
( def i ne qui z- cons
        ( l ambda ( a b)  . . . ) )

G iv en  t hat  t h e f ol low ing w er e ev aluat ed  seq uen t i al l y , d r aw  th e cor r esp ond ing en v i r on m en t  d i agr am .
> ( def i ne ( qui z- cons a b)
     ( l et  ( ( cons ( cons ( a b) ) ) )
        ( l ambda ( mesg)
           ( def i ne wast ed 6)
           ( cond ( ( eq? ' bar k mesg)  b)
                 ( ( eq? ' woof  mesg)  a)
                 ( ( eq? ' cons mesg)  cons)
                 ( el se ( er r or  " ERR"  mesg) ) )  ) ) )
> ( def i ne appl e ( qui z- cons ' appl e ' cor e) )
> ( def i ne no- appl e ( qui z- cons ' appl e " Oh!  Ther e' s mor e! " ) )
> ( cdr  ( no- appl e ' cons) )
> ( def i ne ghast l y ( cons ( appl e ' bar k)  ( no- appl e ' woof ) ) )
> ( set - car !  ghast l y appl e)

E v alu at i ng:  ( def i ne ( qui z- cons a b)  . . . )

C F G lobal

T hi s has syntacti c sugar, so transl ate i t  i n to
real  code.

Step  1

E v aluat i n g:

C F G lobal

D efi ne i s a speci al  f orm .  W e m ust eval uate
the ex pressi on to f i nd out w hat the nam e
qui z-cons w i l l  poi nt to.

Step  2

E v alu at i ng:  ( l ambda ( a b)  ( l et  ( . . . )  . . . ) )

C F G lobal

L ambda  i s a speci al  f orm .  T hi s creates a
procedure w hi ch i s draw n as a bubbl e pai r .
O ne bubbl e poi nts to the param eters and
body  of  the procedure.  T he other bubbl e
poi nts to the f ram e i t  w as eval uated i n (the
C urrent Fram e).

Step  3

P: a , b
B: (le t (...) ...)

E v aluat i n g:  ( def i ne qui z- cons  )

C F G lobal

Step  4

P : a, b
B : (let (...) ...)

T he expressi on i n the defi ne speci al  f orm  has
been eval uated, now  w e create the nam e
qui z-cons i n  the current f ram e and m ake i t
poi nt to the resul t of  the eval uated expressi on.

quiz-cons

CF G lobal

Step  5

P: a, b
B: (let (...) ...)

quiz-cons

( def i ne appl e ( qui z- cons ' appl e ' cor e) )E v aluat i ng:

D efi ne i s a speci al  f orm .  W e m ust eval uate the ex pressi on to f i nd out w hat the nam e appl e w i l l
poi nt to.

CF G lobal

Step  6

P: a, b
B: (let (...) ...)

quiz-cons

( qui z- cons ' appl e ' cor e)E v aluat i ng:

T hi s expressi on i s not a speci al  f orm .  Each sub-expressi on m ust be ev al uated (i n any  order) .

CF G lobal

Step  7

P: a, b
B: (let (...) ...)

quiz-cons

qui z- consE v aluat i ng:

Ev al uati ng the nam e qui z-cons, w e l ook  i n the current f ram e and f i nd the nam e ex i sts, so i t
eval uates to w hat qui z-cons poi nts to i n the current f ram e.  Eval uati ng 'appl e returns the sym bol  
app le.  L i k ew i se, eval uati ng 'cor e returns the sym bol  cor e.

' appl eE v aluat i ng: ' cor eE v aluat i ng:

appl e
cor e

CF(-1) G lobal

Step  8

P: a, b
B: (let (...) ...)

quiz-cons

(      )E v aluat i ng:

T hi s expressi on i s not a speci al  f orm .  N ow  that each expressi on has been eval uated, the f i rst
expressi on i s a procedure (or  an error  occures) and i t  i s ev al uated w i th the gi ven argum ents
(a w rong num ber of  argum ents i s al so an error) .  W hen the procedure i s ev al uated, a f ram e i s
created that poi nts to the sam e f ram e the eval uated procedure poi nts to.  T he param eter  nam es
are bound i n the f ram e w i th the proper argum ents.  T he C F poi nter  m oves to the new  f ram e and
star ts eval uati ng the body  of  the procedure.  A l l  prev i ous C Fs I 'l l  l abel  as CF(-n) so w e know
w here to return w hen the body  of  the procedure has been eval uated.

