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ui9on99i CelhaCCIt

A quick gently introduction

bgeyI(iC9ewigheae9ti(hgtvenCn9natewave 0e).i9natUeghiCkiC(,er9nattvmewhICe CIewaCg9eg edI9oxiyIe9 pIe
9iC(tIeghiC(meC dIme.IxgI'meffQmeq iCgmeghi9ei9ed CIea(aiC9ge9 pIea99npIdeyaok(x nCdmeg edxawe CIN9e
aggICgi Ceg eghage9iC(tIeghiC(,

ltIaxeIC n(hmeghi9eo ntdexIqxI9ICgeaCve)9iC(tIUeghiC(,e:nigIen9I0ntmetikIeaCveay9gxaogi CmeyngeghIxIN9e
9 pIghiC(eiCoxIdiytveIa9veg ei(C xIe8e xepi99meghageigeo ntdeyIeaeq 99iytIeTnI9gi Ceg ea9k,
bpa(iCIeaetiCIe( iC(e0x pev nxeIvI9eghx n(heghi9eq iCg,ej webeo ntde9aveghageghIeq iCgei9eC et C(Ixe
ghIeq iCgeigewa9eyI0 xImeigeha9eyIo pIeqaxge 0eaC ghIxe9gxnognxIAeLhIetiCIev nezn9geipa(iCId,eLhIe
Ia9veghiC(eg epi99eyIiC(meghageghi9ewa9eatxIadveghIeoa9I,ebCe xdIxeg e8eq iCge nge8eghi9eq iCgmev ne
hadeatxIadveo C9gxnogIdeghi9etiCI,ebgewa9e9ipqtvei(C xIdmeigewa9e9ipqtvedIIpIdeixxItI.aCg,

Lhi9ei9eiCe9h xgmewhageghi9e9gxiC(e 0egI'gei9eay ng,eLhiC(9mei(C xIdeo CgI'gmeaCdeae9ti(hgtvedi00IxICge
wave 0eghiCkiC(eay ngeghIp,
bgN9eTnigIetikItveghageghI9IeidIa9eaxIeghIeontpiCagi Ce 0eha.iC(eay9gxaogIde9 e0axme8eytnxxIdeg (IghIxe
9 epaCveo CoIqg9e8meghageigepi(hgeC geyIeg  e y.i n9ewhveghiCkiC(eat C(eghI9IetiCI9eo ntdeyIen9I0nt,e
Btt wepIeg egakIev neghx n(heghi9ewitdIxCI99meaCdeqIxhaq9ewIepi(hgedi9o .Ixe9 pIghiC(e 0eiCgIxI9gA

F xeghIep xIeiCI'qIxiICoIdexIadIxAeLhIeipq xgaCgeghiC(eiCeghi9egI'gmeaxIeghIe.i9nat9,eb0ev nenCdIx9gaCde
ghIe.i9nat9mev nenCdIx9gaCdewhagebNpegxviC(eg e9av,ebgN9eqIx0Iogtve0iCIeC geg enCdIx9gaCdeatteghIe
9ICgICoI9eiCedIgait,

Arc: A Visual Introduction to Rays
YIgN9e9t wtvegakIeaqaxgewhveghageI'apqtIepi(hgeyIeae(agIwaveiCg eaCeiCoxIdiytveo pqtioagIdew xtd,e
LakIe0 xeiC9gaCoImeghageq iCgmeynge.i9natiWIdeiCeghi9enCn9natewav,
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Fx peghIeqIx9qIogi.Ie 0eghIe.i9natiWagi Cmev neo ntdeghiCke 0eigeghi9ewavAebed CNgekC weI'aogtvewhage
ghi9eq iCgei9e xeh webekC weay ngeigmeyngebeha.Ieaewaveg eNq iCgNeg eig,e?ngeghi9ei9CNgeTnigIeIC n(h,e
" nepi(hgetikIeg e9avep xIeay ngeig9e9gxnognxIe8e xewhageghageghiC(ei9,

On Continuations
Constructing Continuations - Continuations as Equivalence

l C9idIxeghIe0 tt wiC(Aeb0ebeha.Ieaewave 0eq iCgiC(eg e9 pIeC dI,ebeo ntdegakIeghageq iCgIxeaCde
a9kAe1hagei0eghIxIewIxIep xIeq iCg9eiCeghagedixIogi CHeLhi9eo ntdepIaCeTnigIeae0IweghiC(9,e1hIghIxe
ghIxIN9eaddigi Cateq iCg9eyIhiCdeghIeq iCgme xeyIgwIICepveIvI9eaCdeghIeq iCg,e1hIghIxebepIaCea)CUe
axxavme9IgmetiCImeqaghmehvqIxId(Imeo ttIogi CmeffQmeti9g,eB9eaewave 0e9aviC(Ae31hICI.Ixebeha.IeN CINe
 0e9 pIghiC(mebeoaCeatwav9e9avAe1hagei0ebehadep xIe 0eghageghiC(H3,

Lhi9exai9I9e9I.IxateTnI9gi C9,e)OUe; wed ev neI.ICeo C9gxnogeaeo CgiCnagi CetikIeghagHe)XUe1haged I9e
igepIaCe0 xeaeo CgiCnagi Ceg e( eiCeaet  qHe)/Ue1haged I9eigepIaCeg eha.Ie9 pIghiC(eiCeyIgwIICegw e
q iCg9HmeffQ
LhIxIN9eatxIadve9 pIghiC(ewIeo ntde9aveay ngeo CgiCniC(eaetiCImeI.ICewigh ngepnohexi( xe Ceh weg e
aognattveo C9gxnogeig,eSavewIeha.Iegw eq iCg9m

bCe xdIxeg eo CCIogeghIpeg (IghIxewIe9ipqtve9aveghageghIe3ICd3e 0e CIeq iCgmei9eghIe9apIea9eghIe
3yI(iCCiC(3e 0eghIe ghIxeq iCge[2],

