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What is my thesis about?

Formulated mathematically as a function:

f : molecular structure → mass spectrum

Investigation of the inverse problem:

f−1 : mass spectrum → molecular structures

Integration of chemically studied reaction rules
modeled in MØD

Use of fragmentation trees to support traditional
machine-learning-based MS models
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Motivation

High-throughput
Data Acquisition

Slow
Analysis

bottleneck

Expert-driven &
Time-consuming

Pure ML
No structure

× interpretability

× generalization

vs
ML + Structure

Chemical rules

✓ interpretable

✓ generalizable

MS is widely used, but analysis is the challenge
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Mass Spectrometer

Sample Ion Source Mass Analyzer Detector

Data Analysis

sample

IONISATION ACCELERATION

ELECTROMAGNET

DEFLECTION

DETECTION

amplifier
& other electronics
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Data Sources

Mass spectrometry data from NIST → SMILES strings &
spectra

Curated EI fragmentation reactions → MØD rules
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Data Generation Overview

Sample
Molecule

Fragmentation

Fragmentation Tree

Fragmentation
Rules

Candidate
Molecules

Combining

Fragments [1 . . . n]

Inverse
Rules
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Sample Fragmentation Rules

1 IMS_4_9 = mod.Rule.fromDFS(
2 s =
3 "[C]1[C]2[C]3([C]4)[_A+.]5"
4 ">>"
5 "[C.]1" "." "[C]2[C]3([C]4){=}[_A+.]5",
6 name =
7 "radical induced (alpha-)cleavage for a saturated site"
8 " 4.9"
9 " !R1R3R4Y5"

10 )
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MØD - Predicate

Candidate
Fragments

Frag 1

Frag 2

Frag 3

(from parent molecule)

Predicate

Check conditions:

- Heteroatom?

- Saturated?

- Structure valid?

PASS

PASS

FAIL

Pass

Frag 1

Frag 2

Rejected

Frag 3

Graph
Transformation
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MØD - Predicate - Alkyl Group

C

rule ext.
location

C

C
H

H

H

BFS

VALID: Alkyl Group

BFS neighbors ⊆ {H,C} ✓

C

rule ext.
location

C

N
H

H

H

BFS

heteroatom!

INVALID: Not Alkyl

BFS neighbors ̸⊆ {H,C} ×
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MØD - Predicate - Heteroatom Group

C

rule ext.
location

N

C
H

H

H

BFS

heteroatom!

VALID: Heteroatom Group

BFS \ {H, C} ̸= ∅ ✓

C

rule ext.
location

C

C
H

H

H

BFS

INVALID: No Heteroatom

BFS \ {H, C} = ∅ ×
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MØD - Predicate - Saturation

Goal: Find saturated path

Requirements:
✓ Only carbon backbone
✓ Single bonds only (C—C)
✓ Only H side branches

Method:
Search from start to end
following C-C single bonds

C C C C

C

H

H

H H

H

H

H H

!
START END

Saturated path
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Sample Derivation Graph
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Architecture Diagram

Molecule Graph Fragment Set Mass Spectrum

Input Data

EncMol
GCN 3 → 64 → dL

Global Pool

FragSetEnc
Deriv. Trees
GCN + Pool

EncSpec
sbins → 512 → dL

Encoders

zmol zfrag zspec

zcombined

Latent Space

HeadFWD

z → dt

HeadBWD

z → dt

Task Heads

DecFrag
dL → Vfrag

DecSpecLatent
dL → 512 → sbins

Decoders

f̂probs
Fragments

ŝpred
Spectrum

Decoder for Retrieval

Output

Cosine Loss

Wasserstein

InfoNCE

Cycle Cons.

Losses
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Results

Diverse Model scores:

Best Recall@1: 0.000
Best Recall@5: 0.111
Best Recall@10: 0.259
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Discussion

Questions?
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