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Culturalhistory of nanominiaturizationgomputing,guantumcomputingandsimulatingis necessary
to comprehenchumancharacteandplaceit in the whole of living beings.ldeasin the history of
physicsby Feynmangtc arevaluedby the questionsthat generateA seriesof questionsanswers
and hypothesisintroducesthe nature of the history of nanominiaturizationproviding facts.
Nanotechnologyadds a third dimensionto the periodic table of the elements.Thinking about
computerswas useful.lt must do with learning computerspossibilities and physics potential.
Provisionakconclusiongollow. (1) Nature(space—time)s not classicalbut discrete;quantizationis
a differentkind of mathematics(2) Nanomaterialgliffer from conventonal onesbecausef large
surface-to-volumeatiosandquantumeffects.(3) Feynmarpredicted:(a) in the nanoworld,onehas
alot of thingsthat would happerthat represenbpportunitiedor design;(b) otherway to simulate
the probabilisticnatureis by acomputerwhichitself beprobabilistic.(4) Problemsaretemperature
andisolation.(5) Advancexistin low-temperaturanaterialsandhigh-energyphysics;promises,in
superconductivity(6) Computingpossibilitiestell peopleabout computerrules and physics.(7)
Philosopherswork betterif they areinterestedin the datathat scientistsunveil. (8) Researchers
shouldnot beafraidto transcendulturalboundariesn searchHor thetruth.
Keywords Nanoworld research,Nanolaboratory, Nanophysics,Nanochemistry, Nanomaterial,
Nanoprobe, Nanosensor, Nanotechnology, Quantum computing, Computing, Technology,

Probability, DeterminismCulturalhistory of physics,PhilosophicalliscussionCulture.



INTRODUCTION

The seminalidea of nanotechnologywas first proposedby Feynman(1959) in his visionary
conferenceentitled Thereis plenty of room at the bottom in which he discussedhe importanceof
manipulatingand controlling things on a small scale and describedhow physical propertiesof
nanomaterialgliffer significantlyfrom thoseof conventionabnesbecausef large surface-to-volume
ratiosandquantumeffects[1]. Whatthencouldto someoneeenthe ideaof alunatic(it was not till
1965that hereceivedthe NobelPrizein Physics)howadayst is a scientific field with a vertiginous
developmentin fact, the conceptof nanotechnologytranscendedrom the scientificsubjectsto be
alsodiscussedh the political, socialandbusinesones.A seriesof questions(Qs) and hypothesis
(H) onnanolaboratorie®llow.

Q1. Why is thefield of nanotechnologgndnanosciencenportant?

Q2. Whatis really new?

Q3. How canonedo researchin thenanoworld?

Q4. How doesonemakeananomaterial?

Q5. How areits novelpropertiesxploitedfor arangeof currentandfuture technologies?

H1. Nanotechnologwyddsathird dimensiornto the periodictableof the elementgPTE).

The culturalhistory of nanominiaturizatiorand quantumsimulators(computersturnedout
to beessentiato understandhumamatureandplaceit in the whole of living beings.A seriesof Qs
wereraisedo introduceminiaturizationon the nanoscal@ndquantumsimulators.

Q6. Is the nanoworldeithera limitation or a lot of new things that would happenthat represent
completelynewopportunitiedor design?

Q7. Is it betterto simulatethe probabilistic natureby eithera quantumcomputeror a quantum
simulator?

Thediscoveryof computersandthinking aboutthemturnedout to be usefulin brancheof

humarreasoninge.g, peopleneverreally underst@d how lousy their comprehensiownf languages



was,theoryof grammarpsychology etc until theytried to makea computerthat would be ableto
understandanguageetc Therule of simulationis that the numberof computerelementsequiredto
simulatealargephysicalsystemis only to be proportionalto the space—timeolumeof the system.
The phenomenaf field theory areimitated by occurrencesn solid state theory (analysisof a
latticework of crystalatoms),whereatom is just a point that hasnunbersassociatedvith it via
quantum-mechanicalilesand quantumnumber is just a constantof motion. Many nanomaterials
with extraordinarythermal,mechanicalpptical, electricaland magneticpropertiesarepromisingin
many fields, e.g, biomedical,drug delivery systemsand cancertherapy,energystoragedevices,
compositesfillers, nanoprobes/sensorand catalysts. Although without considering quantum-
nonlocalitydevelopmentsguantum-computatiomeawas first consideredy Feynmanin a course
on computation(Caltech, 1981-1986)with which notesa monographwas produced[2]. The sixth
chapter treats on quantum computation which deals with the central elementof quantum
computationusingthat quantumsuperposition allows handlingstatesin morethantwo situations
(bits eitherl or 0), giving riseto quantumbits (qubitg. The first realisticproposalfor building a
quantumcomputerwas madeby Cirac and Zoller, then membersof the Institute for Theoretical
Physicsat the University of Innsbruck[3]. Their schemeonsistedf asetof N coldions, confined
by alight amplificationby stimulatedemissiorof radiation(laser), that would form a systemstable
enoughto produceaquantumcomputer.

