: :KeepHistory(false) .
: :PostDefaultRules( ©@Qcollect_terms! (%), Q@@sumflatten! (%) ).

{a,vb,c,d,e,f,g,h,i,j,k,1,m,n,0,p,q,r,t,u#,v#}: :Indices.

\nabla{#}: :PartialDerivative.
\partial{#}::PartialDerivative.

{g_{a b},x"{a},\Delta{x}"{a},R_{a b c d},
\nabla_{a}{R_{p q r s}},\nabla_{a b}R_{p q r s}},\nabla_{a b c}HR_{p q r s}},
\partial_{a}{R_{p q r s}},\partial_{a b}{R_{p q r s}},\partial_{a b c}R_{p q r s}}}::SortOrder.

# === metric
metric:="import metric.lib metric":
@run(metric){"/Users/leo/local/sh/cdbfile"}:
poly:=@(metric):

x"{a}: :Weight (label=myterms,value=1).
\Delta{x}"{a}: :Weight (label=myterms,value=1) .

term00:=0(poly): @keep_weight! (term00){myterms}{0}:
term01:=0(poly): @keep_weight! (term01){myterms}{1}:
term02:=0(poly): Qkeep_weight! (term02){myterms}{2}:
term03:=Q(poly): Qkeep_weight! (term03){myterms}{3}:

metric:=@(term00) + @(term01) + @(term02) + @(term03):
@prodsort! (%) : @rename_dummies! (%) :

@print ["\Btag{Ola}tg_{ab}(x)=\killL"~@(metric) ~"\killR+\BigO{\eps~4}\Etag{01a}"];

@substitute! (metric) (\nabla_{a}{R_{b ¢ d e}} -> \partial_{a}{R_{b c d e}}):
Oprint ["\Btag{01b}g_{abl} (x)=\killL""@(metric)~"\killR+\BigO{\eps~4}\Etag{01b}"];

1 1
Gab ('T> = YGab — g zcdeacbd - 6 xcmdmechadbe +0 (64)

1 1
Jab (¥) = Gab — g $C$dRacbd % xcmdxeacRadbe +0 (64)



# === inverse metric

metric:="import metric-inv.lib metric":
@run(metric){"/Users/leo/local/sh/cdbfile"}:

poly:=@(metric):

x"{a}: :Weight (label=myterms,value=1).
\Delta{x}"{a}: :Weight (label=myterms,value=1) .

term00:=0(poly): Qkeep_weight! (term00){myterms}{0}:
term01:=Q(poly): @keep_weight! (term01){myterms}{1}:
term02:=0(poly): Qkeep_weight! (term02){myterms}{2}:
term03:=0(poly): Qkeep_weight! (term03){myterms}{3}:

metric:=@(term00) + @(term01) + @(term02) + @(term03):

@prodsort! (%) : @rename_dummies! (%) :

@print ["\Btag{02a}tg~{ab}(x)=\killL"~"@(metric) ""\killR+\BigO{\eps~4}\Etag{02a}"];
@substitute! (metric) (\nabla_{a}{R"{b}_{c}"{d}_{e}} -> \partial {a}{R {b}_{c} "{d}_{e}}):
@print ["\Btag{02b}g~{ab}(x)=\killL"~"@(metric) ~"\killR+\BigO{\eps~4}\Etag{02b}"];

1 1
gab(x):gab+gxcdeacbd_i_éxcxdxechadbe+o(e4)

1 1
gab(x):gab_l_gxcdeacbd+gxcxdxeacRadbe+O(e4)

# === generalised gamma in rnc

genx2rnc:="import gen-gamma.lib genx2rnc":
Orun(genx2rnc){"/Users/leo/local/sh/cdbfile"}:

poly:=@(genx2rnc) :

x"{a}: :Weight (label=myterms,value=1).
\Delta{x}"{a}::Weight (label=myterms,value=1).



term00:=0(poly): Qkeep_weight! (term00){myterms}{0}:
term01:=Q(poly): @keep_weight! (term01){myterms}{1}:
term02:=Q(poly): Qkeep_weight! (term02){myterms}{2}:
term03:=0(poly): Qkeep_weight! (term03){myterms}{3}:

tmp:= 6 Q@(term03):
@factor_out!! (tmp) (\Delta{x}"{a}):
term03:=0Q(tmp) :

genx2rnc:=0(term00) + @(term01) + @(term02) + (1/6) @(term03):
@print ["\Btag{03}y a(x)=""0(genx2rnc) " "+\BigO{\eps~4}\Etag{03}"];

y (z) = (Ax @4 % AzPAz Ty + AzbAz Az ? (% I 4T g + % I d)) +0 (')

genGammaO2:="import gen-gamma.lib genGammaO2":
@run (genGamma02) {"/Users/leo/local/sh/cdbfile"}:

poly:=@(genGamma02) :

x"{a}: :Weight (label=myterms,value=1).
\Delta{x}"{a}::Weight(label=myterms,value=1).

