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!"#$%&'()*+&,&-**.&/0&%112345)36*&6+7&8(9:52&(9;*9<&9*4=9+36*&6+7&3)*95)36*&19(4*++*+<&(9;*9+&(>&?9(@)A&
B*4=9+36*&6+7&C)*95)36*&D9(4*++*+&
&
F)1)*68&193)?&39&G))4&01&(01<H&

• I91J3&;91A'?)&K*);'*?0/)&4*9;)<'*)?L&61<&K*);'*?0/)&4*9;)??)?LM&%&K*);'*?0/)&4*9;)<'*)L&*)A)*?&39&35)&?0(48)&A6;3&3563&6&
4*9;)<'*)&;688?&03?)8A&?9()N5)*)&N03501&03?&O9<@M&%&K*);'*?0/)&4*9;)??L&*)A)*?&39&35)&A6;3&3563&35)&?46;)&6&4*9;)<'*)&
9;;'40)?&!"#$%#&'("&D*9N?&-&03&1))<?&39&*)()(O)*&6<<0309168&?363)&6?&03&*);'*?)?M&P5)&A9*()*&;)*36018@&<9)?&193&0(48@&35)&
8633)*Q&35)*)A9*)2&6&*);'*?0/)&4*9;)<'*)&;61&D)1)*63)&61&03)*630/)&4*9;)??M&

• P5)&O6?0;&<0AA)*)1;)&O)3N))1&*);'*?0/)&61<&03)*630/)&4*9;)??)?&0?&35632&A9*&61&03)*630/)&4*9;)??2&6A3)*&?9()&*);'*?0/)&;688&
*)6;5)?&35)&O6?)&;6?)&61<&*)3'*1?2&)A*9*&3+&8()A38?&2*>)&)(&E*&;(8*M&R9*&6&*);'*?0/)&4*9;)??2&6A3)*&?9()&*);'*?0/)&;688&
*)6;5)?&35)&O6?)&;6?)&61<&*)3'*1?2&)A*9*&3+&+)322&@(9.&)(&;(M&R9*&)S6(48)2&A9*&(factorial 4)2&6A3)*&*)6;501D&35)&O6?)&
;6?)2&@9'&?3088&1))<&39&6448@&35)&;5601&9A&('830480;63091?&(* 4 (* 3 (* 2 1)))M&

• 7)*)J?&59N&@9'&;61&3)88H&0A&35)&25+)&)A38?&6&A'1;3091&<9)?&0?&(6G)&35)&*);'*?0/)&;6882&35)1&35)&A'1;3091&?59'8<&O)&61&3)*95)36*&
19(4*++M&TA&35)&A'1;3091&?3088&56?&3501D?&39&<9&6A3)*&35)&*);'*?0/)&;6882&35)1&03&0?&6&9*4=9+36*&19(4*++M&

• U1<)*?361<&35)&fib-iter&4*9;)<'*)&4*9/0<)<&01&)*+,&91&46D)&VW2&61<&O)&6O8)&39&3)88&N5@&03&0?&(9*)&)AA0;0)13&3561&35)&N6@&
N)&'?)<&39&<9&fibM&

&
FGH"ICJ'"0&-322&)A*&>(22(@38?&?*8*95)*&5&9*4=9+36*&19(4*++<&58&3)*95)36*&19(4*++<&(9&8*3)A*9K&
&
C'&!L%""0&
&

$7 (define (foo x) 
     (* (- (+ (/ x 3) 4) 6) 2)) 
 
 
 

M7 (define (foo x) 
    (if (= x 0) 0 (+ x (foo (- x 1)))) 
 
 
 

/7 (define (helper1 x) 
    (if (= x 0) 1 (helper1 (- x 1)))) 
 
 
(define (helper2 x) 
    (if (= x 0) 1 (+ 1 (helper2 (- x 1))))) 
 
 
57 (define (bar x) 

    (if (even? x) (helper1 (- x 1)) (helper1 (- x 2)))) 
 
