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var('x,al,a2,a3,a4,bl,b2,b3 b4 ,pl,p2,p3,pd,ql,q2,q3,q4")

w0 = SR. wild (0)

sage_ server .MAX STDOUT_SIZE=250000

sage_ server .MAX OUTPUT=250000

#This defines our variables, sets up our wild card and increases max output for)\
the program.

(x, al, a2, a3, a4, bl, b2, b3, b4, pl, p2, p3, p4, ql, q2, g3, q4)

E=(x-al*a2*a3*a4)*(x-al*a2*a3*b4)*(x-al*a2*b3*ad)*(x-al*a2*b3*b4) *(x-al*b2*a3*\
ad)*(x-al*b2*a3*b4) *(x-al*b2*b3*ad)*(x-al*b2*b3*b4) *(x-bl*a2*a3*ad) *(x-bl*a2\
*a3*b4) *(x-bl*a2*b3*ad) *(x-bl*a2*b3*b4) *(x-bl*b2*a3*ad ) *(x-bl*b2*a3*bd) *(x-\
b1*b2*b3*ad ) *(x-b1*b2*b3*b4)

F=E.expand ()

#Multiplication of the characteristic function, this is not show do to length.

f10=F. coefficient (x,10)
f10
#Gathering of the coefficent for x710 from our expansion of the characteristic \
function. The general way we work this out is first seperate the coefficient)
by the numerical part of each term then seperate it further into managable \
groups that have clear subusitution.
al"3%*a2"4%*a374%*a4"6*¥b173*b272*b372 + al"4*a273%*a3"4*ad 6% b1 2¥b273*b372 +
2*al"3*a2"3*a3"4*ad4"6*b173*b273*b372 + al"2%*a2"3*a3"4*ad"6*b1"4*H273*b372 +
al"3*a2"2*a3 " 4*ad"6*b173*b274*b372 + al 4*a2 4*a3"3*ad " 6*b172*b272*h3"3 +
2*al"3*a2 4*a3"3*ad 6% b1 3*b272*h373 + al"2*a2 4*a3"3*ad"6*b1"4*b272*b3"3 +
2*al"4*a273%a3"3*ad " 6*b1"2*b273*h373 + 4*al”"3*a2"3*a3"3%*ad " 6*b1"3*b2"3*b3"3 +
2*¥al"2*a273*a3"3*ad"6*b174*b273*b373 + al"4*a2"2%*a3"3%*a4"6*¥b172*b274*b373 +
2*¥al"3*a2 2*a3"3*ad " 6*¥b173*b274*b373 + al"2%*a2"2*a3"3*ad"6*b1"4*Hb274*b373 +
al"3*a2 " 4*a3"2*ad"6*b173*b272*b374 + al " 4*a2"3*a3"2*ad " 6*b172*b273*b374 +
2*al"3*a2"3*a3"2*a4"6*b173*b273*b374 + al"2%*a273*a3"2%*ad"6*b1"4*b273*b374 +
al"3%a272*a372%a4"6*b173*b274*b3 74 + al"4*a2 " 4*a3"5*ad " 5*b1"2*b272*b3*b4 +
2*al"3*a2 4*a3"5*ad 5 b1 3*b272*b3*b4 4+ al"2%*a2”4*a3 " 5%ad"5*b174*b272*b3*b4 +
2*al"4*a273*a3"5*ad " 5*b172*b273*b3*b4 + 4*al"3*a2”3*a3"5*ad 5 b1 3*¥b273*h3*b4 +
2*al"2*a273*a3"5*ad " 5*b174*b273*b3*b4 + al"4*a2"2%*a3"5%ad"5*b172*b274*b3*b4 +
2*al”3*a272*a3"5*ad " 5*b173*b274*b3*b4 + al"2%*a2"2*a3 5%*ad " 5*b1"4*b2"4*b3*h4 +
al"4*a2”5*a3"4*a4"5*b172*¥b2*b3"2*b4 + 2*al"3*a2”5*a3"4*a4"5*b173*b2*b3"2*b4 +
al"2%*a2”5*a374*ad"5*b1"4*b2*b372*b4 + al”5*a2 4*a3 " 4*ad " 5*b1*b272*b32*b4 +
T*al " 4*a2 4*a3 4*ad"5*b172*¥b272*¥b372*b4 + 12*al”3*a2 4*a3"4*ad"5*b173*b272*¥b372*b4 +
T*al 2*a2 " 4*a3 " 4*ad"5*b174*b272*¥b372*%b4 + al*a2 4*a3"4*ad"5*¥b175*b272*b372*b4 +
2*al”h*a2"3*a3"4*ad " 5*b1*b273*b372*b4 + 12*al"4*a2”3*a3 " 4*ad " 5*b172*¥b273*b3"2*b4 +
20*al"3*a2"3%a3 " 4*a4"5*b173*b273*b372*b4 + 12%al"2*a2"3%a3 " 4*ad"5*b174*b2"3*b3"2*b4 +
2*al*a2"3%a3"4*ad " 5*b175*b273*h372*b4 + al " 5*a2 2*a3 4*ad " 5*b1*b2"4*b3"2*b4 +
T*al " 4*a2"2%a3 4*ad"5*b172*¥b2 " 4*b372*b4 + 12*al”3*a2 2*a3 " 4*ad"5*b173*b274*b3"2*b4d +
T*al " 2*a272*a3 " 4*ad"5*b174*b2"4*¥b3"2*%b4 + al*a2 2%*a3"4*ad"5*¥b175*b274*b3"2*b4 +
al"4*a2%a3"4*ad"5*b172*¥b275*b3"2*b4 + 2*al"3*a2*a3 " 4*ad"5*b173*b275*b3 " 2*b4d +
al”2*a2%a3"4*ad"5*b174*b275*%b372*b4d + 2*al"4*a2”5%*a3"3%*ad " 5*b172*b2*b373*b4 +
4*al"3*a2"5%a3"3%ad " 5*b173*b2*b373*b4 + 2*al"2*a2 5%a3"3*ad " 5*b174*b2*b3 " 3*b4 +
2*al”b*a274*a3"3*ad " 5*b1*b272*h373*b4 + 12*al"4*a2 4*a3"3*ad 5% b1 2*h272*h373*b4 +



20*al”3*a2 " 4*a3"3*ad " 5*b173*b272*b373*b4 + 12*al 2*a2 4*a3 " 3*ad H5*b1"4*b272*b3"3*b4 +
2*al*a2 4*a3"3%ad " 5*b175*b272*h373*b4d 4 4*al"5*a2”3*a3 " 3*ad " 5*b1*¥b273*bh3"3*b4d +
20*al"4*a2"3%a3"3*a4"5*b172*b273*b3 " 3*b4 4 32*al"3*a2”3*a3 " 3*ad"5*b173*b273*b3"3*b4 +
20*al"2*%a273%a3"3*a4 " 5*b1"4*b273*b3 " 3*b4 4 4*al*a2”3*a3"3*ad 5*b1"5*b273*b3 " 3*b4 4+
2*al"5*a2 2%a3 " 3*ad " 5*b1*b274*b3"3*b4 + 12*al 4*a2 2*a3"3*ad " 5*b1"2*b2"4*b3"3* b4 +
20*al”3*a2 2*a3"3*ad " 5*b1"3*b2"4*b3"3*b4 + 12*al " 2*a2 2*a3 " 3*ad H5*b1 4*b274*b3"3*b4 +
2*al*a2 2*%a3"3%ad " 5*b175*¥b274*bh3"3*b4d 4+ 2*al"4*a2*a3 " 3*ad " 5*b172*¥b275*b3 " 3*b4d +
4*a173%a2*%a3 " 3%ad "5 b173*b275*b3"3*b4 + 2*al"2*%a2*a3 " 3*%ad " 5*b174*b2 " 5*b3 " 3*b4 +
al"4*a275%a3"2*a4"5*b172*b2*b3 " 4*b4 + 2*al"3*a2”5%a3 " 2*a4 " 5*b1"3*b2*b3"4*b4 +
al"2%a275%a3"2%a4"5*%b1 4*b2*b3 " 4*b4 + al"H*a2 4*a3"2*ad"5*b1*b2 2*b3"4*b4 +

T*al 4*a2 4*a3 2%ad"5*b172*b272*b3"4*b4 + 12*al"3*a2 4*a3 " 2*ad H5*b13*b272*b3"4*b4 +
T*al"2*a2 4*a3"2%ad"5*b1"4*b272*b374*b4 + al*a2 4*a3 " 2%*ad 5*b1T5*b272*b3 " 4*b4 +
2*¥al175%a2"3*a3 2*%ad "5 b1*¥b273*h374*b4d 4+ 12*al"4*a2”3*a3"2%a4"5*b172*¥b273*h3 " 4*b4d +
20*al"3%a273%a372%a4"5*b173*b273*b3 4% b4 4 12*al"2*%a273*a3 " 2*ad"5*b174*b273*b3"4*b4 +
2*al*a2 3%a372%ad " 5*b175*b273*b3 4*b4d 4 al 5*a2 2%a3 " 2*ad " 5*b1*b2 4*b3"4*b4 +

T*al 4*a2 2%¥a3 2%ad " 5*b172*b274*b3"4*b4 + 12*al"3*a2 2%*a3 " 2*ad H5*b13*b274*b3 " 4*b4 +
T*al 2*a2 2%a3"2%ad " 5*b1"4*b274*b3"4*b4 + al*a2 2*a3 " 2%*ad 5*blT5*b274*b3"4*b4 +
al"4*a2*a3"2%ad " 5*b172*h275*b3 " 4*b4 + 2*al"3*a2*a3 " 2%ad " 5*b173*h275*b3 " 4*b4 +
al"2%*a2*a3"2%ad4 " 5*b174*b275*b3 " 4*b4 + al"4*a2 4*a3*ad " 5*b172*b2 7 2*b3 " 5*b4 +

2*a173%*a2 4*a3*ad " 5*b173*b272*b3 5*b4d 4 al 2*a2 4*a3*ad " 5*b1"4*b272*b3 " 5*b4 +
2*al1"4*a2"3*a3*ad " 5*b172*¥b273*b3 5*b4 + 4*al"3*a2"3*a3*ad " 5*b173*b273*b3 " 5*b4 +
2*al"2%a2”3*a3*ad " 5*b1 4*b273*b3 5*b4 + al"4*a2 2*a3*ad " 5*b172*¥b274*b3 " 5*b4 +
2*¥al173*a2"2*a3*ad " 5*b173*b2 " 4*b3 7 5*bd + al"2*a2 2%*a3*ad " 5*b174*h274*b3 5*b4 +

al"3%*a2 4*a3 " 6*a4"4*b173*b272*¥b4 72 + al"4*a2"3*a3 6*ad"4*b172*b273*b4 "2 +
2*a173%*a273*a3 6*%a4"4*b173*b273*b4 "2 + al"2*a2 3*a3 6*ad " 4*b174*b273*b4 T2 +
al"3%a272%a3"6*ad " 4*b173*b274*b4 72 4 al"4*a2"5*a3 5*ad " 4*b1 2*b2*b3*b4 "2 +

2*al"3*a2 5*a3 5*ad"4*b1 7 3*b2*¥b3*b472 + al 2*a2 5*a3 " H5*ad 4*b1 4*b2*b3*b4"2 +

al 5*a2 4*a3"5*ad " 4*b1*b272*b3*b4"2 + T*al 4*a2 4*a3 " 5*ad " 4*b1T2*b272*b3*b4 "2 +
12*al”3*a2 4*a3 " 5*ad " 4*b173*b2 " 2*b3*h4d™2 + T*al 2*a2 4*a3 " 5*ad"4*b1"4*b272*b3* b4 "2 +
al*a2 4*a3"5%ad"4*b175*b272*b3*h472 + 2*al"5*a2”3*a3 H5*ad " 4*b1*h273*b3*b4"2 +
12*al”4*a2 " 3*a3 5*ad"4*b172*b273*b3*b4™2 + 20*al”"3*a2 3*a3 " 5*ad"4*b173*b2"3*b3*b4"2 +
12*al"2*%a2"3*%a3 " 5*ad " 4*b1"4*b2"3*b3*b4™2 + 2*al*a2 3*a3 H*ad 4*b1 5*b273*b3*b4"2 +
al"5*a2 2%a3 5*ad " 4*b1*b2"4*b3*b4"2 + T*al"4*a2 2*a3 " 5*ad " 4*b12*b274*b3*b4 "2 +
12*al”3*a2 " 2*a3 " 5*ad "4*b173*b2"4*b3*b4d"2 + T*al 2*a2 2%a3 " 5*ad"4*b1"4*b2"4*b3* b4 "2 +
al*a272*%a3"5%ad " 4*b175*b2 7 4*b3*b4™2 + al"4*a2%a3 H5*ad " 4*b172*b2 " 5*b3*b4 T2 +
2*al173*a2*a3"5%ad"4*b173*b275*b3* b4 72 4 al 2*a2*a3 " 5*ad"4*b1"4*b2 " 5*b3*b4 "2 +

al"3*a2 6*a3 4*ad"4*b1"3*b372*b472 + al 5*a2 5*a3 4*ad"4*b1*b2*b3"2*b4 72 +

T*al 4*a2 " 5*a3 " 4*ad " 4*b1"2*b2*b372*b472 + 12*al"3*a2 5*a3d 4*ad " 4*b1"3*b2*b3 2*b4 "2 +
T*al"2*a275*a3 " 4*ad"4*¥b174*b2*b3"2*b472 + al*a2 5*a3 4*ad"4*b175*b2*b32*¥b4 "2 +

T*al h*a2 4*a3 " 4*ad"4*b1*b272*¥b372*%b472 + 28*al"4*a2 4*a3 " 4%*ad"4*b172¥b272*%bh3T2*¥b4 T2 +
46*al173*%a2 4%a3 " 4*a4"4*b173*b272¥b3T2*%b4 72 4+ 28%alT2*a2 4*a3 " 4*ad"4*b1 " 4*b272*%b3T2*%b4 72 +
T*al*a2 4*a3"4*ad"4*b175*b272*¥b372*%b4™2 + al " 6*a2”3*a3"4*ad"4*b2"3*b372*¥b4 "2 4
12*al"5*a2”3*%a3 4*ad " 4*b1*b2"3*b3 2*b4 ™2 + 46*al”"4*a2 3*a3 4*ad 4*b172*b273*b3 " 2*b4 72 +
70*al”3*a2 3*a3 4*ad"4*b173*b273*b3 2*¥b4 "2 + 46*al " 2%¥a2 3*a3 4*ad"4*b1 4*b273*b372*b472 +
12*al*a2"3%a3"4%*a4"4*b175*b273*b372*b4 ™2 + a2"3*a3 4*ad"4*b176*b2"3*b372*¥b4 "2 +
T*al"h*a2 7 2%¥a3 " 4*ad"4*b1*b24*b3T2*¥b4 72 + 28*al"4*a2 " 2%a3 4*ad"4*b172*¥b274*b3T2*%h4 "2 +
46*al"3*a272%a3"4*a4"4*b173*b274*b3 T 2*%b4 72 4+ 28%alT2*a2 2%a3 " 4*ad " 4*b1"4*b2"4*b3"2*%b472 +
T*al*a2 2*a3 4*ad"4*b1 " 5*b274*b3"2*b472 + al 5*a2*a3d"4*ad " 4*b1*b275*b3T2*b4 72 +
T*al"4*a2*a3"4*ad”4*b172*¥b275*b3 " 2*b42 + 12*al”3*a2*ad3 4*ad 4*b1"3*b275*b3"2*b4 2 +
T*al"2*a2%a3 " 4*ad"4*b1"4*b275*b3 " 2*b472 + al*a2*a3 " 4*ad"4*b175*b275*b32*b4 "2 +
al"3%*a3"4*a4"4*b173*b276*b32*b4d"2 + al"4*a2 7 6*a3 " 3*ad " 4*b172*b3 " 3*b4 T2 +
2*al173%*a276*a3 3%ad"4*b173*b3"3*b4 "2 + al"2*a2 6*a3 " 3*ad"4*b174*b3 " 3*b4 T2 +

2*al"5*a2 5*a3 " 3*ad 4*b1*b2*b3"3*b472 + 12%al 4*a2 H5*a3 " 3*ad " 4*b1"2*b2*b373*b4 72 +
20*al”3*a2 " 5*a3 " 3*ad " 4*b1"3*b2*b373*b4 "2 + 12*al"2*a2 5*a3 " 3*ad 4*b1 4*b2*b3"3*b4"2 +
2*al*a2 5*a3 " 3%ad"4*b175*b2*¥b3 "3 b472 4+ al"6*a2 4*a3 " 3*ad"4*b2"2*¥b3 "3 b4 "2 +

12*al”5%a2 4*a3 " 3*%ad " 4*b1*b272*b373*b4 ™2 + 46*al"4*a2 4*a3 " 3*ad " 4*¥b172*h272*b3"3*b4 ™2 +
70*al"3%a2 4*a3"3*ad " 4*b173*b272*¥b373* b4 72 + 46*al"2*%a2 4*a3"3*ad"4*b1"4*¥b272*¥b3 " 3*b4 T2 +
12*al*a2 4*a3"3*ad"4*b175*b272*b373*b4™2 + a2 4*a3 3*ad " 4*b176*b2"2*b373*b4 "2 +
2*al"6*a2 3*%a3 " 3*ad"4*b273*b373*b4™2 + 20*al” 5*a2”3*a3 3*ad 4*b1*b273*b3 " 3*b42 +
70*al"4*a2"3%a3"3*ad 4*b172*b273*b373* 472 + 104*al"3*a2 " 3*a3d 3*ad " 4*b173*b2"3*b373* b4 "2 +
70*al"2%a2"3*a3"3*ad " 4*b174*b273*b373*b472 + 20*al*a2”3*a3 " 3*ad "4*b175*b273*b3 "3 b4 ™2 +



2*a273*a3"3%ad " 4*b176*b273*b373*b472 4 al 6*a2 2*a3 3*ad"4*b2"4*b3 " 3*b4 "2 +

12*al”5%a2 " 2*a3 " 3*%ad " 4*b1*b274*b3"3*b4™2 + 46*al"4*a2 7 2*a3 " 3*ad "4*¥b172*h274*b3"3*b4 ™2 +
70*al"3%a272%a3"3*ad " 4*b173*b274*b373*b4™2 + 46*al"2*a2"2%a3"3*ad"4*b1"4*b274*h3"3*b4 72 +
12*al*a2 2*%a3"3%*ad"4*b1"5*b2"4*b373*b4™2 + a272*a3 3*ad " 4*b176*b2"4*b373*b4 "2 4
2*al"5*a2*a3 3*ad"4*b1*b275*b3"3*b472 + 12%al 4*a2*a3 " 3*ad " 4*b12*b275*b373*b4 ™2 +
20*al”3*a2*a3 " 3*ad " 4*b173*b275*b373*b4 ™2 + 12*al"2*a2*a3 3*ad " 4*b1 4*b2" 5*b3 " 3*b4"2 +
2*%al*a2*a3 " 3%ad " 4*b175*b275*b373*b4 "2 + al"4*a3 " 3*ad"4*b172*¥b276*b3"3*b4 "2 +
2*a173%*a3"3*ad"4*b173*b276* b3 "3*b42 + al"2*a3 " 3*ad " 4*b1"4*b276*b3 " 3*b4 "2 +
al"3*a276%a3"2*a4 " 4*b173*b374*b472 + al"5*a2 5*a3 2*ad "4*b1*b2*b3"4* 472 +

T*al"4*a2 5%a3 " 2%ad " 4*b172*b2*b3 " 4*b4"2 + 12*al”"3*a2 5*a3 " 2%ad " 4*b173*b2*b3 " 4*b4 "2 +
T*al 2*a2 5*a3 " 2%ad " 4*b1"4*b2*b34*b472 + al*a2 H*ad 2%*ad " 4*b1"5*b2*b3"4*b4 "2 +
T*al"H*a2 4*a3 2%ad " 4*b1*b272*b374*b4 72 + 28*al"4*a2 4*a3 " 2*ad 4*b172*b272*b3"4*b4 "2 +
46*al"3*a2 7 4*a3"2%ad"4*b173* b2 2*b3"4*b4 72 + 28*al"2%a2 4*a3 2%ad "4*b174*b272*¥b3 " 4*b4 72 +
T*al*a2 4*a372%ad"4*b175*b272*¥b3 7 4*b4™2 + al " 6*a2”3*a3 " 2*ad"4*b2"3*b3"4*b4 "2 +
12*al”5%a2 " 3*a3 " 2*%ad " 4*b1*b273*b3 4*b4"2 + 46*al"4*a2 " 3*a3 2%ad " 4*b172*b273*b3"4*b4™2 +
70*al”3*a2"3*a3 2*ad"4*b173*b273*b3"4*b472 + 46*al"2%¥a2 3*a3 2*ad”"4*b1 4*b273*b3 " 4*b472 +
12*al*a2”3%a3"2%a4"4*b175*b273*b374*b4™2 + a2 3*a3d3 2*ad"4*b176*b2"3*b3"4*b4 "2 +
T*al"5*a272*%a3 " 2%ad " 4*¥b1*b2"4*¥b3 4 472 + 28%al"4*a2 2*%a3 " 2%ad"4*b172*¥b274*b3 " 4*b4d T2 +
46*al173*a272%a3 " 2%ad " 4*b173*b274*b3"4*b4T2 4+ 28%alT2*a2 " 2%a3 " 2%ad "4*b1 " 4*b2"4*b3 " 4*b472 +
T*al*a2 2%a372*ad"4*b175*b274*b3 " 4*b4™2 + al H5*a2*a3 2*ad "4*b1*b275*b3"4*b4d "2 +

T*al 4*a2*a3 " 2*ad"4*b172*b275*b3 7 4*b4 72 + 12*al"3*a2*a3d 2*ad"4*b173* b2 5*b3 4*b4"2 +
T*al 2*a2*a3 " 2*ad"4*b1 " 4*b275*b374*b472 + al*a2*a3 2*ad " 4*b1 " 5*b275*b3"4*b4 "2 +
al"3%*a372%ad4"4*b173*b276*b3 " 4*b4T2 + al"4*a2 5*a3*ad "4*b172*b2*b3 " H5*b4d "2 +

2*%a173%*a2 5*a3*ad " 4*b173*b2*b375*b472 4+ al"2*a2 5*a3*ad"4*¥b1"4*b2*b3"5*b4 "2 +

al"b*a2 4*a3*ad " 4*b1*b272*b375*b472 + T*al 4*a2 4*a3*ad"4*b172*b2"2*b375*¥b4 "2 +
12*al”3*a2 4*a3*ad " 4*b173*b272*b3 5*b472 + T*al 2*a2 4*a3*ad " 4*b174*b2"2*b3"5*b4 "2 +
al*a2 4*a3*ad " 4*b175*b272*b375*b472 + 2*al " 5*a2 3*a3*ad"4*b1*b273*b3 "5 b4 72 +
12*al”4*a2 " 3*a3*ad " 4*b172*b273*b3 " 5*b4 72 + 20*al " 3*a2 3*a3*ad " 4*b173*b273*b3"5*b42 +
12*al"2%a2 " 3*a3*ad"4*b1"4*b273*b3"5*b4"2 + 2*al*a2 3*a3*ad"4*b1"5*b273*b3"5*b4"2 +
al"5*a272%a3%*ad " 4*b1*b274*b3"5*b472 + T*al 4*a2 2*a3*ad " 4*¥b172*b2"4*b3"5*b4 72 +
12*al”3*a2 2*a3*ad " 4*b1"3*b274*b3 5*b472 + T*al 2*a2 2*a3*ad "4*b174*b2"4*b375*b4 "2 +
al*a2 2*a3*ad " 4*b175*b2"4*b375*b472 + al"4*a2*a3*ad”4*b172*b2 5 b3 5*¥b4 2 +
2*al"3*a2*a3*ad 4*b173*b275*b3 7 5*b472 + al 2*a2*a3d*ad " 4*b1"4*b275*b3"5*b4 "2 +
al"3%*a2"4%a4"4*b173*b272*b3T6*b472 + al"4*a2 " 3*ad " 4*¥b172*b273*b3"6*¥b4 "2 +
2*al173%*a2"3*ad"4*b173*b273*b3T6*b42 + al"2*a273*ad"4*b174*b273*b3"6*b4d "2 +
al"3%a272%a4"4*b173*b274*b3T6*b4d "2 + al"4*a2 4*a3"6%ad"3*b172*¥b272*b473 +

2*al"3*a2 4*a3 " 6*a4"3*b173*b272*b473 + al 2%*a2 4*a3 6*ad"3*b1"4*b272*¥b473 +
2*al"4*a2”3*%a3 " 6*ad"3*b1 2*b273*b473 + 4*al"3*a2 3*a3 " 6*ad " 3*b173*b273*b4"3 +
2*¥a172%a273*a3 " 6*ad " 3*b174*b273*b4d"3 + al"4*a272*a3 " 6*ad " 3*b172*%b274*h473 +
2*al173%*a272*a3 6*a4 " 3*b173*b2"4*b4"3 + al"2%*a2 2*a3 " 6*ad " 3*b1"4*b274*b4"3 +
2*al174*a275*a3 5*ad " 3*b172*b2*b3* b4 3 4 4*al"3*a2 5*a3 H5*ad " 3*b173*b2*b3* b4 "3 +
2*a172%a275*a3 5*ad " 3* b1 4*b2*b3* b4 "3 4 2*al"5*a2 4*a3 " 5*ad " 3*b1*b272*b3* b4 "3 -
12*al"4*a2 4*a3 " 5*ad " 3*b172*b272*b3*b4™3 + 20*al”3*a2 4*a3 H5*ad"3*b1 " 3*b2 2*b3*b4"3 +
12*al"2*a2 4*a3" 5*ad " 3*b1 " 4*b272*b3*b4™3 + 2*al*a2 4*a3 H5*ad 3*b1 H5*b272*b3*b4"3 +
4*al175*a273%a3 " 5*ad"3*b1*b273*b3*b4™3 + 20*al"4*a2"3*a3 " 5*ad " 3*b172*h273*b3*b473 +
32*al"3%a273%a375%a4"3*b173*b273*b3*b4 "3 4 20*al"2*a2”3*a3 " 5*ad " 3*b174*b273*b3*b4 "3 +
4*al*a273*a3 " 5%a4 " 3*b175*b2 7 3*b3*b473 + 2*al"H*a272%a3 " 5*ad 3*b1*b2 4*b3*b4™3 +
12*al"4*a2"2*%a3 " 5*ad " 3*b172*b274*b3*b4™3 + 20*al”"3*a2 2*a3 H5*ad"3*b1"3*b2"4*b3*b4"3 +
12*al"2*%a272*%a3 5*ad " 3*b1 4*b2"4*b3*b4"3 + 2*al*a2 2*a3 H5*ad 3*b1 H5*b2"4*b3*b4"3 +
2*al"4*a2*%a3"5%ad " 3*b172*¥b275*h3* b4 73 4 4*al"3*a2*a3 " 5*ad " 3*b173*b275*b3* b4 ™3 +
2*%al172%a2%a3"5%ad " 3*b1"4*b275*b3* 473 4+ al"4*a2 6*a3 " 4*ad"3*b172*¥b372%b4 73 4
2*al173%*a276*a3 4*ad4"3*b173*b3 7 2*b4"3 + al"2*a2 6*a3 4*ad"3*b1"4*b3"2*b4"3 +

2*al"5*a2 5*a3 4*ad"3*b1*b2*b372*¥b473 + 12%al 4*a2 H5*a3 " 4*ad " 3*b1 " 2*b2*b372*b473 +
20*al”3*a2 5*a3 " 4*ad " 3*b1"3*b2*b372*b473 + 12*al"2*a2 5*a3 4*ad 3*b1 4*b2*b3 " 2*b4"3 +
2*al*a2 5*a3 " 4%*ad"3*b1 75 b2*¥b3T2*%b473 + al"6*a2 4*a3 " 4*ad"3*b2"2*¥b372%¥b4 73 +

12*al”5%a2 4*a3 4*ad"3*b1*b272*b372*b4"3 + 46*al"4*a2 4*a3 " 4*ad " 3*b172*b272*b3"2*b4 73 +
70*al"3%a2 4%a3 " 4*ad " 3*b173*b272*¥b372*%b4 73 + 46*al"2*a2 4*a3"4*a4"3*b1"4*¥b272*¥b3"2*b473 +
12*al*a2 4*a3"4*a4"3*b175*b272*b372*b4"3 + a2 4*a3 4*ad"3*b176*b2"2*b372*¥b4 "3 4+
2*%al176%*a2"3*a3 " 4*a4"3*b273*b372*¥b4 73 + 20*al"5*a2"3*a3 " 4*ad " 3*b1*b2"3*b3 " 2*¥b4 "3 +
70*al"4*a2"3%a3 4*ad"3*b172*b273*b372*b4™3 + 104*al"3*a2 3*a3 4*ad " 3*b173*b2"3*b372*b4 "3 +
70*al"2%a2"3%a3 " 4*ad"3*b1"4*b273*b372*%b473 + 20*al*a2”3*a3 " 4*ad " 3*b175*b273*b3"2*%b4 73 +



2*a273%a374*ad"3*b176*b273*b372*b473 + al 6% a272*a3 4*ad"3*b274*b3"2*b4"3 +
12*%al”5*a272%a3"4*ad " 3*b1*b274*b372*b4 73 4 46%al"4*a2"2%a3 " 4*ad"3*b172¥b274*¥b372¥b4 "3 +
70*al”3%a272%a374*ad " 3*b173*b274*b3T2*b4 73 + 46*al"2%a272*a3"4*ad"3*b174*b274*b3"2*b4 73 +
12*al*a272*a374*ad"3*b1 7 5*b274*b372*b4 "3 + a2 2*a3"4*ad " 3*b176*b2"4*b3"2*bd "3 +
2*al”5%*a2%a3"4*a4"3*b1*b275*b372*b4 "3 + 12*al"4*a2*a3"4*ad " 3*b1"2*b275*b3"2*bd "3 +
20*al"3*a2%a3"4*ad"3*b1"3*b275%b372*b4"3 + 12*al"2%*a2*a3 " 4*ad"3*b1"4*b2"5*b3"2*b4d"3 +
2*al*a2*a3"4*a4"3*b175*b275*b372*%b4 73 4 al"4*a3 4*ad"3*b172*b276*b372*b4 73 +
2*al73%a3"4*ad"3*b173*b276*b372*b473 + al"2*a3"4*ad"3*b174*b276*b372*h4 "3 +
2*al"4*a276*a3"3%ad"3*b172*b373*b4 3 4 4*al"3*a2"6*a3 " 3*a4"3*b173*b373*h4 "3 +
2*al72%a276*a3"3%ad"3*b1"4*b373*b4 "3 + 4*al " 5*a2"5%*a3 " 3*ad"3*b1*b2*b373*b4"3 +
20*al"4*a2"5*a3"3%a4"3*b1"2*b2*b373*b4"3 + 32*al"3*a2”5*a3"3*ad"3*b1"3*b2*b373*b4"3 +
20*al"2%*a2"5*a3"3%ad"3*b1"4*b2*b373*b4"3 + 4*al*a275%a3 " 3*ad"3*b1 5*b2*b3"3*b4 "3 +
2*al”6%a2 4*a3"3%ad"3*b272*b373*b4 3 4+ 20*al"H*a2 4*a3 " 3*ad"3*b1*b272*b3"3*bd "3 +
70*al"4*a2 " 4*a373*ad"3*b172*b272*b373*b4 3 + 104*al"3*a2"4*a3"3%*ad"3*b173*b272*b3"3*b4 "3 +
70*al"2%a2"4*a3"3%ad " 3*b1"4*b272*b373*b4 73 + 20*al*a2 4*a3"3*ad"3*b175*b272*b373*b473 +
2*a274*a373*ad"3*b176*b272*b373*b473 + 4*al"6%a2"3*a3"3*ad"3*b273*b3"3*bd"3 +
32*al"5*a2"3*a3"3%ad"3*b1*b273*b373*b4"3 + 104*al"4*a2"3*a3"3*ad " 3*b12*b273*b3"3*bd"3 +
152*al"3*a2"3%*a3"3*ad"3*b173*b273*b373*b4"3 + 104*al"2%a2 3*a3"3*ad"3*b1 " 4*b273*b3"3*b4 "3
+ 32*al*a273*a3"3%*ad4"3*b175*b273*b373*b4 "3 + 4*a273*a3"3*ad4"3*b176*b273*b373*b4"3 +
2*al”6%a272*a373%ad"3*b274*b373*b4 3 4 20*al " H*a2"2*a3 " 3*ad"3*b1*b2"4*b3"3*bd "3 +
70*al"4*a2"2*%a3"3%ad"3*b172*b274*b373*b4 "3 + 104*al"3*a2"2*a3 " 3*ad"3*b173*b274*b3"3*b4"3 +
70*al"2%a272%a3"3%ad " 3*b1"4*b274*b373*b473 + 20*al*a2 2%*a3"3*ad " 3*b1 5*b274*b3"3*b4"3 +
2*%a272%a373*a4"3*b176*¥b2"4*b373*b4 "3 + 4*al"H*a2%a3"3%*ad"3*b1*b275*b373*h4 "3 +
20*al"4*a2%a3"3*ad"3*b172*b275*b373*h473 + 32*al"3*a2*a3"3*ad"3*b173*b275*b373*b4 "3 +
20*al"2%*a2%a3"3*ad"3*b174*b275*b373*b473 + 4*al*a2*a3"3*ad " 3*b1 5 b2 5*b3"3*bd "3 +
2*al"4*a373*ad"3*b172*b276*b373*b473 + 4*al"3*a3"3*ad"3*b173*b276*b373*b4"3 +
2*al"2%a373*ad"3*b174*b276*b373*b473 + al"4*a276*a3 2%*a4"3*b1"2*b3"4*b4"3 +
2*al"3%a276*a3"2%a4"3*b1"3*b3"4*b4"3 + al 2*a276*a3 2*ad"3*b1"4*b3"4*b4"3 +
2*al”5%*a275*a3"2%ad " 3*b1*b2*b3"4*b4 73 + 12%al"4*a275%a3 " 2%ad"3*¥b172*¥b2*b3"4*bd "3 +
20*al”3%a2"5*a3"2%ad"3*b1"3*b2*h374*h473 + 12*al"2%a2 5*a3"2*ad " 3*b1"4*b2*b374*b4 "3 +
2*al*a2”5%a372*ad"3*b175*b2*b374*b473 4 al " 6*a2 4*a3 " 2*ad"3*b272*bh374*b4"3 +
12*al"5*a2"4*a3"2*a4 " 3*b1*b272*b374*b4 "3 + 46*al"4*a2"4*a3"2%ad4"3*b1"2*b272*b3"4*b4 "3 +
70*al"3%a2 7 4*a3"2%ad " 3*b1"3*b272*b374*b4 73 + 46*al"2%a2"4*a3 2%a4"3*b1"4*b272*b3"4*b4 "3 +
12*al*a274*a372*a4"3*b175%¥b272*b374*¥b473 + a2"4*a3"2*ad"3*b176*h272*b3"4*h473 +
2*al”6%a2"3*a3"2%ad"3*b273*b3"4*b473 4+ 20*al"H*a2"3*a3 2*ad"3*b1*b273*b3"4*bd "3 +
70*al"4*a2"3*a3"2*ad " 3*b172*b273*b3"4*b4 "3 + 104*al"3*a2"3*a3 2%*ad"3*b173*b273*b3"4*b4"3 +
70*al"2%a2"3*a3"2*ad " 3*b1"4*b273*b374*b473 + 20*al*a2 3*a3"2*ad"3*b175*b273*b3"4*b4"3 +
2*a273%a372*ad"3*b176*b273*b374*b473 + al"6%a2"2*a3 2%*ad"3*b274*b3"4*b4"3 +
12*al"5%a272%a372%a4 " 3*b1*b274*b374*b473 + 46*al”"4*a272%a372%ad"3*b172*b274*b3"4*b4 "3 +
70*al”3%a272%a372%ad " 3*b173*b274*b374*b4 73 + 46*al"2%a272*a37 2% ad"3*b174*¥b274*¥b3"4*¥b4 "3 +
12*al*a272*a372%ad"3*b1 " 5*b274*b3"4*b4 73 + a2 2*a3"2*ad " 3*b176*b2"4*b3"4*bd "3 +
2*al”5%*a2%a372*a4"3*b1*b275*b3"4*b4 73 + 12*al"4*a2*a3"2*ad " 3*b172*b275*b3"4*bd "3 +
20*al"3*a2%*a3"2%ad"3*b1"3*b275%b3"4*b4"3 + 12*al"2%*a2*a3 " 2*ad"3*b1"4*b2"5*b3"4*b4"3 +
2*al*a2*a3"2%ad"3*b1"5*b275*b3"4*b473 + al " 4*a3 2%*ad " 3*b172*b276*b3"4*bd "3 +
2*al173%a372*ad"3*b173*b276*b374*b4™3 + al"2*a3"2*ad"3*b174*b276*b374*h4 "3 +
2*al"4*a2"5*a3*ad"3*b172*¥b2*b3"5*b4 73 + 4*al " 3*a2"5*a3*ad " 3*b1"3*b2*b3"5*b4"3 +
2*al72%a275*a3*ad"3*b174*b2*b375*b4 73 + 2*al " h*a2 4*a3*ad"3*b1*b272*b3"5*b4"3 +
12*al"4*a2"4*a3%ad"3*b172*b272*b375*b4 "3 + 20*al"3*a2 4*a3*ad " 3*b1"3*b272*b3"5*b4"3 +
12*al™2*a2"4*a3%a4"3*b1"4*b272*b3"5*b4 "3 4 2*al*a2"4*a3*ad"3*b1"5*b272*¥b375*b473 +
4*al"5*a2"3*a3*ad"3*b1*b273*h375*bd 73 + 20*al"4*a2"3*a3*ad"3*b172*¥bh273*b3"5*h473 +
32*al"3%a2"3*a3*ad"3*b173*b273*b375*h473 + 20*al"2*a2 3*a3*ad"3*b174*b273*b3"5*b4"3 +
4*al*a2”3*a3%*ad4"3*b175*b273*b3"5*b4"3 + 2*al"H*a2 2%*a3%ad"3*b1*b2"4*b3"5*b4"3 +
12*al"4*a2"2%a3%a4"3*b172*b274*b375*b4 "3 + 20*al"3*a2 2*a3*ad " 3*b1"3*b274*b375*b4"3 +
12*al™2*a2"2%*a3%a4"3*b1"4*b274*b375*b4 "3 4 2*al*a2 2*a3*ad"3*b1"5*b274*b3"5*b4 73 +
2*al"4*a2%a3*ad"3*b12*b275*b375*b4 "3 4 4*al"3*a2*a3%*ad"3*b173*b275*¥b375*b4 73 +
2*al172%a2%a3%ad " 3*b1 " 4*b275*b3T5*b4 "3 + al " 4*a2 4*ad " 3*b172*¥b272*b3T6*bd 3 +
2*al73%a274*ad"3*b173*b272*b376*b473 + al"2*a2 4*a4"3*b174*b272*b376*h4 "3 +
2*al"4*a2"3*ad"3*b172*b273*b376*b473 + 4*al"3*a2"3*ad"3*b173*b273*b376*b4"3 +
2*al"2%a273*ad"3*b174*b273*b376*b4"3 + al"4*a2"2*a4"3*b172*b274*b376*b4 "3 +
2*al"3%a272*ad"3*b173*b274*b376*b473 + al"2%*a2"2*a4"3*b174*b274*b376*b4 "3 +
al”3%a274*a376*ad"2*b173*b272*b474 4 al " 4*a2”3*a3 " 6*ad"2*¥b172*¥b273*b4 "4 +



2*al"3*a2"3%a3 6*a4 2*¥b173*b273*b4™4 + al 2*a2 3*a3 6*ad 2*b1 4*b273*b4"4 +
al"3%*a272%a3"6*a4"2*b173*b274*b4 ™4 4+ al"4*a2 5*a3 H5*ad " 2*b172*b2*b3*h4™4 +

2*a173%*a2 5*a3 5*ad " 2*b173*b2*b3* b4 "4 4 al"2*a2”5*a3 H*ad " 2*b1"4*b2*b3*b4™4 +

al"5*a2 4*a3 " 5*ad " 2*b1*b272*b3*b4 "4 + T*al 4*a2 4*a3 " 5*ad " 2*b172*¥b272*b3*¥b4 "4 +
12*al"3*a2 4*a3 " 5*ad 2*b173*b272*b3*b4™4 + T*al 2*a2 4*a3 " 5*ad " 2*b1"4*b272*b3*b4d "4 +
al*a2 4*a3 H5*ad 2*b175*b272*¥b3* b4 4 + 2*al " 5*a2 3*a3 " 5*ad 2*b1*b2"3*b3*b4 "4 +
12*al”4*a2"3*a3 " 5*ad "2*b172*b2"3*b3*b4™4 + 20*al"3*a2 " 3*a3 " 5*ad "2*b173*bh2"3*b3*h4 "4 +
12*al"2%a2"3*a3 " 5*ad"2*¥b1"4*b273*b3*b4™4 + 2*al*a2 3*a3 " 5*ad " 2*¥b175*b273*b3*b4 "4 +
al"5*a272%a3 " 5*ad " 2*b1*h274*b3*b4 "4 + T*al 4*a2 7 2%a3 " 5*ad"2*b172*¥b274*b3*b4 "4 +
12*al73*a2 2*a3 " 5*ad " 2*b173*b2 4*b3*b4d™4 + T*al 2*a272%*a3 " 5*ad " 2*b1"4*b274*b3*b4 "4 +
al*a2 2*a3 " 5*ad 2*b1 5*b2"4*b3* b4 4 + al " 4*a2*a3 H*ad 2*b172*b2 5*b3*b4"4 +
2*al"3*a2*a3 5*ad " 2*b173*b275*b3*b4"4 + al 2*a2*a3d H*ad 2*b1 4*b2 5*b3*b4d "4 +
al"3*a276%a3 " 4*a4"2*b173*b372*¥b4 ™4 + al"5*a2 5*a3 4*ad " 2*b1*b2*¥b3T2*%h4™4 +

