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Database
· Database Management and Development:
· Database structure
· Entity Relationship Modeling
· Field types (Primary Keys, Foreign Keys, etc.)
· Linking Tables
· Working with queries
· Interpretation of queries given a database.
A database is a share, integrated repository. It houses end-user’s data and metadata
A Database Management System (DBMS) is a collection of programs that manages database structure and controls access to the data

Data Relationships:
One- to- many relationships: E.g a painter may paint many paintings, but each painting is only painted by one painter.
Many-to-many relationships- A student may take many courses and each course can be taken by many students
One-to –one relationships : A salesperson is assigned to a company car

Hierarchical Model: Relationships between data must fit an upside-down tree or parent-child structure
-Data can only have one-to-many relationships
-Data must always be retrieved from the top down
-Not flexible
Network Model
· Allows child to have more than one parent
· More flexible than the hierarchical model but difficult to design and use properly
· Very complex for programming
Rational Model

· Developed by E.F. Cobb in 1970 (IBM)
· Conceptually simple
· Easy for end users to construct queries and retrieve data on an ad-hoc basis
· Each column in the table is a field or attribute
· Each tow in the table is a record
Primary Keys: Each table must include one field ( or set of fields) that uniquely identifies each record
e.g: The student ID field
The DBMS will ensure there is no duplication allowed in the primary key field
A composite key is when the combination of two fields is a unique identifier
Foreign Keys: We link tables by putting the primary key of one table as a field in another table
In the second table, this field is called a foreign key.

Entity Integrity
· All records must be uniquely identified (no nulls or duplicates)
Referential Integrity
· Foreign key references must match a primary key in the referenced table
Entities – a person, place, ev ent or thing about which we intend to collect data 
Relationships – one-to-one, one-to-many, many-to-many
Attributes – The characteristics of the entity that we want to record
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Normalization
· A process for assigning attributes to entities
· Produces good table structures
· Reduces data redundancies to prevent:
· Update anomalies
· Addition anomalies
· Deletion anomalies
Dependence
· Attribute B is dependent on attribute A if whenever the value of A is x, the value of B is y
· Attribute A determines attribute B if all of the rows in the table which agree for A must also agree for B 
· Example:
· Student Number -> Student Name
· Employee SIN -> Employee Name
Normal Form
· First Normal Form
· No repeating groups and all values need to be “atomic”
· All attributes are dependent on the primary key, or at least part of a composite key

· Second Normal Form
· No non-key attribute is partially dependent on just a part of a composite primary key
· Only happens with a composite key - If there is a single attribute primary key, a table in 1NF is also in 2NF
· Third Normal Form
· Remove transitive dependencies
· A transitive dependency exists if an attribute, which is not part of the primary key, determines another non-key attribute

Data Dictionary: Contains details about the data
 	Include: Format, Sizes, Relationships, and Security






































Linear Programming
Need To know:
-Setting up different types of linear programming models
-Different types of constraints 
-What are solutions? 
-What is an optimal solution?
-Differences among all-integer,non-integer and mixed integers
- Interpretation of Excel printouts (sensitivity reports for object function coefficients and RHS Coefficients.


-Binding/nonbinding constraints, including slack(for  constraints) and surplus (for constraints) values.

