%HRXHE DO

AT 5. 72k, "-infty", "infty"IHEEOCFSIT R,
e exp DA TV a VEBELRWEEIIL T Ce=-1 &7 5.
exp=c LB c ZIELIHELED T

Lo,00] T a HHIRD £ X3 gla) = TorlE (0 =),

[—00,b] T b AHIRO L X 13 g(o) = L2 (o= Loy
[—00,00] DL XL g(z) = (grap + o) fea=sy — &) (C=2l¢))
e exp=c L ¥ c ZHRET D &

la,00] TaPNARDOE &L g(x) = T 2f(61é +a) (C= %)
1—

C(l x
[—00,b] TbAHRD & | ig( )= o - f(E ) (C=3%).
[—00,00] D& 15 g(2) = (& + ghmays) ()
o fIFVAMEREHETSH L.
o cupf ([1/(1+x72),["",""11) T/ b5 Ba%IE

2
_ _ )z TE [0,1],
9(x) = cmpt () = {2 z ¢ 10,1].

e areabezier() THbLNTWVWDE BlIchHd 7T 7 %25MH).
myfeval(f,x) (f,a) myfeval(f,[z,al) myfeval(f,[[z1,a1],...1)
myfdeval(f,a) myfdeval(f,[z,al) myfdeval(f,[[z1,a1],...1)
:: myeval () X mydeval () D5[#D Y 2 MEREE f OEEIZ a %ﬁ]\ LTiEx#52
o fOEHMNT 74N D x TR TovDEEITe & [v,a] &£7T5.
o [ DEBOELITRAT S & X138 25 %% [[x,0.5],[y,3]] #EDX ST 5.
myf2eval (f,x,y)
myf2deval(f,x,y)
: myeval() X° mydeval() O5[#D Y A MER 2 BEHE f ITRA L THEESES
myf3eval(f,z,y,z)
myf3deval(f,x,y,2)
: myeval() X mydeval() OBIEDY R MEX 3 EHEE f ICRAL THEZSES

o 1 ZEHGBA%EL f I35 x, 2 BB f 1388 x, y, 3EBHE fI13EH %, y, z ZTHWTERT.

e myfeval(f,z) & myeval(mysubst(f,[x,z])) &IZA% TH L. FIRIZ myt2eval(f,z,y)
L myeval (mysubst(f, [[x,2],[y,y]1])) L IER%ETHY, & 5T myfleval(f,z,y,2) &
myeval (subst(f, [[x,2], [y,y],[2,2]1])) FAI%ETHD (eval % deval ICEZIMIT-HDDH

[FIER) .
e myf2eval(f,a,b) iEmyfeval(f,[[x,al,[y,b]]) LA%ETHS.

[0] F=[[xx,yy]l, [xx,dcos,x], [yy,dsin,x]]$
[1] os_md.myfdeval(F,0);

[1,0]

[2] os_md.myfdeval(F,@pi/3);
[0.5,0.866025]

kX

[3] os_md.mydeval(subst(F,x,0pi/3));
[0.5,0.866025]
[4] def afo(X){ return [dcos(X),dsin(X)];}
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[5] afo(deval(@pi/3));
[0.5,0.866025]

To & LRk RER =5 5.
111. execproc({|all=1,var=k)
i U A MEFR & DIAT
UAMERTFRE &I, &, SV AN, A7 va VA RO 3OO A NEIFRTZY A B,
Thebb l=l,ly,---1 T, L;=0f;,v;,p;]1 £L72> T2 & & call(f;,vjloption_list=p;) & j =
1,2,... £379 5.
o I ayRNRVERIE, LT 4=0f;,v;] & LTI,
o HEDHMDOEYENEREND.
o REIT vl, v2,....vk XFFRIOB KA L, FHEIERL, 2 Of1,...,k BERIOEREROFITHERD
EOETEESHEI HND.
o HIZBWT, k=2RT 74V THDEN, var=k IZL > TEHETZ 5.
e all=1l: ZIZEEETHEL, ETCOEMODETHERORVENEIND (REDOETHERLOR YV E
ZOEHETHU RN
e evals() HETHEEDHET, pari() bR D.

[1] L=[[os_md.binom, [x,2]], [os_md.binom, [v1,2]1]1]1%
[2] os_md.execproc(subst(L,x,6)lall=1);
[105,15]

112. fsum(f, [m,n,d] |df=1,subst=1) fsum(f, [z,m,n,d]|df=1,subst=1)
i ARED f(z) THEABRBHEOM L) f(m + kd) & &Y
fOEENT 74V D x DL XL, B r ORETRE
dPEIN T NG XE, d=1 LRI 5.
df=1 BFEESNTND &, f & f£2df (f) ICE S THHANET 5.
subst=1 BVHEE SN TWD &, BliZRRATLIET S (72 & 213, sin(0.5) 72 &b EHUTE 2720,

[1] os_md.fsum(x,[1,10]);

55

[2] os_md.fsum(x"y, [y,0,5]1);

X"Hh+xT4+x73+x 7 2+x+1

[3] os_md.fsum(x"y,[y,0,5,2]);

x"4+x72+1

[4] P=eval(@pi);

3.14159265358979

[5] s_md.fsum(sin(x)/10000, [0,P,P/10000] |df=1)x*P;
1.99999998355037

[6] An=2x((x)~(2*n-1))/(2*n-1)$ /* term */
[7] Un=2*x"(2*n+1)/(2*n+1)/(1-x"2)$ /* error */
[8] P4=os_md.fsum(An,[n,1,4,1]|subst=1);
2/T*x"T+2/5%x~5+2/3%x"3+2%x /* log((1+x)/(1-x)) */
[9] os_md.fctrtos(@@|dviout=1,var=x,rev=1,small=1);

2.3 ,2.5 , 2.7
2r+ S + 20 + 2w
[10] subst(P4,x,1/3); /* log 2 */

53056/76545
[11] deval(@Q);
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0.693135

[12] deval(log(2));

0.693147

[13] deval(subst(Un,x,1/3,n,4));
1.27013e-005

[14] P5=os_md.fsum(An,[n,1,5,1] |subst=1)$
[15] subst(P5,x,1/3);
4297606/6200145

[17] deval(@®@);

0.693146

[18] deval(subst(Un,x,1/3,n,5));
1.15467e-006

113. fint(f,n, [t1,t2]1] | cpx=1,exp=c,int=k,prec=v) fint(f,n,l|---)
s BB A ETEER Y
o fIXHFESIEET, F 3 BIHIIMEEIEEERT.
o n INHNDETH LN, MOMBEONTE f RERINTVDLEZIT —nEH5EXDEBENERD

ZEBRZ.
e n=01% n=32MRIN5.
EEHOES
o EEKHI fDOLE, TTANMOEITx T, niZmEIOE, [t,t] ITHIXEEFRT.
o HIXMIT, t1 ="-"1% —00 %, to ="+" 1T +o0 KT

o LHMNx TR TtDEE, MK EADETE 35IHUC [t,t1,t2] LHEETS.
o FELKBIM f WMEFEHIEDO L &, cpx=1 Z4FET S (72L& 21F 1/(x"2+0i) DL X)
BERED
o MHFEMHDLE, Wl f OERITx, y, 2z 2SN TES (RMEAA).
7B, x IEHRLEH z OFEW, yIIEHERT.
o FETHEIL, FEDKOI, W2 RTHEOMEMYXMEDY A~ TEY. HEDNT A4
Tt &35, Ez2F
[[(cos(t),sin(t)], [0,2%Cpil]
IXHAT M 2R T,
o FE/YHED MR %2 KT AU D FTREAR AL TR T TR L2V, TR DA T L. &Kl
BIZY A NMITH. ez
[ [[t,0],[-1,11], [[(cos(%),sin(t)],[0,2%@pil] ]
VREAL O EE T Oy O JE % 3 iR
o FTRATIMNIK & T 25A1E, BRROBIELIEET S, e xiX
(f1,-11,01,11,01,-11,[-1,-11,[1,-1]1]
o MHRICR D MM OL AL, B#IC -1 CHETIERV. LOoRAFEOREIX
(f1,-11,01,11,01,-1],[-1,-1],-1]
ELTH I
rFay
o 77 4 /L hTIEARY = iR TR 2Tl 5 48
—int=1 Z4RET D &, |n| HE L THBAXNTELGEEHET S
—int=2 ZfHETDHE, n| HEL T T Y OARTEPHET D, 2oLk &, n3ake
5 nl+19%4 5.
o MINZHE L LT 5L, EREETORSICE O CERET ot ~2) (HHEEKO & X1E O(|t|=2)
BRSOV ERENKELRDDT, prec=16 Tzl exp=1 RELH/ET D LLHEIND Z &
B,

127



o HHIZHE O THRWVWESLTER AN D LA, prec=16 R ELEET H &
5.
o Acc=1 #IBETH & pari O WL D EHEEFEEITH .

FHRLRRZED D 72 <

7272 L ctrl("bigfloat",1) B XU setprec(prec) (2L DREE OB EN M. F7-, HEEK
T/ < Tsin(z) 72 EOPEREEZH S HAITEENSLET, RELNSKEICAER SN D ATREMEN

H5 (myeval() ODHZZM. ord() THHD).
LIFo [0, [11, [2], [3] EZEnEnROBS ZHRT .

* dz ©  \/2dz dz ex
/—oom =, Y | =7 —mv/—1, ‘Z‘:li =mv/—1, " ?dzzﬂ\/j.
[0] os_md.fint(1/(x"2+1),32,["-","+"]);

3.14159
[1] os_md.fint(dsqrt(2)/(x"2+@i),96,["-","+"] |cpx=1);
(3.1416-3.14158%01i)
[2] os_md.fint(1/(2%z),-96, [[cos(t),sin(t)], [0,2*@pil]);
(3.14159%@1)
[3] os_md.fint(exp(1/2z)/2,-96, [[cos(t),sin(t)], [0,2%Cpil]);
(-4.96894e-016+3.14159%01)
Bézier BifiR & > F-BUEFE S DX RE
R BT R il f&E 16 5%l 32 5yl 96 5| 384 1536 5y
FErn] —co<zr<oo| (n,—) [1.3x107°| 1.3x 1077 | 85x 1071 | 47 x 107*% | 2.1 x 107
o | —o<a<oo | (n,—) |23x107° [ 1.7x 107" [ 2.6x107° | 1.9x107° | 8.1 x 107!
ex |2] =1 (—n,—) | 76 x107° | 41x107% | 48x107® [1.9x 107" | 7.3 x 10713
114. fimag(f,z|inv=g)
i R ORI A& FEE O BT
[1] os_md.fimag(exp(r+x*0i));
(1%@i) *exp (r)*sin(x)+exp(r) *cos (x)
[2] os_md.fimag(2" (r+x*@i));
((2) " (r))*cos(log(2) *x) +(1*@1i) * ((2) " (r) ) *sin(log(2) *x)
115. trig2exp(f,x|inv=g)
i = AARER L AREBIE DA A L HLAL
o 774N NTIE, ZANBEEREROBEHNBCTE ML, HEBEEOBII—DICELDD.

o inv=1: HELBOBEEEOETIL, “AREEME-> TEEABRORBKICESHZD.

=ABBOREIL, —AMKOMICE LD NS,

e inv=sin(y), inv=cos(y), inv=tan(y) : x 2’ triglexp( ) DFE 2 5|HK D L X, sinx F/IE

cosx E£7-iT tany DAHBEXUCATRERIRVET (y=a DL X).

£V —#IZ inv=sin(ax +b), inv=cos(ax +b) DX I, yIFFE2E K 2z ©» 1 ®kKATHL LW (&

L %1%, inv=cos(x/2), inv=sin(x+@pi/3) 72 ).
o SR DL T O =BT BB EII LA E S v,
[0] os_md.trig2exp(sin(x),x);
(-1/2%@1i) *exp ((1*01) *x)+(1/2%0@1) *exp ((-1%@1i) *x)
[1] os_md.trig2exp(@Q,x|inv=1);
sin(x)

[2] os_md.trig2exp(16*sin(x)~5,x|inv=1);
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sin(5*x)+10*sin(x)-5*sin(3*x)

[3] os_md.trig2exp(4*cos(x) " 2*exp(x)~2,x);

2xexp (2xx) +exp ((2-2%01) *x) +exp ((2+2%Q1) *x)

[4] os_md.trig2exp(4*x*sin(x) "2*cos(x),x|inv=1);
(cos(x)-cos(3*x))*x

[5] os_md.trig2exp(sin(5%x),x|inv=sin(x));
16*sin(x) "5-20*sin(x) "3+5sin(x)

[6] os_md.trig2exp(cos(x+y),x|inv=cos(x));
cos(y)*cos(x)-sin(x)*sin(y)

[7] os_md.trig2exp(cos(2*x+y),x|inv=cos(x));
-2*sin(y)*cos (x) *sin(x)+2*cos (y) *cos (x) "2-cos (y)
[8] os_md.trig2exp(cos(2*x+y),x|inv=sin(x));
-2*cos(y) *sin(x) "2-2*sin(y) *cos (x) *sin(x) +cos (y)
[9] os_md.trig2exp(cos(2*x+3*Qpi/2) ,x|inv=cos(x));
2%sin(x)*cos(x)

[10] os_md.trig2exp(2*cos(2*x+@pi/6) ,x|inv=cos(x));
2% ((3)7(1/2))*cos(x) "2-sin(x)*cos (x)-((3)~(1/2))
[11] os_md.trig2exp(cos(x),x|inv=cos(x/3));

4xcos (1/3%x) "3-3*cos (1/3*x)

[12] os_md.trig2exp(2*cos(x),x|inv=cos(x+@pi/3));
cos (x+1/3*Qpi)+sin(x+1/3*Cpi)*((3)~(1/2))

[13] os_md.trig2exp(tan(3*x),x|inv=tan(x));
(tan(x) "3-3*tan(x))/(3*tan(x)"2-1)

LFIEFUTOEREZRLTWD

sinz = —% exp(zi) + & exp(—wi),

4cos® z - exp® z = 2exp 2z + exp((2 — 2i)z) + exp((2 + 2i)z).
inv=1 Zf5FE L7z oAl

16sin® 2 = sin 5z — 5sin 3z + 10sinz,

4z sin® x - cosx = z(cos x — cos 3x).
inv=sin(x) £721% inv=cos(x) & & L7z EOHlIZ

sin 5z = 16sin® z — 20sin® x + 5sinz,
cos(x +y) = cosx - cosy —sinz - siny,
cos(2z +y) = —2siny - cosx - sinx + 2cosy - cos> & — cosy
= —2cosy-sin?z — 2siny - cosz - sinz + cosy,
cos(2x + Z) = —2sinz - cosz,

= 2v3cos’x —sinz - cosx — V3.

voly

2cos(2x + %

~—

inv=cos(x/3) ZIEET D L

cos ¥ :4cos?’§—3008§.
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116.

117.

inv=cos (x+@pi/3) Z#IEETH &

2cosw = cos(x + %) + V3 sin(z + )

inv=tan(x) Z{ETH L

tan®x — 3tanz
tan3dxr = ———

Jtan?z — 1
isshortneg(f)
v f L —f 2REBT L UTFHN ORI O
—f ORFLTFHNOR SN f ORTLTFHNORS LTVEWINE S HET 5.
fshorter(f,z)

wor O ZAREE O

o MBI OFHHE A BBIICH T .
o BN A ZAMMOEHOIIAHEI > TV DALERDHS.

[0] os_md.fshorter(8*sin(x) ~4-8*sin(x) "2+sin(x)+1,x);
sin(x)+cos (4*x)

[1] os_md.fshorter((sin(x)-3*sin(3*x))/(3*cos(x)+cos(3*x)),x);
tan(x) "3-2*tan(x)

[2] os_md.fshorter((1-cos(2*x))/(1+cos(2*x)) ,x);

tan(x) "2

118. fzero(f, [z,z1,22] Imesh=m,dev=d,zero=1,trans=1,cont=1)

u EEUERE f OFERERD D

o HH fiXmyeval() DO TSH L.

o x IFEHT, KM [11,12] TOERRERDD.

EEx BT 74NV O x DLEEFTNEEMLT, “HBOFEIT [r1,22] TE.

o RYVEIE, FERNOELUEL ZZTO f OEDMD Y X b

o [IRZHEAXLHHAD L XTI TOLEXDFER LMD, ZOWEN 2 UL FORIFROAXE,
LA EDOWRE DT polroots () &1 5.

e mesh=m : Xf{§% m %45 L TEDO/NXBOMWNET f O FNEDLL L X, ZOMOFEEEZOL
OFTORDB. T 7 AN MEm =1024.

o dev=d : /NXBORIHOME CTEHILD 7T 7 25y TRl LTz & & OFRE 7T O R T OB
DIEZ NI~ T (B XA e B, %EMEEER) FROERGEFREET 03, TOMfVELO
RE#. 77 40 M d = 16.

o zero=1: X[ [x1,22] DWGT f OFSNEDD L EIZ, TOMDOEREZOLEORDD.

e trans=1: myeval() TEDPFHRETEIHHTHL Z L2 T @ELRITHLW).

o cont=1: f NEEEREKTHLZ LERT @EELARITHLW).

[0] os_md.fzero(3-x"2,[-2.0,2.0]);
[[-1.73205,-4.44089e-016],[1.73205,-4.44089e-016]]

[1] os_md.fzero(exp(x)*sin(x)-cos(x),[0.0,10.0]);
[[0.531391,1.11022e-016],[3.18303,-4.44089e-016], [6.28505,3.28626e-013],
[9.42486,1.23013e-011]1]

[2] os_md.fzero(2/x-x,[-1.0,10.0]);

[[1.41421,3.14018e-016]1]

119. fmmx (f, [x,x1,22] Imesh=m ,dev=d,mmx=1,zero=1,trans=1,cont=1,dif=1)

i FEEUEE f OREEZRD D
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o E¥ f 1Z myeval ) DBIEOHTH L.
o T [IZHT, KM [w1, 0] TOMIEEKRDD.
EH DT 74V bDx DL X TENEEELT, ZEBBOBHKIZ [r,22] TR
o RUMHIL, WEAZ LD x DIEL ZZTO f OEDOMD Y X b
o mmx=1: MRME T/ THRAMEE F/MEZRD S.
[lZmin s [ (@min)] s [Zmax > f (Tmax)1] DRVET, f(Tmin) D3B/ME,  f(Tmax) 23 EBKIHE.
. mesh =m : KM% m %5 L TEOREELEZ 2 >O/NX B OBEE S T ORI O W T O DR
IZRWE EZOMOMEEZ O & S>TORD B, F7 4/ MMEm = 1024.
o dev=d : FTHNBIHEXMEENTN 255 LT TE % 3 OB/ N ZIEICHE~XT, WD
b DMK ZRS, L) ZEDMIRLORKRER. 7740 Mid=16.
o dif=1: f WA TELHHHBD L E, [ OFREMELID K& BT
o dif=g: HW¥ g ODEREMEEZ D M & H72T
e zero=1: dif #{FELZL &, KEOMWET f/ (Fizid g O/FFNREDLD LEEIZ, ZTOMO f/
(72t g) OFEHROOLOEWBEL EDH8ET5.
e cont=1: dif ZFE L L &, fREHEEMTHLIZLE27R-T EELRITH LW,
e trans=1: myeval() TR TELIHMTHL 2 La7T EELRITHEW).

[0] os_md.fmmx(sin(x),[0.0,6.0]);
[[0,0],[1.5708,1],[4.71239,-1],[6,-0.279415]]
[1] os_md.fmmx(sin(x),[0.0,6.0] |[mmx=1);
[[4.71239,-1],[1.5708,1]]

[2] os_md.fmmx(cos(x),[0.0,6.0]|dif=1);
[[0,1],[3.14159,-11,[6,0.96017]]

120. £flim(f,v|prec=c,init=t)
i B x OFEEUERIE f OMIRIEA KD 5
o KU EITMIRAE. 7272 LZECFINIMPMER L, HDOVITHETE RN &, F2m+, "-"IZth
LI 400, —00 BEKT.
v=a: lim f(z)
Tr—a
v=["+",a] : lim f(x)

z—a+0
oY= ["—",CL] Emof(x)
o v ="+"": ILm f(z)
ev="-": lim f(x)

Tr—r— 00
e prec=c: ¢|E —1LAE30LATOET, ¢ 2T EMBBRMEDEMMIENET (c=00RT 74/ 1)
fx) DL BEOHPEZ, v=["+",a] DEEIF, [a+8F1a+8F T, v="+"DLXiF
[8% 8k+1] <, k=4,5,...,12 2% LT fmmx( |mmx=1,mesh=16,dev=4) THT, ZHIZL->T
MEIRDAFAEZFE L T 5.
e init=t: ¢t (XIEDFET, 774/ M EHART oIt FEVMEIZE > THARS.

[0] os_md.flim(sin(x)/x,0);

1

[1] os_md.flim(sin(x)/x,"+");

0

[2] os_md.flim((1+2*x"2)/(x+x"2),"+");
2

[3] os_md.flim((1+x74)/(1-x),"+");
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121. fcont(f, [z,z1,22] Imesh=m ,dev=d,zero=1,trans=1,dif=1) ?
u FEEEEE f ORERLRRLE D TRWVWEERD S
o HWEL f i myeval ) DEIEDIZ TS L.
o o [IAHT, KM [21, 2] TOWMIEZ KD D.
PR DT 74NV FDxDLEFTENEERLT, ZFADOGIEIT [x1,22] THU.
o RUEIE, FFERAZHOLRKMEZD28TOXF Y vy 7OMDY A K
122. fresidue(p,qlcond=[f;, f2,...],sum=1)
2 BN q 2O ETHEHEN p/q OFFRALEEOMOY A b (z BEHKT, p X ERIEE)
o f1,... 013z x, 7y EEKLETHHET (z=x+yi) TNOENETIELRDIEROAE RS
o sum=1: FEHT-THEOMERSD
o sum=2 : KMHEMZTEEOMD 2mi (52152 (HEFEREYOFEICHWD)
[0] os_md.fresidue(z"2,(z"2+1)"2);
[[(1xei), (-1/4%@i)], [(-1*ei), (1/4x@i)]]
[1] os_md.fresidue(16,z74+4);
[[(-1+1%Qi), (1-1%@i)], [(-1-1%0i), (1+1%@i)], [(1+1%@i), (-1-1%Qi)],
[(1-1%@i), (-1+1%@i)]]
[2] os_md.fresidue(16,z"4+4|cond=[y]);
[[(-1+1%@i), (1-1%@i)], [(1+1%@i), (-1-1%@i)]]
[3] os_md.fresidue(16,z"4+4|cond=[y],sum=1);

(-2*%@1)

[4] os_md.fresidue(16,z"4+4]|cond=[y],sum=2);
4%Qpi

[5] os_md.fresidue(3*z"4,z"6+1|cond=[y],sum=2);
2%@pi

[6] os_md.fresidue(3*z,z"3+0i|cond=[y],sum=2);

2%@pi

[7] os_md.fresidue(@e” (@i*z*xi),z"2+1|cond=[y],sum=2);

((@e) "~ (-xi))*@pi
[41, [51, [6], [7] (£>0) %, EEHEICLVUTORESHEEZHGTWA.

0o 1 oo 4 e} o i
76dx =4, SLd:c =2, de =2, ¢ de = e *r.
o T+ 4 | oo T3+ /-1 oo T2 +1

3.2.2 Numbers
123. abs(p) abs([p,precl)
o BEECE TR TR p DR E A R
o p WEFED L E [p,prec] & LT prec CHEDHIEERETE 5.
o REEMAESIHETHEIETH IR MEXHBELEOLND
124. sgn(n|val=1)
s Hon FILER 0 O AT
o n BNEOKEY, FAINLETIL, 0, -1 #ikd.
e n NU R NELIZRY MLOE, WESWEIZHEATZLD L OEBEAEDOLE 1, HOLE -1 %
.
val=1 #fET 5 &, EHEEKEZIET.

[0] os_md.sgn(-1.2);
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125.

126.

127.

128.

129.

130.

131.

132.

-1

[1] os_md.sgn(4/3);

1

[2] os_md.sgn([4,3,2,1]);

1

[3] os_md.sgn([4,3,2,1]|val=1);
6

calc(p,[s,q]) calc(p,s)

B L CEE A ET

ﬁﬁ%&i S=MHM o g n/u’ Ll Y P E LR DL
"neg", "sqr", "iIlV", "sgn" ﬁgﬁ‘;‘j]

map () X° mtransbys() 72 & LHAEDETHE D & 5EF).

[0] os_md.calc(x,["-",y1);

x-y

[1] os_md.calc(3,[""",4]);

81

[2] os_md.calc(x/y,"inv");

(y)/ (%)

[3] map(os_md.calc,[3,-3,0,2],"sgn");
[1,-1,0,1]

isint (p)

op WEENE S RS

p BWEEOKF 1, &5 ThnWe & 0 ZikT

israt (p)

D op WABEDNE S NS

p BWEEEORF 1, £ 5 Thnwe & 0 %2ikT

iscrat(p)

i op DECTE DI & BB ITHIENE 2 05
p DEEIEEPILITHRBOHDORE 1, %5 ThRnE & 0 2T
isalpha(n)

S BHn RT AT 7Ry ROXFa— R E D s

[0] strtoascii("1")[0];

49

[1] os_md.isalpha(49);

0

[2] os_md.isalpha(strtoascii("a")[0]);
1

isnum(n)
w B BT 0~9 OXFTa— RnE ) s
isalphanum(n)
D BE A BNT AT 7Ry NERIRETOXTa— RinE ) his
isdecimal(s)
i T s DEEELITIMNEER L TNDENE I D

o s MILFHNITHRNEXIT0 2T,

133

u<=||’ ||!=||’ ?fﬁ%—‘i s= "abs",



o HitRDZEALFHNIIEGE L THIET 5.

[0] os_md.isdecimal("0");
1
[2] os_md.isdecimal(" -2.5 ");
1
[3] os_md.isdecimal(" -2.5/2 ");
0
[4] os_md.isdecimal(-2.5);
0
133. nthmodp(a,n,p)
wa” mod p KT (al3BETn, p 1TERE)
[0] os_md.nthmodp(107,10006,10007);
1
[1] os_md.nthmodp(107,1006,1007);
425
134. issquaremodp(a,p|power=n)
D EHEIRERAND LTy RVOFGREISGT S (%) n I FEHF & — A~ EID)

o p IXFEH, n IFIEEK.
ea=0 modpDLX|T0%ET. £ Th\VEXIFILUTOMHEEZIET.

e 22=a mod p BNfEEZLHL X 1, bRV E X —1.
e power=n ZIEELZE X, 2" =a mod p DFEDOFERMBEICEEEZ D.

[0] os_md.rootmodp(12,13);
[5,8]
[1] os_md.rootmodp(11,13);
(o]
[2] os_md.rootmodp(5,13|power=3);
[7,8,11]
135. rootmodp(a,p|power=n)
np EELE LT a 0PI (ST n fIR) 2RO D
o p HiEL LTz p RIMDNEFRA/NSWIEIZY 2 Tl
o p PHREDRED & ZTFIARZ AV TEAET 5.

[0] os_md.rootmodp(12,13);

[5,8]

[1] os_md.issquaremodp(11,13);

(1

[2] os_md.rootmodp(5,13"2|power=3);
[7,8,154]

[3] 15473%13"2;

5

[4] os_md.rootmodp(17,32);

[7,9]

136. primroot(plall=1,ind=a)
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D WEBELIIEORE p OFIBIROENEFEETAERE D LD D
o p WHEHD & ZITHRBOR/NDFIRE KT .
e all=1l: JFARZ & /NS WEIZY A b TilKT.
e ind=qa : F/NOFIEIR ( ZE LT 5 a DFEH n KT ((" =a mod p).

[0] os_md.primroot(7);

3

[1] os_md.primroot(17|ind=2);

14

[2] os_md.nthmodp(3,14,17);

2

[3] os_md.primroot(7°2|all=1);

[3,5,10,12,17,24,26,33,38,40,45,47]

[4] for(P=3,V=0;;P=pari(nextprime,P+2))
if ((Q=os_md.primroot (P))>V) os_md.mycat ([Q,P]);

23

37

5 23

6 41

T 71

19 191

21 409

23 2161

137. rabin(p,q)
D Pl L gEIEETDHIT— - FJECORHEEITS (FH, BFEELRL 1 2KT)
[0] os_md.rabin(10007,2);
1
[1] os_md.rabin(1007,2);
0
138. cfrac(z,n)
o HEE S D WITFER A EOEURRT S (n 1350
e pari(cf,) &M,
o n BAD L XX, N In| LTOERSEZET GEEUED S SEIZET).
7ol Z20E, R SHTUA T ONEIE, ERFEROMEN 10 LIFRsZh b EE 5.

[0] os_md.cfrac(3.14159265358979,10);
[3,7,15,1,292,1,1,1,2,1,3]

[1] v=1237.0/4123;

0.300024

[2] os_md.cfrac(V,-10000) ;

1237/4123

139. cfrac2n(l|loop=m)

i (PEBR) K a @ OIFITE T

e loop=m: mEHANOIEERE L TWDHHESHAERT.
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[0] os_md.cfrac2n([2,3]);

7/3

[1] os_md.cfrac2n([2,3]|loop=1);
1/3%x((15) " (1/2))+1

[2] eval(@Q);
2.29099444873580562818

[3] os_md.cfrac(@e,11);
[2,3,2,3,2,3,2,3,2,3,2,3]

[4] os_md.cfrac2n([1,2,3]|loop=2);
1/3%x((15) " (1/2))+2

[5] eval(@Q);
1.43649167310370844239

[6] os_md.cfrac(@@,11);
[1,2,3,2,3,2,3,2,3,2,3,2]

140. sqrtrat(r)
c A (FIREE L BRI EEROEHRE) OPhREES
o T BHEHTH R MBS AEMOBEEETH ARV E ST (] 2T
o r MEBEOL X, m m /] WP MVID g 72720, m,n, p 38 (p > 1)
Thb.
VB ()7 (1/2)) , P X eix((p)"(1/2)) LFREND.

[0] os_md.sqrtrat(4/9);

2/3

[1] os_md.sqrtrat(-4/9);

(2/3%@1)

[2] os_md.sqrtrat(9/8);

3/4x((2)"(1/2))

[3] os_md.sqrtrat(-9/8);
(8/4x@i)*((2)~(1/2))

[4] os_md.sqrtrat(-1);

(1%@1)

[5] os_md.sqrtrat(os_md.sqrtrat(4*x@i-3));
(1+2%01i)

[6] os_md.sqrtrat((4*x@i-3)*2);
(1+2%@i)*((2) " (1/2))

[7] os_md.sqrtrat(1+0i);

(/2% ((2)~(1/2))+1/2) " (1/2) )+ (1*@i) * ((1/2% ((2) " (1/2))-1/2) " (1/2))
[8] os_md.sqrtrat(-a"2+2*a-1);
(1%@i)*a+(-1%@i)

LFIEHUTAERLTWD

vq_2,¢j4 Vﬁ 32 _9 3¢}\FT_Z¢E‘§_1+m

V2(4i — \[1+21 V1i+i= \/\f \/\f 1' fa2+2a71fazfz
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141. sqrt2rat (r|mult=1)
2 OETRRERE S AT BOA L
.p( )2 i, p(z)m - p(z)2 OFBICESND (n 13550
o NTFRGFRHIRNDESTRITH A2 —>T, £iTa~(1/2) DFELTNDH A%
o 0" (1/2) DEBREURE DAL, HEE ri, o ICE>Tri+r2-a (1/2) @TF/ iR D.
e mult=1 Z{HET D L, WEOGIEIZHONWTS ZOFHLERMEITS .

[0] os_md.sqrt2rat((x+@i)/(y+@i));
((y+(-1%@i) ) *x+(1*%@i) *xy+1) /(y~2+1)

[1] os_md.sqrt2rat((2+2°(1/2))/(2-2"(1/2)));
2% ((2)7(1/2))+3

[2] P=2"(1/2);

((2)~(1/2))

[3] os_md.sqrt2rat(P~4);

4

[4] os_md.sqrt2rat((P+1)°3/(P-1));
4x((2)°(1/2))+13

[6] -((x-1)"(-1/2))*x+((x-1) " (-1/2))+((x-1)"(1/2))
0

L, SUToHEXZRLTWND.

r4i wy—zi+yi+l 242 4 (V2 +1)3
i 1 , 2_f—2f+3 (V2)" =4, 5 =4V2 +13.
142. sint(r,plstr=t,sqrt=1,zero=0)
v B FRITEEL, VA AT (R A MRE) e E DRSO FEE A /IR T p i b
o p WADKE, WHEHALTT |p|#ix 0127 5.
o r RTLDMG B TRVERITLDE TR,
ME#epi, 7 e LMl SN 5. ERENIIZH & BT TREEND.

[ ]

e str=0 :p>0D& X, p AN FOMEL L THD M A KT

o str=1 : FHITKT.

e str=2 : 1.034%10~(—2) ® &L 9 72355 TIRT .

e str=3 :10.34 D& 5 7% TEX OLFH|TET.

e str=4 :1.034\times10~{—2} ® X 9 72 TEX O LFFITiKd.

o sqrt=1: TEX OXFHITIET & &, WA O 1 & \sqrt{-1} ITEET 2.
e zero=0:0.--- &2 L&, BRHOOZEHENT, .-+ &2,

[0] V=eval(exp(1));
2.71828182845904523521

[1] os_md.sint(V,4);

2.7183

[2] os_md.sint(1000%V,-2);
2700

[3] os_md.sint([2/3,1/7],5);
[0.66667,0.14286]

[4] os_md.sint([2/3,1/7]1,5|str=3,zero=0);
[.66667,.14286]

[5] os_md.sint(@pi+@e*@i,5);
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3.14159+2.71828*Q1

[6] os_md.sint(@pi+@e*@i,5|str=3);
3.14159+2.718281

[7] os_md.sint(@pi+@e*@i,5|str=3,sqrt=1);
3.14159+2.71828\sqrt{-1}

[8] os_md.sint(-123.0202,3);

-123.02

[9] os_md.sint(-123.0202,3|str=1);
-123.020

[10] os_md.sint(-123.0202,3|str=2);
-1.230%10"(2)

[11] os_md.sint(-123.0202,3|str=4);
-1.230\times10°{2}

[12] os_md.sint(-12.30202,3|str=4);
-1.230\times10

[13] os_md.sint(-123.0202+@i,3|str=4);
(-1.230+0.010i) \times10~{2}

[14] os_md.sint(-123.0202+@i,3|str=4,sqrt=1);
(-1.230+0.010\sqrt{-1})\times10~{2}

[15] os_md.sint(1234.567,3|str=0);

1230

[16] os_md.sint(1234.567+11.1%@i,3|str=0);
(1230+10*@1i)

143. frac2n(nlbig=1)
BRI BT (r 3R, AHAREDY 2 RRTHIRETH L)
e big=1 Z{FET % & bigfloat TIKT.

[0] os_md.frac2n(1/3);

0.333333

[1] os_md.frac2n([1/3,1/4]);

[0.333333,0.25]

[2] os_md.frac2n([1/3,1/4] |big=1);
[0.33333333333333333304,0.250000000000000000001]
[3] os_md.frac2n([1/3,1/4+1/6%@i+3/4*x]);
[0.333333,0.75*x+(0.25+0.166667*@1) ]

3.2.3 Polynomials and rational functions
144. radd(p,q)
o A p &g ORMEBEOAEXOE CEHET S
p & qiE~T MVEIIATAITH LW, —HRAD T =TGR MVEZITIESITHITS L.

[0] P=y~3/(x*y+y~2);

(y~3)/ (y*x+y~2)

[1] Q=(x"2*y-y~3)/(x*y-y~2);
(y*x~2-y73) / (y*x-y~2)
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[2] P+Q;
(y~2*%x"3+y~3%x"2-2%y"5) / (y"2*xx"2-y~4)
[3] os_md.radd(P,Q);
(x72+2%y*x+2%y~2) / (x+y)

[4] PxQ;

(y~4%x~2-y~6)/(y"2*xx"2-y~4)

[5] os_md.rmul(P,Q);

y°2
(6]

[ x

newmat (3,3, [[x,x,x], [x,x,x], [x,x,x]]);
]

]

]

[7] M1 = subst(M,x,1/x);

[ (/) W)/ (x) (D/x) ]

[ (/) W)/ (x) D/ ]

[ (/) W)/ (x) D/ ]

[8]1 M2 = subst(M,x,1/(x+y));

[ (O)/x+y) (D/(x+y) (D) /(x+y) ]

[ (OD/x+y) () /(x+y) (1) /(x+y) ]

[ (OD/x+y) (1) /(x+y) (1) /(x+y) ]

[9] M1xM2;

[ (B%x74+6%yxx"3+3%y~2%x"2) / (X" 6+3%y*x " 5+3*%y " 2%x"4+y~3%x"3)

[ x

LT -
L]

"

[ x

[10] os_md.rmul(M1,M2);

[ (3)/(x"2+y*x) (3)/(x"2+y*x) (3)/(x"2+y*x) ]
[ (3)/(x"2+y*x) (3)/(x"2+yx*x) (3)/(x"2+y*x) ]
[ (3)/(x"2+y*x) (3)/(x"2+y*x) (3)/(x"2+y*x) ]
[11] N=newmat(2,2,[[a,bl, [c,d]]);

[ab]

[cd]l

[12] os_md.radd(x,-N);

[ x-a -b ]

[ -c x-d4 1]

[13] os_md.radd(x,N[0]);

[ x+a x+b ]

[14] os_md.rmul(x,N);

[ a*x bxx ]

[ cxx dxx ]

[15] V=1tov([u,v]);

[Luv]

[16] os_md.rmul(N,V);

[ a*xutb*v cxu+d*v ]

[17] os_md.rmul(V,N);

[ axu+cxv b¥u+dxv ]
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[18] os_md.rmul(V,2);
[ 2xu 2xv ]
[19] os_md.rmul(V,V);
u"2+v-2
145. rmul(p,q)
2 FEE (0175) p & g OEBERNARK (0175) OB CTiHET S
qIFERT MVEIATHITH KWV, 20 & & p i3 7FIReX7 FATH LW (filld radd() OEEZH]).
146. polbyroot([pi,p2,....,0nl,T)
w ZEHAERTER D
RO T, (2 — py)
[0] os_md.polbyroot([a,b,c],t);
t73+(-a-b-c)*t "2+ ((b+c) *a+c*xb) *t-c*bxa
147. polbyvalue([[a1,b11,..., [an,b,1],2)
naxdDn—1REEXE nlOM 2 =a;, TOEb; THZ 5
RO n— 1 KkREEKX

[0] os_md.polbyvalue([[0,1],([2,3],[3,6]1],t);
2/3%t72-1/3%t+1
148. pgen([[z1,n1], [x2,n2]...],alsum=n,shift=m,sep=1,num=1)
s BRES ay Tap g IR, BIETn RELTFD 21,... O—REZHEXEED
e shift=1: suffix Z 1 LD D
e num=1: 10,11,... % a,b,... TR THFOE ETHKT.
e sep=1: EH D suffices D& = _ TXEID

[0] os_md.pgen([[x,2],[y,11],a_);
(a_21xy+a_20)*x"2+(a_11xy+a_10)*x+a_0lxy+a_00

[1] os_md.pgen([[x,2], [y,2]],alsum=3,shift=1);

(a32*y+a31) *x~2+(a23*y~2+a22xy+a21) *x+al3xy~2+al2*y+all

[2] os_md.pgen([x,6],2);
abxx~6+ab*x~b+ad*x"4+a3d*x"3+a2*x"2+alxx+al

[3] os_md.pgen([[x,2],[y,2]],alnum=1,sep=1);
(a2_2%y~2+a2_1*y+a2_0)*x"2+(al_2*y~2+al_1lxy+al_0)*x+a0_2*y~2+a0_1*y+a0_0
[4] os_md.my_tex_form(@Q);
(a_{2,2}y"2+a_{2,1}y+a_{2,0})x"2+(a_{1,2}y"2+a_{1,1}y+a_{1,0H)x
+a_{0,2}y"2+a_{0,1}y+a_{0,0%}

149. rpdiv(p,q,x)

wox OSHEAOE Y E
ROfE [r,m,s] : r=mx*p—s*q
mydeg(r,z) < mydeg(q,x), mydeg(m,x) =0

[0] R=os_md.rpdiv(3*x~3+x"2+5,a*x"2+x+1,x);

[(-4%a+3) *x+5%a”~2-a+3,a"2, 3xa*x+a-3]

[1] R[1]*(3*x"~3+x"2+5)-R[2]*(a*x"2+x+1) - R[0];

0

150. easierpol(p,x) F7-i% easierpol(p, [x1,z2,...]1)
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u AHEARED 2 OZTHEXOBREIC 2 2S5 F 2 VWAHEKE T T, BREORKAKITS 1 OBEREK
D LIEARNT

[0] os_md.easierpol (6*r*y/a-3*r*x~2,x) ;

axx"2-2xy

151. getroot(p,z|mult=1,cpx=1)

i ZHAOR 2 A B E 723 O G IROHEM TR D 5
e mult=1 Z45ET 5 &, EHEELBROMDY A F &R .
o RENAEBOLHADZEIT cpx=1 ZfFET 5 &, FHLEMPAHEOR S G Tk,
o BREMNFEEBOLEXNDGEI cpx=2 ZHET D &, FEHEEHMP AR OFHREM > TERE

LR HHETIET.

o RENAHBOZLHADLEIT cpx=3 ZfET 5 &, K VEMERIR L ADOETRT.
o ZHLSDORIT, ERSFBEATIRT.

[0] os_md.getroot(os_md.polbyroot([a,b,a,c+d],t),t);
[a,a,b,c+d]

[1] os_md.getroot(os_md.polbyroot([a,b, (b+c)~2],t"2),t);
[t~2-a,t"2-b,-b-c,b+c]

[2] os_md.getroot(os_md.polbyroot([a4, (b+c)~2],t"2),t|mult=1);
[[1,-a72],[1,a"2],[1,-b-c], [1,b+c]]

[3] os_md.getroot (2*x~3-x"2-4%x+2,x%) ;

[x~2-2,1/2]

[4] os_md.getroot ((2*x~3-x"2-4*x+2) "2,x|mult=1);
[[2,x"2-2],[2,1/2]]

[5] os_md.getroot (2*x~3+x"2+4*x+2,x|cpx=2) ;
[(-1x@1)*((2)~(1/2)), (1*x@1)*((2)~(1/2)),-1/2]

152. polroots(p,x|comp=t,err=r,lim={)
v B e O 1 ERZENOR, ZEBZEAOLER (FER - ER) o I AT
T 7 F v FTIEERZ /NS WIRISRT.
comp=1 #J5ET H & TR L EAR & 2 EEZIAD T
comp=-1 &7 25 &, ERLBREZETY, ZHEAORENGHEED & S HHBITHHE TIET.
comp=-2 & T % &, ERELTKTN, ZHAOKRENFELO & S GHEBITHEE TIKT.
comp=2 Z{HET 5 L AEIRD LA IKT (B TOFRENAEIDOIFOHLAG%5)).
e ”iﬁlu%®/\7% 577%&.1%“(1/\“(%4:1/\ (VT A= ZZOWT OHERFEN %B‘hé)
o ZEKLZHEAROLEL, 2 CEBE nHOV AR, pIlZHEKXDO nlOY A MERET D LI
T %*Eﬁ%%%ﬂé.
— 0 LS OEDOREY 1L, HBIRBBONSLRhoToZ L ERT. GEFELHEESIND).
- 0DHEEE, —RBICEELRP-SILZEETT EEEANTVWLIOT, HERSLD ERED
AR TR .
— EREEZ L TWEDT, T 740 b T 272 BEORPFHEOMAEL A LT, @R
EOMEHB L TWD CROTARDKGE & 13870 5).
ZOfEE, err=r Tk TEFTED.
o lim=/{ I L > TIROHFHHZHIRTE 5.
— FERFTIIETICH L, B OFFAE [a,b] IZRDITIE, ¢ DERIZ [z, [a,b]] ZAND.
— EBEY e, d] IZBRDI1Z1E, [z, [a,b], [c,d]] ZANLD.
— BEATHEEEZHIR L2V E XL, [z, 0, le,d]] &35,
— el xiFx &y ©FEHRE 0,1 1IZHIRT 511X, lim=[[z, [0,11], [y, [0,1]1]1] &4 2.
— —ODDOEBDOHLDEED & X1, & 2 lim=[z, [0,1]] F£7/1F 1im=[0,1] & L TH L.
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[0] os_md.polroots(x~4-x-2,x);
[-1.0000000000000000000, 1.35320996419932442942]
[1] os_md.polroots(x~4-x-2,x|comp=1);
[-1.0000000000000000000, 1.35320996419932442942,
(-0.17660498209966221474-1.20282081928547880591%01i) ,
(-0.17660498209966221474+1.20282081928547880591%01i) ]

[2] os_md.polroots(x~4-x-2,x|comp=2);

[-1]

[3] os_md.polroots(x~4-x-2,x|comp=-1);
[-1,(-0.17660498209966221474-1.20282081928547880591*01i) ,
(-0.17660498209966221474+1.20282081928547880591*01i) ,
1.35320996419932442942]

[4] os_md.polroots(x~4-x-2,x|comp=-2);

[-1,1.35320996419932442942]

[5] os_md.polroots([x"2+y~2-2,y"2+2"2-2,2"2+x"2-2], [x,y,2] | comp=-1) ;
((-1,-1,-11,01,-1,-11,0-1,1,-11,(2,1,-11,[-1,-1,17,0[1,-1,1],[-1,1,1],[1,1,1]]
[6] os_md.polroots([x"2+y~2-2,y 2+z"2-2,2"2+x"2-2], [x,y,2] | comp=2,1lim=[x, [0,1]1]);
[f1,-1,-13,01,1,-11,01,-1,11,[1,1,1]1]

[7] os_md.polroots([x"2+y~2-2,y72+2"2-2,x"2+2%y " 2+z"2-2] , [x,y,z] | comp=-1) ;
100

[8] os_md.polroots([x"2+y~2-2,y"2+z"2-2,x"2+2xy"2+z"2-4], [x,y,z] | comp=-1) ;
0

[9] os_md.polroots([x"3+y~2-2,x"2+y"3-4], [x,y]);
[[-0.68364887206699437088,1.52299734898613986185] ]

[10] os_md.polroots([x"3+y~2-2,x"2+y~3-4], [x,y] | comp=1) ;
[[-0.68364887206699437088,1.52299734898613986185] , [ (0.55290983195525726542
+0.67794790320397197786%*01i) , (1.61325322177512775522-0.096132145655863646024*@1)],

/x 1EDOEIRE 8 EDERIR +/
Eo [9] OFEIZIE, 0.03 sec FREN DT,
153. fctri(p)

 IE LA EEBUR R D 1 BEEZEAE, £ O TS ET S

af_noalg() %5 DT, load("sp") & LTHHZRr— NLTH Z ENRMNE.