In earlierpublications fractalhybrid-orbitalanalyss [4,5], resonancg5], moleculardiversity
[7], PTE [8], law, property,informationentropy,molecularclassification[9] and simulators[10]
werereviewed.In the presentreport, Qs wereraisedon the natureof nanominiaturizatiorcultural
history and provide facts. Computationalsimulating physics was examined.Nature is quantum
mechanical and problem is quantum-physicssimulation. Necessity of a reorientation of
translational-scienceesearchis discussedReorientationis performed by bench-guidedreverse

engineeringjn asociety,by culture-guidedeversesngineering.



THEREISPLENTY OF ROOMAT THE BOTTOM
Feynmarraisedthe following Qs on problemof manipulatingandcontrollingthingson asmallscale.
Q1. Whatarethe strangeparticles?
Q2. Whatis miniaturization?
Q3. How far hasit progressedoday?
Q4. In 2000, when one look backat that age,one will wonderwhy was it not until 1959 that
anybodybeganseriouslyto movein this direction?
Q5. Why cannotonewrite the entire 24 volumesof the Encyclopaedidrittanicaon the headof a
pin?
Q6. Is it possibleto reducen sizeall thewriting in the Encyclopaediaby 25 000times?
Q7.How would onereadit?

He raisecthe following Qs on how onewrites small.
Q8. How doesonewrite small?
Q9. Will anelectrorbeametchawayametalit is runlongenough?
Q10.Whatwould happerif oneprints all the booksof interestin the world (say,24-16 volumes)
down at the scalewe havebeendiscussing?
Q11.How muchspacewouldit take?
Q12.Whatwould our librarianat Caltechsay,assheruns all over from onebuilding to another,if |
tell herthat, ten yearsfrom now, all informationthat sheis strugglingto keep track of (120 000
volumes)anbekeptonjust onelibrary card?

He raisecthe following Q oninformationonasmallscale.
Q13. How could it be that, in the tiniest cell, all informationfor the organizationof a complex
creaturee.g, humanscanbestored?

He raisecthe following Qs on betterelectronmicroscopes.
Q14.1f onehaswrittenin acode,with 5x5x5 atomsto abit, how couldonereadit today?

Q15.Whatgoodwould it beto seeindividual atomsdistinctly?
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Q16.Do you know thereasoryou fellows aremakingsolittle progress?

Q17.Whatarethe mostcentralandfundamentaproblemsin biologytoday?

Q18.Whatis the sequencef basesn the deoxyribonuclei@cid(DNA)?

Q19.Whatdoesit happerwhenonehasamutation?

Q20.How is the baseorderin DNA connectedo the orderof aminoacids(AAS) in the protein?

Q21.Whatis the structureof the ribonucleicacid(RNA)?

Q22.Is it single-chairor double-chain?

Q23.How is it relatedn its orderof baseso DNA?

Q24.Whatis the organizatiorof the microsomes?

Q25.How areproteinssynthesized?

Q26.WheredoesRNA go?

Q27.How doesit sit?

Q28.Wheredo the proteinssit?

Q29.Wheredo AAs goin?

Q30.In photosynthesisyhereis the chlorophyll?

Q31.How is it arranged?

Q32.Wherearethe carotenoidsnvolvedin this thing?

Q33.Whatis the systemof the conversiorof light into chemicalenergy?

Q34.Canthe physicistsdo somethingaboutsynthesis?

Q35.1s thereaphysicalway to synthesizeany chemicalsubstance?

Q36.Why mustthe field be symmetrical?

Q37.Is therenoway to makethe electronmicroscopenorepowerful?
He raisedthefollowing Q onthe marvellousbiologicalsystem.

