Pensieve header: s-calculus revision 5.0.

Utilities
h =1;
BSinplify[expr_]1:=expr // Together // ExpandDenomni nator // ExpandNurerator;
Set Attri butes[BCol |l ect, Listable];
BCol l ect [B[w_, u_1]1 := B[
BSimplifyl[w],
Col l ect [u, _h, Collect[#, _t, BSinmplify] &]
1
(* "L" for "Labels" x)

hL[B_] : = Union[Cases[B, h[s_] = s, Infinity]l;
tL[B_] := Union[Cases[B, t[s_]]|cs_ = s, Infinity]];
dL[B_]1 := Union[hL[B], tLI[BII;

BForm[Bl[w_, u_11 := Mdul e[
{tails, heads, mat},
tails = tL[B[w, u]]; heads = hL[B[w, u]l;
mat = Quter [BSinplify[Coefficient [u, h[#l]t [#2]]] & heads, tails];
PrependTo[mat, t /@ tails];
mat = Prepend[Transpose[mat], Prepend[h /@ heads, w]];
Mat ri xFor m[mat ]
I
BForml[el se_] : = else /. B_B = BForm[Al;
Format [3_B, StandardForm] : = BFor m[3];
B /: Blwl_, pul ] = B[w2_, w2_] := Mdule[
{heads, tails},
tails = tL[{B[wl, ul], Blw2, u2]1}];
heads = hL[{B[wl, ul], Blw2, u2]1}1;
(0wl = w2) && (
And ee Fl atten[Quter [
(Coefficient [ul, t[#1] h[#2]] == Coefficient [p2, t[#1l] h[#2]]) &
tails, heads
11
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PerturbativeSol veAl ways[eqs_, h_, deg_lnteger, cs_List] := Mdule[
{egns, sol, nsol, d},
eqns = eqs /. ser_SeriesData =» Normal [ser] /. (lhs_=rhs_ = | hs-rhs ==0);
sol = Sol veAl ways[eqns /. A -0, csl;

If [Length[sol ] >1, Print ["Warning: nultiple solutions in degree 0"]1;
sol = First esol;
nsol = Sol veAl ways[eqns /. sol /. A"~_ = 0 /. A > 1, cs];
I f [Length[nsol ] >1, Print ["WArning: nmultiple solutions in degree 1"]1;
nsol = First ensol;
sol =Join[sol /. nsol, nsol];
Do[
nsol = Sol veAl ways[egns /. sol /. A”n_ /; n>d =» 0 /. A - 1, cs];
| f [Length[nsol ] >1, Print ["Warning: nultiple solutions in degree ", dl1;
nsol = First ensol;
sol =Join[sol /. nsol, nsol],
{d, 2, deg}
1
sol
1

The Meta-Cross-Product
The “Tails” meta-group

tmix_, y_, z_1[B_] := BCollect[B /. {t[x]->t[z], t[y]l>t[z], Cx—>Cz;, Cy->Cz}];
tafz_, x_, y_1[B_] := BCollect[B /. {t[z] » t[x]+t[y]l, c; » Cx+Cy}|;
tn[x_1[B_]1 := BCollect [(B /. t[x] » 0) /. cx-0];
tS[X_1[B_]1 := BCollect[B /. {t[x] - -t[X], Cx - -Cx}I;
tA[_1[B_] := BCollect [B];
tP[rules___Rule][B_] := BCollect |

B /. {t [X_] = t[x /. {rules}], Cx = Cx,. {rmes)}

|E

The “Heads” meta-group

hm[x_, y_, z_]1[Blw_, u_1]1 := Mdulel
{¥x = D[y, h[x1], wy =D[u, h[yll, M=u /. h[x] |h[y]l - O},
Blw, M+h[z] (yx+wyy+ (¥yX /. t[i_]1 = Ac;)yy)] // BCollect
I
hafz_, x_, y_1I[B_] := BCollect[B /. h[z] » h[x]+h[y]];
hn[x_1[B_]1 := BCollect[B /. h[x] - 0I;
hS[Xx_1[Blw_, u_]1 := Mdule[{¥},
¥y =1 + D[y, h[x]] /. t[s_] = hcg;
BCol l ect [B[w, u /. h[x] -» -h[x]/¥]1]
I
hA[X_1[B_] := hS[x][BI;
hP[rules___Rule][B_] := BCollect[B /. h[x_] =» h[x /. {rules}]I;
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The TH - HT and HT - TH Swaps

thswap[x_, y_1[B[w_, u_]1] := Module]|
{a, B, ¥, 6, €},

Coefficient [u, h[ylt[x]];

