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KneTtoyHbln aBTOMAT

Iy github.com/newmen/diamond_easy
. github.com/newmen/qt_cellularDiamondBuilder



YnpolleHHasa mogens MK

[# reactor: Reactor * Reactor
int3 & urtace ~temperature: float
. ~setReactor (reactor:Reactor =): void hydrogenConcent ration: float
Mo - fReaction(surface: surface) —methylConcentration: float
7. int ::::m:;hat:{,_‘dwm [“Reactor (handbook :Handbook
[+int3(x:int,yrint, z: inty +dort id +temperature(): float
reset: void [+hydrogenConcentration(): float
|+mythylConcentration(): float
MonoReaction MigrationBridgeinfo DualReaction
[# sites: vector<Carbon *> “position: int3 [# sites: vectorspair<Carbon *, Carbon >~
[#Honoreaction() -_toBasis: pair<Carbon *, Carbon *> [#DuaReaction(
[ +commonRate () double [+MigrationBridgeInfo(position:int3, toBasis:pair<Carbon =, +reset(): voia
[+reset () Carbon *>) +conmonRate ) : double
| +seeAt (carbon: Carbon *): void [+position(): int3 +seeAt (First: carbon *,second:Carbon *): void
|+toBasis() : pair<Carbon *, Carbon *>
AbsHReaction AddHReaction EtchingReaction MigrationBridgeReaction AddCH2Rea: FormDimerReaction Dr i ti Migr
— — —crystal: Crystal * ~crystal; Crystal = —crystal: Crystal * ~crystal; Crystal = ~ ~
[bsHReaction() [diiReaction ) babis: vectorcpair<Carbon *, Carbon > “Curtsasis: vector<pair<Carbon =, Carbon > potitions: vectorcint» ettt setctarbon = -Droppinerieaction( Higrs EioniReact on()
+seent () +seent() +EatchingReaction(crystal:Crystal *) -_infos: vectorevector<MigrationBridgeInfo>> [+AddCH2Reaction(crystal:Crystal *) [+FormDimerReaction(crystal :Crystal *) +seeat () +seeat ()
cdort() cdort() +coef() [+MigrationBridgeReaction(crystal:Crystal ] +coef() [+coef() - dort() +dort()
+seent () +coef() [+seeat () t()
+operator() (first:Carbon *,second:Carbon *): void +seeat () [+dozt() operator() (first:Carbon *,second:Carbon *): void
+dort() [+operator() (carbon:Carbon =, to:int3, ffBasis:Carbon *, +reset() [+dor2()
+reset() fsBasis:Carbon ¥, tfBasis:Carbon *, #reset ()
tsBasis:Carbon *): void
[+dort ()
+reset ()
Surface
crystal: Crystal * Crystal
ReactionsPool reactionsPool: ReactionsPool * —
J T ZactiveCarbons: set<Carbon *> el
ddH: AddHReaction e et 7 rhom -Tlayers: dequeue<tayer> Layer
etching: EtchingReaction :_map . “completedlayers: int — e T
migrationBridge: MigrationBridgeReaction [+5urface(crystal:Crystal *) [~crystal(x_size:int,y size:int) ysize: int
addCH2: AddCH2Reaction [+init0) - - o Carbonsr Carbon
FormbimerReaction +doReaction(): float . + throughaTlcarbonsTter(sf: function<void (Carbon *)»): void = ~ -
: DropDinerReaction [+operator() (carbon:Carbon *): void +posDinerIter(carbon:Carbon *, reaction:function<void (Carbon * 1Layer(x_size:int,y size:int) activies: int
[ +numberofsites(): int e e : g [+-Layer () hydrogen:
[+addhydrogen(carbon: carbon *): void posttigrTter{ carbon: Carben. * rasction: function<void {Carbon * [+ throughALLCarbonsTter(sf: function<void (Carbon *)>): void “coords: int3
+ removenydrogen carbons: Carbon oid int3, Carbon *, Carbon *, Carbon *, rcarbon(iint,yiint): Carbon » [+Carbon(coords :int3, activiesint, hydrogen
[+addCarbon (carbon: Carbon *bottomFirst:Carbon *, Caroon o0 veid [+add (carbon:Carbon *,x:int,y:int): void i)
[“ReactionsPool (surface:surface *) bottmSecond:Carbon *): void . + getBasis (carbon: Carbon *, reaction:function<void (Carbon *, [remove (x:int,y:int): void . . void
At voe (et i corbons oot rarbon ) void [+removeCarbon carbon; Carban *, bot tonFirs :Carbon *, Carhon oy weia [smove(from x:int, fron y:int, to_x:int, to y:int): void ey
[+seeatHydrogens(hydroCarbons:set<Carbon *>): void ottonSecond:Carbon *): void [+ topPosition( first:Carbon *,second:Carbon *): int3 void
[ +movecarbon (carbon:Carbon *, to:int3, fronBasis:pair<Carbon *,
+seentDiner (diners:nap<Carbon *, Carbon *>): void e s I3, Tronfasy [+addcarbon (carbon: Carbon *) ¢ void int
+doreaction() : float phesie ity . [+ removeCarbon (carbon: Carbon *): void [+hydrogens(): int
[+reset(): voi  sddbiner(firoesCarbon - Serond:Carbon *): void [+nove( carbon: Carbon *,to:int3): void [+coords (): int3
-totalRate(): double 3 i« . i€ : +dropCompletedLayers (): void |move(to:int3): void
| +dropbimer (first:Carbon *,second: Carbon *): void etaye (et Layer
Handbook

