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Spritely?  Goblins?
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Seeing is believing?
(well, using is even better but this is a talk)
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TERMINAL PHASE DEMO GOES HERE
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DISTRIBUTED CHAT DEMO GOES HERE
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Distributed Programming Environment
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Quasi-Functional State Management
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Easy Transactions
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Time Travel Included
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Object Capability ("ocap") Security
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  .----------------------------------.         .----------------------.
  |            Machine 1             |         |       Machine 2      |
  |            =========             |         |       =========      |
  |                                  |         |                      |
  | .--------------.  .---------.   .-.       .-.                     |
  | |    Vat A     |  |  Vat B  |   |  \______|  \_   .------------.  |
  | |  .---.       |  |   .-.   | .-|  /      |  / |  |    Vat C   |  |
  | | (Alice)----------->(Bob)----' '-'       '-'  |  |  .---.     |  |
  | |  '---'       |  |   '-'   |    |         |   '--->(Carol)    |  |
  | |      \       |  '----^----'    |         |      |  '---'     |  |
  | |       V      |       |         |         |      |            |  |
  | |      .----.  |       |        .-.       .-.     |  .------.  |  |
  | |     (Alfred) |       '-------/  |______/  |____---( Carlos ) |  |
  | |      '----'  |               \  |      \  |     |  '------'  |  |
  | |              |                '-'       '-'     '------------'  |
  | '--------------'                 |         |                      |
  |                                  |         |                      |
  '----------------------------------'         '----------------------'  

(machine (vat (actormap {refr: (mactor object)})))
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(Condensed) Goblins’ Heritage

~193X: λ

~1958: (λ () ...)

~1972: Smalltalk

~1973: Actors

~1975: Scheme

~1995: Joule

~1997: E
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Carl Hewitt & co: the (classic) actor model

In response to a message, can:

.-----------------------------------------------.
| Actors                  |             Goblins |
|-------------------------+---------------------|
|                         |                     |
|                         |                     |
|                         |                     |
'-----------------------------------------------'
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Carl Hewitt & co: the (classic) actor model

In response to a message, can:

.-----------------------------------------------.
| Actors                  |             Goblins |
|-------------------------+---------------------|
| Send messages / invoke  |                     |
|                         |                     |
|                         |                     |
'-----------------------------------------------'
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Carl Hewitt & co: the (classic) actor model

In response to a message, can:

.-----------------------------------------------.
| Actors                  |             Goblins |
|-------------------------+---------------------|
| Send messages / invoke  | (<- ...) or ($ ...) |
|                         |                     |
|                         |                     |
'-----------------------------------------------'
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Carl Hewitt & co: the (classic) actor model

In response to a message, can:

.-----------------------------------------------.
| Actors                  |             Goblins |
|-------------------------+---------------------|
| Send messages / invoke  | (<- ...) or ($ ...) |
| Create actors           |                     |
|                         |                     |
'-----------------------------------------------'
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Carl Hewitt & co: the (classic) actor model

In response to a message, can:

.-----------------------------------------------.
| Actors                  |             Goblins |
|-------------------------+---------------------|
| Send messages / invoke  | (<- ...) or ($ ...) |
| Create actors           |         (spawn ...) |
|                         |                     |
'-----------------------------------------------'
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Carl Hewitt & co: the (classic) actor model

In response to a message, can:

.-----------------------------------------------.
| Actors                  |             Goblins |
|-------------------------+---------------------|
| Send messages / invoke  | (<- ...) or ($ ...) |
| Create actors           |         (spawn ...) |
| Designate next behavior |                     |
'-----------------------------------------------'
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Carl Hewitt & co: the (classic) actor model

In response to a message, can:

.-----------------------------------------------.
| Actors                  |             Goblins |
|-------------------------+---------------------|
| Send messages / invoke  | (<- ...) or ($ ...) |
| Create actors           |         (spawn ...) |
| Designate next behavior |          (bcom ...) |
'-----------------------------------------------'
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Carl Hewitt & co: the (classic) actor model

In response to a message, can:

.-----------------------------------------------.
| Actors                  |             Goblins |
|-------------------------+---------------------|
| Send messages / invoke  | (<- ...) or ($ ...) | WTF, why two?!
| Create actors           |         (spawn ...) |
| Designate next behavior |          (bcom ...) |
'-----------------------------------------------'
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The Synchronous Call-Return Worldview

~193X: λ

~1958: (λ () ...)

