: :KeepHistory(false) .
: :PostDefaultRules( @@collect_terms! (%), @@sumflatten! (%) ).

{a,b,c,d,e,f,g,h,i,j,k,l,m,n,o,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}HR_{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): Q@keep_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}:
term05:=0(poly): Qkeep_weight! (term05){myterms}{5}:

tmp:=0@(term00) + Q@(term01) + @(term02) + @(term03) + @(term04) + Q@(term05):
@prodsort! (%) : @rename_dummies! (%) :

metric:= 180 @(tmp):

@print ["\Btag{01a}180g_{ab}(x)=\killL"~@(metric) ~"\killR+\BigO{\eps~6}\Etag{01al}"];

180¢ap () = 180 gup — 60 22 Ryeng — 30 2°2%2°V o Ruabe + Sxdexefoandeegf -9 xcmdxefoCdRaebf
+ 4xcxdazexfx9RactheRbfhg + 4xcxdxexfx9RbctheRafhg -2 mcxd:zzea:fxgvcdeRafbg +O (66)



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

tmp:=Q(term00) + Q@(term01) + @(term02) + @(term03) + @(term04) + Q@(term05):
@prodsort! (%) : @rename_dummies! (%) :
metric:= 180 @(tmp):
@print ["\Btag{02a}180g~{ab} (x)=\killL"~"@(metric) ~"\killR+\BigO{\eps~6}\Etag{02a}"];
180¢7 (x) =180 g™ +602°29R ¥ g + 30 222V .R® 4 ° . + 12 2°x%22f R® cngb efg +9 P AV - LI ¥
+62°2% 2 IR g V. R® fgh +6 2tz 2IRY 4y V. R fgh +2 zealzat 19V g R® ¥ b g +0 (66)

# === generalised gamma in rnc

genx2rnc:="import gen-gamma.lib genx2rnc":
@run(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:=0(poly): Qkeep_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}{53}:

tmp:= 2 Q@(term02):
term02:=0Q(tmp) :

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

tmp:= 24 @(termO04): @distribute! (%):
@factor_out!! (tmp) (\Delta{x}"{a}):
term04:=Q(tmp) :

tmp:= 360 @(term05): @distribute! (%) :
@factor_out!! (tmp) (\Delta{x}"{al}):
term05:=0Q(tmp) :

genx2rnc:=0(term00) + @(term01) + (1/2) @(term02) + (1/6) @(term03) + (1/24) @(term04) + (1/360) @(term05):
@print ["\Btag{03a}y a(x)=""0@(genx2rnc) ~"+\BigO{\eps~6}\Etag{03a}"];

1 1 1
ya (.T) = (A]} e+ 5 Az Az T be T 6 Az’AzcAzd (Fa pel'¢ cq + OpI'® cd) + ﬂ AzPAx Az ?Az© (2 re bfach de +T¢ ngf vl ge + rf bcafl““ de + OpeI® de)

1 , ,
+ 350 AzPAz Az Az AT (—4T yyT9 T T op + 207 519 0, 0al™ o + 3T 5T 0 a7 o + 6T T qOp T p — 6T T (00T gy + 9T 1y 0eal? oy

+ 4T ), T TP 4T 13T g, 19 0T o 4+ T9 4 TP 4 00T op — AT9 TP 1,0.T 1, + 7 OyT 4e0al? of + 20T 0g0al? o + 319 4T 40, T 41,

+ 319 5 I 40T g 4+ 619 40T of — 319 10T 1y + 3 Opeal ® ¢ f)) + 0 (€%

@substitute! (term02) (\Delta{x}"a -> 1):
@substitute! (term03) (\Delta{x}"a -> 1):
@substitute! (term04) (\Delta{x}"a -> 1):
@substitute! (term05) (\Delta{x}"a -> 1):



@print ["\Btag{03b}

y~a= \Delta x"a
y~a_{bc}\Delta x"b\Delta x"c
y~a_{bcd}\Delta x"b\Delta x"c\Delta x"d
y~a_{bcde}\Delta x"b\Delta x"c\Delta x"d\Delta x"e
y~a_{bcdef}\Delta x"b\Delta x"c\Delta x"d\Delta x"e\Delta x"f
\BigO{\eps~6}\Etag{03b}"];

+

+ + + +

@print ["\Btag{03c}\phantom{00}2y~a_{bc}=""0(term02) ""\Etag{03c}"];

Oprint ["\Btag{03d}\phantom{00}6y~a_{bcd}=\killL"~@(term03) ~"\killR\Etag{03d}"];
@print ["\Btag{03e}\phantom{0}24y~a_{bcde}=\killL""@(term04) “"\killR\Etag{03e}"];
@print ["\Btag{03f}360y~a_{bcdef}=\killL"~@(term05) ""\killR\Etag{03f}"];

Y = Az 4 yd Az Az 4y AxP Az Az + g, AxP Ar Azt Az + yl‘fcdefAmbAchdixeAxf + 0 (%)
2pe = T e
6Ypea = L' bel' ca + I ca
24yt ge = 2T 0T go + T 4, T 419 g + T 10057 4o + Opel® g
360ypder = —4T" 0gl ch I 4iT% e 4+ 20 4g 19 cpOal" o + 3T g1 i1 cgT o + 6T oI cqOpT9 o — 6T g T caDeT? 41

+91° bgacdl“g ef + 417 gth bcl“h di].“i ef + 1317 gth bcadl“h ef T Y bc].“h dgahl““ ef — 419 bcl“h dgael““ fn+ 7691“a be0al? ef
+ 20T 0g0aT9 o + 3T T 40T 1 + 319 T 40T gy + 6T 1.0 T o — 3T .04 T g + 3 0peal® of



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

poly:=0(genGamma02) :

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

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

tmp:= 180 @(term03):
@factor_out!! (tmp) (x~{a}):
term03:=0(tmp) :

tmp:= 180 @(term04):
@factor_out!! (tmp) (x~{a}):
term04:=Q@(tmp) :

tmp:=0(term00) + Q@(term01) + (1/12) @(term02) + (1/180) @(term03) + (1/180) @(termO4):
genGamma02:= 180 @(tmp):