term00:=Q(poly): Qkeep_weight! (term00){myterms}{0}:
term01:=0(poly): Qkeep_weight! (term01){myterms}{1}:
term02:=0(poly): Qkeep_weight! (term02){myterms}{2}:

tmp:= 12 @(term02):
@factor_out!! (tmp) (x"{al}):
term02:=0Q(tmp) :

genGamma02:=Q@(term00) + @(term01) + (1/12) @(term02):
@print ["\Btag{0O4a}\genGammaA=\killL""@(genGamma02) ~"\killR+\BigO{\eps~4}\Etag{04a}"];



genGammaO3:="import gen-gamma.lib genGamma03":
@run (genGamma03) {"/Users/leo/local/sh/cdbfile"}:

poly:=0(genGamma03) :

x"{a}::Weight (label=myterms,value=1).
\Delta{x}"{a}::Weight(label=myterms,value=1).

term00:=0(poly): Q@keep_weight! (term00) {myterms}{0}:
term01:=0(poly): Qkeep_weight!(term01){myterms}{1}:

genGamma03:=0(term00) + @(term01):
@print ["\Btag{04b}\genGammaB=\killL"~@(genGamma03) ~"\killR+\BigO{\eps~4}\Etag{04b}"];

Oprint ["\Btag{04c}\genGammaC=\Big0{\eps~4}\Etag{04c}"];

2 1
¢ () = 3 2R b4, + o 292 (2VpR® gee + 4 V4R pec + V*Rapec) + O (€*)

1
hea(T) = 3 VR ceq + O (64)

# === geodesic ivp

ivp:="import geodesic-ivp.lib sol":
@run(ivp){"/Users/leo/local/sh/cdbfile"}:

poly:=@(ivp):
@distribute! (%) :

x"{a}::Weight (label=myterms,value=1).
\thedotx"{al}: :Weight (label=myterms,value=1).

term00:=0(poly): Qkeep_weight! (term00){myterms}{0}:



term01:=0(poly): @keep_weight! (term01){myterms}{1}:
term02:=0(poly): Qkeep_weight! (term02){myterms}{2}:
term03:=Q(poly): Qkeep_weight! (term03){myterms}{3}:
term04:=0(poly): Qkeep_weight! (term04){myterms}{4}:

ivp:=0@(term00) + @(term01) + @(term02) + Q@(term03) + @(term04):
@print ["\Btag{06}x~{a}(s)=""0@(ivp) ""+\Big0{\eps~4}\Etag{06}"];

poly:=@(ivp):
@distribute! (%) :
@substitute! (%) (s -> 1):

\thedotx"{al}: :Weight (label=sterms,value=1).

term00:=0(poly): Qkeep_weight! (term00){sterms}{0}:
term01:=0(poly): Qkeep_weight! (term01){sterms}{1}:
term02:=Q(poly): Qkeep_weight! (term02){sterms}{2}:
term03:=Q(poly): Qkeep_weight! (term03){sterms}{3}:

tmp:= -24 Q@(term02):
@factor_out!! (tmp) (\thedotx~{a}):
term02:=0@(tmp) :

ivp:=0@(term00) + s Q@(term01) - (1/24) s**2 Q(term02) + s**3 Q@(term03):
@print ["\Btag{07}x"{a}(s)=\killL""@(ivp) ""\killR+\BigO{\eps~4}\Etag{07}"];

1 1 1 1 1
% (s) = (ma + 53 — 3 s2i%° xR pg. — o s2i%3°x2 VR goe — 5 §2i%3°x2°V 4R pee — 51 s2i%3° 22V Rapec — 5 s3i0icad2°V, R ced) +0 (')

1 1
2 (s) = 2" 453" = o7 s?2%3° (8 7R pge + 222V R gee + 4292V 4R® pee + 292V Rapec) — o $3iP i e VR ceq + O (€*)

# === geodesic bvp
@print ["\Btag{0O8a}x~a(s) = x"a + s x_1"7a + 872 x_27a + 873 x_3"a + \BigO{\eps~4}\Btag{08al}"];



x1:="import geodesic-bvp.lib termO1":
@run(x1){"/Users/leo/local/sh/cdbfile"}:

poly:=0@(x1):
@distribute! (%) :

x"{a}::Weight (label=myterms,value=1) .
\Delta{x}"{a}::Weight(label=myterms,value=1).

term00:=0(poly): Qkeep_weight! (term00){myterms}{07}:
term01:=0@(poly): @keep_weight! (term01){myterms}{1}:
term02:=0(poly): Qkeep_weight! (term02){myterms}{2}:
term03:=Q(poly): Qkeep_weight! (term03){myterms}{3}:
term04:=0(poly): Qkeep_weight! (term04){myterms}{4}:

x1:=0(term00) + @(term01) + @(term02) + @(term03) + @(term0O4):
@prodsort! (%) : @rename_dummies! (%):
@print ["\Btag{08b}x_1"a(s)=\killL"~@(x1)~"\killR\Etag{08b}"];

x2:="import geodesic-bvp.lib term02":
@run(x2){"/Users/leo/local/sh/cdbfile"}:

poly:=0(x2):
@distribute! (%) :

x"{a}: :Weight (label=myterms,value=1).
\Delta{x}"{a}::Weight(label=myterms,value=1).

