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P
rocedures A

s D
ata

In m
y docum

ent Evaluating Schem
e E

xpressions, it's show
n that the 

lam
bda special form

evaluates to data that's the procedure type.  It's i
m

portant to notice that this procedure data type
is a first-class data type.  In fact, m

ost S
chem

e data types are first-class!  N
um

bers, 
boolean, and

sym
bols are also first-class data types.  T

his m
eans that num

bers and procedures share som
e

com
m

on features:

�

A
 sym

bol can be bound to it.

�

It can be used as an actual param
eter

1 in a procedure call.

�

C
alling procedures can evaluate to it.

2

�

It can be used in com
pound data

3.

B
inding Sym

bols to P
rocedures

A
lready w

e have been binding sym
bols to procedures extensively.  U

p until this point,
every tim

e w
e define a procedure, w

e bind a sym
bol to it 4.  T

his is because w
e haven't becom

e
proficient at using the lam

bda special form
 to create procedures.  F

or exam
pl

e, w
e w

ant to define
a procedure that takes the square of a num

ber:
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d
e
f
i
n
e
 
s
q
u
a
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4.
T

he sym
bol square is n

o
w

 b
o

u
n

d
 to

 th
e

 p
ro

ce
d

u
re

, 
#
<
(
x
)
 
(
*
 
x
 
x
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>

.

W
e don't hesitate in im

m
ediately binding the resultant procedure to the sym

bol 
square.  P

artially
because w

hat if w
e didn't bind the procedure to a sym

bol at all?

1.
(
l
a
m
b
d
a
 
(
x
)
 
(
*
 
x
 
x
)
)

2.
#
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(
x
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*
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A
ll w

e did w
as m

ake a procedure and have the interpreter display the result!  W
hat a w

aste!  T
his

is the sam
e as typing in the num

ber 
5 just to have the interpreter reecho it back at you!  T

hat's
w

hy w
e usually bind som

e sym
bol
, like x, to the num

ber 5, and bind som
e sym

bol, like 
square, to

th
e

 p
ro

ce
d

u
re

 #<
(
x
)
 
(
*
 
x
 
x
)
>

.  T
he values aren't as useful echoing on the display as they are

being bound to sym
bol for future use.
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I'm

 talking to the general student populous in the course at the beginning of the 2nd w
eek of

instruction.

3
C

om
pound data is data m

ade up of m
any basic types of data (like a com

pound m
olecule).

P
rocedures can be used to create com

pound data, and later w
e'll learn about the 

pair w
hich can

also be used to create com
pound data.

2
In other w

ords, the return value of a procedure can be one.

1
T

he arguments to the procedure w
hich w

ill be bound to the form
al param

eter sym
bols.

N
ot B

inding Sym
bols to P

rocedure
Y

ou should recall that you don't 
have to bind a sym

bol to a num
ber 5 to use it.  N

either do
you have to bind a sym

bol to a procedure to use it.  T
he follow

ing is an exam
ple:

1.
(
*
 
5
 
5
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(
#
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*
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5
 
5
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3.
2
5

T
he num

ber 5 w
as used in the above expression, yet it w

asn't bound to a sym
bol.  T

he prim
itive

m
ultiply procedure w

as bound to a sym
bol, but w

e can't 
m

ake prim
itive procedures, those are

built-in.  W
e can do the sam

e w
ith procedures:
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d
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2
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L
o

ok m
om

!  N
o sym

bols! 5

P
rocedures as A

ctual P
aram

eters
S

ym
bols can be bound to procedures and num

bers.
..  P

rocedures and num
bers can be used

as actual param
eters!  B

y looking at the exam
ple above, you can see that w

e did indeed pass a
num

erical value as the actual param
eter in a procedure call.  B

ut w
hat about procedures?  H

ere's a
really sim

ple exam
ple 6:
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It didn't do m
uch, but w

e still passed the procedure as an actual param
eter.  N

ea
t!  A

 m
ore useful

exam
ple m

ight be:
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Y
ou should start thinking about all the possible applications of this extrem

ely useful discovery!
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D

on't w
orry about having the procedure call resulting in a procedure, that'll be covered next.

