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G53ORO – Operations Research and Optimisation 

MODULE FEEDBACK – Semester 1, Session 2011-2012 

Lecturer: Dr. Dario Landa Silva 

 

The module assessment is a combination of practicals (20%), one piece of coursework (20%) 

and examination (60%). 

 

 

GENERAL STATISTICS  G53ORO 

 

Students Enrolled:       33 

Submitted Practicals:      33 

Submitted Coursework:     31 

Present in Examination:     32 

Practicals Mark Average:  63.6 

Coursework Mark Average:  63.3 

Examination Mark Average:  56.6 

Overall Mark Average:  59.4 

 

First Class:       9 (27%) 

Upper Second Class:      9 (27%) 

Lower Second Class:      8 (25%) 

Third Class:       5 (15%) 

Failed:        2 (6%) 

 

Total:      33 (100 %) 

 

 

In general, results were good with the vast majority of students passing the module and above 

half of the class obtaining a 1st or 2(1) class mark. Overall, the class did better in the practicals 

and coursework than in the examination. In future years we might reduce the weighting of the 

written examination and increase the weighting of the other assessment components.  

 

 

FEEDBACK ON PRACTICALS 

There were 8 practical sessions and for each of them the format was as follows. Part of the 

practical had to be completed during the practical session and a short online quiz (worth 10) 

had to be taken in Moodle. The second part of the practical (worth 90%) had to be submitted 

two days after the practical session. 

The experience of assigning 10% of each practical to a quiz appears to be positive as this 

encouraged students to engage with the practical work during the session while still having the 

opportunity to complete the other 90% of the work after the session. 

Overall, the class did very well in the practicals with most students obtaining an overall mark 

between 65 and 82. Only 4 students obtained a fail mark in the practicals and this was mainly 

due to not handing-in most of the work. 

 For each practical, the general feedback about how the class performed in and the issues 

that caused marks deduction, was given via Moodle (also below as an Appendix).  

 For most of the practicals, the average quiz mark was between 7 and 9.6 out of 10. Only for 

practical 5 (solving combinatorial optimisation problems) and practical 8 (branch&bound, 

goal programming and dynamic programming) the averages were lower with 6.7 and 5.8 

respectively. 

 For most of the practicals, the average mark for the work submitted was between 61 and 77 

out of 90. Only for practical 1 (using the Excel solver) and practical 2 (developing LP 

models) the averages were lower with 44.4 and 48.2 respectively. This was mainly due to 

students only submitting part of the practical work at the start of the module. 
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FEEDBACK ON COURSEWORK 

 

Overall, the class did very well in the coursework, with the majority obtaining a 1st or 2(1) 

class mark. The average was 63.3, the highest was 87 obtained by one student and the lowest 

(among those that handed-in the coursework) was 35. Most students submitted files in the 

format specified (pdf, excel, lp_solve) and only a small penalty was applied when this was not 

the case. Only 2 students submitted work late. 

 

 

Question 1 (40 marks) 

 Consisted in developing a spreadsheet model (30 marks) and writing the corresponding 

report (10 marks) for the optimisation problem ‘Refinery Optimization’ from the book: Model 

building in mathematical programming, Williams, H.P. 4th ed. Wiley, 1999. 

 The most important aspect is that the spreadsheet model must correspond to the algebraic 

model given in the book (i.e. number of decision variables, constraints and solutions). The 

spreadsheet model developed should follow the formulation or provide an alternative 

algebraic model that is correct and produces the expected optimal solution. 

 Most Excel models reported the optimal solution with the exact objective values from the 

book. However, the models were closely scrutinized to verify correspondence to the algebra 

and the problem description.  

 Only in few cases the spreadsheet model didn’t run. However, in quite a number of models 

the solver parameters were not set to linearity and non-negativity. The models were also 

checked and solved with the Open Solver Excel Add-in and few models didn’t pass this 

check. 

