
On the Intelligibility of (dynamic) Systems and 
Conceptual Uncertainty

A collection of my thoughts on intelligibility. An attempt to edge towards a basic theory for 
understanding dynamic systems by computationally bounded observers. While the aim is to have 

practical implications for the design of sophisticated observers, these ideas are quite far-reaching 
and do tend to border on philosophy (an inevitability, perhaps).
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Abstract
ltCmparem emhtemhtgte Demhice(a(tperitcemhteo Cot(mnareDpagtw pke DeDpagiCyearreidtaceaCdeo Cot(mce
; peytCtparr)veiCD pgami C.eace(tpotiBtdecn(tp( cimi Ccbe'nirdiCye Ce(pi peidtace DeaCe OctpBtpjce
rigimami CceaCdeh wecnoheaeDpagtw pkeiceaeCtotccim)be,CtegiyhmeOtritBtemhtpteicecnoheaemhiCyeace
 OItomiBteptarim)xeOnme(tpDtomekC wrtdyte DecnoheaemhiCyecttgcem eriteiCemhtec(aote Deig( cciOirimitcbe
qeo CcidtpemhicegtCmi CiCye Dej(tpDtomjeaCde mhtpetAmptgtceHnimtecncot(miOrtem egiciCmtp(ptmami Cxe
whioheqeOtritBteapteCtotccap)eo Cdimi CceaCdeig(tpDtomi Cce De OctpBtpcb
?Cde)tmxewtekC wetC nyhe Dem eOte(paomioarxewtekC wetC nyheiCe pdtpegaCi(nramte npetCBip CgtCmbeW we
mhtCxech nrdewtey eaO nmeiCcmirriCyecnohe(p (tpmitceiCeaec)cmtge De npegakiCy-eqjrreDipcmemp)em e
dicctomemhte(p Ortgcewhioheo gten(ewhtCewtehngaCcemp)em e(iCeaOcmpaomeo Cot(mced wCbezhirted iCyec xe
qjrre(p ( cteaewa)em ept:o Cot(mnariTtemhtcteiCm eo Coicte(paomioare(p Ortgcem emaokrtb