Q38.Canonemanufactur@anobjectthat manoeuvreat the cellularlevel?
He raisedthe following Qs on miniaturizingthe computer.

Q39.How to miniaturizethe computeron asmallscalen apracticalway?



Q40.Why cannotonemakethemsmall,makethemof little wires, little elements?
He raisedthe following Qs on miniaturizationby evaporation.
Q41.How canonemakeasmallcomputer?
Q42.Whatkind of manufacturingorocessvould oneuse?
Q43. Why cannotone manufacturghe small computerssomewhatlike one manufactureshe big
ones?
Q44.Why cannotonedrill holes,cut things,solderthings,stampthingsout, mould different shapes
all at aninfinitesimallevel?
Q45.Whatarethe limitationsasto how smallathingmustbebeforeonecanno longermouldit?
Q46. How manytimeswhenoneis working on somethingfrustratingly tiny like his wife’s wrist
watch,hasonesaidto himself,If | couldonlytrain anantto do this?
Q47.Whatarethe possibilitiesof smallbut movablemaclines?
Q48.Whatarethe problemsof makinganinfinitesimalmachine?
He raisedthe following Qs on problemsof lubrication.
Q49.Whatwould bethe utility of suchmachines?
Q50.Whoknows?
Q51.How doesonemakesuchatiny mechanism?
Q52.How manywashes canonemanufacturen onelathe?
He raisedthefollowing Q onahundrediny hands.
Q53.Whereis onegoingto put 10° lathesthat oneis goingto have?
He raisecthe following Qs onrearranginghe atoms.
Q54. Ultimately (in the greatfuture), canone arrangethe atomsthe way onewants?
Q55.Whatwould happenf onecouldarrangehe atomsoneby onethe way onewantsthem?
Q56.Whatcouldonedo with layeredstructureswith just therightlayers?
Q57.Whatwould the propertiesof materialsbe if onecouldreally arrangethe atomsthe way one

wantsthem?



Q58.Is it possibleto emit light from a whole set of antennaslike oneemitsradiowavesfrom an
organizedsetof antennaso beantheradioprogramgo Europe?
He raisecthe following Qs on atomsin asmallworld.
Q59.How to synthesizeabsolutelyanything?
Q60.How wouldit be,in principle, possiblefor a physicistto synthesizeany chemicalsubstance
that the chemistwrites down?
Q61.Whoshoulddo this?
Q62.Why shouldtheydoit?
He foresawthat when onegetsto the small world, onehasa lot of new things that would

happerthat representompletelynewopportunitiedor design.

SIMULATING PHYSICSWITH COMPUTERS
Feynmarraisedhe following Qs on the problemof simulatingphysicswith computes [11].
Q1. Whatarethe possibilitiesof computers?
Q2. Whatarethe possibilitiesin physics?
Q3. Havepeoplesomethingo learnaboutphysicallaws?
Q4. Whatkind of computeris peoplegoingto useto simulatephysics?
Q5. Canphysicsbesimulatedby auniversalcompute?
Q6. Whatkind of physicsis peoplegoingto imitate?
Q7. Whatkind of simulationdo peoplemean?
Q8. How mightonemodify aphysicallaw?
Q9. Oneis not objecting to the fact that a physical law is anisotropicin principle, but how
anisotropicis it?
He raisecthe following Qs on simulatingtime.
Q10.Is thereaway of simulatingtime, ratherthanimitating it?

Q11.If afunctiondependnall the pointsbothin the future andthe past,whatthen?



Q12.If agenerakind of computerwerelaid out, is therein fact an organizedalgorithmby which a
solutioncouldbelaid out, i.e., computed?
Q13.How would onelay out numberssothat theyautomaticallysatisfyanequation?
Q14. Are therecircumstancesrhereonegetsfunctionsfor which one cannotthink, at leastright
away,of anorganizedwvay of layingit out?
Q15. Does not this reduceto the ordinary boundaryvalue,as opposedto initial-value type of
calculation?

