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C.\ dror bn\ Acadeni cPensi eve\ Proj ect s\ w-Conput at i ons

HeadsMerge([x_, y_, z_]1[mx_] : = l\/bdule[
{cox, coy, jx, jy, jxy},
COX D[m x, h[x]] /. t[s_] = c[s];
coy D[m x, h[yll /. t[s_] = c[s];

(-1 +e®%%) .

jX=|f [COX === 0,
cox

(-1+e°%)

iy H[wy::o,l

coy
(_l + ecox+coy)
jxy=|f[cox+c0y===0, 1, —————|;
COX + Ccoy
jxh[z] D[m x, h[Xx jyh[z] D[m x, h
(M x /. (h[x] =0, h[y]-»O})+J [z] .[ [x11] +ecoxly [z] .[ [yll
] Xy ] Xy

HeadsMerge[3, 4, 5]1[t [1]1 h[3] +t [2] h[4]]

(-1+e®M) (c[1] +c[2]) h[5]t[1] €M) (-1+e°?)) (c[1]+c[2])h[5]t[2]
+
(-1+ecltI+e2]) c[1] (-1+eclivel2l) c[2]

a=t[1]1h[4] +t [2]1 h[5] +t [3] h[6]

h{41t (1] +h[5]t[2] +h[6]t [3]

HeadsMerge[4, 5, 71[a]

(-1+e*™) (c[1]+c[2]) h[7]t [1] e®MM) (-1+e®?)) (c[1]+c[2])h[7]t[2]

N +h[6]t (3]
(-1+eclticl2l) cr1] (-1+ecltiel2]) (2]

Expand2[expr_] := Series[expr /. {c[i_1= zc[i], t[i_]1 = zt[i]l}, {z, 0, 2}]
HeadsMerge[4, 5, 7]1[a] // Expand2

1
(h[71t[1)+h[7]t[2] +h[6]t[3])2+5 (-c[21h[71t[1] +c[1]1 h[7]t[2]) 22+ 0[z]°

HeadsMerge[7, 6, 8] [HeadsMerge[4, 5, 71[al]l // Sinplify
((c[1]+c[2] +c[3]) h et (~1+ef?l)cil]c3]t 2] +
(1]

(
c[2] ((-1+e®™)c[3]t[1])+etttIel2 (—14+e°B))c[1]t[3])))/
((-1+ecttiel2iedl) c1) c[2] c[3])

(8]
c

HeadsMerge[4, 7, 8] [HeadsMerge[5, 6, 7][al] // Sinplify

((c[1]+c[2]+c[3])h (e (-1+e°@)c[l]c[3]t[2] +
c[2] ((-1+e®™)c[3)t[1])+eMel (—14+e°Bl)c[1]t[3])))/
((-1+ecttiel2ied3l) c[1]) c[2] c[3])

(8]
c

(HeadsMerge[7, 6, 8] [HeadsMerge[4, 5, 7][a]] -
HeadsMerge[4, 7, 8] [HeadsMerge[5, 6, 7][al]l) // Sinplify
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a = Sum[Random[]t [i 1 h[j]1, {i, 4}, {j, 4}]

0.0752672h[1]t [1] +0.226776 h[2]t [1] +0.912243 h[3]t [1] +0.154449h[4]t [1] +
0.945915h[1] t [2] +0.267741h[2]t [2] +0.646716 h[3]t [2] + 0. 70167 h([4]t [2] +
0.757047 h[1] t [3] +0.815404 h[2]t [3] +0.413309h[3]t [3] +0.0123457 h[4] t [3] +
0.518825h[1] t [4] +0.645992 h[2]t [4] +0. 746541 h[3]t [4] +0.190113 h[4]t [4]

Simpli fy[HeadsMerge[l, 2, 6][a]]

0. +0.912243h[3]t [1] +0. 154449 h[4] t [1] +
0.646716 h[(3]t [2] +0.70167h[4]t [2] +0.413309h[3]t [3] +
0.0123457 h[4—] t [3] n ((_1 n e0. 0752672C[l]+0.945915C[2]+0.757047C[3]+0.518825C[4])

