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1The screenshots were produced on June 28, 2002. The problems persisted when last checked, on October 24, 2002.
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2.2 Types and Modeling
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2.5 GUI Interactions
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Chapter 3

Serving the Web

3.1 Web Servers and High-Level Operating Systems
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3.2 MrEd: a High-Level Operating System
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tcp-listen : Nat [Nat] � � Tcp-listener
;; reserves a port to accept connections, optionally specifying the
;; maximum number of clients that may wait for a connection

tcp-accept : Tcp-listener � ��� Input-port Output-port
;; creates I/O ports for a connection request via the listener

thread : ( � � Void) � � Thread
;; spawns a thunk as a thread

make-semaphore : Nat � � Semaphore
;; creates a semaphore with specified number of tokens

semaphore-post : Semaphore � � Void
;; posts a semaphore and releases waiting threads

semaphore-wait : Semaphore � � Void
;; waits (and possibly suspends) for a semaphore

make-custodian : � � Custodian
;; creates a custodian

custodian-shutdown-all : Custodian � � Void
;; shuts down all threads in custodian and reclaims all resources

Figure 3.1: MrEd’s TCP, thread and custodian primitives
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server-loop : Tcp-listener �
� Void�

define
�
server-loop listener

�
�
let-values

� � �
ip op

� �
tcp-accept listener

� � �
�
thread

� � � � �
serve-connection ip op

� � � �
�
server-loop listener

� �

2let-values binds names to the values returned by multiple-valued computations such as tcp-accept, which returns input and
output ports.
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Connections/Second
1kB file 10kB file 100kB file

Clients MrEd Apache Ratio MrEd Apache Ratio MrEd Apache Ratio
2 967.5 1557.9 62.1% 655.1 771.6 84.9% 105.2 113.2 92.9%
4 986.7 1623.4 60.8% 772.0 1084.4 71.2% 110.2 115.7 95.2%
8 997.9 1607.0 62.1% 752.9 1099.0 68.5% 116.0 115.8 100.2%

16 982.8 1597.0 61.5% 782.6 1101.3 71.1% 116.5 116.1 100.3%
32 923.8 1551.0 59.6% 760.7 1104.0 68.9% 116.7 116.3 100.3%
64 917.6 1577.2 58.2% 787.1 1093.0 72.0% 115.1 116.5 98.8%

128 946.3 1547.8 61.1% 769.4 1104.1 69.7% 116.7 116.5 100.2%
Ratio = MrEd/Apache

The client and server software each ran on an Advanced Micro Devices (AMD) Athlon 800MHz processor with 192
Mbytes of memory, running FreeBSD 4.1.1-STABLE, connected by a standard 100 Mbit/s Ethernet connection.

Figure 3.2: Performance for static content server
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3The server actually handles multiple requests per connection. Section 3.4.5 discusses this further.
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X-expression = String�
(cons Symbol (cons (listof (list Symbol String)) (listof X-expression)))�
(cons Symbol (listof X-expression)) ;; an element with no attributes�
Symbol ;; symbolic entities such as &nbsp;�
Number ;; numeric entities like &#20;�
Misc

Figure 3.3: X-expression Responses

0F�!�857��������	C����$ 
;� ���6��2!�!�H2!
��657���6�!
�����$8
;�H5&���8���!13��� 
M� ��
����!.IX���
�5�$B� ��
����!.G5&���E��
�� � �6�����#���857
��&13������
; � �

��� ��$!� � �6� � �;0H��$!�
HTTP


�����2I���8����X

"%$!�313���	�B57����N��&�!���&�E�/
����	2 ���8���3N�
;
���
����)0F��

HTML

��� 
�� � � �
��28
������������#X 6 "%$8� .�
�
;131 
;
)��� ?8.��

�!
�� V!X V �6����5&
�� � ��� ��$!�<�J28
�
����E��$!���	� 	&��� N��&
��	����� ��0 ��$!� � �M���&�8��� �  �� QR
;
�*��!2 �@
��!.��I
;.�� �
XML

��� � � �

��� �6�7��
;�� XR"%$8�J�6�657�!13������
�������� 0F��
W��
 465�$!�&13� 
 �
XML

5&�� � ���5 ������� �!����57
�� � ���B��$!�J���& <�6��1 �8�����
Misc

�& ��&13�������&X

�M��
��)�<�C
,��
���N���
� @465�$!��1 � ���&
�N� ��&� 7 �8�����!. quasiquote
� � � �>��� 5&
���
���� 
�� � � �
��28
������������

HTML
2I
;.��

	C����$
unquote

� 
 57��131 
 � 
� � ���	C���8.W
��70F��
����857��� ��� ��$!�
TITLE

�6�7?I�!� �������#X

�
require

�
lib "unitsig.ss"

�
�
lib "servlet-sig.ss" "web-server"

� �
�
unit/sig

� � �
import servletˆ

�
�
define TITLE "My First Scheme Servlet"

�
� �

html
�
head

�
title

P
TITLE

� �
�
body�

p
�
center

P
TITLE

� �
�
p "Hello, World!"

