
Pub
lic-

S
e
rvice

A
nnounce

m
e
nt

“H
i
C
S

6
1A

stud
e
nts!

D
id

you
know

th
at

th
e

unive
rsity

h
as

a
farm

?
T
h
e
U
C

G
ill

T
ract

C
om

m
unity

F
arm

is
locate

d
just

tw
o

m
ile

s
from

cam
pus

and
is

a
com

m
unity

space
,
ope

n
to

all.
C
om

e
volunte

e
r
d
uring

ope
n
h
ours

for
fre

e
organic

prod
uce

,
or

d
rop

b
y

d
uring

our
farm

stand
h
ours

on
S
und

ay
to

purch
ase

som
e
prod

uce
w
ith

out
volunte

e
ring.

H
e
re

are
U
C
G
T
C
F
ope

n
h
ours:

S
12

-5
(farm

stand
3
-5

)

M
11-2

T
u
3
-6

W
11-2

T
h
3
-6

W
e
’ll

se
e
you

th
e
re

soon!
Ple

ase
visit

gilltractfarm
.org

for
m
ore

inform
ation.”
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L
e
cture

#
2
3
:
Progra

m
m
ing

L
a
ngua

ge
s
a
nd

Progra
m
s

•
A

program
m
ing

language,
is

a
notation

for
d
e
scrib

ing
com

putations
or

proce
sse

s.

•
T
h
e
se

range
from

low
-level

notations,
such

as
m
ach

ine
language

or
sim

ple
h
ard

w
are

d
e
scription

language
s,

w
h
e
re

th
e
sub

je
ct

m
atte

r
is

typically
finite

b
it

se
que

nce
s
and

prim
itive

ope
rations

on
th

e
m

th
at

corre
spond

d
ire

ctly
to

m
ach

ine
instructions

or
gate

s,
...

•
...T

o
h
igh

-level
notations,such

as
Pyth

on,in
w
h
ich

th
e
sub

je
ct

m
at-

te
r
can

b
e
ob

je
cts

and
ope

rations
of

arb
itrary

com
ple

x
ity.

•
T
h
e
unive

rse
of

im
ple

m
e
ntations

of
th

e
se

language
s
is
laye

re
d
:
Pyth

on
can

b
e
im

ple
m
e
nte

d
in

C
,w

h
ich

in
turn

can
b
e
im

ple
m
e
nte

d
in

asse
m
-

b
ly

language
,w

h
ich

in
turn

is
im

ple
m
e
nte

d
in

m
ach

ine
language

,w
h
ich

in
turn

is
im

ple
m
e
nte

d
w
ith

gate
s,

w
h
ich

in
turn

are
im

ple
m
e
nte

d
w
ith

transistors.
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M
e
ta

linguistic
A
b
stra

ction

•
W

e
’ve

cre
ate

d
ab

stractions
of

actions—
functions—

and
of

th
ings—

classe
s.

•
M
etalinguistic

ab
straction

re
fe

rs
to

th
e

cre
ation

of
language

s—
ab

stracting
d
escription.

Program
m
ing

language
s
are

one
e
x
am

ple
.

•
Program

m
ing

language
s
are

effective:
th

e
y
can

b
e
im

ple
m
e
nte

d
.

•
T
h
e
se

im
ple

m
e
ntations

interpret
utte

rance
s
in

th
at

language
,
pe

r-
form

ing
th

e
d
e
scrib

e
d
com

putation
or

controlling
th

e
d
e
scrib

e
d
pro-

ce
ss.

•
T
h
e

inte
rpre

te
r
m
ay

b
e

h
ard

w
are

(inte
rpre

ting
m
ach

ine
-language

program
s)

or
softw

are
(a

program
calle

d
an

interpreter
),

or
(in-

cre
asingly

com
m
on)

b
oth

.

•
T
o
b
e
im

ple
m
e
nte

d
,th

ough
,
th

e
gram

m
ar

and
m
e
aning

of
utte

rance
s

in
th

e
program

m
ing

language
m
ust

b
e
d
e
fine

d
pre

cise
ly.
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A
S
a
m
ple

L
a
ngua

ge
:
C
a
lcula

tor

•
S
ource

:
J
oh

n
D
e
ne

ro.

