
A
nnounce

m
e
nts

F
rom

O
th

e
rs

C
od

e
B
a
se

“C
od

e
B
ase

is
a
stud

e
nt-le

d
consultancy

th
at

w
orks

w
ith

local
startups

to
b
uild

applications,
future

prod
uct

ite
rations,

and
d
e
ve

lop
algorith

m
s.

T
h
is

se
m
e
ste

r,
w
e
’re

w
orking

w
ith

th
re

e
startups

to
cre

ate
a
cross-platform

m
o-

b
ile

application,
d
e
ve

lop
an

A
rtificial

Inte
llige

nce
C
h
atb

ot,
and

b
uild

d
ata

in-
te

grations
for

inte
rne

t-conne
cte

d
d
e
vice

s
like

A
m
azon

A
le
x
a.

Y
ou

can
find

out
m
ore

ab
out

us
at

cod
e
b
ase

.b
e
rke

le
y.e

d
u.”

E
ngine

e
ring

S
olutions

a
t
B
e
rke

le
y

“A
re

you
an

e
ngine

e
ring

or
com

pute
r
scie

nce
stud

e
nt

inte
re

ste
d

in
con-

sulting
or

inte
rnsh

ip-style
proje

cts?
If

so,
apply

now
to

E
ngine

e
ring

S
olutions

at
B
e
rke

le
y
(E
S
)!
E
S

is
a
ne

w
,
pro-b

ono
consulting

club
unlike

any
on

cam
pus.

W
e
use

our
te

ch
nical

e
x
pe

rtise
to

solve
e
ngine

e
ring

ch
alle

nge
s
our

corporate
partne

rs
contract

to
us

d
uring

th
e
sch

ool
ye

ar.
T
h
is

ye
ar

w
e
are

cre
ating

an
autom

ate
d
progre

ss
re

porting
syste

m
for

a
m
ultinational

construction
com

-
pany.

O
ne

aspe
ct

of
th

e
proje

ct
is

using
m
ach

ine
le
arning

to
pe

rform
pre

d
ic-

tive
analysis

on
h
ow

like
ly

a
proje

ct
is

to
b
e
com

ple
te

d
on-tim

e
and

on-b
ud

ge
t

in
re

al-tim
e
.

If
th

is
sound

s
of

any
inte

re
st

to
anyone

,
com

e
to

our
info-

se
ssion

ne
x
t
T
h
ursd

ay,
J
anuary

2
6
th

from
7
-8

pm
in

2
2
8

D
w
ine

lle
!!!

R
S
V
P

for
th

e
info-se

ssion
h
e
re

:
h
t
t
p
s
:
/
/
g
o
o
.
g
l
/
f
o
r
m
s
/
Y
H
3
J
V
4
H
T
J
J
W
n
4
G
i
F
3
A
pply

b
y
11:5

9
pm

on
S
und

ay,
J
anuary

2
9
th

h
e
re

:
h
t
t
p
s
:
/
/
e
s
b
e
r
k
e
l
e
y
.
c
o
m
/
j
o
i
n
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O
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l
A
nnounce

m
e
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•
T
e
st

#
1
is

F
rid

ay,
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F
e
b
ruary,
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R
oom
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to

b
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announce
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L
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C
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a
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H
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e
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O
rd

e
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F
unctions
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I
nd

e
finite

R
e
pe

tition

•
W

ith
cond

itionals
and

function
calls,

w
e
can

cond
uct

com
putations

of
any

le
ngth

.

•
F
or

e
x
am

ple
,
to

sum
th

e
square

s
of

all
num

b
e
rs

from
1
to

N
(a

pa-
ram

e
te

r):

d
e
f
s
u
m
s
q
u
a
r
e
s
(
N
)
:

"
"
"
T
h
e
s
u
m
o
f

K
*
*
2
f
o
r
K

f
r
o
m
1

t
o
N

(
i
n
c
l
u
s
i
v
e
)
.
"
"
"

i
f

N
<

1
:

r
e
t
u
r
n
0

e
l
s
e
:r
e
t
u
r
n
N
*
*
2
+

s
u
m
s
q
u
a
r
e
s
(
N
-
1
)