—_instance: Handbook *
|~Vatwes: map=string, map<string, float>>
+instance(): Handbook

Runner [+Handbook (configFileNane:char *)

| +value(section:char *,variable:char *): float

~totalTime: float
~crystal: Crystal *
surface: surface *
~_reactor: Reactor *

“reactionPool: ReactionPool *
-_savers: Saver *[3] —>{ Saver
[+Runner () [# outFite: ofstream
(omer ) [#Saver (outFileName:char +)

d +save(time: float) : void
-save(): void

TimeNumberCurvesSaver CrystalSaver
[+TineNunberCurvessaver(out FileNane:char =) —crystal: Crystal *
#saveHeader (names : deque<st ring>) [+Crystalsaver (outFileName:char =,crystal:Crystal =)
#savevaluesLine (time: float , values : dequecint>) +save( tine: float) : void
[+operator() (carbon:carbon *) : void
-separator(): void

SurfaceSaver
—surface: Surface *
[+Sur facesaver (outFileName: char +,surface:surface *)
| +save(time: float): void

ReactionPoolSaver

—_reactionPool: ReactionPool *
[+surfacesaver (outFileName:char *,reactionsPool:ReactionsPool *)
| +save(time: float) : void

github.com/newmen/simple_diamond_dmc_simulation




Bpemsa pacH&Ta (M1H)

Bpemsa pacyéTta (M1H)

Bbibop meTtoaa MK

CpaBHeHWe BpeMEH pac4éTa
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- github.com/newmen/monte-carlo_techs
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Bonbluoe KonnyecTBo peakunm

13yuyeHo okono 100 ctaten

BbineneHo 6onee 80 peakunm

Bo3mM0O)XXHO obpa3oBaHMe pa3finyHbIX has
OTcyTCTBME MOJIHbLIX MOoAenen
CNOXXHOCTb KOAUPOBaHUA peaKku
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LLlab6noH NHTepnpeTaTop

-——¢I Context

Client
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Domain Specific Language

elements
atom H, valence: 1
atom C, valence: 4

dimensions
temperature 'K’
concentration 'mol/cm3’
energy 'kcal/mol’
rate '1l/s'
time 's'

run
termination H
total_time 1



gas
S

S

H H

C
C

DSL: a3

pec :hydrogen
atoms h: H
# the second atom specifies by run::termination

pec :methane
atoms c: C

spec :ethylene
atoms cl: C, c2: C
dbond :cl1, :c2

oncentration hydrogen(h: *), le-9
oncentration methane(c: *), le-10
concentration ethylene(cl: *, c2: *), 5-ell

temperature 1200

10



DSL: ['oBEepXHOCTb

surface
lattice :d, cpp class: Diamond

spec :bridge
atoms ct: C%d, cl: bridge(:ct), cr: bridge(:ct)
bond :ct, :cl, face: 110, dir: :front
bond :ct, :cr, face: 110, dir: :front
position :cl, :cr, face: 100, dir: :front

spec :high bridge
atoms ch: methane(:c), ct: bridge(:ct)
dbond :ch, :ct

spec :dimer 2,
atoms cl: bridge(:ct), cr: bridge(:ct) 0‘0
bond :cl, :cr, face: 100, dir: :front ¢%h

10¢.