 
 
 

E7 (define (bar x) 
    (if (even? x) (helper2 (- x 1)) (helper2 (- x 2)))) 

 
 
 

 
47 (define (bar x) 

    (cond ((= x 0) 1) 
          ((= (helper2 x) 3) 5) 
          (else (helper1 x)))) 
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&
N(+A3:3&O5))2*+&)A*&B*4=9+36*&B(E()+<&D)7&M&
&
FGH"ICJ'"&
&
C'&!L%""0&
&

$7 C:12*:*8)&(ab+c a b c)&)A5)&)5.*+&38&652=*+&a<&b<&c&58;&9*)=98+&P&Q&(* a b) c)7&R(@*6*9<&S(=&4588()&=+*&*7&
T5.*&3)&5&9*4=9+36*&19(4*++7&
&
&
&
&

&
M7 C:12*:*8)&(ab+c a b c)&5+&58&3)*95)36*&19(4*++7&PC>&S(=&458<&;(&3)&@3)A(=)&;*>3838?&A*21*9&19(4*;=9*+UV&

&
&
&
&
&
&

/7 C&@58)&)(&?(&=1&5&>23?A)&(>&+)539+&)A5)&A5+&n&+)*1+7&C&458&*3)A*9&)5.*&$&(9&M&+)*1+&*54A&)3:*7&R(@&:58S&@5S+&458&C&?(&=1&)A3+&
>23?A)&(>&+)539+K&-93)*&5&19(4*;=9*&count-stair-ways&)A5)&+(26*+&)A3+&>(9&:*7&

&
&
&
&
&
HWIB%&DB%!IC!H0&
&

XM L5+)&@**.&@*&A58;2*;&+(:*)A38?&4522*;&5&X>52238?&>54)(9352Y7&(falling n k)&:*58+&)A5)&k&4(8+*4=)36*&8=:E*9+&
+A(=2;&E*&:=2)3123*;&)(?*)A*9<&+)59)38?&>9(:&n&58;&@(9.38?&;(@8@59;7&Z(9&*[5:12*<&(falling 7 3)!:*58+&7 * 6 
* 57&IA3+&)3:*<&@93)*&>52238?\>54)(9352&!"#$%"!&#'(7&

&
&
&
&
&

]7 !(8+3;*9&)A*&subset-sum&19(E2*:0&S(=&59*&?36*8&5&+*8)*84*&(>&38)*?*9+&58;&5&8=:E*9&k7&C+&)A*9*&5&+=E+*)&(>&)A*&
+*8)*84*&)A5)&5;;&=1&)(&kK&Z(9&*[5:12*<&
(subset-sum ‘(2 4 7 3) 5) => #t, since 2+3=5&
(subset-sum ‘(1 9 5 7 3) 2) => #f, since no combination of numbers will add to 2 

&
&
&
&
&

 
#7 C^:&+)58;38?&5)&)A*&(93?38&(>&+(:*&[\S&4((9;385)*&+S+)*:&>(9&8(&9*5+(8&@A*8&5&1()&(>&?(2;&;9(11*;&(8)(&)A*&1(38)&P[<&SV7&C&

@(=2;&2(6*&)(&?(&?*)&)A5)&?(2;<&E=)&E*45=+*&(>&+(:*&59E3)959S&4(8+)9538)+&(9&P38&:S&45+*V&:*8)52&;*958?*:*8)<&C&4(=2;&
(82S&:(6*&93?A)&(9&=1&(8*&=83)&5)&5&)3:*&(8&)A3+&4((9;385)*&+S+)*:7&C^;&23.*&)(&>38;&(=)&A(@&:58S&@5S+&C&458&9*54A&P[<&SV&
>9(:&)A*&(93?38&38&)A3+&>5+A3(8&PE*45=+*<&=::<&:S&:()A*9&5+.*;V7&-93)*&count-ways&)A5)&+(26*+&)A3+&>(9&:*7&

