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LEVER: stem cell segmentation, tracking, and lineaging. Bioimage Lab. Drexel University.

B.S. Biomedical Engineering

Drexe] M.S. Electrical Engineering
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X\ submit Jobs View Jobs About
meta

Title: mock_env_even_path MG

Created Datetime: Updated Datetime: 2021-03-16 05:43:28.651000
Type Classifier(s) Read Type(s)
Simulated kraken, centrifuge, blastn r9,miseq

Metrics Abundance

Deviation from original

abundance Table Abundance Thresholding

Color is Relative to +/-

Max Abundance at a Baseline Only

Filter search by:

Y Match one or more terms ~
X
S ‘ Reported Orig

Name TaxID Rank Abu Abu 7 Difference
UUUUU - ) Bacteria 2 superkingdom  0.9029 0901 0.001896
Proteobacteria 1224 phylum 035344 0406 -0.052557
Classifier
Firmicutes 1239 phylum 043769 0396 0.041688
kraken -
Bacili 91061 class 043757 039 0.041568
Scale Slices On: . Gammaproteobacteria 1236 class 0.25682 0307 -0.050180
e
Total Abundance - Bacillales 1385 order 032208 0297 0.025077
Color Rank by Bacillaceae 186817 family 0.19938 0198 0.001375
5 R Pseudomonadales 72274 order 0.10876 0109 -0.000239
eviation v ‘)\:‘
N Archaea 2157  superkingdom 0.0935 0.099 -0.005502
Read Type
Actinobacteria 201174 phylum 0.11104 0099 0.012044
Google Ewth 9 -
’ Euryarchacota 28890 phylum 00935 0099 -0.005502

Humanitarian Assistance and Disaster Relief (HADR) Data Metagenomic Evaluation, Testing, and Evaluation (META) Tool.
Products for Hurricane Dorian 2019 Response Sunburst visualization.
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Proposition 2.3. (Yoneda lemma)

Let € be a locally small category, with category of presheaves denoted [€*, Set], according to Def. 2.1.

For X € [€?, Set] any presheaf, there is a canonical isomorphism

Homycer se11(¥(c), X) =~ X(c)

between the hom-set of presheaf homomorphisms from the representable presheaf y(c) to X, and the value of X at c.

This is the standard notation used mostly in pure category theory and enriched category theory. In other parts of the
literature it is customary to denote the presheaf represented by c as 4, . In that case the above is often written

Hom(h,., X) ~ X(c)
or
Nat(h., X) ~ X(c)

to emphasize that the morphisms of presheaves are natural transformations of the corresponding functors.

Proof. The proof is by chasing the element Id. € C(c, ¢) around both legs of a naturality square for a natural
transformation #: C(—, ¢) - X (hence a homomorphism of presheaves):

Cle.o) 5 X(o) . e n.(d) = ¢
cro ¥ Ix¢ \) Yx
C(, c) > X(b) = m)
b
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What is Category Theory Anyway?

January 17,2017 + Category Theory

A quick browse through my Twitter or Instagram accounts, and you
might guess that I've had category theory on my mind. You'd be right,
too! So I have a few category-theory themed posts lined up for this
semester, and to start off, I'd like to (attempt to) answer the question,
What is category theory, anyway? for anyone who may not be familiar
with the subject.

Now rather than give you a list of definitions--which are easy enough to
find and may feel a bit unmotivated at first--I thought it would be nice to
tell you what category theory is in the grand scheme of (mathematical)
things. You see, it's very different than other branches of math. Rather
than being another sibling lined up in the family photograph, it's more
like a common gene that unites them in the first place.