cor e

appl e

aC F
b cor e

appl e

CF(-1) G lobal

Step  9

P: a, b
B: (let (...) ...)

quiz-cons

( l et  ( ( cons ( cons a b) ) )  ( l ambda ( mesg)  . . . ) )E v aluat i ng:

T he l et  expressi on i s syntacti c sugar f or  an eval uated l am bda.
W e m ust transl ate thi s i nto real  code.

aC F
b cor e

appl e

CF(-1) G lobal

Step  10

P: a, b
B: (let (...) ...)

quiz-cons

( ( l ambda ( cons)  ( l ambda ( mesg)  . . . ) )  ( cons a b) )E v aluat i ng:

aC F
b cor e

appl e

N ow  that w e hav e rem oved the syntacti c sugar, w e see that thi s expressi on i s not a speci al  f orm .
Each sub-expressi on m ust be eval uated ( i n any  order).

CF(-1) G lobal

Step  11

P: a, b
B: (let (...) ...)

quiz-cons

( ( l ambda ( cons)  ( l ambda ( mesg)  . . . ) )  ( cons a b) )E v aluat i ng:

aC F
b cor e

appl e

N ow  that w e hav e rem oved the syntacti c sugar, w e see that thi s expressi on i s not a speci al  f orm .
Each sub-expressi on m ust be eval uated ( i n any  order).

CF(-1) G lobal

Step  12

P: a, b
B: (let (...) ...)

quiz-cons

( l ambda ( cons)  ( l ambda ( mesg)  . . . ) )E v aluat i ng:

aC F
b cor e

appl e

W e eval uate the l ambda  speci al  f orm  as w e di d bef ore, draw i ng the bubbl e pai r .  T he other
expressi on i s not a speci al  f orm  and each sub-expressi on m ust be eval uated ( i n any  order) .

( cons a b)E v alu at i n g:

CF(-1) G lobal

Step  13

P: a, b
B: (let (...) ...)

quiz-cons aC F
b cor e

appl e

T o eval uate the nam e cons, w e m ust check  the current f ram e, but don't f i nd i t , so w e check  the
f ram e poi nted to by  the current f ram e, and check  there.  C ons i s def i ned i n the G l obal
Env i ronm ent as a pri m i t i ve procedure (a bui l t  i n  procedure).  I  draw  i t  as #< p p : cons> .
T o eval uate the nam e a  w e check  the current f ram e and f i nd i t  eval uates to the sy m bol  ap p le.
T o eval uate the nam e b  w e check  the current f ram e and f i nd i t  eval uates to the sy m bol  cor e.

aE v alu at in g: bE v aluat i ng:consE v alu at in g:

#<pp: cons> appl e cor e

P : cons
B : (lam bda (...) ...)

P : cons
B : (lam bda (...) ...)



CF(-1) G lobal

Step  14

P: a, b
B: (let (...) ...)

quiz-cons aC F
b cor e

appl e

(      )E v aluat i ng:

#<pp: cons> appl e cor e

N ow tha t each  express ion  ins ide th is  express ion has been  evaluated, we  can eva luate th is
express ion.  T he  p rim itive procedure  cons  m akes a pa ir who's  f irs t a rgum ent is  the  ca r and
the  second is  the  cdr.  (N o te: no fram es a re  m ade  fo r p rim itve  p rocedures.)

appl e cor e

CF(-2) G lobal

Step  15

P: a, b
B: (let (...) ...)

quiz-cons aCF(-1)
b cor e

appl e

(    )E v aluat i ng:

N ow tha t each  express ion  ins ide th is  express ion has been  evaluated , w e  can eva lua te  th is
express ion.  T his  is  no t a  special form , the given procedure  is  app lied to the  g iven  a rgum ents.
T h is  crea tes a  new fram e tha t po in ts  to the  fram e the procedure ca lled po in ts  to, and the
argum ents are bound  to  the proper param eter nam es ins ide  the fram e.  N ow the  C F poin ter
is  m oved  and the  body of the procedure  is eva luated .

appl e cor e

consCF

P: cons
B: (lam bda (...) ...)

P : cons
B : (lam bda (...) ...)