ROMEIL fetr() ER U TH DD, ERHITERIND.

[1] os_md.fctri(4*xx"2+1);

[[1,1], [2*x+(-1*x@i), 1], [2*x+(1*@i),1], [1,1]]
[2] os_md.fctri(@i*x~3+1);

[[1,1], [x+(1*@i),1], [x~2+(-1%@1i) *x-1,1]]

154. polinsym(p, [z1,...,25],5)
(X1, ) ORFRE B AR TR
kROFEARNFFAZE sk &FRT (k=1,...,n).
[0] os_md.polinsym((a”2+b~2+c~2+d"2)"2,[a,b,c],s);
d"4+(2%s172-4%s2) *d"2+81"4-4*s2*s1 " 2+4*52"2
[1] P=os_md.polinsym(x"~2+y~2+a/(x+y+b), [x,y],s);
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(a+(s1°2-2*s82) *b+s1~3-2*s2*s1) / (b+s1)
[2] os_md.polinvsym(P, [u,v],s);
(u™ 3+ (v+b) *u”~2+v " 2*u+v~3+b*v"~2+a) / (u+v+b)

155. polinvsym(p, [z1,...,2,],5s)
:: polinsym(p, [z1,...,2,],8) OWEE
156. pol2sft(p,x|sft=t)
:: shifted power ZHAX % 5.2 %
e p=>cpz" = EVH: Y cpat @2 i=zx(x-1)---(x—n+1))
o sft=t ZRET DL 2" = ax(z—)(z—2t) - (z—(n—1)t) LVITHLIZLDZEKXOEH

[0] os_md.pol2sft(x"3, x);

X" 3-3%x"2+2%x

[1] os_md.pol2sft(x"3,x|sft=-1);
X" 3+3%x72+2%x

[2] os_md.pol2sft(x"3,x|sft=e);

X" 3-3*%e*xx"2+2xe " 2%x

157. polinsft(p,x)
:: shifted power ZIHNUICE T (pol2sft () DMiZsHL)

p=>.cpx" =Y ana = RV Y ar” (e%i=z(zr-1)---(x —n+1))

[0] os_md.polinsft(x~3-3*x"2+2%x, X);
x"3

158. sftpow(p,n)
159. sftpowext(p,n,s)
it p O s shifted n power []_ (p+ (v —1)s) ZiKT

n

H(p+ (v—1)s) #iY. sftpow( ) TiX, s=1LfREN5.
160. binom(p,n)

splp—1D(p—-2)---(p—n+1)/n! Z&T
161. expower(p,r,n)

2 (14p)" OERAEZ p" £TKDD

[0] os_md.expower(x,r,3);

(1/6*r~3-1/2%r"2+1/3*%r) *x"3+(1/2%r"2-1/2*r) *x" 2+r*x+1
[2] os_md.expower(0.5,1/3,10);

1.14471

[2] i V1.5 DIPEE KD TN D,
162. orthpoly(n|pol="type") orthpoly([n,a,...] |pol="type")
i B x O n WERZHEAZ KT
o 774 /L h T n k®D Legendre X P, (r) #iK T
o type I, Legendre, Gegenbauer, Tchebycheff, 2Tchebycheff, Jacobi, Laguerre, Hermite,
Selected ODWT IO FHINIEERRE. 72721, NS 2 XFOHLTHWENS (3 XFH
ARSI WEAT) .
e type 73, Gebenbauer @& X D3|#X [n,al T, Gegenbauer ZIHN C%(z) #iKT .
e type A%, Laguarre ® & XX, [n,al #5145 & L TIEET 5 & Laguarre ZIH Lg,fl)(x) KL,
n#gETs L, LO(2) &
e type 2% Jacobi D& XX, [n,a,c] ZHHET 5 & Jacobi LA Gy (a,b;2) = F(—n,a+n,c;x)
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IR

e type ¥ Tchebycheff ® & X%, RV fEI% Tchebychefl ZHA T, (z) T, cos(nf) = T, (cosh).

e type % 2Tchebycheff M & X%, RV U,(z) (ZOMOZn -1 KEERX) 12 V1 — 22 21T
7= b DOHE 2 7D Tchebycheff ¥ U, (z) £72%. ZD & & sinnd = U, (cos ) sin 6.

e type 7% Selected D & XU, 5IH [n,al Ik L, BPEALLEA P, (x) 2T

[0] os_md.orthpoly(5);

63/8%x"5-35/4*x"3+15/8%x

[1] os_md.orthpoly(5|pol="Tc");

16*%x"5-20%x"3+5*x

[2] os_md.orthpoly(5|pol="He");

x"5-10%x"3+15*x

[3] os_md.orthpoly(1l|pol="La");

-x+1

[4] os_md.orthpoly([1,a]|pol="La");

-x+a+l

[5] T=os_md.xylines([[-1,0],[1,0]]|scale=[6,3],0opt="thick")$

[6] T+=os_md.xylines([[0,-1],[0,1]]|scale=[6,3],0opt="thick")$

[6] T+=os_md.xylines([[-1,1],[1,1],[-1,-1]]|scale=[6,3]1)$

[7] for(I=2;I<=7;I++) T+=os_md.xygraph(os_md.orthpoly(I),
-48,[-1,11,0,[-1,1] | scale=[6,3] ,prec=6,dviout=-1)$

[8] os_md.xyproc(T|dviout=1)$

Ny FAVZIK Py(x) ~ Pr(x) DV T 7

163. schurpoly ([mq,msa,...] |var=v)
SmL > me > > my, >0 DY A kD Schur LA A KT
o T 7 )V hDEHIT x1,x2,...,xn.
o var=y &35 &, BTyl y2,...,yn
o var=[z,y,...] £35&, ZTHita,y,...

[0] os_md.schurpoly([2,1,0]);
(x2+x1) *x372+ (x272+2*x1*x2+x172) *x3+x1%x2"2+x1 " 2*x2
[1] os_md.polinsym(@Q@, [x1,x2,x3],s);
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164.

165.

166.

s2%s1-s3

[2] os_md.schurpoly([2,2,0] |var=[x,y,z]);
(y72+zxy+272) *x "2+ (2%y " 2+27 2%y) *x+2" 2%y "2
[3] os_md.polinsym(@@, [x,y,z],s);
-s3%s1+s272

seriesMc(f,k,vlevalopt=[[s1,t1], [s2,t2]...1)
O f @Wiﬁif_ IEFDOV X b v x5 k IROIEE TO Maclaurin B Z Rk 5
evalopt , BBRAREUCH U evalred ) &5 L& DA T a VERET D

[0] os_md.fctrtos(os_md.seriesMc(exp(sin(x)),8,x) |var=x,rev=1);
1+x+1/2%x"2-1/8%x"4-1/15%x"5-1/240%x"6+1/90*x"7+31/5760*x"8

[1] os_md.fctrtos(os_md.seriesMc(log(cos(x)+y),4, [x,y]) |var=[x,y],rev=1);
Y-1/2%y~2-1/2%x"2+1/3%y~3+1/2%x" 2ky—-1/4*y"~4-1/2%x " 2%y~ 2+1/24%x"4

[2] S=os_md.seriesMc(subst(1/x,x,x+a),4,x))$

[3] T=os_md.fctrtos(S|var=[x,"(x-a)"],rev=1,TeX=1);
\frac{i1}{a}-\frac{1}{a "2} (x-a)+\frac{1}{a"3}(x-a) "2-\frac{1}{a"4}(x-a) "3
+\frac{1}{a"5}(x-a)"4

[4] os_md.dviout("$\\fraclx="+T+"+\\cdots$")$

-1l _Jd@-a+L@-a?-L@-a’+L@@—a)t+ -

x a

Foo [2],[8] Tld oz =a TD 4 KRETO Taylor I ZRDT, TEX OV —ADETHAL TN 5.

seriesHG([lai,a2,...1,[b1,b2,...1,p,k)
SerieSHG([[al"--] > [bl"--] > [Cls'~-]] > [[dl,...] B [els'~-] > [f1:~-~]] B [l’,y] ’k)
M QQ%%{ﬂ%&ék an(ala ag,...,0am; bla b27 RN bn7p) @ p k {k@lﬁifi‘k&)é
FINE 2 BB Py oy safitrlbifilohin syl gy
— AR AR TSR

(I ai(ai +1) - (a;+k—1)\ 2F

F, . : .. cx) = L —
m n(ah 7a‘mab1, 7bn,.’17) ;)(H b (b +1) (bj—f—k—l) k!
ThHZbN5. Gauss OMETHRENT F(a,b,c; r) =seriesHG([a,b], [c],x,*) &725.
oy R ghg O %, #iliX fctrtos() @ [18] DIEZE S,

2 BE DRI
Z [I. 11 lﬂ (ap +v—1)- HkH;(bk+V*1)‘Hkni(ck+l/*1)liyi
0<i+j<k }cHH_J(dk:‘FV_l) Hkni(ek—FV—1)'Hk]._[1]/(fk+y_1) gt
BGHZERHEKS.

Appell DFEEMFRILIT 2 B OHIELT

Fi(a;b,V;c;x,y) = seriesHG([[al, [b], (0’11, [[c], (1,011, [z,y],*),
Fy(a;b, Ve, c;x,y) = seriesHG([[al, [b], (6’11, 001, [c], [1], [z,y], %),
Fs3(a,a’;b,b;¢;2,y) = seriesHG(L[], [a,b], [a',0'11,[[c], 00,000, [z,yl ,*),
Fy(a;b;e,c';x,y) = seriesHG([[a,b], [1, 011,001, [, [1], [z,y],%).
fctrtos(rlvar {,rev=1,dic=1,TeX=f,dviout=1,lim=n,small=1,pages=1,add=s)
s AEE RO LT O SCTFYNC AR T D

.nx1.wmxm/ A5, ZoLE, ZEHATRIGHAOLGEIL, o1&
rCHEND.
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e TeX=2, 3: WIRX O Y —2% 119 5. FEHAOL ZT@F O \frac{ H } OXXFHI L7253,
ZRHTIERIR 28 2 728541, \Bigl( \Bigr)\bigm/\Bigl( \Bigr) O DO XFF| L&}
WL T OB R A BB WATA M) S 5.

ovux:x@%@ﬁkbf%ﬁ(ﬁﬁff%i%)%@ﬁ%%bf%?.é%K,Ek2&%p

TeX=3) &7 2&, LITORIREMZ 2L 91T, F8E LIEERDONF D% LI \\ (resp. \\ &)

DAL, LOFELLIE, FHEN1 ﬁ@it%fbaauljﬂiﬁ HIE, SATITHE ETHOM DA, 1170 X FhE %

B2 DHENHNIE, TOROEDOHTYITL, SHICHEHDO®ETE ROENRHIIL) FDHEDHIZ

BITEAND.

var=[z,s] : £z 2L FH| s TEXHEZD.

var=[z,y,...] : (z,y,...) DZEAL 2T,

var=[[z,s],[y,t],...1: LT, &6l z,y,... & ZTNTR LT s, t,... TESMBZ 5.

mw1:%ﬁ%?Ebtﬁu,@ﬁm&ﬁmﬁwﬁﬁﬁwmmﬁﬁéhéﬁ TN EWIEIZTS.

dic=1: EEREZHEE LIS, HEHADOREIBEHOFENEF TCRENVEDONLLRTAT D,

var="dif0" : JEHN d T, ZORINNLFEOT LT 7Ny hTRINTWAERE, EHD d %

BRI ERFE L 22y, A7 v a v TeX 2fE LIEHEA, M3 0 2H0T, 0, DX
\Z#R7.

e var="dif" : ELRUTHAN, TeX NIEEINTWT, WMoT2EHN 1 HOALTERN 1 X
FERINTWVDEXT, MOEFHIZO TRT. MO THEEN 2EU EH > THEDOEEKL
NETREDRIETF T x0 & x99 ORICH D72 61F, W5y i&y@%gﬁkkﬁf

o var="dif1": EEFEETH S, TeX BEE SIS LT Ly £t 50 PRl Sh s,

e var="dif2" : ELFEETH DA, 1 EHETHLEMY DI iﬁﬁb\ff TR %Ev%ﬁﬁwé

o lim=n : r BEZERDO L &, WIEX O Y —A~OZEHT 11TH n XFMEEBZ 20 K 512 (TeX=2
7251 \\ 7201k (TeX=1,3 7251 \\ & THEAT. 727201, B THIEHITIT & 2LV,
RE, nBN0LUSND 30 UTOERSRSF 74/ D n =TeXLim EERENS. n=0D & X%
SCFAEHITRIZEE LA,

e small=1: BIEX OV —A~DOEMRTHEET I A NAZ A VT D,

72720, ZHIC XD 1ITOCFEAIR O BT E G S e,

e dviout=1: dviout Z HWWTHR T 5. TeX=3 VIFEI NIz AR END.
7e¥, BEFTTDHE XL, show() BEF (A7 a v RXTA—FNZOEEHRR).

e pages=1: TEX /1 T1 R—=VIZALRNE S RRERAERD L &1, \begin{align*}... D%
RIBE 2 > ThN— D &7,

e add=s : FHEDOKBRIILTH| s wAND. sITHTH L.

[0] S = os_md.fctrtos(1/(x-y) 2-1/(x+y)~2);

4xy*x/ ((x-y) "2% (x+y) "2) ;

[1] eval_str(S);

(4*y*x) / (x"4-2%y " 2%x"2+y~4)

[2] os_md.fctrtos(1/(x-y) "2-1/(x+y) "2|TeX=1);

[4yx, (x-y) "2 (x+y) ~2]

[3] os_md.fctrtos(1/(x-y) 2-1/(x+y) "2|TeX=2);
\frac{4yx}{ (x-y) "2(x+y) "2}

[4] os_md.fctrtos((x-a~4+1) 2|var=x);
x"2-2%(a-1)*(a+1)*(a"2+1) *x+(a-1) "2*(a+1) "2x (a"2+1) "2
[5] os_md.fctrtos((x-a~4+1) 2|var=x, TeX=1);
x"2-2(a-1) (a+1) (a"2+1D)x+(a-1) "2(a+1)"2(a"2+1) "2

[6] os_md.fctrtos((x+y+1/a) 2|var=[x,y],TeX=1);
x"2+2xy+y 2+\frac{2}{atx+\frac{2}{a}y+\frac{1}{a"2}
[7] os_md.fctrtos((x+y+at+b) 2|var=[x,y],TeX=1);
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X" 2+2xy+y~2+2 (at+b)x+2(a+b) y+(at+b) "2

[8] os_md.fctrtos((x+y+atb) 2|var=[x,y],TeX=1,dic=1);

X" 2+2xy+2(at+b)x+y~2+2(atb) y+(atb) "2

[9] os_md.fctrtos((x+y+a+b) 2|var=[x,y],TeX=1,rev=1);

(a+b) "2+2(a+b) y+2(a+b) x+y " 2+2xy+x "2

[10] os_md.fctrtos((a+b+dx) "2|var="dif",TeX=1);
\partial~2+2(a+b)\partial+(a+b) "2

[11] os_md.fctrtos((a+b+dxl) " 2|var="dif",TeX=1);
\partial_{x_1}"2+2(a+b)\partial_{x_1}+(a+b)"2

[12] os_md.fctrtos((a+b+dx) "2|var="dif1",TeX=1);

\frac{d"2}dx"2}+2(a+b) \frac{d}{dx}+(a+b) "2

[13] os_md.fctrtos((a+b+dx) "2|var="dif2",TeX=1);
\frac{\partial~2}{\partial x"2}+2(a+b)\frac{\partial}{\partial x}+(a+b)"2
[14] os_md.fctrtos((at+dx+dy) "2|var="difl",TeX=1);
\partial_x"2+2\partial_x\partial_y+\partial_y~2+2a\partial_x+2a\partial_y+a"2
[15] os_md.fctrtos((dx+dy) "2|var="dif1",TeX=1);
\frac{\partial~2}{\partial x"2}+2\frac{\partial~2}{\partial x\partial y}
+\frac{\partial~2}{\partial y~2}

[16] os_md.fctrtos((x+2*y-z)~(20)+1|dviout=1)$

[17] os_md.fctrtos((x+2xy-z)~(20)+1|var=z,dviout=1)$

[18] os_md.fctrtos(os_md.seriesHG([a,b], [c],x,3) |var=x,rev=1,dviout=1)$
[19] os_md.fctrtos((1/(alphatbeta)+dx+d) ~"4+1|var="dif1",dviout=1)$

Lo [18] OmifE#E=IE
ba bb+1lala+1) 5, bb+1)(b+2)ala+1)(a+2) 4
L+ cx—i— 2¢(c+1) v 6e(c+1)(c+2) *
Eoo [19] OWEFRRT, SATMESZO TRO L DT80 D.

i4+4((a+5)d+ 1)i3+6((a+ﬂ)d+1)2i2 4((a+B)d+1)° d
dzt a+p dx3 (a4 B)? dz? (a+B)3 dz

+ ((a4 +4B0° +68%a° +48%a + Bh)d! + (40® 4+ 1280° + 12B8%a + 48%)d® + (60° + 12Ba + 65%)d* + (4a
+48)d + a* +4Ba° +68%a° +48%°a + B + 1) / ((a + 5)4)

var= ZHE L THMOERFZELE LTI &

[20] os_md.fctrtos((1/(a+b)+dx1+dx2) "2|var="dif0",dviout=1)$
[21] os_md.fctrtos((1/(a+b)+dx1+dx2) "2|var="dif",dviout=1,small=1)$
[22] os_md.fctrtos((1/(b-a)+dx1+dx2) "2|var="dif2",dviout=1)$
[23] os_md.fctrtos((1/(a+b)+dx+d) "2|var="dif",dviout=1)$
[24] os_md.fctrtos((1/(a+b)+dx+d) "2|var="dif0",dviout=1)$
[25] os_md.fctrtos((1/(a+b)+dx+d) "2|var="difl",dviout=1)$
[26] os_md.fctrtos((1/(a+b)+dx+d) "2|var="dif2",dviout=1,add="u")$
[27] os_md.fctrtos((1/(a+b)+dx+d) "2|var="dif1",dviout=1,small=1)$
ITENENUTO L) TR L2 5D,
2 1

aerazz + (a + b)? (20)

92, 4 204,05, + 02, + O, +

a+b
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(9% + 20109 + 822 + {%i_bal + (%,'_})82 + ﬁ (21)

o 02 02 2 9 2 0 1
a5 12 trs - ——5— — — 5 (22)
oxg 01102 O3 a—b0x1 a—b0ry (a—0b)
2(da + db+ 1) (da +db+1)?
2 23
ot a+b 0 (a+b)? (23)
2(da+db+1) (da +db+1)?
2 24
Ox + a+b Ou + (a+0b)? (24)
d®  2(da+db+1) d | (da+db+1) (25)
dz? a+b dx (a+b)?
Pu | 2(da+db+1)du  (da+db+1)> (26)
Ox? a+bd Ox (a+0b)?
2 2(da+db+1 da+db+1)?
o+ L+ (27)

167. tohomog(r, [x1,22,...1,y)
o (,Tl, o, .. ) @ﬁi@ﬁi:ﬂkéﬁ Yy %f’gr—)\ LT (y, T1,%2,.. ) @%kaﬁ(:j«%)

[0] os_md.tohomog((x~2+2xx+axy)/(y+1), [x,yl, t);

(x"2+2xtkx+axt*y) / (y+t)

[1] P = subst(os_md.tohomog(x~2+a*x+b, [x], y), y, x-y);

(at+b+1)*x"2+(~a-2%Db) xy*x+b*y~2

[2] subst(P, y, x-1);

x"2+axx+b

r O n WREHEX p(z) L pl@) = Yajai(e — )" iz ZHENX Y aaiy™d 1L,
subst (tohomog (p, [z1,9),y, (x —y)/c) TRDHDHND.

168. substblock(p,x,q,y)
wx OBEX p glixtl, y=q BT p %z OKED nydeg(q,z) KD (x,y) DEERIZET
p, y ITHERXTH LW, gyl 2EATIER LR,

[0] os_md.substblock(x~4+axx"3+2*x+1,x,x"2+1,y);
(axy-a+2) xx+y~2-2%y+2
[1] subst(P,y,x"2+1);

X" 4+axx"3+2*xx+1

169. invf([p1,...,pnl, 1, .. 20], [y, - - ynd)
cy;j=pilx) G=1,...,n)%z;=qi(y) (G=1,....,n) &M HEEK.
7220, deg(pi,xzj) 1E, i=7jDEE1TI<jDEE 0 TRITNIZARLZRW.
=Y 1ﬁ : [ql(yl)v ce vqn(yn)]
170. mydeg(p,x|opt=1)
i deg(p,z) LRI, p TR CHRENIAE T L.
o X p ¥z ODLZHEKXTRITIIL -2 #I&T.
e pMTHID L X, A7V aopt=1 2LV, RYE RIZBWVT R[0] A&ET R[1] X2 D& (D
—).
e p=00LXITEVEN —1.

[0] os_md.mydeg((a*x+b*x~2)"2/b"2,x);
4

[1] os_md.mydeg(0,x);

-1
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171. mymindeg(p,x|opt=1)
D pBAHT—D L & Emindeg(p,z) LT, HREUFFEATEIWD, p TR EDAH F—T7%
V& X T 0 LIS DRy D fe/ N A IR
o FHEAK p ¥z ODLZHEKXTRITIIL -2 ZIET.
o p MTHIRRY FLDL &, A7 aopt=1 2LV, RUME RIZEWT R[0] KT R[1] X
ZOME (FREPD R TRYIO LD, [THOHEIE, 1ITHOR? 21TH E W E).
0 TIERWDRED 0 DHEPERHIIL, EORINR/NOALE 2 KT
o VA
—2: 2z DHEXTHRL, FHLATHD
=3 FATHNEIINT A TH D

[0] os_md.mymindeg((a*x+b*x~2)"2/b"2,x);
2
[1] A=newmat(2,2,[[x"2,0], [x,x]1]1);
[ x*2 0]
[ xx]
[2] os_md.mymindeg(A,x|opt=1);
[1,[1,0]]
[3] A=newmat(2,2,[[x"2,y72], [x,x]1);
[ x"2y°2]
[ xx]
[4] os_md.mymindeg(A,x|opt=1);
[0, [0,1]]
[5] os_md.mymindeg(0,x);
0
[6] os_md.mymindeg(x/(x+1)+a,x);
-2
[7] os_md.mymindeg(newmat(2,2),x);
-3
172. iscoef (p, f)

0 p OFREDOETH f(x) 20 ZMIETNEI NPTy r7525
o ZHEADRENGMEMITNEILOTF =y 72 LT, 0 F72iE 1 2KT.
o PRAHAD L XX, ZOHRESTIZONT, VR RPN MLRATHIO L &1L, TORSET

DEUEERITNEIDET v 7T 5.

[0] os_md.iscoef(1+1/2*x*y,os_md.isint); /* BEHFZI? */
0
[1] os_md.iscoef (1+1/2%x*y,os_md.israt); /+x HEHIRE? =/
1
173. mycoef (p,n,x)
i ocoef(p,n,r) ERUL. n, [ IEFACEEIDOY 2 FTH LW, p i3 fT8ES TREGTAEKXTI V.
o EVMEIT (FHXAD) BENICESIND.
o pxz OHEATRITIL0 ZIET.

[0] os_md.mycoef ((a+b*x)~2/b"2,1,x);
(2%a)/(b)
[1] os_md.mycoef ((a+b*x)~2/b7°2,2,x);
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[2] coef(x+a/b,1,x);

0

[3] os_md.mycoef (x+a/b,1,x);

1

[4] os_md.mycoef(A,0,x);

[0o1]

[0o0]

[5] os_md.mycoef(A,1,x);

[10]

[0o1]

[6] os_md.mycoef ((x/aty+1)°3,2,x);
(3xy+3)/(a~2)

[7] os_md.mycoef ((x/a+y+1)~3,[1,1], [x,y1);
(6)/(a)

174. pcoef (p,m,q)

pcoef (p,m, [[z1,.., 2,1, [Mmy,...,mp11)

w ZHEA ™ R L & & OHIAKX ¢ 125 285 & KT
o p XL, m ITIEATEH.
o qIFEHLERFDOY A RTH LU,
o p DEFNELL, SIHIZm BRELTp™ NHERREREAICH AR
[0] P=(x+2*y+1) "2+w"2+z$
[1] os_md.pcoef(P,8,x"2xy);
3360
[2] os_md.pcoef(P,8,[[x,y,2z],[7,2,0]]);
80640*w~3+887040*w~2+2306304*w+1647360

175. pfctr(p,z)
w o DS FE T HEK p ORES i

[0] os_md.pfctr((x"2-y~4) "3*(x-y~2/z)*xy~2/((x*z-1)*z) ,x);
[[(y~2)/(z~2),1], [x-y~2,3], [x+y~2,3], [z*xx-y~2,1], [z*x-1,-1]]

176. cterm(plvar=[z,y,...]1)
w ZEAOEREZ RS, B AEEE .
[0] os_md.cterm((x+y+a+2)"3);
8
[1] os_md.cterm((x+y+a+2) 3|var=[x,y]);
a~3+6xa”2+12%a+8
[2] os_md.cterm((x+y+a+2)~3/(a+2) ~4|var=[x,y]l);
(1)/(a+2)
177. terms(p, [z,y,...]|lrev=1,dic=1)
i ZIEKDIFET DEOREE REHEH DOV X b2+
WH L BREHED ) 2 OFEENIEF TR E VIR~ TR,
o rev=1: /NEWIEIZIE~ATRT
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o dic=1: HHIDOWREUTIEL L TN RO H TS

[0] os_md.terms((x"3+y~2+z)"2, [x,y]);
[(6,6,0],[5,3,21,[4,0,4],[3,3,0],[2,0,2],[0,0,0]]
[1] os_md.terms((x"3+y~2+z)~2, [x,y] |dic=1);
[(6,6,01,05,3,21,I[3,3,01,[4,0,41,[2,0,2],[0,0,01]
[2] os_md.terms((x"2+y~1+z)"2, [x,y] |rev=1);
(fo,o0,01,I11,0,11,[2,2,0],[2,0,2],[3,2,1], [4,4,0]]

178. polcut (p,n, [z,y,...]1|top=m)
w BEOV AN [x,y,...] OZEX p »OEN (mLE) nLIFThRVEEHIFR

[0] os_md.polcut((x+1)75,3,x);
10*x"3+10%x"2+5*x+1

[1] os_md.polcut((x+y+1)~5,3, [x,y] |top=3);
10%x"3+30%y*x "~ 2+30%y " 2%x+10%y"3

179. mydiff (p,z)
: diff (p,x) LML, p IATHIRES CTHRETIFEHRATE V. 2 b U A M TEV,
=00 X0 ZKRT.

[0] os_md.diff(x+a/b,x);

(b~2)/(b"2)

[1] os_md.mydiff (x+a/b,x);

1

[2] os_md.mydiff ((x/a+y+1)"3, [x,y]);
(6*x+6*a*xy+6*a)/(a~2)

180. myediff (p,z)
woediff (p,x) LEL. p IATHIRCES CHREITH AT L.
r=00D&xIT02IKT.
181. ptol(p,zlopt=0)
wx OZHEAX p OFEDO Y A b EFIET
LY 132 EALDY 2 bk [pl,pg,. . ] Th L.
o & MEEHD & XX [11,m0] DEIITEHD Y A MEPET.
e opt=0 (%, VAR LD 0DHEMPEIND.

[0] os_md.ptol((x-1)*(x+1),x);
[-1,0,1]
[1] os_md.ptol((a*x+b*xy+c) ~2,y);
[a~2%xx"2+2%c*a*xx+c™2,2¥b*a*xx+2*cxb,b"2]
[2] os_md.ptol([a*x+b*y, (a*x+b*y+cxz) 2], [x,y]);
[0,b,a,c™2%xz"2,2%c*b*z,b"2,2%c*a*z, 2%b*a,a" 2]
[3] os_md.ptol([a*x+b*y, (a*xx+b*y+c*z) 2], [x,y] |opt=0);
[b,a,c”2%z"2,2*%cxbxz,b"2,2*%c*a*xz,2*b*a,a” 2]
182. pfrac(p,x|root=2,dviout=1,TeX=1)
wx OFRRX p ZEHA IR L, 51, oF (ZEALRE) OMOY X M EIRT
e dviout=1 28 ET 5 &, FER%Z dviout TERRTH.
o TeX=1%2¥5ET 2L, FOBIEX OV —AnNELN5.
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o root=2 ZIFETH L, 24+ (2c—r)2? + = (2% + Vrz +c)(2? — ro +c) DL IS ROR
ROy gz iy

[0] os_md.pfrac((x"2+1)/((x-1)*(x-2)),x);

(f1,1,11,0-2,x-1,1],[5,x-2,11]1 % 1/171+(-2)/(x-1)"145/(x-2) "1

[1] os_md.pfrac(1/((x-a) 2*(x-b)),x);

[ [(-1)/(a"2-2xb*a+b~2) ,x-a,1],[(1)/(a-b),x-a,2],
[(1)/(a"2-2*%b*a+b~2) ,x-b,1] ]

pfrac(1/((x-a) "2*(x-b)) ,x|dviout=1) &35 &, LUTORRESD.

1 1
Ta-bPa-a)  @a-D@-a? (a0

pfrac(1/(x~4+1) ,x|dviout=1,root=2), pfrac(1/(x"6+1) ,x|dviout=1,root=2), L35 &, &
D =LTOEREES.

1 x4+ V2 B z—V2
t 41 2222 + V22 +1)  2v2(22 — V22 +1)
1 V3z 42 V3zr -2 1

= + .
2 +1  6(2x2+V3r+1) 6(22—V3x+1) 3(a?+1)

183. 1pgcd([p1,p2,..-1)
i ZHEKX pr,pa, ... OIERTEIET

[0] os_md.lpgcd([(x+y) 3% (x-y), (x+y) “2%x~4, (x+y) "2 (x+y+z)1) ;
X" 2+2%y*x+y”2

[1] os_md.lpgcd([0,0]);

0

[2] os_md.lpgcd([15/4,9/7,27/2]1);

3

[3] os_md.lpgcd([4/10,81);

2

184. jacobian([fy,..., fnl, [21,...,2,] Imat=1)
s BEEOM (i, fo) OB (21, .., 20) IZOWTOY 2 LT E 23y 2 E1751 %KY

[0] os_md.jacobian([x+y+z,x*y+y*z+z*x,x*y*z], [x,y,2]);

(y-2) *#x"2+ (—y " 242" 2) #x+z*y " 2-2" 2%y

[1] fctr(ee);

(01,11, ly-z,11, [x-z,1], [x-y,1]1]

[2] os_md.jacobian([x+y+z,x*y+y*z+z*x,x*y*z], [x,y,z] [mat=1) ;
[111]

[ y+z x+z x+y ]

[ zxy z*x y*x ]

185. hessian([f, [z1,...,x,] Imat=1)
s BB f OB (21,. .., 20) ICOWTONTT U EIEAS Y BITHIZIET.

[0] os_md.hessian(x"3+x*y+y~3, [x,y]);
36xy*xx-1

152



[1] os_md.hessian(x"3+x*y+y~3, [x,y] |mat=1);
[ 6xx 1]
[ 1 6%y ]

186. wronskian[fy,..., fn],zImat=1)
i PO (fr,. .., fo) DEHE 2 ITOWTOR Y AFT U EToiEn  AF—F75 2 KT .

[0] os_md.wronskian([cos(x),sin(x)],x);
cos(x)"2+sin(x) "2

[1] os_md.trig2exp(@@,x|inv=1);

1

[2] os_md.wronskian([cos(x),sin(x)],x|mat=1);
[ cos(x) -sin(x) ]

[ sin(x) cos(x) ]

187. prehombf (p,q|mem=+1)
s BB MVEROFEAER p O b EEESS. ¢ IR
e p=qDLX|L, g=0&LTLL.
o q(0,)p(z)*Tt = b(s)p(x)® 1K L, fctr(b(s)) ZiT.
e mem=1 ZIEETH L, HELY AE) —HHELERTD.
e mem=-1 Z45ETH &, LELEUEDR, HEREPOMEITREL T

[0] os_md.prehombf (os_md.mydet (os_md.mgen(5,5,x,1)),0);
[[1,1],[s+1,11,[s+2,1], [s+3,1], [s+4,1] [s+5,1],]

[1] A=mgen(2,4,x,1);

[ x11 x12 x13 x14 ]

[ x21 x22 %23 x24 ]

[2] os_md.prehombf (os_md.mydet (A*os_md.mtranspose(A)),0);
[[4,1]1,[s+1,1], [s+2,1], [2*s+3,2]]

[3] os_md.prehombf (os_md.mydet (os_md.mgen(6,6,x,1)),0|mem=-1);

188. intpoly(p,z|exp=c,cos=c,sin=c)
s B e OZHEX p (73T LB, MBI = AR OR) A BEXO MG E K
o p NEHAD L XL, EHHDRWEU [ p(z) do &Y
e exp=c ZIREELIZL &, [p(x)edr =q(x)e “&iﬁé%’%ﬁﬁq(m) S
e cos=c ZHE L L &, [p(x)coscrdr = q(z) coscx+r(z)sincr & 785 ZIHXOM [g(x), r(x)]

Ak
e sin=c ZfEE L= & X, [p(z)sincadr = q(x) coscx+r(z)sincx &7 2 ZHAOM [¢(z),r(z)]
ZiRd

e pow=c ZIEE LI L &, [p(x)ztde = q(z)z° &7 5%HNA g(z) 2T

e log=[c,d] #IEELIZLE, [p(x)log(cx + d)dx = q(x)log(cx + d) + r(x) & 7225 ZHADHM
lg(z),r(x)] Zi&Y

e log=[c,d,m] ZIEE Lz &, [p(x)log™(cx+d)de =Y q;(z)log™ / (cx +d) £72%%
HXDYU A b [go(x), qi(x),...] 2T (m ITIEEE).

.qdﬁ@%ﬁ@m%ﬁi&wﬁﬁtf%;w

o p ¥ x DHBEROKE, ZOFUAMEKEIET. 7272 Lo x @ 2 RELT O SIEK ORI KB fiE 7]
fEEh, 2 WSHERONBIRO EEG TR T T LT 5.

[0] os_md.intpoly(x~2/c+a/b,x);
(bxx~3+3*c*a*x)/(3xc*xb)
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[1] os_md.intpoly(x~2,x|exp=1);

X"2-2%x+2

[2] os_md.intpoly(x~2,x|sin=c);

[(-c™2%x"2+2)/(c"3), (2*x) /(c"2)]

[3] os_md.intpoly(4*x,x|log=[1,1,2]);
[2%x72-2,-2%x"2+4*x+6 ,x " 2-6*x~7]

[4] s_md.intpoly(2/(x"2+a"2)"2,x);
(atan((x)/(a))*x"2+a*x+atan((x)/(a))*a~2)/(a"3*x"2+a"5)
[5] os_md.intpoly(4/(x"2-a"2)72,x);
((Log(x+a)-log(x-a))*x"2-2*ax*x+(-log(x+a)+log(x-a))*a~2)/(a"3*x"2-a"5)
[6] os_md.mycoef(R,1,log(x+1));

1

[7] R=os_md.intpoly(1/(x"2-2),x);
1/4xLog((x-((2)~(1/2)))/ (x+((2)~(1/2))))*((2)~(1/2))
[8] os_md.sqrt2rat(diff(R,x));

(1) /(x"2-2)

189. integrate(f,z|dumb=k,dviout=p,log=1,frac=t,I=[a,b])
B A e _’Jb‘“CT/E$ DTD
o I=[a,b] : ﬂiﬁ/\f fdx %9,
REESDBRD oA, [0 KT
dumb=1: A v B—I&BFR LR,
dumb=-1 : ZEHEMOIEREZRT.
dviout=1: fERDEXE TEX Zffi> CTHE T 2. AWEEZ 7RI dumb=-1 OFEE (LT & %)
PAFIHE
o dviout=2: FERAEHEE L FO T TEX 2> TRRTD.
— log=1 Z$8ET D &, log|---| T2 Tlog(---) &75.
— frac=t: ZHETDH L, WHTEHEL T TORKETOEFEEZX S
iand (¢, 1) : O DN —D>DRED A, (BIOEL P OBEITER).
iand(t, 2) : LV RRPEL LD EZDH.
iand(t, 4) : b DOFEFE.
iand(t, 8) : HEOAHADL L (T 740 MIZEHAD L EDH).
e dviout=-1: f bEWIERDO TEX O Y — A %KY, ER#EEE ~T.
dumb=-1 DFFEN FTHE.
e dviout=-2: fERDOEED TEX O Y — A& IKT.
dumb=-1 Z4EET 5 &, BHEZHOBEEZEFD T A hTET.
YA FMORFITEPRERERTUTOU A b (ZOFBR@EHPHER) OV A NERD.
= [o, f(z),..] : o ZRESEHMET DRERMDZET (f(2),... D).
— [0,y.p(y),q(x)] : ZHy ZEALT ply) = q(x) L.
BB, y= p( ) DL XL, ply) OHEAAEWFHE
— [1:f(z),...]: BRMREELT (f(z),... DF).
UIFED foﬁfa'eEJ@UDTﬂ:ﬁ’\ xS (LT OFBEAOBESICEEL T, KEbRWHEAELH D).
o x OFBREM (3 FED 2 R FOZHEAORICREN RSN DLERD D)
e s BEWPxd (HEMETH IV 1KBIEKD sin, cos, exp & REIL E T HLEA
o ZIHAL 2R a” LD, x & @ 1REAHD log DLHENX, EHITITENADL LATHOR L OF
e sinz, cosx, tanz OAFR. AHE kE 2z sinkes R coskz R EDE S > TWHTH I

-2 2t 2
/r(cosx,sinx)dx:/R(l d ) dt (t=tan%)

1427142/ 1+1¢2
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e r(z)arctanp(z) O

/ r(z) arctan™ p(z) dz — / r(2)dz - arctan™ p(z)
[Pl el

1+ p(x)?

e arcsin, arccos, log I[ZHB W TH k& FERROTES 1T .
o expr X e OAHA. HEE k 2V expkr R eFT R EBRS>TVTH L

[reie= [ril w=e)

o 7(z,\/c2 = (ax — b)?) T, r(z,y) BWAFEX

arctan™ ! p(z) dx

/r(ﬂc, ¢ — (az — b)?) do = /r(gsint—l— 5 ccost)Ecostdt (z=<sint+ L)
o r(z,\/(azx — b)%> — 2) T, r(z,y) HHKX

c b csint\ csint c b
, —tr =) de = [ r( 2,22 dt (o= 2
/r(m (az ) C) . /T acost+a cost / acos?t (2 acost+a)

o r(z,\/(az — b)>+ ) T, r(z,y) NHHEKX

b

[rlev@Ta =) de= [r(S+ 2 Cd o= S )

acost a’ cost/ acos?t acost a

o rz, (220)%) T, r(z,y) AHEK

m ot" — B d ot — 3 1
az+p _ m _ raz+fB
/T(x’(Wi‘s)n)dx_/r<_7t”—a’t )(_%vt”—a)dt (t_(wi‘s)n)

o r(z,\ax + B,v/yx +0) T, r(z,y,z) NEHX

/r(az,\/ax—i—ﬁ,\/’yx—i—é)dx:/r<t2;6’ ,atQ_i(S—’—ﬁ’y’t)itdt (t = /;71:-&-5)

[0] os_md.integrate(x~2/c+a/b,x);
(b*x~3+3*c*a*x)/ (3*c*b)
[1] os_md.integrate(x"2*exp(x),x);

exp (x) *x~2-2%exp (x) *x+2*exp (x)

[2] os_md.integrate(x*a"x,x);

(((a) " (x))*log(a) "2xx-((a) " (x))*log(a))/(log(a)~3)

[3] os_md.integrate(x"2*sin(c*x),x);

(-cos(c*x) *c~4*x"2+2*sin (c*x) *c~3*x+2xcos (cxx) *c~2) /(c”5)

[4] os_md.integrate(4*x*xlog(x+1)°2,x);

(2%log(x+1) "2-2x1log (x+1) +1) *x"2+(4*1log(x+1) -6) *x-2x1log (x+1) "2+6*1log(x+1)
[5] os_md.integrate(2/(x"2+a"2)72,x);
(atan((x)/(a))*x"2+a*x+atan((x)/(a))*a~2)/(a~3*x"2+a"5)

[6] os_md.integrate(4/(x"2-a"2)72,x);
((Log(x+a)-log(x-a))*x"2-2*xaxx+(-log(x+a)+log(x-a))*a~2)/(a"3*x"2-a"5)
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[7] os_md.integrate(1/(x"2-2),x);

-1/4*Log ((x+((2)~(1/2)))/ (x-((2)"(1/2))))*((2)~(1/2))

[8] os_md.integrate(1/(x"4+1),x);

(1/8*log(x~2+((2) " (1/2))*x+1)-1/8%1log(x"2-((2) " (1/2) ) *x+1)+1/4
*atan (((2) " (1/2))*x+1)+1/4*atan(((2) " (1/2))*x-1))*((2) " (1/2))
[9] os_md.integrate(1/(x"6+1),x);

(1/12%1og(x~2+((3) " (1/2) ) *x+1)-1/12*1og (x"2-((3) " (1/2) ) *x+1) ) *((3)~(1/2))
+1/6*atan (2*x+((3)~(1/2)))+1/6%atan(2*x-((3)~(1/2)))+1/3*atan(x)
[10] sqrt2rat(diff(@e,x));

(1)/(x"6+1)

[11] os_md.integrate(2*x*sin(x)*exp(x),x);
(sin(x)-cos(x))*exp(x)*x+cos (x) *exp(x)

[12] os_md.integrate(tan(x),x);

-log(cos(x))

[13] os_md.integrate(2*sin(2*x)*tan(2*x),x);
-sin(2*x)+log((sin(x)+cos(x))/(sin(x)-cos(x)))

[14] os_md.integrate(tan(x)"2,x);

(-cos(x)*x+sin(x))/(cos(x))

[156] os_md.integrate(1/(3*cos(x)+4*sin(x)),x);
1/5%log((3*tan(1/2*x)+1)/(tan(1/2*x)-3))

[16] os_md.integrate(atan(x),x);

atan(x)*x-1/2*log(x"~2+1)

[17] os_md.integrate(6*(x"2+1)*atan(1/x),x);

2xatan ((1)/(x))*x"3+x"2+6*atan((1)/(x))*x+2*xLog(x~2+1)

[18] os_md.integrate((2*b*x-a"2*x"2)"~(-1/2),x);
(asin((a~2xx-b*a)/(b)))/(a)

[19] os_md.integrate((a~2-x"2)"(1/2),x);

1/2x ((-x"2+a~2) " (1/2) ) *x+1/2*asin((x)/(a))*a"2

[20] os_md.integrate((x~2-1)"(-1/2),x);
log(x+((x"2-1)"(1/2)))

[21] os_md.integrate((x~2-1)"(1/2),x);

1/2%((x72-1) " (1/2) ) *x-1/2*Llog (x+((x"2-1) " (1/2)))

[22] os_md.integrate((x"2+a~2)"(-1/2),x);
log(x+((x~2+a"2)"(1/2)))

[23] os_md.integrate(2*(x"2+a~2)"(1/2),x);

((x"2+a”~2) " (1/2) ) *x+log(x+((x"2+a"2) " (1/2)))*a"2

[24] os_md.sqrt2rat(diff(@e,x));

2% ((x"2+a~2) " (1/2))

[25] os_md.integrate(x~(1/2)/(x+1),x);

2% ((x)~(1/2))-2*atan(((x) " (1/2)))

[26] os_md.integrate(x~(1/3)/(x+1),x);
3x((x)7(1/3))-atan(2/3*%((3) " (1/2) ) *((x) ~(1/3))-1/3*%((3)~(1/2)))*((3)"(1/2))
+1/2%1og (((x)~(1/3))"2-((x)~(1/3))+1)-1og (((x)~(1/3))+1)

[27] os_md.sqrt2rat(diff(@@,x));
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((x)~(-2/3))*x) / (x+1)

[28] os_md.integrate(((2-x)/x)"(1/2),x);

(((=x+2)/ (%))~ (1/2) ) *x-2*xatan ((((-x+2) / (x)) " (1/2)))
[29] os_md.integrate(1/(Q@e"x+Qe”(-x)) ,x);
atan(exp(x))

[30] os_md.integrate((sin(x)*x+cos(x))/(cos(x)*x),x);
loglx|-loglcos(x) |

[31] os_md.integrate(asin(x)"2,x);

(asin(x) "2-2)*x+2*asin(x)*((-x"2+1) " (1/2))

[32] os_md.integrate(1/(x*log(x)),x);

log(log(x))

Eo [0]1~[32] TiX
/0 (22° + §) do = 502° + §u,
/xQez dx = (2° — 22 + 2)e”,

/xazdx: (zloga —1)a ’

/x2 sincrdr = (—12* + %) coscx + Zwsinez,

/4xlog2 |z + 1] dx = (222 — 2)log® |z + 1| — (222 — 42 — 6) log |z + 1| 4+ 22 — 62,

/ 2dx 1 tan = N x
———— = —arctan — + ——————
(22 +a2)2 a3 a a?(z? +a?)’
1
3

/i_i(lo |z + a| — lo \x—a|)—27x
@2 —a2)? a3\ 8 222 —a?)’

