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Pub
lic-

S
e
rvice

A
nnounce

m
e
nt

“B
e
rke

le
y
C
onsulting

is
a
stud

e
nt-run

consulting
group

on
cam

-
pus.

W
e
are

a
group

of
3
0
stud

e
nts

th
at

com
ple

te
4
proje

cts
a

se
m
e
ste

r
for

F
ortune

5
0
0
firm

s,
startups,

and
nonprofit

organi-
zations.

W
e
solve

prob
le
m
s
for

and
provid

e
solutions

to
com

pa-
nie

s
from

all
ind

ustrie
s
like

G
oogle

,
D
ropb

ox
and

K
h
an

A
cad

e
m
y.

W
e
are

curre
ntly

re
cruiting

and
w
ould

love
to

h
ave

you
join

us!
W

e
are

looking
for

stud
e
nts

from
allm

ajors
w
h
o
are

d
rive

n,crit-
ical

th
inke

rs,
te

am
playe

rs,
and

ab
le

to
th

ink
outsid

e
th

e
b
ox

.
If

you
are

inte
re

ste
d
in

joining
up

ple
ase

visit
b
c
.
b
e
r
k
e
l
e
y
.
e
d
u
for

m
ore

inform
ation.

A
lso

m
ake

sure
to

com
e
to

one
of

our
info

se
s-

sions
on

J
anuary

2
4
th

and
2
6
th

to
le
arn

m
ore

and
atte

nd
our

case
w
orksh

op
on

J
anuary

2
7
th

to
pre

pare
for

th
e
inte

rvie
w
proce

ss.
W

e
h
ope

to
se

e
you

at
one

of
our

e
ve

nts
ne

x
t
w
e
e
k!”
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F
rom

L
a
st

T
im

e

•
F
rom

last
le
cture

:
V
alues

are
d
ata

w
e

w
ant

to
m
anipulate

and
in

particular,

•
F
unctions

are
value

s
th

at
pe

rform
com

putations
on

value
s.

•
E
x
pressions

d
e
note

com
putations

th
at

prod
uce

value
s.

•
T
od

ay,
w
e
’ll

look
at

th
e
m

in
som

e
d
e
tail

at
h
ow

functions
ope

rate
on

d
ata

value
s
and

h
ow

e
x
pre

ssions
d
e
note

th
e
se

ope
rations.

•
A
s
usual,

alth
ough

our
concre

te
e
x
am

ple
s
all

involve
Pyth

on,
th

e
ac-

tual
conce

pts
apply

alm
ost

unive
rsally

to
program

m
ing

language
s.
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F
unctions

•
F
or

th
is

le
cture

,
w
e
’re

going
to

use
th

is
notation

to
sh

ow
function

values
(w

h
ich

are
cre

ate
d
b
y
e
valuating

function
d
efinitions):

ab
s(num

b
e
r):

ad
d
(le

ft,
righ

t)

(W
e
’ll

sim
plify

th
is

in
a
b
it

to
m
ake

it
e
asie

r
to

w
rite

.)

•
T
h
e

gre
e
n
pare

nth
e
size

d
lists

ind
icate

th
e

num
b
e
r
of

param
eter

values
or

inputs
th

e
functions

ope
rate

on
(th

is
inform

ation
is

also
know

n
as

a
function’s

signature
).

•
F
or

our
purpose

s,
th

e
b
lue

nam
e
is

sim
ply

a
h
e
lpful

com
m
e
nt

to
sug-

ge
st

w
h
at

th
e

function
d
oe

s,
and

th
e

spe
cific

(gre
e
n)

param
e
te

r
nam

e
s
are

like
w
ise

just
h
e
lpful

h
ints.

