
CF[expr_] := expr /. ⅇ
x_
⧴ⅇ

Simplify[x /. bi_⧴2Log[ti]]// Together // ExpandNumerator // ExpandDenominator

 /: CF[[ω_,Q_]] := [CF[ω], CF[Q]];

 /: [ω1_, Q1_][ω2_, Q2_] := CF@[ω1 ω2, Q1+Q2];

[ω1_,Q1_] ≡ [ω2_, Q2_] := CF[ω1⩵ω2∧Q1⩵Q2];

Nui_cj_→k_[[ω_, Q_]] := CF[

[ω,ⅇ-γ
β uk+γ ck+(Q/.cj ui→0)]/.{γ→∂cjQ,β→∂uiQ}];

Nwi_cj_→k_[[ω_, Q_]] := CF[

[ω, ⅇ
γ
α wk+γ ck+(Q/.cj wi→0)]/.{γ→∂cjQ,α→∂wiQ}];

Nwi_uj_→k_[[ω_,Q_]] := CF

[ν ω , -bkν α β+ν β uk+ν δ ukwk+ν α wk +(Q/.wi uj→0)] /. ν→ (1+bk δ)
-1

/. {α→∂wiQ/.uj→0, β→∂ujQ

mi_,j_→k_[[ω_, Q_]] :=CFModule{x},

([ω, Q] // Nwicj→x//Nuicx→x//Nwxuj→x) /. ci→ck,wj→wk,y_x⧴yk,bi j→bk, ti j→tk

Ri_,j_[p_]:=1, p bicj+bi
-1
ⅇ

p bi-1uiwj//CF;

Ri_,j_
+ :=Ri,j[1]; Ri_,j_

- :=Ri,j[-1];

uri_:=ti
1/2,0;

uli_:=ti
-1/2,0;

nri_:=ti
-1/2,0;

nli_:=ti
1/2,0;

 /: (e_)
σ[s___List]:=CFe /. Flatten@Table

bk→Total[b#&/@{s}〚k〛], ck→Total[c#&/@{s}〚k〛],uk→Total[u#&/@{s}〚k〛],wk→Total[w#&/@{s}〚k〛],tk→Times

,{k,1,Length@{s}};

σ[l___,k_Integer,r___]:=σ[l,{k},r];

/: e1_**e2_ := Module{λ,ν,e},

λ=Union@Cases[e1,(b t c u w)k_⧴k,∞]⋂Union@Cases[e2,(b t c u w)k_⧴k,∞];

ν=TableUnique[], {Length@λ};

e=e1(e2/.Flatten@Table[{bλ〚k〛→bν〚k〛,tλ〚k〛→tν〚k〛,cλ〚k〛→cν〚k〛,uλ〚k〛→uν〚k〛,wλ〚k〛→wν〚k〛}, {k,Length@λ}]);

Do[e=mλ〚k〛,ν〚k〛→λ〚k〛[e], {k,Length@λ}];

e



A[n_][e_]:=(e/.{cn→ -cn,wn→-wn})//Nuncn→n//Nwncn→n//Nwnun→n;

A[][e_] := e;

A[n_,r___][e_] := e // A[n] // A[r];

θi_[e_]:=e/.bi⧴-bi,ci⧴-ci,ui⧴wi,wi⧴ui,ti⧴ti
-1
//CF//Nwiui→i;

θ[][e_] := e;

θ[n_,r___][e_] := e // θ[n] // θ[r];

S[n_][e_]:=e/.cn→ -cn,wn→-wn,bn→-bn,un→-un,tn→tn
-1
//Nuncn→n//Nwncn→n//Nwnun→n;

S[][e_] := e;

S[n_,r___][e_] := e // S[n] // S[r];
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uRi_,j_:=(R1,2[1/2]//m1,2→1)
σ[{i,j}]

**(R1,2[-1/2]//m1,2→1)
σ[{i}]

**(R1,2[-1/2]//m1,2→1)
σ[{j}]

f11 = f21 = f22 = 0; f12 = 1  2;

