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I.  The Elevator Problem

In a multi-storied building people use the elevator to travel between floors. The problem is to schedule the elevator in “the best possible way”.

The problem in detail: 

· There are ‘F’ floors in a building. 

· There is one elevator that we are concerned with. 

· There are elevator-service-requests coming from people on each floor according to some distribution.

· The request comes at a particular time. The request is to go from one floor (source) to another (destination).

· The goal is to schedule the elevator in the best possible way.

· We need to define what we mean by “the best possible way”.

II. Research question and motivation

· We need to find out which on-line algorithm gives a “good” solution.

· We need to define the goodness of the offline algorithm.

“Which on-line algorithm best approximates the optimal off-line algorithm (if one exists) for the elevator scheduling problem?”

For this we need to define 

· What we mean by the optimal solution.

· The performance metrics for the on-line algorithms.

We need to qualify the term “optimal” based on some criteria, for example in this case of the elevator scheduling problem the criteria could be one/more of the following:

1. The distance covered by the elevator in unit time should be the minimum.

2. The number of passengers served per unit time should be the maximum.

3. The average response time per request on any floor should be the minimum.
4. The average waiting time per person on any floor should be the minimum.

We choose the 3rd option.

We define a set of on-line algorithms and propose to experimentally analyze which of them has a better performance. For this we use the following performance metric:

      P = Ton / Toff 

Where,

Ton :   Average response time of the requests in a particular time slot, when an on-line                  

algorithm is used. 

Toff :  Average response time of the requests in the same time slot, when the optimal 

off-line algorithm is used.

Motivation: In most scheduling problems, if the problem were off-line, i.e. we know the arrival time of a request, then we can find the optimal schedule. But in reality this is not the case and we need to use some heuristics or strategies or on-line algorithms for scheduling.  The question is which strategy is better. 

. 

III. Application(s)

The elevator scheduling problem in general represents a class of scheduling problems. The disc-scanning-problem (the problem of scheduling the read/write head to serve read/write requests) has a striking similarity to the elevator problem. 

IV. Algorithms

Before starting with the algorithms, we need to define a model of the problem that can be implemented. 

Model:

   There are requests coming at different floors. They are of the form R(t,s,d).

Where,    t: the time at which this request was made

   
   s:  the floor at which the request has come from, i.e. the source floor


   d: the floor to which the person has to go to, i.e. the destination floor

   Our aim is to minimize the average response time per request.

The response time of a request R from a person, Tres(R) = Twait(R) + Tservice(R)

Where, Twait(R)    :    the time that the person who gave the request R waits before 

entering the lift 

Tservice(R) :   the time that the person who gave the request R is inside the lift 

before leaving the lift.

To simplify things, we think of a request R(t,s,d) as two requests of the form 

R’(t,s,0) & R’(t,d,1) and consider only the waiting times of the requests for the response time. We however need to take care of the fact that there these two requests cannot be served in any order.

We propose to implement the following on-line algorithms 

1. Randomized: The elevator will randomly choose the next floor to travel to.

2. First Request First: This is analogous to the FIFO algorithm with a variation that takes into account the fact that more than one request may be serviced on any floor. i.e. the elevator goes to the floor that has the earliest request pending. 

3. Circular: The elevator will always travel in a circular fashion servicing requests on the way.

4. Shortest Distance First: The elevator will service requests from the floor at the shortest distance from the current floor. 

5. Maximum Requests First: The elevator will service requests on a floor that has most number of requests of all floors. 

The off-line algorithm we propose to implement uses dynamic programming to find the optimal schedule for the lift. 

  The mathematical formulation of the problem is as follows :



                       |

W(f[i], n)  =        min            |  W( f[i-1] , n + |Si| )  +  ((waiting_time(rx))
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Where F    : the number of floors in the building.

           N    : the number of requests to be served on the whole.

f[i] : the floor which is the ith stop of the elevator.

Si   : set of requests at the floor f[i] that are ready to be served at that time(when t 

the elevator stops at the floor f[i] (at that particular time)

 
        =  { rx(tx,fx,b) /  rx has not yet been served

& fx = f[i] 

& if b=1 then rx(tx,fy,0) has already been served 

                                                & tx < TimeAtFloor(f[i]) }


TimeAtFloor(f[i])=TimeAtFloor(f[i-1]) + TimeTaken(f[i-1],f[i]) + TimeWait(f[i]) 


 
                  =  0 when i = 0


TimeTaken(f[i-1],f[i]) : The time taken for the lift to travel from f[i-1] to f[i].