Dlu, t[x1] /. h[y]l - O;

Dlu, hlyl] /. t[x] - O;

u /. h[yl |t[x] - O;

l+hcCyaq

[w*e, Plus[

a(l+(y /. t[i_] = nci)/e)hlylt(x],
B(1+(y /. t[i_] = nc) /e)t[x],
y/ehlyl,

S§-hcCy/ey*R

11 77 BCollect

a
B
Y
6
€
B

|E

htswap[x_, y_1[B_1 := B // hS[x] // thswap[y, x] // hS[x];
The “double” meta-group

dm[x_, y_, z_1[B_] := B // thswap[x, y] // hm[x, y, z] // tm[x, vy, z];
dafz_, x_, y_1[B_1 := B // tA[z, X, y] // ha[z, X, y]I;
dS[s_1IB_1 := B // htswap[s, s] // hS[s] // tS[s];
dA[s_1[B_1 := B // htswap[s, s] // hA[s] // tA[s];
dnis_1[B_1 := B // hnlsl // tnlsl;
dcap[s_1[B_] := B // htswap[s, s] // hn[s];
dP[rules___1[B_]1 := B // hP[rules] // tP[rules];
dP[pl _List][B_] := Mdule[

{o, len, B1l, k},

I en = Length[pl ];

BlL =p // (dP ee Table[i » o[i], {i, len}]);

Do [

k=pl [[i, 11];

Bl=p1 7/ dP[o[i] - KI;
Do [

i, 2, Length[pl [[i1]1}

1,

{i, len}
1
Bl
1

dP[pl ___Integer] := dP[IntegerDigits /@ {pl }1;

The “external” product

B /: Blwl_, pl 1B[w2_, u2_ ] := Blol*w2, ul+u2];
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“Braid-Like” operations

Unpr ot ect [NonComut ativeMul tiply];
B_ x%x v_ = l\/bdule[
{p, o, |abels},
p=B*(v /. {h[s_1 » h[o[s]], t[s_] = t[o[S]], Cs_ » Cors1});
label's = Union[Cases[{B, v}, h[s_]1|t[s_]1]|cs_ = s, Infinity]];
Do[
o =p // dm[s, o[s], s]I,
{s, | abel s}
1
P
|E
B /: Inverse[Blw_, u_]] := Mdule]
{p = B[1, ul},
Do[p = p // dA[s], {s, dL[p]1}];
Repl acePart [p, 1 - 1/w] // BColl ect
i
The R-Matrix
R[x_, y_, p_] := BCollect [B[1l, (E"(phcx)-1)/ (hck) *xt[X]h[y]ll;
Rix_, y_1 1= R[x, y, 11;

Ri [X_v y_] L= R[X, yv _1]1
O[x_, Yy_, p_1:= (R[X, X, p/2] // dA[X, X, Y1) **xR[X, X, -p/2] »xR[y, y, -p/2];

e[x_, y_1 1= e[x, vy, 1];
e [X_, y_] :=@e[x, Yy, -11;
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Testing the meta-cross-product axioms

The “T” meta-group

{
B = Blw[C1, C2, C3, C4], SUM[aj [C1, C2, C3, Calt [i1h[1], {i, 4}11,
g // tm[l, 2, 17,
tl=p8// tmil, 2, 11 // tm[l, 3, 11,
t2=p8 // tm[2, 3, 28] // tm[l, 28, 1],
tl==t2
} // BForm // Col umForm
w[C1, C2, C3, C4] h(1]
t[1] og[C1, C2, C3, C4]
t[2] o2 [C1, C2, C3, C4]
t [3] o3 [C1, C2, C3, C4q]
t[4] 04[C1, C2, C3, C4]
w[C1, C1, C3, C4] h(1]
t[1] ag[C1, €1, €3, C4] +02[C1, C1, C3, C4]
t [3] o3 [C1, C1, C3, Ca4]
t [4] o4[C1, C1, C3, C4]
w[C1, C1, C1, C4q] h[1]
t[1] a1 [C1, C1, C1, C4] +02[C1, C1, C1, C4] +3[C1, C1, C1, C4] ]
t[4] 04[C1, C1, C1, C4]
w[C1, C1, C1, C4] h1]
t[1] a1 [C1, C1, C1, C4] +02[C1, C1, C1, C4] +a3[C1, C1, C1, C4q] ]
t [4] 04([C1, C1, C1, C4]
True

