





























project cost, time and scope. The range of predicted costs provided in case Table 3
underscores the uncertainty for Harsh. Returning to the assignment question, the instructor
can point out that Table 3 provides not only a range of costs, but a measure of dispersion:
the standard deviation of INR 60m (US$0.8m). Thus, the ask can be restated as follows:
What is the probability of the project cost (mean = 1100, standard deviation = 60),
overshooting the quote of 1,150, which is the low end of the bidding range?

At this point, the instructor can point out that Table 3 only provides three data points:
minimum, maximum and expected (or mean). From this data, the instructor could ask what
type of distribution can be inferred. The answer is — no clear one. The distribution could take
on a triangular form, beta or a number of other possibilities. Ideally, we would need more
data to verify a normal distribution. Given the scarce data set though, the class needs to
make reasonable assumptions and select a distribution that can be the basis of assessing
the risk of loss. While most of the students may have covered this in a required course on
statistics or quantitative methods, instructors may need to remind them of the normal
distribution, which is a bell-shaped curve that appears in a very wide variety of settings.
While the three data points are insufficient to prove a normal distribution, the data gives us
no reason to discard the possibility, and given its frequency of occurrence, we can use it as
a starting point of our assessment.

To operationalize the above discussion, the instructor can encourage the class to find the
area under the curve in Figure 1, which represents the probability of project costs
exceeding INR 1,150m (US$15.4m), and thereby incurring a loss.

In Microsoft Excel (Excel), this probability can be estimated by using the ‘NORMDIST’
function as follows, which returns the normal distribution for a specified mean and standard
deviation.

— NORMDIST(1150, 1100, 60, TRUE) = 0.798

However, skilled students will realize that the NORMDIST distribution gives us the
unshaded area in Figure 1. Thus, the probability of loss — the shaded area in Figure 1 —is
given as follows:

= 1 — NORMDIST(1150, 1100, 60, TRUE)

=1-0.798 = 0.2020r 20%

Figure 1 lllustrative, normal distribution of project costs

1100 1150

Source: Created by the authors
based on case facts
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This can be interpreted as the chance of incurring loss if HC were to bid at the low end of
Patil’s range. At this point, the instructor can ask participants to continue their calculations
for other bid points: 1,200, 1,250, 1,300, and the maximum of 1,350. The class can quickly
calculate the probabilities of loss as 5%, 1%,and almost zero 1300 onwards, respectively.
The instructor should point out the intuition behind this — as the bid price quoted increases,
the difference between the price and cost will increase, reducing the likelihood of loss.

Optional: What is the price to be quoted if the probability of loss should be within a specified
value?

The instructor can also demonstrate the use of the NORMINV function in Excel, which calculates
the inverse of the normal cumulative distribution. Here, the objective might be to specify a
maximum risk of making a loss on the project (say 10%) and calculate the bid price that limits
the risk to the stated threshold, which is a more realistic scenario. As we are interested in the
probability of not making a loss, the input required for the function is 100% — 10% = 90%

NORMINV (90%, 1100, 60) = INR 1180 million (USD 15.82 million)

The instructor can then ask the students, especially those who had answered the opening
question with a low bid — Should we go with a high bid to minimize the risk of loss? Are we
missing anything?

Students should be able to echo Birari’'s big concern: “bidding too high could increase the
chances of losing the bid altogether.” Thus, the gap in the analysis is that we have not yet
factored in the other side of the dilemma; the likelihood of losing the bid if a high price is
quoted. This enables the instructor to transition to discussion Question 2.

Q2. Within Patil's range, what price point might yield the greatest returns, given the
uncertainty of winning the contract?

While the approach we used in Question 1 helped us minimize the risk of bidding too low and
incurring operating losses, it was silent about the opportunity of making an operating profit by
bidding at a higher price. To get a more balanced view of risk and opportunity, students can be
asked to conduct a decision tree analysis across a range of bid prices. As mentioned in the
core reading (Winston & Albright, 2015), the decision tree is a powerful graphical tool “[...] that
enables the decision maker to view all important aspects of the problem at once: decision
alternatives, the uncertain outcomes and their probabilities, the economic consequences, and
the chronological order of events.” After mapping out these events and outcomes, the decision
maker can estimate the path among the decision branches that yield the best overall outcome,
which in this case would be the maximum expected monetary value of operating profit.