~1972: Smalltalk

~1973: Actors

~1975: Scheme

~1995: Joule

~1997: E (... kinda)
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The Synchronous Call-Return Worldview

           stack           heap
            ($)         (actormap)
         .-------.----------------------.
         |       |                      |
         |       |   .-.                |
         |       |  (obj)         .-.   |
         |       |   '-'         (obj)  |
         |       |                '-'   |
         |       |          .-.         | 
         |       |         (obj)        |
         |       |          '-'         | 
         |       |                      | 
         |       |                      | 
         '-------'----------------------'         
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The Synchronous Call-Return Worldview

           stack           heap
            ($)         (actormap)
         .-------.----------------------.
         |       |                      |
         |       |   .-.                |
         |       |  (obj)         .-.   |
         |       |   '-'         (obj)  |
         |       |                '-'   |
         |       |          .-.         | 
         |       |         (obj)        |
         |       |          '-'         | 
         |  __   |                      | 
         | |__>* |                      | 
         '-------'----------------------'         
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The Synchronous Call-Return Worldview

           stack           heap
            ($)         (actormap)
         .-------.----------------------.
         |       |                      |
         |       |   .-.                |
         |       |  (obj)         .-.   |
         |       |   '-'         (obj)  |
         |       |                '-'   |
         |       |          .-.         | 
         |  __   |         (obj)        |
         | |__>* |          '-'         | 
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         | |__>* |                      | 
         '-------'----------------------'         
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The Synchronous Call-Return Worldview

           stack           heap
            ($)         (actormap)
         .-------.----------------------.
         |       |                      |
         |       |   .-.                |
         |       |  (obj)         .-.   |
         |       |   '-'         (obj)  |
         |  __   |                '-'   |
         | |__>* |          .-.         | 
         |  __   |         (obj)        |
         | |__>* |          '-'         | 
         |  __   |                      | 
         | |__>* |                      | 
         '-------'----------------------'         
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The Synchronous Call-Return Worldview

           stack           heap
            ($)         (actormap)
         .-------.----------------------.
         |       |                      |
         |       |   .-.                |
         |  __   |  (obj)         .-.   |
         | |__>* |   '-'         (obj)  |
         |  __   |                '-'   |
         | |__>* |          .-.         | 
         |  __   |         (obj)        |
         | |__>* |          '-'         | 
         |  __   |                      | 
         | |__>* |                      | 
         '-------'----------------------'         
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The Synchronous Call-Return Worldview

           stack           heap
            ($)         (actormap)
         .-------.----------------------.
         |       |                      |
         |       |   .-.                |
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The Synchronous Call-Return Worldview

           stack           heap
            ($)         (actormap)
         .-------.----------------------.
         |       |                      |
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The Synchronous Call-Return Worldview

           stack           heap
            ($)         (actormap)
         .-------.----------------------.
         |       |                      |
         |       |   .-.                |
         |       |  (obj)         .-.   |
         |       |   '-'         (obj)  |
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The Synchronous Call-Return Worldview

           stack           heap
            ($)         (actormap)
         .-------.----------------------.
         |       |                      |
         |       |   .-.                |
         |       |  (obj)         .-.   |
         |       |   '-'         (obj)  |
         |       |                '-'   |
         |       |          .-.         | 
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The Synchronous Call-Return Worldview

           stack           heap
            ($)         (actormap)
         .-------.----------------------.
         |       |                      |
         |       |   .-.                |
         |       |  (obj)         .-.   |
         |       |   '-'         (obj)  |
         |       |                '-'   |
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The Synchronous Call-Return Worldview

           stack           heap
            ($)         (actormap)
         .-------.----------------------.
         |       |                      |
         |       |   .-.                |
         |       |  (obj)         .-.   |
         |       |   '-'         (obj)  |
         |       |                '-'   |
         |       |          .-.         | 
         |       |         (obj)        |
         |       |          '-'         | 
         |       |                      | 
         |       |                      | 
         '-------'----------------------'         
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The Eventual Send Worldview

~193X: λ

~1958: (λ () ...)

