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Problem: renovation of IBM platform needed
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Mobydic : Individual-Based Modeling platform

pros

● dedicated design for IBM in biology
○ modeling as interaction among agents (animats, cells, non-located agents)
○ direct support for life-history stages (molting and metamorphosis)

● modeling on GUI that requires less programming skills

cons

● old code base (on 32bit VisualWorks)
● no mainteners
● doesn't scale

re-design and re-implement based on the same philosophy

➡ re:mobidyc 4



Example life-history stages (Copepods)

5



Why Mobidyc failed to scale?

● User-defined agents were responsible for data aggregation and recording.
● History was managed in memory.
● Analysis design was required before running the model.

Resulting in

● Frequent global GC
● Frequent heap expansion
● Repeated executions with minor changes to data aggregation agents

So, we need

● Scalable history management and
● Post hoc analysis: Run first, record everything, then analyze.
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Requirements to re:mobidyc

R1 - Support for biology ... especially life-history stages

R2 - Interaction among individuals and environments represented by agents

R3 - less imperative programming skills

R4 - Support for variability and post hoc analysis

R5 - Scalability

the problem that 
Mobidyc suffered from

the user's goal
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Trace-centric architecture
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execution trace
A complete history  = a series of snapshots

post hoc analysis toolsmodeling UI execution engine

IBM with variability

execution engine analysis toolspreprocessed 
results

IBM + observer agents

conventional execution-centric approach

trace-centric architecture
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solution to R4/R5: time-indexed virtual memory
● Memory is addressed by (time-step, heap address).
● The entire program state is indexed by time and stored persistently.
● The interpreter accesses only the current time-step “page” during execution.
● The full trace remains available as a time-addressable memory.

10



solution to R3: synchronous updating

● Variables are updated through a staged assignment model
○ heap space: current variable values (at:)
○ delta space: incremental variable updates (at:add:)
○ next space: pending variable assignments (at:put:)

● Updates are applied only at transition to the next time step
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Solution to R1/R2: Domain-aware memory model
● Stage links: encode an individual’s life-history progression
● Reproduction links: encode lineage relationships between agents
● Agent table: stage-indexed view of all agents in memory
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solution to R4: meta-interpreter

● Parameterized simulation models
○ e.g. water temperature = 23, 24, 25 °C

● A meta-interpreter
○ expands meta-parameters into multiple 

simulation models
○ manages the corresponding interpreters
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putting them all together...
● It looks complex, but just composition of

○ time-indexed virtual memory
○ synchronous updating
○ links for individuals and linage
○ meta-interpreter
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architecture meets requirements

model language (meta-)interpreter memory analysis tool

R1 - biology directives
maths

directives
maths

links stages, 
individuals

R2 - agents modeling task def spatial bindings agent table

R3 - skills declarative synchronous 
updating

R4 - variability and analysis meta-parameter 
expansion

time-indexed 
virtual memory

aggregation

R5 - Scalability time-indexed 
virtual memory
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Migrations of responsibilities

model language interpreter memory post hoc
analysis tools

biology-specific 
concepts

model behavior

data consistency

data aggregation

data recording

variability Mobidyc

spatial visualization

PL-based general MAS
MobiDyC
re:mobidyc
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Migration of immersiveness 

● Pharo achieves immersiveness through an always-live environment.
● re:mobidyc keeps execution deterministic and static.
● Immersiveness is migrated to post-hoc analysis in re:mobidyc.
● The execution trace (time-indexed virtual memory) becomes the substrate for 

immersive post-hoc interaction.
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Implementation on Pharo
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Why Pharo?

● Well-maintained modern Smalltalk implementation/dialect.
○ 64bit VM/Image, multiple platform
○ SmallInteger and SmallFloat64 are immediate objects
○ active and supportive community

● Excellent environment for DSL development
○ experience of ViennaTalk
○ PetitParser

● flexible UI frameworks
○ Flexibility and customizability of Spec2
○ Visualization by Roassal3
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packages
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Application/UI
239 classes
2186 methods

Engines
90 classes
1118 methods

Languages / 
Runtimes
125 classes
1662 methods

ReMobidyc-Interpreter
63 classes / 775 methods

ReMobidyc-Language
115 classes / 1551 methods

ReMobidyc-Repository
8 classes / 206 methods

ReMobidyc-Storage
6 classes / 227 methods

ReMobidyc-Visualization
18 classes / 170 methods

ReMobidyc-Application 
2 classes / 10 methods

ReMobidyc-Chronicle
2 classes /  49 methods

ReMobidyc-DataSource
21 classes / 116 methods 

ReMobidyc-Diagrams
6 classes / 33 methods

ReMobidyc-Spec2
131 classes / 1728 methods

 ReMobidyc-Units
8 classes / 101 methods



It scaled!

● 874,705 individuals (at the peak step)
● 8,766 simulation steps (6 years by 6 hours)
● 91 GB trace
● 968 MB memory (MEM of the pharo process)

91 GB trace managed with less than 1 GB of memory
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Lessons from implementation and use in action

● Modeling Language
○ Declarative modeling has a learning curve.

■ Tutorials are essential.
● Interpreter

○ Creating contexts with spatial bindings dominates execution costs
■ needs further optimization.

○ (Meta-)interpreters are also useful in analysis tools.
● Memory

○ Time-indexed virtual memory achieved scalability.
○ File I/O became significant ... further improvements are needed.

● Analysis
○ Post hoc analysis worked well so far.
○ More immersive analysis tools remain to be designed.
○ Users still expect immediate visual feedback during execution.
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conclusion
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Takeaways

● The trace-centric architecture changed the allocation of responsibilities.
Time-indexed virtual memory improves verifiability for scientific computing.

● Immersiveness also shifted from execution time to post-hoc analysis.
The execution trace is an immersive environment.

● Pharo is an excellent platform for building such an "extreme" DSL.

● re:mobidyc is now being used for biological simulations studies.
○ Okura et al. (2025)

"First individual-based model to study the impact of temperature on Sakura shrimp 
larvae development: Integrating experimental insights", 
Aquaculture, vol. 595.

○ Takahashi et al. (2024)
"Elucidating the Disrupted Seasonal Cycle of Eodiaptomus japonicus 
(Calanoida, Copepoda)in Lake Biwa: Insights from an Individual-Based Model", 
Diversity, 16 (6).

The development of re:mobidyc is partially supported by JSPS KAKENHI Grant Number 24K09052. 31



Resources

● GitHub: https://github.com/ReMobidyc/ReMobidyc/ 

● Binary packages: https://viennatalk.org/builds/remobidyc/latest/

● Microsoft Store: search "re:mobidyc"
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