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Abstract:Buildaspecialidenticalequation,useitscalculationcharacterstoproveand

searchforsolutionofanyoddconvergingto1equationthrough(*3+1)/2̂koperation,

changetheoperationto(*3+2̂m-1)/2̂k,getasolutionforthisequation.Furthermore,

analysisthesequencesproducedbyiterationcalculationduringtheprocedureof

searchingforsolution,buildaweightfunctionmodel,proveitmonotonicallydecreases,

buildacomplementweightfunctionmodel,proveithasmanychancestoincreasetoits

convergencestate.Builda(*3+2̂m-1)/2̂koddtree,proveifoddin(*3+2̂m-1)/2̂klong

hugeoddsequencecannotconverge,thesequencemustwalkoutoftheboundaryofthe

treeafterinfinitestepsof(*3+2̂m-1)/2̂koperation.
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1 IntroductionAboutTheCollatzConjecture

TheCollatzConjectureisafamousmathconjecture,namedaftermathematician

LotharCollatz,whointroducedtheideain1937.Itisalsoknownasthe3x+1conjecture,

theUlam conjecture[1]etc.Manymathematicianshavetriedtoproveittrueorfalseand

haveexpandedittomoredigitsscale.Butuntiltoday,ithasnotyetbeenproved.

TheCollatzConjectureconcernssequencesofpositiveintegersinwhicheachterm

isobtainedfrom thepreviousoneasfollows:ifthepreviousintegeriseven,thenext

integeristhepreviousintegerdividedby2,tilltoodd.Ifthepreviousintegerisodd,the

nextterm isthepreviousintegermultiply3andplus1.Theconjectureisthatthese

sequencesalwaysreach1,nomatterwhichpositiveintegerischosentostartthe

sequence[1].

Hereisanexampleforatypicalintegerx=27,takesupto111steps,increasingor

decreasingstepbystep,climbingashighas9232beforedescendingto1[1].

27,82,41,124,62,31,94,47,142,71,214,107,322,161,484,242,121,364,182,91,274,137,412,

206,103,310,155,466,233,700,350,175,526,263,790,395,1186,593,1780,890,445,1336,668,334,

167,502,251,754,377,1132,566,283,850,425,1276,638,319,958,479,1438,719,2158,1079,3238,

1619,4858,2429,7288,3644,1822,911,2734,1367,4102,2051,6154,3077,9232,4616,2308,1154,

577,1732,866,433,1300,650,325,976,488,244,122,61,184,92,46,23,70,35,106,53,160,80,40,

20,10,5,16,8,4,2,1.

Iftheconjectureisfalse,thereshouldexistssomestartingnumberwhichgivesrise

toasequencethatdoesnotcontain1.Suchasequencewouldeitherenterarepeating

cyclethatexcludes1,orincreasewithoutbound[1].Nosuchsequencehasbeenfoundby

humanorcomputerafterverifiedalotofnumberscanreachto1.Itisverydifficultto

provethesetwocasesexistornot.

Thispaperwilltrytoprovetheconjecturetruefrom aspecialview.Becauseany
evencanbecomeoddthrough operation,thispaperwillresearchonlyodd
charactersintheconjecturesequence.Theequivalenceconjecturebecome:withrandom



startingoddx,do operationrepeatedly,italwaysconvergesto1.The

abovesequencecanbewrittenasfollowing,inwhichnumbersonarrowsarekin
ineachstep:

2 BuildAEquationForTheConjecture

Ifoddxdontimes calculationbuildoddy,canget:

Inwhichp1…pniskin operationineachstep.

Forexample: , ,then

Supposeoddxcanconvergeto1through calculation,theny=1,get:

Formula(1)
Weknow ,andcandoanytimesthiskindofoperation.Thatisto

say,1dorandom nsteps operationcanconvergeto1,have:

BelowusethismodeltoproveandsearchforasolutionofFormula(1)foranyoddx

convergingto1.