?ngeigN9eC geICgixItve y.i n9ewhage CIeI.ICepIaC9eyveghag,eYIgN9eatxIadvea99npIebeha.Ie9 pIghiC(ewighe
whiohebeoaCeo C9gxnogeaetiCIetikIeghag,ebeo ntde9aveghageghIegw eq iCg9ebNpeiCgIxI9gIdeiCexI(axdiC(e
a9e3ghIe9apI3eaxIe CeaetiCI,

b0ebeaddepvegw eNICd9meI'gxIpI9meffQmey nCdaxiI9NmewhiohebewaCgeg exI(axdea9e3ghIe9apI3eg eghi9etiCIm

Btxi(hgmeghi9ei9eatxIadve9h wiC(e9 pIghiC(eiCgIxI9giC(,ebpa(iCIeghi9AeLitgmei(C xImeo ttaq9IeffQme
9nqIxq 9IeghIetiCIeg eaeq iCgmeaCdewINxIeyaokeageghIetiCI,ebeo ntdexIqhxa9Ieghi9eqx ytIpea9eae9hi0ge
iCeqIx9qIogi.I,e*CIeviItd9eghIetiCImeghIe ghIxeghIe9gxnognxIeay .Ie[3],

1Ieo ntdekIIqeI'qaCdiC(me(x wiC(meaddiC(meffQmeITni.atICoiC(eo CgiCnagi C9metikIewIedidehIxIm



 xekIIqed iC(eghIe9apIeghiC(eyveaddiC(eg eghIetiCIm

whiohew ntdeo xxI9q Cdeg eghi9etiCIm

yngeiged I9CNgeCIoI99axitve(Igen9eaCvwhIxIe Ceig9e wCe)SiCoIewIeoaCezn9gekIIqepakiC(eghIetiCIeyi((IxU,e
S etIgN9ei(C xIegh 9IeI'qaC9i C9e0 xeC w,

Bep xIeiCgIxI9giC(eghiC(ewIeoaCed mei9eiC9gIadeg eo CgiCnIeghIetiCIewhiohedI0iCI9ewhagewINxIe9IIiC(e
a9eq 99iytIeo CgiCnagi C9mepIx(I9meffQmeyxaCohI9,

Lhi9ep xIeay9gxaogtvmei9ezn9geghIe9apIeghiC(ea9ewIedideay .I,e1INxIezn9geaddiC(eITni.atICoI9e Ce
o CgiCnagi C9,e1hagepakI9eigedi00IxICgei9eghIeo CgI'gedI0iCIdeax nCdeig,e;ICoImewIe(Ige9 pIghiC(e
whiohet  k9ep xIetikIeyxaCohiC(meI.ICegh n(heghIveoaCeyIeay9gxaogtvexIatiWIdea9eghIe9apIekiCde 0e
ghiC(,

On Combinatorics



Constructing Combinatorics - Combinatorics as Equivalence

?I0 xIewIeo CgiCnIeItay xagiC(e CewhagekiCde 0eI' gioeghiC(9ewIeoaCed ewigheghIeo CgiCnagi C9,eYIgN9e
gakIeaeTnioke9gIqeyaok,eSiCoIewINdetikIeg eyIeaytIeg edI9oxiyIeaCvghiC(ewIepi(hge0iCdeageIaohe 0e
ghI9Ieq iCg9mewINtteTnioktvegnxCeg eghage0ix9g,

b0ewINdetikIeg eo C9gxnogeghiC(9etikIeCnpyIx9me9vpy t9meCapI9metayIt9meg kIC9meo pyiCagi C9meffQme
qIxpngagi C9,e1INtteCIIde9 pIewaveg e9ItIogeaeqaxgiontaxe.atnIe)Meq iCgUe0x peaeo ttIogi Ce 0eq iCg9,e
F xeghagmewIed CNgeaognattveCIIdeaCvghiC(e ghIxeghaCewhagewIN.IeatxIadve9IICe[4],

b0ewIegakIe nxe9ipqtIeI'apqtIe 0egw eq iCg9m

wIe CtveCIIdeg eqngeaC ghIxedixIogi Ce Ce CIe 0eghIpmeiCe xdIxeg e9ItIogeyIgwIICeghIegw ,

*xe9ItIogiC(eghIe ghIxeq iCgm

BCde9nddICtvewIeha.IeaeyiCaxveCnpyIx,ej gIeghagewIeoaCNgeaognattveo C9gxnogewhageaeyiCaxveCnpyIxei9me
wigh ngedI0iCiC(ey ghe nxe3xId3eq iCgeaCde nxe3ytnIeq iCg3meffQme xe-RO,e1IeCIIdeg edI0iCIeaddigi Cate
o CgI'gmeiCe xdIxeg edi00IxICgiagIeyIgwIICeghIegw ,

BognattvmewIeo ntdeqngeaxyigxaxitveo pqtioagIde(xaqh9meoagI( xiI9me9gagI9meffQme9gxnognxI9eageIaohe
 0eghIeq iCg9etikIeghi9me9ipqtveyveoxIagiC(eaxyigxaxveo CgiCnagi C9,eBCdeghICea(aiCeageIaohe 0egh 9Ie
q iCg9edI0iCIeI.ICep xIeaxyigxaxve9gxnognxI9,

*CIe 0eghIpeo ntdeI.ICeyIeqnggiC(ey ghe nxeq iCg9e Ce nxe9ItIogi Cmea9eae9 xge 0eyiCaxve9nqIxq 9igi Cme
9It08t  qmeidICgigvmey  tIaCmeffQmegvqI,

*xe9 pIghiC(eiCgIxI9giC(etikIeghi9,



Lh n(hmeigN9eC geCIoI99axitve y.i n9eh weg eiCgIxqxIgewhageigepIaC9ewhICe CIe0iCd9eaddigi Cate
9gxnognxIeageIaohe 0eghIeq iCg9,

Arc: Theoretics
Lhi9eCI'geaxoewittegxveg eItay xagIeaeyige0nxghIxe Ce9 pIep xIeay9gxaogeo CoIqg9,e; qI0nttvev nNtte
ha.Ie(aiCIdeae9ti(hgeiCgnigi Ce 0eghI9Ie.i9natiWagi C9me9 eghageghIvNtte9Ix.Iea9eae(nidI,

