Komputeralgebrai algoritmusok

Jarai Antal

Ezek a programok csak szemléltetésre szolgalnak.

» 1. Torténet

» 2. Algebrai alapok

» 3. Normal formak, reprezentacio

> 4. Aritmetika

» 5. Kinai maradékolas

» 6. Newton-iteracio, Hensel-felemelés
» 7. Legnagyobb k6z6s 0szto

» 8. Faktorizalas

» 9. Egyenletrendszerek

¥ 10. Grobner-bazisok

V E 10.1. Lexikografikus rendezeés.

> Pri=X+Y+Z+XA2+ZA3+X*Yy+yA2;

Pi=X+y+z+ X+ +xy+) (10.1.1)

> sort(p,[x,y,z],plex);
x2+xy+x+);+y+23+z (10.1.2)

> sort(p,[z,y,x],plex);
A7+ +yx+y+x+x (10.1.3)

V E 10.2. Fokszam rendezés.



> sort(p, [x,y,z]);
ZHX XY +Y XY +z (10.2.1)

V E 10.3. Példa.

> Pi==2%XA2%Y*ZLXA2FYA24XA2FZA2+XA2¥Y+2%X*YA2%ZA2-3%X*y*ZA3 - X*

Y+Y*Z+2zA2+5;

p:—2£y2+£5;+£zz+£y+2xy%f—Bxy?—xy+yz+f+6 (10.3.1)
> sort(p,[x,y,z]);

Zmzf—3xy?+x%;—2fyz+ﬁz?+fy—xy+yz+£+5 (10.3.2)
> op(1l,p); Tcoeff(%,[x,y,z],"t"); t

ZX);ZZ
2
Xy 7 (10.3.3)
> collect(p,[x,y])

P+ (- 2z+1)y+z2)x + (22 2+ (-1-32)y)x+Z+5+yz  (10.3.4)
> pp:=collect(p,[x,y]l, distributed’);
pp;zz+5+2xfz;+—1—3?)xy+fy?+ﬂ22+1)ﬁy+yz (10.3.5)

+X 7
> sort(pp, [x,yD);

XY+ (2z+41)Xy+22xy + 28+ (-1 =32 ) xy+zy+72+5 (10.3.6)
> op(1,p); Tcoeff(%,[x,yl,"t'); t

fof
2 7
VX (10.3.7)

> with(Groebner) ;
| Basis, FGLM, HilbertDimension, HilbertPolynomial, HilbertSeries, (10.3.8)

InterReduce, IsProper, IsZeroDimensional, LeadingCoefficient,
LeadingMonomial, LeadingTerm, MonomialOrder,
MultiplicationMatrix, NormalForm, NormalSet, Reduce,
RememberBasis, SPolynomial, Solve, TestOrder, ToricldealBasis,
UnivariatePolynomial, Walk, fglm_algo)
> LeadingTerm(p,tdeg(x,y,z)); %[11%*%[2];
2,x>222
2x) 7 (10.3.9)

> LeadingMonomial (p,tdeg(x,y,z));
XV 7 (10.3.10)



> LeadingCoefficient(p,tdeg(x,y,z));
2

(10.3.11)
V E 10.4. Példa.
> pi=6*xA4+13%XA3-6%x+1; :=3%XA2+5%Xx-1;
w=6f+13£—6x+1
g:=3x+5x—1 (10.4.1)

> p_z*x/\z*q;
6x+13xX —6x+1-2x¥(3x¥+5x-1) (10.4.2)

> expand(p-2%xA2¥*q) ;

3 —6x+142% (10.4.3)
> expand(p-13/3*x*q);
6x4—%x—|—1 —% X (10.4.4)

V E 10.5. Példa.

> pi=2%yA2%z-x*2zA2; ql:=7*yA2+y*z-4; (2:=2%y*z-3%x+1;
w=2fz—xf
qk=7f+yz—4
q2:=2yz—3x+1 (10.5.1)
> sort(p,[x,y,z]); sort(ql,[x,y,z]); sort(q2,[x,y,z]);
-wf+2fz
7f+yz—4
2yz—3x+1 (10.5.2)
> expand(p-2/7*%z*ql); expand(p-y*q2);
ﬂf—gyf+§z

7 7
—xf+3xy—y (10.5.3)
> expand(%+1/7*%q2);
—xzz+3xy—y+%yz—%x+% (10.5.4)

V A 10.1. Algoritmus.

