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Example:
a collaborative drawing application
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Our goals

Reflexion on concepts
Analysis of common behaviours

Semantic view rather than technological

Reliability

Take in charge many security issues

Reduce bugs by sophisticated static typing
= The compiler helps you to write good code
=> Easy maintenance and evolution
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The language

OCaml

Very expressive: functional, object oriented, parametrized modules ...
Very rich type system (static typing!)

Compiled language (fast)

Extensible syntax

Rich set of libraries and bindings

Community of users, industrial users
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Client and server code

» One code
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Client and server code

(i) e, 42, o (e ) =
kestyle <- (3 string color;
x#alineuidth <- Float size:
Ex#ibeginPath
ctxtsmoveTo(float x1, float y1); ctx##lineTo(float x2, Float y2);
Q)

(4 et canvas = pom_nind. createcanvas Don_htal, document in
cex = cany t (Dom_htn1_2d )
Canvassreidn o widn; canvisnhel[h! g
coxe#lineCap <- Js.string "round”;

Don. appendChild Don_htnl.docunent##body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in
B )

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette
Osnul, 92 il 35 some (35 string “goog.hsv-patette-sa™)) dn
psmalissrender()s. some D docunent##body) ;

let x = ref 0
let set_coord ev =
1et X8, 50 - bon_htal.clenentClientosition canvas in
x X0} y in evesclien in

y = ref o in

Let conpute_Lin
x = I and 214y = Iy tn
G
Let color = Js.to_string (pSmallésgetColor()) i
et size - dnt ot Clast Ot lost (Cliaermmgervalue())) n
(color, size, (oldx, oldy), (I%,
in

let (b : messages Elion_bus.t) = b in
let line ev =

Tet v = comp v in

Let s.urite b v in
ey

inerel(Lntlsresmtitar (draw ctx) (€lion_bus.strean b));
ignore (run”(mousedowns canv:
(arr (fun ev _coord ev; line ev)
»7> rst [nousenoves oon_ il docunent (arr
D R T e o (o D) @

M
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Client and server code

(i) e, 42, o (e ) =
kestyle <- (3 string color;
x#alineuidth <- Float size:
Ex#ibeginPath
ctxtsmoveTo(float x1, float y1); ctx##lineTo(float x2, Float y2);
Q)

(4 et canvas = pom_nind. createcanvas Don_htal, document in
cex = cany t (Dom_htn1_2d )
Canvassreidn o widn; canvisnhel[h! g
coxe#lineCap <- Js.string "round”;

Don. appendChild Don_htnl.docunent##body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in
B )

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette
Osnul, 92 il 35 some (35 string “goog.hsv-patette-sa™)) dn

psmalissrender()s. some D docunent##body) ;

et x = ref

ref 0 and y = ref @ in
let set_coord ev = { { e } }
Tet %3, 30 =

Don_tal. elementClientposition canvs in
X0} y in evesclien in

Let conpute_Lin
x = I and 214y = Iy tn
G
Let color = Js.to_string (pSmallésgetColor()) i
et size - dnt ot Clast Ot lost (Cliaermmgervalue())) n
(color, size, (oldx, oldy), (I%,
in

let (b : messages Elion_bus.t) = b in
let line ev =

Tet v = comp v in

Let s.urite b v in
ey

inerel(Lntlsresmtitar (draw ctx) (€lion_bus.strean b));
ignore (run”(mousedowns canv:
(arr (fun ev _coord ev; line ev)
»7> rst [nousenoves oon_ il docunent (arr
D R T e o (o D) @
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(i) e, 42, o (e ) =
kestyle <- (3 string color;
x#alineuidth <- Float size:
Ex#ibeginPath
ctxtsmoveTo(float x1, float y1); ctx##lineTo(float x2, Float y2);
Q)

(4 et canvas = pom_nind. createcanvas Don_htal, document in
cex = cany t (Dom_htn1_2d )
Canvassreidn o widn; canvisnhel[h! g
coxe#lineCap <- Js.string "round”;

Don. appendChild Don_htnl.docunent##body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in
B )

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette
Osnul, 92 il 35 some (35 string “goog.hsv-patette-sa™)) dn
psmalissrender()s. some D docunent##body) ;

let x = ref 0
let set_coord ev =
1et X8, 50 - bon_htal.clenentClientosition canvas in
x X0} y in evesclien in

y = ref o in

Let conpute_Lin
x = I and 214y = Iy tn
G
Let color = Js.to_string (pSmallésgetColor()) i
et size - dnt ot Clast Ot lost (Cliaermmgervalue())) n
(color, size, (oldx, oldy), (I%,
in

let (b : messages Elion_bus.t) = b in
let line ev =

Tet v = comp v in

Let s.urite b v in
ey

inerel(Lntlsresmtitar (draw ctx) (€lion_bus.strean b));
ignore (run”(mousedowns canv:
(arr (fun ev _coord ev; line ev)
»7> irst [nousenoves oon_ninl. docunent (arr Tine);
eup Don_htnl.docunent >>> (arr 1ine)])) ());
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(color, size, (x1, y1), (x2, y2)) =
kestyle <- (3 string color;
x#alineuidth <- Float size:
Ex#ibeginPath
ctxtsmoveTo(float x1, float y1); ctx##lineTo(float x2, Float y2);
Q)

