Appendix B

NSP Language Definition

B.1 Context Free Grammar

string
id

parameter-type

supported-type

system
page
websig-core

param

webcall
head
strings
body

include

s € String
1 € Label
te TUP

t € Boupported

page | system system

<nsp name="id"> websig-core </nsp>

param websig-core | webcall | include

<param name="id" type="parameter-type"/>

<html> head body </html>
<head><title> strings </title></head>

€ | string strings

<body> dynamic </body>

<include> dynamic </include>
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dynamic

actualparams
actualparam
form

object
hidden
submit

checkbox
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dynamic dynamic

e | string

ul | 1i

table | tr | td

call

form | object | hidden | submit
input | checkbox

select | option

expression

code

<ul> dynamic </ul>
<1i> dynamic </1i>

<table> dynamic </table>

<tr> dynamic </tr>

<td> dynamic </td>

<call callee="id"> actualparams </call>

€act | actualparam actualparams

<actualparam param="id"> expr </actualparam>
<form callee="id"> dynamic </form>

<object param="id"> dynamic </object>
<hidden param="id"> expr </hidden>

<submit/>

<input type="supported-type" param="id"/>

<checkbox param="id"/>
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select

option

expression
code

com

stat

expr

<select param="id"> dynamic </select>

<option>
<value> expr </value>
<label> expr </label>
</option>

<expression> expr </expression>
<code> com </code>
</code> dynamic <code>

com ; com
if expr then com else com

while expr do com

stat
id := expr
id | expr.id | expr[expr]
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B.2 Types

B.2.1 Programming Language Types

T = BUVUAURUY
(baSic types) B = Bprimitive ) Bsupported
(primitive basic types) Bprimitive = {int, float,boolean}
(supported basic types) Bsupported = {int, Integer, String}
(type variables) V = {(X,Y,Z,...}

U {Person,Customer, Article,...}

(array types) A = {arrayof T | T € T\ A}

(record types) R = Label 4> T
Y

(recursive types) = {pX.R|XeV,RecR}

B.2.2 Server Page Types

(page types) P = {w—rlweW,reCub}
(web signatures) W = Label 4+ (TUP)
(complete web page) C = {O}
(document fragment types) D = L xW
(layout types) L = ExF
(element types) E = {o,¢, TR, TD,LI, OP}
(form occurences) F = {eLnt}

(system types) S = {o.V}
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B.3 Subtyping Relation

B.3.1 Establishing Subtyping Rules

(reflexivity) TToT

t
(array types) FT < array of T

record types T; ¢ Bprimitive WP jE€1...1n
web signatures F{l; = Ty ield=Litlon < f] s T;}i€Ln
TcE
html t _
(html types) Fo < T
(f ) TeF
orm occurences —_—
Fi< T

B.3.2 Preserving Subtyping Rules

FS<T
F array of S < array of T’

(array types)

record types FSi<Ty...08,<T,
web signatures F{l; — S;}i€len < {l; s T;}i€1-m

FSHYSX] < T B S < T Tx]
FupX.5<T FS<uX.T

(recursive types)

Fu' <w FR<R
Fw— R<w — R

(page types)

dynamic FSi<Ty FSy<Th
layout types F (S1,52) < (Th,T>)
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B.4 Type Operators
x: T—>T

arrayof T' ,T ¢ A
T* =DEF Y ¢

T ,else
O Wes W

w1 © w2 =prr

1 ,’lf 3(l1»—>T1)6w1 ° H(ZQHTQ)E’LUQ o [1=I> N PLEP A P,cP
L Lif3li—T)ew o I(la—Tr)Ewz @ l1=Iy A T1UT5 undefined

(dom we)<w1 U (dom w1 )<Qws

U { (l — (Th I_JTQ)*) |(l—T)ewr A (I—Ts)Ewa } ,else

B.5 Environments and Judgements

I': Label 4 (TUP) =W (identifiers)

A : Label P CW  (page definitions)

