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Introduction to Resolution Transformation

Coarse-graining

Backmapping

Loss of information

Reintroduction of structural information

– Higher resolution
– Improved accuracy

– Larger length and
time scales

– Increased sampling

State-of-the-art Backmapping Algorithms
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YIELD VALID STRUCTURES

Bonds, angles, stereochemistry, secondary structure

α
cis/trans

APPLICABLE TO VARIOUS MOLECULES

Lipids, proteins, DNA, polymers, materials, drugs, ...

PERFORMANCE

Linear runtime complexity
Fast execution

backward1

CG2AT2

deepBM2

Simulated
Annealing

Geometric
interpolation

RF-LF
MD

Bayesian
inference

GLIMPS

SIRAH-tools

GANs

EVALUATION

– No standardization in
current literature

– Different test systems and
methods

DRAWBACKS OF AVAILABLE BACKMAPPING ALGORITHMS

– Geometric and fragment-based algorithms might get trapped in local minima,
are time consuming, and may fail to recover proper stereochemistry

– Machine learning (ML) approaches have to be individually trained for each
system and may suffer from averaged structures

Backmapped Crystal structure

FRAGMENT-BASED

Assembling molecules from library
of individual fragments

GEOMETRIC APPROACH

Molecules are build with geometric
rules and prior expert knowledge

MACHINE LEARNING

Atomistic structures are predicted
by generative adversarial networks
(GANs) or regression analysis

∑

EVALUATION CRITERIA CURRENT TOOLS

Can we develop an improved,
pre-trained, and generic
backmapping algorithm?

How to properly incorporate
chemical knowledge into our

ML framework?

How to define a
standardized score for

backmapping algorithms?

Our Approach: Knowledge-driven Machine Learning
Learn the Boltzmann distri-
bution for each CG particle Learn local connectivity

with ML methods∑
Combined Score

+
Standardized evaluation
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AGENDA

1. Liquids 2. Lipids 3. Macromolecules 4. Materials