•
Pre

fix
notation

e
x
pre

ssion
language

for
b
asic

arith
m
e
tic

Pyth
on-like

syntax
,
w
ith

m
ore

fle
x
ib
le

b
uilt-in

functions.

c
a
l
c
>
a
d
d
(
1
,
2
,
3
,

4
)

1
0

c
a
l
c
>
m
u
l
(
)

1c
a
l
c
>
s
u
b
(
1
0
0
,
m
u
l
(
7
,
a
d
d
(
8
,
d
i
v
(
-
1
2
,
-
3
)
)
)
)

1
6
.
0

c
a
l
c
>
-
(
1
0
0
,
*
(
7
,
+
(
8
,
/
(
-
1
2
,
-
3
)
)
)
)

1
6
.
0
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S
y
nta

x
a
nd

S
e
m
a
ntics

of
C
a
lcula

tor

E
x
pre

ssion
type

s:

•
A
calle

x
pre

ssion
is
an

ope
rator

nam
e
follow

e
d
b
y
a
com

m
a-se

parate
d

list
of

ope
rand

e
x
pre

ssions,
in

pare
nth

e
se

s

•
A

prim
itive

e
x
pre

ssion
is

a
num

b
e
r

O
pe

rators:

•
T
h
e
ad

d
(or

+
ope

rator
re

turns
th

e
sum

of
its

argum
e
nts

•
T
h
e
sub

(-)
ope

rator
re

turns
e
ith

e
r

–
th

e
ad

d
itive

inve
rse

of
a
single

argum
e
nt,

or

–
th

e
sum

of
sub

se
que

nt
argum

e
nts

sub
tracte

d
from

th
e
first.

•
T
h
e
m
ul

(*)
ope

rator
re

turns
th

e
prod

uct
of

its
argum

e
nts.

•
T
h
e
d
iv

(/)
ope

rator
re

turns
th

e
re

al-value
d
quotie

nt
of

a
d
ivid

e
nd

and
d
ivisor.
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E
x
pre

ssion
T
re

e
s
(a
ga

in)

•
O
ur

calculator
program

re
pre

se
nts

e
x
pre

ssions
as

tre
e
s
(se

e
L
e
c-

ture
#
10

).

•
It

consists
of

a
parser,

w
h
ich

prod
uce

s
e
x
pre

ssion
tre

e
s
from

in-
put

te
x
t,

and
an

evaluator,
w
h
ich

pe
rform

s
th

e
com

putations
re

pre
-

se
nte

d
b
y
th

e
tre

e
s.

•
Y
ou

can
use

th
e
te

rm
“interpreter”

to
re

fe
r
to

b
oth

,
or

to
just

th
e

e
valuator.

•
T
o
cre

ate
an

e
x
pre

ssion
tre

e
:

c
l
a
s
s
E
x
p
(
o
b
j
e
c
t
)
:

"
"
"
A

c
a
l
l
e
x
p
r
e
s
s
i
o
n
i
n
C
a
l
c
u
l
a
t
o
r
.
"
"
"

d
e
f

i
n
i
t

(
s
e
l
f
,
o
p
e
r
a
t
o
r
,
o
p
e
r
a
n
d
s
)
:

s
e
l
f
.
o
p
e
r
a
t
o
r
=

o
p
e
r
a
t
o
r

s
e
l
f
.
o
p
e
r
a
n
d
s
=

o
p
e
r
a
n
d
s
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E
x
pre

ssion
T
re

e
s
B
y
H
a
nd

A
s
usual,

w
e
h
ave

d
e
fine

d
(in

2
3
.
p
y)

th
e
m
e
th

od
s

r
e
p
r

and
s
t
r

to
prod

uce
re

asonab
le

re
pre

se
ntations

of
e
x
pre

ssion
tre

e
s:

>
>
>

E
x
p
(
’
a
d
d
’
,
[
1
,
2
]
)

E
x
p
(
’
a
d
d
’
,
[
1
,

2
]
)

>
>
>

s
t
r
(
E
x
p
(
’
a
d
d
’
,
[
1
,
2
]
)
)