On Equivalences & Inconsistencies
Lh n(heghIxIN9epnoheC geg etikIeay ngeghIewavebewx gIed wCe9 pIegh n(hg9e CeiCgItti(iyitigveaevIaxe
a( e[1],eLhIxIN9e CIeghiC(eiCeqaxgiontaxeghage9gaCd9e ng,eb0ebeha.Ie CIeghiC(eaCdebepakIeaeqIx0Ioge
o qv,eSnxItvebeC weha.Iegw eghiC(9ewhioheaxIeqIx0Iogtve3ghIe9apI3mexi(hgHeLhIeidIaeyIiC(eghagmei0e
v neoaCeI.ICeq iCgeaCde9aveghageghIxIeaxIe3gw eghiC(93eaCdev neoaCedi9giC(ni9heyIgwIICeghIp,eLhage
9h w9eI'aogtveagetIa9ge CIewaveiCewhioheghIveaxIeC geghIe9apI,eBCdei0ev nNdetikIeg eyIeaytIeg e9ave
ghIveaxIe3ghIe9apI3e8ev neCIIdeg ei(C xIeghagedi00IxICoI,
Btxi(hgmeghagN9eattewItteaCde(  d,e?ngewhaged I9eghageaognattven9I0nttvepIaCewigh ngeyIiC(e9 e.a(nIH
YIgN9egakIegw eo qiI9e 0e nxeyiCaxveCnpyIx,

BxIeghIveghIe9apIHe1Itte8eC meC gexIattv,eltIaxtveghIvNxIedi00IxICgewighexI9qIogeg eghIevItt we
dixIogi C,eBxIeghIvedi00IxICgHe1Itte8eC meC gexIattveghagedi00IxICg,e*Ctve CeghIevItt wedixIogi C,
b0ebeo ntdCNge9IIeaedi00IxICoIeyIgwIICe3ghIegw 3mebew ntdezn9ge9IIeghi9e[5],

Btxi(hgmeghi9epi(hge9gaxgeg e(i.Iev neaCeipqxI99i C,e?ngetIgN9ekIIqeI'qaCdiC(e Ceghi9ekiCde 0eidIa,e
1hagebNpeya9ioattve9aviC(ehIxImei9eghageiCe xdIxeg eq iCge nge9 pIe9vppIgxvmeiC.axiaCoImeffQme
ITni.atICoImebeCIIdeaooI99eg e9 pIea9vppIgxvme.axiaCoImeffQmeiCo C9i9gICov,e*xea(aiCeghi9eghiC(e 0me
iCe xdIxeg eq iCge nge9 pIewaveiCewhioheghIvNxIeghIe9apImebeCIIdeaooI99eg e9 pIewaveiCewhioheghIvNxIe
C g,e*xe9ti(hgtvexIqhxa9IdMei0ebeoaCC ge9IIeaedi00IxICoImeigewittet  keghIe9apIeg epI,

BCeI'apqtIe 0eghi9epi(hgeyIeaegang t (v,eBegang t (ved I9CNge(ICIxattveh tdenq,ebCe9IggiC(enqeae
gang t (vmeghIxIepn9geyIeaCea9vppIgxveiCe xdIxe0 xepIeg eq iCge ngewhiohegw eghiC(9eaxIe9nqq 9Ideg e
xIqxI9ICgeghIe9apIeghiC(,eLhIexIa9 Cewhveghaged I9CNgepaggIxe0 xep 9geghiC(9eo C9idIxIdegang t (iI9me
i9eghageghi9eiCo C9i9gICovei9ezn9gedIIpIdeaCeixxItI.aCgedIgait,eLhi9ea9vppIgxveoaCeyIei(C xId,eBCde
hICoImei0ewIeatt we0 xeghIei(C xaCoIe 0eghi9edi00IxICoImeaegang t (veh td9Ae3 0eo nx9IeghIveaxIeghIe
9apI3e8ei0ev nei(C xIeghIedi00IxICoImeghagei9,

bgN9eTnigIeIa9ve)iCe(ICIxatUe0x peIighIxeqIx9qIogi.Imeg ea9kewhageigew ntdepIaCeg eohaC(IeqIx9qIogi.Ime
a9eigewIxI,eSiCoIeohaC(iC(eqIx9qIogi.Iei9ezn9geaddiC(mexIp .iC(meffQmeohaC(iC(e9gxnognxI,eFx peghIe
qIx9qIogi.Iewhiohe Ctve9II9eaeyiCaxveCnpyIxmewIeo ntdea9kAe31hagei0ebe9aweghi9eghiC(ea9eghxIIeq 99iytIe
 qgi C9H3



LhIeo C9ITnICoI9meaoonxaovmeipqtIpICgiC(meffQme0iCdiC(e) 0Ue9noheaeohaC(Ieh wI.Ixe8e0 xe9 pIe ghIxe
ghiC(e CIei9eiCgIxI9gIdeiCmei9eC geageattegxi.iat,e1hvei9eghageghIeoa9IH

LakIea(aiCmeghIeI'apqtIe 0egw eq iCg9ewigh nge9gxnognxImewh 9Ie9gxnognxIewIed CNgeha.IeaooI99eg me
ffQmewh 9Ie9gxnognxIewINxIei(C xaCge 0,

Fx peghi9eqIx9qIogi.Ieige9IIp9e9ipqtIeg eITni.atICoImea99npIe)9ipntgaCIigvmeffQmeiC.axiaCoIUmeffQme
i(C xIeghIedi00IxICoIeyIgwIICeghIegw ,eLhIe CtveghiC(ewIeCIIdeg edI9gx vei9e CIeo CCIogi CmeaCdewIe
(IgA

Sipitaxtvme0x peghi9eqIx9qIogi.Ieige9IIp9eTnigIe9ipqtIeg e(x weyaokeg eghIe ghIxe9gxnognxI,e1Ie
 CtveCIIdeg eiCgx dnoIe9 pIeiCo C9i9gICovmea99npqgi Ce 0e)C C89ipntgaCIigvmeffQme.axiaCoIUmeffQme
di00IxICoI,

