
Program
m
ing language com

ponents

•
sta

te
m
e
nts: instructions th

a
t sa

y
 w

h
a
t to d

o
–

com
pute values, m

ake d
ecisions, repeat sequences of operations

•
va
ria

b
le
s: pla

ce
s to h

old
 d
a
ta
 in m

e
m
ory

 w
h
ile

 progra
m
 is running

–
num

b
ers, tex

t, ...

•
sy
nta

x
: gra

m
m
a
r rule

s for d
e
fining le

ga
l sta

te
m
e
nts

–
w
h
at's gram

m
atically legal?  h

ow
 are th

ings b
uilt up from

 sm
aller th

ings?

•
se
m
a
ntics: w

h
a
t th

ings m
e
a
n

–
w
h
at d

o th
ey com

pute?

•
m
ost la

ngua
ge
s a

re
 h
igh

e
r-
le
ve
l a

nd
 m

ore
 e
x
pre

ssive
 th

a
n th

e
 

a
sse

m
b
ly
 la

ngua
ge
 for th

e
 toy

 m
a
ch
ine

–
statem

ents are m
uch

 rich
er, m

ore varied
, m

ore ex
pressive

–
variab

les are m
uch

 rich
er, m

ore varied

–
gram

m
ar rules are m

ore com
plicated

–
sem

antics are m
ore com

plicated

•
b
ut it's b

a
sica

lly
 th

e
 sa

m
e
 id

e
a

W
h
y stud

y / use J
avascript?

•
a
ll b

row
se
rs proce

ss J
a
va
script

–
m
any w

eb
 services rely on J

avascript
in b

row
ser

–
can use it in your ow

n w
eb

 pages

–
can und

erstand
 w
h
at oth

er w
eb

 pages are d
oing (and

 steal from
 th

em
)

•
e
a
sy
 to sta

rt w
ith

•
e
a
sy
 to d

o use
ful th

ings w
ith

 it

•
progra

m
m
ing id

e
a
s ca

rry
 ove

r into oth
e
r la

ngua
ge
s

•
J
a
va
script

h
a
s lim

ita
tions:

–
no use outsid

e of w
eb

 pages

–
m
any irregularities and

 surprising b
eh

aviors

–
no b

row
ser m

atch
es ostensib

le stand
ard

s ex
actly

–
d
oesn't illustrate m

uch
 ab

out h
ow

 b
ig program

s are b
uilt



J
avascript

com
ponents

•
J
a
va
script

la
ngua

ge
–

statem
ents th

at tell th
e com

puter w
h
at to d

o
get user input, d

isplay output, 
set values, d

o arith
m
etic, 

test cond
itions, repeat groups of statem

ents, …

•
lib

ra
rie

s, b
uilt-

in functions
–

pre-fab
ricated

 pieces th
at you d

on't h
ave to create yourself

m
ath

 functions, tex
t m

anipulation

•
a
cce

ss to b
row

se
r a

nd
 w

e
b
 pa

ge
s

–
b
uttons, tex

t areas, im
ages, page contents, ...

•
y
ou a

re
 not e

x
pe
cte

d
 to re

m
e
m
b
e
r sy

nta
x
 or oth

e
r d

e
ta
ils

•
y
ou a

re
 not e

x
pe
cte

d
 to w

rite
 cod

e
 in e

x
a
m
s 

(th
ough

 a b
it in prob

lem
 sets and

 lab
s)

•
y
ou a

re
 e
x
pe
cte

d
 to und

e
rsta

nd
 th

e
 id

e
a
s

–
h
ow

 program
m
ing and

 program
s w

ork

B
asic ex

am
ple #

1: join 2
 nam

es (nam
e
2
.h
tm

l)

•
J
a
va
script

cod
e
 a
ppe

a
rs in H

T
M
L
 file

 b
e
tw

e
e
n 

<
script>

 ta
gs

<
s
c
r
i
p
t
 
l
a
n
g
u
a
g
e
=
j
a
v
a
s
c
r
i
p
t
>
 
.
.
.
 
