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In Our Last Episode . . . 
�•�� On Monday, I tried to implement a !"#$%&'($&)  class to 

illustrate basic principles of class design.  When I ran the 
program, however, I got the following sample run:*

!"#$%&'($&)')*+ ��

+***,-*.*/012134563/*
+***,-*
/012134*
+***,-*.*/*
+***,-*
/012134*

�•�� As it turns out, this bug�—which was entirely accidental�—is 
probably more effective at illustrating a critical difference 
between Java and C++ than any other example I might have 
designed.  The same strategy !"#$% in Java.!

�•�� As it turns out, this bug�—which was entirely accidental�—is 
probably more effective at illustrating a critical difference 
between Java and C++ than any other example I might have 
designed.   *

What went wrong? 

Recursion 
�•�� One of the most important �“Great Ideas�” in CS 106B is the 

concept of #&'(#%)"*! which is the process of solving a 
problem by dividing it into smaller subproblems "#$%&'$()*'$
#"+*.  The italicized phrase is the essential characteristic of 
recursion; without it, all you have is a description of stepwise 
refinement of the sort we teach in CS 106A. 

�•�� The fact that recursive decomposition generates subproblems 
that have the same form as the original problem means that 
recursive programs will use the same function or method to 
solve subproblems at different levels of the solution.  In terms 
of the structure of the code, the defining characteristic of 
recursion is having functions that call themselves, directly or 
indirectly, as the decomposition process proceeds.  

A Simple Illustration of Recursion 
�•�� Suppose that you are the national fundraising director for a 

charitable organization and need to raise $1,000,000. 

�•�� One possible approach is to find a wealthy donor and ask for 
a single $1,000,000 contribution.  The problem with that 
strategy is that individuals with the necessary combination of 
means and generosity are difficult to find.  Donors are much 
more likely to make contributions in the $100 range. 

�•�� Another strategy would be to ask 10,000 friends for $100 
each.  Unfortunately, most of us don�’t have 10,000 friends. 

�•�� There are, however, more promising strategies.  You could, 
for example, find ten regional coordinators and charge each 
one with raising $100,000.  Those regional coordinators could 
in turn delegate the task to local coordinators, each with a 
goal of $10,000, continuing the process reached a manageable 
contribution level.  

A Simple Illustration of Recursion 
The following diagram illustrates the recursive strategy for 
raising $1,000,000 described on the previous slide:!
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A Pseudocode Fundraising Strategy 
If you were to implement the fundraising strategy in the form of 
a C++ function, it would look something like this:!

7%89*:%&&):;<%=;>8$?;8%=@A8=;*=B*C*
***8D*A=*E.*1FFB*C*
****** ,"--'.%$%&'$*"/'0$#+"*$)$(1/2-'$3"/"+4*
***G*)&@)*C*
****** 51/3$67$8"-9/%''+(4*
****** :'%$').&$8"-9/%''+$%"$."--'.%$/;67$3"--)+(4*
****** ,"*<1/'$%&'$*"/'0$+)1('3$<0$%&'$8"-9/%''+(4*
***G*
G*

What makes this strategy recursive is that the line!

:'%$').&$8"-9/%''+$%"$."--'.%$/;67$3"--)+(4$

will be implemented using the following recursive call:!
:%&&):;<%=;>8$?;8%=@A=*H*1FBI*