Let me explain.
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17. Maths with Diagrams

The discussion over the last few episodes has now led us to the point where we
have two different languages to talk about the same thing. The two languages,
however, are rather different. One consists of diagrams, the other of matrices
populated with natural numbers. If you already knew about matrix algebra,
maybe you’re asking yourself the question “What’s the point of all these
diagrams then? They don’t tell me anything that I didn’t know before. Is this
guy claiming that this diagrammatic language is better in some way?”
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An Invitation to

APPLIED
CATEGORY
THEORY

Seven Sketches
in Compositionality

BRENDAN FONG
DAVID I. SPIVAK
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Conceptual Mathematics
A first introduction to categories

Second Edition

F. William Lawvere
Stephen H, Schanuel
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Dragon: Schema Integration at Uber Scale o— - {(0),00} C kX 0—1 . rrepace Q| [8]

This presentation was delivered by Uber Data Platform’s Joshua Shinavier for the US Semantic e

Technologies Symposium on March 11, 2020. An abstract is available on the conference website. ., O_/

Watch for an upcoming article with the same title on Uber Engineering Blog.

(a) Co-design diagram corresponding to (34)—(35).

1 medp {
2 provides endurance

o = {(r (D) |TeK )12

provides e ad

provides ex

& provides velocity
&®2 l { (T’ ()) | T e k } : l 0 requires total cost [§]
requires total mass [q]

Algebraic Property Graphs

(=]
{x
[¥]
[R]
(m/s)
o Uber's schema languages are overwhelmingly algebraic
o ..and not only Uber's 1 A
o What the model needs battery = instance “Batteries

actuation = instance “Actuation
o Primitive types, product and sum types, and also labels as aliases for other types
total power = extra_power +

o Element identity
o Taxonomy of graph elements (vertices, edges, properties, and generalized elements)
o Formalization is straightforward using Category Theory
o CTis also strong on compositionality and structure-preserving mappings
o Note: RDF Schema was seriously considered as an alternative
o An early version’ of the language supported subclass property inheritance
o “schema.org for Uber” turned out not to be a good fit

(1] https://www.slidesh joshsh, lution-of-the-graph-schema

Shinavier, J., & Wisnesky, R. (2019). Algebraic
property graphs. arXiv (Vol. 1). Association for
Computing Machinery.

o Graph features —@— — {(T’(l . T) | T € k; }: 1—1 ((1 - k)

B~ {(rs-7)|Tek"}: 11

Fong, B., Sobociski, P., & Rapisarda, P. (2016). A

categorical approach to open and interconnected

dynamical systems. Proceedings - Symposium on
Logic in Computer Science, 05-08-July(1)

power required by actuation

missions provided by tery >= num missions
energy = provided * total power
capacity provided by battery >= energy

total mass = (
mass required by battery +
actuator mass required by actuation +
extra_payload)

required total mass >= total mass

gravity = 9.81 1 2
weight = total mass * gravity

lift provided by actuation >= weight
velocity provided by actuation >= velocity

replacements = maintenance required by battery
cost_per_replacement = 10 §
labor_cost = cost_per replacement * replacements

required total cost > (
cost required by actuation +
cost required by battery +
labor cost)

}

(b) MCDPL code for (34)—(35). The “instance” statements refer to previously
defined models for batteries (Fig.45b) and actuation (not shown).

Andrea Censi. A mathematical theory of co-
design. Technical Report, Laboratory for Information and
Decision Systems, MIT, September 2016. Submitted and
conditionally accepted to IEEE Transactions on Robotics.
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Uhat do I like about it?




K Benefits \ / Challenges \

« Qrganization * Hard to intuit
« Graphical syntax * Hard to communicate without special
terminology

 Parallel universes

* Hard to get it right
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Uhat have I learned?



Category Theory Results

Define new composition operator

Show this thing is equal to this
other thing

Show the categorical
representation of an existing
algorithm has benefits

Define new graphical syntax

Show this thing is analogous to
this other thing



How doec it relate to
engineering 7



Engineering Problems

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

Effectiveness (Validation)
"Did | build the the right product?”

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

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

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



Category Theory Results Engineering Problems

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

Show this thing is equal to this ~ ...........cc Effectiveness (Validation)
other thing "Did | build the the right product?”
Show the categorical .. Efficiency
representation of an existing “Can | make this run faster or with
algorithm has benefits fewer computations?”
Define new graphical syntax ... Comprehensibility
“Can | understand what this product
is doing?”
Show this thing is analogous to ... Innovation
this other thing “How can | push the boundaries of

this tools in this space?”



How can I apply category
theory?