I. Systems, only Systems
?cewimhegaC)eidtacxewteacc oiamtecigirapeo Cot(mcewimhewirdr)ediDDtptCmew pdcvewhioheiceHnimte
nctDnrem edicagOiynamteOtmwttCed gaiCcxeOnmeimeoptamtcearrekiCdce DediDDionrmitcewhtCemp)iCyem e
ytCtpariTtemhtcteidtacbezhirteqjrrey eiCm edtmaireaO nmeiCmtp(ptmiCyew pdceaCdegtaCiCycxedtOamiCye
cnohe Cm r yioarediconcci CceiceC meg)e(np( ctewimhemhice(a(tpbezhirteqedttgemhtgenctDnre;aCdeOtritBte
mht)eriktr)e(nchew pdceiCm eaCetHniriOpinge DemhtipegtaCiCy.xeqewirre Cr)egtCmi Cemhtgem eo gten(e
wimhenctDnreo rrtomiBtemtpgcewteoaCencteiCe npeDpagtw pkb
,Ctecnoheaemtpgeqjrrencteiceaec)cmtge; pepamhtpNemhte(tpot(mi Ce De Ct.be?Ocmpaomr)xeqjrredtDiCte
mhiceacec gteapOimpap)ertBtre Dedtcopi(mi Ceamewhioheo g(nmami Ceha((tCcbeS eiCec gtectCcteimjcemhte
idtae Deg dtrriCyeiCmtpaomi Ccbe/ e(nmeimeiCm e(tpc(tomiBtec gtepaCd getAag(rtceaptNe/w ejic ramtdje
(apmiortceo rridiCyxeaeciCynraper yioeyamtxeaeo g(nmtpxeaeDnComi Cxeaekt)O apdxemhteiCmtpCtmxeae
hngaCxeae(raCtmxemhtenCiBtpctbe[ mtemhamemhice(tpot(mi Ce Deaec)cmtgeha((tCcewimhiCeaec)cmtgewteo nrde
oarreaCe;iCmtrriytCm.e OctpBtpvec)cmtgceoaCeOte( r)g p(hioxe Btpra((iCyxea((p AigamtxeptonpciBtxe
gnmaOrtxeff]xeaCdeacecnohemhtipeiCmtp(ptmami CeiceC C:mpiBiare[19]e[20]b
l CotiBaOr)xemhte Cr)ewa)em enCdtpcmaCdec)cmtgcxe peamemhteBtp)ertacmem ejd enctDnremhiCycjxeicem e
iCmtpaomewimhemhtgbe[ mtemhamewhtCeqeca)ejiCmtpaomjxeqegtaCec eiCeaewa)emhame OctpBiCye;O)ewhamtBtpe
gtaCc.eDarrcewimhiCemhamedtDiCimi CbeqDeiCeaC)ewa)eiCD pgami C=iCmtpaomi CceoaCeOtempaCcDtpptde
OtmwttCemw eo CotiBtdec)cmtgcxemht)ewirreDarrenCdtpewhameqjdeiCo pptomr)eoarrejiCmtpaomi Cjbeezhiohe
iceHnimteptramtdem emhte rdedtOamtemhameicemhte( cciOirim)e DeaejC CeiCmtpaomiCyje OctpBtpe[21]be,mhtpce
haBtey Ctem eyptamertCymhediconcciCyemhtcteiccntce[23]beF pe npe(np( ctceqjdemhncewp Cyr)eaccngtemhame
aC)ec)cmtgearwa)cetAicmcewimhiCeaC mhtpec)cmtge[25]be/htptD ptxeae(paomioareBitwe Cemhiceicegtptr)Ne
iDec)cmtgceoaCC meiCmtpaomewimhe Ct:aCd: mhtpxemht)ew CjmetBtpekC we Detaoh: mhtpjcetAicmtCotbe'nme
qed Cjmeo Ccidtpemhicea((p aoheacepiy p ncb

II. Equivalence & Extremes
?ectdnomiBtemakte CetHniBartCotxeicemhamemhteOtcme;ve pe Cr)e(tpDtom.edtcopi(mi Ce Deaec)cmtgeicemhame
c)cmtgeimctrDe[26]be?C)e(tpot(mi Ce Deaec)cmtgxeaC)edtcopi(mi Ce Deaec)cmtgxeiceCtotccapir)eDrawtdbe
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zhtCewtemp)eaCdedtcopiOteaewa)eiCewhiohec gtmhiCyeicetHniBartCmxewteaigeD peaCea((p AigamtecttgiCyr)e
nctDnrec rnmi Cbe/hiceicemhte( oktmeiCewhiohewteoaCe (tpamte CeiCmtrriyiOirim)e[27]be/hicehacearre
kiCdce Deo Cot(mnareo CctHntCotcewhioheapteotCmparem emhice(a(tpjcea((p aohbe,Cte Demhteopimioare Ctce
OtiCyemhametAmptgtcecnoheacej(p  Djxejptarje pejmpnmhjeiCB ktemhiCycemhameapteytCtparr)enCkC waOrtxe
aCdemhameaeoraigeriktemhiceiceiCoptdiOr)ectrD:ptDtptCmiarbeF rr wiCyeDp gemhameicemhameiCeaeotpmaiCe
riyhmveD pe npe(tpotiBtde(np( ctcegaC)etAmptgtce;ve penCkC waOrtemhiCyc.ed Cjmegammtpem encxenCrtcce
tdyiCyem wapdemhtgeicedttgtdenctDnrb
?ceaeHniokeaCdeptrtBaCmetAag(rte Demhiceicemhteo Cot(me Dec gtmhiCyejapOimpap)jveca)ec gteapOimpap)e
ctHntCotb

