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2 2 2
FF1 := =~ X1%(A*X1%Dl + A%BP - C#Dl + X1 %Dl + X1%X@*D@+D1 - X1%Dl

+ X1xD1%BP + X1#Dl1 -~ X@xDO%D1 + X@xD@xBP)
6: ag(l fls ag(2) ={f1s$ ag(3) —ﬂ

t gjnc?s() #ﬂ@‘i’.ﬁﬂi
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- Size of old Ag is ..... @

Compacted. Size of reduced Ag is ..... 2 1?§2§Z¢»
*#%k%k% ID fill no longer supported --- use lists instead '
*%% Z3 Z2 Z1 2@ are non zero \/
Recuded Field factor: X1+X@
Spol of 1 and 2
*%%x%% ID fill no longer supported --- use lists instead
x%% Z2 Z1 Z@ are non zero
Recuded Field factor: - (A - C + 1)

2

1: New s-pol is added. AxB*X1 - AxB*X@ + A*xX1%X@G%DG - A*X8 *DO + Bx

2 2 2
X1 *D1 + B#%X1%X@xD@ - B*X1%D1 - B#*X@ *D@ - CxX1xD@ + CxX@xDg + X1%X0

2 \ 2 an 3 2 2
«D8 - X1#X0#D# - X1#XO+DO+BP + X14#X0+D& + X14D@+BP - X8 #D& + X8 x

2 2
DG - X0 *D@

Size of old Ag is ..... 2

*****IID‘fill no longer ;upported --- use lists instead
***;zs Z2 Z1 Z0 are non zero

Recuded Field factor: X@%(X@ - 1)

Found target! Answver is FFFF. |

~m - "/l‘:' ‘}%3.‘3‘ FFFF(: )
Completion is completed.

Basis consists 0f 3 elements. (Ag(1),...)

Time: 242386_ms .
B0 24 228 = 5’5‘&"73
12: disp(ffff)s
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/usr/users/z@87/basis/Rims/dh@.rr 1989/1/14 14:8:25 1 p. 1--

%order definition for the ring of differential Operators.

% dh@.rr 1988/82/26
% 1989/91/14 :
% Ring of differential operators with meromorphic coeff1c1ents
% Order is lexico graphic. ( .D3>D2>D1>DG )
% )
% This program is implemented on REDUCE 3.2 and 3.3.
% We do not use '‘symbolic procedures'' to make a simple program.
% But the time performance is not good for the reason.
UAUNUNL%N NN NSNS N%NN%%%%%%%% Modify here //A%%%%%%%%AA///“%%%%%%%%%%%%%%%%%
'-VARS:=2;
A8 2 8 A 3 4 L 8 0 7 L A A A A R A A A A A A A A A 4 A
HKRKKARKRARKRKKRNK%R%N%%K%%%%% global VATS URABLRUUKKRKKLKKRKAKLKKKLKLKI KL% L% %% 7%
%% X#,X1,.... DG,D1,D2,..... are global variables.
URRLHRLLKNNKRL R NN NS ST o Ko N RN KNS Yo S % %% % %% %K S N %o Ko o S % o o B o e Lo e o T S Ko % % T % % % %6 6 % 6 %6
off factor;
symbolic operator numberp;
symbolic operator xx;
symbolic operator dd;
symbolic operator myzz;
symbolic procedure XX k;
intern compress(list('x,car explode(k)))s
symbolic procedure dd k;
intern compress(list('d,car explode(k)))s .
symbolic procedure myzz k;
intern compress(list('z,car explode(k)))s
UL KN LN R e o o Ho K Lo W K o U he Ko o U U K Ve Yo S o o oo Ho S S B Lo o N U o o Lo Y e U K e e B e o o o o e B o o Yo Ko S0 %o % S % %6
procedure head(f); .
begin
scalar m;
for m:=(!-VARS-1) step (-1) until & do f:=mylterm(f,dd(m));
return f;
ends

% headcof(f) is the head coefficients of f.

procedure headcof(f); %for monic. Calculate head coefficients
begin
scalar m;
for m:=(!-VARS-1) step (-1) until & do f:=mylcof(f,dd(m));
return f;
ends
bprocedure mylcof(f,v);
begin
scalar tmpDen;
‘tmpDen:=den(f); f:=num(f); '
if (deg(f,v) neq @) then return¢ lcof(f, v)/tmpDen)
else return (f/tmpDen);
ends

Procedure mylterm(f,v);

[7.
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/usr/users/z@007/basis/Rims/dh@.rr 1989/1/14 14:8:25 2 p.