He raisecthe following Qs on simulatingprobability.
Q16.Is therenorealproblemin understandinthe worldview that quantummechanicgepresents?
Q17.Is not onesureno realproblemexists?
Q18. Canone learnanything from askingthis questionabout computerssimulating probability
(aboutthis may or may not be mysteryas to what the worldview of quantummechanicss)?
Q19.1s thereany otherway to simulatea probabilisticnaturewithout calculatingthe probability?
Q20.Whatkind of simulationcanonehave?
Q21.Is animitator, not doingthe samethingasnature,no goal?
Q22.How doesoneknow whatthe probabilityis?
Q23.How doesoneexpectto predictit with acomputer?
Q24.Canoneimitatenature (quantummechanicsyvith alocal probabilisticcomputer?
Q25.How doesit behaven alocalregion?
Q26.How canonesimulatewith acomputerthe quantum-mechanica&iffects?
Q27.How canonesimulatequantummechanics?
Q28.Canonesayeitherlet the computeritself be built of quantum-mechanicalementghat obey
guantum-mechanic#éws or let the computerstill bethe samekind that onethoughtof before?

Q29.Canoneimitatethis situation?



He raisedQs on guantumcomputersanduniversaluantumsimulatorg(cf. Fig. 1).

B |

Fig. 1. A quantum simulator.

Q30.Canonedo it with anewkind of computer(aquantumcomputer)?
Q31.Whatis the universalguantumsimulator?
Q32.If onehaddiscretequantumsystemswhat otherdiscretequantumsystemsare exactimitators
of it?
Q33.And is thereaclassvs which everythingcanbe matched?
Q34.If onewrote a Hamiltonianthat involved only the operatorsannihilate create number and
identity, locally coupledto correspondingoperatorson the other space-timepoints, could one
imitate every quantum-mechanicalystemthat be discreteand havea finite numberof degreesof
freedom?
Q35. CouldFermiparticlesbedescribedy suchasystem?

He raisedQs on quantunsystemseingprobabilisticallysimulatedoy aclassicakcomputer.
Q36. The hidden-variableproblem. Can a quantumsystembe probabilistically simulatedby a
classicaluniversal computer,in otherwords,a computerthat will give the sameprobabilitiesasthe
quantumsystemdoes?
Q37. Canone makea cellular automaton,or something,imitate with the sameprobability what
naturedoes whereoneis goingto supposedhat quantummechanicse correct,or at leastafter one
discretizespaceandtimeit becorrect,andseeif onecando it?
Q38.WhatpropertiesdloesWignerfunctionW havethat areanalogougo anordinaryprobability?
Q39.Canonemakeadevicethat simulateN?
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Q40. In a quantumsystemrepresentedby spin-1/2 objects one can find four numbers,four
probabilities{f..,f._,f_.,f_} that actjust like probabilitiesto find thingsin the statein which both
symbols are up, oneis up andoneis down, etc, what is the probability that both indicesbe
positive?

Q41.Whatis the probabilitythat the two indicesbethe same?

Q42.Whatis the probability that thereis no matchbetweertheindices?

He raisedthe following Qs on negativeprobabilities
Q43.1s it aprobabilityfor correlategossibilities?
Q44.Canoneimitateaquantum-mechanicaquatiorwith aprobabilisticcomputer?

Q45.How to simulateprobabilitiesthat would haveto gonegative?

He raisedthefollowing Qs on polarizationof photonsandtwo-statesystems
Q46.EinsteinPodoslky—RoseparadoxWhy negativeprobabilities cannotbe avoided,or at least
that onehassomesort of difficulty?

Q47.Whatdoesit happenn anexperimenbf separationnto two polarizedbeams?
Q48.Whatdoesit happerin anexpenmentof separatiorninto four polarizedbeams?
He raisedthe following Qs on two-photoncorrelationrexperiment.
Q49.How wouldit haveto befor alocal probabilisticcomputer?
Q50.How do the photonsgo?
Q51.Why is that aformulacannotreproducethe quantumresultsif probabilitiesarereal,although
it is easyif theyareprobabilities (negativefor someconditions)?
Q52.Whatprobabilitydo two observergetthe sameesultwith?
Q53.Whatis the chancethat two observergetthe sameresult?
Q54.What otherpossibilitiesareto the kind of logic of quantummechanics?