StHntCotNeLe?xe'xeff]ePe|e?'ff]

GiktegaC)eo Cot(mceiCe nperaCynaytcxemhteCamnpte DeimceaOcmpaomCtccearr wceD pemhteoptami Ce De
c gtmhiCyejidtarr)=(tpDtomr)=mpnr)jeapOimpap)bezhioheD rr wiCyeg)eapyngtCmced CjmetAicmeiCeptarim)e
 mhtpemhaCemhtipe(tpot(mi Cbeqmeice Cr)eapOimpap)xeo Cot(mnarr)beS gtec)cmtgeytCtpamtdemhicecttgiCyr)e
apOimpap)ectHntCotbej?pOimpap)jeriktegaC)eo Cot(mcxeh rden(e Cr)eiCeaeotpmaiCeDpagte DeptDtptCote
[30]be/htpteiceaeotpmaiCeo g(rtAeagOiynim)eptramtdem eo Cot(mcewhiohecttgceo CmtAm:dt(tCdaCmb

III. Ambiguity: Conceptual Superpositions
/hte( cciOirim)e De(tpotiBtdeagOiynim)edtgaCdceaec rnmi CxeiCec gtewa)cemhice(p Ortgecttgcemhte
g cmeopimioarem egtbeqCe(apmeOtoancte Deimceor ctCtccem eo Cot(mcerikteg dtrriCyxe;o CDriomtd.e
m)(tcxecmamtce DeDrnAxec)ggtmpitceaCdecn(tp( cimi CcbeqDe Ctempitcem e OctpBtec gte(htC gtC Cewhiohe
o CmiCn ncr)eohaCytceimcecmamtveaed)Cagioec)cmtgxemhp nyhemigteaeC C:mpiBiarecn(tp( cimi Ceapictcb

Sn(tpQ cimi CNe?'ff]e|e?eUe'eUeff]

"tCtpariTiCyemhtcteidtaceaCdenciCyemhtemtpgecn(tp( cimi CeD pemhicxecttgceHnimteiCmnimiBtbeEnimteCiotr)e
D rr wiCyeDp gemhicewhtCe Ctempitcem edicagOiynamte;vewhtCe Ctempitcem eo rra(ctemhtecn(tp( cimi C.xe
 Cteytmceaept(ptctCmami Cewhiohecttgceg pteaomi CaOrtxeOnmeiceCtotccapir)eaecig(riDioami Ce[31]b
/ egaktectCcte DemhteiCmtrriyiOrtxecmpamtyitceD peo rra(ciCyemhtcteo Cot(mnarecn(tp( cimi CcewirreOte
ptHniptdbe?g Cyemhte OBi nceoaCdidamtceOtiCyNeg pteiCD pgami Ce peg pteo g(nmtbe/htecmpamty)eqewirre
c(tCdeg ptemigte Ceramtpeicemhame Deo Cot(mnaretAmptgtcbe?ceaCetAag(rtNeD peaCe OctpBiCyec)cmtgxe
jiyC paCotjeoaCeOteiCoptdiOr)enctDnreD pemhte(tpot(mi Ce DehaBiCyedicagOiynamtdb

IV. Conceptual Uncertainty
zhtCewtemhiCkeaO nmeiCD pgami CejwhiohewteonpptCmr)e( cctccjxemhtptjceaecnOmrteaccng(mi Ce De;ame
mhteBtp)ertacme(apmiar.e(tpcicmtCote DemhameiCD pgami CbeqmecttgcenCriktr)emhame CteoaCed eaC)mhiCye
wimh nmec gteD pge Degtg p)bezimhiCemhamegtg p)ec gteD pge De(tpotiBtdenCotpmaiCm)eoaCeOtetCo dtdbe
'nmeaOcmpaomr)xeiDewteoarrem ec gtejhiyhtpempnmhjxewteo nrdeca)emhameaC)e(tpotiBtdeiCD pgami Ceame
aC)ecmt(e De(tpotiBtdeo g(nmami CeoaCeOteDanrm)eD peapOimpap)eptac Ccbe,peg pteytCtparr)xeciCote npe
dtcopi(mi Cce Dec)cmtgceapteiCtcoa(aOr)eDrawtdxec eiceaC)eaccng(mi Ce De(tpcicmtCote DeiCD pgami Cbe
?C)e(tpotiBtdeiCD pgami Ceh rdcewimheimeaCeiChtptCme(p (tpm)e DejotpmaiCm)ecttgceig( cciOrtjb