<
/
s
c
r
i
p
t
>

•
sh
ow

s va
ria

b
le
s, d

ia
log b

ox
e
s, a

n ope
ra
tor

<
h
t
m
l
>

<
b
o
d
y
>

<
P
>
 
n
a
m
e
2
.
h
t
m
l
:
 
j
o
i
n
s
 
2
 
n
a
m
e
s

<
s
c
r
i
p
t
>

v
a
r
f
i
r
s
t
n
a
m
e
,
 
s
e
c
o
n
d
n
a
m
e
,
 
r
e
s
u
l
t

f
i
r
s
t
n
a
m
e
=
 
p
r
o
m
p
t
(
"
E
n
t
e
r
f
i
r
s
t
 
n
a
m
e
"
)

s
e
c
o
n
d
n
a
m
e
=
 
p
r
o
m
p
t
(
"
E
n
t
e
r
l
a
s
t
 
n
a
m
e
"
)

r
e
s
u
l
t
 
=
 
f
i
r
s
t
n
a
m
e
+
 
s
e
c
o
n
d
n
a
m
e

/
/
 
+
 
m
e
a
n
s
 
"
j
o
i
n
"
 

h
e
r
e

a
l
e
r
t
(
"
h
e
l
l
o
,
 
"
 
+
 
r
e
s
u
l
t
)
 
 
/
/
 
a
n
d
 
h
e
r
e



B
asic ex

am
ple #

2
:  ad

d
 2
 num

b
ers  (ad

d
2
.h
tm

l)

•
d
ia
log b

ox
e
s, va

ria
b
le
s, a

rith
m
e
tic, conve

rsion

<
h
t
m
l
>

<
b
o
d
y
>

<
P
>
 
a
d
d
2
.
h
t
m
l
:
 
a
d
d
s
 
2
 
n
u
m
b
e
r
s

<
s
c
r
i
p
t
>

v
a
r
n
u
m
1
,
 
n
u
m
2
,
 
s
u
m

n
u
m
1
 
=
 
p
r
o
m
p
t
(
"
E
n
t
e
r
f
i
r
s
t
 
n
u
m
b
e
r
"
)

n
u
m
2
 
=
 
p
r
o
m
p
t
(
"
E
n
t
e
r
s
e
c
o
n
d
 
n
u
m
b
e
r
"
)

s
u
m
 
=
 
p
a
r
s
e
I
n
t
(
n
u
m
1
)
 
+
 
p
a
r
s
e
I
n
t
(
n
u
m
2
)
 
/
/
 
"
+
"
 
m
e
a
n
s
 
"
a
d
d
"

a
l
e
r
t
(
s
u
m
)

<
/
s
c
r
i
p
t
>

p
a
r
s
e
I
n
t
(
.
.
.
)
 
conve

rts a
 se

que
nce

 of ch
a
ra
cte

rs into its inte
ge
r va

lue
th
e
re
's a

lso a
 pa

rse
F
loa

t(…
) for floa

ting point num
b
e
rs

A
d
d
ing up num

b
ers: ad

d
up.h

tm
l

•
va
ria

b
le
s, ope

ra
tors, e

x
pre

ssions, a
ssignm

e
nt sta

te
m
e
nts

•
w
h
ile

 loop, re
la
tiona

l ope
ra
tor (!=

 "not e
qua

l to")

<
h
t
m
l
>

<
b
o
d
y
>

<
s
c
r
i
p
t
>

v
a
r
s
u
m
 
=
 
0

v
a
r
n
u
m

n
u
m
 
=
 
p
r
o
m
p
t
(
"
E
n
t
e
r
n
e
w
 
v
a
l
u
e
,
 
o
r
 
0
 
t
o
 
e
n
d
"
)

w
h
i
l
e
 
(
n
u
m
 
!
=
 
0
)
 
