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IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN   TTTOOO   TTTHHHEEE   SSSCCCHHHEEEDDDUUULLLIIINNNGGG   TTTHHHEEEOOORRRYYY   

   

� Scheduling concerns optimal allocation or assignment of 
resources, over time, to a set of tasks or activities. 

� The allocation of resources over time to perform a 
collection of tasks’ (Baker 1974) 
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� As an independent branch of Operational Research, Scheduling Theory appeared in the 
beginning of the 50s. Scheduling theory can be applied to many areas including  

• computer systems 

• manufacturing 

• agriculture 

• health care 

• transport 

• materials handling 

• logistics and SC in general 

• … 

� Scheduling deals with the problems of optimal arrangement, sequencing and 
timetabling. 

� Scheduling is a decision-making process of allocating limited resources to activities 
(jobs) over time. 

Resources: 
- machines at a workshop 
- cranes to ships in container port 
- runways at an airport, 
- crews at transportation means 
- handling equipment to tasks 
- ............ 

Tasks (jobs): 
- operations in a workshop, 
- loading unloading ships 
- takeoffs and landings, 
- stages at a construction project, 
- internal transportation, loading unloading 
- .................. 
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� A schedule is a job sequence determined for every resource of the 
processing system. 

� Standard scheduling requirements say: 

• a job cannot be processed by two or more machines at a time, 

• a machine cannot process two or more jobs at the same time. 

� Depending on the type of scheduling system, specific constraints should be satisfied 
(jobs may be released at different times, there may be allowed preemption of jobs by 
other jobs, etc.) 

� Gantt chart is a horizontal bar chart that graphically displays the time relationships 
between the different tasks in a project: 

• the X-axis represents the time, 

• the Y-axis represents machines, 

• a color and/or pattern code may be used to indicate operations of the same job. 
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� Scheduling theory covers more than 10,000 different models. The models are specified 

according to three-field classification α|β|γ where 

• α specifies the machine environment, 

• β specifies the job characteristics, and 

• γ determines the optimality criterion. 

 

 

 

 

 

 

Henry Laurence Gantt (1861 - 1919) was an industrial 
engineer and a disciple of Frederick W. Taylor. He 
developed his now famous charts during World War I 
to compare production schedules with their 
realizations. Gantt discussed the underlying principles 
in his paper “Efficiency and Democracy,” which he 
presented at the annual meeting of the American 
Society ofMechanical Engineers in 1918. The Gantt 
charts currently in use are typically a simplification of 
the originals, both in purpose and in design. 
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� MACHINE ENVIRONMENT  

• Single stage systems 

� If there is a single machine, each job should be processed by that  machine exactly once. 

� If there are several parallel machines each job can be processed by any machine. 

• Multistage systems 

� Each job should be processed on each machine from the set. All machines are different. 

� JOB ENVIRONMENT 

• There are n jobs N={1,… ,n}. 
Processing time of job j on machine i is pij. If there is a single machine, then processing time of 
job j does not depend on machine number and it is denoted by pj. 
For job j there may be given also 
rj – release time (the time the job arrives at the system), 
dj – due date (the time the job is promised to the customer), 
wj – weight (the importance of job j). 

� OPTIMALITY CRITERION 

• The schedule can be characterised by starting or completion times of all operations of 
the jobs. 

• The objective is to construct a schedule, that minimizes a given objective function F. 
Usually function F depends on job completion times Cj, j=1,…,n, where Cj is the 
completion time of the last operation of job j. 
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� The most common objective functions are 

 

� Other objective functions depend on due dates dj. We define for each job j 

 

� The corresponding objective functions can be defined as follows: 
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TTTHHHEEE   CCCRRRAAANNNEEE   SSSCCCHHHEEEDDDUUULLLIIINNNGGG   PPPRRROOOBBBLLLEEEMMM   (((DDDAAAGGGAAANNNZZZOOO   111999888999)))      
as a manufacturing job environment scheduling problem where single task jobs  

(ship holds) should be handled by a set of identical machines (cranes) 

� We consider a berth of fixed length with a fixed number of cranes, C, serving a variety of 
ships. The sizes of ships are described by the number of holds they have; Hi shall 
denote the number of holds for ship i.  

� All holds are assumed to take roughly equivalent berth length. Thus, berth length can be 
expressed by the number of holds that can be served simultaneously, B. In other words, 
we assume that the berth can be visualized as being divided into B identical “slots”; thus, 
ship i needs Hi slots to be handled 

 

… … 

H1=3 

Ship 1 Ship i Ship S 

Hi=2 HS=3 

 

� Time lost while cranes are moving is ignored  

� If ship has only one hold it can depart as soon as job is completed. Then, if two or more 
cranes are not allowed to work on hold simultaneously, the problem is classical open 
shop, parallel machine scheduling problem. 
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� When ships have multiple holds, a job cannot leave until all jobs on the same ship have 
been completed, which delays the departures and complicates the analysis. This 
problem can be modeled as a resource constrained project scheduling problem with 
precedence constraints. 
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