 Most spreadsheet models scored between 18 and 22 marks with 5 models scoring between 

24 and 28 marks. Those spreadsheet models that scored 24 marks and above showed 

outstanding work in visualisation, presentation, implementing macros, answer reports, more 

than one spreadsheet to illustrate different formulations and some ‘what if’ analysis. Note 

than 21 marks means already a very good score as it corresponds to 70% of 30 possible 

marks. 

 Most reports on the Excel model scored between 6 and 7 marks with 5 reports scoring 

between 8 and 9 marks. Aspects that made a very good report include: describing the 

problem, explaining the algebraic formulation (not only typing the algebra), screenshots of 

the spreadsheet model with explanations, reflecting on the solutions produced by the 

spreadsheet model, providing insights into the solver performance, rationale of the 

spreadsheet model design. 

 

 

Question 2 (40 marks) 

 Consisted in developing a spreadsheet model (30 marks) and writing the corresponding 

report (10 marks) for the optimisation problem ‘3D Noughts and Crosses’ from the book: 

Model building in mathematical programming, Williams, H.P. 4th ed. Wiley, 1999. 

 The most important aspect is that the spreadsheet model must correspond to the algebraic 

model given in the book (i.e. number of decision variables, constraints and solutions). The 

spreadsheet model developed should follow the formulation or provide an alternative 

algebraic model that is correct and produces the expected optimal solution. 

 Most Excel models reported the optimal solution with the exact objective values from the 

book. However, the models were closely scrutinized to verify correspondence to the algebra 

and the problem description. 

 Only in few cases the spreadsheet model didn’t run. However, in quite a number of models 

the solver parameters were not set to linearity and non-negativity. The models were also 

checked and solved with the Open Solver Excel Add-in and few models didn’t pass this 
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check. In this particular optimisation problem, it was important to illustrate clearly the 

arrangement of cell in the cube. 

 Most spreadsheet models scored between 20 and 24 marks with 2 models scoring 25 and 1 

model scoring the full 30 marks. Those spreadsheet models that scored 25 marks and 

above showed outstanding work in visualisation, presentation, implementing macros, 

answer reports, identifying alternative solutions. 

 Most reports on the Excel model scored between 6 and 7 marks with 3 reports scoring 8 

marks and 1 report scoring the full 10 marks. Aspects that made a very good report 

include: describing the problem, explaining the algebraic formulation (not only typing the 

algebra), screenshots of the spreadsheet model with explanations, reflecting on the 

solutions produced by the spreadsheet model, providing insights into the solver 

performance, rationale of the spreadsheet model design.  

 

 

Question 3 (20 marks) 

 Consisted in developing an LP_Solve script for one for the optimisation problems in 

questions 1 and 2. It was up to the student to decide which of the two problems to select. 

Most students selected the Refinery Optimization problem and a few provided an Lp_Solve 

model for both problem. 

 Most LP_Solve models scored between 15 and 17 marks with only 3 scoring 18 marks. The 

LP_Solve model of course should run and correspond to the algebraic model in the report. 

Also, it was expected that the LP_Solve model produced the same optimal solution as the 

Excel model but only small penalty was applied when this didn’t happen. The model should 

also have comments to explain the code. 

 Overall, the average for this question was 14 marks corresponding to 70% of 20 marks. In 

most cases, marks were deducted for not commenting the code in order to describe the 

correspondence to the algebraic model. 

 

 

FEEDBACK ON EXAMINATION 

 

Out of the 33 students, the spread of marks obtained in the exam was: 11 got a 1st class, 6 

got a 2(1), 3 got a 2(2), 7 got a 3rd class, 5 failed and 1 was absent. The average mark for the 

examination was 56.6, the highest mark was 92 and the lowest was 25. The exam consisted of 

answering one compulsory question and two more questions out of four optional ones. 

Question by question, more specific feedback in given below. 

 

 

Question 1 (40 marks) 

 

 This question was about the graphical method. This was a compulsory question. Average 

obtained was 29 marks with the maximum 40 (full marks) achieved by one student and the 

minimum 5 (also by only one student). 

