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enum AST[A, B]: 
  // Pure data! 
  // No Scala functions 
  // inside! 

  case AndThen[A, B, C]( 

    f: AST[A, B], 

    g: AST[B, C], 

  ) extends AST[A, C] 

  case Par[A1, A2, B1, B2]( 

    f1: AST[A1, B1], 

    f2: AST[A2, B2], 

  ) extends AST[(A1, A2), (B1, B2)] 

  case Dup[A]() extends AST[A, (A, A)] 

  // ...

provided by the

Libretto library

https://github.com/TomasMikula/libretto/
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“orchestrated and repeatable patterns of activity” — Wikipedia

• scripted activities

• (often) long running (hours, days)

• (often) mostly waiting

• for activity to complete

• for human input 

• require durable execution

• can’t assume to stay in memory for the whole execution

https://en.wikipedia.org/wiki/Workflow
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Workflow DSL Requirements
• expressive control flow

• branching

• loops

• parallel processing

• sharing intermediate results

• (reasonable) type-safety

• inherited from the host lang

• executable durably

Maybe later

• graphical rendering

• statically

• mid-execution

• static analyses

• execution traces

• switch to an external DSL later

• without having to rewrite old 
workflows
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Demo Sub-Domain: Background Check

• HR person initiates

• Inputs candidate email

• Ask candidate (via email) to accept

• Candidate accepts by providing

• Personal info

• Employment history

• Concurrently

• Check criminal record

• Check civil record

• Verify employment history

• Notify a human researcher

• Produce report (for the HR 
person)

Inspired by https://learn.temporal.io/examples/go/background-checks/

https://learn.temporal.io/examples/go/background-checks/
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   val verif = verify(history) 
   results(crimi ** civil ** verif)



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)
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val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)
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def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B]



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)
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def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B]

delambdify(onAccept): Flow[PersonalId ** EmploymentHistory, Report]



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =

delambdify(onAccept): Flow[PersonalId ** EmploymentHistory, Report]



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =

val 🍅 : Expr[A] = freshVariable()

delambdify(onAccept): Flow[PersonalId ** EmploymentHistory, Report]



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =

val 🍅 : Expr[A] = freshVariable()

val expr : Expr[B] = f(🍅)

delambdify(onAccept): Flow[PersonalId ** EmploymentHistory, Report]



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =

val 🍅 : Expr[A] = freshVariable()

val expr : Expr[B] = f(🍅)

delambdify(onAccept): Flow[PersonalId ** EmploymentHistory, Report]

f := onAccept 

🍅 : Expr[PersonalId ** EmploymentHistory]



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =

val 🍅 : Expr[A] = freshVariable()

val expr : Expr[B] = f(🍅)

delambdify(onAccept): Flow[PersonalId ** EmploymentHistory, Report]

f := onAccept 

🍅 : Expr[PersonalId ** EmploymentHistory]

expr : Expr[Report] =



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 
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   val civil = checkCivil(id) 
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   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =
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results
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🍅 🍅 🍅

expr : Expr[Report] =
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val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =
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  val expr : Expr[B] = f(🍅)

  eliminate(🍅, from = expr)
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results
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val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =

  val  🍅  : Expr[A] = freshVariable()

  val expr : Expr[B] = f(🍅)

  eliminate(🍅, from = expr)

delambdify(onAccept): Flow[PersonalId ** EmploymentHistory, Report]

f := onAccept 

🍅 : Expr[PersonalId ** EmploymentHistory]

results
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_1 _1 _2

🍅 🍅 🍅
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_1 >>> checkCivil



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =

  val  🍅  : Expr[A] = freshVariable()

  val expr : Expr[B] = f(🍅)

  eliminate(🍅, from = expr)

delambdify(onAccept): Flow[PersonalId ** EmploymentHistory, Report]

f := onAccept 

🍅 : Expr[PersonalId ** EmploymentHistory]

results

**

**
verify

checkCrimi checkCivil

_1 _1 _2

🍅 🍅 🍅

expr : Expr[Report] =

Dup() >>> Par( 
  _1 >>> checkCrimi, 
  _1 >>> checkCivil 
)