/ d —Qlo z— V2

2-2 4 Bl Al
d 2 2 20+ 1 2

/le = % log m + %(arc‘can(\/ﬁm +1)+ arctan(\/im — 1)),
dx

/ng(logx2+\/§z+1’710g’x2—\/§x+1‘)

+ garctan(2z + V3) + tarctan(2z — V3) + farctanz,

/msinx -e*dz = (z(sinw — cosz) + cosx)e”,
/tanxdm = —log | cos x|,

sinx
/tan2 rdr = —T

cos T
/ dz 711 3tan%+1
3cosz +4sinz 5 & tan £ —3 |’

/arctanx dr = rarctanz — & log(2* 4 1),

/6(:52 + 1) arctan 2 do = (22° + 62) arctan 2 + z° + 2log(z” + 1),
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a’z —ab

b )

/\/aQ—xdez%(m\/aQ—x2+a2arcsin§),
/%zlog‘m—&—x/ﬁ—l‘,

/\/z2—1daz:%(:z:\/xQ—1—log(x+\/az2—1)>,

1
/(be - a2x2)_%dac = — arcsin
a

72 + a?|,

/ dz B
Virra
/2\/x2 —|—a2dx:9:\/x2—|—a2+a210g}z+ \/1:2—|—a2|,

d
vede = 2¢/x — 2arctan /z,
r+1

xd
ﬁlx—?)f—\/garctan—f — By 4 Llog |[Va? — ¢z + 1| —log |V + 1,

[o — 9 9 _
/ xdac—x 7—2arctan x

—— = arctanexp(x
/eere z ( )
rsinx 4+ cosx

T CoST

dx = log|z| — log | cos(x)|,
/arcsin2 zdx = zarcsin? z + 2¢/1 — 22 arcsinz — 2,
d
/ R log(log )

xlogx

FHETWA.

[33] os_md.integrate(1l/(x"4+4) ,x|dviout=1,log=1)$

dx 1 1 1 2? + 22 + 2
/ prranris arctan(z + 1) + A arctan(z — 1) + 16 log <372—2x+2

[34] os_md.integrate(((1-cos(x))/(1/2-cos(x)))"(1/2),x|dviout=2)$

1
—cos(x)+1\2 1
—_— d t = tan(s

/(—COS(:C)—I—%) x ( an(Qx))

Ay ) et
:/ 3t2-1 gt
241

(ﬁt B 1())

— / _742 da;
3 (sin(s))” — 4
(u = tan(s))

4
Y R S
/u2+4 b
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= 2arctan(

l

2

(28111 >
= 2arctan

L. /3¢

5

= 2arctan(

= 2arctan % tan ) — 1)

[35] os_md.integrate(x*sin(x),x|I=[0,0pil);

Opi

[36] os_md.integrate(x"2%exp(-x),x|I=[0,"infty"]);
2

[37] os_md.integrate(log(x),x|I=[["+",0],1]1);

-1

o [35]~[37] TA > = dviout=1 ZEETHLUTHEONS.

™ oo 1
/ sin(z)x de =, / exp(—z)x? do = 2, / log(z)dx = 1.
0 0 0

190. powsum(n)
2142+ m" O mE x CEIHXT 0+ 1 RSEX AT

[0] os_md.fctrtos(os_md.powsum(3));
1/4%x"2%(x+1) "2

191. bernoulli(n)
2 n RO Bernoulli WX B, (z) % i3

[0] os_md.fctrtos(os_md.bernoulli(3));
1/2%x*k (x-1) % (2*xx-1)

3.2.4 Functions with real/complex variables
DUF OEMEHEBTIIES GBI 2FEEBICT 2 5072 Y X Mgz iR T.
192. frac(x)
o B DNy
pari(frac,z) & [A%
193. erfc(z) erfc([z,precl)
i FRAHRAZE B erfe(x) = % [Zeat
pari(erfc,x) 713 pari(erfc,xz,prec) & I[F%E.
194. fouriers(lag,a1,...,am],[b1,b2,...,0,],2lcpx=1,sum=f,y=t,const=c)
fouriers([f,m], [g,n],z|cpx=1,sun=f,y=t,const=c)
:: AR Fourier #%4% ag + a1 cos z + az cos 2z + - - + a,, cosmz + by sinx + by sin 2z 4 - - - + b, sinnz
o cpx=1 D& XL, ag+ are” + aze?? + - + 4, €™ + bre "% 4+ bye 2 4. 4 be M
o [ag,a1,...,ap] DIXDLYVIZ [f,m] LHRETHZENTE, ZD&XF a, =myfeval (f,k,t)
LIRREND 0<k<m).
7272 L const=c ZHRETH &, ag X c THROND. £, fOEKIZy BREENRNE XX
y=t DEEFBRINS.
o [by,...,0,] DRDOVIT [g,n] LHWETHIENTE, Z0DE&XIT b, =myfeval(g,k,t) &fE
Ranz 1<k<n).
o sum=1: F =P uaRfEEzHNS
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e sum=2 : VI vRFEEZH WS,
e sum=s(x,y) : 7— VU =B OAHRM

n—1

ap + Z s(£,n)(ay cos kzx + by, sin kx)
k=1

WZBWT 1 EIEfR B 720 E s(%,n) THFEL TRIEZ WD MANEZIT 5. F =P aink T,

s(r,y) L1 —x, Y7<AETIE S 205,

sum=Qe " (-t*x"2*y~2) : BAGFRRAEG 297 — U =D ¢ Bk OIRE A &R
[0] for(R=[1,I=21;I>0;I--) R=cons((1-(-1)"I)/(2*I),R);
[1] R;
(t+,0,1/3,0,1/5,0,1/7,0,1/9,0,1/11,0,1/13,0,1/15,0,1/17,0,1/19,0,1/21]
[2] F=os_md.fouriers([],R,x)$
[3] os_md.xygraph(F,-192, [-3*@pi,3*@pi],0,[-1,1] |scale=[0.7,1.2],ax=[0,0],prec=6,
dviout=1);

o 211, KoLz LThEn (D0 sin(2m + 1)z).

[2] F=os_md.fouriers([], [(1-(-1)"x)/2/x,21],x)$

fouriers([1, [(1-(-1)"x)/x,n],x) : ¥ GRKMEE T)

fouriers([1, [-(-1)"x/x,n],x) : $& (RKEIL §)

fouriers ([(1-(-1)"x)/x,n], [1,x) : =M URAM L FoMEE £50)
fouriers([sin(x*y)/x/y,nl, [1,x|const=1/2,y=t) : & 2t DFE/ VL2 ( > 0 1T+5/1N)
fouriers([2*(1-cos(x*y))/x~2/y"2,n], [],x|const=1/2,y=t) : W& 2t D =/ /L A}
fouriers([1,n], [],xlconst=1/2) : T4V 7 L%
fouriers([1,n],[],x|lconst=1/2,sum=1) : 7 = A =—/)L§%

fouriers([e~ (-x"2*y),nl, [1,x|const=1/2,y=t) : ZHFRADHEALNE

[4] P=os_md.fouriers([], [(1-(-1)"x)/x,41],x|sum=0e" (-x"2*%y~2/100))$
[5] os_md.xygraph(P,-24,[0,@pi],0,[0,1.8]ax=[0,0],prec=6,dviout=1)

o /100 % /10, /3, /1, *3 LT 5 L, RIZLLFRFREINS. ZHIFAROEIO—EIRE (=&
Z13 1000°) DO 2 KL 0 LI 0° 1Ime L7z & & OIRESA OB L 25 Z LN TE 5.

ol

¥, MO HER LTSS WIERIEDREY, LORZEIC "5 Lic b OGO R % 5
A%, BURT L0, [6] @ [0,6pi] % [0,@pi/2] ICAHE LT L.
195. myexp(z)
i FEHRAEL exp(2)
196. mysin(z)
i =ABIH sin(z)
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197. mycos(z)
i =B cos(2)
198. mytan(z)
i =B tan(z)
199. myasin(z)
W = B asin(z)
200. myacos(z)
W= AR acos(2)
201. myatan(z)
W= A PEE atan(2)
202. mylog(z)
= XL log(2)
203. mypow (z,w)
= R 2
mypow (0, w) X w K S TIZ 0 %, mypow(z,0) X 2£A0 DL E1%IKT.
204. myarg(z)
R arg(z)
RAL, (—m, 7] OHEFHAPIERIND.
2 VL OBERE (2 DY A M7 hL) TH L.

[0] os_md.myarg(2-0i);
-0.463648
[1] os_md.myarg([2,-11);
-0.463648
FERBEH, B, = AR, W =AEE, mypow (), myarg() 1E, dexp(), dsin(), dcos(), dtan(),
dacos(), dsqrt (), datan(), real (), imag() ZHAALE THEIIN TS,
205. sqrt(z) sqrt([z,precl)
vz DR EG 2D
e pari(sqrt,z) F£721% pari(sqrt,z,prec) & [FI%.
o prec IFE (i) #525.
o V2 EIIE V2 BNEHEEr LB X, r HDOIT rxei ZiRT.

[0] os_md.sqrt(2);

1.41421356237309504876

[1] os_md.sqrt([2,30]);
1.414213562373095048801688724209698078568

[2] os_md.sqrt(-1);

(1.0000000000000000000*@1)

[3] os_md.sqrt(@i);
(0.70710678118654752438+0.70710678118654752438+01)

206. arg(z) arg([z,precl)
iz O
pari(gamma,z) F£7-1% pari(arg,z,prec) & [F%.

[0] os_md.gamma(1);
0.99999999999999999994

[1] os_md.gamma(100000) ;
2.82422940796034787421 E456568
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[2] os_md.gamma(@i);
(-0.15494982830181068512-0.49801566811835604271*@1)

207. gamma(z) gamma([z,precl)
w W~ EE T (2)
pari(gamma,z) $£7-1% pari(gamma,z,prec) & [F%.

[0] os_md.gamma(1);

0.99999999999999999994

[1] os_md.gamma(100000) ;

2.82422940796034787421 E456568

[2] os_md.gamma(@i);
(-0.15494982830181068512-0.49801566811835604271%@1)

208. digamma(z) digamma([z,prec])
::?4ﬁy7@#¢@):¥8
pari(psi,z) £721% pari(digamma, z, prec) & [FI%.
209. lngamma(z) 1lngamma([z,prec])
: log(T'(2))
pari(lngamma,z) F72/% pari(lngamma,z,prec) & [R5,
210. dilog(2)
c A B B Lig(2) = Y00, &
pari(dilog,z) & [AI%.
211. zeta(s) zeta([s,precl)
i zeta BHC(s)
pari(zeta,s) F£71% pari(zeta,s,prec) & [F%.
212. eta(r) eta(lr,precl)
:: Dedekind @ Eta B4 (1) = 57 [[2°_, (1 — 277
TIEE B IEOEFEK.
pari(eta,T) F£72i% pari(eta,T,prec) & [FI%.
213. jell(r) jell([r,precl)
:: Elliptic j-invariant j(7)
TILEM A IEOHEFEL.
pari(jell,s) E7-i% pari(jell,7,prec) & [A%.

3.2.5 Lists and vectors
214. 11size([mq,ma,...]
2 VAR my; YA RNMIRL, By my OfE%E my OEZRO R AREE Z RS

[0] os_md.1llsize([[1,2],[0,1,2,3]1,[111);
[3,4]

215. findin(m, [y, ¢1,...1)
D mIAIZELWERSE (o, b, ... DHEET
o FWNCRAOM o TeFEFHIKT. FFE LR THIE -1 21K7.
e 2FHDSIHILY A F TR TARZ MTHTAL

[0] os_md.findin("cat", ["man","dog","cat","bird"]);
[1] 2

216. countin(s,m, [{y,¥1,...]1|step=k)
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s BLEm BUFD {ly, by, ..} OEFEOMEL, W& m TOREE AR LIRS
B%EOBIHUTY A B TRETRZ ML THAL

step=k ZIEET D L, s N HEMKE m BICXE 57 [k MOXEIZA S TOMEKD Y 2 b %iET
(m >0 TRITNITZR B2,

BIROXEID L% LNb DL, k BIEORIZ/NSWHIZAN T, ADRIIREWHICKZ S, 7272
Lkl=10LtxE, 7—FDORROLODEZEZLXMETHAD.

[0] os_md.countin(2,4,[1,2,3,4,5,2,0]);

4

[1] os_md.countin(0,0.5,[1.1,1.2,1.4,1.6,3.1,3.4,3.4,3.7]|step=1);
(0,0,3,1,0,0,3,1]

[2] os_md.countin(0,0.5,[1.1,1.2,1.4,1.6,3.1,3.5,3.5,3.7] |step=-1);
(0,0,3,1,0,0,1,3]

[3] os_md.countin(0,0.5,[1.1,1.2,1.4,1.6,3.1,3.4,3.4,3.7]|step=5);
[0,0,3,1,0]

217. delopt({,slinv=1) delopt(¥, [s1,S2,...]]linv=1)
A TvaryI AN (VARDY AR AT vars (BEEEY) 2RSS, Fioidksdd
CEYAR [, ly,...] ETHEE, 0 30 ARTHST, £ ORFOMIN s IZHELNE XY
FERWZ U R N AR
BEOL T a vy s BHRETDHEXE, TNHEVRANMIELDTHRET 5.
o M INIZFREROWONE, £ NONERFZ TR,
o inv=1: ZNZIEET DL, {; OBRMOKETD s 12 (s Y R PO, ZOWNTFNNIT) FL
bDODHDY A il

[0] Opt=[["opt",1],["inv",0], ["s", ["title",2]]1];
[[opt,1], [inv,0], [s, [title,2]]]

[1] os_md.delopt(Opt,"opt");
[[inv,0], [s, [title,2]1]]

[2] os_md.delopt(Opt,"inv");
[[opt,1], [s, [title,2]]]

[3] os_md.delopt(Opt,"inv"|inv=1);

[[inv,0]]

(4] L=([0,1,2],[1,2,3],[3,4,5],[4,5,61,[0,2,4]1];
(fo,1,21,11,2,31,03,4,5],[4,5,6],[0,2,4]]

[5] [2590] os_md.delopt(L,0|inv=1);
[fo,1,21,[0,2,41]

[6] os_md.delopt(L,[0,2] |inv=1);
[fo,1,21,[0,2,411]

[7] os_md.delopt(L,[0,3]|inv=1);
(fo,1,21,I13,4,5],[0,2,4]1]

[8] os_md.delopt(L,[0,3]);

[f1,2,31,04,5,6]1]

218. mycat([¢y,..., 4] |delim=s)
219. mycatO([¢y,...,¢,],t1delim=s)
2l BERRTD
o delim TRYIV s (F 7 4/V Mdmycat() TIXZEH, mycat0() TIXML) Z#HETE 5.
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o t =0 THUT, t=1TdAT.

(0] V=100%
[1] os_md.mycat([V, (V>10)?7"is":"is not","larger than 10."])$

100 is larger than 10.

[2] v=5%
[3] os_md.mycat([V, (V>10)?"is":"is not","larger than 10."]1)$

5 is not larger than 10.

220. fcat(f,slexe=1)
D 77 AN fIl s BEESHT
e 77 AL fiZprint(s) FEXHT. 77 A f BFEELTOHHITIBR.
B, T7rAN [ EHIBRT 512X remove file(f) & ALIX L.
LUFCIE, DIROUT CRESNTET A L7 NIDT 7 ANElD.
e f=0: 774V DT 7 A/ fcat.txt [TBELT .
o f=1:TFT7FNV I DT AN LEETD.
o f=2,...,9: 77 A/ fcatf.txt IT EFEET 5.
o f=—1:FTHN DT 7 A NLEIRT.
o exe=1: M L7RICEHES T EINZT 075 @EIETT 4 ¥ —) ([ZJET.
221. vtozv(v)
i AEAONRT MVE A T —% L CHMIET S
o v WHHERD L XL, FNEREE 1 ORY MUVZHBIRIZE S
o R ITIEEURE CHBRTF O RNWE AU D
o RUE : Bt SN/ MR T—E LA T —DY R |k

[0] V=newvect(2, [-x*z/(2*y) ,-3*y*z~2/(5%x)]);
[ (-zxx)/(2*y) (-3%z"2xy)/(5%x) ]
[1] os_md.vtozv(V);
[[ -5*x~2 —-6*xzxy~2 ], (10*y*x)/(2)]
222. 12p(l,vlsize=s)
SAREBOV AN EE5EZTo0ZHERNERT. E20OUEREZIRT.

o MY A NN MAORHE, Y U[jl0! &
o [T v DZHEADOHE, ROV X NEIET. ZOHE, size=s TY A MDY A XEIEETES.

[0] P=os_md.12p([a,b,c],x);
c*x”"2+b*x+a
[1] os_md.12p(P,x);
[a,b,c]
[2] os_md.12p(P,x|size=5);
[a,b,c,0,0]
[3] os_md.12p([1,1,1,1,1,1,1,1,1,1]1,1/2);
1023/512
223. mulseries(vy,vs)
200N L EREHFEESRR LT, TOMONY Pz
ROEOREIL, WMEORT MOEIO/NESWHTET S, (cf. vprod().)

224. pluspower(p,z,r,m)
2 (14p) ©a BT RESHBUERZE m HETKRD
o p IXTEHIAD I\ x DHIA,
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225.

226.
227.

228.

229.

o RVMITRS m ORZ MV TRAIDHS DI 1.
average (/| sint=k)
2 FEROY A PSR L, PEECEER A RO D
R (FifE, RERE B@% &/NME SXKE]
sint=k : k 2NHRKORHE, EZ2/NEELIT B HICAD S (sint () O 2 5150

[0] os_md.average([11,12,34,53,23,12,24,68,55,57,32,20]);
[33.4167,19.1505,12,11,68]

[1] os_md.average([11,12,34,53,23,12,24,68,55,57,32,20] |sint=1);
[33.4,19.2,12,11,68]

vprod (vy ,v2)
dvprod (vy ,v2)
22007 ML (JABRTHEW) ORNELIRT
e dvprod( ) I, OB EIED L EDHHANDLZ ENTED

[0] Vi=newvect(3,[1,2,3]);
[123]

[1] V2=newvect(3,[a,b,c]);
[abcl

[2] os_md.vprod(V1i,V2);
a+2x*b+3*c

[3] os_md.mulseries(V1,V2);
[ a 2xa+b 3*a+2*b+c ]

llbase(v,l)
s IR [0], 0[], . .. D—RFFRRDRY R v OEWEIERAEITS (1T 1sol ) OEABR)
1sol(v,l)
i 28 (0], £[1], . . SR BN TR R A R <
ZEHEIE, 22 DX O BRERDOIEEAFTH LW, RENRR B LR LT E BT,
o U BT v N L O—RATH L. F & &3 A KT,

[0] V = newvect(3, [x+2*y-2,3*x+4*y-1,x+y-k]);

[ x+2%y-2 3*x+4xy-1 x+y-k ]

[1] os_md.llbase(V, [x,y]);

[ -x-3 -2%y+5 2xk+1 ]

[2] os_md.lsol(V,[x,y]);

[ [x,-3] [y,5/2] 2*k+1 ]

[3] V = newvect(2, [a*x+b*y-e, c*x+d*y-d]);

[ axx+b*xy-e c*xx+dxy-d ]

[4] os_md.lsol(V, [x,y]);

[ [x,(-d*b+exd)/(d*a-c*b)] [y, (d*a-exc)/(d*a-cxb)] ]
[5] VV = subst(V,y,x"2);

[ bxx"2+a*x-e d*x"2+c*x-f ]

[6] os_md.1lsol(VV, [x"2,x]);

[ [x"2, (d*a-e*xc)/(d*a-c*b)] [x, (-d*¥b+exd)/(d*a-c*b)] ]
[7] os_md.lsol(a*x+b*y+c,x);

(~bxy-c)/(a)
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230. 1nsol(w,l)
s 2R ]0], €[1]), . .. WS B BN — R F R D A ER AR AR D B
THEIE, 23 O L5 BEHO B TH IV, _RENRBAD L XBARREHRELRT. B viis
EHRDOU R NET 5.

[0] P=(a-1)*x+(a+l)*y-2xa+3;
(a-1) *x+(at+1) xy-2*a+3
[1] os_md.lnsol([P], [x,y]);
[ [x,5/2] [y,-1/2] ]

231. 1change (¢, k,v|flat=1)
 (BHE) VAN O K THRELEMEDOR D% v ICEEHZD
o LIZUANT, BEHORIOWRGDBHD. kO L XL, [k AT, P, 01RO
o flat=1 Z{E L/ & &, k= [ki,ko,...],v="[v1,00,...] 2DIL, L[k ZH v, (w=1,2,...) T
EEXHZY A N ERT.

(o] r=[I1,2,31,[4,5,6]1,[7,8]11%

[1] os_md.lchange(L,[1,0],0);
(f1,2,31,[0,5,61,[7,8]1]

[2] os_md.lchange(L, [2],[7,8,9]);
[r:,2,31,[04,5,6],[7,8,9]1]

[3] os_md.lchange(L,[1,0],[4,5]|flat=1);
(5,4, [7,8]]

232. 1max([mqy,ma,...]1)
i my, M, ... DFRORKOEL O EIRT
233. 1min([mq,mo,...]1)
i my, Ma, ... DFROER/NDOH O &R
o SIEITY X FTAL, NI FARITHITH LW

[0] os_md.lmax([1,5,4,2,3]);
5

[1] os_md.1min([1,5,4,2,3]);
2

[3] A=mat([1,3],[5,2]);
[13]

[52]

[4] os_md.lmax(A);

5

[5] os_md.1lmin(A[1]);

2

234. 1gcd([mq,ma,...1 lpoly=11)
omy, me, ... DRKAKE O ZiRT
235. 11cm([my,ma,...1 lpoly=11)
omy,ma, ... DERNAEH Go) RS
e poly=1 Z45ETH L, ERELZHENE HRT.
o SIEITY X P T, NT FARITHITS L.
o 1lem() IZHBWT, A28 0 OIFEE S ND (ilem() LR D).
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[0] os_md.lgcd([-6,9,-24]1);

3

[1] os_md.1llcm([-6,9,-24]1);

72

[2] os_md.lgcd([(x+y)~2,x"2-y"2] |poly=1);
xt+y

[3] os_md.llcm([(x+y)~2,x"2-y"2] |poly=1);
X" 3+y*x"2-y " 2%x-y "3

236. 1dev (4, s)
2 URA DN s OFEEZ Y X N LITIMZT, B otz ik/Me T 5
o l+ms KDDL EDEFTHLE, [m, L+ ms| KT

[0] os_md.ldev([1,3,5,9],[1,-1,1,-11);
(11 [2,[3,1,7,71]

237.lsort(ﬁl,ﬁz,tlc_1=[cl0,611,...] c_2=[ca0,C2,15 -- ])
w UR RN ITRL, by EOEPE, @iy, £7213 b Mm@y 2k <
Fof, REXT —F OHEME
AP URARNT, tPHELIITFINO L X,
o INIWHIZY —FEN/ZY X FEIRT.
e lo=[1Tt=0F%T "cup" PEEI 2/— ],
t=1F~E"setminus" D & =1k, I HICEELZRL.
t:?itm%mﬂ@&%mcpkf&%%mwkﬁwﬁﬁaﬁbwﬁiwzo@)zF 2oy Ed
L. 2L EDBPAOED E XL, BED |k BERWZEREEBED |k HOEFEELD 2 2125F
T 5.
t=8 F/zlX"count" D & XL, by DEHREEKL, TNOEEEZBRWEZEREOMO U X N E2IKT.
t=0,4, "cup" F7/IX "sum" DL XLl OEFREEDLYE (TEEZRW) 72U A
t=1, "setminus" O & XX b IZEENRV L OEFEO (EEZRWZ) VAL
t=2 "cap"® & Xi¥, HEOEHED (EEEFRW) U AR
t =3, "reduce" O & XX, RUbDEFRBIE L&/ A FOMEIKT.
t =38, "count" D& XL, {1, by DEFEE, TNENTEELEZRWZEEY, HEOEREOER
¥, FACbHLOEFRBIHE LRMY A FOESREKRO OOV 2 R EiRT.
et =9 F7/F"cons" T, {1 BV AFDY R DL XL, (1 OFKERDOIEIAIT b OERZNEIZFII
T 5. by DESLDOEMN £y ODEHRIV D72 E XX, b DELROREISIL, ZDORBOERIN
WTWD ERRT . Ly KUY R RTRWEEL, TNDOLEERZLTDHY A MEHRRT.
ot =10 721X "cmp" T, {1 & ly DEWV (ZOMEENED 3 D) OV R NEH DTS, £, by
TV AMELIZIAFDY A B,
t =11 £7 13" "append" T, {1, lo WY A MDY R DL X, FFE%E append L7z X F &K
- t=[tg,t1,...] MUARNT, ULV ARDYARARDLE X
to IZOWTIE, LDt LRRDIEEN AT, UTOXIIThD. (7 BLVDRDL IR DODH:
fE. cf. readcsv()) . £/t =[11%, [0] LfEREN5.
e (o =[] F¥721% "sort" O & X
—to=0F7T "put" DEXFYRNOEFDt FAOHAF—LLTY— 95 (WIEY—
NTIE, —t — 1 24ET D)
—t =3 if:b:}: "reduce" DL EE, F—NFEILCLDIFEHEEE VT DR,
e ly=0FE "col" DL X A7 varcl=RETDL
—to=0F7L "put" DL E, ci1,¢19,.. FEREOHAEZKEHLIZY A MDY X FEIRT.
— to=1F71% "setminus" D& X, c1q,c12... FHOHBEZHIERLZZY X DU X &Y.
e (o=1F72I% "num" DL =
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t DFIELRNE XL, ¢t =0 & AR,
— tg="col" : FHHEZE B DU A hEHMDOEF L L THA.
—t BED L X
% to =0 F721X "put" : FEFOLBEIINAIZ ¢, POFEEEHATS.
* tog =1 F72IX "get" : ¢ THEINTEES c10,01,1, - PERZ ZOIRICEKEHT.
* tg=2 F£721F "sub" : ’G?’éﬁéﬂf:%%@gi%ﬁﬂf‘%
x tog =3 £720% "sun" : BEOMEEKE KT
— FhbS DL E, UTOXIC i FROERIZOWTHE YV, 2155.
x 1 DEBFDOLEE, ZOEFR (EL, to DEESNTWIUL, BEREOD t, ZHOIHE) %
Gl E L ORSNIZE. isyes() R calc () R EBFIHTE 5.
x tg BNY RN [s,v] ®& XL, EHcale(-,[s,v]) EWIHIEBICEDOESE (72721, ty
DIEESNTWIIE, EEOD t, FHOHEE) 2 ANTRINTE

s bi ||>||’ ||<||7 ll=ll7 ||>=||7 ||<=||7 ny=n fcﬁ 875§ﬂ"§g
* 17 BIFF| "+ D L&, KEED €1,1,€1,2 - - - FHOHEB O (HTRANHDIZ0 &R
LTRET).

ZOEICV; kL
to =0 F72iX "put" : FEROEBHIZV, AT S.
to=1F7IE "get" : V; N0 THRVWEROLEE HT.
to=2 F721% "sub" : V; B0 DEEOLEE HT.
to=3 F721% "sum" : V; DF1E KT
e (5 ="transpose" T {o ="put" DO & & (TLFNEHLIIT S (fEE).
® /oy —"adJust" T to ="put" DL X, BROFEHOEHMDEAR>TWVD L X, RRKOEEICHIZ,
BAITIFZESLTH] " ZFED D, TeB, ) TEZXICHEDDILDERETE 5.
e (o ="subst" Tty ="put" D& X t;=[a;,bj,c;] : a; HFEDOEHRD b; FHOHAE ¢; TE X
z5.
0 V1, o WUARIDIYRIDEE, {1 DEFD t) FHOHE (L OXF—IHHH, lo OERD to ZHHD
HE (o OF—HB ELEELT, UTFEITH.
— 1 Xt DEWINTHEIL, TDIE0 &R T.
— by DEFEFENIVAPNTEHARN1IEENLR-TND EE, ZOHHORZW Y A N £y
ELTH I,
—to=0F7L "cup" DL E, () OEFRIZFALCHF—0D by DEHZEZFITINZ 5.
—to=2F7T "cap" DL X, EERETH D, FLUF—% D ly ODEENRNE OITHIER
T5.
—tog=1F7=F "setminus" DL XL, FALXF—%H Dl OBEZENRHD LD % {1 NHHEIBRT D
U 1T =PI DIHITER I ND).
—to=3FF "sun" DL XL, FUF—%2H Dl OFERL (o OERIIOICELD, {1 & L
B EPET 5.
—to =4 F7id "over" DL XL, FMLF—% bl DEFL by OERITHL, b Dey, &
HOWHH% (o DEFED ¢y, FHOHAIZ K > TEEHZ TR,
O Ll DEFEN T HSOE X, VAMIETIZZEOEEFEEL TH LW, RITBWTH A
—to =05 F7IE "subst" DL EIL, FAUF—% b0l OEBEL b OERIIHL, lo DEED
Co, BEHOEANZE CUFEH) ThriFiuk, 6 O, BEHOHEAAZZ N CE &I TRT.
FEIToTC, tg=4, 54T, A7 alcl & 2 THELIL G & by DEROIEB 2 X
HL7z BBELZRVEEIL (Lo =3 LTI b OF—%R\W) RIHEOY A DU R N EiET.

*
*
*
*

[0] os_md.lsort([3,2,0,a,1,2,b],[1,0);
[0,1,2,2,3,b,al

[1] os_md.lsort([3,2,0,a,1,2,b],[1,1);
[0,1,2,3,b,al
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[2] os_md.lsort([3,2,0,a,1,2,b],[a,c,0],"cup");

[0,1,2,3,c,b,al

[3] os_md.lsort([3,2,0,1,2,a,b],[a,c,0],"setmins");

[1,2,3,b]

[4] os_md.lsort([3,2,0,a,1,2,b],[a,c,0],"cap");

[0,a]

[5] os_md.lsort([3,2,0,a,1,2,b],[a,c,2],"reduce");
[00,1,2,3,b],[c]]

[6] os_md.lsort([3,2,0,a,1,2,b],[],"cut"|c1=2);

[(3,21,[0,a,1,2,b]]

[7] os_md.lsort([3,2,0,a,1,2,b],[],"cut"|cl=-2);
[[3,2,0,a,1],[2,b]]

[8] os_md.lsort([3,2,0,1,2,a,b],[a,c,0],"count");

[7,3,6,3,2,5]

[9] L=[[s5,"a","P"],[2,"C","Q"], [3,"B","P"1]$

[10] os_md.lsort(L,"sort",["put",0]); /* sort by key 0 */
((2,c,q],[3,B,P],[5,A,P]]

[11] os_md.lsort(L1l,"sort", ["put",-2]); /* reverse sort by key 1 */
[[2,c,q],[3,B,P],[5,A,P]]

[12] os_md.lsort(L,"sort", ["reduce",2]); /* reduce duplication by key 2 */
[[(3,B,P],[2,C,Ql]

[13] os_md.lsort(L,"col", ["put"]lc1=[2,1]); /* extract column */
[[P,A]l, [Q,C],[P,B]]

[14] os_md.lsort(L,"col", ["setminus"]|c1=[0]); /* delete column */
[[A,P],[C,Ql,[B,P]]

[15] os_md.lsort(L,"num", ["put",1000]); /* put number */
[[1000,5,A,P], [1001,2,C,Q], [1002,3,B,P]]

[16] os_md.lsort(L,"num",["col"]); /* add column numbers */
(fo,1,21,05,4,P1,[2,C,Q1,[3,B,P]]

[17] os_md.lsort(L,"transpose",[]); /* transpose */
(f5,2,31,[4,C,B],[P,Q,P]]

[18] os_md.lsort(L,"num", ["get"]|c1=[2,1]); /* get lines */
[[3,B,P],[2,C,Q1]

[19] os_md.lsort(L,"num", ["sub"]|c1=[2,1]); /* delete lines */

[[5,A,P]]
[20] os_md.lsort(L,"num", ["sum"]); /* num. of elements */
3

[21] os_md.lsort(L,"num", ["put",[">","B"],1]); /* put number */
(fo,5,4,P],[1,2,C,Q1,[0,3,B,P]]

[22] os_md.lsort(L,"num", ["get",["=","B"],1]); /* get elements */
[[3,B,P]]

[23] os_md.lsort(L,"num", ["get",[">=","B"],1]); /* get elements */
[r2,c,ql, 3,B,pPl]

[24] os_md.lsort(L,"num", ["get",["!=","B"],1]); /* get elements */
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[[5,A,P],[2,C,Q1]
[25] os_md.lsort(L,"num", ["sub",["=","B"],1]); /* substract elements */
[[5,4,P],[2,C,Q]]

[26] os_md.lsort(L,"num",["sum",["!=","B"],1]); /* mum. of elements */

2

[27] os_md.lsort(L,"num", ["sum","+"]|c1=[0]); /* sum of column entries */
10

[28] os_md.lsort(L,"subst",[]lc1=[[0,1,"#"],[1,2,"?"]1]); /* substitute */
[[5,#,P],[2,C,71,[3,B,P]]

[29] os_md.lsort(L,"","cons"); /* cons "" x/
[[)5)A3P] 3 [32’C3Q] b [33)B’P]]
[30] os_md.lsort(L,["a","b"],"cons"); /* cons elements */

([a,5,A,P],[b,2,C,Q],[b,3,B,P]]

[31] L2=[["a",3,"r"],["c",2,"p"], ["b",7,"q"]1]$

[32] os_md.lsort(L,L2,["cup",0,1]); /* cup two 11 */
[[5,A,P,,],[2,C,Q,¢c,p],[3,B,P,a,r]]

[33] os_md.lsort(L,L2,["cap",0,1]); /* cap two 11 */

(f2,c,qQ,c,pl, [3,B,P,a,r]]

[34] os_md.lsort(L,L2,["sum",0,1]); /* sum two 11 */
[(s,4,p,,,],0[2,C,Q,c,2,p],[3,B,P,a,3,r],[,,,b,7,q]]

[35] os_md.lsort(L,L2,"append"); /* append two 11 */
[[5,A,P,a,3,r],[2,C,Q,c,2,p],[3,B,P,b,7,q]]

[36] os_md.lsort(L,[2,5],["cap",0]); /* get lines by list */
[[5,A,P],[2,C,Q1]

[37] os_md.lsort(L,[2,5], ["setminus",0]); /* delete lines by list x*/
[[3,B,P]]

[38] os_md.lsort(L,L2,["subst",0,1]|cl1=1,c2=0); /* substitute */
[[5,A,P],[2,c,Q],[3,a,P]]

[39] os_md.lsort(L,L2,["subst",0,1]|c1=[1,2],c2=[0,1]); /* substitute */
[[5,A,P],[2,c,2],[3,a,3]]

[40] os_md.lsort([[a,b,c],[d,e,f]],[[a,b,c],[d,h,f]1],"cmp");
[[[[1,1],e,h]]]

[41] os_md.lsort([[a,b,c],[d,e,f]],[[a,b,c],[d,el]l,"cmp")$
Different size :line 1

[42] os_md.lsort([[a,b,c],[d,e,f]],"transpose",[]1);

[[a,d], [b,el, [c,f]]

238. msort (4, s)
5 RZ MARY A MORSE (ZEH) s o TY— TS

e s=[f,m]
f=1:/hSWE, f=-1:KZWVWIA
F—D m

—0: R ORN
—1: ROBP_T MAFELFVARDLEE, TOES
— 2 KON MAEFITY A MO L E, LENSORRENEFR
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-3 Wy DEAT
— 4 gy OHERHE
—5: RROEZS
— fn: BIER 2 HOHBOKBT fn xS
— [fnd : B 1 OEE fn IZRA L TERINDHEO K/
e s=[f,m,k] : MBI MLEITV A D EE, (K+1) BHHORMS THIKRT 2
o s=[f,m,ki,ko] : BN MLVELIZV A RO MLERIZVA DO EE, (b +1) FH
DRGTD (ke + 1) FEO D THERT 2D (BT s=[f,m,k1,ko, ks3] 2EHTTHE).
o s=[51,80,...] : 5 (T LEDXIRH—T, 5y OF—TORK/NEEE TR —E o7 &L sy F—T
g D Ko lzFd —oFEERNIEF T3 5.

[0] os_md.msort([3,2,1,5],[-1,01); /* #E */

[5,3,2,1]

[1] os_md.msort([[1,4]1,[3,2,11,[4,511,[1,0,11); /x 2 HEB DM *
[03,2,11,[1,4]1,[4,5]]

[2] os_md.msort([[1,4],(3,2,11,[4,5]11,[-1,11); /* RWIE */
[[3,2,11,[4,5],[1,4]]

[3] os_md.msort([[2,2],[3,1],[2,1,111,[-1,21); /* #HEXIEFOXREZTWVIIE */
[(03,11,02,21,[2,1,11]

[4] os_md.msort([[1,4],[3,2,11,[4,511,[[-1,1]1,[1,0,0]11); /* TILFHF— %/
[s,2,11,11,41,[4,5]]

[5] os_md.msort(["This","is","not","an","ant"],[[1,[str_len]],[1,0]1]1);

[an,is,ant,not,This]

239. addIL([a,b], [[a1,b1], Las,b2],...1in=t)
i ﬁﬁﬁ[:ﬁ'ﬁ@/\@?%/\kﬁﬁEEFEJ@ﬂl%A@#%
e a1 <b <ax<by <. &iﬁofﬁéﬁ%fﬁ%é
[a,b] DDV W*ﬂ@gl*&kﬁl() DEEIL, FH258E LOBICET.
in=-1 Z$5ET 25 &, [a,b]l 225 [Lay,b1], [az,b2],...] ZFRWIZEREZIKT.
in=1 ZHEL T THERIIOSIEN R a LT DL, a DEGITEENTNDENE I 1EIRT.
in=2 ZHEEL TWTHEIOSIED B a £ T5L, a PEAICEENRTNEINE I DEIRT. 7272
LRIOWGZ 72 % & &1 2 21KT.
e in=2 ZFEEL TV THERIDBHEDI K a L T5EL, aPEENTVHXRMEIET. Thnend X
10 &k

[0] os_md.addIL([6,71,[[2,5],[8,11]1]1);
[[2,51,[6,71,[8,111]

[1] os_md.addIL([4,6],[[2,5],[8,11]11);
[[2,6],[8,11]]

[2] os_md.addIL([1,6],[[2,5],[8,11]11);
[[1,6],[8,11]]

[3] os_md.addIL([9,10]1,[[2,5],[8,111]1);
[[2,5],[8,11]]

[4] os_md.addIL([4,8],[[2,5],[8,1111);
[[2,11]1]

[5] os_md.addIL(0,[[4,8],[2,5],[8,1111);
[[2,11]1]

[6] os_md.addIL([0,12]1,[[2,5],[8,11]1]1]in=-1);
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[[0,2],[5,8],[11,12]]

[7] os_md.addIL([6,9],[[2,5],[8,11]1]]in=-1);
[[6,8]]

[8] os_md.addIL(3,[[2,5],[8,11]1]]in=1);
1

[9] os_md.addIL(6,[[2,5],[8,11]1]|in=1);
0

[10] os_md.addIL(5,[[2,5],[8,11]1]|in=1);
1

[11] os_md.addIL(5,[[2,5],[8,11]1]|in=2);
2

[12] os_md.addIL(3,[[2,5],[8,11]]1|in=3);
[2,5]

[13] os_md.addIL(6,[[2,5],[8,11]1]|in=3);
0

240. vnext (v)
w XY RNV ORRG EEAE R, FEERIERF CRONRT MVIZE#RT 5
o BT HELOVLONRH - TH LU,
o EDOXRY M EHZIZLEEIT 0, TNUATIE L BT

[0] V = newvect(7, [3,1,5,7,6,4,2]);
[3157642]

[1] os_md.vnext(V); V

1

[21 [3162457]

[3] V = newvect(4, [4,3,2,1]1);

[4321]
[4] os_md.vnext(V); V
0

[6] [4321]

[6] V = newvect(7, [2,1,5,5,6,5,2]);
[2155652]

[7] os_md.vnext(V); V

1

81 [2156255]1]

241. vgen(v,w,m|opt=0)
i B ORI m DIFARLS DT bV w BIBIZAERKT D
o v, w L UHA ADRT LT, wli] <ofi] DHIE>X.
e opt=01%, FIHULTZEDLETDOREVHEIX0. ZNLSNTOR Y EITHEEHZ b KE
o ZITIZ0 ZRLT, PIHbENnS.

[0] V=newvect(3,[2,1,2]);
[212]

[1] W=newvect(3);
[000O0]
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[2] os_md.vgen(V,W,2|opt=0);

0

[3] w;

[200]

[4] os_md.vgen(V,W,2);
1

[5] w;

[110]

[6] os_md.vgen(V,W,2);
2

[7] w;

[101]

[8] os_md.vgen(V,W,2);
1

[9] w;

[0o11]

[10] os_md.vgen(V,W,2);
2

[11] w;

[0o02]

[12] os_md.vgen(V,W,2);
0

[13] W;

[200]

242. paracmpl(l,t|1lim=1,low=1,para=[vy,vs,...])
 HEIC CITRIE LT Y A N Loy (T2 & 23EER) TR b 5 22M o ERISEH{E
| DR BHER fi(z,t),..., fm(z,t) DL E (@ ZZEH TR, generic 1Tt =ty LFELLTZ
fi(@,to)s ..o, fm(w,to) D—UMST22B Sk % m &35, 188t OFFX g; (1) 24 ICH-> T

hj (l‘, t) = Z fz(xv t)gi,j (t)

LB L, 0 TRV hj(z, t) OEEIE m T, L2y hj(x, t) 1Tt =0 TWEFRZT, hi(z,0),. .., hn(z,0)
D—WMSL/eEEIE m & TE D (cf. [OSe, Proposition 2.21], [04, Lemma 6.3]).

paracmpl ([f1(z,t), ..., frm(z,0)], ) 1Z, 2D [Lha(x,t),..., han(z, 1)1, (gi;(E)D] 2T

o LI MATHIWAR, VR NTEEINS.

o [h(z,t),... him(z, t)] 1%, t OFBRZE RS LT ATHATH A = (a; (1)) 1<i<m T, AL AL O

1<j<m
BRIt =0 ICHBERFZ 2V DIC L AEHRERNT EERD.
o REND G = (gi,j(t)) 1<i<m T E=A1TAE 70 5.
1<j<m

Lows1 &8T5 &, ¢ DREA /NS WEICHER T 5.

lim=1 2#ET 2 & [h1(z,0),..., hp(r,0)] ZiKT.

il t) BAFRR G, HHRARS LT 5 U A FRRs FATH LU,

para=[vy,...,v;] ZHETD &, BBE TR TRETT vy, ..., v, BEOA BRI R S O A HL
K& BT,

em=m®D&E, fi(zt) PEHAXNTRL Texp((1 +t)x) DL XOHEIT, W42 %EET
Taylor BB L72 T fi(t,z) (DR T) ZESHZ, Low=1 Z45E L TRO G TEBT T
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EQAN

[0] os_md.paracmpl([1/(x-1),1/((t+1)*x-1)]1,t);

LD/ (x-1), (1) /((+D)*x 2+ (-t-2)*x+1)], [ 1 (1)/ (%) ]
[0 (-t-1)/) 1]

[1] os_md.paracmpl([1/(1-x),1/(1-(t+1)*x)],t|1lim=1);

[ (1)/(x-1) (1)/(x"2-2%x+1) ]

[2] os_md.paracmpl([1/(x-1),1/((t+1)*x-1)],t|low=1);
[[C-1)/(Gx-1), (x)/((e+D)*x 2+ (-t-2)*x+1)], [ -1 (1)/(x) ]
[0 (-1)/(t) 1]

[3] os_md.paracmpl([1/(x-1),1/((t+1)*x-1)],t|low=1,lim=1);
[ (-1)/(x-1) (x)/(x"2-2xx+1) ]

[4] os_md.paracmpl([[1/t,1,1],[1+t,0,-t]1],t);
[[[1,t,t],[0,t+1,t+2]1]1,[ t t+1 ]

[0 (-1)/() 1]

[5] os_md.paracmpl([[1/t,1,1],[1+t,0,-t1],t|1lim=1);
([t,0,0],[0,1,2]]

Eo [01~[5] U TFEZRLTWS.