(4 et canvas = pom_nind. createcanvas Don_htal, document in
cex = cany t (Dom_htn1_2d )
Canvassreidn o widn; canvisnhel[h! g
coxe#lineCap <- Js.string "round”;
Don. appendChild Don_htnl.docunent##body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in
B )

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette
Osnul, 92 il 35 some (35 string “goog.hsv-patette-sa™)) dn
psmalissrender()s. some D docunent##body) ;

let x = ref 0
let set_coord ev =
1et X8, 50 - bon_htal.clenentClientosition canvas in
x X0} y in evesclien in

y = ref o in

Let conpute_Lin
x = I and 214y = Iy tn
G
Let color = Js.to_string (pSmallésgetColor()) i
et size - dnt ot Clast Ot lost (Cliaermmgervalue())) n
(color, size, (oldx, oldy), (I%,
in

let (b : messages Elion_bus.t) = b in
let line ev =

Tet v = comp v in
Let s.urite b v in
ey

inerel(Lntlsresmtitar (draw ctx) (€lion_bus.strean b));
ignore (run”(mousedowns canv:
(arr (fun ev _coord ev; line ev)
»7> irst [nousenoves oon_ninl. docunent (arr Tine);
eup Don_htnl.docunent >>> (arr 1ine)])) ());

M
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open, constants, type

ocsigen



[

(color, size, (x1, y1), (x2, y2)) =
okeStyle <- (35 string color;
xwalineuideh <
txitbeginpath()

:xxweo

x1, float y1); x2, float y2);

{0 20t canvns = bon_ital crestecamuas bon_htal cocumant 4n
cex = canvasi t (Dom_htn1_2d )
Canvassreidn o widn; <anv=snhei;h! g
ctxetlineCap <- Js.string "round”;
Don. appendChild Don_htnl.docunent##body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette
Osnul, 92 il 35 some (35 string “goog.hsv-patette-sa™)) dn
psmallssrender(Js. some D unent##body);

Let x = ref 0 and y = ref @ in
let set_coord ev =
@, 70 = bon_htal. elenentClientposition canvas in
in

evenclienty -
i e
TR o e 00 ity o iy
:_coord ev;

Let color = Js.to_string (pSmallésgetColor()) i
16t Siza - it of Flost (3.0 Flost (sliderssgetvalue())) in
(color, size, (oldx, oldy), (I%,

in

(0 : messages Elionbus.©) = b in

ine
i b o

dgnore (Lt strean dter (drau ctx) (Elion_bus.strean b))
ignore (run”(mousedowns canv:
arr (fun v > set_coord evs lin
2> first (sousenovés Dom ntal. ERE (o g
b PR Pt e B (o ) (@05

Structure

open, constants, type

Initializing the application
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[

(color, size, (x1, y1), (x2, y2)) =
okeStyle <- (35 string color;
xwalineuideh <
txitbeginpath()

:xxweo

x1, float y1); x2, float y2);
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ctxetlineCap <- Js.string "round”;
Don. appendChild Don_htnl.docunent##body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette
Osnul, 92 il 35 some (35 string “goog.hsv-patette-sa™)) dn
psmallssrender(Js. some D unent##body);

Let x = ref 0 and y = ref @ in
let set_coord ev =
@, 70 = bon_htal. elenentClientposition canvas in
in

evenclienty -
i e
TR o e 00 ity o iy
:_coord ev;

Let color = Js.to_string (pSmallésgetColor()) i
16t Siza - it of Flost (3.0 Flost (sliderssgetvalue())) in
(color, size, (oldx, oldy), (I%,

in

(0 : messages Elionbus.©) = b in

ine
i b o

dgnore (Lt strean dter (drau ctx) (Elion_bus.strean b))
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2> first (sousenovés Dom ntal. ERE (o g
b PR Pt e B (o ) (@05

Structure

open, constants, type

Initializing the application
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Structure

open, constants, type

Initializing the application
Bus

(color, size, (x1, y1), (x2, y2)) =
okestyle <- (35 string color)

e o draw function

txitbeginpath()

:mwe()

((1et canves = pomptnl crestecanias oom el docunent 50
o ctx = canvasi t (Don_html._2d_) i
Canvassreidn o widn; <anvasn‘hei;h! e
ctx#¥lineCap <- Js.string "round”;

Don. appendchild Don_htal.docunenti#body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette
Osnul, 92 il 35 some (35 string “goog.hsv-patette-sa™)) dn
ps %

Tig#render (Js. sone 0 unent##body;

Let x = ref 0 and y = ref @ in
let set_coord ev =

@, 70 = bon_htal. elenentClientposition canvas in
in

evenclienty -
i e
T u and oldy = 1y 1n
_coor
Let color ' Js.to_string (pssalléngetcolor())
16t Siza - it of Flost (3.0 Flost (sliderssgetvalue())) in
(color, Toldx, olay), (1%,
in