’
a
d
d
(
1
,
2
)
’

>
>
>

E
x
p
(
’
a
d
d
’
,
[
1
,
E
x
p
(
’
m
u
l
’
,
[
2
,
3
,

4
]
)
]
)

E
x
p
(
’
a
d
d
’
,
[
1
,

E
x
p
(
’
m
u
l
’
,
[
2
,
3
,
4
]
)
]
)

>
>
>

s
t
r
(
E
x
p
(
’
a
d
d
’
,
[
1
,
E
x
p
(
’
m
u
l
’
,
[
2
,

3
,
4
]
)
]
)
)

’
a
d
d
(
1
,
m
u
l
(
2
,
3
,
4
)
)
’
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E
va

lua
tion

E
valuation

d
iscove

rs
th

e
form

of
an

e
x
pre

ssion
and

th
e
n
e
x
e
cute

s
a

corre
spond

ing
e
valuation

rule
.

•
Prim

itive
e
x
pre

ssions
(lite

rals)
“e
valuate

to
th

e
m
se

lve
s”

•
C
all

e
x
pre

ssions
are

e
valuate

d
re

cursive
ly,

follow
ing

th
e
tre

e
struc-

ture
:

–
E
valuate

e
ach

ope
rand

e
x
pre

ssion,
colle

cting
value

s
as

a
list

of
argum

e
nts.

–
A
pply

th
e
nam

e
d
ope

rator
to

th
e
argum

e
nt

list.

d
e
f

c
a
l
c
e
v
a
l
(
e
x
p
)
:

"
"
"
E
v
a
l
u
a
t
e
a

C
a
l
c
u
l
a
t
o
r
e
x
p
r
e
s
s
i
o
n
.
"
"
"

i
f
t
y
p
e
(
e
x
p
)
i
n

(
i
n
t
,
f
l
o
a
t
)
:

r
e
t
u
r
n
e
x
p

e
l
i
f
t
y
p
e
(
e
x
p
)
=
=
E
x
p
:

a
r
g
u
m
e
n
t
s
=

l
i
s
t
(
m
a
p
(
c
a
l
c
e
v
a
l
,
e
x
p
.
o
p
e
r
a
n
d
s
)
)

r
e
t
u
r
n
c
a
l
c
a
p
p
l
y
(
e
x
p
.
o
p
e
r
a
t
o
r
,
a
r
g
u
m
e
n
t
s
)
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A
pply

ing
O
pe

ra
tors

C
alculator

h
as

a
fix

e
d
se

t
of

ope
rators

th
at

w
e
can

e
num

e
rate

d
e
f
c
a
l
c
a
p
p
l
y
(
o
p
e
r
a
t
o
r
,
a
r
g
s
)
:

"
"
"
A
p
p
l
y
t
h
e
n
a
m
e
d
o
p
e
r
a
t
o
r
t
o

a
l
i
s
t

o
f
a
r
g
s
.

i
f

o
p
e
r
a
t
o
r
i
n

(
’
a
d
d
’
,
’
+
’
)
:

r
e
t
u
r
n
s
u
m
(
a
r
g
s
)

i
f

o
p
e
r
a
t
o
r
i
n

(
’
s
u
b
’
,
’
-
’
)
:

i
f
l
e
n
(
a
r
g
s
)
=
=

0
:

r
a
i
s
e
T
y
p
e
E
r
r
o
r
(
o
p
e
r
a
t
o
r
+

’
r
e
q
u
i
r
e
s
a
t

l
e
a
s
t
1
a
r
g
u
m
e
n
t
’
)

i
f
l
e
n
(
a
r
g
s
)
=
=

1
:

r
e
t
u
r
n
-
a
r
g
s
[
0
]

r
e
t
u
r
n
s
u
m
(
a
r
g
s
[
:
1
]
+

[
-
a
r
g
f
o
r
a
r
g
i
n

a
r
g
s
[
1
:
]
]
)

etc.
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R
e
a
d
-
E
va

l-
Print

L
oop

T
h
e

use
r
inte

rface
to

m
any

program
m
ing

language
s
is

an
inte

ractive
loop

th
at

•
R
e
ad

s
an

e
x
pre

ssion
from

th
e
use

r

•
Parse

s
th

e
input

to
b
uild

an
e
x
pre

ssion
tre

e

•
E
valuate

s
th

e
e
x
pre

ssion
tre

e

•
Prints

th
e
re

sulting
value

of
th

e
e
x
pre

ssion

d
e
f

r
e
a
d
e
v
a
l
p
r
i
n
t
l
o
o
p
(
)
:

"
"
"
R
u
n
a

r
e
a
d
-
e
v
a
l
-
p
r
i
n
t
l
o
o
p
f
o
r

c
a
l
c
u
l
a
t
o
r
.
"
"
"

w
h
i
l
e
T
r
u
e
:

t
r
y
:

e
x
p
r
e
s
s
i
o
n
t
r
e
e
=
c
a
l
c
p
a
r
s
e
(
i
n
p
u
t
(
’
c
a
l
c
>
’
)
)

p
r
i
n
t
(
c
a
l
c
e
v
a
l
(
e
x
p
r
e
s
s
i
o
n
t
r
e
e
)
)

e
x
c
e
p
t
:

print
error

m
essage

and
recover
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C
a
lcula

tor
E
x
a
m
ple

:
Pa

rsing

R
e
cap:

T
h
e
strate

gy.

•
Parsing:

C
onve

rt
te

x
t
into

e
x
pre

ssion
tre

e
s.

•
E
valuation:

R
e
cursive

ly
trave

rse
th

e
e
x
pre

ssion
tre

e
s
calculating

a
re

sult
’
a
d
d
(
2
,
2
)
’

=
⇒

E
x
p
(
’
a
d
d
’
,
(
2
,
2
)
)

=
⇒

4
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Pa
rsing:

L
e
x
ica

l
a
nd

S
y
nta

ctic
A
na

ly
sis

•
T
o
parse

a
te

x
t
is

to
analyze

it
into

its
constitue

nts
and

to
d
e
scrib

e
th

e
ir

re
lationsh

ip
or

structure
.

•
T
h
us,w

e
can

parse
an

E
nglish

se
nte

nce
into

nouns,ve
rb

s,ad
je
ctive

s,
e
tc.,

and
d
e
te

rm
ine

w
h
at

plays
th

e
role

of
sub

je
ct,

w
h
at

is
plays

th
e

role
of

ob
je
ct

of
th

e
action,and

w
h
at

clause
s
or

w
ord

s
m
od

ify
w
h
at.

•
W

h
e
n
proce

ssing
program

m
ing

language
s,

w
e

typically
d
ivid

e
task

into
tw

o
stage

s:

–
Lex

ical
analysis

(aka
tokenization):

D
ivid

e
input

string
into

m
e
an-

ingful
tokens,

such
as

inte
ge

r
lite

rals,
id
e
ntifie

rs,
punctuation

m
arks.

–
S
yntactic

analysis:
C
onve

rt
toke

n
se

que
nce

into
tre

e
s
th

at
re

-
fle

ct
th

e
ir

m
e
aning.

d
e
f

c
a
l
c
p
a
r
s
e
(
l
i
n
e
)
:

#
F
r
o
m
l
e
c
t
2
3
.
p
y

"
"
"
P
a
r
s
e
a

l
i
n
e
o
f
c
a
l
c
u
l
a
t
o
r
i
n
p
u
t
.
R
e
t
u
r
n
e
x
p
r
e
s
s
i
o
n
t
r
e
e
.
"
"
"

t
o
k
e
n
s
=

t
o
k
e
n
i
z
e
(
l
i
n
e
)

e
x
p
r
e
s
s
i
o
n
t
r
e
e
=

a
n
a
l
y
z
e
(
t
o
k
e
n
s
)

r
e
t
u
r
n
e
x
p
r
e
s
s
i
o
n
t
r
e
e
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T
oke

ns

•
Purpose

of
t
o
k
e
n
i
z
e
is

to
pe

rform
a
transform

ation
like

th
is:

>
>
>

t
o
k
e
n
i
z
e
(
’
a
d
d
(
2
,
m
u
l
(
4
,
6
)
)
’
)

[
’
a
d
d
’
,
’
(
’
,
’
2
’
,
’
,
’
,
’
m
u
l
’
,
’
(
’
,
’
4
’
,
’
,
’
,
’
6
’
,

’
)
’
,
’
)
’
]

•
In

principle
,
w
e
could

d
ispe

nse
w
ith

th
is

ste
p
and

go
from

te
x
t
to

tre
e
s
d
ire

ctly,
b
ut

•
W

e
ch

oose
th

e
se

particular
ch

unks
b
e
cause

th
e
y
corre

spond
to

h
ow

w
e
th

ink
ab

out
and

d
e
scrib

e
th

e
te

x
t,

and
th

us
m
ake

analysis
sim

-
ple

r:

–
W

e
say

“th
e
w
ord

‘ad
d
’”,

not
“th

e
ch

aracte
r
‘a’

follow
e
d
b
y
th

e
ch

aracte
r
‘b
’...”

–
W

e
d
on’t

m
e
ntion

space
s
at

all.

•
In

prod
uction

com
pile

rs,
th

e
le
x
ical

analyze
r
typically

re
turns

m
ore

inform
ation,

b
ut

th
e
sim

ple
toke

ns
w
ill

d
o
for

th
is

prob
le
m
.
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Q
uick-

a
nd

-
D
irty

T
oke

nizing

•
F
or

our
sim

ple
purpose

s,
w
e
can

use
a
fe

w
sim

ple
Pyth

on
routine

s
to

d
o
th

e
job

.

•
F
or

e
x
am

ple
,
if

all
our

toke
ns

w
e
re

se
parate

d
b
y
w
h
ite

space
,
w
e

could
use

th
e
.
s
p
l
i
t
(
)
m
e
th

od
on

strings
to

b
re

ak
up

th
e
input,

af-
te

r
first

using
th

e
.
s
t
r
i
p
(
)
m
e
th

od
to

re
m
ove

any
le
ad

ing
or

trail-
ing

w
h
ite

space
:

>
>
>
"

a
d
d
(

2
,
2

)
"
.
s
t
r
i
p
(
)
.
s
p
l
i
t
(
)

[
’
a
d
d
’
,
’
(
’
,
’
2
’
,
’
,
’
,
’
2
’
,
’
)
’
]

•
[G

e
e
.
H
ow

d
id

I
find

out
ab

out
th

e
se

use
fulm

e
th

od
s?

W
h
at

prom
pte

d
m
e
to

go
looking?]

•
S
o
now

,
w
e
just

ne
e
d
to

ge
t
a
string

w
ith

e
ve

ryth
ing

se
parate

d
.

•
S
ince

inte
ge

r
lite

rals
and

w
ord

s
(like

‘ad
d
’
or

‘+’)
are

not
suppose

d
to

b
e
ne

x
t
to

e
ach

oth
e
r
in

th
e
syntax

,
it

w
ould

suffice
to

surround
any

punctuation
ch

aracte
rs

w
ith

space
s.
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Q
uick-

a
nd

-
D
irty

T
oke

nizing:
T
h
e
C
od

e

•
O
ption

1:
use

th
e
.
r
e
p
l
a
c
e
m
e
th

od
on

strings:

d
e
f

t
o
k
e
n
i
z
e
(
l
i
n
e
)
:

"
"
"
C
o
n
v
e
r
t
a
s
t
r
i
n
g
i
n
t
o
a

l
i
s
t
o
f
t
o
k
e
n
s
.
"
"
"

s
p
a
c
e
d
=

l
i
n
e
.
r
e
p
l
a
c
e
(
’
(
’
,
’
(
’
)
.
r
e
p
l
a
c
e
(
’
)
’
,
’
)

’
)
\

.
r
e
p
l
a
c
e
(
’
,
’
,
’
,

’
)

r
e
t
u
r
n
s
p
a
c
e
d
.
s
t
r
i
p
(
)
.
s
p
l
i
t
(
)