� � � �

"%$!� ��57
���26�M�6�&?8�!���M
W������ ��,
;�8� 2!
��6�6�857���C
3�	��132! �� � � � 28
�.�� 57���E��
;���!���!.3
W13������
;.���X

"%$!�J���&
�N� ��&��
 � ��1 2 ��
����,�	�!282! � ��$8�
initial-request

X�� 
���DE�!��� �,5&���E��
����8� ��$!�
HTTP

1 �&��$!�6�>PH��$!�

URL
P6��$8� ��26�������8
; >$!��
��6��
���P6
;�8� ��$!� � ���8�6���!.�� �

method
���

union


get



post



head

�

url
�

URL

headers
���

listof
�
cons Symbol String

� �

bindings
���

listof
�
cons Symbol String

� �

" �J�������&�8� ��$!�3���&
�N��&
 	C����$ 465�$!�&13�3�	��
�N� ��7���&P ��$8�
dispatch

0F�!�I5 ������� 0F
���1 ����5 ������� V8X VJ
����6��
���57���


���DE�!���	���)0F��

URL

�,� ��
;
������!. 	C����$
"/servlets/"

X Q:��
�� 57���I57
��7���� � P>���I� ����
�� ��0-
�����2I���8�6���!. 	C� ��$ ��$!�
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send/suspend : (Url � � Response) � � Request
send/forward : (Url � � Response) � � Request
send/back : Response � � Void
send/finish : Response � � Void
adjust-timeout! : Number � � Void

Figure 3.4: Additional content generator primitives
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(unit/sig () (import servletˆ)

;; get-number : String � � (String � � Html-page)
(define (get-number which-one)

(let ([bindings
(request-bindings

(send/suspend
( � (k-url-identifier)

‘(html (head (title ,which-one " number"))
(body
(form ((method "post") (action ,k-url-identifier))
"Enter the " ,which-one " number:" nbsp
(input ((type "text") (name ,which-one)))
(input ((type "submit") (name "submit")))))))))])

(extract which-one bindings)))

;; string-multiply : String String � � String
�����

;; extract : String (listof (cons Symbol String)) � � String
�����

‘(html (head (title "Product"))
(body (p "The product is: "

,(string-multiply (get-number "first")
(get-number "second"))))))

Figure 3.5: An interactive servlet
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Figure 3.6: Comparison of Interaction Primitives
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Figure 3.7: Server Resources

�������I� �!��
���57� 
���DE�!��� ��� ���W1W�! ����28 �� ���&
�NE ��7���&X "%$��8��P���$!� � ��
	��$ 
;�I�J�6��
���$��;0H57���8�!��57�������8� 
;�8� �	��
�N� ��7���

2!
��657�&���:���8�6�&2 �&�I�6�&�E�� � X 9 0-���&
�N� ��&���G
�5&5&�����C��$8�W�!�&��	-��
�*�57���!�!��57������� �!��
���57�� � P>�	��N���
�
� #2!
�� �  ��&1 ��
��
�

���! ��X =H��
�� ��P�$8
��8�6 ����8. 1,�! �����2! ��:
���D��8���	���3�6�!
����8. 
 �����8.� ����8�7��	 ��
�* 57���8�!��57������� 
���D��8��
����W��$I
�� ��$8�

���&
�N��&
W
;�8� 5& ����&�E�3�6���	�����!.��!����$ ��$!� � ���!�I�!
;
������ � �7��	 �&��� ��$!��1,�8 ����2! ��J
���DE�!��� ���,
��8� 
�����2I���8�	���&X �

�6�&0F��5 ����N��:�	��
�N� ��7� 5&���! <� ��
�
;�8��13� �3�&
�
����!�����8� �!
���
R��$8
��32!
��&N��&�E���W��$8�(
�5&5&�!
�
;�����6�7����5 ������� ��0M��$8�����

� ���!�8�8
;
������&X 9 4���57���I�>P@��0M
 � 
���	M���&
 �6
���2I�)��$!� �8�7��	 ��
�* 57���!�!��57������� 10 ��$!� ���&
�NE ��7�,��$!���! �� �!��� 0 
;�� �


�
���$8�&
%��$8�B57���8�!��57�������(�	$!���! <�>X

� 13��
��(0F�!�857�������8
� M2!
���.�
�
;1313���!. �	� �  ��R
��8� Q:
 ��� 
 � 57�I� �����!��
��8� 13�&�&� ��$!�<�J5�$8
� � ��&�8.��(�!�<57�& � X

=H��.��!
��RV!X���PM�6��2!��57��� ��$!�R <
 � ���6� �;0B5&�8� ���6�6��
��8� 	C����$8��� ��$!��� � � ���&
�N���
�X "%$!�R��������
��R���&
�N��&
 
��!�8�

	C����$!���:
 �����!.� ���P�����2��  ���N��� #57�8�	���6�6�<
;�#P!��� ��$!�B
��613���8���	��
�
�����
C5&
�� ��
����� � �	$��6���6��	C� ��$!� ��������
�� �	��
�N��&
�X

��
�5�$ ����13�/��$8�/���&
�N���
% ��<� ���&�8� 0F��
M
,�8�
	
TCP

57���!�!��57����������� ��$!�
HTTP

2 ��
���P���$8�B�	��
�N��&
-?8
��	�M57
���
;�����


:�!��	 57�8�	���6�6�<
;� ��� 13
��8
;.��3��$!��57���!�!��57�������#X(�C0 ���&
357
���
;�����!.(�!�
	
I/O

2 ��
���� 0F��
 ��$8� 57���!�!��5 �������@P

��$8�,�	��
�N��&
% ��E��2R� ��
;
����C
3�!��	 ��$!
���
�� 	C����$8���(��$!�,57���!�!��5 �������:5&�8� ���6�6��
������ 2!
��657�����%��$!�,57���!�!��5 �������@X

"%$8
;�%�<��P6�&N���� ��$!���!.�$ ��$!�&
��/���C
W���!�
� ��� � ���!�)57��
�
�����2I���8�6���857� � �&��	-���&� ��$!
���
��!�%
;�8� 57�8�	���6�6�<
;�8��P���$8�

28
�
������G��$!
���
���
� � ��65&
;�����G�!�
	 �!�&��	-��
�* 2I��
	��� 	C����$!���:��$!�,5�$!�� �� 
 ��57�8�	���6�6�<
;� � �70F��
��B��$!�,5�$8�� <�(��$8
���
��

9Omitting the Content-length header without using the Chunked content encoding creates this problem.
10The consumer may click the Stop button. A roommate could break a dial-up connection by attempting to use the phone. Power

failures, crashing browsers, or any number of natural or artificial disasters can suddenly terminate network connections.
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CGI FastCGI MrEd Full MrEd Lite
Clients 1kB 10kB 1kB 10kB 1kB 10kB 1kB 10kB

8 161.1 158.7 742.7 551.6 766.5 665.9 851.4 742.6
16 157.6 156.9 728.8 547.2 759.6 659.3 847.3 727.9
32 153.4 153.1 720.7 544.4 733.8 627.4 837.8 721.4

MrEd Full is the server described in this chapter. It includes the continuation reaper described at the end of
section 3.4.4, whose implementation is currently quite inefficient. MrEd Lite disables this reaper (rendering
send/suspend less usable), making its services more directly comparable to those of CGI and FastCGI.

Figure 3.8: Performance for dynamic content generation
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Chapter 4

Compiling to the Web

4.1 Designing Web Programs
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;; prompt-read : String � � Value
;; read a Scheme value
(define (prompt-read question) ;; defines the function prompt-read

(display question)
(read))

;; main

( display �

(
�

(prompt-read "Enter the first number to add:") �

(prompt-read "Enter the second number to add:") � ))

Figure 4.1: An Interactive Addition Program

;; produce-html : String String (listof Value) � � void
;; effect: to write a CGI HTTP header and HTML Web form
(define (produce-html question mark free-values) � ��� ) ;; body uninteresting

(define FIRST-STOP "first number done")
(define SECOND-STOP "second number done")

(define bindings (get-bindings))

;; main
(cond ;; each bracketed clause is a question-answer pair;

;; in this instance, all answer expressions are boxed
[(empty-bindings? bindings)

(produce-html "Enter the first number to add:" FIRST-STOP ’()) � ]