T*al"4*a275%a3 4*ad"2*¥b172*b2*b3 " 2*b4™4 + 12*al”"3*a2 5*a3 4*ad"2*b173*b2*b3"2*b4™4 +
T*al"2*a2 5%a3 4*ad"2*¥b174*b2*b3"2*b4"4 + al*a2 5*a3 4*ad " 2*b175*b2*b3"2*b4d "4 +

T*al"H*a2 4*a3 4*ad"2*b1*b272*b372*b4 74 + 28*al"4*a2 4*a3 4*ad " 2*b172*¥b272*b3 " 2*b4 "4 +
46*al"3*a2 4*a3"4*a4 " 2*¥b173*b272*b372*%b4 "4 4 28%al"2*a2 4*a3 " 4*ad " 2*b1"4*b272*b372*%b4"4 +
T*al*a2 4*a3"4*a4"2*b175*b272*¥b372*b4™4 + al"6*a2”3*a3"4*ad"2*b2"3*b372*¥b4 "4 +

12*al”5%a2 " 3*a3 4*ad " 2*b1*b273*b3"2*b4™4 + 46*al"4*a2 " 3*a3 4*ad " 2*¥b172*b273*b3"2*b4 "4 +
70*al"3%a2"3%a3 4*ad " 2*b173*b273*b372*b4 ™4 + 46*al"2*%a2”3*a3 " 4*ad " 2*b1"4*b273*b3 " 2*b4 "4 +
12*al*a2”3*a3 4*a4 2*b1"5*b273*b372*b4d™4 + a2"3*a3 4*ad"2*b176*b2"3*b372*¥b4 "4 +

T*al"H*a2 2%¥a3 4*ad " 2*b1*b274*b372*¥b4 74 + 28*al"4*a2 2%*a3 4*ad 2*¥b172*b274*b3"2*b4 "4 +
46*al"3*a272*%a3 " 4%*ad"2*¥b173*b274*b3 T 2*¥b4d ™4 + 28*al"2%a2 2%a3 4*ad " 2*b174*b2"4*b3"2*%b4 ™4 +
T*al*a2 2%a3"4*a4"2*b175*b2"4*b372*b4™4 + al " H*a2*a3 4*ad"2*b1*b275*b3"2*b4 "4 +
T*al"4*a2%*a3"4*ad"2*b172*b275*b3 " 2*b4"4 + 12*al"3*a2*a3 " 4*ad " 2*b173*b275*b3"2*b4"4 +
T*al"2*a2%a3"4*ad"2*b174*b275*b3 7 2*b4"4 + al*a2*a3 " 4*ad 2*b175*b275*b3 2*b4d"4 +
al"3*a3"4*ad"2*b173*b276*b3"2*b4™4 + al"4*a2 6*a3 " 3*ad 2*b1 2*b373*b4™4 +

2*al"3*a2 6*a3" 3*ad 2*¥b1 7 3*b373*b4d™4 + al"2%*a2 6*a3 3*ad 2*b1 4*b3"3*b4"4 +

2*¥al175%a2 " 5*a3 3*%ad " 2*b1*¥b2*b3 3% b4 ™4 + 12*al"4*a2”5%a3"3*ad"2*b172*¥b2*b373*b4 "4 +
20*al"3*a2”5%a373*a4"2*b173*b2*b373*b4 "4 4 12*al"2*%a2”5%a3 " 3*ad " 2*b1"4*b2*b3"3*b4 ™4 +
2*al*a2 5*a3"3%ad " 2*b175*b2*¥b3 7 3*b4 "4 4 al T 6*a2 4*a3 " 3*ad"2*b272*b373* b4 "4 +

12*al"5*a2 4*a3 " 3*ad 2*b1*b272*b3 " 3*b4 ™4 + 46*al”"4*a2 4*a3 " 3*ad 2*¥b12*b272*b3"3*b4 ™4 +
70*al”3*a2 4*a3 3*ad 2*b173*b272*b3 " 3*b4d "4 + 46*al 2%¥a2 4*a3 3*ad 2*b1 4*b22*b373*b4™4 +
12*al*a2”4*a3"3%ad " 2*b175*b272*b373*b4 "4 + a2”4*a3 " 3*ad"2*b176*b272*b3"3*b4 "4 +
2*al176%*a2"3*a3 " 3*ad"2*b273*b373*b4 ™4 + 20*al"5*a2"3*a3 " 3*ad " 2*b1*b273*b3"3*b4 "4 +
70*al"4*a2"3*a3 " 3*ad " 2*b172*b273*b373*b4™4 + 104*al"3*a2"3*a3 3*ad"2*b173*b273*b373*b4 4 +
70*al"2%a2"3%a3 " 3*ad " 2*b1 4*b273*b373*b4™4 + 20*al*a2”3*a3 " 3*ad " 2*b1 5*b273*b373*b4 ™4 +
2*a273*a3"3%ad4 " 2*b176*b273*b3"3*b4d™4 4 al 6*a2 2*a3 3*ad 2*b24*b3"3*b4 "4 +

12*al”5%a2 " 2*a3 " 3*%ad " 2*b1*b274*b3"3*b4d"4 + 46*al"4*a272*a3 " 3*ad " 2*¥b172*h274*b3"3*b4 "4 +
70*al"3%a272%a3"3*ad " 2*b173*b274*b373*b4™4 + 46*al"2*%a2"2%a3"3*ad " 2*b1"4*b274*h3"3*b4"4 +
12*al*a22*%a3"3%ad"2*b175*b274*b373*b4d™4 + a2"2*a3 3*ad " 2*b176*b2"4*b373*b4 4 +
2*al175*a2%a3"3%ad " 2*b1*b275*b373* b4 ™4 4 12*al"4*a2*a3 " 3*ad"2*b172*b2"5*b373*b4 "4 4
20*al”3*a2*a3 " 3*ad " 2*b173*b275*b373*b4 ™4 + 12*al"2*a2*a3d 3*ad 2*b1 4*b2 5*b3 " 3*b4"4 +
2*al*a2%a3 " 3*ad"2*b1 7 5*b2 5*b373* b4 "4 + al"4*a3"3*ad " 2*b172*¥b276*b3 " 3*b4 "4 +
2*a173%*a3"3*a4"2*b173*b276* b3 "3*b44 + al"2*a3 " 3*ad " 2*b174*b276*b3 " 3*b4 "4 +
al"3%*a276%a3"2*a4"2*b173*b3"4*b4 ™4 + al"5*a2 5*a3 2*%ad " 2*b1*b2*b3 4% b4 4 +
T*al™4*a275%a3 " 2%ad"2*¥b172*b2*b3 " 4*b4™4 + 12*al"3*a2 5*a3 " 2%ad " 2*b173*b2*b3 " 4*b4™4 +
T*al"2*a2 5*a3 " 2%ad " 2*b174*b2*b3 " 4*b474 + al*a2 H*ad " 2%*ad " 2*b175*b2*b3 " 4*b4 ™4 +

T*al"H*a2 4*a3 " 2%ad " 2*b1*b272*b374*b4 ™4 + 28*al"4*a2 4*a3 " 2*ad 2*b172*b272*b3"4*b4 "4 +
46*al"3*a2 7 4*a3"2%ad"2*¥b173*b272*b3 " 4*b4d ™4 + 28*al"2%a2 4*a3 2*%ad " 2*b174*b2"2*¥b3 " 4*h4 ™4 +
T*al*a2 4*a3"2%a4"2*b1"5*b272*¥b3 " 4*b4™4 + al"6*a2”3*a3 " 2*ad"2*b2"3*b3"4*b4 "4 +

12*al”5%a2 " 3*a3 " 2*%ad " 2*b1*b273*b3 4*b4™4 + 46*al"4*a2 " 3*a3 " 2%ad " 2*b172*b273*b3 " 4*b4 ™4 +
70*al”3*a2"3*a3 2*ad"2*b173*b273*b3"4*b4™4 + 46*al"2%¥a2”3*a3 2*ad 2*b174*b273*b3 " 4*b4 ™4 +
12*al*a2”3*a3"2%a4 2*b1 " 5*b273*b374*b4d™4 + a2 3*a3 2*ad " 2*b176*b2"3*b3"4*b4 "4 +
T*al"5*a272*%a3 " 2%ad "2*¥b1*b2"4*¥b3 " 4* b4 4 + 28%al"4*a2 2*%a3 " 2%ad " 2*¥b172*¥b274*b3 " 4*bd "4 +
46*al”3*a272*%a3"2%ad"2*¥b173*b274*b3 " 4*b4d "4 + 28*al"2%a272%a3 " 2%ad " 2*b174*b2"4*b3 " 4*b4 ™4 +
T*al*a2 2%a372%a4"2*b175*b274*b3 " 4*b4™4 + al " H5*a2*a3 2*ad4 " 2*b1*b275*b3"4*b4d "4 +
T*al"4*a2%a372*ad"2*b172*¥b275*b3 " 4*b4™4 + 12*al”3*a2%a3 " 2*ad 2*b173*b275*b3 " 4*b4"4 +

T*al 2*a2*a3 " 2*ad"2*b1 4*b275*b3 4*b4™4 + al*a2*a3 " 2*ad " 2*b1 5*b275*b3 " 4*b4d ™4 +

al " 3*a3"2%ad"2*b173*b276* b3 4*b4™4 + al"4*a2 5*a3*ad " 2*¥b1 2*¥b2*b3"5*b4 "4 +

2*al173*a2 " 5*a3*ad " 2*b173*b2*b375* b4 4 + al"2*a2 5*a3*ad"2*¥b174*h2*b3"5*b4 4 +



al”b*a2 4*a3*ad " 2*b1*b272*b375*b4 74 + T*al 4*a2 4*a3*ad " 2*b172*b272*b3 " 5*b4 ™4 +
12*al”3*a2"4*a3%ad"2*b173*b272*b375*b4 "4 4+ T*al 2%a2 4*a3*ad"2*b1"4*b272*b3 "5 b4 T4 +
al*a2”4*a3%ad"2*b175*b272*b375*b474 4+ 2*al H5*a2 3*a3*ad " 2*b1*b273*b375*b4 4 +
12*al"4*a273%a3%ad"2*b172*b273*b375*b4 "4 4+ 20*al"3*a2"3*a3*ad " 2*b1"3*b273*b3"5*bd "4 +
12*al™2*a2"3%*a3%a4"2*b174*b273*b3"5*b4 "4 + 2*al*a2"3*a3*ad"2*b175*b273*b3 5*b4 "4 +
al”b*a272*a3*ad " 2*b1*b274*b3"5*b4 74 + T*al 4*a2 2%a3*ad " 2*b172*b2"4*b3"5*b4 ™4 +
12*al™3%a2"2%a3*ad"2*b173*h274*b375*b4 74 + T*al 2*a2"2*a3%ad"2*b174*H2"4*b375*b4 4 +
al*a2™2%*a3%ad"2*b175*b274*b3"5*b4 ™4 4+ al " 4*a2*a3*ad"2*¥b172*b275*b3"5*¥b4 "4 +
2*al173%a2%a3%ad"2*b173*b275*b375*b4 4 4+ al"2*a2*a3*ad"2*¥b174*b275*b3"5*b4 "4 +
al”3%a274*ad"2*b173*b272*b376*b4™4 + al"4*a2"3*ad"2*b172*b273*b376*b4"4 +
2*al"3%a273*ad"2*b173*b273*b376* b4 4 + al"2%*a2"3*a4"2*b174*b273*b376*b4 "4 +
al”3%a272*ad"2*b173*b274*b376*b4™4 + al 4*a2 4*a3 5*ad*b1"2*b272*b3*b4 "5 +
2*al173%a274*a3"5%*ad*b173*b272*b3*b4 75 4 al " 2*a2"4*a3 " 5*ad*b14*b272*b3*b4 75 +
2*al"4*a273*a3"5%ad*b172*¥b273*h3*bd ™5 + 4*al " 3*a2"3*a3 5*ad*b1"3*b273*b3*b4d "5 +
2*al72%a273*a3 " 5*ad*b174*b273*b3*b475 + al " 4*a2"2*a3 " 5*ad*b12*b2"4*b3*h4"5 +
2*al"3%a272*a3 5%*ad*b173*b274*b3*b475 + al " 2*a2 2*a3 " 5*ad*bl"4*b274*b3*b4"5 +
al”4*a275*a3 " 4*a4*b172*b2*b372*b475 4 2*al”3*a2 5%*a3 " 4*ad*b1"3*b2*b372*b4"5 +
al™2*a275*a3"4*ad*b174*b2*b372*b475 + al h*a2 4*a3 4*ad*b1*¥b272*¥b372*¥b4"5 +
T*al"4*a2 4*a3"4*ad*b172*b272*¥b372*b475 + 12*al"3*a2 4*a3"4*ad*b1"3*b272*b3"2*b4 75 +
T*al"2%a2 " 4*a3"4*ad*b174*b272*¥b372*¥b475 + al*a2 4*a3"4*ad*b175*b272*b372*b4 75 +
2*al”5%a273*a3 " 4*a4*b1*b273*b372*b4 75 + 12*al"4*a273*a3 " 4*ad*b1"2*b273*b3"2*bd "5 +
20*al"3%a2"3*a3 4*a4*b173*b273*b372*b4"5 + 12*al"2%*a2"3*a3 4*ad*b1"4*b273*b3"2*b4"5 +
2*al*a273%a3 " 4*ad*b175*b273*b372*%b4 "5 + al”5*a2 2%*a3 4*ad*b1*b24*b372*b4 75 +
T*al"4*a272%a3"4*ad*b172*¥b274*b372*¥b475 + 12*al"3*a2 2%*a3"4*ad*b1 " 3*b2"4*b3"2*b4 75 +
T*al"2%a272*%a374*ad*b174*b274*b372*¥b475 + al*a2"2*a3"4*ad4*b1"5*b274*b3"2*b4 75 +
al”4*a2%*a3"4*ad*b172*b275*b3"2*b475 4 2*al " 3*a2*a3"4*ad*b173*bh2"5*b372*b4"5 +
al”2%*a2%*a3"4*ad*b174*b275*b372*b475 4 2*al " 4*a2 5%a3 " 3*ad*b1"2*b2*b373*b4"5 +
4*al”3*a275%a3"3*ad*b1"3*b2*b373*b4"5 4 2*al"2*a2”5*a3"3*ad*b1"4*b2*b3 " 3*b4"5 +
2*al75%*a274*a373%ad*b1*b272*b373*b4 75 + 12%al"4*a274*a3 " 3*ad*b12*b272*b373*bd 75 +
20*al"3%a2"4*a3"3%ad*b173*b272*h373*b475 + 12*al"2%a2 4*a3"3*ad*b1"4*b272*b373*b4"5 +
2*al*a2”4*a3"3*a4*b1 7 5*b272*b3"3*b4 75 + 4*al " Hh*a2"3*a3 " 3*ad*b1*b273*b3"3*b4"5 +
20*al"4*a2"3*a3"3%ad*b172*b273*b373*b4"5 + 32*al"3*a2"3*a3"3*ad*b173*b273*b373*b4"5 +
20*al"2%*a2"3*a3"3%a4*b174*b273*b373*b4"5 + 4*al*a273*a3 " 3*ad*b1 " 5*b273*b3"3*bd "5 +
2*al"h*a272%a3"3*ad*b1*b274*b373*b4 "5 4 12*al"4*a2"2*a3"3*ad*b1"2*b274*b373*b4 75 +
20*al"3%a272*a3"3%ad*b173*b274*b373*b475 + 12*al”"2%a2 2*a3"3*ad*b1"4*b274*b373*b4"5 +
2*al*a2"2%a373*ad*b1 " 5*b274*b3"3*b4 75 + 2*al " 4*a2*a3"3*ad*b172*b275*b373*b4"5 +
4*al”3*a2*a3"3*ad*b173*b275*b3"3*b4"5 + 2*al"2*a2*a3 " 3*ad*b174*b2"5*b373*b4"5 +
al”4*a275*a3"2%*a4*b172*b2*b374*b475 4 2*al”3*a2 5*a3 " 2*ad*b1"3*b2*b374*b4"5 +
al"2*a2"5*a3"2*ad*b174*¥b2*h374*b4™5 + al”h*a2 4*a3"2%ad*b1*bh272*H3"4*b475 +
T*al"4*a2 " 4*a372%ad*b172*¥b272*¥b374*b475 + 12*%al"3*a2 4*a3"2*ad*b1"3*b272*b3"4*b4 75 +
T*al"2%a2 4*a372*ad*b174*b272*¥b374*b475 + al*a2 4*a3"2*ad*b1"5*b272*b3"4*b4 75 +
2*al”5%a273*a372%a4*b1*b273*b3"4*b475 + 12*al " 4*a273*a3 2*ad*b1"2*b2"3*b3"4*bd "5 +
20*al"3%a2"3*a3 2%*a4*b173*b273*b374*b4"5 + 12*al"2%*a2"3*a3"2*ad*b174*b273*b3"4*b4"5 +
2*al*a273%a3"2*ad*b1"5*b273*b374*b4"5 4 al”h*a2 2%*a3 2*ad*b1*b274*b374*b475 +
T*al"4*a272%a372%ad*b172*¥b274*¥b374*b475 + 12*%al"3*a2"2%a3"2*ad*b1 " 3*b2 4*b3"4*b4 75 +
T*al"2%a272%a372%ad*b174*b274*b374*b475 + al*a2"2*a3 " 2%*ad*b175*b274*b3"4*b475 +
al”4*a2%*a3"2*ad*b172*b275*b3"4*b475 4 2*al " 3*a2*a3"2%*ad*b173*h275*b374*b4"5 +
al"2%*a2%*a3"2*ad*b174*b275*b374*b4 75 + al " 4*a2"4*a3*ad*b172*b272*b3"5*b4"5 +
2*al"3%a2 4*a3*ad*b173*b272*b375*b4 "5 + al”2*a2 4*a3*ad*b174*b272*b375*b475 +
2*al"4*a2"3*a3%*ad*b1"2*b273*b375*b4 "5 + 4*al"3*a2"3*a3*ad*b173*b273*b3"5*b4 75 +
2*al72%a273*a3*ad*b1 " 4*b273*b375*b4 75 4 al " 4*a2"2*a3*ad*b172*¥b274*b375*b475 +
2*al73%a272*a3*ad*b173*b274*b375*b475 + al " 2*a2"2*a3*ad*b174*b274*b375*b475 +
al”3%a274*a374*b173*b272*b372*b476 + al 4*a2"3*a3"4*b172*b273*b372*b476 +
2*al"3%a273*a3"4*b173*b273*b372*b476 + al"2*a2"3*a3"4*b174*b273*b372*b476 +
al”3*a272*a374*b173*b274*b372*%b476 4 al"4*a2"4*a3"3*b172*b272*¥b373*h4 76 +
2*al173%a274*a373*b173*b272*b373*b476 + al"2*a2 4*a3"3*b174*b272*¥b373*h4 76 +
2*al"4*a273*a373*b172*b273*b373*b476 + 4*al"3*a273*a3"3*b173*b273*h373*b476 +
2*al72%a273*a373*b174*b273*b373*b476 + al"4*a272*a3"3*b172*h274*h373*b4 76 +
2*al73%a272*a373*b173*b274*b373*b476 + al 2%*a272*a3"3*b174*bh274*h373*b476 +
al”3%a274*a3"2*b173*b272*b374*b476 + al 4*a2"3*a3"2*b172*b273*b3"4*b476 +
2*al173%a273*a372*b173*b273*b374*b476 + al"2*a2"3*a3"2*¥b174*b273*b374*h4 "6 +



al™3*a272*a3"2*b173*b274*b3"4*b4"6

c2=sum( f10. find (2*w0))
c2
#This finds all our terms in f10 that have a 2 in them and then adds them \
together. The first set of groups we form will have two of the four a \
variables to the third power and either a third a variable or its \
corresponding b variable to the fourth power.
2*al"3%a273*a3 " 4*a4"6*b1"3*b273*b372 4 2*al"3*a2"4*a3 " 3*ad"6*b173*b272*h373 +
2*al"4*a273*a3"3%ad4"6*b1"2*b273*b373 4 2*al " 2*a273%*a3 " 3*ad " 6*b1"4*b273*b373 +
2*al"3*a272%a373*a4"6*b173*b274*b373 4 2*al"3*a2"3*a3 " 2*ad " 6*b1"3*b273*b374 +
2*al73%a274*a375%ad " 5*b1 " 3*b272*b3*b4 + 2*al"4*a273*a3 " 5*ad"5*b172*b273*b3*bd +
2*al72%a273*a375%ad " 5*b1"4*b273*b3*b4 + 2*al"3*a272*a3 " 5*ad"5*b173*b274*b3*bd +
2*al"3%a275*a3"4*a4"5*b1"3*b2*b372*b4 + 2*al"5*a273*a3 " 4*a4"5*b1*b273*b372*b4 +
2*al*a2"3%a3 " 4*a4"5*b175%b273*b372*b4 + 2*al"3*a2*a3"4*ad " 5*b173*b275*b3"2*b4 +
2*al"4*a2”75*a3"3*ad"5*b172*¥b2*h373*bd 4 2*al"2*a2"5*a3"3*ad " 5*b1"4*h2*b3"3*bd +
2*al”5%*a274*a373%ad " 5*b1*b272*¥b373*bd + 2*al*a2 4*a3"3*ad " 5*b175*b272*b373* b4 +
2*al”5%a272*a373%ad " 5*b1*b274*b373*b4 + 2*al*a2 2*a3"3*ad " 5*b175*b2"4*b3 3% b4 +
2*al"4*a2%a3"3*a4 " 5*b172*b275*b373*b4 + 2*al"2*a2*a3"3*ad 5*b1"4*b275*b3"3* b4 +
2*al"3%a275*a3"2%ad"5*b1"3*b2* b3 4*b4 + 2*al"5*a273*a3 2%ad " 5*b1*b273*b3"4*b4 +
2*al*a2"3%a3"2*ad " 5*b175%b273*b374*b4 + 2*al"3*a2*a3"2*ad " 5*b1"3*b275*b3"4*b4 +
2*al73%a2 4*a3*ad"5*b173*b272*b375*b4 + 2*al"4*a273*a3*ad " 5*b172*b273*b3T5*b4 +
2*al72%a273*a3*ad " 5*b174*b273*b375*b4 + 2*al"3*a2"2*a3*ad " 5*b173*b2"4*b3 " 5*bd +
2*al73%a273*a3"6%ad"4*b1"3*b273*b4 "2 4 2*al"3*a2"5*a3 " 5*ad"4*b173*b2*b3*b4 "2 +
2*al”5%a273*a3 5%ad"4*b1*b273*b3*b472 4 2*al*a2”3*a3 5*ad"4*b175*b273*b3*b4 "2 +
2*al"3%a2%a3"5*ad"4*b173*b275*b3*b4 72 4 2*al"3*a276%*a3 " 3*ad"4*b173*b373*b4 "2 +
2*al"h*a2"5*a3"3*ad " 4*b1*b2*¥b373*b4 "2 4 2*al*a2”5*a3"3*ad"4*b175*b2*¥h3"3*hd "2 +
2*al”6%a273*a3"3%ad"4*b273*b3"3*b4 72 4+ 2*a2”3*a3"3*ad " 4*b176*b273*b3"3*bd T2 +
2*al”5%*a2%a3"3*ad"4*b1*b275*b3"3*b4 72 + 2*al*a2*a3"3*ad"4*b175*b275*b3"3*b4 "2 +
2*al73%a373*ad"4*b173*b276*b373*b472 + 2*al"3*a2 5*a3*ad"4*b173*b2*b3"5*b4 "2 +
2*al"5%a273*a3*ad"4*b1*b273*b3"5*b472 + 2*al*a2 3*a3*ad"4*b175*b273*b3 " 5*b4 "2 +
2*al"3*a2%a3*ad"4*b17"3*b275*b375*b4 "2 4 2*al"3*a2"3*ad 4*b173*b273*b376*b4 "2 +
2*al73%a274*a376%ad"3*b173*b272*b4 73 4 2*al " 4*a2”3*a3 " 6*ad"3*b172*¥b273*b4"3 +
2*al172%a273*a376%ad"3*b1"4*b273*b4 73 4 2*al"3*a2"2*a3 " 6*a4"3*b173*b274*b4"3 +
2*al"4*a275*a3"5%ad"3*b1"2*b2*b3*b4 73 + 2*al"2*a275*a3 " 5*ad"3*b174*b2*b3*b4 "3 +
2*al"5%a274*a3"5%ad"3*b1*b272*b3*b4 "3 + 2*al*a2 4*a3 5*ad"3*b1"5*b272*b3*b473 +
2*al"5%a272*a3 5%ad"3*b1*b274*b3*b4"3 + 2*al*a2 2*a3 5*ad"3*b175*b2"4*b3*b4"3 +
2*al"4*a2%a3"5%ad"3*b172*b275*b3*b4 "3 4 2*al"2*a2*a3"5*ad"3*b174*b275*b3*hbd "3 +
2*al73%a276*a3"4*ad"3*b1"3*b372*b4 73 + 2*al 5*a2 5*a3 " 4*ad"3*b1*b2*b372*b47"3 +
2*al*a2”5%*a3"4*a4"3*b175*b2*b372*b473 + 2*al"6*a2"3*a3 " 4*a4"3*b273*b372*b4"3 +
2*a273%a374*ad"3*b176*b273*b372*b473 + 2*al"5*a2%a3 " 4*ad"3*b1*b275*b3"2*b4 "3 +
2*al*a2*a3"4%*ad"3*b1"5*b275*b3"2*b4 73 + 2*al"3*a3 4*ad " 3*b1"3*b276*b3"2*b4"3 +
2*al"4*a276*a3"3*a4"3*b172*¥b373*b4 "3 4 2*al"2%a2"6*a3 " 3*ad"3*b1"4*b373*b4 "3 +
2*al”6%a2"4*a373%ad"3*b272*b373*b4 3 + 2*a2 4*a3"3*ad " 3*b176*b272*b3"3*bd "3 +
2*al”6%a272*a373%ad"3*b274*b3"3*b4 "3 + 2*a272*a3"3*ad " 3*b176*b2"4*b3"3*bd "3 +
2*al"4*a373*ad"3*b172*b276*b373*b473 + 2*al"2%*a3"3*ad"3*b1"4*b276*b373*b4"3 +
2*al"3%a276*a3 2%a4"3*b1"3*b3"4*b4"3 4 2*al " 5*a2 5%*a3 " 2*ad"3*b1*b2*b374*b473 +
2*al*a2”5%a372%ad"3*b175*b2*b3"4*b4 73 4 2*al"6*a2"3*a3"2*ad " 3*h273*h374*bd 73 +
2*a273%a372*ad"3*b176*b273*b374*b473 + 2*al"5*a2%a3 2%ad"3*b1*b275*b3"4*bd "3 +
2*al*a2*a372%ad"3*b175*b275*b3"4*b4 "3 + 2*al"3*a3"2*ad " 3*b173*b276*b3"4*bd "3 +
2*al"4*a275*a3*ad"3*b172*b2*b3"5*b4 73 + 2*al " 2*a2"5*a3*ad"3*b1"4*b2*b3"5*b4"3 +
2*al"5%a274*a3*ad"3*b1*b272*b3"5*b4 "3 + 2*al*a2 4*a3*ad"3*b175*b272*b3 " 5*b4"3 +
2*al"5%*a272*a3*ad " 3*b1*b274*b3"5*b4d "3 + 2*al*a2 2*a3*ad"3*b175*b274*b3 5*b4"3 +
2*al"4*a2%a3*ad"3*b172*b275*b375*b4 "3 4 2*al”"2*a2*a3%ad"3*b174*b275*b375*b4 73 +
2*al73%a274*ad"3*b173*b272*b376*b4 73 + 2*al"4*a273*ad"3*b172*b273*b376*b4 "3 +
2*al72%a273*ad"3*b174*b273*b376*b473 + 2*al"3*a272*ad"3*b173*b274*b376*b4"3 +
2*al"3%a273*a3"6%ad"2*b1"3*b273*b4 "4 + 2*al"3*a2 5*a3 " 5*ad"2*b173*b2*b3*b4 "4 +
2*al"5%a273*a3 5%ad"2*b1*b273*b3*b4 ™4 + 2*al*a2”3*a3 5*ad " 2*b1"5*b273*b3*b4 "4 +
2*al"3*a2%a3 " 5%ad"2*b173*b275*b3*b4 "4 4 2*al"3*a2"6*a3"3*ad " 2*b173*h373*bd 4 +
2*al”5%*a275*a3”3%ad " 2*b1*b2*b373*b4 4 + 2*al*a2 5*a3"3*ad " 2*b175*b2*b373*b4 "4 +



2*al"6%a273*a3 " 3%ad"2*b273*b3"3*b4 74 + 2*a2"3*a3"3*ad " 2*b176*b273*b3"3*bd ™4 +
2*al"h*a2%a3"3%ad"2*b1*b275*b373*b4 ™4 + 2*al*a2*a3”3*ad"2*b175*b275*¥b3"3*bd ™4 +
2*al173%a373*ad"2*b173*b276*b373*b4 ™4 + 2*al"3*a2 5*a3*ad"2*b173*b2*b3"5*bd 4 +
2*al"5%a273*a3*ad"2*b1*b273*b3"5*b4 74 + 2*al*a2”3*a3*ad"2*b175*b273*b3"5*b4 "4 +
2*al”3%a2%a3%ad"2*b173*b275*b3"5*b4 74 + 2*al"3*a273*ad " 2*b173*b273*b3"6*bd 4 +
2*al"3%a274*a3 5%ad*b173*b272*b3*b4d75 + 2*al " 4*a273*a3 5*ad*b12*b273*b3*b4"5 +
2*al"2*a273*a3"5*ad*b174*b273*h3*b4 "5 4 2*al"3*a2"2*a3"5*ad*b173*b2"4*b3*bd "5 +
2*al73%a275*a3"4*ad*b173*b2*b372*b4 75 + 2*al " h*a2"3*a3 4*ad*b1*b273*¥b372*¥b4"5 +
2*al*a2”3%a3"4*a4*b175*b273*b3"2*b4 75 + 2*al " 3*a2*a3"4*ad*b173*b2"5*b372*b475 +
2*al"4*a275*a3"3%ad*b172*b2*b3"3*b4 75 + 2*al " 2*a275*a3 " 3*ad*b1"4*b2*b373*b4 "5 +
2*al"5%a274*a3"3%a4*b1*b272*b3"3*b4 75 + 2*al*a2 " 4*a3"3*ad*b1"5*b272*b3"3*b4"5 +
2*al"5%a272*a3"3%ad*b1*b274*b3"3*b4d "5 + 2*al*a2 2*a3"3*ad*b1"5*b274*b3"3*b4"5 +
2*al"4*a2%a3"3*ad*b172*b275*b3"3*bd 75 + 2¥al"2%a2*%a3"3*ad*b174*¥b275*¥b373*b4d "5 +
2*al73%a275*a372%ad*b173*b2*b3"4*b4 75 + 2*al " Hh*a2"3*a3 2*ad*b1*b273*b374*b4"5 +
2*al*a2”3%a372*a4*b175*b273*b3"4*b4 75 + 2*al"3*a2*a3"2*ad*b173*b2"5*b3"4*b4"5 +
2*al"3%a2 4*a3*ad*b1"3*b272*b3"5*b4d 75 + 2*al"4*a273*a3*ad*b172*b273*b3 " 5*b4"5 +
2*al"2%a273*a3*ad*b1"4*b273*b3"5*b4d75 + 2*al"3*a272*a3*ad*b1"3*b274*b3 " 5*b4"5 +
2*al"3*a2"3*a3"4*b173*b273*b372*¥b476 + 2*al"3*a2"4*a373*b173*b272*b373*b476 +
2*al"4*a273*a373%*b172*b273*b373*b476 + 2*al"2%*a273*a3"3*b174*b273*h373*h476 +
2*al173%a272*a373*b173*b274*b373*b476 + 2*al"3*a2"3*a3"2*b173*b273*h374*b4"6

c2123=sum(c2. find (al™3*a273*a374*w0) )+sum(c2. find (al"3*a273*b374*w0) )

c2123

c2123 . factor ()

$2123=2*((p4™2 + 2*q4)"2 - 3*q472)*(p372 + 2*q3)*(p4™2 + 2*q4)*ql"3*q273*q372

s2123

#This is the sum of the terms with al™3, a273, and either a374 or b374, its \
factorization , and its substitution.

2*al"3*a2"3*a3"4*a4"6*b173*b273*b372 + 2*al"3%*a273%*a3"2%ad " 6*b1"3*b273*b3 74 +

2*al"3*a2"3%a3"4*b173*b273*b372*b476 + 2*al"3*a2”3%a3"2*b1"3*b273*b3"4*h4 76

2%(ad™4 - ad2*b4™2 + b4"4)*(a372 + b3"2)*(ad™2 + bd 2)*al 3*a2"3*a3"2*b1 3*h2"3*h3 2

2%((p472 + 2*%q4)72 - 3*q472)*(p372 + 2*q3)*(p472 + 2%g4)*q1l"3%*q273*q372

c2124=sum(c2. find (al"3*a273*a4"4*w0) )+sum(c2. find (al"3*a273*b474*w0) )

c2124

c2124 . factor ()

$2124=2*((p372 + 2*q3)72 - 3*q372)*(p372 4+ 2*q3)*(p4d™2 + 2*q4)*ql"3*q273*q4"2

s2124

#This is the sum of the terms with al™3, a273, and either a4 4 or b474, its \
factorization , and its substitution.

2*%al"3%a2"3%a3 " 6*ad " 4*b173*b273*b4 "2 + 2*al"3*a2"3*ad"4*b173*b273*b3"6*b4 "2 +

2%al"3*a2"3%a3"6*ad " 2*b173*b273*b4 "4 + 2*al"3%*a2"3*ad"2*b173*b2"3*b3"6*b4 "4

2%(a3™4 - a372%b3™2 + b3™4)*(a3™2 + b372)*(ad™2 + ba"2)*al 3*a2" 3*ad 2¥b1 " 3*b2"3*ha"2

2*((p372 + 2*q3)72 - 3*q372)*(p372 + 2*q3)*(p4™2 + 2*qd)*ql"3*q2"3*q4 "2

c2132=sum(c2. find (al73*a373*a274*w0) )+sum(c2. find (al"3*a373*b274*w0) )

c2132

c2132.factor ()

$2132=2%((p4d™2 + 2%q4)72 - 3*q472)*(p272 + 2%q2)*(pd~2 + 2%q4)*ql 3*q2"2%q3"3

s2132

#This is the sum of the terms with al™3, a373, and either a274 or b274, its \
factorization , and its substitution.

2%al"3%a2 4*a3"3*%*ad4 " 6*b1"3*b272*b373 + 2*al”"3*a2 2*a3"3*ad " 6*b1"3*b2"4*b373 +

2%*al"3*a2"4%*a3"3*b173*b272*¥b373*b4™6 + 2*al"3*a2"2*a3"3*b1"3*b2"4*b3"3*b4"6

9%(ad™4 - ad~2*b4™2 + b4 4)*(a272 + b272)*(ad™2 + b4 2)*al 3*a2 2%a3 3*b1 3*h2"2*h3 "3

2*%((p472 + 2%q4)72 - 3*q472)*(p272 + 2*q2)*(p4™2 + 2*qd)*ql"3*q272*q373

c2134=sum(c2. find (al”3*a373%*a4"4*w0) )+sum(c2. find (al"3*a373*b4"4*w0) )
c2134
c2134 . factor ()



$2134=2%((p272 + 2*q2)72 - 3%q272)*(p272 + 2*q2)*(pd™2 + 2*qd)*ql"3*q373*q4d"2

s2134

#This is the sum of the terms with al™3, a373, and either a4™4 or b4™4, its \
factorization , and its substitution.

2*al"3*a276*a3"3*ad"4*b173*b373*b4"2 + 2*al"3*a3"3%*ad " 4*b1"3*b276*b3"3*b4 "2 +

2*al"3*a2"6%a3"3*ad " 2*b173*b373*h4 "4 + 2*al"3*a3"3*ad " 2*b173*b276*b3"3*b4 "4

2%(a274 - a272%b272 + b274)*(a272 4+ b272)*(ad™2 4+ b4d72)*al"3*a3 " 3*ad"2*b1"3*b3"3*b4 "2

2%((p272 + 2%q2)72 - 3%q272)*(p272 + 2*q2)*(p4"2 + 2*q4)*ql"3*q3"3*qd "2

c2142=sum(c2. find (al"3*a473*a274*w0) )+sum(c2. find (al"3*a4"3*b274*w0) )

c2142

c2142 . factor ()

$2142=2*((p372 + 2*q3)72 - 3*q372)*(p272 4+ 2*q2)*(p372 + 2*q3)*ql"3*q272*q4"3

2142

#This is the sum of the terms with al”3, a473, and either a274 or b274, its \
factorization , and its substitution.

2*al"3*a2 4*a3"6*ad " 3*b173*b272*h4d 73 + 2*al"3*a272*a376% a4 3*b1"3*b2"4*b4"3 +

2*¥al”3*a2 4*ad"3*b173*b272*¥b376*b4 73 + 2*al"3*a2 2*ad"3*b173*b2"4*¥b36*b4 "3

2%(a3™4 - a372%b372 + b3™4)*(a2™2 + b272)*(a3"2 + b3 2)*al 3*a2 2*ad 3*b1 " 3*b2"2*ba"3

2*((p372 + 2*q3)72 - 3*q372)*(p272 + 2*q2)*(p372 + 2*q3)*ql"3*q2"2*q4"3

c2143=sum(c2.find (al™3*a473*a374*w0) )+sum(c2. find (al~3*a4"3*b374*w0) )

c2143

c2143 . factor ()

$2143=2%((p2™2 + 2%q2)72 - 3%q272)*(p272 + 2%q2)*(p372 + 2%q3)*ql 3*q372%*q4"3

s2143

#This is the sum of the terms with al™3, a473, and either a374 or b374, its \
factorization , and its substitution.

2%al"3%a2"6*a3"4*ad"3*b1"3*b32*¥b4"3 + 2*al"3*a3 4*ad"3*b1"3*b276*¥b3"2*b4"3 +

2*al"3*a2 6%a3"2%ad " 3*b173*b374*b4 "3 + 2*al " 3*a3 " 2*ad " 3*b173*b276*b3"4*b4 "3

2%(a2™4 - a272%b272 + b274)*(a272 + b272)*(a3"2 + b3 2)*al 3*a3 2%ad 3*b1 3*b3"2*b4"3

2%((p272 + 2%q2)72 - 3*q272)*(p272 + 2*q2)*(p372 + 2*q3)*ql"3*q3"2*q4d"3

¢2231=sum(c2. find (a273*a3"3*al"4*w0) )+sum(c2. find (a273*a373*b1"4*w0))

c2231

c2231 . factor ()

$2231=2*((pd™2 + 2*q4)72 - 3*q472)*(pl™2 4+ 2*ql)*(pd™2 + 2*q4)*ql™2*q273%*q373

s2231

#This is the sum of the terms with a273, a373, and either al™4 or bl™4, its \
factorization , and its substitution.

2*al"4*a2"3%a3"3*ad " 6*b172*b273*h373 + 2*al " 2%*a2”3*a3"3%*ad " 6*b1"4*b273*b373 +

2*al"4*a273*a373*b172*b273*b373*b4 "6 + 2*al"2*a2”3*a3"3*b1"4*b273*h3"3*b4d "6

2¥(ad™4 - a472*b472 4+ bd74)*(al"2 + b172)*(ad"2 4+ b472)*al"2*a2"3*a3"3*b1"2*b273*b373

2%((p472 + 2*q4)"2 - 3*q472)*(p172 + 2*ql)*(p4™2 + 2*q4)*ql"2*q273*q373

c2234=sum(c2. find (a273*a373*a4"4*w0) )+sum(c2. find (a273*a3"3*b4"4*w0) )

c2234

c2234 . factor ()

$2234=2*((pl™2 + 2*ql)"2 - 3*ql72)*(pl™2 4+ 2*ql)*(p4™2 + 2*q4)*q273*q373*q4"2

s2234

#This is the sum of the terms with a273, a373, and either a4 4 or b4d74, its \
factorization , and its substitution .