To get the class to start the analysis, the instructor can suggest a simple task: to compare
two prices from Patil’s range — INR 1,350m and INR 1,250m. The instructor can ask the
class to integrate not only the project costs but also the probabilities of winning the bid for
each of the two price points. Here, we can take a single, “expected value” of costs. On the
revenue side, we can incorporate the bid-winning probabilities of 20% for the quote of INR
1,350m (US$18.1m) and 70% for INR 1,250m (US$15.4m). These were estimated by Patil in
the section “Making the decision”.

Now, the students can be encouraged to develop the decision tree beginning with two forks —
quote of INR 1,250m and INR 1,350m (US$15.4m to US$18.1m). Probabilities and payoffs net of
costs are drawn in the decision tree shown in Figure 2. The decision tree approach enables
students to clearly visualize two of several possible paths, and each of the corresponding
outcomes, probabilistic nature of outcomes and the resulting monetary payoff of each option. As
the outcomes are not definite, the net payoffs are probabilistic and are commonly known as EMV.

After the two bid options are mapped, the instructor can guide students to identify the best
of the two options, given that HC'’s objective is maximization of profit. The instructor can also
remind the students to include the bidding cost of INR 5m (US$0.067m) in their decision
tree. If HC loses the bid (does not get the order), then the cost of bidding is a loss. The
resulting expressions for the two bid options are:

EMV of quoting 1350 = (245) * (0.2) + (—5) + (0.8) = 45

EMV of quoting 1250 = (145) « (0.7) + (—5) % (0.3) = 100
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Figure2 Decision tree analysis
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Hence, quoting INR 1,250m (US$16.76m) is a better option than quoting INR 1,350m (US
$18.10m). At this point, the instructor can ask the students whether HC should go with the
superior bid of INR 1,250m (US$16.76m). Stronger students would hesitate as they might be
able to sense some of the shortcomings of the decision tree approach. If needed, the instructor
can offer the following prompts to help the students identify the gaps in the current approach:

®  What about 1,260m? Is that better or worse that 1,250m? And how about 1,240m? This
should help the students realize that the decision tree approach would need to work out
several other price points to identify a global optimum. While it does a good job of
comparing two discrete bid points, the reality is that Birari can choose any price
between. Hence, decision trees are best used for discrete events and outcomes and
are not as useful when trying to identify a winning choice from a continuous range.

®  What about using the standard deviation of INR 60m (US$0.80m) around the expected
value of costs — INR 1,100m (US$14.75m)? Can we use the standard deviation here?
Again, the limitations of the decision tree become clear — it only allows for a point estimate
of costs — INR 1,100m (US$14.75m). The instructor can press for why this is the case.
Again, based on the previous discussion, it becomes apparent that while decision tree can
easily handle discrete probabilities, e.g. the 20% likelihood of winning the bid at INR
1,350m (US$18.10m), it fails to deal with continuous probability functions, e.g. the mean
cost of INR 1,100m (US$14.75m) with standard deviation of INR 60m (US$0.80m).

®  Further, the discrete probabilities mentioned in the case were Patil’'s best estimates.
They did not explicitly account for competitors’ moves and probabilities, as outlined in
Table 4 of the case. Hence, while the decision tree is handy, it has limitations, which
motivate us to explore other analytic tools, such as the Monte Carlo simulation.

Q3. Develop a simulation-based approach to identify an optimum solution for HC’s bidding
dilemma. What are the strengths and drawbacks of such an approach relative to the prior
approaches?

Through the first question, we attempted estimating the probability of making a profit/loss
separately at a few discrete bid values for varying/probabilistic project costs. The second
question helped estimate the expected profit/loss collectively for a few discrete bid values
at an average cost of the project. The instructor can ask the students if the analyses
performed so far are sufficient to arrive at for an informed decision by HC. Students should
point out that in the first question the expected profit was not estimated and in the second
question the variation in costs were not considered. Furthermore, only a few discrete bid
values were considered for the estimation so far.
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While the decision tree approach did balance the risk of losing the bid by bidding too high
and the risk of making a loss by bidding too low, it did not consider the variation in project
cost and was based instead on the expected or average cost. It also did not consider the
cost arising out of delay in project duration and consequent penalty. As these probabilities/
uncertainties are not discrete, the decision tree might not be the best approach. One
approach that can incorporate multiple uncertainties, including those that are described as
continuous functions, is the Monte Carlo simulation.