3 SolutiontoTheAnyOddConvergingto1Equation

Firstwithoddxdoreform:

,am…a0=0,1or2.Then:

Ifam>1oram=1but

,make

or

Buildidenticalequation:

Formula(2)

Ifxcanconvergeto1,Formula(1)andFormula(2)shouldbeequivalent.Belowtry

toreform Formula(2)toform ofFormula(1),ifsuccessitprovesthatequationfor

Formula(1)hassolution.

Firstlet:

,

becausexisodd,thisisoddminuseven,tnshouldbeodd.

Becausethemaxvalueofx-3m is ,minvalueis

,thentnhasarange:

From to

.

Changetntobinaryform andlet:



,thisisjustwith3npartmultiply(2+1)

become3n-1part,andpluscorrespondingpartinFormula(2),minuscorrespondingpart

inFormula(1).From nowon,tn-1becomeeven,writetn-1in form.Continue:
,andlet2p1bethelowestbit

ofoddpartoftn-1).
WatchFormula(1)andFormula(2),ingeneral,ifdonotconsider2p1+…part(because

consider2p1+…asthelowestbitofoddpartofti-2)inFormula(1),partinFormula(2)is

biggerthancorrespondingpartinFormula(1).Henceafterafewtimesof ,

valueofti-2ismainlydeterminedbycorrespondingpartinFormula(2).And,after

,oddpartshouldadd1or2bits,ifadd1bit, shouldoperateinMSB

bit;ifadd2bits, shouldoperateinMSB-1bit.Bothcasesoddpartadds2bits

after operation,ifMSBbitofti-2is2k,kshouldbeodd.

Forexample:

, ,

Continue:

,let2p1+p2bethelowestbit

ofoddpartoftn-2.BecauseLSBbitsequencenumberofoddpartoftiincreases
continuously,thiscanbefinishedeasily.

Watchti(i<nanddecreasesstepbystep),duringiteration,thecountofsuccession1
inthehighestpartshouldbeunchangedorincreased.Why?Thisisbecauseof

charactersofoddmultiply3and operation.Ifti-1iswithbinaryform 10…,
obviously,countofsuccession1inhighestpartofti-2isunchangedorincreased.Similar

tobinaryform 110….Supposeti-1iswithbinaryform 1…1(k>2bitsof1)0…,do ,

headpartshouldbecome101…1(k-2bitsof1)01…,do ,become1…1(kbitsof

1)01…,iftailpartcarry1toheadpartafterdoing ,headpartbecome1…1(k+1

bitsof1)0….
Dothisiterationcontinuously,countofsuccession1inthehighestpartofoddpart

oftiisunchangedorincreased,LSBbitsequencenumberisalsoincreased.Hence,finally,

tiismuchpossibletobecomeform of11…10...0,just form (k+j=even).

Stophere,donotdo again,oddxalreadyconvergeto1.Do

operation,itshouldoperateinMSB+1bit,becauseMSBbitsequencenumberof
isforeverequaltoMSB+1bitsequencenumberofthepreviousitem.Hencesubtractive

resultcanbeequalto ,thusgetasolutionofFormula(1).

Belowgiveaspecificexample,x=7.

Weknow,with7do ,have:

Suppose:

Build:

*(2+1)and+24:

-3n-1:
*(2+1)and+26: ,



Letp1=1,anddeleteitem 2:

*(2+1)and+28:

Letp1+p2=2,anddeleteitem 22:

*(2+1)and+210:

Letp1+p2+p3=4,anddeleteitem 24:

*(2+1)and+212:

Letp1+p2+p3+p4=7,anddeleteitem 27:

Nowbecome111…,thehighestbitis213,iterationfinished,stepsn=5.And

.

Thisway,getasolutionofFormula(1),inwhichthevalueofnandpiisexactlysame

withtheresultgotfrom calculatingdirectly.

4 ConvergenceRegularityOfCollatzConjectureSequence

4.1Equivalenceof(*3+1)/2̂kand(*3+2̂m-1)/2̂koperation

Ifcalculatedirectlywithoddthrough operation,theoddsequencebuilt

(calledSequence(1))hasnoobviousconvergeregularity,elementsinthesequencevary
sometimesbig,sometimessmall.Butifdooperationasintroducedinabovesection,we
wouldfindconvergenceregularityoftheoddsequencebuilt(calledSequence(2))is
moreobvious.