(0.302043 ¢ [1] +1.21366 C[2] +1.57245¢c[3] + 1. 16482 c[4]) h([6]

(0.0752672t [1] + 0. 9459151t [2] +0. 757047 t [3] + 0. 518825t [4])) /
( (71. + 0302043 ¢ [1]+1. 21366 ¢ [2] +1. 57245 ¢ [3] +1. 16482 ¢ [4] )

(0.0752672 c[1] + 0. 945915 ¢ [2] + 0. 757047 ¢ [3] + 0. 518825 [4]) ) +
(eo. 0752672 ¢ [1]+0. 945915 ¢ [2] +0. 757047 ¢ [3] +0. 518825 ¢ [4]

(7 1. 4 @0 226776 ¢ [1]+0. 267741 ¢[2]+0. 815404 [3]+0. 645992 c [4] )

(0.302043c[1] +1.21366cC[2] +1.57245¢c[3] +1.16482c[4]) h[6]

(0.226776t [1] + 0. 267741t [2] + 0. 815404t [3] + 0. 645992t [4])) /
( (71 " eO. 302043 c[1]+1.21366 c[2]+1.57245c[3]+1.16482 C[4]>

(0.226776 c[1] + 0. 267741 c[2] + 0. 815404 ¢ [3] + 0. 645992 ¢ [4]) ) +
0.746541h[3]t [4] +0.190113 h[4] t [4]

t1l=Sinplify[HeadsMerge([6, 3, 7][Si nplify[HeadsMerge[l, 2, 6][al]l]l]
0. +0.154449h[4]t [1] +0.70167 h[4]t [2] +0.0123457 h[4]t [3] +

(_1_ +(EO.302043c[l]+1.213660[2]+l.572450[3]+1.164820[4]) 1 +1.

(-0. 302043 +0. 302043 0. 302043 ¢[1]+1.21366 ¢ [2] 1. 57245 [3]+1. 16482 ¢ [4] | cr1]+(-1. 21366 +1. 21366 <* 302043 ¢[1]+1. 21366 ¢[2] +1. 57245 ¢ [3] +1. 16482 ¢ [4] | c[2]-1.57245 ¢ [3]+1. 57245

S 1. +0-302043¢[1]+1. 21366 c[2]+1. 57245 ¢ [3] +1. 16482

(0. +0.912243c[1] +0.646716c[2] +0.413309c[3] +

0.746541 c [4] + ( (_ 1. . @0 0752672 c[1]+0. 945915 c[2]+0. 757047 c[3]+0. 518825 C[4] )

(0.302043 c[1] + 1. 21366 c[2] + 1.57245¢[3] +1.16482¢c[4])) /
(71' n e0. 302043 c[1]+1.21366 c[2]+1.57245c [3]+1.16482cc [4)] ) n
<eO. 0752672 c [1]+0. 945915 c [2]+0. 757047 ¢ [3]+0. 518825 c [4]
(7 1. + @0. 226776 c[1]+0. 267741 c[2]+0. 815404 c [3]+0. 645992 c (4] )
(0.302043 ¢ [1] +1.21366 c[2] +1.57245¢c[3] +1.16482c[4])) /
(71_ + @0 302043 ¢ [1]+1. 21366 ¢ [2]+1. 57245 c [3] +1. 16482 C [4] ) > h7]

(0 ¥ ( (7 1. + eO. 0752672 ¢ [1]+0. 945915 ¢ [2]+0. 757047 c [3]+0. 518825 c [4] )

(0.302043 c[1] +1.21366C[2] +1.57245¢c[3] + 1. 16482 C[4])
(0.0752672t [1] + 0. 945915t [2] +0. 757047 t [3] +0.518825t [4])) /
( (71. + @0 302043 ¢ [1]+1. 21366 ¢ [2] +1. 57245 c [3] +1. 16482 C [4] >
(0.0752672 ¢ [1] + 0. 945915 ¢ [2] + 0. 757047 ¢ [3] + 0. 518825 ¢ [4]) ) +
(eo. 0752672 ¢ [1]+0. 945915 ¢ [2] +0. 757047 ¢ [3] +0. 518825 c [4]

