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The verb-inflection game

Modelling the Dutch strong-weak past tense inflection in 

an agent-based simulation



Overview

 The strong-weak competition

 How is it relevant?

 Basic design & alignment strategies

 How does it work?

 Interpretation

What does it say?

 Conclusions & shortcomings

What can we conclude?
What should we improve?



The strong-weak competition

 Strong ablaut alternation: e.g. schuif  sch-oo-f

 Weak suffix inflection: e.g. schuif  schuif-de

 Entrenchment vs. Transparency

 Can these forces balance each other out, and if so, how?



Basic Design: World

 200 events

‘(

(0.105168148 gaan)

(0.18724294 moeten)

(0.267320342 zeggen)

…

(0.908939552 trekken)

…

(0.999941559 snuiten)

(0.999971429 wreken)

(1 schijten)

)

𝐴𝑁𝐹𝑛 =
𝐹𝑟𝑒𝑞𝑛

 𝑖=1
200𝐹𝑟𝑒𝑞𝑖

+ 𝐴𝑁𝐹𝑛−1

with 𝐴𝑁𝐹0 = 0



Basic Design: vi-agent

 Subclass of the Babel2 agent class

 10  2 randomly selected to play a language game

 Slots
 Lexicon

 Name

 String-utterance

 Context

 Topic

 Produced-strong-verb-form-p

 Produced-lexeme

 Heard-lexeme

 Total-weak-frequency

 Delta

 General-delta

 Prestigious-p



Basic Design: Lexicon

Event Strong form Strong 

frequency

Weak form Weak

frequency

Score

‘(

( gaan “ging” 0 “gade” 0 0.7 )

( moeten “moest” 0 “moette” 0 0.7 )

…

( hangen “hing” 0 “hangde” 0 0.7 )

…

( wreken “wrook” 0 “wreekte” 0 0.7 )

( schijten “scheet” 0 “schijtte” 0 0.7 )

)

 Every agent

 Continuously updated



Basic Design: Interaction



Alignment Strategies

 How do agents update their lexicon after an interaction?

 Weak Transparency
𝛿𝑔𝑒𝑛

𝛿𝑠𝑝𝑒𝑐



Alignment Strategies

 Frequency-based alignment

𝑠𝑛 =
𝐶𝑜𝑢𝑛𝑡𝑠𝑡𝑟𝑜𝑛𝑔 𝑒𝑣𝑛

𝐶𝑜𝑢𝑛𝑡𝑠𝑡𝑟𝑜𝑛𝑔 𝑒𝑣𝑛 + 𝐶𝑜𝑢𝑛𝑡𝑤𝑒𝑎𝑘 𝑒𝑣𝑛 + 𝛿𝑔𝑒𝑛  𝑖=1
200𝐶𝑜𝑢𝑛𝑡𝑤𝑒𝑎𝑘(𝑒𝑣𝑖)

 Delta multiplication alignment

 Delta accumulation alignment

 Weak inflection Strong inflection 

Verb-specific 𝑠𝑛 = 𝑠𝑛(1 − 𝛿𝑠𝑝𝑒𝑐 ) 𝑠𝑛 = 𝑠𝑛 1 − 𝛿𝑠𝑝𝑒𝑐  + 𝛿𝑠𝑝𝑒𝑐  

General 𝑠𝑛 = 𝑠𝑛 1 − 𝛿𝑔𝑒𝑛    

 



Alignment Strategies: Delta accumulation

 Weak inflection Strong inflection 

Verb-specific 𝑠𝑛 = 𝑠𝑛 − 𝛿𝑠𝑝𝑒𝑐  𝑠𝑛 = 𝑠𝑛 + 𝛿𝑠𝑝𝑒𝑐  

General 𝑠𝑛 = 𝑠𝑛 − 𝛿𝑔𝑒𝑛   

 



Interpretation: Basic model

 Average score development



Interpretation: Basic model

 Final scores



Interpretation: Basic model

 Used inflection, i.e. token frequency



Interpretation: Basic model

 Hearer-speaker 

convergence

 Verb convergence



Interpretation: Parameter changes

 Number of agents More agents, slower convergence

 𝑠𝑖𝑛𝑖𝑡 higher initial scores, more verbs remain strong



𝛿𝑔𝑒𝑛

𝛿𝑠𝑝𝑒𝑐
higher delta ratio, more verbs become weak

 Number of prestigious agents: cause stronger initial disagreement

speed up convergence

enlarge variation space



Interpretation: Parameter changes

 Average score development



Conclusions

 Goal internship accomplished

 Entrenchment vs. Transparency: delta accumulation 

 Token frequency vs. Type frequency

 Prestigious agents

 Shortcomings:  strong ablaut classes



Current work



Strong ablaut classes

 Not completely untransparent & unproductive

 7 historical classes (Strik & Knooihuizen)



Goals

 What makes a construction productive?

 Productivity of the strong verbs: Strik & Knooihuizen, Van de 
Velde

 Type frequency effect

 What is the future of the strong-weak competition?

 What are the effects of changing the parameters?

 Integrate corpus data, experimental results and agent-
based modelling



Design: done

 Build a basic agent-based simulation

 Extract relevant frequencies & past tense forms from

Corpus of Spoken Dutch

 Equip agents with FCG grammar containing a.o.

 1 weak inflection pattern

 12 strong inflection patterns

 Only finite forms



Design: to do

 Build in competition

 Let the agents train on (part of) the language use of the 

corpus

 Adding new verbs



Competition

 Production

 Apply constructions: lexeme, praeteritum, stem

 Competition at the inflection level

 Find all possible inflection patterns

 Patterns enter in competition

 Winner is used



Competition

 Known past tense

 Entrenchment of each pattern:  token count

 Personal preference of the verb: token count

 Unknown past tense (productive use)

 Entrenchment of each pattern:  token count

 (Productivity of each pattern:  type count)

 Give probabilistic score

 Push winner to the top of the construction-supplier list



Plan of action

1. Program an agent-based simulation

2. Extract relevant frequencies from CGN

3. Design a working grammar

4. Build in a system of competition

5. Add monitors

6. Work away current restraints



Problems

 Competition between applicable constructions

 Computational power when using realistic frequency

ranges

 (Influence of completely irregular strong & weak verbs)
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