Ifaddtwocorrespondingelementsineachstepinthesetwooddsequences,should

beexactly2k(kisdifferentwithdifferentelements).Suchas

…inaboveexample.

Ingeneral,firstelementinSequence(1)canbewrittenas(am-2…a0=0,1or2,am-1=-2,

-1,0,1or2):

FirstelementinSequence(2)is:

and,then

,isjustthesameform withFormula(2),
and2m shouldbetheMSB+1bitsequencenumberofxora(alongwiththeincreaseofa
inSequence(2),2m shouldbetheMSB+1bitsequencenumberofa,becauseeach
correspondingpartinFormula(2)isbiggerthanwhichinFormula(1).Infactwecan
selectfirsta>xmanuallyaslongassum ofthesetwooddsis2k).

Belowprovenextelementsalsosatisfyaboveregularity.

SupposeainSequence(2)andxinSequence(1)satisfyaboveregularity,and:

,

,then

,

,



Thisstatesthatthelowestbitofoddpartof(3x+1)and(3a+2m+1-1)isequal,add

thesetwooddpartsshouldbe2i(i<k).

Throughaboveintroductionweknow,withodddo operationinthe

CollatzConjectureoddsequence,equivalently,withthecorrespondingodddo

usingaboveiterationmethod.Wecaneasilyprovethatodd1…10a(a

isinbinarybase)isequivalenttoodd10ainsecondmethod,countofsuccession1bits

intheheadpartonlyrepresenttheiterationstepsroughly.

4.2WeightFunctionandItsMonotonicallyDecreaseCharacter

Buildasimpleweightmodel:

Definition (1)

Which22kiscorrespondingadditionpartintiinitsstep(wecanalsousethesum ofti

anditscorrespondingpartinoriginalsequence or asdenominator).Simplywe
canusewitorepresenttheweightofvalueofall0bitsinoddpartinti.Specially,withany
odda,whichhighestbitis2m,definewiforthisodd:

Definition (2)

Atthistime,useMSB+1bitofeachoddas2m in operationin

eachstep.AlthoughthedenominatormaybebiggerthanwhichinDefinition(1),the

regularityissame.

tisequenceinaboveexampleis:9,42,188,816,3456,14336

oddpartsequenceis:9,21,47,51,27,7

wisequenceis(accordingtoDefinition(1)):

(2+4)/4=1.5,(4+16)/16=1.25,64/64=1,(64+128)/256=0.75,512/1024=0.5,0/4096=0

Belowprovewimonotonicallydecreasesexceptsomespecialcases.

Infact,onlyonenon-convergencecase0bitsintidonotshiftrightorbit-count

reducewhentihasnotconverged.Thisis:

101->1011.

Thiscasewidonotchange,bothare1/4,accordingtoDefinition(2).Butnextstep

1011->11,ticonverges,hencethiscaseisnotworthworryingabout.

Supposewithoddado operation,andusexrepresentiterationsteps.

Reform wiasfollowing(accordingtoDefinition(1)),thenumeratorpartisexactlyequalto
0bitsinti:

Obviouslyw(x)iscontinuousderivablewhenaisinodddomaindefinitionandxisin

positiveintegerdomaindefinition,andisbounded(>=0).

Nowtrytotakethederivativeofw(x).

Herethederivationdefinitionofthenumeratoranddenominatoris:

(y(x+1)-y(x))/(x+1-x).

Thenthederivationofthenumeratoris:

Thederivationofthedenominatoris:

Then



Whichbistheoddafteroddadoingxsteps operation.thatis:

Observew'(x),whenb>3,w'(x)<0,w(x)monotonicallydecreases.Onlywhen

b=1(thiscase shouldbeequalto4),orwhenb=3, ,w'(x)=0.Secondcase
ofb=3istheexceptioncaseintroducedabove,thecorrespondingoddpartoftiiswith
form '101',isnotworthworryingabout.Firstcaseisconvergencecase.