· Linear Programming:
· 
and surplus (for constraints) values.Optimization and Mathematical Programming 
· Optimization: The name for a family of tools designed to help solve managerial problems in which the decision maker must allocate scarce( or limited) resources among various activities to optimize a measurable goal. For e.g distributing machine time  
1. A Limited quantity of economic resources is available for allocation
2. The resources are used in the production of products or services
3. There are two or more ways in which the resources can be used. Each is called a solution.(Usually the # of ways is very large or infinite)
4. Each activity in which the resources are used yields a return(or reward) in terms of the stated goal
5. The allocation is usually restricted by several limitations and requirements called constraints.
Entails the following assumptions:
Returns from different allocations can be compared; that is they can be measured by a common unit
All data are known with certainty
The resources are to be used in the most economical manner.
The return from any allocation is independent of other allocations.
The total return is the sum of the returns yielded by the different activities
Step 1:Opportunity/Problem Recognition
As opposed to descriptive models, which are commonly used to identify and better understand opportunities or problems,optimization is commonly used to find new ways to conserve resources, identify more productive use of equipment or labor, reduce overall plant and capital investments, and so on. That is, optimization studies typically search for the best way of doing something, often something currently being done but in a way that is though to perhaps be less effective or efficient than might be possible.
Step 2: Model Formulation
A systems approach is taken which involves establishing a boundary for the opportunity under study, and an initial influence diagram is then proposed. After this, management is commonly consulted and some data are collected to better understand the process. Then the influence diagram is usually modified to reflect this better understanding and some more data are collected. This iterative process continues until everyone is satisfied that the model formulation adequately represents the real situation.
Step 3: Data Collection
As noted, we advice the modeler to stay in constant touch with the manager throughout the modeling process in an optimization study, not only because the data may change, but also because the opportunity itself may change. Data collection is more critical in optimization than with other quantitative modeling studies because the only allowance made for variability and chance is through sensitivity analysis. An aid to data collection is sensitivity analysis, which indicated what data are particularly sensitive to change and errors.
Step 4: Model Analysis
Involves using an algorithm analysis process to yield the optimum outputs. Consists of invoking an algorithmic analysis process to yield the “optimum” outputs. Optimization usually employs a static model of the situation and employs mathematical programming, which includes an objective function and usually a large number of decision variables and constraints.
Step 5: Implementation
As noted optimization studies result in one “best” answer, so the issue of choosing a course of action would appear to bea  minor issue. Sensitivity analysis is typically also conducted to check the impact on the results of changes or errors in the data. May have a suboptimal action that make things worse elsewhere in the organization.
Linear Programming
The Output-Mix Problem (Maximization)
· In an output mix problem, there are two or more outputs(i.e products or services), such as computer models or patients, competing for limited resources, such as limited production capacity or time with a doctor. 
· The problem is to find out which outputs to include in the production plan and in what quantities these should be produced or delivered(output mix) in order to maximize profit, market share, or some other goal. 
· Tells you how to allocate scarce resources
Excel Solution
· Set up model parameters section of your spreadsheet
· Set up decision variable cells for the solution
· Set up model output section with your objective and constraint functions in the Values column
· Open Solver add-in 
· Show it where the following are located
· objective function
· decision variable cells
· constraint functions and RHS constant
· Ensure that “non-negative” box is checked
· Choose Simplex LP
· Solve

The Blending Problem (Minimization)
1. Involve the determination of the best blend of available ingredients to form a certain quantity of an output under strict specifications.
1. The best blend means the least-cost blend of the required inputs
1. The minimization of costs
1. Allocating resources in the best manner.

Formulating the Linear Programming Model
Decision Variables: The decision variables in LP depend on the type of LP model being developed. For e.g the decision variables can be the quantities of the resources to be allocated, or the number of units to be produced.

Objective Function: This is the mathematical statement of the desired goal. It is expressed as a linear function showing the relationship between the decision variables and attainment. We seek to find the maximum level of a desired goal such as total profit or market share, or the minimum level of some undesirable outcome such as total cost.

Profit or Cost Coefficients: The coefficients of the variables in the objective function express the rate at which the value of the objective function increases or decreases by adding to the solution one unit of a given decision variable.

Constraints: The manager is searching for the values of the decision variables that will maximize or minimize the value of the objective function. Such a process is usually subject to several uncontrollable restrictions, requirements, or regulations that are called constraints.

Constraint Coefficients: The numbers in front of the decision variables in the constraints are called the constraint coefficients. 

Right-Hand-Side Constants: The capacities of the various resources, usually expressed as some upper or lower limit, are given on the right-hand side of the constraints. The right-hand-side constants can also express minimum requirements.