Q55. Whatis the origin of the probabilitiesin quantummechanics?
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Q56.PhilosophicalR1 (PQ1).Is it somehowthat oneis correlatedo the experimentshat onedoes,
sothatthe appareh probabilitiesdo not look like they oughtto look if oneassumeshat they are
random?
Q57.PQ2. Cannotoneinvent a different point of view than the physicistshavehad to invent to
describeguantummechanics?
Q58.PQ3.1s theresomeotherway out?
Q59. PQ4. Canoneimitate an experimenwith a devicethat is goingto producethe sameresults,
andthat will operatelocally,andonetriesto inventsomekind of way of doing that, andif onedoes
it in the ordinaryway of thinking, onefinds that onecanna gettherewith the sameprobability?
Q60.PQ5.Is thereany meaningto Q of whetherthereis freewill or predestination?
Q61. PQ6. Is it possibleto constructa test in which the prediction could be reportedto the
observerpr instead havethe ability to represeninformationalreadybeenusedup?
Q62.PQ7.How to think in thesenewways?

He foresawthat the other way to simulatethe probabilisticnatureis by a computer,which

itself beprobabilistic.

CLASP: COMMON LISPVIA LLVM/C++ FOR MOLECULAR METAPROGRAMMING
Schafmeister’goalis to build moleculesaseasilyashe canwrite software;specificallyhe wantsto
build moleculeghat coulddo things,e.g, gointo the body andfix things(cf. Fig. 2) [12]. Inspired
by Feynman’s1959talk in which Feynmanproposeduilding machineson a molecularscale which
wereatomicallyprecise whereoneknows whereevery atomis in space he wentinto biophysics,
wherehe madeproteinsand solvedcrystal structuresof proteins,and from thereinto chemistry.
Schafmeisteraisedthe following questionson CLASP.

Q1. How hashespentfour yearsdevelopingsoftwareto designthesemolecules?

Q2. Why would not the usualmoleculardesignprogramswvork?

Q3. How did heneedalanguagehat alreadyknewthe chemicalfundionality heneeded?
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Q4. How did he needto be ableto look at a million moleculesat a time insteadof looking at one
moleculeat atime?

Q5. How difficult is it to write in C++7?

Q6. How did hestartscriptingwith Python?

Q7. How did he finally find the answerin writing a new CommonLISP programthat he calls
CLASP?

Q8. Beyondthe currentandnear-termapplicationsof his promisingspiroligomersjs CLASP the

basisfor anewsoftwarearchitecturdor computationathemistryanddesign?

"'l.‘li_r]-i_'l.,‘ll.l._'lr I|"‘¢.I.:'IIZ"IUII._'i.,'I'IT'II.Zl.lLZI.M1_:"|'

Fig. 2. ChristianSchafmeisteGoogle Tech Talk June 10, 2015.

DISCUSSION

The discoveryof computersandthinking aboutthemturnedout to be usefulin brancheof human
reasoninge.g, peopleneverreally understoodhow lousy their comprehensiorf languagesvas,

theory of grammar,etc, until they tried to makea computerthat would be ableto understand
languagePeopleattemptedo learnaboutpsychologyendeavouringo understanchow computers
work. The PQ1-7existaboutreasoningandrelationship,observatiorand measuremengtc, which

computersstimulatedpeopleto think aboutanew,with new typesof thinking. The computer-type
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of thinking would give people some new ideas,if any be really needed.The possibilities of
computationare a subjectbecausdhey tell people somethingabout computer rules and might
informthemalittle concerningohysics.Natureis not classical,dammit,andif onewantsto makea
simulationof nature,one shouldbetter makeit quantummechanicalandby golly it is a wonderful
problem,becausdt doesnot look so easy. Complex systemsare difficult to simulate.Quantum
systemsareevenmorehardto imitate. A possiblesolution is via quantumsimulators(atomsin
optical nets,trappedions). Probably,it will neverbe donewith classiccomputers Experimentsn
many laboratoriesshowedthat it was achievedto do simulations,but two problems appeared:
temperatureandisolation.They showedapplicationsin low-temperaturematerialsandhigh-energy
physics Feynmanforesawthat: (a) whenonegetsto the small world, onehasa lot of new things
that would happenthat representcompletely new opportunitiesfor design(1959); (b) the other
way to simulatethe probabilisticnatureis by a computer,which itself be probabilistic(1982). The
big application,however of Schafmeister'snolecularmetaprogrammingvia amattercompiler)will
be to make proteinsthat do specific things: catalysts,antibodies,channels.etc; in particular,
catalysts(moleculesthat makeother molecules)so that ultimately he could use the catalyststo
makehis building blocks instead of needingto synthesizechemically them. Bootstrappingthe
technologyin this way would makeit inexpensive.

