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Motivation

• Object-oriented dynamic languages in the rise [1]:


• All programming languages have concurrency constructs

[1] Most Loved Language from Stackoverflow’20 Survey: 

https://insights.stackoverflow.com/survey/2020#technology-most-loved-dreaded-and-wanted-languages-loved

Goroutines Async & Await

Web Workers

Task

Promise & Future
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Dalarna Programming Model

• Focused on dynamic languages


•  Make programs data race free by mapping objects to capabilities: 

• Remove data races in 

• Remove deep copying where possible


•  Embedded Dalarna into the Grace language
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• Capabilities annotations
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Local & Imm = Read and Alias



Dalarna Programming Model

• Object capability containment relation
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Dalarna Programming Model
Initial code

ls = object List {…} 
ls.append(object O {…} ) 

mapper = object Mapper(...) { 
  method map(o) { 
    let ch = spawn(ch) { 
      oo <- ch 
      ...    -- mutate object  
    } 
    ch <- o 
    o.f = ...  -- mutate object 
  } 
} 

ls.map(mapper) 

Default object considered with  
unsafe capability

ls = object List {…} 
           ≡ 
ls = unsafe object List {…}
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Main Point: 

Any code that can lead 
to a data race is a runtime error
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Future Work
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• Addition of capability-based gradual 
type system to statically reject ill-capable programs 
 
 
 

• Improve the prototype and benchmark performance

ls = iso object List {…} 
ls.append(unsafe object O {…} ) Statically rejected

Transient Typechecks Are (Almost) Free. ECOOP 2019
Richard Roberts, Stefan Marr, Michael Homer, James Noble

https://dblp.uni-trier.de/pers/hd/r/Roberts_0004:Richard
https://dblp.uni-trier.de/pers/hd/m/Marr:Stefan
https://dblp.uni-trier.de/pers/hd/h/Homer:Michael
https://dblp.uni-trier.de/db/conf/ecoop/ecoop2019.html#RobertsMH019
https://dblp.uni-trier.de/db/conf/ecoop/ecoop2019.html#RobertsMH019
https://dblp.uni-trier.de/pers/hd/r/Roberts_0004:Richard
https://dblp.uni-trier.de/pers/hd/m/Marr:Stefan
https://dblp.uni-trier.de/pers/hd/h/Homer:Michael
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• Dalarna programming model


• guarantees data race free programs


• safe shared memory without deep copying


• can be embedded in existing languages (Grace)
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