Using Excel
1. Three sections 
Model Parameters(X1,X2,Limit)
Decision Variables (changing cells) (X1, X2) *quantity produced*
Model Outputs (Value,RHS(Min,Max),Slack/Surplus);(Objective Function, labor, machine hours etc.)
2. Key Formulas
Objective Function (=SUMPRODUCT ($decisionvariable1:$decisionvariable2,unitprofitx1:unitprofitx2)*Copy formula to objective variable cells*
Slack Surplus: RHS- Value


Types of Constraints:
· Labour Constraints
2xl + lx2 ≤ 40
· Machine Time Constriant
lx1 + 3x2 ≤ 45
· Marketing Constraint
lx1 ≤ 12
· Nonnegativity Constraint: It must be impossible to produce a negative number
X1≥0,X2≥0

The General LP Model
Advantages
1. Finds an optimal solution(s)
2. Determines the solution quickly through computer packages
3. Finds solutions to a wide variety of situations that can be formulated with LP, as was discussed earlier in this chapter
4. Handles situations involving a large number of variables and constraints
5. Finds solutions to situations with a very large or infinite number of possible alternatives
6. Allows a fast sensitivity analysis
Assumptions
Certainty: It is assumed that all the data in the LP are known with certainty.
Linear Objective Function: It is assumed that the objective function is linear. This means that per unit cost, price , and profit are assumed to be unaffected by changes in production methods or quantities produced or sold.
Linear Constraints: It is also assumed that the constraints are linear. The linearity assumptions in LP for both constraints and objective function are reflected in three properties: additively, independence and proportionality.
1. Additivity: It is assumed that the total utilization of each resource is determined by adding together that portion of the resource required for the production of each of the various products or activities.
2. Independence: Complete independence of coefficients is assumed, both among activities and among resources. For example the price of one product has no effect on the price of another.
3. Proportionality: The requirement that the objective function and constraints must be linear is a proportionality requirement. This means that the amount of resources used, and the resulting value of the objective function, will be proportional to the value of the decision variables.
Divisibility: Variables can in general be classified as continuous or discrete.
Continuous variables are subject to measurement(weight ,temp), whereas discrete variables are those that can be counted(1,2,3,).
Proposed solutions to an LP problem that satisfy all the constraints are called feasible solutions.
Any solution that violates any of the constraints is termed infeasible.

Sensitivity Analysis
1. Trial and Error Approach
According to this approach, one may change the input data, hence forming a new model. Then the problem is resolved and the results are compared with that of the original model. This process can be repeated for all desired changes, either singly or in combination.
2. Use of an Analytical Approach
When an analytical approach is used there is no need to completely resolve the LP model each time a change is made. Furthermore information such as the “permissible range of change,” which is directly provided by the analytical approach, can otherwise only be provided after an extremely lengthy experimentation period. The analytical approach,  presented here finds the effects on the optimal solution of each of the following changes, assuming one change is made at a time in the input data:
· Changes in the coefficients in the objective function
· Changes to the right-hand sides of the constraints
· Changes in the coefficients of the constraints
· Adding or deleting a constraint
Excel Sensitivity Analysis
Top section: Provides sensitivity analysis information for the objective function coefficients. 
The bottom: Provides sensitivity analysis information for the right-hand side constraints
Final Value: Lists the optimal values for each decision variable.
Reduced Cost: For decision variables that have a zero value it indicates how much that variables objective function coefficient would have to improve in order for the variable to be included in the optimal solution and not have a final value of 0.
Objective Coefficient: Lists the objective function coefficient for each decision variable.
Allowable Increase/Decrease: How much each objective function coefficient can be increased and decreased so that the current solution remains optimal.
Bottom Section

Final Value: Calculated the value on the left-hand side of the constraint based on the optimal values of the decision variables.

Shadow Price: Tells you what will happen to the objective function if a unit change is made to a particular right-hand side constraint constant.