The instructor can then guide the students on how a Monte Carlo simulation can
address the deficiencies in the analyses performed so far and can incorporate more
variables. This approach — more fully described in the recommended reading
(PMPeople, 2019) — uses repeated random sampling to solve complex, but defined
problems. In the case of HC, the defining conditions include the range for project cost,
the range of bid prices, the associated probabilities for both and the competitive bids.
Said another way, the simulation approach provides not only EMV for discrete bid
prices but also identifies best- and worst-case scenarios, based on multiple
parameters that were input. Given these inputs, the Monte Carlo method can develop a
probability distribution for each critical variable and then run thousands of simulations
so that managers can focus on the distribution of potential outcomes as well as on any
prediction of the most likely one.

To implement the Monte Carlo simulation in Excel, the RAND () function is key. When one enters
a RAND () function in a cell, a number appears in the cell that is equally likely to assume values
between 0 and 1. For example, there is a 20% chance that a number less than or equal to 0.20
appears in a cell and similarly, a 50% chance that the number appears between 0.30 and 0.80.
The values in each cell are independent of the values in other cells. This is how the RAND ()
function models uncertainty and helps generate a range of outcomes.

The instructor can begin the process of specifying a conceptual model, which can then be
simulated. The following equation provides a conceptual model:

Y = f(x1, x2 & ..xn)
In the above equation,
B Y denotes the outcome variable of interest: HC’s profit from the bidding in the context of

the case; and

B x; are the input variables, and the class can be polled on what they might be.
The instructor can further classify the key variables as follows:

B Decision variable: the price that HC should quote to the client.

®  Known variables that affect the price: cost of bidding (INR 5m) and due date 24 months
and penalty of INR 5m per month of delay.

B Random (uncertain) variables: the prices quoted by competitors, project duration
(uncertain due to the COVID pandemic), and project cost.

The instructor can then suggest that a simulation of the above equation would provide a
solution as represented graphically in Figure 3.

Figure 3 Conceptual model for Monte Carlo simulation
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Source: Created by the authors based on concepts
outlined in (Richman & Coleman, 1981)
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The instructor can clarify that in the simulation, we use both the known variables and
the simulated random variables. In the simulation, we can also input different values of
decision variables. A first step in building the simulation is to specify the function that
links the output (profit) with the input variables. The instructor can ask students to
specify the function, and then reveal a model answer — provided below in the form of a
spreadsheet equation.

Profit = (IfHC price <= Min (competitor price), HC Price — (costof contract bidding cost
+ penalty for delay), ELSE (— bidding cost))

The above equation, with minor modifications (e.g. omit the ‘ELSE’, which was added for
clarity, but is not required in Excel), can be programmed into a spreadsheet program.
The instructor can guide the students to operationalize the simulation in MS Excel as
explained in Exhibit 2.

It can be observed that the average profit HC can make for a quoted price of INR 1,250m
(US$16.76m) is about INR 120m. Please note that this value will not be exact, given the
probabilistic nature of the exercise. Approximate average profits for quotes by HC are
mentioned in Table 5. Itis clear that HC can maximize its profit by bidding for the contract at
INR 1,250m (US$16.76m).

The distribution of profits for each of the quotes can also be presented as a histogram.
The histogram for the bid price of INR 1,250m (US$16.76m) is presented in Figure 4.
This instructor can encourage the participants to draw histograms for all the price
quotes.

Table 5 Bids and average profits

Harsh Constructions

Price quotes Approximate average profit
INBm US$m INBm Us$m
1,150 16.42 44 0.59
1,200 16.09 94 1.26
1,250 16.76 120 1.61
1,300 17.43 100 1.34
1,350 18.10 58] 0.74
1,400 18.77 12 0.16
1,450 19.44 -2 —0.08

Source: Created by the authors based on analysis of case facts

Figure 4 Distribution of profit in INR millions for bid of INR 1,250m (US$16.76m)
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The instructor should interpret the above Figure 4 as representing that a bid price of INR
1,250m (US$16.76m) represents a strong bid, which balances the risk of cost overruns with
a likelihood of winning the bid and making a profit of INR 120m (US$1.6m). At other price
points, the trade-offs between various risks reduce the EMV.