Category Theory Results Engineering Problems Applications

Define new composition operator —.................... Security and Safety (Verification) Goal-Oriented Robot
“Did | build the product right?” Programming
Show this thing is equal to this ~ ...........cc Effectiveness (Validation) Modeling P-Code for
other thing "Did | build the the right product?” Reverse Engineering
Show there exists anothermap ... Efficiency Analyzing Zeek
between these things “Can | make this run faster or with Connection Log for
fewer computations?” Network Security
Define new graphical syntax ... Comprehensibility Visualize Classical Al
“Can | understand what this product Planning Solutions
is doing?”
Show this thing is analogous to ... Innovation Robot Programming
this other thing “How can | push the boundaries of  vs. Assembly Compiler

this tools in this space?”
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Steps for Applying Category Theory




Securit
Goal-Oriented Robot Programming '

Tools: Symmetric Monoidal Categories, Monoids, Functor

Door Gripper Home .

MoveThroughToType(...) ‘

MoveToDoor

o

SetEndEffectorParameterType(...) ‘

AttachToDoor

Door

\@
o
el
i)
g
E

MoveThroughToType(...) ‘

MoveToOpen

OpenDoorUsingGripper

\
2/

Door

SetEndEffectorParameterType(...) ‘

ReleaseDoor

MoveThroughToType(...) ‘
N
Door Gripper Home i
€ Csy c (s

[SX&

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

Tools: (In Progress)

States (.5)

Address Space Values (V)

Memory Registers (R)

Effectiveness

Application Level

'rN .mongoDB® dWs

Virtual Memory/Pointers (P)

¥ N

Code Level

0O
O

OpenCV

NumPy

G

&

Bytecode

Assembly Level

E Java F® Microsoft

P-Code

P-Code

(unique, 0x10000110, 8) INT_ADD (register, 0x110, 8) (const, 0x28, 8)

(unique, Ox1ffO@, 8) LOAD (const, Ox1lbl, 4) , (unique, O0x9e0, 8)

(unique, 0x9e0, 8) CAST (unique, 0x10000110, 8)

(unique, 0x2250, 1) INT_SLESS (register, 0x38, 4) (const, Ox2, 4)

--- CBRANCH (ram, 0x100743, 1) (unique, 0x2250, 1)

(unique, Ox1ffO@, 8) LOAD (const, Ox1lbl, 4) (register, 0x30, 8)

--- CALL (ram, 0x1005d0, 8) , (unique, 0x100000a8, 8) (unique, Ox1ffO, 8) ///”—>

(register, 0x110, 8) INDIRECT (register, 0x110, 8) (const, 0x32, 4)

(stack, Oxffffffffffffffc7, 4) INDIRECT (stack, Oxffffffffffffffc7, 4) (const, 0x32, 4) —

(stack, Oxffffffffffffffcb, 1) INDIRECT (stack, Oxffffffffffffffcb, 1) (const, 0x32, 4) ByTecode
(stack, Oxffffffffffffffcc, 8) INDIRECT (stack, Oxffffffffffffffcc, 8) (const, 0x32, 4)

(stack, Oxffffffffffffffd4, 8) INDIRECT (stack, Oxffffffffffffffd4, 8) (const, 0x32, 4)

(stack, Oxffffffffffffffdc, 8) INDIRECT (stack, Oxffffffffffffffdc, 8) (const, 0x32, 4)

(stack, Oxffffffffffffffed, 2) INDIRECT (stack, Oxffffffffffffffed, 2) (const, 0x32, 4)

(stack, OxfffffffffffffffO, 8) INDIRECT (unique, Ox1ff0O, 8) (const, 0x32 4) 0010071e 48 83 ec 20
(unique, 0x100000a8, 8) COPY (const, 0x1008a4, 8) 00100722 89 7d ec

BRANCH (ram, 0x1007ff, 1)

Collaboration with: G.