1
1 1 (1 1 12
e—1 (t+D)22+(—t—-2z+1) \a—-1" (t+z-1) |, —t=1

t
1 1
_<a:—1’(a:—1)2) if t=0,
1
1 x (1 1 -
-z’ (t+ a2+ (—t—22x+1) \z-1" (t+1z-1 0 1
t
1 T
(atm) we-e

I TUTICER
1 T (1 1 1 1
1—2'(1-2)2) \oz—-1" (z—1)2 0 1)

(@+1n2—@+2n+&)£ﬁ+2@@+Uz—t—@é3+2a+nu—o
dz? dz N
OZERITt #0000 & + 7 [ CL, G € CY THD. ZOZENBE=0DLED

IRZERIE {25 + 3y | C1, G € C} LD ZEDHND. L0 — T, (RO ¢ THRZEMIL

oy R

€T

S+ e e | O G € CY THEA BN,
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x=0DEL TEZBL XL, low=l ZHET D FMERMRZ & NL.

3.2.6 Matrices
243. dupmat (m)
u R DHEEKXOTINE I RT v m OBREED

[0] A=B=newmat(2,2,[[1,2],[3,4]11);
[12]
[34]

[1] C=os_md.dupmat(A);
[12]
[34]

[2] c[o][0]1=0;
0

[3] C;
[02]
[34]

[4] A;

[12]

[ 34]

[5] B[0][0]1=0;
0

[6] B;

[02]
[34]

(71 A;

[02]

[ 34]

244. m2v(m)
= AT m Oy & 1ATH D BIAIZIE R TR MVICERT 5

[0] M=newmat(2,2,[[a,b], [c,d]]);
[ab]

[cdl

[1] os_md.m2v(M);

[Labcd]l

245. m21(m|flat=1)
w BEE, X7 B D WIRITHIO m Oy ENEIZIERTY 2 MZT 5
flat=1: VA DY R DL EE, —2OHMOU R &L TS,
7ol X, VAN Ly, by, U3, by Z Z DNEIZHEFE L7 Y A M EEDITIIm21 (4,4 ,03,04] | flat=1) &
FUE L.

[0] M=newmat(2,2,[[a,b]l,[c,d]l]);
[abl

[cdl

[1] os_md.m21(M);
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[a,b,c,d]

[2] os_md.m21v(M);

[labl,[cdll

[3] os_md.m21(a);

[al

[4] os_md.m21([a,b]l);

[a,b]

(5] os_md.m21([[1,2],[3,4,[5,6]1,7],[8,9]1]1flat=1);
[1,2,3,4,[5,6],7,8,9];

246. m21v(m)
2 ATHIm DITRY RV EAARTY A MMZT 5 (cf. 245, 248)
247. m211 (m)
AT m BT ML E VA NI ZTELDEESETH I A MIT D (cf. 248)
248. 1v2m(4|£ill=n)
D AT MV (TR DOV A R THE) DY R N L hBITHEED
o ITHIDFNDRE X, 177 MO KETHRED, 1TX7 bADH A XPR/PNSWOERE, #£A120
PHiFEEND (cf. mat()).
o fill=n: {TX7 b DOV A XP/PhSNE X, 0 TR Tn 2firKT 5.

[0] A=newmat(3,2,[[1,2],[3,4],[5,61]1);
[12]

[34]

[ 561

[1] LV=os_md.m21v(A);
[(L121,[341,[5¢61]
[2] LL=os_md.m211(A);
[[1,21,(3,4],[5,6]]

[3] os_md.1lv2m(LV);
[12]

[34]

[56]

[4] os_md.1lv2m(LL);
[12]

[34]

[56]1]

[5] AO=newvect(2,[1,2]1);
[12]

[6] Al=newvect(3,[1,2,3]);
[123]

[7] os_md.1lv2m([AO,A1]);
[120]

[123]

[8] os_md.lv2m([[1,2],[1,2,3]11);
[120]

[123]
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[9] os_md.lv2m([[1,2],[1,2,3]1]1£fill=" ");

[12 1]
[1 23]
249. s2m(s)

i UTHITOFEEGR OITHNRERL, SOV A M oATH 8D . BERIKS A ZOITHIZ72 %
o IR BB Gy DITHN %, ITOREIY & a0~ TR UETFIITIRET 5. R —HoERD
& &M (BUFo [0], [11, [41, [6] 2.
— RACEDIZT 3 EfRE< & &1L, "3 &2 TRLTH L.
—ab,...1310,11,... #&T.
— 10 LA Eo¥iE (10) O£ D ITFEINTHATRL Th L. e 20F, 2/bi 5.
— L/ o TERT.
— AT 12(-2)/3"21F, 1,2, -2, -2 LA SOHFREA TS LIRREND.
e s2sp() & D\ T Risa/Asir DRRDOILTINT & - TTHIR Sy 2 £ U A b2 ATHNZ R HERE
b (LUFo [0], [6] Ofila5H).
Tbb, evalstrQ 2R THT, ANRWHO Y A MRLATHNHLHE L 7-HE.
o 1181 ZERKT % newmat (m,n, 1) ® L%z [ 1 TH->TELTL X (LITFo [2], [3] OHF).
o AT A XIFHEBHESND A mat() LERY, SV A XF L ORDOANORS LD
(mat O (ZRDOIRYIDO YV A FDORE).
o s BTHIDRRL, ZDFEFIRT.

[0] os_md.s2m("21,111,00a");
[210]

[111]

[ 00101

[1] os_md.s2m("-1,0-1,0"2-1,0"3-1");
[-1 0001

[0o-100]1

[00-10]

L0000 -1]

[2] os_md.s2m([[0,a], [0,0,a],[0]]);
[0ao0]

[00al

[00O0O]

[3] mat([0,al,[0,0,a],[0]);
[0a]

[00]

[00]

[4] os_md.s2m("123,32-2/372");
[1230]

[ 32-2/3 -2/31]

[5] os_md.s2m("123,32(-3/b)"2");
[1230]

[ 32 -3/11 -3/11 1]

[6] os_md.s2m(" [x*x 1+2] [z w+1]");
[ x2 3]

[ z wtl ]
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250. c2m(l,v | pow=t)
u EEOEBRD CRBATI ZED
o [ IT—WREM LI FERDOY X b
o t [THE (X¥) DU AL
o pow=t ZIEE L E I, v IZEKTY @ =0,1,...,t ZIEELEZTBEOITH (v Dtk
ZIHA DL .

[0] os_md.c2m([a*x+bxy,cxx+d*y], [x,y]);

[ab]

[ cdl

[1] os_md.c2m([1+2*x+3*x"2,2*x+4*x"~ 2, 1+3*x+5*x"2] ,x | pow=2) ;
[123]

[024]

[135]

[2] os_md.c2m( [1+2%x+3%x"~2,2%x+4*x"2,1+3*x+5%x"~2] ,x); /* REIIBESHHIMT */
[123]

[024]

[135]

251. mperm(m, [og,01...1,[m0,71,...1)
mperm(m, [[og,011], [[79,711]1), mperm(m, [o, [m11], [T, [m211)
2 ATH m D DAMTI (mo,r,) ZAED, EIIXEBITS] (X HH) CEHRT 2
M = (mij)o<icm & (Mg,r,) ICEDD.
0<j

<n
OIS S hF, Bz TFImESh 3.
B 281500 [[og,01]1] 72> TW0DE, 09 fTHE o ITED AN Z HEWRT 5.
F3FIEMN 1 DL &L, FHISEBE25HUTE LN EEEWRT 5.
2818, FERITEISENODLEEL, TNONELEEWMTHLZ EE2EWRTD.
lo,k11 X [o,0+1,...,0+k—1] LfEIREND.
mIIRT "VERIFZVARTH LW, 20 L EE I3 FIITEHRINS.
ez, o <i<o+k o< j<o+kZzMIZT m Oy m; PR 5 kEIROIEIATH

(mij)o<icotr (Fmperm(m, [0, [k11,1) I2k~T, 1,3, 5THOAZHEEH L THLA LTSI
oc<j<o+k
/X mperm(m, [1,3,5],0) IZL>THHD.

(0] A=newmat(3,3,[[a,b,c],[d,e,f],[g,h,1]11);
[abcl

[de f]

[ghil

[1] os_md.mperm(A,1,[1,2,0]);
[efd]

[hig]

[bcal

[2] os_md.mperm(A,[1,2],[0,1]);
[de]

[ghl

[3] os_md.mperm(A, [1,[2]],[0,[311);
[de f]

[ghil
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[4] os_md.mperm(A, [1,[2]]1,1);

[ e f]
[hil]

[5] os_md.mperm(A,[[0,1]1],1);

[edf]
[bac]]
[hgil

[6] os_md.mperm([a,b,c,d],[1,3,0,2]1,0);

[b,d,a,c]

[7] os_md.mperm(ltov([a,b,c,d]),[1,3,0,2],0);

[bdac

]

252. mtranspose(m)
= AT m OEREITINE R DD (mIZV A RDY A RTH L)
UZLDOUANOKE, NEEO U A FORESBIEIZED SRV NED LT IUTiGERE & e 5.
(781D & & OFIE mtoupper () DIH)

(o] L=0[1,2,3],[4,5],[6,711$
[1] os_md.mtranspose(L);
([1,4,6],[2,5,71,[3]]

253. madjust (m,w|null=n)
AT m DI E w IZTHET S
e w>0DEEE FEN wIlRDLIIHEL, HEIINT ey Z7IHTEHEC L TEIT 5.
o w<0DEXIE, FEKE w L, w>00DLEOTBIETITRERST.

e null=n :

ITPIOFERE CER SN2V Z n & T5. n=007 74/ b.

e mFVUALNDYZXANTH L.

[0] M=os_md.mgen(3,5,a,1);

[ a11 al12
[ a21 a22
[ a31 a32

[1] os_md.

[ all al2
[ a21 a22
[ a31 a32
[ a14 alb
[ a24 a25
[ a34 a35

[2] os_md.

[ al1 al2
[ a21 a22

al3 ai4 ai5 ]

a23 a24 a25 ]

a33 a34 a35 ]
madjust(M,3);

al13 ]

a23 ]

a33 ]

01

0]

01]
madjust(M,-2|null="7");
al3 al4d alb a3l a32 a33 a34 a35 ]
a23 a24 a25 7 7 7 7 7]

254. mpower (m,n)

AT m O n F'ERD D

n R

[0] M=newmat(2,2,[[a,bl,[c,d]l]l);

[ ab]
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[ cdl

[1] os_md.mpower(M,0);

[10]

[0o1]

[2] os_md.mpower(M,3);

[ a"3+2xc*b*at+d*c*b b*a~2+d*b*a+c*b~2+d"2*b ]

[ cxa”2+d*xc*a+c”2%b+d"2%c c*b*a+2*d*c*b+d”3 ]

[3] os_md.mpower(M,-2);

[ (c*b+d~2)/(d"2*a~2-2*d*c*b*a+c”2xb~2) (-b*a-d*b)/(d"2*a”~2-2xd*cxb*a+c™2*b"2) ]
[ (-c*a-dxc)/(d"2*a”~2-2xd*c*b*a+c”2*xb"2) (a"2+c*b)/(d"2*xa”~2-2xd*cxb*a+c™2*b"2) ]

n NIEDOEEE, m, m2, m* = (m?)?, ... LB L THEEZRD TS (n & 2 #ETERLEZ 1 OESICHK
IS HFE). AORHT mT ISk L CRIBEZR G
255. mtoupper(m,n|opt=t,step=1,dviout=1,pages=1,tab=k,lim=w)
2 AT mACxE L, LN OITHEAREL 217> T, {TORIFEDL D 0 ORRG OMEED N OITO 7 ~HIEH
FHINE 722 X012 T 5. HEO n FNTELR. BTOTNOET0ICRLZILELHD.
o TTHMNDL D 0 DRI DREED TH~DOHEFREZ > T, LLTOEEL 11THBIEICIT S .
- m DHDITDOAT T —(EZ2BOITITMZ D
— TR ANEZ, (opt>1 TRIFIUL) BAICBENLIATE —115T 5.
opt=1: S HIZITD 0 TRWERFHOEEDH HHX, 1TEBTEDOEZLNE 01T 5.
opt=2: S HLITATIZ 0 TRWAD T —Z T T 0 TRUVITOEFEDRK S E 1127 5.
opt=3: opt=2 &IXFF U723, K VMHRFHEICRD XD IATeiz s (LLTFD (b), (¢) @
198
opt=4 : opt=3 LIZIEF UIEA, ZHICR DL GEPBENR2NHERITERICT 5.
opt=5: opt=4 LITEFE UEN, TN —D2D T A —F 2 ZHNE LTELEE, TO/NTA—
HNZE o TREBIE CTHAENTEITY . 127120, NI A =X OEPSHFEE T AT iR & &
(2R
e opt=6, opt=7 : opt=5 SIFIEF LN, 1THNZEENDH /8T A= N 2 HLL ETH KB 72178
BT ERWTEALEET 5.
RED n SNBSS, Ko TRED n FIOHITHNLLEIT, EOXD T —iTiFEERLR .
WHE L0 EIE1 ik -1,

— —n B m OITHICFELWE X, m OLRICY A X |n| OBRAATHZAML THIH A X% |n|
TR LTATHNCH L, B |n| F &2 EHE L CTITEBEIT S .

N =size(m) [0] &8< & mperm(m,—Nlopt=2),0, [N, [N]11) 23 m OEEITIIE 2D,
Zm NRATHITH D72 61F, Zhid m OMITHIE 2%,

—n=—-10ctEIL, HEFEBOEDN (z2)F 1 LRBHERT R ZFIOEZLIAM LTI A
R — DR L2478 m/ IZxt LT, mtoupper (m/,1) %175.

— APREH zz HEER O size S x ST DITHI72 51X, B = mtoupper(A4, —1) &< &, EHitk
D175 X mperm(B,1,[0,[5]]1) &7¢V, mycoef (B[I-1]1[S5'],J-1,2z) NENLMNT HE
BATHND (1, J) oy L7 b.

e step=1 ZIEE L& &1L, BTPOTEBEBEELZRRTS.
e dviout=1 /¥ step=1 ZFEE L2 &L EDHALNT, EBPTOTERIEREE dviout TERRTD.
—ZDEE cr=DAF T a rTCHRITO WIEX =2 — FE2HEAHE (F 7+ 4 b
cr="\\\\\n & "T, cr=7 &[FL).
72 & Z1E, dviout THRAT DA, risaout.tex @ begin{document} DEHIIZ
\def\pause{\special{dviout ‘+M-}}
D—ATEHAL TEE, cr="\\\\ \\pause\n &" (cr=23 LFIL) &TNiEX, RFDEEIZ
space ¥ —Z I mIC 1 X7 v S Foikde.
— WBEIX 1 AT v THIZBEATEND D, lin=w Z$EETH L, 1TEN w XFREL R2 LTI
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ITIEBAT v T2 ANLD.

e dviout=2 LRI TH D2, RRITITHR.
e dviout=-1 TIE, TpX ® Y —RA%IiKT.
e dviout=—2 TiE, TERX DY —ZD L L5 ) A M &, WEhi-bDu L L35 &

ltotex(reverse(L) |opt=["cr","spts0"],str=1,cr=7)

WESTTEX OV —ARELND.

e tab=k : dviout ZHE L step IS5 L ELEE LI L EDBEZITOA 7 FOEE kmm &
T5 (T74VRMTEk=2).

e pages=1: dviout Z4EL /=& &, BPTUR—VEHT WRPELSRDIHER EITHEE)

o unim() T K> TITHERAZLOEE HOITHIEMRNTE 5.

o TEALLOFIUILUTD L 122> TN D,

(a)

(b)
(c)
(d)
(e)
€]
(g)

(h)

€y

)

(k)

M

(m)

(n)
(0)

(p)

(@

175 M = (mje) 13 k — 1 51 B % THEALHERK T LIATHIT, Zho jo — 11TH £ COEALERE
TLTWAETH., Z0LE k- 15ETORMIT jo ITTAURIL0 L7225 TV, jo— 1{THETOIT
DO TRWEFHEEMTL T, ZHUTk—13BELUTT, ZOFOMOEFIL0ITR>Tn5. £ k5
BICIE jo 1T B £/ ZNLABEICHI DT 0 TRV myjx 355 LT 5

UIFD XS jo ITH E7TZNLRED 0 TRV tATH DG me e iR CTHEED 51 [THZRD, (&
TR D) [T L CENE jo ITHICBEIT 5. BHNIATH M = (mj) lCB VT myy, T jo fTHZ
Y, joITEDOAD T —(EE2MOITITINZ TH7e &b kB ETORALEEZKT SED.

JITE EEENUBEDORSY mey T1 ERDHLONRBIUEZORO t % j1 1T7H L H<.

TR T AT ERIZENLBEDOMI my, T—1 2725 L ORBIUEEDOENZ j1 TH L <.
%9 TR T JATH ERITENLEDRSY my ), DIEMEIT, TD1T% myy THIST2 b OREERITY
MU B b ONRHIUXEDORNOITE 1 ITEH LT 5.

E 9 TR T HATHE EFENLEDRST my e WEIEEKT, ZO17% my i THISTZ b OREHIT Y
MUIZ72 2 S DR HIUXE DR DITE 1 ITH LT 5.

TR T HATR EEENLUBEDR Y my, 230 T < T, TDIT% my THIo 72 b OEHITA
7 MZR D b ONBIUTETORIIOITE 1 4TH &35,

TR, tATE DR my, DEEET, KITEUBO L1THE R jITRIC t1TH OBEG %
LT (4, k) By E 0 ICHRD i, FRER LENEITD.

25 TRFIUL, tITHORS my s, BT, jITEURO G 517% tITEICETABIK LT (¢ k) K
S LVICHEDLI DAY, e bz EfToC =t &35, 2L, jITHE tITHICE =G E 72
Wb DEERETS.

E O TRIFIUE, tATHDRS my s, DT, jATHUROH 21THIZ jITHUROH 21TOEK G %
BT DB UT (4 k) % LITHERZ DN, WREROENEIToTCEDITE 1=t &T5. 7272
L, jITEE tITHICEEE G SRV OEELT 5.

E 9 TRITIZE, tATHORS my i BT, jITAUROH 21T jITEUREDOH 2472 2T 051<
LT (6 k) B % —1ICHED 05, ARER D ENEIT->C i =t &35, 727201, j1TA & t1T
HICEBEEERNbDOEEETS.

9 TRIFIUE, tITHIC jITAUBRDH 21TOREEZ T8I < LT (¢ k) lisrd —1 k50
R, ARERLENEIT- T =t &35, 2FL, jITHE tITHICEAKRZE T2V LOZEET 5.
% 9 TIRTIXERANC BT BEEL Sy my e DITR, BEOITRRITIIENRT A—=F 2 EEROE my
DEAIOITE j1iTLT 5.

opt>d DL X, kFBOHFER my ODFNRHD DR TA—ZDLAENXL 2> TND L&, TEFIC
Lo TEINB DI DT DOEZHRNOEAMREE FF 2 Z ENTEIUEENEZIT) Z & &klT 5.
opt>d D&%, kFIHDHG TH BB ERD myx BDHIE, ZTORHOITLIZE->Tjh =t &7 5.
opt>4 D& &, HEX myp THOFORRKASNITOZHAXDWPFEM TEZ OND & XL, TOHEHNO0
LGB EE TR TITEROEKREE TRDD. T0bL 1=t L35

opt>4d D&, myy B 0ICRDTZDOFMN, bIERNZEOERZE LR WEROZEA/H RN 0
THRWAHR (72720 opt=5 O & ZITHHE) THZLNDLORHLMNEI MR, TOLI Mt »
TFETIIE 0 IR 2582 REIEE TRD, WIZOIZRLRWVIEEZRNLT-D 1=t LT 5.
PLEIZEY Ui uE, oy mex OBRBRENE 72D B OBRRANCBNDIT LIZRI LT 5 =t &7 5.

[0] M=newmat(2,3,[[a,b,1],[c,d,x]]1);

[ab

1]
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[ cdx]

[1] os_md.mtoupper(M,1);
[Lab1]

[ 0 (d*a-c*b)/(a) (axx-c)/(a) ]
[2] os_md.mtoupper(M,0);
[ab1]

[ 0 (d*a-c*b)/(a) (a*x-c)/(a) ]
[3] os_md.mtoupper(M,1|opt=1);
[ a 0 (-bxa*x+d*a)/(d*a-c*b) ]
[ 0 (d*a-c*b)/(a) (a*x-c)/(a) ]
[4] M=os_md.mtranspose(M);
[ac]

[bdl

[1x]

[5] os_md.mtoupper(M,0);
[ac]

[ 0 (d*a-c*b)/(a) ]

[00]

[6] M=newmat(3,3,[[0,0,1],[1,1,1],[1,1,2]11);
[001]

[111]

[112]

[7] os_md.myrank(M);

2

[8] os_md.mtoupper(M,O|opt=1,step=1)$
[001]

[111]

[112]

linel <-> line2
[111]
[00-11]
[112]

line3 -= linel
[111]
[00-11]
[001]

linel += line2
[110]
[00-11]
[L0O01]
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line3 += line2

[110]

[00-1]

[o00O0]

[9] A=mat([2,1],[1,2]);

[21]

[12]

[10] os_md.mtoupper (A,-2]|opt=2,step=1)$
[2110]

[1201]

linel * (1/2)
[11/2 1/2 0]
[1201]

line2 -= linel
[11/21/2 0]
[ 03/2 -1/2 1]

line2 * (2/3)
[11/2 1/2 0]
[01-1/3 2/3 ]

linel += line2 * (-1/2)
[102/3-1/31]
[01-1/3 2/3 ]

[11] os_md.mtoupper(A,-2|opt=3,step=1)$
[2110]
[1201]

linel <-> line?2
[1201]
[2110]

line2 += linel * (-2)
[1201]
[0-31-2]

line2 * (-1/3)
[1201]
[01-1/3 2/3 ]

linel += line2 * (-2)
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[102/3-1/31]
[01-1/3 2/3 1]

[12] os_md.myinv(A);

[ 2/3 -1/3 ]

[ -1/3 2/3 ]

[13] os_md.mtoupper(A,-1|opt=2);

[ 1 0 -1/3%zz+2/3 ]

[ 01 2/3%zz-1/3 ]

[14] os_md.mtoupper(mat([2,1,3],[1,2,3]),-2]|opt=3,step=1,dviout=1)$

21 3 10
1 2 3 01

linel < line2 1 2 3 0 1
2 3 1 0

1
line2 —= linel x(2) 1 2 3 0 1 )
0

line2 x= (%1) 1 2 3 0 1
RO SN -
01 1 F 2
linel —= line2x(2) 1 0 % _gl
01 T 3

[15] os_md.mtoupper (os_md.s2m("32,53"),-2|opt=3,step=1,dviout=1)$

3 210
5 3 0 1
e

[16] os_md.mtoupper(os_md.s2m("32,53"),-2|opt=4,step=1,dviout=1)$

3210
5 3 0 1

line2 —= linelx(2) ( 3 2 1 0)

-1 -1 -2 1

linel <> line2 -1 -1 -2 1
3 2 1 0

linel x= (—1) 1 1 2 -1
%
3 21 0

line2 —= linelx (3) (1 1 2 ——1)

0 -1 -5 3
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0

linel —= line2 1
e ——"
0

line2 x= (-1) (1 2 -1
—_—

5 =3
-3 2
5 =3
[16] os_md.mtoupper(mat([a,2], [a+2,4*a+2]),0|step=1,0pt=5,dviout=1)$

a 2
a+2 4da+2

line2 += linelx(-1) (a 2
2 4a

linel < line2 2 4a
2

—0 =

—
a

linel x= (%

) (1 2;)

a
line2 += linelx(—a) (1 2a
0 —2a%+2

Ifa=1,

1 2

0 0
Ifa=-1,

1 -2

0 O
If a> — 1 #0,

=1
2

line2 x= <a271) <1 Za)
0 1

linel 4+= line2x(—2a) (1 0
0 1

[17] os_md.mtoupper(mat([a,b]l, [c,d]),-2]|step=1,0pt=6,dviout=1)$

a b 1 0
c d 0 1
If a =0,
0 b 1 0
c d 0 1
If c=0,
0 b 1 0
0 d 0 1
Ifb=0,
0 010
0 d 0 1
Ifd =0,
0 0 1 0
0 0 0 1
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If d # 0,

linel ¢ line2 (0 d 0 1)
0 010
linel x= (%) <0 1 0 (11>
0 01 0
If b # 0,
linel x= (% 1 1
____il’@ d 0 3
line2 += linelx(~d) (0 1 + 0
b0 )
If ¢ #0,
linel < line2 (c d 0 1)
0 b 10
linel x= (1) /1 d (o 1
S ()
Ifo=0,
1 4 0 4
@ 0 16)
Ifo#0,
line2 x= (1) (/1 4 o 1
i UR )
linel += line2x (=%) (1 0 ;Tfl i)
01 3 0
If a #£ 0,
linel x= (1 1 1
LI

b
a
d
NP b1
line2 += linelx(—c) 1 a p 0
=c
a

0 da—cb 1
ra—<,
a
121
0 0 =<1
If da — ¢b # 0,

—Q o

line2 x= (z225) (1 % 0
0 _—¢c_ _a
da—cb da—cb

. 5 —b d —b
linel += llnc2><(T) (1 0 P dacb)
—c a
0 1 da—cb da—cb

[18] os_md.mtoupper(mat([a”4-b~2,b]),0|step=1,0pt=6,dviout=1)$

(a4 — b2 b)
If b = a?,

(0 a?)
If a =0,

(0 0)
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If a # 0,

linel x= (a%) (0 1)

If b= —a?,
(0 —a?)
If a =0,
(0 0)
If a #£ 0,

linel x= (;—21) (0 1)

If a* — b # 0,

linel x= (ﬁ)

(1 a4ib2)
[19] os_md.mtoupper (mat([a~4+b~2,b]),0|step=1,0pt=6,dviout=1)$

(a4 + b2 b)
Assume a* +b* # 0,

linel x= (ﬁ)

(1 a43-b2)
256. mytrace(m)
= ATHIO trace #iKT .
257. mydet (m)
mdet(m) ERILC. 2 LEGITABEATH L.
258. mydet2(m)
wdet(m) ERIU. 7272 URAITAEK TS Lu.
mydet () X det() %, %7 mydet2() Id mtoupper ) ZFIHT 5.

[0] M=newmat(3,3,[[1,x,x72],[1,y,y"2],[1,z,2"2]1]);
[ 1 xx"2]

[1yy2]

[1zz2]

[1] fctr(os_md.mydet2(M));

(-1,11, [y-z,1], [x-z,1], [x-y,1]]

[2] N=newmat(3,3,[[1,x/y,x"2/y"2],[1,y/z,y"2/2"2],[1,z/x,2"2/x"2]]);
[1 X/ x"2)/(y"2) ]

[ 1 (/=) (72)/(z"2) ]

[ 1 (=2)/&x) (272)/(x"2) ]

[3] os_md.fctrtos(os_md.mydet2(N));

—(zxx-y~2) * (y*x-2"2) * (x"2-2z*y) / (2" 2%y " 2%x"2)

[4] det(N);

internal error (SEGV)

return to toplevel

259. myrank(m)
= 478 m @ rank KD 5 (HliX mtoupper () DIH)
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260. mykernel (m|opt=1)

= 4T85 m DEEELTHID kernel DEJEE KD 5
F7va v opt=1 ZEE LRSI, BELRAVTIIETS.

[0] A=newmat(4,3,[[x],[y,1,1]1,[0,1,1],[1,1,111);
[x00]

ly11]

[011]

[111]

[1] os_md.mykernel(A);

[ly xx01,[y-1 -x 0 x ]]

261. myimage (m|opt=1)

262.

263.

264.

= AT m OEREITHI OB OIEEZRD 5

o 7 g opt=1 ZEEELI-L XX, BWBELRAWMEETS.

o HIEDRY MV DORYID 0 TRWVES OMLE I HRFHFAN T, o7 MLOZFOME DK 1T
0L72oTN5.

[0] A=newmat(4,3,[[x,-x],[y,1-y,11,[0,1,1]1,[0,1,2]11);
[ x -x 01

[y -y+1 1]

[011]

[012]

[1] Im=os_md.myimage (A|opt=1);
[[x0-y01,[01101,[00011]
[2] V=newvect(4,[1,1,1,1]1);

[1111]

[3] os_md.mymod(V,Im);

[L0O0 (y)/(x) 0]

[4] os_md.mymod(V,Im|opt=1);

1

[5] os_md.mymod(V,Im|opt=2);

[ (/&) 1]

mymod (v, [v1,...,vr 1| opt={)
2 R_XT Moy, .., v TEONDZEBOPEZERA~D v O EERD S (BlIE myimage () DIH)
e v, ..., U D0 TRVWERDOMES, NHICEIZHEMLTWAILERSS.
o A7V a v opt=1l ZME LGS, HEN0DOLE 0%, LS TIEL 2IKT.
e opt=2 HIFE L7 & XL, PR OFEHERIRZ - T2 £ T
mmod (m, [vy,...,v; ]| opt=1)
X MLy, v TRONDZER ORGZE A~ OBIE G m DI
o v,...,vp D0 THRVEREDOAMEIL, NHIZEIZEML TWOIXLERHD. £z, opt=1 ZfHE L7
WE L, IO TELNDZEMIT m TRETRIFTR SR,
e opt=1 D& X%, FIEM LOBBERBL TR T, MEM~OBEGHE H72T (DL I mix
EFATHI T TEW).
myinv(m)
= IEFTTE m OWTEE KD B
BATTAERATE v, m AAFETRVWE E, 0 2R
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[0] M=newmat(2,2,[[a,b],[c,d]]);
[ab]

[ cdl

[1] os_md.myinv(M);

[ (d)/(d*a-c*b) (-b)/(d*a-c*b) ]
[ (-c)/(d*a-cx*b) (a)/(d*a-c*b) ]

265. madj(g,m)

2 ATH gmg ™ ZHET D, mIATHIO U A RATHIONRZ RV TEH L.
266. diagm(m,a)

s S ATTIN AR T 5

mgen(m,0,a,1) LT
267. mgen(m,n,a,s|sep=1)

i size m X n O—BATHIEAERLT D
(1, 7)-A531E a BWEE DR ai’j’ ¢, VA MO afilf THZOND ('=i+s, j'=7+9)
SIX0FELITL T, KODindex 1L s DHMEEDLILDOETD.
a R afi] XFHITH L. F2, LFDO 3250854 (n=0, -1, —2) O L ZFTHFTH L.
n=0 F72i¥ diag O & XX size m OX AT %I T
n = —1 £/ highdiag ® & T I3 AED DO —> LD DH 0 T size m OIEFITHI%E
Y.
n=—2 F71% lowdiag D & X IR D—2 F DI DFH 0 TR\ size m DIEFITHI % KT
n=—3 721X skew O & XX size m OERFEFITHNZ BT
n=—4 £721F symmetric M & XX size m ORFIEFITHNE T .
n = —5 E£721% perm ® & XL size m OEHATHIAIKT. ZDITH| G THEN Y MEEHRT D &,
1 FEBIZ 0 HERAOWADBAD.
sep=1 Z4EET DL, “HA VT v I AORIZ _ EAND.

o VA NDEROMEEBARY oL &id, REOEBNZNUBELHNTND EHRREND.

mgen(0,0,0,0) CTHHEALMAMENRTRIND.

[0] os_md.mgen(2,2,c,0);

[ c00 cO1 ]

[ c10 c11 1]

[1] os_md.mgen(2,3,[a,b],1);

[ a1l a2 a3 ]

[ bl b2 b3 ]

[3] os_md.mgen(3,"diag","a_",1);
[a_100]

[0a20]

[00a3]

[4] os_md.mgen(2,"diag",[a,b],0);
[Lao0]

[O0Db]

[5] os_md.mgen(3,"diag",[1,2,3]1,0);
[100]

[020]

[003]

[6] os_md.mgen(3,"diag", [x],0);
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[x00]

[0ox0]

[L00x]

[7] os_md.mgen(3,"highdiag","e_", 1);
[0e_10]

[00e2]

[L0o0O0]

[8] os_md.mgen(3,"skew",[a,b,c],0);

[ 0 a1 a2 ]

[ -al 0 b2 ]

[ -a2 -b2 0 ]

[9] os_md.mgen(3,"symmetric", [a,b,c],1);
[ a1l a2 a3 ]

[ a2 b2 b3 1]

[ a3 b3 c3 ]

[10] os_md.mgen(4,"diag", [a],0)+os_md.mgen(4,"lowdiag",[1],0);
La000]1]

[1a00]

[01an0]

[001al

[10] os_md.mgen(3,"perm",[3,1,2],1);
[001]

[100]

[0o10]

268. unim(s|abs=m ,num=n,both=1,int=1,rank=r,conj=1,res=1,wt=w,dviout=t,lim=w)
2 AT 1 THA X s OFEEATINE T v X BZERT B, 170l s T 0 X KIEBRT 5
o s WIEEEH DL, VA X s TITHIAN 1 OITF% T 2 X KTERT 5.
o s WIEHEEL T conj=1 ZHE L7 & XL, VA X s OITFI & Z D Jordan EHERIDMZ T &4 AT
kT 5.
— wt=w LK > TEAMDENRY (VA X +w) #HETED (w=20T 74/ M.
— diag=1iC &> T, RALFRITINCHIRT .
—res=1 I Lo T, BHITHI & ZDHWATHIEIET. THobLEVMEN [AB,P,Q] 725X
P=Q !, B=PAQ T, B A ® Jordan fEHEJE.
* int=1 2T T D L HRARES D H > CTREY Z2MEREL X b.
¥ int=2 ZHETH L, RICMATEETI Q N2=FT 27 —TER2WWbLED D (Z
DL E P OSSR TRV, EL, int R LY K& T 5L, ZoFlOEE
Dipl b,
x dviout=1 ZEET D &, TEX 2> CHRZHEEERTT 5.
* dviout=-1 Z{EETH &, TEX OV —R & KT .
s DTHIDOREE, & DITOFEELUE ZBIDOITITIN 2 B LM A AT 7 BT T - TIKT .
s MTHIT both=1 #HEE L= & &3, FNTBE L THREERREBREIT.
s BIEFTTHIT conj=1 Z48E LIz & Z1x, 52 ONIATINCHARR21THNE T 2 WITET .
s [p,q]l EWH KDY X FOWRHE, 1THEALEODD px ¢1151% T ¥ MMIAEMT 5.
1THNOMESEN 2 LA ETp & g 2B 20O, FBEEICK L TURIEEMERTEOND.
s [p,q,k1,ke,...] LWV URXNOREX, HDITO k, FIENFEEHD 1 & 72 DT FNATER
EFRCTEBRIND px q¢iThe T o X NMIERT D.

190



o s/ U A NDEE, rank=r TITHOERAIET 5.

e s VU R NDIE, int=1 TITEARERIC L A MRATHINEEITINC 22 b DITHIRT 2 (—0%
B OEHT L HTOBEEICIHA ATV D).

e s MY A NDKE, ARESNDITFHIO 1FIH L 2 5B BNERIEISL & 2 D ERITEDICHEL TH D
B, wt=w I L > TENEEF TS (wITIFFAEHT, 7740 NI w=2Thsb. ZOHEMNPKX
WEETRERITE L2 D).

o s U A NDIE, res=1 THAHITOEEEEHOITIZMA DM THE NS E=A1TFHIKT.

— &BIZ dviout=1 ZHEETH &, TRX &> THEALKOBRE L& O TERELEHFRT 5.
Z D& E mtoupper ) IZH1F 5 Lim=w DFEEN FIHE.
— HITE T dviout=1 45 L72AE, TEX © Y —A &K,

o BN AATHID Sy OARHENFF S 4L D HIPHNICE & 2 BEEATHINOER DB MEbis.

e abs=m : KT OMIHEDORKEEZ m UL TFETS (T 7+ MIm=9).

e num=n : 7 X MEORRE (n =100 F£7213 200 37 7 4/ K).

[0] os_md.unim(4); /* {751 1 D 4x4 175 */
[3-2-831]

[ -7 -7 671

[875-7]1]

[-316-21

[1] os_md.unim([4,5]); /* (TEARERA 4x5 175 */

[2-2269]
[32-7-1-11]
[ -6 -18-4-21]
[ 04 -8 -8 -5]
[2] os_md.unim([3,3] |rank=2); /* BEEIA 2 DITRARLERA 3x3 175 */
[ -97 5]
[ 5-4-3]
[719]
[3] os_md.unim([3,3] |rank=2,abs=99); /* BEEA 2 DITELXRLERA 3x3 175 */
[ 28 -55 24 ]
[ -15 49 -91 ]
[ -33 64 -25 ]
[4] os_md.unim([4,5] |abs=3,res=1); /* O DIMEIEN 3 LT + ERLERER */
[[-113-33]
[-2-1013]
[ -3-11-12]
[21011],[10-100]
[0-1-210]
[00020]1]
L0000 -11]
[5] os_md.unim([4,5,0,1,3]);
/* 0,1,3 FIEAEED 1 L5571 DENBICERTE LT +/
[45-62-7]
[ -4-681-11]
[36-9-23]
[65-4-14]

191



[6] os_md.unim(os_md.diagm(3,[0,-1,1]) lconj=1); /* BEHMEA 0,-1,1 DIT5H */
[ -4 -5 -8 ]

[ -6 -1-61

[7-15]

(7]
[o
Lo
Lo
(el
[3
[5
[ 4
(o]
CC
[

L T e T s TR s B |

L
[10

[11] for(N=[];M!=[];M=cdr(M)) N=cons([length(os_md.mtoupper(car(M),0|step=1,

opt

[12] for(M=gsort(N);M!=[];M=cdr(M)) os_md.mtoupper(car(M)[1],0|step=1,0pt=7,

dvi
[13

A=os_md.mgen(3,"highdiag", [1,0],0)+os_md.diagm(3,[0,0,1]);
10]

001

011
os_md.unim(A|conj=1);
-31]

-1 -3]

-2 -1 1]
os_md.unim(4|conj=1);
89 -1-91]

-5 -5 6 4]

22 -1-21]

235 -417],

-1100]

0-1101]

00-101]

00011]]

1 for(I=0,M=[];I<100;I++) M=cons(os_md.unim([3,4]),M)$

/x A ERRZIZITH +/

/* EEHTTHIE Jordan ZEERZDHE +/

=7,dviout=-2)),car(M)],N)$

out=2,1im=80)$ /* 3x4 fTHIDITEARERDOMRE 100 F */

] dviout(" ");

[14] for(I=0,R=[];I<100;I++) R=cons(os_md.unim(4|conj=1,res=1,int=1),R);

[15

] S="&"+os_md.ltotex(R|lopt="cr",cr=15)$

[16] dviout(Sleq="align")$ /* 4 RIEAFFTHID Jordan #ZHER & EHATHI 100 B */

ko

[15

[16

[15] BB Z A TO L SIZLTH L,

1 for(T=[],S=R;S!=[];S=cdr(S))
T=cons([S[0] [1],"&=",8[0] [2],S[0] [0],S[0][31],T);
] S=os_md.ltotex(T|opt=["cr","spts0"],str=1,cr=11)$

[17] dviout(Slegq="align")$ /* 4 REATTHID Jordan 1ZHER & EHITFI 100 B */

%)

(171 1%, LT L DT 5.
-1 1 0 0 0 -1 1 0 5 0 -4 0 2 1
o -1 00} _ (-1 5 -3 -1 2 2 =31 2 1
0 o 3 1) |1 -2 1 1 1 8 -7 0 3 1
0 0 0 3 0 1 -1 -1 1 -9 7 4 -1 0
-2 0 00 0o -2 -1 1 -1 6 5 -1 1 1
0 -1 0 0} _ (1 1 0 -1 -4 -1 0 4 0 1
0 0 3 0 O 1 1 0 4 4 3 —4 0 -1
0 0 0 3 -1 0 0 1 -4 6 5 2 1 1
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[18] os_md.unim(4|int=2,conj=1,res=1,dviout=1);

-1.0 0 0 5 -2 L3\ /6 5 2 0 5 31
0o 000 [-5 2 S1 2|4 4 1 o3 21
o o1ol (2 1 1 =2]|le -1 8 —6]|5 41
0 00 3 111 _§ 8 8 8 -3/ \12 8 2

269. newbmat (m,n, [[roo,701,...1, [T10,...1, ... Inull=t)
w7 a sy T EER T D
o 1y DITEIZIIINDOY A XR 1 DL X, X7 PVELITY A RTERLTS L.
o 1 WY A X1LDEFTHOL &L, AHT—THRLTH I,
o 7 M OATFIDKFL 0 THRLTH L.
IO L& null=t BFEEL THIUL, 01781TRL, KONt DITFI LIRSS,
o 71y JIZHTFTEBITREINITD R & 1 O3RN H T L.

[0] A=os_md.newbmat(2,2, [[a,b], [c,d]]);
[ab]

[cdl

[1] os_md.newbmat(2,2,[[0,A], [2*A]]);
[00abl

[00cd]

[ 2%xa 2%b 0 O ]

[ 2%xc 2%d 0 O ]

[2] os_md.newbmat (2,2, [[A],[0,1]11);
[Labo]

[cdo]

[001]

[3] os_md.newbmat (2,3, [[A]]);
Labo0oo0]

[cdoo0]

[0000]

[4] os_md.newbmat(1,2,[[A,[e,f111);
[abel

[cdf]

[5] os_md.newbmat (2,2, [[A]l,[0,0]]|null="A");
[abal

[caal

[LAAA]

[6] os_md.newbmat (2,2, [[A], [0, [0]]] Inull="A");
[Labal

[cadaal

[AAO]

270. meigen(m |mult=1)
= ATHI m OEEEEIET
e mult=1 D& X TR MBOET, BEHEENKE VIEISKT.
e mIITHNDY A MO~ T FLTH L.
o AKX THVWHEAMIE, zz DZHENXOBRTEINSD.
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o unim() (T &> THEAMFHEHOITHIOLERNRTE 5.

[0] A=newmat(3,3,[[1,-1,-1],[4,6,5],[-2,-2,-1]11);
[1-1-1]

[465]

[ -2-2-1]

[1] os_md.meigen(A);

[1,2,3]

[2] B=newmat(3,3,[[1,-1,-1],[4,6,5],[-2,-2,11]1);
[3] os_md.meigen(B);

[zz"2-6%zz+13,2]

[4] C=newmat(3,3,[[al,[0,b,2],[0,0,all);
[a00]

[0ODb 2]

[00al]l

[5] os_md.meigen(A);

[a,a,b]

[6] os_md.meigen(A|mult=1);
[[2,a],[1,b]]

[7] os_md.meigen([A,C]);
[[1,2,3],[a,a,b]]

[8] os_md.meigen([A,C]|mult=1);
(cfe,13,01,23,01,31]1,[[2,a],[1,b]]1]

271. mdsimplify(m|show=1,type=0{)
o AEAEFTTH m, EIFTEDOT A MO MZXRAITHICHRIEE L
o TTOATHNEIRTZALIR V.
e show=1 Z45ET D &, ML AAITHIGRT.
o type=1 L5 L, 1TLIIDFRAETIEATICEMRT S,
e type=2 (resp. 3) M & XI(T (resp. #) DO RAS (resp. 17) I[TEHT 5.

[0] A=newmat(2,2,[[a,b/c"2],[c/b,d]]);
[a (/("2) 1]

[ (c)/(b) d ]

[1] os_md.mdsimplify(A|show=1);

[[ a (1)/(c) ]

[1d]1,[ (/) 111

272. transm(m|dviout=1)

175 m OEREFRE A ZT7 7T 4 712479

e dviout=1 ZfET H &, TEX ZHWTHEROBERERNB TE 5.

e m ¥ s2m() OBFDOEATH L.

