Ronan Le Bras

Human Computation for
Combinatorial Materials Discovery

Richard Bernstein Carla P. Gomes Bart Selman

Physical Characteristics

R. Bruce van Dover

Experimental Results

iz Comell University N [Goals] Each diffraction point D; is explained by the basis patterns: UDIS cover ItU st itieberoe (or jpromielng e Hypul o i Shi ] SOI
2 Cornell Hig EnergvS}'nchml"r{mS(Ju.n_e. File Edit View :ools Help )
B Discover new materials with improved D.=a,B, +... +a.B; T 2| e | s st e ] e

catalytic activity for fuel cell applica-
tions.

B Reduce the processing time of the data

analgsis to dynamically optimize expen-
sive Synchrotron experiments.

[Characteristic of Combinatorial Materials Discovery]

B Complex local physical constraints, that require a sophisticated optimiza-
tion approach

B Interpretation of complex high-intensity X-ray diffraction data, that appears
to be well-suited for a human computation approach

[Research Question]

B Can human input significantly boost the performance of combinatorial rea-
soning and optimization methods?

Phase-Map ldentification Problem S < Se < S s S

Combinatorial Method: sputtering 3 metals (or oxides) onto a silicon wafer

There is experimental noise:

Non-negative basis patterns and coefficients:

Biz0,a,=0

At most M non-zero coefficients per point:
Glay = 0} <M

Basis patterns appear in contiguous locations on the silicon wafer:
The subgraph induced by |{i | a,; = 0}| is connected

Shift operator  Shift coetficients

r

|1D; — ar’]S(Bl,Sr']) T... T ar’KS(BK,SfK)”

Shifts coefficients are bounded, continuous and monotonic:

Basis patterns can be shifted:
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Impact of user input on Al/Li/Fe P=45, L*=7
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SMT solver runtime vs. # assigned peaks
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(which produces a thin-film) and using x-ray diffraction to obtain structural Ao it : | 1
g # assigned peaks
information about crystal lattice. P L =y - -
Input: Diffraction patterns Dy, ..., D, of n sample points on the thin-film. oystem B LT K #var  Fest userinput(s) usernput(s) var by user
Integer variables ¢; for the peak locations in each B; i’: E:: g 63}3 g j ggi %gzg 13_!?%25 ;g'l} :g 883{;
; / _ g VY%
Samples: @ Integer variables for the shift coefficients s; A/LVFe 15 6 6 267 1009 79 27 6 (2.2%)
Phase regions: Metal 2 . | | L AVLi/Fe 28 6 6 436 1864 346 83 12 (2.7%)
o ey CHTACTON patietis An observed peak p is “explained” if there exists s;,e; s.t. |p-(s; + ey)| < & ii%lge %g I%C) g igg %3 (1) ;g?gg ;l;g gg 8 23{)
: ’ : 1 e N ( 23 (4. {_,}
o+ ' Every observed peak must be “explained” Al/Li/Fe 45 7 6 693 3281 18882 105 28 (4.0%)
B /I ! Al/Li/Fe 45 8 6 711 3410 46816 74 30 (4.2%)
, \ -1.1' M‘ U Bound the number of missing peaks < T
\ { \ / ~ O 0 .
. — = AR | Minimization by (binary) search on T B Human computation can dramatically speed up the performance of
5 | — 1 e combinatorial optimization methods
! i -0 : - ' i .
i , [ I | Linear phase usage constraint (up to M basis patterns per point) B Our approach leverages the complementary strength of human in-
Il H - B Linear constraint for shift monotonicity and continuity ( s, < s,) put, providing global insights into problem structure, and the power of

. . e combinatorial solvers to exploit complex local constraints.
Lazy connectivity: add a cut if current solution is not connected

If disconnected regions /
explained with phase 1
\

Symmetry breaking: Renaming of pure phases, ordering the peaks location e; (per phase)

Then Phase 1
must appear in at
least one of
these points
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