?e|e?eUeMCotpmaiCm)

[ mtemhamxeriktenCkC waOrtetAmptgtcxemhtptjceaediDDtptCoteOtmwttCe(tpotiBtdenCotpmaiCm)eaCdejaomnare
;nCkC waOrt.enCotpmaiCm)je[32]b
MCD pmnCamtr)xehaBiCyecnoheiChtptCme(p (tpmitcxeciCotemht)eaptectrD:ptDtptCmiarxertadcem eiCDiCimte
ptyptcci Cbe?Cded tcCjmehtr(ewimhedtoidaOirim)ve pe(paomioarim)beW wemhtCxed tce Ctea((p aohe
iCDiCimitceriktenCotpmaiCm)-

V. Collapsing Infinities with Extremes
?enctDnretAmptgtem e( iCme nmehtpteicejmpncmjbeqDeBtpiDioami Ce DenCotpmaiCm)eptcnrmceiCm enCotpmaiCm)xe
mhtCempncmeicemhte( iCmeamewhiohewtecig(r)eonme DDemhteiCDiCimteptyptcci CeaCdeca)Ne2GtmjceIncmempncme
mhice nm(nm2beqg( pmaCmem eC mtehtpteicemhamemhicejmpncmiCyjeoaCeOteaceC C:mpiBiareacemhtemhiCyeimjce
OtiCyeacopiOtdem beqmeoaCeOtemtg( pap)xeimeoaCehaBtepaCd gej(amp reohtokcjxe CteoaCeramtpeptariTte
mhicejmpncmjewaceiCo pptomr)e(raotdxeOnmeig( pmaCmr)xeimeoaCC meOte(tpDtomveimeoaCe Cr)eOtenctDnre
[34]b
0AmptgtcemhtCxeaptetAmptgtr)eptramtdem eiChiOim p)eOthaBi pbe/ht)eptdnotemhte(tpotiBtdec(aoteiCm eae
cgarrtpec(aotxewhioheiceg ptetacir)eiCmtp(ptmtdxeOnmeCtotccapir)eDrawtdbe/hiceonm DDeiceaeCtotccim)Ne
CtotccimitcedtgaCde(paomioarim)be/hiceiCmp dnotcencem emhteo Cot(me De(pi pimitce;veytCtpioarr)Ne
(ptccnptc.vewhameaptewte (migiTiCyeD pxewhamed tce Ctec(tCdemhtipemigte Cbe?ceaCetAag(rteqe(ptBi ncr)e
gtCmi CtdvemhtptjceaeotpmaiCeiyC paCoteacc oiamtdewimhemhtctetAmptgtcb
/hicetAag(rtecttgceiCoptdiOr)eptrtBaCmNeqDewtemakteaeCtnmpare( cimi Ce CeiCD pgami Ce(p otcciCyxe
wtjdeca)emhamemhtpteiceC ecnohemhiCyeaceC ictbezhtCewteiCB ktemhteo Cot(me DeC ictxewteiCB kteae
Oiacem eDirmtpeD peaec(toiDioekiCde DeiCD pgami CewtedttgeptrtBaCmbezhtCeramtpedttgtdemhame(p otcce
wacejiCo pptomje;o CorndtdenciCyecigirapec)cmtgc.xewteo nrdeoarreimeiyC paCmxeCaiBte peaC)eCngOtpe
 De mhtpemhiCyce[35]be'nmewhamewteapted iCyewhtCeDirmtpiCye nmeC icteiceptg BiCyeiCD pgami CNe2/htpte
giyhmehaBteOttCeaeptac CeD pemhameC icteaCdeimjce(tpha(cew pmhetA(r piCyb2



