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!"#$%&'()*+&,&-**.&/01&2*3)(4+5&6*)738439:74&*;7:97)(4&
&
<9+)&-=*>&?(9&-*4*&@*))8>A&B+*C&)(&D8+)+E&
&
!"#$%%&'()'$*)'#+('"#,*+-./"#0',+'&+.'(1$,'2$#&'+3'&+.'$%*)$-&'4#+('5'$**$&67'8+.01%&9'$#'$**$&'"6'$'/+#,"0.+.6':%+/4'+3'2)2+*&'5'
$#-',1"6'"6'(1&'&+.'/$#'1$;)'<"#6,$#,$#)+.6=9'*$#-+2'$//)66'"#,+',1)'$**$&9'"#6,)$-'+3'1$;"#0',+',*$;)*6)'-+(#',1)'2$#&'>+"#,)*6'+3'
$'%"6,7'
'
G$'<BB&#0$&C$'#")&"H$)<#")%8&
&
(vector [element1] [element2] ...) =>&I")?%&J(%#&B-?$&(list [element1] ...)&
(make-vector [num]) =>&')$<#$%&<&C$'#")&"+&num&$B$5$.#%=&<BB&(.K"(.@&
(make-vector [num] [init-value]) =>&')$<#$%&<&C$'#")&"+&num&$B$5$.#%=&<BB&%$#&#"&init-value&
(vector-ref v i) => v[i]L&:$#%&#0$&i#0&$B$5$.#&"+&#0$&C$'#")&v&
(vector-set! v i val) => v[i] = valL&%$#%&#0$&i#0&$B$5$.#&"+&#0$&C$'#")&v&#"&val&
(vector-length v) =>&)$#().%&#0$&B$.:#0&"+&#0$&C$'#")&v&
&
M$*".@&(%-.:&@-++$)$.#&"H$)<#")%=&#0$)$&<)$&<&+$I&K-:&@-++$)$.'$%&K$#I$$.&C$'#")%&<.@&B-%#%8&
&
2*3)(4+&(F&:*>A)=&'&

• <&'".#-:("(%&KB"'?&"+&5$5")*&'$BB%&
• NO3P&+")&<''$%%-.:&<.*&-#$5&-.&#0$&C$'#")&
• NO!P&+")&<@@-.:&<.&-#$5&#"&#0$&5-@@B$&"+&#0$&C$'#")=&
%-.'$&*"(&0<C$&#"&5"C$&#0$&)$%#&"+&#0$&C$'#")&@"I.&
• NO!P&+")&:)"I-.:&<&C$'#")L&*"(&0<C$&#"&*)$%%+/$,)&<&.$I=&
B<):$)&KB"'?&"+&5$5")*Q&
• <@@&3&#"&-.@$R&#"&:$#&.$R#&$B$5$.#&
• *"(&5<*&0<C$&S(.K"(.@T&$B$5$.#%&-.&#0$&C$'#")L&#0<#&-%=&
B$.:#0&"+&C$'#")&-%&."#&#0$&%<5$&<%&B$.:#0&"+&C<B-@&@<#<&

D8+)+&(F&:*>A)=&'&
• 5<.*&(.-#%&"+&#I"&'$BB%&B-.?$@&#":$#0$)&K*&H"-.#$)%&
• NO!P&+")&<''$%%-.:&<.&-#$5&
• NO3P&+")&-.%$)#-.:&<.&-#$5&<.*I0$)$&-.&#0$&B-%#=&<%%(5-.:&
I$&0<C$&<&H"-.#$)&#"&#0$&B"'<#-".&
• NO3P&+")&:)"I-.:&<&B-%#L&J(%#&<@@&-#&<#&#0$&K$:-..-.:&")&#0$&
$.@&O-+&*"(&0<C$&<&H"-.#$)&#"&#0$&$.@P&
• cdr&@"I.&<&B-%#&
• B$.:#0&"+&B-%#&-%&$R<'#B*&#0$&.(5K$)&"+&$B$5$.#%&*"(UC$&
H(#&-.#"&#0$&B-%#&

