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What is Operations Research?What is Operations Research?

� ”Operational research is the attack of modern science on complex 

problems arising in the direction and management of large systems of 

men, machines, materials and money in industry, business, government 

and defense.”
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� ”Its distinctive approach is to develop a scientific model of the system, 

incorporating measurements of factors such as change and risk, with 

which to predict and compare the outcomes of alternative decisions, 

strategies or controls. The purpose is to help management determine its 

policy and actions scientifically.” 

OR Quarterly 3(3): 282, 1962



http://www.scienceofbetter.org/
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http://www.sal.tkk.fi/en/personnel/ahti.salo/



ITE StudentITE Student Projects with IndustryProjects with Industry
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Rationale for the Course MatRationale for the Course Mat--2.41772.4177

� Other Mat-2 courses focus on theoretical and methodological skills

– Optimization, simulation, decision and risk analysis, time-series analysis

� Operations research is typically applied in collaborative projects

– Better understanding of phenomena

OpeVeivit Ahti Salo 15.5.2012

– Better understanding of phenomena

– Formulation of decision alternatives

– Development of decision recommendations 

� Many competencies needed to tackle problems 

� Collaboration, communication and presentation skills are important



Learning ObjectivesLearning Objectives

� The seminar seeks to impart  the students with skills for planning, 

managing and executing projects in which operations research is 

used for solving real problems posed by an external client
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� Principles of project management

– Organization, planning and management of project-based activities

� Execution of projects based on real client need

– Each project carried out by a team of 4-5 students

– 4-6 projects carried out each year

– 60 projects completed since 2002



NoppasivuNoppasivu
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NHGNHG TopicTopic
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VTT TopicVTT Topic
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PVTT TopicPVTT Topic
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OPOP--PohjolaPohjola
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StakeholdersStakeholders

� Clients

– Have a real problem which is to be addressed

– Interact with project teams, assist in scoping, provide feedback

– Host excursions for students and teachers 
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� Project teams 

– Consist mostly of MSc students from the Degree Programmes in 

� engineering physics and mathematics and � industrial engineering and management

– May  have doctoral students as well 

� Teachers

– Provide support, guidance and feedback to project teams  (literature, methods, tools)

– Help teams address any difficulties that may arise



Project ManagerProject Manager

� A student on the project team

– Selected by the team itself

– Receives 2 additional credits on top of the 5 credits given to all

� Responsibilities
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� Responsibilities

– Ensures that the project makes progress 

– C ommunicates with the client, the teachers and the shadow team proactively

– Ensures that all team members make a solid contribution

– Contacts teachers if major difficulties of any sort are encountered

� Benefits

– Resembles real-life practices � A more realistic learning experience

– Simplifies communication patterns



Shadow TeamsShadow Teams

� Each project team is being monitored by a shadow team, which 

provides comments on the activities and deliverables of a selected 

project team

Responsibilities
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� Responsibilities

– Presents oral comments during client excursions

– Writes a brief commentary on the deliverables of the other team

� Benefits

– Students get a chance to monitor projects they are interested in 

– Teachers do not have to deliver all critical comments

– Teaches students to make use of results produced by others



Project DeliverablesProject Deliverables

� Project plan (about 5 pages + presentation)

– Template structure

1) Background – 2) Objectives – 3) Tasks – 4) Schedule – 5)  Resrouces – 6) Risks

� Interim report (about 3 pages + presentation)
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� Interim report (about 3 pages + presentation)

– Summarizes what has been accomplished

– Provides updates to the project plan as necessary

� Final report (about 30 pages + presentation)

– Presents the results overall

– Accompanied by a two-page self-assessment of ’lessons learned’

» What was achieved? What was the actual work effort?

» In what ways was the project successful? What could have been done better?



Course outlineCourse outline 11
Course Schedule Course Schedule 
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Course outline 2Course outline 2
Course Schedule (cont’d) Course Schedule (cont’d) 
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Implementation IssuesImplementation Issues

� Some clients require non-disclosure agreements 

� Students must know about this when expressing their preferences

� Some clients require reports in Finnish 

� Language issues need be addressed when forming teams
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� Language issues need be addressed when forming teams

� Deliverables are in the public domain 

� They must not contain confidential information

� IPR is owned by the students 

� Clients need to negotiate with the students directly



Implementation Issues (cont’d)Implementation Issues (cont’d)

� There are no payments to students 

� No one can complain for being assigned to a team with lower pay

� Project topics must be screened in advance

Real Feasible Instructive
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� Real � Feasible � Instructive

� There can be failures on the client side, too

� Adjustments may be necessary

� Grappling with ambiguity can be an instructive learning experience!



Planning of Helicopter Emergency Medical ServicesPlanning of Helicopter Emergency Medical Services

� There were 6 helicopter bases in 2010

� Each was operated by an non-profit 

association
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� Activities were not on a sound financial 

foundation



FinnHEMSFinnHEMS

� HEMS = Helicopter Emergency Medical Services

� Founded in 2010 by medical districts for the purpose of managing 

the renewed operation of helicopter emergency medical services
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� Responsible for the planning of medical helicopter services and 

the competitive tendering of subsequent helicopter operations



� What kinds of helicopters are 

suitable? (9 alternatives)

� Where should the helicopters be 

Objectives of the FinnHEMS projectObjectives of the FinnHEMS project
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based? (52 bases)

� How ’good’ is the current situation?

� How much better could it be?



Examples of Alternative Sitings of Helicopter BasesExamples of Alternative Sitings of Helicopter Bases
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Structure of the Simulation and Optimization ModelStructure of the Simulation and Optimization Model

Helicopters

Share of unhandled 

patient calls 

Search algorithm

Mean time of 

reaching patients

Bases
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Weather

patient calls reaching patients

Helicopter types

Performance

Simulation model

Performance
evaluation



Efficient FrontierEfficient Frontier
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More Helicopters Would Improve PerformanceMore Helicopters Would Improve Performance
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Share of Helicopter Bases in Efficient AlternativesShare of Helicopter Bases in Efficient Alternatives

� Efficient alternative = 

A combination, consisting of � a helicopter type 

and � selected helicopter bases, which cannot

be improved simultaneously with regard to 
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be improved simultaneously with regard to 

both evaluation criteria by choosing some other 

combination of helicopters and helicopter bases 

� Evaluation criteria

� Share of unhandled patient calls (%)

� Mean time of reaching patients (min)



Project Results and Later HEMSProject Results and Later HEMS--activitiesactivities

� As a rule, helicopters are sited 

near university hospitals

� Support for this decision was given by 

the results of the project
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the results of the project

� Final report of the course project was 

appended to the final FinnHEMS report

http://www.mediheli.fi/finnhems/



Building ImpactBuilding Impact

� Case studies have lead to commissioned research projects

– Multi-criteria optimization of road pavement projects, 2004

� Some have resulted in refereed publications

...  but usually only if there are doctoral students on the team
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...  but usually only if there are doctoral students on the team

� Numerous students have been employed by clients 

� There is a growing number of repeat ’alumni’ clients 

� Clients propose real problems only if they expect real solutions 

� Strong methodological skills are absolutely essential!
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”Fuuga” 

by Anna-Kaisa Ant-Wuorinen,  2008

A feasible lattice structure by the team 

T.H. Saari, J. Leppänen, J. Mangs. T. Mutanen 

and A. Savelainen, 2008