LhI9Iegw eqIx9qIogi.IeaxIe y.i n9tveatxIadveq 99iytveiCo C9i9gICgewigheIaohe ghIx,e?ngewhveghi9ei9e
aehaxdeqx ytIpmei9eyIoan9Ie CIepi(hge0iCdeaddigi Cate9gxnognxImeffQmei(C xIde9gxnognxIeageIaohe 0e
ghIeq iCg9,eBCdeigN9eC geCIoI99axitve y.i n9ewhageg ed ewigheghag,

SavewIewaCgIdeg ea99npIe9 pIeITni.atICoveyIgwIICeghI9Iegw ,

LhIxIeaxIepaCveghiC(9ebeo ntdepIaCe xewaCgeg ed ewigheghag,
beo ntde9gitteha.IeaooI99eg eghi9e9apIe9gxnognxImeynge CtveaooI99iytIe0x peaedi00IxICgeqIx9qIogi.I,

beo ntde9avme3 hmeghIe CIei9exIdmeghIe ghIxei9eytnI3meaCdeghIvepn9geyIeEghIe9apIekiCdEe 0exIdeaCde
ytnI,eBCde9 e9nxItvmei0ewIei(C xIeghIedi00IxICoIeyIgwIICeghIegw meghageo ntdeyIeiCgIxqxIgIdea9eae
9nqIxq 9igi C,



beo ntdezn9gedI9gx ve CIe 0eghIpeo pqtIgItvmea9ebew ntdeha.Ied CIe0x peghIeqIx9qIogi.Ie 0eyIiC(e
i(C xaCge 0eaddigi Cate9gxnognxI,e)LhIegw evItt weq iCg9eay .Imewhiohebezn9gepIx(Ideg e CIU

Lhi9eo ntde0xaCktveyIeaCvghiC(,eb0eigeoaCeyIeo C9gxnogIdmeghi9ei9e.atidewave 0eITni.atICoiC(eghIe
gw ,eS eghi9mei9eaeqIx0IogtvexIa9 CaytIewave 0eITni.atICoiC(e nxexIdeaCdeytnIeq iCg9A

BC ghIxewave 0eghiCkiC(eay ngeghi9mei9eghageaCeITni.atICoIeaCdeaCeiCo C9i9gICoveaxICNgeaognattvedi00Ix8
ICgeghiC(9eageatt,eBCdeghageo CoIqg9etikIeITni.atICoImei(C xaCoImexIC xpatiWagi Cmeo ax9I8(xaiCiC(me
ffQmeiCo C9i9gICoveoaCeatteyIen9Ide9 pIwhageiCgIxohaC(Iaytv,eBCdebeCIIdeaddigi Cate9gxnognxIeg e
di9giC(ni9heyIgwIICeghIp,eLhIved CNge(ICIxattveh tdenq,eLhi9epi(hge0tveaeyigeiCeghIe0aoIe 0eh wev ne
n9nattven9Iew xd9meyngetIgN9eICgIxgaiCeige0 xeaep pICgmeaCde9IIei0ewIeoaCedi9ICgaC(tIewhagebeo ntde
q 99iytIepIaCeyveghage8ewigh ngedI9oICdiC(eiCg e.a(nIepadCI99,

On Orbits
Infinities, Loops, Self-Reference, Fixed Points, Halting, jjW, Abstractions

b0ebewaCgIdeg eqhxa9Ieghage9 pIghiC(ewa9eo C9i9gICgmeITni.atICgmeffQmeiC.axiaCge8eiCe(ICIxate8,e*CIe
wave 0ed iC(eghagmei9e9aviC(eghageixxI9qIogi.Ie 0e9 pIedixIogi Cmeigewitteatwav9e9gaveghIe9apI,e*xe
iCe ghIxew xd9meghIxIei9e9 pIet  q,eLhIxIei9e9 pIewaveiCewhioheigeh td9meiC0iCigItv,

LakIeae9ipqtIeq iCg,

+akIeig9eyI(iCCiC(eaCdeICdeITni.atICgeyveaokC wtId(iC(eaCeiCo C9i9gICov,

BCdeghIxIewIeha.IeigmeaCeiC0iCigvmet  qmeffQme xyigeei0ewIei(C xIeghIedi00IxICoI,

LhIeqx ytIpewigheaet  qeyIiC(meghageiCe xdIxeg exIpaiCeo C9i9gICg,eBCvghiC(e0 nCdeageghIeq iCgepn9ge
CI.IxeohaC(I,e" neoaCC gedi9giC(ni9heyIgwIICeIaoheigIxagi Ce 0eghIet  qe8eghIxIepn9geyIeC ea9vppIgxve
 CeIaoheigIxagi C,
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?ngeigN9epnohew x9IeghaCeghag,eLakIe0 xeiC9gaCoIeaCeiC0iCigIetiCIe 0eae9ItIogIdeyiCaxveCnpyIx,

LhIxIei9eC eq 99iytIewave0 xepIeg edi9giC(ni9heyIgwIICeIaoheigIxagi C,eLhIe Ctvewav9eg ed e9 mei9e
g eiCgx dnoIe9 pIedi00IxICoIm

whiohew ntdeyxIakeghIeo C9i9gICove 0eghIet  q,
*xe0 xeghIet  qeg eyIei(C xaCge 0epveiCgx dnoIde.axiaCoIe8ewhiohepIaC9eigN9eyaokeg eghi9,

bCewhioheoa9ImeghIet  qei9CNgeqIx0IogtvexIqIagiC(meyngepIxItveaCei(C xaCge CI,

*xeiCe ghIxew xd9Ae1hICI.Ixev neha.IeaCeiC0iCigvmet  qmeffQme xyigmeIighIxev neaognattveha.Ieaet  qme
aCdeghIxIN9eC ghiC(ev neoaCed eay ngeig,e*xev neaxIei(C xiC(meffQmepi99iC(eghIeiC0 xpagi Ce Ceh we
igN9eC ge CI,