2%¥al"6*a2"3%a3"3*ad"4*b273*b373*b4 "2 + 2*a273*a3 " 3*ad"4*b176*b2"3*b3"3*b4 "2 +

2%al"6%a2 " 3%a3"3%*ad " 2*b273*b3"3*b4d "4 + 2*a2 3*a3"3*ad " 2*b176*b2"3*b3"3*b4d "4

2%(al™4 - al~2*b1"2 + b174)*(al~2 + b172)*(ad™2 + b4 2)*a2 3*a3 3*ad 2*h2 3*b3"3*h4 2

2¢((p172 + 2%q1)72 - 3%¥q172)*(p172 + 2%q1)*(p4™2 + 2%q4)*q2 " 3*q3 " 3*q4 "2

c2241=sum(c2. find (a273*a473*al"4*w0) )+sum(c2. find (a273*a4"3*b174*w0) )

c2241

c2241 . factor ()

$2241=2*((p372 + 2*q3)"2 - 3*q372)*(pl™2 4+ 2*ql)*(p372 + 2*q3)*ql"2*q273*q4"3



s2241

#This is the sum of the terms with a273, a473, and either al™4 or b471, its \
factorization , and its substitution.

2%al"4*a2"3%a3"6%ad " 3*b1"2*b273*b4"3 + 2*al"2*a2"3*a3"6*ad " 3*b1"4*b273*b4d "3 +

2*al"4*a2"3%a4"3*b172*¥b273*b376*b4"3 + 2*al"2*a2”3%ad"3*b1 4*b2"3*b376*b4 "3

9%(a3™4 - a372*b3™2 + b3™4)*(al™2 + b172)*(a3™2 + b3 2)*al 2*a2" 3*ad 3*b1 2*b2"3*b4"3

2%((p372 + 2*g3)72 - 3*q372)*(p172 + 2*q1)*(p372 + 2*q3)*ql"2*q2"3*q4"3

c2243=sum(c2. find (a273*a473*a374*w0) )+sum(c2. find (a273*a4"3*b374*w0) )

c2243

c2243 . factor ()

$2243=2*((pl™2 + 2*ql)"2 - 3*ql172)*(pl™2 4+ 2*ql)*(p372 + 2*q3)*q273*q372%q4"3

2243

#This is the sum of the terms with a273, a473, and either a374 or b374, its \
factorization , and its substitution.

2*al”6*a2"3%a3"4*ad " 3*b273*b372*h4 "3 + 2*a273%*a3 " 4*ad " 3*b176*b273*b32*b4 "3 +

2*al”6*a2"3%*a3"2%ad " 3*b273*b374*h4 "3 4 2*a273*a3 " 2*ad " 3*b176*b2"3*h3"4*b4 "3

2%(al™4 - al 2*b172 + b174)*(al~2 + b172)*(a372 + b3 2)*a2 3*a3 2*ad 3*h2"3*h3"2*h4 "3

2¥((p172 + 2*ql)"2 - 3*q172)*(p172 + 2*q1)*(p372 + 2*q3)*q2"3*q372*q4"3

¢2341=sum(c2. find (a373*a473*al"4*w0) )+sum(c2. find (a373*a4"3*b174*w0) )

c2341

c2341 . factor ()

$2341=2%((p272 + 2%q2)72 - 3%q272)*(pl™2 + 2%ql)*(p2°2 + 2%q2)*ql 2*%q3"3*q4"3

s2341

#This is the sum of the terms with a373, a473, and either al™4 or bl™4, its \
factorization , and its substitution .

2%¥al"4*a276%a3"3*ad " 3*b1"2*b373*b4 "3 + 2*al"2%*a2”6*a3"3%ad " 3*b1"4*b37"3*b4d"3 +

2%al"4*a3"3%ad " 3*b172*b276*¥b373*b4"3 + 2*al"2*a3 " 3*ad"3*b1"4*b276*b3"3*b4 "3

2%(a274 - a272*b272 + b274)*(al"2 + b172)*(a272 4+ b272)*al"2*a3"3*ad"3*b172*b3"3*b4"3

2*%((p272 + 2%q2)72 - 3*q272)*(p172 + 2*ql)*(p272 + 2*q2)*ql"2*q373*q4"3

c2342=sum(c2. find (a373*a473*a274*w0) )+sum(c2. find (a373*a4"3*b274*w0) )

c2342

c2342 . factor ()

$2342=2%((p1™2 + 2*ql)"2 - 3*ql72)*(pl™2 4+ 2*ql)*(p272 + 2*q2)*q272%*q373%q4"3

$2342

#This is the sum of the terms with a373, a4”3, and either al™4 or bl174, its \
factorization , and its substitution.

2*al"6*a2 4*a3"3*ad"3*b272*b373*b4"3 + 2*a274*a3"3%*ad " 3*b16*b272*b3"3*b4 "3 +

2*al"6*a2"2*a3"3*ad"3*b2"4*b373*b4"3 + 2*a272%*a3"3%*ad " 3*b176*b2"4*b3"3*b4 "3

2%(al™4 - al72*b172 + b1™4)*(al™2 + b172)*(a272 4+ b272)*a2"2*a3"3*ad"3*b2"2*b3"3*b4"3

2%((p172 + 2*ql)"2 - 3*q172)*(p172 + 2*ql)*(p272 + 2*q2)*q272*q3"3*q4 "3

c02=c2-¢2123-¢2124-¢2132-c2134-¢c2142-c2143-¢2231-c2234-¢c2241-c2243-c2341-c2342

c02

#This gets all the terms from c2 that have not been assigned to a group. The \
groups we form will have one of the four a variables to the third power and \
either a second a variable or its corresponding b variable to the forth \
power .

2*al"3*a2 4*a3"5*ad " 5*b173*b272*b3*b4d + 2*al"4*a2"3%*a3"5*ad " 5*b1"2*b273*b3*b4d +

2*al"2*a273*a3 " 5*ad " 5*b174*b273*b3*b4d + 2*al"3*a272%a3"5%*ad " 5*b1"3*b2"4*b3*b4d +

2*al73%a275*a3"4*ad"5*b1 " 3*b2*¥b372*b4 + 2*al"H*a2"3*a3 " 4*ad"5*¥b1*b273*b3T2%bd +

2*al*a273%a3"4*ad"5*b175*b273*b3"2*b4 + 2%al"3*a2*a3 " 4*ad"5*b173*b2"5*b3 2% b4 +

2*al"4*a2 5*a3"3*ad " 5*b172*b2*b3"3*b4 + 2*al"2%a2"5*a3"3%ad 5 b1 4*b2*b373*b4d +

2*al"5*a2 4*a3"3*ad " 5*b1*b272*b3"3*b4d + 2*al*a2”4*a3"3*ad " 5*b1"5*b272*b373*b4 +

2*al"5*a272*a3"3*ad " 5*b1*b274*b3"3*b4d + 2*al*a2"2*a3"3*ad " 5*b1"5*b274*b373*b4 +

2*al"4*a2%a3"3*a4"5*¥b172*¥b275*b373*bd + 2*¥al 2*a2*a3"3*ad " 5*b174*b275*b3 "3 b4 +

2*al"3*a2 5*a3"2*ad " 5*b173*b2*b3"4*b4 + 2*al"5*a2”3*a3"2%ad " 5*b1*b273*b3"4*b4d +

2*al*a273%a3"2%ad " 5*b175*b273* b3 4*b4 + 2%al"3*a2*a3 " 2*ad"5*b173* b2 5*b3"4*bd +

2*al"3*a2 4*a3%ad " 5*b173*b272*b3"5*b4d + 2*al"4*a2"3*a3*ad"5*b172*b2"3*b3"5*b4 +
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2*al"2*a273*%a3*ad " 5*b1 4*b273*b3 " H5*b4 + 2*al"3*a2 2*a3*ad " 5*b1 3*b274*b3 H*b4 +
2*al173*a2 5*a3 5*ad"4*b173*b2*b3* 472 4+ 2*al"5*a2”3*a3 " H*ad " 4*b1*b273*h3*h4 T2 +
2*al*a2 " 3%a3"5%ad"4*b175* b2 3*b3* b4 2 4 2*al"3*a2*a3 " 5*%ad"4*b173* b2 5*b3* b4 T2 +
2*al175%a2 5*a3 3%ad " 4*b1*b2*b373* b4 72 4 2*al*a2 5*a3 " 3*ad"4*b175*b2*b373* b4 "2 4
2*al"5*a2*a3 " 3*ad"4*b1*b275*b3"3*b472 + 2*al*a2*a3 " 3*ad " 4*b1"5*b275*b3"3*b472 +
2*al"3*a2 " 5*a3*ad"4*b1 7 3*b2*b375*b472 + 2*al"5*a2 3*a3*ad"4*b1*b273*b3"5*b472 +
2*al*a2 3*a3*ad " 4*b175*b273*b3 5% b4 2 4+ 2*al"3*a2*a3*ad "4*b173*b2"5*b3 "5 b4 72 +
2*%al1"4*a275*a3 5*ad "3 b1 2*b2*b3* b4 73 4 2*al"2%a2”5*a3 " 5*ad " 3* b1 4*b2*bh3* b4 "3 +
2*al175%a274*a3 5*ad " 3*b1*b272*b3* b4 73 4 2*al*a2 4*a3"5*%ad"3*b175*b272*b3* b4 "3 +
2*a175%a272*a3 5*ad " 3*b1*¥b2 4*b3* b4 ™3 4 2*al*a2 2*a3 " 5*ad " 3*b175*b2 4*b3*b4 "3 4
2*al"4*a2*a3 " 5*ad"3*b172*b275*b3*b4"3 + 2*al"2*a2*a3 5*ad"3*b1 4*b2 5*b3*b4"3 +
2*al"5*a2 5*a3 4*ad " 3*b1*b2*b372*b4"3 + 2*al*a2 H5*a3 4*ad"3*b1 5*b2*b3"2*b47"3 +
2*al175%*a2%a3 " 4*%a4"3*b1*b275*b3"2*%b473 4+ 2*al*a2%a3 " 4*ad"3*b1 5*b275*b3T2*%bh473 +
2*a175%a2"5*a3 2*%ad4 " 3*b1*b2*¥b3"4*b4 73 4 2*al*a2 5*a3 " 2%ad " 3*b175*b2*¥b3"4*b4 73 +
2*al175*a2%a372%ad " 3*b1*b275*b3 " 4*b4 73 4 2*al*a2*a3 2*ad 3*b1 5*b275*b3"4*b4 73 4
2*al"4*a2 5*a3*ad"3*b172*b2*b375*b473 + 2*al"2*a2 5*a3*ad"3*b1"4*b2*b3 " 5*b473 +
2*al"5*a2 4*a3*ad"3*b1*b272*b375*b4"3 + 2*al*a2 4*a3*ad”3*b1"5*b272*b3"5*%b4"3 +
2*al175%a272%a3%*ad " 3*b1*b274*b375*b473 4 2*al*a2 2*a3*ad " 3*b1 H5*b2"4*¥b3 "5 b473 +
2*al"4*a2*a3*a4 " 3*b172*b275*b3 5% b4 73 4 2*al"2%*a2*a3*ad " 3*b1"4*b275*b3 "5 b4 73 +
2*a173%*a2 5*a3 5*ad " 2*b173*b2*b3* b4 4 4 2*al"5*a2”3*a3 H5*ad " 2*b1*b273*b3* b4 "4 +
2*al*a273*a3 " 5*ad " 2*b175*b273*b3*b4"4 + 2*al"3*a2*a3 H5*ad 2*b173*b275*b3*b4d "4 +
2*al"5*a2 5*a3 " 3*ad 2*b1*b2*b373*b4"4 + 2*al*a2 H5*a3 " 3*ad 2*b1 7 5*b2*b3"3*b4 "4 +
2*al175%*a2%a3"3%ad " 2*b1*b275*b3"3*b474 4 2*al*a2%¥a3 " 3*ad " 2*b1 5*b275*b3"3* b4 "4 +
2*a173%*a2 " 5*a3*ad " 2*b173*b2*b375*b4™4 + 2*al"5*a2"3*a3*ad " 2*b1*b273*b3 "5 b4 ™4 +
2*al*a2 " 3%*a3*ad " 2*b175*b273*b375*b4 74 4 2*al"3*a2*a3*ad " 2*b1 " 3*b275*b35*b4 "4 +
2*al173%*a2 4*a3 5*ad*b173*b272*b3*b4 ™5 4 2*al"4*a2"3*a3 5*ad*b172*¥b273*b3*b4 "5 +
2*al"2%a273%a3 5*ad*b1 4*b273*b3*b4”5 + 2*al"3*a2 2*a3 H5*ad*bl"3* b2 4*b3*b45 +
2*%al173%*a2 " 5*a3 " 4*ad*b173*b2*¥b372*b4™5 + 2*al"5*a2 3*a3 4*ad*b1*b273*¥b372*b4 ™5 +
2*al*a2 " 3%a3"4%*ad*b175*b273*b372*%b4™5 4+ 2*al"3*a2*a3 " 4*ad*b1"3*b275*¥b3T2*%bh4™H +
2*%al"4*a275*a3 3*ad*b172*¥b2*b373*b4™H 4 2*al"2%a2”5%a3 " 3*ad*b1"4*b2*¥b3 3% 4”5 +
2*al175%a2 4*a3 " 3*ad4*b1*b272*b373*b4 ™5 4 2*al*a2 4*a3"3*ad*b1 5*b272*¥b373*b4 ™5 +
2*al"5*a2 2%a3 " 3*ad*b1*b2"4*b373*b475 + 2*al*a2 2*a3 3*ad*bl”5*b274*b3"3*b475 +
2*al"4*a2*a3 " 3*ad*b172*b275*b373*b475 + 2*al"2*a2*a3 3*ad*bl"4*b275*b373*b475 +
2%al"3%a2 " 5*a3"2%ad*b1 7 3*b2*b374* b4 5 + 2*al " 5*a2"3*a3 2%¥ad*b1*b273*b374*b4™H +
2*al*a2 " 3%a372%ad*b175*b273*b3 7 4*b4™5 4 2*al"3*a2*a3 " 2%*ad*b173*b275*b3"4* 475 +
2*a173%*a2 " 4*a3*ad*b1 7 3*b272*b375*b4 75 4 2*al"4*a2"3*a3*ad*b1 2*b273*b375*b4 ™5 +
2*%a172%a273*a3*ad*b1 4*b273*b375*b4™5 + 2*al"3*a2 2*a3*ad*b1 3*b2"4*b375*b4™H

c0212=sum(c02. find (al™3*a274*w0) )4sum(c02. find (al~3*b274*w0) )

c0212

c0212. factor ()

$s0212=-2*((p372 + 2*q3)72 - 2*q372)*((pd™2 + 2*qd)"2 - 2*qd4"2)*(p272 + 2*q2)*ql\
T3*q272%q3*q4

s0212

#This is the sum of the terms with al™3 and either a274 or b274, its \
factorization , and its substitution.

2*al"3*a2 4*a3"5*ad"5*b173*b272*b3*b4 + 2*al"3*a2"2%*a3"5%*ad " 5*b1"3*b2"4*b3*b4 +

2*al"3*a2 4*a3%ad " 5*%b173*b272*b3"5*b4d + 2*al"3*a2"2%*a3*ad " 5*b173*b2"4*b3"5%b4d +

2*al73%a274*a3"5%*ad*b173*b272*b3*b4 ™5 + 2*¥al"3*a2"2%*a3 " 5*ad*b173*b2"4*b3*b4d "5 +

2*al”3*a2 4*a3*ad*b173*¥b272*h375*b4™5 + 2%al"3*a2"2*%a3*ad*b1”3*h2"4*¥b3 T 5*b4 ™5

2%(a374 + b374)*(ad™4 + b474)*(a272 + b272)*al”"3*a2 2*a3*ad*b1"3*b22*Hh3*h4

-2%((p372 + 2%q3)72 - 2%q372)*((p4™2 + 2*q4) "2 - 2%q472)*(p272 + 2*q2)*ql"3*q2"2*q3*q4

c0213=sum(c02. find (al™3*a374*w0) )4sum(c02. find (al~3*b374*w0) )

c0213

c0213. factor ()

s0213=-2*%((p272 + 2*q2)72 - 2*q272)*((pd™2 + 2*q4)"2 - 2*qd472)*(p372 + 2*q3)*ql\
“3*q2*q372%q4

s0213

#This is the sum of the terms with al™3 and either a374 or b274, its \
factorization , and its substitution.
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2*al"3*a2 5*a3 4%ad 5*b173*¥h2¥b3 2¥hd + 2¥al 3*a2%a3 4*ad " 5*b173*¥h2 5*h3 " 2¥bd +
2*al"3*a2 5*a3"2%¥ad 5*b173*h2¥b3 4*hd + 2¥al 3*a2%a3 2%ad " 5*b173*¥bh2 5*h3 " 4*bd +
2*al"3*a2 5*a3 4%ad*bh1 3*b2*h3 " 2*b4"5 + 2*al 3*a2%a3 " 4*ad*b1 3*b2 5*b3 2*¥bh4 "5 +
2*al1"3*a2 5*a3"2%ad*b1 3*b2*¥h3 " 4*b4"5 + 2¥al 3*a2%a3 " 2*ad*b1 3*h2 5*b3 4*¥bd "5
2%(a2™4 + b274)*(ad™4 + b4™4)*(a372 + b372)*al 3*a2*a3 2*ad*h1 3*b2*h3 " 2%b4
2F((p272 + 2%q2)72 - 26q272)%((p472 + 2%q4) "2 - 2¥q472)*(p372 + 2%q3)*ql73*q2*q3 2% q4

¢0214=sum(c02. find (al”3*ad4"4*w0) )+sum(c02. find (al~3*b4"4*w0))

c0214

c0214 . factor ()

s0214=-2*%((p272 + 2%q2)72 - 2%¥q272)*((p372 + 2*q3)72 - 2*q372)*(pd™2 4+ 2*q4)*ql\
T3*q2*q3*q4"2

s0214

#This is the sum of the terms with al™3 and either a4”4 or b474, its \
factorization , and its substitution.

2*al"3*a2 5*a3"5*ad"4*b173*b2*b3*h4™2 + 2*al"3*a2*a3 " 5*ad"4*b173*b275*b3*bd "2 +

2*al73%a2 5*a3*ad"4*¥b173*b2*b3"5*b4 2 4+ 2*al"3*a2*a3*ad"4*b173*b275*¥b3"5*¥b4 "2 +

2*al”3*a2 5*a3 " 5*ad " 2*¥b173*b2*b3*bd™4 + 2%al"3*a2*a3 " 5*ad"2*b173*b2 " 5*b3*h4 ™4 +

2*al”3*a2 5*a3%ad " 2*b173*b2*H375*b4™4 + 2*al"3*a2*a3*ad"2*b173*b2"5*b3 " H5*h4 4

2%(a274 + b274)*(a374 + b374)*(ad"2 + b472)*al"3*a2*a3*ad"2*b1"3*b2*b3*b4 "2

S2%((p272 + 2%q2)72 - 2%q272)*((p372 + 2*q3)"2 - 2*%q372)*(p4"2 + 2*q4d)*ql"3*q2*q3*qd "2

c0221=sum(c02. find (a273*al"4*w0) )4sum(c02. find (a273*b174*w0) )

c0221

c0221 . factor ()

$0221=-2*%((p372 + 2*q3)72 - 2%q372)*((pd™2 + 2*q4)72 - 2*¥qd72)*(pl™2 + 2*ql)*ql\
T2%q273*%q3*q4

s0221

#This is the sum of the terms with a273 and either al™4 or bl174, its \
factorization , and its substitution.

2*al"4*a273%a3"5*ad " 5*b172*b273*h3*bd + 2*al"2%a2"3*a3"H5*ad " 5*b1"4*b273*b3*h4 +

2*al"4*a273*a3*ad"5*¥b172*¥b273*b375*b4 + 2*al"2*a273*a3*ad " 5*b174*b273*b3 "5 b4 +

2*¥al"4*a273*a3"5*ad*b172*b273*b3*bd™5 + 2*al"2%a2"3*a3 " 5*ad*b174*b273*b3*hd 5 +

2*al"4*a273*a3*ad*b172*¥b273*H375*h4™5 + 2%al"2%a2"3*a3*ad*b1”4*H273*b3"5*b4 "5

2*(a374 + b374)*(ad™4 + b474)*(al"2 + b172)*al " 2*a2"3*a3*ad*b1"2*b2"3*b3*h4

-2%((p372 + 2*q3)72 - 2%q372)*((p4™2 + 2*q4)"2 - 2%q472)*(p1™2 + 2*ql)*ql"2*q2"3*q3*q4

€0223=sum(c02. find (a273*a374*w0) )4sum(c02. find (a273*b374*w0) )

c0223

c0223 . factor ()

$0223=-2*%((pl™2 + 2*ql)"2 - 2*ql72)*((pd™2 + 2*q4)"2 - 2*qd4"2)*(p372 + 2*q3)*ql\
*q273*q372*%q4

s0223

#This is the sum of the terms with a273 and either a374 or b374, its \
factorization , and its substitution.

2*al"5*a2"3%a3 " 4*ad " 5*b1*b273*h372*b4 + 2*al*a2”3*a3"4*ad " 5*b1 7 5*b273*b372%h4 +

2*al"5*a2"3%*a372*ad " 5*b1*b273*h374*b4 4+ 2*al*a2”3*a3"2%ad 5% b1 5*b273*b3 74 b4 +

2*al”h*a2 3*a3"4*ad*b1*b273*h372*¥b4”5 + 2*al*a2”3*a3 " 4*ad*b175*b273*¥b3T2*b4”5 +

2*al”h*a2 3*a3 " 2*ad*b1*b273*H374*b4™5 + 2*al*a2”3*a3 2*ad*b1”5*b273*¥b3"4*b4™5

2*¥(al™4 + b1™4)*(ad™4 + b474)*(a372 + b372)*al*a2”3*a3"2%*ad*b1*b2"3*b3 " 2*h4

S2%((p172 + 2*ql)"2 - 2%q172)*((p4™2 + 2*q4)"2 - 2%q472)*(p372 + 2*q3)*ql*q2"3*q3 2*q4

c0224=sum(c02. find (a273*a474*w0) )4sum (c02. find (a273*b4"4*w0) )

c0224

c0224 . factor ()

0224 =-2*((pl™2 + 2*ql)"2 - 2*ql72)*((p372 + 2*q3)"2 - 2*q372)*(pd™2 + 2%*qg4)*ql\
*q273*q3*q4"2

s0224

#This is the sum of the terms with a2”73 and either a4™4 or b474, its \
factorization , and its substitution.

2*al"5*a2"3*a3"5*ad"4*b1*b273*b3*h4d™2 4+ 2*al*a2”3*a3 " 5*ad"4*b1"5*b2"3*b3*bd "2 +
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2*al"5%a2 " 3%a3%ad " 4*b1*b273*b375%b4 "2 + 2*al*a2 3*a3*ad"4*b1"5*b273*b3"5*b4 "2 +
2%al"5*a2"3%a3"5*ad " 2*b1*b273*b3*b4 "4 + 2*al*a2”"3*a3 " H5*ad " 2*b1"5*b273*b3*b4 "4 +
2*%al"5%a2 " 3*%a3%ad " 2*b1*b273*b3"5*%b4 "4 + 2*al*a2”3*a3*ad " 2*b1"5*b2"3*b3"5*b4d "4
2(al™4 + b174)*(a3™4 + b3"4)*(ad"2 + bA"2)*al*a2 3*a3%ad 2¢b1¥Hh2 3*b3*hd "2
S2%((p172 + 2%ql)"2 - 2%q172)*((p372 + 2*q3)"2 - 2*%q372)*(p4™2 + 2*q4)*ql*q2"3*q3*qd "2

c0231=sum(c02. find (a373*al"4*w0) )4sum(c02. find (a373*b174*w0) )

c0231

c0231 . factor ()

$s0231=-2*%((p272 + 2*q2)72 - 2*q272)*((pd™2 + 2*qd)"2 - 2*qd472)*(pl™2 + 2*ql)*ql\
T2%q2*%q373*q4

s0231

#This is the sum of the terms with a373 and either al™4 or bl™4, its \
factorization , and its substitution.

2*al"4*a2"5%a3"3*ad " 5*b172*b2*h373*b4 + 2*al"2%a2”5*a3"3%ad"5*b1"4*b2*b373* b4 +

2*al"4*a2%a3"3%ad " 5*%b172*b275*b3"3*b4d + 2*al"2%*a2*a3 " 3*ad"5*b1"4*b2"5*b3"3*b4d +

2*al"4*a2”75*a3"3%ad*b172*¥b2*b373*b4 75 + 2*¥al 2*a275%a3 " 3*ad*b174*b2*¥b373*¥b4d "5 +

2*al"4*a2%a3"3%*ad*b172*¥b275*H373*b4™5 + 2%al"2%a2*a3 " 3*ad*b1”4*H275*¥b3"3*b4 ™5

2*(a274 + b274)*(ad™4 + b474)*(al"2 + b172)*al”2*a2*a3"3%*ad*b1"2*¥b2*b3"3*h4

S2%((p272 + 2%q2)72 - 2%q272)*((p4d72 + 2*q4)"2 - 2%q472)*(p172 + 2*ql)*ql"2*q2*q3"3*q4

c0232=sum(c02. find (a373*a274*w0) )4sum(c02. find (a373*b274*w0) )

c0232

c0232. factor ()

0232 =-2%((p1™2 + 2%ql)"2 - 2%¥q172)*((pd™2 + 2%q4)"2 - 2%qd"2)*(p272 + 2%q2)*ql)\
*q272%q373%q4

s0232

#This is the sum of the terms with a373 and either a274 or b274, its \
factorization , and its substitution.

2*al"5*a2 4*a3"3*ad " 5*b1*b272*b3"3*b4d + 2*al*a2”4*a3"3*ad"5*b1"5*b272*b373*b4 +

2*al"5*a272%a3"3*ad " 5*b1*b274*b373*b4 + 2*al*a2”2*a3"3*ad " 5* b1 5*b274*h373* b4 +

2*¥al”h*a2 4*a3"3*ad*b1*b272*b373*b4™5 + 2*al*a2 4*a3 " 3*ad*b175*b272*¥b33*b4”5 +

2%¥al"5*a2"2%a3"3*ad*b1*b2"4*b373*b4 "5 + 2*al*a2” 2*a3"3*ad*b1"5*b274*b373*b4h

9%(al™4 + b174)*(ad ™4 + b4™4)*(a2™2 + b2"2)*al*a2 2*a3 " 3*ad*b1*b2"2*b3 " 3*bd

9% ((p172 + 2%5q1)72 - 25q172)*F((pA7™2 + 2%q4) 72 - 25q472)*(p272 + 2%q2)*ql*q2 2%q3 3% qd

c0234=sum(c02. find (a373*a474*w0) )4sum(c02. find (a373*b4"4*w0) )

c0234

c0234 . factor ()

$s0234=-2*%((pl™2 + 2*ql)"2 - 2*ql72)*((p272 + 2*q2)"2 - 2*q272)*(pd™2 + 2%*qg4)*ql\
*q2*q373%q472

s0234

#This is the sum of the terms with a373 and either a274 or b274, its \
factorization , and its substitution.

2*al"5*a2 5*a3"3*ad"4*b1*b2*b373*h4™2 + 2*al*a2”5*a3 " 3*ad"4*b175*b2*b373*b4d "2 +

2*al"5*a2%a3"3%ad " 4*b1*b275*b373*h4™2 4+ 2*al*a2*a3 " 3*ad"4*b175*b275*¥b373*b4d "2 +

2*al"b5*a275%a3"3*ad " 2*b1*b2*h373*b4 "4 4+ 2*al*a2”5*a3"3*ad " 2*b1 5*b2*b373*hd "4 +

2*¥al”h*a2%a3"3%ad"2*b1*b275*b373*bd ™4 + 2*al*a2*a3"3*ad"2*b175*b275*¥b3"3*h4 ™4

2*(al™4 + b174)*(a274 4+ b274)*(ad™2 + bd"2)*al*a2*a3”3*ad"2*b1*b2*b3"3*b4 "2

S2%((p172 + 2%ql)72 - 2%q172)*((p272 + 2%q2)72 - 2%q272)*(p4™2 + 2*q4)*ql*q2*q3"3*qd "2

c0241=sum(c02. find (a4 3*al"4*w0) )4sum(c02. find (a4"3*b174*w0) )

c0241

c0241 . factor ()

$s0241=-2*%((p272 + 2*q2)72 - 2*q272)*((p372 + 2*q3)"2 - 2*q372)*(pl™2 + 2*ql)*ql\
T2%q2*q3*q4”3

s0241

#This is the sum of the terms with a4”3 and either al™4 or bl74, its \
factorization , and its substitution.

2*al"4*a2 5*a3"5*ad"3*b172*b2*b3*h4™3 + 2*al"2%a2”5*a3"5%*ad " 3*b1"4*b2*b3*hd "3 +

2*al"4*a2%a3"5%ad " 3*b172*b275*b3*h4™3 + 2*al"2%*a2*a3 " 5*ad"3*b1"4*b2"5*b3*bd "3 +
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2*al"4*a2 " 5*%a3%ad " 3*b172*b2*b375%b4 "3 + 2*al"2*a2 5*a3*ad " 3*b1 4*b2*¥b3"5*b4™3 +
2%¥al"4*a2%a3*ad " 3*b172*b275*b3 7 5*b4 "3 + 2*al"2*%a2*a3*ad”"3*b1"4*b2"5*b3"5*b4 "3
2%(a274 + b2 4)*(a3™4 + b34)*(al"2 + b172)*al 2*a2*a3*ad “3¥b1 2¥h2*h3*ba "3
S2%((p272 + 2%q2)72 - 2%q272)*((p372 + 2*q3)72 - 2*%q372)*(p1™2 + 2*ql)*ql"2*q2*q3*qd "3

c0242=sum(c02. find (a4 3*a274*w0) )4sum(c02. find (a4"3*b274*w0) )

c0242

c0242 . factor ()

$s0242=-2*((p1™2 + 2*ql)”"2 - 2*ql172)*((p372 + 2*q3)"2 - 2*q372)*(p272 + 2*q2)*ql\
*q272*%q3%q473

s0242

#This is the sum of the terms with a4™3 and either a274 or b274, its \
factorization , and its substitution.

2*al"h*a2 4*a3"5*ad"3*b1*b272*b3*h4™3 + 2*al*a2”4*a3 " 5*ad"3*b175* b2 2*b3*h4d "3 +

2*al"5*a2"2%a3"h*ad " 3*b1*b2"4*h3*b4 "3 + 2*al*a2”"2%*a3"5*ad " 3*b1 5*b274*b3*h4 "3 +

2*al"b5*a2 4*a3*ad " 3*b1*b272*b375*b4 "3 + 2*al*a2 4*a3*ad”"3*b1"5*b272*b3 75 b4 "3 +

2*al7b*a2"2*a3*ad " 3*b1*b2"4*b375*b4 73 4+ 2*¥al*a2 2*a3*ad"3*b175*¥b274*b3"5%¥b4 "3

2*(al™4 + b174)*(a374 4+ b374)*(a272 + b272)*al*a2 2*a3%ad"3*b1*b272*b3*b4™3

-2%((p172 + 2*%q1)72 - 2*%q172)*((p372 + 2*q3)72 - 2*q372)*(p272 + 2*q2)*ql*q2"2*q3*q4"3

c0243=sum (c02. find (a473*a374*w0) )+sum(c02. find (a4"3*b374*w0) )

c0243

c0243 . factor ()

50243 =-2%((p1™2 + 2%ql)"2 - 2%q172)*((p2°2 + 2%q2)°2 - 2%q272)*(p372 + 2%q3)*ql\
*q2*q372%q473

s0243

#This is the sum of the terms with a4™3 and either a374 or b374, its \
factorization , and its substitution.

2*al"5*a2 5%a3"4*ad " 3*b1*b2*b372*b4 "3 + 2*al*a2”5*a3"4*ad"3*b1 " 5*b2*b372*b4 "3 +

2*al"5*a2%a3"4*ad " 3*b1*b275*b372*h4™3 + 2*al*a2*a3"4*ad"3*b175*b275*¥b32*b4 "3 +

2*al”5*a2"5%a372%ad " 3*b1*b2*h374*b4 "3 + 2*al*a2”5*a3"2%ad " 3*b1 " 5*b2*b374*h4 73 +

2*al”h*a2%a3"2%ad"3*b1*b275*b374*b4™3 + 2*al*a2*a3"2*ad”"3*b175*b275*¥b3"4*b4 ™3

2%(al™4 + b174)*(a2™4 + b2°4)*(a3™2 + b3 2)*al*a2*a3 2*ad “3*b1*b2*h3 2*h4"3

-2%((p172 + 2%q1)72 - 2*%q172)*((p272 + 2*q2)72 - 2%q272)*(p372 + 2*q3)*ql*q2*q372%*q4"3

bool (¢2=c0212+¢0213+¢02144¢02214c02234c0224+c0231+c0232+c0234+c0241+c0242+\
c0243+-(-¢c2123-¢2124-¢2132-¢2134-¢2142-¢c2143-¢2231-¢2234-¢2241-¢2243-¢2341 -\
€2342))

#This is a check to make sure as we seperated the groups we used every term in \
c2 once and only once.

True

12=50212+s02134+s02144+s02214s02234+50224+s0231+s0232+s0234+s02414+50242+50243 +-(-\
$2123-82124-52132-52134-52142-52143-52231-52234-52241-82243 -52341-52342)

12

102=12 (pl=al+bl, p2=a2+b2, p3=a3+b3, pd=ad+bd, ql=-1*al*bl, q2=-1*a2*b2, g3=-1%\
a3*b3, q4=-1*ad*b4)

bool (102=c2)

#This line brings all the group substitutions we created for c¢2 back into one \
expression and checks to make sure that when back substitute we end up with \
c2.

2%((p4d72 + 2%q4)72 - 3*q472)*(p372 + 2*%q3)*(p4™2 + 2*qd)*ql73*q273*q372 + 2*((p4"2 +

2%q4)72 - 3*q472)*(p272 4 2*q2)*(pd "2 + 2*qd)*ql"3*q272*q373 + 2*((p4"2 + 2%q4)"2 -

3*qd72)*(p172 + 2*ql)*(p4d™2 + 2*q4)*ql72*q273*q373 + 2*((p372 + 2*q3)"2 - 3*q372)*(p372 +

2*q3)*(p4d™2 + 2*q4)*ql73*q273*qd "2 + 2*((p272 + 2*q2)72 - 3*q272)*(p272 + 2*q2)*(p4"2 +

2%q4)*ql™3*q373%qd "2 + 2*((p172 + 2*ql)"2 - 3*ql"2)*(p172 + 2*ql)*(pd"2 +

2%q4)*q273*q373%q4"2 + 2*((p372 + 2*q3)72 - 3*q372)*(p272 + 2*q2)*(p372 +

2%q3)*ql73*q272%q4"3 + 2*((p372 + 2*q3)"2 - 3*q372)*(p1™2 + 2*ql)*(p372 +

2*q3)*ql72*q273%*q4d"3 + 2*%((p272 + 2*q2)72 - 3*q272)*(p272 + 2*q2)*(p372 +
) (( ) )*( )

) (( ) )*( )

2*%q3
2*%q3

ql™3*q372*%q473 + 2*((p1™2 + 2*ql
q273%q372%q4"3 + 2*((p272 + 2*q2

2 - 3*q172)*(p172 + 2*q1)*(p372 +
2 - 3%q272)*(pl72 + 2*ql)*(p272 +

PR

*
*
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2%q2)*ql72*q373%q4"3 + 2*((p172 + 2*ql)"2 - 3*ql"2)*(p172 + 2*ql)*(p2"2 +
2%q2)*q272*%q373*q4 73 - 2%((p372 + 2*q3)72 - 2¥q372)*((p472 + 2%q4)"2 - 2%q472)*(p272 +
2%q2)*ql73*q272*%q3*q4 - 2*((p372 + 2*q3)72 - 2%q372)*((p4™2 4 2*q4)"2 - 2*q4™2)*(p172 +
2*ql)*ql™2*q273*q3*q4 - 2*((p272 + 2*q2)"2 - 2*¥q272)*((p4™2 + 2*q4d)"2 - 2*¥q472)*(p3™2 +
2%q3)*q173*q2%q3™2%q4 - 2%((p172 + 2%q1)72 - 251 2)*((pA™2 + 2%q4) "2 - 2%q4™2)*(p3™2 +
2%q3)*ql*q273%q372%q4 - 2*((p272 + 2*q2)72 - 2*¥q272)*((p4d"2 + 2*q4d)"2 - 2*¥q472)*(p172 +
2*%ql)*ql72*%q2*q373*q4 - 2*((p172 + 2*ql)"2 - 2%q172)*((p4™2 4 2*q4)"2 - 2¥qd™2)*(p272 +
2%q2)*q1*q272%q373%q4 - 2*((p272 + 2*%q2)72 - 2%q272)*((p372 + 2*q3)72 - 2¥q372)*(p4™2 +
2*q4)*ql73*q2*q3*q472 - 2*((p172 + 2*ql)"2 - 2%q172)*((p372 4 2*q3)"2 - 2*q372)*(p4™2 +
2*q4)*ql*q273%q3*qd"2 - 2*%((p172 + 2*ql)"2 - 2*¥q172)*((p272 + 2*q2)"2 - 2*¥q272)*(p4™2 +
2%qd)*ql*q2*q373*qd "2 - 2*((p272 + 2*q2)72 - 2*¥q272)*((p372 + 2*q3)"2 - 2*%q372)*(p1"2 +
2¥ql)*ql™2*%q2*q3*q473 - 2¥((p172 + 2*ql)"2 - 2%q172)*((p372 + 2*q3)"2 - 2¥q372)*(p272 +
2%q2)*ql*q272%q3*q473 - 2% ((p172 + 2*ql)"2 - 2%q172)*((p272 4 2*q2)"2 - 2*¥q272)*(p372 +
2*q3)*ql*q2*q372*q4"3

True

cd=sum ({10 . find (4*w0))
c4
#This finds all our terms in f10 that have a 4 in them and then adds them \
together. The first set of groups we form will have one of the four a \
variables or its corresponding b variable to the sixth power.
4*al173%a273%a373%a4"6*b1"3*b273* b33 + 4*al"3*a2"3*a3 " 5*ad " 5*b173*b273*b3*b4 +
4*al1”73%a275%a3"3%ad 5% b1 3*b2*b373*b4 + 4*al"5*a2 " 3*a3 " 3*ad " 5*b1*b273*b3"3*bd +
4*al*a2”3%a3"3%ad " 5*b175*b273*b373*h4d + 4*al"3*a2*a3"3*ad"5*b173*b275*b3"3*bd +
4*al"3%a2"3%a3%ad " 5*b173*b273*b375%h4d + 4*al"3*a2"3*a3 " 6*ad"3*b1"3*b273*b4d "3 +
4*al”3%a275%a3"5%ad "3 b1 3*b2*b3*bd "3 + 4*al " 5*a2"3*a3 " 5*ad " 3*b1*b273*b3*b4 "3 +
4*al*a2”3%a3"5%ad " 3*b175*b273*b3*b4d "3 + 4*al”"3*a2*a3 " 5*ad"3*b173*b2 " 5*b3*hd "3 +
4*al73%a276%a3"3%ad4"3*b173*b373*b4"3 + 4*al"H*a2”5*a3"3*ad"3*b1*b2*¥b373*b4 73 +
4*al*a2”5*a3"3%ad"3*b175*b2*b3 "3 b4 "3 + 4*al"6*a2”3*a3 " 3*ad"3*b273*b3"3*b4 "3 +
4*a273%a373%ad"3*b176*b273*b373*b4"3 + 4*al 5*a2%a3 " 3*ad " 3*b1*b275*b373*bd "3 +
4*al*a2*a3"3*ad"3*b1"5*b275*b373*b4d "3 + 4*al"3*a3 " 3*ad"3*b1"3*b276*b373*bd "3 +
4*al”3*a275%a3%ad " 3*b173*b2*¥b375*b4"3 + 4*al”"H*a2 3*a3*ad"3*b1*b273*h3"H5*h4 "3 +
4*al*a2”3*a3*ad"3*b175*b273*b3 75 b4 "3 + 4*al"3*a2*a3*ad"3*b1"3*b275* b3 5*¥b4 "3 +
4*al"3%a273%ad"3*b173*b273*b376*b4 "3 + 4*al"3*a2”3%*a3"5%ad*b1"3*b2"3*b3*bd "5 +
4*al"3%a275%a3"3%ad*b1"3*b2*b373*bd "5 + 4*al"5*a2"3*a3 " 3*ad*b1*b273*b3"3*b4"5 +
4*al*a2”3%a3"3%ad*b175*b273*b373*bd "5 + 4*al"3*a2*a3"3*ad*b1"3*b2"5*b3"3*b4"5 +
4*al"3%a273%a3%*ad*b173*b273*b375*bd "5 + 4*al"3*a2"3*a3"3*b1"3*b273*b3"3*b4 "6

c4l=sum(c4. find (al"6*w0) )+sum(c4. find (b176*w0))

c41l

c4l.factor ()

s41=-4*((p1™2 + 2*ql)"2 - 3*ql72)*(pl™2 4+ 2*ql)*q273*q373*q4"3

s41

#This is the sum of the terms with al™6 or bl176, its factorization , and its \
substitution .