&
&
&
&
&
&
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&
J9;*9+&(>&_9(@)A&
&
E5)1&N)&368G&6O9'3&35)&)AA0;0)1;@&9A&6&4*9;)<'*)&Y63&8)6?3&A9*&19NZ2&N)J*)&9A3)1&013)*)?3)<&01&59N&(';5&(9*)&)S4)1?0/)&03&0?&39&*'1&
35)&4*9;)<'*)&N035&6&86*D)*&014'3M&P563&0?2&6?&35)&?0[)&9A&35)&014'3&D*9N?2&59N&<9&35)&?4))<&9A&35)&4*9;)<'*)&61<&35)&?46;)&03?&
4*9;)??&9;;'40)?&D*9N\&
&
R9*&)S4*)??01D&688&9A&35)?)2&N)&'?)&N563&0?&;688)<&35)&]0D^P5)36&19363091M&R9*&)S6(48)2&0A&N)&?6@&35)&*'1101D&30()&9A&6&4*9;)<'*)&foo&
0?&01&_(n2)2&N)&()61&3563&35)&30()&03&36G)?&39&4*9;)??&35)&014'3&D*9N?&6?&35)&?`'6*)&9A&35)&?0[)&9A&35)&014'3M&7)*)&6*)&?9()&
;9((91&9*<)*?&9A&D*9N35H&

• _(1)H&;91?3613&30()&Y36G)?&35)&?6()&6(9'13&9A&30()&*)D6*<8)??&9A&014'3&?0[)Z&
• _(log n)H&89D6*035(0;&30()&
• _(n)H&801)6*&30()&
• _(n2)2&_(n3)2&)3;M&H&498@19(068&30()&
• _(2n)H&)S491)13068&30()&YK013*6;36O8)LQ&/)*@2&/)*@&O6<Z&

&
P5)&0<)6&9A&9*<)*?&9A&D*9N35&68?9&)S3)1<?&39&"-!./M&"46;)&*)A)*?&39&59N&(';5&01A9*(63091&6&4*9;)??&('?3&*)()(O)*&O)A9*)&03&;61&
;9(48)3)M&TA&@9'J88&*);6882&35)&6</6136D)&9A&61&03)*630/)&4*9;)??&0?&3563&03&<9)?&193&56/)&39&G))4&61@&01A9*(63091&91&35)&?36;G&6?&03&
)S);'3)?M&"9&61&03)*630/)&4*9;)??&68N6@?&9;;'40)?&6&;91?3613&6(9'13&9A&?46;)H&_(1)M&&
&
R9*&6&*);'*?0/)&4*9;)??2&35)&?46;)&03&9;;'40)?&3)1<?&39&D*9N&N035&35)&1'(O)*&9A&*);'*?0/)&;688?M&R9*&)S6(48)2&A9*&35)&A6;39*068&
4*9;)<'*)2&)/)*@&30()&O)A9*)&N)&(6G)&6&*);'*?0/)&;6882&N)&1))<&39&K*)()(O)*L&39&('83048@&(fact (- n 1))&O@&nM&"01;)&N)J88&
(6G)&n&*);'*?0/)&;688?2&N)J88&1))<&39&*)()(O)*&n&?';5&A6;3?M&"9&35)&9*<)*?&9A&D*9N35&01&?46;)&A9*&35)&A6;39*068&A'1;3091&0?&_(n)M&
&
T1&!"#$%2&N)J*)&D901D&39&O)&(9?38@&;91;)*1)<&N035&%$0/M&P0()&O6?0;688@&*)A)*?&39&35)&1'(O)*&9A&*);'*?0/)&;688?M&T13'030/)8@2&35)&(9*)&
*);'*?0/)&;688?&N)&(6G)2&35)&(9*)&30()&03&36G)?&39&)S);'3)&35)&A'1;3091M&
&
%&A)N&3501D?&39&193)H&

• TA&35)&A'1;3091&;913601?&918@&4*0(030/)&4*9;)<'*)?&80G)&+&9*&*2&35)1&03&0?&;91?3613&30()&-&_(1)M&%1&)S6(48)&N9'8<&O)&
(define (plusone x) (+ x 1))&

