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F
a
ile

d
pre

cond
itions

•
Part

of
th

e
contract

b
e
tw

e
e
n
th

e
im

ple
m
e
ntor

and
clie

nt
is

th
e
se

t
of

precond
itions

und
e
r
w
h
ich

a
function,

m
e
th

od
,
e
tc.

is
suppose

d
to

ope
rate

.

•
E
x
am

ple
:

c
l
a
s
s
R
a
t
i
o
n
a
l
:

d
e
f

i
n
i
t

(
s
e
l
f
,
x
,

y
)
:

"
"
"
T
h
e
r
a
t
i
o
n
a
l
n
u
m
b
e
r
x
/
y
.

A
s
s
u
m
e
s
t
h
a
t
x

a
n
d
y

a
r
e
i
n
t
s
a
n
d

y
!
=
0
.
"
"
"

•
H
e
re

,
“x

a
n
d
y
a
r
e
i
n
t
s
a
n
d
y
!
=
0”

is
a
pre

cond
ition

on
th

e
clie

nt.

•
S
o
w
h
at

h
appe

ns
w
h
e
n
th

e
pre

cond
ition

is
not

m
e
t?
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Progra
m
m
e
r
E
rrors

•
Pyth

on
h
as

pre
cond

itions
of

its
ow

n.

•
E
.g.,

type
rule

s
on

ope
rations:

3
+

(
2
,
1
)
is

invalid
.

•
W

h
at

h
appe

ns
w
h
e
n
w
e
(program

m
e
rs)

violate
th

e
se

pre
cond

itions?
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O
utsid

e
E
ve

nts

•
S
om

e
ope

rations
m
ay

e
ntail

th
e
possib

ility
of

e
rrors

cause
d
b
y
th

e
d
ata

or
th

e
e
nvironm

e
nt

in
w
h
ich

a
program

runs.

•
I/O

ove
r
a
ne

tw
ork

is
a
com

m
on

e
x
am

ple
:
conne

ctions
go

d
ow

n;
d
ata

is
corrupte

d
.

•
U
se

r
input

is
anoth

e
r
m
ajor

source
of

e
rror:

w
e
m
ay

ask
to

re
ad

an
inte

ge
r
num

e
ral,

and
b
e
h
and

e
d
som

e
th

ing
non-num

e
ric.

•
A
gain,

w
h
at

h
appe

ns
w
h
e
n
such

e
rrors

occur?
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Possib
le

R
e
psonse

s

•
O
ne

approach
is

to
take

th
e
point

of
vie

w
th

at
w
h
e
n
a
pre

cond
ition

is
violate

d
,
allb

e
ts

are
off

and
th

e
im

ple
m
e
ntor

is
fre

e
to

d
o
anyth

ing.

–
C
orre

spond
s
to

a
logical

ax
iom

:
F
alse

⇒
T
rue

.

–
B
ut

not
a
particularly

h
e
lpful

or
safe

approach
.

•
O
ne

can
ad

opt
a
conve

ntion
in

w
h
ich

e
rrone

ous
ope

rations
re

turn
spe

cial
e
rror

value
s.

–
F
e
asib

le
in

Pyth
on,

b
ut

le
ss

so
in

language
s
th

at
re

quire
spe

cific
type

s
on

re
turn

value
s.

–
U
se

d
in

th
e
C
lib

rary,b
ut

can’t
b
e
use

d
for

non-inte
ge

r-re
turning

functions.

–
E
rror

prone
(too

e
asy

to
ignore

e
rrors).

–
C
lutte

re
d
(re

ad
e
r
is
force

d
to

w
ad

e
th

rough
a
lot

of
e
rror-h

and
ling

cod
e
,
a
d
istraction

from
th

e
m
ain

algorith
m
).

•
N
um

e
rous

program
m
ing

language
s,

includ
ing

Pyth
on,

support
a
ge

n-
e
ral

notion
of

ex
ceptional

cond
ition

or
ex

ception
w
ith

supporting
syntax

and
se

m
antics

th
at

se
parate

e
rror

h
and

ling
from

m
ain

pro-
gram

logic.
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A
sse

rtions

•
T
h
e
Pyth

on
a
sse

rt
state

m
e
nt

provid
e
s
a
stand

ard
w
ay

to
ch

e
ck

for
program

m
er

e
rrors.

