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Why Continuation Marks

open "data.txt"



Why Continuation Marks

open '"data.txt"
'create {D



Why Continuation Marks

open '"data.txt" 010..
'create 1101
e 001
binary

14



Why Continuation Marks

open '"data.txt" 010..
'create 1101
e 001
binary

current-dir
>
"/home/me"
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Why Continuation Marks

open "data.txt" 010..
'create ”OES
e 001
binary
\ \

current-dir current-dir
> >»
" /home/me" "/home/alice"
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Why Continuation Marks

open "data.txt" 010..
'create ”OES
e 001
binary
\ \

current-dir current-dir
> >»
" /home/me" "/home/alice"

current-dir
} 4
" /home/bob"
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Why Continuation Marks

open "data.txt" 010..
'create ”OES
e 001
binary
\ \

current-dir current-dir
> >»
" /home/me" "/home/alice"

current-dir
} 4
" /home/bob"
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Why Continuation Marks

open "data.txt" 010..
'create ”OES
1 001
binary
\ \

current-dir current-dir
> >»
"/home/me" "/home/alice"

current-dir current-dir
} 4 >
" /home/bob" " /home/bob"
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Why Continuation Marks

open "data.txt" 010..
'create ”OES
1 001
binary
\

current-dir current -dir
>
"/home/me" "/home/allce"

\

current d1r current -dir
} 4
/home/bob /home/allce

J

current -dir

/home/carol

)

v
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Why Continuation Marks
open "data.txt" 010..
'create ”OES
e 001
binary
\

current-dir current-dir
> >»
"/home/me" "/home/alice

J

current-dir
>
" /home/bob"
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Why Continuation Marks
open "data.txt" 010..
'create ”OES
e 001
binary
\

current-dir current-dir
> >»
"/home/me" "/home/alice

J

continuation

current-dir
>
" /home/bob"
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Why Continuation Marks

open "data.txt" 010..
'create ”01&
1 001
binary
\

continuation mark [

>
"/home/me"

>»
'/home/alice

current—di:j [current-dir

J

continuation

current-dir
>
" /home/bob"
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Continuation Mark Primitives

(parameterize ([current-directory
shuffle-files))

1)

define (path->compete-path path
build-path (current-directory)
path
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Continuation Mark Primitives

(with-mark
current-directory
(shuffle-files))

(define (path->compete-path path)
(build-path (current-directory)
path))
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Continuation Mark Primitives

(with-mark
current-directory
shuffle-files))

define (path->compete-path path
build-path (current-mark current-directory)
path
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Continuation Mark Primitives

(with-mark
current-directory
shuffle-files))

define (path->compete-path path
build-path (first
(current-marks current-directory))
path
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Uses of Continuation Marks

dynamic binding
exception handlers
debugging

profiling

generators

serializable continuations
security checks

avoiding reundant contracts

[ICFP'O7]

[ESOP'01, SLE'17]

[TOPLAS'19]

[ICFP'09]
[OOPSLA'16]

[OOPSLA'18]
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Racket

Chez Scheme

Running Racket on Chez Scheme

delimited continuations state-of-the-art
with marks functionality
continuations state-of-the-art

viacall/cc performace
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Running Racket on Chez Scheme

good performance viacall/cc

delimited continuations state-of-the-art
Racket i ] .
with marks functionality
continuations state-of-the-art
Chez Scheme

viacall/cc performace
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Running Racket on Chez Scheme

mediocre peformance via call/cc

delimited coniinuations state-of-the-art
Racket i ] .
with marks functionality
continuations state-of-the-art
Chez Scheme

viacall/cc performace
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Adding Marks to Chez Scheme

speedup relative to using call/cc

continuation marks contracts applications

X3 - x22 x3.4 x1.10 - x1.25
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Notation

(vi (((A (x) x) v3) v2))

“Adding Delimited and Composable Control to a Production Programming Environment”
ICFP’07 Flatt, Yu, Findler, and Felleisen

103



Notation

((A (x) x) v3)
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Notation

((A (x) x) v3)

((A (x) x) v3)
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Notation

v2)

((A (x) x) v3)
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Notation

v2)

((A (x) x) v3)

>

127



(vy

Notation

((A (x) x) v3)

>

133



(vi

Notation

((A (x) x) v3)

(0
()
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Notation

(vi (((A (x) x) v3) v2))

((A (x) x) v3)
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Reductions

((A (x) x) v3)

( v2)
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Reductions

((A (x) x) v3)

( v2)

/\/>V3
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Reductions

(v3z v2)

(vy )
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Reductions

((A (x) x) v3)

( v2)
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Tail Evaluation

((A (x) e1) v3)

( v2)
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Tail Evaluation

((A (x) e1) v3)

( v2)

~>ez = ej[x-v3]

181



Tail Evaluation

ez

187



Continuations

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

( v2)

193



Continuations

(call/cc (A (k)

(k v3)))

i 2

199



Continuations

(0 »2)

205



Continuations

(0 »2)

!

