
sestoft@
dina.kvl.dk

M
L

S
erver

P
ag

es
�

M
L

S
erver

P
ages

(M
S

P
)

is
a

loose
integration

ofS
M

L
and

H
T

M
L

�

M
S

P
is

m
odelled

on
A

ctive
S

erver
P

ages
(A

S
P

),Java
S

erver
P

ages
(JS

P
),and

P
H

P
3

�

W
e

describe
a

proof-of-conceptim
plem

entation
using

M
oscow

M
L

and
the

A
pache

w
ebserver

P
lan

�

M
S

P
exam

ples

�

M
S

P
notation

�

Im
plem

entation:
M

S
P

and
the

A
pache

w
ebserver

�

P
ractice:

E
fficientfunctionalgeneration

ofH
T

M
L

code

F
or

M
S

P
description

and
exam

ples,see

h
ttp

://e
lle

m
o

se
.d

in
a

.kvl.d
k/˜se

st
o

ft/m
sp

/i
n

d
e

x.
m

sp

F
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M
S

P
exam

ple
script:

H
ello

w
orld

A
n

M
S

P
scriptcontains

a
m

ixture
ofH

T
M

L
fragm

ents
and

M
L

fragm
ents,enclosed

in
<

%
...

%
>.

A
n

M
S

P
scriptis

edited
and

stored
as

a
plain

H
T

M
L

file
in

your
usualH

T
M

L
directory.

E
xam

ple:
F

ile
h

e
llo

.m
sp

:

<
H

T
M

L
>

<
B

O
D

Y
>

<
H

1
>

H
e

llo
w

o
rld

!<
/H

1
>

T
h

e
cu

rre
n

t
d

a
te

a
n

d
tim

e
is

<
%

=
D

a
te

.to
S

trin
g

(D
a

te
.fro

m
T

im
e

L
o

ca
l(T

im
e

.n
o

w
()

))
%

>

<
H

R
>

<
A

D
D

R
E

S
S

>
Y

o
u

rfrie
n

d
ly

M
L

se
rve

r
p

a
g

e
<

/A
D

D
R

E
S

S
>

<
/B

O
D

Y
>

<
/H

T
M

L
>

W
hen

requested
from

the
w

ebserver,the
above

M
S

P
scriptgenerates

the
follow

ing
H

T
M

L
code:

<
H

T
M

L
>

<
B

O
D

Y
>

<
H

1
>

H
e

llo
w

o
rld

!<
/H

1
>

T
h

e
cu

rre
n

t
d

a
te

a
n

d
tim

e
is

S
a

t
Ja

n
2

2
2

1
:2

3
:4

3
2

0
0

0

<
H

R
>

<
A

D
D

R
E

S
S

>
Y

o
u

rfrie
n

d
ly

M
L

se
rve

r
p

a
g

e
<

/A
D

D
R

E
S

S
>

<
/B

O
D

Y
>

<
/H

T
M

L
>
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M
S

P

�

notation

M
L

fragm
ents

are
w

ritten
w

ithin
the

pseudo-tags
<

%
...

%
>.

A
n

M
L

fragm
entm

ay
declare

S
M

L
types

and
values,and

m
ay

printor
generate

H
T

M
L

code
w

hich
is

em
bedded

in

the
resulting

H
T

M
L

page.

T
here

are
four

kinds
ofM

L
fragm

ents:

�

<
%

d
e

c
%

>

T
he

S
M

L
declaration

d
e

c
is

executed
to

define
functions

and
variables,and

to
printH

T
M

L
code.

�

<
%

=
e

xp
%

>

T
he

S
M

L
expression

e
xp

m
usthave

type
strin

g
.

Itis
evaluated

and
its

resultis
printed.

�

<
%

!
e

xp
%

>

T
he

S
M

L
expression

e
xp

m
usthave

type
u

n
it

.
Itis

evaluated
for

its
side

effects
only.

Typically,itprints

H
T

M
L

code.

�

<
%

$
e

xp
%

>

T
he

S
M

L
expression

e
xp

m
usthave

type
M

sp
.w

se
q

,a
representation

ofefficiently
concatenable

strings.