Totally,thiskindofiterationcalculationhasthesecasesafterdoing

asfollowing:

Case1:oddtailpartdecreasesonebit,headpartdoesnotincreaseonebit,thiscase

tailpartshouldinsertonebitof1andwithzeroormore0changingto1,totally1bits

weightshouldincreaseintailpart.

Case2:oddtailpartdecreasesonebit,headpartincreasesonebit,ifcorresponding

oddin sequencechangesbigger,isjustbecausetailpartcarriesonebit

of1toheadpart.

Case3:oddtailpartdecreasestwobits,headpartdoesnotincreaseonebit,tailpart

0bitsshouldshiftright.

Case4:oddtailpartdecreasestwobits,headpartincreasesonebit.

Case5:oddtailpartdecreasesthreeormorebits,headpartincreaseszeroorone

bit.

5 TheComplementWeightFunctionOfW[a]

5.1ConvergenceRegularityofComplementWeightFunction

ToavoidprovingweightfunctionW[a]convergingto0(itisnoteasilytoprovestrictly

thenumeratorpartmustbeequalto0finally),builditscomplementweightfunction.

Build:

,thehighestbitofais2m.

Throughtheproofandintroductionabove,weknowWc[a]monotonicallyincreases
exceptwhencorrespondingoddbiin sequenceofaiis1or3,andthese

exceptioncasesarenotworthworryingabout.Andwealsoknowtheconvergencestate

ofWc[a]is .

Supposeodda0,a1,a2arethreeelementsinorderin sequence,a0

isequaltoa,then

, , ,where

2pis2kinfirststep operation.

,

,



Observethisformula,when2pisequalto2or4, is ,supposethis

ratiois ,then

,

Whenn->∞, ,thisisaconvergencestate,

inactualcase,itneedsalimitnumbernstepstoreachto(orbiggerthan) ,

becausetheratiois .

when2pisbiggerthan4, is ,butstill ,Wc[a]alsoincreases,

Wc[a]canconvergein (kisanypositiveinteger),notonly .Thisincreases

theconvergencechanceofWc[a].

ObservethevaryingoffractioninlowesttermsofWc[a],thedenominatorpartisequal,
smaller,or2timesofprevious(becausethenumeratorpartatleastcanbedividedby2in
eachstep)ineachstep,whenisequal,thenumeratorpartshouldincrease,itispossible
toconverge,whenis2timesofprevious,thetotalvaluealsoincrease,whenissmaller,
thetotalvalueshouldnotonlybebiggerthanthevalueoffrontWc[a]withsame
denominatorpart(ifexists),butalsobebiggerthanallWc[a]followit.Andinlong

sequence,usuallyappearsmallercase,ithasmanychancestoappear ,especially

whenthefrontelementisalreadyclosetoitsconvergencestate.Forexample,suppose
177/256isinsequence,ifsomefollowingelementwithsamedenominatorpart256
appearaftermanysteps,itsvalueshouldbebiggerthanalltheelementsbetween
177/256anditself,itismuchpossibletobeequalto255/256.

ContinuouslyobserveWc[a],eveninthe2timescase,elementsarecloserto
convergencestatebythemselves.Supposethedenominatorpartoffractioninlowest
termsof is2m+2,

2m<a<2m+1-1,ifaisnotequalto11…101,whichisveryclosetoitsconvergencestate

11…1,theaboveformulais<0.Thusprovetheaboveconclusion.

Belowgiveanexampleofstartnumber27in oddsequencetoverify,

somedecimalsarewrittenintheform whichiseasilytobejudgedequalto,biggeror
smallerthan0.75.

