(call/cc (lanbda (k)
(set! start-k k)))
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?\ Name
L a programming language
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Scheme
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web servers



Web Servlet with Continuations

(defi ne (paper-search-servlet)
(let ([ternms (get-search-terns)])
(fi1nd-paper terns)))

20



Web Servlet with Continuations

send back HTML form, then
walt for answer as new request

(defi ne (paper-search-se/vlet)
(let ([ternms (get-search-terns)])
(find-paper terns)))

21



Implementing a Web Server

(serve outi Ing)

22



Implementing a Web Server

(reply out, (generate-htmni

I N))

33



Implementing a Web Server

(reply ou{£::5>

v
(generate-htm iny)




Implementing a Web Server

(reply ou{£::5>

v

(call/cc
(A (esc) (dispatch ing)))

55



Implementing a Web Server

(reply ou{£::5>

v

(call/cc
(A (esc) (dispatch ing)))

66



Implementing a Web Server

(reply ou{£::5>

v
(di spatch 1 ny)

7



Implementing a Web Server

(reply ou{£::5>

v

(let ([terns (get-search-terns)])
(find-paper terns))

88



Implementing a Web Server

(reply out ; )

(let ([terns
(f1 nd- paper ternB))

(get - search t er ns)

99



Implementing a Web Server

reply outl
(call/cc

(let ([terns
(f1 nd- paper ternB))
(A (web- k)

(esc (build-form (cont->url web-k)))))

110



Implementing a Web Server

(reply out 4 ) Ia(“mm ]):]
(f| nd- paper terns))
(call/cc

(let ([terns
(f1 nd- paper ternB))
(A (web- k)

(esc (build-form (cont->url web-k)))))

121



Implementing a Web Server

(reply out ; ) Ia(“mm ]):]
(f| nd- paper terns))

(let ([terns
(f1 nd- paper ternB))

(esc (bU|Id—forn1(cont->urI web-Kk)))

132



Implementing a Web Server

(repl y out ) |et Cterms ])j
(flnd paper terns))

(let ([terns
(f1 nd- paper ternB))

(esc <htm|/>)

143



Implementing a Web Server

(reply outy <html/>) E([tem ])j
(find-paper terns))

154



Implementing a Web Server

(reply OUtE:::Z>

(find-paper terns))

(di spatch 1ny)

165



Implementing a Web Server

(reply out)

(find-paper terns))

(web-k form answers)

176



Implementing a Web Server

v

E([terms ])j

(find-paper terns))

( (reply out) form answers)
v

(let ([terns 1)
(fi1nd-paper terns))

187



Implementing a Web Server

v

E([terms ])j

(find-paper terns))

( (reply out) form answers)
v

(let ([terns 1)
(fi1nd-paper terns))

198



Web Server with Prompt

(reply outD
v
@t (di spatchD

199



Web Server with Prompt

(reply ou{£::5>

(di spatch 1 ny)

210



Web Server with Prompt

(let ([terns 1)
(fi nd-paper terns))

v
(call/cc
(A (web- k)
(abort ...)))

221



Web Server with Prompt

(reply OUtE:::Z>
web-k = /(let ([terns 1)
(find-paper terns))

(let ([terns 1)
(fi nd-paper terns))

v
(call/cc
(A (web- k)
(abort ...)))

232



Web Server with Prompt

(reply outD
(find-paper terns))

(let ([terns 1)
(fi nd-paper terns))

v
(abort <html/>)

243



Web Server with Prompt

(reply outy <html/>)

(find-paper terns))

254



Web Server with Prompt

(reply out)
web-k = /(let ([terns 1)
(find-paper terns))

(di spatch 1 ny)

265



Web Server with Prompt

(reply out)
web-k = /(let ([terns 1)
(find-paper terns))

(web-k form answers)

276



Web Server with Prompt

(reply OUtE:::Z>
(find-paper terns))

(/(let ([terns 1) form answers)
(f1 nd-paper terns))

287



Web Server with Prompt

(reply out)
(find-paper terns))

