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About Me
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B.S. Biomedical Engineering
M.S. Electrical Engineering
Drexel University, 2017
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LEVER: stem cell segmentation, tracking, and lineaging. Bioimage Lab. Drexel University.



Software Engineer Project Lead
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Humanitarian Assistance and Disaster Relief (HADR) Data 
Products for Hurricane Dorian 2019 Response

Metagenomic Evaluation, Testing, and Evaluation (META) Tool. 
Sunburst visualization.
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3rd Year Ph.D. Student
Computer Science



How did I get here?
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Implementation

Generalization

Mathematics

Engineering



So, how has it been?
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What do I like about it?
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Benefits

• Organization

• Graphical syntax

• Parallel universes

Challenges

• Hard to intuit

• Hard to communicate without special 
terminology

• Hard to get it right



What have I learned?
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Examples Category Theory Results

Operad Define new composition operator

Natural 
Isomorphism

Show this thing is equal to this 
other thing

Decorated 
Cospan

Show the categorical 
representation of an existing 
algorithm has benefits

String Diagram Define new graphical syntax

Natural 
Transformation
/Functors

Show this thing is analogous to 
this other thing



How does it relate to 
engineering?
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Engineering Problems

Security and Safety (Verification)
“Did I build the product right?”

Effectiveness (Validation)
”Did I build the the right product?”

Efficiency
“Can I make this run faster or with 
fewer computations?”

Comprehensibility
“Can I understand what this product 
is doing?”

Innovation
“How can I push the boundaries of 
this tools in this space?”
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Examples Category Theory Results Engineering Problems

Operad Define new composition operator ﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒ Security and Safety (Verification)
“Did I build the product right?”

Natural 
Isomorphism

Show this thing is equal to this 
other thing

﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒ Effectiveness (Validation)
”Did I build the the right product?”

Decorated 
Cospan

Show the categorical 
representation of an existing 
algorithm has benefits

﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒ Efficiency
“Can I make this run faster or with 
fewer computations?”

String Diagram Define new graphical syntax ﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒ Comprehensibility
“Can I understand what this product 
is doing?”

Natural 
Transformation
/Functors

Show this thing is analogous to 
this other thing

﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒ Innovation
“How can I push the boundaries of 
this tools in this space?”
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How can I apply category 
theory?
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Examples Category Theory Results Engineering Problems Applications

Operad Define new composition operator ﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒ Security and Safety (Verification)
“Did I build the product right?”

Goal-Oriented Robot 
Programming

Functor Show this thing is equal to this 
other thing

﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒ Effectiveness (Validation)
”Did I build the the right product?”

Modeling P-Code for 
Reverse Engineering

Decorated 
Cospan

Show there exists another map 
between these things

﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒ Efficiency
“Can I make this run faster or with 
fewer computations?”

Analyzing Zeek
Connection Log for 
Network Security

String Diagram Define new graphical syntax ﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒ Comprehensibility
“Can I understand what this product 
is doing?”

Visualize Classical AI 
Planning Solutions

Natural 
Transformation

Show this thing is analogous to 
this other thing

﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒﹒ Innovation
“How can I push the boundaries of 
this tools in this space?”

Robot Programming 
vs. Assembly Compiler



Steps for Applying Category Theory

1. Decide the CT tools

2. Align the application concepts

3. Encode the model
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Tools: Symmetric Monoidal Categories, Monoids, Functor

Goal-Oriented Robot Programming
Security

A. Aguinaldo, J. Bunker, B. Pollard, A. Canedo, G. Quiros, W. Regli. RoboCat: A category theoretic framework for robotic 
interoperability using goal-oriented programming. IEEE Transactions for Automated Science and Engineering. 2021.