(0 : messages Elionbus.©) = b in

ine
i b o

dgnore (Lt strean dter (drau ctx) (Elion_bus.strean b))
ignore (run”(mousedowns canv:

arr (fun 0. -> set_coord ev; line
2> first [sousenoves Ooa_heal. ERE (o g
Don_htal.document >>> (are 1ine)])) ()

M
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Structure

open, constants, type

Initializing the application
Bus

(color, size, (x1, y1), (x2, y2)) =
okestyle <- (35 string color)
xwalineuideh <
txitbeginpath()

:mwe()

x1, float y1); x2, float y2);

draw function

((1et canves = pomptnl crestecanias oom el docunent 50
o ctx = canvasi t (Don_html._2d_) i
Canvassreidn o widn; <anvasn‘hei;h! e
ctx#¥lineCap <- Js.string "round”;

Don. appendchild Don_htal.docunenti#body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette
Osnul, 92 il 35 some (35 string “goog.hsv-patette-sa™)) dn
ps %

Tig#render (Js. sone 0 unent##body;

Let x = ref 0 and y = ref @ in
let set_coord ev =

@, 70 = bon_htal. elenentClientposition canvas in
in

evenclienty -
i e
T u and oldy = 1y 1n
_coor
Let color ' Js.to_string (pssalléngetcolor())
16t Siza - it of Flost (3.0 Flost (sliderssgetvalue())) in
(color, Toldx, olay), (1%,
in

(0 : messages Elionbus.©) = b in

ine
i b o

dgnore (Lt strean dter (drau ctx) (Elion_bus.strean b))
ignore (run”(mousedowns canv:

arr (fun 0. -> set_coord ev; line
2> first [sousenoves Ooa_heal. ERE (o g
Don_htal.document >>> (are 1ine)])) ()

M

Service
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Structure

(color, size, (x1, y1), (x2, y2)) =
kestyle <- (3 string color;
x#alineuidth <- Float size:
Ex#ibeginPath
ctxtsmoveTo(float x1, float y1); ctx##lineTo(float x2, Float y2);
Q)

(4 et canvas = pom_nind. createcanvas Don_htal, document in
cex = cany t (Dom_htn1_2d )
Canvassreidn o widn; canvisnhel[h! g
coxe#lineCap <- Js.string "round”;
Don. appendChild Don_htnl.docunent##body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in
B )

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette
Osnul, 92 il 35 some (35 string “goog.hsv-patette-sa™)) dn
psmalissrender()s. some D docunent##body) ;

let x = ref 0
let set_coord ev =
1et X8, 50 - bon_htal.clenentClientosition canvas in
x X0} y in evesclien in

y = ref o in

Let conpute_Lin
x = I and 214y = Iy tn
G
Let color = Js.to_string (pSmallésgetColor()) i
et size - dnt ot Clast Ot lost (Cliaermmgervalue())) n
(color, size, (oldx, oldy), (I%,
in

let (b : messages Elion_bus.t) = b in
let line ev =

Tet v = comp v in
Let s.urite b v in
ey

inerel(Lntlsresmtitar (draw ctx) (€lion_bus.strean b));
ignore (run”(mousedowns canv:
(arr (fun ev _coord ev; line ev)
»7> irst [nousenoves oon_ninl. docunent (arr Tine);
eup Don_htnl.docunent >>> (arr 1ine)])) ());

M

HTMLS page
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(color, size, (x1, y1), (x2, y2)) =
kestyle <- (3 string color;
x#alineuidth <- Float size:
Ex#ibeginPath
ctxtsmoveTo(float x1, float y1); ctx##lineTo(float x2, Float y2);
Q)

(4 et canvas = pom_nind. createcanvas Don_htal, document in
cex = cany t (Dom_htn1_2d )
Canvassreidn o widn; canvisnhel[h! g
coxe#lineCap <- Js.string "round”;
Don. appendChild Don_htnl.docunent##body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in
B )

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette
Osnul, 92 il 35 some (35 string “goog.hsv-patette-sa™)) dn
psmalissrender()s. some D docunent##body) ;

let x = ref 0
let set_coord ev =
1et X8, 50 - bon_htal.clenentClientosition canvas in
x X0} y in evesclien in

y = ref o in

Let conpute_Lin
x = I and 214y = Iy tn
G
Let color = Js.to_string (pSmallésgetColor()) i
et size - dnt ot Clast Ot lost (Cliaermmgervalue())) n
(color, size, (oldx, oldy), (I%,
in

let (b : messages Elion_bus.t) = b in
let line ev =

Tet v = comp v in
Let s.urite b v in
ey

inerel(Lntlsresmtitar (draw ctx) (€lion_bus.strean b));
ignore (run”(mousedowns canv:
(arr (fun ev _coord ev; line ev)
»7> irst [nousenoves oon_ninl. docunent (arr Tine);
eup Don_htnl.docunent >>> (arr 1ine)])) ());

M

Structure

Page specific code

HTMLS page
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(i) e, 42, o (e ) =
kestyle <- (3 string color;
x#alineuidth <- Float size:
Ex#ibeginPath
ctxtsmoveTo(float x1, float y1); ctx##lineTo(float x2, Float y2);
Q)