Lhi9ei9ebeghiCkmeae(  dedI0iCigi Ce 0eaCeay9gxaogi C,
BC ghIxeI'apqtIe 0eghi9ei9exI.Ix9iyitigv,eLhIe Ctvewaveg eo C9gxnogeqIx0IogexI.Ix9iyitigvmei9e
i0eghIxIN9eC edi9giC(ni9hayitigveyIgwIICeghIeigIxagi CeNyI0 xINeaCdeNa0gIxNeghIexI.Ix9iC(,eBCde
ghageqxaogioattvmewhICe CIeghiCk9eay ngexI.Ix9iyitigve)9ave0 xeiC9gaCoIeaeCnpyIxetiCImeffQme xe
9 pIedipIC9i CUme CIei9e CtveiCgIxI9gIdeiCeaeqaxgiontaxekiCde 0eo C9i9gICovmeffQmexI.Ix9iyitigv,e
l C9i9gICovmeffQme=I.Ix9iyitigvea0gIxei(C xiC(e9 pIedi00IxICoI,

LakIe0 xeiC9gaCoImeghIeay9gxaogi Ce 0egw eq 99iytIe.atnI9,

1haged I9eigepIaCeg e9avmeghageigN9eEzn9gEeghi9e9gxnognxIHeBCdeC ghiC(ep xIedI0iCIdeax nCdeigHe; wme
0 xeI'apqtImed ebekC weigN9egw meaCdeC gep xIH
:nigIe9ipitaxtveg eghIet  q9mebeo ntdeyIei(C xaCge 0eaddigi Cate9gxnognxIeyvea99npiC(eigN9eC geghIxI,

BCdei0ebewaCgIdeg e(naxaCgIIeigN9eEzn9gEeghi9e9gxnognxImebew ntdeCIIdeg ea99npIe9 pIeo C9i9gICove 0e
igmeiC0iCigItv,e3bgeCI.IxeohaC(I93me3LhIxIewitteCI.IxeyIeaCvghiC(eaddigi Categ e0iCdehIxI3meffQme3bge
hatg9ehIxI3,eBCdebeo ntded e9noheaeghiC(eaCvwhIxIe CeghIe9gxnognxI,



BCde9ipitaxtvmeghagew ntdeaognattveyIeghIeoa9I,e*xebNpea(aiCmei(C xiC(meffQmepi99iC(e9 pIe9gxnognxI,e
beoaCNgeaognattve(i.Ieae(naxaCgIIeghageaCvedixIogi CewittehatgmeffQmeo CgiCnI,ebeoaCe Ctvea99npIe
igN9eghIeoa9I,

On Assumptions & Assumption Violation

*CIepi(hgea9ewItte8ep xIeqxaogioattve8e9aveghage9 pIeo C9i9gICovmeffQmewItt8dI0iCIdeqx qIxgveo ntde
yIep xIe.a(nItvexI9gagIdea9Ae3laCexItve Ce9 pIea99npqgi C9ewigh ngeghIRpnoheCIIdeg eo xxIogeghIpei0e
ghIveaxIe.i tagId3meffQe34.ICegh n(hebNpeC geaognattveaoonxagImeigepi(hgeC gepaggIxe0 xeghi9e ghIxe
ghiC(,3,e1hIxIe.i tagIdezn9gepIaC9e9 pIeiCo C9i9gICovewighexI9qIogeg ewhagewa9eI'qIogIdeaoo xdiC(e
g eghagea99npqgi C,

1hICI.Ixev neha.IeaCea99npqgi CetikIeghag,e" ned CNgeCIoI99axitveCIIdeg edxaweo Cotn9i C9ea9eg eig9e
n9I0ntCI99meffQmeo xxIogCI99,eb0eigeoaCeI.idICgtveyIeo C9gxnogIdeaCdeoaCeqIx9i9geh wI.Ixe0tIIgiC(tvme
ghagei9eIC n(h,

?a9ioattvAeigN9eC gewhIghIxe3XePeXe5eJ3,ebgN9ewhIghIxev neoaCeC gioIei0eghagmeiCeghIeqx oI99e 0e
waCgiC(eg eoatontagIeNXePeXN,eLhageghIexI9ntged I9)ReC gUepagohev nxep xIeay9gxaogeidIae 0ewhage
addigi Ce9h ntdet  ketikI,eb0eiged I9CNge8ewhiohev neo ntde9avewa9eiCo C9i9gICgeaoo xdiC(eg ev nxe
)i(C xaCgUeay9gxaogep dIte8ewittev neC gioIHel ntdev nenCdIx9gaCdeig9eI00Iog9meffQmeo C9ITnICoI9ei0e
iged I9CNgHe4.ICei0ev ned meoaCev ne0iCde ngewhvHe8eLhi9e9IIp9eaepnohehaxdIxeqx ytIp,e*CIewhiohei9e
pnoheIa9iIxeg ei(C xImeqxaogioattv,

j gIeghageigeghICew ntdCNgeyIeICgixItve y.i n9ewhagew ntdehaqqIC,e? ghe0x peghIeqIx9qIogi.Ie 0eghIe
ay9gxaogi Cme xeghage 0eghIeiCo C9i9gICov,e6Ixhaq9ev neo ntdedxawe9 pIet  9IeaCat (iI9eyIgwIICe
aooItIxagi CR(xa.igveiCeaeoa9IetikIeghi9meyngea(aiCmeghi9ei9CNge y.i n9eageatte8eaCdeqx yaytveaehaxde
qx ytIp,e6 99iytveaxyigxaxveo pqtI'igvepi(hge0 tt wea0gIxe9 pIea99npqgi Cei9e.i tagIde8ev neCIIdeg e
kC wep xIeay ngeae9v9gIpeiCe xdIxeg eaC9wIxeaeghiC(etikIeghi9,