¥ ... ~.Crosg Y

size x: 100, y: 100
composition C%d G.iﬁm‘
temperature 1000

11



DSL: Peakuuwu

events
reaction 'surface activation'

equation H + hydrogen(h: *) = * + hydrogen

activation 6.65
forward rate 5.2el3, 'cm3/(mol * s)'

reaction 'methyl adsorption to dimer'
equation dimer(cr: *) + methane(c: *)
enthalpy -73.6
activation 0
forward rate lel3, 'cm3/(mol * s)'
reverse rate 5.3e3

reaction 'methyl desorption’

equation methyl on bridge = bridge(ct:

refinement 'from bridge'’
incoherent methyl on bridge(:cb)
forward rate 1l.7e7

refinement 'from face 111°
forward_rate 5.4e6

activation 0

methyl on dimer

*) + methane(c:

*)

12



DSL: OkpyxeHune

environment :dimers_row
targets :one atom, :two_ atom
aliases left: dimer, right: dimer

where :end row, 'at end of dimers row'
position one_ atom, left(:cl), face: 100, dir: :cross
position two_atom, left(:cr), face: 100, dir: :cross

where :mid row, 'in middle of dimers row'
use :end row
position one_ atom, right(:cl), face: 100, dir: :cross
position two_atom, right(:cr), face: 100, dir: :cross

13



DSL: Peakuusa ¢ natepajibHbIMI
B3aMOOENCTBUSAMMN

reaction 'dimer formation between incoherent bridge and fixed bridge’
aliases one: bridge, two: bridge
equation one(ct: *) + two(cr: *) = dimer
incoherent one(:ct)

refinement 'not in dimers row'
enthalpy -29.4
activation 4

lateral :dimers row, one_atom: one(:ct), two atom: two(:cr)

there :mid row
enthalpy -13.6
forward activation
reverse_ activation

= O
L[] L]
N

there :end row
enthalpy -21.5
forward activation
reverse_ activation

=N

L[]
[l N

forward_rate 7.5ell

14
reverse rate 1.2el11



TerminationSpec

CTpyKTypa aHasim3saTopa

+is_gas?

ArgumentsParser

SyntaxChecker

+ string_to_args():Array

+ syntax_error(message)

SpecificSpec

AN

AN

- spec:Spec
- options:Hash

+ external_bonds:int
+ incoherent(atom_keyname)
+is_gas?

AnalysisTool

+ interpret(line)

T

Analizer

- config:File
- line_number:int
- root:Component

EquationProperties

+ entalpy(value, dim)

+ activation(value, dim)

+ forward_activation(value, dim)
+ reverse_activation(value, dim)

ActiveBond AtomicSpec AliasSpec Component +forward_rate(value, dim)
+ read_config(path) + reverse_rate(value, dim)
- atom:Atom +analyze() - eval_value_if_string(value, gn)
- next_line()
+ name:String + name:String +name:String - change_root() + interpret(line) AN
+ external_bonds:int + external_bonds:int - instance(name) - call_by_first_word(line)
Atom Lattice Bond Spec Elements Dimensions Run Where Refinement
ComplexC
- lattice:Lattice = nil - cpp_class:String - face - name:String - DEFAULT_VALUES - - equation:Equation
- dir - links:Hash -
+ valence) + cpp_class) + atom(name, valence) + convert(var, value, dim) + total_time(value, dim) - raw_positions:Array +incoherent(*used_atom_strs)
+ [(name, + [(character) + [(face, dir) + add(name) + \_str) +interpret(line) + second, face, dir)
+ name:String + [(name, +is_t (atom) - second, face, dir)
+valence:int + external_bonds:int
+ specify(lattice) + external_bonds_for(atom_keyname)
— + [J(atom_keyname)
Position +aliases(*refs)
+ atoms(*refs) [ [
e s, ot
+ [(face, dir) y Phase Events Environment Equation Reaction
- spec:Spec - detect_atom(atom_str)
- atom_keyname - simple_atom(atom_str) - name:String - name:String
- used_atom(atom_str) - source:Array - aliases:Hash
+ valence:int - adsorb_links(...) + spec(name) + + - products:Array - equation:Equation
-link(klass, first, second, **options) + + +O(name) - entalpy:double
- internal_bonds_for(atom) + targets(*names) - activation:double + aliases(**refs)
+ aliases(*refs)  rate-double + equation(str)
+where(name, desc)
+
+ add(str, name, aliases)
[ ] - build(str, name, aliases
Gas Surface - detec_spec(spec_str, aliases)
GasSpec SurfaceSpec . calsource. product,
- concentrations:Hash - sizes - check_compliance(source, products)

- specs:Array

+ bond(first, second)

+ position(first, second, face, dir)
- simple_atom(atom_str)

+ spec_class:GasSpec

+ spec(name)

+ concentration(spec_str, val, dim)
+ include?(spec)

+ spec_class:SurfaceSpec

+ lattice(character, cpp_class)
+ size(.