Oddsin sequenceare:

37,87,97,209,441,917,1887,1927,1957,3959,3993,8037,16151,16209,32505,65141,130479,130627,6

5369,130821,261767,261861,523863,523969,1048097,2096433,4193225,8386989,16774787,8387697,1



6775849,33552381,67105787,16776639,16776783,16776891,4194243,2097129,4194269,8388555,104

8571,262143

Wc[a]sequence:

37/64,87/128,97/128,209/256,441/512,917/1024,1887/2048,1927/2048,1957/2048,3959/4096,39

93/4096,8037/8192,16151/16384,16209/16384,32505/32768,65141/65536,130479/(65536*2),130627/

(65536*2),65369/65536,130821/(65536*2),261767/(65536*4),261861/(65536*4),523863/(65536*8),52

3969/(65536*8),1048097/(65536*16),2096433/(65536*32),4193225/(65536*64),8386989/(65536*128),

16774787/(65536*256),8387697/(65536*128),16775849/(65536*256),33552381/(65536*512),6710578

7/(65536*1024),16776639/(65536*256),16776783/(65536*256),16776891/(65536*256),4194243/(655

36*64),2097129/(65536*32),4194269/(65536*64),8388555/(65536*128),1048571/(65536*16),262143/

262144

sequence:

13/128,10/128,15/256,23/512,35/1024,53/2048,40/2048,30/2048,45/4096,34/4096,51/8192,77/16

384,58/16384,87/32768,131/65536,197/(65536*2),148/(65536*2),111/(65536*2),83/(65536*2),125/(65

536*4),94/(65536*4),141/(65536*8),106/(65536*8),159/(65536*16),239/(65536*32),359/(65536*64),53

9/(65536*128),809/(65536*256),607/(65536*256),455/(65536*256),683/(65536*512),1025/(65536*10

24),769/(65536*1024),144/(65536*256),108/(65536*256),81/(65536*256),15/(65536*64),11/(65536*6

4),17/(65536*128),13/(65536*128),1/(65536*16)

sequence:

10/13≈0.77,0.75,0.77,0.76,0.76,0.755,0.75,0.75,0.76,0.75,0.755,0.753,0.75,0.753,0.752,0.751,0.75,0.

748,0.753,0.752,0.75,0.752,0.75,0.752,0.751,0.751,0.750,0.750,0.749,0.751,0.750,0.750,0.749,0.75,0.75,0.

741,0.73,0.77,0.76,0.62

5.2AnEquivalentDescriptionofCollatzConjecture

Throughaboveweknow ,itcanbewritteninfollowingforms:

,b-1<>0mod4,or

,b-1≡0mod4,inwhichbisthecorrespondingoddofain

sequence,b-1reflectsthe0-bitsinthetailpartofa.

ThenCollatzConjecturecanbedescribedas:Withanyoddainrangeof2kto2k+1-1,

setitsinitialgoalsetis2j+1-1(j<=k),itstailpartisb,dooperation:trytodo(b-1)dividedby

4,ifcannot,shiftleftonebitofa,plustheresultofshiftingrightonebitofb(the0-bitsin

thetailpartofa),andadd2k+2-1togoalssetofa,thisoperationmakesthe0-bitsinthe

tailpartofashiftrightorcountreduce;ifcan,aplustheresultof(b-1)dividedby4,this

operationnotonlymakesthe0-bitsinthetailpartofashiftrightorcountreduce,but

alsoreducestheoddscountabout1/4toitsgoal2k+1-1,furthermore,ifthelastresultis

even,itcanreduceafractionofusing2k+1asdenominator,thismakesitcanreachits

previousgoal2j+1-1(j<=k)possibly.Dotheseoperationsrepeatedly,ithasunlimited

chancestoreachtooneofitsgoalset.



Throughaboveweknow,if sequencehaveonly/2and(or)/4cases,

thesequencecanneverconverge,/2casemakesgoalofain

sequencelarger,/4caseneeds∞ steps.Butitisnotpossibleinlongsequence,thisis
determinedbytheregularityoftailbinarybitsofodddoing operation.Odds

ofform *10…01(many0),resultcando/4,Oddsofform *11…11(many1),resultcando/2,
thesetwocasesmustbecomeotherformsafterseveralsteps.Oddswithotherforms,
themselvesandtheirfollowingstepsmustappearalternately/2,/4,/2k(k>2)cases.