Itis
evaluated

and
the

resulting
w

seq
is

printed.
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M
S

P
exam

ple
script:

A
database

query

<
H

T
M

L
>

<
H

E
A

D
>

<
T

IT
L

E
>

M
S

P
e

xa
m

p
le

:
d

a
ta

b
a

se
q

u
e

ry<
/T

IT
L

E
>

<
/H

E
A

D
>

<
B

O
D

Y
>

<
H

2
>

M
S

P
e

xa
m

p
le

:
d

a
ta

b
a

se
q

u
e

rie
s<

/H
2

>

<
%

(*
O

p
e

n
d

a
ta

b
a

se
co

n
n

e
ctio

n
*)

va
l

d
b

=
P

o
stg

re
s.o

p
e

n
b

a
se

{
d

b
h

o
st

=
N

O
N

E
,

d
b

n
a

m
e

=
S

O
M

E
"m

e
ssa

g
e

s",
d

b
o

p
tio

n
s

=
N

O
N

E
,

d
b

p
o

rt
=

N
O

N
E

,
d

b
p

w
d

=
N

O
N

E
,

d
b

tty
=

N
O

N
E

,
d

b
u

se
r

=
S

O
M

E
"n

o
b

o
d

y"
};

%
>

<
H

2
>

E
xa

m
p

le
d

a
ta

b
a

se
q

u
e

ry<
/H

2
>

W
e

o
p

e
n

a
d

a
ta

b
a

se
co

n
n

e
ctio

n
d

b
a

n
d

e
xe

cu
te

th
e

fo
llo

w
in

g
S

M
L

co
d

e
<

P
R

E
>M

sp
.p

g
sh

o
w

q
u

e
ry

d
b

"S
E

L
E

C
T

*
F

R
O

M
m

e
ssa

g
e

W
H

E
R

E
n

a
m

e
=

’P
e

te
r

S
e

sto
ft’

O
R

D
E

R
B

Y
d

a
y"

<
/P

R
E

>

<
P

>
T

h
e

re
su

lt
is

th
is

ta
b

le
,

a
u

to
m

a
tica

lly
g

e
n

e
ra

te
d

b
y

M
sp

.p
g

sh
o

w
q

u
e

ry:
<

P
>

<
%

$
M

sp
.p

g
sh

o
w

q
u

e
ry

d
b

"S
E

L
E

C
T

*
F

R
O

M
m

e
ssa

g
e

W
H

E
R

E
n

a
m

e
=

’P
e

te
r

S
e

sto
ft’

O
R

D
E

R
B

Y
d

a
y"

%
>

T
he

S
M

L
variable

d
b

from
the

firstM
L

(declaration)
fragm

entis
visible

in
the

second
M

L
(expression)

fragm
ent.
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Im
plem

entation:
M

S
P

under
the

A
pac

he
w

ebserver

W
hen

receiving
a

requestfor
an

M
S

P
script,the

w
ebserver

m
ustexecute

an
M

L
program

derived
from

the
script.

T
hus

w
e

configure
the

A
pache

w
ebserver

so
that

�

itm
aps

the
file

extension
.m

sp
to

a
new

M
IM

E
type

called
a

p
p

lica
tio

n
/x-m

sp
;

�

itinvokes
the

C
G

Iscript/cg
i-b

in
/m

sp
co

m
p

ile
to

handle
the

M
IM

E
type

a
p

p
lica

tio
n

/x-m
sp

T
his

is
achieved

by
adding

justtw
o

lines
to

an
A

pache
configuration

file:

A
ctio

n
a

p
p

lica
tio

n
/x-m

sp
/cg

i-b
in

/m
sp

co
m

p
ile

A
d

d
T

yp
e

a
p

p
lica

tio
n

/x-m
sp

.m
sp

T
he

/cg
i-b

in
/m

sp
co

m
p

ile
scriptdoes

the
follow

ing:

�

itchecks
thata

com
piled

version
ofthe

requested
.m

sp
file

exists
and

is
up

to
date;

�

ifthatisn’ttrue,then
itgenerates

an
S

M
L

C
G

Iscriptfrom
the

.m
sp

file
and

com
piles

it;

�

ifcom
pilation

fails,itreports
an

error
back

to
the

client(as
an

H
T

M
L

page);

�

in
allother

cases,itinvokes
the

com
piled

scriptto
generate

H
T

M
L

code,w
hich

is
sentto

the
client.
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Im
plem

entation:
H

o
w
m
s
p
c
o
m
p
i
l
e

g
enerates

an
S

M
L

C
G

Iscript

T
he

.m
sp

file
m

ustbe
splitinto

H
T

M
L

fragm
ents

and
M

L
fragm

ents
(those

enclosed
in

<
%

...
%

>).