~1972: Smalltalk

~1973: Actors

~1975: Scheme

~1995: Joule

~1997: E (... kinda)
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The Eventual Send Worldview

         .----------------------.
         |                      |
         |   .-.                |
         |  (obj)         .-.   |
         |   '-'         (obj)  |
         |                '-'   |
         |          .-.         | 
         |         (obj)        |
         |          '-'         | 
         |                      | 
         |                      | 
         :----------------------:         
   queue |  __    __    __      |    
    (<-) | |__>* |__>* |__>*    |      
         '----------------------'
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The Eventual Send Worldview

         .----------------------.
         |                      |
         |   .-.                |
         |  (obj)         .-.   |
         |   '-'         (obj)  |
         |                '-'   |
         |          .-.         | 
         |         (obj)        |
         |          '-'         | 
         |                      | 
         |                      | 
         :----------------------:         
   queue |  __    __            |      
    (<-) | |__>* |__>*          |      
         '----------------------'
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The Eventual Send Worldview

         .----------------------.
         |                      |
         |   .-.                |
         |  (obj)         .-.   |
         |   '-'         (obj)  |
         |                '-'   |
         |          .-.         | 
         |         (obj)        |
         |          '-'         | 
         |                      | 
         |                      | 
         :----------------------:         
   queue |  __                  |      
    (<-) | |__>*                |      
         '----------------------'
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The Eventual Send Worldview

         .----------------------.
         |                      |
         |   .-.                |
         |  (obj)         .-.   |
         |   '-'         (obj)  |
         |                '-'   |
         |          .-.         | 
         |         (obj)        |
         |          '-'         | 
         |                      | 
         |                      | 
         :----------------------:         
   queue |  __                  |  __  
    (<-) | |__>*                | |__>*
         '----------------------'
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The Eventual Send Worldview

         .----------------------.
         |                      |
         |   .-.                |
         |  (obj)         .-.   |
         |   '-'         (obj)  |
         |                '-'   |
         |          .-.         | 
         |         (obj)        |
         |          '-'         | 
         |                      | 
         |                      | 
         :----------------------:         
   queue |  __    __            |      
    (<-) | |__>* |__>*          |      
         '----------------------'
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The Eventual Send Worldview

         .----------------------.
         |                      |
         |   .-.                |
         |  (obj)         .-.   |
         |   '-'         (obj)  |
         |                '-'   |
         |          .-.         | 
         |         (obj)        |
         |          '-'         | 
         |                      | 
         |                      | 
         :----------------------:         
   queue |  __                  |      
    (<-) | |__>*                |      
         '----------------------'
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The Eventual Send Worldview

         .----------------------.
         |                      |
         |   .-.                |
         |  (obj)         .-.   |
         |   '-'         (obj)  |
         |                '-'   |
         |          .-.         | 
         |         (obj)        |
         |          '-'         | 
         |                      | 
         |                      | 
         :----------------------:         
   queue |                      |      
    (<-) |                      |      
         '----------------------'
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The Hybrid Worldview ("The Vat Model")

~193X: λ

~1958: (λ () ...)