BCveay9gxaogi Cme xezn9ge CIe 0eghIexave.i9natiWagi C9e9h wCehIxImei9ep xIeaoonxagItveqhxa9Ideyve
ghx wiC(e9 pIe.a(nICI99meffQmeapyi(nigveiCeghIepi',e?ve9aviC(meghageNghi9ew ntdeyIeghIeoa9INmei0e
NatteghI9Iea99npqgi C9eh tdN,eLhi9ewavev neatt we0 xe9 pIeq 99iytIenCoIxgaiCgv,eBCdeatt we CIeg e
ay9gxaogtveh  keiCg eaCve9gIqe 0eghIe.i9natiWagi Cmeo pqngagi CmeffQmeqx oI99meaCdea9kAe31hagei0e
ghi9ewa9CNgeghIeoa9IH3e8e31hagei0eghagedidCNgeaognattvehaqqICH3,e

On Fractals
Transduction, Reducing, Super-, Sub-, jjW, Fractions

Btte 0eghi9ei9eI99ICgiattve9aviC(meghageaCeidIaetikIe9It08xI0IxICoIeoaCe CtveyIepaiCgaiCIdeay9gxaogtve
yvei(C xiC(ea9qIog9ewhiohew ntdepakIeIaoheigIxagi Ce 0e9It08xI0IxICoIedi00IxICg,

1hagei0ewIewaCgIdeaewaveg edI9oxiyIewhagewa9eiCeyIgwIICegw eq iCg9He1IeatxIadveha.Ieaewave 0eo CCIogiC(e
ghIpeg (IghIx,

LhIxIeaxIeqx yaytvepaCvewav9e 0ed iC(eghi9me CIeo ntdeyIeaddiC(e9gxnognxIe CeghIeo CCIogi C,

1hioheo ntdeya9ioattveyIeghi9eghiC(ewIN.Ie9IICeyI0 xI,



BC ghIxeo ntdeyIe9ipqtve9aviC(meghIxIN9eaedi00IxICgewave 0et  kiC(eageghi9eghiC(mewhioheiCotndI9e
9 pIghiC(eiCeghIepiddtI,

?ngetikIeghi9mewIed CNgexIattveha.IeaooI99eg e9aveghIeaddIdeq iCgei9e3iCeyIgwIIC3e nxe ghIxegw eq iCg9me
wIezn9geha.IeghxIIeq iCg9,e*CIewave 0eghiCkiC(eay ngeigmei9eghagewIewaCgegw ewav9e 0edI9oxiyiC(eghIe
9apIeghiC(,e*CIewhiohepIaC9e nxen9nategw eq iCg9meaCdeghIe ghIxmen9ea9kiC(ewhagN9e3iCeyIgwIIC3eghIp,

Bp C(eghIepaCveq 99iytIewav9e 0ed iC(eghi9me CIeo ntdeyIeg edxaweITni.atICoI9eyIgwIICeq iCg9e)aCde
dIqICdiC(e CeqIx9qIogi.Imeq 99iytveo CgiCnagi C9U,

1hioheo ntdeyIeqhxa9Idea9A

Be9ipqtIewave 0eqhxa9iC(eghi9mei9e CIeqaghegakI9ev ne0x pe-eg eO,eBC ghIxeqaghegakI9ev ne0x pe-e
g e-,Zeg eO,eBCdezn9getikIeaCve9gxnognxImewIeoaCeqngeaC ghIxedixIogi Ce Ceigea9eaeq 99iytIewaveg e
9ItIogeN-,ZN,

Lhi9eghICeat9 eyIiC(e CIe 0eghIewav9eiCewhiohe CIeoaCey gheha.IeghIe xi(iCate9gxnognxIeiCegaogmeaCde
dI9oxiyIeI'i9giC(eo CgiCnagi C9eiCeaC ghIxeNtavIxN,

Lhi9e9 xge 0eghiC(e(i.I9exi9Ieg epaCveiCgIxI9giC(eoa9I9AeiCo C9i9gICgtvedI9oxiyiC(eo CgiCnagi C9e
a0gIxe9 pIeiC0iCigveiCeyIgwIICea9eNyi((IxeiC0iCigiI9NmeffQmeaxyigxaxveaddigi Cateo pqtI'igvewhiohe
haqqIC9eiCeyIgwIICegw eq iCg9e)whiohe CIei9eq 99iytvei(C xaCge 0U,e" neo ntdeI.ICetIaqeg e9 pIghiC(e
iCgIxI9giC(e 0eqhxa9iC(eay9gxaogi Cewighep xIe9gxnognxIRo pqtI'igvmea9eyIiC(eyi((IxeiC0iCigiI9,

6x yaytveghIexIa9 Cewhve CIen9nattved I9CNgea9kewhagN9eyIgwIICegw e0xaogi C9mei9eghageghi9eTnI9gi Ce
i9eatxIadve9It08xI0IxICgiattveaC9wIxId,eBCdedIIpIde3C geiCgIxI9giC(3,eB9eaewave 0e9aviC(Ae3" neoaCe
atwav9ekIIqea9kiC(ewhagei9eyIgwIICegw eq iCg9meaCdeghageaC9wIxei9eatwav9eghIe9apI,3e[8],e1hiohei9eaCe
I'apqtIe 0eh weae9ipqtIeqaggIxCmewhiohetikItveiCo C9i9gICgtvei9ea99npIdeg eiC0iCigItveh tdmegakI9e
qxI0IxICoI,

B(aiCmewhage CIepIaC9eyve9aviC(eghage30 tt wiC(ey gheqagh9eICdenqeageghIe9apIeq iCg3,eb9eghageghi9e
oaCe CtveaognattveyIeghIeoa9Imei0e CIeoaCei(C xIRi(C xI9ewhioheqaghei9egakIC,

j gIeghageghi9ei9eghIeidIaeyIhiCde9 pIghiC(eo CgiCn n9Ro CgiCnigv,eBe9ipqtImetikItveiCo C9i9gICge
t  qewhioheh td9me xepIxItveghIeiCayitigveg eI.ICea9keghIeTnI9gi Ce 0ewhagN9eiCeyIgwIICegw eghiC(9me
iC0iCigItv,