•
O
ption

2
:
sam

e
as

O
ption

1,
b
ut

use
a
loop

to
m
ake

it
m
ore

e
asily

e
x
te

nsib
le
:s
p
a
c
e
d
=

l
i
n
e

f
o
r
c
i
n

"
(
)
,
"
:

s
p
a
c
e
d
=
s
p
a
c
e
d
.
r
e
p
l
a
c
e
(
c
,
’

’
+

c
+
’

’
)

•
O
ption

3
:
Im

port
th

e
package

r
e,

and
use

patte
rn

re
place

m
e
nt:

s
p
a
c
e
d
=

r
e
.
s
u
b
(
r
’
(
[
(
)
,
]
)
’
,
r
’
\
1

’
,
l
i
n
e
)
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S
y
nta
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A
na

ly
sis:

F
ind

th
e
R
e
cursion

•
C
onsid

e
r
th

e
d
e
finition

of
a
calculator

e
x
pre

ssion:

–
A

num
e
ral,

or

–
A
n
ope

rator,follow
e
d
b
y
a
‘(’,follow

e
d
b
y
a
se

que
nce

of
calculator

ex
pressions

se
parate

d
b
y
com

m
as,

follow
e
d
b
y
a
righ

t
pare

nth
e
-

sis.

•
T
h
e
re

cursion
in

th
e
d
e
finition

sugge
sts

th
e
re

cursive
structure

of
our

analyze
r.

•
T
h
is

particular
syntax

h
as

tw
o
use

ful
prope

rtie
s:

–
B
y
looking

at
th

e
first

toke
n
of

a
calculator

e
x
pre

ssion,
w
e
can

te
ll
w
h
ich

of
th

e
tw

o
b
ranch

e
s
ab

ove
to

take
,
and

–
B
y
looking

at
th

e
toke

n
im

m
e
d
iate

ly
afte

r
e
ach

ope
rand

,
w
e
can

te
ll
w
h
e
n
w
e
’ve

com
e
to

th
e
e
nd

of
an

ope
rand

list.

•
T
h
at

is,
w
e

can
pred

ict
on

th
e

b
asis

of
th

e
ne

x
t
(as-ye

t
unpro-

ce
sse

d
)
toke

n,
w
h
at

w
e
’ll

find
ne

x
t.

•
A
llow

s
us

to
b
uild

a
pred

ictive
recursive-d

escent
parser

th
at

use
s

one
token

of
lookah

ead
.
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A
na

ly
sis

from
th

e
T
op

•
Plan:

organize
our

program
into

tw
o
m
utually

re
cursive

functions:
one

for
e
x
pre

ssions,
and

one
for

ope
rand

lists.

•
E
ach

of
th

e
se

w
ill

input
a
list

of
toke

ns
and

consum
e
(re

m
ove

)
th

e
toke

ns
com

prising
th

e
e
x
pre

ssion
or

list
it

find
s,

re
turning

tre
e
(s).

d
e
f

a
n
a
l
y
z
e
(
t
o
k
e
n
s
)
:

"
"
"
R
e
t
u
r
n
t
h
e
t
r
a
n
s
l
a
t
i
o
n
o
f
a

p
r
e
f
i
x
o
f
’
t
o
k
e
n
s
’

t
h
a
t
f
o
r
m
s
a
c
a
l
c
u
l
a
t
o
r
e
x
p
r
e
s
s
i
o
n
i
n
t
o

a
t
r
e
e
,

r
e
m
o
v
i
n
g
t
h
e
t
o
k
e
n
s
u
s
e
d
.
"
"
"

t
o
k
e
n
=
a
n
a
l
y
z
e
t
o
k
e
n
(
t
o
k
e
n
s
.
p
o
p
(
0
)
)

i
f
t
y
p
e
(
t
o
k
e
n
)
i
n
(
i
n
t
,
f
l
o
a
t
)
:

r
e
t
u
r
n
t
o
k
e
n

e
l
s
e
:r
e
t
u
r
n
E
x
p
(
t
o
k
e
n
,
a
n
a
l
y
z
e
o
p
e
r
a
n
d
s
(
t
o
k
e
n
s
)
)
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H
a
nd

ling
O
pe

ra
nd

s

d
e
f

a
n
a
l
y
z
e
o
p
e
r
a
n
d
s
(
t
o
k
e
n
s
)
:

"
"
"
A
s
s
u
m
i
n
g
t
h
a
t

’
t
o
k
e
n
s
’
s
t
a
r
t
s
w
i
t
h
a

c
o
m
m
a
-
s
e
p
a
r
a
t
e
d

l
i
s
t
o
f
e
x
p
r
e
s
s
i
o
n
s
s
u
r
r
o
u
n
d
e
d
b
y

’
(
.
.
.
)
’
,
r
e
t
u
r
n

t
h
e
i
r
t
r
a
n
s
l
a
t
i
o
n
s
i
n
t
o
a

l
i
s
t
o
f

t
r
e
e
s
,
r
e
m
o
v
i
n
g

a
l
l
t
h
e
t
o
k
e
n
s
t
h
u
s
u
s
e
d
.
"
"
"

o
p
e
r
a
n
d
s
=

[
]

w
h
i
l
e
t
o
k
e
n
s
.
p
o
p
(
0
)
!
=

’
)
’
:

o
p
e
r
a
n
d
s
.
a
p
p
e
n
d
(
a
n
a
l
y
z
e
(
t
o
k
e
n
s
)
)

r
e
t
u
r
n
o
p
e
r
a
n
d
s

N
ote

s:

•
E
ve

ry
trip

th
rough

th
e
w
h
ile

loop
splits

off
an

ope
rand

.

•
T
h
e
w
h
ile

cond
ition

h
as

th
e
sid

e
e
ffe

ct
of

re
m
oving

th
e
ne

x
t
toke

n.

•
T
h
is

toke
n
is

’(’on
th

e
first

trip,
’,’afte

r
e
ach

ope
rand

b
ut

th
e
last,

and
’)’afte

r
th

e
last

ope
rand

.
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D
e
ta

il:
T
oke

n
C
oe

rcion

•
T
h
e
a
n
a
l
y
z
e
t
o
k
e
n
function

conve
rts

num
e
rals

(te
x
t)

into
Pyth

on
num

b
e
rs.

•
In

actual
com

pile
rs,

th
is

is
ofte

n
d
one

b
y
th

e
le
x
ical

analyze
r,

b
ut

th
e
b
ound

ary
b
e
tw

e
e
n
le
x
e
r
and

parse
r
is

m
ove

ab
le
.

d
e
f
a
n
a
l
y
z
e
t
o
k
e
n
(
t
o
k
e
n
)
:

"
"
"
R
e
t
u
r
n
t
h
e

n
u
m
e
r
i
c
v
a
l
u
e
o
f

t
o
k
e
n
i
f
i
t

c
a
n
b
e

a
n
a
l
y
z
e
d
a
s
a

n
u
m
b
e
r
,
a
n
d

o
t
h
e
r
w
i
s
e
t
o
k
e
n
i
t
s
e
l
f
.
"
"
"

t
r
y
:

r
e
t
u
r
n
i
n
t
(
t
o
k
e
n
)

#
W
h
y

t
r
y
t
h
i
s
f
i
r
s
t
?

e
x
c
e
p
t
V
a
l
u
e
E
r
r
o
r
:

t
r
y
:

r
e
t
u
r
n
f
l
o
a
t
(
t
o
k
e
n
)

e
x
c
e
p
t
V
a
l
u
e
E
r
r
o
r
:

r
e
t
u
r
n
t
o
k
e
n
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L
im

ita
tions

of
Pre

d
ictive

Pa
rse

rs

•
N
ot

all
language

s
le
nd

th
e
m
se

lve
s
to

pre
d
ictive

parsing.

•
C
onsid

e
r
th

e
E
nglish

se
nte

nce
:

S
ub

je
ct

of
th

e
se

nte
nce

︷
︸
︸

︷

T
h
e
h
orse

race
d
past

th
e
b
arn

fe
ll.

•
T
h
is

is
an

e
x
am

ple
of

a
gard

en-path
sentence

:

–
Y
ou

e
x
pe

ct
(m

igh
t
re

asonab
ly

pre
d
ict)

th
at

th
e
sub

je
ct

is
“T

h
e

h
orse

,”
and

e
nd

s
just

b
e
fore

“race
d
.”