                                                  = c.|f[i-1] – f[i]|
(our assumption)

            TimeWait(f[i]) : Time for which the lift stays in the floor f[i] before moving to the 

   next stop.

  = k     (our assumption)


c, k : constants

waiting_time(rx): the time that it took for the request, rx to be served.

W(f[i],n) : the minimum total waiting time of the n requests served by the 

elevator until it makes it’s ith stop at the floor f[i] after already     

stopping at f[0],f[1],…,f[i-1] 

We would begin with W(f[0],0). We need to find W(f[X], N)

We assume f[0] = 0 (the elevator is at the ground floor initially). 

A very rough estimate of the running time:  

· There will be N.F.max(i) cells to be filled up. 

· To fill up one cell we need to look at F cells(to make a choice of which floor to go next). To form the set Si we will need at most N time(in the worst case all the requests have to be considered)

· Max(i) can at most be N.

· Therefore the running time = O(N.F.N . F . N) = O(N2F3)       

Assumptions

1. A single elevator services all requests in the building. In other words, we are concerned with only requests for one elevator.

2. The elevator takes constant amount of time to travel between floors.

3. The elevator does not break down arbitrarily.

4. The elevator has infinite capacity; that is, it can accommodate any number of requests on a particular floor.

5. The elevator spends a constant amount of time at each floor irrespective of the number of people getting in or out of the elevator.

6. The requests in each floor arrive according to Poisson distribution.

Background

An on-line algorithm is one that receives a sequence of requests and performs an immediate action in response to each request. On-line algorithms arise in any situation where decisions must be made and resources allocated without knowledge of the future. An off-line algorithm, on the other hand, knows the entire sequence of requests in advance and chooses its actions optimally.

The effectiveness of an on-line algorithm may be measured by its "competitive ratio", defined as the worst-case ratio between its cost and that of a hypothetical off-line algorithm. Competitive ratios are always determined with respect to an objective function, for example, the total response time of a request. An on-line algorithm is (-competitive if for each input instance the objective value of the “schedule” produced by the algorithm is at most ( times larger than the optimal objective value.

In general, elevator scheduling does not seem to be a widely researched problem. We have found many references to “the traditional elevator algorithm” in publications related to the disk scheduling problem. The traditional elevator algorithm is directly applied in the SCAN disk scheduling algorithm, which serves disk requests by sweeping the disk in either one or both directions. This algorithm corresponds to the Shortest Distance First and Circular algorithms referred to in the first section. 

Leda

The Leda manual is a well-written document. It describes the various data types and algorithms in sufficient detail. Leda provides reasonable flexibility for user defined data types and algorithms, that can interface with in-built data types and algorithms. Initial reading of the manual indicates that Leda is highly focused on graph related data structures and algorithms, but provides useful data structures like dictionaries. We have not yet experimented with Leda.

The following parts of the Leda package are likely to be very useful to us: 

Simple Data types: random_source, random_variate, dynamic_random_variate – for input distribution generation.

Special data types: p_queue, b_priority_queue – for simulation of elevator request arrivals.

Technical Plan 

We plan to carry out this project work as follows:

Step 1: Clear identification of on-line and off-line algorithms.

Step 2: Theoretical analysis of the off-line algorithm to determine the optimal off-line solution.

Step 3: Implementation of three on-line and one off-line algorithms in C and Leda. 

Step 4: Input data generation according to the Poisson distribution.

Step 5: Experimentation, collection and comparison of results. Experiments will be performed by simulating lightly loaded and heavily loaded conditions.

Step 6: Graphical presentation of results.
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Group member contributions

Each group member will take up the task of implementing one on-line algorithm in C and Leda. If theoretical analysis of the optimal off-line algorithm is required, one of the group members will attempt to do this. Each group member will try to survey as much literature on on-line algorithms and disseminate the information to the other members.

Schedule

Implementation of algorithms (on-line and off-line) in C: 

Nov 20, 1999.

Implementation of algorithms (on-line and off-line) in Leda: 
Nov 25, 1999.

Experiments and result collection:




Dec 1, 1999.

Final technical report preparation:




Dec 5, 1999.