(4 et canvas = pon_ptnd Dot in
cex = canva: ext.(Don et 207 4
Canvassreidn o widn; canvisnhel[h! Chesens
coxe#lineCap <- Js.string "round”;
Don. appendChild Don_htnl.docunent##body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in
B )

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette
Osnul, 92 il 35 some (35 string “goog.hsv-patette-sa™)) dn
psmalissrender()s. some D docunent##body) ;

let x = ref 0
let set_coord ev =
1et X8, 50 - bon_htal.clenentClientosition canvas in
x X0} y in evesclien in

y = ref o in

Let conpute_Lin
x = I and 214y = Iy tn
G
Let color = Js.to_string (pSmallésgetColor()) i
et size - dnt ot Clast Ot lost (Cliaermmgervalue())) n
(color, size, (oldx, oldy), (I%,
in

let (b : messages Elion_bus.t) = b in
let line ev =

Tet v = comp v in

Let s.urite b v in
ey

inerel(Lntlsresmtitar (draw ctx) (€lion_bus.strean b));
ignore (run”(mousedowns canv:
arr (fun ev _coord ev; line ev)
»7> rst [nousenoves oon_ il docunent (arr
D R T e o (o D) @

M

J Canvas

Structure
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(i) e, 42, o (e ) =
kestyle <- (3 string color;
x#alineuidth <- Float size:
Ex#ibeginPath
ctxtsmoveTo(float x1, float y1); ctx##lineTo(float x2, Float y2);
Q)

tructure

(4 et canvas = pon_ptnd Dot in
cex = canva: ext.(Don et 207 4
Canvassreidn o widn; canvisnhel[h! Chesens
coxe#lineCap <- Js.string "round”;
Don. appendChild Don_htnl.docunent##body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in
B )

“some Don_htal

J Canvas
] Slider

let psmall = jsnew Goog.Ui.hsvPalette
Osnul, 92 il 35 some (35 string “goog.hsv-patette-sa™)) dn
psmalissrender()s. some D docunent##body) ;

let x = ref 0
let set_coord ev =
1et X8, 50 - bon_htal.clenentClientosition canvas in
x X0} y in evesclien in

y = ref o in

Let conpute_Lin
x = I and 214y = Iy tn
G
Let color = Js.to_string (pSmallésgetColor()) i
et size - dnt ot Clast Ot lost (Cliaermmgervalue())) n
(color, size, (oldx, oldy), (I%,
in

let (b : messages Elion_bus.t) = b in
let line ev =

Tet v = comp v in

Let s.urite b v in
ey

inerel(Lntlsresmtitar (draw ctx) (€lion_bus.strean b));
ignore (run”(mousedowns canv:
arr (fun ev _coord ev; line ev)
»7> rst [nousenoves oon_ il docunent (arr
D R T e o (o D) @

M
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(color, size, (x1, y1), (x2, y2)) =
kestyle <- (3 string color;
x#alineuidth <- Float size:
Ex#ibeginPath
ctxtsmoveTo(float x1, float y1); ctx##lineTo(float x2, Float y2);
Q)

(4 et canvas = pon_ptnd o

Structure

Dot
cex = canva: ext.(Don et 207 4
Canvassreidn o widn; canvisnhel[h! Chesens

coxe#lineCap <- Js.string "round”;
Don. appendChild Don_htnl.docunent##body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in
B )

“some Don_htal

J Canvas
] Slider

let psmall = jsnew Goog.Ui.hsvPalette
Osnul, 92 il 35 some (35 string “goog.hsv-patette-sa™)) dn
psmalissrender()s. some D docunent##body) ;

let x = ref 0
let set_coord ev =
1et X8, 50 - bon_htal.clenentClientosition canvas in
x X0} y in evesclien in

y = ref o in

Let conpute_Lin
x = I and 214y = Iy tn
G
Let color = Js.to_string (pSmallésgetColor()) i
et size - dnt ot Clast Ot lost (Cliaermmgervalue())) n
(color, size, (oldx, oldy), (I%,
in

let (b : messages Elion_bus.t) = b in
let line ev =
Tet v = comp v in
Let s.urite b v in
ey

inerel(Lntlsresmtitar (draw ctx) (€lion_bus.strean b));
ignore (run”(mousedowns canv:
arr (fun ev -> set_coord ev; line ev)
»7> rst [nousenoves oon_ il docunent (arr
D R T e o (o D) @

M
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Structure

(color, size, (x1, y1), (x2, y2)) =
okestyle <- (35 string color)
xwalineuideh <
txitbeginpath()

:mwe()

x1, float y1); x2, float y2);

(€ et canvas = pon.i Dom_ht
= Lot Cou'’ canvarisgeicontens. (Donchent- 20} 4
Canvestuidth <- width; canvas#Eheight <. Reights

L s e AU J Canvas
let slider = jsnew mnf.ul.slidar(]s.nul)) in —I Slider
] Color picker

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette
Osnul, 92 il 35 some (35 string “goog.hsv-patette-sa™)) dn
psmallssrender(ds.sone Dot unent##body);