4*al"6%a2"3%a3"3%ad " 3*b273*b373*bd"3 + 4*a2"3*a3"3*ad"3*b1"6*b2"3*b3"3*h4"3

4*(al™4 - al™2*b172 4+ b174)*(al™2 4+ b172)*a2"3*a3"3*ad"3*b2"3*b3"3*b4 "3

-4*((p172 + 2%q1)72 - 3*q172)*(p172 + 2*ql)*q273*q373*q4"3

c42=sum(c4. find (a276*w0) )+sum(c4. find (b276*w0) )

c42

c42.factor ()

$42=-4*%((p272 + 2*q2)72 - 3%q272)*(p272 4 2*q2)*ql"3*q373*q4"3

s42

#This is the sum of the terms with a276 or b276, its factorization , and its \
substitution .

4*al"3*a2”6*a3 " 3*a4"3*b173*b373*b4"3 + 4*al"3*a3"3*ad"3*b1"3*b2"6*¥b3"3*b4"3

4%(a274 - 2725272 + b2 4)*(a2"2 + b2"2)*al 3*a3 3*ad"“3*b1 3*b3"3*b4"3

4F((p272 + 252)72 - 3%¢272)%(p272 + 2%q2)*ql 3%q3 3*q4 "3
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c¢43=sum(c4. find (a376*w0) )+sum(c4 . find (b376*w0) )

c43

c43 . factor ()

$43=-4*((p372 + 2*q3)72 - 3*q372)*(p372 4+ 2*q3)*ql"3*q273*q4"3

s43

#This is the sum of the terms with a376 or b376, its factorization ,
substitution .

4*al173%a273%a376%a4"3*b173*b273* b4 "3 + 4*al"3*a2”3*ad"3*b173*b273*b376*b4 ™3

4*(a374 - a372*b372 4+ b374)*(a372 + b372)*al"3*a2"3*ad"3*b173*b273*b4"3

A*((p372 4 2%¢3)72 - 3%q372)*(p372 + 2%q3)*ql 3%q2"3*q4 "3

c44=sum(c4 . find (a476*w0) )+sum(c4 . find (b476*w0) )

c44

c44 . factor ()

s4d=-4%((pd™2 + 2%q4)72 - 3*q4"2)*(pd~2 + 2%q4)*ql"3*q273*q373
s44

and its \

#This is the sum of the terms with a4”6 or b476, its factorization , and its \

substitution .
4*al"3*a273*a3"3*a4"6*b1"3*b273*b373 + 4*al"3*a2”3*a3"3*b1"3*b2"3*b3"3*b4"6
4*(ad™4 - ad72*%b472 4+ b4 4)*(ad™2 4+ b472)*al"3*a2"3*a3"3*b173*b273*b3 "3
-4*((p472 + 2*q4)72 - 3*q472)*(p4™2 + 2*q4)*q1"3*q273*q373

c04=c4 -c41-c42-c43-c44
c04

#This gets all the terms from c4 that have not been assigned to a group. The \
groups we form will have two of the four a variables to the third power.

4*al”3*a273*a3 " 5*ad " 5*b173*b273*b3*b4d + 4*al"3*a2”5*a3"3*ad " 5*b173*b2*b3"3*b4 +
4*al"5*a2"3*a3"3*ad " 5*b1*¥b273*b373*b4 + 4*al*a2”3*a3"3*ad " 5*b1 " 5*b273*b3"3*b4 +
4*al"3*a2%a373*ad " 5*b173*b275*b3"3*bd 4+ 4*al"3*a2"3*a3%ad " 5*b173*b2"3*b3"5*bd +
4*al”3*a275%a3"5*ad"3*b173*b2*b3*b4"3 + 4*al"H*a2"3*a3"5*ad " 3*b1*b273*b3*b4"3 +
4*al*a2”3*a3"5%ad"3*b1"5*b273*b3*b4 "3 + 4*al"3*a2*a3 5*ad"3*b1"3*b275*b3*b4"3 +
4*al”5*a275%a3"3%ad " 3*b1*b2*b373*b4"3 4 4*al*a2"5*a3 " 3%*ad"3*b1"5*b2*b373*b473 +
4*al"5*a2%a373*ad"3*b1*b275*b373*b4 73 + 4*al*a2*a3"3*ad"3*b175*b275*b373*b4 73 +
4*al”3*a275%a3%ad " 3*b173*b2*b375*b4"3 + 4*al"H*a2 3*a3%ad"3*b1*b273*h37H5*h4 "3 +
4*al*a2"3*a3%*ad"3*b175*b273*b375*b4"3 + 4*al"3*a2*a3*ad"3*b173*b2"5*b3"H5*b4"3 +
4*al”3*a273*a3 " 5*ad*b1"3*b273*b3*b4"5 + 4*al"3*a2 5*a3"3*ad*b1"3*b2*b373*b4"5 +
4*al”5*a273%a3"3*ad*b1*b273*b3"3*b4"5 + 4*al*a2”3*a3 " 3*ad*b1"5*b273*b373*b4"5 +
4*al”3*a2%a3"3%*ad*b173*b275*b373*b4"5 + 4*al"3*a2” 3*a3*ad*b1"3*b273*b3 " 5*b4 75

c0412=sum(c04. find (al"3*a273*w0))
c0412
c0412. factor ()

s0412=4*((p372 + 2*q3)72 - 2*q372)*((pd™2 4+ 2*q4)72 - 2*¥q472)*ql73*q273*q3*q4

s0412

#This is the sum of the terms with al™3 and a273, its factorization ,
substitution .

4*al"3*a2"3%a3"5*ad " 5*b173*b273*b3*b4 + 4*al"3*a2 3*a3*ad " 5*b173*b273*b3 " 5*b4 +

4*al"3*a2"3%a3 " 5*ad*b173*b2"3*b3*b4™5 + 4*al"3*a2 3*a3*ad*b173*h273*b3 " 5*b4"h

4*(a374 + b374)*(ad™4 + b4™4)*al"3*a2"3*a3*ad*b173*b273*h3*b4

4*((p372 4 2*q3)72 - 2*q372)*((p4™2 + 2*q4)"2 - 2*¥q472)*ql " 3*q273*q3*q4

c0413=sum(c04. find (al73*a373*w0))
c0413
c0413 . factor ()

and its \

s0413=4%((p272 + 2%q2)72 - 2%¥q272)*((pd™2 + 2%¥q4)72 - 2%¥q472)*ql73%q2*q373%q4

s0413

#This is the sum of the terms with al™3 and a273, its factorization ,
substitution .

4*al"3*a2"5*a3"3*a4"5*b173*b2*b3"3*b4 + 4*al"3*a2*a3”"3*ad " 5*b173*b2"5*b3"3*b4 +

4*al”3*a275*a3"3*ad*b1 " 3*b2*¥b373*b4"5 + 4*al"3*a2*a3"3*ad*bl"3*b2"5*b373*b4d™5

4*(a274 + b274)*(ad™4 + b4d"4)*al"3*a2*a3"3*ad*b1"3*b2*b3"3*b4
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A%((p272 + 2%q2)72 - 2%q272)*((pd "2 + 2%qd) "2 - 2¥q472)*q173%q2%q3 " 3*q4

c0414=sum(c04. find (al"3*a4"3*w0))

c0414

c0414 . factor ()

s0414=4*((p272 + 2*q2)72 - 2*q272)*((p372 4+ 2*q3)72 - 2*q372)*ql"3*q2*q3*q4"3

s0414

#This is the sum of the terms with al™3 and a4”3, its factorization , and its \
substitution .

4*al"3*a275*a3 " 5*ad " 3*b173*b2*b3*b4"3 + 4*al"3*a2*a3 " 5*ad"3*b173*b275*b3*b4 "3 +

4*al"3*a2 5*a3*ad"3*b173*b2*b3"5*b4"3 + 4*al"3*a2*a3*ad " 3*b173*b275*b3 " 5*b4 "3

4*(a274 + b274)*(a374 + b3 4)*al"3*a2*a3*ad"3*b173*b2*b3*b4 ™3

4*((p272 4 2*q2)72 - 2*%q272)*((p372 + 2*q3)72 - 2*¥q372)*ql " 3*q2*q3*q4 "3

c0423=sum (c04. find (a273*a373*w0))

c0423

c0423 . factor ()

s0423=4*((p1l™2 + 2%ql)™2 - 2%qLl72)*((pd~2 + 2%*qd)™2 - 2%q472)*ql*q2 3*q3"3*q4

s0423

#This is the sum of the terms with a2”3 and a373, its factorization, and its \
substitution .

4*al”5*a273*a3"3*a4 5*b1*b273*b373*b4d + 4*al*a2”3*a3 " 3*ad " 5*b1"5*b2"3*b3 " 3*b4 +

4*al”75*a273*a3"3*ad*b1*b273*b373*b4™5 + 4*al*a2”3*a3"3*ad*bl"5*b273*b3"3*b4d™5

4*(al™4 + b174)*(ad™4 + bd™4)*al*a2"3*a3"3*ad*b1*b2"3*b3"3*b4

45((p172 + 2%q1)7"2 - 2%q172)*((pd ™2 + 2%q4) "2 - 2%q472)*q1*q2 " 3*q3 34

c0424=sum(c04 . find (a273*a4"3*w0) )

c0424

c0424 . factor ()

s0424=4*((p1™2 + 2*ql)"2 - 2*ql72)*((p372 + 2*q3)"2 - 2*q372)*ql*q273*q3*q4"3

s0424

#This is the sum of the terms with a2”3 and a4~ 3, its factorization , and its \
substitution .

4*al"5%a273%a3"5%ad " 3*b1*b273*b3* b4 "3 + 4*al*a2"3*a3"5*ad"3*b175*b273*b3*b4 "3 +

4*al”5*a2"3%a3%ad " 3*b1*b2"3*b3"5*b4"3 + 4*al*a2 3*a3*ad " 3*b175*b273*b3 " 5*b4 "3

4*(al™4 + b174)*(a374 + b374)*al*a2"3*a3*ad"3*b1*b2"3*b3*b4 "3

4*((p172 4 2*ql)"2 - 2*%q172)*((p372 + 2*%q3)72 - 2*¥q372)*ql*q2"3*q3*q4"3

c0434=sum(c04 . find (a373%*a4"3*w0) )

c0434

c0434 . factor ()

s0434=4%((p1l™2 + 2%q1)72 - 2%q172)*((p272 + 2%q2)72 - 2%¥q272)*ql*q2*q37"3%q4d"3

s0434

#This is the sum of the terms with a2”3 and a4”3, its factorization , and its \
substitution .

4*al"5*a275%a3"3%*ad " 3*b1*b2*b373*b4"3 + 4*al*a2 5%*a3"3*ad " 3*b175*b2*b3"3*b4 "3 +

4*al”b*a2%a373*ad"3*b1*b275*¥b373*b4 "3 + 4*al*a2*a3"3*ad"3*b175*b2"5*b33*b4 ™3

4*(al™4 + b174)*(a274 + b274)*al*a2*a3"3*ad"3*b1*b2*b373*b4™3

4*((p172 4 2*ql)"2 - 2*q172)*((p272 + 2*q2)"2 - 2*¥q272)*ql*q2*q3"3*q4"3

bool (c0412+c0413+c0414+c04234+c04244c0434+c41+c424+c43+cdd=—c4)

#This is a check to make sure as we seperated the groups we used every term in \
c4 once and only once.

True

14=50412+s0413+50414+s0423+50424+50434+s41+s42+543+s44

14

104=14 (pl=al+bl, p2=a2+b2, p3=a3+b3, pd=ad+bd, ql=-1%al*bl, q2=-1*a2*b2, q3=-1*\
a3*b3, q4=-1%ad*b4)

bool (104==c4)

#This line brings all the group substitutions we created for c4 back into omne \
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expression and checks to make sure that when back substitute we end up with \
cd.
-4*((pd7™2 + 2%q4)72 - 3*¥q472)*(p4d72 + 2%q4)*q173*q273*q373 - 4*((p372 + 2*q3)"2 -
3*q372)*(p372 + 2*q3)*ql"3*q273%q4d "3 - 4*((p272 + 2*q2)"2 - 3*q272)*(p272 +
2*q2)*ql73*q373*q4d 73 - 4*((p1™2 + 2*ql)"2 - 3*q172)*(pl™2 + 2*ql)*q2"3*q3"3*q4"3 +
A5((p372 + 2%¢3)7°2 - 2%q372)*((p4™2 + 2%q4)™2 - 2%q4™2)*q1 32 3*q3%qd + 4*((p2°2 +
2%q2)"2 - 2%q272)*((pA™2 + 2%qd) "2 - 2%q472)*q1 3% q2*q3" 3 qd + 4*((p1"2 + 2%q1)"2 -
2%q172)*((p4™2 + 2*%q4)72 - 2*¥q472)*ql1*q273*q373*q4 + 4¥((p272 + 2*q2)"2 - 2*q272)*((p372 +
2%q3)72 - 2%q372)*q173*q2*q3*q4"3 4+ 4*((p172 + 2*ql)"2 - 2*q172)*((p372 + 2*q3)"2 -
2*q372)*q1*q273*q3*qd "3 + 4*((p172 + 2*ql)"2 - 2*q172)*((p272 + 2*q2)"2 -
2%q272)*q1*q2*q373*q4"3
True

c¢7=sum( {10 . find (7*w0))

c’

#This finds all our terms in f10 that have a 7 in them and then adds them \
together. The groups we form will have one of the four a variables or its \
corresponding b variable to the fifth power.

T*al " 4*a2”4*a3 " 4*ad"5*b172*b272*b372*b4 + T*al 2*a2 4*a3 " 4*ad"5*b174*b272*¥b372*b4 +

T*al " 4*a2"2*a3 " 4*ad"5*b172*b274*b372*b4 + T*al 2*a2” 2*a3 " 4*ad " 5*b174*b274*b372*b4 +

T*al " 4*a2"4*a3 " 2*ad"5*b172*b272*b374* b4 + T*al 2*a2 4*a3 " 2*ad"5*b174*b272*b3"4*bd +

T*al"4*a272%a372%ad " 5*b172¥b274*b3T4*bd + T*alT2%a2 2%a372%ad " 5*b174*b274*b374*bd +

T*al " 4*a2 " 4*a3 5*ad " 4*b172*¥b272¥b3*h4d "2 + T*al 2*a2 4*a3 " 5*ad"4*¥b174*b272*¥b3*b4 "2 +

T*al " 4*a2"2*a3 " 5*ad " 4*b172*b2"4*b3*h4 "2 + T*al 2*a2 2*a3 " 5*ad 4*b174*b2"4*b3*b4 "2 +

T*al " 4*a2”5*a3 " 4*ad"4*b172*b2*¥b372*b4 72 + T*al 2*a2 5*a3 " 4*ad"4*b1"4*b2*b3"2*b4 "2 +

T*al H*a2 4*a3"4*ad"4*b1*b272*b372*b4 72 + T*al*a2 4*a3 4*ad"4*b175*b272*¥b372*b4 "2 +

T*al"H*a2"2*a3"4*ad"4*b1*b274*b372*b4 72 + T*al*a2 2*a3 4*ad"4*b175*b2"4*¥b3"2*b4 "2 +

T*al " 4*a2*¥a3"4*ad"4*b172*b275*¥b372*b4 72 + T*al 2*a2%*a3"4*ad 4*b1"4*b275*b3"2*b4 "2 +

T*al " 4*a2”5*a3 " 2*ad”4*b172*b2*¥b374*b4 72 + T*al 2*a2 5*a3 " 2*ad"4*b1"4*b2*b3"4*b4 "2 +

T*al " b*a2 4*a3 " 2*ad”4*b1*b272*¥b374*b4 72 + T*al*a2 4*a3 2%*ad 4*b175*b272*b3"4*b4 "2 +

T*al"H*a2"2%a372%ad " 4*b1*b274*b374* b4 72 + T*al*a2 2*a3"2%*ad"4*b175*b2"4*¥b3"4*b4 "2 +

T*al " 4*a2*a372%ad"4*b172*b275*b374*b4 "2 + T*al 2*a2%a3"2%*ad 4*b1"4*b275*b3"4*b4 "2 +

T*al"4*a2 4*a3*ad"4*b172*¥b272*¥b375*b4 "2 + T*al"2*a2 4*a3%ad"4*b174*b272¥b375*¥b4 "2 4+

T*al " 4*a2"2*a3*ad"4*b172*b274*¥b375*b4 72 + T*al 2*a2 2*a3*ad 4*b1 4*b274*b3"5*b4 "2 +

T*al " 4*a2”4*a3 " 5*ad " 2*b172*b272*b3*h4 ™4 + T*al 2*a2 4*a3 " 5*ad 2*¥b174*b272*b3*b4 "4 +

T*al " 4*a2"2*a3 " 5*ad"2*b172*b274*b3*b4 "4 + T*al 2*a2” 2*a3 " 5*ad 2*b174*b274*b3*b4 "4 +

T*al 4*a2"5*a3"4*ad"2*¥b172*¥b2*b372*b4 74 + T*al 2*a2”5*a3 4*ad " 2*b174*b2*¥b372*b4 ™4 +

T*al " 5*a2 4*a3 " 4*ad " 2*b1*b272*¥b372*b4 ™4 + T*al*a2 4*a3"4*ad"2*¥b1 7 5*b272*b3"2*b4 "4 +

T*al"b5*a2 2*a3 " 4*ad " 2*b1*b274*¥b372*b4 ™4 + T*al*a2 2%*a3"4*ad " 2*¥b175*b274*b3"2*b4 "4 +

T*al " 4*a2*a3"4*ad"2*¥b172*b275*¥b372*b4 74 + T*al 2*a2*a3"4*ad " 2*b1 " 4*b275*b3"2*b4 "4 +

T*al " 4*a2”5*a3 " 2*ad"2*b172*b2*¥b374*b4 ™4 + T*al 2*a2 5*a3 " 2*ad"2*b174*b2*b3"4*b4 ™4 +

T*al"H*a2 " 4*a372%ad " 2*¥b1*b272*b374* b4 ™4 + T*al*a2 4*a3"2%*ad"2*b175*b272*¥b3"4*b4 4 +

T*al"H*a272*a372%ad " 2*¥b1*b274*b374* b4 ™4 + T*al*a2"2*a3 " 2%*ad"2*b175*b2"4*b3"4*b4d 4 +

T*al " 4*a2*a3"2%ad"2*¥b172*b275*¥b374*b4 ™4 + T*al 2*a2*a3"2%*ad"2*b1"4*b275*b3"4*b4 "4 +

T*al " 4*a2 4*a3*ad"2*¥b172*b272*¥b375*b4 74 + T*al 2*a2 4*a3*ad"2*b1"4*b272*b3"5*b4 "4 +

T*al " 4*a2"2*a3*ad"2*¥b172*b274*b375*b4 74 + T*al 2*a2 2*a3*ad " 2*b1 4*b274*b3"5*b4 "4 +

T*al " 4*a2"4*a3"4*ad*b172*b272*¥b372*b4™5 + T*al 2*a2 4*a3 " 4*ad*b1"4*b272*b3"2*b4"5 +

T*al"4*a2"2*a3 " 4*ad*b172*b274*b372*b475 + T*al 2*a2 2*a3 4*ad*b1"4*b274*b3"2*b4"5 +

T*al"4*a2 4*a372%ad*b172¥b272*¥b374*b475 + T*al"2*a2 4*a3"2*ad*b174*¥b272*¥b374*¥b475 +

T*al " 4*a2"2*a3"2*ad*b172*b274*¥b374*b475 + T*al 2*a2 2*a3 " 2*ad*b1”4*b274*b3"4*b4™5

c¢7l=sum(c7. find (al™5*w0) )4sum(c7. find (b175*w0))

c7l

c71.factor ()

sT1=-T*((pl™2 + 2%ql)"2 - 2%q172)*(p2™2 + 2%q2)*(p372 + 2%q3)*(pd™2 + 2%qd)*ql*\
q272%q372%q472

s71

#This is the sum of the terms with al™5 or bl175, its factorization , and its \
substitution .

T*al " b*a2 4*a3 " 4*ad”4*b1*b272*¥b372*h4 72 + T*al*a2 4*a3"4*ad 4*b175*b272*b3"2*b4 "2 +
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T*al"5*a2"2*%a3 4*ad"4*b1*b274*b372*b4 "2 + T*al*a2 2*a3"4*ad"4*b1"5*b2"4*b372*¥b4 "2 +
T*al"h*a2 4*a3"2%ad"4*b1*b272*b374*b4 72 + T*al*a2 4*a3"2%*ad " 4*b175*b272¥b374*¥b4d"2 +
T*al"5%*a2"2%a3 " 2%ad"4*b1*b274*b3"4*b4 "2 + T*al*a2 2*a3"2%ad " 4*b1 5*b274*b3"4*¥b4 "2 +
T*al"5*a2 4*a3 4*ad " 2*b1*b272*b372*%b4 "4 + T*al*a2 4*a3"4*ad " 2*¥b1 5*b272*b372*¥b4 "4 +
T*al"5*a2"2*%a3 4*ad " 2*b1*b274*b372*%b4 "4 + T*al*a2 2*a3"4*ad " 2*¥b1 5*b2"4*b372*¥b4 "4 +
T*al"5*a2 7 4*a3 " 2%ad " 2*b1*b272*b34* b4 "4 + T*al*a2 4*a3 2*ad 2*b1"5*b272*b3"4*b4d "4 +
T*al"h*a2 2%¥a3"2%ad " 2*¥b1*b274*b374*b4 "4 + T*al*a2 2*a3"2%ad"2*b175*¥b2"4*b3"4*b4 ™4
TH(al™4 + b174)*(a2™2 + b2°2)*(a3"2 + b3 2)*(ad™2 +
b4™2)*al*a2"2*a3"2*ad " 2*b1*Hb2"2*b3"2*b4 "2

ST(p172 + 2%ql) 72 - 2%q172)*(p272 + 2%q2)*(p372 + 2*%q3)*(pd™2 + 2*q4)*ql*q272*q3"2*q4 "2

c¢72=sum(c7.find (a275*w0) )+sum (c7. find (b275*w0) )

c72

c72.factor ()

S7T2=-T*((p272 + 2*q2)72 - 2%q272)*(pl™2 + 2*ql)*(p372 + 2*q3)*(pd™2 + 2%*q4)*ql\
T2%q2*q372%q472

s72

#This is the sum of the terms with a2”5 or b275, its factorization , and its \
substitution .

T*al " 4*a2”5*a3 " 4*ad"4*b172*b2*¥b372*b4 72 + T*al 2*a2 5*a3 4*ad"4*b1"4*b2*b3"2*b4 "2 +

T*al " 4*a2*a3"4*ad"4*b172*b275*b372*b4 "2 + T*al 2*a2*a3 4*ad 4*b1"4*b275*b3"2*b4 "2 +

T*al"4*a2"5*a372%ad"4*b1 7 2*b2*b374* b4 72 + T*al 2%*a2”5*a3 " 2%*ad"4*b174*b2*¥b3"4*b4 "2 +

T*al " 4*a2*¥a3"2%ad"4*b172*b275*¥b374*h4 72 + T*al 2*a2*a3"2%*ad 4*b1"4*b275*b3"4*b4 "2 +

T*al " 4*a2”5*a3 " 4*ad"2*b172*b2*¥b372*b4 ™4 + T*al 2*a2 5*a3 " 4*ad"2*¥b174*b2*b3"2*b4 "4 +

T*al " 4*a2*a3"4*ad"2*b172*b275*¥b372*b4 ™4 + T*al 2*a2*a3 4*ad " 2*b1"4*b275*b3"2*b4 "4 +

T*al 4*a2"5%a3"2%ad"2*¥b172*¥b2*b374* b4 ™4 + T*al 2%*a2”5*a3"2%*ad"2*b174*b2*¥b3"4*b4 4 +

T*al " 4*a2*a3"2%ad"2*b172*b275*b374*b4 74 + T*al 2*a2%a3"2%*ad " 2*b1"4*b275*b3"4*b4 "4

7*(a274 4+ b274)*(al™2 + b172)*(a372 + b372)*(ad™2 +

b472)*al"2%a2%a3"2%ad " 2*b172*b2*¥b372*b4 "2

ST*((p272 + 2%q2)72 - 2%q272)* (pl 72 + 2*ql)*(p372 + 2*%q3)*(pdT2 + 2*q4)*qlT2*q2*q3"2*q4 "2

c¢73=sum(c7.find (a375*w0) )+sum (c7. find (b375*w0) )

c73

c73.factor ()

s73=-7*((p372 + 2*q3)72 - 2*q372)*(pl™2 + 2*%ql)*(p272 + 2*q2)*(pd™2 + 2*q4)*ql\
T2%q272%q3%q472

s73

#This is the sum of the terms with a3”5 or b375, its factorization , and its \
substitution .

T*al"4*a2"4*a3"5*ad"4*b172*¥b272*b3*b4 72 + T*al 2%*a2 4*a3 " 5%*ad"4*b1"4*b2"2*¥b3*bd "2 +

T*al " 4*a2"2%a3 " 5%ad"4*b172*¥b274*b3* b4 ™2 + T*al 2*a272*a3 " 5*ad”4*¥b1"4*b2"4*b3*b4d "2 +

T*al"4*a2 4*a3*ad"4*b172*¥b272*b375%b4 "2 + T*al 2*a2 4*a3*ad"4*b1"4*b2"2*b3"5*b4d "2 +

T*al " 4*a2 2*a3*ad"4*b172*b274*¥b375*b4 72 + T*al 2*a2 2*a3*ad 4*b1 4*b274*b3"5*b4 "2 +

T*al"4*a2"4*a3 " 5%ad " 2*b172*¥b272*b3*b4 "4 + T*al 2*a2 4*a3 " 5*ad 2*¥b174*b272*b3*b4d "4 +

T*al"4*a2"2%a3 " 5%ad " 2*b172*¥b274*b3*b4 ™4 + T*al 2*a272*a3 " 5*ad 2*¥b174*b2"4*b3*bd "4 +

T*al"4*a2 " 4*a3%ad"2*¥b172*b272*b375%b4 74 + T*al 2%*a2 4*a3*ad"2*b174*b2"2*¥b3"5*bd "4 +

T*al"4*a2 " 2*a3*ad"2*b172*¥b274*b3"5*b4 ™4 + T*al 2*a2 2*a3*ad " 2*b1 4*b2"4*b3"5*b4 "4

7*(a374 4+ b374)*(al™2 4+ b172)*(a272 4+ b272)*(ad™2 +

b472)*al"2%a272%a3*ad " 2*b172*b272*b3*b4 "2

-T*((p372 + 2%q3)72 - 2%q372)*(p172 + 2*ql)*(p272 + 2*q2)*(pd"2 + 2*qd)*ql2*q272*q3*q4 "2

c74=sum(c7.find (a4”5*w0) )+sum(c7.find (b475*w0) )

c74

c74 . factor ()

s7T4=-T*((pd™2 + 2*q4)"2 - 2*%q472)*(pl™2 4+ 2*ql)*(p272 + 2*q2)*(p372 + 2*qg3)*ql\
T2%q272*%q37 2% q4

s74

#This is the sum of the terms with a4™5 or b475, its factorization , and its \
substitution .

T*al " 4*a2”4*a3 " 4*ad"5*b172*b272*¥b372*b4 + T*al 2*a2 4*a3 " 4*ad"5*b174*b272*¥b372*b4 +

T*al " 4*a2"2*a3 " 4*ad"5*b172*b2"4*b372*b4 + T*al 2*a2 2*a3 " 4*ad " 5*b174*b274*b372*b4 +
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T*al"4*a2 " 4*a3 " 2%ad " 5%b172*b272*b374*b4 + T*al 2*a2"4*a3"2%*ad 5*b1"4*b272*b3"4*b4 +
T*al"4*a2"2*a3"2%ad"5*b172*¥b274*b3"4*b4 + T*al 2%*a2 2*a3"2%*ad4 " 5*b1"4*b2"4*¥b3"4*b4 +
T*al " 4*a2 " 4*a3 " 4*ad*b172*¥b272*b372*%b4 "5 + T*al 2*a2 4*a3 4*ad*bl"4*b272*b372*¥b4"5 +
T*al " 4*a2"2*a3 " 4*ad*b172*b274*¥b372*b4™5 + T*al 2*a2 2*a3 " 4*ad*b1™4*b274*b3"2*b4"5 +
T*al " 4*a2"4*a3 " 2%ad*b172*¥b272*b374* b4 ™5 + T*al 2*a2 4*a3 2*ad*b1"4*b272*b3"4*¥b4™5 +
T*al"4*a2"2%a3 2%ad*b172*¥b274*b3"4*b4™5 + 7T*al 2*a2 2*a3 " 2*ad*b1 4% b2"4*¥b3"4*b4 ™5
T*(ad™4 + b4™4)*(al™2 + b172)*(a2"2 + b272)*(a3"2 +
b372)*al"2%a272%a3 " 2%ad* b1 2*b272*h3 2% he

STX((pd72 4+ 2%q4)72 - 2%q472)*(p172 + 2%ql)*(p272 + 2*q2)*(p372 + 2*q3)*ql 2*q272*q3"2*q4

bool (¢7=—=cT71+cT72+cT73+cT4)

#This is a check to make sure as we seperated the groups we used every term in \
c4 once and only once.

True

17=s714s724873+s74

17

107=17 (pl=al+bl, p2=a2+b2, p3=a3+b3, pd=ad+bd, ql=-1*al*bl, q2=-1*a2*b2, q3=-1%\
a3*b3, q4=-1%ad*b4)

bool ( )

#This line brings all the group substitutions we created for c7 back into omne \
expression and checks to make sure that when back substitute we end up with \
c’.

STR((p472 + 2%q4) 72 - 2¥q472)* (p172 + 2¥ql)*(p272 + 2*%q2)*(p372 + 2*q3)*ql"2*q2"2*q3 " 2% q4

- T*((p372 + 2*g3)72 - 2*q3 2)*(p172 + 2¥q1)*(p272 + 2*q2)*(p4d™2 + 2*qd)*ql"2*%q2"2*q3*q4 "2

- T((p272 + 2%q2)72 - *(pl72 + 2*ql)*(p372 + 2*q3)*(p4d™2 + 2*q4)*ql"2%*q2*q3"2*qd "2

- T*((p172 + 2*ql1)72 - *(p272 + 2%q2)*(p372 4 2*q3)*(pd "2 + 2*qd)*ql*q272*q3 " 2*q4 "2

True

2°2)
12)

cl2=sum ({10 .find (12*w0))
cl2
#This finds all our terms in f10 that have a 12 in them and then adds them \
together. The groups we form will have one of the four a variables to the \
third power and either a second a variable or its corresponding b variable \
to the fifth power.
12*%al”3*a2 4*a3"4*ad"5*b173*¥b272*b372*b4 + 12*al"4*a2 3*a3 " 4*ad " 5*b172*b2"3*b3"2*b4 +
12*%al™2%a2"3*a3"4*ad"5*b174*¥b273*b372*b4 + 12*al"3*a2 2*a3 " 4*ad " 5*b173*b2"4*b3"2*b4 +
12*%al"4*a2"4*a3"3%ad"5*b172*¥b272*b373*b4d + 12*al"2*a2 4*a3 " 3*ad " 5*b1"4*b2"2*b3"3*b4 +
12*%al"4*a272%a3"3%ad " 5*b172*¥b274*b373*b4 + 12*al"2*a2"2*a3 " 3*ad " 5*b1"4*b2"4*b373* b4 +
12*al”3*a2"4*a372%ad"5*b173*b272*b374*b4d + 12*al"4*a2"3*a3 " 2*ad " 5*b172*b273*b3"4*hd +
12*al™2*a273%a372*ad " 5*b174*b273*b374*b4 + 12*al"3*a272*a3"2*%ad"5*b173*¥b2"4*¥b3"4*b4 +
12*al”3*a2 " 4*a3"5%ad"4*b173*¥b272*b3* b4 "2 + 12*al"4*a2 " 3*a3 5*ad"4*b172*b2"3*b3*hd "2 +
12*%al™2%a2"3*a3" 5%*ad"4*b174*¥b273*b3* b4 "2 + 12*al"3*a2 " 2*a3 5*ad"4*b173* b2 4*b3*hd "2 +
12*al”3*a2" 5*a3 " 4*ad"4*b173*b2*b372*b4 "2 + 12*al"5*a2 " 3*a3 " 4*ad " 4*b1*Hb273*b3"2*b4d "2 +
12*al*a273*a3 " 4*ad"4*b1"5*b273*b372*b4d "2 + 12*al"3*a2*a3"4*ad"4*b1"3*b275*b372*b4d "2 +
12*al"4*a2"5*a3"3%ad"4*b172*b2*b373*b4d "2 + 12*al"2*a2"5*a3 " 3*ad"4*b1"4*b2*b373*b4 "2 +
12*al"5%*a2"4*a3"3*ad " 4*b1*b272¥b373*b4™2 + 12*al*a2"4*a3"3*ad"4*b175*b272*¥b373*h4 "2 +
12*al”5%*a272%a3"3%ad " 4*b1*b2"4*¥b373*b4 "2 + 12*al*a2 2*a3"3*ad"4*b175*b274*¥b3"3*h4d "2 +
12*al"4*a2*a3"3*ad"4*b172*b275*b373*b4d "2 + 12*al"2*a2*a3"3*ad"4*b1"4*Hb275*b3"3*b4d "2 +
12*al™3%a2"5*a3"2%ad"4*b173*b2*b3"4*b4 72 + 12*al " 5%*a2”3*a3"2%ad"4*b1*b2"3*b3"4*b4 "2 +
12*al*a273*a3"2*ad"4*b175*b273*b3"4*b4d "2 + 12*al"3*a2%a3"2*ad"4*b173*b275*b3"4*b4 "2 +
12*al73*a2"4*a3%ad " 4*b173*b272*b375*b4 72 4+ 12%¥al"4*a2”3*a3*ad"4*b172*b273*b3"5*b4 "2 +
12*%al™2%a2" 3*a3*ad " 4*b174*b273*b375*b4 "2 + 12*al"3*a2 2*a3*ad"4*b173*Hb274*¥b3"5*b4 "2 +
12*%al"4*a2"4*a3"5%*ad " 3*b172*¥b272*b3*b4 "3 + 12*al " 2*a2 4*a3 " 5*ad"3*b1"4*b2"2*b3*h4d "3 +
12*%al"4*a272%a3" 5%*ad"3*b1"2*¥b274*b3* b4 "3 + 12*al"2*a2"2*a3 " 5*ad"3*b1"4*b2"4*b3*b4d "3 +
12*al"4*a2"5*a3 4*ad"3*b1"2*b2*b372*b4d "3 + 12*al"2*a2 5*a3 " 4*ad"3*b1"4*b2*b372*b4"3 +
12*al”h*a2"4*a3"4*ad"3*b1*b272*b372*b4 73 + 12%al*a2 4*a3"4*ad"3*b1 7 5*b272*b372*b473 +
12*al”5*a2™2%a3"4*ad " 3*b1*b2"4*¥b372*b473 + 12*al*a2 2*a3"4*ad"3*b175*b274*¥b372*h4 73 +
12*%al"4*a2*a3 " 4*ad"3*b172*b275*b372*b4"3 + 12*al " 2*a2*a3"4*ad"3*b1"4*Hb275*¥b372*h4 "3 +
12*al”4*a2"5*a3 2%ad"3*b172*¥b2*b374*b4 "3 + 12*al"2*a2 5*a3 " 2*ad"3*b1"4*b2*b3"4*b4"3 +
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12*al”5*a2"4*a3"2*ad"3*b1*b272*b374*b4 "3 + 12*al*a2 4*a3"2*ad " 3*b1 5*b272*b3"4*b473 +
12*al”5%a272%a372%ad " 3*b1*bh274*b3"4*b473 + 12*al*a2 2%*a372%ad"3*b175*b274*h374*h4 73 +
12*al"4*a2*a372%ad"3*b172*b275*b3"4*b473 4+ 12*al"2*a2*a3"2%ad " 3*b1 " 4*b275*b3"4*b4 "3 +
12*al"4*a2"4*a3%ad"3*b172*b272*b375*b4 73 4 12*al 2*a2 4*a3*ad " 3*b1 4*b272*b3"5*bd "3 +
12*al"4*a2"2%a3%a4"3*b172*b274*b375*b4 "3 + 12*al"2*a2 2*a3*ad " 3*b1"4*b2"4*b3"5*b4"3 +
12*al”3*a2"4*a3 " 5*ad"2*b173*b272*b3*b4 "4 + 12*al"4*a2"3*a3 5*ad"2*b172*b273*b3*b4"4 +
12*¥al™2%a273*a3"5%ad"2*¥b1"4*b273*b3*b4 "4 + 12*al"3*a272*a3"5*ad " 2*b173*¥b274*b3*bd ™4 +
12*al73*a275%a3"4*ad"2*b173*b2*b372*b4 74 4+ 12*al”5*a2”3*a3 " 4*ad"2*¥b1*b2"3*b3"2*b4 ™4 +
12*al*a273*a3"4*ad"2*b1"5*b273*b372*b4™4 4+ 12*al”3*a2*a3"4*ad"2*b1"3*b25*b372*b4 4 +
12*al"4*a275%a3"3*ad"2*b172*b2*b373*b4 "4 + 12*al"2*a2"5*a3"3%*ad"2*b1"4*b2*b3"3*b4™4 +
12*al"5*a2"4*a3"3*ad"2*b1*b272*b373*b4 "4 + 12*al*a2”4*a3"3*ad " 2*b1 5*b272*b373*b4™4 +
12*al”5*a2"2%a3"3*ad"2*b1*b274*b373*b4d "4 + 12*al*a2 2*a3"3*ad " 2*b1 5*b274*b3"3*b4™4 +
12*al"4*a2*a3"3%ad"2*b172*b275*b373*b4 ™4 4+ 12*al"2*a2*a3"3*ad " 2*b1 " 4*b275*b3"3*bd ™4 +
12*al”3*a275%a372*ad"2*b173*b2*b374*b474 4+ 12*al”5*a2”3*a3 " 2*ad"2*¥b1*b273*b3"4*bd "4 +
12*al*a273*a372%ad4 " 2*b175*b273*b374*b4 "4 + 12*al"3*a2*a3"2*ad"2*b1"3*b275*b3"4*b4™4 +
12*al”3*a2"4*a3%ad"2*b173*b272*b375*b4 "4 + 12*al"4*a2"3*a3*ad " 2*b172*b273*b3"5*b4 ™4 +
12*al™2*a2"3%a3%ad"2*b1"4*b273*b375*b4d "4 + 12*al"3*a2 2*a3*ad " 2*b1"3*b274*b35*b4™4 +
12*%al73*a2"4*a3"4*ad*b173*b272*b372*b4™5 4 12%al " 4*a2”3*a3"4*ad*b172*b273*b3T2*bd ™5 +
12*al™2*a273%a3"4*ad*b1 " 4*b273*b372*b475 4+ 12*al”3*a2"2*a3"4*ad*b1 " 3*b274*b3T2*bd 75 +
12*al"4*a274*a3"3*ad*b172*b272*b373*b475 + 12*al 2*a2"4*a3 " 3*ad*b1 " 4*b272*b3"3*bd "5 +
12*al"4*a272%a3"3*ad*b172*b274*b373*b4 "5 + 12*al"2*a272*a3"3*ad*b1"4*b2"4*b373*b4"5 +
12*al”3*a2"4*a3"2*ad*b1"3*b272*b374*b4d "5 + 12*al"4*a2"3*a3 2*ad*b1"2*b273*b3"4*b4"5 +
12*¥al™2%a273*a3"2%ad4*b1"4*¥b273*b374*b475 + 12*al”3*a272%a372%ad*b173*b274*¥b3"4*b4"5

c¢12012=sum(cl2. find (al"3*a275*w0) )4sum(cl2. find (al"3*b275*w0) )

cl12012

c12012. factor ()

$12012=12*((p272 + 2*q2)72 - 2*q272)*(p372 + 2*q3)*(pd™2 + 2*qd)*ql™3*q2*q372%*\
qd "2

s12012

#This is the sum of the terms with al™3 and either a2”5 or b275, its \
factorization , and its substitution.

12*al73*a2"5%a3 " 4*ad"4*b173*b2*b372*%b4 "2 + 12*al”3*a2*a3 4*ad " 4*b1"3*b2"5*b3"2*¥b4 "2 +

12*¥al173*a2"5%a3 " 2%ad " 4*b173*b2*b3"4*b4 ™2 + 12*al"3*a2*a3 2*ad 4*b1"3*b2"5*b3 " 4*b4 "2 +

12*al”3*a2"5*a3 4*ad"2*b173*b2*b372*b4 "4 + 12*al"3*a2*a3"4*ad"2*b173*b275*b372*b4 "4 +

12*al173*a2”5%a3"2%ad " 2*b173*b2*b3"4* b4 "4 + 12*al”3*a2%a3 2%*ad”2*b173*b2"5*b3 " 4* b4 "4

12%(a2™4 + b2°4)*(a372 + b372)*(ad™2 + b4 2)*al~3*a2*a3"2*ad“2*b1 3*b2*b3 " 2*b4"2

12%((p272 + 2%q2)72 - 2%q272)*(p372 + 2*q3)*(p4™2 + 2*q4)*q173*q2*q372%*q4™2

¢12013=sum(cl2. find (al"3*a3"5*w0) )4sum(cl2. find (al"3*b375*w0) )

cl12013

c12013 . factor ()

$12013=12*((p372 + 2*q3)72 - 2*q372)*(p272 + 2*q2)*(pd™2 + 2*qd)*ql™3*q272%*q3*\
qd"2

s12013

#This is the sum of the terms with al™3 and either a3”5 or b375, its \
factorization , and its substitution.