•
T
w
o
form

s:

a
s
s
e
r
t

C
O
N
D
IT

IO
N

a
s
s
e
r
t

C
O
N
D
IT

IO
N
,

D
E
S
C
R
IPT

IO
N

•
E
quivale

nt
to

e
ith

e
r

i
f

d
e
b
u
g

a
n
d
n
o
t

C
O
N
D
IT

IO
N
:

r
a
i
s
e
A
s
s
e
r
t
i
o
n
E
r
r
o
r

i
f

d
e
b
u
g

a
n
d
n
o
t

C
O
N
D
IT

IO
N
:

r
a
i
s
e
A
s
s
e
r
t
i
o
n
E
r
r
o
r
(D

E
S
C
R
IPT

IO
N
)

•
B
y
d
e
fault,

d
e
b
u
g

is
true

.
py

th
on3

-
O
.
.
.

m
ake

s
it

false
.

•
B
e
cause

it
can

b
e
turne

d
off,

th
is

is
not

appropriate
for

d
e
te

ction
of

use
r
e
rrors,

or
oth

e
r
e
rrors

th
at

th
e

program
is

d
e
lib

e
rate

ly
d
e
signe

d
to

h
and

le
.
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E
x
ce

ptions

•
A
n
ex

ception
m
ech

anism
is

a
control

structure
th

at

–
H
alts

e
x
e
cution

at
one

point
in

a
program

(calle
d
raising

or
th

row
-

ing
an

e
x
ce

ption).

–
R
e
sum

e
s
e
x
e
cution

at
som

e
oth

e
r,

pre
viously

d
e
signate

d
point

in
th

e
program

(calle
d
catch

ing
or

h
and

ling
an

e
x
ce

ption).

•
In

Pyth
on,

th
e
raise

state
m
e
nt

raise
s
(or

th
row

s
e
x
ce

ptions,
and

th
e
try

state
m
e
nt

catch
e
s
th

e
m
.

d
e
f
f
0
(
.
.
.
)
:

t
r
y
:g
0
(
.
.
.
)

#
1
.

C
a
l
l
o
f
g
0
.
.
.

O
T
H
E
R
S
T
U
F
F

#
S
k
i
p
p
e
d

e
x
c
e
p
t
:

h
and

le
oops

#
4
.

H
a
n
d
l
e
p
r
o
b
l
e
m

d
e
f
g
1
(
.
.
.
)
:

#
2
.

C
a
l
l
e
d
b
y
g
0
,
p
o
s
s
i
b
l
y
m
a
n
y
c
a
l
l
s
d
o
w
n

i
f

d
e
t
e
c
t
E
r
r
o
r
(
)
:

r
a
i
s
e
O
o
p
s
(
)

#
3
.

R
a
i
s
e
e
x
c
e
p
t
i
o
n

M
O
R
E

#
S
k
i
p
p
e
d
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S
ta

nd
a
rd

E
x
ce

ptions

•
E
x
ce

ptions
are

ob
je
cts

of
b
uiltin

class
B
a
s
e
E
x
c
e
p
t
i
o
n
or

a
sub

type
of

it.

•
T
h
e

Pyth
on

language
and

its
lib

rary
use

s
se

ve
ral

pre
d
e
fine

d
sub

-
classe

s,
such

as:

T
y
p
e
E
r
r
o
r
A

value
h
as

th
e
w
rong

type
for

an
ope

ration.

I
n
d
e
x
E
r
r
o
r
O
ut-of-b

ound
s
list

or
tuple

ind
e
x
(e
.g.).

K
e
y
E
r
r
o
r
N
one

x
iste

nt
ke

y
to

d
ictionary

V
a
l
u
e
E
r
r
o
r
O
th

e
r
inappropriate

value
s
of

th
e
righ

t
type

.

A
s
s
e
r
t
i
o
n
E
r
r
o
r
A
n
a
sse

rt
state

m
e
nt

w
ith

a
false

asse
rtion.

I
O
E
r
r
o
r
N
on-e

x
iste

nt
file

,
e
.g.

O
S
E
r
r
o
r
B
ad

ope
rand

to
an

ope
rating-syste

m
call.
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C
om

m
unica

ting
th

e
R
e
a
son

•
N
orm

ally,
th

e
h
and

le
r
w
ould

like
to

know
th

e
re

ason
for

an
e
x
ce

p-
tion.

•
“R

e
ason,”

b
e
ing

a
noun,sugge

sts
w
e
use

ob
je
cts,w

h
ich

is
w
h
at

Pyth
on

d
oe

s.