 Part A was about drawing the graph and identifying parts of the optimisation problem. Most 

students plotted the graph correctly and identified the CPF optimal solution. One constraint 

in the problem should be plotted as a horizontal line and some students plotted it as a 

vertical line instead hence losing marks. Also, some students didn’t indentify binding and 

non-binding constraints as required. Several produced a graph too small, not neat and not 

clear enough.  

 Part B was about making changes to the optimisation problem and explaining the effect of 

those changes on the optimal solution. Most students got 2 of the 3 cases correct. Typical 

mistakes were as follows. In case (1) not mentioning that although optimal solution does 

not change, constraints get tighter on the optimal solution. In case (2) not mentioning that 

the objective value changes even of the optimal CPF remains the same. Most students got 

correct case (3) in which no feasible solution was possible after the change to the model. 
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 Part C was about using algebra to obtain the optimal solution after identifying the 

intersection of relevant constraints. The answer was multiple optimal solutions over a line 

segment so two CPF can be used to do the algebraic operations. Typical errors were not 

mentioning the existence of two CPF optimal points and not mentioning that all solutions 

between these points being optimal. 

 Part D was about identifying an optimal solution, from the multiple ones in Part C, that uses 

all availability of a particular resource in the problem. The solution to this question was to 

indentify for which of the two CPF optimal solutions, the constraint corresponding to the 

resource was binding.  

 

 

Question 2 (30 marks) 

 

 This question was about the Simplex method. The majority of students attempted this 

question and 5 didn’t. The average obtained was 17 marks with the maximum 30 and the 

minimum 0. 

 Part A was about finding the number of CPF solutions and explaining the sequence in which 

Simplex explores those CPF solutions. Most students correctly identified the 5 CPF by 

plotting the graph. Some failed to indicate the origin (0,0) as a CPF too. Many students 

identified the CPF but didn’t indicate the sequence of exploration by Simplex.  

 Part B was about performing the first step of Simplex (basic feasible solution). This was an 

easy part and many answered it correctly. Some students didn’t specifically write the initial 

BF solution or didn’t specify that such initial BF solution was not optimal. 

 Part C was about completing the Simplex iterations until finding the optimal solution. Three 

iterations were needed before finding the optimal solution. The correct answer to Part A was 

useful as a ‘sanity check’ of the process going well. Many answers showed the correct logic 

but with some errors in algebra operations, so marking was lenient rewarding the process 

even if algebra errors were present. Several students answered the tabular Simplex and not 

the Algebraic Simplex as asked, so in these cases no marks were awarded.  

 

 

Question 3 (30 marks) 

 

 This question was about the IP concepts and the B&B method. Only 7 students attempted 

this question: 1 obtained 6 marks, 1 obtained 10 marks, 3 obtained 15 marks, 1 obtained 

21 marks and only 1 obtained the full 25 marks. The average was 15 marks. It seems that 

most students chose not to answer this question about knowledge and understanding of 

branch and bound. 

 Part A was about explaining the process of B&B search using an example for which LP-

relaxation solutions were given. Common mistake was not indicating the correct order in 

which the nodes in the tree are explored. Some stopped after finding the optimal solution 

but didn’t continue with the exploration of the tree nodes until all open nodes were 

conquered. 

 Part B was about finding feasible/non-feasible solutions from a given LP-relaxation solution 

to an IP problem. Many students answered correctly this easy question which only required 

the rounding of values. In most answers, no explanation was given about the rationale for 

finding the solutions. 

 Part C was about estimating the size of the B&B search tree for the problem of Part B with 

given bounds of the integer decision variables. The calculation is simple considering that 

each decision variable would require K+1 branches, one for each value 0, 1 2...K where K is 

the bound given for the variable. Not many students gave the correct answer. Only one 

student answer was correct in this part. 

 Part D was about understanding LP-relaxation solutions. Not many students gave an answer 

fully correct. Many didn’t indicate that the search space of the LP-relaxation is actually 

larger than the IP search space. This question asked to indicate true or false to three 
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statements and to explain the answer. Most of the students didn’t explain their answer to 

the statements.  