C F(-2) G lobal

Step  16

P: a , b
B: (le t (...) ...)

qu iz-cons aCF(-1)
b cor e

appl e

( l ambda ( mesg)  ( def i ne wast ed 6)  ( cond . . . ) )E v aluat i ng:

P : cons
B : (lam bda (...) ...)

appl e cor e

consCF

W e eval uate the l ambda  speci al  f orm  as w e di d bef ore, draw i ng the bubbl e pai r .  Si nce th i s i s
the l ast expressi on to be eval uated i n th i s procedure, the eval uati on resul t becom es the return
val ue of  the procedure.  W e w i l l  be m ov i ng back  to the prev i ous CF and f i ni sh eval uati ng the
procedure that th i s procedure w as eval uated i n.

P: m esg
B: (define ...) (cond ...)

C F(-1) G lobal

Step  17

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

A f ter returni ng the resul t, w e noti ce that th i s i s the resul t of  eval uati ng the l ast expressi on i n
th i s procedure.  T hi s m eans thi s i s al so the resul t of  ev al uati ng thi s procedure.

P: m esg
B: (define ...) (cond ...)

R esu l t :

CF

C F G lobal

Step  18

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

N ow  that w e hav e eval uated the expressi on i n the defi ne speci al  f orm , w e bi nd the nam e appl e
i n  the Current Fram e to the resul t.

P: m esg
B: (define ...) (cond ...)

( def i ne appl e  )E v aluat i ng:

apple

C F G lobal

Step  19

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

( def i ne no- appl e ( qui z- cons ' appl e " Oh!  Ther e' s mor e! " ) )E v alu at in g:

apple

D efi ne i s a speci al  f orm .  W e m ust eval uate the ex pressi on to f i nd out w hat the nam e no-appl e
w i l l  poi nt to.

C F G lobal

Step  20

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

( qui z- cons ' appl e " Oh!  Ther e' s mor e! " )E v alu at in g:

apple

T hi s expressi on i s not a speci al  f orm .  Each sub-expressi on m ust be eval uated (i n any  order) .

C F G lobal

Step  21

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

( qui z- cons ' appl e " Oh!  Ther e' s mor e! " )E v alu at in g:

apple

Ev al uati ng the nam e qui z-cons, w e l ook  i n the current f ram e and f i nd the nam e ex i sts, so i t
eval uates to w hat qui z-cons poi nts to i n the current f ram e.  Eval uati ng 'appl e returns the sym bol  
app le.  Eval uati ng the stri ng " O h Ther e's mor e! "  returns the stri ng " O h  T her e' s m or e! " .

appl e " Oh!  Ther e' s mor e! "



C F(-1) G lobal

Step  22

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

(      )E v aluat i ng:

apple

appl e " Oh!  Ther e' s mor e! "

N ow tha t each  express ion  ins ide th is  express ion has been  evaluated , w e  can eva lua te  th is
express ion.  T his  is  no t a  special form , the given procedure  is  app lied to the  g iven  a rgum ents.
T h is  crea tes a  new fram e tha t po in ts  to the  fram e the procedure ca lled po in ts  to, and the
argum ents are bound  to  the proper param eter nam es ins ide  the fram e.  N ow the  C F poin ter
is  m oved  and the  body of the procedure  is eva luated .

a
b

appl e
" Oh!  Ther e' s mor e! "

C F

C F(-1) G lobal

Step  23

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

C F

T he l et  expressi on i s syntacti c sugar f or an eval uated l am bda.
W e m ust transl ate th i s i nto real  code.

( l et  ( ( cons ( cons a b) ) )  ( l ambda ( mesg)  . . . ) )E v alu at in g:

C F(-1) G lobal

Step  24

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

C F

( ( l ambda ( cons)  ( l ambda ( mesg)  . . . ) )  ( cons a b) )E v alu at in g:

N ow  that w e hav e rem oved the syntacti c sugar, w e see that thi s expressi on i s not a speci al  f orm .
Each sub-expressi on m ust be eval uated ( i n any  order).

C F(-1) G lobal

Step  25

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

C F

W e eval uate the l ambda  speci al  f orm  as w e di d bef ore, draw i ng the bubbl e pai r .  T he other
expressi on i s not a speci al  f orm  and each sub-expressi on m ust be eval uated ( i n any  order) .

( l ambda ( cons)  ( l ambda ( mesg)  . . . ) )E v alu at in g: ( cons a b)E v aluat i ng:

P : cons
B : (lam bda (...) ...)