FREND 7T DBRIZIITF— AN L THERT DI LI Lo TEALERTS. 1T

= avy }\0)2%/71\‘
: 29THE BITHOANE X
,=2 1 29THICSATRD =254 MA %
2 29TH%Z —2/59%

3

B

34y~

2,5
2,5
2,2
2,5
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r
S

ot

Q = p Qg H O

,2,56 2B E 5 FBOANE X FIEEELITOIZITXEHIC r 221 5)
,X,2 1 x 22 HZUAT S

o i A )

L RWOIATINCR D

: —ORIOITHNIIR S

: IROFTHN~ (f DEH DI AEE)

: DIBE, BHEWMOICITIRALIE 21T O

: FERIUED dviout=1 O & X, TEX ZHAWCHEERTRE 2D

by (BROBBOITSE Y A ML TIET)

[0] L=o0os_md.transm(mat([2,3,1,-1,a],[3,2,2,1,1],[4,0,3,4,1]1,[5,4,4,1,11))$%
[231-1a]
[32211]
[40341]
[54411]

?

2,5 : line2 <-> 1lineb
2,5,-2 ; line2 += (-2)*1lineb
2,2,-2 : line2 *= -2
2,5,0 : line2 += (?)*1lineb5 for reduction
7 3,2,-1
[231-1a]
[32211]
[1-2130]1]
[54411]

71,3

[1-2130]
[32211]
[231-1a]
[54411]

7 2,1,0

[1-2130]1]
[08-1-81]1]
[231-1a]
[54411]

7 £

[1-2130]1]
[32211]
[231-1a]
[54411]

7 s,a,l

[231-11]
[32211]
[40341]
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[64411]

7q
(1]

3.2.7 Strings
273. str_char(s,n,t)
i CFF s O n SCFRLBEICSUFS ¢ OTESCERRINCHEN D254 IS (str_chr () OHLIE)
Ronbpne i3 -1 2K
siE, (& xi¥ strtoascii() THLNDIEH D) U A MO PR ETEH L.
s MU AR RORT MVOWRHE, tIECFHILS (o & XX Fa—F) TH L.
sHY A NELIFRZ bAOYE, BGGEETICZOEERL S OTAE T —2FN L.
str_str() O N EREHE.
274. str_pair(s,n,t;,ts|inv=1)
i S s O n SCFRLUET, SUF (B to OHBLEED ¢ O HBREECE B % 2 B O E % K3
Bonbane i3 -1 2K
siE, (FF& xid strtoascii () THOLNDIEHD) U A MO MR ETEH L.
ty, ta IIXFEI—FTH IV, HDHWIETFEITH L.
sjis=1 BRESND &, 7 b JIS OILFF| & FH7p L TUERT 5.
inv=1l BIEEIND L, UFF s O n SUFLARIT, X7 ) ¢ty OHBLIEED to O HELREE B
ZDEBEOMNMEEIET. 72721, sjis=1 OH/TEEFTTEIND.
o s MU RANEIEINY MOBE, MERETTIZZOEER I OTAEY —ZhEN L.

[0] os_md.str_pair("(1+((2+3)*5)/4) (6+",1,"(",")");

14

[1] os_md.str_cut (" (1+((2+3)*5)/4) (6+",0,14);
(1+((2+3)*5) /4)

[2] os_md.str_pair (" (1+((2+3)%*5)/4) (6+",13,"(",")"|inv=1);
0

[3] os_md.str_pair("(1+((2+3)*5)/4) (6+",9,"(",")"|inv=1);
3

275. str_str(s,t|top=n,end=m,sjis=1)

i SCFH s ISERSY SCFH ¢ RN EIN D G A KT

W SLFAN E BT s IZEENRNE X, —1 ZiKT.

top=n WHREIND L, BKHOn XFIVHRERET n=02BT 74/ F).

end=m BMEEIND &, BUND m+ 1 LFERVZEZNLEND OITRI 220,

sjis=1 MEESND &, 7 N JIS OXTHI & #72 L CTAET S,

sBLUtIT (strtoascii() IZX-~ TEHBLINTZLH %) XFa—FDY XN, HBHWNEIT b

LTH L.

tORINV1IOLEIXLFa—RFTH L.

o s NLFA—RDY A NEITRZ MLOBE, BB LRNOTAE Y —2hR 08 L < TR,

e t BYRANT, ZOROMNILTH (HDHNVEENELFTA—ROY A RPLRT hLELEZH0) T
ol t OMEFE (YN 0FR 52 D) OLFHNN s ITHRYNZBNDNE, ZOMED
MEDY R NEIRT., WTFRLRBENRWNERIT -1, —1] 2R

— LIZIHHEEDOZ NS O E I RD I RRN L.
— A UALED D t OBEOSCFIINENT-IGE, B2 _-b0%ET. 7745 s ="aabc..."
IZxf LT t =["abc","ab"] & L7=5A, XFF "abc" BEDOITHIND.

[0] os_md.str_str("abcdefghiabc", "bc");
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276.

277.

278.

1
[1] os_md.str_str("abcdefghiabc", "bc"|top=2);

10

[2] os_md.str_str("abcdefghiabc", "ac");

-1

[3] os_md.str_str("abcdefghiabc", ["ab","gh"]|top=1);
[1,6]

[4] os_md.str_str("abcdefghiabc", ["ab","gh"]|top=1,end=5);
[-1,0]

[5] os_md.str_str("abcdefghiabc", ["bcd","bc"]);

[0,1]

[6] os_md.str_str("abcdefghiabc", ["bcd","bc"]|top=2);
[1,10]

str_cut(s,m,n)
w FH s ORFEENDL m LFEAX Y LT, TR —m+ 1 XTFEKRY
o s BFHID L X1F sub_str(s,m,n) ER L (Fli strpair() 2&H).
¢ s IXFa—FDYRAFORT MATHLEW (ZBELDHFRA— =~y RV, 2720, B
D AE X STFF).
e N NI RENVEXIL, sDOm~+1FHLKEEZIRT.
str_subst(s,sg,s11sjis=1,raw=1) £
str_subst (s, [so, So1,---1, [s10,511,...] |inv=1,sjis=1,raw=1)
str_subst (s, [ [soo, s10], [So1,511],-.-1,01sjis=1)
u ST s IZEEN DR ILT S s & 51 TETHENLIAICE X Z D
o BHFEDE EHZ, TROOLEL LT H] so; & 51, ~j=0,1,... DIAIC s DEZHEINTED.
o BIMFHE XX T, EEMZ LN H XTI OHE XA ITITHR.
e sidstrtoascii) ICL - TEEBZ ONIZEEO U A LT ML THIW (THELDOERA—
IN—osy K37, 72720, raw=1 ZRELRWVE, RO EITSCUFES.
e inv=1(CKoT, T s1; & so; ~7=0,1,... DIEOEXHZ BT D.
e sjis=l FESND L, 7 N JIS OXUTHIE 72 L TS D,
e raw=1 PIEEIN TS &, strtoascii() TEEXMWIAONI-EHDY X M EIRT (ZHLDHEFN
T =y KD 720,

[0] os_md.str_subst("abc", ["a","b"],["b","a"]);

bac

[1] os_md.str_subst("abcdefghi", ["bc","cd","ef"],["cd","ab","ef"]);
acddefghi

[2] os_md.str_subst("abcdefghi", [["bc","cd"],["cd","ab"],["de","ef"]1],0);
acdeffghi

str_times(s,n)
2 T s (F72ITV A RN) & nBEREVIRLUZCFS] (F7203Y A ) ZiRT
e VALDEEIL, s=[[s1,82,...,8:1]1 &T5&, [s1,82,...,8k,81,82,...,8k,51,82,...1 &\
SRS nDY A MEIRT.
o s=[t1,...,tg, [51,89,...,811 D& XX, [t1,...,tk,51,52,...,Sk,S51,82,...,8k,S1,82,...1 &

WIREnDU R MEIET.

[0] os_md.str_times("Abc",5);
AbcAbcAbcAbcAbc
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279.

280.

281.

282.

283.

284.

285.

[1] os_md.str_times([["Abc"]],5);
[Abc,Abc,Abc,Abc,Abc]

[2] os_md.str_times([["Abc","Def"]],5)
[Abc,Def,Abc,Def,Abc]

[3] os_md.str_times(["012", ["Abc","Def"]],6);
[012,Abc,Def ,Abc,Def,Abc]

strip(s,t1,ta)
i SUFHNOSMUOFEIL A S5

o sty &ty DT OFFIMTRAENRFHENTND L&, ZTOFEINEI LT LFHN 2T

[0] os_md.strip("((x+y) " 2+(y+z))","(",")");
(x+y) "2+ (y+z)

[1] os_md.strip("(x+y) "2+(y+z)","(",")");
(x+y) "2+ (y+z)

s20s(s)

ST E N ATRE 7R SC AN AR
[0] s="\"R\FE\"";
"RETE"

[1] os_md.s20s(S);

\"F\FTE\"

sjis2jis ()

w XFa— FOEEO Y A O 2 ©% ShiftJIS 726 JIS (2284

EHHEOREE 2 DBEO U A FEiRT
jis2sjis(l)

w FA— FOEFD U A FOYEH 2 S% JIS 75 ShiftJIS (£ #

EHRBEOR S 208D A N &iET

[0] P="EH"$

[1] L=strtoascii(P);
[144,174,144,148]

[2] i2hex(L);
[90,ae,90,94]

[3] LL=os_md.sjis2jis(L);
[64,48]

[4] os_md.jis2sjis(LL);
[144,174]

s2euc(s)

0 ShiftJIS & 721% JIS 30551 % EUC CF3IC A
0x0d ® =— RIZHIERL T 0x0a D =— RIZEHT 5.
s2sjis(s)

2 EUC & 7213 JIS 3055 % ShiftJIS U5z 484t
0x0a M =— F|% 0x0d 0x0a D = — R{ZAEHT 5.

str_tb([sg, s1,...1,th) F72iX str_tb(0,th)

D TXANHARYy T EER b=0) L, £Z (EYMEth) (ZXFF s, ...

F1%z 0 & LTI Y .
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o th=0D & X%, th T LTI LR END.

o th NXTFHN L BIEENTHHILENTZTFA MHAAYy 77 2B L, S6IZE 155 CResnk
CFHNENECBIMLZT A ANy 77 2B, R LI ZTH LGN 0 0L XL, Thidse
LFHEfRIRE D,

e th BT XA NHNRN Y 77 DAL, FBLSIENXTFINELIZZOY A DL E, ZRMNIEIZN Y
TrIBIENRD. FELELISEN0DEZEFTIA NNy 7 7 OXFTHI Y H L TET.

o LTFHIN—272 0, [so] ITHIZ s TEV.

o ZOWHUL, ML LFHNEBIML T oG ED AE Y —HEOIEZNFIEZRET D 72DICHN D
5. £72, str_len(th) T/ w7 7 KM S NI CFFNY A X3 53in5.

[0] Buf=os_md.str_tb("This is ",0);
This is

[1] os_md.str_tb("a pen.",Buf)$

[2] str_len(Buf);

14

[3] Str=os_md.str_tb(0,Buf);

This is a pen.

[5] Buf=os_md.str_tb(" a pen.","This is");
This is a pen.

[6] type(Buf);

21

[7] type(Str);

7

[8] Buf=os_md.str_tb(0,0);

[9] X=3%
[10] os_md.str_tb([rtostr(X)," " 2=",rtostr(X"2)],Buf);
372=9
286. 120s (1)
i U A N&E AJJATRE e SCF N 254
o ITHIRCRY MUY X MZET. ZHULIFERAT 1 7 AR,
o KDL FINL " TH» CTFKTRTD.

[0] P=mat([x+y,"This is"], [(x+y)~2,"\"square\""]);
[ x+y This is ]

[ x"2+2*y*x+y~2 "square" ]

[1] R=os_md.120s(P);

[[x+y, "This is"], [x"2+2*y*x+y~2, "\"square\""]]
[2] eval_str(R);

[[x+y,This is], [x"2+2*%y*x+y~2,"square"]]

287. r2o0s(l)
B E eval str() TAJIRREZR SCFFIN A Hh
o 175, X7 fb, VR RNRELFIND. INHIERAT 4 > 7 AlHE.
o LFHNEL " TR » TERTD.

[0] P=mat([x+y,"This is"], [(x+y)~2,"\"square\""]);
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[ x+y This is ]

[ x"2+2*y*x+y~2 "square" ]

[1] R=os_md.r2o0s(P);

mat ([x+y,"This is"], [x"2+2*y*x+y~2,"\"square\""])

[2] eval_str(R);
[ x+y This is ]
[ x"2+2*y*x+y~2 "square" ]

288. r2ma(s)
:: Mathematica O DOEITZEH
evalma(s|inv=1) &RTC
289. evalma(s|inv=1)
:: Mathematica DR & FH AT
e Mathematica @& #%X Sin, Cos, Tan, ArcSin, ArcCos, ArcTan, Exp, Log, Sinh, Cosh,

Tanh (ZXG LTV D.
e s=0 Lt7 5%, Mathematica R D LFF|%E (2 —« R—ZA "R LIZLY) HEATX S,

BEATIZE->TH LW, FEATK TS ; DBROKITTRT.
o inv=1 LT 5L, WEH, Tbb#HAH 5 Mathematica XD CFHNZEHT 5.

[0] P=os_md.evalma(0)$
Mathematica text (terminated by ;) 7
{(x+y) "2,
vyt

[1] P;

[ x"2+2%y*x+y~2 y ]

[2] os_md.r2ma(P);

{x"2+2%y*x+y~2,y}

[3] os_md.evalma(0)$

Mathematica text (terminated by ;) 7

{x+y) "2,

v};

exprparse : syntax error

[4] os_md.evalma("{{1,2},{3,4}};");

[12]

[ 34]

[5] os_md.my_tex_form(@Q);

\begin{pmatrix}

1&2 \\

3&4 \\

\end{pmatrix}

290. readcsv(sl|eval=[ny,ne,...],eval=n,sp=1,col=c,null=t,eq=1)

i CSV BT —# % U A M THiAiALe

o CSV B &I, BHEOT — 2o ar~LMIT TR -7 — 2N TH L0, T ix 11707 —

ZaHYANMIL, EHIZEDY R MEATIRIZIE AT Y 2 b & U THAAL.

200



o HHFIILTFNE L TitdAtey, 1T T ny,ng, ... CHRELZEBIIRXE LAty (ng i ng
ZHOHEH - Roid1ER - 2%9).

NEHOHRDOIRED L X1, eval=n & LTH L.

eval="all"t W H A a T, WRERERIZET (U e L TiHAirie.

sp=1 LWH AT a T, BEARY TIRENLPRERLIZGDET —FDOXEIY & hled.
col=c LWIH AT g TIE, BITOFE CHEHBDOREZFHATEI A T 5.

null=st L WH A7 a3 T, T—FOENEHE2 t T2 (5740 MIZEXTS).

eq=1 WO AT a i, BTHRLITRE LTHAAS, t DT 744 MEO.

CSV ERTIE, F—Zicar<=2&aHEA Mg 7 THoTHRT. Ebiczofiz” Bnbh
X, Tha _>ERT 20" KT,

o 77 ANDBROMNL WG EE, ADRTEIKT.

o MS Windows ® & %1%, ShiftJIS O CFFN5t LT\ 5.

[0] os_md.showbyshell("type z:\\test.txt")$

12,abc, (x+y) "2

0,2/3,2/4

2,"a ""b",4/4

[1] os_md.readcsv("z:\\test.txt");

[[12,abc, (x+y)~2]1,[0,2/3,2/4],[2,a "b,4/4]]

[2] os_md.readcsv("z:\\test.txt"|eval=[3],eq=1);
[[12,abc,x"2+2*y*x+y~2],[0,2/3,1/2],[2,a "b,1]]

[3] os_md.readcsv("z:\\test.txt"|col=3,eval=3,eq=1);
[x"2+2*y*x+y~2,1/2,1]

291. tocsv(l|null=n,exe=f)
w UA MDY R NERIFATHE CSV RO T —Z I #

e null=t EWWH AT a TR, t LWHT—XEZEOHERE & HRT.

e exe=0, 1 : DIROUT TIRELZZT 4 L2 b U D risaout.csv V9 7 7 A /W (FFETHIE 0 T
VBN, 1 TR EEE) HAL, BIE-ST &7 Excel AU T

e exe=2,...,9 : DIROUT THHEL/=T 4 L7 MU D risaout2.csv,...,risaout9.csv &\H 77
AT EEZHNL, BE-ST S4L72 Excel MO T,

o exe=f: fPLIREF.csv LW T s A NVADELEL, EOT 7 ANLDT 7 AL E LTHIAL,
RE-S 1) &7z Excel ZFFONHS.

3.2.8 Permutations
292. 1dict(n,m |opt=t)
2 {0,1,2,...,m—1} ZU 2 THENEFTn+ 1 ZFBEOU X F&ET
EEL72n & &30 KT
L, BMFEWIWASTREWVIEOFENIEF &3 5.
em=0DtETIm=c0 LAHRL, BADWFEIRWNHETEE NI X N EIKT.
em>0THTYaropt #HELILLGAOEKE, WHEOD ndict() 251,

[0] os_md.1ldict(0,3);
[0,1,2]
[1] os_md.ldict(1,3);
[1,0,2]
[2] os_md.ldict(2,3);
[0,2,1]
[3] os_md.ldict(3,3);
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[2,0,1]
[3] os_md.1ldict(4,3);
[1,2,0]
[4] os_md.1ldict(5,3);
[2,1,0]
[5] os_md.ldict(6,3);
too small size
0
[6] os_md.ldict(6,4);
[0,1,2,3]
[7] os_md.1dict(7,0);
[1,0,3,2]
[8] os_md.1ldict(10000,0);
(4,7,2,3,5,1,0,6]
[9] os_md.ldict(3,4]|opt=0);
[2,0,1,3]
[10] os_md.ldict(3,4|opt=1);
[0,2,3,1]
[11] os_md.ldict(3,4]|opt=2);
[3,1,0,2]
[12] os_md.1ldict(3,4|opt=3);
[1,3,2,0]
293. ndict (¢ |opt=t)
i {loy b1y 1} DAARFEZ DY AN L PAEEZIET gL 0 %)
COERE, AWVZRAR > THEETE 2O ThiLEL .
A7 a v opt BEEE LIZHEIE
e t=0: RENSGAHTREWEHENEF (F74+/18)
t=1: DA TN WEEERIER
t=2: EHEIPDHTREWVEEERIET
t=3: KENLHATUNSWEEERIEF

[0] os_md.ndict([4,7,2,3,5,1,0,6]);

10000

[1] os_md.ndict( [0,2,1] | opt=0);
2

[2] os_md.ndict( [0,2,1] | opt=1);
1

[3] os_md.ndict( [0,2,1] | opt=2);
4

[4] os_md.ndict( [0,2,1] | opt=3);
3

294. nextsub([lag,...,am_1]1,n)

2 {0,...,n—1} D m BOMHEEEZN /2L &, {ag,...,am-1} DIROFHEGEIRT. KEE S
ZTCHREL 0 23R,
e 0<ay< < Um1 <NDOUERHB.
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o ST B OREEAIE.
o BHOBEAEEE L m OLx, [0,1,...,m— 1] 23T

[0] S = os_md.nextsub(3,5);
[0,1,2];
[1] while(S !'= 0){S = os_md.nextsub(S,5); print(S);}$
[0,1,3]
[0,1,4]
[0,2,3]
[0,2,4]
[0,3,4]
[1,2,3]
[1,2,4]
[1,3,4]
[2,3,4]
295. nextpart (/)
w BEREOSEIDO ) AR e L, FEHENEFTRICKE R DOEZ KT
=10y, l1,... ] IZKRESDIEIZI A TOZRITIITZR 20

[0] s=[5];
(5]
[1] while((S = os_md.nextpart(S)) !'= 0) os_md.mycat([S,os_md.transpart(S)]);
(4,11 [2,1,1,1]
[3,2] [2,2,1]
(3,1,1] [3,1,1]
[2,2,1] [3,2]
[2,1,1,1] [4,1]
[1,1,1,1,1] [5]
296. transpart (¥)

w BEREOSEIO U A b Young H=UTxtS) £1Zxt L, EOBKIEZIET (FliX nextpart () &)
nROEBFEOITE {0,1,2,...,n— 1} DW~EZ LEZEXT, X7 Mlbs=][sy ... Sp—1] TET.
LT, s, tiZZ20 L5 BT L T 5.

297. trpos(a,b,n)
i A (a,0) I8HT=D n REHFEDO LA KT

[0] os_md.trpos(2,4,6);
[014325]
[1] os_md.trpos(0,0,6);
[012345]

298. sprod(s,t)

nOERREORB A KT

S = [80 . Sn—l]y t= [to N tn—l] D& %li{é&i [Sto N Stn—l] CkféfZ)
299. sinv(s)

n EHE s OWOLER KT
300. slen(s)

OB s ORI EIET
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301. sord(s,t)
:: [B#% Bruhat order CTlu# 2
RO fEE
0: equal 1: s>t —1: s<t 2: noorder

329 TgX
UTFOEBEOMIZE, fctrtos(), getbygrs ) 72 28 BIRX OHAICHIG LTS,
302. my_tex_form(p|subst=[ty,t1],frac=f,root=r,ket=k)
i print_tex_form(p) DY E) & CFHIEHOCAR I HIBRZATVY, FAHALT VY — AT
o B XHZIY str_subst(s,ty,t1) TREND.
e frac=0: fREMNH#EDO L =, 2/3 DX HICHNIT S
o frac=1: REN DD L &, \frac{2}{3} DX H AT 5. 7272 L, AMSTeX=0 D & X%
{2\over 3} DX HITHT.
o frac=2: REMNHHED L =, \tfrac{2H{3} DL S5 ITHNT D (F 7+ F). 72721, AMSTeX=0
DL X1 {2\over 3} 1@JZ ST,
ZOEE27(1/2) 1122 TR, V2 LR b X \sqre{2d &S (F 7 A R TIE D
oo D32 FLUNDEA) . .
72771, root=r DEETr=00L X ()2 OB, r=20L XX/ OIZRDILOH
hans. .
B, 27(1/3) 1123 TR<, V2 Lhans.
o ket=1: —FAMD () ZFHRVT \left( \right\) £ 527 5.
o ket=2: —FAMOD () HEHT \left( \right\) IZEHT 5.

[0] AMSTeX=1$
[1] print_tex_form(x_1+x_272/y);
\frac{ {x}_{1} {y}+ {x3_{2}°{ 2} H {y}}
[2] os_md.my_tex_form(x_1+x_272/y);
\frac{x_1ly+x_2"2}y
[3] print_tex_form((1+x)~(1/2));
C C {=xx+ 1){ 1/2}
[4] os_md.my_tex_form((1+x)~(1/2));
\sqrt{x+1}
[56] print_tex_form(x/2*(1+x)"~(1/2));
/2 C C {=x}+ )~{ /22 {x}
[6] os_md.my_tex_form(x/2*(1+x)"(1/2) |frac=0);
1/72(x+1)"{1/2}x
[7] os_md.my_tex_form(x/2*(1+x)~(1/2) |frac=1);
\frac{1}2(x+1) “{\frac{1}2}x
[8] os_md.my_tex_form(x/2*(1+x)~(1/2) |frac=2);
\tfrac{1}2\sqrt{zx+1}x
[9] print_tex_form(atan(x));
{atan}( {x})
[10] os_md.my_tex_form(atan(x));
{\arctan}(x)
[11] os_md.my_tex_form(2~(1/3));
\sqrt [3]1{2}
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303. show(plopt={)
: p % dviout THUNIERTT S
MO ERSE, BEEESXEAMEMFXNDY A, GRS B2 E% BEPHE LT dviout TH#UIZERT
L. BT 2R R ERBRDGET, A7V a kT 50, BIOMDRFREN HR 2 BB S .
e opt="verb"MN{EE IS &, Risa/Asir TORFEF U T dviout TRASND.
TRz DS E
o p PHEHEALLZHAD L X
— fctrtos(p) o CHREGML TERTH.
— opt DIREDRN-Tc & EiX, p PTEMFENE S )T isdif (p) THEL, W tEHFHEE
HIlr SNTZ5A1E var="dif" OF T 3V TERTD.
— opt="pfrac"t{EETH &, p DELEKIZHOWTH O HEER L TFRRT 5.
— TNESOBGENE, fetrtosO IR TOAT v a v RIA—L 23| EE L TRRET .
— 11TORRZ B2 T LE S HNL, ToRESnTERIND (FHEASLKITERS).
o p BTHIDOEEE, mtotex(pllim=1,small=2) %> THRRT5H.
— A XDORELRITHNBEE SN TN D.
— opt DFEEIE, mtotex() IZ var DIFE L L THESINTERT B.
e p N U A NDKEE, opt WX TFHIMNIY A FTHEINTWILEL, BRTOFTva XTI A—F%
ltotex(p) IZE L THRERERTTH. ENLSTIX
— GRS X, EHESXOEAMEOERD 2 WVIFIFHDO Y A M b, Thichbif Tl
N3 5. ok, BEESXOEEMEOBNE X, BAUINIFAELR, REXLHD 2 DOFEHEH
bV A NEEDTI AL, GRSEREIE, TOEENEHE S OEHFEOEAL 2o
TV U A |,
— UAbMpDFBEENIAMEL, FERHL LTI, X (ZZTiErasElt, <7
Mv, fFHIOWTINET D) b d I AMETD. XFHLXNbHENLTNDLET DL,
ltotex(plopt=["cr","spts"]) TEM L THETTDH. L LWTHOLOIXFINT \ BEE
TV, opt=["cr","spts0"] &L, EHITstr=1 AT a &2 5.
o p NILTHOKE, opt="raw"NIRESNTNDEZDEE TRX OXLFTHN L AR LTERL,
opt="eq"MNHEE SN TN D L XA KT & 472 L T\beginf{equation} \end{equation} THk
AT display style THRART 5. ENLATIE, XFFNTN\ © _ OWTHOXLFELEEN TS
EEOEE, FENTWIUL display style TR 5.
o ERLIAMTIT dviout(p) ITL > THRAIND.
304. dviout(plclear=1,keep=1,delete=t,fctr=1,mult=1,subst=[s0,s1],eq=k,title=s)
: p % dviout TERT D
e dviout(@Q) & FHiE, EATDOAERN dviout THRIND.
e dviout.exe 21T/ AZHALTHEL (HDWIL, risatex.bat #EEM2 5. EEH|XITEH-T
dviout LA Windows LAAR D UNIX 7¢ & OS 12 & XAl .
o ZOEHIKIZLE > T WIEX @Y —A2 DIROUT/out . tex (27 X4, #4123 DIROUT/risaout.tex
MOFEIFAEND.
p BIXFINOBE, @EIZBIEX O Y — R LB L THERRTIN
eq=0 D& X%, 77 4/ MIABRE
eq=1 D& XIT\[&\]
eq=2 O & X% \begin{align} & \end{align}
eq=3 D & XL \begin{gather} & \end{gather}
eq=4 O & XL \begin{multline} & \end{multline}
{
{
{

eq=5 D & XL \begin{align}\begin{split} & & \end{split}\end{align}
eq=6 D & XL \begin{align*} & & \end{align*}

eq=7 ® & &3 \begin{gather*} & \end{gather*}

eq=8 M & X% \begin{equation} & \end{equation}

eq=s &3UFS s ThH 2 bick Z1E, \begin{s} &\end{s}
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CH TR L e LC INTEX A - CRAET 5.

50, 81 TS LTHID (#H4%) BX#x %255 (cf strsubst()).
p=" " (1XFDZEA) 1%, HHER.
clear=1 12X »> T, BINTARL THHROERE RS,
keep=1 D & X%, BIEX O Y —ZADHODOERT, FRiTLRy (BH6FRR).
delete=t (2L > T, HED t HDOXEF DM WIZXZHIERT S (0<t<10).
mult=1 O L XX, pBY A Meh, FHEERNIFKTTDH.
fert=1 D & X%, p NEEXE T HHEX 2 SRR L TRRT 5.
tilte=s T, s BLFHNRLZNOH LI p RERIND.
dviout T source specials BNANT 72> TWAIE, dviout DMEHEH THRSNZLFEDOESDH
TNT Y w7k 0T 4 ZRNEB SN, BIEX O Y —AOEY BTN RETFRIC/R .
Z OREAZOFR (728 20 dviout (" ")) TIDEBIENAGINIRD.

e risatex.bat X° risaout.tex WFTE LW EE, ZTNON (T4 L7 MU REBZIALARER O

) BEIICER SN D, ZHADIIMEIIR U TESH L TLW.
risatex.bat Z#EBEFEE/R L DI (F 7 4L Tl get_rootdir() /bin ICEMNND) FEL,
%7- risaout.tex % DIROUT THEENDT 4 L7 FUICANTE LERH S (cf. DVIOUTA).

305. dviout0({) F7=iF dviout0([l1,4s,...]1) F72i% dviout0(£|opt=s)

306.

307.

: TEX TORTDTZ D DRNEHIR L OFEAERLE
e /=0:dviout(" "|keep=1,clear=1) L[6 U CTHEDIHZE
e /=1:dviout(" ") LA U THEHER
e /=2 :dviout(" "|clear=1) tRIL T, NEEHEEL THIR
e (=3 :DIROUT, DVIOUTH, DVIQUTA, DVIOUTB, DVIOUTL, Canvas, TeXLim, TeXEq, AMSTeX, TikZ,

XYPrec, XYcm OfEA /R END.

e (=4 :DVIOUTA & DVIOUTB DfEAAHL L, DVIOUTA D% R .

FE4T1511% DVIOUTL DIHA 2.
¢ =5 :DVIOUTA & DVIOUTB ZHJ&likfE Lz 5.
£=06:TikZ % 112§2 (V7 7FRIC TIkZ 21E9).
L=T:TikZ % 012925 (V7 7ERRIZ Xpic D).
£>10 : AMSTEX IZ8BT 247800 A X% £ £ T
LINBE DL - dviout (" "|keep=1,delete= — /() LR LT, &#&“D LEOXDOHEE
£ 3CTH 2 SEEEI \ AN L7230 % TRX O Y — AL CHATd 5.
7= & 21X dviout0("newpage") XL N— T E BT 5.
7272 L, LT OXFHN ORI OB Z R,
— e e LT EMINT D,
— "cls" . V—AERZEITS.
— "show" : FR7T 5.
— "N BRTEDER.

. %’Ei‘&@%ﬁéf’ﬁ%%ﬁié&%li URMZTD.
o opt=s AHRE LT L Z1T s I DEBERESND (s 1ILFF).

=L, f=—-1DLx ifﬂf@ REMNIREIND.
s 1Z1% TikZ, TeXEq, TeXLim, XYPrec, XYcm, XYLim, DVIOUT, Canvas 7% FJHE.
723, DVIOUT @ & &%, DVIOUTA, DVIOUTB DFREMN £ = 0 THIHNIREE, ¢ =1 THORT LS.

verb_tex_form(p)

iop & WTEX CRIBLAMREZR SUFINCT 5

verb_tex_form(p) I& rtostr(p) LF%ETHSHA, \begin{align}... \end{align} 72 & DR
FEhTbHEHTE 5.

monotos (p)

A AU ESNC A, HIEELIS T (L) THEe

206



308. monototex(plminus=1)
s A TEX OXFHNCER. BIEALSN Tt (&) THT
e minus=1 Z{FETH L, — THEDIHLED (&) THL
309. rtotex(p)
B E TEX OCFINCES. 1 XFaizx b &3 { & } THE

[0] os_md.monotos(a2);

a2

[1] os_md.monototex(a2);

a_2

[2] os_md.rtotex(a2);

{a_2}

[3] os_md.monotos(a+1);

(a+1)

[4] os_md.monototex(a+1);

(a+1)

[6] os_md.rtotex(a+1);

{a+1}

[6] P=(a~(12)+b)/(2*c+d)+alpha?2;
(a”12+b+2xalpha_2*c+alpha2*d)/(2*c+d)

[7] os_md.monotos(P);
((a~12+b+2*alpha_2*c+alpha2x*d)/(2*c+d))

[8] os_md.monototex(P);
(\frac{a"{12}+b+2{\alpha}_2c+{\alpha}_2d}{2c+d})
[9] os_md.rtotex(P);
{\frac{a"{12}+b+2{\alphal}_2c+{\alpha}_2d}{2c+d}}

310. texsp(s)
i TEX OXFS s OGN TEX OF—U— KDL &, s DRREIZZEAZDTD.

[0] os_md.my_tex_form(alpha*x) ;
\alpha{x}
[1] os_md.my_tex_form(alpha)+"x";
\alphax
[2] os_md.texsp(os_md.my_tex_form(alpha))+"x";
\alpha x
[3] os_md.texsp(os_md.my_tex_form(alpha*x))+"y";
\alpha{xl}y
311. texbegin(t,s|opt=u)
= TEX @ \begin{t} [ul s \end{t} &5 V—2X%&H17T5
312. texcr(k)
0 127 LR OFFAREE k128 U T TEX (IS8T 2B 0BAT O SLFH 4K 3
k=12T 0L &iE, sfTD=— i

,\allowdisplaybreaks\\\pause\n& =

Ld (B, TRX Y —A T, EON\\N I\ 2, \n i3&fTi12725).
iand(cr,k)=0 ® & XX LOLFFIND k2 CTEIZLL T OSIFFINHEI G D .
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32,

8 : \allowdisplaybreaks

2:\\

16 : \pause

1:\n

4:&

64 : =

k=0nLE3EA1XFLRD.

o k0 MNG 12T FTOBETRWERIL, EBEOEFREND.

[0] os_md.texcr(31);
\allowdisplaybreaks\\\pause
&

[1] os_md.texcr(7);

AN\

&

[2] os_md.texcr(15);
\allowdisplaybreaks\\

&

313. texket(slall=t)
s TEX O Y —2 5 2B HIEIMOY A XEAEICT D
o —FEWNHERD () LIS%E \left( \right) [CEET 5.
—ENEIL, TORENEARLTERTR{ I - LA OXFNEENLLGEITRMRICEET L.
BEIZ \left( \right) L72-> TV DEATIZERE LAV,
e all=1: £ TCOFHIM%E \left( \right) LEFI 5.
e all=-1: —FWNHFD () FEE LA

[0] S=os_md.my_tex_form((sin(x+x0)/(cos(x-x0)))"(1/2));

( \frac{ \sin(x+x_0)}{ \cos(x-x_0)}) “{\tfrac{1}2}

[1] os_md.texket(S);

\left( \frac{ \sin(zx+x_0)}{ \cos(x-x_0)F\right) "{\tfrac{1}2}

[2] os_md.texket(S|all=1);

\left( \frac{ \sin\left(x+x_O\right)}{ \cos\left(x-x_O\right)}\right) {\tfrac{1}2}

314. 1totex(l|opt=s,pre="string",cr="cr",small=1,lim={(,var=v)
D UABMERERY Mz s="spt" DL IHEESTDY A b &HT\left\{... £7/2/d s = "GRS"
® & % \begin{Bmatrix} --- DJE? Riemann scheme & » T TEX O TN Hre &
o WHZRTDHAEIE, show() 22O L (LITOFT Y a v RTA=FBXZOEEAHAL).
o s ="spt" OHFHIT meigen( Imult=1) DL 5722V R MERXEZ AT MBI T 5.
e s = "GRS" DAL spgrs() OFEFRD L 5 72V X MEX% Riemann scheme BXUZ3 5. Z 0D
WAL, pre DA
e 5 ="coord" DHFAITY A MZFEL AL LTEZORA(, ,...) 1T 5.
—cpx=1: HFE K a+b/-1DLE, a+bi LERTD (FT7H11H).
—cpx=2: HHFE K a+by/—1 DL E, a+b/-1 LFRTS.
s = ["Pfaff",u,x,x-y,...] OFHFITHOY A &

d d(x —
s — <A0;+Al<l’y>+...>u

D& 57 Plaff BRI T 5.
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e s = ["Fuchs",u,x,x,x-y,x-1,...]1 OEHIIITHOY X M &

d Ay A A
u—<°+ o +~>u

dr~ \ z r—y x—1

® & 9 72 Fuchs BRI 5.
o 5= "dform" O & XL, dform() TH-7 LI WHHALES VA b Emind.
¢ =[[(a*x-b*y) /(x) ,x,2], [(-a*xx+bxy) /(y) ,y,z]] 725X

ax — by —ax + by

( Ydz Adz + (

Ydy A dz

L h . RENE, AREXLAEXDITHR EThu.
e s="vect" D& XL, XV FLELTORRJEREIZTS.
es="cr" DLEI, VALD1HEAMIHITTS.
WIH L [FRE, cr= X° var= OA4 7 a VIREMNATHE
e s="spts" DL XFTVANDRHBEZEHLZKAT, s="spts0" O& T FZEALETIZ, 1
1THT=YHEDTZTEL AND.

lim=¢ TT 74/ bO LATOXFIEAE L IZAEEARET, =00 & S TCFIRHIRZ L.
str=1 C, XFHNIZDEFE TpX OLFFH LR L TIHRAT 5.

cr= ORETEITO 2 — REREARE. 7 74V MME cr="\\\\\n & ".

0LLE 32 RMOET k ZEETHILHTEC, ITOa— Rid texcr(k) &7%25. T72b
LT T7HNVMIk=T=2+1+44T, k=0DLXFZEAD 1 XFLD. ziEk=15
® & =13 \\allowdisplaybreaks\\\\\n&

var= [ X BB ORBENTH (cf. mtotex()) LA, HHA (cf ltotex()) A
ns.

e s=["cr","spts"] £7/2i% s =["cr","spts0"] O & X%, UA D 1HEHAMIZHKITT DN (cr=
R var= DA ST a VRRENAEE), YA MOHENRY A RO L X IEDOHE A s ="spts" F72i
s ="spts0" OEHXIZL, ZNITITEDIZ str=1 DA T > a VB3 HED.
LDV AN (BATLTINE s1) OHEABY A MOLE, £ 2 TOUATLTS 59 ZRET D & X1
cr=[s1,82] &9 5. 51, 52 lIEFTTOHRETH L.

e s="text" DL XX, s="spts" DLELFULENTXFAIRAZANLELTH., ZDLEY str=1
X cr= OA TV a VR

e s="tab" TLMNUYUARAIDYRIDL XL, \begin{tabular}...\end{tabular}?dEXTF*
APMAZANTHITD.

title=s TXFF s ZHETHE, ¥4 MABOTLND.
left=[s1,52,...] ZRTET DL, TN 1IIIE L LTINS ND.
WD s; D [8j1,852,...] Lo TnD L, ZRNEMEOITETHYIRENS (CLTHHEE.
right=[s1,82,...] ZET B L, TABEKINE L THMEND.
top=[s1,82,...] ZHET DL, ZRNEHEITE LTINS (LD right=72 EnH VX
TNOMEEDE) .
last=[s1,52,...] ZEETDI L, TNDNEKITE L THIIENS.
null=n ZFEETDHE, nIZELWERIIRTEILEALETD G740 MEin="").
hline=[hy, ho,...] ZRET DL, h; TTORITHRESIL.
(24 PAEERWNE) ROWBEVRO0, RN 1ITA LKL, BEE L COREIILEREET.
* z [XHAT (D%) 2R T. z-1 O XD RiEE D HE.
* vy D5, [kj,n;l &) IEEHin; LIHEAIEEE; OMOY X FEEE, ny TEHSTZRD R
kj L7272 COREEBEW®T 5.
vline=[vy,vy,...] ZHET D L, v; FIORITHERZ 5 <. ROWBIHGOMIN A IEET D .
BN 1FE T, BELTOREIIZEREET.
* z [T (D) 7T, z-1 O X 5 RfEE b WTHE.
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* vy 05, [kj,n;l &V IEEHn; LIEREBEHEE; OO A DL I, ny THHSZRY
Wk LRDINETORELERT .
align=s : \begin{tabular} (ZHV CELECHERZIEET S { Y OFOXFIIEEET 5.
ZOF T arndDHEEL, vliines DIREIFEHRIND.
72720 s 3 1 T O, FHEOEEZEET 5T T viine= OFETEIXAED. "r" 1I7 7+
v hOLEFTFRE. e TR RELE, "1 XA EETHD.
vert=1: ML IEE L CERIZT .
width=w : w NIED & Z 1, #%E w HIZ L THUIEAERZRIZT S.
w BADOKL, BROEEKZ |w| 5L TITEOD R nRIZT 5.
*x vert=1 BHEEL ThHIL, HHEEZEEE L O OO EEGEEZ1T .

F 7 a O ABIE powprimroot () DIEIZH B,
U A FOFEIL 1vom( |null="") TATHIZE L, madjust(), mtranspose(), mperm(),
newbmat () 72 K &> TARHE, m211() TU X MIRTOHER].

e s="graph" TL{NEFTDV X hD L XL, Xypic £721E TikZ 2> THRI Z 72T 5. #
777D TILFHRETFEAND LEIX, Tnx ) A MILTHEFOY X FOBRAICDITS.
ZD VA NDOMEENT =X OEE LY 1 2D7pnb ZiE, 8777 ORI LTFHRBT2 ANLD.

size=l: ZTOLEA T a s THA XEBENTED. LIFHEDOV A NT, 2EKOHINE, &bk
W I T7OEE, BEO (BBLolEE D) FE (rhiftr 7 7 oRITEREN D), IFHE
DEEORE, VI 7LXFIEOKOES FEELRNE ZITRIE LR UMH), ZIHRICHEE
TE5. OO 2 DLIAMNIE IS ATHE.
L D2FBDORGBEADOE c DWHX, BI 7 70EEET =2 OBIED c G T 5.
TikZ=0, 1 IZJSCTT 74/ MiE € =[80,30,1/2,2], [8,3,1/2,0.2]. (272L, horiz=1 %
BELZLEE, 4FBEO2E21X0207 740 M, 3 F72130312725).
max=m : FfREE m &35 (T 74/ MIBEHE, ERENT 7 70ESI2:5).
shift=n : EOEKEROMEE n (2T BT (F 7440 ME0).
horiz=1: #7777 &t T/ THUCHEL.
line=1: #7777 THi< .
line=2: L&ERULER, A1 % o THRTS.
line=[n,t] : n L2 £72F 1 TR Y 7 7 TORA > M.
t 13 Xy-pic/TikZ THEDIL DAL & O E LTS, 72L& 21X s="0{.}"/dotted TR
(cf. xyarrow()).
line=[-1,r] : rmm 2R LT HHIT T 7 TRRTH.
value=0 : fHEZFR/RLAR.
value=1: #7277 7 NEDOEEROMBIZ OSSN THHEETRRT D,
strip=1: \begin{xy} --- \end{xy}<°\begin{tikzpicture} --- \end{tikzpicture} 72
EOWRE Y Lk ORI L.
strip=2: X HIZ TFOEAERSH R #HD.
strip=3: fEDA %R T2 (value=0 THIT B DHDEKR)
color=s: WO AT a BEETHE, TiKL W=7 T 7 DA AFHTREY S
SLNBTED (xybox() DEEXDOE/ELFL). M T 7T, HEXTSHNOT —% O
FAWR7ZY AR ET 5B,
mult=1: EHOWRT 7 7 F3EEOTIM T 7 72 ERATELZENTE D, Z0HE,
%, [[l1,0,...0,m] ®ET, color £721% line bHK /77T LIZV A MILTHET S
VENRSH D (EREIIART).

relative=1: S BICINERET D &, 0,0 OEIE, BIZRSOBEEZMAT-T—2 & L
7277 7%#i<. ZRERELRWERIE, W77 70T & i ORRME, BEDOS
BRENELTWD.

o WINT=XFH s X, s ="text", "tab", "graph" DO EIX dviout(s) T, FN LS TIE
dviout(sleq=5) THIRTZE 5.
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e small=1 O & X IfTHE /NI A XZT 5.