V = [h[b1, b2, t1, t2], b1 c1 f11 + b1 c2 f12 + b2 c1 f21 + b2 c2 f22 + u1 w1 g11[b1, b2, t1, t2] +

u1 w2 g12[b1, b2, t1, t2] + u2 w1 g21[b1, b2, t1, t2] + u2 w2 g22[b1, b2, t1, t2]];

sol = g12[b1_, b2_, t1_, t2_] ⧴

b2 - b1 t12 - b2 t12 + b1 t12 t22 + b12 g11[b1, b2, t1, t2] - b12 t12 t22 g11[b1, b2, t1, t2] 

b1 b2 -1 + t12 t22, g21[b1_, b2_, t1_, t2_] ⧴

-b2 + b1 t1 + b2 t1 - b1 t1 t22 - b2 t1 t22 + b2 t12 t22 + b22 g22[b1, b2, t1, t2] -

b22 t12 t22 g22[b1, b2, t1, t2]  b1 b2 -1 + t12 t22,

g22[b1_, b2_, t1_, t2_] ⧴
1

b22 b1 + b2 -1 + t12 -1 + t12 t22

b2 b1 + b2 - b2 b1 + b2 t1 - b2 b1 + b2 t12 + b1 b1 + b2 t13 + b2 b1 + b2 t13 +

b2 b1 + b2 t1 t22 - b2 b1 + b2 t12 t22 - 2 b1 b1 + b2 t13 t22 - b2 b1 + b2 t13 t22 +

b2 b1 + b2 t14 t22 + b1 b1 + b2 t13 t24 - b1 b2 -1 + t12 t22
2
h[b1, b2, t1, t2]2 -

b12 b1 + b2 t1 -1 + t22 -1 + t12 t22 g11[b1, b2, t1, t2],

g11[b1_, b2_, t1_, t2_] ⧴ t1 b1 + b2 t1 -1 + t22 + b2 - b2 t12 t22 h[b2, b1, t2, t1]2 

b1 b1 + b2 -1 + t12 t22, h[b1_, b2_, t1_, t2_] ⧴


-1+t12

b1

1/4


-1+t22

b2

1/4


-1+t12 t22

b1+b2

1/4

 ;
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CF[V //. sol]


