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W
ebS

cript,
a

stac
k-oriented

program
m

ing
langua

g
e

�

P
rogram

m
ing

in
W

ebscript

W
ebscriptis

a
descendantofP

ostscript,a
stack-oriented

dynam
ically

typed
language

inspired
by

F
orth.

�

A
type

system
for

W
ebS

cript?

T
his

is
a

crude
draft.
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D
atatypes

in
W

ebscript
and

P
ostscript

�

B
ooleans:f

a
l
s
e

,t
r
u
e

�

N
um

bers:4
5

�

Literalnam
es:/

f
o
o

�

Textstrings:(
f
o
o
)

,(
T
h
i
s

i
s

a
s
t
r
i
n
g
\
n
)

�

A
rrays:[

2
3
f
a
l
s
e

[
5
6
(
f
o
o
)
]
]

�

D
ictionaries:<

<
/
p
o
r
t
(
8
0
8
0
)

/
h
o
s
t

(
1
3
0
.
2
2
5
.
4
0
.
2
5
3
)
>
>

T
his

is
the

dictionary
thatm

aps
literalnam

e
/
p
o
r
t

to
the

string
(
8
0
8
0
)

and
literalnam

e
/
h
o
s
t

to
the

string
(
1
3
0
.
2
2
5
.
4
0
.
2
5
3
)

.

�

P
rocedures:{

4
a
d
d
}

T
his

is
the

procedure
w

hich
adds

4
to

its
argum

ent.

D
ata

structures
accessible

to
an

executing
program

:

�

O
perand

stack:
a

stack
ofvalues

�

D
ictionary

stack:
a

stack
ofdictionaries

T
he

currentdictionary
is

the
one

on
top

ofthe
dictionary

stack.
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P
ostscript

and
W

ebscript
program

s

P
rogram

s
are

w
ritten

in
postfix

(or
reverse

P
olish)

notation,using
only

the
evaluation

stack
and

dictionary
stack.

A
lloperators

take
their

argum
ents

from
the

stacks
and

leave
their

results
on

the
stacks.

A
new

operator
is

defined
by

binding
itin

a
dictionary.

E
xam

ples:

�

A
dd

67
and

23
and

leave
the

resulton
the

stack:

6
7
2
3

a
d
d

�

B
ind

variable
p
o
r
t

(in
the

currentdictionary)
to

the
string

(
8
0
8
0
)

:

/
p
o
r
t

(
8
0
8
0
)
d
e
f

�

A
ccess

variable
p
o
r
t

(in
the

currentdictionary):

p
o
r
t

�

D
efine

a
d
d
f
o
u
r

(in
the

currentdictionary)
as

the
function

w
hich

adds
4

to
its

argum
ent:

/
a
d
d
f
o
u
r
{

4
a
d
d
}

d
e
f

�

A
pply

a
d
d
f
o
u
r

to
117

tw
ice

(giving
125):

1
1
7
a
d
d
f
o
u
r
a
d
d
f
o
u
r
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E
xam

ple
function

definitions

�

D
efine

function
p
r
i
n
t
n

w
hich

prints�� �
� ���
� �

(P
ostscript’s

printfunction
is

‘=
’):

/
p
r
i
n
t
n
{

1
1

3
-
1

r
o
l
l

{
=

}
f
o
r
}

d
e
f

�

D
efine

function
s
u
m
n

w
hich

com
putes �� �

� ���
� �

:

/
s
u
m
n

{
0

1
1

4
-
1

r
o
l
l

{
a
d
d
}

f
o
r
}

d
e
f

�
D

efine
function

r
o
w
n

w
hich

prints
row

�

ofan�
��

H
T

M
L

m
ultiplication

table:

/
r
o
w
n

{
e
x
c
h

/
n
e
x
c
h

d
e
f

(
<
T
R
>
)
=

0
1

3
-
1

r
o
l
l

{
(
<
T
D
>
)

=
n

m
u
l
=

}
f
o
r
}

d
e
f

�

D
efine

function
t
a
b
l
e
n

w
hich

prints
an�

��

H
T

M
L

m
ultiplication

table:

/
t
a
b
l
e
n
{

/
n
n
e
x
c
h

d
e
f
(
<
T
A
B
L
E
>
)

=
0

1
n
n
{
n
n

r
o
w
n

}
f
o
r
(
<
/
T
A
B
L
E
>
)

=
}
d
e
f
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P
ractical

experim
ents

w
ith

W
ebscript

and
P

ostscript

�

U
se

the
w

ebnetserver
(h
t
t
p
:
/
/
w
e
b
n
e
t
.
i
t
-
c
.
d
k

,accessible
from

the
studentnet).