C F(-1) G lobal

Step  26

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

C F

P : cons
B : (lam bda (...) ...)

aE v alu at i n g: bE valuat i ng:consE v alu at i n g:

#<pp: cons> appl e " Oh!  Ther e' s mor e! "

T o ev al uate the nam e cons, w e m ust check  the current f ram e, but don't f i nd i t , so w e check  the
f ram e poi nted to by  the current f ram e, and check  there.  Cons i s def i ned i n the G l obal
Env i ronm ent as a pri m i t i ve procedure (a bui l t  i n  procedure) .  I  draw  i t  as #<p p : cons> .
T o ev al uate the nam e a  w e check  the current f ram e and f i nd i t  eval uates to the sym bol  app le.
T o ev al uate the nam e b  w e check  the current f ram e and f i nd i t  eval uates to the stri ng
" O h !  T h er e' s m or e! " .

C F(-1) G lobal

Step  27

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

C F

P : cons
B : (lam bda (...) ...)

(      )E v alu at i n g:

#<pp: cons> appl e " Oh!  Ther e' s mor e! "
appl e " Oh!  Ther e' s mor e! "

N ow tha t each  express ion  ins ide th is  express ion has been  evaluated, we  can eva luate th is
express ion.  T he  p rim itive procedure  cons  m akes a pa ir who's  f irs t a rgum ent is  the  ca r and
the  second is  the  cdr.  (N o te: no fram es a re  m ade  fo r p rim itve  p rocedures.)

C F(-2) G lobal

Step  28

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

C F(-1)

P : cons
B : (lam bda (...) ...)

(    )E v aluat i ng:

appl e " Oh!  Ther e' s mor e! "

N ow tha t each  express ion  ins ide th is  express ion has been  evaluated , w e  can eva lua te  th is
express ion.  T his  is  no t a  special form , the given procedure  is  app lied to the  g iven  a rgum ents.
T h is  crea tes a  new fram e tha t po in ts  to the  fram e the procedure ca lled po in ts  to, and the
argum ents are bound  to  the proper param eter nam es ins ide  the fram e.  N ow the  C F poin ter
is  m oved  and the  body of the procedure  is eva luated .

consC F

C F(-2) G lob al

Step  29

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P: cons
B: (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

C F(-1)

P: cons
B: (lam bda (...) ...)consC F

( l ambda ( mesg)  ( def i ne wast ed 6)  ( cond . . . ) )E v alu at i n g:

P: m esg
B: (de fine ...) (cond ...)

W e eval uate the l ambda  speci al  f orm  as w e di d bef ore, draw i ng the bubbl e pai r .  Si nce th i s i s
the l ast expressi on to be ev al uated i n thi s procedure, the eval uati on resul t becom es the return
val ue of  the procedure.  W e w i l l  be m ov i ng back  to the prev i ous C F and f i n i sh eval uati ng the
procedure that th i s procedure w as eval uated i n.

appl e " Oh!  Ther e' s mor e! "



C F(-1) G lob al

Step  30

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P: cons
B: (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

C F

P: cons
B: (lam bda (...) ...)cons

P: m esg
B: (de fine ...) (cond ...)

R esu l t :

A f ter returni ng the resul t, w e noti ce that thi s i s the resul t of  ev al uati ng the l ast expressi on i n
th i s procedure.  T hi s m eans th i s i s al so the resul t of  eval uati ng th i s procedure.

appl e " Oh!  Ther e' s mor e! "

C F G lob al

Step  31

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P: cons
B: (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P: cons
B: (lam bda (...) ...)cons

P: m esg
B: (de fine ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

( def i ne no- appl e  )E v alu at in g:

N ow  that w e hav e ev al uated the expressi on i n the defi ne speci al  f orm , w e bi nd the nam e no-appl e
i n  the Current Fram e to the resul t.

no-app le

C F G lob al

Step  32

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P: cons
B: (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P: cons
B: (lam bda (...) ...)cons

P: m esg
B: (de fine ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

( cdr  ( no- appl e ' cons) )E v alu at in g:

no-app le

T hi s expressi on i s not a speci al  f orm .  Each sub-expressi on m ust be ev al uated (i n any  order) .

C F G lob al

Step  33

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P: cons
B: (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P: cons
B: (lam bda (...) ...)cons

P: m esg
B: (de fine ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-app le

( no- appl e ' cons)E v aluat i ng:cdrE v aluat i ng:

#<pp: cdr >

T o eval uate the nam e cdr , w e m ust check  the current f ram e, and f i nd i t  because i t  i s def i ned i n
the G l obal  Env i ronm ent as a pri m i t i ve procedure (a bui l t i n procedure) .  I  draw  i t  as #< pp : cd r > .
T he second expressi on i s not a speci al  f orm  and each sub-ex pressi on m ust be ev al uated (i n any
order) .