•
Pyth

on
d
e
fine

s
th

e
class

B
ase

E
x
ce

ption.
It

or
any

sub
class

of
it

m
ay

conve
y
inform

ation
to

a
h
and

le
r.

W
e
’ll

call
th

e
se

ex
ception

classes.

•
B
ase

C
lassE

x
ce

ption
carrie

s
arb

itrary
inform

ation
as

if
d
e
clare

d
:

c
l
a
s
s
B
a
s
e
E
x
c
e
p
t
i
o
n
:

d
e
f

i
n
i
t

(
s
e
l
f
,
*
a
r
g
s
)
:

s
e
l
f
.
a
r
g
s
=
a
r
g
s

.
.
.

•
T
h
e
raise

state
m
e
nt

th
e
n
package

s
up

and
se

nd
s
inform

ation
to

a
h
and

le
r:r
a
i
s
e
V
a
l
u
e
E
r
r
o
r
(
"
x
m
u
s
t
b
e
p
o
s
i
t
i
v
e
"
,
x
,

y
)

r
a
i
s
e
V
a
l
u
e
E
r
r
o
r

#
S
h
o
r
t
f
o
r
r
a
i
s
e
V
a
l
u
e
E
r
r
o
r
(
)

e
=

V
a
l
u
e
E
r
r
o
r
(
"
e
x
c
e
p
t
i
o
n
s
a
r
e

j
u
s
t
o
b
j
e
c
t
s
!
"
)

r
a
i
s
e
e

#
S
o

t
h
i
s
w
o
r
k
s
,
t
o
o
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H
a
nd

le
rs

•
A

function
ind

icate
s
th

at
som

e
th

ing
is

w
rong;

it
is

th
e
clie

nt
(calle

r)
th

at
d
e
cid

e
s
w
h
at

to
d
o
ab

out
it.

•
T
h
e
try

state
m
e
nt

allow
s
one

to
provid

e
one

or
m
ore

h
and

le
rs

for
a
se

t
of

state
m
e
nts,

w
ith

se
le
ction

b
ase

d
on

th
e
type

of
e
x
ce

ption
ob

je
ct

th
row

n.

t
r
y
:assorted

statem
ents

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

p
r
i
n
t
(
"
S
o
m
e
t
h
i
n
g
w
a
s

w
r
o
n
g
w
i
t
h

t
h
e
a
r
g
u
m
e
n
t
s
"
)

e
x
c
e
p
t
E
n
v
i
r
o
n
m
e
n
t
E
r
r
o
r
:

#
A
l
s
o
c
a
t
c
h
e
s
s
u
b
t
y
p
e
s
I
O
E
r
r
o
r
,
O
S
E
r
r
o
r

p
r
i
n
t
(
"
T
h
e
o
p
e
r
a
t
i
n
g
s
y
s
t
e
m
i
s

t
e
l
l
i
n
g
u
s

s
o
m
e
t
h
i
n
g
"
)

e
x
c
e
p
t
:

#
S
o
m
e
o
t
h
e
r
e
x
c
e
p
t
i
o
n

p
r
i
n
t
(
"
S
o
m
e
t
h
i
n
g
w
r
o
n
g
"
)
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R
e
trie

ving
th

e
E
x
ce

ption

•
S
o
far,

w
e
’ve

just
looke

d
at

e
x
ce

ption
types.

•
T
o
ge

t
at

th
e
e
x
ce

ption
ob

je
cts,

use
a
b
it

m
ore

syntax
:

t
r
y
:assorted

statem
ents

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

p
r
i
n
t
(
"
S
o
m
e
t
h
i
n
g
w
a
s

w
r
o
n
g
w
i
t
h

t
h
e
a
r
g
u
m
e
n
t
s
:

{
0
}
"
,
e
x
c
)
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C
le
a
ning

U
p
a
nd

R
e
ra

ising

•
S
om

e
tim

e
s
w
e
catch

an
e
x
ce

ption
in

ord
e
r
to

cle
an

th
ings

up
b
e
fore

th
e
re

al
h
and

le
r
take

s
ove

r.
i
n
p
=

o
p
e
n
(
a
F
i
l
e
)

t
r
y
:A

ssorted
processing

i
n
p
.
c
l
o
s
e
(
)

e
x
c
e
p
t
:

i
n
p
.
c
l
o
s
e
(
)

r
a
i
s
e

#
R
e
r
a
i
s
e
t
h
e
s
a
m
e
e
x
c
e
p
t
i
o
n
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F
ina

lly
C
la
use

s

•
M
ore

ge
ne

rally,
w
e
can

cle
an

th
ings

up
re

gard
le
ss

of
h
ow

w
e
le
ave

th
e
try

state
m
e
nt:

f
o
r
i

i
n
r
a
n
g
e
(
1
0
0
)

t
r
y
:

s
e
t
T
i
m
e
r
(
1
0
)