•
T
h
is

w
ill

re
pe

ate
d
ly

call
s
u
m
s
q
u
a
r
e
s
w
ith

d
e
cre

asing
value

s
(d
ow

n
to

1),
ad

d
ing

in
square

s:
E
x
e
cute

h
e
re

s
u
m
s
q
u
a
r
e
s
(
3
)
=
>
3
*
*
2
+

s
u
m
s
q
u
a
r
e
s
(
2
)

=
>

3
*
*
2
+
2
*
*
2

+
s
u
m
s
q
u
a
r
e
s
(
1
)

=
>

3
*
*
2
+
2
*
*
2

+
1
*
*
2
+

s
u
m
s
q
u
a
r
e
s
(
0
)

=
>

3
*
*
2
+
2
*
*
2

+
1
*
*
2
+

0
=
>
1
4
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E
x
plicit

R
e
pe

tition

•
B
ut

in
th

e
Pyth

on,
C
,
J
ava,

and
F
ortran

com
m
unitie

s,
it

is
m
ore

usual
to

b
e
e
x
plicit

ab
out

th
e
re

pe
tition.

•
T
h
e
sim

ple
st

form
is

w
h
ile

:

w
h
i
l
e

C
ond

ition
:

S
tatem

ents

m
e
ans

“If
cond

ition
e
valuate

s
to

a
true

value
,
e
x
e
cute

state
m
e
nts

and
re

pe
at

th
e
e
ntire

proce
ss.

O
th

e
rw

ise
,
d
o
noth

ing.”

•
T
h
e
e
ffe

ct
is

(ne
arly)

id
e
ntical

to

d
e
f
l
o
o
p
(
)
:

i
f

C
ond

ition
:

S
tatem

ents
l
o
o
p
(
)

l
o
o
p
(
)

#
S
t
a
r
t
t
h
i
n
g
s
o
f
f

•
...e

x
ce

pt
th

at
(for

m
ost

Pyth
on

im
ple

m
e
ntations)

th
e
latte

r
e
ve

n-
tually

runs
out

of
m
e
m
ory;

and
w
e
’ll

h
ave

to
d
o
som

e
th

ing
ab

out
assignm

e
nts

to
variab

le
s
in

S
tate

m
e
nts

(m
ore

on
th

at
late

r).
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S
um

squa
re

s
I
te

ra
tive

ly
?

•
O
ur

original
sum

square
s
w
as

d
e
f
s
u
m
s
q
u
a
r
e
s
(
N
)
:

"
"
"
T
h
e
s
u
m
o
f

K
*
*
2
f
o
r
K

f
r
o
m
1

t
o
N

(
i
n
c
l
u
s
i
v
e
)
.
"
"
"

i
f

N
<

1
:

r
e
t
u
r
n
0

e
l
s
e
:r
e
t
u
r
n
N
*
*
2
+

s
u
m
s
q
u
a
r
e
s
(
N
-
1
)

•
H
ow

d
o
w
e
d
o
th

e
sam

e
th

ing
w
ith

a
w
h
ile

loop?

d
e
f
s
u
m
s
q
u
a
r
e
s
(
N
)
:

"
"
"
T
h
e
s
u
m
o
f

K
*
*
2
f
o
r
K

f
r
o
m
1

t
o
N

(
i
n
c
l
u
s
i
v
e
)
.
"
"
"
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https://goo.gl/forms/YH3JV4HTJJWn4GiF3
https://esberkeley.com/join/
http://pythontutor.com/composingprograms.html#code=def+sum_squares%28N%29%3A%0A++++if+N+%3C+1%3A%0A++++++++return+0%0A++++else%3A%0A++++++++return+N**2+%2B+sum_squares%28N+-+1%29%0Aprint%28sum_squares%283%29%29&mode=display&origin=composingprograms.js&cumulative=true&py=3&rawInputLstJSON=%5B%5D&curInstr=0


S
um

squa
re

s
I
te

ra
tive

ly
(I
I
)

d
e
f
s
u
m
s
q
u
a
r
e
s
(
N
)
:

"
"
"
T
h
e
s
u
m
o
f

K
*
*
2
f
o
r
K

f
r
o
m
1

t
o
N

(
i
n
c
l
u
s
i
v
e
)
.
"
"
"

r
e
s
u
l
t
=

0

k
=

1

w
h
i
l
e
k

<
=
N
:

r
e
s
u
l
t
+
=

k
*
*
2

k
+
=

1

r
e
t
u
r
n
r
e
s
u
l
t

E
x
e
cute
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is
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A
noth

e
r
W

a
y

•
A
lte

rnative
ly,

I
can

m
ake

th
is

a
little

sh
orte

r
b
y
ad

d
ing

th
e
oth

e
r

w
ay:

d
e
f
s
u
m
s
q
u
a
r
e
s
(
N
)
:

"
"
"
T
h
e
s
u
m
o
f

K
*
*
2
f
o
r
K

f
r
o
m
1

t
o
N

(
i
n
c
l
u
s
i
v
e
)
.
"
"
"

r
e
s
u
l
t
=

0

w
h
i
l
e
N

>
=
1
:

r
e
s
u
l
t
+
=

N
*
*
2

#
O
r
r
e
s
u
l
t
=

r
e
s
u
l
t
+
N
*
*
2

N
-
=

1
#

O
r
N

=
N
-
1

r
e
t
u
r
n
r
e
s
u
l
t

E
x
e
cute

h
e
re
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F
unctions

A
s
T
e
m
pla

te
s

•
If

w
e

th
ink

of
a
function

b
od

y
as

a
te

m
plate

for
a
com

putation,
param

e
te

rs
are

“b
lanks”

in
th

at
te

m
plate

.

•
F
or

e
x
am

ple
:

d
e
f
s
u
m
s
q
u
a
r
e
s
(
N
)
:

k
,

s
u
m
=

0
,
0

w
h
i
l
e
k

<
=

N
:

s
u
m
,
k

=
s
u
m
+
k
*
*
2
,
k
+
1

r
e
t
u
r
n
s
u
m

is
a
te

m
plate

for
an

infinite
se

t
of

com
putations

th
at

ad
d
square

s
of

num
b
e
rs

up
to

0
,
1,

2
,
3
,
...,

in
place

of
th

e
N
.
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F
unctions

on
F
unctions

•
L
ike

w
ise

,
function

param
e
te

rs
allow

us
to

h
ave

te
m
plate

s
w
ith

slots
for

com
putations:

d
e
f
s
u
m
m
a
t
i
o
n
(
N
,
f
)
:

k
,

s
u
m
=

1
,
0

w
h
i
l
e
k

<
=

N
:

s
u
m
,
k

=
s
u
m
+
f
(
k
)
,
k
+
1

r
e
t
u
r
n
s
u
m

•
G
e
ne

ralize
s
sum

square
s.

W
e
can

w
rite

s
u
m
s
q
u
a
r
e
s
(
5
)
as:

d
e
f
s
q
u
a
r
e
(
x
)
:

r
e
t
u
r
n
x
*
x

s
u
m
m
a
t
i
o
n
(
5
,
s
q
u
a
r
e
)

•
or

(if
w
e
d
on’t

re
ally

ne
e
d

a
“square

”
function

e
lse

w
h
e
re

),
w
e
can

cre
ate

th
e
function

argum
e
nt

anonym
ously

on
th

e
fly:

s
u
m
m
a
t
i
o
n
(
5
,
l
a
m
b
d
a
x
:
x
*
x
)
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L
a
m
b
d
a

•
In

Pyth
on,

la
m
b
d
a
is

just
an

ab
b
re

viation.

•
W

riting
lam

b
d
a
PA

R
A
M
S
:E

X
PR

E
S
S
IO

N
is
th

e
sam

e
as

w
riting

N
A
M
E
,

w
h
e
re

N
A
M
E
is
a
nam

e
th

at
appe

ars
now

h
e
re

e
lse

in
th

e
program

and
is

d
e
fine

d
b
y

d
e
f
N
A
M
E
(
P
A
R
A
M
S
)
:

r
e
t
u
r
n
E
X
P
R
E
S
S
I
O
N

e
valuate

d
in

th
e
sam

e
e
nvironm

e
nt

in
w
h
ich

th
e
original

la
m
b
d
a
w
as.