The “H” meta-group

{

B = Blw, Sum[aioi,j t[I1h[j1, (i, 2}, {i, 4}]],
B // hm[l, 2, 11,
tli=p8 // hmii, 2, 11 // hm[1, 3, 1],
t2=p4 // hm[2, 3, 28] // hm[i, 28, 11,
tl==t2
} 77 BForm // Col umForm

—
—
c
@

w h[l] h[2] h[3]
t[1] ocu1 a1z a3
t[2] a1 022 023

w h[l]
t[1] on1+ou2 +C1ou1 02
t [2] o1+ 022 +C1 o1 022

w
t[1] o1 +oa2 +Cpog1 Q12
t [2] o1 + a2 +C1 011 Q22

w
t[1] o1 +oa2 +Cpog1 Q12
t [2] o1 + a2 +C1 11 Q22

h(4]

14
024

h[3] h[4]
+C2 012 021 13 Q14
+C2 0021 022 023 024

hil]
+013 +C1 011 a13 + C1 12 13 + C% Q11 Q12 013 + €2 012 021 + C2 13 A21 + C1 C2 Q12
+C2 0021 022 + 023 +C1 a11 Q23 + C1 Q12 023 + C% Q11 Q12 023 + C2 021 023 + C1 C2 A12
hil]
+013 +C1 011 a13 + C1 12 013 + C% Q11 Q12 013 + €2 012 021 + C2 13 A21 + C1 C2 Q12
+C2 0021 022 + 023 +C1 a11 Q23 + C1 Q12 023 + C% Q11 Q12 023 + C2 021 023 + C1 C2 A12
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. 2},

i, 2)]].

B = Blw, Sum[aii.j[C1, C2]1 *t [i1h[j1,
B // tA[2, 2, 3],
B // ha[2, 2, 37,
B // ha[2, 2, 31 // hS[3]1,
B // ha[2, 2, 31 // hS[3]1 // hm[2, 3, 2],
B // ha[2, 2, 31 // hS[31 7/ hm[3, 2, 21,
B // hS[1],
B // hS[1] // hS[1]
} 77 BForm // Col umForm
w h[l] h[2]
t [1] oaa[Ci, C2] aaz[C1, C2]
t [2] oaz1[C1, C2] oz2(C1, C2]
W h[1] h[2]
t [1] aaz[C1, C2+C3] o12[C1, C2 +C3]
t [2] og1[C1, C2+C3] az2[C1, C2 +C3]
t [3] og1[C1, C2+C3] az2[C1, C2+C3]
w hil] h[2] h[3]
t [1] oaa[Ci, C2] aiz[C1, C2] ci2[C1, C2]
t [2] o21[C1, C2] o22[C1, C2] o22[C1, C2]
® h(1] h(2] h(3]
t[1] aai[C1, C2] az[C1, C2] 71+C10(12[(30?,20[26]1;:3:222122[(31,Cz]
t [2] oaz1[C1, C2] az2([C1, C2] 71+C10‘12[(30;2,20[20]1;(?22}322[(31,Cz]
w hil]
t[1] oai[C1, C2] ]
t [2] azxi[c1, C2]
w hil]
t [1] aai[ca, C2] ]
t [2] op1[C1, C2]
w hil] h(2]
t[l] 71+C10111[(30:1(3[:]25221)121[(31,Cz] 12 [C1, C2]
t[2] _l+Clall[Coiz,lC[:]li((;:l(zl[Cl,Cz] 022 [C1, C2]
w h[l] h[2]
t [1] oaa[cCi, C2] aaz[Ci, C2]

021 [C1, C2] az2[C1, C2]



B = Blw, Sum[aioi.j *t [i1Th[j1, {i, 2}, {i, 3}]],
tl1=8 // hm[l, 2, 11 // hS[1],
t2 = g // hS[1] // hS[2] // hm[2, 1, 17,
tl=t2 // Sinplify