> reducers:=proc(p,Q,ord) local phmonom,ghmonom,q,R;



R:=[]1; phmonom:=LeadingMonomial (p,ord) ;
for g in Q do
if g<>0 then
ghmonom:=LeadingMonomial (q,ord) ;
if divide(phmonom,ghmonom) then R:=[op(R),q]; fi;
fi;
od; R;
end;

reducers:= proc(p, Q, ord) (10.6.1)
local phmonom, ghmonom, q, R;
R:=];
phmonom := Groebner—LeadingMonomial( p, ord);
forgin Qdo
ifg<>0 then
cﬂnnononu::Groebnen—LeadhuﬂWOnonﬁaKq,ord)
if divide( phmonom, ghmonom) then
R:=[op(R), q]
end if
end if
end do;
R
end proc

> Q:=[ql,q2]; QQ:=reducers(p,Q, tdeg(x,y,2z));
Q;[7f+yz—¢2yz—3x+ﬂ

QQ:=[7y+yz—4,2yz—3x+1]| (10.6.2)
> reducer:=proc(p,Q,ord) Q[1] end;
reducer:=proc(p, Q, ord) Q[1] end proc (10.6.3)
> reducer(p,QQ, tdeg(x,y,z));
7Y +yz—4 (10.6.4)

> myreduce:=proc(p,Q,ord) local QQ,q,pp,ppp,lpp,lq,t;
pp:=p; ppp:=0;
while pp<>0 do
QQ:=reducers(pp,Q,ord);
if QQ<>[] then
q:=reducer(p,QQ,ord);
t:=LeadingTerm(pp,ord); lpp:=t[1]*t[2];
t:=LeadingTerm(q,ord); lq:=t[1]*t[2];
pp : =expand(pp-1pp*q/1q) ;
else
LeadingTerm(pp,ord); lpp:=%[1]1*%[2];
ppp :=ppp+1pp;



pp:=pp-1pp;
fi;
od; ppp;
end;
myreduce:= proc(p, Q, ord) (10.6.5)

local QQ, g, vp, ppp, Ipp, 1g, t,
ppi=p;
ppp:=0;
whilepp<>0do
QQ:= reducers(pp, Q, ord);
ifQQ<>|] then
q = reducer(p, QQ, ord);
t:= Groebner—-LeadingTerm(pp, ord);
lpp:=d1]*d2];
t:= Groebner--LeadingTerm(g, ord);
Ig:= t[l]"‘t[Z];
pp:= expand(pp — lpp*q/ 1q)
else
Groebner.-LeadingTerm(pp, ord);
Ipp:=%[1]* %2}
ppp:= ppp + Ipp;

pp:=pp — Ipp
end if
end do;
ppp
end proc
> myreduce(p,Q, tdeg(x,y,z));
—xzz—%zx+%z (10.6.6)

V E 10.6. Példa.

> pi=3*XA3FYy+2¥XA2¥YyA2-3%x*y+5%X; Ql:i=XA2%y+5%XA2+yA2; Q2:=7%Xx*
yA2-2%yA3+1;
p::3x3y+2x2y2—3xy+5x
q1:=x2y+5x2+);
g2:=7xy -2y +1 (10.7.1)
> expand(p-3*x¥*ql);
(10.7.2)



2X Y —3xy+5x—15x —3x)/ (10.7.2)
> expand(%-2*y*ql) ;

3XY+5Xx—15X —3Xxy — 10X y—2) (10.7.3)
> expand(%+10%*ql) ;
3Xy+5x—15X —3x) =2y +50x¥ +10)" (10.7.4)

> expand(%+3/7%q2);

—3xy+5x—15x3—§f+50x2+10)?+% (10.7.5)
V E 10.7. Példa.
> ql:=xA3%y*z-X*zA2; (2:=X*yA2%z-X*y¥*z; 3:=XA2%yA2-zA2;
Pl:=xA2%yA2%z-2zA3; p2:i=-XA2%yA2%Z+XA2%y*Z;
ql = x3yz—x22
¢%:xfz—xyz
a3:= 2y - 7
pk=£ﬁzz—f
p2l:= X ); Z+ X vz (10.8.1)
> expand(pl-z*q3); expand(p2+x*q2); pl+p2;
0
0
2 +Xyz (10.8.2)

V E 10.8. Példa.

> G:=[ql,92,q3,xA2%y*z-zA3 ,x*ZA3-X*ZA2,y*ZA3-ZA3 ,X*y*ZzA2-X*ZA2,
XA2%zA2-zA4
ZA5-zA4];

G:= [x3yz—xzz,xfz—xyz, xz);—zz, -7 (10.9.1)

+£yzx?—xiyf—?myf—xﬁf%hiﬁf—f]
> myreduce(pl,G, tdeg(x,y,z)); myreduce(p2,G,tdeg(x,y,z));

myreduce(pl-p2,G, tdeg(x,y,z));
0

0
0 (10.9.2)



» E 10.9. Példa.

» A 10.2. Algoritmus.
» E 10.10. Példa.

» A 10.3. Algoritmus.
» E 10.11. Példa.

» A 10.4. Algoritmus.
» E 10.12. Példa.

» E 10.13. Példa.

» E 10.14. Példa.

» E 10.15. Példa.

» E 10.16. Példa.

» A 10.5. Algoritmus.
» E 10.17. Példa.

» A 10.6. Algoritmus.
» E 10.18. Példa.

» A 10.7. Algoritmus.
» E 10.19. Példa.

» E 10.20. Példa.

» E 10.21. Példa.

» 11. Racionadlis tortfiiggvények integralasa



» 12. A Risch-algoritmus.

»13.0



