CS242: Object-Oriented Design
and Programming

Program Assignment 5
Part 1 (Linked List Timer Queue) Due Tuesday, March 18", 1997
Part 2 (Heap Timer Queue) Due Tuesday, April 15¢, 1997)

A Timer Queue is an Abstract Data Type (ADT) that allows applications to manage a set of timers.
Common operations on a Timer Queue include schedule, cancel, and expire. This part of your programming
assignment focuses upon building the following two implementations of a Timer Queue:

o Ti mer _Li st —Anunboundedimplementation of Timer Queue using the Ordered List implementation
from your previous assignment.

¢ Ti mer _Heap — Animplementation of Timer Queue using a heap data structure.

Theinterface for the abstract base class Ti mer _Queue is defined as follows:

cl ass Ti mer_Queue

/1l = TITLE
I Provides an interface to tinmers.
/1
/1 = DESCRI PTI ON
I This is an abstract base class that provi des hook for
/1 i npl ementing specialized policies such as <Tiner_List>
/1 and <Ti mer _Heap>.
{
public:
/1 = 1Initialization and term nation nethods.

Ti mer _Queue (void);
/] Default constructor.

virtual ~Tinmer_Qeue (void);
/1 Destructor - nake virtual for proper destruction of inherited
/] classes.

virtual int is_enpty (void) const = 0;
/1 True if queue is enpty, else false.

virtual const Tine_Value &earliest_tine (void) const = O;
// Returns the time of the earlier node in the Timer_Queue.

virtual int schedule (Event_Handl er *event _handl er,
const void *arg,
const Tinme_Value &delay) = 0;
/] Schedul e an <event_handl er> that will expire after <del ay> anount
/1 of tine. |If it expires then <arg> is passed in as the value to
/1 the <event_handl er>'s <handl e_ti meout> cal |l back nethod. This nethod
/1 returns a <tiner_id> that uniquely identifies the <event_handl er>

/1 in an internal list. This <timer_id> can be used to cancel an
/1 <event_handl er> before it expires. The cancellation ensures that
/1 <timer_ids> are unique up to values of greater than 2 billion

/1 timers. As long as timers don't stay around |onger than this

/'l there should be no problems with accidentally deleting the wong
// timer. Returns -1 on failure (which is guaranteed never to be a
/] valid <tiner_id>).

virtual int cancel (int timer_id, const void **arg = 0) = O;
/1 Cancel the single <Event_Handl er> that natches the <tiner_id>



/1 value (which was returned fromthe <schedule> nmethod). |If arg is
/1 non-NULL then it will be set to point to the ‘‘magic cookie'’

/1 argunment passed in when the <Event_Handl er> was registered. This
/1 makes it possible to free up the menory and avoid nmenory | eaks.
/'l Returns 1 if cancellation succeeded and O if the <tiner_id>

/1 wasn’t found.

virtual int expire (void);

/1 Run the <handl e_tinmeout> nethod for all Timers whose values are
/1l <= <Tine_Val ue::gettimeofday>. Returns the nunber of Tiners

/1 expired.

b
As shown above, the following are a number of classes associated with the Ti mer _Queue:
class Tinme_Val ue
/1 = TITLE
I Qperations on "tinmeval" structures.
{
public:

[/l = Useful constants.

static const Tinme_Value zero;
/! Constant "0".

// = 1Initialization nethods.

Tinme_Value (long sec = 0, long usec = 0);
/1 Constructor.

Ti me_Val ue (const Tinme_Value &v);
/1 Copy constructor.

/1 = The following are accessor/ nmutator nethods.

Il ong sec (void) const;
/'l Get seconds.

void sec (long sec);
/] Set seconds.

I ong usec (void) const;
/1 Get microseconds.

void usec (long usec);
/1 Set microseconds.

/1 = Hel per nethod
static Tinme_Val ue gettineofday (void);

/] = The following are arithmetic methods for operating on
/1 Time_Val ues.

voi d operator += (const Time_Value &v);
/1 Add <tv> to this.

void operator -= (const Time_Value &v);
/] Subtract <tv> to this.

friend Tine_Value operator + (const Tinme_Value &vl, const Tinme_Value &v2);
/1 Adds two Time_Val ue objects together, returns the sum

friend Tine_Value operator - (const Tinme_Value &vl, const Tinme_Value &v2);
/1 Subtracts two Time_Val ue objects, returns the difference.



friend int operator < (const Tinme_Value &vl, const Tinme_Value &v2);
/1 True if tvl < tv2.

friend int operator > (const Tinme_Value &vl, const Tinme_Value &v2);
/1 True if tvl > tv2.

friend int operator <= (const Tine_Value &vl, const Tine_Value &v2);
/1 True if tvl <= tv2.

friend int operator >= (const Tine_Value &vl, const Tine_Value &v2);
/[l True if tvl >= tv2.

friend int operator == (const Tine_Value &vl, const Tine_Value &v2);
/1 True if tvl == tv2.

friend int operator != (const Tine_Value &vl, const Tine_Value &v2);
/[l True if tvl != tv2.

private:
void normalize (void);
/] Put the timevalue into a canonical form

long tv_sec_;
/] Seconds.

long tv_usec_;
/1 M croseconds.

