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How to Draw Environment Diagrams

Environments are built from frames, which contain variables , which contain pointers to data. These frames are linkéni aogather
that makes drawing environment diagrams usefutdaceptuiing how they work. The steps used to build environments all begin with evaluating
expressions in a frame. The cutrzame being worked on can be isolated from other frames when dealing with evaluation when you don't search for

variables to evaluate.

How to bind variablesnamesin a frame:

If defineis evaluated then the value is said to be Hdan
the current frame, which I'l signify by CF. For example| o
I evaluated the expression “(define x 5)" then this is wh ‘

would happen.

How to change the value of an already bound variablein a frame:

In the case where a variable’s name is already defined pr

bound, then we use tiset! command instead ofine.

Whenset! is evaluated and cannot find a variable with

given namen the current environmerit returns an el

but when it does find the given variable name, it redirec|

the name’s pointer to the value givéior example, if
evalutedhe expression “(set! x 24)" then this is wh
would happen.

‘When alambda is evaluated in an environment:
The evaluation ofambda creates a procedure. It is

important to note that the body ofambda is not evaluate: CF—
when thdambda is evaliated. The body is only evaluate|

when the resuiting procedure is evaluated. The proce:

is drawn as o circles beside each other, the left one
pointing at the arguments and body of the resultant
procedure and the right one pointing at the current fram|
lambda is evaluated within. Note that a peatre does no|
have to be bound to a variable name to exist and be us:
To link the procedure to a variable name,déne or set!
procedures can be useBor example, if | evaluated the

‘ CF—[x5 ‘
Before After
CF—|x5 CF—| x 24
rror,
|
at Before After
‘ crﬁ‘ ‘
parameters: n
boay: (
Before After

expression “(lambda (n) (* n n))” then this would happen.

When a procedureis evaluated in an environment:

When a procedure is evaluated, with or without arguments, it creates a new frame, and ts evaluation is started by tfisoeearfiagithe current
frame. The new frame has a pointer to the frame the procedure points to, and the parameter names are bound in thedeaheesitheth
procedure was called with. When the procedure is done being evaluated, the current frame points to the same frametiefmietix yrocedure

was evaluated. Let's consider evaluating the expression “((lambda (n) (* n n)) 3)". Notice how fasthtia is evaluated and then the procedure is
evaluated afterwardsYou can't create a frame before having a procedure to create it

CF*}‘ ‘ CF*}‘ ‘ ‘

evaluate lambda

CF—
parametersin
boty (ny | parametersin
body: (n )
Step 0 Step 1

evaluate procedure

‘ CF—

parameters: n
body: (*nn)

result returns 9

How to find values given variable names

Variables are found by first searching the current frame for the given variable nam
that fails, then the search continues by going to the frame pointed to by the current
and searching there. Still failing, the search wil continue following the pointer of fr
to other frames until the firstccurancef the variable name, and then the variable is

found. Given the string of frames below, the variable a’is unbound in frame F3, b
bound  frames F1 and F2. If the variable ‘a’ was sought for in F3, it would not fin
and move on to F2 where it would find it. Notice that F2 and F3 cannot reach the

variable ‘a’ in F1 because it is bound in a frame before F1. This series of frames is referrecetwiasranent.
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Following of an environment diagram:

An important skl is being able favisionthese environment diagrams in your mind when working with Scheme. These can be great aids to you
when debugging a complex program or you neettifier someone else’s Scheme code. I'l go over a simple, but complete example of the execution
of sane Scheme commands. One thing to notice is that frames are never removed in Scheme conceptually, but linger ardtndToeetsah
interpreter makes a list of all data, frames, and procedures that are currently being pointed to by sseeththill hathe possibility of being

used, then removes everything that isn't eekithis s called garbage collecting). I'l not do any garbage collecting in this example just to show you
what the conceptual picture of a ging environment looks likeSome of the steps that just return to the Global environment are left out to save

space.
> (define x (cons ‘a !

b))

>(define  (fixx ) (set!x fixed)) Globaly Global
> (define (mak  e-machine foot pedal) CF—

(set! x ‘break)

(et (a ana )

x ‘anx) )
(ambda (msg)
(cond ((eq? msg foot) foot) Step0 (define x (cons ‘a b))