~1972: Smalltalk

~1973: Actors

~1975: Scheme

~1995: Joule

~1997: E

~2020: Goblins
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The Hybrid Worldview ("The Vat Model")

                 .-----------------------.
                 |Internal Vat Schematics|
                 '======================='

               stack           heap
                ($)         (actormap)
             .-------.----------------------. -.
             |       |                      |  |
             |       |   .-.                |  |
             |       |  (obj)         .-.   |  |
             |       |   '-'         (obj)  |  |
             |  __   |                '-'   |  |
             | |__>* |          .-.         |  |- actormap
             |  __   |         (obj)        |  |  territory
             | |__>* |          '-'         |  |
             |  __   |                      |  |
             | |__>* |                      |  |
             :-------'----------------------: -'
       queue |  __    __    __              | -.
        (<-) | |__>* |__>* |__>*            |  |- event loop
             '------------------------------' -'  territory
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The Hybrid Worldview ("The Vat Model")

                 .-----------------------.
                 |Internal Vat Schematics|
                 '======================='

               stack           heap
                ($)         (actormap)
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             |       |         (obj)        |             
             |       |          '-'         |   
             |       |                      |   
             |       |                      |   
             :-------'----------------------:   
       queue |  __    __    __    __        |   
        (<-) | |__>* |__>* |__>* |__>*      |             
             '------------------------------'               

54



The Hybrid Worldview ("The Vat Model")
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The Hybrid Worldview ("The Vat Model")
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The Hybrid Worldview ("The Vat Model")

                 .-----------------------.
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The Hybrid Worldview ("The Vat Model")
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The Hybrid Worldview ("The Vat Model")
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The Hybrid Worldview ("The Vat Model")
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The Hybrid Worldview ("The Vat Model")
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The Hybrid Worldview ("The Vat Model")
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The Hybrid Worldview ("The Vat Model")
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The Hybrid Worldview ("The Vat Model")
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The Hybrid Worldview ("The Vat Model")
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The Hybrid Worldview ("The Vat Model")
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The Hybrid Worldview ("The Vat Model")
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The Hybrid Worldview ("The Vat Model")

                 .-----------------------.
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The Vat Model Combines Both Worlds

.-----------------------------------------------------.
| Call-Return ($)         | Eventual Send (<-)        |
|-------------------------+---------------------------|
| Same vat only           | Any actor, anywhere       |
| Immediate               | Eventual                  |
| Return values           | Promises                  |
| Transactions            | Distributed w/o deadlocks |
'-----------------------------------------------------'
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Object Capability Security

     .---.                .---.     
    (Alice)------------->( Bob )    
     '---'                '---'     
         \                         
          \
           |
           V                     
         .---.                 
        (Carol)                
         '---'                 
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Object Capability Security

     .---.       __       .---.     
    (Alice)-----|__>---->( Bob )    
     '---'       |        '---'     
         \       |                 
          \      |
           |     |
           V     |               
         .---.   |             
        (Carol)<-'             
         '---'                 
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Object Capability Security

     .---.                .---.     
    (Alice)------------->( Bob )    
     '---'                '---'     
         \                  |      
          \                /
           |        ______/
           V       /             
         .---.    /            
        (Carol)<-'             
         '---'                 
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Lambda: The Ultimate Security Model

What's in your scope?  That's your authority.
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  .----------------------------------.         .----------------------.
  |            Machine 1             |         |       Machine 2      |
  |            =========             |         |       =========      |
  |                                  |         |                      |
  | .--------------.  .---------.   .-.       .-.                     |
  | |    Vat A     |  |  Vat B  |   |  \______|  \_   .------------.  |
  | |  .---.       |  |   .-.   | .-|  /      |  / |  |    Vat C   |  |
  | | (Alice)----------->(Bob)----' '-'       '-'  |  |  .---.     |  |
  | |  '---'       |  |   '-'   |    |         |   '--->(Carol)    |  |
  | |      \       |  '----^----'    |         |      |  '---'     |  |
  | |       V      |       |         |         |      |            |  |
  | |      .----.  |       |        .-.       .-.     |  .------.  |  |
  | |     (Alfred) |       '-------/  |______/  |____---( Carlos ) |  |
  | |      '----'  |               \  |      \  |     |  '------'  |  |
  | |              |                '-'       '-'     '------------'  |
  | '--------------'                 |         |                      |
  |                                  |         |                      |
  '----------------------------------'         '----------------------'  