The instructor can point out that Figure 4 also strikes a cautionary note: the optimal bid price
of INR 1,250m (still has a probabilistic range of profits associated with it, driven by the very
uncertainties considered.

Q4. What other factors do you think should be considered in the decision-making process?
Are there other strategic considerations that Birari could ask his team to address?

The instructor can reiterate that the simulation approach enabled an optimization that took into
account multiple sources of uncertainty, such as competitive pricing, project timing
uncertainties related to the pandemic and revenues and possible penalties. The instructor can
then invite the class to identify other factors that Birari should/could consider beyond the factors
and uncertainties already covered. For each new idea that the class generates, instructors
should also probe on how to incorporate it into an analysis, which could result in an action plan
for Birari. An illustrative list of such ideas and approaches are provided below:

®  Variability of underlying data related to competitor and customer response. While
multiple runs of the simulation were able to find stable, optimum solutions for the
bidding process, one cannot discount the possibility that the basis of the simulation —
underlying estimates of competitor and customer responses have embedded
uncertainty. This can be addressed by conducting scenario analysis by varying the
underlying data and checking how the optimum bid might change. This might also
inspire the organization to gather more information related to the competitor and
customer intelligence, to improve confidence in the underlying data.

®m  Relative risk-reward profile of the project. While the current project might be
emblematic of risk encountered in other projects during the pandemic, HC might still
need to check if the project fits a desired risk-reward profile within its project portfolio.
This could include comparisons related to returns as well as risks/penalties of the
current project relative to the portfolio average. However, the portfolio average might
not be representative of the prevailing conditions during the pandemic. Hence, the
portfolio average might need to consider a smaller, more recent sample.

B Relationship and brand building: If Birari believes that the client could float more
construction-related RFPs, this could be an important factor. To confirm this possibility,
HC would need to gather more information about the client and engage in a dialogue
with multiple stakeholders at the client. In these conversations, it would be important
also to assess if the client placed a premium on supplier reliability and the likelihood of
repeat business if the current project were executed to the client’s satisfaction.

B The need to consider the orders on hand and the level of fixed resource utilization. If
orders on hand is low and resources are idle, the company cannot take the risk of
quoting high and losing out the order. They can consider the marginal cost or
incremental cost to give a very competitive bid.

m | jkelihood of payment/penalties: Building on the idea of portfolio of orders or projects-
on-hand, some students might raise the idea of quality of the cashflow. For instance,
especially in emerging market contexts, the timeliness of payments (receivables
realized) from a government client, is quite poor. A private client with reliable cash flows
might be preferable, from the perspective of time value of money.

B /mpact of competitors using similar tools: Assuming HC’s rivals had similar access to
decision science tools and spreadsheets, how would that change our analysis as HC?
At one level, the instructor can suggest that game theory — typically beyond the scope
of a course in decision science — would be the appropriate tool to model competitor
behaviour. However, a simpler argument is that case facts related to competitor
behaviour — their risk appetite, projects on-hand and cost considerations — might
already be incorporated in their bid ranges and associated probabilities.
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®  nteraction between variables: Our decision-making approach assumed that changes
in one variable did not impact others. For instance, the price quoted by HC did not
impact the cost structure. In practice, however, this assumption is not strictly true. Such
complexity is beyond the scope of the current discussion and is not required for
projects of the scale being discussed in the case. However, for large projects these
interactions can significantly impact the outcomes. The instructor can suggest that this
can be addressed by embedding this complexity into more complex simulations, as
well as using system dynamic modelling, using specialized software.

Teaching in an online setting

As a complement to the above teaching plan and analysis sections, we offer the following
guidance, similar to the above general plan. We assume that the instructor is using an
online platform that, at a minimum, allows for an oral discussion as well as sharing/
presenting of the instructor’s screen. The ability to use breakout rooms would be of added
value.

1. The class voting mentioned in the opening section can be administered using an
online polling tool. For example, www.mentimeter.com is a popular choice, as are the
built-in polling tools within Zoom and Microsoft Teams. On capturing participants’
preferences, instructors can record inputs on a blank slide while sharing their
screens.