@print ["\Btag{04a}180\genGammaA=\killL"~@(genGamma02) ~"\killR+\BigO{\eps~6}\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}:
term02:=0(poly): Qkeep_weight! (term02){myterms}{2}:
term03:=0(poly): @keep_weight! (term03){myterms}{3}:

tmp:= 60 @(term02):
@factor_out!! (tmp) (x"{a}):
term02:=0(tmp) :

tmp:= 18 @(term03):
@factor_out!! (tmp) (x~{a}):
term03:=Q(tmp) :

tmp:=0(term00) + Q@(term01) + (1/60) @(term02) + (1/18) @(term03):
genGamma03:= 180 @(tmp):

@print ["\Btag{04b}180\genGammaB=\killL"~@(genGamma03) ~"\killR+\BigO{\eps~6}\Etag{04b}"];
genGammaO4:="import gen-gamma.lib genGamma04":

@run (genGamma04) {"/Users/leo/local/sh/cdbfile"}:

poly:=0@(genGamma04) :

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}:
term02:=0(poly): Qkeep_weight! (term02){myterms}{2}:

tmp:= 18 @(term02):
@factor_out!! (tmp) (x~{a}):
term02:=0(tmp) :

tmp:=0@(term00) + Q@(term01) + (1/18) @(term02):



genGammaO4:= 18 @(tmp):

@print ["\Btag{0O4c}\phantom{0}18\genGammaC=\killL"~@(genGamma04) ~"\killR+\BigO{\eps~6}\Etag{04c}"];

genGammaO5:="import gen-gamma.lib genGamma05":
Orun (genGamma05) {"/Users/leo/local/sh/cdbfile"}:

poly:=@(genGamma05) :

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}:

tmp:= 3 Q(term01):
@factor_out!! (tmp) (x~{al}):
term01:=0(tmp) :

tmp:=Q(term00) + (1/3) @(termO1):
genGamma05:= 3 Q(tmp) :

@print ["\Btag{04d}\phantom{00}3\genGammaD=""0 (genGamma05) ~"+\BigO{\eps~6}\Etag{04d}"];

@print ["\Btag{0O4e}\phantom{000}\genGammaE=\BigO{\eps~6}\Etag{04e}"];

1800y () = 120 2R pae + 15272 (2 VR e + 4 VaR pec + V* Rapec)

+ l‘dl‘el‘f (32 R® dengbcg — 16 R* bngecfg —8R* dbgRecfg + 18V R* efe T 18 V4 R* bfe — S R* gdbRecfg +9V? dRebe)
+ 28227 29 (16 Ragpen Ve R® tgh + 6 R* aenVoR fegh + 16 R 4enV £ Rgben — 8 R panVeRfegh — 4 R abh Ve Rfegh — 4 Rapen VeR® tgn — 8 RapenV f R® cqn
— A RppenV iR gon + 6 Vaen R fge + 4 Vaef R bge — 5 R* 4en Vi Rppge — 4 R havVeRsegh — 4 Raven V* Ricgh — 4 RapenV f R nge + 3 V® aeRpuge) + O (€°)

180F((lbcd) (:c) =902°VyR® ceq + 3 zext (8 R ebngcdg + 32 R? bengcdg — 8 R bchedfg + 18 Vo, R? cfd + 6 V. R* efd T 24 R* gebecdg +3V* bRecfd)
+ 10 :L'exfmg (2 RebchvdRa fgh +2 RebchvhRa fgd + 4 Rebchvaa dgh + 4 Rebchvaa hgd + 2 RebchvaRfdgh +2 R® behchfdgh + 4 R% behvangh

— R pen Vi Rpcgd + 2 R pevVeRpagh + 4R 1tV f Rgean — R nev Vi Rpega) + O (€°)



# ===

18Iy cqey () = 8 2T R pog Rpaeq + o729 (2 R 4en,VaRjegh + 4 R penV f Ryden — R ven Vi Rypage + 2 Ryven VaR® gen + 10 Rypen VaR® nge + 4 Rppen Vg R® den

geodesic ivp

+ 8 Rppen ViR age + 2 RppenV* Ryden + 12 Rppen VaR® cgn + 6 R 415 Ve Ryden + 6 R 15V e Rygen) + O (€°)

3F?bcdef) (Z‘) = a9 (2 R* bcthRgefh +3 RgbcthRa efh) + 0 (66)

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

poly:=@(ivp):

@distribute! (%) :

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

termOO0:

termO1

term02:
term03:

term04
term05

term06:

=Q(poly):
:=@(poly) :
=@ (poly):
=@ (poly):
:=Q(poly):
:=Q(poly):
=@(poly):

Q@keep_weight! (term00) {myterms}{0}:
Qkeep_weight! (term01) {myterms}{1}:
Q@keep_weight! (term02) {myterms}{2}:
Q@keep_weight! (term03) {myterms}{3}:
Qkeep_weight! (term04){myterms}{4}:
Q@keep_weight! (term05){myterms}{5}:
Q@keep_weight! (term06) {myterms}{6}:

ivp:=0@(term00) + @(term01) + @(term02) + Q@(term03) + Q@(term04) + @(term05) + @(termO6):
@print ["\Btag{06}x~{a}(s)=""0@(ivp) ""+\BigO0{\eps~6}\Etag{06}"];

poly:=@(ivp):

@distribute! (%) :

O@substitute! (4) (s —> 1):

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



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

tmp:= -360 Q(term02):
@factor_out!! (tmp) (\thedotx"{a}):
term02:=Q(tmp) :

tmp:= -1080 @(term03):
@factor_out!! (tmp) (\thedotx~{al}):
term03:=Q(tmp) :

tmp:= -432 Q@(term04):
@factor_out!! (tmp) (\thedotx"{al}):
term04:=0Q(tmp) :

tmp:= -360 @(term05):
@factor_out!! (tmp) (\thedotx~{a}):
term05:=0Q(tmp) :