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =

  val  🍅  : Expr[A] = freshVariable()

  val expr : Expr[B] = f(🍅)

  eliminate(🍅, from = expr)

delambdify(onAccept): Flow[PersonalId ** EmploymentHistory, Report]

f := onAccept 

🍅 : Expr[PersonalId ** EmploymentHistory]

results

**

**
verify

checkCrimi checkCivil

_1 _1 _2

🍅 🍅 🍅

expr : Expr[Report] =

Dup() >>> Par( 
  _1 >>> checkCrimi, 
  _1 >>> checkCivil 
)



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =

  val  🍅  : Expr[A] = freshVariable()

  val expr : Expr[B] = f(🍅)

  eliminate(🍅, from = expr)

delambdify(onAccept): Flow[PersonalId ** EmploymentHistory, Report]

f := onAccept 

🍅 : Expr[PersonalId ** EmploymentHistory]

results

**

**
verify

checkCrimi checkCivil

_1 _1 _2

🍅 🍅 🍅

expr : Expr[Report] =

_1 >>> Dup() >>> Par( 
  checkCrimi, 
  checkCivil 
)



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =

  val  🍅  : Expr[A] = freshVariable()

  val expr : Expr[B] = f(🍅)

  eliminate(🍅, from = expr)

delambdify(onAccept): Flow[PersonalId ** EmploymentHistory, Report]

f := onAccept 

🍅 : Expr[PersonalId ** EmploymentHistory]

results

**

**
verify

checkCrimi checkCivil

_1 _1 _2

🍅 🍅 🍅

expr : Expr[Report] =

_1 >>> Dup() >>> Par( 
  checkCrimi, 
  checkCivil 
) 
_2 >>> verify



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =

  val  🍅  : Expr[A] = freshVariable()

  val expr : Expr[B] = f(🍅)

  eliminate(🍅, from = expr)

delambdify(onAccept): Flow[PersonalId ** EmploymentHistory, Report]

f := onAccept 

🍅 : Expr[PersonalId ** EmploymentHistory]

results

**

**
verify

checkCrimi checkCivil

_1 _1 _2

🍅 🍅 🍅

expr : Expr[Report] =

Dup() >>> Par( 
  _1 >>> Dup() >>> Par( 
    checkCrimi, 
    checkCivil 
  ), 
  _2 >>> verify 
)



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =

  val  🍅  : Expr[A] = freshVariable()

  val expr : Expr[B] = f(🍅)

  eliminate(🍅, from = expr)

delambdify(onAccept): Flow[PersonalId ** EmploymentHistory, Report]

f := onAccept 

🍅 : Expr[PersonalId ** EmploymentHistory]

results

**

**
verify

checkCrimi checkCivil

_1 _1 _2

🍅 🍅 🍅

expr : Expr[Report] =

Dup() >>> Par( 
  _1 >>> Dup() >>> Par( 
    checkCrimi, 
    checkCivil 
  ), 
  _2 >>> verify 
)



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =

  val  🍅  : Expr[A] = freshVariable()

  val expr : Expr[B] = f(🍅)

  eliminate(🍅, from = expr)

delambdify(onAccept): Flow[PersonalId ** EmploymentHistory, Report]

f := onAccept 

🍅 : Expr[PersonalId ** EmploymentHistory]

results

**

**
verify

checkCrimi checkCivil

_1 _1 _2

🍅 🍅 🍅

expr : Expr[Report] =

Par( 
  Dup() >>> Par( 
    checkCrimi, 
    checkCivil 
  ), 
  verify 
)



val onAccept:  Expr[PersonalId ** EmploymentHistory]  =>  Expr[Report]  = 

  case      (id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif)

def delambdify[A, B](f: Expr[A] => Expr[B]): Flow[A, B] =

  val  🍅  : Expr[A] = freshVariable()

  val expr : Expr[B] = f(🍅)

  eliminate(🍅, from = expr)

delambdify(onAccept): Flow[PersonalId ** EmploymentHistory, Report]

f := onAccept 

🍅 : Expr[PersonalId ** EmploymentHistory]

results

**

**
verify

checkCrimi checkCivil

_1 _1 _2

🍅 🍅 🍅

expr : Expr[Report] =

Par( 
  Dup() >>> Par( 
    checkCrimi, 
    checkCivil 
  ), 
  verify 
) >>> results



Flow { candidate => 
 askForAccept(candidate) switch { 
  case Left(x) => 
   declined(x) 
  case Right(id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif) 
 } 
} 