–
B
ut

“race
d
”
h
e
re

m
e
ans

“th
at

w
as

race
d
,”
w
h
ich

you
can’t

te
lluntil

you
ge

t
to

th
e
last

w
ord

.

•
O
ne

can
use

b
acktracking

in
th

is
case

(like
th

e
m
aze

program
).

•
R
e
quire

s
a
d
iffe

re
nt

program
structure

.
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D
e
a
ling

w
ith

E
rrors

•
C
od

e
so

far
h
as

assum
e
d
corre

ct
input.

In
re

allife
,one

m
ust

b
e
le
ss

trusting.

k
n
o
w
n
o
p
e
r
a
t
o
r
s
=

{
’
a
d
d
’
,
’
s
u
b
’
,
’
m
u
l
’
,
’
d
i
v
’
,
’
+
’
,
’
-
’
,
’
*
’
,
’
/
’
}

d
e
f
a
n
a
l
y
z
e
(
t
o
k
e
n
s
)
:

i
f

n
o
t
t
o
k
e
n
s
:
r
a
i
s
e
S
y
n
t
a
x
E
r
r
o
r
(
’
u
n
e
x
p
e
c
t
e
d
e
n
d

o
f
l
i
n
e
’
)

t
o
k
e
n
=

a
n
a
l
y
z
e
t
o
k
e
n
(
t
o
k
e
n
s
.
p
o
p
(
0
)
)

i
f

t
y
p
e
(
t
o
k
e
n
)
i
n
(
i
n
t
,
f
l
o
a
t
)
:

r
e
t
u
r
n
t
o
k
e
n

i
f

t
o
k
e
n
i
n
k
n
o
w
n
o
p
e
r
a
t
o
r
s
:

r
e
t
u
r
n
E
x
p
(
t
o
k
e
n
,
a
n
a
l
y
z
e
o
p
e
r
a
n
d
s
(
t
o
k
e
n
s
)
)

e
l
s
e
:r
a
i
s
e
S
y
n
t
a
x
E
r
r
o
r
(
’
u
n
e
x
p
e
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e
d
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t
o
k
e
n
)
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D
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E
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L
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M
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S
ty

le

•
E
rror-ch

e
cking

cod
e
clutte

rs
th

e
program

,so
w
e
m
igh

t
opt

for
som

e
-

th
ing

a
b
it

cle
are

r.

k
n
o
w
n
o
p
e
r
a
t
o
r
s
=

{
’
a
d
d
’
,
’
s
u
b
’
,
’
m
u
l
’
,
’
d
i
v
’
,
’
+
’
,
’
-
’
,
’
*
’
,
’
/
’

}

d
e
f
a
n
a
l
y
z
e
(
t
o
k
e
n
s
)
:

t
o
k
e
n
=

n
e
x
t
t
o
k
e
n
(
t
o
k
e
n
s
,
k
n
o
w
n
o
p
e
r
a
t
o
r
s
)

i
f

t
y
p
e
(
t
o
k
e
n
)
i
n
(
i
n
t
,
f
l
o
a
t
)
:

r
e
t
u
r
n
t
o
k
e
n

e
l
s
e
:r
e
t
u
r
n
E
x
p
(
t
o
k
e
n
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n
a
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y
z
e
o
p
e
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d
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o
k
e
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)
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k
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o
w
e
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i
f

l
e
n
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t
o
k
e
n
s
)
=
=
0
:

t
o
k
e
n
,
n
a
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e
=

N
o
n
e
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*
E
N
D
L
I
N
E
*
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e
l
s
e
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o
k
e
n
=
n
a
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e
=
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n
a
l
y
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e
t
o
k
e
n
(
t
o
k
e
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s
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p
o
p
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)
)

i
f

t
o
k
e
n
i
n
a
l
l
o
w
e
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o
r
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t
y
p
e
(
t
o
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n
)
i
n

[
i
n
t
,
f
l
o
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t
]
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n
t
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n
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d
)
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n
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