} // BForm // Col ummForm

t [2] —021-022-C1 011 A22-C2 021 022

w h[l] h[2] h[3]
t[1] o1 o1z s
t[2] o211 o022 a23
w hil]
t [1] - . -a11-a12-C1 Q11 012-C2 012 021 .
+C1 011+C1 012+C7 011 (12+C2 A21+Cy C2 012 O21+C2 Q2+C1 C2 011 2 +C5 Q21 022
t [2] . —021-022-C1 Q11 022-C2 021 022 .
1+C1 011+C1 012+CT Q1 012+C2 0121 +C1 C2 Q1p 021 +C2 Q22 +C1 C2 Qa1 022 +C5 Ol21 022
w h[l]
t [l] -011-012-C1 11 012-C2 012 021

2 2
1+C1 011+C1 012+CT Q11 012+C2 021+C1 C2 12 021 +C2 O22+C1 C2 Q11 02 +C5 O21 022

True
Testing “thswap”
Cl ear [B];

1+C1 011+C1 0112+Cf Q11 012+C2 021+C1 C2 Q12 21+C2 Q22+C1 C2 011 Olzz*rC% 021 022

h[3]

a13

023
h[3]

Q13

az3

{Bl =B[w, h[1]t[1l]la+h[2]t[1]B+h[1]t[2]¥+h[2]t[2] &],

Bl // thswap[l, 1]

} // BForm
w+owcy h[1] hi2]
W h[l] h[2 a+a? Ci+ay Cy  B+afBC1+B Y Ca
{ t [l] a B ’ t [1] l+acy l+acy
t[2] Y 1) t[2] Y 5-Byci+adcy

l+acy l+acy

betaCalculus.nb |7
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B = Blw, Sum[aioi, t[i1h[j1, (i, 2}, {i, 3}]]
B // hm[l, 2, 11,
tl =8 // hm[1, 2, 1] // thswap[l, 1],
t2 = B // thswap[l, 1] // thswap[l, 2] // hm[l, 2, 1],
tl =12 // Sinplify
} 77 BForm // Col umForm

w h[1l] h[2] h[3]
t[1] ou1  ouz  oas
t[2] o211 o022 Q23
w hil] h[3]
t [1] ou1+ou2+Cioagouz+C20u2021 013
t [2] o21 + 022 +C1 011 Q22 +C2 021 022 023
W+ wCy1 a1 +(.UC;|_O(12+0JC%O(11 012 +wWCq Co Q12 021
t [1J 011+C1 afy+0up+3 €1 a1g 0up+2 ¢ afy ouprc1 0f,+2 €F oug ofy 4 oy of,p e
t[2]
W+ wCy1 A1 +wc1a12+wC§a11 Q12 + W Cq C2 012 Q21
t [11 01+C1 afy+0up+3 €1 a1g oup+2 ¢ afy oup+c1 0fp+2 cf oug ofy+c oy of, e
t[2]

True

{
B = Blw, Sum[aioi.j t[I1h[j1, (i, 3}, {, 2}]]
tl =B // tmil, 2, 11 // thswap[l, 1],
t2 = B // thswap[2, 1] // thswap[l, 1] // tm[l, 2, 1],
tl=t2 // Sinplify
} /7 BForm // Col urmFor m

w h[1] h[2]
t[1] ou1 a2
t[2] o1 oz
t[3] os1  as
W+ wCy 011 +wWCq 021 h[1l] h[2]
t [l} Q11+C1 a%1+a21+2 C1 a11 021+Cq a%1+03 011 031+C3 021 031 a12+C1 Q11 012+C1 Q12 Q1 +02+C1 011 Q2+C1 021 O +C3 O
1+C1 011+Cq 021 1+C1 c11+Cq Q21
t [3} 31 -C1 ag2 031-C1 022 31 +032+C1 Q11 032+Cq 021
1+C1 011+Cq 021 1+C1 011+Cq Q21
W+ wC1 Ay +wWCq A h[1l] h[2]
t [1} o11+C1 ofy +a21+2 C1 011 G21+C1 031 +C3 a1 031+C3 021 031 02 +C1 041 A12+C1 O1p a1 +022+C1 (11 022 +C1 021 22 +C3
1+C1 x11+C1 021 1+C1 a11+C1 Q21
t [3} azl —C1 012 X31-C1 22 d31+032+C1 Q11 A32+Cy1 Q21
1+C1 x11+C1 Q21 1+C1 a11+C1 Q21