(_ 1. + @0 226776 ¢[1]+0. 267741 c[2]+0. 815404 ¢ [3]+0. 645992 C [4] )

(0.302043 c[1] +1.21366C[2] +1.57245¢c[3] + 1. 16482 c[4])

(0.2267761 [1] +0. 267741t [2] + 0. 815404t [3] + 0. 645992t [4])) /
( (_1. + @0 302043 ¢ [1]+1. 21366 ¢ [2] +1. 57245 € [3]+1. 16482 ¢ [4] >
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(0. 226776 c[1] +0. 267741 c[2] + 0. 815404 ¢ [3] + 0. 6459920[41)))}/

{—l. + 1.

(-1. 214291, 21429 0. 302043 ¢[1]+1.21366 ¢ [2] +1. 57245 ¢ [3] +1. 16482 ¢ [4] | c[1]+(-1.86037+1. 86037 &° 302043 ¢[1]+1. 21366 c[2]+1. 57245 ¢ [3] +1. 16482 ¢ [4] \:‘ c[2]-1.98576 ¢ [3]+1. 98576 &'

e 1. 0302043 ¢[1]+1 21366 ¢ [2] 1. 57245 c 3] 1. 16482 ¢

(o i (70 302043 + 0. 302043 (EO' 302043 c[1]+1.21366 c[2]+1.57245c[3]+1.16482cc[4] )

c [1} 4 (71 21366 + 1. 21366 e0. 302043 c[1]+1.21366 c[2]+1.57245c[3]+1.16482cc[4] ) c [2} _
1. 57245 ¢ [3] +1.57245 eO. 302043 c[1]+1.21366 c[2]+1.57245c[3]+1.16482c[4] c [3} _
+ [1.

0.+ ‘ 0.302043+:0. 302043 £0- 302043 ¢ [1]+1. 21366 ¢ [2]+1. 57245(:[3\4.16452(:[4” c(1]+ ‘: 1.21366+1. 21366 0 302043 ¢[1]+1.21366 ¢ [2]+1.57245 ¢ [3]-1. 16482 ¢ [4] :‘ ©[2]-1.57245 ¢ [3] +1. 57245 °

1.16482c[4] +1.16482 0 302043 ¢ [1]+1.21366 c[2]+1.57245c[3]+1. 16482 c[4] c[4] )

e 1. 40302043 ¢[1]+1. 21366 c[2]+1. 57245 ¢ [3] 1. 16482 ¢ [4

(_ 1 + @0+ 912243 C[1]+0. 646716 ¢ [2]+0. 413309 ¢ [3]+0. 746541 ¢ [4] )

(0. +0.912243 c[1] +0. 646716 ¢ [2] + 0. 413309 ¢ (3] + 0. 746541 c [4] +
< (_ 1. + (EO. 0752672 ¢ [1]+0. 945915 ¢ [2]+0. 757047 c [3]+0. 518825 c [4] ) (O 302043 ¢ [1] +1.21366¢C [2] "

1. 57245 ¢ [3] +1.16482¢c [4] ) ) / (71 + @0' 302043 c[1]+1.21366 c[2]+1.57245c [3]+1.16482cc [4] ) 4
<eO. 0752672 ¢ [1]+0. 945915 ¢ [2] +0. 757047 c [3]+0. 518825 c [4]

(7 1. 4 @0 226776 c[1]+0. 267741 ¢ [2] +0. 815404 c [3] +0. 645992 C [4] )

(0.302043 c[1] + 1. 21366 c[2] +1.57245¢ [3] +1.16482¢c[4])) /
(71- " e0. 302043 c[1]+1.21366 c[2]+1.57245c [3]+1.16482cc [4] ) > h [7}