C F G lobal

Step  34

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

' consE v aluat i ng:no- appl eE v aluat i ng:

T o eval uate the nam e no-appl e, w e check  the current f ram e, f i nd i t , and use the resul t.
Ev al uati ng 'cons returns the sym bol  con s.

cons

C F(-1) G lobal

Step  35

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

cons
(    )E v aluat i ng:

N ow tha t each  express ion  ins ide th is  express ion has been  evaluated , w e  can eva lua te  th is
express ion.  T his  is  no t a  special form , the given procedure  is  app lied to the  g iven  a rgum ents.
T h is  crea tes a  new fram e tha t po in ts  to the  fram e the procedure ca lled po in ts  to, and the
argum ents are bound  to  the proper param eter nam es ins ide  the fram e.  N ow the  C F poin ter
is  m oved  and the  body of the procedure  is eva luated .

m esg

C F

cons

C F(-1) G lobal

Step  36

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

( def i ne wast ed 6)E v aluat i ng:

m esg

C F

cons

D efine is  a specia l fo rm .  W e m ust eva luate the  express ion  to  find out what the nam e
qu iz-cons w ill poin t to .  T he 6  eva luates to the  va lue  6.  T his  result is  then bound to the
nam e w asted  in  the  C urrent Fram e.

6

wasted 6

Step  37

( cond ( ( eq? ' bar k mesg)  b)  . . . )E v aluat i ng:

C ond is  a  special form , so  firs t we  need  to  eva luate the  firs t conditiona l express ion.
T o  eva luate it, we  need  to  eva luate a ll of the parts .  T he nam e eq?  fo llow s the path o f po inte rs
to fram es from  the  C urrent Fram e un til the G loba l Env ironm ent (s ince  it is  undefined in  a ll o f
the  fram es inbe tween), and  is  found  to  be  a  prim itive p rocedure , #<p p :eq ? > .  'ba rk  eva luates
to the  sym bo l b ark .  T he nam e m esg  is  found  in the  C urrent Fram e and eva lua tes to co n s .

F or S teps 37  th rough  43, refer to the  Env ironm ent D iag ram  in  S tep 36.  T hey all look alike.

#<pp: eq?> bar k cons

Step  38

( cond ( (      )  b)  . . . )E v aluat i ng:

Evaluating the  p rim itive procedure eq ?  on the  sym bo ls  b ark  and  c o n s  results  in  #f  because
they are  unequal.  T he  result of #f  in  the  cond  express ion  causes us to  m ove on  to  the next
conditional predica te and eva lua te  it.

#<pp: eq?> bar k cons
#f



Step  39

( cond . . .  ( ( eq? ' woof  mesg)  a)  . . . )E v aluat i ng:

C ond is  a  special form , so  firs t we  need  to  eva luate the  firs t conditiona l express ion.
T o  eva luate it, we  need  to  eva luate a ll of the parts .  T he nam e eq?  fo llow s the path o f po inte rs
to fram es from  the  C urrent Fram e un til the G loba l Env ironm ent (s ince  it is  undefined in  a ll o f
the  fram es inbe tween), and  is  found  to  be  a  prim itive p rocedure , #<p p :eq ? > .  'woof evalua tes
to the  sym bo l w o o f .  T he nam e m esg  is  found  in the  C urren t F ram e and evalua tes to  co n s .

#<pp: eq?> woof cons

Step  40

( cond . . .  ( (      )  a)  . . . )E v aluat i ng:

Evaluating the  prim itive p rocedure  eq ?  on the  sym bo ls  w o o f  and  co n s  resu lts  in #f  because
they are  unequal.  T he resu lt o f #f  in  the  cond  express ion  causes us to m ove  on to the  next
conditional p redicate and  evaluate  it.

#<pp: eq?> woof cons
#f

Step  41

( cond . . .  ( ( eq? ' cons mesg)  cons)  . . . )E v aluat i ng:

C ond is  a  special form , so  firs t we  need  to  eva luate the  firs t conditiona l express ion.
T o  eva luate it, we  need  to  eva luate a ll of the parts .  T he nam e eq?  fo llow s the path o f po inte rs
to fram es from  the  C urrent Fram e un til the G loba l Env ironm ent (s ince  it is  undefined in  a ll o f
the  fram es inbe tween), and  is  found  to  be  a  prim itive p rocedure , #<p p :eq ? > .  'cons  eva luates
to the  sym bo l co n s .  T he nam e m esg  is  found in  the C urren t F ram e and  evaluates to  c o n s .