{

s
u
m
 
=
 
s
u
m
+
 
p
a
r
s
e
I
n
t
(
n
u
m
)

n
u
m
 
=
 
p
r
o
m
p
t
(
"
E
n
t
e
r
n
e
w
 
v
a
l
u
e
,
 
o
r
 
0
 
t
o
 
e
n
d
"
)

}a
l
e
r
t
(
"
S
u
m
=
 
"
 
+
 
s
u
m
)

<
/
s
c
r
i
p
t
>



F
ind

 th
e largest num

b
er: m

ax
.h
tm

l

•
ne
e
d
s a

n If to te
st w

h
e
th
e
r ne

w
 num

b
e
r is b

igge
r

•
ne
e
d
s a

noth
e
r re

la
tiona

l ope
ra
tor

•
ne
e
d
s pa

rse
Int

or pa
rse

F
loa

t
to tre

a
t input a

s a
 num

b
e
r

v
a
r
m
a
x
 
=
 
0

v
a
r
n
u
m

n
u
m
 
=
 
p
r
o
m
p
t
(
"
E
n
t
e
r
n
e
w
 
v
a
l
u
e
,
 
o
r
 
0
 
t
o
 
e
n
d
"
)

w
h
i
l
e
 
(
n
u
m
 
!
=
 
0
)
 
{

i
f
 
(
p
a
r
s
e
F
l
o
a
t
(
n
u
m
)
 
>
 
m
a
x
)

m
a
x
 
=
 
n
u
m

n
u
m
 
=
 
p
r
o
m
p
t
(
"
E
n
t
e
r
n
e
w
 
v
a
l
u
e
,
 
o
r
 
0
 
t
o
 
e
n
d
"
)

}d
o
c
u
m
e
n
t
.
w
r
i
t
e
(
"
<
P
>
 
M
a
x
 
=
 
"
 
+
 
m
a
x
)

V
ariab

le
s, constants, ex

pre
ssions, operators

•
a
 variab

le
is a

 pla
ce
 in m

e
m
ory

 th
a
t h

old
s a

 va
lue

–
h
as a na

m
e
th
at th

e program
m
er gave it, like sum

or A
re
a
or n

–
in J

avascript, can h
old

 any of m
ultiple types, m

ost often

num
b
ers like 1

or 3
.1
4
, or 

sequences of ch
aracters like "H

e
llo"

or "E
nte

r ne
w
 va

lue
"

–
alw

ays h
as a va

lue

–
h
as to b

e set to som
e value initially b

efore it can b
e used

–
its value w

ill generally ch
ange as th

e program
 runs

–
ultim

ately correspond
s to a location in m

em
ory

–
b
ut it's easier to th

ink of it just as a nam
e for inform

ation

•
a
 constant

is a
n unch

a
nging lite

ra
l va

lue
 like

 3
 or "h

e
llo"

•
a
n
ex

pression
use

s ope
ra
tors, va

ria
b
le
s a

nd
 consta

nts 

to com
pute

 a
 va

lue
3
.14

 * rad
* rad

•
operators

includ
e
  +  -

*  /  



T
ype

s, d
eclarations, conversions

•
va
ria

b
le
s h

a
ve
 to b

e
 d
e
cla

re
d
 in a

 va
r
sta

te
m
e
nt

•
e
a
ch
 va

ria
b
le
 h
old

s inform
a
tion of a

 spe
cific ty

pe
–

really m
eans th

at b
its are to b

e interpreted
 as info of th

at type

–
internally,  3

  and
  3

.0
0
  and

 "3
.0
0
" are represented

 d
ifferently

•
J
a
va
script

usua
lly
 infe

rs ty
pe
s from

 conte
x
t, d

oe
s conve

rsions 
a
utom

a
tica

lly
–

"S
um

 = " + sum

•
som

e
tim

e
s w

e
 h
a
ve
 to b

e
 e
x
plicit:

–
p
a
r
s
e
I
n
t
(
.
.
.
)
if can't tell from

 contex
t th

at string is m
eant as an 

integer   

–
p
a
r
s
e
F
l
o
a
t
(
.
.
.
)
if it could

 h
ave a fractional part

M
aking d

ecisions and
 repe

ating statem
ents

•
if-

e
lse

 sta
te
m
e
nt m

a
ke
s d

e
cisions

–
th

e J
avascript

version of d
ecisions w

ritten w
ith

 ifzero, ifpos, ...

if (cond
ition is true

) {

d
o th

is group of sta
te
m
e
nts

} e
lse

 {

d
o th

is group of sta
te
m
e
nts inste

a
d

}

•
w
h
ile

 sta
te
m
e
nt re

pe
a
ts groups of sta

te
m
e
nts

–
a J

avascript
version of loops w

ritten w
ith

 ifzero
and

 goto

w
h
ile

 (cond
ition is true

) {

d
o th

is group of sta
te
m
e
nts

}



if-else ex
am

ples  (sign.h
tm

l)

•
ca
n includ

e
 e
lse

-
if se

ctions for a
 se

rie
s of d

e
cisions:

v
a
r
n
u
m
 
=
 
p
r
o
m
p
t
(
"
E
n
t
e
r
n
u
m
b
e
r
"
)

w
h
i
l
e
 
(
n
u
m
 
!
=
 
n
u
l
l
)
 
{

n
u
m
 
=
 
p
a
r
s
e
I
n
t
(
n
u
m
)

i
f
 
(
n
u
m
 
>
 
0
)
 
{

a
l
e
r
t
(
n
u
m
+
 
"
 
i
s
 
p
o
s
i
t
i
v
e
"
)

}
 
e
l
s
e
 
i
f
 
(
n
u
m
 
<
 
0
)
 
{

a
l
e
r
t
(
n
u
m
+
 
"
 
i
s
 
n
e
g
a
t
i
v
e
"
)

}
 
e
l
s
e
 
{

a
l
e
r
t
(
n
u
m
+
 
"
 
i
s
 
z
e
r
o
"
)

}n
u
m
 
=
 
p
r
o
m
p
t
(
"
E
n
t
e
r
n
u
m
b
e
r
"
)

}

"w
h
ile loop" ex

am
ples

•
counting or "ind

e
x
e
d
" loop:

i
 
=
 
1

w
h
i
l
e
 
(
i
 
<
=
 
1
0
)
 
{

/
/
 
d
o
 
s
o
m
e
t
h
i
n
g
 
(
m
a
y
b
e
 
u
s
i
n
g
 
t
h
e
 
c
u
r
r
e
n
t
 
v
a
l
u
e
 
o
f
 
i
)

i
 
=
 
i
 
+
 
1

}

•
"ne

ste
d
" loops (w

h
ile

.h
tm

l):
v
a
r
n
 
=
 
p
r
o
m
p
t
(
"
E
n
t
e
r
n
u
m
b
e
r
"
)

w
h
i
l
e
 
(
n
 
!
=
 
n
u
l
l
)
 
{
 
 
 
/
/
 
"
!
=
"
 
m
e
a
n
s
 
"
i
s
 
n
o
t
 
e
q
u
a
l
 
t
o
"

i
 
=
 
0

w
h
i
l
e
 
(
i
 
<
=
 
n
)
 
{

d
o
c
u
m
e
n
t
.
w
r
i
t
e
(
"
<
b
r
>
"
 
+
 
i
 
+
 
"
 
"
 
+
 
i
*
i
)

i
 
=
 
i
 
+
 
1

}n
 
=
 
p
r
o
m
p
t
(
"
E
n
t
e
r
n
u
m
b
e
r
"
)

}



F
unctions

•
a
 function is a

 group of sta
te
m
e
nts th

a
t d

oe
s som

e
 com

puta
tion

–
th

e statem
ents are collected

 into one place and
 given a nam

e

–
oth

er parts of th
e program

 can "call" th
e function

th
at is, use it as a part of w

h
atever th

ey are d
oing

–
can give it values to use in its com

putation (argum
ents or param

eters)

–
com

putes a value th
at can b

e used
 in ex

pressions

–
th

e value need
 not b

e used

•
J
a
va
script

provid
e
s som

e
 use

ful b
uilt-

in functions
–

e.g., prom
pt, alert, ...