• TA&35)&A'1;3091&0?&*);'*?0/)2&@9'&1))<&39H&
$M !9'13&35)&1'(O)*&9A&*);'*?0/)&;688?&35)*)&N088&O)&D0/)1&014'3&n&
+M !9'13&59N&(';5&30()&03&36G)?&39&4*9;)??&35)&014'3&-/&#&/.'&"$1/#.!22&
P5)&61?N)*&0?&'?'688@&35)&4*9<';3&9A&35)&6O9/)&3N9M&R9*&)S6(48)2&D0/)1&6&A*'03&O6?G)3&N035&10&6448)?2&59N&891D&<9)?&03&36G)&
A9*&()&39&4*9;)??&35)&N598)&O6?G)3\&E)882&TJ88&*);'*?0/)8@&;688&(@&eat&4*9;)<'*)&N50;5&)63?&91)&6448)&63&6&30()&Y?9&TJ88&;688&
35)&4*9;)<'*)&$,&30()?ZM&:6;5&30()&T&eat&61&6448)2&03&36G)?&()&30&(01'3)?M&"9&35)&39368&6(9'13&9A&30()&0?&a'?3&30*10 = 
300&(01'3)?b&

• TA&35)&A'1;3091&;913601?&;688?&9A&5)84)*&A'1;3091?&3563&6*)&193&;91?3613^30()2&35)1&@9'&1))<&39&36G)&35)&9*<)*?&9A&D*9N35&9A&
35)&5)84)*&A'1;3091?&0139&;91?0<)*63091&6?&N)88M&T1&D)1)*682&59N&(';5&30()&35)&5)84)*&A'1;3091&36G)?&N9'8<&O)&A6;39*)<&0139&
c+&6O9/)M&YTA&350?&0?&;91A'?01D&-&61<&03&0?&-&3*@&35)&)S6(48)?&O)89NMZ&

• E5)1&N)&368G&6O9'3&9*<)*?&9A&D*9N352&N)&<91J3&*)688@&;6*)&6O9'3&;91?3613&A6;39*?M&"9&0A&@9'&D)3&?9()3501D&80G)&
_(1000000n)2&350?&0?&*)688@&_(n)M&E)&;61&68?9&'?'688@&0D19*)&89N)*^9*<)*&3)*(?M&R9*&)S6(48)2&0A&N)&D)3&?9()3501D&80G)&
_(n3 + n2 + 4n + 399)2&N)&36G)&03&39&O)&_(n3)M&

&
FGH"ICJ'"0&-A5)&3+&)A*&(9;*9&(>&?9(@)A&38&)3:*&>(90&
&
C'&!L%""0&
&

$7 (define (fact x) 
    (if (= x 0) 
        1 
        (* x (fact (- x 1))))) 
&
&
&
&
&
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M7 (define (fact-iter x answer) 
    (if (= x 0) 
        answer 
        (fact-iter (- x 1) (* answer x)))) 
&

&
&

/7 (define (sum-of-facts n) 
    (if (= n 0) 
        0 
        (+ (fact n) (sum-of-facts (- n 1))))) 

 
 
 

 
`7 (define (fib n) 

    (if (<= n 1) 
        1 
        (+ (fib (- n 1)) (fib (- n 2))))) 
 
 
 
 

]7 (define (foo n) 
    (if (< n 1) 
        0 
        (+ 1 (foo (/ n 2))))) 
&
&
&

#7  (define (mod-7 n) 
    (if (= (remainder n 7) 0) 
        0 
        (+ 1 (mod-7 (- n 1))))) 

&
&
&
HWIB%&DB%!IC!H0&
&

a7 (define (square n) 
    (cond ((= n 0) 0) 
          ((even? n) (* (square (quotient n 2)) 4)) 
          (else (+ (square (- n 1)) (- (+ n n) 1))))) 
 

 