Ð 2 Ð

!"#$!%&#'($%)$*+,%-$
.,$ /"#$0'#+/$ /#123#$+/$4#,+'#($5#,#+/"$ /"#$6%1#$&"-7"$1+'8($ /"#$7#,/#'$%)$ /"#$
&%'369$'#(/($+$5'+(($23+/#$-,$&"-7"$+'#$)-:#6$/"'##$6-+1%,6$,##63#(9$#+7"$+$7;5-/$
"-0"$+,6$+($/"-78$+($/"#$5%6<$%)$+$5##=$ $>,$%,#$%)$/"#(#$,##63#(9$+/$/"#$7'#+/-%,9$
?%6$23+7#6$(-:/<@)%;'$6-(8($%)$2;'#$0%369$/"#$3+'0#(/$6-(8$'#(/-,0$%,$/"#$5'+(($23+/#$
+,6$/"#$%/"#'($0#//-,0$(1+33#'$+,6$(1+33#'$;2$/%$/"#$/%2$%,#=$$!"-($-($/"#$!%&#'$%)$
4'+"1+=$ $ A+<$ +,6$ ,-0"/$ ;,7#+(-,03<9$ /"#$ 2'-#(/($ /'+,()#'$ /"#$ 6-(8($ )'%1$ %,#$
6-+1%,6$,##63#$/%$+,%/"#'$+77%'6-,0$/%$/"#$)-:#6$+,6$-11;/+53#$3+&($%)$4'+"1+9$
&"-7"$'#B;-'#$/"+/$/"#$2'-#(/$%,$6;/<$1;(/$,%/$1%C#$1%'#$/"+,$%,#$6-(8$+/$+$/-1#$
+,6$/"+/$"#$1;(/$23+7#$/"-($6-(8$%,$+$,##63#$(%$/"+/$/"#'#$-($,%$(1+33#'$6-(8$5#3%&$
-/=$$D"#,$+33$/"#$(-:/<@)%;'$6-(8($("+33$"+C#$5##,$/";($/'+,()#''#6$)'%1$/"#$,##63#$
%,$ &"-7"$ +/$ /"#$ 7'#+/-%,$ ?%6$ 23+7#6$ /"#1$ /%$ %,#$ %)$ /"#$ %/"#'$ ,##63#(9$ /%&#'9$
/#123#$ +,6$ 4'+"1-,($ +3-8#$ &-33$ 7';153#$ -,/%$ 6;(/9$ +,6$ &-/"$ +$ /";,6#'73+2$ /"#$
&%'36$&-33$C+,-("=$

E*#,'-$6#$F+'C-33#9$!"#$"%&'()#GHHI$

$!"#$!%&#'($%)$*+,%-$J%3;/-%,$$
!"#$%&!"'($)$
$$$!"#$"*!+,+$-$./$
$$$!"!#0&"1!23&45!6+'"*!+,+(/$
$$$%17891:83'"*!+,+;$<=<;$<><;$<?<(/$
$$$38#@3"$A/$
B$

71!C$%17891:83'!"#$";$65&3$+#&3#;$65&3$D!"!+5;$65&3$#8%4($)$
$$$!D$'"$--$E($)$
$$$$$$%178F!"GH8*!+,'+#&3#;$D!"!+5(/$
$$$B$8H+8$)$
$$$$$$%17891:83'"$I$E;$+#&3#;$#8%4;$D!"!+5(/$
$$$$$$%178F!"GH8*!+,'+#&3#;$D!"!+5(/$
$$$$$$%17891:83'"$I$E;$#8%4;$D!"!+5;$+#&3#(/$
$$$B$
B$

+#&3#$ D!"!+5 $

<=<$ <><$

" $
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#8%4$

<?<$

!"#$K#7;'(-C#$LM#+2$%)$N+-/"O$
P�� !"#$2;'2%(#$%)$0%-,0$/"'%;0"$/"#$7%123#/#$6#7%12%(-/-%,$%)$
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'#7;'(-C#$2'%0'+1(=$$Q($-/$"+22#,(9$/'+7-,0$/"'%;0"$/"#$6#/+-3($
%)$+$ '#7;'(-C#$2'%0'+1$+31%(/$+3&+<($1+8#($ (;7"$2'%0'+1($
"+'6#'$/%$&'-/#=$$D'-/-,0$'#7;'(-C#$2'%0'+1($5#7%1#($,+/;'+3$
%,3<$+)/#'$<%;$"+C#$#,%;0"$7%,)-6#,7#$-,$/"#$2'%7#(($/"+/$<%;$
6%,R/$,##6$/%$/'+7#$/"#1$);33<=$