[0] os_md.ltotex([a+b, c/d,[2,3]]1);
\left\{

a+b,\, \frac{cl}d,\, [2,3]

\right\}

[1] os_md.dviout(@@|eq=5)$
[a+b,5,12,3]

[2] L=[[12,a+b],[3,c],[1,d]];
[[12,a+b], [3,c], [1,d]]

[3] os_md.ltotex(L|opt="spt");
\left\{

la+b] _{12},\, [c]l_3,\, d
\right\}

[4] os_md.dviout(@@|eq=5)$
{la + bl12, [c]3, d}

[5] LL=[L,[[3,3*b],[2,f]11]1;

[[[12,a+b], [3,c],[1,d]1],[[3,3*b]l,[2,£]1]1]

[6] os_md.ltotex(LL|opt="GRS",pre=" 0 & 1\\\\\n");
\begin{Bmatrix}

0 & 1\\

[a+b] _{12} & [3b]_3\\

[c]_3 & [f1_2\\

d &
\end{Bmatrix}

[7] os_md.dviout(@@|eq=5)$

0 1
[a+bl12  [3b]3

[c]s [f]2
d

[8] A=newmat(2,2,[[a,b],[c,d]]);

[ab]

[cdl

[9] B=newmat(2,2,[[p,ql,[r,s1]);

[pql

[rs]

[10] os_md.ltotex([A,B]|opt=["Pfaff",u,x-1,y]1);
du= \Biggl(\begin{pmatrix}

a&b \\

c&d

\end{pmatrix}\frac{d(x-1)}H{x-1}
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\\&

+ \begin{pmatrix}

p&q \\

r&s
\end{pmatrix}\frac{dy{y}
\Biggr)u

[11] os_md.dviout(@@|eq=5,subst=["\\\\&","%"1)$

w0 () Y):

[12] os_md.ltotex([A,B]|opt=["Fuchs",u,x,x,x-1]1);
\frac{du}{dx}= \Biggl (\frac{\begin{pmatrix}

a&b \\

c&d

\end{pmatrix}}{x}

+ \frac{\begin{pmatrix}

p&q \\

r&s

\end{pmatrix}}{x-1}

\Biggr)u

[13] os_md.dviout(os_md.smallmattex(Q@) |eq=5);

du<%+<zez>>u

dr T rz—1

[14] P=[[2*a,x,y], [(a+b)"2,y,2], [-2,%,z/y]1]$
[15] os_md.ltotex(P|opt="dform");
2a\,dx\wedge dy+(a"2+2ba+b~2 )\,dy\wedge dz-2\,dx\wedge d(\frac{zl}y)
[16] os_md.dviout(@@|eq=5,subst=["\\frac","\\tfrac"]);

2adx A dy + (a® + 2ba + 0%) dy A dz — 2dx A d(2)
[17] os_md.ltotex(["There are", (n+1)~2,"points."]);
[\texttt{There arel},n"2+2n+1,\texttt{points.}]
[18] os_md.dviout(@@|eq=5)$

There are7n2—|—2n-+—17 oints.
p
[19] os_md.ltotex(["There are",(n+1)"2,"points."]|opt="text");
$\texttt{There arel}$
$n"2+2n+1$

$\texttt{points.}$
[20] os_md.dviout(@@)$

There are n? +2n + 1 points.

[21] os_md.ltotex(["There are",(n+1)"2,"points."]|opt="text",str=1);
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There are $n~2+2n+1$
points.
[22] os_md.dviout(@e)$

There are n? 4+ 2n + 1 points.

[23] L=[10,12,34,53,23,12,24,68,55,57,32,20]1%
[24] M=[1,2,3,4,5,6,7,8,9,10,11,12]%
[25] os_md.dviout(os_md.ltotex([M,L] |opt="tab",title="Year 2014"));

EclEon TRX © Y — A2 RREITHIBIT 2 & (BLTFOFITH[RER).
Year 2014

1 2 3 4 5 6 7 8 9 10 11 12

10 12 34 53 23 12 24 68 55 57 32 20

[26] os_md.dviout(os_md.ltotex([L,M] |opt="graph"));
68
53 55 o7

34 39

23 24 20
alstiiiilLs |
1 2 3 4 5 6 7 8 9 10 11 12

[27] L=[10,12,-10,34,53,23,-12,24,48,52,38,32,20]$
[28] os_md.ltotex(L|opt="graph");

53
o 48 P2

34 38 32

il |
| |

—10 —12

[29] L=[12,15,10,8,12,14,19,15,17,13,10,15]$

[30] M=["Jan","Feb","Mar","Apr","May","Jun","Jul","Aug","Sep","Oct","Nov",
"Dec"]$

[31] os_md.ltotex([L,LL] |opt="graph",line=[2,"@{.}"],shift=5,size=[100,40]);
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
[32] L=cons("number",L)$
[33] M=cons("Month",M)$
[34] os_md.ltotex([M,L]|opt="tab",hline=[0,1,2],v1line=[0,1,1,13],
title="Year 2014");
Year 2014

Month || Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

number 12 15 10 8 12 14 19 15 17 13 10 15

[35] L=[35,42,19,38]%
[36] LL=[II§|I’llElI,ll**ll,"%ll]$
[37] os_md.ltotex([L,LL] |opt="graph",line=[-1,15]);

[38] L=[5,12,25,13,22,17,3,2]%

[39] M=[0.5,1,1.5,2,2.5,3,3.5]$

[40] os_md.dvioutO(1|opt="TikZ")$

[41] os_md.ltotex([L,M]|opt="graph",color="fill=blue!50",size=[4.5,-0.1,1]1);
\begin{tikzpicture}

\draw(0,0)--(4.5,0);

\draw[fill=blue!50] (0,0)rectangle(0.563,0.5);

\node at(0.281,0.7){$5%$};

\node at(0.563,-0.2){$ 0.5$};

\draw[fill=blue!50] (0.563,0)rectangle(1.125,1.2);

[42] L2=[10,18,35,20,27,22,8,6]%

[43] os_md.ltotex([[L,L2],M]|opt="graph",color=["fill=blue!40","fill=blue!20"],
size=[4.5,-0.1,1] ,mult=1);

[44] L3=1add(L2,L,-1);

[5,6,10,7,5,5,5,4]

[45] os_md.ltotex([[L,L3],M]|opt="graph",color=["fill=blue!40","fill=blue!20"],
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size=[4.5,-0.1,1] ,mult=1,relative=1);

[46] N=cons(0,M);

[0,0.5,1,1.5,2,2.5,3,3.5];

[47] os_md.ltotex([L,N]|opt="graph",color="fill=blue!40",

size=[4.5,-0.1,1] ,horiz=1);

[48] os_md.ltotex([[L,L3],N]|opt="graph",color=["fill=blue!40",

"fill=blue!20"],size=[4.5,-0.1,1,0.5,0.25] ,mult=1,horiz=1,relative=1);

[49] os_md.ltotex([L,N]|opt="graph",line=[2,"red"],size=[4.5,-0.1,1]1);

[50] L3=[8,17,21,24,15,12,9,6]$

[51] os_md.ltotex([[L,L3],N]|opt="graph",line=[[1,"red"],[1,"blue"]] ,mult=1,

size=[4.5,-0.1,1],value=0);

[(62] L=[35,42,19,38]$LL=["&F","&","}","Z"]$

[53] os_md.ltotex([L,LL]|opt="graph",line=[-1,15],color=["fill=yellow!30",
"fill=green!30","fill=red!30","fill=blue!30"]);

051 15 2 25 3 3.5 05 1 15 2 25 3 35 051 15 2 25 3 3.5

3.5
3
2.5

2
3

005115225 3 35

315. mtotex(m|small=1,2, null=1,2, sp=1,2, idx=0,1, mat=s, var=/, raw=1, lim=n)

S ATHNETEAR Y RV TEX OSCFINCEBS 503, o NAERO & S IZRBS M LIZRICT 5
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m BT MDD & &L, 1T E rTed.

null=1 TIiE, 0 DEESITZEEIZT 5. null=2 TIERMA RIS,

var={ ZHERARCHBRO S % fctrtos() TEMT AL XD AT 3 .

small=1 L35 &, INERITINCT D, 1THIOLTEBFEOEITNEL 725,

small=2 L9 5L, lim ZFHE L7 L &, BIENKETZHT5E2/NSRITHNCT 5.

rav=1 Z{EE LRV E, ROBIFINO L & \text{ } DT, HELLVHAIT BIEX OXF

FIELTEDOEEHNS.

sp=1 DM 2O H2D Y A b [s,t] L& [ty &, sp=2 DEX [t],) &RDEIITTD.

o idx=1 7T 5 &, LHIZITZBMLT, FNDFESE (1), (2),... DLIIT2IT 5. idx=0 O & Z|Z
(0) MBIRD 5.

e idx=( TY AR MOXY FMLEIRE L & XX, LHIZITZEBM L TERESSNNAIZIE~D . E5K
MDARRLZD, ENLRIEIREDO S DEI~D.

o lim=n £ 9F 5L, [FHANEFOLFHIBIASRNERR SN D & &X1T, {THEHELTERTS.
2L, 0<n<300EXIT 740 hOBRIEY A XL 42, 1im=0 (IFAMEHIFRZ L.

e mat=s ([ZBT, s="p", "b", "B", "v", "V oL E1ANE (), [, {3}, ||, | || o®¥
2725, s="" O& &L, FHIIHMIR0.

e len=1 Z{EET D L&, WIEX OXTH &R S NSO ST E 2THBICMAZY 2 N &Y.

[0] A=newmat (2,2, [[y/(x+a),z],[0,111);
[ (y)/(x+a) z ]

[O01]
[1] os_md.mtotex(A"2);
\begin{pmatrix}
\frac{y 2} (x+a) "2} & \frac{z(x+y+a){x+aF\\
0&1
\end{pmatrix}

[2] os_md.mtotex(A~2|small=1);
\left (\begin{smallmatrix}

\frac{y 2}{(x+a) "2} & \frac{z(x+y+a)H{x+ar\\
0&1

\end{smallmatrix}\right)

[3] B=os_md.mgen(3,"highdiag",a,1);
[ 0al 0]

[ 00 a2]

L00O0]

[4] os_md.mtotex(B);
\begin{pmatrix}

0 & a_1 & O\\

0 & 0 & a_2\\

0&0&0

\end{pmatrix}

[6] os_md.mtotex(Blnull=1);
\begin{pmatrix}

& a_1 & \\

& & a_2\\
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& &
\end{pmatrix}

[6] os_md.mtotex(B|null=2);
\begin{pmatrix}
0 & a_1 & \\
& 0 & a_2\\
& & 0
\end{pmatrix}
[7] os_md.mtotex(A"3|len=1)3$
[8] ee[1];
34
[8] os_md.mtotex(A~3|len=1,small=1)$
[9] @@[1];
27

316. divmattex(s D)
CATHID TEX DY — A s DEIRLHN DM ~IEZ &7 9
LiofuT®;9’ﬁ@éné
o [[ko,k1,...]: Vﬁﬂﬁ%%k@ﬁﬂ@k SIHETS (w=0,1,...) .
o [[k{,ki,... D, k3, K2, ...1,. : BEROITH & ol L CEEIC T D
(kg .kt . 0 iﬁﬁ%ﬂd)’\iléjlf;??ﬁw
e [my,...]: [[0,1,...m1—11,[mq,...],...]: ZFRT.
RRiZ Im] : &35 L, 1THIERYIO m B L ENLBEL O 2 DI25E3 5.
o 0: ANV LFEHD Risa/Asir DITFIDIETIKT. 72721, TORSVBRWEAIZ0 L7225,

[0] S=os_md.my_tex_form(os_md.mgen(3,9,a,0));

\begin{pmatrix}

a_{00} & a_{01} & a_{02} & a_{03} & a_{04} & a_{05} & a_{06} & a_{07} & a_{08}\\
a_{10} & a_{11} & a_{12} & a_{13} & a_{14} & a_{15} & a_{16} & a_{17} & a_{18}\\
a_{20} & a_{21} & a_{22} & a_{23} & a_{24} & a_{25} & a_{26} & a_{27} & a_{28}
\end{pmatrix}

[1] os_md.divmattex(S,[[2,4,11]1);

\begin{pmatrix}

a_{02} & a_{04} & a_{01} \\

a_{12} & a_{14} & a_{11} \\

a_{22} & a_{24} & a_{21%}

\end{pmatrix}

[2] os_md.divmattex(S,[4]);

\begin{alignx*}

&\left (\begin{matrix}

a_{00} & a_{01} & a_{02} & a_{03} \\

a_{10} & a_{11} & a_{12} & a_{13} \\

a_{20} & a_{21} & a_{22} & a_{23}

\end{matrix}\right.\\

&\quad\left.\begin{matrix}
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a_{04} & a_{05} & a_{06} & a_{07} & a_{08}\\
a_{14} & a_{15} & a_{16} & a_{17} & a_{183\\
a_{24} & a_{25} & a_{26} & a_{27} & a_{28%}
\end{matrix}\right)

yA

\end{align*}

317. smallmattex(s)
s TEX OV —RT ()R } CHRENATINZ /YA XEET S (cf. mtotex())

318. texlen(s)
 BTEX OO REE 2 HEH U T 78 CiR g
Risa/Asir @ TEX thHOXXFHIT, ZHEASCHBRUTHIET 5. SATRE 2R THN TG LTV,
0 BRI LT o®m Y .
\frac{...}...} 1T, 2FLHTFOHARIECFEROREINT EHZAD (RAT 4 7 H])
EEBRNTN\ THEVTAT 7 Xy "< ST E L DT 1 TR & A7
ZE[RSATXT, & © _ { Y SRS A .
KT BFEL T * MMEED 1 XFOHAIT _* 20T HRICED 2.
o _{kx} FUX _ O} ISR LT (R IHMEEXT), ) 21T AR L THAS.
319. texlim(s,nldel=sg,cut=s7)
w RWTEX o8 RE, EEITICHET S
s IFZHENUCKHIET D (\frac RENRFTENTWRWY) TEX O
texlen() Tt UFHEN n X 2L S 3HIT 5. 2L n<30 DL X%, n=TeXLim &
BIpZhb.
SATIE + - (ORI 72720 \Bigl( X \biggl( R EITIZIEL SIS LTS,
S0 1ZTEDITOLFF] (ZHUFFEIND) T s TFZITHA SN D SEATO LT H.
T 740 b, sp ="\\\\\n&" 2>> 5o = s1.
s=10& XL, TeXLim % n IZRTTHa~v L RErb.

3.2.10 Lines and curves

320. ladd(u,v,t)
0 XY MVERIZV R RGO t=1) ©F t=-1) 2N eT5Y R NIRRT
wlZ v % t LU CINZ T2 A % i .

[0] os_md.ladd([1,2],[3,4],1);
[4,6]
[1] os_md.ladd(1tov([1,2]),[3,4]1,1);
[4,6]
[2] os_md.ladd(P,Q,-1);
[-1,-2]
321. dnorm(w)

2 XY RMVFEFIZY R RO VA, F120E 2 SO IRE A RS
v [vg,v] EWVVD 20D Y A NEIEINT MLVOREE, FOED )V AEIRT.

[0] os_md.dnorm([1,2]);

2.23607

[1] os_md.dnorm([[1,2],[2,3]11);
1.41421

322. mrot(fldeg=1) mrot([f,,0,,0.]1deg=1,conj=1)
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= A0 OREERITE %K

o deg=1 ZIEET D&, EHA L.

o SIHN [0,,0,,0,] DL XX, zHOEVICO,, x WOE VI 0, FEIC 2 BOEVIZ 0, [HERL T
3 WILDIEHEATH % KT
ZDEE conj=1 HFETLHE, zHOEVIZ 0, y IO VIC 0, FHEALT- L XD 2 §Z &7 Dl
N o W NG %

[0] os_md.mrot(@pi/6);

[ 0.866025 -0.5 1]

[ 0.5 0.866025 1]

[1] os_md.mrot(45|deg=1);

[ 0.707107 -0.707107 ]

[ 0.707107 0.707107 ]

[2] os_md.mrot([30,0,0]|deg=1);

[ 0.866025 -0.5 0 1]

[ 0.5 0.866025 0 ]

[001]

[3] os_md.mrot([0,30,0]|deg=1);

[ 0.866025 0 -0.5 ]

[010]

[ 0.5 0 0.866025 1]

[4] os_md.mrot([1,30,45] |deg=1,conj=1);
[ 0.999867 -0.0151333 -0.00612372 ]
[ 0.0150952 0.999867 -0.00621699 1]
[ 0.00621699 0.00612372 0.999962 1]

323. dvangle(vy,v3) dvangle([ug,usg,us],0)

w7 MVEZIRY A N0 AEOR LA IR

e dvangle([u1,us,us],0) 1% dvangle (us — uy,us — ug) LMERINS.

e v FIT v B0 DEEXTRL U, g, u3 DWVTNMLN 0D E XTI 1 ZKT.

o 2WILARY MV OfFAMA (r LLFT —7m XV K) X myarg(VI0]+V[1]*0i) THLND.

324. ptaffine(m,l|org=v,shift=w,arg=0,deg=0,proc=1)

i EHOM (EREE) OV A NEEET D, E3T7 7 40 AR (2L IIMERTRR L) kT
HARCYT IR O R D EEE 2 R BEDOT =2 DOV A P MEL TN D,
m I IFITHNE T IFZA D T —
org=v : v IFEIET, TIHRFAE LIEMRIERE T2 (7740 MIFUEHD).
arg=0 : VHEEZEDY A FO & EHEWRE. AE 0 OREFEHEY B 21T o728, M 2 X 288
EHEAT D . 0130pi/2 72 L deval ) IZ Lo TEHEMRHE LN HDOTH L.
deg=0: LERUER, flExT U7 ThETELS.
shift=w : wIFEIET, BETolbs, w KT HTBHT 2.
proc=1: HWERTHRK (cf. execdraw()) £ OT 7 4 P EHOLAITIRE
L DREFICERXFRINRERH>TH LW, ZHIZDOFE FITHREZND (xybezier() D 5%
mE).
o (IFHIZFEEThH>ThH K.
o JEIEIZY X P THRLETARZ PATEHEZTH L.
o m MLLTFOILFHID & X TR OE® AL D (connect 72 8T, BRERIFH I LN TED).
— reverse : { & xybezier() 7 —# LA LT, #i<IAFEZWIC LT — X ICEH#H
— union : { % xybezier() DT —Z DV A L&A LT, Gb¥ET—2ODOMKET —¥ LT 5.
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— connect : { % xybezier() 7 —¥ DV X F AR LT, RIZORIFT—D2 DT — 4 &
T5.

— close : { % xybezier() DT —H# E/ITED Y A M EHRR LT, AT, BREKRE
ORFCHMRT -2 LT 5.

— loop : ¢ % xybezier() 7 —X F7iZZD Y A hEHZR LT, NHICOZR, HEEMHAIC
ZACHIT —2 L%,

(0] L=[[1,0],[0,1],[1,11]%

[1] os_md.ptaffine(2,L|arg=3.1416/8);
[[1.84776,0.765369],[-0.765369,1.84776],[1.08239,2.61313]]
[2] os_md.ptaffine(2,L|arg=3.1416/8,0org=[1,1]);
[[1.76537,-0.847758],[-0.847758,0.234631],[1,1]1]
[3] os_md.ptaffine(2,L[0] |arg=3.1416/8,0rg=[1,1]1);
[1.76537,-0.847758]

[4] L1=[[2,0],[1,2],[2,111%

[5] os_md.ptaffine("union",[L,L1]);
[f1,01,[0,11,[1,1],0,[2,0],[1,2],[2,1]]

[6] os_md.ptaffine("connect",[L,L1]);
(fs,01,r0,11,01,11,1,[2,0]1,1,[1,2],[2,1]]

[7] os_md.ptaffine("close",[L,L1]);
[f1,01,0,11,01,11,1,[2,0],1,[1,2],[2,1],1,-1]

[8] L3=[[1,1]1,[2,0],[1,2],[1,0]1]1%

[9] os_md.ptaffine("connect",[L,L3]);
(f1,01,[0,11,(1,11,1,[2,0],[1,2],[1,0]]

[10] os_md.ptaffine("close",[L,L3]);
(ft,01,[0,11,([1,1],1,[2,0],[1,2],-1]

(111 L2=[2,1]1,[1,2],[2,111$%

[12] os_md.ptaffine("close",[L,L2]);
(f1,01,00,11,01,1],1,(2,11,1,[1,2],[2,1],1,-1]
[13] os_md.ptaffine("loop", [L,L2]);
(f1,01,00,11,01,1],1,[2,11,1,[1,2],-1]

[14] os_md.ptaffine("reverse",[[1,0],[0,1],[1,1],1,[2,0],[1,2],[2,1]11);
(r2,11,11,21,12,01,11,11,1,[0,11,[1,0]]

325. ptpolygon(n,r|org=p,scale=t,arg=0,deg=0)

i B e OFICNBET D IE n AT O TE RO V- HEFE

o YfEr OMICHEET 2 IELMTEOREEFED U A b & i T

T 7 AN NTIEFLPKRFEERD.
org=p : TLOMEIE (77 /1 M (0,0)).
arg=0 : A% KFNFTHEIDIZ 0 [FlfiE. @pi/8 7e K OIRE L "IHE
deg=0 : LERULEN, AEORANRE
xylines() OH#l% M.

[0] os_md.ptpolygon(5,2);
[[-1.17557,-1.61803],[1.17557,-1.61803],[1.90211,0.618034], [-2.07711e-013,2],
[-1.90211,0.618034]]

[1] os_md.sint(os_md.ptpolygon(5,2),4);
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os_md.sint (os_md.ptpolygon(5,2),4);
[[-1.1756,-1.618],[1.1756,-1.618],[1.9021,0.618],[0,2],[-1.9021,0.618]]

[2] os_md.ptpolygon(4,2);
[[-1.41421,-1.414217,[1.41421,-1.414217,[1.41421,1.41421],[-1.41421,1.41421]]
[3] os_md.sint(os_md.ptpolygon(4,1|deg=45,scale=2),5);
(fo,-21,[2,0],[0,2],[-2,0]]

[4] os_md.xylines(os_md.ptpolygon(7,10)|close=1,dviout=1);

326. ptlattice(m,n,vy,vs|org=p,scale=t,cond=[f1, f2,...] ,1line=1)
ioorg HhAME LT vy FANZ m BET, vy FIANZ n lETOEF m x n {HOMT SO M
e scale=t : FLNTJEEE LT HHFICLTRT (org bIEEK).
e line=1: %%5Tiﬁ< T, BTER<BOOT — 2 %7 xylines () Ol SH).
o f1,fa ... X (x,y) DEET, ZNOBETIHADROLIET (CFHEHEZEDRFO A E

[0] os_md.ptlattice(2,3,[1,0],[0,11);

tfo,o1, 0,17, 0,21, 1,0],[1,1],[1,2]]

[1] os_md.ptlattice(2,3,[1,0],[0,1]|1line=1);
(ro,o1,11,01,0,[0,11,(1,11,0,[0,21,[1,2]1,0,[0,01,[0,2]1,0,[1,0],[1,2]]

[2] os_md.xylines(os_md.ptlattice(10,5,[5,0],[0,5]|1line=1,cond=[35-x*2+y]) |dviout=1);

327. ptcopy(@,v)
w JERED Y AN L ERBETEOY A S v llito THEMa Y —93 5
o BENHFHODOIV A MDA TOFFOEE—IN5.
o BBHOMIZIT 0 BDHAIND.
o BENFMMN—27eh, FhE v THELTIV.

[0] os_md.ptcopy([[0,1],[1,21],[[0.1,0],[0,0.1]1,[0.1,0.111);
(fo.1,11,M1.1,23,0,[0,1.11,[1,2.1]1,0,[0.1,1.1],[1.1,2.1]]

328. ptcommon([s1,82] [t1,t2] lin=k)
s EARORRTOIIC R Ul R, BERSCEBROR, Nom, FERERETR, AER 2RO D

® 51 = [l‘l,yl], = [l‘g,yg], tl = [ul,vl], tg = [UQ,UQ] 0)&%, S1 L S92 t%%&lﬁﬁ’ﬁt, tl L tQ
%%Eﬁﬁﬁﬁﬁﬁﬁﬁ(%ﬁ@ﬁﬁo%*ﬁ@ﬁﬁl)%ET.

® S| = [:I,‘l,yl], S9 = [$27y2}, tl = [’U,l,’l)l], t2 =0 0)&%, S1 L So ké’f{f}j,& ‘f? ‘J—‘T tl i %T%L
T2 ARD I DT 53K T,

o 51 =[z1,y1], S2 = [T2, 2], t1 = [ur,v1], 2 >0 D E X, 51 & 5o EEFESERRE, Rt ZHOLE
TL5EF L, DM EDRRERT (Rp&d ) ART, REPRNEZIZT0 2IET).

® S| — [ajl,yl], So > 0, t1 = [ul,vl], to > 0 0)(‘2%, /‘f—i S1 %qﬂit‘&j—é*?ﬁ So DO L, =3 t1 s
DETHHE L OMEDRFEZRT (BREUANT, ZRNPRWNWEEIT0 ZKT).

® 51 = [.’El,yl], So > 0,1t = [ul,vl], to=00D L&, Mo ZHFLETDHE so OMIT t, ZiEDEE
MEBIWZ L ZOBAOEIELIKT #A%E ) ARNT, SRRV EXIT 0 ZIKT).
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o 51 =[5, 1], 52 = [X2,y], t1 BELD L X, 5755 & ty P ENE LA X DAL b L ¢ 5L
7o MATENT so OBEN LT MR 7 AsfatEfTm) .
7277 L in=1 Z4RET D &, B 5150 DIty 1ty TOWNS M Z KT,

o in=1 ZfFHETDH L, 2 HEMSERN 2 HREESRO CEESHRIOND.

e in=-1ZHETDHE, 2 AEESERN 2 SESROOEE L0 TEIHBIOND.

o in=-2 ZHTET DL, 51 & 59 LEMSEMN, TO2 HEHSHROOBE S0 TEEHID
na.

e in=—3 ZfEETDHE, 51 & 50 & RESER OmE ESR L, t1 & to ERESERT DI RN HI
[ e W

o EMRLEMDRZEERDDGFAIL, BIBIZAETLENEEN TN TH IV, 72, £ TOEENFHE
HTHRELTHNE, EROZSOEELFHEETERINS.

o in=2 HIEET DL, 5155 & Lty ORTAERET (1 282 T UUFT, 5153 #5ME LTK
FFEHEI D NIEDR X)) .

o in=3 ZF5ETH &, LEREUENERNMNTIRT.

[0] os_md.ptcommon([[0,0],[1,2]],[[0,4],[4,011); /+ Z—E# */

[4/3,8/3]

[1] os_md.ptcommon([[0,0],[1,2]1],[[0,4],[x,y11);

[(4xx) / (2*%x-y+4) , (8xx) / (2*x-y+4) ]

[2] os_md.ptcommon([[0,0],[1,2]11,[[0,4],[4,0]lin=1); /x Z#R% */

0

[3] os_md.ptcommon([[0,0],[2,211,[[0,0]1,[2,3]1]|in=-2); /+ EE_ESMELER */
[4/5,6/5]

[4] os_md.ptcommon([[0,0],[2,2]1],[[5,4]1,01); /x ERORERDD */
[9/2,9/2]

[5] os_md.ptcommon([[0,a],[1,b]],[[0,c],[1,d]1]);

[(a-c)/(a-b-c+d), (d*a-c*b)/(a-b-c+d)]

[6] os_md.ptcommon([[0,0],[4,8]],[[4,8],0.5]lin=1); /* #R53EM */
[[3.77639,7.55279]]

[7] os_md.ptcommon([[0,0],1],[[1,2],3]); /x ZH %/
[[-0.96332495807107996983525630141,-0.26833752096446001508] ,
[0.36332495807107996975,-0.93166247903553998487] ]

[8] os_md.ptcommon([[0,0],11,[[1,4],01); /x ADERERDL */
[[-0.88235294117647058813,0.470588235294117647250153324556] , [1,0]]

[9] os_md.ptcommon([[0,1],[2,3]1],[1,2]in=1); /¥ RO HR */
[2/3,5/3]

[10] os_md.ptcommon([[0,1]1,[2,3]1],[t,1-t]|in=1);

[2%t,2%xt+1]

[11] os_md.ptcommon([[0,1],[2,3]1],[2,-1]|in=1); /*x SO *x/

[4,5]

[12] os_md.ptcommon([[0,0],[2,3]1],[1,0pi/2]); /* HREREEITR */

[1.16795,3.5547]

[13] os_md.ptcommon([[0,0],[1,1]],[[0,0],[-2,2]1]11in=2); /* AE (ST )/
1.5708

[14] os_md.ptcommon([[0,0],[1,11]1,[[0,0],[-2,2111in=3); /* AE (&) */

90
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329. ptwindow (¢, [z1,22], [y1,y2] | scale=t)
o PEEAR (2,y) DV AR T oy Sz <ao, 1 Sy <y ZWMLIRNDBOE 0ICERD
e scale=t : YA NTHIX LI FHEBEIX LEINTND & AT

[0] os_md.ptwindow([[0,3],[2,11,[4,2],[5,6],[1,5611,[0,31,[1,61);
[[0’3] b [2’1] ’O’O, [1’5]]

330. ptbbox([[z1,¥y1,...1, [z2,y2,...1,...]1 | box=b)

ptobox ([[[z) ,20).1, ) yhded,.. 1, 1) 2@ (1,..1,.. 1Ibox=1)

i ERR (xyy, L) RFO YU A 2T [min o Tmae] > Wmin s Ymae]l - -1 2T
o BJEFEITY A R THANZ FLTH LV, xybezier() OSIHDOIATEH Lu.
e box=1 ZEET DL, OV AMEHEZT, ZhbZHLAZIRT.
e box=b & LTH bEIET D&, ptbbox([ptbbox(£),b] |box=1) LRI 5.

[0] os_md.ptbbox([[1,2],[3,4]1,[0,8],[4,111);
(0,41, [1,8]]
[1] os_md.ptbbox([[1,2],[3,4]1,[0,8],[4,1]1,-11);
[[0,4],[1,8]]
[2] os_md.ptbbox([[[1,2],[3,4]11,[[0,8],[1,3]11]Ibox=1);
([o0,8],[1,4]]
[3] os_md.ptbbox([[1,2],[3,4],[0,8],[4,1]1]|box=[[1,5],[0,7]11);
[[0,5],[0,8]1]
331. iscombox ([[z!) 2.1, [yl Lyil.1,..1, (2@ 23,1, w2, u2d,... D)
w2008 (KEOERE) OILEH s O # 2 k3

(0] s=[[1,2]1,[4,6]11%

[1] os_md.iscombox(S,[[1.5,3],[4,71]1);
1

[2] os_md.iscombox (S, [[3,3],[4,611);

0

332. 1ninbox ([p1,p2], [[Tmin»>Tmaz] s [Wmin > Ymazl] 1in=1)
s CEEND 2 5opr & po HRESER (EITMT) OFANOES (2 HERESHY) &2iRT
o RVHEIE, BOERTHUESDIED Y A K.
e in=1: ZNEHETDHEL, 2 REM-SMOERD.

24 (0.2,0.3) & (—1,3) EZFESER (23R ©0<2<1,0<y<1HANDEIIL,

[0] os_md.lninbox([[0.2,0.3],[-1,3]1],[[0,1],[0,111);
[[0.333333,0],[0,0.75]]

[1] os_md.lninbox([[0.2,0.3],[-1,3]],[[0,1],[0,1]]]in=1);
[[0.2,0.3]1,[0,0.75]1]

333. scale({|scale=[cy,...],f=f,shift=[sy,s2],TeX=1,mes=[t, [a1,b;,w1],...]1,1ine=[a,b],

prec=1,col=s)
o BREORHER (80 RoOERk
la,b,w]l X a2 bFETOEEwDAKERT. CHOEOEKEETIV RN GO0 FDY A )
G oL, 0=l ,00,...0, 1 1,02,...0,...] DRI AREDIEET, b, 255 1 &K, l,
D 2EBEORE, W) EHICET (L0 ZERES A

8, 1B BKROZORFIEMIC [a1,a2,a3,...] EFLTH L.

scale() 1%, BEU R+ m :[[ml,l,ml,g, o, [mz,l,mg’g, A, ] BIRT. 22T, BADER
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FHCHND BRITE NS,

B, IBROBEOT 7 4V ML 3 BT

(cri,2,1/501,05,10,1/2],[5,10,1/101], [[1,5,1/10],[5,10,1/2]], [[1,5,1/2],[5,10,1]]]
TohDHM, prec=l ZIEETDH L, MFREREMN< 2D, (=0FF1DLE, logyz (1 <z <10)

Iz
R
2.

95 AR (CRICHIE) ZEMRT D0, (=208 X $loggr (1 <o < 100) (x4 2 AR (A
(CxPE) ZAERL, =3 DL Hogpa (1 < < 1000) (2592 B (K RICKHE) %24
F72, Cl ROBBEEERT DI (61,51) e (—61781 —|—Cl) S & (=AY
o scale=c : HEONME [[cf(mi1) + s1.ef(mi2) + s1,...0, [ef(mai) + s1, cf(mes) +
81,...1,...] BT, 22T f(x) OF 7 4/ M EKE L log 2/ log 10.
e scale=[cy,co,...] : LT O HEHEA/ T A —% %iKT (xylines() OFIH0.
2%, shift=[s1,s9] (&> THIEOMHXNIEZIEETD.
[leif(ma)+s1,82], [en f(mai)+s1,82+e2],0, [eif(ma2)+si,s2l, [en f(ma2)+s1,s2+c2],
0,...1, [eaf(man)+ 81,821, [eaf(me1) + s1,82+¢31,0, [erf(me2) + 51,821, [en f(mag) +
81,52+63] ,0,...],...]
c1,Co, .. STADELREEE. 708 ez UBERRWE XL, ¢, DT 74V ME (n—1)es.
o TeX=1: HEHE D TEX O Y —A%ikT (R YE T xyproc() ZFE5).
HEROE ST E%24TH L &1L, col="red"R &L AT a VCHRET S (TIKZ W5 & X).
DL E, mes=[t, [a1,b1,w1],...], HDWViTmes=[t,c1,c2,c3,...1 12XV, TNLIETIHEE
LI-HBEOHT %, St OMEICH<. ok, BHEOHFOOAMTIRELZBETLIEEIE, t %
[t,"red"] 72 & &, A7V a v UFHNERETS.
line=[a,b] (ZX > CHUMERE a 2> b FTHIL .

[0] S=os_md.scale([[[0,5,1/10]],([[0,5,1/2]11,[[0,5,1]1]] |scale=[1,0.15],f=x,

TeX=1,1ine=[0,5]1)$

[1] S=os_md.scale(O|scale=[14,0.15],TeX=1,mes=[0.7,[1,2,1/2]1,[2,10,1]11)$%
[2] S+=o0os_md.scale(O|scale=[-14,-0.15],TeX=1,shift=[14,0],1line=[-14,0],

mes=[[—0-7,"red"] s [1:2,1/2] s [2:10’1]])$

[3] os_md.xyproc(S|dviout=1)$
[4] S=os_md.scale(2|scale=[14,0.15],TeX=1,mes=[0.7,1,2,5,10,20,50,100],

line=[0,141)$

[5] S=os_md.scale(3|scale=[14,0.15],TeX=1,mes=[0.7,1,2,5,10,20,50,100,200,

500,1000] ,1ine=[0,14]1)$

[6] S=os_md.scale(O|scale=[14,0.1],TeX=1,mes=[0.5,[1,2,1/2]1,[2,10,1]1],

line=[0,14] ,prec=1)$

1 2 3 4 5

1 1.5 2 3 4 ) 6 7T 8 9 10
10 9 8 7 6 5 4 3 2 1.5 1
1 2 5 10 20 o0 100

2 ) 10 20 50 100 200 500 1000

K P 1 P R A AR TR TR R
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1 1.5 2 3 4 5 6 7 8§ 9 10
O A R AT O I R A ‘H"""‘\‘\M\‘\‘\M\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\"""‘HH‘HH‘HH“M‘HH‘

334. tobezier (/|inv=I[a,b,t],div=k)
w MOV AN L TEE D Bézier MBRD/NT A — X KR L F O L 4y E|
e {=1[po,...,pn] T, pj BIEAEART VA MERIINT O E, ThBIZE>TEE D Bézier
HifR (T2 —1Fte[0,1) %, t DnRSBERXERT ETHT ML) HIKT.
Bézier #ifz & 1%

n

W)_7(p1""’p"5t)—Z<?)tj(1—t)”jpj (te0,1]), (7)—. n!

= i) il =)

TEEHHBTHD (ZDE X n ik Bézier iRV H).

v(po,p1;t) = (1 — t)po + tp1 18RS pop1 & ¢ : (1 — ) IZNDT DT, 1K Bézier #ifRiZ po
Ep BRSO LD, FFENO 2 & Bézier HifRIE, x BEIEE y EERN O 2% (L) @
ZIEAX L7250, VHEZEHET S & o BETt O 1 RKRUSTES. Lo T, 2K Bézier #Hiffidfk
W O—H (E7213850) ZREERLI-HDERD.

h (@)= (45 + (1) TaBm

J J

(A=t = (1—1)- ("J_.l)tj(l ) L A (?:})tﬂa -t ()= =0

LY, P ICINERHIT T =0,...,nilONTMRD L

Y(Pos---stn 1) =¥(V(Pos - - - Pr15 1), Y (D1, - Pit); t)

WD, ZEBIIE, TTORApo,...,pn} Dt (1—t) ONDRERD Z E&2BVIRTZ &I
&0 ’Y(p()?' <y Pn t) 7‘)3‘?%%“6
7= & 212 3 ¥ (cubic)Bézier HhfRIT
Y(po, p1, P2, 3:t) = Y (V(Po, 1, p2; t), ¥(p1, P2, P33 t); t)

L% Lo Tpopr, pipe, papa Dt (1 —1t) ONITRENAIZ qo, q1, g2 £ L, EBICqoq1 & 12
Dt (1 — t) DN W% o, T1 ETDBE rgry Dt (1 — t) DG M ’y(po,pl,pg,pg;t) LD,

e inv=[a,b] : /3T A—Z Nt € [a,b] DEITD Bézier HIFRIZKTIGT DIEIE (X7 hATERT) OV
A h &Y.

e div=1: Bézier #i#i% 2 3EIL C, TNOLEERT DEEDOMDO Y X FEIRT BRDOL EiE, X
7 IMADAADY A KD 25D Y A LT, HiFEN [0, 3] Oy, %EN [5,1] D). 3RO

AL,
o div=k : 2 <k <256 DL X, Bézier iz k DEIL T, TNOHEERT DEZEDOMDY A b k {#
DY A B ZEWT.
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e inv=[a,b] : £ 7% Bézier D & X, TN% t € [a,b] /37 A—X% L F % Bézier Hif & 72 L
T, TNEERTDHROMEE (X7 FLTRT) OYRRNTET. NTA—=FBt Thine XX
% inv=[a,b,t] DEIICLTHRT LI ENTES.

e inv=1: inv=[0,1] & #A727. tobezier( ) OWEML725.

[0] S=os_md.tobezier([[p0,q0], [pl,q1], [p2,92],[p3,93]11);

[ (-pO+3*p1-3*p2+p3) *t "3+ (3*p0-64p1+3*p2) *t "2+ (-3*p0+3*p1l) *t+p0
(-q0+3%q1-3*q2+q3) ¥t "3+ (3*%q0-6*ql+3*q2) ¥t "2+ (-3*%q0+3*ql) *t+q0 ]

[1] T=os_md.tobezier(@@|inv=1);

[[ pO 90 1,[ p1 g1 1,[ p2 92 1,[ p3 g3 1]

[2] os_md.tobezier(T|inv=[0,1/2]); /* Bezier HIRD 2 HEIDHEIE */

[[ p0 q0 1,[ 1/2%p0+1/2%pl 1/2%q0+1/2%ql 1,

[ 1/4*p0+1/2*pl+1/4xp2 1/4%q0+1/2%ql+1/4%q2 1,

[ 1/8xp0+3/8%pl1+3/8*p2+1/8+p3 1/8%q0+3/8*q1l+3/8%q2+1/8%q3 1]

335. lbezier(llinv t)
: X4y Bézier HifRDT — & 25
xybe21er() OTF =R (EEL, B50,1, -1 DU AN %, X4 Bézier ik % 52 D EZED Y
ANERSYET DY A NMCEWT 5.
e inv=1: LOEHOMEREFTH. K5y Bézier iz 272 F € 1 <, HERE#H BT -1
ZAlHE7eBR O 5 .
e inv=2: L L[FEEIEN, FAMBRERIEEEZFEDR.
e inv=3: ELEEEEN, BAMREZH TR, 2L L T—o0HlifRL 22550 5.

[0] P=os_md.xyoval([1,3.5],2.5,2]lopt=0); /* gy (1,3.5) #F#& 2.5x5 DIEM */
[[3.5,3.5],[3.5,7.349],[1.41667,9.75463],[-0.25,7.83013],1,[-1.91667,5.90563],
[-1.91667,1.09437],[-0.25,-0.830127],1,[1.41667,-2.75463], [3.5,-0.349002] ,-1]
[1] Q=os_md.lbezier(P);
[(((3.5,3.5],[3.5,7.349],[1.41667,9.75463],[-0.25,7.83013]],
[[-0.25,7.83013],[-1.91667,5.90563],[-1.91667,1.09437],[-0.25,-0.830127]1],
[[-0.25,-0.830127],[1.41667,-2.75463],[3.5,-0.349002],[3.5,3.5]1]

[2] os_md.lbezier(Q|inv=1);
[[3.5,3.5],[3.5,7.349],[1.41667,9.75463],[-0.25,7.83013],1,[-1.91667,5.90563],
[-1.91667,1.09437],[-0.25,-0.830127],1,[1.41667,-2.75463], [3.5,-0.349002] ,-1]

336. velbezier(f, [a,b,t])
i Bézier HifR D NEE T ML
o t€la,b] /T A =4 LT % Bézier Mt f DR HORKIKEEL Y A R TR,
¢ 2HFHDGIEMNODE XX, T74N D [0,1,t] ZEW®TD.
o NI A—=ZNRtDELEL 2FBDOLEE [a,b] &L LTIV,

[0] B=os_md.tobezier([[0,0],[1.2,0.7]1,[2.1,0.5],[3,011);
[ 0.3%t73-0.9%t"243.6%t 0.6*t~3-2.7*t"2+2.1xt ];

[1] os_md.velbezier(B,0);

[3.6,2.1]

[2] os_md.velbezier(B,[0.5,1]);

[2.925,1.5]

337. ptbezier(l,[n,t]) ptbezier(l,s)
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. (E4H) Bézier Hif LOSLEESRY FLERD D

o [ 1%, xybezier() ®5|$kThH x5 (#HA) Bézier DT —%, F2iEEN% lbezier() THE
#a L7

o n &H D Bézier HI#RD t = x O FROMERE & HERY bV OMEIRT.

o n =0 THRMO Bézier #ifg, n=11%2%B, n=—-11FHKED, n=2FHKENSL2FEAD
Bézier iz &7

o 2 BHDBIK s MIFAFELDOBE, nids DIEEEDY +1 %, ti s O/NEERYEFET.
7272 L x 7% Bésier HifROMEE L 0 KE W e &1, (1EA) Bézier iOK S &£ 1.

e 2FZEHDBI xS —1 D& X%, Bésier ifROEE A KT .

[0] R=os_md.xyang(2,[1,1]1,0,0lopt=00$ /* (1,1) FLOFE 2 OADT—43 */
[1] os_md.ptbezier(R,-1);

3 /¥ 3DDORIU RN SHS , 0 <= 5 <= 3 */
[2] S=os_md.ptbezier(R,0.5); /* s=0.5 TOEZRERENY ML */

([ 22.73205 1,[-3.5,2.02073]]

[3] T=os_md.ladd(S[0],S[1],1/3); /¥ BEAY MLOTER (BRE1/3) */

[0.833333,3.40563]

[4] Rl=os_md.xyang(0.3,T,S[0],2|ar=1,0pt=0)$ /* s=0.5 TOEREANY LOEE */
[6] U=os_md.ptbezier(R,2)$ /x s=2 TOEAZRERENY bIL */

(6] v=[Ulo] [0]-U[1][0],Uf0] [1]1-U[1]1[1]11%

[7] R2=os_md.xyang(0.3,U[0],V,3|opt=0)$ /* s=1.5 [CHAER LD KENDOHEE */
[8] Out=os_md.ptaffine("union", [R,R1,R2])$

[9] os_md.dviout(os_md.xyproc(Out));

338. areabezier(llrev=1,pt= [p1,p2,...],para=1,prec=v, int=k,exp=c,Acc=1,cpx=1)
: Bézier #hift & 7SI O mifE - By DR
o I3 [f,n,[t1,t2]] &L\ xygraph() @Hﬁ)]@ 3ODBIETH-T, [fEEx OEED L XX
Bézier Hi# Tl 5 Z &2 ko THEy ft () de ZERGEHRT 5.
— int=1 Z$8ET DL, |n| FHLTH %{&JE“CJEU;#;%TE)
— int=2 ZFET DL, n|HELTI TV OAXRTEHELHEST L. 0L X, n Baive
5 |n|+1 5% 5,
— cpx=1: FFHEENEREMHE TH D & EIHBET 5.
- 7*%(75: x CTRLTC, ezt 0LxE, [t,6,6] EHRTS.
— HENBNOMEBIL n| 725 (n=01F, 32 LEIRIND).
— BORKMAETHENERZRINTWD L XX, n 20T D (n BoEI0RK).
— t; ="-infty" (""THH) &FTDHLa=—-00 &, ty —"1nfty" ("THAE) &TDHEb=00
R E N, HRXECORS L5,
IERIX A TORED D & & exp=c DIFENAZ (cf. cmpf ).
— MWIRXE TORMITRB O TERGE T o(|z|72) (HHEEKD & &1X0(|2|7?) 2 S0 s &)
ITRRZAENKEL D DT, prec=16 £/ i exp=1 2 FLIBET D LHEIND.
o EWEITIE S D TRVESLTEE SN H HE1%, prec=16 72 & LIEET D LetHEBREND 2L
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5.

o fFNURNT f=f1,fo] LWVWINRTA—FZFIROMBO L 1L, 3BFBAOEED [t,t1,t2] 25
X, Zodh#R % Bézier HiIFR T L7z difRicih o C, FEy :12 fo(t)df1(t) ZFIHET 5.
FriZ Z 0 Bézier fifRAPARIFROD & 13, Z O CTHENHIMOEHOFH LD, Z0LE,
WEFHEI D 228 5 3 CIEABRE Y, KIFFHEIVIC 1 RIFEFENA S ORI -1 fF3h 5.

o Acc=1 ZIBET D & pari O IC K D2 EHE AT 5.
7272 L ctrl("bigfloat",1) 3 LU setprec(prec) (& LD KEEDREN VI, £z, AR
T < T sin(x) 72 EOPERBRE AT O HEITEEPNLIET, REILHKEITARMR S LD ATREMED
H5 (myeval() DHAZM. ord() THMND).

o L LDOEFDAT v a v XT A—F 1% xygraph () O & & LRI UEKRICR SN S.

e | /A 1lbezier() ®5l1%k & 725 Bézier it C o7 —% QEXoOWTNTHA) 26X, BEY
Jo ydx Oz RS
MEfR DT — 2 Tho7cle b, ZOMBCTHRENTEROmEE L 2 5.