On Movement & Teleporting
:nigIe9ipitaxeg e0xaogat9e) xeaCveo CoIqgexIattvU,e1Ieo ntde9aveghagep .IpICgeaCdegItIq xgiC(eaxIe
ghIe9apIekiCde 0eghiC(,e?ngebeCIIdey gheo CoIqg9eiCe xdIxeg egItteghIedi00IxICoIeyIgwIICeghIp,
LakIe nxe0xaogateI'apqtIme0 xeiC9gaCoIA

1hIxIeghIe9h xgIxeqagheo ntdeyIeo C9idIxIdegItIq xgiC(,eb0ebekCIwe Ctveh weg egItIq xgmebew ntdezn9ge
9IIeghi9A

b0ebe CtvekCIweh weg ep .IA

beCIIdeg eyIeaytIeg e9ave0x peghIeqIx9qIogi.Ie 0egItIq xgiC(AeLhi9ew ntdN.IeyIICeghIe9t wIxeqagh,e
BCde0x peghIeqIx9qIogi.Ie 0ep .iC(AeLhi9egItIq xgIdepIeaox 99eghIedi9gaCoIebe ghIxwi9IeCIIdIdeg e
9t wtvep .Ieghx n(h,e8eb0ebeoaCNgmeghIvNxIeghIe9apIeghiC(,
?ngeIighIxewavmeghIvNxIep xIeay9gxaogtvezn9geghIe9apIeghiC(,e1INxIezn9gep .iC(eat C(e9 pIe)q 99iytve
p xIeo pqtioagIdUeqagh,

Lhi9eo CoIqgei9eTnigIe(ICIxatiWaytI,e1IeoaCe9aveghIe9apIeghiC(e0 xet oatRC C8t oatmetiCIaxRC C8tiCIaxme
ot 9IRdi9gaCgmeffQmegxi.iatRC C8gxi.iat,eLhi9ei9ezn9geaCeI'gIC9i Ce 0eghIeidIaAeLhIvNxIeC ge(ICIxattve
9 pIewavmeigedIqICd9e CeghIe ghIxeo CgI'ge CIei9eaytIeg eaooI99,

Savebehade9 pIe9ItIogi Cm

BCdebewaCgIdeg egItIq xgeghage .Ixm

LhIe Ctvewaveg eaognattved eghagmei9eg eiCgx dnoIe9 pIeiCo C9i9gICoveat C(e9 pIedixIogi C,e*xAeha.Ie
9 pIe9gxnognxIe) nxe9ItIogi CeiCeghi9eoa9IUmegxa.Iteaox 99eghagedixIogi C,

*xeiCe ghIxew xd9me9 pIeITni.atICge9gxnognxIeCIId9eg eyIeiCo C9i9gICgeiCe9 pIewav,e*xAe1IedxaweaCe
ITni.atICovewhioheCIId9eg eyIei(C xaCgeiCeghIedixIogi CeiCewhioheigN9edxawC,



Sipitaxtvmegxa.Ix9atmexIwxigiC(meo pqngagi CmeITni.atICoI9meffQme0nCogi C9meaCdeqxIggvepnoheI.Ixve
o CoIqgeoaCeyIeoagI( xiWIdea9eghi9,e+ xIen9I0nttvAe; wepnohed ebeCIIdeg eohaC(IRi(C xIeyI0 xIeghIvNxIe
ghIe9apIeg epIH

On Compression

LhIega9kewigheo pqxI99i Ce8e xeaCveITni.atICoIexIattve8ei9eghageCIoI99axitvev neCIIdeg exIo .Ixe
9gxnognxateiC0 xpagi C,e1igh nge9gxnognxImev neoaCC geq iCgeg e3gw eghiC(93meae9ITnICoIe 0eghiC(9me
qx yayitigve 0eghiC(9meffQmeaxyigxaxitve9gxnognxIdeghiC(9,

Be9ipqtIeI'apqtIe 0eghi9eo ntdeyIeghIedi00IxICoIeyIgwIICeJeyig9eiCe9ITnICoIm

Jeyig9ewh 9Ie9gxnognxIebN.Iei(C xIdeghx n(heaC ghIxetavIxe 0eay9gxaogi Ce)*xeya9ioattveaCvenC xdIxIde
9gxnognxIU

)iCeae9ti(hgtvetI99eotn9gIxIdexICdIxiC(U

 xe9 pIghiC(etikIeJeyig9eiCeae(xid

:nigIe y.i n9tvmei0ebedidCNgekC wewhiohe CImebew ntdeCIIdeaddigi CateiC0 xpagi Ceg edi9giC(ni9he
yIgwIICeghIp,
SnddICtveaeo CoIqgetikIeICgx qveyIo pI9eICgixItveotIaxAe[n9ge.i9natiWIeghIeo pqxI99 xeaCdeq 99iytveghIe
 xdIxe) xep xIe(ICIxattvAeghIe9gxnognxIUeiCewhioheiC0 xpagi Cei9exIoIi.Idmea9eaddigi Cate9gxnognxI,e
jIoI99axitvmeghage)xItagi.IUe9gxnognxIei9eaddigi CateiC0 xpagi C,ejIoI99axitvmeoIxgaiCeghiC(9eaxIe
Ia9iIxewighme xeIa9iIxewigh ngegh 9Ie9gxnognxI9,

BCdeghICmedIqICdiC(e CeghIeo pqxI99 x,e" neoaCeha.IeiCgIxI9giC(eghiC(9etikIet oattvme9qagiattvmeffQme
gIpq xattve0 x(IggiC(e9gxnognxI9,e1hiohew ntdexItve Ce9gxagI(iI9etikIeIa9vexI8di9o .Ixayitigve0 xe
ghiC(9e0 x( ggIC,eSnoheI'qIogagi C9eh wI.Ixmea9eaeqxIdiogi CexItviC(e Ce9 pIeiC.axiaCoI,eb9eaCe
a99npqgi Ceagexi9ke 0eyIiC(e.i tagId,eBCdeghIep dIe 0exIdi9o .IxiC(eig9It0mei9e9nyzIogeg eyIiC(e
0 x( ggICe)aCdeghICeqIxhaq9exIdi9o .IxIdU,