5
T

his is relating the phrase, "Look m
om

! N
o hands!" w

hich is used w
hen children becom

e good
at riding bicycles and can finally rem

ain balanced w
ithout using the handlebars.  Lik

e the child
w

ho no longer needs handleb
ars to ride a bike, w

e no longer need sym
bols to use a procedure!



A
 P

rocedure as a R
esult of C

alling a P
rocedure

M
ost of our procedures up to this point have been returning useful values.  O

ur square
procedure returns a num

erical value.  W
hat about a procedure returning a procedure value?

C
ouldn't that be useful?  H

ere's a trivial exam
ple:
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T
his certainly isn't the m

ost exciting use of calling procedures to get procedures.  B
ut w

hat about
having procedures build m

ore com
plex procedures?  W

e pass num
bers in and get different

num
bers out based on the previous num

bers.  W
hy can't w

e pass procedures in and get different
procedures out based on the previous procedures?  H

ere's an exam
ple that takes tw

o procedures
and returns a single procedure based on both of them

:
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H
m

m
m

...  N
ow

 this procedure can do som
ething useful.  F

irst it applies the first procedure to a
given value and then it applies the second procedure to the result of the first application.  Let's see
an exam

ple:
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A
 P

rocedure in C
om

pound D
ata

A
 procedure is a dat

a type, right?  W
hy not form

 com
pound data out of procedures?  H

ow
about the follow

ing procedure, w
on't it store data in a procedure?
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H
m

m
m

... Let's find out:
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Look!  T
he num

ber 5, a
n

d
 th

e
 p

ro
ce

d
u

re
 

#<
*>

 w
e

re
 stored in the procedure!  N

ow
 w

e just need
to know

 how
 to get them

 out...  W
hat if w

e called the procedure w
ith 

0 as its actual param
eter?
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E
U

R
E

K
A

!  It re
tu
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e

d
 th

e
 sto

re
d

 
5!  W

hat if w
e called the procedure w

ith som
ething other than

the num
ber 0?
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T
he procedure w

as returned!  T
his show

s how
 procedures can be used as storage devices!
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L
exical Scope

7

L
exical scope describes the effective range of sy

m
bols bound inside and outsi

de of
procedures.  It's nam

ed 
lexical because you can tell the scope of the bindings just by looking at

the lexical organization of the code.  A
s an exam

ple, the infam
ous 

square p
ro

ce
d

u
re

:

T
o show

 scope, a bracket can be draw
n at the start and end of the region under influence and the

sym
bols redefined w

ithin that scope can be draw
n outside of the bracket as show

n above.  N
otice

that the scope of the sym
bol 
x only applies w

ithin the body of the procedure.
A

 m
ore com

plex exam
ple w

ould be helpful in understanding how
 scope w

orks.  H
ere's an

exam
ple w

ith procedures defined w
ithin procedures:

N
otice how

 both the body of 
func

8 and the body of the internal procedure 
sum

m
er, share the sam

e
sym

bol a.  T
hey don't share the sam

e sym
bol 
b since each one has its ow

n definition of 
b.  C

 is
only defined w

ithin the procedure 
sum

m
er.  A

 procedure that does the sam
e thing can be w

ritten
as follow

s:

N
ot binding a sym

bol to a procedure can be seen as having 
no effect o

n
 th

e
 sco

p
e

 o
f a

 p
ro

ce
d

u
re

.
T

his procedure can also be rew
ritten using a 

let special form
.
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W

hen I nam
e a procedure by the sym

bol bound to it, I don't m
ean that the procedure 

is th
a

t
sym

bol, I'm
 m

erely trying to save space by refe
rring to it by that nam

e.  A
lw

ays rem
em

ber I'm
talking about the procedure, not the sym

bol.

7
Lexical scope is also know

n as static scope.
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S
cope of the local param

eter  . x

S
cope of the external sym

bols.
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