#<pp: eq?> cons cons

Step  42

( cond . . .  ( (      )  cons)  . . . )E v aluat i ng:

Evaluating the  prim itive p rocedure  eq ?  on the  sym bo ls  co n s  and  c o n s  results  in  #t  because
they are  equal.  T he resu lt o f #t  in  the  cond  express ion  causes us to eva luate the  c lause
associa ted w ith th is  p red icate .

#<pp: eq?> cons cons
#t

Step  43

( cond . . .  (   cons)  . . . )E v aluat i ng:

T o evaluate  the nam e cons  we  look in  the C urrent Fram e, don't f ind  it, and  then  look in the
fram e po in ted to by the  C urren t F ram e, and  find it is  equa l to  a paticu lar pa ir.  N ote tha t the
pair I'm  draw ing represents exactly the  sam e pa ir, and is  no t a  duplicate!   S ince  th is  is  the
last express ion  in the  p red icate , and  the cond  express ion  w as the last express ion in  the
procedure , the resu lt o f the  procedure is  the  resu lt o f eva lua ting  the nam e cons  in  the
C urren t F ram e, and w e m ove  the C F  po inte r back to the  G lobal Environm ent and leave the
procedure .

#t
appl e " Oh!  Ther e' s mor e! "

C F G lobal

Step  44

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

m esg cons

N ow tha t w e have eva lua ted  a ll o f the express ions w ith th is  express ion , w e no te tha t it isn 't
a specia l fo rm  and  evaluate  the prim itive  p rocedure c d r  on  the g iven  a rgum ent.  T he  result,
" Oh ! Th ere's  m o re!" , is  then returned  to  the user at the p rom pt because tha t's  who eva luated  it.

wasted 6

(    )E v alu at in g:
#<pp: cdr >

" Oh!  Ther e' s mor e! "

C F G lobal

Step  45

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

m esg cons
wasted 6

( def i ne ghast l y ( cons ( appl e ' bar k)  ( no- appl e ' woof ) ) )E v aluat i ng:

D efi ne i s a speci al  f orm .  W e m ust ev al uate the ex pressi on to f i nd out w hat the nam e ghastl y
w i l l  poi nt to.  T hat expressi on i s m ade up of  other expressi ons, so w e need to eval uate them
f i rst.

C F G lobal

Step  46

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

m esg cons
wasted 6

( no- appl e ' woof )E v alu at in g:

Eval uating the nam e cons, w e f i nd the pr im i ti ve procedure cons.  I n order  to eval uate the other
expressi ons, thei r  sub expressions m ust be eval uated.  T he name apple eval uates to the procedure
i t poi nts to, and 'bar k evaluates to the symbol  b ar k .  N ote that w e don't evalute the last expression
unti l  w e f i nish eval uati ng the one w e've started on.

consE v alu at i n g: ( appl e ' bar k)E v aluat i ng:
#<pp: cons> bar k

C F(-1) G lobal

Step  47

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

m esg cons
wasted 6

(    )E v aluat i ng:
bar k

N ow tha t each  express ion  ins ide th is  express ion has been  evaluated , w e  can eva lua te  th is
express ion.  T his  is  no t a  special form , the given procedure  is  app lied to the  g iven  a rgum ents.
T h is  crea tes a  new fram e tha t po in ts  to the  fram e the procedure ca lled po in ts  to, and the
argum ents are bound  to  the proper param eter nam es ins ide  the fram e.  N ow the  C F poin ter
is  m oved  and the  body of the procedure  is eva luated .

m esg bar k

CF

C F(-1) G lobal

Step  48

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

m esg cons
wasted 6

( def i ne wast ed 6)E v aluat i ng:

m esg bar k

CF

D efine is  a specia l fo rm .  W e m ust eva luate the  express ion  to  find out what the nam e
qu iz-cons w ill poin t to .  T he 6  eva luates to the  va lue  6.  T his  result is  then bound to the
nam e w asted  in  the  C urrent Fram e.

wasted 6

Step  49

( cond ( ( eq? ' bar k mesg)  b)  . . . )E v aluat i ng:

C ond is  a  special form , so  firs t we  need  to  eva luate the  firs t conditiona l express ion.
T o  eva luate it, we  need  to  eva luate a ll of the parts .  T he nam e eq?  fo llow s the path o f po inte rs
to fram es from  the  C urrent Fram e un til the G loba l Env ironm ent (s ince  it is  undefined in  a ll o f
the  fram es inbe tween), and  is  found  to  be  a  prim itive p rocedure , #<p p :eq ? > .  'ba rk  eva luates
to the  sym bo l b ark .  T he nam e m esg  is  found  in the  C urrent Fram e and eva lua tes to b ark .