Let x = ref 0 and y = ref @ in
let set_coord ev =
@, 70 = bon_htal. elenentClientposition canvas in
evesclienty - yo in

i

i Functi
Rt unction
let color = h to_string (pSmall##getColor()) ir

let size = int_of float (Js.to_float (snderﬂle«vﬂue())) in

et e e to compute coordinates
o (@ ¢ messages elton bus.©) = %0 4n and send them to the server

ine
i b o

dgnore (Lt strean dter (drau ctx) (Elion_bus.strean b))
ignore (run”(mousedowns canv:

arr (fun v > set_coord evs lin
2> first [sousenoves Ooa_heal. R
scimen 5 G 1) o

M
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o

(color, size, (x1, y1), (x2, y2)) =
kestyle <- (35 string color);
alineuidth <- Float size;
txibeginPath();

x1, float y1); x2, float y2);
:mwe()

(€ et canvas = pon.i Dot in
Lot Cou'’ canvarisgeicontens. (Donchent- 20} 4
canvasmuidth < width; canvas#eheight <- Feignts
ctxptlineCap <- Js.string "roun
Don. appendchild Don_htal.docunenti#body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in
g 3

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette
(35.null, J5.null, Js.some (Js.string “goog-hsv-palette-sn")) in
pSmalistrender(3s-some bom ntal.documenttiody);

Let x = ref 0 and y = ref @ in

let 28, y0 = Don_hinl elementClientposition canvas in
s o i o el < 0
1et conpute_1in
olax = I and oldy = 1y tn

ety

e & i e (G IR o)) o

16t Siza - it of Flost (3.0 Flost (sliderssgetvalue())) in

| Leotor, size, {oldx, olay), (1%, 1))

es Elion_bus.t) = %b in

v Tine ev in
Let Eua- Sas-writs bV in

dgnore (Lt strean dter (drau ctx) (Elion_bus.strean b))
ignore (run”(mousedowns canv:
(arr (fan e > set_coord ev; line
2> first (nousenovés Doa_htal. do Cunent (are Tine)s

eup Don_htnl.docunent >>> (are 1ine)1)) (1)

M

I —

Structure

Canvas

Slider
Color picker

Function
to compute coordinates
and send them to the server

Reacting to server events
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o

(color, size, (x1, y1), (x2, y2)) =
kestyle <- (35 string color);
alineuidth <- Float size;
txibeginPath();

:mwe()

x1, float y1); x2, float y2);

(€ et canvas = pon.i Dot in
Lot Cou'’ canvarisgeicontens. (Donchent- 20} 4
canvasmuidth < width; canvas#eheight <- Feignts
ctxetlineCap <- Js.string "round”;
Don. appendchild Don_htal.docunenti#body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in
g 3

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette
(35.null, J5.null, Js.some (Js.string “goog-hsv-palette-sn")) in
pSmalistrender(3s-some bom ntal.documenttiody);

Let x = ref 0 and y = ref @ in

let 28, y0 = Don_hinl elementClientposition canvas in
s o i o el < 0
1et conpute_1in
olax = I and oldy = 1y tn

ety

e & i e (G IR o)) o

16t Siza - it of Flost (3.0 Flost (sliderssgetvalue())) in

| Leotor, size, {oldx, olay), (1%, 1))

es Elion_bus.t) = %b in

v Tine ev in
Let Eua- Sas-writs bV in

dgnore (Lt strean dter (drau ctx) (Elion_bus.strean b))
ignore (run”(mousedowns canv:
(arr (fan e > set_coord ev; line
2> first (nousenovés Doa_htal. do Cunent (are Tine)s

eup Don_htnl.docunent >>> (are 1ine)1)) (1)

M

I —

g

Structure

Canvas

Slider
Color picker

Function
to compute coordinates
and send them to the server

Reacting to server events
Mouse events
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{shared(
open Elion.pervasives

e mefences = (string * nt * (int * int) * (int * int)) deriving (3son)

appl = Elion_output.Elion appl (struct
plication_nane = "graffit

|

Lion_bus . create ~nae: "graff" Json.tcmessages>

)

{eltent(

et draw b (color, stze, 0, 1), 02, 2)) -

Cextubeginpath();

x1, float y1); x2, float y2);
ctxpstroke()

( n () () -> Eliom_s servx:es onload

{{ let canvas - Don_htnl.createCanvas Dom_html.document in
1t con o canvasiegetcontext (on_pen RN
canvas#fuidth < width; canvasssheight <- height;

ctxf#linecap < Js.string "round”
Don- appendchild Don heal-documentebody canvas;

Let slider = jsnew Goog.Ui.slider(Js.null) i
sligeramsethinimn(1.); slidersssehaxinue(0.);
25.some. Don_hts

let psmall = jsnew Goog.Ui.hsvpalette
(35.null, 35.null, Js.some (Js.string “goog-hsv-palette-sn")) in
psmalissrender (Js. sone Don_htal.docunent##body);.

let x = ref 0 and y = ref @ in

N ]

Let set_coord ev =
Iet xb, yo = Dom_htnl.elementClientPosition canvas in
X ix elEclientX - 305 y 1o evebclienty -y
let compute_1
£ ohax = Ix and oldy = 1y in
set_coord o
Lot color - Js.to_string (psaallssgetcolor()) i
Lt size of Flost (3250 flost (s1iderswgetvalue())) in
| (eotor, size, RUEREI TN