[(string � ? (extract-binding/single ’continue-at bindings) FIRST-STOP)

(produce-html "Enter the second number to add: " SECOND-STOP
(list (list ’first-number (extract-binding/single ’response bindings)))) � ]

[(string � ? (extract-binding/single ’continue-at bindings) SECOND-STOP)

(display (
�

(string � � number (extract-binding/single ’first-number bindings))
(string � � number (extract-binding/single ’response bindings)))) � ])

Figure 4.2: A CGI Version of Figure 4.1
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1M. Jackson [66] recognized a similar structural problem in the early 1970s. When COBOL programs consume tree-shaped data
in one file and produce a different tree-shaped form of data in another file, it is best to think of the program as two coroutines. Since
COBOL doesn’t support coroutines, he invented program inversion, a technique for providing simple coroutine-like procedures in
languages that don’t support such forms of control.

2A curried function accepts some prefix of its arguments and returns a new function that accepts the remaining arguments.
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3Also, because the generated URLs encode enough information to identify the instance of the program, its continuation, and
a random key, they are too long for some email clients, which mangled them. Some users reported problems copying the URLs
because of this.
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(define-struct closure (code env))
;; Closure � (make-closure Int Env)
;; Env � (listof Value)

;; apply-closure : Closure (listof Value) � � � Value
(define (apply-closure f . args)

(apply ;; supplies the arguments
(apply ;; supplies the environment

(vector-ref closures (closure-code f ))
(closure-env f ))

args))

;; the converted functions and continuations
(define closures

(vector
( � () ;; the environment (in this case, empty)

( � (response1) ;; the argument
(prompt-read-k "Enter the second number to add:" (make-closure 1 (list response1)))))

( � (response1) ;; the environment (in this case, holds the previous argument)
( � (response2) ;; the argument

(display (
�

response1 response2))))))

;; prompt-read-k : String Closure � � void
(define (prompt-read-k s k)

(display s)
(apply-closure k (read)))

;; main
(prompt-read-k "Enter the first number to add:" (make-closure 0 empty))

Figure 4.3: The Compiled Version of Figure 4.1

4.3.1 Functional CGI Programs
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4Closures are functions that remember the lexical context of their creation. They usually consist of an environment and a code
pointer.
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(define-struct closure (code env))
;; Closure � (make-closure Int Env)
;; Env � (listof Value)

;; apply-closure : Closure (listof Value) � � � Value
(define apply-closure ����� ) ; as in figure 4.3

(define closures ����� ) ; as in figure 4.3

;; replaced:
(define (prompt-read-k s k)

(produce-html s (closure-code k) (closure-env k)))

;; added:
;; produce-html : String String (listof Value) � � void
;; effect: to write a CGI HTTP header and HTML Web form
(define (produce-html question mark free-values)

��� � )

(define bindings (get-bindings))

;; main
(cond

[(empty-bindings? bindings)
(prompt-read-k "Enter the first number to add:" (make-closure 0 empty))]

[(string � ? (extract-bindings/single ’resume-at bindings) "0")
(apply-closure (make-closure 0 (create-env-from-strings (extract-bindings/single ’env bindings)))

(extract-binding/single ’response bindings))]
[(string � ? (extract-bindings/single ’resume-at bindings) "1")
(apply-closure (make-closure 1 (create-env-from-strings (extract-bindings/single ’env bindings))

(extract-binding/single ’response bindings))])

Figure 4.4: The CGI Version of Figure 4.3 (Compare with Figure 4.2)
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(prompt-read-k "Enter ... first ...:" (closure1))

Figure 4.5: Lambda Lifted
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5Modifications of data in external entities, say the server file system or a database, are already well-understood.
6Boxes in Scheme are akin to wrapper classes in Java.
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7Avoiding server-side state also facilitates replicating the server across several machines. Although outside the scope of this
dissertation, replication improves industrial servers’ load balancing and fault resistance.
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(define box-0 (box 0))
(define box-1 (box 0))
;; main
(begin (set-box! box-0 (prompt-read "Enter the first number to add: "))

(set-box! box-1 (prompt-read "Enter the second number to add: "))
(show ( � (unbox box-0) (unbox box-1))))

Figure 4.6: A Stateful Interactive Program

(define-struct closure (code env))
;; Closure � (make-closure Int Env)
;; Env � (listof Value)

;; apply-closure : Closure (listof Value) ����� Value
(define apply-closure ���	� ) ; as in figure 4.3
(define closures (vector �	��� ))