76



  .----------------------------------.         .----------------------.
  |            Machine 1             |         |       Machine 2      |
  |            =========             |   ???   |       =========      |
  |                                  |    |    |                      |
  | .--------------.  .---------.   .-.   v    .-.                     |
  | |    Vat A     |  |  Vat B  |   |  \______|  \_   .------------.  |
  | |  .---.       |  |   .-.   | .-|  /      |  / |  |    Vat C   |  |
  | | (Alice)----------->(Bob)----' '-'       '-'  |  |  .---.     |  |
  | |  '---'       |  |   '-'   |    |         |   '--->(Carol)    |  |
  | |      \       |  '----^----'    |         |      |  '---'     |  |
  | |       V      |       |         |         |      |            |  |
  | |      .----.  |       |        .-.       .-.     |  .------.  |  |
  | |     (Alfred) |       '-------/  |______/  |____---( Carlos ) |  |
  | |      '----'  |               \  |   ^  \  |     |  '------'  |  |
  | |              |                '-'   |   '-'     '------------'  |
  | '--------------'                 |   ???   |                      |
  |                                  |         |                      |
  '----------------------------------'         '----------------------'  
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Distributed (acyclic) garbage collection!
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Promise pipelining!

Convenient  and  network efficient!
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(define (^greeter bcom my-name)
  (lambda (your-name)
  (format "Hello ~a, my name is ~a!" your-name my-name)))
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(define (^greeter bcom my-name)
  (lambda (your-name)
  (format "Hello ~a, my name is ~a!" your-name my-name)))

 
; Make a new instance of ^greeter
(define my-greeter
  (spawn ^greeter "Alice"))
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(define (^greeter bcom my-name)
  (lambda (your-name)
  (format "Hello ~a, my name is ~a!" your-name my-name)))

 
; Make a new instance of ^greeter
(define my-greeter
  (spawn ^greeter "Alice"))
 
($ my-greeter "Bob")
; => "Hello Bob, my name is Alice!"
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(define (^counter bcom [count 0])
  (methods

[(incr)
(bcom (^counter bcom (add1 count)))]
[(get-count)
count]))
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(define (^counter bcom [count 0])
  (methods

[(incr)
(bcom (^counter bcom (add1 count)))]
[(get-count)
count]))

 
(define my-counter
  (spawn ^counter))
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(define (^counter bcom [count 0])
  (methods

[(incr)
(bcom (^counter bcom (add1 count)))]
[(get-count)
count]))

 
(define my-counter
  (spawn ^counter))
 
($ my-counter 'get-count)
; => 0
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(define (^counter bcom [count 0])
  (methods

[(incr)
(bcom (^counter bcom (add1 count)))]
[(get-count)
count]))

 
(define my-counter
  (spawn ^counter))
 
($ my-counter 'get-count)
; => 0
 
($ my-counter 'incr)
($ my-counter 'get-count)
; => 1
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(define (^counter bcom [count 0])
  (methods

[(incr)
(bcom (^counter bcom (add1 count)))]
[(get-count)
count]))

 
(define my-counter
  (spawn ^counter))
 
($ my-counter 'get-count)
; => 0
 
($ my-counter 'incr)
($ my-counter 'get-count)
; => 1
 
($ my-counter 'incr)
($ my-counter 'incr)
($ my-counter 'get-count)
; => 3
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(define (^counter bcom [count 0])
  (methods

[(incr)
(bcom (^counter bcom (add1 count)))]
[(get-count)
count]))
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(define (^counter bcom [count 0])
  (methods

[(incr)
(bcom (^counter bcom (add1 count)))]
[(get-count)
count]))

 
(define (^counting-greeter bcom my-name)
  (define counter
  (spawn ^counter))

  (lambda (your-name)
  (| counter 'incr)
  (format "Hello ~a, my name is ~a! [call #~a]"

your-name my-name (| counter 'get-count))))