begin
scalar tmpDen;
tmpDen:=den(f); f:=num(f);
if deg(f,v)=0 then return (£/tmpDen)
else return( lterm(f,v)/tmpDen );

ends

procedure mypart(f);

begin . ‘
for i:=(!-VARS-1) step (-1) until ¢ do f:=mylterm(f,dd(i));
‘return f; 4 ' : :

ends$

% f and g must be monomials.
% If £>g then 1 else 4.
procedure larger(f,g);

begin
' scalar fd,gd;
if £f neq @ then fd:=f/headcof(f)
else fd:=9;
if g neq & then gd:=g/headcof(g)
else gf:=0;
return( largers@(fd,gd, !-VARS-1) );
ends )
procedure largersd(f,g,m);
begin
if m < 9 then return 9;
if deg(f,dd(m))>deg(g,dd(m)) then return 1;
if deg(f,dd(m))=deg(g,dd(m)) then return (largers@(f,g,m-1));
return 9;
ends -

% If f is ODE of x0 then 1 else 4.
procedure isODE(f);
begin

if £f = 9 then return 4;

if larger(dl,head(f))=1 then return 1 else return 9;
ends : Lo

% f and g must be monomials.
% I1f £f is m-reducible by g then 1 else 4.
procedure reducible(f,g);

if infield(den(£f/g))=1 then return 1 else return 9;

% If £f does not contain Dg,D1,... then 1 else 9.
procedure infield(f);
begin
scalar result,m;
if numberp(f) then return 1;
result:=1; m:=!-VARS~-1;
while (m>=8) and (result 1) do <<
if deg(f,dd(m)) neq & then result:=0;
m:=m-1; .
>>3
return result;

[
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end$

% binomial coefficient.
procedure binom(a,m);
pegin
scalar result,k;
if (a<=8) or (m<=0) or (a=m) then return 1;
if 2%*m>a then m:=a-m;
result:=1;
for k:=1:m do <<
resul t:=resultxa/k;
a:=a-1;
>>;
return result;
end$s

% Function for pretty printing
%% %%%%%%% disp() for REDUCE 3.3 RXH%UAAU%AKAB%AKKBKASHHKKAKKRKRLBHHKKRKKLALY%%%%%
procedure disp(f);

begin
scalar tmp;
if (£=0) then << write "8"; return(@); >>;
while f neq & do <<
tmp:=head(f); f:=f-tmp;
disp!-monomial (tmp);
>
f ends

§ procedure disp!-monomial (f);
§ begin
' scalar tmp, tmpd,m,k;
tmp:=1;
for m:=@:(!-VARS-1) do <K

k:=deg(f,dd(m));

:=£/(dd (m)*%K) ;

tmp:=(dd (m)*xk)*tmp;
>>s
write tmp;
tmp:=factorize(f);
for each tmp@ in tmp do <<.

write " [",tmpg,"1"s
>
i write "----eoree e e - "$

§ %%%%%%%%%%%% disp() for REDUCE 3.2 %%%%%UUABUIBLLLLBLNGLHNLABRLLLKNK%%
‘ cedure olddisp(f);
in

; scalar tmp; : :
3 write "/-—----mmmm e e - ——————————
while f neq # do <<
' tmp:=mypart(f);
on factor; write " “",tmp; off factor;
f:=f-tmp;
tmp:=0; %to save memory.
>,

19
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"~ ends$

% opmult(f,g) is the multiplication of f and g as operators.
procedure opmult(f,g); % don't write tail recursive program to save memory.
begin
scalar tmp,result;
if (£f=06) or (g=9¢) then return 4;
result:=9;
while ( £ neq & ) do <<
tmp:=mypart(f);
result:=zopmultsl(tmp,g)+result;
f:=f-tmp;
>>;
return result;
ends$
% f must be monomial.
procedure opmultsl(f,g);
begin
scalar a,fd,k,m,alpha, tmp;
if numberp(g) or numberp(f) then return (fxg);
a:=headcof(£f); .
fd:=f/a;
if numberp(fd) then return (f*xg);
for k:=@:(!-VARS-1) do <<
N tmp:=0;
alpha:=deg(fd,dd(k));
for m:=@:alpha do <<
tmp:=tmp+binom(alpha,m)*df (g, xx(k),m)*dd(k)**(alpha-m!:
>>; :
g:=tmp;
>
return (a*g);
ends
% opPower(f,p) is fxfx....%f ( p times ).
Procedure opPower(f,p);

begin
- scalar tmp;
tmp = 1;
if p = 8 then return 1;
if p =1 then return f£; 4
for i:=1:p do <<
tmp :t=opmult(f, tmp);
>>;
: return(tmp);
ends
on ged;
Write " 1111t ON GCD. !ttt *;
ends

[



01

/usr/users/z997/basis/Rims/dbd.rr 1989/1/14 14:52:2 1 p. 1--

% The generic procedures to compute the Groebner basis
% for Differential Operators, difference operators and Weyl algebras
% An order must be defined in dh@.rr