;; replaced:
(define (prompt-read-k s k)

(produce-html s (closure-code k) (closure-env k)))

;; added:
;; produce-html : String String (listof Value) �
� void
;; effect: to write a CGI HTTP header and HTML Web form
;; including a cookie containing the-boxes
(define (produce-html question mark free-values)

����� (write-boxes-to-cookie the-boxes) ����� )

(define bindings (get-bindings))

;; the-boxes : (vectorof Value), the current store
(define the-boxes

(if (empty-bindings? bindings)
(initialize-the-boxes)
(read-boxes-from-cookie)))

;; initialize-the-boxes : ��� (vectorof Value)
;; create a new store plus a sequence number

;; read-boxes-from-cookie : ��� (vectorof Value)
;; turn a cookie into a store, check sequence number using a lock file

;; write-boxes-to-cookie : (vectorof Value) �
� void
;; turn a store into a cookie, increment sequence number using a lock file

;; main
(cond

[(empty-bindings? bindings)
(apply-closure (make-closure 0 empty) (box 0))]

[else (apply-closure
(make-closure

(string �
� number (extract-bindings/single ’continue-at bindings))
(create-env-from-strings (extract-bindings/single ’env bindings)))

(extract-binding/single ’response bindings))])

Figure 4.7: Its CGI Version
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Figure 4.8: CGI Error Reporting
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Figure 4.9: CGI Stepping
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Chapter 5

Modeling the Web

5.1 Introduction
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Syntax
� � V�

(M M)�
Vid

�
(form Url

� � � � �
��

Fid � � )� � � Fid

V � ��� �
(

�
(Vid) M)

�
F

Semantics

E = []
�
(E M)

�
(V E)

�
(form 
���
 � � � �

��
Fid � � � Fid � � � � � � �

��
Fid � � )� ��� Fid

(
� �

) E[((
�

(x) body) v)] �
� �

E[body[x � v]]
(select) E[(form url

� � � �
������ � � � (

��� � � ) � � � �
����
	 � 	 � ) .

���
] �

� �
E[ � � ]

Language to Web Connection
��� : � � F �

� � � F

��� (
� � , (form url

� � � �
��

Fid � � )) � ��� ��	 form � �
where prog � p(url) and (prog (form url

� � � �
��

Fid � � )) �
���� form �

Figure 5.4: Web Programming Language
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Syntax

M � �
��� �
(read Lid)

�
(write Lid M)

Semantics�
� �

� �
�
���� 	

�
� � �

� ��
 ��� 	
�
� ���� 	 � � ���������	� lid � � � � �

� ��
 ��� �
lid �
� � 	 � � � � ���� 	 � � ������

� lid

� � � �
� ��
 ��� 	 � � � � lid � � �

where Lid � dom(
�

)

Language to Web Connection

��� (Lid �
� ��� )

��� (
� � , (form url

� � �
��

fid � � )) � ��� ��	 form � �
where prog � p(url)��� ��	 ��������� � form 
�� 
 � � �

��
fid � � � � �

�
� ���
 ��� ��	 form � �

Figure 5.5: Language Extensions for Storage

��
�
;�I� 0F��
#2!
��;���65&�� X#�G�!�����%��$!�  <
�5�*G��0!
;�/�!2 �!
���� 13�7��$8���#P����60F��
�1 
��������/���B57 ����&�E� � � � 28
�.���� � ��5&��13���

� � �	�� ��&���-
��8�B13�<�	 ���
��!�@��$!�%57���8�	�81 ��
�XH"%$!�<� �<� ��$!� � �
HTTP

�#� � ���&
�N���
@2!
�� �  ��&1 �G���8�!��5�
������!.G��$8
;�
HTTP

�6�����%�8�;�M2 �&
�1 ���G
 2!
���2 �&
C��1 28 ���1 ���E��
�������� ��0 ��$!� � � ���&
�N���
-28
;�	���&
�� � �;V�� X

5.3.1 The Communication Problem

4����857�-� ��
;�8�!
�
�� � � � 28
���.�
�
;1 � 1,�8�	�#���&
�1 ���8
;�������M���E���&
�
�5 � 	C����$W
C57���I�	�!13��
�P��!����� ��
���N���
� ;���E���&
�
�5 ����N��

���;0 ��	%
;
��/5&���8���<� ���C�;0�1 
;� � ��1 
; � � � � 2!
���.�
�
�1 �&X 9 0 ��$!�,���;0 ��	%
;
��)�8�&���8�C���J���E����
�
�5 ��� ����13��� 	C� ��$

