McMaster University Department of Computing and Software Dr. W. Kahl

SFWR ENG 2S03 Exercise Sheet 8 Solution Hints

SFWR ENG 2S03 — Principles of Programming

1 November 2006

Exercise 8.1 Solution Hints Solutions for this question provided by Scott: #include<stdio.h> #include<stdlib.h>

typedefstruct list_node_t{

char c; struct list_node_t *next;

}list_node;

typedeflist_node*list;

list new_node(char c); voidappend_node(list*,list); intlength_node_r(list); intlength_node_l(list); voiddup_node_r(list); voiddup_node_i(list); voidreverse_r(list*); voidreverse_i(list*); voidprint_node(list); list seq_r(char,char); list seq_i(char,char); list copy_r(list); list copy_i(list);

intmain(void){

list l2; list l = new_node(’a’); append_node(&l,new_node(’b’)); dup_node_r(l); dup_node_i(l); reverse_i(&l); l = seq_i(’a’,’d’); l2 = copy_i(l);

l = seq_i(’f’,’z’); print_node(l2); print_node(l); return0; } list new_node(char ch){ list l;

l = malloc(sizeof(list));

l→ c = ch; l→ next = NULL; returnl; } For the character list type CharList from the lecture, write both recursive and iterative functions that perform the following tasks: (a) Calculate the length of a list.

Solution Hints intlength_node_r(list l){ if(l == NULL)

return0; else

returnlength_node_r(l→ next); } intlength_node_i(list l){ inti = 0; while(l ≠ NULL){ l = l→ next; i++; } returni; } (b) Duplicate each list element, thus turning for example “abccd”into “aabbccccdd”.

Solution Hints voiddup_node_i(list l){ list tmpl;

while(l ≠ NULL){ tmpl= l→ next;

l→ next = new_node(l→ c);

l→ next→ next=tmpl; l = tmpl;

} } voiddup_node_r(list l){ list tmpl;

if(l ≠ NULL){

tmpl= l→ next; l→ next = new_node(l→ c); l→ next→ next = tmpl; l = tmpl; dup_node_r(l); } return; } (c) Given two characters x ≤ y, produce a list containing in sequence all characters from x to y inclusively.

Solution Hints list seq_i(char x,char y){ list l=NULL,tmp;

for(;y≥x;y−− ){ tmp = malloc(sizeof(list_node)); tmp→ c=y; tmp→ next = l; l = tmp; } returnl; } list seq_r(char x,char y){ list l; if(x>y)

returnNULL; else{

l = new_node(x); l→ next = seq_r(x+1,y); returnl; } } (d) Produce a copy of a list.

Solution Hints list copy_r(list src){

list trg;

if(src==NULL)

returnNULL; else{

trg=malloc(sizeof(list_node)); trg→ c=src→ c; trg→ next=copy_r(src→ next); returntrg; } }

list copy_i(list src){ list trg,tmp,head =NULL;

for(;src ≠ NULL;src=src→ next){ tmp = malloc(sizeof(list_node)); tmp→ c=src→ c; tmp→ next = NULL;

if(head ≠NULL)

trg→ next=tmp; else

head =tmp; trg=tmp; } returnhead ; }

(e) Reverse a list.

Solution Hints voidreverse_r(list *listhead){ list l;

if(*listhead == NULL)

return; else{

reverse_r(&((*listhead)→ next)); l = *listhead; while(l→ next ≠ NULL)

l = l→ next; l→ next = *listhead; l = (*listhead)→ next; (*listhead)→ next = NULL; (*listhead)= l; } } voidreverse_i(list *listhead){ list current,newcurrent,target;

target = NULL;

current = (*listhead);

while(current ≠ NULL){

newcurrent = current→ next; current→ next = target; target=current; current=newcurrent; } *listhead=target; } Solution Hints Additional material: voidprint_node(list l){ if(l==NULL){ printf("\n"); } else{

printf("%c",l→ c); print_node(l→ next); } } voidappend_node(list *l,list n){

list tmp; tmp = *l; if(tmp==NULL){ (*l)=n; return; } while(tmp→ next) tmp = tmp→ next;

(*l)→ next = n; }

Exercise 8.2 — Textbook Insertion Read and understand the textbook version of insertion into lists (fig12_03.c). Manually simulate appropriate test cases. Exercise 8.3 — Calendar (ctd.) For the calendar application of Exercise 6.2, adapt the Day data type to allow an arbitray number of appointments, and adapt your find function accordingly. One aspect to keep in mind is that it should be reasonably easy to add and delete single appontments. Solution Hints

#include

<stdio .h> #include

<stdlib .h> typedef intbool; #define

TRUE 1 #define

FALSE

0Ifmemoryallocationfortheresultarrayfails,NULLisreturned,andweleavethedecisiontothecallerwhetherornotoprintafailuremessage.

However,thenumberofdaysoftheyearcanstillbecalculatedevenifthememoryallocationfortheresultarrayfailed,sowedothat.

int*startDays

(const intmonthsNum

,const intmonthLen

[],int*yearLen ){ int*result

=malloc

(monthsNum

*sizeof(int)); inti,s=0; for(i=0;i<monthsNum ;i++){ if(result

≠NULL

){result

[i]=s;} s+=monthLen

[i]; } *yearLen =s; return result

;//passtheburden oferror handling tocaller

}Standardbinarysearch:

• initialise

loweranduppertotheextremes

ofthesearchrange

• iftherangehascollapsed:lower(==upper)mustbetheindexofthemonthwearelookingfor.