[0] os_md.areabezier([x~3,-4,[0,211);

4.01564

[1] os_md.areabezier([x~3,-8,[0,2]1);

4.00105

[2] os_md.areabezier([x~3,-16,[0,2]1]1);

4.00007

[3] os_md.areabezier([x"3,-32,[0,2]]1);

4

[4] os_md.areabezier([sin(x),-4,[0,@pil]l);
1.98989

[5] os_md.areabezier([sin(x),-8,[0,0pil]);
1.99935

[6] os_md.areabezier([sin(x),-16,[0,0pil]);
1.99996

[7] os_md.areabezier([sin(x),-32,[0,@pill);

2

[8] os_md.areabezier([[cos(x),-sin(x)],-16,[0,2*x@pil]);
3.14159

[9] os_md.areabezier([exp(-x),16,[0,"infty"]1]);
0.999982

[10] tstart$os_md.areabezier([exp(-x),64,[0,"infty"]]) ;tstop$
[11] 1

[12] 0.0156sec(0.016sec)

[13] os_md.areabezier([exp(-x"2),32, ["-infty","infty"1]1);
1.77268

[14] tstart$R=os_md.areabezier([exp(-x~2),512,["",""]1]) ;tstop$
[15] 1.77245

[16] 0.0312sec + gc : 0.0312sec(0.063sec)

[17] V=eval(@pi~(1/2));

1.77245385090551602720251866962

[18] R-V;

0.0000000061022552223961856743
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[19]

os_md.areabezier([x~(-3/2),0,[1,""11);

1.90184

[20] os_md.areabezier([x~(-3/2),0,[1,""]]|prec=16);

1.99991

[21] os_md.areabezier([x~(-3/2),0,[1,""]1]|exp=1);

2.00008

[22] os_md.areabezier([1/(1+x~2),0,["",""1]1);

3.14159

[23] os_md.areabezier([1/(1+x"2),0,["",""]])-eval(@pi);
0.00000040239333897167800513

[24] os_md.areabezier([1/(1+x~2),1000,["",""]])-eval(@pi);
-3.3363329451 E-13

[25] tstart$os_md.areabezier([1/(1+x~2),5000,["",""]])-eval(@pi) ;tstop;
[26] -5.6638721488 E-16

[27] 0.2964sec + gc : 0.2496sec(0.546sec)

[28] os_md.areabezier([1/(1+x~2),0,["",""]] |exp=1);

3.14151

[29] os_md.areabezier([1/(1+x"2),-10,["",""]1] |exp=1);

3.1417

[30] tstart$os_md.areabezier([1/(1+x~2),10000,["",""]] |exp=1)-eval(@pi);
tstop$

[31] -9.07164967805 E-14

[32] 0.8268sec + gc : 0.4056sec(1.248sec)

[33] V=eval(@pi*2~(-1/2));

2.22144146907918312331

[34] os_md.areabezier([1/(1+x~4),0,["",""]1]1);

2.22151

[35] os_md.areabezier([1/(1+x~4),0,["",""]] |exp=1);

2.22192

[36] os_md.areabezier([1/(1+x~4),10000,["",""]1]1)-V;
-8.6669820621 E-14

[37] os_md.areabezier([1/(1+x~4),10000,["",""]] |exp=1)-V;
-4.6270379014 E-12

[38] os_md.areabezier([dsqrt(2)/(x~2+@i),0,["",""]1]|cpx=1);
(3.14247-3.1418%@i)

[39] os_md.areabezier([dsqrt(2)/(x~2+@1),1000,["",""]] |cpx=1);
(3.14159-3.14159%@i)

[40] ctrl("bigfloat",1)$setprec(30);

19

[41] F=[cos(x),-sin(x)]$

[42] tstart$os_md.areabezier([F,-1536,[0,2%0pil])/eval(@pi)-1;tstop$
[43] -3.17671236538252799164 E-17

[44] 0.2496sec + gc : 0.0936sec(0.343sec)

[45] tstart$os_md.areabezier([F,-1536, [0,2+@pil] |Acc=1)/eval(@pi)-1;tstop$
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[46] 8.71510564319365765590 E-20
[47] 0.4212sec + gc :

0.0624sec(0.5sec)

Bézier iR Z ff o - HIER 7 DHEXIERE

PR B 00 i P faE 16 53| 32 5 96 5> H| 384 4yl 1536 4%l
(cosf,sinf) | 0<6<2r | (—n,—) |68x107% | 1.1x107° | 1.5x 1072 | 32x 1077 | 8.7 x 107
Cardioid —r<O<m (n,=) | 54x107"|31x107% | 3.8x1077 | 1.5x107° | 5.8 x 107*2
xsinx 0<z<m (—n, =) [29%x107* | 1.8 x 107 [ 2.2x 1078 |87 x 107" | 3.4x 10713
sinz 0O<z<7m |(-n,—)|1.5x107%|95x107% | 1.2x107° |4.6x107'? | 1.7 x 107 **
121+1 —co<z<oo| (n,—) [1.3x107° [ 1.3x1077 [ 85x 1070 | 47x 1072 | 2.1 x 10714
e —co<z<oo| (n,—) |71x107* | 1.3x107* | 2.6x107% | 1.1x107® | 4.3 x 107"
3 1<z < oo (n,—) | 71x1072|49x1072 |28x107% |1.4x1072 | 7.0x1073
x2 1<z<oo | (n,—)®|59%x107°|45x107°|28x107° |14x107° [6.9x107°
a2 1<z <0 (n,1) | 3.0x107*|3.8x107° | 1.4x107% |6.6x107° |26 x 107"

=N W e OO N

TH—T A A Nl CH £ 28RO R OREF FE A TH 5.
o n ENZ L AFHET, EROBEDOMD +n i areabezier() D515 D 2 FHH ZEWRT 5.
o (n,—)'0 X prec=16 DA 7 a v OIREEEKT 5.

o (n,1) T exp=1l AT a L ERELIZILEZERTS.

HERX B TORY TIE, TWILEUCIE exp=c DA T a 8T A —% c DIRENPHLIEEN,

EROFANTM O R OHAEFFFI T, 2 %A O Cardioid 13 ((1 + cosf) cosb, (1 + cos ) sin §)

=

1

¥/

OBl (& — 00 To(x™2) LBV DOIERER) IR E % LI LIAMIHRESE LT,

o FIZBWTHEIOHNRKE < T BN 255 OFHHREEIE, 0.1 sec BRETH 5.
o S0 g5 (0, 1] TOHERITUT O L 51T 72,
[0] F=os_md.f2df(sin(x)/x)$

[1] F=os_md.cutf(F,x,[[]1,[0,1]1,[11)$

[2] os_md.areabezier([F,-32,[0,0pill);

/x x=0 D&EE 1 B ESITHIE */

1.85194
Tsinx
S / dx = 1.8519370519824661706 - - -
0 X
1
f=25
5 4 -3 -2 -1 0 1 2 3 4 5
r cmpf (f) 8r cmpf (f|exp=1) 8r cmpf (f|exp=2)
L 7k 7 L
L 6 L 6 L
- 5 [ 5 -
L 4 L 4 L
/\ 3t 3
2+ 21
L 1 L lk
0 i 0 1 0
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+ cmpf (f)

cmpf (f|exp=1)

=N W ke OO
=N W ke Ot
T

4 5 0 1

o

L7 I 713, OS5I LTHLND TEX O Y =X TN TN D ¢

os_md.xygraph(1/(1+x~2),-32,[-6,6],0,[0,1.5] |ax=[0,0,1,1,1] ,scale=[1.25,2]);
R=os_md.cmpf ([1/(1+x~2),["",""]] |exp=1);
os_md.xygraph(R,-64,[0,1],0,[0,8] |ax=[0,0,1,1,1],scale=[5,0.5] ,prec=6);

scale=DIFET 125 x2=5x 0.5 THDLINDH, KOBmWRENRTZND Z EITEE.
339. ptcombezier ({1,0s,m)
w MOV AR, by TEED 220 Bézier RO 8 E2RKD 2
o (1, o 1%, 3K Bézier A MHEL T 5 (ZNLSTHA])
e MIIRHDEME (VNTA—F% 2™ H5ET5H).
m=0FT 74/ T, m=20%B%RT5.
o UL, RET D by D/RTA—HFHl, by D/INT A —HH, ZHROFEFED 3 DD Y A N TRIN,
RROBIETOEND U A &R .

(0] vi1=([0,0],[1,1],[2,2],[3.0,3.0]1%
[1] L2=[[3.0,0],[2,1],[1,2],[0,3.0]1%
[2] os_md.ptcombezier(L1,L2,24);
[(0.5,0.5,[1.5,1.5]]]

340. ptcombz(by,bs,m|red=t,prec=k)
0 X9 Bézier BifR by, by DA ERD D
e by, by 1%, xybezier() OBIEOEDOT —4, &5\ X 1bezier T SN 7= K45y Bézier Hifi %
BZDPED Y A SO Y A RDWT L.
e by =00DL XL, b THEZXOLNTLHBROBORXNREIET. 7272 LA XS5 Bézier #ifR B &M 0
B o 72 [X4y Bézier fi#R DA SR < .
o by & by DFENZEIUNE B DXy Bézier Hifgo U X b (B#¥E 0FEB Lz 5) &ML
72 ptcombezier() MRV EEZFELHTIY A MDFITE L2 A MEIRT.
mIIREOEMRS (RTA—=F% 2" HETBH). m=01ZT 74V T, m=20%2E%HT5.
red=1: [ZFHELWEEO RN EREH D L X1, TOIHLO—DFT —FDHIKT.
red=2 : ROEIEDHE T (IFIFEHE LWVEEO UTEBE L TERLZWD).
prec=k : A7 a v red #IRE Lic L X, v BIEB IOy BEEOZEN RO (Bl ERED x
JERE DI KA & Fe/MEDZE, By BEEEORKME & R/MEDZE) O 1/2F BELT 261, FU
BERRT. TV NI E=12.

[0] P=os_md.xyoval([0,0],1,1lopt=0)$ /* Bl (0,0) ##F 1 OH */
[1] Q=os_md.xyoval([1,1],1.2,0.5lopt=0)$ /* il (1,1) F#F 1.2x0.6 DIEM */
[2] os_md.ptcombz(P,Q,0);
[[[0,1],[0.853506,0.515474,[-0.199425,0.981241]11], /* X & (-0.200,0.981) */
[[0,2],[0.188392,0.209443,[0.917957,0.400476111]1 /* Xm (0.918,0.400) */
[3] F=[sin(2#*x),sin(3*x)]$
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[4] LS=os_md.xygraph(F,-24,[0,2*0pil, [-2,2],[-2,2] lopt=0)$ /* UH—T 1K */

[5] tstart$os_md.sint(os_md.ptcombz(LT,0,0),4);tstop;

(cr12,01,(o,o0,[0,0]111,0(13,4], [0,1,[0.5,-0.7071]]1],[[13,5],[0,0,[0.5,-0.7071]1],
((16,0]1,[1,1,[0.5,0.70714]]],([[16,1],[1,0,[0.5,0.7071]]],[[16,3],[0,1,[0.866,0]11],
([16,4],[0,0,[0.866,0]11],([[19,8],[1,0,[-0.866,0]1],([[19,10],([0,1,[-0.5,0.7071]11],
(f19,11]1,[0,0,[-0.5,0.7071]1]1], [[20,8], [0,0,[-0.866,0]1],
([22,e1,I[1,1,[-0.5,-0.7071111,[[22,7],[1,0,[-0.5,-0.70711111]

[6] 0.0312sec(0.047sec)

[7] LT=os_md.xygraph(F,-96, [0,2*@pil, [-2,2], [-2,2] |opt=0)$

[8] tstart$os_md.ptcombz(LT,0,0)$tstop;

[9] [10] 0.2028sec + gc : 0.078sec(0.281sec)

[11] os_md.sint(os_md.ptcombz(LS,0,0|red=1),4);

(Cf:12,01,[0,0,[0,0117,[[13,5],[0,0,[0.5,-0.70714]11],([16,0],[1,1,[0.5,0.7071]11],
([16,4],[0,0,[0.866,0111,[[19,10],[0,1,[-0.5,0.7071]]1],[[20,8],[0,0,[-0.866,0]111],
[[22,7],[1,0,[-0.5,-0.7071111]

[12] os_md.sint(os_md.ptcombz(LS,0,0|red=2),4);

(fo,o1,[0.5,-0.70711,[0.5,0.7071],[0.866,0],[-0.5,0.7071],[-0.866,0],

[-0.5,-0.7071]]

3.2.11 Drawing curves and graphs
341. xyproc(f|dviout=1,opt=s,env=t)

i Xy-pic/TikZ RRAEE LIBRE DB (f =1) &#&T (f =0) FR

o f MIXFH DKL, TikZ (Z)5 U Tlbegin{xy} & \end{xy} ¥ 7= ¥ \begin{tikzpicture} &

\end{tikzpicture} THktr.
I HIZ dviout=1 2M5E L THIIT dviout () 2> CHEFRRT D.
opt=s TXFF s Z45E L ThiviE\begin{tikzpicture} [s] R ED X AT v a v &2 5.
env=t TEREL xy R EZHIDOREIZERE TE 5 (7oL 21X, env="scope").
dviout=1 THAFRZRENRIND.
xyput (), xyline (), xyarrow(), xybox (), xycirc(), xylines(), xygraph() 72 & T 7
Hlz (strtb() REZfioT) RLADETIOHEEITSE L.

[0] os_md.xyproc(1);
\begin{xy}

[1] os_md.xyproc(0);
\end{xy}

342. xypos([x,y,s]) =xypos(lz,y,s,t]) =xypos(lz,y,s,t,ul) =xypos(lz,y]l)
i: Xy=pic/TikZ TOPERE (x,y) R s REDLFHT). t1ZTNNVOXF, widA 7 v a 3550,
o SIHUIT FALTH LW
e xypos([z,yl) ®& X, IFTOXFHINKIND
(z,y)

7272 LB o, y 1 3VINBUS LT XYPrec M2 LD 61 5.

o SHBIFHNet, THXARNELTHRATD.

o L MWIXFHROIET NV EHAL, vy dBEIND. ZDOT VL TikZ=0 O & Z|{X"z"DE T,
TikZ=1 O & & (2) OIBICEBEIN DD, © BEXLTIN R LZELTHTTIVEL &b,

o TikZ=0 DA
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— 30T EFH T A LR
—wlEA T a ULFFITTNNDRIZHOL. 078 ed 5L L2,
—s=1Is1,8) T DL, s TATESNDA TV a T, so ITHIISUTFHIEFKT.
x s ="[F]" : ¥:TPHTe
sy ="[F.1": BTHRaM (% =795 L FHR)
s1 ="+[F1" : RLED&H HPTHL
51 ="[Fol" : 3L FHT» (0 & o0 LT 5L “HEH)
s ="+1U": FIZEL. UZD, LR ETDLE, A, ElZEDS.
SHIZUL 7 ed258, ATRELR5.
+ &+ LTHE, MEOTOHLNREIRD.
e TikZ=1 OEH
— xypos([x,y, [s1,82],8¢,841) T, x, y DI, s1, 2, 8¢, Sy MILTHIT 59 BNETRINE X
nodel[s1] (sy) at(x,y){s2}s,
- xypos([gc,y, [s1,""1,5¢,8,]1) DEZE
coordinatel[s;] (s;) at (x,y)sy
— xypos([z,y, [s1,82],8:1) F72iE xypos([z,y,s,s]) DL XX, LD s, OEIFINL.
— 5S¢ 7))2&(? 1ok %@i, St ="_" kﬁ’ﬁ'ﬂéﬂé
— 8 WAELTFHIORE, F7zid xypos([z,y, [s1,5211) R xypos([z,y,s]) D& &, LD (s)
DIEIFTHNZR .
— X 51 BIFH|ThRNVE XTI L LT TEX OXFINCEBRINS.
— s IIET E 2B TOA T v a R age (B OEEE , TRES).
* NLEFEE : above, below, right, left, above right,...
below=1pt,...
anchor=west, anchor=south east,...
* JEIRFEE : circle, rectangle,...
* YEE LTBIREHI< @ draw
* TXANR Y7 AOIEEE : width=3cm
x THXANRY 7 AOM%EMNDD : rounded corners
x THXABNRy 7 ANDOLFAIEIEE : text centered
* fAf5E : red, green, blue, green!20!white,...
* Y HO5L : fill=red, fill=green,...

S R

[0] os_md.xypos([2/7,5/31);
(0.285714,1.66667)

[1] os_md.dvioutO(O|opt="TikZ")$

TikZ=0

[2] os_md.xypos([2/7,5/3,4/5]1);
(0.285714,1.66667) *{\frac{4}5}

[3] os_md.xypos([2.5,3.1,"$\\bullet$"]);
(2.5,3.1) *{\bullet}

[4] os_md.xypos([2.5,3.1,"This is"]);
(2.5,3.1) *\txt{This is}

[5] os_md.xypos([2,3,"$\\times$","A"]);
(2,3) *{\times}="A"

[6] os_md.xypos([2,3,"","A"]);

(2,3)="A"

[7] os_md.xypos([1,2,["+[F]","Sum"],"S"]);
(1,2) *+[FI\txt{Sum}="8"
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[8] os_md.xypos(["A","B",["+[F]","Sum"],"S"]1);
"A" *+[F]\txt{Sum}="8"

[9] os_md.dvioutO(1|opt="TikZ")$

Tikz=1

[10] os_md.xypos([2/7,5/3,4/51);

node at(0.2857,1.6667){$\frac{4}5%}

[11] os_md.xypos([2.5,3.1,"$\\bullet$"]);
node at(2.5,3.1){$\bullet$}

[12] os_md.xypos([2.5,3.1,"This is"]);

node at(2.5,3.1){This is}

[13] os_md.xypos([2,3,"","A"]);

coordinate(A) at(2,3)

[14] os_md.xypos([1,2,["red","Sum"],"S"]);
node [red] (8) at(1,2){Sum}

[15] os_md.xypos(["A","B", ["draw,rectangle","Sum"],"S"]);
node [draw,rectangle] (S) at(A){Sum}

[16] os_md.dvioutO(3|opt="XYPrec")$

XYPrec=3

[17] os_md.xypos([@pi,5/3,4/51);

node at(3.142,1.667){$\frac{4}5%$}

343. xyput([z,y,s] |scale=r) xyput([z,y,s,t]) xyput(lz,y,s,t,ul) xyput(lz,yl)
:: Xy-pic/TikZ TOPERE (x,y) X s REDLFHT). 13X T~V DOLF, widA 7T a o 3F5.
e xypos() LR LD, ZDREDOHIEIC
TikZ=0 D& &L "{" XL "};\n"
ot
TikZ=1 O & ZiE "\\" 8LV ";\n"
Z, AL TR
e scale=r : Xy-pic/TikZ OFEAEICE T L XIT r 53 5.
e scale=[ry,ro] : Xy-pic/TikZ DOMEFEIZIE T & 2 o FEE ri %, y BEE ro (5T 5.

[0] os_md.dviout0([4,6]1)$

DVIOUTA="%ASIRRO0T%\bin\risatex.bat"

TikZ=1

[1] os_md.xyput([0,0, ["draw,rectangle","Sum"]1]);

\node [draw,rectangle] at(0,0){Sum};

[2] os_md.xyput([0,0,["draw,rectangle,rounded corners","Sum"]]);

\node [draw,rectangle,rounded corners] at(0,0){Sum};

[3] os_md.xyput([0,0, ["draw,rectangle,fill=yellow,text=red","Sum"]]);

\node [draw,rectangle,fill=yellow,text=red] at(0,0){Sum};

[4] os_md.xyput([0,0,["draw,circle,thick,dotted,blue,fill=yellow,text=red!50",
"$\\tfrac12$"11);

\node [draw,circle,thick,dotted,blue,fill=yellow,text=red!50] at(0,0){$\tfrac12$};

[5] os_md.xyput([0,0, ["circle,radius=2pt,fill=gray",""1]1);

\node [circle,radius=2pt,fill=gray] at(0,0){};

[6] os_md.xyput([0,0,["draw,ellipse","Sum"]]);
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344.

\node [draw,ellipse] at(0,0){Sum};

Eo [6] 1%, TEX 7 7 A L OAIDIT

\usetikzlibrary{shapes}

DETHD.
LoRERE S LBWT, os_md.xyproc(Sldviout=1) & T 25 LLUTORRBEOLND.

S G 5] o @ G

xyline([z1,y1,51]1, [®2,y2,52] lopt=t) xyline([z1,y1], [x1,y2]|opt=t)
2 Xy-pic/TikZ T (z1,31) & (z2,92) ZMTHES (BIEIT~Z FATH W)

[z1,y1,81,t1,u1] 72 ELTBHETULt; B3O (cf. xypos()).

TikZ & &1%, opt=t IZ Lo TEHHA DA T v a UIREIXTFNA .

[0] os_md.dvioutO(O|opt="TikZ")$

TikZ=0

[1] os_md.xyline([1,2,x],[3,4,y]1);

{(1,2) *{x} \are{-} (3,4) *{y}};

[2] os_md.xyline([1,2,x,"A"],[3,4,y,"B"]);

{(1,2) *{x}="A" \ar@{-} (3,4) *{y}="B"};

[3] os_md.dvioutO(l|opt="TikZ");

TikzZ=1

[4] os_md.xyline([1,2,x],[3,4,y1);

\draw node(_0) at(1,2){$x$} node(_1) at(3,4){$y$}(_0)--(_1);
[5] os_md.xyline([1,2,x,"A"],[3,4,y,"B"]);

\draw node(A) at(1,2){$x$} node(B) at(3,4){$y$}(A)--(B);

Lo [B]l 1I2BWT, &2 RICLT, MEEHRET DI

os_md.xyline([1,2,x],[3,4,y] lopt="dotted,red");
LT, F, Bl IKBWT, z &Rk, y 2RI, BERICTHIT

os_md.xyline([1,2, ["green" x]1]1, (3,4, ["black",y]] |opt="red");
LT5. LIy ZRTHTNIC

os_md.xyline([1,2, ["green" x]], [3,4, ["black,draw,circle",y]] |opt="red");
LL, &5y #ZHDHNEZRTEY 2571

os_md.xyline([1,2, ["green",x]], [3,4, ["black,draw,circle,fi11=red",y]] |lopt="red");
LT5.

Yy Yy

345. xyarrow([zy1,y1,511, [22,y2,52] | opt=t,cmd=s)

i Xypic/TikZ T (21,31) & (22,y2) ZRAFETHS (BT Z FATH LW

o 7192 3FHDESRE 51, so ITEMEH.

e xypos() (IZHD LT, [x1,y1,51,t1,u1] EFTDET Lt BOE, 51 = [s11,512] PIBHY
R—hEN5.

o RANDFIEMPET DL X1T "%\n" %, F7z Xy-pic DFAIIRM D553 0 T2 T2HHDOF ¥
PECT D & F XA TN AT

o AL a Dt IIMFEL EEFRET D Xy-pic/ TikZ O LFH.
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F 9 Xy-pic DEFADNWL ONOBIEZHET 5.

"e{->}" KEN (T 74 1) - .
"e{<->}" i A 5% F) - 5
"e{-}" ik
"e{.}" SRR
"e{"}" Bk
"e{=1}" CHR _
"e{--}" s _____
"e2{.}" THEAHR
"Q{{x}->}"  KHIDH .
"e{x.o}" REN DB % o
"e2{|.>>}"  KHIDOHF | >
"@/"1.5mm/"  HELHEOEMIC LEmm #iFH
"e(ru,1d)" A LICHTETIZAS /\/
TikZ O¥EE, A7 v a v X8It THRET 5.
BROKE very thin, thin, semithick, thick, very thick, ultra thick,
width=2pt,...
AR dashed, dotted, dashe dot, dashe dot dot
RO loosely dashed, densely dashed, loosely dotted, densly dotted
PNED -, >, <=> <=, >
RKHIDFGR >=stealth, >=latex 72 &
TER double
(=Rely red, blue, green, cyan, magenta, yellow, black, gray, white, darkgray,

lightgray, brown, lime, olive, orange, pink, purple, teal, violet,
green!30!white (% 30% H 70%) , cyan!10 72 &
Hi##Z #1175 bend right,distance=0.2cm 72

t=[to,t1] DEEIL, to B EDXITMRSI (tg =01F7 74/ 1), XFF0 ¢ 1%

-> VAN
to[out=60,in=120] H2MEANDBROAERT

to[out=60,in=120,relative] 2 & ADHROERAERTE
|- MR, RITHERR T2 <
-1 R, WITHERRCTHO 22 <

ty DR "+" FRHL [EAE &
o TikZ DAL, 7Y aopt¥cemd REZFMLT, IVEAWHE =~ FIZES Z &R T
5.

— os_md.xyarrow([z1,151], [x2,y21) T, x1, ®2, Y1, y2 MHETF- DR
\draw[->] (z1,y1) -- (z2,92)

— os_md.xyarrow([z1,y1,51], [22,52]) T, 1, 22, Y1, yo DI, 81 HCFFI OB
\draw[->]node(_0) at(z1,y1){s1} coordinate(_1) at(wa,y2) (L0) -- (_1);

— os_md.xyarrow([z1,y1,51], [22,y2,521) T, x1, T2, Y1, Yo BT, 51, s2 DTS
\draw[->]node(_0) at(xy,y1){s1} node(_1) at(ms,y2){s2}(_0) —- (_1);
51 %0 5o WEAXOK;E, FE TRX OV —RZEHL T $ THRALLOICEE#RZOND.
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— os_md.xyarrow([zy,y1, [s],51],t1,u1], [z, y2, [sh,s2] ,ta,uzl lopt=[t,t’,t"], cmd=s)
<, T1, T2, Y15 Y2 ﬁ‘;ﬁ?, ﬂﬂﬁ’j(?ﬁ”

\s[t]node[s)] (t1) at(wy,y1){s1}us nodelty] (t2) at(wa,ys){s1}us (t1)t (t2)1";

B, sOT 7x N MIdraw, ! DT 7 H NV NI -, t OT T H/V NI > EloTWnD. F
ot ERELRNE &, opt=t & LTV,

— 21 R Ty DXFHNDOE XL, TRIET NV ERRIN Ty Ry FEHSH, () THENT
Hhshs.

B2 BB TD L X FBIOERP LS ND. FH28|5DEEn ETDHL, n DEIISCTT 7 4
N EhDa<wy R \draw DIRO LI ICES|I OND (T 74V NUSNDOIEEEZ L 2%, 47
var® cmd= OFFELVELRIND).

nOE o<k

0 \draw \path[draw] & [F]%

1 \fill \path[fill] & [F]%

2 \filldraw \path[fill,draw] & [Fl%
3 \shade \path [shade] & [F%

4 \shadedraw  \path[shade,draw] & [F%
5 \clip \path[clip] &A%

6 \pettern \path[pattern] & [Fl%

7 \path

8 \node \path node & [F%

9 \coordinate \path coordinate & [FA]%

INTEEL2~ %2 \emd & L7z E &
os_md.xyarrow([x,y],nlopt=[t,t',t"1)

Tax,y, n DEFTHA LTI DL &
\cmd [¢] (x,y)t' [t"]

LD ek, " OEBPRWVERIE RO [t"] OBEETH .

[0] os_md.dviout0(7)$

TikZ=0

[1] os_md.xyarrow([1,2,x/y],[30,4,272,0,"|f"] |opt="@{<.} @/_5mm/");
{(1,2) *{\frac{x}y} \ar@{<.} @/_5mm/ (30,4) *{z"2 }|f};

[2] os_md.xyproc(@@|dviout=1);

[3] os_md.xyarrow([0,0,["+[F]","Sum"]], [20,0,"$\\sum_{i=1}"na_i$"]);
{00,0) *+[FI\txt{Sum} \ar (20,0) *{\sum_{i=1}"na_i}};

[4] os_md.xyproc(@@|dviout=1);

T

yv'-_””vfbﬂmf"' li!il%444%>§jzzlai

[0] os_md.dviout0(6)$

TikzZ=1

[1] os_md.xyarrow([0,1],[2,3]);

\draw[->](0,1) -- (2,3);

[2] os_md.xyarrow([0,1],[1,2] lopt=["->,thin","to[out=60,in=120]+"]);
\draw[->,thin] (0,1)to[out=30,in=1201+(2,3);

[3] os_md.xyarrow([0,1],[2,3]|opt=["bent left, distance=lcm","to"]);

237



\draw[bent left, distance=1cm] (0,1)t0(2,3);

[4] os_md.xyarrow([0,1,"A"],[2,3,["draw,circle","B"]]lopt=[0,"|-"1);

\draw[->]node(_0) at(0,0){A} nodel[draw,circle] (_1) at(1,1){B}(_0)|-(_1);

[5] os_md.xyarrow([0,1],[2,3]|opt=["very thick","rectangle"]);

\draw[very thick] (0,1)rectangle(2,3);

[6] os_md.xyarrow([-1,-1],[1,1] |opt=["very thin,step=0.3cm","grid"]);

\draw[very thin,step=0.3cm] (-1,-1)grid(1,1);

[7] os_md.xyarrow([-1,-1],[1,1]|lopt=["help lines,step=0.5cm","grid"]);

\draw[help lines,step=0.5cm] (-1,-1)grid(1,1);

[8] os_md.xyarrow([0,0],[1,1] |opt=["shade","rectangle"]);

\draw [shade] (0,0)rectangle(1,1);

[9] os_md.xyarrow([0,0],[1,1] |opt=["shade,left color=yellow,right color=black",
"rectangle"]) ;

\draw[shade,left color=yellow,right color=black] (0,0)rectangle(1,1);

[10] os_md.xyarrow([0,0],[".5cm"] |opt=["inner color=red","circle"],cmd="shade");

\shade[inner color=red] (0,0)circle(.5cm);

[11] os_md.xyarrow([0,0],[".5cm"]|opt=["ball color=red","circle"],cmd="shade");

\shade[ball color=red] (0,0)circle(.5cm);

[12] os_md.xyarrow([0,0],[1,1] |opt=["pattern=north east lines","rectangle"]);

\draw [pattern=north east lines](0,0)rectangle(1,1);

[13] os_md.xyarrow([0,0],[1,1] |opt=["dotted,pattern=bricks,pattern color=blue",
"rectangle"]);

\draw [dotted,pattern=bricks,pattern color=blue] (0,0)rectangle(1,1);

[14] os_md.xyarrow([0,0],[1,1] |opt=["pattern=checkboard light gray","rectangle"],
cmd="£ill");

\fill[pattern=checkboard light gray] (0,0)rectangle(1,1);

[15] os_md.xyarrow([0,0],0|opt=["pattern=dots","circle","radius=.5cm"]);

\draw [pattern=dots] (0,0)circle[radius=.5cm];

[16] os_md.xyarrow([0,0],1|opt=["pattern=crosshatch,pattern color=blue",
"circle","radius=.5cm"]);

\fill [pattern=crosshatch,pattern color=blue] (0,0)circle[radius=.5cm];

[17] os_md.xyarrow([0,0],3|opt=["shading=color wheel white center","circle",
"radius=.5cm"]);

\shade [shading=color wheel white center] (0,0)circle[radius=.5cm];

Lo [12] PARED pattern DFE TIX, TEX 7 7 A /L DHIHIT
\usetikzlibrary{patterns}
BLETHD. LORRE 8 & LT xyproc(Sldviout=1) &9 2 LIRICLATRELND.

oran
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T

\shade THEINDHEY D5 L OEAZEIT
top color=, bottom color=, midddle color=
left color=, right color=, midddle color=
inner color=, outer color=
ball color=
upper left=, upper right=, lower left=, lower right=
shading=color wheel, color with black center, color wheel white center

7 L
7
177772777 e e X

pattern= TRETE LB DELAAF—1F
horizontal lines, vertical lines, mnorth east lines, north west lines, grid,
crosshatch, dots, crosshatch dots, fivepointed stars, sixpointed stars, bricks,
checkerboard
Woo., TON) =g TUTOEIRLDLHRETHS.
checkerboard light gray, horizontal lines light gray, horizontal lines gray,
horizontal lines dark gray, horizontal lines light blue, horizontal lines dark
blue, crosshatch dots gray, crosshatch dots light steel blue
346. xyarrows([f1, fol, [v1,v2], [[21,22,m], [y1,y2,n]] | scale=r,abs=v)
2 Xy-pic/ TikZ THED RN ZHi<
X BROXME [21,22] & m%ES, vy EBOXHE [y1,y2] Z nEHL, ZRENOKEEZRWTZ m xn
DHEET R (x,y) IR LT, & (fi(z,y), fo(z,y) ZiESE LT, (ni(z,y),ve(z,y)) EWVHT R
(RHD) %#Xy-pic/TikZ THE< .
o y AN E XX, F35EE [r,22,m] & LTI,
e scale=r : N7 L% r 5L THI<.
e abs=v: NI MOEIZ 0 ICAT—NVEHTD.
e opt=s: xyarrow( ) ICFDFFEINDIA TS v g - T RXA—X

[0] os_md.dvi([0,4,6]1)$

[1] Abs=os_md.abs(y)$Sqrt=os_md.sqrt(x)$

[2] SqrtAbs=os_md.compdf (Sqrt,x,Abs)$

[3] P=[x,y]1$Q=[1,SqrtAbs]$

[4] S=os_md.xyarrows(P,Q,[[-1.5,1.5,36],[-1.5,1.5,36]]|abs=0.05)$%
[5] S+=os_md.xygraph((x+1)~2/4,-36,[-1,1.5],[-1,1.5],[-1.5,1.51)¢$
[6] S+=os_md.xygraph(-(x-1)"2/4,-36,[-1.5,1],[-1.5,1],[-1.5,1.5]1)¢%
[7] os_md.xyproc(S|opt="scale=5"|dviout=1)$

INOFEITREREIK 1 725,

347. xybox([[z1,y1], [z2,y2], [z3,y3]] lopt=t,color=s...) xybox([[zy,y1], [z2,y2]]|opt=t,color=s,...

o }@'—plc/lez < (xl,yl) L (IL‘Q,yQ) ii’;(‘j'/%)f—(—'\& L, ($3,y3) %Tﬁ,ﬁkﬁ“éﬁﬁlﬂaﬂ% (&)f)b\biﬂ(qz
%k b ORF) EHi<
o [z,y;] 1E~<7 FATH IV
e xylines() AT v a v LR UAT v a VAL
o TikZ TOEITEHE DAL, color=s DA T a U PEETE, AMTRBY SR LR ENT]
HE. ZoLx, thoAd 7y a dEREND.
— color=s & LT s BXTHIOWE, \drawls]--- L725.
color="red" : R CHEHi<
color="fill=red" : HRTEY O5F. Ht FeE L) 2
— color=[s,cmd] : &35 & \cmd\drawl[s]--- &725.
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[0] os_md.dvioutO(O|opt="TikZ")$
TikZ=0

[1] os_md.xybox([[1,2],[30,40]11);
{(1,2) \are{-} (1,40)};

{(1,40) \are{-} (30,40)};
{(30,40) \are{-} (30,2)};

{(30,2) \are{-} (1,2)};

[2] os_md.xybox([[1,2],[3,4],[0,011);
{(1,2) \are{-} (0,0)};

{(0,0) \are{-} (3,4)};

{(3,4) \are{-} (4,6)};
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{(4,6) \are{-} (1,2)};

[3] os_md.dvioutO(1|opt="TikZ")$

TikZ=1

[4] os_md.xybox([[1,2],[3,4]11);
\draw(1,2)rectangle(3,4);

[5] os_md.xybox([[1,2],[3,4]]|color="red");

\draw[red] (1,2)rectangle(30,40);

[6] os_md.xybox([[1,2],[3,4]]]color="red,fill=yellow");
\draw[red,fill=yellow] (1,2)rectangle(30,40);

[7] os_md.xybox([[1,2],[3,4]]|color=["yellow","£fil1"]);
\fill[red] (1,2)rectangle(30,40);

[8] os_md.xybox([[1,2],[3,4]1,[0,0]11);

\draw (1,2) -- (0,0) -- (3,4) -- (4,6) —-- cycle;

348. xycirc([z,y,s],rlopt=t,arg=[01,02] ,deg=[01,02]1,close=1)
2 Xyepic/TikZ T (z,y) F L rmm/cm O %<

o 9% 3FERD s 1TAHMEAT

e opt=t : A7 =3 T

o REZMBHTRWVEAIE, arg=[-0pi,0pi]l #HWV 5. 7
usepackage [pdf,all]l{xy} IZ &> T pdf 7 7 A VEERT DHEATE, ZOTT —HEE & 720,

e sRH-Tr=00L XL, s &M THT.

o arg ZIRE L7 & XIXEMMARAZY, FA 0, 225 0 FTOMIMZEHI (0 <0y — 60 <27).
IDLEFT T ar opt IIMEREXT EMINEND (cf xylines( |curve=1)).
F72 close=1 THL LM THRNTEELT5.

o LVIAMEDH D xyang() ZHND HFB L.

[0] os_md.xycirc([2,3],5|opt="1"d");
{(2,3) *\cir<bmm>{1"d}};

[1] os_md.xycirc([2,3,x],0);

{(2,3) *+{x} *\cir{}};

349. xybezier([[ml,yl] .y [@n,ynll | verb=k,opt=t,cmd=s,relative=1)
it Xy-pic/TikZ TX4y Bez1er HhiR (4 Bézier #hi) #Hi<
ﬁn)f% (z1,y1), BCRE (Tp,yn) & L, BHOEELZGIE R & T2 Bézier MRz i< .
o [x;,y;] 137 P TH L.
o IBHD [z;,y;] ZFFD 0, £1 1T D ELUTD X 5 REERI OB Z FEo.
— 0 : HIfZCYI Y BEL CTHIo Bézier thik &9 %.
— 1: EHRAIORZRTO@BR L T 5 Bézier thfi & 5.
-1: MR EKEET D U7 Bésizer thift & L, itk THI0 Bk
o verb=1: #AM LM% o, HlfELNE x THRARTH. HIMO Bézier Hift & 72 258 DO HEFR.
e verb=2: EL[RIEEEDS, #EAUTE/R L7220,
o verb=[k,t1,to] : MR LKA, FIROME FEIEET 5.
— k=12 FEMTETC, AMLIZLEZF k=1 GRREKEAERH) LMREND.
— bt TR LRI, b TR OR TR S ERL, xyput() OFIED Y R b DDRSY s 1%
T5.
— 774V ML, 1 ="$\\bullet$", to ="$\\times$"
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— to ZEML T verb=[t1] LT D&, AR EKEDHRNT, HIHERITHID 2.
— TIKZ D& X%, 72L& 21X verb=[["red","$\\bullet$"],"$\\times$"] LT D&, trm &
K& R THES .
e relative=1: TikZ ® & =T, RSN EZEEOMHRHEE LT 5.
o cmd=s : TIkZ IZBIFD a2~ F \draw Db Iz \s ZffH.
e XYLim: TEX ® Y — AT, XYLim HORMHIZARLT K T 570872 AND.
dvioutO(n|opt="XYLim") (2L > T XYLim % n IZEETE 5 (F 74/ hE4).
e opt=t: ANV RDRIZAT v at DT 5.
TikZ O%E1E, xyarrow () OEICENNIZHFIEEDM, LLTO XS RBY OS5 La~vy RMMERS.

fill WHORL
fill=yellow,draw=blue R THEHE, NHEZEETHEY D58
fill=red,opacity=.5 RCHEHE 0.5 THY 5T

fill=red,even odd rule winding number 3%&4% (57 4V biZ 0 LIS DOERGEHRTED S5T

[0] A=newvect(8)$
[1] for(I=0;I<8;I++) A[I]=[I,I/2];$
[2] os_md.dvioutO(7)$
TikZ=0
[3] os_md.xybezier([A[0],A[1],A[2],A[3],A[411);
{(0,0);(4,2)
*x\crv{(1,0.5)&(2,1)&(3,1.5)3}};
[4] os_md.xybezier([A[0],A[1],A[2],A[3],0,A[4],A[5],A[611);
{(0,0);(3,1.5)
*x+x\crv{(1,0.5)&(2,1)}};
{(4,2);(6,3)
*x\crv{(5,2.5)}};
[5] os_md.xybezier([A[O],A[1],A[2],A[3],1,A[4],A[5],A[611);
{(0,0);(3,1.5)
#x\crv{(1,0.5)&(2,1)}};
{(3,1.5);(6,3)
**\crv{(4,2)&(5,2.5)}};
[6] os_md.dviout0(6)$
TikZ=1
[7] os_md.xybezier([A[0],A[1],A[2],A[3]1]);
\draw (0,0) .. controls (1,0.5) and (2,1) .. (3,1.5);
[8] os_md.xybezier([A[0],A[1],A[2],A[3],0,A[4],A[5],A[611);
\draw (0,0) .. controls (1,0.5) and (2,1) .. (3,1.5)
(4,2) .. controls (5,2.5) .. (6,3);
[9] os_md.xybezier([A[0],A[1],A[2],A[3],1,A[4],A[5],A[611);
\draw (0,0) .. controls (1,0.5) and (2,1) .. (3,1.5)
. controls (4,2) and (5,2.5) .. (6,3);
[10] os_md.xybezier ([A[0],A[1],A[2]1,A[3]1,-1,A[4],A[5],A[6]1,-11);
\draw (0,0) .. controls (1,0.5) and (2,1) and (3,1.5) .. cycle
(4,2) .. controls (5,2.5) and (6,3) .. cycle;
[11] os_md.xybezier([A[0],A[1],A[2],A[3],0,A[4],A[5],A[6],-1]|relative=1);
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\draw (0,0) .. controls +(1,0.5) and +(2,1) .. +(3,1.5)

(4,2) .. controls +(5,2.5) and +(6,3) .. cycle;

[11] os_md.xybezier([[0,0],[2,0],1,[1,1],1,-1]|cmd="£fill",opt="green");
\fill[green] (0,0) -- (2,0) -- (1,1) -- cycle;

[12] os_md.xybezier([[0,0],[2,0],1,[1,1],1,-1]|opt="£fill,red");
\draw[fill,red] (0,0) -- (2,0) -- (1,1) -- cycle;

[13] os_md.xybezier([[0,0],[2,0],1,[1,1],1,-1]|opt="fill=yellow,draw=red");
\draw[fill=yellow,draw=red] (0,0) -- (2,0) -- (1,1) -- cycle;

350. draw_bezier(id,idx,b|col=c,opt=s,init=1)
i %y VN RIZ XSy Bézier R <
P N—id A id THF ¥ 3R id 2 idx DF ¥ /3R Bézier Hif a4 < (cf. draw_obj()).
e b X xybezier () DBIHMDOEX, H DV IZN% 1bezier() TEM L= H D (X > TX S Bézier
HIFR TRV, E721X, tobezier() DRV HED t 4D Bézier M TH L.
e col=c: (AfFdE (OxfEfELEf 23H).
o XFFNZ X AIEE T, red, blue, green, yellow, cyan, magenta, black, white, gray, thin,
very thin, dotted, dashed 23 F[RE. opt="red,thin,dotted" 72 E LWV IFHFENTE 5.
o init=1: FFEOYIUL (o5 IEUTF < THEL).

[0] Id=ox_launch_nox(0,"ox_plot")$

[1] open_canvas(Id)$

[2] Idx=ox_pop_cmo(Id)$

[3] B=os_md.xyoval([150,150],100,1l0pt=0)$ /+* Hul» (150,150) F& 100 MM */
[4] tstart$os_md.draw_bezier(Id,Ind,Blcol=0xff00ff)$tstop;

[5] [6] 0.0156sec(0.015sec)

351. xylines([[x1,y1,51], [2,y2,52],...] lopt=t,close=1,curve=1,ratio=c,verb=1,scale=r,
Acc=1,dviout=1,proc=p)
it Xy-pic/TikZ T sj % (xj,x;) \CEE, (v1,1%1), (¥2,92),... & (Bézier ) FRTHS
e close=1: WEDEEFAIDOELFEAT, 2AFEIITE O HMHEEES.
e close=-1: IR TRESELAIL, R EREORITHBRE L, R0 OREWEOLICHES.
e curve=1: Hift (Bézier HifR%fE ) “C“?‘%fbi)\i:/%éi._)
Py, P, Py, Py i@ BT P, & Py 25521, PoPy OFENZ Py 35 ¢y PPy OflEEA TS
S Q L, P3Pl OIS Po 16 coP Py HATES R D 2 ,ﬁ%ﬁ?ﬂ?ﬁﬂ,ﬁ&ﬁ’é_?)zk@%er iR %
HAWd., PoBFELRWE XTI Q %, P BHFIELRNWE XX REZHL. PP & PP DT A4
Z0(0<0<m&TdHLE, 774/ T

c1 + Co - 2
2 3(1+cosd)’

C1 . Cy = POP2 : P3P1

ELTWA.