(0 : messages Elionbus.©) = b in
m Line
let v - compute_Line ev in
let = Eliom bus.urite b v in

ignore (Lut_strean.iter (draw ctx) (Elion_bus.stream b));
ignore (run (mousedowns canvas
un ev > set_coord ev; 1 )
>»> first [mousenoves Dom html.docunent (arr 1
N S BT S i (P TEaNEY) (@9

Lut.return

<< chtal> chead> ctitle>Graffitic/titles
<link rel="stylesheec” hr
<script srea”. /oclosure. I

</head>
<body> <h1>Graffitic/ni> </body>
</htnl> >>

css/styte.css™/>
Seript:

Structure

open, constants, type

Initializing the application
Bus

draw function
Service

Canvas

Slider
Color picker

Function
to compute coordinates
and send them to the server

Reacting to server events
Mouse events

HTMLS page
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C< Service based Web programming

C Generating valid HTML

C Client/server Web applications

-
Q Sessions, scope of server side state

C: Mixing Ocsigen apps with traditional Web interaction




Services

4 1et canvas = Don|
let cf o

Don. appendchild B

et slider = jsnew Goog.Ui.slider(2s.null) in

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette
(35.null, 35.null, Js.some (Js.string “goog-hsv-palette-sn")) in
psmallssrender(ds.sone Don_htal.docunent##body);

let x = ref 6

et X - Don_htal elenentClientrosition canvas in
i evsctiencx - evsnclient in
m compute._Line

g u..my. 1y in

edtcsard
TetCotor <5< 0 string (psmaLssgeccator() 1

et size - dnt ot Clast Ot lost (sliderﬂleﬂalue())) in
(eolor,, Toldx, olay), (1%,

Elion_bus.t) = %b in

_coord ev; line ev)
22> First. (sousenovis Don_htal.docuent (arr 1ine);
eup Don_html.docunent >>> (arr 1ine)])) ());
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(4 et canvas = von

appendchild D

et slider = jsnew Goog.Ui.slider(2s.null) in

“some. Don_htal

et psnal = Jsnew oop 1 hsvpalette
(35.null, 35.null, Js.some (Js.string “goog-hsv-palette-sn")) in
psmallssrender (Js.sone Don_htn t##body);

let x = ref o and y = ref 0 in
et set coord ev

Tk e s
evancll in

(psmallergetcolor()) i
float i (sliderﬂle«value())) in
Tolix, oldy), (

jes Elion_bus.t) = %b in

ine ev in
bis write b in

dgnore (Lt strean dter (drau ctx) (Elion_bus.strean b))
ignore (run”(mousedowns canv:
(arr (fan s > set_coord ev; line av)
27> irst [nousenoves oon_ninl. docunent (arr Tine);
eup Don_html.docunent >>> (arr 1ine)])) ());

M

Services

HTML

File
Redirection
Action
Application
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Service based Web programming

Powerful service identification mechanism
Precise and straightforward implementation
of traditional Web interaction

Services are first class values

—>[ No broken links! ]

Typing of services parameters
—>[ Conformance of links/forms w.r.t. services! ]

Automatic translation to OCaml types

integers, booleans, but even lists or sets.

_)

Dynamic creation of services
— Services customized for one operation by one user

ocsigen



C< Service based Web programming

C< Generating valid HTML

C Client/server Web applications

-
Q Sessions, scope of server side state

C: Mixing Ocsigen apps with traditional Web interaction




{0 let canvas = Don_htnl.cre:
2 x
gl < iy cintinl
cexmplin
T A L E AT L) G

let slider

lor, size, (x1, y1), (2, y2)) =

ecanvas Don_head, docu
.

t (Don_hta

nvasisgetCon

) i
e < Reights

Jsnew Goog.U . slider(Js.null) in

~sone. Don_html

16t psmall = Jsnew Goog.Ui.hsvpalette
25
pativarendar(35: sms Don neu1 docunentrabeds

Lt x = ref 6 and y = ref @ in

o i
Lot color = 3s.to_string (psmallimgetcolor()) in
«

Let

e (b ¢
m Tine ev
Let v = computs

ignore (Lwt_strean.iter (draw ctx) (ELion_bus.strean b));
ignore (run (mousedowns canvas

s

| (eotors size, Tola, aldy), (1%, 19))

null, 35.null, Js,sone ing "goog-hsu-palette-sn")) in
Y

A A e G &
everclienty - yo in

SrRIBy o

“Float (3s.

tvalue())) in

ssages Elion_bus.t) = %b in

- Elion_bis.urite by in

(Fun ev -> set_
5>> first [mousenoves Don_htal.docunent (arr line);
eup Don_htnl.docunent >>> (arr 1ine)]))

HTML generation
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HTML generation

{shared(
open Elion

open HTHL:
Tet width
Let h

ring * int * (int * dnt) * (int * int)) derivin B (3son)

€. Elion_appl (struct

" Json. t<nessages>

<< <html> <head> <title>Graffiti</title>
<link rel="stylesheet" href="./css/st)
<script src="./oclosure.js"></script>
</head>
<body> <hl>Graffiti</hl> </body>
</html> >>

i

</htal> >>

ocsigen



HTML generation

HTML validity checked at compile time!
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Producing valid HTML