Integer Programming Models
1. All-Integer Model : This model adds a requirement that all decision variables must be integers
2. Mixed Integer Model: In this model, there is a requirement that some, but not all of the decision variables must be integers.
3. Zero-One Integer Model: In this model there are sets of decision variables whose value is limited to either zero or one. These variables are important because a set of 0-1 values can represent “yes’” and “no” situations such as to undertake a project, invest in a certain stock, and so on.
Slack & Surplus Variables
Slack Variables: The optimal solution for the output is when there is no slack
For example if there is a constraint for labor of 40 hours and the optimal value equals to 35.
40-35= 5 this is the slack
If there is no slack, the constraint is being exactly met.
Surplus Variables: Any greater than or equal to constraint has a surplus variable. 
For Example
[image: ]
Let the optimal solution be:
[image: ]
Once we introduce these values
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The value of the left side of the inequality is larger than the value of the right side. The difference, 7 is the surplus. It indicates how much the requirements on the right hand side are exceeded.
Summary: Each less-than-or-eqal-to constraint has a slack variable whose value is either positive or zero. Each greater-than-or-equal-to constraint has a surplus variable whose value is either positive or zero. Each equality constraint has neither slack nor surplus. Any constraints that intersect at the point of the optimal solution have zero slack or surplus.
Special Situations
1. Unbounded solutions: Infinite solution, usually means an error was made.
2. No feasible solution: In some cases there will not be a feasible solution.
3. Multiple Optimal Solutions: 

Decision Analysis
· Decision Analysis:
· Methods for finding the best decision when states of nature are non-probabilistic 
· Equal probabilities (Laplace) criterion
· Pessimistic (Maximin/minimax) criterion
· Optimistic (maximax/minimin) criterion
· Coefficient of optimism (Hurwitz) criterion
· Regret (Savage) criterion (Minimax Regret) - uses Regret Table
· Probabilistic Methods (states of nature have probabilities)
· Expected Value
· Expected Opportunity Loss (EOL)/Regret Criterion – uses Regret Table
· Expected Value of Perfect Information – relationship with EOL
· Decision Tree –roll back method
Decision Tables
1. The alternative courses of action (strategies)
Involves two or more options or alternative courses of action, also called strategies. One must be selected. Designated as a1,a2... Sometimes we only use a range of feasible solutions. Decision tables are used when the number of alternatives is finite.
2. States of nature (scenarios)
Generally labeled s1,s2…. A state of nature can be a state of the economy, a weather condition, a political development, or other situation that the decision maker cannot control. The result of an act of god or the result of many forces pushing in various directions. It is useful to identify the most relevant states of nature through some technique such as scenario analysis.
3. Probabilities of the states of nature
What is the likelihood of these states of nature occurring? Whenever it is possible to answer this question in terms of explicit chances, the information is recorded at the top of the tables.
Because it is assumed that one and only one of the given states of nature will occur in the future, then the sum of the probabilities must always be one.
4. Payoffs(outcomes)
The payoff associated with a certain alternative and a specific state is given in that cell within the body of the tables located at the intersection of the alternative in question and the specific state of nature. The payoff is designated by Oij where I indicated the row and j the column.
Alternative Courses of action = independent decision variables
States of nature= Uncontrollable parameters
Probabilities of the states of nature = Uncontrollable parameters
Payoffs = Unexpected results (dependent variables)

Classification of Decision Situations
Certainty: when making decisions under certainty, it is assumed that complete information is available so that the decision maker knows exactly what the outcome of each course of action will be. Such situations are termed deterministic and approximated often when the time horizon is very short.
Risk: A decision under risk is also known as a probabilistic decision, involves two or more playoffs, depending on which state of nature occurs. We assume that the chance of occurrence of each of the states of nature is known or can be estimated.
Uncertainty: Involves two or more possible payoffs and states of nature but here, as opposed to risk, the probabilities of each of the states of nature ocrruing are unknown and cannot be estimated.