•
y
ou ca

n w
rite

 y
our ow

n functions

F
unction ex

am
ples

•
sy
nta

xf
u
n
c
t
i
o
n
nam

e (
list of "argum

ents"
)
{

the statem
ents of the function

}

•
function d

e
finition:

f
u
n
c
t
i
o
n
 
a
r
e
a
(
r
)
 
{

r
e
t
u
r
n
 
3
.
1
4
 
*
 
r
 
*
 
r

}

•
function use

s:
r
a
d
=
 
p
r
o
m
p
t
(
"
E
n
t
e
r
r
a
d
i
u
s
"
)

a
l
e
r
t
(
"
r
a
d
i
u
s
=
 
"
 
+
 
r
a
d
+
 
"
,
 
a
r
e
a
 
=
 
"
 
+
 
a
r
e
a
(
r
a
d
)
)

a
l
e
r
t
(
"
a
r
e
a
o
f
 
r
i
n
g
 
=
"
 
+
 
a
r
e
a
(
1
.
7
5
)
 
-
a
r
e
a
(
0
.
6
)
)



W
h
y use functions?

•
if a

 com
puta

tion a
ppe

a
rs se

ve
ra
l tim

e
s in one

 progra
m

–
a function collects it into one place

•
b
re
a
ks a

 b
ig job

 into sm
a
lle

r, m
a
na
ge
a
b
le
 pie

ce
s

–
th

at are separate from
 each

 oth
er

•
d
e
fine

s a
n inte

rfa
ce

–
im

plem
entation d

etails can b
e ch

anged
 as long as it still d

oes th
e sam

e 
job

–
d
ifferent im

plem
entations can interoperate

•
m
ultiple

 pe
ople

 ca
n w

ork on th
e
 progra

m

•
a
 w

a
y
 to use

 cod
e
 w

ritte
n b

y
 oth

e
rs long a

go a
nd

 fa
r a

w
a
y

–
m
ost of J

avascript's
lib

rary of useful stuff is accessed
 th

rough
 

functions

•
a
 good

 lib
ra
ry
 e
ncoura

ge
s use

 of th
e
 la

ngua
ge

S
um

m
ary: elem

ents of (m
ost)

program
m
ing languages

•
consta

nts: lite
ra
l va

lue
s like

 1
, 3

.1
4
, "E

rror!"

•
va
ria

b
le
s: pla

ce
s to store

 d
a
ta
 a
nd

 re
sults d

uring com
puting

•
d
e
cla

ra
tions: spe

cify
 na

m
e
 (a

nd
 ty

pe
)
of va

ria
b
le
s, e

tc.

•
e
x
pre

ssions: ope
ra
tions on va

ria
b
le
s a

nd
 consta

nts to prod
uce

 ne
w
 

va
lue

s

•
a
ssignm

e
nt: store

 a
 ne

w
 va

lue
 in a

 va
ria

b
le

•
sta

te
m
e
nts: a

ssignm
e
nt, input/output, loop, cond

itiona
l, ca

ll

•
cond

itiona
ls: com

pa
re
 a
nd
 b
ra
nch

; if-
e
lse

•
loops: re

pe
a
t sta

te
m
e
nts w

h
ile

 a
 cond

ition is true

•
functions: pa

cka
ge
 a
 group of sta

te
m
e
nts so th

e
y
 ca

n b
e
 

ca
lle
d
/use

d
 from

 oth
e
r pla

ce
s in a

 progra
m

•
lib

ra
rie

s: functions a
lre

a
d
y
 w

ritte
n for y

ou



H
ow

 J
avascript

w
orks

•
re
ca
ll th

e
 com

pile
r -

>
 a
sse

m
b
le
r -

>
 m

a
ch
ine

 instructions proce
ss 

for F
ortra

n, C
, e

tc.