% dbd.rr 1988/12/95
% 1989/61/14

%%%%%%%%%%%%A%'% Global variables %%%%%
YR RAKAAL262 modify here K%K %%%%
=4

N
[/
X
N N
N
BN

SIZEAG:=40; SIZEAS:=89;
t-0ODE g; % If you want to stop when you find ODE in the
% Ag, then !'-ODE:=1 else !-ODE:=8.
UK NN %t tate e Ve o Ve Vo ta 2t Koo e 26060 % 0o 2o o6 06 062 Y 0o o Lo Ya ta Yo U Vo ta Vo th U Yo o 2626 2% % N % 0 Vo Ta e % Vo Ve
array Ag(SIZEAG); % G-basis
clear FFFF; % 1f you want to find ODE in the generators, the result

% is put to FFFF. cf. !-ODE
% variables for the system. %%U%URUBULALALLBLLALLLLUN%LLLLYN%%
:= % Debug flag of mred().
'1-DBGZ := 0% % Debug flag of reduceAg() :
1-DBG1 := @8 % Debug flag of gbasis(). Output the candidate of S-pol.
{-REDIFLAG := ©03%% used in mredl(). 1==)> reduced.
!{-REDFLAG :=6% % used in mred().
'-FFFFFLAG:=08 % Flag for the ODE check ,
RA%%%%%%%%%%%%%%%%% end of definition of global vars XURRANAAUKLR%Z%Z%Z%%%%2%%%%%%%
symbolic operator myzz;

NKRUN%%%N%%%%%%%%%  MOAL LY here HUNUXXNNAXKAN%%%%%%%%%%%%%%%

procedure checkAgForStop();
begin

scalar result;

result:=g;

return( result »;
ends$

% mredl(f,g) is m-reduction of f by g.
Procedure mredl(f,g);
begin _
scalar hf,hg,result;
t~REDIFLAG := @;
if (g=@) then write "@@@ Error in mredl() : devide by @&";
if numberp(g)=1 then return 9;
result:=f;
repeat <<
t=result;
if (£f=0) then result:=0
else <<
hf:=head(f);
hg:=head(g);
if (reducible(hf,hg) = @) then
result := f
else <<
‘ !'-REDIFLAG:=1;
result:=f-opmulti(den(hf/hg)*hf/hg,g)/denthf/hg);
result:=resultxden(result); % (x+y)/2;
>
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>>,
>> until ( f = result );
return result;
ends

% mredAg(f) is m-reduction of f by the set Ag.
procedure mredAg(f);

",Ag(il);

begin . , . . _
scatar oldf,ii,tmp,k,ftmp,mm, kk;
1 -REDFLAG:=0; '
k:=0; oldf := 9;
while (oldf neq f) and (f neq 4) do <<
ii:=1; oldf:=1£;
while (Ag(ii) neq 9) and (f neq @) do <<
tmp = mredl(f,Ag(ii));
if !-RED1FLAG=1 then !-REDFLAG:=1;
if ( '-DBG =1 ) then << : o
write "#&##mredAg():",f," ===)> ",tmp;
write " by Ag(",ii,™)
>>;
if (tmp neq f) then <<
' k:i=k+1;
f:=tmp; tmp:=0; %to save mem.
>,
ii=ii+l;
>>;
>
return{(f );
ends

% mredaa(f) is m-reduction of £ by the set aa.
procedure mredaa(f);

begin
scalar oldf,ii, tmp,k,ftmp,mm, kk;
! -REDFLAG:=0; ‘
k:=0; oldf := &;
while (oldf neq £f) and (f neq ©) do <<
ii:=1; oldf:=f;
while (aa(ii) neq #) and (f neq #) do <<
tmp := mredl(f,aa(ii));
if !-RED1FLAG=1 then !-REDFLAG:=1; 2
if ( !'-DBG =1 ) then <<
write "##&mredaa();",f," ===> ", tmp;
write » by aa(",ii,") ",aa(iid;
>>;
if (tmp neq f) then <<
k:=zk+1;
t=tmp; tmp:=g; %to save mem.
>>; S
iit=ii+l;
>
>> )
returnd(f );
ends

% sp(f,g) is the s-bolynomial of f and g.
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procedure sp(f,g);
pegin
scalar hf,hg,l1c,tmp,hcoff,hcofg,coflc,ftmp,kk,mm;
if (£=@) then return g;
if (g=@) then return f{;
hf:=head(f); hg:=head(g);
hcoffi=headcof(hf); hcofg:=headcof(hg);
hf:=hf/hcoff; hg:=hg/hcofg;
lc:=hfxhg/gcd(hf,hg); ,
coflc:=hcoffxhcofg/gcd(hcoff,hcofg); .
tmp:=opmult({(coflc/hcoff)*lc/hf,f)~opmult((cofic/hcofg)*lc/hg,g);
tmp:=tmpxden(tmp);
return( tmp );
end$

procedure getsizeAg();

begin
scalar n;
n:=1;
while Ag(n) neq ¢ do n:=n+l;
return(n-1);
end$
procedure getsizeAs();
begin
scalar n;
n:=1;
while As(n) neq ¢ do n:=n+l;
return(n-1);
ends