+ composition(atom_str)

+ refinement(name)

+ incoherent(*used_atom_strs)
+ position(first, second, face, dir)
+ lateral(name, **target_refs)
-reverse()

- duplicate(name)
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Pe3ynbTar pabdboThbl MHTEpNPeTaTopa

* HacTpouka dpabpukm atTomMoB

* Knacchbl 1 3aBUCUMOCTU CTPYKTYP
» Knacchbl 1 3aBUCMMOCTW peakuui
» Knacchbl OKpy>XeHnM

 PeuenTbl Nnoncka

16



Kapkac nporpamMmmbl pacyeTa

 Knacc atoma

* ba3oBbIl K1acc KPUCTaI/IMYECKUX PEeLLETOK
* ba3oBbIN Kacc CTPYKTYP

* ba3oBbIN K/1acc peakuymn

* ba30BbIl K1aCcC OKPYXEeHUN

* ba3oBble habpukn Ana aToMoB, CTPYKTYP,
peakLUnn 1 OKPY>KEHUI

« MeTog MoHTe-Kapso

17



Do reaction

Cutyaunm

Build and use
phases

Find simple

—_ See at atoms o
structures

Find

reactions

Calculator Vs

Select
reaction
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BbI30BbI

=al

Atom ‘ [ Crystal ‘ [ Runner ‘ [ Simulator ‘
I I I
R < Create < Create E Create
[ " atom ~ simulator

Bond with neighbour

Link together

Until time left

for ﬂ

Find all for each changed atom

I

|

|

|

|

|
L

Find all

each B e
atom J
- — — — — —
specs
Analyze
< Add [_
— — — — —— e }eeee IR s
pointer pointer
Do Event >
Find
Do Change -
-
Delete Delete
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Atom

- name: char[3]

+ Atom(name)
+ name()

LargeAtom

Ha4asno :)

Gas

- atoms: unordered_set<Atom *>

+ add(Atom *)
+ remove(Atom *)

- valence: uint

- neighbours:
unordered_multiset<Atom *>
- lattice: Lattice *

- species: SpecBase *[]

- crystal: Crystal *
"7 - coords: uint3

+ LargeAtom(name, valence, lattice)

+ linkwith(atom: Atom *)
+ hasLink?(atom: Atom *)
+ containedin(spec: SpecBase *)

: + Lattice(crystal, coords)

vector3d<T>

- sizes: dim3
- container: vector<T>

+ vector3d(sizes)
+ each(lambda)
+ mapindex(lambda)

Crystal

Lattice

O

SpecBase

= name: String
= atoms: LargeAtom *[|

0 = dependentSpecies: SpecBase *[]

= reactions: ReactionBase *[]

Q

+ findAll(atom: LargeAtom *): SpecBase *
+ findYourself(atom: LargeAtom *)

ReactionBase

= name: String

= species: SpecBase *[]

= environment: EnvironmentBase *

= dependentReactions: ReactionBase *[|

= FACE, DIRECTION
= atoms:

H vector3d<LatticedAtom *>

CompeositionBuilder

+ findAll(atom: LargeAtom *): ReactionBase *

+ findYourself(atom: LargeAtom *)
+ dof)

+ Crystal(sizes, compBuilder)
+ bondTogether()
+ eachNeighbour(face, dir)

+ atom(crystal, coords): LargeAtom *
= lattice(crystal, coords): Lattice *

T

Diamond

DefaultCompositionBuilder

+ hondTogether()
+ eachNeighbour(face, dir)

+ huild(crystal, coords): LargeAtom *

Simulator

+ addEvent(event: ReactionBase *)
+ selectEvent(): ReactionBase *

<

EnvironmentBase

= species: SpecBase *[]
= targets: LargeAtom *[]

+ exists ?()

20




[lepBooyepenHbie 3agavn

BbIABUTb CTPYKTYPY NOAKAOUEHUA OKPYXEHUI
CTpounTb fiec 3aBUCUMOCTEWN

dopmasnin3oBartb aUlrTOPUTM NOUCKA Ha peLleTKke
PellnTb NPobaemMy XpaHeHus ykasaTenen

Peasin3oBaTb 6a3oBble K/1accehl

21



[lapaninensHoe BbINO/IHEHNE

Hnumannsaunsa n cBa3biBaHe aToOMOB

AHa/IN3 KaXKaoro atoma

OUCK CTPYKTYP
OUCK peakuuin

 OOHOBMEHNE AIepeBa COObITUN

22



MpocTas
Mogens

MpocToil KA Nur. 0630p K — — — — — MeTtogkl MK WHTepnpeTaTop

KA co
CNOXHON
AYENKOW

Pac4éTtHan
nporpamma

Xap-kn Cnucok CpaBHeHne

npouecca peakuuii MeTon0B

JAnHamnyeckoe
JepeBso
coBbITUIA

Teopwua
rpacpos

MapannensHan

peanuiauus

Busyanusaumsa



Cnacmnoo 3a BHUMaHue

github.com/newmen/versatile-diamond
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