👨💻

AndThen( 
 askForAccept, 
 Switch( 
  declined, 
  AndThen( 
   Par( 
    AndThen( 
     Dup(), 
     Par(checkCrimi, checkCivil) 
    ), 
    verify 
   ), 
   results 
))) 👩🔬
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   results(crimi ** civil ** verif) 
 } 
} 

👨💻

AndThen( 
 askForAccept, 
 Switch( 
  declined, 
  AndThen( 
   Par( 
    AndThen( 
     Dup(), 
     Par(checkCrimi, checkCivil) 
    ), 
    verify 
   ), 
   results 
))) 👩🔬

CCUURRRRYY
HHOOWWAARRDD
LLAAMMBBEEKK

Since 1970's

… delambdified so far …



Flow { candidate => 
 askForAccept(candidate) switch { 
  case Left(x) => 
   declined(x) 
  case Right(id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
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Flow { candidate => 
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👨💻

switch : the easy case



Flow { candidate => 
 askForAccept(candidate) switch { 
  case Left(x) => 
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  case Right(id ** history) => 
   val crimi = checkCrimi(id) 
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   results(crimi ** civil ** verif) 
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👨💻

switch : the easy case
non-capturing



Flow { candidate => 
 askForAccept(candidate) switch { 
  case Left(x) => 
   declined(x) 
  case Right(id ** history) => 
   val crimi = checkCrimi(id) 
   val civil = checkCivil(id) 
   val verif = verify(history) 
   results(crimi ** civil ** verif) 
 } 
} 

👨💻

switch : the easy case
non-capturing

extension [A, B](expr: Expr[A ++ B]) 

  def switch[R]( 

    f: Either[Expr[A], Expr[B]] => Expr[R], 

  ): Expr[R] = 

    val f1: Flow[A, R] = delambdify(a => f(Left(a))) 

    val f2: Flow[B, R] = delambdify(b => f(Right(b))) 

    val ff: Flow[A ++ B, R] = Switch(f1, f2) 

    ff(expr) 

👩🔬
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def switch[A, B, …, R](
  fa: Expr[A] => Expr[R],
  fb: Expr[B] => Expr[R],
  …
  sum:     [X,Y] => (Flow[X, R], Flow[Y, R]) => Flow[X ++ Y, R],
  distrib: [X,Y,Z] => Flow[X ** (Y ++ Z), (X ** Y) ++ (X ** Z)]
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Also Applicable To
• Loops


  case DoWhile[A, B]( iteration: Flow[A, A ++ B] ) extends Flow[A, B] 

• Recursion


• incl. recursive types


• Higher-order functions


• Including closures


• Linearly typed DSLs
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… status so far …

?
Flow { x => 
 ... switch { 
  case ... => 
   ... 
  case ... => 
   val y = ... 
   ... 
 } 
} 👨💻code

AndThen( 
 ... 
 Switch( 
  ... 
  Par( 
   Dup()... 
   ... 
  ), 
)) 

👩🔬… as data

Where’s the (durable) execution?
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Durable Execution
• execution state always as data

• introspectable

• opens possibilities

• visualize

• visualize mid-execution

• edit mid-execution

Omitted “details”

• Serialization

• pluggable for custom data types

• Persistence

• storage format

• graph?

• single document?

• Orchestration

• coordinator, workers, scheduler, …

• Externally completable promises



Distinctly Scala in Action
• Extension Methods   flow(expr) ,  expr switch {…}


• Extractors    case id ** history =>


• Context Functions

  def delambdify[A, B](f: LambdaContext ?=> Expr[A] => Expr[B]): Flow[A, B] 

• Givens


• Opaque Types    Expr


• Polymorphic Functions    sum: [X,Y] => (Flow[X, R], Flow[Y, R]) => Flow[X ++ Y, R]


• lightweight Macros (source position, var names)


• Path-dependent types (not seen here, but heavily used in the library)



Take Aways
• Programs-as-data open new possibilities


• Does not take much to represent expressive control flows


• Variables problematic


• Avoid internally to make some illegal programs unrepresentable 

• Affordable translation to point-free via canned implementation


• Expanding the case for internal DSLs
External 

DSL Internal 
DSL



Thank you!

https://github.com/TomasMikula/libretto/tree/main/lambda-examples

https://github.com/TomasMikula/libretto/tree/main/lambda-examples

