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Materials R&D is too slow

10-20 year materials development cycle
expert-driven trial and error
sequential process
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ACCELERATED MATERIALS DISCOVERY

. What can be calculated
Predictive models
Simulations, statistics, correlations

Cognitive Systems

New materials
New capabilities
New solutions

What is known
Papers, patents, reports
Experiments, extraction, similarity
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Common feature:
PRACTICE
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The stages of discovery




The Cognitive Journey
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Discovering new P53 kinases

2. Cluster proteins by their literature distance: k nown p53
kinases cluster (green) and suggest others that may also
phosphorylate p53.

Bag of Words Model

CHEK2 BMPR2

1. Quantify the
“literature
distances” between
proteins

Ly

GREEN - p53 Kinases
RED/ORANGE/ — Predicted
Targets




High-level system diagram
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Knowledge User
Graph & Interface &

Analytics Query

unstructured Data
data: patents, Extraction
papers, Exploration
technical & Discovery
reports




Automated annotation of polymer properties

w/ KK Rao, Ankit Vora, Kristin Schmid & Victoria Piunova

Text analytics result, Mumber of rows; 144

Showing page 1 of 1

polymer (SPAN]) aspect (TEXT)
PBMTC40 [19168-19175] [M]/]
PBMTC40 [19168-19175] t

PBMTC40 [19168-19175] Yield
PEMTC40 [19168-19175] Mn, theory
PBMTC40 [19168-19175] Mn, NMR
PEMTC40 [19168-19175] Mn, GPC

PBMTC40 [19168-19175] PDI
PEMTC100 [19221-19229] [M1/T
PBMTC100 [19221-19229] t

PBMTC100 [19221-19229] Yield
PBMTC100 [19221-19229] Mn, theory
PEMTC100 [19221-18229] Mn, NMR
PBMTC100 [19221-19229] Mn, GPC

PEMTC100 [19221-19229] POI
PBETIC40 [19279-19286] [MI/T
PBET(CA0 [19279-19286] t

PBETCA0 [19279-19286] Yield
PBETCA0 [19279-19286] Mn, theory
PBETC40 [19279-19286] Mn, NMR
PBETCAQ [19279-19286] Mn, GPC
PBETCA0 [19279-19286] POI
PBETC100 [19335-19343] M1/
PBETC100 [19335-19343] t
PBETCL00 [19335-19343] Yield
PBETC100 [19335-19343] Mn, theory

normAspect (T...
M/
time
Yield
M
Mn
Mn
PDI
[MI/TT]
time
Yield
Mn
Mn
Mn
PDI
[MI/TT]
time
Yield
M
Mn
Mn
PDI
[MI/TT]
time
Yield
Mn

aspect...

= IS - RS- - B - R, - B, - M = R~ RS- - BE-- - RS- - Ml ~ B = B = B = RS- - B - B~ - Rith = B ~ Bt = R < B~ - S~ = - |

value (SPAN)

40 [19177-191...
4 [19184-19185]
75 [19187-191...

8.5 [19194-191...
9.9 [19202-192...
143 [19207-19...
142[19213-19...

100 [19231-19...
16 [19239-192...
89 [19243-192..,

21.0 [19250-19...
27.7 [18259-19...
51.9 [19265-19...
1,63 [18271-19..,

40 [19288-192...
4 [19295-19296]
97 [19209-193...

9.0 [19309-193...
9.1 [19317-193...
8.5 [19322-193...
1.41 [19327-19...

100 [19345-19...
16 [19353-193...
95 [19358-193...

224 [19368-19...

unit (SPAN}
[0-0]

(h) [1B849-188..,

(%) [18854-18...
(kg/mel) [188...
(kg/mol) [183...
(kg/mel) [188...
[0-0]
[0-0]

(h [18849-188...

(%) [18854-18...
(kg/mol) [188...
{kg/mmiol) [188...
(kg/mol) [183...
[0-0]
[0-0]

(h) [18849-188...

(%) [18854-18...
(kg/mol) [188...
(kg/mol) [188...
(kg/mol) [188...
[0-0]
[0-0]

(h) [18849-188..,

(%) [18854-18...
(ka/mel) [188...

normbUnit ...

hours
%
kg/mol
kg/mol
kg/mal

hours
%
kg/maol
kg/maol
kg/mol

hours
%
kg/mol
kg/maol
kg/mol

hours
%
kg/maol

noteld (SPAN]
a2 [18748-18749]
[0-0]
[0-0]
C [18787-18788]
d [18806-18807]
e [18822-18823]
e [18831-18832]
a [16748-18749]
[0-0]
[0-0]
< [16787-18788]
d [18806-18807]
e [18822-18823]
e [16831-18832]
a [16748-18749]
[0-0]
b [19302-19303]
c [18787-18788]
d [18806-18807]
e [18822-18823]
e [18831-18832]
a [18748-18749]
[0-0]
b [19361-19362]
¢ [18787-18788]

note (SPAN]

Targeted DP. [19398-19410]

[0-01

[0-0]

Targeted melecular weight, [19534-19560]

Determined by §*1HS NMR end-group anal...

Determined by GPC, [19611-19629]
Determined by GPC. [19611-19629]
Targeted DP, [19398-19410]

[0-0]

[0-0]

Targeted molecular weight. [19534-19560]

Determined by §41HS NMR. end-group anal...

Determined by GPC, [19611-19629]
Determined by GPC, [19611-19629]
Targeted DP. [19398-19410]

[0-0]

For largely insoluble polymers, the conversio..

Targeted molecular weight. [19534-19560]

Determined by §*1HS NMR end-group anal...

Determined by GPC, [19611-19629]
Determined by GPC, [19611-19629]
Targeted DP. [19398-19410]

[0-0]

For largely insoluble polymers, the conversio...

Targeted molecular weight. [19534-19560]

Input Decument
polymerjson_1
polymerjson_1
polymer.json_1
pelymerjson_1
polymer.json_1
pelymerjson_1
polymer json_1
polymerjson_1
polymerjson_1
polymer json_1
polymerjson_1
polymer json_1
polymer json_1
polymer json_1
polymer json_1
polymer.json_1
polymerjson_1
polymer.json_1
polymerjson_1
polymer.json_1
polymerjson_1
polymerjson_1
polymer json_1
polymer.json_1

polymerjson_1

Double-click t...
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Explain
Exnlzin
Explain
Explain



Exploration of materials knowledge graphs

w/ Nitesh Chawla and Pingjie Tang, Notre Dame

materials to patents patents to functions

Material Context Function

280k material Search for material Association to
formulae from formulae in 10M US, function by
oQamMbD EU, WIPO patents International Patent
and applications Classification (IPC)
code or keyword




macaque brain connectivity network, IBM, PNAS
2010

383 nodes, 6602 edges, person-decades

Material-Science Knowledge Graph m Cognitive Search ~ Clear LS

classifications

materials
) elements

ICSD

authors

—— properties

documents

Material-Science Knowledge Graph v0.1

>1M nodes, >100k edges, 600k documents, 1 node-hour
Data from Peter Staar, IBM Research - Zurich 15




General Informatics Strategy

Fingerprint

Collect Organize

Review/ Filter/Rank
Prioritize




Questions?
|deas?

Thank You