F
ollow

the
link

called
W

ebS
criptD

ebugging
Tool,and

log
in

using
the

a
d
m
i
n

account.

�

U
se

the
free

P
ostscriptinterpreter

G
hostscript(on

any
com

puter).
O

fcourse,this
does

notallow
one

to

experim
entw

ith
W

ebscript-specific
extensions.

–
U

sing
a

U
nix/Linux

term
inalw

indow
:

type
g
s

-
d
N
O
D
I
S
P
L
A
Y

–
U

sing
the

IT-C
M

S
W

indow
s

studentm
achines,and

a
C

om
m

and
P

rom
pt(D

O
S

box),type

C
:
\
A
l
a
d
d
i
n
\
g
s
6
.
0
1
\
b
i
n
\
g
s
w
i
n
3
2
-
d
N
O
D
I
S
P
L
A
Y

orC
:
\
A
l
a
d
d
i
n
\
g
s
6
.
0
1
\
b
i
n
\
g
s
w
i
n
3
2
c
-
d
N
O
D
I
S
P
L
A
Y

F
or

a
m

ore
convenientsetup,run

G
hostscriptinside

a
shellinside

G
N

U
E

m
acs

(under
U

nix
or

M
S

W
indow

s).

N
ote

thatW
ebscript’s

polym
orphic

x
p
r
i
n
t

function
is

called
=
=

in
P

ostscript.
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s
e
s
t
o
f
t
@
j
o
n
e
s
>

g
s

-
d
N
O
D
I
S
P
L
A
Y

G
N
U

	

G
h
o
s
t
s
c
r
i
p
t

5
.
1
0

(
1
9
9
8
-
1
2
-
1
7
)

C
o
p
y
r
i
g
h
t
(
C
)
1
9
9
7

A
l
a
d
d
i
n
E
n
t
e
r
p
r
i
s
e
s
,

M
e
n
l
o

P
a
r
k
,

C
A
.

A
l
l
r
i
g
h
t
s
r
e
s
e
r
v
e
d
.

T
h
i
s

s
o
f
t
w
a
r
e
c
o
m
e
s

w
i
t
h

N
O

W
A
R
R
A
N
T
Y
:
s
e
e
t
h
e
f
i
l
e

C
O
P
Y
I
N
G
f
o
r
d
e
t
a
i
l
s
.

G
S
>
5
6

7
a
d
d
=
=

6
3
G
S
>
/
f

{
2
a
d
d
}

d
e
f

G
S
>
6
7

f
=
=

6
9
G
S
>
6
7

f
f
=
=

7
1
G
S
>
/
f
a
c

{
d
u
p
0

e
q

{
p
o
p
1
}

{
d
u
p
1
s
u
b

f
a
c
m
u
l
}

i
f
e
l
s
e
}

d
e
f

G
S
>
3

f
a
c
=
=

6G
S
>
7

f
a
c
=
=

5
0
4
0

G
S
>
1
0

f
a
c
=
=

3
6
2
8
8
0
0

G
S
>
0

1
7

{
f
a
c
=
=

}
f
o
r

11262
4
1
2
0

7
2
0

5
0
4
0

G
S
>
q
u
i
t

s
e
s
t
o
f
t
@
j
o
n
e
s
>
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S
tatic

type
checking

for
W

ebscript
–

w
h

y?

F
orth,P

ostscriptand
W

ebscriptare
dynam

ically
typed.

E
very

operator
(such

as
a
d
d

)
checks

atrun-tim
e

thatitis
applied

to
argum

ents
ofthe

righttype.

A
n

error
is

signalled
w

hen
this

is
notthe

case.

A
d

vanta
g

es
of

static
type

checking

S
tatic

type
check

(atcom
pile

tim
e)

provides
a

firstcheck
thatthe

program
m

akes
any

sense
atall.

C
atches

errors
early:

during
developm

entrather
than

w
hen

deploying
the

program
.

S
aves

tim
e,m

oney
and

em
barassm

ent.

S
tatically

inferred
types

provide
a

scaffold
for

other
inform

ation,such
as

bounded
stack

depth,or
sized

types.

S
trategic

value
to

the
R

C
E

S
project

T
his

is
the

kind
ofw

ork
I’d

like
to

do.

F
orth

is
being

used
in

em
bedded

system
s

(e.g.,in
space).