 

 

Question 4 (30 marks) 

 

 This question was about writing the algebraic formulation for a variant of the facility location 

problem which was given in the lecture notes. About half the class (14 students) attempted 

this question and 18 didn’t. The average obtained was 13 marks with the maximum 24 and 

the minimum 3. 

 Part A was about writing the algebraic formulation and explaining it. Several students had a 

go at this but most didn’t provide the correct algebraic formulation.  

 Part B was about, based in the answer to Part A, estimating the number of decision 

variables/constraints and also writing the formulation for a small instance with 3 customers 

and 2 potential locations. Most answers were incorrect not corresponding to the answer 

provided to Part A of the question. It seems that most students had difficulty instantiating a 

specific model from their own generalised formulation.  

 Part C was about formulating additional constraints for the given facility location problem. 

One of the constraints involved ‘if and only if’ so the required constraint was ‘X1 = XM’ but 

several answers were ‘X1 ≤ XM’ which was incorrect. The other constraint was about 

alternative right hand-side values and most gave correct answer to this. Overall, from those 

students that answered question 4, got most of the marks in this part of the question. 

 

 

Question 5 (30 marks) 

 

 This question was about modelling optimisation problems. One part of the question was 

about writing the algebraic formulation for an assignment problem in which the number of 

hours to work per weekday should be determined for each one of 6 operators in a research 

institute. Another part of the question asked for a goal programming formulation of this 

problem, given some target objective values. The third part of the question was about 

modelling a problem using a dynamic programming network. About half the class (14 

students) attempted this question and 18 didn’t. The average obtained was 12 marks with 

the maximum 28 and the minimum 0. 

 Part A was to write the algebraic expression for the assignment problem. The objective 

function was to minimise overall cost. There were 4 sets of constraints: limiting the number 

of hours assigned to one group of operators, limiting the number of hours assigned to the 

other group of operators, limiting the number of hours assigned to each weekday and 

limiting the number of hours assigned to each operators according to their individual 

availability. Most answers showed a good ‘modelling logic’ although with some algebra 

mistakes which were not heavily penalised. Only few students used the ‘compact’ algebraic 

notation using sigma, indexes, etc. Some answered missed the constraint limiting the 

number of hours assigned per weekday. 

 Part B was about transforming the model given in the answer to Part A, to a goal 

programming formulation. For this, two goals were specified, one of the type ‘equal to’ and 

another goal of the type ‘at most to’. Hence the bi-objective goal programming model 

required 3 deficiency variables. Most students formulated correctly the new objectives but 

many failed to actually provide the goal programming model. 

 Part C was about drawing a dynamic programming network for a given problem in which 3 

products are to be manufactured. The network required involved 3 stages, 1 for each 

product. The effort to be distributed over the network was the ‘production capacity’ and for 

each arc in the network, the start-up cost, revenue and profit need to be calculated. Very 

few students modelled the problem correctly.  
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APPENDIX – Feedback on Practical Sessions 

Practical 1 
========= 

In the online assessment, most students answered the questions correctly. Only a few answered 

incorrectly the question about the model becoming infeasible when trying to assign exactly 4 

salesmen to each branch. 

In the work submitted, the explanation of the spreadsheet model should make clear reference to the 

algebraic model and cover the following:  

- Parameters and variables: n, m, xij, sij, gij, indicating where in the corresponding cells in the 

spreadsheet. 

- The three objective functions and their meaning, explaining how the calculations are made in the 

spreadsheet and the cells involved. 

- The two sets of constraints and their meaning, explaining how the calculations are made in the 

spreadsheet and the cells involved. 

- Reference to the solver parameters, explaining the decision variables, objective function and 

constraints (functional and binary). 

Practical 2 
========= 

In the online assessment, most students answered the questions correctly. The questions that some 

students answered incorrectly were related to: identifying the slack in resources (i.e. not-binding 

constraints) and closely relating one of the Bank ABC models to the algebraic model. 

