Scheduling

Scheduling consists of two steps:
1. Assignment of resources to tasks
2. Sequencing of tasks on a resource.
Scheduling Objectives
1. Increase resource utilization (utilization is usually improved by reducing the makespan).
2. Reduce in-process inventory (WIP). If makespan is constant, the sequence that reduces mean flow time also reduces mean WIP.
3. Reduce some function of tardiness (e.g. maximum tardiness, mean tardiness, or number of tardy tasks)

Definitions
Processing time (ti) is the time required to complete a task. This includes any setup time that might be required, which in our treatment is considered to be independent of sequence. 

Due Date (di) is the established deadline for a task beyond which it would be considered tardy. 

Completion time (Ci) is the span between the beginning of work on the first task, which time is referred to as t = 0, and the time when a task i is finished. 

Lateness (Li) is the duration between a task's completion time and its due date. 

Tardiness (Ti) is the measure of positive lateness. Negative lateness means zero tardiness. Therefore, Ti = maximum {0, Li} 

Flow time (Fi) is the time span between the point at which a task is available for processing and the point at which it is completed (i.e. waiting + processing times). 

Makespan (Ms) is the total time needed to complete a set of tasks. 

Scheduling n Tasks on one processor 

Assumptions:
1. Processing times and due dates of each task are known and are independent of the sequence in which the tasks are run.
2. All tasks are available at the start (T = 0.0).
Under the above assumptions, the makespan is constant for all sequences. 

Sequencing Rules 

Example I        (8! = 40,320 possible sequences)

	Task i
	1
	2
	3
	4
	5
	6
	7
	8

	Processing Time ti
	5
	8
	6
	3
	10
	14
	7
	3

	Importance Weight wi
	1
	2
	3
	1
	2
	3
	2
	1

	Due Date di
	15
	10
	15
	25
	20
	40
	45
	50


 

SPT: Shortest Processing Time, use EDD to break ties 

Sequence tasks with shorter processing times first. If two tasks have the same processing time, schedule the one with the earliest due date first. 

1. Minimizes mean flow time on one processor
2. Minimizes mean lateness.
3. Minimizes mean tardiness if all tasks have the same due date or if SPT results in all tasks being tardy. 

Mean flow time = [nt[1] + (n-1)t[2] + (n-2)t[3] + ..... + 2t[n-1] + t[n] ]/n 

WSPT: Weighted Shortest Processing Time, use SPT then EDD to break ties
Sequence tasks with shorter weighted processing times first. If two tasks have the same weighted processing time, schedule the one with the shortest processing time first. If processing times are equal, schedule the one with the earliest due date first.

Minimizes weighted mean flow time on one processor 

EDD: Earliest Due Date, use SPT to break ties 

Sequence tasks with earlier due date first. If two tasks have the same due date, schedule the one with the shortest processing time first. 

1. Minimizes maximum lateness.
2. Minimizes mean tardiness if only one task is tardy. 

Hodgson Algorithm
Step 1: Order all tasks by the EDD rule. If zero or one task is tardy, stop. Otherwise go to Step 2.
Step 2: Starting at the beginning of the EDD sequence and working toward the end, identify the first tardy task. If no further tasks are tardy, go to step 4. Otherwise, go to step 3.
Step 3: Suppose that the tardy task is in the ith position in the sequence. Examine the first i tasks in the sequence and identify the one with the longest processing time. Remove that task and set it aside. Revise the completion time of the other tasks to reflect the removal, and return to step 2.
Step 4: Place all those tasks that were set aside in SPT order at the end of the sequence.

Minimizes the number of tardy tasks. 

	 Rule
	Sequence
	Mean flow
time
	Mean
Tardiness
	Mean
Lateness
	Number of
tardy tasks
	Maximum
lateness

	SPT
	?
	?
	?
	?
	?
	?

	WSPT
	?
	?
	?
	?
	?
	?

	EDD
	?
	?
	?
	?
	?
	?

	Hodgson
	?
	?
	?
	?
	?
	?


Example II

	Task i
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Processing Time ti
	1
	10
	5
	2
	8
	7
	8
	4
	3
	6

	Importance Weight wi
	3
	2
	1
	1
	4
	2
	3
	3
	2
	4

	Due Date di
	10
	20
	15
	10
	10
	25
	15
	25
	10
	20


 (10! = 3,628,800 possible sequences) 

	 Rule
	Sequence
	Mean flow
time
	Mean
Tardiness
	Mean
Lateness
	Number of
tardy tasks
	Maximum
lateness

	SPT
	?
	?
	?
	?
	?
	?

	WSPT
	?
	?
	?
	?
	?
	?

	EDD
	?
	?
	?
	?
	?
	?

	Hodgson
	?
	?
	?
	?
	?
	?