Arc: OrbitMines Explorer: The Pro/ect



*xyig+iCI9e4'qt xIxe8e1b6e6xItipiCaxveLIohCioatebpqtIpICgagi CR4'qt xagi C

6rapping up

1hagebeghiCkeghi9ewittegnxCe ngeg eyIMeb9eghageiCeghIeqx oI99e 0egxviC(eg enCdIx9gaCdeqx (xappiC(e
taC(na(I9meo pqitagi CeaCdeo pqxI99i C,eLhagebeICdIdenqeay9gxaogiC(e9 e0axeawave0x peghIp,eLhage
aidIdeyveha.iC(e9 pIeiCgnigi.IeC gi Ce 0ehvqIxId(I9mebe9gnpytIdenq Ceghi9e0 xpntagi Ce 0e=av9,
1hiohei9etikItveIighIxeaexIdi9o .Ixve 0eo CoIqg9eiCeoagI( xveghI xvme xeaCeI.ICep xIe(ICIxatmeq 99iytve
p xIeIa9itveqx (xappaytIeaCdexIqx (xappaytIe)Meq 99iytveh p io CioUe.axiaCge 0eig9eidIa9,e?IiC(eghi9e
(ICIxatmeTnigIeoIxgaiCtveo CoIqg9e0x peattekiCd9e 0e0iItd9e9h ntdeyIeqhxa9I8aytIeiCeghi9e)q 99iytvUe
p xIe.i9nattveiCgnigi.Iewave 0epaCiqntagiC(eo CoIqg9,
Lh n(heghi9eonxxICge9Ignqei9eTnigIeiCgnigi.Ieg epImebe9gitteCIIdeg etiCkeaet ge 0eigeg eI'i9giC(e
o CoIqg9,eBCdeTnigIedItiyIxagItvmebN.IeC geCIoI99axitve( CIeiCg eghIedIgait9e 0eaCveqaxgiontaxe
iCgIxqxIgagi CRipqtIpICgagi C,eB9eghi9eghiC(ei9eiCoxIdiytve0tI'iytIe8eaCdeigN9eC gevIgeageatte y.i n9e
g epIewhageghIexI9ntgiC(eipqtIpICgagi Cewittet  ketikI,

Future inquiries

*CIeghiC(eghageha9eyIo pIeTnigIeotIaxeg epI,eb9eghageghIeyI9ge9 tngi C9eiCeghi9etiCIe 0eqx zIog9me
witteCIoI99axitveyIeghIeiCgIx0aoIewighewhiohe9 pI CIeiCgIxaog9ewigheay9gxaogeidIa9,eLhi9eo ntdeyIeae
taC(na(ImeffQme9 pIghiC(e 0eghIeg  tiC(eax nCde9noheaetaC(na(Ie)whioheig9It0epi(hgeyIeo CoIqgnatiWIde
a9eaC ghIxetaC(na(IU,e1hiohe CImed I9CNgeaognattvexIattvepaggIxepnoh,erCdIx9gaCdiC(eghIedIgait9e 0e
9qIoi0ioekiCd9e 0etaC(na(I9med CNgepaggIxepnoh,el C9gxnogiC(eaeqtag0 xpmetaC(na(ImeffQmeiCgIx0aoIme
a9e(ICIxatea9eq 99iytIe9 eghage ghIx9eha.Ieaewave 0eipqtIpICgiC(eghIix9ea9eo C.ICiICgtvea9eq 99iytI,e
Lhagei9eaCeipq xgaCgeidIaeiCeghi9eqx zIog,

LhIxIeaxIepaCveqx zIog9ebNpeonxxICgtveI'qIogiC(eg eipqtIpICgmeffQmeICo nCgIxewighiCeghi9e0xapiC(,ebe
I'qIogebNtteyIeaytIeqx .idIep xIedIgaite CeghI9Ieghx n(h ngeX-XJ,

B9eae9ipqtIeo CoxIgIeI'apqtIA
8e)OUel;"6e)l 9qaC9e 0e;"6Ix(xaqh9U

B9eaeqxaogioatehaCdtIe CeghIew xtdN9eIo 9v9gIpA
8e)XUe1IyB99Ipytvme)/UeLiCv(xad

B9eaehaCdtIe Cep xIeay9gxaogepaghIpagio9eaCdeo pqngIxe9oiICoIA
8e)JUelagI( xveLhI xvme)ZUe; p g qveLvqIeLhI xv

B9eaehaCdtIe Ceqhv9io9A
8e)]UeGc8oatontn9

beI'qIogeg eat C(eghIewaveICo nCgIxeaewidIexaC(Ie 0e ghIxeqx zIog9Ae6x (xappiC(eYaC(na(I9meLhI xIpe
6x .Ix9meffQmeLhI xiI9,ebepi(hgeqnyti9heaet C(eti9ge 0egh 9IebNpeiCgIxI9gIdeiCeX-XJ,eL ekIIqeghi9e
ti9ge9h xgebN.Ie CtvepICgi CIdeghIe CI9ebNpep xIeoIxgaiCe 0,

Bddigi CattvmeonxxICgtveghIe1 t0xapebC9gigngIN9ebC0xa(I pIgxveqx zIoge[15]ei9e( iC(eghx n(heaet ge 0e
9ipitax8t  kiC(eidIa9,eLh n(heig9eonxxICge( at9e8ea9e0axea9ebenCdIx9gaCdeige8eaxIeTnigIedi00IxICge
0x pepiCIe)36 99iytIeo CCIogi C9eg eghIe1 t0xapebC9gigngIN9ebC0xa(I pIgxveqx zIog3U,
ltIaxtvmebNpegxviC(eg eyIeaetiggtIe0ax8xIaohiC(eaCdeI'gICdeiCg eaCve0iItdebeo ntdeq 99iytveipa(iCIe
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