(1/360) s**2 @(term02)
(1/1080) s**3 @(term03)
(1/432) s**4 Q@(term04)
- (1/360) s**5 @(term0O5):
@print ["\Btag{07}x"{a}(s)=""@(ivp) ""+\BigO{\eps 6} \Etag{07}"];

ivp:=0@(term00) + s Q@(term01)



. 1 5.5, 1 5. 1 5.5, 1 5. 1 4. ...
x(s) = <x“ + 53 — 3 230 R pge — 3 230502V R® gee — 6 23002V g R pee — 2 230502V Rypee — 3 33055V R ce

4 2 1 1 1
I s2iticatatal RY degRfbeg + i $2ibicadze ! R vdgRecrg + T $2ibicatze ! R dvgRecrg — 20 $2iPicataexf V g R efe = 30 $2ilicadre sl V4o R bfe

1 , 1 5 0. 1 5.0, 4 5.4 ... 1 5.,
+ 5 $2ilicatze ! R gdbRecrg — 0 P A A e AVAL aBRepfe — = $3ilicidae ! R ebg R fedg — = $33ilicidaen! R veglfedg + = $3ilicidae ! R begRedfg

1 1 1 1 1
~ 5 s i eV oy RY o pa — W st i e Vi R opa — G s it e R jop Rycay — 50 B A VAR [ i s'3P 25w R ey R faeg

2.brc d e f 25bsc.d e, f Qx'b:'rcxdxexfng“btheRfcgh

2 1 2 1
T 235 a%2% w29 Rapen, Ve R fah = Go sta’tr xCa? I R 4enVoRfegn — R s*2°zr ! IR 4enV f Rgpen + 5 s
1 1 1 1

+ % s2iticatatal 29 RY avhVeRgegn + 9 sQibecmdexfngdbthCRa fgh T+ = s2a'cbicxdxemfngdbthfRa cgh T+ % s%bm'cxdxexfngdbthfR“ gch

1 1 1 1
— — s2ilicataet 29IV 4oy RY f9e = g5 szabb:bcxdxexfxgvdefR“ bge + == s2iticatalal 29 RY den Vi Rppge + 90 s2iticatatal 29 RY hdbVeRfegh

60 72
1 1 1 1
+ 9 .92ibicxdxexfngdbth“Rfcgh + 9 szibicxdxezfngdbthfR“ hee = Tog s2iticalatal 29V deRfvge — 1 sgib:tcabdxexfng@bcthR“ fgh
1 1. 1 1
— 5*4 SSi’bici’dl‘exfIgRebchvhRa fgd — ?7 3‘3 'bi'cidxel’fngebcthRa dgh — ?7 Sgi'bj}ci'direxfngebcthRa hgd — 5*4 S3ibicidl‘e:L'fl’gRebChvaRfdgh
1. 1 1 1.
~ s I R pen Ve Ryagn — 5 sl el 29 R eV f Rgean + 08 sl el eI R pen Vi Ryegd — i s el I R 1y V R ragn
1 1 1 1
— 3Pl 29 R ey V f Ryean + —= 552 0w 29 R oy Vi Rpega — —= s a0 w29 R pep VaRpegn — —= s a0 e 29 R 4o,V t Ryden
27 108 216 108
1 1 5 1
+ —— s @i IR pon Vi Rpage — ~—= 8 000750 29 R ppen, VaR® gon — ——= 8 2059507 29 R ppen, VaR® hge — —= 8 0%5%5°27 29 R ppen, Vg R® den
432 216 216 108
1 1 1 : 1 :
- s*itica? w29 R ppen Vi R dge — 316 s*aica% 0! 29 R ppen VO Ryden — % s*it e a2 R ppen VAR egn — = s*atici?a! IR 41V Ryden

1 1 1
- s*abiciiC sl 29 R 4 Ve Ryden — %0 s%#030%% i 29 R yen VaRgepn — 50 s°#0305 0 29 Rypen VaR® fh) + 0 (€%
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1
x(s) = <xa + 53 — 360 s2qbic (120 2R pae + 30 292V R® e + 60 2%2°V 4 R® pee + 15 222V Rypee + 32 22627 R® degRfbeg — 16 z4ztrf RO bdgRectq

— 8222 R gpyRecpy + 18222/ V gy R pe + 18 2020 V3o R e — 82920 R yap Recry + 92020V Repse + 16 2922 29 Raper, Ve R® fon
+ 6 $d$e$fl‘gRa dehvafcgh + 16 xdﬂcea:fng“ dehvagbch -8 :L‘d:L’efoZQRa btheRfcgh — 4l’d$exfnga dbhveRngh — 4$dl’exfngdbehcha fagh
-8 xdxemfngdbthfR“ cgh — 4 :cd:cexfngdbthfRa gch +6 2422t 29IV 4oy R® fge +4 xd:cexfxgvdefR“ bge — O 2latrf I RO deh ViR fpge

— 4 g%eal 29I R hdbVeRpegh — 4:deexfx9Rdbth“Rfcgh - 4a:dxexfngdbthfR“ hge + R AL debegc)

1
— % s2abicad (90 2V R ceq + 24 l‘efoa ebngcdg + 96 :L‘efoa bengcdg — 24 .Z’efoa ngRedfg + 54 xezfvebR“ cfd + 18 mevabCRa efd

+ 72 z¢xf R® gebecdg +9 xevaa bRecfd + 20 :cexfngebcthR“ fgh T 20 SL‘e:L‘f.TgRebcthRa fgd T 40 xexfngebchvaa dgh T 40 xexfngebchvaa hgd
+ 20 xexfngebchV“Rfdgh + 20 2zl 29 R behchfdgh + 40 2Cxf IR behvagcdh — 10227 29 R bthhRfcgd + 20 2zl I R® hebchfdgh
+ 40 zexf IR hebvagcdh — 10227 29 R hethRfcgd)