F'Fe:TUP e € expr

'kn:D n € com U dynamic
F'kc:P ¢ € websig-core
'Fa:W a € actualparams

INAkFs:S s € system
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B.6 Typing Rules

reRr
(dom A) N bound(s) =0
NAkFs: < B.1
IAFs:y/ (B-1)
s1, 82 € system  (dom A1) N (dom Ag) =0
((dom T2) < A1) < ((dom A1) < T'g)
((dom T1) < Az) < ((dom Ag) < T'y)
F17A1|_811<> F27A2|_52:<> B.9
((dom Ag)ﬁl—‘l) @] ((dom Al)érg) , AfUAS Fspsy 0 O ( ' )
T'FI:P 'kec: P ¢ € websig-core (B.3)
M\~ P),{(l— P)} F<nsp name="1">c< /usp> : < '
rE1:T 'tec:w—D 1 ¢ (dom w) (B.A)
< param name ="{" type="T7"/> '
NE=DF Cwuiie-n) - D
F'Ed:((evo,fV1),0) t € strings d € dynamic (B.5)
< html > '
re < head >< title >t < /head >< /title >
< body > d < /body >
< /html >: () — O
I'kd:D d € dynamic (B.6)
' < include > d < /include >: () — D '
d € string
S B.7
T d: ((o0).0) (B0
B.8
TFe: (D). 0) (B5)
di,ds € dynamic
Fl—dlz(Ll,wl) F"dgl(Lg,wg) L1|_|L2l w1®w2l (B 9)

I'Fdids: (L1I_|L2,w1®w2)



112 APPENDIX B. NSP LANGUAGE DEFINITION

THd:((LIVo,F),w) B0
<ul>d< /ul> : ((o, F),w) '
Pkd:((eVo,F) w) (B.11)
<li>d</1li> : ((LLF),w) '
F'Hd: ((TRVo,F),w) (B.12)
< table > d < /table > : ((o, F),w) '
T'hd: ((TDVo,F),w) (B.13)
<tr>d< /tr>: ((TR,F),w) '
I'Hd:((eVo,F)w)
B.14
<td>d< /td> : ((TD,F),w) (B.14)
I'Fl:w—D I'Fas:v Fov<w (B.15)
'k <call callee="0">as< /call> : D '
_ B.16
F|_€act :@ ( )
Ftas:w 'ke:T 1 ¢ (dom w) (BA7)
< actualparam param="[" > '
'k e
< /actualparam>as : wU{(l—T)}
Fl:w—0 THd:((e),v) Fo<w (B.18)
' < form callee="1">d < /form>:((e,1),0) '
T'Hd: (L) (B.15)
'+ < object param="{" > d < /object > : (L,{(l— w)}) '
I'kFe:T (B.20)
I' F < hidden param ="!” > e < /hidden > : ((o,{),{(l—T)}) '
(B.21)

' < submit/ > : ((e,1),0)
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T e IBsupported
'+ < input type =777 param ="1"/ >:((e,{),{(l—T)})

' < checkbox param="1"/> : ((e,]),{(l — boolean)})

I'td: ((OP,]),{(l — array of T)})

< select param="[" >
I+ d
< /select > : ((o,|),{(l — array of T')})

I'tv : T I'ke:S SeB [ € Label
< option >

< value > v < /value >

< label > e < /label >
< Joption >: ((OP,{),{(l — array of T)})

'

T'Fe:T TebB
'k < expression > e < /expression> : ((e,{),0)

I'te:D
'k <code>c< /code > : D

'kd:D
I'k< /code>d<code> : D

Fl—clz(Ll,wl) Fl_CQZ(L27w2) L1|_|L2l w1®w21

I'kerzen @ (LU Lo, wi ® we)

I'Fe:boolean I'tcy: D1 T'bey: Doy DU Dy |
I'Fif ethencjelsecy : D1l Dy

I'te:boolean Fke: (Lyw)
I'+whileedoc : (L,w®w)

I'tax:T I'kFe:T TeT
Fkz:=e: ((0,0),0)
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(B.22)

(B.23)

(B.24)

(B.25)

(B.26)

(B.27)

(B.28)

(B.29)

(B.30)

(B.31)

(B.32)
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(v—T)el
—_ B.
'kFo:T (B.33)
F"BZ{Zil—)Ti}iel"'n jel...n
B.34
Piel; - T; ( )
I'ke: arrayof T F'Fi:int (B.35)

Tkel]:T
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B.7 Example Type Derivation I