?B idaCote DeiyC paCoteoaCeOte (migiTtdeD pe;ve pe(pi pimiTtd.xeimeoaCC meOtetAmtpgiCamtdbe/hte
(tpot(mi Ce DeOtiCyeiyC paCmeh wtBtpxeiceaC mhtpecm p)etCmiptr)be[ mtemhameaecigirapemhiCyeoaCeOte
caideaO nmemhteariyCgtCme Dec)cmtgcje(pi pimitcbeqmeriktegaC)e(p Ortgcewhiohecttgem ehaBteptaohtdeaCe
iCDriomi Ce( iCme DecnDDioitCmeo g(rtAim)vecttgeytCtparr)enCc rBaOrtbe?rremh cte(p OrtgcemhtCeo gte
d wCem emhiceytCtparec rnmi Cvewtecttgem eOtenCaOrtem eytCtparr)ec rBtemhtctekiCdce De(p Ortgcbe?rre
 CteoaCed eicemp)em ea((p Aigamtec rnmi CcbeF rr wiCye(ptBi nceapyngtCmcxetBtCeiDeC C:a((p Aigamte
c rnmi CceapteD nCdxeo Cot(mnarenCotpmaiCm)ecmirre(tpcicmcb
qmeicearc ew pmhe( iCmiCye nmemhameo rra(ciCyemhtcteiCDiCimitced CjmeCtotccapir)eCttdeaedtDiCimte
aCcwtpbezhtCewtemakteaer  keameaecig(rtetAag(rte DeaCenCdtoidaOrte(p Ortge;yiBtCe nperaCynayte
htnpicmioc.be,CteoaCeo rra(ctemhiceiCm eae;(p OaOiricmio.ecn(tp( cimi Cxewhioheiceg ptenctDnrem ence
mhaCeptyptcciCyeiCDiCimtr)b

/hicectCmtCoteiceDarcte|e/eUeF

VI. Irreversibility
zhtCedtmtpgiCiCyetHniBartCote pe( cciOrtewa)cem empaCcD pgemhteonpptCmeiCm emhteDnmnptxeaeDagiriape
tAmptgteicenctdNeptBtpciOirim)beqDewtemakteraCynayteaceaCetAag(rteimjcemhte(tpotiBtdeptBtpciOrte
ptrami CeOtmwttCe OItomeaCdeCagtbe/hteCagteiCB ktceae;(apmiar.epto Ccmpnomi Ce DeaCe OItomxetA( cnptem e
cnoheaCe OItomew nrdeo rra(ctewimhiCemhte OctpBiCyec)cmtgem eaeCagtbe/hicecig(rteidtae DeptBtpciOirim)e
(tpgtamtcetBtp)mhiCyeiCmtrriyiOrtbel g(irtpcxeiCmtp(ptmtpcxeo CmtCm:addptcciCye;OteimeO)eCagte pe
hach.xeff]xemht ptge(p BiCybe?e(p (tpewa)e DedtcopiOiCyeptBtpciOirim)xeiceaeotpmaiCeOi:diptomi Care
ptrami Cchi(eOtmwttCec)cmtgcbeF rr wiCyeDp gemhameicemhameo Cot(mcerikteptBtpciOirim)xec)ggtmpitce
aCde(tpgnmami CeiCBapiaCoteapteiChiOim p)etAmptgtce Ceaeopimioareo CmtAmNe/hteaomnarectHntCote De
cmt(ce Deo g(nmami Cewhiohewtpte(tpD pgtdem eptaoheaeotpmaiCecmamtb
qmeicemhameptrami CewhiohedtDiCtcec gtmhiCyeptBtpciOrtbe?eotpmaiCedt(tCdtCote CemhteDaomemhamemhte
ctHntCote Decmt(cem eytmem emhtedtciptde(p BtCec)ggtmp)eiceipptrtBaCmbe/hteig( pmaCme(apmeOtiCye
htptxemhameiCemhteriyhme Deo Cot(mnarenCotpmaiCm)xeimeaomnarr)ed tcegammtpewhioheo g(nmami Ccewtpte
(tpD pgtdxeOtoancteimeo nrdeOteiCDrntCotdeO)ec gtmhiCyeapOimpapir)enCotpmaiCe penCkC wCbe0BtCeiDe
(ptBi ncr)e CtehadedtmtpgiCtde pe(p Btdemhamemht)eapteiCeDaomejmhtecagtemhiCyjbe?Ceada(miBtec)cmtge
h (iCyem emaokrtemhtec(aote DeiCmtrriyiOirim)xegncmeOteaOrtem eada(mem eDarciDitdemhiCyce(ptBi ncr)e
mh nyhmem eOtempntxedtoidtem eo gOamemhteDarciDioami CeOtoanctemhamegncmecnptr)eOteDarctxe pejcig(r)je
makteaecn(tp( cimi Ce Demhtecimnami Cem eOteo rra(ctdeameaeramtpemigtbe?Cdec emigteo CmiCntcff]