M
L

fragm
ents

are
recognized

by
this

regular
expression

(using
M

oscow
M

L
structure

R
egex):

va
l

m
lfra

g
=

R
e

g
e

x.re
g

co
m

p
"<

%
([ˆ%

]*(%
([ˆ>

][ˆ%
]*

)?
)

*)%
>

"
[R

e
g

e
x.E

xte
n

d
e

d
];

W
e

transform
the

H
T

M
L

and
M

L
fragm

ents
w

hile
recognizing

them
:

R
e

g
e

x.fo
ld

m
lfra

g
(m

kstrin
g

va
l

o
u

t,
m

km
lfra

g
o

u
tsu

s)
()

m
sp

src;

F
unction

m
kstringvaltransform

s
H

T
M

L
fragm

ents,w
hile

preserving
the

form
atting

ofthe
H

T
M

L
source

(e.g.,for<
P

R
E

>),and
generating

efficientand
readable

S
M

L
code.

F
or

instance,the
H

T
M

L
fragm

ent

<
P

R
E

>M
sp

.p
g

sh
o

w
q

u
e

ry
d

b
"S

E
L

E
C

T
*

F
R

O
M

m
e

ssa
g

e
W

H
E

R
E
n

a
m

e
=

’P
e

te
r

S
e

sto
ft’

O
R

D
E

R
B

Y
d

a
y"

<
/P

R
E

>

is
transform

ed
into

the
S

M
L

code

va
l

_
=

p
rin

t
"<

P
R

E
>

\n
\

\
M

sp
.p

g
sh

o
w

q
u

e
ry

d
b

\n
\

\
\"S

E
L

E
C

T
*

F
R

O
M

m
e

ssa
g

e
W

H
E

R
E
n

a
m

e
=

’P
e

te
r

S
e

sto
ft’

O
R

D
E

R
B

Y
d

a
y\"\n

\
\<

/P
R

E
>

\n
";

T
his

is
done

by
the

S
M

L
B

asis
Library

functions
S

ubstring.fields,S
ubstring.translate,

C
har.toS

tring
(for

‘lifting’).

F
unction

m
km

lfrag
inserts

an
M

L
fragm

entinto
the

S
M

L
code

as
is,w

rapped
in

va
l

_
=

(...);
or

sim
ilar.
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T
he

S
M

L
code

g
enerated

for
the

H
ello

w
orld

script

va
l

_
=

p
rin

t
"C

o
n

te
n

t-typ
e

:
te

xt/h
tm

l\n
\n

"
va

l
_

=
p

rin
t

"<
H

T
M

L
>

<
B

O
D

Y
>

\n
\

\\n
\

\<
H

1
>

H
e

llo
w

o
rld

!<
/H

1
>

\n
\

\\n
\

\T
h

e
cu

rre
n

t
d

a
te

a
n

d
tim

e
is\n

\
\";
va

l
_

=
p

rin
t(

D
a

te
.to

S
trin

g
(D

a
te

.fro
m

T
im

e
L

o
ca

l(T
i

m
e

.n
o

w
()))

);
va

l
_

=
p

rin
t

"\n
\

\\n
\

\<
H

R
>

<
A

D
D

R
E

S
S

>
Y

o
u

r
frie

n
d

ly
M

L
se

rve
r

p
a

g
e

<
/A

D
D

R
E

S
S

>
\n

\
\<

/B
O

D
Y

>
<

/H
T

M
L

>
\n

\
\";
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P
ractice:

E
fficient

functional
H

T
M

L
code

g
eneration

T
he

M
L

fragm
ents

ofan
M

S
P

scriptoften
generate

highly
structured

H
T

M
L

code:
nested

tables,form
s,etc.

T
he

m
ostgeneraland

transparentapproach
is

to
do

this
functionally,w

ithoutside
effects.

H
ow

ever,repeated
concatenation

ofS
M

L
strings

requires
copying

and
should

be
avoided:

"<
H

T
M

L
>

<
B

O
D

Y
>

"
ˆ

d
o

cb
o

d
y

ˆ
"<

/B
O

D
Y

>
<

/H
T

M
L

>
"

Instead
w

e
use

efficiently
concatenable

w
ord

sequences
(type

M
sp

.w
se

q
):

d
a

ta
typ

e
w

se
q

=
E

m
p

ty
(*

T
h

e
e

m
p

ty
se

q
u

e
n

ce
*)

|
N

l
(*

N
e

w
lin

e
*)

|
$

o
f

strin
g

(*
A

strin
g

*)
|

$
$

o
f

strin
g

list
(*

A
se

q
u

e
n

ce
o

f
strin

g
s

*)
|

&
&

o
f

w
se

q
*

w
se

q
;

(*
C

o
n

ca
te

n
a

tio
n

o
f

se
q

u
e

n
ce

s
*)

in
fix

&
&

N
ow

w
e

can
w

rite
(and

execute
in

constanttim
e):

$
"<

H
T

M
L

>
<

B
O

D
Y

>
"

&
&

d
o

cb
o

d
y

&
&

$
"<

/B
O

D
Y

>
<

/H
T

M
L

>
"

W
hy

notdefine
an

S
M

L
datatype

for
representing

H
T

M
L

directly?