Listing B.1

01 <nsp name="A">

02 <param name="x" type="array of int"/>

03 <include> & </include>

04 </nsp>

05

06 <nsp name="B">

07 <param name="x" type="int"/>

08 <include>

09 <1li>

10 <expression> x </expression>

11 </1i>

12 </include>

13 </nsp>

14

15 <nsp name="C">

16  <param name="p" type="{(z +— int)} — ((LI,{),0)"/>
17 <include>

18 <call callee="p">

19 <actualparam param="x"> 815 </actualparam>
20 </call>

21 </include>

22 </nsp>

23

24 <nsp name="D">

25 <html>

26 <head><title> Main Page </title></head>

27 <body>

28 <ul>

29 <call callee="C">

30 <actualparam param="p"> A </actualparam>
31 </call>

32 <call callee="C">

33 <actualparam param="p"> B </actualparam>
34 </call>

35 </ul>

36 </body>

37 </html>

38 </nsp>
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I'constT =per {815 — int}

w4 =per {(z — array of int)}
I'4 =per FconsT UAAUwA
T =per wA — ((O,ﬁ),@)

Ay =per {(A = TA)}

WPB =DEF {((E — int)}

I's =per l'consT UABUwp
TB =pEfF WB — ((LI, II), @)
AB =DEF {(B — TB)}

WC =pEF {(P = TB)}
I'c =per FconsT U Ac Uwe

Ac =per {(C = (wC - ((LI7 ﬁ),@)))}

TEINAL — o Poonst UAA UAR U Ag
Tp = IRV UAD
Ap =per {( D= (0 —0))}

I Take:((o,0),0) B.8
II Tak 03:0— ((o,),0) I B.6
III T'aF x:array of int B.33
Iv FA\wAI— 02-03:T4 III II B.4
\' FA\wAl—A:TA B.33
VI Tconsr,Aab 01-04:O V IV B.3
VII TI'pt x:int B.33
VIII TI'pk 10:((e,q),0) VII B.26
IX Tt 09-11:(LI,1),0) VIII B.11
X Tt 08-12:0 — ((LI,1),0) IX B.6
XI FB\wB}— 07-12:Tgp VII X B.4
XII FB\’UJB}—B :Tp B.33
XIII Tconst,AptF 06-13:O XII XI B.3
XIV TI'¢cF "815":int B.33
XV T'et 19:wp €act 10 XIV B.17
XVI Dot p:Ts B.33
XVII To b 18-20:((LI,{),0) XVI XV wp < wp B.15

XVIII Tchk 17-21:0 — ((L[ ﬁ:),@) XVII B.6
XIX Fc\wc}— 16-21:wc — ((LI ﬁ) ) XVI XVIII B.4
XX Fc\wc}— C:wc — (( II), ) B.33
XXI Tconst,Act 15-22:0 XX XIX B.3
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XXII
XXIII
XXIV
XXV
XXVI
XXVII
XXVIII
XXIX

XXX
XXXI
XXXII
XXXIII
XXXIV
XXXV
XXXVI

XXXVII
XXXVIII

XXXIX

XXXX

XXXXI

XXXXII

XXXXIII

XXXXIV

XXXXV

I'phk A:Ta

I'pk 30:{(p— Ta)}

I'p bk Ciwe — ((LI,7),0)
Fwp < wa

= ((e,1),0) < ((L1,3),0)
FTa<Tr

F{p—Ta} <wc

Ip F 29-31:((LI,1),0)

I'pk B:Tg
I'pF 33:we
Ip F 31-32:((LI,7),0)
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B.33

€act 1) XXII B.17

B.33

array/record subtyping

layout subtyping

XXV XXVI page subtyping
XXVII record subtyping

XXIV XXIII XXVIII B.15

B.33
€act:0 XXX B.17
XXIV XXXI w. < w. B.15

Tp b (LI, Y)U(LL, )= (LI, ) A 000=0

I'pF 29-34:((LI,1),0)
I'pF 28-35:((e,7),0)
I'pF 25-37:0 — O
I'pk D:) — 0O
DEINAL Ap - 24-38:0

(dom Aa) N (dom Ag) =0
A ((dom FConst) < AB)
A ((dom FConst) < AA)

TconsT, AaUAB F 01-13:O

—(=
— 0=

XXIX XXXII XXXIII B.9
XXXIV B.10
XXXV B.5

XXXVII XXXVI B.3

((dom AA) < FConst)
((dom AB) < FConst)