#
S
e
t
t
i
m
e
l
i
m
i
t

i
f
f
o
u
n
d
(
i
)
:

b
r
e
a
k

l
o
n
g
C
o
m
p
u
t
a
t
i
o
n
T
h
a
t
M
i
g
h
t
T
i
m
e
O
u
t
(
)

f
i
n
a
l
l
y
:

c
a
n
c
e
l
T
i
m
e
r
(
)

#
C
o
n
t
i
n
u
e
w
i
t
h
’
b
r
e
a
k
’
o
r

w
i
t
h
e
x
c
e
p
t
i
o
n

•
T
h
is

fragm
e
nt

w
ill

alw
ays

cance
l
th

e
tim

e
r,

w
h
e
th

e
r
th

e
loop

e
nd

s
b
e
cause

of
b
re

ak
or

a
tim

e
out

e
x
ce

ption.

•
A
fte

r
w
h
ich

,
it

carrie
s
on

w
h
ate

ve
r
cause

d
th

e
try

to
stop.
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“W
ith

”
C
la
use

s

•
T
h
e
f
i
n
a
l
l
y
state

m
e
nt

com
e
s
in

use
ful

in
a
num

b
e
r
of

stand
ard

place
s,

such
as

ge
ne

rally

–
W

h
e
n
th

e
program

re
se

rve
s
som

e
resource

for
its

use
from

a
sm

all
se

t
of

such
re

source
s,

and
m
ust

b
e

sure
to

re
turn

it
to

pre
ve

nt
d
e
ad

locking
th

e
syste

m
.

–
W

h
e
n
th

e
program

cre
ate

s
som

e
kind

of
pe

rsistant
ob

je
ct

(like
a

file
)
th

at
re

quire
s
som

e
spe

cific
action

b
e
fore

it
is

com
ple

te
.

•
S
uch

situations
are

sufficie
ntly

com
m
on

th
at

Pyth
on’s

d
e
signe

rs
d
e
-

cid
e
d

to
provid

e
a
m
ore

concise
and

ge
ne

ral
construct

to
h
and

le
th

e
m
.

•
J
ust

as
f
o
r

state
m
e
nts

and
ge

ne
rator

d
e
finitions

are
associate

d
w
ith

particular
kind

s
of

ob
je
ct

type
—
ite

rator
and

ite
rab

le
s—

th
is

ne
w
construct

is
associate

d
w
ith

a
kind

of
ob

je
ct

know
n
as

a
contex

t
m
anager.
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E
x
a
m
ple

•
If

you
re

ally
w
ant

to
b
e
tid

y
ab

out
using

a
file

,you
ne

e
d
th

e
follow

ing
pie

ce
s,

at
le
ast:

d
e
f
w
r
i
t
e
A
l
l
(
f
i
l
e
n
a
m
e
,
t
e
x
t
)
:

"
"
"
C
r
e
a
t
e
(
o
r

o
v
e
r
w
r
i
t
e
)
a
f
i
l
e
n
a
m
e
d
F
I
L
E
N
A
M
E
w
i
t
h
t
h
e
s
t
r
i
n
g
T
E
X
T
.
"
"
"

t
r
y
:

o
u
t
=

o
p
e
n
(
f
i
l
e
n
a
m
e
,
"
w
"
)

#
O
p
e
n
f
o
r
w
r
i
t
i
n
g

o
u
t
.
w
r
i
t
e
(
t
e
x
t
)

f
i
n
a
l
l
y
:

o
u
t
.
c
l
o
s
e
(
)

#
M
a
k
e
s
u
r
e
e
v
e
r
y
t
h
i
n
g
i
s

w
r
i
t
t
e
n

•
T
h
is

can
b
e
e
ffe

cte
d
concise

ly
w
ith

d
e
f
w
r
i
t
e
A
l
l
(
f
i
l
e
n
a
m
e
,
t
e
x
t
)
:

"
"
"
C
r
e
a
t
e
(
o
r

o
v
e
r
w
r
i
t
e
)
a
f
i
l
e
n
a
m
e
d
F
I
L
E
N
A
M
E
w
i
t
h
t
h
e
s
t
r
i
n
g
T
E
X
T
.
"
"
"

w
i
t
h
o
p
e
n
(
f
i
l
e
n
a
m
e
,
"
w
"
)
a
s
o
u
t
:

o
u
t
.
w
r
i
t
e
(
t
e
x
t
)

•
T
h
is

is
b
e
cause

Pyth
on

file
s
(re

turne
d
b
y
o
p
e
n)

im
ple

m
e
nt

th
e
m
e
th

-
od

s
re

quire
d
to

b
e
conte

x
t
m
anage

rs:
e
n
t
e
r

and
e
x
i
t

.
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W
ith

-
S
ta

te
m
e
nt

D
e
ta

ils
(S

im
plifie

d
)

•
T
h
e
state

m
e
nt

w
i
t
h

E
1
a
s

V
A
R
:

S
T
A
T
E
M
E
N
T
S

is
e
sse

ntially
th

e
sam

e
as

m
g
r
=

E
1

V
A
R

=
m
g
r
.

e
n
t
e
r

(
)

o
k
=

T
r
u
e

t
r
y
:

t
r
y
:S

T
A
T
E
M
E
N
T
S

e
x
c
e
p
t
:

o
k
=

F
a
l
s
e

i
f
n
o
t
m
g
r
.

e
x
i
t

(
i
n
f
o
a
b
o
u
t
t
h
e

e
x
c
e
p
t
i
o
n
)
:

r
a
i
s
e

#
R
e
-
r
a
i
s
e
t
h
e

e
x
c
e
p
t
i
o
n

f
i
n
a
l
l
y
:

i
f

o
k
:

m
g
r
.

e
x
i
t

(
N
o
n
e
,
N
o
n
e
,
N
o
n
e
)

•
[W

A
R
N
IN

G
:
T
h
is

is
not

e
ntire

ly
corre

ct,
b
e
ing

sim
plifie

d
,
b
ut

it
give

s
th

e
ge

ne
ral

id
e
a.]
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O
th

e
r
U
se

s
of

E
x
ce

ptions

•
W

e
’ve

d
e
scrib

e
d
a
softw

are
-e
ngine

e
ring

m
otivation

for
e
x
ce

ptions:
d
e
aling

w
ith

e
rrone

ous
cond

itions.

•
B
ut

from
a
program

m
ing-language

point
of

vie
w
,th

e
y’re

just
anoth

e
r

control
structure

.

•
Pyth

on
use

s
th

e
m

in
non-e

rrone
ous

situations
as

w
e
ll:

–
W

e
’ve

se
e
n
th

at
iterators

use
S
t
o
p
I
t
e
r
a
t
i
o
n
to

ind
icate

th
e
y

h
ave

no
m
ore

e
le
m
e
nts.

–
A
lte

rnative
ly,

Pyth
on

can
cre

ate
an

ite
rator

out
of

any
ob

je
ct

th
at

h
as

a
g
e
t
i
t
e
m

m
e
th

od
,w

h
ich

(as
usual)

raise
s
I
n
d
e
x
E
r
r
o
r

to
ind

icate
th

e
e
nd

of
a
se

que
nce

.
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S
um

m
a
ry

•
E
x
ce

ptions
are

a
w
ay

of
re

turning
inform

ation
from

a
function

“out
of

b
and

,”
and

allow
ing

program
m
e
rs

to
cle

arly
se

parate
e
rror

h
an-

d
ling

from
norm

al
case

s.

•
In

e
ffe

ct,
spe

cifying
possib

le
e
x
ce

ptions
is

th
e
re

fore
part

of
th

e
inte

rface
.

•
U
sually,

th
e
spe

cification
is

im
plicit:

one
assum

e
s
th

at
violation

of
a

pre
cond

ition
m
igh

t
cause

an
e
x
ce

ption.

•
W

h
e
n
a
particular

e
x
ce

ption
ind

icate
s
som

e
th

ing
th

at
m
igh

t
nor-

m
ally

arise
(e
.g.,b

ad
use

r
input),it

w
illofte

n
b
e
m
e
ntione

d
e
x
plicitly

in
th

e
d
ocum

e
ntation

of
a
function.

•
F
inally,

raise
and

try
m
ay

b
e
use

d
pure

ly
as

norm
al

control
struc-

ture
s.

B
y
conve

ntion,
th

e
e
x
ce

ptions
use

d
in

th
is

case
d
on’t

e
nd

in
“E

rror.”
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