1
— 2 stibicqidie (8 2 R® bchfdeg + 2 = 29I R® bcthRfegh +4 = I R® bchvagdeh — 2l 2IR® bcthRfdge + 2 xfngfbcthR“ geh +10 l’fngfbcthRa hge

+ 42T 2R ppen Vg R® gen + 827 29 Rpper, Vi R age + 287 29 R ppen, V Rygen + 1207 29 Rppen VaR® cgn + 6 27 29 R® 4, Ve Ryaen + 6 27 29 R* 1,1V e Ryaen)

1
= 360 st (229 R 4en VaRgesn + 339 Rgpen, VaR ¢ fh)) + 0 (€%

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

x1l:="import geodesic-bvp.lib termO1":
@run(x1){"/Users/leo/local/sh/cdbfile"}:

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

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

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

term01:=Q(poly): Qkeep_weight! (term01){myterms}{1}:
term02:=0(poly): Qkeep_weight! (term02){myterms}{2}:
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term03:=0(poly): Qkeep_weight! (term03){myterms}{3}:
term04:=0(poly): Qkeep_weight! (term04){myterms}{4}:
term05:=0(poly): Q@keep_weight! (term05) {myterms}{5}:
term06:=0(poly): Qkeep_weight! (term06){myterms}{63}:

x1:=0(term00) + @(term01) + @(term02) + @(term03) + @(term04) + @(term05) + @(termO6):
@prodsort! (%) : @rename_dummies! (%) :
@print ["\Btag{08b}x_1"a(s)=""@(x1) ""\Etag{08b}"];

x2:="import geodesic-bvp.lib term02":
O@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:=Q(poly): Qkeep_weight! (term04){myterms}{4}:
term05:=0(poly): Qkeep_weight! (term05) {myterms}{5}:
term06:=0(poly): Qkeep_weight! (term06){myterms}{63}:

x2:=@(term00) + @(term01) + Q@(term02) + Q@(term03) + @(term04) + @(term05) + Q@(term06):
@prodsort! (%) : @rename_dummies! (%) :
Oprint ["\Btag{08c}x_2"a(s)=""0(x2) " "\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): 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:=Q(poly): Qkeep_weight! (term04){myterms}{4}:
term05:=0(poly): Qkeep_weight! (term05) {myterms}{5}:
term06:=0(poly): Qkeep_weight! (term06){myterms}{63}:

x3:=Q@(term00) + @(term01) + @(term02) + @(term03) + @(term04) + @(term05) + @(termO6):

@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 1
x{ (s) = (A:c e+ 3 2P Az Az R g + 12 2P2°Az Az V4R pee + 6 222 Az Az VR goo + 2 222 Az *Az Ve Rpgee + T2 2’ Az Az Az V. R gpe

4 2 1 1
+ — 2ttt Az Az f R bgeRgedf — — bopcxlAx ¢ Ax T R® eghRgedf — — @ brexdAr €Azt R bgeRgedf + == 2222 Az ¢ Az, R® cdf

45 45 45 20
+ % 2P Az Az IV, R® edf + 4—15 2Paxtr?Az ¢ Az R® gbeRgear + % 2PatrlAz ¢ Az TVe v Reeqr + 4—15 2Pt Ax Az ¢ Az R vgdRgect
+ % 222°Az Az ¢ Az T R® dgbRgect — % breAx P Az Azt R dgeBgber + % 222 Az Az ¢ Az bedR ecf + % 222 Az Az Az deeR bef
+ % 222 Az *Ax Az T R® gbaRgect + 510 222 Az Az ¢ Az TV dBRpecy + i4 2’ Az Az Az Azt R cgaRgent + 42—5 2P xCrtrt Ax T Ax IRprbgV e R dhe
+ 610 2batrlatAx T Az IR vheV f Rhdeg + % 2batrla®Ax T Az IR vheVaRnfeg — % 2Patrla®Ax T Az IR thoVelhdeg — % 2batrlat Ax T Az IR vhfVelhdeg

1 1 1 1
~ % 2Patrla®Ax T Ax IRnberVgR" ghe — = 2batarlztAx T Ax IRnbefVaR® ghe — % 2Patrlat AT Ax IRhberVaR" ehg + 50 2Patrla®Ax T Ax IVher R deg

1 1 1 1
+ — 22?2t Ax f Az IV, g R feg + == 2P 2fal2¢ Ax T Ax 9 R® vhe ViRdfeg + — 2P xfrt2¢ Ax T Ax I R® hot VeRhdeg — — 2PxCatat Az fothbch“theg

90 72 90 90
1 1 1 1
+ — 90 2Pxra Ax T Ax I Rypef VaR® heg + 120 2Prala® Ax T Ax IV yo Rpeg + 1 2?22 Ax  Ax T Az I Rpen VR cha + > 2P2rlAx Az T Az I Ryen Vi R® cag
1 2 1
+ 77 2PrcrtAzeAxr S Az IRpevf VR gha + > 222 Az Az f Az IRpebf VR hag — 108 2P2atAr e Axf Ax IRhebt V' Rhcdg
1 1 1
+ a l‘bxcl‘dA.T ‘Az fogRa ehbvahcdg + ﬁ .17 €T a:dAx ‘Az fACCgR ehb Ve Rhfdg -+ m 2P x dil‘eAl‘ fAJ? IR h,thRcfdg
1 2 1
+ — 2?22 Ax *Ax T AT IR 14V ¢ Rhedo + — 2022 Az Az T Az IR 14V e Rppao + — 2222 Az Az T Az IR 1o Vi Reta
27 f g 27 fdg 54 fdg
1 1 1
+ 216 222 Ar Az ¢ Az T Az IR® dheV f Rhpeg + 108 brcAx Az Az f Az IR dhe VoRpfeq + YED) 2’2 Az Az Az T Az IR® dhe Vi Rbfeq
1 5 1
+ 316 2P Az Az Az T Az IRnaveV R chg — 216 2’2 Az Az Az T Az IRnaveV R heg + 108 b Az Az Az f Az IRy gpe V. R® thg
7 1
+ 108 222 Az "Ax Az T Az I Rpape Vi R® feqg + m 222 Az ' Ax Az T Az IRy gpe V® Rpfeq + 36 222 Az Az Az S Ax IRnaveV R ghe
1 1 1
+ = 222 Az Az ¢ Az T Az IR® b Velhfeg + 2 2P2°Az Az Az T Az IR 1 Ve Rpyfeqg + 180 — 2’Az Az Az Az Az IR chdVelhfog
1
+ 10 2’ Az Az Az Azt Az 9 Rypa V. R fhg>
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1 1 1 1 4
x5 (s) = (—3 2’ Az Az R 4y — 3 222 Az Az V4R pee — 5 22 Az " Az Vi R® geo — o P2 Az Az VO Rpgee — T 2Pxat Az ¢ Azt R bge Rgeds