211



Continuations

v3)

217



Continuations

(v3z v2)

223



Continuation Marks

(with-mark

current-directory "/home/alice"
(with-mark
Vo Vi1
e1))
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Continuation Marks

(with-mark
V7 Vio
(with-mark
Vg Vi1
e1))

235



Continuation Marks

(with-mark

(with-mark
Vg Vi1
e1))

V7) Vl (0)
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Continuation Marks

(with-mark
Vg Vi1
er)

V7>»Vio

(vi )

247



Continuation Marks

253



Continuation Marks

(with-mark
Vg Vi1
er)

V7>»Vio

(vi )

259



Continuation Marks

(with-mark
V7 Vi3

ez) R
\V7>V10

(vi )
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Continuation Marks

el
V7»Vvi3

271



Continuation Marks

(with-mark

V7 Vio

(vo (with-mark
V7 Vi1
e1)))
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Continuation Marks

(vop (with-mark
V7 Vi1
e1))

V7»Vio

283



Continuation Marks

(with-mark
V7 Vi1
er)

V7»Vio

289



Continuation Marks

295



Continuation Marks

(current-marks vy)

301



Continuation Marks

(current-marks vy)

~> (1list vi7 vip)
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Continuation Marks

(current-marks vy) I~ (list vio vi7 Vvip)

{V7>V12|—

313



Capturing Marks

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

319



Capturing Marks

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

325



Heap-Allocated Frames

331



Heap-Allocated Frames

337



Heap-Allocated Frames

(vo vyq)

vpvig

(vi )

343



Heap-Allocated Frames

(vo vyq)
(vprvig)
(v )

Captured continuation should
not change
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Heap-Allocated Frames

€5

rV7> Vi3

(vi )

Captured continuation should
not change
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Functional Heap-Allocated Frames

(current-marks vy)

V7> V12|—

o

(v )
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Functional Heap-Allocated Frames

(current-marks vy)

362



Functional Heap-Allocated Frames

frame marks

|

(current-marks vy)
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Functional Heap-Allocated Frames

frame marks

!

(current-marks vy)
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Heap versus Stack

frame marks

!

(current-marks vy)

I

(current-marks wvy)

(first

)

(v2 [1)

(vi )

stack base

380



Stack-Allocated Frames

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

( v2)

(v )
stack base

“Representing Control in the Presence of First-Class Continuations”
PLDI’90 Heib, Dybvig, and Bruggeman
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Capturing Stack-Based Continuations

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

( v2)

(v )
stack base
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Capturing Stack-Based Continuations

(call/cc
(A (k)

(k v3)))

(

v2)

(vy

)

v2)

stack base

(vi
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Capturing Stack-Based Continuations

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

( v2)

(v )
stack base
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Capturing Stack-Based Continuations

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

( v2)

(v )
stack base
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Capturing Stack-Based Continuations

(call/cc

(A (k) (k v3)))
stack base |
([1 v2)

(vy

)

return by

copying
old stack
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Capturing Stack-Based Continuations

apply by s v3)
copying { stackbase |
old stack ( Vo)

(vy )
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Applying Stack-Based Continuations

(® v3)
¢ stack base

( v2)

(vy )
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Applying Stack-Based Continuations

(v3z v2)

(v1 )
stack base

( v2)

(vy )
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Applying Stack-Based Continuations

(v3z v2)

(v1 )
stack base
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Returning After Capture

(call/cc
(A (k) v3))
stack base |

( v2)

(vy )
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Returning After Capture

V3
stack base |

( v2)

(vy )
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Returning After Capture

(v3z v2)

(v1 )
stack base

( v2)

(vy )
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Returning After Capture

(v3z v2)

(v1 )
stack base
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Two Kinds of Continuation Pointers

apply by /(' v3) return by
copying ( stack base L copying
old stack ( v2) old stack

(vy )
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Returns in Stack Frames

(call/cc

(A (k) (k v3)))

return to ( v2)

( v2)

return to (vz

)

(vi )

return to exit

stack base
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Returns in Stack Frames

stack-base

(call/cc

return to (

(A (k) (k v3)))

v2)

(

return to (

v2)

Vi

)

(vi

)

return to exit
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Returns in Stack Frames

stack-base

frame

(call/cc

return to (

(A (k) (k v3)))

v2)

(

return to (

v2)

Vi

)

(vi

)

return to exit
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Capturing Stack-Based Continuations

stack-base

frame

(call/cc

return to (

(A (k) (k v3)))

v2)

(

return to (

v2)

Vi

)

(vi

)

return to exit
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Capturing Stack-Based Continuations

stack-base

frame

(call/cc

return to (

(A (k) (k v3)))

v2)