‘:' 1.21429+1. 21429 m0v3020430[1}o1,213660[2}o1v572450[3}o1v164820[4}) c[1]+(-1.86037+1. 86037 - 302043 ¢ [1]+1. 21366 ¢ [2] +1. 57245 ¢ [3] +1. 16482 ¢ [4] | c(2)-1.98576 ¢ (3]+1. 98576 &

(0.912243t [1] + 0. 646716t [2] + 0. 413309t [3] + 0. 7465411t [4])

(1. +1.

e 1. 40302043 ¢[1]+1. 21366 c[2]+1. 57245 ¢ [3] +1. 16482 ¢

(0.912243 c[1] + 0. 646716 ¢ [2] + 0. 413309 ¢ [3] + 0. 746541 c [4])

+

0.190113 h[4] t [4]
t2 = Sinplify[HeadsMerge[l, 6, 7][Si nplify[HeadsMerge[2, 3, 6][al]l]l]
0. +0.154449h[4]t [1] +0.70167 h[4]t [2] +

0.0123457 h[4] t [3] + | e0 0752672 ¢[1]+0.945915 c (2] +0. 757047 c[3]+0. 518825 ¢ 4

(71_ +el.139020[1]+0.914457c[2]+l.22871c[3]+1.392530[4]) 141

(-1.13902+1. 13902 1. 13902 ¢[1]+0. 914457 ¢ [2]+1. 22871 ¢ [3] +1. 30253 ¢ [4] ‘ cl1]+ [70_ 914457 +0. 914457 ol 13902 ¢[1]+0. 914457 ¢ [2]+1. 22871 c[3] +1. 39253 ¢ [4] ‘ ¢[2]-1.22871 ¢ [3]+1. 22871

e _1. 4ol 13902 c[1]+0.914457 c[2]+1. 22871 ¢ [3] +1. 39253

(0. +0.0752672c[1] +0.945915¢c [2] + 0. 757047 c [3] +

0.518825 ¢ [4} i ( (71 i (EO' 226776 ¢ [1]+0. 267741 c [2]+0. 815404 c[3]+0. 645992 c [4] )

(1.13902 ¢ [1] +0. 914457 ¢ [2] + 1. 22871 ¢ [3] +1.39253 ¢ [4])) /

1.13902 ¢ [1]+0. 914457 ¢ [2]+1. 22871 ¢ [3] +1. 39253 ¢ [4] )

(—1. +e +

(eo. 226776 ¢ [1]+0. 267741 ¢ [2]+0. 815404 ¢ [3] +0. 645992 ¢ [4]

(_ 1. + @0 912243 C[1]+0. 646716 c[2]+0. 413309 C[3]+0. 746541 C [4] )

(1.13902c[1] +0.914457c[2] +1.22871c[3] +1.39253c[4]) ) /
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(71' 4+ @l 13902 c[1]+0.914457 ¢ [2]+1. 22871 ¢ [3]+1. 39253 ¢ [4] ) ) h(7]
(0. . ((71. 4+ @0 226776 ¢ [1]+0. 267741 ¢ [2] +0. 815404 ¢ [3] +0. 645992(:[4])

(1.13902c[1] +0.914457c[2] +1.22871c[3] +1.39253c[4])

(0.226776t [1] + 0. 267741t [2] + 0. 815404t [3] + 0. 645992t [4])) /
( (71 n &El' 13902 ¢ [1]+0. 914457 c[2] +1. 228710[3]+1.392530[4]>

(0.226776c[1] +0.267741c[2] +0.815404c[3] +0.645992c[4]) ) +
(eo. 226776 ¢ [1]+0. 267741 ¢ [2]+0. 815404 ¢ [3]+0. 645992 ¢ [4]

(7 1. + @0' 912243 ¢ [1]+0. 646716 ¢ [2]+0. 413309 ¢ [3]+0. 746541 c [4] )

(1.13902 c[1] + 0. 914457 c[2] + 1. 22871 ¢ [3] + 1. 39253 ¢ [4])

(0.9122431t [1] + 0. 646716t [2] + 0. 413309t [3] + 0. 746541t [4])) /
( (71_ + @l 13902 c[1]+0. 914457 ¢ [2]+1. 22871 ¢ [3]+1. 39253 ¢ [4] >

(0.912243 c[1] + 0. 646716 c[2] + 0. 413309 ¢ [3] +O. 746541c[4}>))J/

{l. +1.