2 1 1 1
+ — zbatz?Az Az T R® egpRgedf + — 2Pxat Az Az f R bgeRgedf — == brpcxi Az ¢ Ax fV, R edf — = 2222 Az ¢ Az Vv, R edf

45 45 20 20
1 . 1 2 2 .
T 2Paxtr?Az ¢ Az R® gbegeap — 0 2PatrlAr ¢ Az TVe v Reedr — 9 2Pt Ax Az ¢ Ax R gvd 9 ecp — 5 wPatrlatAx T Ax IRprbgV e R dhe
1 b,.c..d, e f g pa 2 b..c.d e f g pa 1 e f g pa 1 e f g pa
60:1: a2 Ax T A IR ppeV f Rhdeg — Em zxtx Ax T Ax IR yheVaRhfeq + Ex 2zl Axf Az IR thoVeRhdeg + %x 222 Ax f Az IR vhfVelhdeg
1 1 1 1
+ — 90 2Prlrtat Az fothbchgRa dhe + 4—5 2P xfrtr¢ Ax T Ax IRnberVaR® ghe + 90 2222t Ax T Az IRhverVaR® eng — 50 2Pxlrtat Az fongCfR“ deg
1 1 1 1
~ 90 2PatrlatAx T Az IV, R feg ~ =5 2batrlatAx T Az IR vhe ViRdfeq — 90 wbatrlatAx T Az IR wof VeRngeg + 90 zbatrla® Az fothbCfV Rhdeg
1 1 1 1
~ % 2Prtrla®Ar T Ax IRnbefVaR" pheg — 120 2Patarlat AT Az IV® velRafeg — 18 222 Az Az f Az IR® hberR cdg = 5 2222 Az Az F Az IR® 1y V.R" tdg

1 1 1
~ 35 2Patr?Ar Az T Az IR® hb@Vthfdg — 1—8£ bl Az Axf Az IR ebf VR cag — 9 2Patr?Az Azt AxIR? ebf VR hag

1 1
+ 6 222t Az ¢ Az S Az I RM ebf Vi Rhedg — 8 222 Az ' Ax Az T Az IR 1y V. R" fcq>

1 1 4 1
x5 (s) = <12 2P Az Az ALV R gpe — T 2Pt Ax Az ¢AxfR® bgdRgecr — T 2P Ax Az Az’ R dgbRgecs + T 2P’ Ax Az Az R® dgeRgvef

1 1 1 1
— — 2P Ar Az Ax TV R® cef = 5o 222’ Ax Az Az V4 R® bef + = bre Az Az Azt R® gbdRgect — == breAz Az Az TVe aBRpecs

20 15 120
1 b..c..d e f g a 1 d e f g 1 c,.d e f g
- ax 2 Ax “Ax T Ax I Rper VR cha + 571:5 2 Ax “Ax T Ax I Rper s Vi R cag — 2—7x 2 Ax “Ax ! Ax I Rpers Ve R gha
1 b,..c..d e f g a 1 c,.d e f g 1 c,.d e f g
+ 2—733 2°aAr *Ax T Ax I Ryepf Ve R hag — 5—4:17 2°x®Ax “Ax T Ax I Ryevy V Rhcag — 5—4:0 A “Ax ! Az IR chpV f Rpcag

1 1 1
- E l‘bxcl‘dA.T ‘Ax fAI 9R* ehbchhfdg m xr JJCLEdAJL‘ ‘Ax fAl‘ 9R* eththfdg + a 33 €T dil‘ ‘Ax fAJ? IR hbevahcdg

1 1 1
+ o 2Prtr? Az Az f Az IR® hoe VeRnrag + 108 2Patr Az Az F Az IR® hbe ViRepag — T3 2P Ax A Axf Az IR 4.V, R® fcg>

# === translated rnc
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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): 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}:
term05:=0(poly): Qkeep_weight! (term05){myterms}{53}:
term06:=0(poly): Qkeep_weight! (term06){myterms}{6}:

y05:=0@(term00) + Q@(term01) + @(term02) + @(term03) + @(term04) + Q@(term05) + @(term06):
@prodsort! (%) : @rename_dummies! (%) :
Oprint ["\Btag{12a}ty~a=""0(y05) ""+\BigO{\eps~6}\Etag{12a}"];



1 1 1 1 1
= (Ama + 3 2’ Az Az R 4y + T2 222 Az Az V4R pee + 6 222 Az Az VR gee + 21 222 Az Az VO Rpgee + T 2P Az Az Az V. .R® gpe

4 2 1 1
+ — 2batz? Az Az f R bgeRgedf —— brexiAx ¢ Axf R eghRgedf — — bopcxlAx Az R® bgeRgedf + =« bperlAx Az TV, R edf + == 2222 Az ¢ Az Vv, R edf

