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A feasible first step

A completely general, simple analytic form for
— S
E — Ego(Rl, °c o o ,RM)

is most likely not feasible.
But what if we know something about the problem?

disordered fcc Ni+(Co,Cr,Mo,WV....) ordered Niz(Al,Ti)

Nickel superalloy jet engine turbine blade i

http://www.tms.org/meetings/specialty/
http://en.wikipedia.org/wiki/Superalloy superalloys2000/superalloyshistory.html
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First-principles cluster expansion
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First-principles cluster expansion

~O—O—O—0—0- O —O—0— - o0 0
—O—0O—0O—0—C0- O O—0—@- O O—0—@-
~O—O—O—0O—0- -0—O—0O—0O—@- -0—O—0O—0O—@-
O—O—O—O—O-| =P |00 |o-oo
=== 0989 99—
Basic lattice Configuration Interactions
(fcc, bec, hep, ...) 0=l
E(o) = Jy+ g g;J; + g Sga@sorg g Jiik0i0i0% + ..
2% gk
FIOO00) = 21+J12©Z+J2Z©z©z+1 +ng©z©z+1 Otz + -
fFlOO00) = Jo + J1HO + JQHOO n JBHOOO .

fFOO00) = Hhix + 7 O + 200 + 000 +:-



This tutorial

Ni-Al (superalloy poster child)
FHI-aims for DFT-LDA

UNCLE cluster expansion code (learn as we go along)

Problem I: A 2D cluster expansion fit by hand
Problem Il: Using the cluster expansion code
Problem lll: Input energies: Ni-Al on a square lattice
Problem IV: Minimal cluster expansion for 2d Ni-Al ... and
some predictions

Problem V: Order-disorder transitions

Bonus from here on









Now the exercise
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- and predict all structures up to four atoms
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... now do the same problem again but using UNCLE

- and predict all structures up to four atoms
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Problem Il (20 min.)

... now do the same problem again but using UNCLE
- and predict all structures up to four atoms

Matrix of I1’s
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... now do the same problem again but using UNCLE
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Problem Il (20 min.)

... now do the same problem again but using UNCLE
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Problem Il (20 min.)

Convex Hull of Inputs
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Problem Il (20 min.)

Ground State Search
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Ground State Search
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Problem Il (20 min.)

Ground State Search
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Problem IV (60 min.)

Repeat cluster expansion with real data
Predict ground state line, unrelaxed

Compute four DFT-LDA structures (3 atoms), relaxed!
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Find optimum CE based on first 8 relaxed structures, predict remaining | 9!



ProblemV (remaining time): Order-disorder transitions

Repeat two cluster expansions: nearest-neighbour only vs. optimum
(19 DFT input structures)

Predict ground states for both

Monte Carlo temperature schedules for both CFEs,
different unit cells, 50 %:

Monte Carlo temperature schedules for both CFEs,
different unit cells, 80% (Ni-rich):
Phase separation?
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Use random numbers to...
Find the thermodynamic equilibrium of a

system as a function of temperature.



Monte Carlo modeling in a nutshell

Use random numbers to...
Find the thermodynamic equilibrium of a

system as a function of temperature.

- Is a material magnetic at a given T?
- Is a material ordered (stronger) at a given T?
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Monte Carlo modeling in a nutshell

Find the thermodynamic equilibrium of a
system as a function of temperature.

- Is a material magnetic at a given T?
- Is a material ordered (stronger) at a given T?

Metropolis algorithm:



Monte Carlo modeling in a
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Monte Carlo modeling in a

Find the thermodynamic equilit
system as a function of temper

- |Is a material magnetic at a g&* & ;4 :
FAY

- Is a material ordered (stro /</

Metropolis algorithm:

e Choose a new configuration, compute AFE
o If AF <0, keep it
o If AFE >0, keep it only if exp AE/ET > r



Monte Carlo modeling in a

Find the thermodynamic equilit

system as a function of temper
. . | : a.l |
- Is a material magnetic at a & o3

’,.
A v

- Is a material ordered (stro /</

Metropolis algorithm:
At random

e (Choose a new configuration] compute AFE

o If AF <0, keep it
o If AE >0, keep it only if exp AE /KT



Monte Carlo modeling in a

Find the thermodynamic equili
system as a function of temper

- Is a material magnetic at a

Collection of states: Boltzmann distribu;t'ic-)n

Metropolis algorithm:
At random

e (Choose a new configuration] compute AFE

o If AF <0, keep it

o If AE >0, keep it only if exp AE /KT



e Choose a new configuration, compute AE
o If AF <0, keep it
o If AFE >0, keep it only if exp AE/ET > r
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e Choose a new configuration, compute AE
o If AF <0, keep it
o If AFE >0, keep it only if exp AE/ET > r



F=U-TS

e Choose a new configuration, compute AFE
o If AF <0, keep it
o If AFE >0, keep it only if exp AE/ET > r
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