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DefDef forfor aa ribbonribbon graphgraph GG EEEEEE GG AA deletionsdeletionsdeletions

GG ee isis obtainedobtained byby removingremoving ee fromfrom GG

FCFC GG ee

AA contractioncontraction GleGle GG ee wherewhere GG refersrefersrefers
toto thethe partialpartial dualdual ofof GG w.r.tlw.r.tl

11 ee isis notnot aa looploop

G GleGle

twisttwist thethe leftleft sideside

FCFCFC



ii ee isis anan orientableorientable looploop

GG GleGleG

iiiiii ee isis aa nonnon orientableorientable looploop

GG GG GleGle

sisi lbbaslbbas Riordaplynom.aeRiordaplynom.ae

XX XX ZZ ReRe IfIf ye
G ref'ynCFZulf balancebalance

wherewhere
meme 11 ifif ee isis positivepositive ye22

ifif ee is positivepositivepositive

ITIT ifif ee isis negativenegative ifif ee isis negativenegativenegative

GG verticesverticesinin GG
ECGECG edgesedges inin GG
kk GG connected componentscomponents inin GG



rr GG VV GG hCGhCG

nn GG ECGECG rr GG

bebe GG boundaryboundary componentscomponents ofofGG

DefDef eeee ECGECG isis calledcalled aa bridgebridge itit GG ee hashas moremoremore

connectedconnected componentscomponents thanthan GG

contraction.decontraction.de etienpropertiesetienproperties

ForFor aa signedsigned ribbonribbon graphgraph GG RositieedgeRositieedge ee ofofGG wewewe havehave

RG RateRate RaRa ee ifif ee isis ordinaryordinary notnot aa bridgebridgebridgeororlooploop
xx 11 RateRate ifif ee isis aa bridgebridge

IfIf ee isis notnotnot aaa bridgebridgebridge

spanningspanning subgraphssubgraphs ofof GG thatthat don'tdon't containcontain ee areare

inin oneone toto oneone correspondencecorrespondence withwith subgraphssubgraphs ofof GG ee

F.EEF.EE GG HeHe FEEFEE GG ee

ThisThis correspondencecorrespondence preservespreservesVCFVCF ECFECF ECFECF



SimilarlySimilarly therethere isis aa oneone toto oneone correspondencecorrespondence betweenbetweenbetween

spanningspanning SubgraphsSubgraphs ofof aa containingcontaining ee andand spanningspanning SubgraphsSubgraphsSubgraphs

ofof GleGle

FoFo FuFu ee ECGECG FEGFEG ee

wewe getget thethe followingfollowing
FoFo VCFVCF II VV GG bleble 11

kk FoFo KCFKCF hCGhCG kk GleGle
rr GG rr FF GG ee 11 FF 11

ee FoFo ECFECF HH
nn FoFo ee FoFo rr FoFo ee FF 11 rr FF DD nn FiFi

bebe FoFo bebe FF
ss kk FoFo bebe FoFo thth FoFo kk FF bebe FF nn FF

IeIeIe HeHeHe IFIFIF hehehe FF bebebe IFIFIF YeYeYe

InIn thethe casecase thatthat ee isis aa bridgebridge wewe getget
RGRG RR RGRG ee tt RateRate

FF EE EE GG II ee FF EEECGECG ee



wewe getget
VV GG VV GG ee VV EE VCFVCF
kk GG KK GG ee 11 kk FoFo KCFKCF

GG rr FoFo GG ee rCFrCF II

nn FoFo nn FiFi kk FoFo bebe FoFo tt nn FoFo kk FiFi bccbccFilthCFFilthCFFilthCFbccFilthCFbccbccFilthCFbcc

IFIF thethe IF.meIF.me IIII YeYe e F YeYe

wewe alsoalso getget RCGRCG ee RR GleGle duedue toto thethe followingfollowingfollowing

correspondencecorrespondence

TEeaTEeaFo ECG e

wewe cancan easilyeasily checkcheck rr GG ee rr FoFo rr GleGle rCFrCF
andand nn FoFoFo nnn FFF kk GGG ee kkk GGG eee 11

wewe alsoalso getget bcbc GG ee bebe GG ee 11

IfIf ee isis aa negativenegative edgeedge wewe getget

22 FF RaRa ee FtFt RateRate ifif ee isis ordinaryordinary
11 RateRate ifif ee isis aa bridgebridgebridge
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DefDef AA loopeloope ofof GG isis saidsaid toto bebe trivialtrivial ifif inin thethethe
followingfollowing picturepicture

therethere isis nono pathpath fromfrom AA toto BB thatthat
avoidsavoids thethe vertexvertex thatthat ee isis connectedconnected toto

II drewdrew anan orientableorientable looploop samesamedefinitiondefinition alsoalsoholdsholds ififif
ee isis notnot orientableorientable

trivialtrivial looploop

DD
non trivial looploop

0
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wewe havehave thethe followingfollowing propertiesproperties forfor trivialtrivial loopsloops

letlet ee bebe aa trivialtrivial looploop
11 RaRa ee ifif ee isis orientableorientable positivepositive

222 FIXFIXFIXAAA RaRaRa eee ifif ee isisis aaa orientableorientableorientable negativenegativenegative
1212FIX12FIX11 RaRa ee ifif ee isis aa nonnon orientableorientable positivepositivepositive
XX ZZ 11 RareRare ifif ee isis aa nonnon orientableorientable negativenegativenegative
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IfIf ee isis nonnon orientableorientable looploop wewe havehave

2424 RaRa ee tt 9797 RateRate ifif ee isis positivepositive

FxFx RaRa ee x2x2 RateRate ifif ee isis negativenegative

AA
FoFo FUeFUe EEGEEG

Sfo
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TheseThese formulasformulas don'tdon't definedefinedefine RaRaRa

nono way toto resolveresolve usingusing relationsrelationsrelations
describeddescribed aboveabove
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