% The procedure reduces the set Ag.
procedure reduceAg;
begin ,
scalar n,j,k,tmp,m;
n:=getsizeAg();
array aa{(n),newAg(n+l);n:=getsizeAg();
for k:=1:n do newAg(k):=Ag(k);
repeat <<
% newAg ===(compaction)===> Ag
n:=getsizeAg(); newAg(n+1l):=0;
k:=1;
for j:=1:(n+1) do <<
Ag(k):=newAg(j);
if (Ag(k) neq 4) then k:=k+1;
>>; % compaction
Ag(K):=0; ni=getsizeAg();
% Ag ==> nevwAg
for j:=1:(n+1) do newAg(j):=Ag(j); ; ’
if !'-DBGZ neq & then write "#reduceAg() : size of Ag is ",n;
% Do reduction of newAg !

K:=0;

while (K < N) do <«

: K:=K+1;
% aa<== complement of newAg(k) except 4.
m:=1; "

2.3
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for j:=1:n do <<
if (j neq k) and (newAg(j) neq @) then <<
aa(m):=newAg(j); mi=m+l;
>>;
>
aa(m):=9;
%
newAg(k):=08; %x% to save memory.
tmp:=mredaa(Ag(k));
if !'-ODE=1 then <<
if isODE(tmp)=1 then <K
write "Found target! Answer is FFFF. ";
ffff:=tmp; ! -FFFFFLAG:=1;K:=N;
>,
>>
if !-DBGZ neq & then
write "#reduceAg(): M-reduction of Ag(",k,") : "
,Ag(KkY," -=> ",tmp;
newAg(k):=tmp;
>>s.
until (seteqAgAndNewAg()=1 OR !-FFFFFLAG=1);

clear aa,newAg;

ends

% If the set Ag and newAg is equal, then 1 else 4.
procedure seteqAgAndNewAg();

begin

ends$

input:

N NN

scalar result,k;
k:=1;
while (k>@) do << .
if Ag(k) neq newAg(k) then <<{result:=¢; k:=-3;>>

else <«
if (Ag(k)=0) and (newAg(k)=8) then <K<
result:=1; k:=-3;
>>
>>3
k:=k+1;

>>;
return result;

The procedure compuﬁ7\3 Grobner basis.
S

Ag

output: Ag or FFFF.

procedure gbasis;

begin

scalar k,j,n,m, tmp, kkk;
array As(SIZEAS); % work area of G-basis
!-FFFFFLAG:=0; '
t=getsizeAg();
for ki:=1:n do As(k):=Ag(k};
As(n+l):=0; Ag(l):=0;
repeat <<
% Ag:=Ag+As
ji=getsizeAs();
n:=getsizeAg();

A W AN
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write "gbasis():(reduction of Ag): Size of old Ag is ... ",n;
m:=1; ‘

for k:=(n+l):(n+j+1) do <<Ag(k):=As(m); m:=m+1l; >>;

% reduce Ag

reduceAg();

{-FFFFFLAG := checkAgForStop();

if (!-FFFFFLAG = @) then <<
n:=getsizeAg(); )
write "gbasis(): Compacted. Size of reduced Ag is ... ",n;
% generate new S-pols
kkk:=@;As(1):=4;

"K:=8;
while (K<N) do <K
K:=K+1;
J:=K;
while (J<N) do <<
Ji=J+1;
tmp:=sp(Ag(k),Ag(j));
write "gbasis(): S-pol of ",k," and ",j;
if !-DBG1 neq & then
write "##gbasis(): The candidate is ",tmp;
tmp:=mredAg(tmp);
if tmp neq ¢ then <<
kkk:=kkk+1; .
As(KkKk):=tmp; As(kkk+1):=0;
write "gbasis():",kkk
,": New s-pol is added. ", tmp;
if !'-0ODE=1 then <<
if isODE(tmp)=1 then <<
write
"gbasis(): Found target!",
" Answer is FFFF. ";
ffff:=tmp; !-FFFFFLAG:=1;
K:=N;J:=N;
>
>,
>> else <<
write
. "gbasis(): The S-pol is reduced to 9.
3
>
> 3
>,

>>3
>> until (getsizeAs() = @ OR !-FFFFFLAG=1);
if !-FFFFFLAG neq 1 then << ’
write "gbasis(): Completion is completed.";
write

”

) Basis consists of ",getsizeAg(),"” elements.(Ag(l),...)";
>,
clear As;

ends$

ends

¢
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