&
!"#$&#0$&B<%#&K(BB$#V&;-#0&B-%#%=&*"(&<BB"'<#$&<&.$I&H-$'$&"+&5$5")*&O(%-.:&consP&I0$.&*"(&.$$@&#"&<@@&<.&$B$5$.#=&K(#&I-#0&C$'#")=&
*"(&<BB"'<#$&<BB&#0$&5$5")*&*"(&.$$@&+-)%#=&$C$.&-+&*"(&@".W#&0<C$&$."(:0&@<#<&#"&+-BB&-#&(HV&
&
4B%"=&J(%#&<%&*"(&'<.&0<C$&@$$H&B-%#%=&I0$)$&$B$5$.#%&"+&<&B-%#&5<*&K$&<&B-%#&<%&I$BB=&*"(&'<.&<B%"&0<C$&S@$$HT&C$'#")%=&"+#$.&)$+$))$@&
#"&<%&.X@-5$.%-".<B&<))<*%=&I0$)$&.&)$+$)%&#"&0"I&S@$$HT&#0$&@$$H&C$'#")&-%V&Y")&$R<5HB$=&<&#<KB$&I"(B@&K$&<&6X@-5$.%-".<B&<))<*&Z&
<&C$'#")&"+&C$'#")%V&!"#$&#0<#=&(.B-?$&-.=&%<*=&/=&*"()&$<'0&C$'#")&-.&*"()&6[&#<KB$&@"$%&!ND&0<C$&#"&0<C$&#0$&%<5$&%-F$Q&\.%#$<@=&*"(&
'<.&0<C$&C<)-<KB$XB$.:#0&)"I%&-.%-@$&#0$&%<5$&#<KB$V&\.&#0-%&%$.%$=&#0$&C$'#")%&"+&1'0$5$&<)$&5")$&B-?$&#0$&<))<*%&"+&,<C<&#0<.&/V&
&
GBH"IJK'"&
&

$L -48)*&7&M4(3*C94*&(sum-of-vector v)&)=7)&7CC+&9M&)=*&>9N0*4+&8>+8C*&)=*&;*3)(4L&%++9N*&7::&C7)7&F8*:C+&74*&;7:8C&
>9N0*4+L&
&
&
&
&
OL -48)*&7&M4(3*C94*&(vector-copy! src src-start dst dst-start length)L&%F)*4&)=*&37::5&length&
*:*N*>)+&8>&;*3)(4&src&+)74)8>A&F4(N&8>C*P&src-start&+=(9:C&0*&3(M8*C&8>)(&;*3)(4&dst&+)74)8>A&F4(N&8>C*P&dst-startL&
STk> a => #(1 2 3 4 5 6 7 8 9 10) 
STk> b => #(a b c d e f g h i j k) 
STk> (vector-copy! a 5 b 2 3) => okay 
STk> a => #(1 2 3 4 5 6 7 8 9 10) 
STk> b => #(a b 6 7 8 f g h i j k) 
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&
&
&
&
&
QL -48)*&7&M4(3*C94*&(insert-at! v i val)R&7F)*4&7&37::5&;*3)(4&v&+=(9:C&=7;*&val&8>+*4)*C&8>)(&:(37)8(>&iL&%::&
*:*N*>)+&+)74)8>A&F4(N&:(37)8(>&i&+=(9:C&0*&+=8F)*C&C(S>L&I=*&:7+)&*:*N*>)&(F&v&8+&C8+374C*CL&
STk> a => #(i'm like you #[unbound] #[unbound]) 
STk> (insert-at! a 1 ‘bohemian) => okay 
STk> a => #(i'm bohemian like you #[unbound]) 
 
 
&
&
&
&
&
TL -48)*&7&M4(3*C94*&(vector-double! v)L&%F)*4&7&37::5&;*3)(4&v&+=(9:C&0*&C(90:*C&8>&+8U*5&S8)=&7::&)=*&*:*N*>)+&8>&)=*&
(:C&;*3)(4&4*M:837)*C&8>&)=*&+*3(>C&=7:FL&"(5 
STk> a => #(1 2 3 4) 
STk> (vector-double! a) => okay 
STk> a => #(1 2 3 4 1 2 3 4) 
&
&
&
&
&
&
&
/L -48)*&7&M4(3*C94*&reverse-vector!L&V(&J&=7;*&)(&*PM:78>&S=7)&8)&C(*+W 
&
&
&
&
&
&
&
&
&
&
#L -48)*&7&M4(3*C94*&(square-table! t)&)=7)&)7.*+&8>&7&4*3)7>A9:74&)70:*&7>C&+X974*+&*;*4Y&*:*N*>)L 