O
ur

ideas
m

ight(justm
ight)

im
prove

F
orth

practice.
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R
elated

w
ork:

Typed
F

orth

B
illS

toddartand
P

eter
J

K
naggs:

Type
Inference

in
S

tack
B

ased
Languages,

F
orm

alA
spects

ofC
om

puting

(1992)
3.

P
resents

a
type

algebra
in

w
hich

m
ultiplication

is
function

com
position,and

addition
is

alternative
types

(overloading).
T

he
zero

is
the

inconsistenttype


,the
unitis

the
type

� �

 ,the

type
w

hich
takes

nothing
from

the
stack

and
leaves

nothing.
N

otim
plem

ented.

S
tephan

B
echer:

strongForth,h
t
t
p
:
/
/
h
o
m
e
.
t
-
o
n
l
i
n
e
.
d
e
/
h
o
m
e
/
s
.
b
e
c
h
e
r
/
f
o
r
t
h

,S
eptem

ber

2000.
P

rovides
overloading

and
subtyping,an

im
plem

entation
available

(for
M

S
W

indow
s),no

theory.

R
elated

w
ork:

Typed
assem

b
ly

langua
g

e
w

ith
stac

ks

G
reg

M
orrisett,K

arlC
rary,N

ealG
lew

,D
avid

W
alker:

S
tack-B

ased
Typed

A
ssem

bly
Language.

Types
in

C
om

pilation,K
yoto,Japan,M

arch
25-27,1998.

S
pringer-Verlag

LN
C

S
1473.

A
tthe

research
frontier

of

m
ainstream

type
inference.

R
equires

polym
orphic

recursion
(undecidable)

in
the

stack
type;handles

stack

concatenation
through

the
use

ofan
additionalpointer

into
the

stack,requires
som

e
linear

logic
hack.

Im
plem

entation
available.

R
elated

w
ork:

Typed
stac

k-based
langua

g
es

R
obin

P
opplestone:

S
pecifying

Types
by

G
ram

m
ars:

A
P

olym
orphic

S
tatic

Type
C

hecker
O

perating
ata

S
tack

M
achine

Level.
G

lasgow
F

P
R

eport,1994.
Intended

application
areas:

P
O

P
-11,P

ostscript,F
orth.

T
he

description
is

biased
tow

ards
the

im
plem

entation
in

P
rolog

(a
rather

poor
one,itseem

s),notm
ainstream

.
[A

com
panion

paper
presents

m
ore

theory;Ihaven’tread
ityet.]
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R
elated

w
ork:

D
ependent

types

Frank
P

fenning
and

W
eihong

X
i:

E
lim

inating
array

bound
checking

through
dependenttypes.

A
C

M
S

IG
P

LA
N

’98

conference
on

P
rogram

m
ing

Language
D

esign
and

Im
plem

entation,June
1998,M

ontrealC
anada,249-257.

T
here’s

m
uch

m
ore.

R
elated

w
ork:

S
ized

types

H
ughes,J.,P

areto,L.,and
S

abry,A
.P

roving
the

correctness
ofreactive

system
s

using
sized

types.
In

A
C

M

S
ym

posium
on

P
rinciples

ofP
rogram

m
ing

Languages
(1996).

W
.-N

.C
hin

and
S

.-C
.K

hoo.
C

alculating
sized

types.
A

C
M

S
IG

P
LA

N
2000

W
orkshop

on
P

artialE
valuation

and

S
em

antics-B
ased

P
rogram

M
anipulation,pages

62–72.
A

C
M

,N
ew

York,Jan.
2000
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S
ketc

�

h
of

type
rules

for
W

ebscript/P
ostscript

T
he

stack
top

is
to

the
right,follow

ing
W

ebscriptand
F

orth
conventions.

�

a
type

���

the
type

ofstatically
know

n
literals

(e.g./
f
o
o

)

��
�

the
type

ofintegers

��
��

the
singleton

type
containing

the
integer�

�

a
stack

(sequence)
ofvalue

types

�

a
stack

(sequence)
ofdictionary

types

�� �
�

the
type

ofuniform
arrays

oflength�

and
w

ith
elem

enttype�

���

a
dictionary

type,sim
ilar

to
S

M
L

record
type

� ��

a
procedure

type,sim
ilar

to
S

M
L

function
type

A
dictionary

type���

is
a

finite
m

ap
from

literals
to

types.

A
procedure

type� ��

is
a

universally
quantified

pair
ofan

argum
enttype

and
a

resulttype.