(eq? msg'pedalped  al)
(e mog'pe
(define x otx)
(x-0)
(efse (cons a ) )
> (define bike (make-machine ‘shoe ‘gear))

> (bike fx) parameters:
> (ke oo ) body: (set! x fixed)

i e e

Global 7}

Global

CF=[x [T *—@@ X (—@
ab ab
fixx parameters: fixx: parameters

-
body: (set! x fixed) body: (set! x fixed)

make-machine: —_|

Step3

(define fixx

parameters: foot, pedal
body: (sett x break)

CF|

foot: shoe

pedal: gear

(—@b
LI s
fixx aameters:
%xvm» (define bike (make-machine ‘shoe 'gear))

parameters: foot, pedal
body: (set x break) x: break |

Step4 paramielers
(define (make-machine ... .) fix-x: body: (sett x fxed)
=5

CF—

parameters:
body: (set!  fired)
make-machine: - |

Global 3%

make-machine: — |

Global 3

parameters: foot, pedal
body: (set! x break)

foot: shoe

pedal: gear

parameters: oot, pedal Step7
body: (st x break) (sot x-break)

Global 3
x: break =

fix-x: parameters:

body: (set! x fixed)

Step5 £
(define make-machine 1)

make-machine: —_|

parameters: foot, pedal
body: (set! x break)

CF—Tfoot: shoe
pedal: gear
parameters:a,x

body: (ambda (ms)..)

Step8

(et (@°an-a) ) ..)
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Global 3
x: break —,

body: (sel!

make-machine: —_|

body: (set!

fixx: parameters:

parameters: foot, pedal

foot: shoe
pedal: gear
parameters: a, x

body: (ambda (mso) ..)

x'fved)

x'break)

.

make-machine: —_[ N

body: (set!

Global 3
x break —3®
fix-x: body: (set! x fixed)

parameters: foot, pedal

parameters: a, x
body: (lambda (msg) .

parameters: msg

Global }
x: break —,

fixx: parameters:

body: (sel! x fixed)

make-machine: —_|
bike: 1

s

parameters: foot, pedal
body: (set! x break)

foot: shoe
pedal: gear
parameters: .

body: (ambda (mso)..)

parameters: msg
body: (cond

Step12

(bike foot) —>shoe

CF—|

x'break)

Global 3
x: break

fix-x parameters:

body: (set! x fixed)

make-machine: |
bike: 7

—

parameters: fool, pedal
body: (set! x ‘break)

arameters: a, x
body: (lambda (msg) ..)

body: (cond
parameters: msg
Stepl0 body: (cond ..)
CF—|
(lambda (msg) (cond ..) msg: fix ‘ msg: foot ‘
o, Global
[
x: break ;@) Step13
(bike 'fix)
3 parameters
fixex body: (set! x fixed) —
make-machine: | lobal ¥
bike: x fixed M-
] prameers: oo, pedal
body: (set x break) - pararheters:
fixx: body: (set! x fixed)
make-machine: |
parameters: a, x bike:
body: (ambda (msg) ) parameters: foot, pedal
body: (set! x ‘break)
parameters: msg
parameters:
body: (cond ...) body: (lambda (msg) ...)
Stepll )
) i parameters: msg
(define bike [1) body: (cond ...)
CF—|

msg: fix msg: foot

Step15

(define x'notx)
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Global %
x: break
parameters:
i fixx body: (set! x fixed)
cF make-machine: —_|
bike:
1 prameter: foot,pedal

body: (set! x break)

parameters: a, x
body: (lambda (msg) ...

parameters: msg
body: (cond ..)

msg: fix ‘ msg: foot ‘
Stepl4
0
Global
x fixed ;@
. parameters:
7 fixx: body: (set! x fixed)
cF make-machine: —|
bike:
] parameters: oo, pedal

body: (set! x break)

parameters: a,
body: (lambda (msg) ...

parameters: msg
body: (cond

msg: foot ‘

Step16

(set! x fired)

Global %

x fixed ‘@
. parameters:
fixex body: (set! x ‘fixed)
msg: foo make-machine: |
bike: 1
parameters: ool pedal
body: (set x break)

parameters: a, x
body: (lambda (msg) ..

parameters: msg
body: (cond ...

msg: foot ‘

msg: fix
X: not-x

Stepl7

(bike 'loo)—>(an-a . an-)




