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#
7
:
D
e
fining

S
y
nta

x

•
In

e
ffe

ct,function
and

class
d
e
finitions

e
x
te

nd
th

e
Pyth

on
language

b
y
ad

d
ing

ne
w
com

m
and

s
and

d
ata

type
s.

•
H
ow

e
ve

r,
th

e
se

are
h
igh

ly
constraine

d
e
x
te

nsions.

•
F
or

e
x
am

ple
,
th

e
is

no
w
ay

to
d
e
fine

d
e
f
s
w
a
p
(
x
,
y
)
:

"
"
"
S
w
a
p
t
h
e
v
a
l
u
e
s
o
f
v
a
r
i
a
b
l
e
s
X
a
n
d

Y
.
"
"
"

?
?
?
?

b
e
cause

Pyth
on

use
d
call-b

y-value
.

•
L
ike

w
ise

,th
e
re

is
ge

ne
rally

no
w
ay

to
d
e
fine

a
ne

w
controlconstruct.

•
Ind

e
e
d
,
language

e
x
te

nsion
can

b
e
d
ange

rous;
it’s

e
asy

to
ge

t
w
rong

and
can

m
ake

program
s
le
ss

e
asy

to
re

ad
or

und
e
rstand

.
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M
a
cros

•
A

m
acro

is
a
program

m
ing-language

construct
th

at
allow

s
one

to
d
e
-

fine
,
in

e
ffe

ct,
a
function

th
at

generates
program

tex
t
th

at
is

sub
-

stitute
d
for

“calls”
on

th
e
m
acro

function.

•
F
or

e
x
am

ple
(m

aking
up

som
e
ne

w
Pyth

on
syntax

):

d
e
f
m
a
c
r
o
s
w
a
p
(
x
,
y
)
:

x
,

y
=

y
,
x

•
A

call
on

th
is

m
acro,

such
as

s
w
a
p
(
a
[
i
]
,
a
[
k
]
)

w
ould

b
e
ex

pand
ed

into

a
[
i
]
,
a
[
k
]
=

a
[
k
]
,
a
[
i
]

w
h
ich

is
w
h
at

actually
ge

ts
e
x
e
cute

d
.
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S
im

ple
M
a
cro

F
e
a
ture

s

•
T
h
e
(im

aginary)
d
e
f
m
a
c
r
o
construct

is
e
sse

ntially
th

e
sam

e
as

th
e

m
acro

facilitie
s
of

C
and

C
++.

•
In

th
ose

language
s,

th
e
d
e
finition

#
d
e
f
i
n
e
B
L
U
E
3

sim
ply

cause
s
‘3’to

b
e
sub

stitute
d
for

th
e
id
e
ntifie

r
‘B
L
U
E’w

h
e
re

ve
r

it
appe

ars.

•
A
nd

d
e
finitions

such
as

#
d
e
f
i
n
e
d
o
L
i
s
t
(
V
a
r
,
L
i
s
t
)
\

f
o
r
(
L
i
n
k
e
d
L
i
s
t
*
V
a
r
=
L
i
s
t
;
V
a
r
!
=
N
U
L
L
;
V
a
r
=

V
a
r
-
>
n
e
x
t
)

e
x
pand

s

d
o
L
i
s
t
(
A
,
m
y
L
i
s
t
)

into

f
o
r
(
L
i
n
k
e
d
L
i
s
t
*
A
=
m
y
L
i
s
t
;
A
!
=
N
U
L
L
;
A
=
A
-
>
n
e
x
t
)
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C
M
a
cro

I
m
ple

m
e
nta

tion

•
T
h
e
se

sub
stitutions

are
pe

rform
e
d
in

C
and

C
++

b
y
a
preprocessor

program
b
e
fore

stand
ard

com
pilation

take
s
place

.

•
T
h
e
pre

proce
ssor

pe
rform

s
sub

stitutions
and

d
e
le
te

s
allth

e
m
acro-

d
e
finition

state
m
e
nts

(as
w
e
ll
as

C
/C

++
com

m
e
nts).

•
T
h
e
se

m
acros

d
o
not

ob
se

rve
scope

rule
s;

th
e
m
acro

pre
proce

ssor
actually

know
s
alm

ost
noth

ing
ab

out
C
.

•
In

fact,
one

can
use

th
e
C
pre

proce
ssor

as
a
se

parate
program

on
any

kind
of

te
x
tual

input
d
ata.
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B
e
lls

a
nd

W
h
istle

s

•
A
sid

e
from

sim
ple

sub
stitution

of
m
acro

param
e
te

rs,
C
/C

++
m
acros

provid
e
ve

ry
little

in
th

e
w
ay

of
te

x
t
proce

ssing...