F or S teps 49  th rough  51, refer to the  Env ironm ent D iag ram  in  S tep 48.  T hey all look alike.

#<pp: eq?> bar k bar k

Step  50

( cond ( (      )  b)  . . . )E v aluat i ng:

#<pp: eq?> bar k bar k
#t

Evaluating the  prim itive p rocedure  eq ?  on the  sym bo ls  b ark  and  b ark  results  in  #t  because
they are  equal.  T he resu lt o f #t  in  the  cond  express ion  causes us to eva luate the  c lause
associa ted w ith th is  p red icate .



Step  51

( cond . . .  (   b)  . . . )E v aluat i ng:

T o eva luate the  nam e b  we  look in  the C urrent Fram e, don 't find it, and  then  look in the
fram e po inted to  by the  C urren t F ram e, and f ind  it is  equa l to the sym bol c o re .  S ince th is  is
the  last express ion in  the p redicate, and the cond  express ion w as the last express ion in  the
procedure, the  result of the procedure is  the  result of eva luating  the nam e b  in  the
C urrent Fram e, and  we  m ove  the C F  pointer back to  the  G lobal Environm ent and  leave  the
procedure.

#t
cor e

C F G lobal

Step  52

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

m esg cons

wasted 6

( no- appl e ' woof )E v aluat i n g:

N ow  w e need to evaluate the l ast expressi on.  T he name no-apple eval utes to the procedure i t
poi nts to, and 'w oof  evaluates to the sym bol  w ol f .

consE v alu at i n g: ( appl e ' bar k)E v aluat i ng:
#<pp: cons> woofcor e

C F(-1) G lobal

Step  53

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

m esg cons
wasted 6

(    )E v aluat i ng:
woof

N ow tha t each  express ion  ins ide th is  express ion has been  evaluated , w e  can eva lua te  th is
express ion.  T his  is  no t a  special form , the given procedure  is  app lied to the  g iven  a rgum ents.
T h is  crea tes a  new fram e tha t po in ts  to the  fram e the procedure ca lled po in ts  to, and the
argum ents are bound  to  the proper param eter nam es ins ide  the fram e.  N ow the  C F poin ter
is  m oved  and the  body of the procedure  is eva luated .

m esg bar k

C F

Step  54

( def i ne wast ed 6)E v aluat i ng:

D efine is  a specia l fo rm .  W e m ust eva luate the  express ion  to  find out what the nam e
qu iz-cons w ill poin t to .  T he 6  eva luates to the  va lue  6.  T his  result is  then bound to the
nam e w asted  in  the  C urrent Fram e.

m esg bar k

C F(-1) G lobal

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

m esg cons
wasted 6

m esg bar k

C F
m esg bar k

wasted 6

wasted 6

wasted 6

Step  55

( cond ( ( eq? ' bar k mesg)  b)  . . . )E v aluat i ng:

C ond is  a  special form , so  firs t we  need  to  eva luate the  firs t conditiona l express ion.
T o  eva luate it, we  need  to  eva luate a ll of the parts .  T he nam e eq?  fo llow s the path o f po inte rs
to fram es from  the  C urrent Fram e un til the G loba l Env ironm ent (s ince  it is  undefined in  a ll o f
the  fram es inbe tween), and  is  found  to  be  a  prim itive p rocedure , #<p p :eq ? > .  'ba rk  eva luates
to the  sym bo l b ark .  T he nam e m esg  is  found  in the  C urrent Fram e and eva lua tes to w o o f .

F or S teps 55  th rough  59, refer to the  Env ironm ent D iag ram  in  S tep 54.  T hey all look alike.

#<pp: eq?> bar k woof

Step  56

( cond ( (      )  b)  . . . )E v aluat i ng:

Evaluating the  p rim itive procedure eq ?  on the  sym bo ls  b ark  and  w o o f  results  in  #f  because
they are  unequal.  T he  result of #f  in  the  cond  express ion  causes us to  m ove on  to  the next
conditional predica te and eva lua te  it.