12*al”3%a2"4*a3"5%ad"4*b173*¥b272*b3*b4"2 + 12*al”3*a2 2*a3"5%ad"4*b173*¥b2"4*b3*b4"2 +

12*al™3%a2 " 4*a3%ad"4*b1"3*b272*b375*b4 72 + 12*al " 3*a2 2*a3%ad"4*b1"3*b2"4*b3"5*b4"2 +

12*al”3*a2"4*a3" 5*ad"2*b173*b272*b3*bd "4 + 12*al"3*a2 " 2*a3 " 5*ad " 2*b173*b2"4*b3*bd "4 +

12*al™3%a2"4*a3%ad"2*¥b1"3*b272*b375*b4 ™4 + 12*al"3%*a2"2*a3%ad"2*b1"3*b2"4*b3"5*b4 4

12%(a3™4 + b374)*(a2™2 + b272)*(ad™2 + b4 2)*al~3*a2 2*a3*ad “2*b1"3*b2 " 2*b3*b4"2

12*%((p372 + 2%q3)72 - 2*¥q372)*(p272 + 2%q2)*(p4™2 + 2*q4)*q173*q272*q3*q4 "2

c¢12014=sum(cl2. find (al"3*a4"5*w0) )4sum(cl2. find (al"3*b475*w0))

cl12014

c12014 . factor ()

$12014=12*((pd™2 + 2*q4)"2 - 2*q472)*(p272 + 2*q2)*(p372 + 2*q3)*ql™3*q272*q3\
T2*%q4

s12014
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#This is the sum of the terms with al™3 and either a4”5 or b475, its \
factorization , and its substitution.
12*al”3%a2 " 4*a3"4*a4"5*b1"3*¥b272*¥b372*b4 + 12*al”3*a2"2*a3"4*ad"5*b1"3*¥b2"4*¥b3"2*b4 +
12*al™3%a2"4*a3"2%a4"5*b1"3*b272*¥b3"4*b4 + 12*al”3*a2"2*a3"2%*a4 " 5*b1"3*b2"4*b3"4*b4 +
12*al”3*a2"4*a3"4*ad*b173*b272*b372*b4"5 + 12*al"3*a2 " 2*a3 " 4*ad*b173*b2"4*b372*b4"5 +
12*al™3%a2"4*a3"2%ad*b173*b272*b374*b4™5 + 12*al " 3%a2"2*a3 2*ad*b1 " 3*b2"4*b3"4*h4™5
12%(ad™4 + b4™4)*(a2™2 + b272)*(a372 + b372)*al 3*a2"2*a3 2*ad*b1 3*b2"2*h3"2*b4
12%((pd™2 + 2%q4)72 - 2¥q472)*(p272 + 2*q2)*(p372 + 2*q3)*q173*q272*q3"2*q4

¢12021=sum(cl2. find (a273*al"5*w0) )4sum(cl2. find (a273*b175*w0) )

cl12021

c12021 . factor ()

$12021=12*((p172 + 2*ql)"2 - 2*ql172)*(p372 + 2*q3)*(pd™2 + 2*qd)*ql*q273*q372%\
qd "2

s12021

#This is the sum of the terms with a273 and either al™5 or bl75, its \
factorization , and its substitution.

12*al”5*a2"3*a3 " 4*ad"4*b1*b273*¥b372*b4 ™2 + 12*al*a2”3*a3"4*ad"4*b175*b273*¥b372*b4 ™2 +

12*al”5%a273*a3"2%ad"4*b1*b273*b3"4*b472 + 12*al*a2”3*a3"2%ad " 4*b1"5*b2"3*b3"4*b4"2 +

12*al”5*a2"3*a3 " 4*ad " 2*b1*b273*b372*b4 "4 + 12*al*a2”3*a3 4*ad"2*b175*b273*¥b372*h4 ™4 +

12*al”5%a2"3*a372%ad"2*b1*b2"3*b3"4*b4 ™4 + 12*al*a2”3*a3"2%ad"2*b1"5*b2"3*b3"4*b4 4

12%(al™4 + b1™4)*(a372 + b372)*(ad™2 + b4 2)*al*a2 3*a3 2*ad “2*b1*b2 " 3*b3"2*b4"2

12%((p172 + 2%q1)72 - 2*¥q172)*(p372 + 2*q3)*(p4™2 + 2*q4)*q1*q273*q372%*q4™2

¢12023=sum(cl2. find (a273*a375*w0) )4sum(cl2. find (a273*b375*w0) )

c12023

c12023 . factor ()

s12023=12*%((p372 + 2%q3)72 - 2%q372)*(pl~2 + 2*ql)*(pd™2 + 2%qd)*ql 2%q2"3*q3*\
qd "2

s12023

#This is the sum of the terms with a273 and either a3™5 or b375, its \
factorization , and its substitution .

12*al"4*a273%a3"5*ad"4*b172*b273*b3*b4 72 4+ 12*al"2*a273*a3 " 5*ad"4*¥b174*¥b273*h3*b4 ™2 +

12*%al"4*a2"3*a3*ad " 4*b172*b273*b3 75 b4 "2 + 12*al"2*a2 3*a3*ad"4*b174*Hb273*b375*b4d "2 +

12*%al"4*a2"3*a3 " 5%*ad"2*b172*¥b273*b3* b4 "4 + 12*al"2*a2"3*a3 " 5*ad " 2*b174*b2"3*b3*hd "4 +

12*al"4*a2"3%a3*ad " 2*b172*b273*b375*b4 74 + 12*al"2*a2"3*a3%ad " 2*b1"4*b273*h375*b4 ™4

12%(a374 + b3 4)*(al™2 + b172)*(ad™2 + b4 2)*al 2*a2 3*a3*ad 2*b1 " 2*b2"3*b3*h4 "2

12%((p372 + 2%g3)72 - 2%q372)*(p1™2 + 25q1)*(p4™2 + 2%q4)*ql 2*q2 3*q3*q4 "2

c12024=sum(cl2. find (a273*a4"5*w0) )+sum(cl2. find (a273*b475*w0) )

cl12024

c12024 . factor ()

$12024=12*%((pd™2 + 2*q4)"2 - 2*%q472)*(pl1™2 + 2*ql)*(p372 + 2*q3)*ql™2*q273*q3\

T2*%q4

s12024

#This is the sum of the terms with a2”3 and either a4”5 or b475, its \
factorization , and its substitution.

12*al™4*a2"3*a3"4*ad"5*b172*b273*b372*%b4 + 12*al"2%a2”3*a3 4*ad"5*b1"4*b273*b3"2*b4 +
12*al"4*a273*a3"2%a4"5*b172*¥b273*b3"4*b4 + 12*al"2%*a2”3*a3"2%*ad " 5*b1"4*b2"3*b3"4*b4 +
12*¥al74%a2"3%a3 " 4*ad*b172*¥b273*b372*b4 75 + 12*al"2*a2"3*a3 4*ad*b1"4*b2"3*b3"2*b4"5 +
12*al"4*a2"3*a3"2%ad*b1"2*b273*b374*b4™5 + 12*al”"2%a2"3*a3 2*ad*bl " 4*b273*b374*b45
12%(a4™4 + b4 4)*(al™2 + b172)*(a372 + b3 2)*al 2%a2"3*a3"2*ad*b1 " 2*b2 " 3*b3 2*b4
12%((pd™2 + 2*q4)"2 - 2%q472)*(p1™2 + 2*ql)*(p3™2 + 2*q3)*ql"2*q2"3*q3 " 2*q4

¢12031=sum(cl2. find (a373*al"5*w0) )+sum(cl12. find (a373*b175*w0) )

c12031

c¢12031 . factor ()

$12031=12*%((p1™2 + 2*ql)"2 - 2*ql172)*(p272 + 2*q2)*(pd™2 + 2*qd)*ql*q272%q373*\
qd "2

12031
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#This is the sum of the terms with a373 and either al™5 or bl75, its \
factorization , and its substitution.
12*al”5*a2 " 4*a3"3%ad"4*b1*b272*b373*b4 72 + 12*al*a2 4*a3"3%ad "4*b1"5*¥b272*¥b3"3*b4"2 +
12*al”5%a272*a3"3%ad"4*b1*b274*b373*b472 + 12*al*a2 2*a3"3%ad"4*b1"5*b2"4*b3"3*b4"2 +
12*al”b*a2"4*a3"3*ad " 2*b1*b272*b373*b4d "4 + 12*al*a2 4*a3"3*ad " 2*b175*b272*b3"3*b4d "4 +
12*al1”5%a272%a3"3%ad " 2*b1*b274*b3"3*b4 "4 + 12*al*a2”2%*a3 " 3*ad 2*b175*b274*b3"3*b4 "4
12%(al™4 + b1™4)*(a2™2 + b272)*(ad™2 + bd™2)*al*a2 2%a3 3*ad 2*¥b1*b2"2*bh3 3*h4 "2
12*%((p172 + 2%q1)72 - 2*%q172)*(p272 + 2%q2)*(p4™2 + 2*q4)*q1*q272%q373%q4™2

¢12032=sum(cl2. find (a373*a2"5*w0) )+sum(cl12. find (a373*b275*w0) )

c12032

c12032. factor ()

$12032=12*%((p272 + 2*q2)72 - 2*%q272)*(pl1™2 + 2*ql)*(pd™2 + 2*qd)*ql™2*q2*q373*\
qd "2

s12032

#This is the sum of the terms with a373 and either a2”5 or b275, its \
factorization , and its substitution.

12*al”4*a2”5*a3"3%ad"4*¥b172*¥b2*b373*b4 "2 + 12*al " 2%*a2 5*a3 " 3%ad " 4*b1 " 4*¥b2*¥b3"3*b4"2 +

12*al"4*a2*a3"3%ad"4*b17"2*¥b275*b373*b4 72 + 12*al " 2%*a2*a3"3%ad"4*b1"4*b2"5*b3"3*b4"2 +

12*%al"4*a2”5*a3"3%ad"2*b172*¥b2*b373*b4 "4 + 12*al"2*a2 5*a3 " 3*ad " 2*b1"4*b2*¥b3"3*b4 ™4 +

12*al"4*a2*a373%ad"2*¥b172*b275*b373*b4 ™4 + 12*al " 2%*a2*a3"3%ad"2*b1"4*b2"5*b3"3*b4 4

12%(a2™4 + b2°4)*(al™2 + b172)*(ad™2 + b4 2)*al 2*a2*a3 3*ad ~2*b1"2*h2*b3 " 3*b4"2

12%((p272 + 2%q2)72 - 2%q272)*(p172 + 2*ql)*(p4™2 + 2*q4)*q1™2*q2*q373%q4™2

¢12034=sum(cl2. find (a373*a4"5*w0) )4sum(cl2. find (a373*b4"5*w0) )

c12034

c12034 . factor ()

$12034=12*%((pd™2 + 2*q4)"2 - 2*%q472)*(pl™2 + 2*ql)*(p272 + 2*q2)*ql™2*q272%q3\
“3*q4

s12034

#This is the sum of the terms with a373 and either a4”5 or b475, its \
factorization , and its substitution .

12*%al"4*a2"4*a3"3*ad"5*b172*b272*b373*b4 4 12*al”2*a2"4*a3"3*ad"5*¥b174*b272*¥h373*h4 +

12*%al"4*a2™2%a3"3%ad " 5*b172*¥b274*b373*b4 + 12*al"2%a2 " 2*a3 " 3*ad " 5*b174* b2 4*¥b3"3* b4 +

12*%al"4*a2"4*a3"3*ad*b172*b272*¥b373*b4d™5 + 12*al"2*a2 4*a3 " 3*ad*b1™4*Hb272*¥b373*b4"5 +

12*al"4*a272%a3"3*ad*b172*b274*b373*b4 "5 + 12*al"2*a272*a3 " 3*ad*b1"4*b2"4*b3"3*b4 ™5

12%(a4™4 + b4 4)* (172 + b172)*(a272 + b2 2)*al 2%a2"2%a3"3*ad*b1 " 2*b2 " 2*b3 3*b4

12%((p472 + 2%q4)™2 - 2%q472)*(p1™2 + 2%q1)*(p2°2 + 2%q2)*ql 2%q2"2%q3 3% qd

c12041=sum(cl2. find (a473*al"5*w0) )4sum(cl2. find (a4"3*b175*w0) )

cl12041

c12041 . factor ()

$12041=12*%((p172 + 2*ql)"2 - 2*ql172)*(p272 + 2*q2)*(p372 + 2*q3)*ql*q272%q372%\

q4”3

s12041

#This is the sum of the terms with a4™3 and either al™5 or bl175, its \
factorization , and its substitution.

12%al 5*a2 4*a3 4*ad “3*h1¥h2 2%h3"2¥b4 "3 + 12%al*a2 4*a3 4*ad 3¥b1 5*h2 2¥b3"2¥b4 "3 +
12%al"5*a2 2%a3 " 4%ad"3¥b1¥b2 4*b3"2¥h473 + 12*al*a2 2%a3 4%ad " 3*b1 " 5¥b2 4*b3 2¥b4"3 +
12%al"5%a2 4*a3 " 2%ad " 3*b1¥h2 2%b3"4*b4d "3 + 12*al*a2 4*a3 2*ad " 3*b1 5*b2"2%b3 4*h4"3 +
12%al"5%a2"2%a3 " 2%ad "3*b1¥h2 4*b3 " 4*b4 "3 + 12%al*a2 2*a3 2%ad 3*¥b1 5*h2 " 4*b3"4¥b4 "3
12%(al™4 + b174)*(a2™2 + b272)*(a372 + b3"2)*al*a2 2%a3 2*ad"3*b1*h2 2*b3"2%b4 "3
12%((p172 4 2%q1)72 - 2%q172)*(p272 + 2%¢2)*(p372 + 2%q3)*ql*q2"2%q3"2%q4™3

c12042=sum(cl2. find (a4 3*a275*w0) )4sum(c12. find (a4"3*b275*w0) )

c12042

c12042 . factor ()

$12042=12*%((p272 + 2*q2)72 - 2*%q272)*(pl1™2 + 2*ql)*(p372 + 2*q3)*ql™2*q2*q37 2%\
q4”3

12042
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#This is the sum of the terms with a4™3 and either a275 or b275, its \

factorization , and its substitution.
12*al"4*a2"5*a3"4*ad"3*¥b172*¥b2*b372*b473 + 12*al " 2%*a2 5*a3"4*ad"3*b1"4*¥b2*¥b3"2*b4™3 +
12*al"4*a2%a3 " 4%*a4"3*b172*¥b275*b372*%b4 "3 + 12*al 2*a2*a3 4*ad " 3*b1"4*b2"5*b3"2*b4"3 +
12*al”4*a2"5*a3 2%ad"3*b172*¥b2*b374*b4"3 + 12*al"2*a2 5*a3 " 2*ad"3*b1"4*b2*b3"4*b473 +
12*¥al"4*a2%a3"2%ad"3*b172*¥b275*b3"4*b4 "3 + 12*al"2%*a2*a3 2%¥ad”3*b1"4*b2"5*b3"4*b4™3
12%(a274 + b274)*(al"2 + b172)*(a372 + b372)*al 2*a2*a3 2%ad 3*b1 2*b2*b3"2*h4 "3
12%((p272 + 2%q2)72 - 2*¥q272)*(p172 + 2*ql)*(p372 + 2*q3)*q1™2*q2*q372*q4™3

¢12043=sum(cl2. find (a473*a3"5*w0) )4sum(cl2. find (a4"3*b375*w0) )

c12043

c12043 . factor ()

$12043=12*((p372 + 2*q3)72 - 2*q372)*(pl™2 + 2*ql)*(p272 + 2*q2)*ql™2*q272%*q3*\
q4”3

s12043

#This is the sum of the terms with a4”3 and either a2”5 or b275, its \
factorization , and its substitution.

12*%al"4*a2"4*a3"5%ad " 3*b172*¥b272*b3* b4 ™3 + 12*al " 2*a2 4*a3 5*ad " 3*b1"4*b2"2*b3*h4 "3 +

12*al"4*a272*a3"5%ad"3*b17"2*¥b274*b3*b4™"3 + 12*al"2%*a2 2*a3"5%ad"3*b1"4*¥b2"4*b3*b4"3 +

12*al”4*a2"4*a3*ad"3*b172*b272*b375*b4d "3 + 12*al"2*a2 4*a3*ad"3*b1"4*Hb272*b3"5*b4 "3 +

12*%al”4*a2"2%a3*ad"3*b172*b274*b375*b4 "3 + 12*al"2*a2"2*a3*ad " 3*b1"4*Hb274*b3"5*b4 "3

12%(a374 + b3™4)*(al"2 + b172)*(a272 + b272)*al 2*a2 2*a3*ad 3*b1 2*b2"2*h3*h4 "3

12*%((p372 + 2%q3)72 - 2*¥q372)*(p172 + 2*ql)*(p272 + 2*q2)*q172*q272*q3*q4"3

bool (¢12=—=c12012+4¢120134+¢120144¢12021+c12023+¢120244+¢12031+¢c12032+c12034+c12041\
+c12042+c¢12043)

#This is a check to make sure as we seperated the groups we used every term in \
cl2 once and only once.

True

112=s12012+s120134+s120144s120214+512023+s12024+s120314+s12032+s12034+s120414\
120424512043

112

1012=112 (pl=altbl, p2=a2+b2, p3=a3+b3, pd=adtbd, ql=-1*al*bl, q2=-1*a2*b2, q3\
—-1*a3*b3, qd=-1*ad*bd)

bool (1012=c12)

#This line brings all the group substitutions we created for cl2 back into omne \
expression and checks to make sure that when back substitute we end up with \
cl2.

12%((p472 + 2%q4)™2 - 2%q472)*(p2°2 + 2%q2)*(p372 + 2%q3)*ql 3*q2"2%q3"2%qd + 12%((pd™2 +

2%q4)72 - 2%q472)*(p172 + 2*ql)*(p372 + 2*q3)*qlT2%q273*q3"2*q4d + 12*((p4d™2 + 2%*q4)"2 -

2%q472)*(p172 4 2*ql)*(p272 + 2*q2)*ql"2*q272*q3"3*qd + 12*((p372 + 2*q3)"2 -

2%q372)*(p272 + 2*q2)*(p4™2 + 2*q4)*q173*q272*%q3*qd "2 + 12*((p372 + 2*q3)"2 -

2%q372)*(p172 + 2*ql)*(p4d™2 + 2*q4)*q1"2*q273*q3*qd "2 + 12*((p272 + 2*q2)"2 -

2*%q272)*(p372 + 2*q3)*(p4d72 + 2*q4)*ql"3*q2*q372*qd "2 + 12*((p1™2 + 2*ql)"2 -

2*%q172)*(p372 4 2*q3)*(p4d™2 + 2*q4)*ql*q273*q3"2*q4"2 + 12*((p272 + 2*q2)"2 -

2%q272)*(p172 4 2*ql)*(p4d™2 + 2*q4)*ql"2*q2*q373*q4d"2 + 12*((p1™2 + 2*ql)"2 -

2%q172)*(p272 4 2*q2)*(p4d™2 + 2*q4)*ql*q272*%q373*q4"2 + 12%((p372 + 2*q3)"2 -
)¥( *(p272 + 2%q2)*ql72%q272%q3*qd "3 + 12%((p272 + 2%q2)"2 -
)*( *(p372 + 2*q3)*ql72*q2*q372*qd "3 + 12*((p1™2 + 2*ql)"2 -
)*( *(p372 + 2*q3)*ql*q272*q372%q4 "3

2*%q272)*(p1™2 + 2*ql
*(p272 + 2%q2

NN e N

2
2*%q372)*(p1™2 + 2*ql

2

2

2%ql”™
True

c¢20=sum ({10 . find (20*w0))

c20

#This finds all our terms in f10 that have a 20 in them and then adds them \
together. The groups we form will have two of the four a variables to the \
third power and either a second a variable or its corresponding b variable \
to the forth power.

20*al"3%a273*a3 4*ad"5*b1"3*b273*b372*b4 + 20*al"3*a2 " 4*a3"3*ad " 5*b1"3*b272*b3"3*bd +
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20*al"4*a2 3*a3"3*ad " 5*b1 " 2*b273*b373*b4 + 20*al 2*a2 3*a3 " 3*ad H5*b1 4*b2"3*b3"3*b4d +
20*al"3*a272%a373*a4"5*b173*b274*b3"3*b4 4 20*al"3*a2"3*a3 " 2*a4"5*b173*b273*b3"4*b4 +
20*al"3*a273%a3"5*a4"4*b173*b273*b3* b4 "2 4 20*al"3*a2”5*%a3"3*ad"4*b173*b2*b3"3*b4 72 +
20*al"5*a273%a3"3*ad " 4*b1*b2"3*b373*b4 "2 4 20*al*a2 3*a3d 3*ad "4*b175*b273*b3"3*b4 ™2 +
20*al"3*a2*a3 " 3%ad4"4*b173*b2"5*b373*b4 "2 4+ 20*al"3*a2 3*ad3*ad "4*b173*b2 " 3*b3"5*b4 72 +
20*al”3*a2 " 4*a3 " 5*ad " 3*b1"3*b272*b3*b4d "3 + 20*al " 4*a2 3*a3 5*ad " 3*b12*b273*b3*b4 "3 +
20*al"2*a2"3*a3"5*ad " 3*b1"4*b273*b3*b4d™3 + 20*al”"3*a2 2*a3 " 5*ad " 3*b1"3*b2 4*b3*b4"3 +
20*al"3*a2”5%a3"4*a4"3*b173*b2*b372*¥b4 73 4 20*al"H5*a2"3*a3 " 4*ad"3*b1*b273*b372%¥b4 73 +
20*al*a2”3*a3 " 4*a4"3*b175*b273*b372*¥b4 73 4 20*al"3*a2*a3d 4*ad " 3*b173*b2 5*b3"2*¥b4 73 +
20*al"4*a2”5%a3"3*ad " 3*b172*¥b2*b373*b4 "3 4 20*al"2*a2”5*a3"3*ad " 3*b1"4*b2*b373*b4 "3 +
20*al”5*a2 4*a3 " 3*ad " 3*b1*b2"2*b373*b4 73 + 20*al*a2 4*a3 3*ad"3*b1 5*b272*b3 " 3*b4"3 +
20*al”5*a2 2*a3"3*ad " 3*b1*b2"4*b373*b4d "3 + 20*al*a2 2*a3 3*ad 3*b1 5*b2 4*b3 " 3*b4"3 +
20*al"4*a2*a3 " 3*ad4"3*b172*b2 " 5*b3"3*b4 "3 4 20*al"2*a2*a3 " 3*ad " 3*b14*b275*b3"3*b473 +
20*al"3*a2”5%a372%a4"3*b173*b2*b374*b4 73 4 20*al"H5*a2 3*a3 " 2*ad " 3*b1*b273*b3"4*b4 "3 +
20*al*a2”3*a3 " 2*a4"3*b175*b273*b374*b4 73 4 20*al"3*a2*a3 " 2*ad " 3*b173*b2 5*b3 " 4*¥b4 "3 +
20*al”3*a2 4*a3*ad " 3*b1"3*b272*b375*b473 + 20*al"4*a2 3*a3*ad 3*b1 2*b27"3*b3 " H5*b4"3 +
20*al"2*a2"3*a3*ad " 3*b174*b2"3*b375* b4 "3 + 20*al"3*a2 2*ad3*ad " 3*b173*b2 4*b3"5*b4 "3 +
20*al"3*a2"3%a3"5%a4"2*b173*b273*b3*b4 "4 4 20*al"3*a2”5*%a3"3*ad"2*b173*b2*b3"3*b4 ™4 +
20*al"5*a273%a3"3*a4"2*b1*b2"3*b373*b4 "4 4 20*al*a2 3*a3d " 3*ad "2*b175*b273*b3"3*b4 "4 +
20*al"3*a2*a3 " 3%ad4"2*b173*b2 5*b373*b4 "4 4 20*al"3*a2”3*a3*ad "2*b173* b2 3*b3 " 5*b4 "4 +
20*al”3*a2 3*a3"4*ad*b173*b273*b372*b475 + 20*al"3*a2 4*a3 " 3*ad*b1"3*b272*b3"3*b4™5 +
20*al"4*a2"3*%a3"3*a4*b172*b273*b373*b4™5 + 20*al"2*a2”3*a3 " 3*ad*b1 " 4*b2 " 3*b3"3*b4"5 +
20*al"3*a2 2*a3"3*a4*b1"3*b2"4*b373*b4™5 + 20*al"3*a2 3*a3"2*ad*b13*b273*b3"4*b4™5

¢20123=sum(c20. find (al”73*a273*a374*w0) )+sum(c20. find (al"3*a273*b374*w0) )

c20123

c20123 . factor ()

$20123=-20*((p4™2 + 2*q4)"2 - 2*%q472)*(p372 + 2*q3)*ql"3*q273*q372*q4

s20123

#This is the sum of the terms with al”3, a273 and either a374 or b374, its \
factorization , and its substitution.

20*al”3*a2"3*a3"4*a4 " 5*b1"3*b273*b3 " 2*b4 + 20*al”"3*a2”3*a3"2*ad4"5*b1"3*b2"3*b3 " 4*b4 +

20*al"3*a273%a3 " 4*ad4*b173*b273*b3"2*b4"5 + 20*al"3*a2”3*a3 " 2*ad*b1"3*b273*b3"4*b4 "5

20%(ad™4 + ba™4)*(a3™2 + b3™2)*al"3*a2" 3*a3 2*ad*b1 3*h2 3*b3"2%b4

-20%((p4™2 + 2*q4)72 - 2*¥q472)*(p372 + 2*q3)*ql"3*q273*q3 " 2*q4

c20124=sum(c20. find (al™3*a273%a4"4*w0) )+sum(c20. find (al"3*a273*b4"4*w0))

c20124

c20124 . factor ()

$20124=-20*%((p372 + 2*q3)72 - 2*q372)*(pd™2 + 2*q4)*ql"3*q273*q3*q4"2

s20124

#This is the sum of the terms with al”3, a273 and either a374 or b374, its \
factorization , and its substitution.

20*al”3*a2"3*a3"5*ad 4*b1"3*b273*b3*b4d "2 + 20*al”"3*a2”3*a3*ad " 4*b1"3*b273*b3"5*b4"2 +

20*al”3*a2"3*a3"5*ad " 2*¥b1"3*b2"3*b3*b4d"4 + 20*al"3*a2"3*a3*ad " 2*b1"3*b273*b3"5*b4 "4

20%(a374 + b374)*(a4"2 + b4d"2)*al"3*a2"3*a3%*ad " 2*b1"3*b2"3*b3* b4 "2

-20%((p372 + 2*q3)72 - 2%q372)*(p4"2 + 2*q4)*ql"3*q2"3*q3%q4 "2

¢20132=sum(¢20. find (al73*a3"3%a2"4*w0) )4+sum (c20. find (al~3*a373*b2"4*w0) )

c20132

c20132. factor ()

$20132=-20*((p4™2 + 2*q4)"2 - 2%q472)*(p272 + 2*q2)*ql"3*q272%*q373*q4

s20132

#This is the sum of the terms with al™3, a373 and either a274 or b274, its \
factorization , and its substitution.

20*al"3*a2"4%*a3"3%*ad"5*b173*b272*b37"3*b4d + 20*al"3*a2"2%*a3"3%ad " 5*b1"3*b2"4*b3"3*b4 +

20*al"3%*a2"4*a3"3*ad*b1"3*b272*b373*b4"5 + 20*al"3%*a2"2%*a3"3%*ad*b1"3*b2"4*b3"3*b4 "5

20%(ad ™4 + bd™4)*(a2"2 + b2°2)*al 3*a2 2*a3 " 3*ad*b1 3*h2"2*h3 3 b4

-20%((pd™2 + 2%q4)72 - 2*¥q472)*(p272 + 2*q2)*q173*q272*q3"3*q4

¢20134=sum(c20. find (al"3*a3"3*a4"4*w0) )+sum(c20. find (al~3*a373*b4"4*w0) )
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c20134

c20134 . factor ()

$20134=-20%((p272 + 2*q2)72 - 2%¥q272)*(pd™2 + 2%*q4)*ql"3%q2%*q373%*q4 "2

s20134

#This is the sum of the terms with al”3, a373 and either a4™4 or b474, its \
factorization , and its substitution.

20*al”3*a2”5*a3"3*ad"4*b1"3*b2*b373*b4d "2 + 20*al " 3*a2*a3"3*ad"4*b1"3*b2"5*b373*b4d "2 +

20*al"3*a2 5*a3 " 3*ad4"2*b173*b2*b3"3*b4"4 + 20*al"3*a2*a3 " 3*ad"2*b173*b2"5*b3"3*b4 "4

20%(a2™4 + b2™4)*(ad™2 + ba™2)*al"3*a2*a3 3*ad~2*b1 3*h2*b3 " 3*ha "2

-20%((p272 + 2*q2)72 - 2*¥q272)*(p4"2 + 2*q4)*ql"3*q2*q3"3*qd "2

c20142=sum(c20. find (al"3*a473*a2"4*w0) )+sum(c20. find (al"3*ad4"3*b274*w0))

c20142

c20142 . factor ()

$20142=-20%((p372 + 2%q3)"2 - 2%q372)*(p2™2 + 2*%q2)*ql 3*q2"2*q3*q4 3

s20142

#This is the sum of the terms with al™3, a4”3 and either a374 or b374, its \
factorization , and its substitution.

20*al”3*a2 4*a3"5*ad " 3*b1"3*b272*b3*b4d"3 + 20*al”"3*a2 2*a3 " 5*ad " 3*b1"3*b2 4*b3*b4"3 +

20*al"3*a2 4*a3*a4 " 3*b173*b272*b3"5*b4"3 + 20*al"3*a2"2*a3*ad"3*b173*b2"4*b3"5*b4 "3

20%(a374 + b374)*(a272 + b272)*al"3*a2 2*a3%ad " 3*b1"3*b272*b3*h4"3

-20%((p372 + 2*q3)72 - 2%q372)*(p272 + 2*q2)*ql"3*q272*q3%q4"3

¢20143=sum(¢20. find (al"3*a4"3*a3"4*w0) )+sum (c20. find (al~3*a4"3*b3"4*w0) )

c20143

c20143 . factor ()

$20143=-20*((p272 + 2*q2)72 - 2*%q272)*(p372 + 2*q3)*ql"3*q2*q372*q4"3

520143

#This is the sum of the terms with al™3, a4™3 and either a374 or b374, its \
factorization , and its substitution.

20*al"3%a2"5*a3 4*a4"3*b1"3*b2*b372*b4"3 + 20*al"3*a2*a3 " 4*a4"3*b173*b2"5*b3"2*b4"3 +

20*al"3%a2"5*a3 2%*ad"3*b173*b2* b3 4*b4"3 + 20*al"3*a2*a3 " 2*ad"3*b173*b2"5*b374*b473

20*(a274 + b274)*(a372 4+ b372)*al " 3*a2*a3"2*ad"3*b173*b2*¥b3"2*¥b4 "3

-20%((p272 + 2*%q2)72 - 2*¥q272)*(p372 + 2*q3)*ql"3*q2*q3"2*q4 "3

¢20231=sum(c20. find (a273*a373*al " 4*w0) )+sum(c20. find (a273*a373*b174*w0) )

c20231

c20231 . factor ()

$20231=-20*%((p4™2 + 2*q4)"2 - 2*q472)*(pl™2 + 2*ql)*ql 2*q273*q373*q4

s20231

#This is the sum of the terms with a273, a373 and either al™4 or bl™4, its \
factorization , and its substitution .

20*al"4*a273*%a3 " 3*a4"5*b172*b273*b37"3*b4 + 20*al"2*a2”3*a3 " 3*ad 5*b174*b273*b3"3*b4 +

20*al"4*a2"3*a3"3*a4*b1"2*b273*b373*b4d™5 + 20*al"2*a2"3*a3"3*ad*b1"4*b273*b3"3*b4"5

20*(ad™4 + b474)*(al"2 4+ b172)*al " 2*a273*a3 " 3*ad*b172*b2"3*b3"3*b4

-20%((p472 + 2*q4)"2 - 2%q472)*(p1™2 + 2*ql)*ql™2*q273*q3"3*q4

€20234=sum(c20. find (a273*a373*a4"4*w0) )+sum(c20 . find (a273*a373*b474*w0) )

c20234

c20234 . factor ()

$20234=-20*((pl1™2 + 2*ql)"2 - 2¥q172)*(pd™2 + 2*q4)*ql*q273*q373*q4"2

s20234

#This is the sum of the terms with a273, a3”3 and either a4™4 or b4d™4, its \
factorization , and its substitution.

20*al"5*a2"3%a3"3*a4"4*b1*b2"3*b3"3*b4"2 + 20*al*a2”3%a3"3*ad"4*b1"5*b2"3*b3"3*b4"2 +

20*al"5%a273%a3"3%ad"2*¥b1*b273*b3"3*b4"4 + 20*al*a2”3*a3 " 3*ad"2*b1"5*b2"3*b3"3*b4 "4

20*(al™4 + b174)*(ad™2 + b4™2)*al*a2"3*a3 3*ad~2*b1*b2" 3 b3 3*ha "2

-20%((p172 + 2%q1)72 - 2*¥q172)*(p4d™2 + 2*q4)*q1*q273*q3"3*qd 2

¢20241=sum(c20. find (a273*a4"3*al"4*w0) )+sum(c20. find (a273*a4"3*b174*w0) )
c20241
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c20241 . factor ()

$20241=-20*((p372 + 2*q3)72 - 2*q372)*(pl1™2 + 2*ql)*ql™2*q273*q3*q4"3

s20241

#This is the sum of the terms with a273, a4™3 and either al™4 or bl74, its \
factorization , and its substitution.

20*al"4*a2"3*a3 5%ad"3*b172*b273*b3*b4"3 + 20*al"2*a2"3*a3"5%*ad"3*b1"4*b273*b3*b4"3 +

20*al"4*a2"3*a3*ad"3*b172*b273*b375*b473 + 20*al"2*a2"3*a3*ad"3*b174*b273*b3"5*b43

20%(a374 + b374)*(al”2 + b172)*al"2*a2"3*a3*ad"3*b1"2*¥b2"3*b3*H4 "3

-20%((p372 + 2*%q3)72 - 2*¥q372)*(p172 + 2*ql)*ql"2*q2"3*q3*qd "3

¢20243=sum(c20. find (a273*a4"3*a3"4*w0) )+sum(c20. find (a273*a473*b374*w0) )

c20243

c20243 . factor ()

520243 =-20*((pl1™2 + 2*ql)"2 - 2*ql172)*(p372 + 2*q3)*ql*q273*q372*q4"3

s20243

#This is the sum of the terms with a273, a4”3 and either a274 or b274, its \
factorization , and its substitution.

20*al”5*a2"3%a3 " 4*a4"3*b1*b273*b3"2*b4"3 + 20*al*a2”3*a3 " 4*ad4"3*b175*b2"3*b3"2*¥b4"3 +

20*al”5*a2"3*a3"2*a4 " 3*b1*b273*b3"4*b4"3 + 20*al*a2 " 3*a3 " 2*ad " 3*b175*b273*b3"4*b4 "3

20%(al™4 + b174)*(a372 + b372)*al*a2"3*a3"2*ad"3*b1*b2"3*b3"2¥b4 "3

-20%((p172 + 2*ql)"2 - 2*%q172)*(p372 + 2*q3)*ql*q2"3*q3"2%*q4"3

€20341=sum(c20. find (a373*a4"3*al"4*w0) )+sum(c20. find (a373*a4"3*b174*w0) )

c20341

c20341 . factor ()

$20341=-20*((p272 + 2*q2)72 - 2*%q272)*(pl1™2 + 2*ql)*ql™2%*q2*q373*%q4"3

s20341

#This is the sum of the terms with a373, a4”3 and either al™4 or bl™4, its \
factorization , and its substitution.

20*al"4*a275%a3"3%ad"3*b172*b2*b373*b4"3 + 20*al"2%*a2”5*a3"3%ad " 3*b1"4*b2*b3"3*b4 "3 +

20*al"4*a2%a3"3*a4 " 3*b172*b275*b3"3*b4"3 + 20*al"2*a2*a3 " 3*ad " 3*b1"4*b2"5*b3"3*b4 "3

20%(a2™4 + b274)*(al™2 + b172)*al 2*a2*a3 3*ad 3*b1"2*h2*b3 3*b4 "3

-20%((p272 + 2%q2)72 - 2¥q272)*(p1 72 + 2*ql)*q1l"2*q2*q3"3*q4 "3

¢20342=sum(c20. find (a373*a4"3*a2"4*w0) )+sum(c20. find (a373*a473*b274*w0) )

c20342

c20342 . factor ()

$20342=-20*((p1™2 + 2*ql)"2 - 2¥ql72)*(p272 + 2*q2)*ql*q272%¥q373%*q4"3

s20342

#This is the sum of the terms with a373, a4”3 and either a274 or b274, its \
factorization , and its substitution.

20*al”h*a2 4*a3"3*ad " 3*b1*b272*b373*b4d3 + 20*al*a2 4*a3"3*ad " 3*b1 5*b2"2*b373*b4™3 +

20*al”5*a2"2*%a3 " 3*a4 " 3*b1*b2"4*b3"3*b4"3 + 20*al*a2”2*a3 " 3*ad " 3*b1"5*b2"4*b3"3*b4 "3

20%(al™4 + b174)*(a2™2 + b272)*al*a2 2*a3 3*ad“3*b1*h2 2*h3"3*b4"3

-20%((p172 + 2*q1)72 - 2*¥q172)*(p272 + 2*q2)*ql*q2"2*q3"3*q4 "3

bool (¢20=c20123+¢201244¢201324+c201344¢c201424+¢20143+¢20231+4+¢20234+¢202414+c20243\
+¢203414¢20342)

#This is a check to make sure as we seperated the groups we used every term in \
c20 once and only once.

True

120=s20123+s20124+s201324s20134+s20142+s20143+s20231+s20234+s20241+s20243+\
5203414520342

120

1020=120 (pl=al+4bl, p2=a2+b2, p3=a3+b3, pd=ad+bd, ql=-1*al*bl, q2=-1*a2*b2, g3\
=-1*a3*b3, q4=-1*ad*b4)

bool (1020=c20)

#This line brings all the group substitutions we created for ¢20 back into omne \
expression and checks to make sure that when back substitute we end up with \
c20.
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-20%((p4™2 + 2*q4)"2 - 2%q472)*(p372 + 2*q3)*ql"3*q273*q3"2*q4 - 20*((p4"2 + 2*q4)"2 -
2¥q472)*(p272 + 2*q2)*ql73*q272*q373*q4d - 20%((p4™2 4 2*q4)"2 - 2*¥qd72)*(p172 +
2*ql)*ql™2*q273*q373%q4 - 20*%((p372 + 2*q3)72 - 2*¥q372)*(p4"2 + 2*q4)*ql"3*q2"3*q3*qd "2 -
20%((p2°2 + 2%q2)72 - 2%q272)*(pd™2 + 2*%q4)*q1l 3%q2*q3 3*q4™2 - 20%((pl"2 + 2%q1) "2 -
2*%q172)*(pd™2 4 2*q4)*ql*q273*q373*q4d "2 - 20%((p372 + 2*q3)"2 - 2*%q372)*(p272 +
2%q2)*q1 3%q2 2% 3% q4™3 - 20%((p3"2 + 2%3)"2 - 2%372)* (172 + 2%q1)*ql 2%q2 3*q3%q4 ™3 -
20%((p272 + 2%q2)72 - 2%q272)*(p372 + 2*q3)*q173*q2*q372%*q473 - 20*((p172 + 2*ql)"2 -
2*%q172)*(p372 + 2*q3)*ql*q273*q372%q4 "3 - 20%((p272 4 2*q2)72 - 2*q272)*(p172 +
2*ql)*ql72*%q2*q373*q4"3 - 20*%((p172 + 2*ql)"2 - 2*q172)*(p272 + 2*q2)*ql*q2"2*q3"3*q4"3
True

c28=sum ({10 .find (28*w0))

c28

c28.factor ()

$28=28*(pl™2 + 2*ql)*(p272 + 2%q2)*(p372 + 2*q3)*(pd™2 + 2*qd)*ql"2*q272%q37 2%\
qd"2

s28

#This finds all our terms in f10 that have a 20 in them and then adds them \
together , its factorization, and its substitution.