July 6, 2021 Angeline Aguinaldo | Topos Berkeley Seminar 27

Application Level

Code Level

Machine Level

Assembly Level

(unique, 0x10000110, 8) INT_ADD (register, 0x110, 8) , (const, 0x28, 8)
(unique, 0x1ff0, 8) LOAD (const, 0x1b1, 4) , (unique, 0x9e0, 8)
(unique, 0x9e0, 8) CAST (unique, 0x10000110, 8)
(unique, 0x2250, 1) INT_SLESS (register, 0x38, 4) , (const, 0x2, 4)
--- CBRANCH (ram, 0x100743, 1) , (unique, 0x2250, 1)
(unique, 0x1ff0, 8) LOAD (const, 0x1b1, 4) , (register, 0x30, 8)
--- CALL (ram, 0x1005d0, 8) , (unique, 0x100000a8, 8) , (unique, 0x1ff0, 8)
(register, 0x110, 8) INDIRECT (register, 0x110, 8) , (const, 0x32, 4)
(stack, 0xffffffffffffffc7, 4) INDIRECT (stack, 0xffffffffffffffc7, 4) , (const, 0x32, 4)
(stack, 0xffffffffffffffcb, 1) INDIRECT (stack, 0xffffffffffffffcb, 1) , (const, 0x32, 4)
(stack, 0xffffffffffffffcc, 8) INDIRECT (stack, 0xffffffffffffffcc, 8) , (const, 0x32, 4)
(stack, 0xffffffffffffffd4, 8) INDIRECT (stack, 0xffffffffffffffd4, 8) , (const, 0x32, 4)
(stack, 0xffffffffffffffdc, 8) INDIRECT (stack, 0xffffffffffffffdc, 8) , (const, 0x32, 4)
(stack, 0xffffffffffffffe4, 2) INDIRECT (stack, 0xffffffffffffffe4, 2) , (const, 0x32, 4)
(stack, 0xfffffffffffffff0, 8) INDIRECT (unique, 0x1ff0, 8) , (const, 0x32, 4)
(unique, 0x100000a8, 8) COPY (const, 0x1008a4, 8)
--- BRANCH (ram, 0x1007ff, 1)

Tools: (In Progress)

Effectiveness

Collaboration with: G. Bakirtzis, S. Breiner, E. Subrahmanian

Modeling P-Code for Reverse Engineering

Bytecode Bytecode P-Code P-Code

States (S)

Address Space Values (V )

Memory Registers (R) Virtual Memory/Pointers (P )
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Tools: Decorated Cospans

Efficiency
Analyzing Zeek Connection Log for Network Security
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Tools: String diagrams

ComprehensionVisualize Classical AI Planning Solutions

pick-up

clear c ontable c

pick-up

clear b ontable b handempty

stack

clear a

ontable a

¬ ontable b ¬ clear b ¬ handempty

holding b

on b a ¬ holding b ¬ clear a

handempty

stack

clear b

¬ ontable c ¬ clear c ¬ handempty

holding c

clear c handempty on c b ¬ holding c ¬ clear b

(define (problem BLOCKS-3-0)
(:domain BLOCKS)
(:objects a b c)
(:init (clear c) (clear a) (clear b) 
(ontable c) (ontable a) (ontable b) 
(handempty))
(:goal (AND (on c b) (on b a)))
)

(define (domain BLOCKS)
(:requirements :strips)
(:predicates (on ?x ?y)
(ontable ?x)
(clear ?x)
(handempty)
(holding ?x)
)

(:action pick-up
:parameters (?x)
:precondition (and (clear ?x) 
(ontable ?x) (handempty))
:effect
(and (not (ontable ?x))
(not (clear ?x))
(not (handempty))
(holding ?x)))
...

pick-up b
stack b a
pick-up c
stack c b

Domain file Problem file Solution Angeline Aguinaldo and William Regli. Encoding 
Compositionality in Classical Planning Solutions. 

International Joint Conference for Artificial Intelligence 
(IJCAI) Generalization in Planning Workshop. 2021.
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Tools: (In Progress)

Innovation
Robot Programming vs. Assembly Compiler

Application Level

Code Level

Machine Level

Assembly Level

Bytecode Bytecode P-Code P-Code

Application Level

Code Level

Waypoints Level

Skills Level
F

G

H

I

CRCL (NIST)

F

F’

F’’

G

G’

G’’
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How can we improve ACT 
outreach?
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Describe what aspects of the problem 
helped you decide on the tools

Categorify existing engineering 
abstractions

Incorporate cognitive vs. categorical 
translation table

Visualize taxonomy of categories to 
show how they generalize or restrict
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Describe what aspects of the problem 
helped you decide on the tools

Categorify existing engineering 
abstractions

Incorporate cognitive vs. categorical 
translation table

Visualize taxonomy of categories to 
show how they generalize or restrict
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Describe what aspects of the problem 
helped you decide on the tools

Categorify existing engineering 
abstractions

Incorporate cognitive vs. categorical 
translation table

Visualize taxonomy of categories to 
show how they generalize or restrict

Decorated Cospans for Network Security
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Describe what aspects of the problem 
helped you decide on the tools

Categorify existing engineering 
abstractions

Incorporate cognitive vs. categorical 
translation table

Visualize taxonomy of categories to 
show how they generalize or restrict Domain of Science (DoS), Youtube
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Thanks for listening!
Angeline Aguinaldo
aaguinal@umd.edu

angeline.aguinaldo@jhuapl.edu