•
(Pyth

on
actually

m
aintains

th
is

intrinsic
nam

e
and

th
e

param
e
te

r
nam

e
s
inte

rnally,
b
ut

th
is

is
not

a
unive

rsal
fe

ature
of

program
m
ing

language
s.)
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Pure
F
unctions

•
T
h
e
fund

am
e
ntal

ope
ration

on
function

value
s
is

to
call

or
invoke

th
e
m
,
w
h
ich

m
e
ans

giving
th

e
m

one
value

for
e
ach

form
al

param
e
te

r
and

h
aving

th
e
m

prod
uce

th
e
re

sult
of

th
e
ir

com
putation

on
th

e
se

value
s:

ab
s(num

b
e
r):

-5
⊲

⊲
5

ad
d
(le

ft,
righ

t)
(2
9
,
13

)
⊲

⊲
4
2

•
T
h
e
se

tw
o
functions

are
pure:

th
e
ir

output
d
e
pe

nd
s
only

on
th

e
ir

input
param

e
te

rs’value
s,

and
th

e
y
d
o
noth

ing
in

re
sponse

to
a
call

b
ut

com
pute

a
value

.
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I
m
pure

F
unctions

•
F
unctions

m
ay

d
o
ad

d
itional

th
ings

w
h
e
n
calle

d
b
e
sid

e
s
re

turning
a

value
.

•
W

e
call

such
th

ings
sid

e
effects.

•
E
x
am

ple
:
th

e
b
uilt-in

print
function:

print(
•
•

•)
-5

⊲

⊲
N
one

d
isplay

tex
t
’-5

’

•
D
isplaying

te
x
t
is

print’s
sid

e
e
ffe

ct.
Its

value
,
in

fact,
is

ge
ne

rally
use

le
ss

(alw
ays

th
e
null

value
).
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O
th

e
r
K
ind

s
of

I
m
purity

•
M
ost

sid
e
-e
ffe

cts
involve

ch
anging

th
e
value

of
som

e
variab

le
.

•
E
x
am

ple
:
th

e
function

rand
om

.rand
int:

>
>
>
r
a
n
d
o
m
.
r
a
n
d
i
n
t
(
0
,
1
0
0
)

#
R
a
n
d
o
m
n
u
m
b
e
r
i
n
0
-
-
1
0
0
.

1
3

>
>
>
r
a
n
d
o
m
.
r
a
n
d
i
n
t
(
0
,
1
0
0
)

5
5

#
S
o
m
e
t
h
i
n
g
m
u
s
t
h
a
v
e
c
h
a
n
g
e
d
!
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C
a
ll
E
x
pre

ssions

•
A

call
e
x
pre

ssion
d
e
note

s
th

e
ope

ration
of

calling
a
function.

•
C
onsid

e
r
ad

d
(2
,
3
):ad

d
︸

︷
︷

︸

O
perator

(
2

︸
︷
︷

︸

O
perand

0
,

3
︸

︷
︷

︸

O
perand

1
)

•
T
h
e
ope

rator
and

th
e
ope

rand
s
are

all
th

e
m
se

lve
s
e
x
pre

ssions
(re

-
cursion

again).

•
T
o
e
valuate

th
is

call
e
x
pre

ssion:

–
E
valuate

th
e
ope

rator
(le

t’s
call

th
e
value

C
);

–
E
valuate

th
e

ope
rand

s
in

th
e

ord
e
r
th

e
y
appe

ar
(le

t’s
call

th
e

value
s
P
0
and

P
1 )

–
C
all

C
(w

h
ich

m
ust

b
e
a
function)

w
ith

param
e
te

rs
P
0
and

P
1 .

•
T
oge

th
e
r
w
ith

th
e
d
e
finitions

for
b
ase

case
s
(m

ostly
lite

rale
x
pre

s-
sions

and
sym

b
olic

nam
e
s),

th
is

d
e
scrib

e
s
h
ow

to
e
valuate

any
call.
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E
x
a
m
ple

:
F
rom

E
x
pre

ssion
to

V
a
lue

L
e
t’s

e
valuate

th
e
e
x
pre

ssion
m
ul(ad

d
(2
,m

ul(0
x
4
,0

x
6
)),ad

d
(0
x
3
,0

0
5
)).