•
J
a
va
script

is a
na
logous, b

ut d
iffe

rs significa
ntly

 in d
e
ta
ils

•
w
h
e
n th

e
 b
row

se
r se

e
s J

a
va
script

in a
 w

e
b
 pa

ge
 (<

script>
 ta

gs)

–
passes th

e J
avascript

program
 to a J

avascript
com

piler

•
J
a
va
script

com
pile

r
–

ch
ecks for errors

–
com

piles th
e program

 into instructions for som
eth

ing like th
e toy m

ach
ine, 

b
ut rich

er, m
ore com

plicated
, h

igh
er level

–
runs a sim

ulator program
 (like th

e toy) th
at interprets th

ese instructions

•
sim

ula
tor is ofte

n ca
lle
d
 a
n "inte

rpre
te
r" or a

 "virtua
l m

a
ch
ine

"
–

often w
ritten in C

 or C
++ b

ut can b
e w

ritten in anyth
ing

•
b
row

se
r a

nd
 sim

ula
tor inte

ra
ct

–
w
h
en an event like click h

appens, b
row

ser tells J
avascript

("onC
lick")

–
J
avascript

tells b
row

ser to d
o th

ings (pop up d
ialog b

ox
)

T
h
e process of program

m
ing

•
w
h
a
t w

e
 sa

w
 w

ith
 J
a
va
script

or T
oy
 is like

 re
a
lity

, b
ut ve

ry
 sm

a
ll

•
figure

 out w
h
a
t to d

o
–

start w
ith

 a b
road

 specification

–
b
reak into sm

aller pieces th
at w

ill w
ork togeth

er

–
spell out precise com

putational steps in a program
m
ing language

•
b
uild

 on a
 found

a
tion (ra

re
ly
 sta

rt from
 scra

tch
)

–
a program

m
ing language th

at's suitab
le for ex

pressing th
e steps

–
com

ponents th
at oth

ers h
ave w

ritten for you

functions from
 lib

raries, m
ajor com

ponents, ...

–
w
h
ich

 in turn rest on oth
ers, often for several layers

–
runs on softw

are (th
e operating system

) th
at m

anages th
e m

ach
ine

•
it ra

re
ly
 w

orks th
e
 first tim

e
–

test to b
e sure it w

orks, d
eb

ug if it d
oesn't

–
evolve as get a b

etter id
ea of w

h
at to d

o, or as requirem
ents ch

ange



R
e
al-w

orld
 program

m
ing

•
th
e
 sa

m
e
 th

ing, b
ut on a

 gra
nd

 sca
le

–
program

s m
ay b

e m
illions of lines of cod

e

typical prod
uctivity: 1-10

K
 lines/year/program

m
er

–
th

ousand
s of people w

orking on th
em

–
lifetim

es m
easured

 in years or even d
ecad

es

•
b
ig progra

m
s ne

e
d
 te

a
m
s, m

a
na
ge
m
e
nt, coord

ina
tion, m

e
e
tings, …

•
sch

e
d
ule

s a
nd
 d
e
a
d
line

s

•
constra

ints on h
ow

 fa
st th

e
 progra

m
 m

ust run, h
ow

 m
uch

 m
e
m
ory

 
it ca

n use

•
e
x
te
rna

l crite
ria

 for re
lia

b
ility

, sa
fe
ty
, se

curity
, inte

rope
ra
b
ility

 
w
ith

 oth
e
r sy

ste
m
s, …

•
m
a
inte

na
nce

 of old
 ("le

ga
cy
") progra

m
s is h

a
rd

–
program

s m
ust evolve to m

eet ch
anging environm

ents and
 requirem

ents

–
m
ach

ines and
 tools and

 languages b
ecom

e ob
solete

–
ex

pertise d
isappears