In the work submitted, the CARGO AIRPLANE model should follow strictly the algebraic model 

and also produce the correct optimal objective value. The model should be clear and formatted with 

colours and comments that help to identify decision variables, objective function, etc. The non-

negativity constraints should be set in the solver options, this can be done in any version of the 

Excel solver. Excellent marks were awarded to students that typed additional explanations within 

the spreadsheet model in addition to presenting a correct model. 

Practical 3 
========= 

In the online assessment, most students did very well getting 8 marks or above out of 10.  Some 

students gave wrong answers for questions 1, 3 and 4. This means that it is important to revise 

concepts about functional constraints and also to practice optimisation modelling in Excel. Many 

students got no marks or only half the marks for question 8, so its important to practice wrting the 

algebraic formulation of constraints and recognise that formulation from Excel models. 

In the work submitted, the constraints entered should be exactly the ones needed to break the cycles 

that appear one by one in the solution, as seen in the model solution. It is important to: 1) get the 

correct minimum spanning tree with correct constraint, 2) explain how the model was constructed, 

3) complete the work and present it well by formatting cells, adding headings, etc. 
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Some students failed to verify optimal solutions:  some reported solutions contained cycles. These 

solutions were optimal; however, they did not satisfy the spanning tree constraints. 

In some cases, the model is infeasible and the student reports a correct result: Whenever Excel 

reports: “Solver can not find a point for which all constrains are satisfied” this means that the 

mathematical model is infeasible, thus the model cannot yield a solution. 

Explanation of work: Most reports failed to explain 1) the process used to arrive at their solution 

and 2) the solution itself. Displaying the values of decision variables and objective function does 

not qualify as an explanation. 

Practical 4 
========= 

In the online assessment, most students did very well which is good, well done everyone. Those that 

lost marks did it in questions 5 and 6 related to the set covering problem. It might be that some had 

problems formulating the additional constraints but also someone mentioned that a question about 

the original version of the model once the model had been modified, was not very convenient, this 

will be considered for designing future questions. 

In the submitted work, most students modelled the Day Care Nursery problem almost correctly. 

However, there were some common issues in several of the models submitted. It is important to 

read carefully reading the problem statement. It was clear that the nursery "decided to go with 

peanut butter and strawberry sandwiches", thus these items must go in the menu. The same goes for 

the amount of peanut butter, which is measured with respect to the amount of strawberry jam. Also, 

it can be inferred from the problem statement that the amount of strawberry jam should be strictly 

greater than zero (to make the sandwich!). Having an optimal solution reported by the solver does 

not necessarily mean that it is a solution practical to implement. Therefore, the modeller (you) 

needs to decide how the solution is implemented. In the nursery it is more practical to handle 

integer quantities of ingredients, as fractions are hard to measure (or the modeller must provide a 

convincing justification that fractional quantities are better). As long as the problem can be 

formulated as a linear mathematical program, the chosen solver should be Simplex LP. 

Practical 5 
========= 

In the online assessment, the class did well in general although 3 questions apparently were more 

difficult for a good number of students. These questions were about: explaining the non-linearity in 

the bin-packing problem, about calculating the number of constraints in the larger bin-packing 

problem and about estimating the number of bins required for the larger bin-packing problem. 

Examples of good answers given by students to the questions that required explanations are: 

"The problem is the function OR which creates a non linear problem. It is necessary to modify the 

implementation and add new free variables, like in the class's notes. 

Because the model has not used the yi * b and the total cost should be the sum of yi * b depend on 

yi and the model is not a linear model." 

"One initial estimation is to check the amount needed for the best solution. We can add up all the 

sizes which gives us 7078. The bins have a capacity of 150 so we need at least 48 bins.  

The correct solution depends on how good we can fit the objects in the bins. The average of the 

sizes is near 59. This means that we should fit usually 2 or 3 objects in each bin." 