(

return to (

v2)

Vi

)

(vi

)

return to exit

510



Capturing Stack-Based Continuations

stack-base

adjusting
stack-base
splits the stack

frame

(call/cc

(A (k) (k v3)))

return to ( v2)

( v2)

returnto (vy

)

(vi )

return to exit
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Capturing Stack-Based Continuations

stack-base

frame

(call/cc
(A (k)

return to

(k v3)))

(

v2)

return to (vz

)

(vi

)

return to exit

returnto (

v2)

e
_e
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Capturing Stack-Based Continuations

stack-base

frame

(call/cc
(A (k)

return to

(k v3)))

(

v2)

return to (vz

)

(vi

)

return to exit

next-stack
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Capturing Stack-Based Continuations

stack-base frame next-stack

<\‘:3>/J’—W

return to returﬁ( v2)
([1 v2) 9

returnto (v; ) l
(vi 1) =
return to exit
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Capturing Stack-Based Continuations

stack-base frame next-stack

(W
return to under£1 relum1o {[]_vz)
unaer ow /.
2) 2
underflow calls next-stack, so
return and calling continuation are the 1 )
same ) =
| return to exit
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Applying Stack-Based Continuations

stack-base

frame

(v _—

return to underflow

(

v2)

returnto (vy

)

(

return to exit

vy [])

next-stack

return to ( Vo)

78

next-stack record

determines stack region
fo copy
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Applying Stack-Based Continuations

stack-base

V3

frame

( v2)

returnto (v

)

(vy )

returnto exit

( v2)

return to (vz

)

(vi )

return to exit

next-stack
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Applying Stack-Based Continuations

stack-base

frame

(vz v2)

returnto (v

)

(vy )

returnto exit

( v2)

return to (vz

)

(vi )

return to exit

next-stack
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Applying Stack-Based Continuations

stack-base

frame

(vz v2)

returnto (v

)

(vy )

returnto exit

( v2)

return to (vz

)

(vi )

return to exit

next-stack

return to ( Vo)

_—9
_—®
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Applying Stack-Based Continuations

stack-base

frame

(vz v2)

returnto (v

)

(vy )

returnto exit

next-stack
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stack-base

& Setting Continuation Marks

frame

(with-mark

vy Vi2

(with-mark
V7 Vi3
e3))

return to ( v2)

( v2)

returnto (vy )

(vy )

returnto exit

next-stack marks
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Setting Continuation Marks

stack-base frame next-stack marks

(with-mark

(with-mark
V7 Vi3
e3))

return to ( v2)

( v2)

returnto (vz ) Y

(vy )

returnto exit
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stack-base

Setting Continuation Marks

frame

(with-mark

(with-mark
V7 Vi3
e3))

return to underflow

( v2)

returnto (vy )

(vy )

returnto exit

next-stack

return to ( Vo)

marks

reifying creates
room to store
old marks

l
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stack-base

Setting Continuation Marks

frame

(with-mark

(with-mark
V7 Vi3
e3))

return to underflow

( v2)

returnto (vy )

(vy )

returnto exit

next-stack marks

return to (

v2)

e

_—®

AN
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stack-base

Setting Continuation Marks

frame

(with-mark
V7 Vi3
e3)

return to underflow

( v2)

returnto (vy )

(vy )

returnto exit

next-stack marks

return to (

v2)

e

_—®

AN
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stack-base

Setting Continuation Marks

frame

(with-mark
V7 Vi3
e3)

return to underflow

( v2)

returnto (vy )

(vy )

returnto exit

next-stack marks

return to (

v2)

e

_—®

AN
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Setting Continuation Marks

stack-base frame next-stack marks

(with-mark

nderflow V7 Vi3
v e3) returnto ([ ] wv»)
means already . e
e . i underflow e
reified, so just 7 el
([1 v2)
replace marks
return to (vy )
(vi ) ~x

returnto exit
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Setting Continuation Marks

stack-base frame next-stack marks

e3 return to ( Vo)
_e
return to underflow _e
AN
(L] v2)
returnto (vy )
(vi [1) ~

returnto exit
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Setting Continuation Marks

stack-base frame next-stack marks

V3 return to ( Vo)
_e
return to underflow _e
AN
( v2)
returnto (vy )
(vy ) i_L

returnto exit
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Removing Continuation Marks

stack-base frame next-stack marks

(v3z v2)
return to (vy )
(v ) return to
/.

return io exit _©

v2

return to (vy )

\& =

return to exit
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Removing Continuation Marks

stack-base frame next-stack marks
V7>
(vz v2)
returnto (vy )
(v ) return to \ %
/.
return io exit _©
~—

V2

return to (vy )

\'4 | =

return to exit

636



Removing Continuation Marks

stack-base frame next-stack marks

(v3z v2)

returnto (vy )