July 6, 2021

00100725 48 89 75 €0
00100729 83 7d ec 02

Bakirtzis, S. Breiner, E. Subrahmanian

Machine Level

SuUB RSP, 0x20

MoV dword ptr [RBP + local_lc],EDI
MoV gword ptr [RBP + local_28],RSI
CMP dword ptr [RBP + local_lc],0x2

Angeline Aguinaldo | Topos Berkeley Seminar
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Analyzing Zeek Connection Log for Network Security

Tools: Decorated Cospans

F(“192.168.25.253")
1

1

‘‘‘‘‘‘

F(*192.168.202.108")
1

1

F(*192.168.202.108")

1
1

FinSet

Efficiency

Network 1
jumpbox
A ¢ |
(] (e}
e /== /— 1\

faiire  INBOUND

® L ]
Last login: Sun Mar 21 14:11:48 on ttys003
< ~ ssh 192.168.202.108]




Comprehension

Visualize Classical Al Planning Solutions

Tools: String diagrams

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

(define (domain BLOCKS) (define (problem BLOCKS ) pick-up b International Joint Conference for Artificial Intelligence
(:requirements :strips) (:domain BLOCKS) stack b a (IJCAI) Generalization in Planning Workshop. 2021.
(:predicates (on ?x ?y) (:objects a b c) pick-up c

(ontable ?x) (:init (clear c¢) (clear a) (clear b) stack ¢ b

(clear ?x) (ontable c) (ontable a) (ontable b)

(handempty) (handempty) ) . ‘
(holding ?x) (:goal (AND (on c b) (on b a)))

) ) - W

(:action pick-up ontable b [handempty
:parameters (?x)

:precondition (and (clear ?x)
(ontable ?x) (handempty))
:effect

(and (not (ontable ?x)) |

clear ¢/ ontable ¢

(not (clear ?x)) — o
t
(not (handempty)) ancempty ontabied
(hOlding ?x))) clear b — ontable b —clear b — handempty
holding ¢ onba —holding b —clear a
| stack | — ontable ¢ —clear ¢ — handempty
clear ¢ handempty ﬁ b \ —holding ¢ —clear b /

July 6, 2021 Angeline Aguinaldo | Topos Berkeley Seminar 29



Innovation

Robot Programming vs. Assembly Compiler

Tools: (In Progress)

Application Level Application Level
Q Gj/
FRANKA [T g N
P . r ’ mongoDB. adWsS
RobMoSys
G”
Code Level Code Level
4 "
:::ROS P () Java [ g ( b 3 N?Z? NumPy 3 @‘@
“Robot Operating System Operating System u G N U
OpenCV —
G)
Skills Level Assembly Level
CRCL(NIST) [ = Java = Microsoft
G Bytecode Bytecode P-Code P-Code
Waypoints Level Machine Level
O vz
»5'\ i y (f 0010071e 48 83 ec 20 SUB RSP, 0x20
: \ ________ 00100722 89 7d ec MOV dword ptr [RBP + local_1cl,EDI
o £9) 00100725 48 89 75 €0 MoV qword ptr [RBP + local_28],RSI
C Loy 00100729 83 7d ec 02 CMP dword ptr [RBP + local_1c],0x2
July 6, 2021 Angeline Aguinaldo | Topos Berkeley Seminar 30
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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

July 6, 2021

Step

Cognitive

Obtain two datasets representing SSH connections for
two networks, i.e. Network 1 and I\« :

Compute two graphs using the origin IP and response IP
columns of each dataset

Pick jumpbox IP

Pick starting IP in Network 1 and target IP in Network 2
Combine rows of datasets, but add labels saying which

dataset each row came from except for the jumpbox IP

Compute graph of combined dataset

Check if starting IP is connected to target IP in graph

Categorical

Pick two objects from the category of FinSet

Define functor from F: FinSet — Graph

Pick span that will be the common leg

Pick input element in cospan 1 and output element in
cospan 2

Compute disjoint union of finite sets quotiented by
identified element images in the apexes (i.e. pushout)

Compute graph for pushout using decoration functor
coherence maps

Use coequalizer to compute connected components

Decorated Cospans for Network Security

Angeline Aguinaldo | Topos Berkeley Seminar
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Describe what aspects of the problem
helped you decide on the tools

EMAP OF M/

CARDINAL mmws OCTONION  QUATERNION
R Ace v St )  asbitciedR

Psﬂ

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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