89



(define (^counter bcom [count 0])
  (methods

[(incr)
(bcom (^counter bcom (add1 count)))]
[(get-count)
count]))

 
(define (^counting-greeter bcom my-name)
  (define counter
  (spawn ^counter))

  (lambda (your-name)
  (| counter 'incr)
  (format "Hello ~a, my name is ~a! [call #~a]"

your-name my-name (| counter 'get-count))))
 
(spawn ^counting-greeter "Alice")
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(define (^counter bcom [count 0])
  (methods

[(incr)
(bcom (^counter bcom (add1 count)))]
[(get-count)
count]))

 
(define (^counting-greeter bcom my-name)
  (define counter
  (spawn ^counter))

  (lambda (your-name)
  (| counter 'incr)
  (format "Hello ~a, my name is ~a! [call #~a]"

your-name my-name (| counter 'get-count))))
 
(spawn ^counting-greeter "Alice")
 
(| my-counting-greeter "Bob")
; => "Hello Bob, my name is Alice! [call #1]"
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(define (^counter bcom [count 0])
  (methods

[(incr)
(bcom (^counter bcom (add1 count)))]
[(get-count)
count]))

 
(define (^counting-greeter bcom my-name)
  (define counter
  (spawn ^counter))

  (lambda (your-name)
  (| counter 'incr)
  (format "Hello ~a, my name is ~a! [call #~a]"

your-name my-name (| counter 'get-count))))
 
(spawn ^counting-greeter "Alice")
 
(| my-counting-greeter "Bob")
; => "Hello Bob, my name is Alice! [call #1]"
 
(| my-counting-greeter "Betsy")
; => "Hello Betsy, my name is Alice! [call #2]"
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(define (^counter bcom [count 0])
  (methods

[(incr)
(bcom (^counter bcom (add1 count)))]
[(get-count)
count]))

 
(define (^counting-greeter bcom my-name)
  (define counter
  (spawn ^counter))

  (lambda (your-name)
  (| counter 'incr)
  (format "Hello ~a, my name is ~a! [call #~a]"

your-name my-name (| counter 'get-count))))
 
(spawn ^counting-greeter "Alice")
 
(| my-counting-greeter "Bob")
; => "Hello Bob, my name is Alice! [call #1]"
 
(| my-counting-greeter "Betsy")
; => "Hello Betsy, my name is Alice! [call #2]"
 
(| my-counting-greeter "Billy")
; => "Hello Billy, my name is Alice! [call #3]"
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GREETER WHICH CALLS COUNTER GOES HERE
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CALLING W/ ASYNC MESSAGE PASSING GOES HERE
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PROMISE PIPELINING EXAMPLE GOES HERE
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Promise pipelining!

Machines grow faster and memories grow larger. But the
speed of light is constant and New York is not getting
any closer to Tokyo.

– Mark S. Miller
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Why promises instead of coroutines?
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Simple money in 25 lines of code!

(define (^mint bcom)
  (define-values (decr-seal decr-unseal decr-sealed?)
  (make-sealer-triplet 'mint))

  (define (^purse bcom initial-balance)
  (define-cell balance
  initial-balance)

  (define (<=-balance? amount)
  (<= amount ($ balance)))

  (define/contract (decr amount)
  (-> (and/c integer? (>=/c 0) <=-balance?)

any/c)
  ($ balance (- ($ balance) amount)))

  (define/contract (deposit-method amount src)
  (-> (and/c integer? (>=/c 0)) any/c any/c)
  ((decr-unseal ($ src 'get-decr)) amount)
  ($ balance (+ ($ balance) amount)))

  (methods
[(get-balance) ($ balance)]
[(sprout) (spawn ^purse 0)]
[deposit deposit-method]
[(get-decr) (decr-seal decr)]))

  (define/contract (fiat-make-purse initial-balance)
  (-> (and/c integer? (>=/c 0)) any/c)
  (spawn ^purse initial-balance))

  (methods [new-purse fiat-make-purse]))

99