In
th

e
follow

ing
se

que
nce

,
value

s
are

sh
ow

n
in

b
ox

e
s
.

E
ve

ryth
ing

outsid
e
a
b
ox

is
an

e
x
pre

ssion.

•
m
ul

︸
︷
︷

︸ (ad
d

︸
︷
︷

︸ (
2︸︷
︷
︸ ,m

ul(0
x
4

︸
︷
︷

︸ ,0
x
6

︸
︷
︷

︸ )
︸

︷
︷

︸ )
︸

︷
︷

︸ ,ad
d
(0
x
3

︸
︷
︷

︸ ,005
︸
︷
︷
︸ )

︸
︷
︷

︸ )

•

m
ul(left,

righ
t)

(ad
d
(2
,
m
ul(0

x
4
,
0
x
6
)),

ad
d
(0
x
3
,
0
0
5
))

•

m
ul(left,

righ
t)

(

ad
d
(left,

righ
t)

(
2

,

m
ul(left,

righ
t)

(
4

,
6

)),
ad

d
(0
x
3
,
0
0
5
))

•

m
ul(left,

righ
t)

(

ad
d
(left,

righ
t)

(
2

,
2
4

),
ad

d
(0
x
3
,
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0
0
5
))

•

m
ul(left,

righ
t)

(
2
6

,
ad

d
(0
x
3
,
0
0
5
))

•

m
ul(left,

righ
t)

(
2
6

,

ad
d
(left,

righ
t)

(
3

,
5

))

•

m
ul(left,

righ
t)

(
2
6

,
8

)

•
2
0
8

.
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E
x
a
m
ple

:
Print

W
h
at

ab
out

an
e
x
pre

ssion
w
ith

sid
e
e
ffe

cts?

print(
•
•

•)

1.print(print(1),
print(2

))

2
.

(
(
1
),
print(2

))

3
.

(
N
one

,
print(2

))
and

print
‘1’.

4
.

(
N
one

,
(
2

))

5
.

(
N
one

,
N
one

))
and

print
‘2
’.

6
.

N
oneand

print
‘N
one

N
one’.
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N
a
m
e
s

•
E
valuating

e
x
pre

ssions
th

at
are

lite
rals

is
e
asy:

th
e
lite

ral’s
te

x
t

give
s
all

th
e
inform

ation
ne

e
d
e
d
.

•
B
ut

h
ow

d
id

I
e
valuate

nam
e
s
like

ad
d
,
m
ul,

or
print?

•
D
e
d
uction:

th
e
re

m
ust

b
e
anoth

e
r
source

of
inform

ation.

•
W

e
’ll

first
try

a
sim

ple
approach

:
sub

stitution
of

value
s
for

nam
e
s.

•
T
h
is

w
on’t

cove
r
all

th
e
case

s,
h
ow

e
ve

r,
and

so
w
e
’ll

introd
uce

th
e

conce
pt

of
an

environm
ent.
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S
ub

stitution

•
L
e
t’s

try
to

e
x
plain

th
e
e
ffe

ct
of

x
=
3

y
=
x

*
2

z
=
y

*
*
x

b
y
tre

ating
e
ach

assignm
e
nt

(=)
as

a
d
efinition.

•
T
h
us,

w
e
ge

t

x
=
3

x
=

3
x

=
3

x
=

3

y
=
x

*
2

y
=

3
*

2
y

=
6

y
=

6

z
=
y

*
*
x

z
=

y
*
*

3
z

=
6

*
*
3

z
=

2
1
6

•
T
h
at

is,
w
e
replace

nam
es

b
y
th

eir
d
efinitions

(values).
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S
ub

stitution
a
nd

F
unctions

•
N
ow

consid
e
r
a
sim

ple
function

d
e
finition:

d
e
f
c
o
m
p
u
t
e
(
x
,
y
)
:

r
e
t
u
r
n
(
x
*

y
)

*
*
x

p
r
i
n
t
(
c
o
m
p
u
t
e
(
3
,
2
)
)

•
A

d
e
f
state

m
e
nt

is
sort

of
like

an
assignm

e
nt,

b
ut

spe
cialize

d
to

functional
value

s.