28*al"4*a2"4*a3"4*ad"4*b172*b272*b372*b4 "2 + 28%al"2*a2 4*a3 " 4*ad"4*b1"4*b272*b3"2*b4 "2 +

28*al"4*a272*a3"4*ad"4*b172*b274*b372*b4 72 4 28%al 2%a272*a3 4*ad"4*b174*b274*b3"2*b4 "2 +

28*al”4*a274*a3"2%ad"4*b172*b272*b3T4*b4 T2 4+ 28%alT2%a274*a3 2%ad"4*¥b174*¥b272*¥b374*b4 "2 4+

28%al"4*a2"2%a3"2%ad"4*¥b172*b274* b3 4*b4 72 + 28%alT2%a272%a3"2%ad " 4*b174*h274*b3"4*¥b4 "2 +

28*al"4*a274*a3"4*ad"2*b172*b272*b372*b4 4 + 28%al 2*a2 4*a3 " 4*ad"2*b174*b272*b3"2*b4 4 +

28*al"4*a272*a3"4*ad"2*b172*b274*b372*b4 4 + 28%al"2*a272*a3 " 4*ad"2*b174*b274*b3"2*b4 74 +

28*al"4*a274*a3"2%ad"2*b172*h272*b374*b4 "4 + 28%al"2*a2 4*a3 2%ad"2*b174*b272*b3"4*b4 "4 +

28*al"4*a272%a372%ad"2*b172%b274*b374*¥b4 74 + 28*alT2%a272%a3 " 2%ad "2 b1 4*h2 " 4*h3"4* b4 ™4

28%(al™2 + b172)%(a272 + b272)*(a3™2 + b372)*(ad "2 +

b472)*al"2*%a272*a3"2%a4"2*b172*b272*b3"2*b4 "2

28%(p172 + 2*q1)*(p272 + 2*q2)*(p372 + 2*q3)*(p4d~2 + 2*q4d)*ql™2*q2"2*q3"2*q4 "2

128=s28

128

1028=128 (pl=al+4bl, p2=a2+4b2, p3=a3+b3, pd=ad+bd, ql=-1*al*bl, q2=-1*a2*b2, 3\
=-1*a3*b3, q4=-1*%ad*b4)

bool (1028=—=c28)

#This line brings all the group substitutions we created for c¢28 back into omne \
expression and checks to make sure that when back substitute we end up with \
c28.

28%(p172 + 2*q1)*(p272 + 2*q2)*(p372 + 2*q3)*(p4d~2 + 2*qd)*ql™2%*q2"2*q3"2*q4 "2

True

¢32=sum( f10. find (32*w0))

c32

#This finds all our terms in f10 that have a 32 in them and then adds them \
together. The groups we form will have one of the four a variables or its \
corresponding b variable to the fifth power.

32*al"3*a2"3%a3"3%*ad"5*b173*b273*b3"3*b4d + 32%*al"3*a2"3%*a3"5%*ad " 3*b1"3*b273*b3*b4d "3 +

32*al”3*a2"5%a3"3%ad"3*b1"3*b2*b373*b4"3 + 32%*al"5*a2"3%*a3"3%ad " 3*b1*b2"3*b3"3*b4 "3 +

32*al*a2”3%a3"3%ad " 3*b1"5*b273*b373*b4"3 + 32%*al"3*a2*a3 " 3*ad"3*b1"3*b275*b3"3*b4d"3 +

32*al"3%a2"3*a3*ad"3*b173*b273*b375*b4™3 + 32*al"3*a2"3*a3"3*ad*b173*b273*b373*b4"H

¢321=sum(c32. find (al"5*w0) )+sum(c32. find (b175*w0))

c321

c321.factor ()

$321=32*((pl™2 + 2*ql)"2 - 2*ql172)*ql*q273*q373*q4"3

s321

#This is the sum of the terms with either al™4 or bl™4, its factorization , and \
its substitution.
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32*al"Hh*a2”3*a3"3*a4"3*b1*b273*b373*b4d"3 + 32*al*a2”3*a3 " 3*ad " 3*b1"5*b273*b3"3*b4 "3
32*(al™4 + b1™4)*al*a2"3*a3"3%ad"3*b1*b2"3*b373*b4™3
32*((p172 + 2*ql)"2 - 2*q172)*q1*q273*q373*q4™3

¢322=sum(c32. find (a275*w0) )+sum(c32. find (b275%w0) )

c322

c322.factor ()

$322=32%((p272 + 2%q2)72 - 2%q272)*ql 3*q2*q3"3*q4"3

s322

#This is the sum of the terms with either a274 or b274, its factorization , and \
its substitution.

32*%al"3*a2 5*a3 " 3*ad " 3*b173*b2*b3"3*b4"3 + 32*al"3*a2*a3 "3*ad”3*b173*b2"5*b3"3*b4 "3

32*(a274 + b274)*al"3*a2*a3"3%*ad"3*b1"3*b2*b373*h4"3

32*((p272 + 2*q2)72 - 2%q272)*q1"3*q2*q3"3*q4"3

¢323=sum(c32. find (a375*w0) )+sum(c32. find (b375*w0))

c323

¢323.factor ()

$323=32*%((p372 + 2*q3)72 - 2*q372)*ql"3*q273*q3*q4"3

s323

#This is the sum of the terms with either a374 or b374, its factorization , and \
its substitution.

32*%al"3*a273%a3 " 5*ad4 " 3*b173*b273*b3*b4"3 + 32%*al"3*a2”3%*a3*ad"3*b173*b273*b3 " 5*b4 "3

32*(a374 + b374)*al"3*a2"3*a3%ad"3*b1"3*b2"3*b3*h4 "3

32*((p372 + 2*q3)72 - 2*q372)*q1"3*q2"3*q3*q4"3

¢324=sum(c32. find (a4"5*w0) )+sum(c32. find (b4"5*w0))

c324

¢324 . factor ()

$324=32*%((pd™2 + 2*q4)"2 - 2*q472)*ql"3%*q273*q373*q4

s324

#This is the sum of the terms with either a4”4 or b474, its factorization , and \
its substitution.

32*al”"3*a273%*a3"3%*ad"5*b173*b273*b3"3*b4d + 32*al"3*a2"3%*a3"3%*ad*b173*b273*b3"3*b4 "5

32%(ad™4 + b474)*al"3*a2"3*a3"3*ad*b1"3*b2"3*b3"3*b4

32%((pd™2 + 2%q4)"2 - 2*q472)*q1"3*q273*q3"3*q4

bool (¢32=—=c321+c322+c323+c324)

#This is a check to make sure as we seperated the groups we used every term in \
c32 once and only once.

True

132=5321+s322+s323+s324

132

1032=132 (pl=al+bl, p2=a2+b2, p3=a3+b3, pd=ad+bd, ql=-1*al*bl, q2=-1*a2*b2, 3\
=-1*a3*b3, q4=-1*ad*b4)

bool (1032=—c32)

#This line brings all the group substitutions we created for ¢32 back into omne \
expression and checks to make sure that when back substitute we end up with \
c32.

32%((pd™2 + 2%q4)72 - 2%q472)*q173*q273*q373*q4 + 32*((p3™2 + 2*q3)"2 -

2%q372)*q173%q273*q3%q473 + 32*((p272 + 2*q2)72 - 2*¥q272)*q173*q2*q373*q4"3 + 32*((p172 +

2*ql)72 - 2*%q172)*q1*q2"3*q3"3*q4"3

True

c46=sum ({10 .find (46*w0))

c46

#This finds all our terms in f10 that have a 46 in them and then adds them \
together. The groups we form will have one of the four a variables to the \
third power.
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46*al”3%a2"4*a3"4*ad"4*b1"3*b272*b372*b4 72 + 46*al"4*a2"3*a3"4*ad "4*b172*b273*b3"2*b4 "2 +
46%al"2%a273%a3 " 4*ad"4*¥b174*b273*¥b372*¥b4 "2 + 46*al”"3*a2"2%a3"4*ad"4*b173*b274*h372*b4 "2 +
46%al"4*a274*a3"3%ad"4*b172*¥b272*b373*b4 "2 4+ 46*al"2*a2"4*a3"3*ad"4*b174*b272*h373* b4 "2 +
46%al"4*a272*a3"3%ad"4*b172*b274*b373*b4 "2 + 46*al"2*a2"2%*a3"3*ad"4*b174*b274*b373*b4 "2 +
46%al"3*a274*a3"2%a4"4*b173*b272*b374*b4 "2 + 46*al"4*a2"3%*a3"2*ad"4*b172*b273*b3"4* b4 "2 +
46%al"2%a273*a3 2%ad"4*b174*b273*b374*b4 "2 + 46*al"3*a2 2%*a3"2*ad"4*b173*b274*b3"4*b4"2 +
46*al"4*a2"4*a3"4*ad"3*b172*¥b272*b372*¥b4 73 + 46*al"2%a274*a3"4*ad"3*b174*b272*b372*b4 73 +
46%al"4*a272%a374*ad"3*b172*¥b274*b372*¥b4 "3 + 46*alT2*a2"2%a3 " 4*ad"3*b174*b274*b372*h4 73 +
46%al"4*a274*a372%a4"3*b172*b272*b374*b4 73 + 46*al"2*a2"4*a3"2*ad"3*b174*b272*h374*b473 +
46%al"4*a272*a3"2%a4"3*b172*b274*b374*b473 + 46*al"2*a2"2%a3"2*ad"3*b174*b274*b374*b473 +
46*al"3%a2"4*a3"4*ad"2*b173*b272*b372*b4 "4 + 46*al"4*a2" 3% a3 4*ad " 2*b172*b273*b3"2*b4 ™4 +
46*al"2%a273*a3 4*ad"2*b174*b273*b372*b4 "4 + 46*al"3*a2 2%*a3"4*ad"2*b173*b274*b3 2% b4 "4 +
46%al"4*a274*a3"3%ad"2*¥b172*¥b272*¥b373*b4 "4 + 46*al"2*a2"4*a3"3*ad"2*¥b174*b272*¥h373* b4 ™4 +
46%al"4*a272*a3"3%ad"2*b172*b274*b373*b4 "4 + 46*al"2*a2"2%a3"3*ad " 2*¥b174*b274*b373*h4 "4 +
46%al"3*a274*a3"2%a4"2*b173*b272*b374*b4 74 + 46*al"4*a2"3%*a3"2*ad"2*b172*b273*h374* b4 "4 +
46%al"2%a273%a3 2%ad"2*b174*b273*b374*b4 74 + 46*al"3*a2 2%*a3"2*ad " 2*b173*b274*b3 4 b4 ™4

c¢461=sum(c46 . find (al”3*w0))

c461

c461 . factor ()

$461=-46*(p272 + 2*q2)*(p372 + 2*q3)*(pd™2 + 2*q4d)*ql™3*q272%q372*q4"2

s461

#This is the sum of the terms with al™3, its factorization , and its \
substitution .

46*al”3%a2"4*a3"4*ad"4*b17"3*b272*b372*¥b4 72 + 46%al"3*a2"2%a3 4*ad "4*b173*b274*b3"2*b4 "2 +

46*al”3%a2"4*a3"2%ad " 4*b173*b272*b3"4*b4 "2 + 46*al"3*a2"2%a3"2%ad "4*b173*b274*b3"4*b4 "2 +

46*al”3%a274*a3"4*ad"2*b1"3*b272*b372*b4 "4 + 46*al"3*a2"2%*a3 4*ad " 2*b173*b274*b3"2*b4 "4 +

46%al"3*a274*a372%ad"2*¥b173*b272*¥b374*¥b4 "4 + 46*al"3*a2 2%a3"2*ad"2*b173*b2"4*b3"4* b4 ™4

46%(a272 + b272)*(a372 + b372)*(ad™2 + b472)*al"3*a2"2*a3 " 2%*ad"2*b1"3*b272*b3"2*b4 2

-46*%(p272 + 2*q2)*(p372 + 2*q3)*(p4d™2 + 2%*q4)*ql"3*q272*q372*qd "2

c462=sum(c46 . find (a273*w0))

c462

c462 . factor ()

$462=-46*(p1™2 + 2*ql)*(p372 + 2*q3)*(pd™2 + 2*q4d)*ql™2*q273*q372*q4"2

s462

#This is the sum of the terms with a273, its factorization, and its \
substitution .

46*al"4*a273%a3 " 4%ad"4*b172*¥b273*b372*b4 72 + 46*al"2%¥a2”3*a3 " 4*ad"4*b1"4*¥b273*b3"2*b4 "2 +

46*al"4*a2"3*a3"2%ad"4*b172*¥b273*b3"4*b4"2 + 46*al"2%*a2”3*a3"2%*a4"4*b1"4*b273*b3"4*b4 "2 +

46*al”4*a2"3%a3 " 4%*ad"2*b172*¥b273*b372*b4 "4 + 46*al"2%a2”3%*a3 " 4*ad"2*b1"4*¥b273*b372*b4 "4 +

46*al”4%a2"3%a3"2%ad"2*b172*¥b273*b374* b4 "4 + 46*al"2%a2”3*a3 " 2%*ad " 2*b1"4*b273*b3"4* b4 "4

46%(a1”2 + b172)*(a372 + b372)*(ad "2 + bd"2)*al 2%a2"3*a3 2%ad 2*h1"2*h2"3*h3 2*h4 "2

-46*(p172 + 2*q1)*(p372 + 2*q3)*(p4™2 + 2*q4)*ql"2%*q273*q3"2*qd 2

c463=sum(c46 . find (a373*w0) )

c463

c463 . factor ()

$463=-46*(pl1™2 + 2*ql)*(p272 + 2%q2)*(pd™2 + 2*q4d)*ql™2*q272*%q373*q4"2

s463

#This is the sum of the terms with a373, its factorization, and its \
substitution .

46*al"4*a274%*a3"3%ad"4*b172*b272*b3"3*b4 "2 + 46%al"2%a2"4*a3"3%*ad"4*b1"4*b272*b3"3*¥b4 "2 +

46*al"4%*a272%a3"3%ad"4*b172*¥b2"4*¥b373*b4"2 + 46*al"2%*a2"2*a3"3%ad " 4*b1"4*b2"4*b3"3*b4d"2 +

46*al"4%a2"4*a3"3%a4"2*b172*b272*¥b373*b4d ™4 + 46%al"2%*a2"4*a3"3%ad " 2*b174*b272*b3"3*b4 "4 +

46*al " 4%*a272%a3"3%ad"2*b172*¥b2"4*b373*b4 "4 + 46*al"2%a2"2%a3"3%*ad " 2*b174*b2"4*b3"3*b4 "4

46*(al”2 + b172)*(a272 + b272)*(ad"2 + b4"2)*al"2%a2"2%*a3"3%ad " 2*b172*b272*b3"3*b4 "2

-46%(p172 + 2*q1)*(p272 + 2%q2)*(p4"2 + 2*q4)*ql"2*q272%*q373*qd 2

c464=sum(c46. find (a4 3*w0))
c464
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c464 . factor ()

$464=-46*(p1™2 + 2*ql)*(p272 + 2%q2)*(p372 + 2*q3)*ql"2%*q272%*q372*q4"3

s464

#This is the sum of the terms with a4~ 3, its factorization , and its \
substitution .

46*al"4*a2"4*a3"4%*ad"3*b172*¥b272*¥b372*b4 73 + 46*al " 2%*a2"4*a3"4*a4"3*b1"4*b272*¥b372*b4"3 +

46*al"4%*a272%a3 4*a4"3*b172*¥b274*b372*b4 "3 + 46*al 2%*a272*a3"4*ad"3*b1"4*b2"4*b3"2*b4 "3 +

46*al"4*a274*a3"2%ad"3*b172*b272*b3"4*b4 "3 + 46%al"2%a2"4*a3"2%ad " 3*b1 " 4*b272*b3"4¥b4 "3 +

46*al"4%*a272%a3"2%a4"3*b172*¥b2"4*¥b374*b4"3 + 46*al"2%*a272%a3"2%a4 " 3*b1"4*b2"4*b3"4*b4"3

46%(al™2 + b172)*(a272 + b272)*(a372 + b372)*al"2%*a2"2*a3 " 2%*ad"3*b1"2*b272*b3"2*b4 "3

-46*(p172 + 2*ql)*(p272 + 2*q2)*(p372 + 2*q3)*ql"2*q272*q372*q4 "3

bool (c46=c461+c462+c463+c464)

#This is a check to make sure as we seperated the groups we used every term in \
c46 once and only once.

True

146=s461+s462+s463+s464

146

1046=146 (pl=al4bl, p2=a2+b2, p3=a3+b3, pd=ad+bd, ql=-1*al*bl, q2=-1*a2*b2, g3\
=-1*a3*b3, q4=-1*%ad*b4)

bool (1046=—=c46)

#This line brings all the group substitutions we created for c46 back into one \
expression and checks to make sure that when back substitute we end up with \
c46 .

-46*(p272 + 2%q2)*(p372 + 2*q3)*(p4d™2 + 2*qd)*ql73*q272*%q372*q4 "2 - 46 (pl™2 + 2*ql)*(p3"2

+ 2%q3)*(p4d™2 + 2*q4d)*ql"2*q273*q372%q4d "2 - 46*(p1”2 + 2*ql)*(p272 + 2*q2)*(p4"2 +

2%qd)*ql72*q272%q373%qd "2 - 46*(p172 + 2¥ql)*(p272 + 2*%q2)*(p372 +

2*q3)*ql72*q272%*q372%q4"3

True

c¢70=sum( {10 . find (70*w0) )
c70
#This finds all our terms in f10 that have a 70 in them and then adds them \
together. The groups we form will have two of the four a variables to the \
third power.
70*al”3%a273%a3 " 4*ad " 4*b173*b273*h372*b4 72 + 70*al"3*a2 4*a3 " 3%*ad"4*b1"3*b272*¥b3"3*hd "2 +
70*al"4*a2"3*a3"3*ad"4*b172*b273*b373*b4 2 + T0*al 2%*a2"3*a3"3%*ad"4*b174*b273*b3"3*b4 "2 4+
70*al”3%a2 7 2%a3"3%ad"4*b173*b2"4*b373*b4 72 + 70*al"3*a2"3*a3 2%*ad"4*b1"3*b273*b374*b4 72 +
70*al"3%a2 " 4*a3"4*ad"3*b1"3*b272*b372*b4 "3 + T0*al"4*a2"3*a3 4*a4"3*b1"2*b273*b3"2*b4 "3 +
70*al"2%a2"3*a3"4*ad " 3*b1"4*b273*b372*b4 73 + 70*al"3*a2"2*a3 " 4*ad4"3*b173*b274*b3"2*b4 "3 +
70*al”4*a2”4*a3"3%ad"3*b172*b272*h373*h4 73 + 70*al"2*a2"4*a3"3%*ad"3*b1"4*b272*¥b373*h4 "3 +
70*al"4*a272%a373%ad " 3*b172*b274*b373*b4 "3 + T0*al 2*a2"2*a3"3%*ad"3*b174*b274*b3"3*b4 "3 +
70*al”3%a2 " 4*a3"2*ad " 3*b1"3*b272*b3"4*b4 "3 + 70*al"4*a2"3*a3 2%ad"3*b172*b273*b3"4*b4"3 +
70*al™2%a2"3%a3 " 2%ad"3*b174*b273*h374*b4 73 + 70*al"3*a2 2%*a3 2%*ad"3*b1"3*b274*b3"4*b473 +
70*al"3%a2"3*a3"4*ad"2*b1"3*b273*b372*b4 ™4 + 70*al"3*a2 4*a3 3%*ad"2*b173*b272*b3"3*b4 "4 +
70*al"4*a2"3*a3"3%ad "2*b172*b273*b373*b4 "4 + 70*al 2%*a2"3*a3 " 3*ad"2*b1"4*b273*b3"3*b4 "4 +
70*al”3%a272%a373%ad"2*b173*b274*b373*bd ™4 + 70*al"3*a2"3*a3 2%ad"2*b1"3*b273*b3"4*b4 ™4

¢7012=sum(c70.find (al"3*a273*w0))

c7012

c7012. factor ()

s7012=70*(p372 + 2*q3)*(p4d™2 + 2%*q4)*ql"3%q273*q372*q4"2

s7012

#This is the sum of the terms with al™3 and a273, its factorization, and its \
substitution .

70*al"3*a2"3%*a3"4*ad"4*b1 " 3*b273*b372*b4 "2 + T0*al 3*a2”3*a3"2%ad"4*b1”"3*b273*b374*b4 "2 +

70*al"3*a2"3%a3"4*ad"2*b1 " 3*b273*b372*b4 74 + T0*al 3*a2”3*a3"2%ad " 2*b1"3*b273*b374*b4 "4

70%(a372 + b372)*(ad™2 + b4 2)*al 3*a2 3*a3 2%ad 2*b1 3*b2 33 2*h4 "2

70*(p372 + 2*q3)*(p4~2 + 2*q4)*ql™3*q2"3*q3"2*q4 "2

31



¢7013=sum(c70. find (al"3*a3"3*w0))

c7013

c7013 . factor ()

s7013=70*(p272 + 2*q2)*(p4d™2 + 2%*q4)*ql"3%q272*q373*q4"2

s7013

#This is the sum of the terms with al™3 and a373, its factorization, and its \
substitution .

70*al"3*a2 4*a3"3*ad"4*b1 " 3*b272*b373*b4 "2 + T0*al 3*a2 " 2*a3"3*ad"4*b13*b274*b373*b4 "2 +

70*al"3%a2 4*a3"3*ad " 2*b1"3*b272*¥b373*b4d"4 + T0*al " 3*a2 2*a3"3*ad " 2*b13*b2"4*b3"3*b4d"4

70*(a272 4+ b272)*(ad™2 + b472)*al"3%*a2"2*a3"3%*ad"2*b1"3*b272*b3"3*b4 "2

70*(p272 + 2%q2)*(p4d™2 + 2*q4)*ql™3*q272*q3"3*q4d "2

¢7014=sum(c70. find (al™3*a4"3*w0))

c7014

c7014 . factor ()

s7014=70%(p272 + 2*q2)*(p372 + 2*q3)*ql " 3*q272*q372%*q4"3

s7014

#This is the sum of the terms with al™3 and a4 3, its factorization , and its \
substitution .

70*al"3*a2 4*a3 " 4*ad"3*b173*b272*b372*b4"3 + T0*al 3*a2 2*a3 " 4*ad"3*b173*b2"4*b3"2*b4"3 +

70*al"3*a2 " 4*a3"2*ad"3*b173*b272*b374*b4"3 + T0*al " 3*a2"2*a3 " 2*ad"3*b173*b2"4*b3"4*b4 "3

70*(a272 4+ b272)*(a372 4+ b372)*al " 3*a2 2*a3"2*ad"3*b1"3*b272*b372*b4 "3

T0%(p272 + 2*q2)*(p372 4 2*q3)*q173*q272*q372*q4"3

¢7023=sum(c70. find (a273*a373*w0) )

c7023

c7023 . factor ()

s7023=70%(p172 + 2%*ql)*(pd™2 + 2*qd)*ql™2%q273%q373%q4 "2

s7023

#This is the sum of the terms with a273 and a373, its factorization, and its \
substitution .

70*al"4*a2"3*a3"3*ad"4*b172*b273*b373*b4d "2 + 70*al " 2*a2"3*a3 " 3*ad"4*b1"4*b273*b3"3*bd "2 +

70*al"4*a2"3*a3"3*ad"2*b172*b273*b3"3*b4 ™4 + T0*al 2*a2 3*a3 " 3*ad 2*b174*b2"3*b3"3*b4 "4

70%(al”™2 4+ b172)*(ad™2 + b4d"2)*al"2%*a2"3*a3 " 3%*ad"2*b17"2*b273*b3"3*b4 "2

70%(p172 + 2*ql)*(p4™2 4 2*q4)*q1™2*q2"3*q3"3*q4 "2

¢7024=sum(c70. find (a273%*ad473*w0))

c7024

c7024 . factor ()

s7024=7T0*(p1"2 + 2*ql)*(p372 + 2*q3)*ql"2*q273*q372%q4"3

s7024

#This is the sum of the terms with a2”3 and a4”3, its factorization, and its \
substitution .

70*al"4*a2"3*a3 " 4*ad"3*b172*b273*b372*b4"3 + T0*al 2*a2” 3*a3 " 4*ad " 3*b174*b2"3*b3"2*b4"3 +

70*al"4*a2"3*a3"2*ad"3*b172*b273*b3"4*h4"3 + T0*al 2*a2”"3*a3"2*ad " 3*b1"4*b2"3*b3"4*b4"3

70*(al”2 4+ b172)*(a372 + b372)*al"2%*a2"3*a3 2%*ad"3*b1"2*b273*b3"2*b4 "3

70*(p172 + 2*ql)*(p372 + 2*q3)*ql™2*q2"3*q3"2%*q4"3

¢7034=sum(c70. find (a373*a4"3*w0) )

c7034

c7034 . factor ()

s7034=70*%(pl™2 + 2*ql)*(p272 + 2%q2)*ql"2%q272*q373*q4"3

s7034

#This is the sum of the terms with a373 and a4”3, its factorization , and its \
substitution .

70*al"4*a2 " 4*a3"3*ad"3*b172*b272*b373*b4 "3 + T0*al 2*a2 4*a3 " 3*ad " 3*b1"4*b272*b3"3*b4 "3 +

70*al"4*a2"2*a3"3*ad"3*b172*b274*b373*b4d "3 + T0*al 2*a2"2*a3"3*ad"3*b1"4*b274*b3"3*b4 "3

70%(al”™2 4+ b172)*(a272 + b272)*al"2*a2"2*a3"3%*ad"3*b172*b272*b3"3*b4 "3

70%(p172 + 2*ql)*(p272 4 2*q2)*q172*q272*q3"3*q4"3

bool (¢70==c7012+c¢7013+c70144+c70234c70244c7034)
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#This is a check to make sure as we seperated the groups we used every term in \
c¢70 once and only once.
True

170=s70124s70134+s7014+s7023+s7024+s7034

170

1070=170 (pl=al+bl, p2=a2+b2, p3=a3+b3, pd=ad+bd, ql=-1*al*bl, q2=-1*a2*b2, 3\
=-1*a3*b3, q4=-1*ad*b4)

bool (1070=c70)

#This line brings all the group substitutions we created for ¢70 back into omne \
expression and checks to make sure that when back substitute we end up with \
c70.

70%(p372 + 2*q3)*(p4™2 4 2*q4)*q173%q273*q372*%q4 "2 + T0*(p272 + 2*q2)*(p4"2 +

2*q4)*ql73*q272*%q373%q4"2 4+ 70*(p172 + 2*q1)*(pd"2 + 2*qd)*ql"2*q273*q373*q4"2 + 70*(p272

+ 2%q2)*(p372 + 2*q3)*ql"3*q272*q372*q4"3 + 70*(p172 + 2*ql)*(p372 +

2%q3)*ql72*q273*q372%*q4 "3 + 70*(pl"2 4 2*ql)*(p272 + 2*q2)*ql"2*q272*q3"3*qd"3

True

c¢104=sum(f10. find (104*w0) )

cl04

#This finds all our terms in f10 that have a 104 in them and then adds them \
together. The groups we form will have one of the four a variables or its \
corresponding b variable to the forth power.

104*al"3*a2"3*a3"3*ad"4*b173*b273*b373*b4"2 4+ 104*al"3*a2"3*a3 " 4*ad"3*b1"3*b2"3*b3"2*b4 "3

+ 104*al”3%a2"4*a3"3%ad"3*b1"3*b272*b3"3*b4"3 +

104*al"4*a2"3*a3 " 3*ad"3*b1"2*b273*b373*b4d"3 + 104*al"2*a2"3*a3 " 3*ad"3*b1"4*b2"3*b3"3*b4"3

+ 104*al"3*a272*%a373%ad"3*b173*b2"4*b3"3*bd "3 +

104*al"3*a2"3*a3 " 2*ad"3*b173*b2"3*b374*b4"3 + 104*al"3*a2"3*a3 " 3*ad " 2*b1"3*b2"3*b3"3*b4 "4

c1041=sum(c104.find (al"4*w0) )4sum(c104. find (b174*w0))

cl1041

c1041. factor ()

s1041=-104*(pl™2 + 2*ql)*ql™2%*q2"3%*q3"3*q4"3

s1041

#This is the sum of the terms with either al™4 or bl™4, its factorization , and \
its substitution.

104*al"4*a2"3*a3"3*a4"3*b1"2*b273*b373*b4™3 + 104*al"2*a2”3*a3 3*ad " 3*b1"4*b2"3*b3"3*b4 "3

104*(al™2 + b172)*al"2*a2"3*a3"3%ad"3*b1"2*b273*b3"3*b4 "3

-104*(p172 + 2*ql)*ql™2*q273*q373*q4"3

c1042=sum(c104. find (a274*w0) )4sum(c104 . find (b274*w0))

c1042

cl1042. factor ()

$1042=-104*(p272 + 2*q2)*ql"3*q272*q373*q4"3

s1042

#This is the sum of the terms with either a274 or b274, its factorization , and \
its substitution.

104*al”3*a2"4*a3"3%a4"3*b1"3*b272*b373*b4 "3 + 104*al"3*a2"2%*a3"3*ad"3*b1"3*b2"4*b373*b4 "3

104*(a272 4+ b272)*al"3*a2"2*a3"3*ad"3*b1"3*b2"2*b3"3*b4 "3

-104*(p272 + 2*q2)*ql™3*q272*q373%*q4"3

¢1043=sum(c104. find (a374*w0) )4sum(c104 . find (b374*w0))

c1043

c1043 . factor ()

$1043=-104*(p372 + 2*q3)*ql"3*q273*q372%q4"3

s1043

#This is the sum of the terms with either a374 or b374, its factorization , and \
its substitution .

104*al"3%a2"3%a3"4*a4"3*b1 " 3*b273*b372*¥b4™3 + 104*al"3*a2”3*a3 2%*a4"3*b1"3*b273*b3"4*b4 "3

104*(a372 4+ b372)*al"3*a2"3*a3 2*ad"3*b1"3*b2"3*b3"2*b4"3
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-104*(p372 + 2*q3)*ql"3*q2"3%*q372%*q4"3

¢1044=sum(c104. find (a4"4*w0) )4sum (c104 . find (b4"4*w0))

c1044

c1044 . factor ()

$1044=-104*(pd™2 + 2*q4)*ql™3*q273*q373%*q4 "2

s1044

#This is the sum of the terms with either a4”4 or b474, its factorization , and \
its substitution.

104*al1"3*a2"3*a3"3*ad"4*b173*b273*b373*b4"2 4+ 104*al"3*a2"3*a3 " 3*ad"2*b1"3*b2"3*b3"3*bd 4

104*(ad™2 + b4d™2)*al"3*a2"3*a3 3*ad " 2*b173*b2"3*b3"3*b4 "2

-104*(p4™2 + 2*q4)*ql73*q273%*q373*qd 2

bool (¢104=—c1041+c10424+c1043+c1044)

#This is a check to make sure as we seperated the groups we used every term in \
c104 once and only once.

True

1104=s1041+s1042+s1043+s1044

1104

10104=1104 (pl=al+bl, p2=a2+b2, p3=a3+b3, pd=ad+bd, ql=-1*al*bl, q2=-1*a2*b2, 3\
=-1*a3*b3, q4=-1*%ad*b4)

bool (10104=c104)

#This line brings all the group substitutions we created for c¢104 back into one\
expression and checks to make sure that when back substitute we end up with)\
cl04.

-104*(p4™2 + 2*qd)*ql73%*q273*q373*q4 72 - 104*(p372 + 2*q3)*ql"3*q273*q372%q4 "3 - 104*(p272

+ 2*%q2)*ql73*q272*q373%q4 73 - 104*(p172 + 2*ql)*ql"2*q2"3*q373*q4"3

True

c¢152=sum(f10. find (152*w0) )

clb2

$s152=152%q173%q273*q373%q4"3

s152

#This finds all our terms in f10 that have a 152 in them and then adds them \
together , its factorization , and its substitution.

152*al”3*a2"3*a3"3*ad"3*b1"3*b2"3*b3"3*b4 "3

152*%q173*q273%*q373*%q4"3

1152=s152

1152

10152=1152 (pl=al+bl, p2=a2+b2, p3=a3+b3, pd=ad+bd, ql=-1*al*bl, q2=-1*a2*b2, 3\
=-1*a3*b3, q4=-1*%ad*b4)

bool (10152=c152)

#This line brings all the group substitutions we created for c152 back into omne\
expression and checks to make sure that when back substitute we end up with)
cld2.

152*%q173*q273%*q373*q4"3

True

c1=f10-c2-c4-c7-cl12-¢20-¢28-¢32-¢46-c70-c104-c152

cl

#This finds all our terms in fl11 that have a 1 in them and then adds them \
together. The first groups we form willhave one of the four a variables to \
the third power and either a second a variable or its corresponding b \
variable to the sixth power.

al"3%*a2"4%*a3"4*a4"6*b173*b272*b372 4 al"4*a273%*a3"4*ad 6% b1 2*¥b273*b372 +

al"2%a273%a374%*a4"6*b1"4*b273*b372 4 al”3%*a2"2%*a3"4*ad " 6*b1"3*b2"4*b372 +

al"4*a274*a373%ad"6*b172*b272*b373 4 al"2%*a274*a3"3%*ad " 6*b1"4*b272*b373 +

al”4*a272%¥a373%ad"6*¥b172*¥b274*¥b373 + al"2*a2 2*%a3"3*ad " 6*b1"4*b274*b373 +
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al"3*a2 4*a3 " 2*a4"6*b1"3*b272*b374 + al"4*a2”3*a3 2*ad"6*b1 2*b273*b3"4 +
al"2%*a273*a3"2*a4"6*b1"4*b273*b3 74 + al"3*a2 2*a3 2*ad " 6*b173*b2"4*b3 "4 +
al"4*a2"4*a3"5*a4"5*b172*¥b272*b3*b4 + al"2*a2”4*a3 " 5*ad"5*b1"4*b272*b3*b4 +
al 4*a272%a3"5*a4 " 5*%b172*b274*b3*b4 + al"2*a272%*a3 " 5*ad 5*b174*b274*b3*b4 +
al"4*a2”5*a3 " 4*a4"5*b12*b2*b3 " 2*b4 + al"2*a2 " 5*a3 " 4*ad"5*b174*b2*b3"2*b4 +
al H5*a2 4*a3 4*ad 5*b1*b272*b3 2*b4 + al*a2 4*a3 4*ad"5*b1 5*b2 2*b3"2*b4 +
al”b*a272%a3"4*a4"5*b1*h274*b3 " 2*b4 + al*a2 2*a3 4*ad "5 b175*b274*b32%b4 +
al"4*a2*a3"4*ad " 5*b172*b275*b3 " 2*b4 + al"2*a2%a3 4*ad " 5*b174*b275*b3"2%b4 +
al "4*a275%a3"2*a4"5*%b1 7 2*b2*b3"4*b4 + al"2*a2”5%a3 " 2*ad"5*b1"4*b2*b3"4*b4 +
al"5*a2 4*a3"2*a4 " 5*b1*b272*b3 " 4*b4 + al*a2 4*a3 2*ad " 5*b175*b2 2*¥b3"4*b4 +
al"5*a272%a3 2*ad " 5*b1*b2"4*b3 " 4*b4 + al*a2 2*a3 2*ad " 5*b1 5*b2 4*b3 " 4*b4 +
al"4*a2*a3 2*ad " 5*b172*b275*b3 " 4*b4 + al " 2*a2*a3 2*ad " 5*b1 4*b2 5*b3"4*b4 +
al"4*a2 4*a3%*ad"5*b172*b272*b3 " 5*b4d + al"2*a2 4*a3*ad " 5*b174*b272*b3 " 5*b4 +
al"4*a272%a3%*ad " 5*b172*b2 " 4*b3 5*b4 + al"2*a272*a3*ad " 5*b174*b2 4*b3 " 5*b4 +
al"3*a2 4*a3 " 6*ad " 4*b173*b272*¥b472 + al"4*a2"3*a3 6*ad " 4*b172*b273*b4 "2 +
al"2*a273*a3"6*ad"4*b1"4*b273*b4™2 + al"3*a2 2*a3 6*ad"4*b1 3*b274*b4™2 +
al"4*a2"5*a3 5*ad"4*b1"2*b2*b3*b4"2 + al " 2*a2 5*a3 " 5*ad " 4*b1"4*b2*b3*b4"2 +
al"b*a2 4*a3 " 5*ad " 4*b1* b2 2*b3*h472 + al*a2 4*a3 H5*ad "4*b175*b2 7 2*¥b3*h4 T2 +
al"5*a272%a3 " 5*ad " 4*b1*b2 4*b3*b472 + al*a2 2*a3 5*ad "4*b175*b2 4*b3*b4 T2 +
al"4*a2*a3"5%ad"4*b172*b275*b3*b472 + al"2*a2%a3 5*ad " 4*b174*b2 5*b3*b4 T2 +
al"3*a2 6*a3 4*ad"4*b1"3*b372*b472 + al 5*a2 5*a3 4*ad"4*b1*b2*b3"2*b472 +
al*a2 5*a3 4*ad"4*b175*b2*b372*b472 + al 6*a2 3*a3 " 4*ad " 4*b273*b372*b4"2 +
a2 3%a3"4%a4"4*b176*b273*bh3T2*b472 + al " H*a2%a3 4*ad "4*b1*b275*b3T2*¥b4 "2 +
al*a2*a3"4*ad"4*b175*b275*b3"2*b472 + al"3*a3 " 4*ad"4*b173*b276*b3 " 2*¥b4 "2 +
al"4*a276*a3 " 3*ad " 4*b172*b373*b472 + al"2%a2 6*a3 3*ad "4*b174*b3"3*b4 "2 +
al"6*a2 4*a3"3*ad " 4*b272*b373*b4 "2 4 a274*a3"3*ad " 4*b176*b272*b3 " 3*b4 "2 +
al"6*a272%a3"3*ad " 4*b274*b373* b4 72 + a272%a3"3*ad " 4*b176*b2"4*b3 " 3*b4 "2 +
al"4*a373%*ad"4*b172*b276*b3 " 3*b4T2 + al " 2*a3 " 3*ad " 4*b1 4* b2 6*b3"3*¥b4 "2 +
al"3*a276%a3 " 2*a4"4*b173*b3"4*b4 72 4+ al"H*a2 5*a3 2*ad " 4*b1*b2*¥b3"4* 472 +
al*a2 5*%a3 " 2%ad " 4*b175*b2*b3 " 4*b42 + al T 6*a2 3*a3"2%ad"4*b2"3*b3 4% 472 +
a2 3%a372%a4"4*b176*b273*b3 " 4*b4"2 + al T H*a2%a3 2*ad 4*b1*b275*b3"4*b4 "2 +
al*a2*a3"2*ad"4*b175*b275*b3 " 4*b472 + al " 3*a3"2%*ad"4*b173*b276*b3"4*b4 "2 +
al"4*a2 5*a3*ad"4*b172*¥b2*b375* b4 "2 + al " 2*a2 5*a3*ad"4*b1"4*b2*b3 5*¥b4"2 +
al"b*a2 4*a3*ad " 4*b1*b272*¥b37"5*b472 + al*a2 4*a3*ad"4*b175*¥b272*h3 " H5*b4 "2 +
al"5*a272%a3*ad " 4*b1*b2"4*b375*b472 + al*a2 2*a3*ad"4*b175*b274*b3 " 5*b4 T2 +
al 4*a2*a3*ad"4*b172*b275*b375*%b472 + al"2*a2*a3*ad"4*b1"4*¥b275*b3 " 5*b4 T2 +
al"3*a2 4*ad"4*b173*b272*b376*b472 4+ al"4*a2”3*ad " 4*b172*b273*b3"6*b4"2 +
al"2*a273%ad"4*b1"4*b273*b376*b472 4+ al"3*a2 2%ad " 4*b1"3*b2"4*b376*b4"2 +
al"4*a2 4*a3"6*a4"3*b172*b272*¥b4 73 + al"2%*a2"4*a3 6*ad"3*b174*b272*b4"3 +
al"4*a272%a3"6*a4 " 3*b172*b274*b4 73 + al"2%*a2"2*a3 6*ad"3*b174*b2"4*b4"3 +
al™4*a276*a3"4*a4"3*b172*b372*¥b4 73 + al"2%*a2 6*a3 4*ad"3*b174*b3"2*b4"3 +
al"6*a2 4%a3"4*ad"3*b272*b372*¥b4 73 4 a2 4%*a3"4*ad"3*b176*b272*¥b3 " 2*b473 +
al"6%a272%a3 4*ad"3*b2 4*b372*¥b4 73 + a272%a3"4*ad"3*b176*b2"4*b3 " 2*b473 +
al 4*a3"4*a4"3*b172*b276*b3 " 2*b473 + al 2*a3 4*ad"3* b1 4*b276*b32*¥b4 "3 +
al"4*a276%*a3"2*a4"3*b172*b374*b473 + al"2%*a2"6*a3 2*ad"3*b174*b3"4*b4d"3 +
al"6*a2"4%a3"2*a4 " 3*b272*b3"4*¥b4 73 4 a2 4%*a3"2%a4"3*b176*b272*¥b3 " 4*b473 +
al"6%a272%a372%*a4 " 3*b274*b3"4*¥b4 73 4 a2 2%a3"2*ad"3*b176*b274*b3 " 4*b473 +
al "4*a372%a4"3*b172*¥b276*b3 4*b473 + al"2*a3 2*ad " 3*b1 4*b276*b3 " 4*b4™3 +
al"4*a2 4*ad4”3*b1"2*b272*b376*b4"3 + al 2*a2 4*ad"3*b1 4*b272*b376*b4"3 +
al"4*a272%a4"3*b172*¥b274*h3T6*b4"3 + al"2*a2”2%ad " 3*b1"4*b2"4*b3"6*b4 "3 +
al"3%*a2"4*a3"6*a4"2*b173*b272*¥b4 ™4 + al"4*a2"3*a3 6*ad"2*b172*b273*b4d "4 +
al"2%a273*a3 " 6*ad " 2*b1"4*b273*b4 ™4 + al"3*a2 2*a3 6*ad"2*b173*b2"4*b4d "4 +
al"4*a2”5%a3 " 5*ad 2*b1 7 2*b2*b3* b4 4 + al"2*a2 " 5*a3 " 5*ad " 2*b1"4*b2*b3*b4"4 +
al"5*a2 4*a3 5*ad 2*b1*b272*b3*b4"4 + al*a2 4*a3 H*ad 2*b1 5*b2 2*b3*b4"4 +
al"b*a272%a3 " 5*ad " 2*b1* b2 4*b3*h4™4 + al*a2 2*a3 5*ad "2*¥b175*b2 4*b3*h4 "4 +
al"4*a2*a3"5%ad " 2*b172*h275*b3*h4™4 + al"2*a2*a3 H5*ad "2*¥b174*b2 " 5*b3*b4 ™4 +
al"3*a276%a3"4*a4"2*b173*b372*¥b4 ™4 4 al"5*a2 5*a3 4*ad " 2*b1*b2*¥b372*%b4™4 +
al*a2 5%a3 " 4*ad4"2*¥b175*b2*b372*b44 + al " 6*a2 3*a3"4*ad 2*b273*b372*b4™4 +
a2 3*a3 " 4*ad"2*b176*b273*b3"2*%b4"4 + al " 5*a2*a3d 4*ad"2*b1*b275*b3 " 2*¥b4 ™4 +
al*a2*a3"4*ad"2*b175*b275* b3 2*b4™4 + al " 3*a3"4%*ad " 2*b173*b27 6 b3 2*¥b4d "4 +
al"4*a2”6%*a3 " 3*a4"2*b172*b373*b4 ™4 + al"2%a2"6*a3 3*ad"2*b174*b3"3*bd "4 +
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al”6%a2"4*a3"3%ad"2*b272*b373*b4 74 + a2"4*a3"3%*ad " 2*b176*b272*b3"3*bd 4 +
al”6*a272%a3"3%ad"2*¥b274*b373*b4 ™4 + a272*a3"3*ad"2*b176*b2"4*b3"3*b4 "4 +
al”4*a373%ad"2*b172*b276*b3"3*bd "4 + al"2*a3"3*ad " 2*b1 7 4*b276*b3"3*bd "4 +
al”3%a276*a3"2%ad4"2*b173*b374*b474 4 al " 5*a2”5*a3 " 2*ad"2*¥b1*b2*¥b3"4*b4 "4 +
al*a2”5%a372*ad"2*b175*b2*b374*b474 4 al 6*a2"3*a3 2*ad"2*b273*b3"4*b4 74 +
a2”3%a372*ad"2*b176*b273*b3"4*b4™4 + al H5*a2%a3"2*ad " 2*b1*b275*b3"4*b4 "4 +
al*a2*a3"2%ad"2*¥b175*b275*%b374*b4 ™4 + al”3*a3"2%ad"2*b173*b276*b3"4*b4 ™4 +
al"4*a275%a3*ad "2*b172*b2*b375*b4 "4 + al"2*a2 5*a3*ad " 2*b174*b2*b375* b4 ™4 +
al”b*a2 4*a3*ad"2*¥b1*b272*b375*b4 74 + al*a2 4*a3*ad"2*b175*b272*b3"5*b4 74 +
al”b*a2"2*a3*ad"2*b1*b274*b3"5*b474 + al*a2 2*a3*ad 2*b175*b274*b3"5*b4 "4 +
al”4*a2%*a3%ad"2*b172*b275*b375*b4 74 + al 2*a2*a3*ad"2*b174*b275*b3"5*b4 74 +
al”3%a2 4*ad"2*b173*b272*b376*b4"4 + al 4*a2”3*ad"2*b172*b273*b376* b4 4 +
al™2%a273%ad"2*b174*b273*b3T6*b4 "4 + al"3*a2"2%ad " 2*b173*b274*b3T6*bd "4 +
al”4*a2 4*a375%*ad*b172*b272*b3*b4 ™5 + al 2*a274*a3 " 5*ad*b1"4*b272*b3*b4"5 +
al”4*a272*a375%ad*b172*b274*b3*b4™5 + al 2*a2"2*a3 5*ad*b1"4*b2"4*b3*b4"5 +
al”4*a275*a3"4*a4*b172*b2*b372*b4 75 + al 2*a2"5%a3 " 4*ad*b1"4*b2*b372*b4"5 +
al”b*a2 4*a3 " 4*a4*b1*b272*b372*b4 75 + al*a2 4*a3 4*ad*b1"5*b272*b3"2*b4"5 +
al”h*a272%¥a3 " 4*ad*b1*¥b274*¥b372*¥b4™5 + al*a2"2*a3 " 4*ad*b175*b274*b372*b475 +
al"4*a2%a374*ad*b172*b275*b372*¥b475 + al"2*a2*a3 " 4*ad*b174*b275*b32*b475 +
al”4*a275*a372%ad*b172*b2*b374*b4 75 + al " 2*a275%a3 2*ad*b1"4*b2*b374*b4"5 +
al”b*a274*a372*a4*b1*b272*b374*b4 75 + al*a2 " 4*a3"2*ad*b175*b272*b374*b4"5 +
al”b*a272*a3 2%*ad4*b1*b274*b3"4*b4™5 + al*a2 2*a3"2*ad*b1"5*b274*b3"4*b4"5 +
al"4*a2*a372%a4*b172*b275*h374*bd 75 + al " 2%*a2%a3 " 2%ad*b1"4*b275*b3 "4 b4 75 +
al”4*a274*a3*ad*b172*¥b272*¥b375*b475 + al"2*a2 4*a3%ad*b174*b272*b375* b4 75 +
al”4*a2"2*a3*ad*b172*b274*b375*b4 75 + al 2*a272*a3*ad*b174*b2"4*b3"5*b475 +
al”3%a274*a3"4*b173*b272*b372*b476 + al"4*a2"3*a3"4*b172*b273*b372*b476 +
al"2%*a273*a3"4*b174*b273*b372*b476 + al 3*a272*a3"4*b173*b274*b372*b476 +
al”4*a274*a3"3*b172*b272*b373*b476 + al 2%*a2"4*a3"3*b1"4*b272*b373*b476 +
al”4*a272%a3"3*b172*b274*b3"3*b4 76 + al 2*a272%a3 " 3*b174*b274*b3"3*bd 76 +
al”3*a274*a372*b173*b272*b3"4*b4 76 + al " 4*a273*a3 " 2*b172*b273*b3"4*bd 76 +
al"2%*a273*a372*b174*b273*b374*b476 + al"3*a2"2*a3"2*b173*b2"4*h3"4*b4"6