��$8�J57 ������E��P � � 57���I�	�<� ��� �;0�� � � ��57
���26����PH
��8� 
; � ���57
���2!���B1W�8�	�W57��1 1W�!�!�<5&
;��� 2!
���2 �&
� � 	C� ��$ ��$!����


���85&5&�����	��
���X 2 � ��
�����PC�	���85&�(��$!� 5& ����&�E�J5�
;� 
;
 � ����
�
;
��� � 
����	� � 13� �J2I
;.����&P-��$8�R2!
���.�
�
;1313�&
 5�
;�!�!���


������!13�/
�� � ��$!���!. 
 � ���6�%��$8�B��5&
���26����
6���6��57�6�������(����DE�!���857��X

� N��&� 	C����$!���6�B��$8�J�6� � 5&�! ��������W�;0C�!���8���8
; �
�6��57�!������� ����DE�!�&�I57����P �	2! ����	�����!. � � � 2!
���.�
�
;1 �)���E���

2!����5&���%5&
��J������
��6�6�I57�G��
�
���
���X�+-���8�	�<�6��
���$!���
�!
;132! ������ ?8.��!
�� �!X �8XH"%$!�/���&
�N��&
�
 � ��
 �  ��)5&���E��
����I� ��	 �

2!
���.�
�
�13� �
start.ss


;�8�
next.ss

X "%$!�
start.ss

2!
���.�
�
�1 2!
���1326���B0F��
B��$8� �8���&
�
 �B�8
�1 ��
;�8� �6��
���57���

��$8�������!0F��
�13
;�������(���
next.ss

XG"%$!�<������5&���8�(28
���.�
�
;1 
;�	����1326���G��� N��&
���0 � ����13�B2!
���2 �&
��������G
 � ���6����$!�

57���8���!13�&
�X 9 � �6�����!. ���8P ��� 
������!13���/��$8
��W��$!� ���82!�6� 0F��
�1 5&���E��
����8� � ����$
name


;�8�
phone

?8�& <�!��P


;�I�:
��	���&1326���C���J������
�
�57� � ����$#XM"%$!�W
��	���&1326�M��� ������
�
�5 �C��$8�B�!����� �
���<�	���&�E�
phone

?I�& <�(
����	�! ����M���R



��!�E����1 �G�&
�
���
�XH"%$!�G�6�<
;.�
�
�1 �� � ��8�	��
�
������ ��$8�G2!
�� �  ��&1 .�
�
;28$!��5�
; � � X � $!��� 2!
���.�
�
;1313�&
�� 13���	��
�*����! �

2A good programmer may recognize opportunities for aggregating some of the programs. It is also possible to use a “multi-
plexer” technique that merges all these scripts into one single file and uses a dispatcher to find the proper subroutine. The problems
remain the same.
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plt-scheme.org/cgi/start.ss ��
(

�
(x)
(form plt-scheme.org/cgi/next.ss

(name "Your Name")))

plt-scheme.org/cgi/next.ss ��
(

�
(x)
(form plt-scheme.org/cgi/done.ss

(confirm-name � � �����
�
)

(confirm-phone � � � ��� �
�
)))

���
start

� �

next
phone

submit

()

response

submit

(name)

(form start.ss)

(form next.ss
(name ""))

fill-form

(form next.ss
(name "Ed"))
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Figure 5.6: Collaborating Programs
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pick-flight �� (
�

(empty-form) (form confirm-flight (departure-time "hh:mm")))

confirm-flight �� (
�

(first-form)
(write your-flight first-form.departure-time)
(form receipt-flight (confirm-time (read your-flight))))

receipt-flight �� (
�

(confirmed-form)
(buy-flight (read your-flight))
(form next-action (generate-ack (read your-flight))))

Figure 5.7: Stateful Web Programs
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Server Extension and Additional Functions
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Figure 5.9: Constraint Checking
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5.5 Notifying Outdated Observers
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module Main where

import Prelude hiding (head)
import HTMLMonad
import Random
import CGI hiding (question )

import Persistent2 as P
import Maybe

main � run pickFlight

pickFlight �

do Just initialHandle �
� P.init "your-flight" ""

ask (standardPage "Choose a Flight"
(makeForm

(do text "Departure Time: "
flight �

� inputField (fieldVALUE 0)
submit (F1 flight)