•
...asid

e
from

“stringification”:

#
d
e
f
i
n
e
d
e
f
s
y
m
(
x
)

x
=

#
x

d
e
f
s
y
m
(
y
)

e
x
p
a
n
d
s
i
n
t
o

y
=
"
y
"

•
...and

toke
n
concate

nation:

#
d
e
f
i
n
e
d
o
A
r
r
a
y
(
v
a
r
,
A
,
l
o
w
,
h
i
g
h
)
\

f
o
r
(
i
n
t
v
a
r
#
#
_
i
n
d
e
x
=
l
o
w
;
v
a
r
#
#
_
i
n
d
e
x
<
h
i
g
h
;
\

v
a
r
#
#
_
i
n
d
e
x
+
=
1
)
{
\

i
n
t
v
a
r
=
(
A
)
[
v
a
r
#
#
_
i
n
d
e
x
]
;

#
d
e
f
i
n
e
e
n
d
D
o

}

T
h
is

e
x
am

ple
allow

s
one

to
w
rite

th
ings

like

d
o
A
r
r
a
y
(
p
,
a
n
A
r
r
a
y
,
0
,
N
)

p
r
i
n
t
f
(
"
I
t
e
m
%
d
i
s
%
d
.
\
n
"
,
p
_
i
n
d
e
x
,
p
)
;

e
n
d
D
o
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C
ond

itiona
l
C
om

pila
tion

•
T
h
e
C
m
acro

pre
proce

ssor
also

provid
e
s
state

m
e
nts

like
th

is:

#
i
f
d
e
f
i
n
e
d
(
N
D
E
B
U
G
)

#
d
e
f
i
n
e
a
s
s
e
r
t
(
T
e
s
t
,
M
e
s
s
a
g
e
)

#
e
l
s
e#
d
e
f
i
n
e
a
s
s
e
r
t
(
T
e
s
t
,
M
e
s
s
a
g
e
)
\

i
f
(
!
(
T
e
s
t
)
)
{
\

f
p
r
i
n
t
f
(
s
t
d
e
r
r
,
"
%
s
\
n
"
,
M
e
s
s
a
g
e
)
;
\

a
b
o
r
t
(
1
)
;
\

}

#
e
n
d
i
f

•
T
h
is

e
x
am

ple
says

th
at

if
a
m
acro

nam
e
d
N
D
E
B
U
G
is

d
e
fine

d
,
w
e
d
e
-

fine
a
m
acro

nam
e
d
a
s
s
e
r
t
to

d
o
noth

ing
(it

e
x
pand

s
to

noth
ing),

and
oth

e
rw

ise
it

e
x
pand

s
to

a
state

m
e
nt

th
at

te
sts

w
h
e
th

e
r
an

e
x
-

pre
ssion

T
e
s
t
is

true
,
and

e
x
its

w
ith

an
e
rror

m
e
ssage

if
it

isn’t.

•
T
h
us,

w
h
e
n
N
D
E
B
U
G

is
d
e
fine

d
,
all

asse
rtions

in
th

e
program

are
“turne

d
off”

and
consum

e
no

e
x
e
cution

tim
e
.

•
T
h
is

facility
is

calle
d
cond

itional
com

pilation.
E
ve

ryth
ing

h
e
re

h
ap-

pe
ns

b
efore

any
e
x
e
cution

of
th

e
program

.
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S
ch

e
m
e
M
a
cros

•
T
h
e
L
isp

fam
ily

h
as

its
ow

n
ve

rsion
of

m
acro

proce
ssing,

one
th

at
is

far
m
ore

pow
e
rful

th
an

th
at

of
C
.

•
S
ch

e
m
e
provid

e
s
a
pow

e
rful

(b
ut

rath
e
r
tricky)

w
ay

to
cre

ate
ne

w
spe

cial
form

s:
d
e
f
i
n
e
-
s
y
n
t
a
x.

•
O
ne

of
th

e
e
x
te

nsions
of

our
proje

ct
is

a
sim

ple
r,

m
ore

trad
itional

form
of

th
is:

d
e
f
i
n
e
-
m
a
c
r
o.

•
M
acros

are
like

functions,
b
ut

–
D
o
not

e
valuate

th
e
ir

argum
e
nts

(th
is

is
w
h
at

m
ake

s
th

e
m

spe
cial

form
s).