cl12=sum(cl. find (al™3*a276*w0) )4sum(cl. find (al~3*b276*w0) )

cll2

cl12. factor ()

s112=-((p272 + 2*q2)72 - 3%q272)*(p272 4+ 2*q2)*(p372 + 2*q3)*(p4d™2 + 2%*q4)*ql\
T3%q372%q472

s112

#This is the sum of the terms with al™3 and either a276 or b276, its \
factorization , and its substitution.

c113=sum(cl. find (al™3*a376*w0) )4+sum(cl.find (al~3*b376*w0))

cll3

c113.factor ()

s113=-((p372 + 2*q3)72 - 3*q372)*(p272 + 2*q2)*(p372 + 2*q3)*(p4d™2 + 2%*q4)*ql\
T3*q272*%q472

s113

#This is the sum of the terms with al™3 and either a3 6 or b376, its \
factorization , and its substitution.

al"3*a2 4*a3"6*ad"4*b173*b272*b4"2 + al”3*a2 2*a3"6*ad"4*b173*b274*b4™2 +

al"3%a2"4*ad4"4*b173*b272*b376*b4 "2 + al " 3*a2 2*ad " 4*b173*b274*b376* b4 "2 +

al”3*a274*a3"6%ad"2*b173*b272*b4"4 + al”3*a2 " 2%*a3 " 6%*ad " 2*b173*b274*b4"4 +

al"3%*a274%*a4"2*b173*b272*b376*¥b4"4 + al”"3*a2 2*ad"2*b173*b274*b3 " 6*b4 "4

(374 - a372%b372 + b3™4)*(a2™2 + b272)*(a3"2 + b3 2)*(ad™2 +

b472)*al"3*a2"2%ad"2*b1"3*¥b272*h4 "2

-((p372 4+ 2*%q3)72 - 3*q372)*(p272 + 2*q2)*(p372 + 2*q3)*(p4d™2 + 2*q4)*ql"3*q2"2%*q4 "2

cll4=sum(cl. find (al™3*a476*w0) )+sum(cl. find (al~3*b476*w0) )

cll4
cl14 . factor ()
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s114=-((pd™2 + 2*q4)"2 - 3%q472)*(p272 + 2*q2)*(p372 + 2*q3)*(p4d™2 + 2%*q4)*ql\
T3*q272*%q372

s114

#This is the sum of the terms with al™3 and either a4”6 or b476, its \
factorization , and its substitution.

al"3%a2"4*a374*a4"6*b173*b272*b372 + al”3*a2"2*a3"4*ad"6*b1"3*b274*b372 +

al"3%a2"4%a372*ad 6% b1 3*b272*b374 + al"3*a2 2%a3"2*ad 6 b1 3*h274*b3 74 +

al"3%*a274*a374*b173*b272*¥b372*b4 76 + al"3*a2 2*a3"4*b173*b274*¥b32*b476 +

al"3%a274*a372*¥b173*b272*b374*b4 76 + al"3*a2 2*a3"2*b173*b274*¥b3"4*hb4™6

(ad™4 - a472%b472 + b474)*(a272 4+ b272)*(a372 + b372)*(ad"2 +

b472)*al"3*a2"2%a3"2*b1"3*b272*b372

-((p472 4+ 2*%q4)72 - 3*q472)*(p272 + 2*q2)*(p372 + 2*q3)*(pd™2 + 2*q4)*ql"3*q272*q372

cl2l=sum(cl. find (a273*al"6*w0) )+sum(cl. find (a273*b176*w0) )

cl21

cl21.factor ()

$121=-((p172 4 2*ql)72 - 3*ql™2)*(pl™2 + 2*ql)*(p372 + 2*q3)*(pd™2 + 2%*q4d)*q2\
T3*q372%q472

s121

#This is the sum of the terms with a273 and either al™6 or bl176, its \
factorization , and its substitution.

al”6*a2"3*a3 " 4*ad"4*b273*b3"2*b4 "2 + a2 3*a3"4*ad"4*b176*b273*b32*b4d "2 +

al”6*a273*a372%ad"4*¥b273*¥b374*¥b4 72 + a2”3*a3 2%ad"4*b176*b273*¥b374*¥b4 "2 +

al"6%a2"3%a3"4%*ad"2*¥b273*b372*¥b4 ™4 + a273%a3"4*ad " 2*b176*b273*b3"2*¥b4 "4 +

al"6%a273%a3"2%ad " 2*¥b273*h374*b4d™4 + a273%a3"2%ad " 2*b176*b273* b3 4*b4 "4

(al™4 - al™2*b172 4+ b1 4)*(al™2 + b172)*(a372 + b372)*(ad"2 +

b472)*a2"3*a3"2%ad " 2*b273*h32*b4 "2

-((p172 4+ 2*ql)"2 - 3*q172)*(p1™2 + 2*ql)*(p372 + 2*q3)*(p4™2 + 2*q4)*q2"3*q3 2%q4 2

c¢123=sum(cl. find (a273*a376*w0) )+sum(cl. find (a273*b376*w0) )

cl23

cl123.factor ()

$123=-((p372 + 2*q3)72 - 3*q372)*(pl™2 + 2*ql)*(p372 + 2*q3)*(pd™2 + 2*q4)*ql\
T2%q273*%q472

s123

#This is the sum of the terms with a273 and either a376 or b376, its \
factorization , and its substitution.

al”4*a2”3*a3"6%ad"4*b172*¥b273*b4d2 + al 2*a2 3*a3"6*ad"4*b174*b273* b4 "2 +

al"4*a2”73%a4"4*b172*b273*b376*¥b4"2 + al"2*%a2 " 3*ad"4*b1"4*b2"3*b3"6*b4"2 +

al”4*a273%*a3"6%ad"2*b172*¥b273*b4"4 + al 2*%a2"3*a3"6*ad " 2*b174*b2"3*b4 "4 +

al"4*a2"3*ad"2*b172*b273*b376*b4 "4 + al 2%*a2”3*ad” 2*b1"4*b273*b376*b4 "4

(a374 - a372*b3™2 + b3™4)*(al™2 + b172)*(a3™2 + b3™2)*(ad™2 +

b472)*al"2*%a2"3%ad"2*b1"2*bh273*b4 "2

-((p372 + 2*%q3)72 - 3*q372)*(p1™2 + 2*q1)*(p372 + 2*%q3)*(p4d™2 + 2*qd)*ql"2*q2"3*q4 "2

cl24=sum(cl. find (a273*a476*w0) )+sum(cl. find (a273*b476*w0) )

cl24

cl124 . factor ()

$124=-((pd™2 + 2*q4)"2 - 3*q472)*(pl™2 4+ 2*ql)*(p372 + 2*q3)*(pd™2 + 2%*q4)*ql\
T2%q273*%q372

s124

#This is the sum of the terms with a2”3 and either a4”6 or b476, its \
factorization , and its substitution .

al"4*a273%a374%*a4"6*b172*b273*b372 + al"2%*a273%*a3"4*ad " 6*b1"4¥b273*b372 +

al"4*a273%a372%a4"6*b172*b273*b374 4 al"2%a273%a3"2%ad " 6*b1"4*¥b273*b374 +

al”4*a273*a3"4*b172*b273*b372*b4 76 + al 2*a273*a3 " 4*b1"4*b273*b3"2*bd 76 +

al"4*a2”3*a372*b172*b273*h374*b4 "6 + al " 2*a2”3*a3"2*b1"4*b273*b374*h4 76

(a4™4 - a472%b4™2 + b4™4)*(al™2 + b172)*(a3"2 + b3 2)*(ad™2 +

b472)*al"2%a273*a3"2*b172*b273*b3 72

-((p472 + 2*%q4)72 - 3*q472)*(p172 + 2*q1)*(p372 + 2*%q3)*(p4d™2 + 2*qd)*ql"2*q2"3*q372
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c¢131=sum(cl. find (a373*al"6*w0) )+sum(cl. find (a373*b176*w0))

cl31

c131.factor ()

s131=-((pl1™2 + 2*ql)"2 - 3*ql72)*(pl™2 4+ 2*ql)*(p272 + 2*q2)*(p4d™2 + 2%*q4)*q2\
~9*q373*q4™2

s131

#This is the sum of the terms with a3”3 and either al”6 or bl76, its \
factorization , and its substitution.

al”6*a2"4*a3"3%ad"4*b272*b373*b4 72 + a2 4*a3"3%ad " 4*b176*¥b272*¥b3"3*b4"2 +

al”6*a2"2%a3"3%ad"4*b2"4*b373*b4 72 + a272*a3"3%*a4 " 4*b176*¥b2"4*b3"3*bd "2 +

al”6*a2"4*a3"3*ad"2*b272*b3"3*b4 "4 + a2"4*a3"3*ad " 2*b176*b272*b373*b4 "4 +

al~6%a272*a373%a4"2*¥b274*b373* b4 "4 + a272%a3"3*ad " 2*b176*b2"4*b3"3*b4 "4

(al™4 - al™2*b172 4+ b174)*(al™2 + b172)*(a272 + b272)*(ad™2 +

b472)*a272%a3"3*ad " 2*b272*b3 "3 b4 2

-((p172 + 2*%q1)72 - 3*q172)*(p1™2 + 2*ql)*(p272 + 2*q2)*(p4™2 + 2*q4)*q272*q3"3*q4 "2

c132=sum(cl.find (a373%a276*w0) )+sum(cl. find (a373*b276*w0) )

cl32

c132.factor ()

s132=-((p272 + 2%q2)72 - 3%q272)*(pl™2 + 2%ql)*(p272 + 2%q2)*(pd~2 + 2%q4)*ql\
~9*q373%q4"2

s132

#This is the sum of the terms with a373 and either a276 or b276, its \
factorization , and its substitution.

al"4*a276%a3"3%ad"4*b1"2*b373*b4 72 + al"2*a276%a3"3*ad"4*b174*b3"3*b4 "2 +

al"4*a3"3*ad"4*b172*b276*b373*b4 "2 + al"2*a3"3*ad"4*b174*b276*b3"3* b4 "2 +

al"4*a2”6*a3"3%a4"2*b172*b373*b4d "4 + al 2%a2"6*a3"3%ad " 2*b1"4*b373*b4 74 +

al"4*a3"3%ad"2*b172*b276*b3"3*b4d"4 + al 2%*a3 " 3*ad 2*b174*b276*b3"3*b4 "4

(a274 - a272%b272 + b274)*(al"2 + b172)*(a272 4+ b272)*(ad"2 +

b472)*al"2*a3"3*ad"2*b172*b3 3% b4 ™2

-((p272 4+ 2*%q2)72 - 3*%q272)*(p1™2 + 2*ql)*(p272 4 2*q2)*(p4d™2 + 2*q4)*ql"2*q3"3*q4 ™2

c134=sum(cl. find (a373*a476*w0) )4sum(cl. find (a373*b476*w0) )

cl34

c134.factor ()

s134=-((p4™2 + 2*q4)"2 - 3*q472)*(pl™2 4+ 2*ql)*(p272 + 2*q2)*(p4d™2 + 2%*q4)*ql\
T2%q272%q373

s134

#This is the sum of the terms with a373 and either a4 6 or b476, its \
factorization , and its substitution.

al”4*a2"4*a373%a4"6*b1"2*b272*b373 4 al " 2*a2"4*a3"3*a4"6*b1"4*b272*h373 +

al™4*a272*a3"3*ad"6*b1"2*b274*b373 + al” 2*a2"2*a3"3*ad " 6*b1"4*b274*h3"3 +

al™4*a2”4*a3"3*b172*b272*b373*b4d6 + al " 2*a2"4*a3"3*b1"4*b272*b3"3*b4™6 +

al”4*a272%a373*b172¥b274*b373*bd 76 + al "2%a272*a3 " 3*b174*b2"4*b373*b4 ™6

(ad™4 - a472*%b472 + b474)*(al"2 4+ b172)*(a272 + b272)*(ad"2 +

b4™2)*al"2%a2"2%a3"3*b1"2*¥b272*b373

-((p472 + 2*%q4)72 - 3*q4™2)*(p1™2 + 2*ql)*(p272 4 2*q2)*(p4d™2 + 2*q4)*ql"2*q272*q3"3

cl4l=sum(cl. find (a4 3*al"6*w0) )4sum(cl. find (a4"3*b176*w0) )

cl41l

cl41. factor ()

s141=-((pl™2 + 2*ql)"2 - 3*ql72)*(pl™2 4+ 2*ql)*(p272 + 2*q2)*(p3™2 + 2*q3)*q2\
T2%q372%q473

sl41

#This is the sum of the terms with a4”3 and either al”™6 or bl76, its \
factorization , and its substitution.

al”6*a2 " 4*a3 " 4*ad"3*b272*b372*b473 + a2"4*a3 " 4*ad"3*b176*b2"2*¥b372*b4 "3 +

al”6*a2"2*a3 " 4*ad"3*b274*b3"2*b4 "3 + a272*a3 4*ad"3*b176*b2"4*b3"2*b4d "3 +

al " 6*a274*a372%ad"3*¥b272*¥b374*¥b473 + a2"4*a3"2*%ad"3*b176*¥b272*¥b3"4*¥b4"3 +

al"6%a272%a372%ad"3*¥b274*h374*b4™3 + a272%a3"2%*ad"3*b176*b2"4* b3 4*¥b4 "3

(a174 - al"2*b172 + b174)*(al"2 + b172)*(a2°2 + b2°2)*(a3"2 +
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b372)*a2"2*a3"2%ad"3*b272*h372*b4 "3
-((p172 + 2*%q1)72 - 3*q172)*(p172 + 2*q1)*(p272 + 2*q2)*(p372 + 2*q3)*q2"2*q3 " 2*q4d "3

cl42=sum(cl. find (a473*a276*w0) )+sum(cl. find (a4"3*b276*w0) )

cl42

cl142 . factor ()

s142=-((p272 + 2*q2)72 - 3*q272)*(pl™2 4+ 2*ql)*(p272 + 2*q2)*(p372 + 2*g3)*ql\
T2%q372*%q473

s142

#This is the sum of the terms with a4™3 and either a276 or b276, its \
factorization , and its substitution.

al"4*a276%a3"4%a4"3*b172*b372*¥b4 "3 + al"2%*a2”6%*a3"4*ad " 3*b1"4*¥b3"2*b4 "3 +

al"4*a3"4*a4"3*b172*b276*b372*b4 73 + al " 2*a3 " 4*ad"3*b174*b276*¥b372*h4 73 +

al”4*a276*a372%ad4"3*b172*b3"4*b473 4 al " 2*a2”6*a3"2*ad"3*b174*b374*b4"3 +

al"4*a3"2*ad"3*b172*b276*b374*b4"3 + al " 2*a3 2*ad"3*b174*b276*b3"4*b4"3

(274 - a272%h272 + b2°4)*(al™2 + b172)*(a272 + b272)*(a3"2 +

b372)*al"2*%a3"2*ad"3*b172*b372*b4 "3

-((p272 + 2%q2)72 - 3%q272)*(p172 + 2*q1)*(p272 + 2*¥q2)*(p372 + 2*q3)*ql"2*q3"2*q4d "3

cl143=sum(cl. find (a473*a376*w0) )+sum(cl. find (a4"3*b376*w0) )

cl43

c143 . factor ()

s143=-((p372 + 2*q3)72 - 3*q372)*(pl™2 4+ 2*ql)*(p272 + 2*q2)*(p372 + 2*g3)*ql\
T2%q272*%q473

s143

#This is the sum of the terms with a4™3 and either a376 or b376, its \
factorization , and its substitution.

al"4*a2"4%a3"6*ad"3*b1"2*b272*%b473 + al"2*a2"4*a3 " 6*ad"3*b174*b272*b4 "3 +

al”4%a272%a376%ad"3*b172*¥b274*b4™3 + al 2*%a272*a3"6*ad"3*b1"4*b2"4*b4"3 +

al”4*a274*a4"3*b172*b272*b376*b4 "3 + al"2*a2”4*a4"3*b1"4*b272*b3"6*b4 "3 +

al"4*a272%a4"3*b172*b274* b3 6*b4 "3 + al"2*a2 2%ad"3*b1"4*b2"4*b3 " 6*b4 "3

(a374 - a372%b372 + b374)*(al"2 + b172)*(a272 + b272)*(a3"2 +

b372)*al"2%a272%ad"3*b172*b272%b4 73

-((p372 + 2*q3)72 - 3*q372)*(p1 72 + 2*ql)*(p272 + 2*q2)*(p372 + 2*q3)*ql " 2*q272*q4"3

c0l=cl-cl12-cl113-cl114-c121-c123-c124-c131-¢c132-c134-cl41-cl42-c143
c01
#This gets all the terms from cl that have not been assigned to a group. The \
groups we form will have one of the four a variables or its corresponding b \
variable to the forth power and either a second a variable or its \
corresponding b variable to the forth power.
al"4*a274*a3"5*ad"5*¥b172*¥b272*¥b3*b4d + al"2*a2”4*a3"5*ad " 5*b174*b272*b3*b4 +
al"4*a272%a375%ad4"5*¥b172*b274*b3*b4 + al"2%a2"2*%a3"5%*ad 5 b1 4*¥b2"4*h3*b4 +
al"4*a275%a374*ad4"5*b172*b2*b372*b4 4 al"2%*a2”5*a3"4*ad 5 b1 4*b2*b372*b4d +
al”b*a2 " 4*a3 " 4*ad"5*b1*b272*b3"2*b4d + al*a2 4*a3"4*ad 5 b1 5*b272*b3"2*b4 +
al”b*a2"2*a3 " 4*ad"5*b1*b274*b372*b4d + al*a2"2%*a3"4*ad " 5*b175*b274*b3"2*b4 +
al"4*a2%*a374*ad " 5*b172*b275*b372*b4 4 al"2%*a2*a3 " 4*ad"5*b1"4*b275*b3"2*b4d +
al"4*a275%a372%ad4"5*¥b172*b2*b3"4*b4 + al"2%*a2”5*a3"2%ad 5 b1 4*¥b2*b3"4*bd +
al"5*a2"4*a372%a4"5*b1*¥b272*b3"4*b4 + al*a2 " 4*a3 " 2*ad"5*b175* b2 2*¥b3 4% b4 +
al”b*a2"2*a3"2*ad " 5*b1*b274*b3"4*b4d + al*a2”2%*a3"2%ad 5 b1 5*b274*b3"4*b4 +
al”4*a2%a3"2%ad"5*b172*b275%b3"4*b4d + al"2*a2%*a3"2%ad " 5*b174*b275*b3"4*b4 +
al™4*a2"4*a3%ad"5*b172*b272*b375*b4d + al"2*a2 4*a3%ad " 5*b14*b272*b3"5*b4 +
al”4*a272%a3*ad " 5*b172*¥b274*b3T5*bd + alT2%a2 2%a3%ad " 5*b1 T 4*b274*b375*bd +
al"4*a275%a375%ad"4*¥b172*b2*b3* b4 ™2 4 al"2%*a2”5*a3"5%*ad 4 b1 4*¥b2*b3*hd "2 +
al"5*a274*a375%ad"4*¥b1*b272*b3* b4 ™2 4 al*a2 4*a3 5*ad”4*b175* b2 2*b3*hd "2 +
al”b*a2"2*a3 " 5*ad"4*b1*b274*b3*b4 "2 + al*a2”2%*a3"5%*ad"4*b15*b2"4*b3* b4 "2 +
al™4*a2*a3"5%ad"4*b172*b275%b3*b4 "2 + al " 2*a2%*a3"5%*ad " 4*b1"4*b275*b3* b4 "2 +
al”h*a275%a3 " 4*ad"4*¥b1*b2*¥b372*¥b47"2 + al*a2 5*a3 " 4*ad"4*b15*b2*¥b32*h4 "2 +
al"5*a2%a3"4*ad"4*b1*b275*b372*b4 72 + al*a2*a3 " 4*ad”"4*b175*b275*¥b3T2*b4 "2 +
al"5%*a275%a3"2%ad"4*¥b1*b2*Hb374*b4 72 4 al*a2”5*a3 2%ad”4*b175*b2*¥b3"4*b4 "2 +
al”b*a2*a3"2%ad"4*b1*b275*b3"4*b472 + al*a2*a3 2%ad”4*b175*b275*b3"4* b4 "2 +
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al"4*a2 5*a3*ad"4*b172*¥b2*b375* b4 "2 + al " 2*a2 5*a3*ad"4*b1 4*b2*b3 5*¥b4"2 +
al"h*a2 " 4*a3*ad " 4*b1*¥b272*b375*b4d "2 + al*a2 4*a3*ad"4*b175* b2 2*b3"5*b4 72 +
al”5*a272*%a3*ad " 4*b1*b2"4*b375*b4d"2 + al*a2 2%a3*ad"4*b175* b2 4*b3"5*b4 "2 +
al 4*a2*a3*ad"4*b172*b275*b3"5*%b472 + al"2*a2%a3*ad 4*b1"4*¥b275*b3 " 5*b4 T2 +
al"4*a2”5*%a3 " 5*ad 2*b1 7 2*b2*b3* b4 4 + al"2*a2 " 5*a3 " 5*ad " 2*b1"4*b2*b3*b4"4 +
al"5*a2 4*a3 5*ad " 2*b1*b272*b3*b4 "4 + al*a2 4*a3 H*ad 2*b1 5*b2 2*b3*b4"4 +
al”b*a272%a3 " 5*ad " 2*b1* b2 4*b3*h44 + al*a2 2*a3 H5*ad "2*¥b175*b2 4*b3*h4 "4 +
al"4*a2*a3 " 5*ad"2*b172*b2 " 5*b3*b4d ™4 + al"2*a2%a3 H*ad " 2*b1"4*b275*b3*b4 "4 +
al"5*a275%a3 " 4*a4 " 2*b1*b2*¥b3"2*b4™4 + al*a2 H5*ad 4*ad "2*b175*b2*b3 2*b4"4 +
al"5*a2*a3 " 4*ad"2*b1*b275*b3 " 2*b4™4 + al*a2*a3"4*ad 2*b175*b275*b3 " 2*b4™4 +
al"5*a275%a3 2*ad " 2*b1*b2*b3"4*b4 4 + al*a2 5*a3d 2*ad 2*b1 5*b2*b3"4*¥b4"4 +
al"5*a2*a3 2*ad " 2*b1*b275* b3 4*b4 "4 + al*a2*a3 2*ad"2*b175*b2 5 b3 4*b4"4 +
al™4*a2”5%a3*%ad"2*b172*b2*b3 " 5*b4d "4 + al"2*a2 H5*a3*ad " 2*b1"4*b2*b3"5*b4 "4 +
al”"5*a2 4*a3*ad " 2*b1*b272*¥b37"5*%b4™4 + al*a2 4*a3*ad"2*b175*b272*b3 " 5*b4 "4 +
al"5*a272%a3*ad " 2*b1*b274*b375*%b4™4 + al*a2 2*a3*ad 2*b1"5*b274*b3 5*b4"4 +
al"4*a2*a3*ad " 2*b172*b275* b3 5* b4 "4 + al"2*a2*a3*ad"2*b174*b2 5 b3 5*¥b4 "4 +
al"4*a2 4*a3"5*ad*b172*¥b272*¥b3*b4”5 + al 2*a2 4*a3"5*ad* b1 4*b2 2*b3*b4”5 +
al™4*a272%a375%ad*b172*b2"4*b3*b4d”5 + al"2*a2 2*%a3 " 5*ad*b174*b2"4*¥b3*b4 ™5 +
al™4*a2”5%a374*a4*b172*b2*b372*b4™5 + al"2*a2 5*a3 " 4*ad*b1"4*b2*b3"2*b475 +
al"5*a2 4*a3"4*a4*b1*b272*¥b372*%b4™5 + al*a2 4*a3 4*ad*b1"5*¥b272*b3 T 2*b475 +
al H5*a272%a3 " 4*ad*b1*b2"4*b372*b475 + al*a2 2*a3 4*ad*bl1T5* b2 4*b3T2*¥b475 +
al"4*a2*a3 4*ad*b172*b275*b372*b475 + al 2*a2*a3 4*ad*blT4*b2 5 b3 2*¥b4™5 +
al"4*a275%a3 " 2*a4*b172*b2*¥b3"4* 475 + alT2*a2”5%a3 2*ad* b1 4*b2*b3 " 4*b475 +
al”h*a2 7 4*a372%a4*b1*¥b272*%b374*b4d"5 + al*a2 4*a3 " 2*a4*b175* b2 2*b3 " 4*b4 75 +
al"5*a272%a3"2*a4*b1*b2"4*b3 " 4*b4™5 + al*a2 2*a3 2*ad*b1"5*¥b274*b3 " 4*b4"5 +
al "4*a2*a3"2%ad*b172*b275*b3 " 4*b4™5 + al"2*a2%a3 2*ad*bl"4*¥b275*b3 " 4*b4™5 +
al"4*a2 4*a3*ad*b172*%b272*b375*b4”5 + al " 2*a2 4*a3*ad*bl"4*b272*b3 " 5*¥b4”5 +
al"4*a272%a3*ad*b172*%b2"4*b375*b4”5 + al 2*a2 2*a3*ad*bl"4*b2"4*b3 " 5*b4"H

c0112=sum(c01. find (al"4*a274*w0) )4sum(c01. find (al"4*b274*w0) )+sum(c01. find (b1\
“4*b274*w0) )4sum (c01. find (b174*a274*w0) )

c0112

c0112. factor ()

s0112=((p372 + 2%q3)72 - 2%*q372)*((pd™2 + 2%q4)™2 - 2%q4"2)*(pl™2 + 2%ql)*(p272\
+ 2%q2)*ql72*q272*q3*q4

s0112

#This is the sum of the terms with either al”™4 or bl™4 and either a274 or b274,\
its factorization , and its substitution.

al”4*a274*a375%ad"5%b172*¥b272*b3*b4 + al"2*a2 4*a3 " 5*ad 5*b1"4*b2"2*b3*b4d +

al"4*a272*a375%a4"5*b172*¥b274*b3*b4 + al"2*a2"2%*a3 " 5*ad " 5*b174*b2"4*b3*b4 +

al"4*a2"4*a3*ad”5*b172*b272*b375*b4 + al"2*a2 4*a3*ad " 5*b174*b272*¥b3"5*b4 +

al"4*a272%a3*ad"5*b172*b2"4*b375*b4 + al"2*a2 2*a3*ad"5*b174*b2"4*b3"5*b4 +

al"4*a2”4*a3"5%a4*b172*b272*b3*b4™5 + al"2%a2 4*a3 " 5*ad*b1"4*b272*b3* b4 "5 +

al”4*a272%a3"5%ad*b172*¥b274*b3*b4d”5 + al"2*a272*a3 " 5*ad*bl"4*b2 " 4*b3*b4™5 +

al”4*a274*a3*a4*b172*b2"2*b375*¥b4"5 + al"2*a2 4*a3*ad*b1"4*b272*¥b375*b4™5 +

al"4*a272*a3*ad*b1"2*¥b2"4*b375*b4™5 + al 2*a2 2*a3*ad*b174*b2"4*b3"5*b4 ™5

(a374 + b3™4)*(ad™4 + b4 4)*(al"2 + b1"2)*(a22 + b2"2)*al 2*a2 2*a3*ad* b1 2*h2 2*h3*hd

(0372 + 2%¢3)72 - 2%q372)*((p472 + 2%q4)"2 - 2%q472)*(p1"2 + 2%q1)*(p2°2 +

2%q2)*ql"2*q272%q3*q4

c0113=sum(c01. find (al"4*a374*w0) )+sum(c01. find (al"4*b374*w0) )+sum(c01. find (b1\
“4*b374*w0) )4sum (c01. find (b174*a374*w0) )

c0113

c0113. factor ()

s0113=((p272 + 2%q2)72 - 2%¥q272)*((pd™2 + 2%q4)72 - 2%qd"2)*(pl™2 + 2%ql)*(p372\
+ 2%q3)*ql72*q2*q372*q4

s0113

#This is the sum of the terms with either al™4 or bl™4 and either a374 or b374,\
its factorization , and its substitution.

al"4*a2”75%a3"4*ad"5*b1 7 2*b2*b372*b4 + al " 2*a2”5*a3"4*a4 " 5*b1"4*b2*¥b372%b4 +

al"4*a2*%a3"4*a4"5*b172*b275*b372*b4 + al"2*a2%*a3"4*ad"5*b174*b275*b3"2*b4 +
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al " 4*a275%a3"2*a4"5*b172*b2*b3"4*b4 + al " 2*a2”5%a3"2%ad"5*b1T4*b2*¥b374*b4 +
al"4*a2*a3 " 2%ad"5*b172*¥b275*b3 " 4*b4 + al 2*a2*a3"2*ad " 5*b1"4*b2"5*b3 " 4*¥b4 +
al”4*a275%a3 " 4%*ad*b172*b2*b372*¥b475 + al"2*a2”5*a3 4*ad*b1"4*b2*¥b372*b4™5 +

al "4*a2*a3 " 4*ad*b172*b275*b372*%b4™5 + al"2*a2%a3d 4*ad*bl"4*¥b275*%b3 T 2*b475 +

al 4*a275%a3"2*a4*b172*b2*¥b3 " 4*b4™H + al"2*a2”5%*a3 " 2*ad*b174*b2*b3 " 4*b4™5 +

al 4*a2*a3"2%ad*b172*¥b275* b3 4*b4™H + al 2*a2*a3 2*ad*b1T4*b275*b3 " 4*b4d™H

(a2°4 + b2 4)*(ad™4 + bA™4)*(al"2 + b1"2)*(a3"2 + b3"2)*al 2*a2*a3 " 2*ad* b1 2*h2*h3 2*bd
((p2°2 + 2%¢2)72 - 2%q272)*((p4™2 + 2%q4)"2 - 2%q472)*(p1"2 + 2%q1)*(p3™2 +
2*q3)*ql"2*q2*q372*q4

c0114=sum(c01. find (al"4*a474*w0) )+sum(c01. find (al"4*b4"4*w0) )+sum(c01. find (b1\
“4*b474*w0) )4sum (c01 . find (b174*ad4"4*w0) )

c0114

c0114 . factor ()

s0114=((p2°2 + 2%q2)72 - 2*%q272)*((p372 + 2%q3)72 - 2%¥q372)*(pl™2 + 2%ql)*(pd"2\
+ 2*%qd)*ql72*%q2*q3*q4 "2

s0114

#This is the sum of the terms with either al™4 or bl™4 and either a4™4 or b4d™4,\
its factorization , and its substitution.

al"4*a2”5*a3 " 5*ad"4*b172*b2*b3*b4™2 + al”"2*a2 5*a3"5%*ad"4*b1"4*b2*b3* b4 "2 +

al"4*a2*a3"5%ad"4*b172*¥b275*b3*b4 72 + al"2*a2%*a3 " 5*ad " 4*b1"4*b275*b3*b4 "2 +

al™4*a2"5*a3%ad"4*b172*b2*b375%b4 72 + al"2*a2 5%*a3*ad "4*b174*b2*b3"5*b4 "2 +

al"4*a2%¥a3*ad"4*b1"2*b275*b375*b4 "2 + al 2*a2*a3*ad"4*b1"4*b2"5*¥b3"5*¥b4d"2 +

al"4*a2”75%*a3"5*ad " 2*¥b1 " 2*b2*b3*b4 "4 + al 2*a2”5*a3 " 5%*ad " 2*b174*b2*¥b3*bd "4 +

al"4*a2*a3"5%ad"2*¥b172*b275*b3*b4™4 + al " 2*a2*a3"5%*ad " 2*b1"4*b2"5*b3* b4 "4 +

al"4*a2"5*a3%ad"2*¥b172*¥b2*b375%b4 74 + al"2*a2 5%*a3*ad " 2*b174*b2*b3 " 5*b4 "4 +

al™4*a2*a3%*ad"2*b172*b275*b375%b4 74 + al"2*a2%*a3*ad " 2*b1"4*b275*b3 " 5*b4 "4

(a274 + b274)*(a3™4 + b3 4)*(al "2 + b172)*(ad"2 + b4"2)*al 2*a2*a3*ad " 2*b1"2*b2*b3*b4 "2

((p272 + 2*%q2)72 - 2*%q272)*((p372 + 2*q3)72 - 2%¢372)*(p172 + 2*ql)*(p4™2 +

2*q4)*ql™2*q2*q3*q4 "2

c0123=sum(c01. find (a274*a374*w0) )4sum(c01 . find (a274*b374*w0) )+sum (c01. find (b2\
“4*b374*w0) )4sum (c01 . find (b274*a374*w0) )

c0123

c0123. factor ()

s0123=((pl™2 + 2%*ql)"2 - 2%ql72)*((p4d™2 + 2%q4)"2 - 2%qd"2)*(p272 + 2%q2)*(p372\
+ 2*q3)*ql*q272%q372%q4

s0123

#This is the sum of the terms with either a274 or b274 and either a374 or b374,\
its factorization , and its substitution.

al"5%a2"4*a374*a4"5*b1*b272*b372*b4 + al*a2 4*a3 " 4*ad4"5*b175*b272*b3 " 2*b4 +

al"5%a272*a374*ad"5*b1*b274*b372*b4 + al*a2 2%a3 " 4*ad " 5*b175*b274*b3"2*b4 +

al"5*a274%*a372%a4"5*¥b1*¥b272*b374*b4 + al*a2 4*a3 " 2*ad " 5*b175* b2 2*¥b3 4% b4 +

al”h*a272%a372%ad"5*b1*b274*b374*bd + al*a272*a3 " 2%ad " 5*b175*b274*b3"4*b4 +

al"5%a2"4*a3"4*ad*b1*b2"2*b372*b475 + al*a2 4*a3 " 4*ad*b1"5*b272*b3 " 2*b4 "5 +

al”b*a2"2*a3 " 4*ad*b1*b2"4*b3"2*b4"5 + al*a2 2%*a3"4*ad*b175*b2"4*h3"2*hb4"5 +

al"5%a2"4*a372%ad*b1*b272*b374*b45 + al*a2 4*a3 " 2*ad*b175*b272*b3 " 4*b4"5 +

al"5%a272*a372%ad*b1*b274*b3"4*b4™5 + al*a2 2%*a3 " 2*ad*b175*b274*b3"4*b4 "5

(al™4 4+ b174)*(ad™4 + b474)*(a272 + b272)*(a372 + b372)*al*a2 2*a3"2*ad*b1*b272*bh372%h4

((P172 + 2%q1)72 - 25q172)*((p4™2 + 2%q4)"2 - 2%q472)*(p2°2 + 2%q2)*(p3™2 +

2*q3)*ql*q2"2*q372*q4

c0124=sum(c01. find (a274*a474*w0) )4sum(c01 . find (a274*b4"4*w0) )+sum (c01. find (b2\
“4*b474*w0) )4sum (c01 . find (b274*ad4"4*w0) )

c0124

c0124 . factor ()

s0124=((pl1™2 + 2*ql)"2 - 2*ql172)*((p372 + 2*q3)72 - 2*q372)*(p272 + 2%*q2)*(pd™2\
+ 2*qd)*ql*q272%q3*q4 "2

s0124

#This is the sum of the terms with either a274 or b274 and either a4™4 or bd™4,\

its factorization , and its substitution.
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al"5*a2 4*a3 " 5*ad"4*b1*b22*b3* b4 "2 + al*a2 4*a3 5*ad"4*b175*b2 2*b3*b4 T2 +
al”5*a272%a3 " 5%ad"4*b1*b2"4*b3*¥b4 "2 + al*a2 2*a3 " 5*ad " 4*b1"5*b2 4*b3*b4™2 +
al”b*a2 7 4*a3*ad " 4*b1*b2"2*b375*b4 "2 + al*a2 4*a3*ad"4*b1"5*b272*¥b3"5*b4 "2 +
al"5*a272%a3*ad " 4*b1*b274*b3"5*%b472 + al*a2 2*a3*ad 4*b1"5*b274*b3 " 5*b4 T2 +
al"5*a2 4*a3"5*ad " 2*b1*b272*b3* b4 4 + al*a2 4*a3 " 5*ad "2*b175*b2 2*b3*b4 "4 +
al"5*a272%a3 " 5*ad " 2*b1*b2 4*b3* b4 4 + al*a2 2*a3 5*ad "2*b175*b2 4*b3*b4 "4 +
al”h*a2 7 4*a3*ad " 2*b1*¥b272*b375*b4d "4 + al*a2 4*a3*ad " 2*¥b175* b2 2*b3 " 5*b4 "4 +
al”5*a2”2*%a3*ad " 2*b1*b274*b3 " 5*b4d "4 + al*a2 2*a3*ad "2*¥b175*b2 4*b3 " 5*b4 "4
(174 + b174)*(a3™4 + b3™4)*(a272 + b272)*(a4"2 + b4"2)*al*a2 2*a3*ad ~2%h1*h2 2*b3*b4 ™2
((P172 + 2%q1)72 - 25q172)*((p372 + 2%¢3)72 - 2%q372)*(p2°2 + 2%¢2)*(p4™2 +
2%qd)*ql*q272*q3*qd "2

c0134=sum(c01. find (a374*a4"4*w0) )+sum(c01 . find (a374*b4"4*w0) )+sum (c01. find (b3\
“4*b474*w0) )4sum (c01 . find (b374*ad"4*w0) )

c0134

c0134 . factor ()

s0134=((pl172 + 2*ql)"2 - 2*q172)*((p272 + 2*q2)72 - 2*q272)*(p372 + 2*q3)*(p4™2\
+ 2*%q4)*ql*q2*q372*q4"2

s0134
#This is the sum of the terms with either a374 or b374 and either a4”4 or b474,\
its factorization , and its substitution.

al"5*a2 5*a3 4*ad " 4*b1*b2*b372*b472 + al*a2 5*a3 4*ad"4*b1 5*b2*b3T2*¥b4 2 +
al"h*a2*a3 " 4*ad "4*b1*b275*b372*¥b472 + al*a2*a3 4*ad"4*b175* b2 5*b3T2*¥b4 72 +
al”5*a275%a3"2%ad"4*b1*b2*b34*¥b4 72 + al*a2 5*a3 2*ad " 4*b175*b2*¥b3"4*b4"2 +
al"5*a2*a3 " 2%ad4"4*b1*b275*b3 " 4*b472 + al*a2*a3"2%*ad 4*b175*b275*%b3 " 4*b4 T2 +
al"H5*a2 5*a3 " 4*ad " 2*b1*b2*b372*¥b4 "4 + al*a2 5*a3 4*ad 2*¥b1 5*b2*b3"2*¥b4"4 +
al " H5*a2*a3 " 4*ad " 2*b1*b275* b3 2*¥b4 "4 + al*a2*a3 4*ad"2*b175* b2 5*b3 T 2*¥b4 "4 +
al”h*a2”5%a372%a4"2*b1*b2*b3"4*b4d ™4 + al*a2 5*a3 " 2*a4"2*b1 7 H5*b2*b3"4*b4 "4 +
al”h*a2%a3 " 2%ad"2*b1*b275*%b3"4*b4d "4 + al*a2*a3"2*ad " 2*b15*b2"5*b3"4*b4d "4
(a1™4 + b1™4)*(a2™4 + b2™4)*(a3™2 + b372)*(ad™2 + b4"2)*al*a2*a3 2%ad~2*b1*h2*b3 "~ 2*h4™2
((P172 + 2%q1)72 - 25q172)*((p2°2 + 2%¢2)72 - 2%272)*(p3°2 + 2%¢3)*(p4™2 +
2%qd)*ql*q2*q372*qd "2

bool (¢1=c01124¢01134¢c0114+¢01234+¢0124+c0134-(-c112-¢c113-cl114-¢c121-¢123-c124-\
cl131-¢132-¢134-cl41-c142-c143))

#This is a check to make sure as we seperated the groups we used every term in \
cl once and only once.