<html>
<head><title>Hello</title></head>

<body><h1>Hello</h1></body>
</html> /

<html>
<head><title>Hello</title></head>

<body><h1>Hello</h1></body,
</hmtl> x

<html> — rejected at compile time!
<head><title>Hello</title></head>

<body><title>Hello</title>g/body>
</html>

ocsigen



Producing valid HTML

Any program that may generate wrong pages will be rejected by the compiler!

f: () — blocklist

<body> f() </body> /
<p> f() </p> x

ocsigen



C< Service based Web programming

C Generating valid HTML

C Client/server Web applications

-
Q Sessions, scope of server side state

C: Mixing Ocsigen apps with traditional Web interaction




size, (1, yD), (2, y2)) =
Jie <. (s string cotor
eHidth <- £l

x1, float y1); x2, float y2);

(€ et canvas = vom_htnd. createcanvas Don_htal, documart in
o ctx = canvasi t (Don_htm1:_2d_) i
Canvesatatden < aathe, comvabenEent T FLIENE;
CoxtLineCey 0s string “rows
endChild Dom_htal. docunent##body canvas

let slider = jsnew Goog.Ui.slider(Js.null
slider#fsetMininun(1.); slider##sethaxinum (80.);
slider#trender(Js. sone Don_htal.docunentf#body);

Lot pmall = gsnew Goog Ui hsupalette
(35.null, 35.null, Js.some (Js.string “goog-hsy-palette-sa”)) in
pssalistrender (35.sone bon hesl - docunenteFoody);

let x = ref 0 and y =
let set_coord ev =
16t 1, 0 - Don tal elenentctenteosition canves in
i evshclienty - evesclienty - yo in
m  compute_line e ~
and oldy = 1y in

ref 0 in

11##getColor() i
16t Size = int o float (3. to_float (slidersrgetvalue))) in
(color, size, (oldx, oldy), (Ix,
in
let (b : messages Elion_bus.t) = %b in
let line ev =
let v = compute_line ev in
let = Eliom bus.urite b v in
Jdraw ety

Senore (Lut _stream.tter (draq ct) (ELion bus.strean B))5
ignore (run’
in' e  setcoond ev; Line ev)
> st fne L. docunent (arr line);
FRA Pt R e B (e )

0

s

Client/server applications

W 1

compiled to JS
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Bty S (bl G (651 42) =
txstrokestyle < (Js.string
ctxeslinenidth <- Float size:
i

(€ 1et canvas = von_bta creatacanvs bohtal docusent in
t (Don_htnl
Canvasireign ¢ widtn; canvasm-mm i
xi#lineCap <- Js.string "round”;
Don. appendChild Don_htal.docunent##body canvas;

let slider « jsnew Goog.Ui.slider(Js.null) in

Jet psmall = jsnew Goog.Ul.hsvPalette
Osnul, 92l 3s:some (35 string +goog.hsv-patette-sa™)) dn
psmalldsrender(1s.some Don_htn dy);

y = ref o in

) Don_htnl. elenentClientPosition canvas in
x = evekclientX - x0; y ix evésclienty - yo in

5. to_string L1ergetcolor()) i
lat size = int oi-Float (o Flent (sliderﬂle«v;lne())) in
(color, Toldx, oldy),

Elion_bus.t) = %b in

bvin

sgnore (Lut_strean iter (dray ctx) (Elion bus.strean b));
ignore (run”(mousedowns canv:

3>> first [mouseno
S TR s o (o Sy @9

0

oCvi
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The bus

feotor, stze, (v, G2 2 -

ath ()
(.,ﬁ.,mm i, Flost y1); ctxsslineTo(Flont 52, Float y2);
ctxi Q)

(€ 1et canvas = von_bta creatacanvs bohtal docusent in
t (Don_htnl
eanvasmldth < ekaths canvasm-mm i
eCap <- 3s.string
Son- sppendcniia Do hem canvas;

st Eliom_bus.write %b v

ol 3t
psmallssrender.

u Goog.Ui.hsvPalette
11, 35 sone (3s. string “goog-hsv-palette-sa™) in
some Don_htal. docunent##body);

TenentClientPosition canvas in
x = everciffntx - x0; y ix evasclienty - yo in
X and oldy = ly in

3s.to_strn 11ssgetcolor,

) i
1t size Jftne ot Clast Os.to-lost (sliderﬂle«v;lne())) in
ze, (oldx, olay),

Elion_bus.t) = %b in
v in

sgnore (Lut_strean iter (dray ctx) (Elion bus.strean b));
ignore (run”(mousedowns canv:

3>> first [mouseno
b S TR s o (o Sy @9
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ctx (:ulal‘, siz
xpistrokestyle

(62, 12 (e, v)
(3s’string color);
S ey

coslinaniitn <

h();
e Toat x1, float y1); ctx##lineTo(Float x2, float y2);
ctxi Q)

(4 et canvas = pom_nind. createcanvas Don_htal, documert in
¢ ctx = canvashi on_tml._2:
canvassgwidth ith; canvisu‘hel;h( TR
ctxatlinecap <- Js.string
Don. appendchild Don_htal

canvas;