}s
cl ass Event _Handl er

/1 = TITLE

/] Provides an interface to an Event Handl er;
{
public:

virtual int handle_tinmeout (const Tine_Value &,

const void *arg) = 0;

}s

The Timer List Implementation

Thefollowing class providesaspecidization of Ti mer _Queue that usesan Or der ed_Li st of absolute
times. Therefore, in theaverage- and worst-case, scheduling and canceling Event _Handl| er timersisO(N)
(where N isthe total number of timers) and expiring timersis O( K') (where K isthe total number of timers
that are < the current time of day).

#i ncl ude "Ti mer _Queue. h"

class Timer_List : public Tinmer_Queue

/1 = TITLE

/1 Provides a sinple inplementation of timers using a linked |ist.
{
public:

// = 1Initialization and term nation nethods.

Timer_List (void);
/] Default constructor.

virtual “Timer_List (void);
/1 Destructor

virtual int is_enpty (void) const;
/1 True if queue is enpty, else false.



virtual const Tine_Value &earliest_tine (void) const;
// Returns the time of the earlier node in the <Timer_List>.

virtual int schedule (Event_Handl er *event _handl er,
const void *arg,
const Tinme_Val ue &del ay);
/] Schedul e an <event_handl er> that will expire after <delay> anount
/1 of tine. |If it expires then <arg> is passed in as the value to
/1 the <event_handl er>'s <handl e_ti meout> cal | back nmethod. This nethod
/] returns a <timer_id> that uniquely identifies the <event_handl er>

/1 in an internal list. This <timer_id> can be used to cancel an
/1 <event_handl er> before it expires. The cancellation ensures that
/1 <timer_ids> are unique up to values of greater than 2 billion

/1 timers. As long as timers don't stay around |onger than this

// there should be no problems with accidentally deleting the wong
/] timer. Returns -1 on failure (which is guaranteed never to be a
/] valid <tiner_id>).

virtual int cancel (int tinmer_id, const void **arg = 0);

/1 Cancel the single <Event_Handl er> that natches the <tiner_id>

/1 value (which was returned fromthe <schedule> nmethod). |If arg is
/1 non-NULL then it will be set to point to the ‘‘magic cookie'’

/1 argunment passed in when the <Event_Handl er> was registered. This
/1 makes it possible to free up the menory and avoid nenory | eaks.
/1 Returns 1 if cancellation succeeded and O if the <tiner_id>

/1 wasn't found.

private:

};

/1 You fill in here.

The Timer Heap Implementation

Thefollowing class provides another speciaization of Ti mer _Queue that usesaHeap of absolute times.
A Heap isan “amost complete, partialy ordered binary tree.” Heaps are very efficient since in the average-
and worst-case, scheduling and canceling Event _Handl er timersisO(log V) (where N isthetotal number
of timers) and expiring timersisO(log V) (where NV isthe total number of timersthat are < the current time

of day). Note that thisis substantially faster than the Ti mer _Li st implementation.

Please refer to your handouts for an explanation of how to implement aTi mer _Heap.

#i ncl ude "Ti mer _Queue. h"

class Timer_Heap : public Tinmer_Queue

/1 = TITLE

/1 Provi des an optinmization inplenentation of tinmers using a heap.
{
public:

// = 1Initialization and term nation nethods.

Ti mer _Heap (size_t size);
/1 Default constructor, which creates a heap with <size> el enents.

virtual “Timer_Heap (void);
/] Destructor

virtual int is_enpty (void) const;
/1 True if queue is enpty, else false.

virtual const Tine_Value &earliest_tine (void) const;
/'l Returns the time of the earlier node in the <Ti mer_Heap>.