2. For Assignment Question 1, the instructor can share his/her screen while performing
the calculations for the probability of loss for at least one bid. For at least one
more, any of the participants could be asked to share her screen and perform similar
steps as before for the class demonstration. This will help participants gain more
confidence in the topic.

3. Assignment Question 3 provides an introduction to Monte Carlo Simulation. As the
participants might find the topic challenging, it is important that in an online setting,
the instructor shares his/her screen and provides a step-wise demonstration of the
simulation procedure. The demonstration can also be recorded and shared with
the participants as they may want to revisit the discussion again later to gain more
clarity on the topic.

4. For Assignment Question 4, breakout groups, if available, can be formed as they are a
helpful way for learners to discuss other factors that Birari should/could consider to
price in uncertainty. The instructor can then record class input on a blank template
version of Exhibit 1 while sharing the screen with the learners.

After discussion, the instructor can move to updates (see below).

What happened

In the last week September of 2021, HC made a bid for the project, which was in the range
of INR 1,240m to INR 1,270m. In October of 2021, SPJIMR awarded the project to HC and
construction began soon after. The Omicron wave of the pandemic, which hit the Indian
state of Maharashtra in December of 2021, caused social restrictions and delays in the
project (Sabarwal, 2022). Despite the delays, the project was reported to be on schedule, in
July of 2022.

Key takeaways

The case helps the participants learn how to make decisions under uncertainty. Multiple
probabilistic approaches to bidding for a project are described in the case, such as loss
probability estimation using normal cumulative distribution, expected monetary value
calculation using the decision tree approach and Monte Carlo simulation. However, if one
ignores the qualitative factors that might influence the decision, it will be at one’s own
peril.
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Exhibit 2

Instructors can ask students to open a new Excel workbook. To run the Monte Carlo simulation,
the Excel sheet must be prepared with the information provided in the case regarding the
competitors’ quotations and their probabilities, project duration completion probabilities, and the
other constant values such as the delay cost of INR 5m per month and bidding cost of INR 5m.

The above simulation can generate many possible outcomes for each set of input values.
The greater the number of simulations, the better the stability of the outcome. With modern
PCs, 10,000 runs of the simulation should take only a couple of minutes, and provides a
good checkpoint for testing the stability of outcomes. This process can be repeated for
different values of price quoted and from all stable outcomes, a final bid price that yields
maximum profit can be selected.

The following steps could help prepare the spreadsheet to perform a Monte Carlo simulation:

B The instructor can ask the students to copy Case Table 4 information in the workbook
for the competitors’ quotes with probabilities.

B PSl’s quotes and their probabilities are copied in consecutive columns in the cell
range D8:E13.

B Add another column before column D to calculate cumulative probabilities for the quotes.
Enter the value O in cell C8. In cell C9, type the formula = C8 + E8 and copy the formula from
C9 to C13 to calculate the cumulative probabilities of the quotes. The cumulative probabilities
in column C describe the range of probabilities less than or equal to the mentioned level for the
corresponding quotes. For example, the cumulative probability of 0.25 in C10 describes that
the probabilities including and over 0.1 and less than 0.25 will receive the quote of 1,250.

B Repeat steps ii and iii for the quotes of SPP and Reliable to fill the columns F8 to H13
and 18 to K13, respectively.

B Follow the same process for Project Duration data from Case Table 2, as for the quotes
in steps ii and iii, and paste the data in the cell range N8:P15.

To run the Monte Carlo simulation to calculate the expected profit for Harsh Constructions,
do the following:

B Enter the integers 1 through 10,000 (corresponding to the 10,000 “iterations” of
recalculating the spreadsheet) in the range B21:B10020 (a larger number of iterations
can provide a more stable solution). Next, enter 1in B21, and from the Home tab, select
Fill and then Series. Choose “Columns” under “Series in”, “Type” as “Linear”, Step
value as 1, and Stop value as 10,000. Click on OK.
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®m | ookup the quotes for PSL starting from cell C21 with the formula = VLOOKUP(RANDY),
$C$8:$D$13,2). This step allows Excel to selecting a number between 0 and 1 randomly.
Corresponding to that number from cells C8:C13, the formula returns a quote from D8:
D13tocell C21.