(let ([terns 1)
(fi nd-paper terns))

v

( form answers)

298



Web Server with Prompt

(reply OUtE:::Z>
web-k = /(let ([terns 1)
(find-paper terns))

(let ([terns form answers])
(find-paper terns))

309



Rolling Your Own vs. Language Extension

Delimited control via cal | / cc doesn’t work right with
e exceptions
e dynamic binding

« dynam c-w nd

Our goal: delimited control integrated with existing constructs

310-311
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Papers on Design

Felleisen 88

Danvy and Filinski 90
Hieb and Dybvig 90
Sitaram and Felleisen 90
Queinnec and Serpette 91
Sitaram 93

Moreau and Queinnec 94
Gunter et al. 95

Kiselyov et al. 06

Dybvig et al. 06
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Papers on Implementation

Gasbichler and Sperber 02
Dybvig et al. 06
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Implementations

315



Implementations (Now)

316



Balance

317



Contributions

« Comprehensive design

 Formal model

e Implementation

318



Contributions

« Comprehensive design

1)
graphical intuition
\ 4
 Formal model

e Implementation
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Notation

(Vi (CCA (X) X) Vs) V3))
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Notation

(Vi (CCA (X) X) Vs) V3))
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Notation

(Vi (CCA (X) X) Vs) V3))

(CA (X) X) Vs




Notation

(Vi (CCA (X) X) Vs) V2))

(CA (X) X) Vs

355



Notation

(Vi (CCA (X) X) Vs) V3))

@

(CA (X) X) Vs

366



Notation

(Vi ((CA (X) X) Vi) Vo))

@

(CA (X) X) Vs

377



Notation

(Vi (CCA (X) X) Vs) V3))

an
@

(CA (X) X) Vs

388



Notation

(vi (((A () X) vs) v5)) = 0

(CA (X) X) Vs)

399



Reductions

(CA (X) X) Vs)

410



Reductions

(CA (X) X) Vs

A>V3

421



Reductions

O

(Vs V2)

432



Reductions

(CA (X) X) Vs)

443



Continuations

(call/cc (A (k) (K v3)))

454



Continuations

(call/cc (A (k) (K v3)))

465



Continuations

476



Continuations

487



Continuations

498



Continuations

O

(Vs V2)

509



Continuations

520



Composable Continuations

531



Composable Continuations

542



Composable Continuations

(Vs V2)

553



Composable Continuations

(Vs V2)

564



Composable Continuations

(Vs V2)

575



Delimited Capture

(cal I /comp (A (k) (k v3)))

586



Delimited Capture

(cal I /comp (A (k) (k v3)))

®©

597



Delimited Capture

608



Delimited Abort

(abort vj)

619



Delimited Abort

an

630



Delimited Abort

(Vi Vs)

641



Splitting Capture and Abort

e cal | / conp : capture current continuation

e abort : abort current continuation

e 7 . capture and abort current continuation

642



Splitting Capture and Abort

e cal | / conp : capture current continuation

e abort :abort current continuation
e 7 . capture and abort current continuation

F = (AN (f) (call/com
(A (k) (abort (A () (f k))))))

643



Splitting Capture and Abort

e cal | / conp : capture current continuation

e abort :abort current continuation
e 7 . capture and abort current continuation

F = (AN (f) (call/com
(A (k) (abort (A () (f k))))))

delay (f k)
until after abort



Prompt with Handler

®©

(abort vj)

645



Prompt with Handler

O
ST

656



Prompt with Handler

O

(CA (X) €1) Va)

667



Prompt with Handler

O

(CA (X) e1) Vs

(pronpt ei) = (pronpt ei (A (t) (t)))

F = (AN (f) (call/com
(A (k) (abort (A () (f k))))))

678



Prompt with Handler

®©

(abort vj)

689



Catch and Throw

2

(throw vs)

700



Catch and Throw

&

v

(throw vs)
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Catch and Throw

®

v

(abort vj)

722



Catch and Throw

O

@ V exn ()\ (@

v

( abor t Vexn V3)