&
&
&
&
&
&
&
&
&
&
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!"#$%&"#$"'$()$#*+,-
&
H$#I%&$J<5-.$&0"K&#0$&5$#<'-)'(B<)&$C<B(<#")&)$L)$%$.#%&#0-.:%&-.&(.@$)B*-.:&1'0$5$M&4&L)-5-#-C$&L)"'$@()$&-%&)$L)$%$.#$@&<%&B-%#&
K0"%$&+-)%#&$B$5$.#&-%&#0$&K")@&NOPAPDPQE&<.@&K0"%$&%$'".@&$B$5$.#&-%&#0$&<'#(<B&L)"'$@()$8&
&
    (PRIMITIVE #[subr car]) ;; car in mceval 
&
!".RL)-5-#-C$&L)"'$@()$%&<)$&<&S-#&5")$&-.#$)$%#-.:M&D0$*I)$&<'#(<BB*&<&B-%#&"+&+"()&$B$5$.#%8&#0$&K")@&PROCEDURE=&<&B-%#&"+&-#%&
L<)<5$#$)%=&<&B-%#&"+&$JL)$%%-".%&-.&#0$&S"@*=&<.@&#0$&$.C-)".5$.#&-#&K<%&!"#$%#&'()8&
&
    (define (foo a b) (+ a b)) => 
      (PROCEDURE (a b) ((+ a b)) <the-global-environment>) 
&
T"$%&#0<#&B<%#&L<)#&%"(.@&+<5-B-<)U&&D0$&5$#<'-)'(B<)&$C<B(<#")&-%&V(%#&<S"(#&<%&L"K$)+(B&<%&)$<B&1'0$5$=&<.@&#0$&L)-5<)*&)$<%".&+")&
#0<#&-%&S$'<(%$&K$I)$&(%-.:&<LLB-'<#-C$&")@$)&<.@&#0$&",'*.+,&",#-&+/"(M&
&
H$#I%&B""?&<#&0"K&$.C-)".5$.#%&<)$&)$L)$%$.#$@M&D0$&L<-)&%#)('#()$&0<.@B$%&#0$&$.C-)".5$.#&5"@$BW&$<'0&$.C-)".5$.#&'"))$%L".@%&
#"&<&L<-)&K0"%$&-#%&car&L"-.#%&#"&#0$&C<)-<SB$XC<B($&S-.@-.:%&YK0-'0&K$IBB&'<BB&<&0.$&"&+)"5&."K&".Z&<.@&K0"%$&cdr&L"-.#%&#"&#0$&
.$J#&$.C-)".5$.#&YV(%#&B-?$&-.&#0$&$.C-)".5$.#&5"@$BZM&D0$&:B"S<B&$.C-)".5$.#=&#0$.=&0<%&<&.(BB&cdrM&;0<#&@"$%&<&+)<5$&B""?&B-?$U&
;$BB=&-#I%&<&L<-)&K0"%$&car&'".#<-.%&<BB&"+&#0$&C<)-<SB$%=&<.@&K0"%$&cdr&'".#<-.%&<BB&"+&#0$&C<B($%M&&[$)$I%&<.&$J<5LB$&$.C-)".5$.#&
')$<#$@&#0)"(:0&<&let&'<BB8&
&
    (let ((x 3) (y 5)) ...) => 
      (((x y) 3 5) <the-global-frame>) ;; the printout of environment 1 
&
\+&'"()%$=&5(B#-LB$&$.C-)".5$.#%&'<.&<.@&K-BB&L"-.#&#"&#0$&%<5$&$.C-)".5$.#=&%"&#0$&$.#-)$&$.C-)".5$.#&@-<:)<5&-%&."#&<&%#)<-:0#&
B-%#&%#)('#()$M&!"#-'$=&0"K$C$)=&#0<#&-#I%&%-5LB$&#"&%-5(B<#$&$C<B(<#-.:&<&C<)-<SB$&K-#0&#0-%&5"@$B]&1-5LB*&'0$'?&#0$&'())$.#&+)<5$&+")&
<&S-.@-.:=&<.@&-+&-#I%&."#&#0$)$=&cdr&#"&#0$&.$J#&$.C-)".5$.#&(.#-B&K$&$-#0$)&+-.@&"()&C<)-<SB$&")&:"&L<%#&#0$&:B"S<B&$.C-)".5$.#&^&-.&
K0-'0&'<%$&#0$&.$J#&$.C-)".5$.#&-%&.(BBM&
&
12345678-
-
9.*#"-lookup-variable-value:-;<*=<-#$>"?-$-'$.*$@("-$,/-?#$.#*,A-",'*.+,&",#-$,/-."#).,?-#<"-'$()"-$??+=*$#"/-;*#<-#<"-
'$.*$@("-+.-$,-"..+.-*0-*#-*?,B#-0+),/-$0#".-#<"-A(+@$(-",'*.+,&",#C-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
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&
D"A)($.-!"#$"'$()$#*+,-
&
1"&<BB&#0<#&<S"C$&K<%&%-5LB$=&)-:0#U&!"K&B$#I%&B""?&<#&%"5$&'"@$&YK-#0&0$BL+(B&'"55$.#%&K)-##$.&S*&*"()%&#)(B*Z8&
&
(define (mc-eval exp env) 
  (cond 
   ((self-evaluating? exp) exp) 
   ((variable? exp) (lookup-variable-value exp env))      ;; you just did this above 
   ((quoted? exp) (text-of-quotation exp))                ;; (cadr exp) 
 ((assignment? exp) (eval-assignment exp env))          ;; question 1 below 
 ((definition? exp) (eval-definition exp env))          ;; question 2 below 
 ((if? exp) (eval-if exp env))                          ;; essentially uses Scheme if 
 ((lambda? exp) 
  (make-procedure (lambda-parameters exp)               ;; (cons 'procedure args) 
                    (lambda-body exp) 
                    env)) 
 ((begin? exp) 
  (eval-sequence (begin-actions exp) env)) 
 ((cond? exp) (mc-eval (cond->if exp) env))             ;; makes nested ifs 
 ((application? exp) 
  (mc-apply (mc-eval (operator exp) env) 
              (list-of-values (operands exp) env)))       ;; map mc-eval onto exps 
 (else 
  (error "Unknown expression type -- EVAL" exp)))) 
 
