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1. Translate program P

Into @ Program Matrix

DP

p p :- not (.
q :- not p.

Program

P 9 p
p
D (000
g \0 0 1

Program Matrix
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Interpretation vector
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2. Define Loss function

w.r.t. continuous
interpretation

L(x)
Loss function w.r.t. x
dL(x)
0x

Gradient of L(x) w.r.t. x
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with gradient descent

o
o

LEHECCSECEEAN

©
o

y & € &%

B
5

0.2


https://scholar.google.co.jp/citations?hl=ja&user=G4ZSfm4AAAAJ
https://www.nii.ac.jp/openhouse/
https://www.nii.ac.jp/
https://orcid.org/0000-0003-4130-8311

iy 2 & & B B

‘7.%' Akihiro Takemura
%, (Doctoral student)

OocN: Rule Set Generation from
wonl Tree Ensembles with ASP

class(1) « x; <1 Ax3<1Ax, <1.
class(0) « x, <5 Ax; <3Ax,<10..
class(2) « xg <3 Ax, <2Ax; <1..

Convert to Rules s
\ /
Tree Ensemble
(ML model)
No. rules can be controlled

,/f Performance metrics can
be taken into consideration
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Rule Set Generation Important
—
in ASP Rules

For a tree ensemble with K class(1) «

trees, each with depth D, Declarative encoding of lxl 5))1 Axz=1
, : . class —

there can be (at maximum) user-defined constraints xe>1 Axg <1

~K2P*1 rules and preferences
Selecting
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Transitive closure program for r.: B={ 1000
rz(x,z)ﬁrl(x,z) 100 0
r(%,2) — 1,(xY) & 1,(),2) d :
l IR1|[oo = max{1,1,1,1} =1

e=(1+[Rufloc)™ =1/2

ra(x,z) & ri(x,z) V3Iy(ri(x,y) Ara(y,z))

l Ry, = (I-€R;) 'R, ‘

,  min ((1 00 0 0 1/2 0 0 0 1/2 0 0
. 5 B 0100]| | 0 0 1/20 0 0 1/2 0
R; = min;(R; +R;Ry) i - 0010 /2 0 00 /2 0 0 0
‘ least solution o \\ 0 0 0 1 /2 0 0 0 /2 0 0 0
min. (x)=min(x,1) [ 0.1428 0.5714 0.2857 0.0000
R, = &(R;+R{Ry) ! ’ | 02857 01428 05714 0.0000
1 | 05714 0.2857 0.1428 0.0000
= (I—¢eR;) 'eRy. \ 05714 0.2857 0.1428 0.0000
R, = R,>0 (111 0)
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Grounding Solving .
Logic Program ~  Grounder ~  Solver - Output 3. Analyzing the use of
matrix in different aspects
P={p<qAs, g pAt,s ot it u vy 2. Perform logic reasoning - Sparsity
» ¢ s t -t us v INnvectorspaces: - Differentiability
i ( A S - °\ - Deduction P-Q - Using complex numbers
. s 14 & 4 4 & 00 P LesMiser
1. Encode logic programs ¢ |0 o0 0 1 0 00 0 | == Tp-operator
. - -t{ 0 0 0 0 1 00 g | p— Clasp |
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Differentiable SAT Solver
In Vector Spaces
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I Finding a solution that satisfies a logical equation
\ is called SAT problem, and the software for

solving the SAT problem is called SAT solver.
This study proposes a new differentiable SAT
solver that maps the symbolic problem SAT to a
vector space and finds the solution minimizing a
cost function. Replacing symbolic representations

with vector and tensor representations, we
aim to improve the speed and scalability by

_ > using hardware specialized for parallel computing
’ v} 7 \_ Vector Spaces ~/ suchasGPUs.
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Input: set of possible goals

. REPEAT
Output: most likely goal and plan -
, D
New observation O;
. Pruning
Online planner o .
Set of possible coals P, satisfies the observation:
P g P, nothing is done P; does not satisfy
[ > 1 | pruning criteria, we
(T S » o o,
| » In ,
B P, does not satisfy the . .
" nobservation' Pfy_ P, satisfies pruning
L criteria, we remove
pl p2 P,and g,
| > Oi > In
Trying to predict the plan and goal of the opponent player in a game of StarCraft in real-time. For
E”‘i“%’i‘.‘;ﬁgiﬁﬁ”“ each possible goal for the player, we design one plan to achieve it, we modify these plans according to
partial observations of the player’s action, and then we estimate the most likely plan and goal.
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Data
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Logic Programs

Deep Convolutional (GANS)
Neural Network
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Input: Time series data
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Output: NLP Encoded Matrix
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Ile body S _ | _ ,

{} {a}” {b} {-a} {-b} {a,b} {-a,b} {a,—-b} {-a,-b}
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Rulehead , |0 0o 0 i 0 0 0 0 0

We interact with various complex dynamic systems everyday. These systems with composed of components evolve over
time. Understanding the influences between these components provide valuable insights. LFIT is an unsupervised learning
algorithm which learns the dynamics just by observing state transitions. LFIT has been mostly implemented in symbolic
methods that utilize logical operations to induce logic programs. In our work, we combine neural network with this
previously symbolic algorithm. We proposed a general model dLFIT that learns to predict logic programs that explain the
underlying observations. However, this model suffered from a combinatorial explosion problem. To solve the scalability
issue, we propose a new model LFIT+ that is capable of learning systems that are larger than previously possible.

Learning Logic Programs from Noisy State Transition Data [Phua et al., ILP 2019]
V¥ Link to research article
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Live-cell Dynamics
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~Robust to Uncertainty, Interpretable to Causality~ |

SARS-CoV-2 in vivo dynamical systems Equations (Egs)
(ODEs PDEs DAEs, S- system ..)

=a. HXg” ,BHX”

Learning (i=1--,N)  Reasoning
Logic programs (LPs)

(QDEs, TCTL, ..))
ADD(X.Y.Z) MoC

. ® ‘“3 - V’ covuo 19

KEGG Pathway
Time-series sSCRNA-seq .

NA
MULT(X.Y.Z)
DERIV(X.Y)
SR: Symbolic regression ST MoC: Model checking
NA: Numerical analysis e Y() & Reconstructive networks

My research attempts to build a new framework for discovering the governing equations and hypotheses of
complex system dynamics in viral infection. This framework combines dynamical systems theory, machine
learning, and symbolic reasoning. In other words, by organically linking differential equations, logic programes,
time-series observations, and background knowledge, I aim to develop a tool for finding models robust to uncertainty
or perturbation and interpretable to causality. One challenging task is "multiscale modeling,"” which considers
the crosstalk between systems of different biological hierarchies. Applications of such frameworks could include other
viruses and real-world scenarios. One particularly urgent and significant focus is the novel coronavirus infection
(COVID-19). While working on the proposed framework, I am currently addressing case studies such as completion
E’*:’:*ngﬁg%”%?ﬁ and reconstruction of the COVID-19 Disease Map, a developing knowledge graph on the pathogenic virus
L

‘ (SARS-CoV-2), and dynamic network biomarker identification.
.
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