B
ecause

(1)
H

T
M

L
is

too
vaguely

defined
in

practice,and
(2)

w
e

w
antto

handle
non-H

T
M

L
textsim

ilarly.
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P
ractice:

H
T

M
L

ta
gs

as
w
s
e
q

functions

T
he

structure
M

sp
defines

w
seq-generating

functions
for

the
m

ostcom
m

on
H

T
M

L
tags,and

som
e

utilities:

va
l

h
tm

l
:

w
se

q
->

w
se

q
va

l
h

e
a

d
:

w
se

q
->

w
se

q
va

l
title

:
w

se
q

->
w

se
q

va
l

b
o

d
y

:
w

se
q

->
w

se
q

va
l

b
o

d
ya

:
strin

g
->

w
se

q
->

w
se

q
...
va

l
p

rm
a

p
:

(’a
->

w
se

q
)

->
’a

list
->

w
se

q
va

l
p

rse
p

:
w

se
q

->
(’a

->
w

se
q

)
->

’a
list

->
w

se
q

T
he

application
b

o
d

y
w

s
generates

<
B

O
D

Y
>

w
s<

/B
O

D
Y

>etc.

T
he

a-versions
b

o
d

ya
a

ttr
w

s
generate

<
B

O
D

Y
a

ttr>
w

s<
/B

O
D

Y
>

,thatis,tags
w

ith
attributes.

N
ow

w
e

m
ay

w
rite

the
exam

ple
less

obscurely:

h
tm

l
(b

o
d

y
d

o
cb

o
d

y)

S
om

e
higher-order

w
seq

functions:

p
rm

a
p

f
[x1

,
...,

xn
]

is
equivalentto

f
x1

&
&

...
&

&
f

xn

p
rse

p
se

p
f

[x1
,

...,
xn

]
is

equivalentto
f

x1
&

&
se

p
&

&
...

&
&

se
p

&
&

f
xn

F
or

instance,form
atting

a
liste

lts
ofnum

bers
as

an
H

T
M

L
table

row
:

tr
(p

rm
a

p
(td

o
$

o
In

t.to
S

trin
g

)
e

lts)
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P
ractice:

S
ize

and
efficienc

y

T
he

m
sp

co
m

p
ile

scriptis
150

lines
ofS

M
L.

T
he

size
ofthe

com
piled

script(incl.runtim
e)

is
96

K
B

.

T
he

overhead
for

invoking
the

m
sp

co
m

p
ile

scriptis
less

than
0.01

second.

G
enerating,com

piling,and
linking

d
a

ta
b

a
se

.m
sp

(80
lines

M
S

P
)

takes
0.20

sec.

M
ostofthe

tim
e

is
spentcom

piling
and

linking
the

generated
S

M
L

code
(84

lines).

T
he

com
piled

and
linked

d
a

ta
b

a
se

scriptis
21

K
B

.

T
he

com
piled

scriptgenerates
19

K
B

H
T

M
L

in
0.35

sec
(0.10

sec
scriptplus

0.25
sec

database
server).

T
im

es
are

for
a

266
M

H
z

P
entium

IInotebook
running

S
uS

E
Linux

6.1,P
ostgres

6.3,and
M

oscow
M

L
1.44.
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E
xam

ple:
F

orm
atting

the
result

of
a

database
query

F
unction

M
sp.pgform

attable
takes

a
database
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T
he

num
ber

ofcolum
ns

and
row

s
in

the
H

T
M

L
table

depends
on

the
schem

a
and

tuples
ofthe

relation.

T
he

H
T

M
L

table
has

a
header

w
ith

the
relation’s

field
nam

es.

N
um

ber
fields

are
right-justified;allother

data
are

left-justified.

T
he

function
uses

H
T

M
L

generators
prm

ap,prsep,tablea,tr,th,td,and
tda

from
structure

M
sp,and

database

access
functions

fnam
es,dynval2s,and

getdyntups
from

structure
P

ostgres.
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