XXXIX VI XIII B.2

analog of XXXIX concerning (0, AaUAg) and (0, Ap)

T'consT, AAUABUAc F 01-22:O

XXXXI XXXX XXI B.2

(dom (AAUABUA¢)) N (dom Ap) =0

A
A

TconsT,Aa U Ap U Ac U Ap
01-38:<
I'consT,Aa U Ap U Ac U Ap
01-38:,/

(dom TEINALY 9 (AAUABUAG) = (dom(AaUAp UAg)) QTEINAL
(dom FCONST) <JAp = (dom AD) <T'consT

XXXXIIT XXXXIT XXXVIII B.2

XXXXIV (I'consT€R) B.1
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B.8 Example Type Derivation II

Listing B.2

01 <form callee="target">
02  <code>

03 if cond then

04 while cond do

05 </code>

06 <object param="x">

07 <input param="name" type="String">
08 <object param="next">

09 <input param="name" type="String">
10 </object>

11 </object>

12 <code>

13 ;

14 </code>

15 <object param="x">

16 <input param="name" type="String">
17 <object param="address">

18 <input param="street" type="String">
19 <input param="zip" type="int">

20 </object>

21 </object>

22 <code>

23 else

24 </code>

25 <select param="x">

26 <option>

27 <value> v </value>

28 <label> 1 </label>

29 </option>

30 </select>

31 <code>

32 </code>

33 <submit/>
34 </form>
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Listing B.3

01 <nsp name="target">
<param name="x" type="array of

02
03
04
05
06
07
08
09
10
11

/>
<html>

</html>

12 </nsp>

uX . {name— String,

address— {street— String,
zip+—int},

next— X

}n

Wiarget =DEF { T + array of uX.{name — String, address +— {street —

String, zip — int}, next — X} }

I' =pgr { cond — boolean , v — puX.{name — String, address — {street
String, zip — int},next — X}, [ — String, target — (Wiarger — 0) }

II
11T
I\Y

VI

VII
VIII

IX

XI
XII

XIIT
XIV

XV

'k 09:((e, ), {name— String})
I' - 08-10:((e, {}), {next — {name— String}})
I'F 07:((e, ), {name — String})
I' F 07-10:((e,}),{name +— String,next —

{name String}})

I F 06-11:((e, ), {z — {name — String, next —

{namer String}}})

I F 05-12:((e, ), {z — {name — String, next —

{name String}}})
I' - cond :boolean

r F 04-12:((e, ), {z +—

array of {name

String, next— {name— String}}})

I'F 19:((e, ), {zip— int})

'+ 18:((e, ), {street+ String})
'+ 18-19:((e, {), {street — String, zip+ int})
I'F17-20:((e, ), {adress— {street— String, zip—

int}})

't 16:((e, ), {name+— String})
I' F 16-20:((e,|),{name — String,adress —

{street— String, zip—int}})

—

I+ 15-21:((e, |}), {x — {name — String, adress —
{street— String, zip— int}}})

B.22
I1B.19
B.22
ITIII B.9

IV B.19

V B.28

B.33
VII VI B.31

B.22
B.22

IX X B.9
XI B.19

B.22
XIIT XII B.9

XIV B.19
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XVI T F 14-22:((e, ), {x — {name — String,adress— XV B.28
{street— String, zip— int}}})
XVII T' F 04-22:((e,|),{x +— arrayof {name +~— VIII XVI B.29
String,adress +— {street +— String,zip —
int}, next— {name— String}}}
XVIII T F v:pX.{name — String, address — {street — B.33
String, zip— int}, next— X}
XIX TI'F L:String B.33
XX T F 26-29:((OP,3),{z — array of uX.{name — XVIII XIX B.25
String,address +— {street — String,zip —
int}, next— X}})

XXI Tk 25-30:((e, |}), wiarget) XX B.24

XXIT T F 24-31:((e, ), Wearget) XXI B.28
XXII T F 03-31:((e, |}), wiarget) XVII XXII B.30
XXIV Tk 02-32:((e, ), wearget) XVIII B.27

XXV Tk 33:((e, {),0) B.21
XXVI T 02-33: (( ), Wearget) XXIV XXV B.9
XXVII T Ftarget : wiarger — O B.33

XXVIIL Tk 01-34:((e, 1),0)  XXVIIXXVI F Wiarger < Wearger B.18