(define (mc-apply procedure arguments) 
  (cond ((primitive-procedure? procedure) 
         (apply-primitive-procedure procedure arguments)) ;; use underlying Scheme apply 
        ((compound-procedure? procedure) 
         (eval-sequence 
           (procedure-body procedure) 
           (extend-environment                            ;; question 3 below 
             (procedure-parameters procedure) 
             arguments 
             (procedure-environment procedure)))) 
        (else 
         (error 
          "Unknown procedure type -- APPLY" procedure)))) 
 
4&B"#&"+&'"@$=&S(#&)$5$5S$)&mc-eval&-%&V(%#&<.&-5LB$5$.#<#-".&"+&$.C-)".5$.#&@-<:)<5%M&\.$&"+&#0$&5*%#$)-$%&."#&'"C$)$@&<S"C$&
-%&eval-sequenceM&D0-%&-%&0"K&begin&%#<#$5$.#%&<.@=&5")$&-5L")#<.#B*=&'"5L"(.@&L)"'$@()$%&<)$&0<.@B$@8&
&
(define (eval-sequence exps env) 
  (cond ((last-exp? exps)                             ;; last-exp? => (null? (cdr exps))) 
         (mc-eval (first-exp exps) env))              ;; first-exp => car 
        (else (mc-eval (first-exp exps) env) 
              (eval-sequence (rest-exps exps) env)))) 
 