45 45 45 20 20
1 1 1 4
+ = 2PatriAz Azt R® gbeRgear + 0 A AAY RA VA v Reedr + 4—5 2Pt Ax Az Az R bgdRgect + = 2Pt Ax Az ¢ Az R dgbRgect
1 1 7
T 2Pt Ax Az Ax R dgeRgbef + 2 2P Ax Az ¢ Ax F Vg R® ccf T 50 xbchx ANz Az V4 R® bef + = 2Pt Ax Az ¢ Az f R gvaRgect
1 c d e f 1 b c d e f 2 b..c..d. e f g 1 e f g
+ mm Ax Ax Az 'V g Ryecs + Az Az “Ax“Ax? R cgqRgens + Ex a2 Ar T Ax I Ry gV e R qhe + @x 2t Axf Az IR® vheV f Rhdeg
2 1 1 1
+ — 5 2P 2Cat2¢ Ax T Ax I R® vheVaRnfeg — = 22222 Ax T Ax 9 R thoVelhdeg — % 2P2fatet Ax T Az IR® vhf Velhdeg — % 2P xfrtrt Ax T Ax IRnbefVgR dne

1 1 1 1
T 2batrlatAx T Ax IRnbef VaR® ghe — 2 zbatrla® Az fothbCdeR“ ehg + 50 2brtrla® Az fongCfR deg + 90 2Patrla®Ax T Az IV, g R feg

1 1 1 1
+ — - 2P xCrt2¢ Ax f Ax I R® vhe Vi Rafeqg + % 2PxfatartAx T Az IR hof VelRhdeg — % 2P 2fat2t Ax T Ax IRnbef V' Rideg + % 2Pxfatrt Ax T Ax IRnbef VaR" heg

1 1 1 1
+ ﬁx zealat Axf Az IV veRafeq + ax T :z:dA:ceAfoo:thbeV R® cha + 2—735 T dixeAfonghebthR edg + 2—7x x dixeAfozthebfV R jha

2 1 1
+ 77 2Pt Az Az T Az IRpebf VR hag — 108 % brerdAz Az f Az IRhebfV*Rhcdg + 7 2Pzt Ax Az T Az IR® enbV f Rhedg

1 1 1
+ > 2222 Az Az T Az IR® et Velhrag + 108 22 Az Az f Az IR® et VRepdg + 77 2Pxt2? Az Az f Az IR® wveV f Rhedg

2 1 1
+ 77 2Pt Az Az f Az IR® hbe VelRhfag + w1 2P 2 Az Az f Az IR® hbe ViRepdg + 216 2Pt Ax Az Az Az IR® dheV f Rhpeg

1 1 1

+ 108 222 Ar Az ¢ Az T Az IR® dhe VoRpfeq + YED) 222 Az ' Ax ¢ Az T Az IR® dhe Vi Ryfeq + 216 2’2 Az Az Az T Az IRnaveV R chg
5

— % T l‘CAJ? dAJ,‘eAfoZ‘ thdbeva }wg

1
+ 216 222 Az Az Az T Az IRy, gpe VE Rhyfeg +

1
+ 21 222 Az *Ax Az T Az IR® nbdVelRnfeg +

b Az Az Az f Az IRy gpe V. R® thg + brcAx Az Az f Az IRy Vi R feq

7,
108
2Az Az Azt Az I Rpape Vi R® ghe +

1
108
1
= brcAr Az Ax T Az IR 41y Ve Rifeg
" Az Az Az AxF Az I Rpepa Ve R m) + 0 (€%

1
36"
i 2’ Az Az Az Ax Az IR ,uV . R + L
180 chd V ellh fbg 120
poly:=@(y05) :

\Delta{x}"{a}::Weight (label=y0O5terms,value=1).
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term00:=Q(poly): Qkeep_weight! (term00){y05terms}{0}:
term01:=0(poly): Qkeep_weight! (term01){yO5terms}{1}:
term02:=0(poly): Qkeep_weight! (term02){y05terms}{2}:
term03:=0(poly): Q@keep_weight! (term03){yO5terms}{3}:
term04:=0(poly): Qkeep_weight! (term04){y05terms}{4}:
term05:=Q(poly): Qkeep_weight! (term05){y05terms}{5}:

# I couldn’t get SortOrder to get all of the \Delta{x} to the front of every term, so
# I resorted to this kludge, using A and B an relying on the default lexicographic ordering.

@substitute! (term02) (\Delta{x}"a -> A~a, x"a -> B"a):
@substitute! (term03) (\Delta{x}"a -> A”a, x"a -> B~a):
@substitute! (term04) (\Delta{x}"a -> A”a, x"a -> B~a):
@substitute! (term05) (\Delta{x}"a -> A”a, x"a -> B"a):

y0502:=@(term02) : @prodsort!!(%): @rename_dummies! (%) :
y0503:=0(term03) : @prodsort!!(%): @rename_dummies! (%) :
y0504:=0(term04) : @prodsort!!(%): Q@rename_dummies! (%) :
y0505:=0(term05) : @prodsort!!(%): @rename_dummies! (%):

@substitute! (y0502) (A~{a} -> 1, B"a -> x"a):
@substitute! (y0503) (A"{a} -> 1, B"a -> x"a):
@substitute! (y0504) (A~{a} -> 1, B"a -> x"a):
@substitute! (y0505) (A"{a} -> 1, B"a -> x"a):

poly:=@(y0502) :
x"{a}: :Weight (label=xterms,value=1).