P�� Q($<%;$&'-/#$+$ '#7;'(-C#$2'%0'+19$-/$ -($ -12%'/+,/$ /%$5#3-#C#$
/"+/$+,<$'#7;'(-C#$7+33$&-33$'#/;',$/"#$7%''#7/$+,(&#'$+($3%,0$
+($/"#$+'0;1#,/($6#)-,#$+$(-123#'$(;52'%53#1=$$4#3-#C-,0$/"+/$
/%$ 5#$ /';#E#C#,$ 5#)%'#$ <%;$ "+C#$ 7%123#/#6$ /"#$ 7%6#E-($
7+33#6$/"#$!"#$!%&'"()"*+(,-(-*&./*##

!"#$K#7;'(-C#$F+'+6-01$
P�� S%(/$ '#7;'(-C#$ );,7/-%,($ <%;$ #,7%;,/#'$ -,$ +,$ -,/'%6;7/%'<$

7%;'(#$"+C#$5%6-#($/"+/$)-/$/"#$)%33%&-,0$0#,#'+3$2+//#',T$

!D$' %(+%#,-'#"#+./01(#2"+(($)$
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$$$<-1:(#("26#-,#%6(#0'-;1(/+#;=#2"11.48#%6.+#/(%6-5#'(2&'+.:(1=*$
$$$>(%&'4#%6(#+-1&%.-4#,'-/#%6(#'(+&1%+#-,#%6(#:"'.-&+#+&;0'-;1(/+*$
B$

P�� N-,6-,0$+$'#7;'(-C#$(%3;/-%,$-($1%(/3<$+$1+//#'$%)$)-0;'-,0$%;/$
"%&$/%$5'#+8$-/$6%&,$(%$/"+/$-/$)-/($/"#$2+'+6-01=$$D"#,$<%;$
6%$(%9$<%;$1;(/$6%$/&%$/"-,0(T$$

.6#,/-)<$%&0+)"(#*%"%#/"+/$7+,$5#$(%3C#6$&-/"%;/$'#7;'(-%,=$G=$
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?#,#'+/-,0$S%,6'-+,@J/<3#$F+-,/-,0($

!"#$%&&'%!"'##$'#+3$S%,6'-+,$2+-,/-,0(9$+,6$/"'##$(+123#($)'%1$%;'$
/+'0#/-,0$);,7/-%,=$V+,$<%;$/#33$&"-7"$-($&"-7"W$

J%;'7#T$X#''<$>=$!+3/%,9$Y;$M%;9$J/#C#$M#((#'9$X+'#6$A;8#9$K+6%1Z'$S��7"9$+,6$[3+63#,$\%3/;,9$
LS#/'%2%3-($F'%7#6;'+3$S%6#3-,09O$?3@#A'"4+"2%.-4+#-4#B'"06.2+)$Q2'-3$U]GG= ##

S%,6'-+,$A#7%12%(-/-%,$
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!"#$%&'()*(#$"(+,-.$)/'(0)1,-,2(

!"!#$%&'(!)*+ !"#$%, &%'"(%$-.
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)4"*#./4;D52.EFGHIJKI.L.MNNNN@... AB.O=&552*#.*P;&%2.#(&#.0!55.D2.*'5!#.BA.
)4"*#./4;D52.EFGHKQ$K.L.RN@...... AB.O=&552*#.2/62.52"6#(.&55402/.......BA.

AB.S;")#!4".'%4#4#T'2*.BA.

U4!/.*;D/!U!/2C&"U&*+/4;D52.V,./4;D52.T,./4;D52.0!/#(,./4;D52.(2!6(#-@.

AB.E&!".'%46%&=.BA.

!"#.=&!"+-.W.
...!"!#$%&'(!)*+-@.
...*;D/!U!/2C&"U&*+N,.N,.62#7!"/407!/#(+-,.62#7!"/4082!6(#+--@.
...%2#;%".N@.
X.