6 (*3+2̂m-1)/2̂kOddTreeandItsConvergenceRegularity

6.1(*3+2̂m-1)/2̂kOddTreeandItsCharacters

Wecall2karethepropertiesofoddsafterdoing operation.See

followingtree:

…

L6:129(321.1)131(81.3)133(327.1)135(165.2)137(333.1)139(21.5)141(339.1)143(171.2)145(345.1)

147(87.3)149(351.1)151(177.2)153(357.1)155(45.4)157(363.1)159(183.2)161(369.1)163(93.3)

165(375.1)167(189.2)169(381.1)171(3.8)173(387.1)175(195.2)177(393.1)179(99.3)181(399.1)

183(201.2)185(405.1)187(51.4)189(411.1)191(207.2)193(417.1)195(105.3)197(423.1)199(213.2)

201(429.1)203(27.5)205(435.1)207(219.2)209(441.1)211(111.3)213(447.1)215(225.2)217(453.1)

219(57.4)221(459.1)223(231.2)225(465.1)227(117.3)229(471.1)231(237.2)233(477.1)235(15.6)

237(483.1)239(243.2)241(489.1)243(123.3)245(495.1)247(249.2)249(501.1)251(63.4)253(507.1)

255

L5:65(161.1)67(41.3)69(167.1)71(85.2)73(173.1)75(11.5)77(179.1)79(91.2)81(185.1)83(47.3)

85(191.1)87(97.2)89(197.1)91(25.4)93(203.1)95(103.2)97(209.1)99(53.3)101(215.1)103(109.2)

105(221.1)107(7.6)109(227.1)111(115.2)113(233.1)115(59.3)117(239.1)119(121.2)121(245.1)

123(31.4)125(251.1)127

L4:33(81.1)35(21.3)37(87.1)39(45.2)41(93.1)43(3.6)45(99.1)47(51.2)49(105.1)51(27.3)53(111.1)

55(57.2)57(117.1)59(15.4)61(123.1)63

L3:17(41.1)19(11.3)21(47.1)23(25.2)25(53.1)27(7.4)29(59.1)31

L2:9(21.1)11(3.4)13(27.1)15

L1:5(11.1)7

L0: 3

Inabovetree,a.bin()meansresultisa*2bafterfrontodddoing

operation,m_thlayerhas2m elements,thelastelementistheconvergencestate.
Charactersof2kareveryregular,forexample,upwardfrom aspecificlayer,positionsof2
are1+2i(i>=0),upwardfrom anotherspecificlayer,positionsof22are4+4i,positionsof
23are2+8i,positionsof24are14+16i…,thiscanbeeasilyprovedstrictly.Forexample,
oddsofposition2+8iinm layerare2m+1-1+(2+8i)*2,(0=<i<=[(2m-1-1)/4]).

Canbedividedby23,resultisoddifm+1>3.Andbecausethehighestbitoftheresult

oddis2m,itmustbeinm-1layer,downwardonelayerfrom m layer.

Throughabove,wecaneasilyprovethatifthepropertyofanoddis21,itmoves

upwardonelayer(andalsomovesforwardsomelocation),ifthepropertyofanoddis22,

itmovesforwardinthesamelayer,ifthepropertyofanoddis2k(k>2),itmoves

downwardk-2layers(andalsomovesforwardsomelocation).

Inthistree,becauseelementcountofeachlayeris2timesofwhichofthe

downwardlayer,wecantransform allpositionstoonespecificlayer,m-2layertransform



tom-1layerdo ,m layertransform tom-1layerdo ,etc.Thenalltransform

positions(tom-1layer)cannotexceed2m-1!

Nexttrytoproveoddsinanylayercanconverge.Weknowloopoddsequenceand
divergenceoddsequencebotharelongnon-convergencesequence(expandloop
sequencein sequence).Belowsupposetheresearchsequenceislong

huge(oddsin sequencearehuge,forexample>210+1)sequence.

6.2Transform PositionSequenceandItsConvergence

Supposeaisanoddinm-1layer,itshighestbitis2m.

Positionofainm-1layeris: ,

,bisinlayerm-p1+1

Positionofbinm-p1+1layeris: ,

Positionofbinm-1layeris:

,cisinlayerm+3-p1-p2

Positionofcinm+3-p1-p2layeris:

Positionofcinm-1layeris:

,ratiopis:

Becauseinlonghugesequence,2m+1-aisverybig,theratiopisverycloseto3/4.