• iftherangehasnotcollapsed:

– calculate themiddleindexksuchthatkisnotequaltolower

– Selectthesubrangetocontinue.

Forprintingtheresult,wehavetotakecaretoconvertarrayindices(startingat0)intonatural-languageordinalnumbers(startingat1).

void printDate

(intmonthsNum

,const intmonthStart

[],intindex ){ intlower

=0,upper

=monthsNum −1; intk; while

(upper

>lower ){ k=(upper

+lower

+1)/2; if(index

≥monthStart

[k]) lower =k; else upper =k−1; } printf

("Day:

%d,month:

%d\n", index

+1−monthStart

[lower

],lower

+1); }calIndex

(monthStart

,month

,day)considers monthanddayasnatural-language

ordinalnumbers(startingat1)andreturnsthecalendararrayindexcorrespondingtothedayindicatedbymonthanddayincalendararraysgovernedbymonthstartindicesmonthStart.

intcalIndex

(const intmonthStart

[],intmonth

,intday){ return monthStart

[month

−1]+day−1; }

typedef enum

{SUN

,MON

,TUE

,WED

,THU

,FRI,SAT

}Weekday ;

Weekday weekday

(const intmonthStart

[],Weekday wd1 ,intmonth

,intday){ return

(calIndex

(monthStart

,month

,day)+wd1

)%7; }intmax

(intm,intn){return m>n?m:n;} intmin(intm,intn){return m<n?m:n;}

void fillWeek

(const intmonthStart

[],Weekday wd1 ,intweek

[],intmonth

,intday){ intd=day−1; intm=month −1; intind=calIndex

(monthStart

,month

,day); inti; Weekday w=weekday

(monthStart

,wd1

,month

,day); /*lastyear*/ for(i=SUN

;i<max

(w−ind,0);i++) week

[i]=−1; /*lastmonth */ for(i=SUN

;i<max

(w−d,0);i++) week

[i]=m; /*thismonth */ } typedefstruct {inthour,minutes;}MyTime; typedefstruct {

MyTimebegin,end; char *title; char *comment; }Appointment; typedefstruct ANstruct{

Appointmentdata; struct ANstruct*next; }AppNode; typedefAppNode*AppList; typedefstruct {

MyTimesunrise,sunset ; AppListappointments; }Day; voidfind(intmonthsNum,intmonthStart[],intyearLen,Day cal[],char *(*check)(Appointmenta)){ inti;

char *message ; AppListl; for( i=0;i<yearLen;i++ ){ l = cal[i].appointments; while(l ≠ NULL){ if( (message = check(l→ data))){ printf("%s ",message ); printDate(monthsNum,monthStart,i); } l = l→ next; } } } intmain

(intargc

,char

*argv

[]){ const char

*weekdays

[]={"Sun",

"Mon",

"Tue",

"Wed",

"Thu",

"Fri",

"Sat"}; const intmonthsNum

=12; const intmonthLen

[12]=//2004 isaleapyear! {31,

29,31,30,31,30,31,31,30,31,30,31}; intyearLen ; Weekday w,wd1

=THU

;//for2004 const int*monthStart

=startDays

(monthsNum

,monthLen

,&yearLen ); inti,d,m;

for(i=0;i<monthsNum ;i++){ d=monthStart

[i]; w=weekday

(monthStart

,wd1

,i+1,d); printf

("Month

%dhas%ddays andstarts ona%s,daynumber

%d\n", i+1,monthLen

[i],weekdays

[w],d); } printf

("The year has%ddays.\n", yearLen );

if(argc

==2){//Argument readas“day index’’ d=atoi(argv

[1]); printDate

(monthsNum

,monthStart

,d); } if(argc

>2){//Arguments readas“day, month’’ d=atoi(argv

[1]); m=atoi(argv

[2]); w=weekday

(monthStart

,wd1

,m,d); printf

("Day

%dofmonth

%disa%s.\n", d,m,weekdays

[w]); } return 0; }

Exercise 8.4 — Number Lists (51% of Midterm 3, 2005) The following C type definitions will be used to define “number lists” as singly-linked lists of intelements: typedefstruct NumListNodeStruct{int elem; struct NumListNodeStruct* next; } NumListNode;

typedefNumListNode*NumList; The considered number lists will always have their elements in ascending order . (The items are independent of each other!) (a) ≈12% Implement the summing up of all the elementsin a list.

Define twoversions: one recursive and one iterative function. Document the function interface! Solution Hints /*sum()returnsthe sum of all elem fields; the argument list is passed by value.*/ intsum(NumListd){ if( d == NULL)return0; else returnd→ elem + sum(d→ next); } intsumIter(NumListd){ intr = 0;/*result accumulator */ while( d ≠ NULL){ r += d→ elem;d = d→ next; } returnr; }

(b) ≈39% Design and implement a function that splits a list into two sub-lists, one containing all the even numbers from the original list, and the other all the odd numbers from the original list (both in ascending order). Carefully document the function interface .

Solution Hints Argument is destructively updated to loose all its even elements, which are returned as result: NumListsplitOutEven(NumList*list){ NumListresult = NULL; NumList*resultEnd = &result;

while( *list ){ if( (*list)→ elem %2 ){// odd list = &((*list)→ next); }else { // even *resultEnd = *list; *list = (*list)→ next; resultEnd = &((*resultEnd)→ next); *resultEnd = NULL; } returnresult; }