®  Similarly, the quotes from SPP and Reliable are entered into cell D21 using the formula =
VLOOKUP(RAND(),$F$8:$G$13,2) and into cell E21 using the formula = VLOOKUP(RAND
(),31$8:$J$13,2), respectively.

®  |n cell F21, the minimum of the three quotes from C21, D21 and E21 is captured using
the formula = MIN(C21:E21).

®  For HC to win the order, its quote had to be lower than the lowest of the three competitor
quotes. The quote for HC could be entered in cell G18. Let us say this were INR 1,250m,
for instance. In cell, G21, enter the formula = IF($G$18<=F21,1,0) to ascertain whether
HC'’s quote was the lowest or not. If it were the lowest, HC wins the order and the formula
returns 1, otherwise 0.

®  |n cell H21, the randomly decided project duration is entered using the formula =
VLOOKUP(RAND(),$N$8:$0$15,2).

B For calculating the delay caused in the completion of the project; in cell 121, use the
formula = MAX(H21-24,0), to return the positive difference between the project
duration and the maximum assigned time of 24 months for completion.

®  |n cell J21, calculate the penalty for the delay in project completion, in case Harsh
Constructions wins the order using the formula = 121*5*G21. A penalty of INR 5 million
per month is levied in case the time taken for project completion exceeds 24 months.

B To estimate the Contract Cost, in cell K21, the mean and the standard deviation of the
expected cost, taken from Case Table 3, are entered into the formula = NORMINV
(RAND(),$S$8,$T$8)*G21, whenever HC wins the order.

®  |n cell L21, the Total Cost incurred is calculated by summing the Contract Cost, the
Penalty, and the Bidding Cost of INR 5 million.

®  |n cell M21, the Profit is calculated by the formula = G21*$G$18—L21. That is the difference
between HC'’s quote (if they win the order) and the total cost incurred in the project. Please
note that if HC does not win the order, they incur a loss equivalent to the bidding cost.

® Now select cells C21:M21 and drag them down until C10020:M10020 to fill all the values.
®m  Calculate the average profitin cell M10021 using the formula = AVERAGE(M21:M10020).

B Repeat the process of calculating the average profit using the Monte Carlo simulation
for different quotes by HC.
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Abstract

Title — Bidding under uncertainty: Harsh Constructions.

Learning outcomes —

1. Probabilistic calculations of cost, and profit/loss using standard probability functions
2. Decision tree to find the expected monetary value (EMV) of different options.

3. Monte Carlo simulation for risk analysis.

4. Risk analysis in project management.

Learning objectives — Learners will be able to understand and apply the following: how to approach
uncertainty in business decisions using probabilistic calculations of cost, and profit/loss using standard
probability functions; how to address uncertainty in business decisions by looking forward and reasoning
backward, using the decision tree technique and the EMV of different decisions, how to analyse the risk
inherent in business decisions by incorporating probability distributions for all critical variables in the form
of Monte Carlo simulation; and appreciation of strategic considerations in risk analysis as it applies to
project management

Case overview/synopsis — The case describes the challenge facing Vilas Birari, the owner and chief
executive of Harsh Constructions, a construction company headquartered in Nasik, India. Birari had to
decide on the bid for a construction project in September of 2021, during the COVID-19 (COVID)
pandemic. Due to successive waves of the pandemic, the state and federal governments announced
lockdowns intermittently, causing uncertainty in costs related to labor, material and project completion.
The dilemma before Birari was how to set a bid price that was not so low as to incur a loss and not so high
as to lose the bid to competitors. The uncertainty made Birari’'s decision-making complex. The case
invites students to help Birari find an optimum bid price by using various quantitative techniques, such as
Monte Carlo simulation and decision trees.

Complexity academic level — This case is intended for students of management at a master’s level, in
an elective course on management science, which is often also known as decision science. This compact
case can be positioned in the second half of the course, when exploring risk management using
computer simulation as a tool. The case serves both as an introduction to using simulation to manage
uncertainty as well a contrast with simpler methods that are covered earlier in the course.

Supplementary material — Teaching notes are available for educators only.

Subject code — CSS 7: Management Science.
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