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

tmp:= 24 @(term02):
@factor_out!! (tmp) (x"{al}):



term02:=0Q(tmp) :

tmp:= 360 @(term03):
@factor_out!! (tmp) (x~{a}):
term03:=0(tmp) :

tmp:= 360 @(term04):
@factor_out!! (tmp) (x~{a}):
term04:=@(tmp) :

tmp:=0@(term00) + Q@(term01) + (1/24) @(term02) + (1/360) @(term03) + (1/360) @(termO4):
y0502:= 360 @(tmp) :

poly:=@(y0503):

x"{a}::Weight (label=xterms,value=1).

term00:=Q(poly): Qkeep_weight! (term00){xterms}{0}:

term01:=0(poly): Qkeep_weight! (term01){xterms}{1}:

term02:=0(poly) : Qkeep_weight! (term02){xterms}{2}:

term03:=Q(poly): Qkeep_weight! (term03){xterms}{3}:

tmp:= 360 @(term02):

@factor_out!! (tmp) (x"{a}):

term02:=Q(tmp) :

tmp:= 108 @(term03):

@factor_out!! (tmp) (x"{al}):

term03:=0Q(tmp) :

tmp:=0@(term00) + @(term01) + (1/360) @(term02) + (1/108) @(term03):
y0503:= 1080 @(tmp) :

poly:=0(y0504) :

x"{a}: :Weight (label=xterms,value=1).



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

tmp:= 432 @(term02):
@factor_out!! (tmp) (x"{al}):
term02:=0Q(tmp) :

tmp:=0@(term00) + @(termO1) + (1/432) @(term02):
y0504:= 432 @(tmp):

poly:=@(y0505) :
x"{a}: :Weight (label=xterms,value=1).

term00:=Q(poly): Qkeep_weight! (term00){xterms}{0}:
term01:=Q(poly): Qkeep_weight! (term01){xterms}{1}:

tmp:= 360 @(term01):
@factor_out!! (tmp) (x"{al}):
term01:=Q(tmp) :

tmp:=Q@(term00) + (1/360) @(term01):
y0505:= 360 @(tmp) :

@print ["\Btag{12b}

y~a= \Delta x"a
y~a_{bc}\Delta x"b\Delta x"c
y~a_{bcd}\Delta x"b\Delta x"c\Delta x"d
y~a_{bcde}\Delta x"b\Delta x"c\Delta x"d\Delta x"e
y~a_{bcdef}\Delta x"b\Delta x"c\Delta x"d\Delta x"e\Delta x"f
\BigO{\eps~6}\Etag{12b}"];

+

+ + + 4+

@print ["\Btag{12c}\phantom{0}360y~a_{bc}=\killL"~@(y0502) ~"\killR\Etag{12c}"];
Oprint ["\Btag{12d}1080y~a_{bcd}=\killL"~@(y0503) “"\killR\Etag{12d}"];



@print ["\Btag{12e}\phantom{0}432y~a_{bcde}=\killL"~@(y0504)~"\killR\Etag{12e}"];
Oprint ["\Btag{12f}\phantom{0}360y~a_{bcdef}=""Q(y0505) ""\Etag{12f}"];

y* = Az® + yd Axb Az 4y AP Azt Azt + yl AxP Azt Azt Ax® + ygcdefA:vbAmCA:rdAxeAmf +0 (66)

360yg. = 120 7R pge + 15292 (2 VR R® gee + 4 VaR" pee + V* Rapee)
+ 2% (32 R ggeRypge — 16 R pgaRgese — 8 R aghRyepe + 18 Vap R cre + 18 Ve R pye + 8 R® gy Ryepe + 9V aRepse)
+ 29227 29 (16 RppacVeR® thg + 6 R ane Vo Rhtge + 16 R aneV f Rupge — 8 R phaVeRnfge — 4 R anpVeRifge — 4 Rhaey VeR® thg — 8 RhaeV R chg
— 4 RpaebV iR ghe + 6 VaebR® fge +4Vaer R bge + 5 R aneViRivge + 4 R hatVeRhrge — 4 Rhaev VO Rufge + 4 RpaebV R hge + 3V aeRppge)

IOSOy;:Cd =902°VyR® ceq + 3 xexf (8 R® egbRgcfd + 32 R bgeRgcfd — 8 R bgcRgefd + 18 Vo R cfd + 6 V. R* efd + 56 R* gebRgcfd +3V? bRecfd)
+ 10227 29 (2 Rupee VaR® thg + 4 Ripee ViR fga + 4 RipeeV iR ang + 8 RipeeV R hgd — Rivee VO Rnfga + 2 R b1 VeRnfga + 4 R p1eV f Ricgd
+ R® bhevhRfcgd +4 R hebchhfgd +8R° hebeRhcgd +2R" hebvhRfcgd>

432y 1o = 82T R g Ryape + 2729 (2 R ppeVaRnfge + 4 R b1V f Rhage + R phe ViR page + 2 RupseVaR® ghe — 10 Ry VaR® hge + 4 Rup eV g R ane
+ 28 Ripre ViR dge + 2 Riup eV Rudge + 12 Ry pcVaR® chg + 6 R v1 Ve Rpage + 18 R 1,15 Ve Rhdge)

36Oygcdef =9 (2 R® bhcvdRhegf +3 thchdRa ehf)

# === geodesic 1lsq

{g_{a b},x"{a},\Delta{x}"{a},R_{a b c d},
\nabla_{a}{R_{p q r s}},\nabla_{a b}MR_{p q r s}},\nabla_{a b c}R_{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.

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

poly:=@(1lsq):
x"{a}: :Weight (label=myterms,value=1).

\Delta{x}"{a}::Weight(label=myterms,value=1).
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term00:=Q(poly): @keep_weight! (term00){myterms}{0}:
term01:=Q(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}:
term05:=0(poly): Qkeep_weight! (term05){myterms}{5}:
term06:=Q(poly): Qkeep_weight! (term06){myterms}{6}:
term07:=0(poly): Qkeep_weight! (term07){myterms}{7}:

1sq:=0(term00) + @(termO01) + @(term02) + Q@(term03) + @(term04) + @(term05) + @(term06) + Q@(term07):
@prodsort! (%) : @rename_dummies! (%) :
@print ["\Btag{13a}L"2_{PQ}=""0(1lsq) ""+\BigO{\eps~6}\Etag{13a}"];

1 1 1 2
L?DQ = (gabe Azt — 3 242’ Az Az Ryepg — Tk P Az Az Az °V . Raape — 6 222 Az T Az °V o Rpdee + YT 222 Ax P Ax ¢ Ax ngabngecf