(-1. 214291, 21429 ¢l 13902 ¢[1].0.914457 ¢[2] 1. 22671 ¢ [3]+1. 39253 ¢ 4] ) ¢ (1], (-1, 86037 +1. 86037 - 13902 ¢[1] 0. 914457 ¢ [2] 1. 22671 ¢ [3]+1.39253¢[4] ) ¢ (21, 98576 ¢ (3] +1. 98576 <’

e

1. 4ol 13902 ¢[1]40.914457 c[2]+1. 22871 ¢ [3] 1. 39253 ¢
(O n (_ 1.13902 + 1. 13902 (El' 13902 c [1]+0.914457 c[2]+1.22871 c[3]+1.39253 c [4] ) c [1] n

<—O. 914457 + 0. 914457 (El' 13902 ¢ [1]+0.914457 ¢ [2]+1.22871 c[3]+1.39253 c[4] ) c [2] _
1.22871¢c [3] +1.22871 (El' 13902 c[1]+0.914457 ¢ [2]+1. 22871 c[3]+1. 39253 c [4] I [3}

1.39253 ¢ [4] +1.39253 @1' 13902 ¢ [1]+0. 914457 c[2]+1.22871 c[3]+1.39253 c[4] I [4} ) +

( (71 4+ @0- 0752672 ¢ [1]+0. 945915 ¢ [2] +0. 757047 ¢ [3] +0. 518825 C [4] )
(0. +0.0752672c[1] +0.945915¢c[2] +0. 757047 c[3] +0.518825c[4] +
< (71. 4+ @0- 226776 C[1]+0. 267741 ¢ [2] +0. 815404 ¢ [3] +0. 645992 c [4] ) (1.13902 ¢ [1] + 0. 914457 ¢ [2] +

1.22871c¢c [3] +1.39253¢ [4] ) ) / <_1 i el. 13902 ¢ [1]+0.914457 ¢ [2]+1.22871 c[3]+1.39253 c[4] ) "
<@0' 226776 ¢ [1]+0.267741 c[2]+0. 815404 c [3]+0. 645992 c [4]

(7 1. + @0 912243 c[1]+0. 646716 ¢ [2]+0. 413309 ¢ [3]+0. 746541 ¢ [4] )

(1.13902 c[1] +0.914457 c[2] + 1. 22871 ¢c[3] +1.39253¢c[4])) /
(_1_ 4 (El' 13902 ¢ [1]+0. 914457 c[2]+1.22871 ¢c[3]+1.39253 c[4] ) > h [7}

(0. 0752672t [1] + 0. 945915t [2] + 0. 757047t [3] + 0. 518825 t [41>)/ ( “1. 41,

(-1.21429+1. 21429 113902 ¢ [1]0.914457 ¢ [2]+1. 22871 ¢ 3] +1. 39253 ¢ [4] | c[1]+(-1.86037+1. 86037 et 13902 ¢[1]+0. 914457 c[2]+1. 22871 ¢ [3] +1. 39253 ¢ [4] | c[2]-1.98576 ¢ [3]+1. 98576 ¢

e

1. 4113902 ¢[1]+0.914457 ¢[2]+1. 22871 ¢ [3]+1. 39253 ¢

(0. 0752672 c[1] + 0. 945915 ¢ [2] + 0. 757047 ¢ [3] + 0. 518825 c [4])

+
0.190113 h[4]t [4]

Simplify[

tl-t2 /. {c[l1l] » Random[], c[2] -» Random[], c[3] -» Random[], c[4] - Random[]}]
0. +

h(7] (-2.22045x107'°t [1] - 1.55431 x 10 15t [2] - 1. 33227 x 107 t [3] - 2. 44249 x 10 *° t [4])