#<pp: eq?> bar k woof
#f

Step  57

( cond . . .  ( ( eq? ' woof  mesg)  a)  . . . )E v aluat i ng:

C ond is  a  special form , so  firs t we  need  to  eva luate the  firs t conditiona l express ion.
T o  eva luate it, we  need  to  eva luate a ll of the parts .  T he nam e eq?  fo llow s the path o f po inte rs
to fram es from  the  C urrent Fram e un til the G loba l Env ironm ent (s ince  it is  undefined in  a ll o f
the  fram es inbe tween), and  is  found  to  be  a  prim itive p rocedure , #<p p :eq ? > .  'woof evalua tes
to the  sym bo l w o o f .  T he nam e m esg  is  found  in the  C urren t F ram e and evalua tes to  w o o f .

#<pp: eq?> woof woof

Step  58

( cond . . .  ( (      )  woof )  . . . )E v aluat i ng:

Evaluating the  prim itive p rocedure  eq ?  on the  sym bo ls  w o o f  and  w o o f  resu lts  in #t  because
they are  equal.  T he resu lt o f #t  in  the  cond  express ion  causes us to eva luate the  c lause
associa ted w ith th is  p red icate .

#<pp: eq?> woof woof
#t

Step  59

( cond . . .  (   a)  . . . )E v aluat i ng:

#t
T o eva luate the  nam e a  w e look in  the C urrent F ram e, don't f ind  it, and  then  look in the
fram e po inted to by the C urren t F ram e, and f ind  it is  equal to  the sym bol ap p le .  S ince  th is  is
the  last express ion  in the  pred ica te , and  the cond  express ion  w as the last express ion in  the
procedure , the  result o f the  p rocedure is  the  result of evaluating the  nam e a  in  the
C urrent Fram e, and w e m ove the  C F poin ter back to  the G loba l Env ironm ent and  leave  the
procedure .

appl e

C F G lobal

Step  60

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

m esg cons
wasted 6

(      )E v alu at i n g:
#<pp: cons> cor e appl e

N ow tha t each  express ion  ins ide th is  express ion has been  evaluated, we  can eva luate th is
express ion.  T he  p rim itive procedure  cons  m akes a pa ir who's  f irs t a rgum ent is  the  ca r and
the  second is  the  cdr.  (N o te: no fram es a re  m ade  fo r p rim itve  p rocedures.)

cor e appl e

C F G lobal

Step  61

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

m esg cons
wasted 6

( def i ne ghast l y  )E v alu at i n g:

cor e appl e

m esg bar k

m esg bar k

wasted 6

wasted 6

m esg bar k

m esg bar k

wasted 6

wasted 6

ghas tly

T he expressi on i n the defi ne speci al  f orm  has been eval uated, now  w e create the nam e
ghastl y  i n  the current f ram e and m ake i t  poi nt to the resul t of  the eval uated expressi on.



C F G lobal

Step  62

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

m esg cons
wasted 6

( set - car !  ghast l y appl e)E v alu at i n g:

cor e appl e

m esg bar k

m esg bar k

wasted 6

wasted 6

ghas tly

T his expressi on i s not a special  f orm, so w e m ust evaluate al l  of  the parts.  T he nam e set-car !
evaluates to the pri mi t i ve procedure set -car ! .  T he name ghastly  evaluates to the pai r i t i s points
to.  T he nam e apple eval uates to the procedure i t points to.

#<pp: set - car ! >

C F G lobal

Step  63

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

m esg cons
wasted 6

(      )E v alu at i n g:
appl e

m esg bar k

m esg bar k

wasted 6

wasted 6

ghas tly

N ow  that al l  of  the ex pressions w i thi n this expression have been evaluated, w e f in ish evaluating
the expression.  T he resul t of  cal l ing the pr imi ti ve procedure set -car ! , i s to change the car  of  the
pai r given as the second argument to the thing i n the thi rd argument.

#<pp: set - car ! >
cor e

C F G lobal

Step  64

P: a , b
B: (le t (...) ...)

qu iz-cons a
b cor e

appl e

P : cons
B : (lam bda (...) ...)

appl e cor e

cons

P: m esg
B: (define ...) (cond ...)

apple

a
b

appl e
" Oh!  Ther e' s mor e! "

P : cons
B : (lam bda (...) ...)cons

P: m esg
B: (define ...) (cond ...)

appl e " Oh!  Ther e' s mor e! "

no-apple

m esg cons
wasted 6

appl e

m esg bar k

m esg bar k

wasted 6

wasted 6

ghas tly

Y ou are done!

cor e