`<-)B*&(.-.#$)$%#-.:&+")&begin&%#<#$5$.#%=&S(#&."#-'$&0"K&-#I%&'<BB$@&-.&mc-apply&+")&'"5L"(.@&L)"'$@()$%&^&#0$&$C<B(<#-.:&
$.C-)".5$.#&-%&<&.$K&$.C-)".5$.#&')$<#$@&(%-.:&extend-environment=&K0-'0&*"(IBB&'"@$&-.&<S"(#&6&a($%#-".%M&
&
&
&
&
&
&
&
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&
123456784-
-

EC (define (eval-assignment exp env) 
     (set-variable-value! (assignment-variable exp)            ;; (cadr exp) 
                          (mc-eval (assignment-value exp) env) ;; (caddr exp) 
                          env) 
     'okay) 
!+/*0F-F+).-lookup-variable-value-=+/"-$@+'"-#+-=."$#"-set-variable-value!-G;<*=<-#$>"?-$,-$//*#*+,$(-'$()"-
$.A)&",#HC-
-
-
-
IC (define (eval-definition exp env) 
     (define-variable! (definition-variable exp)            ;; (cadr exp) 
                       (mc-eval (definition-value exp) env) ;; (caddr exp) 
                       env) 
     'okay) 
!+/*0F-F+).-set-variable-value!-=+/"-$@+'"-#+-=."$#"-define-variable!C-J+)-?<+)(/-;.*#"-$-<"(K".-add-
binding-to-frame!-#<$#-#$>"?-$-'$.*$@(":-'$()":-$,/-0.$&":-$,/-$//?-#<"-@*,/*,A-*,#+-#<"-A*'",-0.$&"C-
-
-
-
-
-
-
-
-
-
LC 9.*#"-(extend-environment vars vals base-env)-#<$#-#$>"?-*,-$-(*?#-+0-'$.*$@("?:-$-(*?#-+0-'$()"?:-$,/-$,-
",'*.+,&",#-#+-"M#",/:-$,/-=."$#"?-#<"-,";-",'*.+,&",#-G$?-;<",-F+)-=$((-$-K.+="/)."-*,-#<"-",'*.+,&",#-&+/"(HC-

-
-
-

-
-
NC 9.*#"-(mc-map fn ls)-#+-;+.>-;*#<-mc-evalC-6#-;*((-@"-*,?#$(("/-$?-#<"-K.*&*#*'"-K.+="/)."-$??+=*$#"/-;*#<-mapC-
fn-*?-/"0*,"/-*,-+).-,";-."K."?",#$#*+,C-

-
-
-
-
-
OF,$&*=-4=+K"-
-
D0$&5<V")&@-++$)$.'$&S$#K$$.&B$J-'<B&<.@&@*.<5-'&%'"L$I%&apply8&P.&B$J-'<B&%'"L$=&K$&$J#$.@&#0$&*"+!#&,"#'#)-("+).#)%&Y)-:0#&
S(SSB$Z&"+&#0$&L)"'$@()$&K$I)$&-.C"?-.:=&K0$)$<%&-.&@*.<5-'&%'"L$=&K$&$J#$.@&#0$&!,""#)%'#)-("+).#)%M&YO$C-$K8&;0-'0&".$&@"$%&
1'0$5$&(%$UZ&
&
!"#$&#0<#&-.&@*.<5-'&%'"L$=&#0$&)-:0#&S(SSB$&-%&$.#-)$B*&(..$'$%%<)*M&T*.<5-'&%'"L$&#$.@%&#"&S$&5('0&$<%-$)&#"&-5LB$5$.#&<.@&
5"@$B=&S(#&B$J-'<B&%'"L$&:-C$%&(%&<&.-'$&K<*&#"&@"&(+=$(-?#$#"M&P#&-%&-5L")#<.#&#"&(.@$)%#<.@&@*.<5-'&%'"L$&#0"(:0=&<.@&-#&5<*&L)"C$&
#"&S$&"+&%"5$&)$B$C<.'$&#"&*"(&-.&#0$&.$<)&+(#()$&Yc'"(:0c&proj4ZM&
&
D0$)$&<)$&C<)-"(%&<@C<.#<:$%&#0<#&".$&0<%&"C$)&#0$&"#0$)=&<.@&PIBB&B$#&*"(&)$<@&<S"(#&#0"%$&-.&#0$&B$'#()$&."#$%M&