–
A
utom

atically
tre

at
th

e
re

turne
d
value

as
a
S
ch

e
m
e
e
x
pre

ssion
and

e
x
e
cute

it.

•
T
h
us,

m
acros

“w
rite

”
program

s
th

at
th

e
n
ge

t
e
x
e
cute

d
.

L
ast

m
od

ified
:
F
ri

A
pr

7
18

:15
:0
8
2
0
17

C
S
6
1A

:
E
x
tra

L
ecture

#
7

7

F
irst:

Q
ua

siquote

•
W

riting
program

s
th

at
w
rite

program
s
e
ntails

constructing
S
ch

e
m
e

e
x
pre

ssions
th

at
ofte

n
contain

sub
stantial

constant
parts

(th
at

one
w
ould

like
to

w
rite

as
ord

inary
S
ch

e
m
e
lists)

w
ith

pie
ce

s
th

at
are

com
pute

d
and

d
iffe

r
from

one
e
x
pansion

to
anoth

e
r.

•
F
or

th
is

purpose
,
it

is
conve

nie
nt

to
h
ave

a
m
inilanguage

th
at

allow
s

one
to

w
rite

e
x
pre

ssions
th

at
re

se
m
b
le

th
e
e
x
pre

ssions
th

e
y
pro-

d
uce

.

•
W

ith
quasiquote

,
I
can

w
rite

(
l
i
s
t
’
a
’
b

(
+
2

3
)
’
d
)

;
;
w
h
i
c
h
p
r
o
d
u
c
e
s
(
a

b
5
d
)
,

a
s

‘
(
a
b

,
(
+
2

3
)
d
)

;
;
T
h
a
t
’
s
a

b
a
c
k
q
u
o
t
e
i
n
f
r
o
n
t

•
T
h
at

is,
e
ve

ryth
ing

pre
ce

d
e
d
b
y
a
com

m
a
is

re
place

d
b
y
its

value
.

•
A
d
d
itionally,

in
place

of

(
d
e
f
i
n
e
v
a
l
u
e
s
(
l
i
s
t
(
+

2
3
)

(
-
2

1
)
)
)

(
a
p
p
e
n
d
’
(
a
b
)
v
a
l
u
e
s
’
(
d
)
)

;
;
w
h
i
c
h
p
r
o
d
u
c
e
s
(
a

b
5
1

d
)
,
I

c
a
n
w
r
i
t
e

‘
(
a
b

,
@
v
a
l
u
e
s
d
)

o
r

(
a
b

,
@
(
l
i
s
t
(
+
2

3
)
(
-

2
1
)
)

d
)

•
T
h
at

is
e
ve

ryth
ing

pre
ce

d
e
d
b
y
‘,@

’is
e
valuate

d
and

its
(list)

value
splice

d
in.
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M
a
cro

E
x
a
m
ple

•
W

e
m
ay

d
e
fine

a
ne

w
looping

construct:

(
d
e
f
i
n
e
-
m
a
c
r
o
(
w
h
i
l
e
c
o
n
d
s
t
m
t
)

‘
(
b
e
g
i
n
(
d
e
f
i
n
e
(
$
l
o
o
p
$
)
(
i
f
,
c
o
n
d
(
b
e
g
i
n
,
s
t
m
t
(
$
l
o
o
p
$
)
)
)
)

(
$
l
o
o
p
$
)
)
)

•
S
o
(
w
h
i
l
e
(
>
x
y
)
(
s
e
t
!

x
(
f
y
)
)
)
first

yie
ld
s

(
b
e
g
i
n
(
d
e
f
i
n
e
(
$
l
o
o
p
$
)

(
i
f
(
>

x
y
)
(
b
e
g
i
n
(
s
e
t
!
x
(
f

y
)
)
(
$
l
o
o
p
$
)
)
)
)

(
$
l
o
o
p
$
)
)

•
A
nd

th
e
n
th

is
is

e
x
e
cute

d
.
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A
M
a
cro

for
S
tre

a
m
s

•
S
yntax

e
x
te

nsion
allow

s
us

to
d
e
fine

a
conve

nie
nt

kind
of

stre
am

in
S
ch

e
m
e
.

•
A
s
w
e
d
id

in
Pyth

on,
a
stre

am
in

S
ch

e
m
e
w
ill

consist
of

a
h
e
ad

,
and

e
ith

e
r
a
function

to
com

pute
th

e
tail

or
th

e
tail

itse
lf.