Onlythesecasesratiop<3/4:p2=1,p1>=2;p2=2,p1>=3.Thisistosay:casesof(forward,

upward),(downward,upward),(downward,forward)ratio<3/4;casesof(upward,

upward),(downward,downward),(upward,downward),(upward,forward),(forward,

downward)ratio>3/4;caseof(forward,forward)ratio=3/4.Obviously,theratioregularity

isalsosuitableforallfollowingsteps.

Generally,Transform positionincrementfrom oddatobis:



Onlywhen , or , ,thetransform position

incrementisequalto0,thesetwocasesareconvergencestateorquasiconvergence

state.Othercasestransform positionincrementisbiggerthan0(eveninexpandloop

sequence).Thebiggerp1is,thebiggerpositionincrementwillget.

Wecandeducethecommontransform positionformula:

...

,

inwhichbiisthecorrespondingoddin sequence.

Continuetocalculate:

,

Wheninlonghugesequence,wheres(2)isvirtualtransform position.

…
Wheninlonghugesequence.

Similar:

…
Wheninlonghugesequence.



Thismeans and forsamestartodda,thencanget

conclusion and aslongas doi

steps isstillhuge.Furthermore,cangetfollowingconclusions:

,inwhich2+>=2

,

andmore …

Obviously,

Thisistosay,ifwedeleteallupwardsteps((1)steps)betweentwo(2+)stepsinlong

hugesequenceandchangeall(2+)stepsto(2)steps,finalvirtualtransform positionis

smallerthanoriginal.

Supposep1=2+,laststepis(2+),existsmany(1)and(2+)stepsinthemiddle,rebuild

anewzstepssequencefrom originalusingabovemethod.

Notlike2m+1-aisalwayshugeoddineachstepinoriginalsequenceaswesupposed.

Innewvirtualsequenceitcanbecomesmallordecimal,butitsvaluemustalways>1

before∞ steps.Becauseif2m+1-a=1+x(x>0),look:

.

Theninanystep, ,ratio

.

Hencethetransform positionincrementratioofnewsequenceisalways3/4.Use

newsequencetoestimatethetransform positionoforiginalsequence.Finaltransform

positionoforiginalsequenceis(canalsobegottenfrom thecommontransform position

formula):

Iflonghugesequenceisnon-convergence,itmustappear(2+)stepscontinuously

aftersomeupwardstepseachtime,thecountof(2+)stepsmustbeinfinite.

Whenz->∞,

Walkoutofboundaryofthetree.Thismeans,thetransform positionoforiginal
sequencemustreachtoorbecomebiggerthan2m-1beforealimitsteps.Longhuge
sequencemustbecomeasmallsequence(onceoneelementbecomesasmalloddinour
range,thesequencebecomes),orconvergebeforealimitsteps,otherwiseoverstepthe
boundaryofthetree(itisnotpossibleinrealworld).

Stillhasonepuzzle,theequivalentelementsofelementsinm-1layer(byadding

binary1beforehead)areallinrighthalfpartinm layer,itseemstoexistmanyloops.Itis

ofcoursenotcorrect,thisisbecause,althoughtheyareequivalent,theirfunctionsare

different.Otheroddscanchangetothem,theycanalsoconverge.Ifsomelongsequence



existloops,thetransform position(tom-1layer)mustbecomebiggerthan2m-1,itis

contradictory.

Maybeitispossibletouseproportionalsequenceofratio3/4toestimatethe

convergencestepsforlonghugesequence.Usenumberproperty or

ofanoddofm-1layerasstartodd,finaltransform positionmustbebiggerthan2m-1in
limitstepsnusingratio3/4,indicatesthattheconvergencestepcountshouldbesmaller
thannmultiplyanumber(becausewedeletesomeupwardsteps,thesuitablevalueof
thenumberisdifficulttoget,butshouldnotbeverylarge).

7 Conclusion
Thisway,wehaveprovedthattheCollatzConjectureistrue.
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