 -1+t1

2

b1

1/4

 -1+t2
2

b2

1/4

 -1+t1
2 t2

2

b1+b2

1/4

,

-b1
3 b2 c2

-1 + t1
2 t2

2

b1 + b2
- b1

2 b2
2 c2

-1 + t1
2 t2

2

b1 + b2
+ b1

3 b2 c2 t1
2 t2

2 -1 + t1
2 t2

2

b1 + b2
+ b1

2 b2
2 c2 t1

2 t2
2

-1 + t1
2 t2

2

b1 + b2
+ 2 b2

2 t1
-1 + t1

2

b1

-1 + t2
2

b2
u1 w1 - 2 b2

2 t1
3 -1 + t1

2

b1
t2
2 -1 + t2

2

b2
u1 w1 -

2 b1 b2 t1
2 -1 + t1

2 t2
2

b1 + b2
u1 w1 - 2 b2

2 t1
2 -1 + t1

2 t2
2

b1 + b2
u1 w1 + 2 b1 b2 t1

2 t2
2 -1 + t1

2 t2
2

b1 + b2
u1 w1 +

2 b2
2 t1

2 t2
2 -1 + t1

2 t2
2

b1 + b2
u1 w1 - 2 b1 b2

-1 + t1
2

b1

-1 + t2
2

b2
u2 w1 +

2 b1 b2 t1
2 -1 + t1

2

b1
t2
2 -1 + t2

2

b2
u2 w1 + 2 b1

2 t1
-1 + t1

2 t2
2

b1 + b2
u2 w1 +

2 b1 b2 t1
-1 + t1

2 t2
2

b1 + b2
u2 w1 - 2 b1

2 t1 t2
2 -1 + t1

2 t2
2

b1 + b2
u2 w1 - 2 b1 b2 t1 t2

2 -1 + t1
2 t2

2

b1 + b2
u2 w1 -

2 b1 b2 t1
-1 + t1

2

b1

-1 + t2
2

b2
u1 w2 + 2 b1 b2 t1

3 -1 + t1
2

b1
t2
2 -1 + t2

2

b2
u1 w2 +

2 b1 b2
-1 + t1

2 t2
2

b1 + b2
u1 w2 + 2 b2

2 -1 + t1
2 t2

2

b1 + b2
u1 w2 - 2 b1 b2 t1

2 -1 + t1
2 t2

2

b1 + b2
u1 w2 -

2 b2
2 t1

2 -1 + t1
2 t2

2

b1 + b2
u1 w2 + 2 b1

2 -1 + t1
2

b1

-1 + t2
2

b2
u2 w2 - 2 b1

2 t1
2 -1 + t1

2

b1
t2
2 -1 + t2

2

b2
u2 w2 -

2 b1
2 -1 + t1

2 t2
2

b1 + b2
u2 w2 - 2 b1 b2

-1 + t1
2 t2

2

b1 + b2
u2 w2 + 2 b1

2 t1
-1 + t1

2 t2
2

b1 + b2
u2 w2 +

2 b1 b2 t1
-1 + t1

2 t2
2

b1 + b2
u2 w2 - 2 b1

2 t1 t2
2 -1 + t1

2 t2
2

b1 + b2
u2 w2 - 2 b1 b2 t1 t2

2 -1 + t1
2 t2

2

b1 + b2
u2 w2 +

2 b1
2 t1

2 t2
2 -1 + t1

2 t2
2

b1 + b2
u2 w2 + 2 b1 b2 t1

2 t2
2 -1 + t1

2 t2
2

b1 + b2
u2 w2 

-2 b1
2 b2

-1 + t1
2 t2

2

b1 + b2
- 2 b1 b2

2 -1 + t1
2 t2

2

b1 + b2
+ 2 b1

2 b2 t1
2 t2

2 -1 + t1
2 t2

2

b1 + b2
+

2 b1 b2
2 t1

2 t2
2 -1 + t1

2 t2
2

b1 + b2


TableFullSimplify∂ui ∂wj V〚2〛 //. sol, {i, 2}, {j, 2} // MatrixForm

t1 t1 -1+t2
2-b2

-1+t1
2

b1

-1+t2
2

b2

-1+t1
2 t2

2

b1+b2

b1 -1+t1
2 t2

2

1-t1
2+b1 t1

-1+t1
2

b1

-1+t2
2

b2

-1+t1
2 t2

2

b1+b2

b1 -1+t1
2 t2

2

-t1 -1+t2
2+b2

-1+t1
2

b1

-1+t2
2

b2

-1+t1
2 t2

2

b1+b2

b2 -1+t1
2 t2

2

-1+t1 1+(-1+t1) t2
2-b1

-1+t1
2

b1

-1+t2
2

b2

-1+t1
2 t2

2

b1+b2

b2 -1+t1
2 t2

2
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TableFullSimplify b1 + b2 ∂ui ∂wj V〚2〛 //. sol, {i, 2}, {j, 2} // MatrixForm

b1+b2 t1 t1 -1+t2
2-b2

-1+t1
2

b1

-1+t2
2

b2

-1+t1
2 t2

2

b1+b2

b1 -1+t1
2 t2

2

b1+b2 1-t1
2+b1 t1

-1+t1
2

b1

-1+t2
2

b2

-1+t1
2 t2

2

b1+b2

b1 -1+t1
2 t2

2

b1+b2 -t1 -1+t2
2+b2

-1+t1
2

b1

-1+t2
2

b2

-1+t1
2 t2

2

b1+b2

b2 -1+t1
2 t2

2

b1+b2 -1+t1 1+(-1+t1) t2
2-b1

-1+t1
2

b1

-1+t2
2

b2

-1+t1
2 t2

2

b1+b2

b2 -1+t1
2 t2

2

TableCollect b1 + b2 bi
p bj

q
∂ui ∂wj V〚2〛 //. sol, {b1, b2}, Simplify, {i, 2}, {j, 2} //

MatrixForm

b1
-1+q b2

-1+p b1+b2 -b2+b1 t1+b2 t1-b1 t1 t2
2-b2 t1 t2

2+b2 t1
2 t2

2+

b2 b1+b2-b2 b1+b2 t1-b2 b1+b2 t1
2+b1 b1+b2 t1

3+b2 b1+b2 t1
3+b2 b1+b2 t1 t2

2-b2 b1+b2 t1
2 t2

2-2 b1 b1+
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