•
N
ow

w
e
can

w
rite

any
num

b
e
r
of

sum
m
ations

succinctly:

s
u
m
m
a
t
i
o
n
(
1
0
,
l
a
m
b
d
a
x
:

x
*
*
3
)

#
S
u
m
o
f
c
u
b
e
s

s
u
m
m
a
t
i
o
n
(
1
0
,
l
a
m
b
d
a
x
:

1
/
x
)

#
H
a
r
m
o
n
i
c
s
e
r
i
e
s

s
u
m
m
a
t
i
o
n
(
1
0
,
l
a
m
b
d
a
k
:

x
*
*
(
k
-
1
)
/

f
a
c
t
o
r
i
a
l
(
k
-
1
)
)

#
A
p
p
r
o
x
i
m
a
t
e
e
*
*
x
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F
unctions

th
a
t
Prod

uce
F
unctions

•
F
unctions

are
first-class

values,
m
e
aning

th
at

w
e
can

assign
th

e
m

to
variab

le
s,

pass
th

e
m

to
functions,

and
re

turn
th

e
m

from
functions.

•
E
x
am

ple
:
le
t’s

ge
ne

ralize
th

e
class

of
functions

th
at—

like

d
e
f
h
(
x
)
:

r
e
t
u
r
n
s
i
n
(
x
)
+

c
o
s
(
x
)

—
ad

d
th

e
re

sults
of

applying
tw

o
functions

to
th

e
sam

e
argum

e
nt:

>
>
>
d
e
f
a
d
d
f
u
n
c
(
f
,
g
)
:

.
.
.

"
"
"
R
e
t
u
r
n
f
u
n
c
t
i
o
n
t
h
a
t
r
e
t
u
r
n
s
F
(
x
)
+
G
(
x
)
f
o
r

a
r
g
u
m
e
n
t
x
.
"
"
"

.
.
.

d
e
f
a
d
d
e
r
(
x
)
:

#

.
.
.

r
e
t
u
r
n
f
(
x
)
+
g
(
x
)

#
o
r

r
e
t
u
r
n
l
a
m
b
d
a
x
:

f
(
x
)
+
g
(
x
)

.
.
.

r
e
t
u
r
n
a
d
d
e
r

#

>
>
>
f
r
o
m
m
a
t
h
i
m
p
o
r
t
s
i
n
,
c
o
s
,
p
i

>
>
>
h

=
a
d
d
f
u
n
c
(
s
i
n
,
c
o
s
)

>
>
>
s
i
n
(
p
i
/
4
)
+

c
o
s
(
p
i
/
4
)

1
.
4
1
4
2
1
3
5
6
2
3
7
3
0
9
5

>
>
>
h
(
p
i
/

4
)

1
.
4
1
4
2
1
3
5
6
2
3
7
3
0
9
5
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http://pythontutor.com/composingprograms.html#code=def+sum_squares%28N%29%3A%0A++++%22%22%22The+sum+of+K**2+for+K+from+1+to+N+%28inclusive%29.%22%22%22%0A++++result+%3D+0%0A++++k+%3D+1%0A++++while+k+%3C%3D+N%3A%0A++++++++result+%2B%3D+k**2%0A++++++++k+%2B%3D+1%0A++++return+result%0A%0Asum_squares%283%29&mode=display&origin=composingprograms.js&cumulative=true&py=3&rawInputLstJSON=%5B%5D&curInstr=0
http://pythontutor.com/composingprograms.html#code=def+sum_squares%28N%29%3A%0A++++%22%22%22The+sum+of+K**2+for+K+from+1+to+N+%28inclusive%29.%22%22%22%0A++++result+%3D+0%0A++++while+N+%3E%3D+1%3A%0A++++++++result+%2B%3D+N**2+%0A++++++++N+-%3D+1%0A++++return+result%0Asum_squares%283%29&mode=edit&origin=composingprograms.js&cumulative=true&py=3&rawInputLstJSON=%5B%5D


G
e
ne

ra
lize

!

•
L
e
t’s

m
ake

a
ge

ne
ral

function-com
b
ining

function
(th

at
goe

s
b
e
yond

ad
d
ition):

>
>
>
d
e
f
c
o
m
b
i
n
e
f
u
n
c
s
(
o
p
)
:

.
.
.

"
"
"
c
o
m
b
i
n
e
f
u
n
c
s
(
O
P
)
(
f
,
g
)
(
x
)
=
O
P
(
f
(
x
)
,
g
(
x
)
)
.
"
"
"

.
.
.

d
e
f
c
o
m
b
i
n
e
d
(
f
,
g
)
:

.
.
.

d
e
f
v
a
l
(
x
)
:

.
.
.

r
e
t
u
r
n
o
p
(
f
(
x
)
,
g
(
x
)
)

.
.
.

r
e
t
u
r
n
v
a
l

.
.
.

r
e
t
u
r
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