1 11 1
~ 30 22 Az P Ax ¢ A fVadeecf T 22’ Az Az Az Az ngdegebf 50 22 Az Az Az ¢ Az fVcdRaebf + E 2ozl Az ¢ Axt RyapeRgcar

1 1 1
~ 55 22zt Az ¢ Az fVabRcedf + = 22zt Ar ¢ Ax T Ax I RheafVoRhcag + T 202t rlatAr ¢ Ax T Ax 9 RhabeV § Rhcdg

1 1 2
+ 5 22’2t Ax ¢ Ax f Az IRy Ve Ryrag — 50 2oxbrtrtAr ¢ Azt Ax IV apeRefag — 2—7 2%zt Ax dAxeAfonghdaerthCg

1
~ 13 2022 Ax Az ¢ Ax fothdathRbfcg — 237 222 Ax Az Az f Az I RhdaeVoRnhfeq + 5—4 22 Az Az Az Az fAnghcadVeRhfbg

1 2 1
+ ' 222 Ax Az Ax T Az IRy gpa Ve Rpfeqg + = ztxbate xeAzfothabfV Rhdeqg — % T xbxcxd:ceAfoxgvabcRdfeg) + O (66)

poly:=@(1lsq):

\Delta{x}"{a}: :Weight (label=Dxterms,value=1) .
term00:=0(poly): Qkeep_weight! (term00){Dxterms}{0}:
term01:=0(poly): Qkeep_weight! (term01){Dxterms}{1}:
term02:=Q(poly): Qkeep_weight! (term02){Dxterms}{2}:

term03:=0(poly): Qkeep_weight! (term03){Dxterms}{3}:
term04:=0(poly): Qkeep_weight! (term04){Dxterms}{4}:
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term05:=0(poly): Q@keep_weight! (term05){Dxterms}{5}:

{g_{a b},\Delta{x}"{a},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.

1sq02:=0(term02) : @prodsort!(%): @rename_dummies! (%): @substitute!! (%) (\Delta{x}"{a} -> 1):
1sq03:=0(term03) : @prodsort!(%): @rename_dummies!(%): @substitute!! (%) (\Delta{x}"{a} -> 1):
1sq04:=0(term04) : @prodsort! (%): @rename_dummies!(%): @substitute!! (%) (\Delta{x}"{a} -> 1):
1sq05:=0(term05) : @prodsort! (%): @rename_dummies! (%): @substitute!! (%) (\Delta{x}"{a} -> 1):

poly:=@(1sq02) :
x"{a}: :Weight (label=xterms,value=1).

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

tmp:= 180 @(term04):

@factor_out!! (tmp) (x"{a}):

term04:=0(tmp) :

tmp:= 90 @(termO5):

@factor_out!! (tmp) (x"{al}):

term05:=Q(tmp) :

tmp:=0(term00) + Q@(term01) + @(term02) + @(term03) + (1/180) @(term04) + (1/90) @(term05):
1sq02:= 180 @(tmp):

poly:=0(1sq03):

x"{a}: :Weight (label=xterms,value=1).



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

tmp:= 180 @(term03):
@factor_out!! (tmp) (x"{a}):
term03:=Q(tmp) :

tmp:= 180 @(term04):
@factor_out!! (tmp) (x~{a}):
term04:=Q@(tmp) :

tmp:=0@(term00) + @(term01) + @(term02) + (1/180) @(term03) + (1/180) @(term04):
1sq03:= 180 @(tmp):

poly:=0(1sq04):
x"{a}::Weight (label=xterms,value=1).

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

tmp:= -180 Q@(term02):
@factor_out!! (tmp) (x"{a}):
term02:=Q(tmp) :

tmp:= -108 Q@(term03):
@factor_out!! (tmp) (x"{al}):
term03:=Q(tmp) :

tmp:=Q@(term00) + @(term01) - (1/180) @(term02) - (1/108) @(term03):
1sq04:=540 @(tmp):



tmp:=Q(1sq05):
1sq05:= 54 @(tmp):

@print ["\Btag{13b}L"2_{PQ}

f_{ab}\Delta x"a\Delta x"b

f_{abc}\Delta x"a\Delta x"b\Delta x"c

f_{abcd}\Delta x"a\Delta x"b\Delta x"c\Delta x"d

f_{abcde}\Delta x"a\Delta x"b\Delta x"c\Delta x"d\Delta x"e +\BigO{\eps~6}\Etag{13b}"];

+ 4+ o+

@print ["\Btag{13c}180f_{ab}=\killL"~@(1sq02) “"\killR\Etag{13c}"];
eprint ["\Btag{13d}180f_{abc}=\killL"~@(1sq03)~"\killR\Etag{13d}"];
@print ["\Btag{13e}540f_{abcd}=\killL"~@(1sq04) ~"\killR\Etag{13e}"];
@print ["\Btag{13f}\phantom{0}54f_{abcde}=""0(1sq05) ""\Etag{13£f}"];

L%Q = fap AT AL’ + fore Az Az Az + fopea Az AP AzCAZY + fopeae Az Azb Az Azt Az + O (66)
180 fap = 180 gap, — 60 229 Reqap — 30 2°2%°V . Raaey + 2°2%20! (8 RycdaRyess — 9 VeaReaps) + 2202 19 (4 RpedaVeRhfgp — Vede Rfagh)
180 fupe = —1522°V o Rapee + %2°27 (8 Rygea Rypfe — 9 VaaRevse) + 27227 29 (4 Ryaav Ve Ripge + 4 Rhdea Vo Ratge + 4 RhdeaV f Ribge — 3 Viea Rbge)
540 fabea = —3 2w’ (44 Ryach Ryepa + 3 VapReca) — 530 29 (8 Rhach Ve Rnga + 9 Rhaet Vi Ryega + 20 RhaesV  Rhcgd — 6 Rhega Vi Ricga)

54fabcde = xfnghafbchhdge

25