True
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Testing “htswap”

d ear [B];
{Bl =B[w, h[1]t[1]a+h[2]t[1]1B+h[1]t[2]¥y+h[2]t[2] &],
Bl // htswap[l, 1]

} // BForm
Wy W C2
— hil] hi2]
w h[l] h[2] l+axCy+yCa .
{ t[1] a B t[1] 1+yca liy ey }
t[2] Y 6} t[2] y+ayCi+y?Cy  6+ByC1+Y 6 Cp
l+ycCa l+ycy

B = Blw, Sum[aioi,j t[i1h[j1, (i, 2}, {i, 3}]],

tl1 =g // hmil, 2, 11 // htswap[1l, 1],

t2 = B // htswap[2, 1] // htswap[l, 1] // hm[l, 2, 1],
tl =1t2 // Sinplify

} 77 BForm // Col umFor m

w h[1l] h[2] h[3]
t[1] ou1 12 ai3
t[2] oo 022 az3

W+W Cp 021 +W Cp 02 +W C1 Cp Q11 022 +W C3 Oi21 Q22

1+C1 011+C1 a2+CF 01 Qua+C2 021+C1 C2 012 021+C2 G22+C1 C2 (11 G22+C3 Q21 Q22

021+C1 Q11 021+C1 Q12 a21+C% 011 Q12 021 +C2 a§1+C1 Co a2 a§1+0(22

t [2]

W+W C2 021+W C2 O22+W C1 C2 Q11 O22+W C% 021 022

2 2
1+C1 011+C1 012+C7 Q11 A12+C2 021+C1 C2 Q12 A21+C2 022+C1 C2 Q11 022+C5 021 Q22

2 2 2
021+C1 011 Q21+C1 012 021 +CT Q11 12 01 +C2 A1 +Cy C2 12 O +022

t[2]

True

{
B = Blw, Sum[aioi.j t[I1h[j1, (i, 3}, {, 2}]]
tl =8 // tm[l, 2, 1] // htswap[l, 1],
t2 = g // htswap[l, 1] // htswap[l, 2] // tm[l, 2, 1],
tl=t2 // Sinplify
} 77 BForm // Col umForm

True

w h[1l] h[2]
t[1] oau1  oaz
t[2] o211 022
t[3] os1  as
w+w C3 031 h[l] h[2]
1+C1 011+C1 021+C3 Qg1
011 +0021 A12+022
t[1 ourden 2oz
[ } 1+C3 a3 1+C3 a3y
t [31 031+C1 041 G31+C1 021 0314C3 01 C1 012 Q31 +C1 Oigp Ol31+0i32+C3 031 A132
1+C3 a3y 1l+c3 a3
w+w C3 031 h[l] h[2]
1+C1 x11+C1 021+C3 Q31
011 +021 a12+022
t[1 —_— —_—
[ ] l+C3 asz; l+C3 asz:
t [3} a31+C1 Q11 a31+C1 a1 A31+C3 Dl:?il C1 012 a31+C1 Qg2 31+032+C3 A31 Q32
1+C3 a1 1+C3 as1
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The “double” meta-group

{B = Blw, Sumlaoi.j t[i1h[j1, (i, 4}, {j. 4}]]
tl1 =8 // dm[l, 2, 11 7/ dm[l, 3, 11,
t2 = g // dm[2, 3, 21 7/ dm[i, 2, 11,
tl=t2 // Sinplify
} 77 BForm // Col umForm

A very large output was generated. Here is a sample of it:

w h[l] h[2] h[3] h[4]
t[1] ou1 a2  cus  oaa
t[2] op1 a2z 23 o4
t[3] o031 as2 a3z o34
t[4] oa1 o4z o4z Oug
W+ wCy A12 +a)010(13+wC%O(120(13+(1)C10(23+(UC%O<120(23+wC%O(130(32+a)C1C4O(13 042
t[1]
t[4]
W+ wCy A12 +a)010(13+wC%O(120113+a)C]_Ol23+u)C%O(120(23+wC%O(13O(32+a)C]_C4O(13 042
t[1]
t[4]
True
Show Less || Show More [ Show Full Output || Set Size Limit...