(vy )

return to exit
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stack-base

Optimistic One-Shot Continuations

frame

V3

return to underflow

( v2)

returnto (vy )

(vy )

returnto exit

next-stack marks

return to (

v2)

e

_—®

AN
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stack-base

Optimistic One-Shot Continuations

frame

V3

return to underflow

( v2)

returnto (vy )

(vy )

returnto exit

next-stack marks

return to (

v2)

e

_—®

AN
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stack-base

Optimistic One-Shot Continuations

frame

V3

return to underflow

( v2)

returnto (vz

)

\d

(vy )

returnto exit

next-stack marks

return to (

v2

e

_—®

AN
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stack-base

Optimistic One-Shot Continuations

frame

V3

return to underflow

( v2)

returnto (vz

)

\d

(vy )

returnto exit

next-stack marks

return to (

v2

e

_—®

AN
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Optimistic One-Shot Continuations

stack-base frame next-stack marks

(v3z v2)

returnto (vy )

(vy )

returnto exit
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stack-base

Optimistic One-Shot Continuations

frame

V3

return to underflow

( v2)

returnto (vz

)

\d

(vy )

returnto exit

next-stack marks

return to (

v2

e

_—®

AN
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Optimistic One-Shot Continuations

stack-base

frame

V3

return to underflow

next-stack marks

(=

return to (

v2

e

_—®

( v2)

returnto (vz

)

\d

AN

(vy )

returnto exit

call/cc

removes a
1-shot flag
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stack-base

Optimistic One-Shot Continuations

frame

V3

return to underflow

next-stack marks

return to (

v2

e

_—®

\

-

( Vo)

garbage

returr

(.coHecﬁonrnay__
move stacks

AN

retul 11 W S d w
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Optimization for Primitives: Don’t Create Frame

(+ (+ vg vs)

ep)
( v2)
(v )

stack base
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Optimization for Primitives: Don’t Create Frame

(+ v3
ep)
( v2)
(v )

stack base
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Create Frame for Nested Call

(+ (eq es)
ep)

( v2)

(v )
stack base
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Create Frame for Nested Call

(eq es)

(+
ep)

( v2)

(v )
stack base
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stack-base

Optimzation for Non-Tail Marking

frame

(+ (with-mark
V7 Vi2
e3)
e2)

return to ( v2)

( v2)

returnto (v )

(vi )

return to exit

next-stack marks
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Optimzation for Non-Tail Marking

stack-base frame next-stack marks

(+ (with-mark

e3)
ep)

return to ( v2)

( v2)

returnto (v ) -

(vi )

return to exit
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Optimzation for Non-Tail Marking

stack-base frame next-stack marks

(+ (with-mark

es)
ep)

return to ( v2)

( v2)

returnto (v ) -

(vi )

return to exit

722



stack-base

Non-Tail Marking with Primitive Operation

frame next-stack marks

(+ (with-mark

(+ e4 es5))
e2)

return to ( v2)

primitive operation = evaluate then pop

( v2)

return to (vy )

(vi )

return to exit

|
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Non-Tail Marking with Primitive Operation

stack-base frame next-stack marks

(+ (with-mark

v3)
ep)

return to ( v2)

( v2)

returnto (v ) -

(vi )

return to exit
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Non-Tail Marking with Primitive Operation

stack-base frame next-stack marks

(+ v3
ep)

return to ( v2)

( v2)

returnto (v ) -

(vi )

return to exit
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Non-Tail Marking with Non-Tail Call

stack-base frame next-stack marks

(+ (with-mark

(eq e5))
e2) function call = new frame and reify

return to ( v2)

( v2)

returnto (v ) -

(vi )

return to exit
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stack-base

Non-Tail Marking with Non-Tail Call

frame

(eq es)

return to (+ eo)

(+ (with-mark

)
ep)

return to ( v2)

( v2)

returnto (v )

(vi )

return to exit

next-stack marks
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Non-Tail Marking with Non-Tail Call

stack-base frame next-stack marks

(e4 es)
return to underflow

underflow pops mark

on return (+
eo) return to (+ er)
/.
/.
returnto (= vyp) AN
( v2)

returnto (v )

(vi ) -

return to exit
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Optimization Effectiveness

speedup relative to optimization disabled

Optimisitic 1-shot
Intraframe with-mark

Non-marking primitives

Runtime + optimizations

contracts

x1.4
x2.0
x1.4

x3.4

applications

x1.04 - x1.05
x1.01 - x1.07
x1.00 - x1.04

x1.10 - x1.25

+0.03

+0.03

+0.03

+0.03
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Continuation Marks

Enable Compatible with
* dynamic scope * optimizing compilation
* control introspection * delimited control,

concurrency, parallelism

Implement using

* stack-based continuations

* specific optimizations
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