The bus

let slider = g slder(3s.null)

let psmall = Js;
(3s.null, 35,
psmallssrender.

r Cooe-UL.hsvpalette
11, 35 goog-hsu-patette-sn")) in
Séme Dom_htal. docunent#ibosy);

g Eliom_bus.write %b v

i L;_mm o
it i
S e e
R 5 s [
e uh—w-t*“st ream.iter (draw ctx) (Eliom_bus.stream %b)
e |

ignore (run

(arr (fun ev > set_coord ev; line
5>> first [mousenoves Don_htal.doc
S TR s o (o Sy @9

0
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b S8 (6 30 (6 )
yle ¢- (Js.string color:
x#alineuidth <- Float
txitbeginpath()

ctx oat x1, float y1); ctx#élineTo(Float x2, float y2);

moveTof
:(xve 0

(4 et canvas = pom_nend. createcanvas Don_htal, documert in
ctx = cany t (Dom_htn1_2d )
Canvasereidn o widn; canvisnhel[h( SRl
coxe#lineCap <- Js.string "round”;
Don. appendChild Don_htnl.docunent##body canvas;

et slider = jsnew Goog.Ui.slider(2s.null) in

“some Don_htal

let psmall = jsnew Goog.Ui.hsvPalette

Osnul, 92 il 35 some (35 string “goog.hsv-patette-sa™)) dn
psmalissrender()s. some D docunent##body) ;

let x = ref 0
let set_coord ev =
1et X8, 50 - bon_htal.clenentClientosition canvas in
x - evsnclient in

y = ref o in

et smvute Tine
B e ey = 1y e
G
Let color = Js.to_string (pSmallésgetColor()) ir
et size - dnt ot Clast Ot lost (Cliaermmgervalue())) in

(color, Toldx, olay), (1%,
in
let (b : messages Elion_bus.t) = b in
let line ev =

Tet v = comp v in

Let s.urite b v in

ey

ignerel(Lntlsrenntiter (draw ctx) (Elion_bus.strean b));
ignore (run”(mousedouns c:

arv(Fan av. -3 set_coord ev; line ev)
27> irst [nousenoves oon_ninl. docunent (arr Tine);
b eup Don_html.docunent >>> (arr 1ine)])) ());

Mouse events
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Mouse events

(eotor, size, (a1, y1), G2, y2)) =
okestyle <- (35 string coior);

et set coord ov

We use arrows

(psmall#rgetcolor()) in
float (o Flost (sLisersne
Tolix, oldy), (

jes Elion_bus.t) = %b in

v = compute_line ev in
- Eltonbas-urite bV in

ignore (Lut_strean.iter (draw ctx) (Ejgfn bus.strean b));
ignore (run”(mousedowns canvas.
Brd evs dine ev)
35> first [no SRS (o
seup Don_neiL-docunent 55> (arr 1ine31)) ()3

M
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C< Service based Web programming

C Generating valid HTML

C Client/server Web applications

-
Q Sessions, scope of server side state

C: Mixing Ocsigen apps with traditional Web interaction




Sessions revisited

Session data saved in references with a scope.

Scopes:

@ Site

@ Session group (user)

@ Browser session (cookie)
@ Client side process (tab)

@ Request

ocsigen



Sessions revisited

Server side state implemented as references with a scope.

Scopes:
@ Site
@ Session group (user)
@ Browser session (cookie)
@ Client side process (tab)
@ Request
Services also have a scope.
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C Service based Web programming

C Generating valid HTML

C Client/server Web applications

-
Q Sessions, scope of server side state

Cr Mixing Ocsigen apps with traditional Web interaction




Web 1.0 + Web 2.0 =7
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Web 1.0+ Web 2.0="

e client side program does not stop when you click a link!
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Web 1.0+ Web2.0="

The client side program does not stop when you click a link!

— Ocsigen client/server Web applications are fully compatible
with traditional Web interaction (bookmarks, back button)!
— You can keep a state on client side.

— Parts of the page can persist after loading a new page
— Music/video does not stop.

Example: Music streaming Website
(go to another album without stopping the music)

ocsigen



Conclusion
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Many unique features

ocsigen



Many unique features

Dynamic services

Persistance of client side program
Sophisticated service identification
HTML typing

Unified client/server programming

Session services
Scopes

Typing of links, forms, parameters
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Users

A growing community

Some small companies:
BeSport, Cowebo, Hypios, Ocamlicore, Ocamlpro, Baoug, Nleyten ...
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The project

ocsigen.org ‘

Free/open source software --- Version 2 released in 2011.

Authors and contributors:

Vincent Balat, Jérdme Vouillon, Pierre Chambart, Grégoire Henry, Raphaél Proust,
Benjamin Canou, Boris Yakobowski, Jérémie Dimino, Benedikt Becker

Séverine Maingaud, Stéphane Glondu, Gabriel Kerneis, Denis Berthod, Gabriel Cardoso, Piero Furiesi,
Jaap Boender, Thorsten Ohl, Gabriel Scherer, Simon Castellan, Jean-Henri Granarolo, Archibald Pontier,
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