(
d
e
f
i
n
e
-
m
a
c
r
o
(
c
o
n
s
-
s
t
r
e
a
m
h
e
a
d
t
a
i
l
)

‘
(
c
o
n
s
,
h
e
a
d
(
l
a
m
b
d
a
(
)
,
t
a
i
l
)
)
)

•
W

e
’ll

ne
e
d
a
spe

cial
c
d
r
function

th
at

calls
th

e
tail

com
putation

(if
it

is
a
function).

(
d
e
f
i
n
e
(
c
d
r
-
s
t
r
e
a
m
s
t
r
)

(
i
f

(
p
r
o
c
e
d
u
r
e
?
(
c
d
r

s
t
r
)
)

;
C
o
m
p
u
t
e
a
n
d
m
e
m
o
i
z
e
t
a
i
l

(
s
e
t
-
c
d
r
!
s
t
r
(
(
c
d
r
s
t
r
)
)
)
)

(
c
d
r
s
t
r
)
)

•
A
ctually,

th
e
se

are
b
uilt

into
our

(fully
e
x
te

nd
e
d
)
proje

ct.
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S
tre

a
m
s
in

S
ch

e
m
e

;
;

T
h
e
s
t
r
e
a
m
o
f
a
l
l
1
’
s

(
d
e
f
i
n
e
o
n
e
s
(
c
o
n
s
-
s
t
r
e
a
m
1
o
n
e
s
)
)

(
c
a
r
o
n
e
s
)
=
=
=
>
1

(
c
a
r
(
c
d
r
-
s
t
r
e
a
m
o
n
e
s
)
)
=
=
=
>
1

(
d
e
f
i
n
e
(
a
d
d
-
s
t
r
e
a
m
s
a

b
)

;
I
n
f
i
n
i
t
e
s
t
r
e
a
m
s
,
t
h
a
t
i
s

(
c
o
n
s
-
s
t
r
e
a
m
(
+

(
c
a
r
a
)
(
c
a
r
b
)
)

(
a
d
d
-
s
t
r
e
a
m
s
(
c
d
r
-
s
t
r
e
a
m
a
)
(
c
d
r
-
s
t
r
e
a
m
b
)
)
)
)

;
;

T
h
e
s
t
r
e
a
m
1
2

3
.
.
.

(
d
e
f
i
n
e
n
u
m
s
?
)

;
;

T
h
e
F
i
b
o
n
a
c
c
i
s
e
q
u
e
n
c
e

(
d
e
f
i
n
e
f
i
b
(
c
o
n
s
-
s
t
r
e
a
m
1

(
c
o
n
s
-
s
t
r
e
a
m
1

?
)
)
)
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S
tre

a
m
s
in

S
ch

e
m
e

;
;

T
h
e
s
t
r
e
a
m
o
f
a
l
l
1
’
s

(
d
e
f
i
n
e
o
n
e
s
(
c
o
n
s
-
s
t
r
e
a
m
1
o
n
e
s
)
)

(
c
a
r
o
n
e
s
)
=
=
=
>
1

(
c
a
r
(
c
d
r
-
s
t
r
e
a
m
o
n
e
s
)
)
=
=
=
>
1

(
d
e
f
i
n
e
(
a
d
d
-
s
t
r
e
a
m
s
a

b
)

;
I
n
f
i
n
i
t
e
s
t
r
e
a
m
s
,
t
h
a
t
i
s

(
c
o
n
s
-
s
t
r
e
a
m
(
+

(
c
a
r
a
)
(
c
a
r
b
)
)

(
a
d
d
-
s
t
r
e
a
m
s
(
c
d
r
-
s
t
r
e
a
m
a
)
(
c
d
r
-
s
t
r
e
a
m
b
)
)
)
)

;
;

T
h
e
s
t
r
e
a
m
1
2

3
.
.
.

(
d
e
f
i
n
e
n
u
m
s
(
c
o
n
s
-
s
t
r
e
a
m
1
(
a
d
d
-
s
t
r
e
a
m
s
o
n
e
s
n
u
m
s
)
)
)

;
;

T
h
e
F
i
b
o
n
a
c
c
i
s
e
q
u
e
n
c
e

(
d
e
f
i
n
e
f
i
b
(
c
o
n
s
-
s
t
r
e
a
m
1

(
c
o
n
s
-
s
t
r
e
a
m
1

?
)
)
)
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S
tre

a
m
s
in

S
ch

e
m
e

;
;

T
h
e
s
t
r
e
a
m
o
f
a
l
l
1
’
s

(
d
e
f
i
n
e
o
n
e
s
(
c
o
n
s
-
s
t
r
e
a
m
1
o
n
e
s
)
)