(confirmFlight initialHandle)
(fieldVALUE "See Details"))))

confirmFlight initialHandle (F1 flight) �

do recentHandle �
� P.current initialHandle

Just nextHandle �
� P.set recentHandle (value flight)

ask (standardPage "Confirm Flight"
(makeForm

(do (text "Really reserve flight departing at ")
(text (value flight))
(submit F0 (receiptFlight nextHandle) (fieldVALUE "Confirm")))))

receiptFlight flightHandle F0 �

do recentHandle �
� P.current flightHandle

flightTime �
� P.get recentHandle

htell (standardPage "Flight Receipt"
(do (text "Reserved flight for ")

(text flightTime)))

Figure 5.10: Outdated State in WASH/CGI
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M = �
��� �
(read Lid R)

�
(write Lid M R)

R = relevant
�
irrelevant�

x, y, z � � Lid

Figure 5.11: Relevance for Storage
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pick-flight.ss ��
(

�
([empty-form : (form)])
(form confirm-flight.ss

(departure-time "nn:nn")))

confirm-flight.ss ��
(

�
([first-form : (form (departure-time String))])
(write your-flight first-form.departure-time relevant)
(form receipt-flight.ss

(confirm-time (read your-flight relevant))))

receipt-flight.ss ��
(

�
([confirmed-form : (form (confirm-time String))])
(buy-flight (read your-flight relevant))
(form receipt-flight.ss

(confirm-time (read your-flight relevant))))

Figure 5.12: Stateful Web Programs

� ���
� � 	�� � 	 � (form pick-flight.ss (store# � 1) (carrier "[]")) 	 �

�

� � �� � � � � � � 
 � � � ��� � � � � � ��� �� ��� ��	�� � 	 � (form confirm-flight.ss (store# 0) (carrier "[]") (departure-time "5:50")),
�

�

��� � �� ��� � � � � 
� ��� ��	�� � 	 � (form receipt-flight.ss (store# 1) (carrier "[your-flight]") (confirm-time "5:50")),
�

�

� � � �� � ��� � 
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Chapter 6

Beyond the Web

6.1 Introduction
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6.2.1 Interaction Diagrams
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public class SubmitPaper �
public static void main(String[] args) �

System.out.println("Starting the Paper Submission Program.") ;
enterPaperInDatabase() ;
System.out.println("Finished the Paper Submission Program.") ; �

private static void enterPaperInDatabase() �
String[] contactInfo � DirectGUI.promptRead("Paper Submission: ",

new String[] � "Name: ", "Email: " � ) ;
String name � contactInfo[0], email � contactInfo[1] ;
String confCode � generateCode() ;
Smtp.send(MAIL SERVER, SMTP PORT , FROM, email, buildMessage(name, confCode)) ;
String[] codeAttempt �

DirectGUI.promptRead("Confirm Email",
new String[] � "Enter the confirmation code mailed to "

�
email � ) ;

if (codeAttempt[0].equals(confCode)) �
String[] paperInfo �

DirectGUI.promptRead("Paper Info",
new String[] � "Title: ", "Abstract: ", "Paper Filename: " � ) ;

/ � update database � /
DirectGUI.show("Thank you for your submission.") ; �

else � DirectGUI.error("Incorrect confirmation code") ; ���
private static String buildMessage(String name, String code) � / � . . . � / �
private static String generateCode() � / � . . . � / ���

Figure 6.1: Inflexible Interface Version
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public class SubmitPaper2 �
public static void main(String[] args) �

System.out.println("Starting the Paper Submission Program.") ;
Lock lock � new Lock() ;
enterPaperInDatabase(lock) ;
synchronized (lock) � lock.wait() ; �
System.out.println("Finished the Paper Submission Program.") ; �

public static void enterPaperInDatabase(final Lock lock) �
GUI.promptRead("Paper Submission: ",

new String[] � "Name: ", "Email: " � ,
new ProcessContact(lock)) ; ���

class ProcessContact extends Continuation �
Lock lock ;
ProcessContact(Lock l) � lock � l ; �
void invoke(String[] contactInfo) �

final String name � contactInfo[0], email � contactInfo[1] ;
final String confCode � generateCode() ;
Smtp.send(MAIL SERVER, SMTP PORT , FROM, email, buildMessage(name, confCode)) ;
GUI.promptRead("Confirm Email",

new String[] � "Enter the confirmation code mailed to "
�

email � ,
new ProcessConf (name, email, confCode, lock)) ; �

private String buildMessage(String name, String code) � / � ����� � / �
private String generateCode() � / � ����� � / ���

class ProcessConf extends Continuation �
String name, email, confCode ;
Lock lock ;
ProcessConf (String n, String e, String c, Lock l) � name � n ; email � e ; confCode � c ; lock � l ; �
void invoke(String[] codeAttempt) �

if (codeAttempt[0].equals(confCode)) �
GUI.promptRead("Paper Info", new String[] � "Title: ", "Abstract: ", "Paper Filename: " � ,

new ProcessPaper(name, email, lock)) ; �
else � GUI.error("Incorrect confirmation code") ;

synchronized (lock) � lock.notify() ; �������
class ProcessPaper extends Continuation �

String name, email ;
Lock lock ;
ProcessPaper(String n, String e, Lock l) � name � n ; email � e ; lock � l ; �
void invoke(String[] paperInfo) � / � update database � /

GUI.show("Thank you for your submission.") ;
synchronized (lock) � lock.notify() ; �����

Figure 6.2: Version with Backtracking Support
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processConfirm
� � �

�
��� build window ���
�
Lock l � new Lock

� � �

JButton button � new JButton
�
"Okay"

� �

button.addActionListener
�
new WakeOnClick

�
l
� � �

�
��� show window �����
l.wait

� � �

extract fieldValues �
���
return fieldValues

� �
class WakeOnClick

�
Lock l

�

WakeOnClick
�
Lock lock

� �
l � lock

� �
void actionPerformed

�
ActionEvent e

� �
spawn-thread

�
processPaper

� �

l.notify
� � � � � �
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6.3 Implementing Flexible GUIs: Control
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public class SubmitPaper3 �
public static void main(String[] args) �

System.out.println("Starting the Paper Submission Program.") ;
enterPaperInDatabase(new Continuation void() �

void invoke() � System.out.println("Finished the Paper Submission Program.") ; ��� ) ; �
public static void enterPaperInDatabase(final Continuation void k) �

GUI.promptRead("Paper Submission: ", new String[] � "Name: ", "Email: " � ,
new Continuation() �

void invoke(String[] contactInfo) �
final String name � contactInfo[0], email � contactInfo[1] ;
final String confCode � generateCode() ;
Smtp.send(MAIL SERVER, SMTP PORT , FROM, email, buildMessage(name, confCode)) ;
GUI.promptRead("Confirm Email",

new String[] � "Enter the confirmation code mailed to "
�

email � ,
new Continuation() �

void invoke(String[] codeAttempt) �
if (codeAttempt[0].equals(confCode)) �

GUI.promptRead("Paper Info",
new String[] � "Title: ", "Abstract: ", "Paper Filename: " � ,

new Continuation() �
void invoke(String[] paperInfo) � / � update database � /

GUI.show("Thank you for your submission.") ;
k.invoke() ; ��� ) ; �

else � GUI.error("Incorrect confirmation code") ;
k.invoke() ; ����� ) ; �

private String buildMessage(String name, String code) � / � � ��� � / �
private String generateCode() � / � ����� � / ��� ) ; ���

Figure 6.3: Transformed Version
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Figure 6.4: Multiple Submissions in Action
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Figure 6.5: Bookmarking in Action
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Chapter 7

Conclusions
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7.4 GUI Dialogues
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Appendix A

Expressiveness of send/suspend
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1A few steps involved some semantic considerations such as the intention of throwing the k-id URL as a continuation.
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;; : str[url] (listof (list sym str)) � � response
;; to build a Web page that automatically submits itself using javascript
(define (form k-url hidden-fields)

‘(html (head (title "Auto-form"))
(body (form ([action ,k-url] [method "post"] [name "the form"])

(input ([type "submit"] [name "the submit button"]))
. ,(map ( � (x)

‘(input ([type "hidden"]
[name ,(symbol � � string ( � � x))]
[value ,(marshal (cadr x))])))

hidden-fields))
(script "document.the form.the submit button.click()"))))

;; : sym request � � str
(define (form-field key form)

(unmarshal (extract-binding/single key (request-bindings form))))

;; marshal : (tst � � pickle)
;; unmarshal : (pickle � � tst)
(define-values (marshal unmarshal)

(let ([pickles (make-hash-table)])
(values
( � (x)

(let � ([key-str (symbol � � string (gensym))]
[key (string � � symbol key-str)])

(hash-table-put! pickles key x)
key-str))

( � (y)
(hash-table-get pickles (string � � symbol y))))))

Figure A.1: Form Functions For Cawl-cc
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