•
T
h
e
d
e
f
state

m
e
nt

ab
ove

d
e
fine

s
com

pute
to

b
e
“th

e
function

of
x

and
y
th

at
re

turns
(x
y
)
x.”

•
H
e
re

,
I’ll

use
a
com

m
on

notation
for

th
at

(d
ue

to
C
h
urch

):

λ
x
,y

:
(x
y
)
x.

•
S
o
afte

r
sub

stitution
for

com
pute

,
w
e
h
ave

p
r
i
n
t
(
(
λ

x
,y

:
(x
y
)
z)

(
3
,
2
)

)

•
N
ow

w
h
at?
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S
ub

stitution
a
nd

F
orm

a
l
Pa

ra
m
e
te

rs

•
A

function
call

such
as

(
λ

x
,y

:
(x
y
)
z)

(
3
,
2
)

from
last

slid
e
is

like
a
sim

ultaneous
assignm

ent
to

or
sub

stitution
for

x
and

y.

•
S
o
w
e
re

place
th

e
w
h
ole

e
x
pre

ssion
w
ith

(3
·2)

3

and
(e
ve

ntually),
just

2
16

.
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G
e
tting

F
a
ncy

•
W

h
at

ab
out

th
is?

d
e
f
i
n
c
r
(
n
)
:

d
e
f
f
(
x
)
:

r
e
t
u
r
n
n

+
x

r
e
t
u
r
n
f

p
r
i
n
t
(
i
n
c
r
(
5
)
(
6
)
)

•
T
h
e
incr

function
re

turns
a
function.

T
h
e
argum

e
nt

to
print

th
e
n

calls
th

is
function

on
6
.

•
W

h
at

h
appe

ns?
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A
nsw

e
r

•
F
irst,

d
e
al

w
ith

incr:

d
e
f
i
n
c
r
(
n
)
:

d
e
f

f
(
x
)
:

r
e
t
u
r
n
n

+
x

r
e
t
u
r
n
f

p
r
i
n
t
(
i
n
c
r
(
5
)
(
6
)
)

p
r
i
n
t
(
(
λ

n
:

r
e
t
u
r
n

λ
x
:

n
+

x
)
(
5
)
(
6
)
)

•
T
h
e
5
now

ge
ts

sub
stitute

d
for

n:

p
r
i
n
t
(
(
λ

x
:
5

+
x
)
(
6
)

•
A
nd

6
for

x
:

p
r
i
n
t
(
5
+
6
)

•
F
inally

giving

p
r
i
n
t
(
1
1
)
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T
roub

le

•
A
las,

th
is

re
lative

ly
sim

ple
(if

te
d
ious)

approach
d
oe

sn’t
w
ork.

•
E
x
am

ple
:

x
=
4

x
=
8

p
r
i
n
t
(
x
)

•
If

w
e
just

sub
stitute

for
th

e
first

x
as

b
e
fore

:

x
=
4

x
=
8

#
o
r

e
v
e
n
w
o
r
s
e
:
4

=
8

p
r
i
n
t
(
4
)

•
...w

e
ge

t
a
w
rong

re
sult

(4
inste

ad
of

8
).

•
A
fte

r
one

sub
stitution,

x
isn’t

around
any

m
ore

to
sub

stitute
for.

•
W

e
ne

e
d
som

e
th

ing
stronge

r.
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E
nvironm

e
nts

•
A
n
e
nvironm

e
nt

is
a
m
apping

from
nam

e
s
to

value
s.

•
W

e
say

th
at

a
nam

e
is

b
ound

to
a
value

in
th

is
e
nvironm

e
nt.

•
In

its
sim

ple
st

form
,it

consists
of

a
single

glob
alenvironm

ent
fram

e
:

G
lob
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