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* Increase visibility of

* Increase contributors by converting new & existing users
/ ®* Opportunities to collaborate with other projects
&




EMET-LABS

FinTech Research

4) Next steps
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°

®* World-

model-blind

®* Data-relation-blind
=
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3) Data-relatlon ness roots in the | ependentand identically

(f distributed (IID) data assumptlon
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e Sl goass.

Assured Neuro Symbolic Learning and Reasoning (ANSR) Program
WWW.DARPA.MIL/PROGRAM /ASSURED-NEURO-SYMBOLIC-LEARNING - AND-REASONING



https://www.darpa.mil/program/assured-neuro-symbolic-learning-and-reasoning
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3) Causal mechanism
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nual report

o than London

* Differ across sp s five different time zones...

(f * Context may need reguque
&
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* Temporal-spatial

* Time varying geometric patterns that inform current observation in a progressing time continuum

(f ® Four-dimensional: 1D Time + 3D Space
&
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thout its cause

L

® Correlation cannot be expressed as causation. It’s impossible in absence of a causal relation

(f ® Finding causal relations and structures is fundamentally an exceptionally hard problem
&
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disposable

i andalism and higher crime

* Multiple-stages, mult

* Let's call this actual reénlrif"é Degree of complexity 'pi’a)'('iur'\r\'ates infinity the more you dive into details

(f ®* And causality is contextual over space, time, and space-time
&
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health,

1ent learning

 for Quantum Gravity

* Causality anc ICE, DoWhy, EconML

e

* CausalML at Uber | infe lzorithn

(f ® Causal Inference Allcatlons at Netfllx Causal recommendatlon models & subscriber retention



http://bayes.cs.ucla.edu/jp_home.html
https://www.cs.jhu.edu/~ilyas/
https://www.hsph.harvard.edu/miguel-hernan/
https://causalab.sph.harvard.edu/
https://causalai.net/
https://perimeterinstitute.ca/people/lucien-hardy
https://www.microsoft.com/en-us/research/group/causal-inference/
https://github.com/uber/causalml/tree/master/causalml
https://netflixtechblog.com/a-survey-of-causal-inference-applications-at-netflix-b62d25175e6f
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6) Con’rex’rﬁ lizec e

7) Causal (hyper) geometric structures Aﬁo"ry'e’r explored
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* Causal reasoning w nderstand the process

v
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Small model of causal relatons ¢ Bigmodel

Good for reasoning, control systems & anomaly detection ®* Good for generation, classification & language models




Simple problems need
simple solutions with
simple structures.

Complex problems need

complex structures and
techniques to manage
complexity.

Static problems need
efficient
representation
guaranteed to be
invariant.

Dynamic problems
need an efficient
update mechanism.

Deterministic
problems require
verification and
explanation.

Probabilistic
problems require a
simple integration
into the causal
world.




‘ﬁ‘ Observations: Data we observe in the world
Assumptions: What we assume about the data we observe

Inference: What we can infer from the data with those assumptions

Causality: The causal relationships that structure inferences




Inference

(Type)

HashMaplK, Inferable]
(Type Extension)

Vec|Inferable]
(Type Extension)
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Deep emporal
Causality (Trait)
Datable Spatial
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2mentation

ce ausaloid & Contextoid

* Disjoint algebraic d

* Solves the problem of missing inheritance & shared supertype
/ ® Nests various traits in an enum and then wraps the enum in a struct
&
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3) Hypergraph context

CAUSALITY

4) Causal state machines

i
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* DeepCausality solves complexity with recursive causal data structures

v
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* A collection store 1 is stored in a causaloid, and the causaloid
may then be stored in a hypergraph, which itself is stored as a causaloid

(f ® Causal reasoning across the entire graph, selected nodes, selected path, or shortest path
&




RECURSIVE
CAUSAL DATA casasaparo
STRUCTURES

Start
Causaloid /

Zoom into Causaloid 3

Causaloid 3: Collection

Causaloid 3

Causaloid
3-A

Causaloid 1
e Causaloid 2
) 4
Causaloid 4

Causaloid

Causaloid 7 3.8

‘.<

Causaloid 5

Causaloid
3-C

Y

Y
Causaloid 8 Causaloid 9

29
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>r a collection

:ntually

® Causaloid uses an i has a context

* Depending on the ﬂd"‘élf either calls a causal function with context or one without context

® Constructor sets bool flag, type Enum, and context.
&
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Convent s and space industry

¢ Data contexts T —

i

(f ®* Might be time varying, space-varying, or even space-time varying
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L4 ne

* Spacetempoid is of

® Might be anything depending on how you define your data
&
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* Graph of or space-time

A con’rex’roidq‘-‘-- k to any number ot ofl or contextoids

v



Context Hyper-graph

Root
Contextoid

HYPERGRAPH
CONTEXT

Time
Contextoid
year:2023

Time
Contextoid
month:03 /

Time
Contextoid
month: 01 /

A

A

A 4

. Data Contextoid
Data Contextoid Data 03/A

Data 01/A

Data Contextoid
Data 02/A

Data Contextoid
Data 02/B

Data Contextoid
Data 02/B
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Sy

® Custom ’rypes must extend 1l espon super) trait i.e. temporal and j)

(f implement both, the cus’rom ’rrcu’r and ’rhe super trait
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CONTEXTUALIZED
CAUSAL MODELS

Context Hyper-graph Causaloid Hyper-graph

Root
Contextoid

Time
Contextoid

ear:2023 Start

Causaloid

Time
Contextoid
month:03

Time
Contextoid
month:02

Time
Contextoid
month: 01

Causaloid 1 -
. _ Causaloid 2

. o . ¥ -
1 Data Contextoid |««==-"*["" »+ -+ {Causaloid 4 Causaloid 6
Data Contextoid Data 03/A _ Causaloid 5

Data 01/A

A

ntextoid
02/A

S

Y

. A

End
Causaloid

I'

Data Contextoid
Data 02/B

Data Contextoid
Data 02/B

Causaloid 3

Causaloid 7

38

Causaloid 9
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1lFunction

ction when the custom trait
has beer

* The Causaloid dispe Fches aut ‘between fu rctions with or without context.

(f ®* BTW, in DeepCausality it’s all static dispatching so no dynamic overhead
&
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* CSM can be generc

* I|deal for dynamic control systems

v
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® Evaluates if the target ied and then triggers the action

® Can dynamically add, remove, or evaluate states at runtime
&

%
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deterministi

2d causal action

* Action defined outside the model
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causality i
oration of new ideas, data

4) Inspires new directionsi.e. =~ structures, and implementation

(f contextualized deep learning techniques
&
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* Deep Neuroevolution might offer a novel path towards causal learning

(f ®* Expand docs & code examples
®
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* ForestFlow: Machin

* Xtremel: ML pIanor:fB f-k"l"éi" “‘amg"d“
/ ® BentoML: The Unified Al Application Framework
&


https://github.com/deepcausality-rs
https://github.com/lfai/proposing-projects/blob/master/proposals/deepcausality.adoc
https://github.com/lfai/proposing-projects/blob/master/proposals/deepcausality.adoc
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