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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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* 4th wall breakage... *
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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
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The Synchronous Call-Return Worldview

           stack           heap
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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
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The Synchronous Call-Return Worldview
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The Synchronous Call-Return Worldview
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The Synchronous Call-Return Worldview

           stack           heap
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The Synchronous Call-Return Worldview

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

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

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

         .----------------------.
         |                      |
         |   .-.                |
         |  (obj)         .-.   |
         |   '-'         (obj)  |
         |                '-'   |
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         |                      | 
         |                      | 
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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")
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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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Fantasary
decentralized virtual worlds
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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.

74



  .----------------------------------.         .----------------------.
  |            Machine 1             |         |       Machine 2      |
  |            =========             |         |       =========      |
  |                                  |         |                      |
  | .--------------.  .---------.   .-.       .-.                     |
  | |    Vat A     |  |  Vat B  |   |  \______|  \_   .------------.  |
  | |  .---.       |  |   .-.   | .-|  /      |  / |  |    Vat C   |  |
  | | (Alice)----------->(Bob)----' '-'       '-'  |  |  .---.     |  |
  | |  '---'       |  |   '-'   |    |         |   '--->(Carol)    |  |
  | |      \       |  '----^----'    |         |      |  '---'     |  |
  | |       V      |       |         |         |      |            |  |
  | |      .----.  |       |        .-.       .-.     |  .------.  |  |
  | |     (Alfred) |       '-------/  |______/  |____---( Carlos ) |  |
  | |      '----'  |               \  |      \  |     |  '------'  |  |
  | |              |                '-'       '-'     '------------'  |
  | '--------------'                 |         |                      |
  |                                  |         |                      |
  '----------------------------------'         '----------------------'  
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  .----------------------------------.         .----------------------.
  |            Machine 1             |         |       Machine 2      |
  |            =========             |   ???   |       =========      |
  |                                  |    |    |                      |
  | .--------------.  .---------.   .-.   v   .-.                     |
  | |    Vat A     |  |  Vat B  |   |  \______|  \_   .------------.  |
  | |  .---.       |  |   .-.   | .-|  /      |  / |  |    Vat C   |  |
  | | (Alice)----------->(Bob)----' '-'       '-'  |  |  .---.     |  |
  | |  '---'       |  |   '-'   |    |         |   '--->(Carol)    |  |
  | |      \       |  '----^----'    |         |      |  '---'     |  |
  | |       V      |       |         |         |      |            |  |
  | |      .----.  |       |        .-.       .-.     |  .------.  |  |
  | |     (Alfred) |       '-------/  |______/  |____---( Carlos ) |  |
  | |      '----'  |               \  |   ^  \  |     |  '------'  |  |
  | |              |                '-'   |   '-'     '------------'  |
  | '--------------'                 |   ???   |                      |
  |                                  |         |                      |
  '----------------------------------'         '----------------------'  
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* 4th wall breakage again... *
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