4



virtual int schedule (Event_Handl er *event_handl er
const void *arg
const Tinme_Val ue &del ay);
/] Schedul e an <event_handl er> that will expire after <delay> anount
/1 of tine. |If it expires then <arg> is passed in as the value to
/1 the <event_handl er>'s <handl e_ti meout> cal |l back nmethod. This nethod
/] returns a <timer_id> that uniquely identifies the <event_handl er>

/1 in an internal list. This <timer_id> can be used to cancel an
/1 <event_handl er> before it expires. The cancellation ensures that
/1 <timer_ids> are unique up to values of greater than 2 billion

/1 timers. As long as timers don't stay around |onger than this

/'l there should be no problems with accidentally deleting the wong
/] timer. Returns -1 on failure (which is guaranteed never to be a
/] valid <tiner_id>).

virtual int cancel (int tinmer_id, const void **arg = 0);

/1 Cancel the single <Event_Handl er> that natches the <tiner_id>

/1 value (which was returned fromthe <schedule> nmethod). |If arg is
/1 non-NULL then it will be set to point to the ‘‘magic cookie’

/1 argunment passed in when the <Event_Handl er> was registered. This
/1 makes it possible to free up the nenory and avoid nenory | eaks

/1 Returns 1 if cancellation succeeded and O if the <tiner_id>

/'l wasn't found

private:
/] You fill in here

};

Test Driver Code

The following code implements atest driver to test your Timer Queue implementation:

#i ncl ude "stdio. h"
#i nclude "stdlib. h"
#i ncl ude "assert.h"
#include "Tiner_List.h"
#i ncl ude "Ti ner_Heap. h"

/1 Nunmber of iterations for the performance tests
static int max_iterati ons = 100

/] Default size of the heap
static int nax_heap = 100

cl ass Exanpl e_Handl er : public Event_Handl er

{
public:
virtual int handle_timeout (const Tine_Value &,
const void *arg)

assert ((int) arg == 42);
return O;
}
}s

static void
test _functionality (Tiner_Queue *tq)

Exanpl e_Handl er eh



assert (tg->is_enpty ());
assert (Time_Value::zero == Tine_Value (0));
int tiner_idl;

tiner_idl = tqg->schedul e (&h, (const void *) 1,
Ti me_Val ue: : getti meofday ());
assert (timer_idl '= -1);

assert (tg->schedule (&eh, (const void *) 42,

Time_Val ue: : gettineofday ()) != -1);
assert (tg->schedule (&h, (const void *) 42,

Time_Val ue: : gettineofday ()) != -1);
assert (tg->cancel (tinmer_idl) == 1);

assert (tg->is_enpty () == 0);
assert (tg->expire () == 2);

tinmer_idl = tqg->schedul e (&h, (const void *) 4,
Ti me_Val ue: : gettimeofday ());
int tiner_id2 = tqg->schedul e (&h, (const void *) 5,
Ti me_Val ue: : gettineofday ());

assert (timer_idl !'=-1 & timer_id2 != -1);
assert (tg->is_enpty () == 0);
void *arg = O;

assert (tg->cancel (timer_id2, &arg) == 1);
assert ((int) arg == 5);
assert (tg->cancel (timer_idl, &arg) == 1);
assert ((int) arg == 4);
assert (tg->expire () == 0);
}
struct Ti ner_Queues
{
Ti mer _Queue *queue_;
/'l Pointer to the subclass of <Tinmer_Queue> that we’'re testing.
const char *nane_;
/] Name of the Queue that we’'re testing.
b
static Tinmer_Queues timer_queues[] =
{
{ new Timer_List, "Timer_List" },
{ O, "Tiner_Heap" },
{ 0, 0},
b
int
main (int argc, char *argv[])
{
if (argc > 1)
max_iterations = ::atoi (argv[1l]);
else if (argv > 2)
max_heap = ::atoi (argv[2]);
timer_queues[ 1] . queue_ = new Ti ner_Heap (max_heap);
for (int i = 0; timer_queues[i].nane_ != 0; i++)
{

fprintf (stderr, "**** starting test of %\n", tinmer_queues[i].nane_);
test _functionality (tiner_queues[i].queue_);
del ete tiner_queues[i]. queue_;



return O;

}

Getting Started

You can get the “shells” and Makefile for part one of the program from your account on cec. Thesefiles
are storedin/ pr oj ect/ adapti ve/ cs242/ assi gnnment - 5/ . Here's a script that shows you how to
set everything up and get these files:

% cd “/cs242

% nkdi r assi gnnment -5
% cd assignnent-5
%cp -r /project/adaptivel/ cs242/assi gnnent-5/*
%ls

Makefil e
tiner-test.C

Event _Handl er. h

Ti me_Val ue. C

Ti me_Val ue. h

Ti mer _Heap. C

Ti mer _Heap. h

Timer _List.C

Timer _List.h

Ti mer _Queue. C

Ti mer _Queue. h

% make

The Makef i | e and various header files are written for you. All you need to do is edit the* . Cfilesto add
the methods that implement the Timer Queues. Note that you' Il need to copy the Or der ed _Li st filesfrom
your previous assignment and add them to the M akefile.