T
he

em
pty

sequence
is

w
ritten

�� .
T

he
post-cons

operator� ��
�

entends
the

sequence�

w
ith

elem
ent�

.

T
he

associative
append

operator
creates

the
concatenation� ��� �

oftw
o

sequences.
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Typing
judgm

ents

T
here

are
no

nam
ed

entities
in

the
language

exceptthose
bound

in
the

dictionaries.

H
ence

the
typing

rules
have

no
context.

T
he

generalform
ofa

judgem
entis

:

�
���

� �
� � � !�
�"� �"

w
here���

�

is
an

instruction
sequence,

the�#

are
operand

stacks,and
the�#

are
dictionary

stacks.

D
ictionary

stack
convention

(for
brevity):

a
judgem

ent

�
� �
� !�
�"

w
hich

does
notm

ention
the

dictionary
stack

is
understood

to
abbreviate

the
judgem

ent

�
� �
$� %� � � !�
�"� �

w
hich

does
notm

odify
the

dictionary
stack� .

T
his

is
sim

ilar
to

the
state

passing
convention

in
the

S
M

L
operationalsem

antics.
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�

a
b
s�

� ��
��
� !�
� ��
��
�

�

a
d
d �

� ��
��
� ��
��
� !�
� ��
��
�

�

a
l
o
a
d�

� ��
�� �

� !�
� ��
� ��

%%%��
� ��
�� �

�

w
here

the
num

ber
of� s

on
the

right-hand
side

is�

.

�

a
n
d �

� ��
&''
� ��
&''
� !�
� ��
&''
�

�

a
n
d �

� ��
��
� ��
��
� !�
� ��
��
�

�

a
r
r
a
y �

� ��
��
�� !�
� ��
�� �

�

�

a
s
t
o
r
e �

� ��
� ��
%%%��

� ��
�� �

� !�
� ��
�� �

�

w
here

the
num

ber
of� s

on
the

left-hand
side

is�

.
�

b
e
g
i
n�

� ��
��� � ��
��( !�
�� ��
��( ��
���

�

c
l
e
a
r
t
o
m
a
r
k �

� �)
(*
+ ��
�" !�
� 

�
,��(*
�

� !�
��
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�

e
n
d�

�� � ��
��� !�
�� �

�
f
o
r
a
l
l �

� ��
�� �

� ��
� �� !�

�

w
here� �� -

� ��
� !�
�

(this
is

S
M

L
a
p
p

)
�

f
o
r
a
l
l �

� ��
� ���
� �

� �
� ��

� �� !�
� ��
� �

w
here� �� -

� ��
� ���
� � !�
� ��
� �

(this
is

S
M

L
f
o
l
d
l

;m
ore

generaltypes
are

possible)

�

f
o
r �

� ��
��
� ��
��
� ��
��
� ��

� �� !�
�

w
here� �� -

� ��
��
� !�
�

(plain
for-loop)

�

f
o
r�

� ��
� ��
��
� ��
��
� ��
��
� ��

� �� !�
� ��
�

w
here� �� -

� ��
� ��
��
� !�
� ��
�

(accum
ulating

for-loop)

�

g
e
t�

� ��
��� ��
��� !�
� ��
�

w
hen

� ���� �
 .
���

�

i
f �

� ��
&''
� ��

� �� !�
�"

w
hen� �� -

� !�
�"

�

i
f
e
l
s
e �

� ��
&''
� ��

� �� ��
� �� !�

�"

w
hen� �� -

� !�
�"
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C
halleng

es
and

open
prob

lem
s

(lots)

�

N
eed

dependenttypes
int�

=
the

type
containing

only
the

integer
n.

�

N
eed

arrays
ofa

specific
size:

t[n]is
an

array
oflength

n

�

N
eed

stacks
ofa

specific
size,or

consistentpointers
into

the
stack

(M
orrisettetal).

�

N
eed

polym
orphic

recursion
to

typecheck
recursively

defined
functions.

�

S
om

e
functions

can
be

usefully
typed

only
in

context,using
a

type
rule.

F
or

instance:

�

s
e
a
r
c
h

i
f �

� ��
� �� / ��
� ��0 ��

��*
��

1 ��
��*
��

1 !�
� ��"

w
here� �� / -

� ��
��*
��

1 ��
��*
��

1 ��
��*
��

1 !�
� ��"

and� ��0 -
� ��
��*
��

1 !�
� ��"

�

P
ostscriptarrays

m
ay

be
inhom

ogeneous;in
a

type
system

one
m

ustdisallow
this

or
require

constantindexes.

P
erhaps
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