Figure3 showsaschemef the reorientatiorof researclin translationa{marketable¥cience.

| Translational Science
| :

Research A

! |

Bench-guided Reverse Engineering

Fig. 3. Schematic representation of the reorientation of reseatrematational science.

Figure4 showsresearcheorientatiorin translationa{marketablesciencan asociety.
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Fig. 4. Schematic representation of the reorientation of reseatremsahational science in a society.

CONCLUDING REMARKS
Fromthe presenguestionsanswerandhypothesighe following remarkscanbedrawn.

1. It isimportantwhetherone’sresearcliield becomes$ashionable.

2. Natureis not classical

3. Physicalpropertiesof nanomaterialgliffer significantlyfrom thoseof conventionalones
becausef largesurface-to-volumeatiosandquantumeffects.

4. Feynmarforesawthat: (a) whenonegetsto the small world, onehasa lot of new things
that would happerthat representompletelynewopportunitiesor design(1959);(b) otherway to
simulatethe probabilisticnatureis by acomputerwhichitself be probabilistic(1982).

5. Someadvanceareexpectedn quantumchemistry,e.g, superconductivityetc

6. The possibilities of computationare an interestingsubject becausethey tell people
somethingaboutcomputerrulesandmight inform themalittle concerningphysics.

7. Know thyself! Althoughphilosophersontinueto be necessarythey will perform better
their essentialvork if theywould bemoreinterestedn the relevantdatathat scientistsunveil.

8. The outcomeand implicationsof this report are that there should be no indication of
prejudiceand enmity in a literary work, and that reseachersshould not be afraid to transcend

culturalboundariesn searchor the truth or presenthe view of the other objectively.
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9. Physicscontinuesto makeimportantcontributionsthat makea differenceto everyone’s
life; e.g, quantummanipulationswith applicationsto computing. However, the really exciting

possibilitieswill bethosewe havenot yetimagined.

ACKNOWLEDGEMENTS
One of us, F. T., thanks supportfrom the SpanishMinisterio de Economiay Competitividad

(ProjectNo. BFU2013-41648-PandEU ERDF-.

REFERENCES

1. R.P.FeynmanThereis plenty of roomat the bottom, CaltechEng.Sci, 23 (1960)22-36.

2. R. P. Feynman,Feynman’sLectureson ComputationA. J. G. Hey and R. W. Allen, Eds.,
Addison-WesleyReadingMA, 1996.

3.1. CiracandP. Zoller, Quantumcomputationsvith coldtrappedions, Phys.Rev.Lett, 74 (1995)
4091-4094.

4. F. Torrens,Fractalsfor hybrid orbitalsin proteinmodels,Complexityint., 8 (2001)torren01-1-
13.

5. F. Torrens, Fractal hybrid-orbital analysisof the protan tertiary structure, Complexity Int.,

submittedfor publication.

6. F. Torrensand G. CastellanoResonancén interactinginduced-dipolepolarizing force fields:

Applicationto force-fieldderivatives Algorithms 2 (2009)437-447.

7. F. Torrensand G. Castellano,Molecular diversity classificationvia information theory: A

review.ICST Trans. ComplexSyst, 12(10-12)(2012)e4-1-8.

8. F. TorrensandG. CastellanoReflectionson the natureof the periodic table of the elements:
Implications in chemical education,in: SyntheticOrganic Chemistry Eds. J. A. Seijas, M. P.

VéazquezTatoandS.-K. Lin, MDPI, Basel Switzerland2015,Vol. 18, pp. 8-1-15.

15



9. M. V. Putz (Ed.), The Explicative Dictionary of Nanochemistry Apple Academic—CRC,
Waretown,NJ, in press.

10. F. Torrensand G. CastellanoReflectionson the cultural history of nhanominiaturizatiorand
quantumsimulators(computers)in: Sensorsand MolecularRecognitionEds.N. LaguardaMiré, R.
MasotPerisandE. Brun SdnchezlniversidadPolitécnicade Valencia,Valencia,Spain,in press.
11.R. P. Feynman Simulatingphysicswith computersint. J. Theor.Phys, 21 (1982)467-488.
12.C. SchafmeisterClasp:CommornLisp usingLLVM andC++ for Molecular Metaprogramming:

Towardsa Matter Compiler,GoogleTechTalk, Junel0, 2015.

16