(
c
a
r
o
n
e
s
)
=
=
=
>
1

(
c
a
r
(
c
d
r
-
s
t
r
e
a
m
o
n
e
s
)
)
=
=
=
>
1

(
d
e
f
i
n
e
(
a
d
d
-
s
t
r
e
a
m
s
a

b
)

;
I
n
f
i
n
i
t
e
s
t
r
e
a
m
s
,
t
h
a
t
i
s

(
c
o
n
s
-
s
t
r
e
a
m
(
+

(
c
a
r
a
)
(
c
a
r
b
)
)

(
a
d
d
-
s
t
r
e
a
m
s
(
c
d
r
-
s
t
r
e
a
m
a
)
(
c
d
r
-
s
t
r
e
a
m
b
)
)
)
)

;
;

T
h
e
s
t
r
e
a
m
1
2

3
.
.
.

(
d
e
f
i
n
e
n
u
m
s
(
c
o
n
s
-
s
t
r
e
a
m
1
(
a
d
d
-
s
t
r
e
a
m
s
o
n
e
s
n
u
m
s
)
)
)

;
;

T
h
e
F
i
b
o
n
a
c
c
i
s
e
q
u
e
n
c
e

(
d
e
f
i
n
e
f
i
b
(
c
o
n
s
-
s
t
r
e
a
m
1

(
c
o
n
s
-
s
t
r
e
a
m
1

(
a
d
d
-
s
t
r
e
a
m
s
f
i
b
(
c
d
r
-
s
t
r
e
a
m
f
i
b
)
)
)
)
)
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N
a
m
e
C
la
sh

e
s

•
T
h
e
unne

ce
ssary

use
of

m
acros

h
as

long
b
e
e
n
d
iscourage

d
,
b
e
cause

th
e
y
introd

uce
som

e
se

rious
issue

s.

•
C
onsid

e
r
our

loop
e
x
am

ple
:

(
d
e
f
i
n
e
-
m
a
c
r
o
(
w
h
i
l
e
c
o
n
d
s
t
m
t
)

‘
(
b
e
g
i
n
(
d
e
f
i
n
e
(
$
l
o
o
p
$
)
(
i
f
,
c
o
n
d
(
b
e
g
i
n
,
s
t
m
t
(
$
l
o
o
p
$
)
)
)
)

(
$
l
o
o
p
$
)
)
)

•
T
h
e
id
e
ntifie

r
$
l
o
o
p
$
is

inte
nd

e
d
to

b
e
local

to
th

e
m
acro.

I
gave

it
a
funny

nam
e
to

m
ake

it
unlike

ly
th

at
it

w
ill

conflict
w
ith

any
nam

e
s

th
e
program

m
e
r
h
as

use
d
.

•
B
ut

th
e
re

’s
no

guarante
e
th

at
I’ve

succe
e
d
e
d
in

pre
ve

nting
a
nam

e
clash

.

•
O
ne

solution:
som

e
L
isp

d
iale

cts
supply

a
b
uiltin

function
th

at
ge

n-
e
rate

s
ne

w
sym

b
ols

th
at

are
guarante

e
d

to
d
iffe

r
from

all
oth

e
r

sym
b
ols.

(
d
e
f
i
n
e
-
m
a
c
r
o
(
w
h
i
l
e
c
o
n
d
s
t
m
t
)

(
d
e
f
i
n
e
l
o
o
p
-
s
y
m
(
g
e
n
s
y
m
)
)

‘
(
b
e
g
i
n
(
d
e
f
i
n
e
(
,
l
o
o
p
-
s
y
m
)
(
i
f

,
c
o
n
d
(
b
e
g
i
n
,
s
t
m
t
(
,
l
o
o
p
-
s
y
m
)
)
)
)

(
,
l
o
o
p
-
s
y
m
)
)
)
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R
e
a
l
S
ch

e
m
e
A
pproa

ch

•
R
e
al

S
ch

e
m
e
allow

s
a
ge

ne
ral

syntax
-d

e
finition

construct
th

at
cre

-
ate

s
local

variab
le
s
as

ne
e
d
e
d
(am

ong
oth

e
r
th

ings).

(
d
e
f
i
n
e
-
s
y
n
t
a
x
w
h
i
l
e

(
s
y
n
t
a
x
-
r
u
l
e
s
(
)

(
(

p
r
e
d
b
1
.
.
.
)

(
l
e
t
l
o
o
p
(
)

(
w
h
e
n
p
r
e
d
b
1
.
.
.

(
l
o
o
p
)
)
)
)
)
)
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