In the submitted work, although most students developed the model correctly, there were several 

issues common in many of the submissions. The Generalised Assignment Problem was not too 
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difficult to model as the algebraic formulation was already given. But it was important to ensure 

that the optimal solution was found by setting the solver parameters correctly.  

- Most students failed to explain the spreadsheet model, at least the basics. 

- Very few spreadsheets showed an improved presentation of the information displayed in the 

spreadsheet. 

- If decision variables are integer, then the „ignore integer constraints‟ option should be turned 

OFF. The Integer optimallity %  should be set at a sensible value. A large value may lead to results 

which are not actually optimal while a 0% value may lead to large computational times. 

Practical 6 
========= 

In the online assessment, most of the class did very well with marks between 8.5 and 10. The only 

question in which several students didn‟t get the correct answer was question 12. That question 

asked to calculate the number of decision variables required for a problem with 20 competitors 

using Model A and then Model B. The correct answer was given in the assessment itself. 

In the submitted work, there were many good attempts to produce a schedule with balanced used of 

venues by all the competitors. The approaches used more commonly by students to produce a 

balanced schedule were: 1) additional constraints into the model to ensure that the number of times 

each team plays in each venues is within certain limits, and 2) modify the objective function to aim 

for a minimum „variance‟ in the number of times that each team plays in each venue. When adding 

constraints the model is linear. When modifying the objective function the model becomes non-

linear given the use of a formula to calculate variance. The best approach is to add the constraints to 

force certain number of times for each competitor in each venue. However, it is also important to 

note that a perfect balance is not achievable and balancing N-1 competitors basically „decides the 

schedule of the last competitor. In any case, explaining the solution provided and describing clearly 

the reasoning for the model submitted was crucial to obtain high marks. 

Practical 7 
========= 

In the online assessment the class did well in general although the majority of students lost 2 or 

more marks with some getting even 6 marks or lower. The questions in which more students lost 

marks were those related to explaining the Solver Table Add-in, identifying non-efficient solutions 

in the goal programming model and calculating the number of decision variables for a goal 

programming formulation. All the correct answer to these questions are given in the assessment 

itself. The overall recommendation is to revise the concept of efficient solutions and understand the 

approach to model goal programming by adding deficiency variables and modifying the objective 

function. 

In the submitted work, very few students reported both the lexicographic and the weighted sum 

approaches for obtaining the non-dominated solution. Most students reported only one of these 

methods and few students reported goal programming which was not actually required (nevertheless 

some marks were still awarded for goal programming). Very few students reported 10 solutions that 

were non-dominated, the majority reported only between 3 and 5 solutions that were non-

dominated. Once again, explaining the approach used was missing in many of the submitted works 

and this provoked marks being lost. Presentation of the model, the graph and in general the whole 

practical was not very good in many cases. 
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Practical 8 
========= 

In the online assessment, about one third of the class obtained a low mark of below 5. The questions 

in which more marks were lost are those related to 1) explaining why the branch and bound method 

takes long time for proving optimality in the simple problem and 2) writing the algebraic goal 

programming formulation for the given production planning problem. The branch and bound 

method takes long to prove optimality because even if the optimal solution is found early, the 

search continues until there are no unconquered nodes. Conquering all nodes means that no part of 

the tree contains a solution that is better than the incumbent one hence proving optimality. Many 

students just answered that branch and bound must explore more nodes or must explore all nodes 

but without clearly explaining the role of conquering nodes for the optimality proof. In the goal 

programming formulation, deficiency variables are needed to measure both when the value is above 

the target and when it is below the target. This is because penalties are applied for deviation from 

the target. Most students that provided the goal programming formulation obtained most of the 

marks allocated to that question, even if small errors were present. 

In the submitted work, most students that submitted the work managed to model the dynamic 

programming example but as integer programming problem. There were some errors in the 

modelling constraints as inequalities instead of as equalities. The other common issue was that 

inventory balance constraints were missing. Many didn‟t include an explanation for their model. 

However, overall, those students that submitted the model obtained a high mark of 80 or more. 

 