3%&"(6%,(#$"(!%*&,)-*(E,%4,-7(

U4!/.*;D/!U!/2C&"U&*+/4;D52.V,./4;D52.T,./4;D52.0!/#(,./4;D52.(2!6(#-.W.
...!Y.+0!/#(.B.(2!6(#.>L.EFGHIJKI-.W.
......!Y.+0!/#(.>.(2!6(#-.W.
........./4;D52.=!/.L.%&"/4=J2&5+EFGHKQ$K,.0!/#(.Z.EFGHKQ$K-@.
.........*;D/!U!/2C&"U&*+V,.T,.=!/,.(2!6(#-@.
.........*;D/!U!/2C&"U&*+V.[.=!/,.T,.0!/#(.Z.=!/,.(2!6(#-@.
........./%&01!"2+V.[.=!/,.T,.V.[.=!/,.T.[.(2!6(#-@.
......X.25*2.W.
........./4;D52.=!/.L.%&"/4=J2&5+EFGHKQ$K,.(2!6(#.Z.EFGHKQ$K-@.
.........*;D/!U!/2C&"U&*+V,.T,.0!/#(,.=!/-@.
.........*;D/!U!/2C&"U&*+V,.T.[.=!/,.0!/#(,.(2!6(#.Z.=!/-@.
........./%&01!"2+V,.T.[.=!/,.V.[.0!/#(,.T.[.=!/-@.
......X.
...X.
X.

3%&"(6%,(#$"(!%*&,)-*(E,%4,-7( F@",/)'"G(H(I"##",(!%*&,)-*(E,%4,-7(
J�� 3-*(2%C(&%(-(1"##",(K%1(%6("7C<-#)*4(!%*&,)-*L'('#2<"M(
J�� NC..%'"(#$-#(2%C($-O"(#$"(6%<<%5)*4(-&&)#)%*-<(6C*/#)%*'G(

/%&0J2)#+ ), &*, &!"#$%, &%'"(%$-.
;,-5'(#$"(%C#<)*"(%6(-(,"/#-*4<"(5)#$(#$"('."/)6)"&(1%C*&'8(

Y!55J2)#+ ), &*, &!"#$%, &%'"(%$-.
P)<<'(#$"(%C#<)*"(%6(#$"('."/)6)"&(,"/#-*4<"(C')*4(#$"(/C,,"*#(/%<%,8(

*2#C454%+-./.+ -.
N"#'(#$"(."*(/%<%,(#%(#$"('."/)6)"&(/%<%,('#,)*4(='C/$(-'(?\1IC]? (%,(?JKQ??((

*2#C454%+?: ++((00?-.
N"#'(#$"(,"&Q4,""*Q1<C"(/%7.%*"*#'(#%(#$"('."/)6)"&($"@-&"/)7-<(O-<C"'8(

D"O)'"&(!%*&,)-*(;"/%7.%')#)%*( D"/C,')%*(-*&(P,-/#-<'(
J�� D"/C,')%*( /%7"'( C.( )*( %#$",( 4,-.$)/-<( -..<)/-#)%*'>( 7%'#(

*%#-1<2( )*( #$"( /,"-#)%*( %6(!"#$%#&'1( 5$)/$( -,"( 7-#$"7-#)/-<(
'#,C/#C,"'( /%*')'#)*4( %6( ')7)<-,( 6)4C,"'( -#( O-,)%C'( &)66","*#(
'/-<"'8( (P,-/#-<'(5","(.%.C<-,)R"&()*(-(:STU(1%%B(12(#$"(<-#"(
I"*%)#(!-*&"<1,%#("*#)#<"&(2%'&3+,-$,/&4'.5'$+*&.6&7,$8+'8(

J�� V*"( %6( #$"( ')7.<"'#( 6,-/#-<( .-##",*'( #%( &,-5( )'( #$"(()$*+
!"#$%#&1(*-7"&(-6#",( )#'( )*O"*#%,>(#$"(N5"&)'$(7-#$"7-#)/)-*(
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