True

11=50112+4s0113+s0114+s01234+s01244+s0134+5s112+s1134+51144+5121+51234+51244+5131+s132+\
s134+s141+s142+s143

11

101=11 (pl=al+bl, p2=a2+b2, p3=a3+b3, pd=ad+bd, ql=-1*al*bl, q2=-1*a2*b2, g3=-1%\
a3*b3, q4=-1%ad4*b4)

bool ( 1)

#This line brings all the group substitutions we created for cl back into omne \
expression and checks to make sure that when back substitute we end up with \
cl.

-((p472 + 2*%q4)72 - 3*q472)*(p272 + 2%q2)*(p372 + 2*q3)*(p4™2 + 2*qd)*ql"3*q272*q372 -
((p472 4 2*%q4)72 - 3*q472)*(p1™2 4 2*ql)*(p3™2 + 2*¢3)*(p4~2 + 2*q4)*ql " 2*q273*q3"2 -
((p47™2 + 2%q4)72 - 3*%q472)*(p1™2 + 2¥q1)*(p272 + 2*%q2)*(p4d™2 + 2*q4d)*ql™2*%q272%q373 -
((p372 4 2*%q3)72 - 3*q372)*(p272 + 2*q2)*(p372 + 2*¢3)*(p4™2 + 2*q4)*ql " 3*q272%*q4d"2 -
((p372 + 2*%q3)72 - 3*q372)*(p1™2 + 2*ql)*(p372 + 2*%q3)*(p4d™2 + 2*qd)*ql™2*q2"3*q4"2 -
((p272 + 2*%q2)72 - 3*q272)*(p272 + 2*q2)*(p372 + 2*q3)*(p4™2 + 2*qd)*ql"3*q372%*q4"2 -
((p172 + 2*q1)72 - 3*q172)*(p1™2 + 2*ql)*(p372 + 2*q3)*(p4™2 + 2*q4d)*q2"3*q372%*q4"2 -
((p272 + 2*%q2)72 - 3*%q272)*(p1™2 + 2*q1)*(p272 + 2*%q2)*(p4d™2 + 2*q4d)*ql™2*q373*q4"2 -
((p172 + 2*%q1)72 - 3*q172)*(p1™2 + 2*q1)*(p272 + 2*%q2)*(p4d™2 + 2*q4d)*q2"2*q373*q4"2 -
((p372 + 2*%q3)72 - 3*q372)*(p1™2 + 2*ql)*(p272 + 2*%q2)*(p372 + 2*q3)*ql™2*q272%q4"3 -
((p272 + 2*%q2)72 - 3*q272)*(p1™2 + 2*ql)*(p272 + 2*%q2)*(p372 + 2*q3)*ql"2*q372%q4"3 -
((p172 4+ 2*%q1)72 - 3*q172)*(p172 + 2*ql)*(p272 + 2*q2)*(p372 + 2*q3)*q272*q372*q4"3 +
(0372 + 2%q3)72 - 2%q372)*((p4™2 + 2%q4)™2 - 2%q4™2)*(p1 "2 + 2%q1)*(p2°2 +
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2%q2)*q1 2427 2%q3%qd + ((p2°2 + 2%¢2)°2 - 25q272)*((p4™2 + 2%qd)"2 - 2%q4™2)*(p1™2 +
2*%q1)*(p372 4 2*q3)*q172*q2*q372*q4 + ((p172 + 2*ql)™2 - 2%q172)*((p4™2 4 2*q4)"2 -
2*%q472)*(p272 + 2*q2)*(p372 + 2*q3)*ql*q272*q372*qd + ((p272 + 2*q2)"2 - 2*¥q272)*((p372 +
2%q3)72 - 2%372)*(p172 + 2%q1)*(pd "2 + 2%qd)*ql 2%q2*q3*qd™2 + ((p172 + 2*q1)"2 -

2517 2)*((p372 + 2%¢3)72 - 25q372)*(p272 + 2%q2)*(p4™2 + 2%qd)*ql*q2 2%q3*qd ™2 + ((p1™2 +
2%ql)72 - 2%q172)*((p272 + 2%q2)72 - 2%q272)*(p372 + 2*q3)*(p4d~2 + 2*qd)*ql*q2*q372*qd "2
True

1=114+124144174+112+1204+128+1324+146+1704+1104+1152

1

#This line brings all the group substitutions back into one expression.
28*(p172 + 2*q1)*(p272 + 2*q2)*(p372 + 2*q3)*(p4™2 4 2*q4)*q172*q2"2*q3 " 2*q4"2 - 46*(p272
+ 2%q2)*(p372 + 2*q3)*(pd"2 + 2*q4)*ql"3*q272*%q372*qd "2 - 46%(p172 + 2*ql)*(p3™2 +
2%q3)*(p4d™2 + 2*qd)*ql"2*q273*q372*q4"2 + 70*(p372 + 2*q3)*(pd"2 +

2%q4)*q1 3427337 2%q4™2 - 46*(p172 + 2% q1)*(p272 + 2%q2)* (pd ™2 +
2%q4)*ql72*q272%q373%q472 4+ 70*(p272 + 2%q2)*(p4d72 + 2*qd)*ql"3*q272*%q373*q4"2 4+ 70*(p172
+ 2%q1)*(p4d™2 + 2*q4)*ql"2*q273*q373*q4d "2 - 104*(p4™2 4 2*q4)*q173*q273*q3"3*q4d "2 -
46%(p172 4 2%q1)*(p272 + 2*q2)*(p372 + 2*q3)*ql"2%*q272*q372*%q4 "3 + T0*(p272 + 2*q2)*(p372
+ 2%q3)*ql"3*q272*q372%*q4"3 + 70*(pl™2 + 2*ql)*(p372 + 2*q3)*ql"2*q2"3*q3"2*q4d "3 -
104*(p372 + 2*q3)*ql™3*q273*q372*q4"3 + 70*(pl™2 4 2*ql)*(p272 + 2*q2)*ql"2*q2"2*q3"3*qd"3
- 104%(p272 4 2*q2)*ql™3%*q272*%q373*qd "3 - 104*(p1™2 4 2*ql)*ql 2%*q2"3*q3"3*q4"3 +
152%q173%q273*%q373*q4 "3 - ((p4™2 + 2*qd) "2 - 3*q4"2)*(p272 + 2*q2)*(p3™~2 + 2*q3)*(p4™2 +
2*q4)*q173*q272*%q372 - ((p472 4 2*q4)"2 - 3*qd™2)*(p172 + 2*q1)*(p372 + 2*q3)*(p4™2 +
2%q4)*ql72*q273*q372 + 2*((p4d™2 + 2*q4)72 - 3*q4"2)*(p372 + 2*¢3)* (pd"2 +

2*qA)Fq173%q27 35372 - ((p472 + 2%q4)"2 - 3*qd™2)*(p172 + 2%q1)*(p2°2 + 2%¢2)*(p4™2 +
2%q4)*ql72*q272%q373 + 2%((p4d™2 + 2%q4)"2 - 3*qd"2)*(p272 + 2*q2)*(pd"2 +
2%qd)*ql73*q272%q373 + 2*%((p4™2 + 2*q4)"2 - 3*q472)*(p172 + 2*ql)*(pd"2 +
2*q4)*ql72*q273%q373 - 4*((p472 4 2*q4)"2 - 3*qd™2)*(pd"2 + 2*q4)*ql"3*q273*q373 -

T*((p472 + 2%q4)72 - 2%q4™2)*(p172 + 2*q1)*(p272 + 2*q2)*(p372 + 2*q3)*ql™2*q272*q3 " 2*q4 +
12%((pA™2 + 2%q4)™2 - 2%q472)*(p2°2 + 2%¢2)*(p3™2 + 2%q3)*ql 3%q2"2*q3 2% qd + 12%((p4™2 +
2%q4)"2 - 2%q472)*(p172 + 2*ql)*(p372 + 2*q3)*qlT2*q273*q3"2*q4d - 20*((p4"2 + 2*q4)"2 -
2¥q472)*(p372 + 2*q3)*ql"3*q273*q372%q4 + 12*%((p4d™2 + 2*qd)"2 - 2*q472)*(p172 +
2*%q1)*(p272 4 2*q2)*q172%q272*q373*q4 - 20*((p4™2 + 2*qd)"2 - 2%q472)*(p272 +
2*q2)*ql73*q272*%q373%q4 - 20%((p4™2 + 2%q4) "2 - 2*¥q472)*(p1"2 + 2*ql)*ql"2*q273*q373*q4 +
32%((pd™2 + 2%q4)"2 - 2%q472)*q173*q273*q3"3*q4d - ((p3~2 + 2*q3)"2 - 3*q372)*(p272 +
2%q2)*(p372 + 2*q3)*(pd™2 4 2*q4)*ql73*q272*%q4"2 - ((p372 + 2*q3)"2 - 3*q3"2)*(p172 +
2%q1)*(p372 + 2*q3)*(pd™2 + 2*q4)*ql"2*q273*q4 "2 + 2*((p372 + 2*q3)"2 - 3*q372)*(p3"2 +
2%q3)*(p4™2 4 2*q4)*q173*q273*qd "2 - T*((p372 + 2*%q3)72 - 2*¥q372)*(p1 72 + 2*ql)*(p272 +
2*q2)*(p472 4 2*q4)*q172*q272*q3*q4"2 4+ 12*%((p372 + 2*q3)72 - 2*q372)*(p272 + 2*q2)*(p4"2
+ 2%q4)*ql73*q272%q3*qd "2 + 12*((p372 + 2*q3)72 - 2%q372)*(p172 + 2*ql)*(p4"2 +
2%q4)*ql™2*q273*q3*qd "2 - 20%((p372 + 2*q3)72 - 2*q372)*(p4"2 + 2*q4)*ql"3*q273*q3*qd "2 -
((p272 4 2*%q2)72 - 3*%q272)*(p272 4 2*q2)*(p372 + 2*¢3)*(p4d"2 + 2*q4)*ql " 3*q372%*q4d "2 -
T*((p272 + 2*q2)72 - 2%q272)*(p172 4 2*q1)*(p372 + 2*q3)*(p4d™2 + 2*q4)*ql"2*q2*q3"2*qd "2 +
12*%((p272 + 2%q2)72 - 2*%q272)*(p372 + 2*q3)*(p4™2 + 2*q4)*q173*q2*q372*q4"2 - T*((p172 +
2%q1)72 - 2%q172)*(p272 + 2*q2)*(p372 + 2*q3)*(p4™2 + 2*q4)*ql*q272*%q3"2*q4"2 - ((p172 +
2%q1)72 - 3*q172)*(p172 + 2*ql)*(p372 + 2*q3)*(p4d™2 4 2*q4)*q273*q372*%qd"2 4+ 12*%((p1™2 +
2%ql)72 - 2%q172)*(p372 + 2*q3)*(p4d"2 + 2*q4d)*ql*q273*q372*%q4"2 - ((p272 + 2*q2)"2 -
3*¥q272)*(p172 + 2*ql)*(p272 + 2*q2)*(p4 "2 + 2*q4)*q172*q373*q4"2 + 2*((p272 4 2*q2)"2 -
3*¥q272)*(p272 + 2*q2)*(p4d™2 + 2*¥q4)*q173*q373*qd "2 + 12*((p272 + 2*q2)72 - 2%q272)*(p172 +
2%ql)*(pd™2 + 2*%q4)*ql72*%q2*q373%qd "2 - 20%((p272 + 2%q2)"2 - 2¥q272)*(p4"2 +
2*q4)*ql73*q2*q373*q4™2 - ((p172 + 2*ql)"2 - 3*q1l™2)*(p1™2 + 2*ql)*(p272 + 2*q2)*(p4™2 +

2% qd)*q2 253735 q4"2 + 12%((p172 + 2%q1) 72 - 2%q172)*(p2°2 + 2%q2)*(p4™2 +
2%q4)*ql*q272%q373%qd"2 + 2*%((p172 + 2*ql)"2 - 3*q172)*(p1™2 + 2*ql)*(p4™2 +
2%q4)*q273*q373*q4 "2 - 20%((p172 4 2*ql)"2 - 2¥q172)*(pd"2 + 2*qd)*q1*q273*q3"3*q4"2 -
((p372 + 2*%q3)72 - 3*q372)*(p172 + 2*ql)*(p272 4 2*q2)*(p372 + 2*q3)*ql " 2*q272*q4"3 +
2*((p372 + 2%q3)72 - 3*q372)F(p272 + 2%q2)*(p372 + 2%q3)*ql 3*q2 " 2%q4™3 + 2%((p372 +
2%q3)72 - 3%372)*(p172 + 2%q1)*(p372 + 2%q3)*ql 2%q2 3*qd"3 - 4*((p3™2 + 2%q3) 72 -
3%372)*(p372 + 2%q3)*q1l 3%q2 3*q4™3 + 12%((p372 + 2%q3)72 - 2%q3 2)*(p1"2 + 2*qL)*(p2°2 +
2%q2)*ql72*q272%q3*qd 73 - 20%((p372 + 2*%q3)72 - 2¥q372)*(p272 + 2*q2)*ql"3*q272*q3*qd"3 -
20*((p372 + 2*q3)72 - 2%q372)*(p172 + 2*ql)*q172*q273*q3*q4"3 + 32*((p372 + 2*q3)"2 -
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2%q372)*q173*q273*q3%q4 "3 - ((p272 + 2*q2)"2 - 3*q272)*(p1"2 + 2*ql)*(p272 + 2*q2)*(p372 +
2%q3)*ql72*q372%q4d "3 + 2%((p272 + 2*q2)"2 - 3*q272)*(p272 + 2*q2)*(p372 +
2*q3)*ql73*q372%q4d "3 + 12*%((p272 + 2*q2)72 - 2*¥q272)*(p1"2 + 2*ql)*(p372 +
2*q3)*ql™2*q2*q372%q4 "3 - 20*((p272 + 2*q2)72 - 2*¥q272)*(p372 + 2*q3)*ql"3*q2*q3"2*q4"3 -
((p172 4 2*%q1)72 - 3*q172)*(p1™2 4 2*ql)*(p272 + 2*q2)*(p372 + 2*q3)*q2"2*q372*q4"3 +
12%((p172 + 2*ql)"2 - 2%q172)*(p272 + 2*q2)*(p372 + 2*q3)*ql*q2"2*q372*q4"3 + 2*((p1™2 +
2%q1)72 - 3*q172)*(p172 4 2*ql)*(p372 + 2*q3)*q273*q372*q473 - 20*((p1™2 + 2*ql)"2 -
2*%q172)*(p372 + 2*q3)*ql*q273*q372%q4"3 + 2*((p272 + 2*q2)72 - 3*q272)*(p172 4 2*ql)*(p272
+ 2%q2)*q172*%q373%*q473 - 4*((p272 + 2*q2)72 - 3*q272)*(p272 + 2*q2)*ql"3*q373*q4"3 -
20%((p2°2 + 2%q2)72 - 2%q2°2)*(p172 + 2%q1)*ql 2% q2%q3 3*qd"3 + 32¢((p2°2 + 2%q2)"2 -
2%q2°2)*q1 7 3%q2*q3 3% q4™3 + 2¥((p172 + 25q1)72 - 3*q172)*(p172 + 2*qL)*(p2°2 +
2%q2)*q272*q373%q473 - 20%((p172 + 2*ql)"2 - 2*q172)*(p272 + 2*q2)*ql*q272*q373%q4"3 -
4*((p172 4 2*ql)"2 - 3*q172)*(p172 + 2*ql)*q2"3*q373*q4d "3 + 32*((p1™2 + 2*ql1)"2 -
2*q172)*q1*q273*%q373%*q473 + ((p372 + 2*%q3)72 - 2*¥q372)*((p4™2 + 2*q4)"2 - 2*q472)*(p172 +
2*q1)*(p272 + 2*q2)*ql"2*q272*q3*q4 - 2*((p372 + 2*q3)72 - 2*q372)*((p4d™2 + 2*q4)"2 -
PQAT2)K(p272 + 2%2)*ql 342 2%q3*qd - 2%((p3"2 + 2%3)"2 - 243 2)*((p4"2 + 2%q4) "2 -
P*qA2)F (P12 + 2%q1)*ql 2% 3%q3*qd + 4*((p372 + 2%q3)72 - 2%q372)*((pA~2 + 2%qd)"2 -
2*%q472)*q173%q273*q3%q4 + ((p272 + 2%q2)72 - 2%q272)*((p4™2 4 2*q4)"2 - 2*qd4™2)*(p172 +
2*q1)*(p372 4 2*q3)*ql72*q2*q372*q4d - 2*((p272 + 2*q2)"2 - 2*q272)*((p4™2 + 2*q4)"2 -
2*%q472)*(p372 4 2*%q3)*ql73*q2*q372*q4 + ((p172 + 2*ql)"2 - 2*q172)*((p4d™2 + 2*q4)"2 -
PHQA2)VK (P22 + 2%q2)*¥(p372 + 2%q3)*ql*q2 2%q3 2% qd - 2X((p172 + 2%q1)"2 - 2%q172)*((p4™2
+2%q4) "2 - 2%qA72)K(p3 T2 4 2%q3)*qlFq2 3%q3 2% qd - 2%((p2°2 + 2%q2) "2 - 2%q272)*((p4 2 +

2%q4)72 - 2%q472)*(p172 4 2*ql)*q172%q2*q373*q4 + 4*((p272 + 2%q2)72 - 2%q272)*((p4™2 +
2%q4)72 - 2%q472)*q173*q2*q373*qd - 2*((p172 + 2*ql)"2 - 2*q172)*((p4™2 + 2*q4)"2 -
2*%q472)*(p272 + 2*q2)*ql*q272*q3"3*qd + 4*((p172 + 2*ql)"2 - 2*q172)*((p4™2 + 2*q4)"2 -

2)

A2 Rq1*q2 3*q3 3% qd + ((p2°2 + 2%q2)72 - 2%q272)*((p372 + 2%q3)"2 - 2%q372)*(p172 +
PQL)F(pA™2 + 2%qd)*ql 2%q2%q3*qd "2 - 2%((p2°2 + 2%q2)"2 - 2%q272)*((p372 + 2%q3) "2 -
2%q372)*(p4™2 + 2%qd)*q173%q2%q3*qd™2 + ((p172 + 2%q1)"2 - 2%q172)*((p372 + 2%q3)"2 -
2%q372)*(p272 + 2*q2)*(p4d™2 + 2*q4)*ql*q272*q3*q4d "2 - 2*((p172 4 2*ql)"2 - 2*q172)*((p372
+ 2*%q3)72 - 2%q372)*(p472 + 2*q4)*q1*q273*q3*qd "2 + ((p172 + 2*ql)"2 - 2*q172)*((p272 +
2%q2)72 - 2%q272)*(p372 + 2*q3)*(p4d"2 + 2*qd)*q1*q2*q372%qd "2 - 2*((p172 + 2*ql)"2 -
2*%q172)*((p272 4 2*q2)72 - 2%q272)*(pd™2 + 2*q4)*ql*q2*q373*qd "2 - 2*((p272 + 2*q2)"2 -
2%q272)*((p372 4 2*q3)72 - 2*q372)*(p172 + 2*ql)*ql"2*q2*q3%*q4"3 + 4*((p272 + 2*q2)"2 -
2%q272)*((p372 + 2*%q3)72 - 2*¥q372)*ql"3*q2*q3*q4 "3 - 2¥((p172 + 2*ql)"2 - 2*q172)*((p3"2 +
2%q3)72 - 2%q372)*(p272 4 2*q2)*q1*q272*q3*qd"3 + 4*((p172 + 2*ql)"2 - 2*q172)*((p372 +
2%q3)72 - 2%q372)*q1*q2 3*q3%q4™3 - 2%((p1™2 + 2*5q1)"2 - 25q172)*((p2°2 + 2%q2)"2 -
2%q272)*(p372 4 2*q3)*ql*q2*q372%q4"3 + 4*((p172 + 2*ql)"2 - 2*¥q172)*((p272 + 2*q2)"2 -
2%q272)*q1*q2*q373*q4"3

11=1(pl=al+bl, p2=a2+b2, p3=a3+b3, pd=ad+bd, ql=-1*al*bl, q2=-1*a2*b2, g3=-1*a3\
*b3, qd4=-1*ad*b4)

bool (11==f10)

#This is a check to make sure that when back substitute we end up with the \
original coefficient .

True

m=1 . expand ()

m

latex (m)

#This is the expansion of our coefficient and a latex output for easy copying \
to the thesis.

pl1 7T 2%p272%p3 " 4*pdT4* 17 2%q2 2% q3% g4 + plT2¥p2T4*p3T2*pdT4*ql 2% q2%q3 2% q4d +

pl ™ 4*p272*p372%p474*ql *q272%q3 2% q4 + p1T2*p2 4*p3T4*pd 2% q172*q2*q3%*qd "2 +

pl ™ 4*p272*p374*p4 2% ql*q2 " 2*q3*q4 "2 + pl1T4*p2 4*p3T2*pd " 2*ql*q2*q372%q4d "2 -

P27 2*p3 2% pd 6% q1 3% q272%q372 - p1 T 2*p3 T 2*pd 6% ql " 2*q273*q372 -

pl72%p272%pd 6% q1 2% q272%q373 + 5*pl T 2*p2 T 2*p3 2% pd " 4*ql 2% 27 2% q3 2% q4 -

P27 2*p3T6%pd 2% ql " 3*q272%q4 "2 - p1T2*p3 T 6*pd 2% q1 7 2%q2 " 3*qd "2 +

5¥pl72%p272%p3 T 4*pd 2% 17 2% 27 2% 3% q4 "2 - p2T6*p3 T 2*pd 2% q173*q3 2% q4 "2 +

5¥pl™2%p2 4% p372%pd 2% ql " 2%q2*q3 2% q4 "2 + 5¥plT4*p2 2*p3 2% pd 2% ql*q2 2% q3 2% q4 "2 -
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pl76*p372%pdT2%q273%*q372*q4 "2 - p1 T 2*p2 6% pd2*ql " 2*q3"3*q4 "2 -

pl T 6*p272%*pd"2%q272%q3 3% q4 "2 - p1 T 2¥p2 " 2*p3 6% ql " 2%q2"2*q4 "3 -

pl 7 2%p276*p372%ql " 2*q372%q4 "3 - pl1 T 6*p2 T 2*p3T2%*q272%*q3 2% q4 "3 - 2*p3T2*p4"6*ql " 3*q2"3%*q3 72
- 2%p272%p4T6%ql T 3%q272%*q373 - 2*p172*pd " 6*qlT2%q273%q373 -

6*p2 2% p3T2%p4d 4% ql T 3% q272*q3 2% q4 - 6%plT2*p3T2*pd 4% q1 2% q2 7 3*q3 2% 4 -

6*pl T 2%*p272%pd " 4*ql 2% 27 2*q373* q4 - 2*p3T 6% pd 2% ql 3% 27 3*q4 "2 -

6*¥p2 2% p3T4*pdT2*ql " 3*q272%*q3*qd "2 - 6%plT2*p3T4*pd 2% ql 2% q273*q3*qd "2 -
6*¥p2~4*p3T2%pdT2*ql 3% q2%q3 2% qd "2 + 12¥p1T2%*p2 T 2*p3 T2 pd 2% 17 2% 27 2% 3" 2%qd "2 -

6*pl " 4*p372%p4"2%ql*q2"3*q3 2% q4 "2 - 2*p2T6%pdT2*ql " 3%*q3"3*q4 "2 -

6*pl " 2*p27 4% p4T2%ql 2% q2*q3 3% qd "2 - 6% plT4*p272*p4 2% q1*q2 " 2%q3 " 3*q4 "2 -

P16 pA 2% (2 3*q3 342 - 2¥p2 2¥p3 61 3*q2 2* A3 - 2%p1 T 2*p3 6*ql 22 34”3 -
6*pl T 2%*p272%p374*ql 2% 27 2% q3*q4 "3 - 2*p2T6*p3T2*ql " 3*q3 2% 473 -

6*pl " 2*p274*p372*%ql T 2*q2*q3 2% q4 "3 - 6% plT4*p272*p3 2% ql*q2 2% q3 2% q4 "3 -
2*¥pl™6*p372%q273%*q372%q4 "3 - 2*p1T2*p276*ql"2*%q3 " 3*qd "3 - 2*p1T6*p2 2*q272*q3"3%*q4 "3 -
4*p476*ql " 3%q273%q373 - 12*p3T2*pd~4*q173*q273*q372%q4 - 12*p272*pd"4*ql"3*q2"2*q3 " 3*q4 -
12*p172%pd™4*q172*q273*q373%*q4 - 12*p3~4*p4~2%*ql " 3*q2"3*q3*q4 "2 -
31*p272%p372%pd 2% q1 3% q2 2% q3 2% q4 72 - 31%p1T2*p3 T 2*pd 2% q172*q273*q3 2% qd "2 -
12*p274*pd™2%q173*q2*q373%q4 "2 - 31¥pl " 2*p2 2% pd"2%ql"2%*q272*q3 " 3*q4 "2 -
12*p174*p4d™2%q1*q273*q373%qd "2 - 4*¥p3~6*q1"3*q273%*q4 "3 - 12*p272*p374*ql " 3*q2"2*q3*q4 "3 -
12*p172*p3™4*q172*q273*q3*q4 "3 - 12*p274*p372%ql " 3*q2*q3"2*q4"3 -
31*p172%p272%p372%q1 2% q2 2% q3 2% q4 "3 - 12*p1T4*p3T2*ql*q273*q3"2%q4 "3 -
4*p276*ql 7 3%q3 3% q4 "3 - 12*p172*p2 4% q172*q2*q373%qd "3 - 12*plT4*p272*ql*q2"2%q373*q4 "3 -
4*p176*q273%q373%q4d "3 - 24*p4~4*q173*q273*q37 3% q4 - 46%p3T2*pdT2*q173*q273*q3"2%q4 "2 -
46%p272*pdT2%q173*q272%q373%q4 "2 - 46*p1 2% pdT2%q172%q273*q3"3*q4d "2 -
24*p374*ql " 3*q273*q3*q4 "3 - 46*p272*p372*q1 " 3*q2"2%*q3 " 2%*q4 "3 -
46*p172*p32*q172%q273%q3 2% q4 "3 - 24*p2~4*q1"3*q2*q3"3%qd "3 -
A6*p172*p2 2% (17 2%q2 2% 3 34 "3 - 24%p1 4*q1*q2 33 3*q4"3 - 60%pd 2% q173*q2 " 3*q3 3k qd 2
- 60*p372*%q173*q273%q372*q4 "3 - 60*p272*ql " 3%*q272*q373*qd "3 - 60*plT2*qlT2*q2"3*q3 " 3*q4"3
- 56*ql73*q273%*q373*q4 "3

b (L2} b {2172} b {314} p{4)(1) a_{1}7(2) a_{2{2) 0 {3} a_{4} + p_{1}"(2)

b {2)(1) b {312} {17{4) 0 (1)} a_{2} a {342} o_{4] + p_{1) {4} p_{2}"(2)

b (312 p {074} o {1} a {2172} a (31742} o {4} + p (172} p_ {21 {4} p_(37{4)

b ({2 4 {172} g {2) a3} a (4742} + b (1) {4} p (21702) (31 {4)} p {472} 0_{1}
q {2}7{2} a {3} o {4}7{2} + p {1}7{4} p_{2}7{4} p_{3}7{2} p_{4}7{2} q {1} q {2} q {3}7{2}
Q{472 - b (202 b (31712} p{4}{6) a_{1} {3} {2} {2} 0 (3} {2} - p_{1) {2}

b (3172} p (416} 0 (1}°(2) 0 (278} 4B} 12} - p (1112} p {27(2) p_{4)16)

o {11742} 0 {2)7{2h a {3173+ 5\ b {17 {2} p {20742} p (3142} p {4 {4} a_{1}°{2}

0 {21742} 4 {31742 4 {4} - p {21742} p {3146} p {41 {2} a_ {1} {3} 0 {21742} 0 {4} {2} -
p {17742} p {3}7{6) p {4} {2} a {1} {2} ¢ {2}7{3} ¢ {4}7{2} + 5\, p {1}7{2} p {2}7{2}

p {3} {4rp {41 {2) a {1}7{2} a {2}7{2} a_{3} a {47 {2} -p {2} {6} p_{3} {2} p_{4} {2}
Q{113 a_{31742F a {41742} + 5\, o (11742} p_{217{4) {3112} p_{4} {2} a_{1) 2]
Q{2 q [3°(2) a (4742 + 5\ p (1)) p {2°02) b (3) (2} p 14} {2} a (1) q [2)(2)
o {31742} 4 {12} -p ({6} b (31742 b (12} 4 {213} 4 {32} a_{4){2) -
p_{1}7{2} p_{2}7{6} p_{4} {2} a_ {1}7{2} a {3} {3} o {4}7{2} - p_{1}7{6} p_{2} {2}
p_{4}7{2} a {2}7{2} q {3}7{3} a {4}7{2} - p_{1}7{2} p_{2}7{2} p_{3} {6} q {1} {2}

a {2}7{2} o {4}783} - p {1}7{2} p_{2}7{6} p_{3}7{2} @ {1}7{2} 0 {3}7{2} a {4}7{3} -

p {1}7{6} p_{2}7{2} p {3}7{2} 0 {2}7{2} ¢ {3}7{2} o {4}7{3} -2\, p {3}7{2} p_{4}"{6}

q {1373 a {2}7{3} o {3}7{2} - 2\, p_{2}7{2} p_{4} {6} a {1} {3} a {2}7{2} q {3}7{3} -2
Lo {1 {2hp {47{6) a {1)7{2} a {2}7{(3} a_{3}7{3} -6\, p_{2}7{2} p_{3}7{2} p {4}7{4}
a {1}7{3} a {2}7{2} a {3}7{2} a {4} -6\, p_{1}7{2} p_ {3} {2} p_{4} {4} ¢ {1}7{2}

A {2){3} a_{3}{2} a_{4}- 6\, p_{1}"{2} {22} p_{4)(4} a_{1){2} 0 {2}°{2}

a {3}7{3}a {4} -2\, p {3}7{6} p_{4}7{2} a {1}7{3} a {2}7{3} a {4}7{2} -6\, p {2}7{2}
p_{3}7{4} p_{4} {2} o {1}7{3} a_{2}7{2} ¢ {3} a_{4}7{2} - 6 \, p_{1}7{2} p_{3} {4}
p{4}7{2} a {1}7{2} a0 {2}7{3} a {3} q {4}7{2} -6\, p_{2}7{4} p_{3}7{2} p_{4}7{2}

a {1}7{3} a {2} a {3}7{2} a_{4}7{2} + 12\, p_{1}7{2} p_{2}7{2} p_{3}7{2} p_{4}7{2}

a {1)7{2ta {2)7{2} a {3} {2} a {4}7{2} - 6\, p {1} {4} p {3} {2} p {4} {2} q {1}

q {2}71{3} a {3}7{2} a_{4}7{2} - 2\, p_{2}7{6} p_{4}7{2} q_{1}7{3} q {3} {3} a_{4}7{2} -6
\s o {1}7{2} p_{2}7{4} p_{4}7{2} a_{1}7{2} 0 {2} a {3}7{3} a_{4} {2} - 6\, p_{1}"{4}
p{2}7{2} p_{4}7{2} @ {1} a {2}7{2} a0 {3}7{3} a {4}7{2} -2\, p_{1}7{6} p_{4}7{2}

q {2}7{3}a {3}7{3} a {4}7{2} - 2\, p_{2}7{2} p_{3} {6} a {1}7{3} q {2}7{2} q {4}7{3} -2
\o p{137{2} p_{3}7{6} a_{1}7{2} q_{2}7{3} a_{4}7{3} - 6 \, p_{1}7{2} p_{2}7{2} p_{3} {4}
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a {1} {2} a {2}7{2} a {3} a {4}7{3} -2\, p_{2}7{6} p_{3}7{2} q {1}7{3} a {3} {2}

a {4783} -6\, p {1}7{2} p {2}7{4} p {3} {2} a {1}7{2} a0 {2} q {3}7{2} q {4)7{3} -6\,
p {1} {4y p {217 {2) p {3} {2} @ {1} a {2} {2} q {3} {2} q {4} {3}-2\, p {1}7{6}

P {3}7{2}a {2}7{3) a {3)7{2} o {4} {3} -2\, p {1} {2} p {2} {6} a {1}7{2} q {3} {3}
q {4}7{3} -2\, p_{1}7{6} p_{2}7{2} a_{2}7{2} a {3} {3} {4} {3} -4\, p_{4} {6}

q {173} a {2}7{3} {3} {3} - 12\, p_{3}7{2} p_{4}7{4} o {1}7{3} ¢ {2}7{3} q_{3} {2}
a {4} -12\,p {2}7{2} p_{4}7{4} o {1}7{3} a0 {2}7{2} a {3} {3} a {4} - 12\, p_{1}7{2}

b ()4} o (112} q {2048} o {373} a (4] - 12\ p_{8){4] p_{4}°2} 0 {1} (3}
Q{23 4 {3} {417(21- 31\ o {20712 p (31 (2} b (47(2) a {173} a {21702}
QB2 g 1723\ (02} 0 32 0 (42 a (112} a 2003 0 312
G {2} - 12\, p (204 p {412} o {1)7(3) o {2) o (3)(3} 4 {4} {2} - 31,

p {1}7{2} p_{2}7{2} p_{4}7{2} q {1}7{2} ¢ {2}7{2} a0 {3} {3} q {4}7{2} - 12\, p_{1}7{4}
p{4}7{2} a {1} a {2} {3} a {3} {3} a_{4}7{2} - 4\, p_{3}7{6} a_{1}7{3} q_{2}7{3}

a (17(3) - 12\ b {272} p_(37{4) 0 (173} a_{3} (2} a_{3} a {4 (3} 12\,

p {1} {2} p {3}7{4} o {1}7{2} a_{2}7(3} a {3} a {4}7{3} - 12\, p {2} {4} p {3} {2}

a {1}7{3}a {2} a {3} {2} a {4} {3} -31\,p {1}7{2} p_{2}7{2} p_{3}7{2} q {1} {2}

a {21742} a {3}7{2} o {4} {3} - 12\, p_{1}7{4} p_{3} {2} o {1} q {2} {3} ¢ {3}7{2}

a {473} -4\, p {2)7{6} a {1}7{3} a {3}7{3} a {4)7{3} - 12\, p {1}7{2} p_{2}7{4}
a {1} {2t a {2} a {3}7°{3} o {4)7(3} - 12\, p {1}7{4} p {2}7{2} a {1} a {2}7{2} 0 {3}7{3}
q {4}7{3} -4\, p_{1}7{6} a_{2}7{3} o {3} {3} q_{4}7{3} - 24\, p_{4} {4} q_{1}7{3}

q {2}7{3}a {3}7{3} a_{4}-46 \, p_{3}7{2} p_{4}7{2} ¢ {1}7{3} a_{2} {3} ¢ {3}7{2}

a {4;7{2y-46\,p {2}7{2} p_{4}7{2} a {1}7{3} a {2}7{2} q {3} {3} a {4)7{2}-46 )\,
p{1}7{2} p_{4}7{2} q {1}7{2} a {2}7{3} {3} {3} q_{4}7{2} - 24 \, p_{3}7{4} ¢ {1}7{3}
q {2}7{3} a {3} q {4}7{3}-46 \, p_{2}7{2} p_{3}7{2} ¢ {1}7{3} a_{2}7{2} q_{3}7{2}
q_{4}7{3} - 46 \, p_{1}7{2} p_{3}7{2} a_{1}7{2} 0 {2} {3} q_{3}7{2} q_{4}7{3} - 24\,

p {2}7{4} a {1} {3} a {2} q {3} {3} q {4}7{3}-46\,p_{1}7{2} p_{2}7{2} q {1}7{2}

a {2}74{2}a {3}7{3} {4} {3} - 24\, p_{1}7{4} a {1} a {2}7{3} q _{3}7{3} a_{4}7{3} - 60
\, P {4}7{2} a {1}7{3} a {2}7{3} a {3} {3} a {4}7{2} - 60\, p {3}7{2} a {1}7{3} a {2} {3}
q {3}7{2} q {4}7{3} - 60\, p_{2}7{2} ¢ {1}7{3} a_{2}7{2} q_{3}"{3} q_{4} {3} - 60\,
ILF{?{ a {1}71{2} . {2}7{3} a_{3} {3} a_{4}7{3} - 56 \, a_{1}7{3} a_{2}7{3} q_{3}7{3}
q {41713
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