term00:=0(poly): Qkeep_weight! (term00) {myterms}{0}:
term01:=0(poly): Qkeep_weight! (term01){myterms}{1}:
term02:=0(poly): Qkeep_weight! (term02){myterms}{2}:
term03:=0(poly): Qkeep_weight! (term03){myterms}{3}:
term04:=0(poly): Qkeep_weight! (term04){myterms}{4}:

x2:=0(term00) + Q@(term01) + Q@(term02) + Q@(term03) + Q(term0O4):
@prodsort! (%) : @rename_dummies! (%):
@print ["\Btag{08c}x_2"a(s)=\killL"~@(x2) " "\killR\Etag{08c}"];



x3:="import geodesic-bvp.lib term03":
@run(x3){"/Users/leo/local/sh/cdbfile"}:

poly:=0(x3):
@distribute! (%) :

x"{a}: :Weight (label=myterms,value=1).
\Delta{x}"{a}: :Weight (label=myterms,value=1) .

term00:=0(poly) :
term01:=Q(poly):
term02:=Q(poly) :
term03:=0(poly) :
term04:=0(poly) :

Q@keep_weight! (term00) {myterms}{0}:
Qkeep_weight! (term01) {myterms}{1}:
Qkeep_weight! (term02){myterms}{2}:
Q@keep_weight! (term03) {myterms}{3}:
Q@keep_weight! (term04) {myterms}{4}:

x3:=Q(term00) + @(term01) + Q@(term02) + Q@(term03) + @(termO4):
@prodsort! (%) : @rename_dummies! (%):
Oprint ["\Btag{08d}x_3"a(s)=""0(x3)~"\Etag{08d}"];

2% (s) = 2% + sz{ + s’z5 + s’z + O (¢*)

1 1 1 1
x{(s) = Az + 3 2 Az Az IR g + Iz 2P Az CAZ VR pee + 6 222 Az Az VR joe + — bz

# === translated rnc
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1 1 1 1
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y05:="import geodesic-rnc.lib y05":
@run(y05){"/Users/leo/local/sh/cdbfile"}:

poly:=@(y05):
@distribute! (%) :

x"{a}::Weight (label=myterms,value=1) .
\Delta{x}"{a}::Weight(label=myterms,value=1).

term00:=0(poly): Q@keep_weight! (term00){myterms}{0}:
term01:=0@(poly): @keep_weight! (term01){myterms}{1}:
term02:=0(poly): Qkeep_weight! (term02){myterms}{2}:
term03:=Q(poly): Qkeep_weight! (term03){myterms}{3}:
term04:=0(poly): Qkeep_weight! (term04){myterms}{4}:

y05:=0(term00) + @(term01) + @(term02) + @(term03) + @(term04):
@prodsort! (%) : @rename_dummies! (%) :
@print ["\Btag{12}y~a(s)=""0(y05) ""+\Big0{\eps~4}\Etag{12}"];

1 1 1 1 1
ya@)::(Am“%—§Q¢AchwdRadd4—Tix%fAmdAerdR“mﬂ+—gx%fAmdAerbRamw%———x%fAmdAer“RMke+-—

b c d e a 4
51 5 2’Ar Az *Ax°V R dbe) + 0 (e )

# === geodesic 1lsq

1sq:="import geodesic-lsq.lib 1sq":
Orun(lsq){"/Users/leo/local/sh/cdbfile"}:

poly:=@(1lsq):

x"{a}::Weight (label=myterms,value=1).
\Delta{x}"{a}: :Weight (label=myterms,value=1) .

term00:=0(poly): Qkeep_weight! (term00){myterms}{0}:
term01:=0(poly): @keep_weight! (term01){myterms}{1}:
term02:=0(poly): Qkeep_weight! (term02){myterms}{2}:
term03:=Q(poly): Qkeep_weight! (term03){myterms}{3}:
term04:=0(poly): Qkeep_weight! (term04){myterms}{4}:
term05:=0(poly): Qkeep_weight! (term05){myterms}{5}:



1sq:=0(term00) + @(termO01) + @(term02) + Q@(term03) + Q@(term04) + @(term05):
@prodsort! (%) : @rename_dummies! (%) :
Oprint ["\Btag{13}L"2_{PQ}=\killL""@(lsq) ""\killR+\BigO{\eps~4}\Etag{13}"];

1 1 1
L%Q = gupAx *Ax b_ 3 22 Az Az Rycpg — 13 22 Az Az Az °V  Rygpe — G 222 Az Az °V 4 Rpgee + O (64)