The “braid-like” operations

{B = Blw, Sum[aii.j[c1, c21t[i1h[j1, (i, 2}, {i, 2}]],
I nverse[B],
B xxlnverse[B]
} // BForm // Col umForm

.-.,-.
N €

€|k

t[1]
t[2]

hi1]

o11[C1, C2]
021 [C1, C2]

h(2]
a12 [C1, C2]
oz2[C1, C2]

hi1]

-011[C1, C2]-C1 11 [C1, C2] 012 [C1, C2]-C2 12 [Cy, C2] 021 [C1, C2]

h[1]
ap1+ <<646>> +Cﬁ a3
1+<<6>>+Cq Cyq ¢

<«<l>

<1l>
a1+ <<646>> +c§ oug
1+Cq1 a1+ <<5>+

«<1>

1+C1 0a1[C1, C2]+C1 0u2[C1, C2]+CF au1[C1, C2] @12[C1, C2]+2 C2 X21[C1, C2]+C1 C2 @11 [C1, C2] G21[C1, C2]+C1 C2 012 [C1, C2] a21[C1, C2]

h(1]
0
0

h

N

]

o o

_ 021 [C1, C2]
1+C1a12[C1, C2]+C2 021 [Cq, C2]
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Some Knot-Theoretic Definitions

HardR4A[V_] := (R[2, 3] **R[1, 3] ** V) = (V=% (R[1, 3] // da[l, 1, 2]));

Twi stEQ[V_] : = V*x0[1, 2] == R[1, 2] »% (V // dP[2, 1]1);

CapEquation[V_, Cap_] := (V=% (Cap // dP[12]) // dcap[l] // dcap[2]) ==
(Cap (Cap // dP[2]) // dcap[l] // dcap[2]);

8[V_] 1= (Inverse[V] // dP[12, 3]) =« Inverse[V] =+ (V // dP[2, 3]) %% (V // dP[1, 23]);

Pentagon[& ] := & »*x (& // dP[1, 23, 4]) *x (& // dP[2, 3, 4]) ==
(8 // dP[12, 3, 4]1) »%= (&8 // dP[1, 2, 34]);
Hexagon[s_, &_ ] := Equal [
e[l, 2, s] //dP[12, 3],
a*x%x0®[2, 3, s] »xInverse[& // dP[1, 3, 2]] **x@©[1, 3, s] ** (& // dP[3, 1, 2])
1
Rot 120[B_]1 := B // dS[2] // da[2, 2, 3] // dm[1, 3, 1] // dP[2, 17;

{8 = B[wlci, c2], Sumfasoi, [c1. C2It[iThG 1, €, 2}, €. 23]],
B // Rot 120,
B // Rot120 // Rot 120,
B // Rot120 // Rot120 // Rot120
} 7/ BForm // Col umForm

w[C1, C2] h(1] h[2]
t[1] a11[C1, C2] oaa2[C1, C2]
t[2] 021 [C1, C2] az2[C1, C2]
w[C2, -C1-C3] h[l]

1+C2 012 [C2, ~C1-C2]-C1 022 [C2, ~C1-C2] -C2 a2 [C2, -C1-C2]
022 [C2, -C1-C2
t[1] B [ ]

~1-Cp o12[C2, ~€1-C2]+C1 22 [C2, ~C1-C2] +C 022 [C2, ~C1-C2]

-l-cpouz|

t[2] -au2[C2, ~C1-C2] +a22[C2, -C1-C2] o11[C2, ~C1-C
1+C2 012 [C2, ~C1-C2] -C1 022 [C2, ~C1-C2]-Cp 22 [C2, ~C1-C2] 1+C2 au2[¢
B w[-C1-C2, C1] h (1]
-1+C1 011[-C1-C2, C1]+C2 11 [-C1-C, C1]-C1 021 [-C1-C2, C1]
t [l] -011[-C1-C2, C1]+a12[-C1-Cp, C1]+021[-C1-C2, C1] -022[-C1-C2, C1]
-1+C1001[-C1-C2, C1]+C2 11 [-C1-C, C1]-C1 021 [-C1-C2, C1] ~1+c
t [2] -a11[-C1-C2, C1]+a12[-C1-C2, C1] o
-1+C1 011 [-C1-C2, C1]+C2 a11[-C1-C2, €1]-C1 21 [-C1-C2, C1] -1+
w[C1, C2] hil] h[2]
t[1] a11[C1, C2] ocuz[C1, C2]
t[2] ap1[C1, C2] o22[C1, C2]