Wrapping up
?ceimey tcewimhemht pitcxemhice CteiCe(apmionrapeiceacenctDnreaceimeiceBayntbeW wtBtpxeimehacehtr(tde
gtedtDiCtewimheOtmmtpeorapim)emhteg Ccmp cim)emhameicemhice(p OrtgbezhirteqjgeonpptCmr)ew pkiCye Ce
ig(rtgtCmami Cce Cem (e DemhtcteidtaceqedidCjmeDttremhteCttdem eiCorndtemhtgeiCemhicecnggap)e De
mh nyhmcb
/htcteig(rtgtCmami Cceapte (tpamiCyeiCemhtew prde DeDnComi CaretHniBartCotxeo g(irtpceaCdeC maOr)e
aceae(paomioareDipcmegirtcm CteaCeammtg(meamemhteWnmmtpxe3aponcbe2WnmmtpeQpiTt2be/htctecttgerikte
 OBi ncecnootcc pcem eortapeDipcmbeqjgeh (iCyem echapteg)e(p yptcce CemhiceiCemhteo giCye)tape De
&1&9b
zhirteytCtpariTiCyegaC)eidtaceqjBteriktr)eiCtcoa(aOr)eDarrtCem emhtejhaBiCyedtcopiOtdeO mher w:eRe
hiyh:rtBtreo Cot(mcewimhemhtecagteCagtcjeaceW DcmadmtpedtcopiOtdbe/hicewaced CtewimheaeotpmaiCe
iCmtCmi Carim)eiCeaCeammtg(mem eDpagtegaC)e(p OrtgceacemhtecagteytCtpioemhiCybeqeiCmtCdem e( iCme nme
iCdiBidnaricmioediDDtptCotceOtmwttCec(toiDioeig(rtgtCmami Cce Deo Cot(mcewhtptedttgtdenctDnrb
'tr weaericme DeptDtptCotceoaCeOteD nCdewhioheqetA(rioimr)egtCmi CtdeiCemhice(a(tpbeqeiCmtCdem e
ptrtacteaeDnrrericme DeO  kcxe(a(tpceaCde mhtpeiCD pgami CeqjBtetA( ctdeg)ctrDem ertadiCyen(em emhice
(a(tpeD peaddimi CareptDtptCoteiCemhteDnmnpteiCemhteoactemhameqeDtrrech pme DegtCmi CiCyemhtgehtptb
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