En ABOHEAZEEL, close=1 ZI8ET D&, 7 7 4/V FTIIMEMITE W EIFRIZ /2 5.
TS, MM ORE 1 L L X, BoniloR LoD e 1 EOEDRKMEIE, n=3
DL x0.0015, n =4 D& x0.00027, n =6 D& X 0.000024, n = 8 D & = 0.000004 &\ FREE
DO/NETpfE L 705,

28, ratio=c ZEELTZE XL, UTOLICEDD.

131—@ = cPy Py, Pl = cPyP,

e acc=1: curve=1 #E L= & &, pari() OEFEE CHIBSZEHETS.
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P:J@EP DOZ)&’?)’)T OP() OP1 OP2 OP3 73‘/)POP1 P1P2 P3P4
Lo TCWDLEEEEZD. ZHO%—ﬂ(ﬂ%—Tfﬂg PR=a
LBV THEEZE Y IT® S L, Bézier E’ﬂn’*?i:@t— SAZHHET DR T IXBLTO
Eocms.

curve=2 : B-spline B CTHE S GEH O SRUITHHA TES 20).

D& EL s (TERA) L BHEOHIEERE. TIKZ TIXHAR— b &y (3 IRELTF D Bézier #hiff
IZAR— ).

51, S2,... (TAMEWRE. F£7os; BV E XL, [2,y;] 13V A P TR TR PATH K.
BRSO T—XIZ0NH D E X3, FORI% CHEHMREZITHREY) 5.

scale=r : Xy-pic/TikZ OFEFEIZE T & X r 5T 5.

scale=[ry,ro] : Xy-pic/TikZ OEFEITE T & ZIT o JBIEE m 5, y BIEZ ro 57 5.

Xyepic 13528 mm HA4Z, TikZ (3 cm HALTH 5.

opt=t : JUFHN t I L DO E. Xrpic TAHT ¥ a v curve 2 HETTITMO THESEED
WM ET xyarrow () 22/, curve=1, 2 @ & X%, 72 & 213 Xy=pic 72 H1F "~ *=<3pt>{.}"
(3 3pt [IREOD 1.

TikZ O & & OFEIREIL, xyarrow() OHEZZMR ¢t BA T a v opt DEE LTEIND).

7ot =[to,t1] £ 2 2DXLFHDY A DL XX, to & t1 £ xybezier() @ opt & cmd 0)/\7
X_ﬁuuiéﬂé

opt=0 : xybezier ) |ZIETFHD Y X k& ik,

dviout=1: HEH CERT 5.

proc=1: HWEIETHRX OIS 2R T (proc=2 b [FER).

verb=1: iHi#N% o, FlHSE x THRT-TSH.

verb=[t,to] : HIER % t1, HlHAE ty TERT (cf. xybezier()).

7 74/ M, t; ="\\bullet", to ="\\times" TH 5.

verb=[t1] : BN %E t; TET.

0:(0,0), P : (rcos®

S rsing), Pr:(rcos$, —rsinf) O«

2 2
. 9 60— -0 s O—m
Q.(rcos2+acos 3 ,r51n2+asm 3 )

= (rcosd +asing, rsing —acos?)

R:(rcos +asin, —rsind +acos)

T:(rcos$+ 3asin,0)

R OT = OPy BV LD LT 5 L

rcosg+%a,sing:r
A/ " , ‘s
azg Si;()gS?T_4tan4 31—7—11(1:02sz'
Dk E
0 i 0
Q:(rcosg ;11&:%2slnerrsmg—;llimc(;gcosgr)
0
= ((% - %cosg)r, (1- %cosg)lj:ofg r),
PQ 4 sing 1 2
P1P2_31+c0332sing_3(1—1—003%)
L.
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r=1&LT, Bézier itz B(t) = (z(t),y(t)) = Pi(1 — )3 +3Qt(1 — t)> + 3Rt*(1 — t) + Pyt?,
c= cosg e SR

L(s):=a(s+ ) +y(s+ 3)?
_ 16(1—c)? 4 8(1-¢)? , (1-¢)?,

- 1
1+e¢ s 1+e¢ s 1+e¢ o
= Ll 24 1) 41

ERBHDT, 0<s< 1 OFFT

. 24 (1—4s° 1—4s2 2
3/852(1—432)2288+( 57) + ( 5) _ 2

3 3
Lipy, HEMNLE 8 =1-4s2, Tabb P =L OLEThDH. LoT|s| < § OHEPAT L(s) 1%

s=0,+L THR/MELEZLED, s= irj/g TRKEEZ LS.
1 (1-¢)?
Lix21)—1=—
( 2\/5) 27 14+c¢’
6%18 (0 =2 =120°)
. g 0=2Z=90°
1 (1— 9)3 3668 ( 2
L(ii)_l-z_f( cos3)” ) (=T =60°)
23 54 1+ cos? 41900 3 i
2 235541 (0= T=4 )
2683400 (0= s =30 )
T 7 4V T Po,Pl,PQ,Pg D B Pt P & RESE X
_— =
cosf — (PoP2, PsPy)
PPy - P P35
0 1+ cosf
Ccos = =4/ ——,
2 2
PP — 2 2P, P, ——
C1 ! 3°P0P2: — 172 ’POP2
PP, 1+MPOP2+P1P3
3+3 Pol;Q-PlPs
£
B 4P, Py 1
3(P0P2+P1P3) 1+(ﬁvﬁ)
1+ PoPo-Py P3
2
b S K

@ =chP, ﬁz cP3 Py
WCE-T, P&, Py i, Q & RD2 % ZDIEICHIENE T3 3 Kk Bézier Hhifg & 725,
Qo, Ql, QQ, Qg EJ”EQ:@Z:f:& ‘é‘, Qo %ﬁé‘){—(—'\, Ql k Q2 %%Mﬁﬂ)ﬁ, Qg %ﬁ@){—(—'\&j‘f) (3 V)b\) Bézier
HhAR I
B(t) = Qo(1 —t)® +3Q1t(1 — t)% 4+ 3Qot*(1 — t) + Qst®
= (—Qo +3Q1 — 3Q2 + Q3)t> + (3Q0 — 6Q1 + 3Q2)t> + (—3Q0 + 3Q1)t + Qo
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Thxbns.
nk, Py, P, Py, Ps CRIC 52728 %, P, ik, Py ##A L35 Catmull-Rom 275 A L iif
I

C(t)= (=3P + 5P = 5P+ §P3)t° + (P — 5P+ 2P + 3 P)t* + (—5 Po + 5 Po)t + P

Thsd. mEORBEFRIT
Qo = P,
Q=P+ (P, — R),
Q2 =Py + §(Ps — P1),
Q3 = P,.

koTe=L LEELELDLBRES.

[o] L=([0,0],[20,0],[20,20],[0,20]1]1¢%

[1] LO=os_md.xylines(L|close=1);

{(0,0) \are{-} (20,0)};

{(20,0) \are{-} (20,20)};

{(20,20) \are{-} (0,20)};

{(0,20) \are{-} (0,00};

[2] Li=os_md.xylines(L|close=1,curve=1,ratio=1/6)$
[3] L2=os_md.xylines(L|close=1,curve=1)$

[4] L3=os_md.xylines(L|close=1,curve=2)$

[5] L4=os_md.xybezier (append(L,[[0,0]11))$

L LT, Lo, L1, L2 L3, L4 ZJHICFK T D L

(DO

b iX Xypic OHITH L, TikZ OHGAIIEIED A r—/LOiEW) D, scale=0.1 #IEET D &
YA ANRE TR S, T2 x0E, Lo [3] L2

{(0,0);(20,0)
**x\crv{(5.523,-5.523)&(14.477,-5.523) }};
{(20,0);(20,20)
*+\crv{(25.523,5.523)&(25.523,14.477)}};
{(20,20); (0,20)
*+\crv{(14.477,25.523)&(5.523,25.523) } };
{(0,20);(0,0)
**x\crv{(-5.523,14.477)&(-5.523,5.523) }};

TH DN, os_md.dviout(6) 72 & LT TikZ B Hic72b k5L T
os_md.xylines(L|close=1,curve=1,scale=0.1);

RATLIZ L &I

246



\draw (0,0) .. controls (0.552,-0.552) and (1.448,-0.552) .. (2,0) ..
controls (2.552,0.552) and (2.552,1.448) .. (2,2) .. controls (1.448,2.552)
and (0.552,2.552) .. (0,2) .. controls (-0.552,1.448) and (-0.552,0.552)

. cycle;

L%, ZHIIBLTCHRERTH 5.

[6] Pi=3.14159265%
[7] for(V=[],I=0;I<=48;I++) V=cons([10*Pi*I/12,dsin(Pi*I/12)%*10],V);
[8] os_md.xyproc(os_md.xylines(V|curve=1) |dviout=1)$

[9] for(V=[],I=0;I<=6;I++) V=cons([10%Pi*xI*2/3,dsin(Pi*2*I/3)*10],V);

[10] os_md.xylines(V|curve=1,dviout=1,verb=1);

X

[11] os_md.xylines(os_md.ptpolygon(5,10)|close=1,dviout=1)$
[12] os_md.xylines(os_md.ptlattice(6,4,[4,0],[0,4]|1line=1) |dviout=1)$
[13] os_md.xylines(os_md.ptlattice(6,4,[4,0],[3,4]|1line=1) |dviout=1)$

352. xyang(r,pg,p1,p2lopt=t,scale=r,prec=1,ar=1,dviout=1,proc=1)
2 Xy-pic/TikZ T Lpipope PRI REN % #i <

o po = [wo,50], p1r = 21,911, p2 = [22,y0] D EEIF, Lpipope PFADTLE Z 4 r OHLTHE<
(Popi 7B KRR Y ).

® Dy = [CC(),QI/()]7 pP1 = [$1,y1], P2 = +1o& %Vi, Po %Tﬁi;‘ﬁfé M ﬁﬁ&%ﬂ&lﬁﬁﬁéﬁﬁ
W—ilr OEAGLZEZH< (pp =1 0L X IXEFFHEID, pp = —1 0L X (IFRFFEHEY ).

o po = [x0,y0], p1 = [@1,y1], pa = £2, £3, £4, 0 D & E X, py ZTES L THREIOEEHL. r
TN O X, By E OMEE, JEIZ 45°, 30°, 60°, 90° THD. 72721, py < 0 OEFERHE
DT TRETRT.

P2 =05,6,7, 8 DLEiX, KENMMN-TWT, BIXITNAEIZ 45°, 30°, 22.5°, 15° L 72 5.
ar=1 Z{FETH L, po & p1 ZRESHESBIHNT, RKE1E25.

® po = [T0,y0] T, p1 & p2 VT p1 < pa < p1 + 2w DEF, po & HLISHEE r OWIlZ, WD
p1 5 py F T Bézier Hifp & - CTHi<. 72720, pr=p, DL EEHET 5.

MIlDGE, ar=1 ZfET 5 L REEHI<.

e prec=1: HEOMIMNIL VL T2 (F7 4/ b TOHOHLILOEHORZEE, 0.16% LLFT
BHN, Tk 5505 = 0.03% AT &T5).
prec=2, 3 IZ/H LT, R&ZX Zéﬁﬁ??i%ﬁﬁ LTIz 5.
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e proc=1: MiEIFEITIEADOEFE &K .
o BELEAT v a T A—41%, EObLOEBRWTET xylines() ISR 5.
TikZ O L X%

[0] os_md.xyang(0.3,[1,1]1,[6,1]1,[5,51); /* FAEDIK */
\draw (1.3,1) .. controls (1.3,1.08) and (1.268,1.156) .. (1.212,1.212);

[1] os_md.xyang(0.3,[1,1],[6,2],1); /* BEARES (REFEY) */
\draw (1.294,1.059) -- (1.235,1.353) -- (0.941,1.294);
[2] os_md.xyang(0.3,[1,1],[6,2],-1); /* BAES (FEtEY) */

\draw (1.294,1.059) -- (1.235,1.353) -- (0.941,1.294);

[3] os_md.xyang(2,[1,1],0,0pi/2|opt="dotted,red"); /* FIR */
\draw[dotted,red] (3,1) .. controls (3,2.105) and (2.105,3) .. (1,3);

[4] os_md.xyang(2,[1,1],0pi/12,0pi/3|ar=1,scale=2); /* R */

\draw (5.864,3.035) .. controls (5.589,4.06) and (4.919,4.934) .. (4,5.464)
-- (2,2) -- cycle;

[5] os_md.xyang(2,[1,1]1,0,0); /* A ERE 1/640 LT */

\draw (3,1) .. controls (3,2.54) and (1.333,3.502) .. (0,2.732)

. controls (-1.333,1.962) and (-1.333,0.038) .. (0,-0.732)
controls (1.333,-1.502) and (3,-0.54) .. cycle;

[6] os_md.xyang(2,[1,1],0,0|prec=1); /* B :E5E 1/3600 LT */
\draw (3,1) .. controls (3,2.105) and (2.105,3) .. (1,3)

. controls (-0.105,3) and (-1,2.105) .. (-1,1) .. controls (-1,-0.105)
and (-0.105,-1) .. (1,-1) .. controls (2.105,-1) and (3,-0.105) .. cycle;
(7] P=[0,01$Q=[2,11$R=[0,11$S=[4,01% /* 48R P, Q, R, S ZEE */
(81091 [10][11]

[12] T=os_md.ptcommon([P,Q], [R,S]); /* T : PQ & RS DX A */

[4/3,2/3]

[13] SS=os_md.xyang(0.3,T,P,S|opt="red")+os_md.xyline(P,Q)+os_md.xyline(R,S)$
[14] os_md.xyproc(SS|dviout=1)$ /* PQ, RS, A PTQ %< =/

[15] U=os_md.ptcommon([R,S], [P,0])$ /* U : P M5 RS ICTALI-ERDE */
[16] SS=o0s_md.xang(0.3,T,P,1)+os_md.xyline(P,T)+os_md.xyline(R,S)$

[17] os_md.xyproc(SSldviout=1)$ /* P A5 RS [CTFALEREHS */
[18] os_md.xyproc(os_md.xyang(0.2,Q,P,2lar=1) |dviout=1)$ /*x KE1 %/
[19] os_md.xyproc(os_md.xyang(0.2,Q,P,3lar=1) |dviout=1)$

[20] os_md.xyproc(os_md.xyang(0.2,Q,P,4|ar=1) |dviout=1)$

[21] os_md.xyproc(os_md.xyang(0.2,Q,P,0lar=1) |dviout=1)$

[22] os_md.xyproc(os_md.xyang(0.2,Q,P,-2|ar=1) |dviout=1)$

[23] os_md.xyproc(os_md.xyang(0.2,Q,P,-3|ar=1) |dviout=1)$

[24] os_md.xyproc(os_md.xyang(0.2,Q,P,-4|ar=1) |dviout=1)$

[25] os_md.xyproc(os_md.xyang(0.3,Q,P,5/ar=1) |[dviout=1)$ /* BAA >F=RE */
[26] os_md.xyproc(os_md.xyang(0.3,Q,P,6|ar=1) |dviout=1)$

[27] os_md.xyproc(os_md.xyang(0.3,Q,P,7lar=1) |dviout=1)$

[28] os_md.xyproc(os_md.xyang(0.3,Q,P,8|ar=1) |dviout=1)$
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353. xyoval(p,r,qlopt=t,arg=[t;,t2,t3] ,deg=1[t1,t2,t3] ,scale=r,ar=1,prec=1,dviout=1,
proc=1)
i Xyepic/TikZ Tp 29 E LT, ORISR r & qr OFHE7213Z OISR &4 <
o slp ZHULMD, FEVEHO PN v, FIUTHER T DO PN qr OFFM ZHi<
o MEHOEMEM DMLt TIHRETD. ZORENRNEEZIT ;3 =0 thEN5.
o M OEMER S WID, /T A=Wt Lty OO O EH< .
ZOY%E, ar=1 #IEET H L RENHEHNS.
ty = to FTAFEN RV E XX, BRI D.

costy sints cost
p+r ( sintz Cost?,) <q sint (8 € [t t2])

o {1, to, t3 DIFEIXT V7~ (Ang) L7213 (deg).
e opt=t : xylines() IZBIFHA 7T a3 L[F LEMK.
e proc=1: HEFATIEADER 2.

[0] os_md.xyoval([0,0],1,1/2|arg=[2%Qpi/3,7*Cpi/3,0pi/8],scale=10,0pt=0);
[[-6.27647,2.0871],[-10.6562,-1.40948],[-10.451,-5.23007],[-5.84741,-5.90082],
1,[-1.2438,-6.57157],[5.5263,-3.7673], [8.30725,-0.0377664] ,1,[11.0882,3.69177],
[8.53175,6.53844],[2.96233,5.91393]1]

[1] os_md.xyoval([0,0],1,1/2|arg=[2*0pi/3,7*Cpi/3,@pi/8],scale=10);
{(-6.276,2.087) ; (-5.847,-5.901)

**x\crv{(-10.656,-1.409)&(-10.451,-5.23) }};

{(-5.847,-5.901) ; (8.307,-0.038)

*x\crv{(-1.244,-6.572)&(5.526,-3.767) }};

{(8.307,-0.038);(2.962,5.914)

*x\crv{(11.088,3.692)&(8.532,6.538)}};

[3] os_md.dviout0([0,6]1)$

[4] os_md.xyoval([0,0],1,1/2|dviout=1)$

[5] os_md.xyoval([0,0],1,1/2|arg=[2%Qpi/3,7*@pi/3,0@pi/8] ,dviout=1)$

[6] os_md.xyoval([0,0],1,1/2|arg=[2%Qpi/3,7*0@pi/3,Cpi/8],ar=1,dviout=1)$

[7] os_md.xyoval([0,0],1,1/2|opt="red",dviout=1)$

O ) )

354. xygrid ([x,t;,us,My,521, [y, ty,uy,my,s,] lraw=r,shift=[s;,s,1)

i O%0) IR O
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o iz, fity ODFHIRMEAINENRT D (xyproc() DD TIKT). tg,t, 1, 0 DL EITEFOHE,
10& E TR RE, —1 O L S ITHRHEAEE L, uy, uy 13, BLORE, my, my 135N B
HOMIEE 3 5.

BT REELEET DL TIZ AT 2004 F LD T, LR TIXENEZSBICHZR~D (&
SOHNIE cm &85, dvioutO(1|opt="TikZ") IZ & > TXy-pic T < T, TIKZ ¥ L 72 5).

o by, ty IFEHE O NHLDOEFDOY A ML LTHELTH LW (mg, my ITEHIN D). scale() D@
WOEDOETH L.

o HAGMIL, B, MEIkiC 3 BT, MEIZTNEN sy, 5y CTHUFIHRET H. FEMTEZD L X
%, XFHI3 DY A NT, INSWVEER, FROBEER, KEOWHBROIRICHEET 5. 3 B
LISk ATRE.

e HWDHED L XX, BMLOES%, ML, 254, £RI1T5%5, - 1050F T, &/
MIFELL L& WD RTINS, 10500 &L, 2555 2BBHOBREET5. HDHWVIT,
My, My % scale() DD (VA ) THEL TS L.

o MMHEEDOLXIL, 12006 2FT, 22065 FT, 5715 10 EFTIZHITT (125 10 £ TOMRHME
MHADOREI), #NEMsar7z L, 2%, 554, 10 F50WTNANT, R/ERULEE WD 4
T, <D, 10%50L 21X, 2% 02 PHOBREEL T 5. HDHVIE, my, my & scale()
DEIEDOTE (U AR) THREL TS L.

o shift=[s,,s,] IC& > THBEINEDFNAZBETE S (L THIER).

o oL ZIE, HMAEOHMER 1Ty =22.4, ¢, =[0,0.2,0.4,0.6,0.8], u, =2.5, t, =[1 7
Ttk

o raw=1: MERONE (3 BEFE), BERONE (3 BME) OO Y X F&iET.

e raw=2: L%, xylines() @5 DY A FOfE & LTIKT.

[0] L=["blue!20","blue!35","blue!50"]$
/x [R/NBERORE THBRORE, BEBRORE] «/
[1] X=[10,0,2,0.15,L11% Y=[3,0,2,0.15,L11$
/* [AR#EDOY 4 X RE/#t cm), 0:FMREH L:HMHEE,N, —DDI=Y FOKES (cm),
Mo L-EEDR/ME (cm), #RIE] */
[2] SO=xyproc(os_md.xygrid(X,Y))$ /* 2mm AHHERHE */
[3] v=[12,1,3,0.03,L]1% v=[3,1,3,0.03,L]1% w=[3,-1,3,0.03,L]1$
[4] Si=os_md.xyproc(os_md.xygrid(U,Y))$ /+ FxtBi5RAE */
[5] S2=os_md.xyproc(os_md.xygrid(U,V))$ /* WXEAIRK */
[6] S3=os_md.xyproc(os_md.xygrid(U,w))$ /+ ELELAFEXHARE */

S0, 81, 82, S3 TN TEX DY —A L 72 5.
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355. xygraph(f,n, [t1,t2], [x1,22], [y1,y2] lopt=t,rev=1,ax=[x9,y0,5,t,ul ,axopt=[h,w,0,2],
scale=r,ratio=c,raw=1,org=[zg,y0] ,pt=[p1,p2,...],verb=1,para=1,prec=v,shift=[u,v],
Acc=1,dviout=t,proc=p)

2 BO n FEARTOMETEED 77 72#i< (6 <x <ty (x1,11)(22,y2) FFRREOHIM)

MEBISOF xylines () % curve=1 OA 7' v a > THNS.
BT x T, BTz <2, Y1 < Yo THRITIIERLZ.
FIE [f1,f2] DIBDART A—FFRTH L.
para=1: f 3 [f1,fo] DT A—FRRTHDLZ L EWRTD.
fORIEED f1, fo ITAEREHERC sin(z) 72 EOPIEBBIZIR ST, mydeval () BMFR T 5 HE2
STV, Ko Ta—RER LZEES, TEERED XL HIC pari ) BETHFR— F =K
BTh L.
fL WHEBERT fo NY A MEROBEED L X%, para=1 & LTNRNTA—FERTHDZ L 2R
THMENRDD.
B x TR Tt &ETHEEE, [t1,t2] TR T [L,t1,t2] EHRETS.
Ty Ztl, X2 Ztg @Jif}_—‘li, %4 gl%( [331,1‘2] % 0 J:?EEL'C%)J:U\.
rev=1:x = f(y) DI T 7 LIixT.
(21,91) & (x2,y2) TEE DENPLIMLD RITERL.
n=0LIWELZL XL, n=232LART.
n<0®kxE, |n| %5 LEREOBRO 1 KRS HELSE & 5.
nENR TR CRZEBRETD & XL, [f1,t2] TR T [ti,to, ..., tn] DX IITHRET D
(7238, t1,... Ly ITERBINAREES. SLICROEZRELTRLS, BHEOBELLTHLIW).
n NADKHE, HBHERBEDME L, te IZHEES LT 5.
prec=[v1,v2,v3] : AV TR EAEDN 03 DL EOSEROMMAZ 2 DTN T 528 (EHIC
v3> 0D L EFEFBOMAMOESD v3 5D 1 UL EOBONR S 5 X OMD) %2 vy AT v 71T,
EBITvg>0DEE, BOKABOEED vg 55D 1 UL EDOBRONE AS8EE A & /g d .
— vy =1DEEIT v =30 LIEREN, 1<v<10DEX|Tvy =10 LRI, vy > 120
DEEIT vy =120 EEIREINS.
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—v3 =0 D& EF, FNHEEAIIZNHOEERTS.
—v3=1DLX T vy =16 LIRS, vg >512 DL XX vy =512 LERINS.
— prec=[vy,v2] 1%, prec=[vy,v2,0] LFFRSND.
— prec=vy &, v1 =0 D& & prec=[4,30,0] &, v; >0 D& &E prec=[v7,30,0] &, v1 <0
D& & prec=[|v1],30,16] LfFREND.
opt=t : MEDIEERLE (xylines() ITEIND).
opt=0: Hiff% xybezier () DFIEDT —# N TKT.
ratio=c : Bézier B &5 & & DT A —HF (xylines() IZIESN D).
ax=[xg,y0] : (To,y0) ZIFME LT oL y iz BANICHI< .
BNIZBN R W2 Wo T, AR L T—H OO L OffEN TE 5.
ax=[xg,y0,5,t] : s VIEFAR D, v #IIEANS s BIZBKEZ DT 5.
HEZ DT DAEERET D E XL s = [51,50,...] EFEANDLD x JEEONLEZEL .
s; =[84,0,8511] LlhhoTna L 84,0 DOHEIZHKEDIT T, £ZIZ Sj1 EL.
t CHRARIZ y SO BEEDOFEEN TE D
ax=[xzo,y0,8,t,ul : s, t DT TuN1 L2 LT5L, BENax=[x9,y0,5,t] IZH-TDITF 5
N, ullhi> TEZICHTREMIND. u=00DL X EEBHDONED x 81X ks + x¢ 2% y 2
kt +yo BDEPN, u=10LE L EFEAOMNBED v 8T ks 28 y 8T kt XEIN, u=20D¢&
E kBZBROMEIZ kBN EIND.
axopt=z : z BIXTHIORHT ¢ Hih& y TR E LTS (7 7 40 MIERT Xypic O & X%
"e-").
axopt=h : h 23 0 LISNOEFOREL, HEOWMNLDOEIZEZD.
ERAORHIEN HEG W (z 825 F, v s/ks) o HE.
axopt=[h,w,0,z] : #<°HEOH = FDIEE
— h =Lhg,h] £721X h =lho,h1,hs] DL E s BHOHEDOREI% hg "6 hy £$TETD
Xy=pic/TikZ ® mm/cm HAL).
ho IX3CF5T, BEMEICT R EZEERE (7740 MIT "+1U"/"below").
h 230 TRWET 6, hg=0,h =1 &REND (h=0DLXITT7+/V FDEF).
- w z[wo,wl] FiTw :[’LU(),’LU1,’UJ2:| D Ex Yy $EE@H%@[IE%? Wo nbH w1 i(&ﬁ—é
(X-pic/TikZ ® mm/cm HAL).
ws [ILFHIT, HELEIC TR EL2EANLERE (7740 MILE "+IR"/"left").
w BT D, wy=0,w; =1 LHRIND (W=0DLEXIT 7+ FDEFE).
— 0o MXLFHND & E, x O RIC LT L ENERE (5740 MEILET "+IUR"/"below
left").
0 BILFHIThRIFTTEH N S.
— z: e y BOMFEIRE Y] (77 40 MEIFERR T Xy-pic ® & 1% "e-").
— 2 £721F 2 & o BN ATHE.
pt=[p1,p2,...1 : (HEED) KEPRT B EITMER <. I xy2graph O O AT
va B,

e scale=r : Xy~pic/TikZ OEAZIZE T L X2 r 59 5.

scale=[ry,ry] : Xy-pic/TikZ OMFEFEICIE T & X o EIEE r {5, y BIEZ ro (57 5.
org=[x0,yo] : Xy-pic/TikZ DEEFEIZIET & ZIZ (20, yo) ZXy-pic/ TikZ DR RIZKHE S E .
FomiEsRES L&, EE (z,y) 1 Xy-pic/TikZ OEEFE (r1(x — x0),r2(y — yo)) (CEHE
na.

raw=1: BEAOY X M EIRT (oA 7> a ATEREND).

ZhiE xylines() @7 —# &7 0, Fizptaffine() TT 7 4 VEMNHAETE 5.

e, FEANAORIZ0 LS T =X IEREIND.

f=00,0] & X7 T 7EWMMRV. BEEMOL R & ZITAWVD.

err=c : HHOERIBENNDI =T —NELDEZE, c=1l,c=-17EELTIOFTvay
EWRETDIE, =T —DMESNDAREMERH D (e ITHIHERH F Y K& < RNFEE).
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verb=1: 7 77 LML %L o, HlHLAE x TERRTH.

verb=[t1,t2] , verb=[t1]: 77 7 Lol LA SO X HFE2HET 5D (cf. xylines()).
proc=1: execdraw() DOHEEEITHA LK.

proc=2: ELFEETH 57, Windows ¥ XDOFHRIZE D2,

proc=3 : il FATR O BILHT R 5 & KT

dviout=1: 77 7% TeX # HWWTHHERTT 5.

dviout=t: t Y A hD & &, execdraw() W T TS, ¢ I3 execdraw(,t) D 2FHD

ST IET D, Z DL X ext=[a,b] ,cl=1 ® execdraw() DF 7 3 » bLEEHE.
&b R E T dviout=[0], & 5\ X dviout=[[0, [500,400]1]1,0] 72 &.

Xy-pic D & =%

(o]

(1]

(2]

(3]
(4]

os_md.xygraph(x~2,0,[-1.5,1.5],[-1.5,1.5],[-0.5,2.3] |dviout=1,ax
=[0,0,1,1,1] ,scale=10);
os_md.xygraph(x~3,0,[-1.2,1.2],[-1.2,1.2],[-1.5,1.5] |dviout=1,ax
=[0,0,1,1] ,axopt="0@{.}",scale=10);
os_md.xygraph(1/x,0,[-3,3],[-3,3],[-3,3] |dviout=1,ax=[0,0] ,scale=5);
F=[(1+cos(x))*cos(x), (1+cos(x))*sin(x)]1$

os_md.xygraph(F,0, [-@pi,@pi],[-0.5,2.5],[-1.5,1.5] |dviout=1,scale=10,
ax=[0,0]);

—J, TikZ © & =%, ki
[0] os_md.xygraph(x~2,0,[-1.5,1.5],[-1.5,1.5],[-0.5,2.3] |dviout=1,ax
=[0,0,1,1,11);
[1] os_md.xygraph(x~3,0,[-1.2,1.2],[-1.2,1.2],[-1.5,1.5] |dviout=1,ax
=[0,0,1,1] ,axopt="dotted") ;
[2] os_md.xygraph(1/x,0,[-3,3],[-3,3],[-3,3] |dviout=1,ax=[0,0],scale=0.5);
[3] F=[(1+cos(x))*cos(x), (1+cos(x))*sin(x)]1$
[4] os_md.xygraph(F,0,[-@pi,@pi],[-0.5,2.5],[-1.5,1.5] |dviout=1,ax=[0,0]);
L%,
PUIF, Xy-pic DEEDOFITH 5, TikZ O%E1E R T mm BA7, % 1T cm A2 D T) scale=

D% +43D—1Z, [9] @ opt=""*=<3pt>{.}" % opt="dotted" IZ, [10] ® opt=""*={.}" %
opt="very thick" 72 EICEET 5.

(5]
(6]

(7]
(8]

2+

\

Fil=[sin(2*x),sin(3*x)]$

os_md.xygraph(F1,-48, [-0@pi,@pil, [-1.2,1.2],[-1.2,1.2] |dviout=1,scale=15,
ax=[0,01)$

F2=[sin(4*x),sin(3*x)]$

os_md.xygraph(F2,-48, [-Q@pi,@pil, [-1.2,1.2],[-1.2,1.2] |dviout=1,scale=15,
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ax=[0,0],opt=""*=<3pt>{.}")$
[9] os_md.xygraph(F2,-48, [-@pi,@pil,[-1.2,1.2],[-1.2,1.2] |dviout=1,scale=15,
ax=[0,0] ,opt=""*={.}")$

y =|sin(z)| (0 <z <10) O X5 RS AR ATRESR Z b O A # < \ZiXA 7 v a v prec 5.

[10] F=os_md.abs(sin(x))$
[11] os_md.xygraph(F,-32,[0,10],[0,10],[0,1] |dviout=1,scale=[15,25])$
[12] os_md.xygraph(F,-32,[0,10]1,[0,10],[0,1] |dviout=1,scale=[15,25] ,prec=0)$

M FTRECTRWVE DI TIEIREMETH D71, prec=0 ZfETDHEUTO LI ITL Y ERIZRD.

ZOFITIE, [0,10] & 32 %4 L7ZBBOED S 32 KD cubic Bézier Bt A 8P 726, R
SO THBIICHISY LT 63 AD cubic Bézier fif &8I 7= b DIz o7-.

y = |2sin(z)| — £floor (|2sin(z)]) (0 < z < 5) D LS eFEfimE b OoMRE#HIcb AT a v
prec V5. T IZTfloor(t) It A Wi REHERT.

[13] G=[u, [v,dsin,x], [w,os_md.abs,2*v], [z,dfloor,w], [u,0,-z+w]]$

[14] os_md.xygraph(G,-32,[0,5],[0,5],[0,1] |dviout=1,scale=20)$

[15] os_md.xygraph(G,-32,[0,5],[0,5],[0,1] |dviout=1,scale=20,prec=0)$

[16] os_md.xygraph(G,-32,[0,5],[0,5],[0,1] |dviout=1,scale=20,prec=[4,0,1]1)$

DEITHEFIZLLTO L 21ch D, T7bb A 7Y a v prec ZHHE LAaWEE [14] 12
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L7201, prec=0 ®& % [15] i

L7, prec=-4 F£721% prec=[4,0,1] ® L X [16] IILLTFD LT/ %.

/NN

ZOBITIE, F&H 32 KD cubic Bézier Hh#R THEIL TV 2 b 00, HEAIIZIE 70 ARD cubic Bezier
B Rz

[17] H=[w,[z,0s_md.zeta,1/2+Q@i*x], [w,0s_md.abs,z]]$
[18] os_md.xygraph(H,-64,[0,60],[0,60], [0,4] |dviout=1,scale=[2.5,10],prec=6,
ax=[0,0,10,1,11)$

EFTHL G +av=T)| (0<2<60) DT IHHELND.

1 1 1 { 1 1 J

10 20 30 40 50 60
ZOBITIE, [0,60] D 96 F4rEIDH BEIRIIC 355 HENTMS L7 BEE A5 THi»A LTV 5.

Risa/Asir DX v U RATOFRIL, 2L 2IFKRDLEHICT2 (LUTFD [22] TiE, EREZHLT
Ww35).

[19] dviout0([0,5,6]1)$

DVIOUTA="%ASIRRO0T}\bin\risatex1%TikZ}.bat"

TikZ=1

[20] w=[-1.2,1.21%

[21] P=os_md.xygraph(F1,-48, [-@pi,@pil ,W,W|dviout=[0],ax=[0,0])$

[22] os_md.xygraph(F2,-48, [-0pi,@pi] ,W,W|dviout=[P],opt="red,dotted")$
[23] S=600% /* BOYAX */

[24] os_md.xygraph(F2,-48, [-0pi,@pil ,W,W|dviout=[[0, [S]],ax=[0,0])$

FOMOHFIEZET 5.
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[25] G=[1/7*x-1/2*cos(x),sin(x)]1$ /* N - aA)L x/
[26] os_md.xygraph(G,-63,[0,21*@pi], [-1,10],[-2,2] |scale=0.3,dviout=1)$

"0000000000

[27] F=os_md.cutf((1-x"2)"3,x,[[-1,0],[1,[1,011)$ /x 1 DMK */

[28] G=os_md.periodicf(F,[-4,4],x)$ /* FBEARIYEER */
[29] Gl=subst(G,x,x-t-2)$ /* HEITE */

[30] G2=subst(G,x,x+t+2)$ /* BEDFE +/

[31] H=os_md.compdf (x-y, [x,y],[G1,G2]); /+ XXM [0,4] DR FEH 8 */
[32] E="\\draw (2.4,-0.6)--(2.4,-0.6);\n"$ /* Gif */

[33] for(I=1;I<2;I+=0.2) os_md.xyproc(os_md.xygraph(os_md.mysubst(H, [t,I]),
-24,[0,4],0,[-1,1] I scale=[0.6,0.6] ,prec=6,ax=[0,10])+E|dviout=1);

NN Y A A

Vi M \/

INEANTANZEBIEIZT S (160 ~—).

[34] TO="\\newpage\n\\begin{tikzpicture}\n"$

[35] Ti="\\draw (0,-3) -- (0,3) (16,-3) -- (16,3)\n\\end{tikzpicture}\n"$

[36] Tb=os_md.str_tb(0,0)$

[37] for(I=0;I<8;I+=1/20) os_md.str_tb(TO+os_md.xygraph(os_md.mysubst(H, [t,I]),
-24,[0,4]1,0,[-1,1] scale=[4,3] ,prec=6)+T1,Tb) ;

[38] dviout(os_md.str_tb(0,Tb))$

356. xy2graph(f,n, [z1,22], [y1,y2], [h1,he] ,a, 8| opt=t,scale=r,view=h,raw=1,trans=1,
ax=[z1,292,t] ,dev=m,acc=k,org=[z¢,y0,20] ,pt=[p1,p2,...],prec=v,title=s,dviout=k,
ext=[a,b] ,shift=[u,v],cl=1,proc=p)
sox, Yy BEROKME n Sy LTl 2 = f(z,y) ®3D 77 7 &L

o Tz BHOTEH MM D y O EFMIZ o BT EEE L2 (BR) mH2D B (—90 < 8 < 90) Off
FECRTFATHENC A 2 = f(r,y) (11 <x <20, 11 <y <1yo) ®3D 777 %<, T
B, BELLEIFROEBE (y BEE) 23 [hy, he] IZADHHOLH< .
$ 0 BRI 3RO (2, y,2) IFUTO L I FHEORIZEE INS.

z,y,2) — (—xsina® + ycos a®, zcos f° — x cosa’ sin 8° — ysin a® sin B°
Y Yy

a=0DLXFTa=60,=0DLXFL=15 LfMRIND.
alX0THDH, £721L 90 OEHAE L 1T 5 BLERETWD Z & ASLEE.
WEIX b 2+5/0E<, hy ZHARESM-TRBIFIT LW GEE L7-#E O m SR DERTR) .

o i - C o FEAENEER, HDHWITy EIENERCESE 2% (Hhm TR LE Y, T7b bR
ZMELTC) #< e CliEE2RT. ERIIEEDO n ENREEDD.
n<0DEEL |n|FEnaELdn, TO—2MIZHIERIZE S,

o [IFHEHEIR sin(z) 72 EOWHERAICIRE ST, mydeval ) BFRTEX 2B 61XV, =—
PRERLIZEHTE L.

e cpx=1,2,3 ZIEETHM fIZ @i BNEEN TWIULE, mydeval () T2 < Tmyeval ) M 5.
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R 1ER z OFBEERBIE, z=2+yi EROEREHUEEZ 2= |f(x+iy)| T T 7 &H
. Zo%E fi

[w, [z,0,x+y@i], [w,os_md.abs,f]]

EEXHZOND. ok, HELEHOD sin(z), cos(z), tan(z), atan(z), asin(z), acos(z), sinh(z),
cosh(z), tanh(z), exp(z), log(z), 2% X, Th bz EZ LA MBEBCAHBBEEN Y A—FShTnd

f2sin(z"2)+1 D& XX
[w, [z,0,x+y*@i], [w,os_md.abs, [z

DEICEZHEZOND.
ID(2)| 7T 7 &< L 513, e 2E f 2B TFOL S ICBAUE L.

+1,[z__,os_md.sin,z~2]]11]

[w, [z,0,x+y*@i], [u,os_md.gamma,z], [w,os_md.abs,u]]

IDEEHAMVOH @mtnm'WWamdw"kwbﬁfyayfﬁif%é
scale=r : &7 T 572D Xy-pic/TikZ OEFEIZE T & X r F‘ﬁ”é
scale=[ry,r2] : fn@ﬂiﬂﬁ@ 2 BRRE 2 RELELOEPHRICHE LI L, T 25720
Xy-pic/TikZ OFEAZEIZE T & IEAEDO AL Z ri (5T 5.
scale=[r,72,73] : JTTOHIHED 2 JEIE % =1, y BEAE & 2 LI b OZFEIC wlhbe, £
AT D728 Xy-pic/ TikZ OFEAZIZE T & X IEEOEAN Z r {57 5.
org=[z0,%0,20] : TCOEIED (0,0, 20) & Xy-pic/TikZ OEETOFRIZT D (F 74/ KT
PEEUS A USSR
In| BRENE TEX DY —R « T A BREKRIZRY, V=R T7 A6 dvi 7 7 A /L= pdf
T 7 A NSOEMZRER B0 D Z LN DD THE.
n=—-160"7T74/k (n=0%,TBHLT 7V MELRIRENS).
view=1: BEIHEEZITHRV.
view=-1: BERRITSRCTERT 2.
raw=1: WD Y R M FIKT.
dev=m : BREEDTZDDORA v v ak, s B y B bmx|n|EnLli-boedd (F7+
Vo REm =16). 7L dev=[my,mo] £ T2 &, mo XM SND 2 JEED A v ¥ a2 ORI,
my (X E B A v a2 O, LRNCHEET AN TE 5.
In| x m ZEOT EAABFRIAM X 5. FFIC f BEEACHBEEE T2 < T AR,
SHEBE, NEEEA L EEGD L XITER. RBABRRIE, 1Z1F [n|? x m? (2.
acc=k : ##< Hﬁn‘?UDM/\ﬁODﬂE]%I%#’J EfEicd 5 (KI13FEH. doREIIAE). k=27%bn
2 fFIZ Utmv%# LA O E —ABEICHI< Z LITiFFEFE LY FROT7 7 AL -
B A XL, n?x ki itt{ﬂ)
err=c : ﬁiﬁ%?éﬁ(@”liﬁ W5 ED, HBOERBENNLIZTI—PAELD L EIL, c=1,
c=—-17RLLLTZoATva v BETLE, =T —PBIEIND AREENKRE W (¢ Xt
WRHEY KEARVEH).
prec=v : xygraph() DOREED/NT A —F LR TC.
ax=[21,22] : x, y, 2 DFEED (22,Y2,21), (71,91, 22) ZRABROTERE THEIGTROKEEL,
ax=[z1,20,t] : LIZNZ, —HOTESDEEEZ AILD.

—t=41,45: 2JHROEEEL ANS.

—t=42,46: 4 [HROEEZEEZ ANS.
t=45,46: EEOXLTFTE/NSL TS,

—t=0,—-8: [HRDEEE AR,

—t<0: BEHEROKAMOVE SHRCHIK (T 7 44 MIER)
HREE O ERMEH B D & 2R E AN ERIT, (2,y,2) = (1,2,3) DFAEIC

—cpx=1: (14+24,3) (F74/F)

— cpx=2: (1+2y/-1,3)
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— cpx=3: (1,2,3)
opt=u : HIENOMMBMEH LEXDOFT > a v UFHNEEETH. BMEEMTEFET L & X1T
opt=[uy,us] &, FM, BMOIEIIEETS.
TikZ D& Z1X, SOICEFEOREZH LEDOA TV a VFFINEETE 5.
7o & 21X TikZ T opt=["black","red","blue"] &I 4L, KM% E, EMZEHR, HaF THi<.
title=s: MIE LT DL E, HELN s TRARIND (51X TEX OFXE— RTOXFF] ). K
Y R MEROD & & OB R RIS,
pt=[p1,p2,...1 : (EED) SREWATTD, HDOIWITHEETIL.

— pi=lay,yi,2i] T DL (24,yi,2;) & @ THART S,

— pi=llzi,yi,21,8] E325&, o (T2 B\bullet) T T sy THREIND (s; 13%EK
E— FOCFHIT, \ X \\ TEF).

- pﬁ[[mi,yi,zi] ,Si,ti] kj—%) k, [ ] 'C“7L£< < S; Tﬁﬂﬂ?éj’b (Sz liiiﬁﬂ), )Q'—pic DL %
X, F0H LT 4 HEL (s DXTFHNTRVWEZ T @ DFEF). s, BWARER L XX
si="" 7 5.

TikZ O & %ﬂi, ti ﬂj:ff\/l/'fil’”'j{‘$f, S; % S; — [81'70,82'72] e 5 U= }\’CJZI/\ ?;XAL:IE<
XFRBHD E XX, 4 ORI t,u; ERETD.
L= " VS T ERL, TORTEEORDY 1 /213" TBRTE 5.

— RN —2DKE, pt=p; & LTXL.

— pt=[0,0,1] : (0,0,1) % o THI/RT 5.

— pt=[[0,1,2],"$\\times$"] : (0,1,2) % x THRT 5.

Xy-pic @ & X%
* pt=[[0,0,1],0," *+!D{(0,0,1)}"] : (0,0,1) % e THIRL, &® kiZ (0,0,1) L&
YD,
* pt=[[[0,0,1],0," *+!D{(0,0,1)}"1,[[0,1,2],"$\\times$"11] : LW %17
D.

% pt=000,0,11,0,"=\"A\""] : 47 (0,0,1) % & THIRL, F~IL "A" 2%

TikZ O L XX LR Z