733



Tagged Prompts

O

@: V exn ()\ (@

v

(abort Vexn Va)
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Tagged Prompts

(call/conmp (A (k) (abort vs k))
V5)

755



Tagged Prompts

(call/conmp (A (k) (abort vs k))
V5)

766



Tagged Prompts

®

(call/conmp (A (k) (abort vs k))
V5)

7



Tagged Prompts

(abort wvu @)

788



Tagged Prompts

(abort w4 @)

799



Tagged Prompts

810



Tagged Prompts

()

821



Continuations Summary

pr onpt with handler and tag
abort with tag
cal | / conp with tag

continuation composition

plain cal | / cc uses default tag

[Sitaram PLDI'93]
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Continuation Marks

(call/comp (A (k) (viz k)))
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Dynamic Binding Summary

cal | / cmto add marks

current - mar ks to get marks, up to a tag

capture marksincal | / conp

splice marks in continuation composition

824



Side Effects and Control

(define (Wth-resource work-thunk)
(begi n
(grab-resource)
(wor k-t hunk)
(rel ease-wth-resource)))

825



Dynamic Wind

(define (Wth-resource work-thunk)
(dynam c-w nd
(A () (grab-resource))
(A () (work-thunk))
(A () (release-wth-resource))))

836



Dynamic Wind

(dynam c-w nd
(A () €pre)
(A () €vody)
(A () €post))

847



Dynamic Wind

O

(dynam c-w nd
(A () €pre)
(A () €body)
(A () €post))

858



Dynamic Wind

(dW €pre Ebody eDOSt)

869



Dynamic Wind

v

ebody

880



Dynamic Wind

@b
(ol

€body




Dynamic Wind Evaluation

(dW €pre €body epost)

902



Dynamic Wind Evaluation

@r e ebody@

v

epre
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Dynamic Wind Evaluation

O

@ (dw epre ebody@

\

epre
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Dynamic Wind Evaluation

O

@ (dw epre ebody@

\

epre ’\/}Vl
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Dynamic Wind Evaluation

(dW €pre Ebody eDOSt)

946



Dynamic Wind Evaluation

v

ebody

957



Dynamic Wind and Jumps

@b
(ol

€body
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Dynamic Wind and Jumps

b
(i

(abort wvj)

979



Dynamic Wind and Jumps

(1)

(abor+vj)

990



Dynamic Wind and Jumps

(1)

(abor+vsj)




Dynamic Wind and Jumps

(1)

(abor+vsj)




Dynamic Wind and Abort Evaluation

(1)

(abor+vs)
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Dynamic Wind and Abort Evaluation

' € post

(abort vj3)
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Dynamic Wind and Abort Evaluation

T

1045



Dynamic Wind and Abort Evaluation

T

€post
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Dynamic Wind and Call/cc

20
(e 1)

(call/cc (A (k) k))
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Dynamic Wind and Call/cc

20 20
®© ®
20 20

(call/cc (A (k) k))




Dynamic Wind and Call/cc
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Dynamic Wind and Call/cc
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Dynamic Wind and Call/cc
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Dynamic Wind and Call/cc

@D A
o oy
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(k v3)
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Dynamic Wind and Call/cc
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Dynamic Wind and Call/cc
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Dynamic Wind and Call/cc
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Dynamic Wind and Call/cc
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Dynamic Wind and Call/cc
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Dynamic Wind Summary

dynam c-w nd generates dw

cal | / cc detects sharing in continuation jJumps

capture dwthunksincal | /conpandcal | / cc
run post thunks in abor t

run pre thunks in continuation composition
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To Continue...

 Read the paper

e Run the Redex model:

http://ww. cs. utah. edu/plt/deli mcont/

 Download the implementation:

http://ww. plt-schene. org/

(web-k '("control "
"producti on”
"envi ronnent "))
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Web Server with Prompt

(reply OUtE:::Z>
web-k = /(let ([terns 1)
(find-paper terns))

(let ([terns '("control™
"producti on”
"environment")])

(fi1nd-paper terns))

1226