Decision under certainty: 
· Can be mapped as a table with one payoff column(one state of nature)
· When the number of alternatives is relatively small, use enumeration
· When number of alternatives is large or infinite, a select search for the best solution is conducted with mathematical models
Complete enumeration: examining every payoff, one at a time, comparing the payoffs to each others, and discarding inferior solutions.
Computation with Analytical Models:
1. Infiinite number of alternatives, use linear programming
2. Finite, but large numbers are reffered to as combinatorial problems. (scheduling, sequencing) use integer programming
Equal Probabilities (Laplace)
The user of the Laplace criterion assumes that all states of nature are equally likely to occur. Expected values are then computed and the alternative with the highest expected payoff is selected.
· The major argument is that there is absolutely no reason to assume the probabilities are equal
Pessimism (Maximin or Minimax) 
The user of this criterion is completely pessimistic because he or she assumes that the worst will happen, no matter which alternative is selected. To provide protection under the pessimism criterion, the decision maker should select the alternative that will give as large a payoff as possible under the worst conditions(best of the worsts).
1. The best entry is selected. The decision maker maximizes the minimum payoffs and therefore this is called maximin
2. In a situation in the case of cost minimization the decision maker will minimize the maximum possible costs that is the decision maker will minimax.
The use of the criterion will guarantee the decion maker that the loss will not exceed 2, even in the worst possible case.
The drawback is that the decision is based on only a small portion of the available information
Optimism (Maximax or Minimin)
An optimistic decision maker assumes that the very best outcome will occur and selects the alternative with the best possible payoff. Thus the decision maker would use the optimism criterion. To do so the decision maker searches for the best possible payoff for each alternative. (find the best possible outcome for each alternative)
Maximax- Decision for a maximization problem
Minimin- Decision for a minimization problem
Coefficient of Optimism (Hurwicz)
Hurwicz uses a degree of optimism labeled as alpha, α, be measured on a 0 to 1 scale (0=completely pessimistic, 1=completely optimistic). The coefficient of optimism suggests that the best possible alternative is the one with the highest (in maximization) weighted value, where the weighted value, WV, for each alternative row is expressed by:
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Where Oij  is the payoff. Then the best (WV)I is selected.
The major difficulty is with assessing alpha.
Regret (Savage) 
Savage argues that people frequently act to minimize their anticipated average (expected) regret, the relative loss resulting from selecting an alternative, given that a particular state of nature occurred, as compared with the best alternative that could have been selected for that particular outcome.
· With each payoff column , each payoff is subtracted from the largest payoff in the column.
· Once the table is constructed, the largest regret is found and entered in a new column on the right.
· Then the alternative with the smallest refret in this column is chosen
Because this criterion only focuses on only the worst possible outcome and ignores other data, an exaggerated case could have been constructed illustrating the danger of relying on this criterion for all situations.

Objective Probabilities: can be derived based on historical orccurences, experimentation, or sometimes with statistical formulas.
Assumptions:
	-Usually based on obersvation of prior events, experimentation, or both
	-A necessary result of the first assumption is that the process observed must be stable
	-It must be assumed that if a sample was observed for determining past behavior, it was large enough and representative of the process under study.
Subjective probability: Measures the degree of belief in the likelihood of the future occurrence of a given outcome. Made by an individuals possessing experience with the phenomenom involved.
Decision Making Under Risk
Expected Value
This approach prescribes that the decision maker selects the alternative with the best expected (average) payoff. This alternative should be selected each time the decision maker confronts the investment situation.
The expected payoff of an alternative is the sum off all possible payoffs of that alternative, weighted by the probabilities of those payoffs occurring.
Step 1: Multiply each payoff by its corresponding probability
Step 2: Sum the results of the multiplication of step 1; that is the expected pay off.
-Once the expected payoffs for all alternatives are determined, only the newly formed column of expected payoffs need to be considered. This is the dependent(or result) variable of the decision model.
	When payoffs are reported in dollars, this is called the expected monetary value.
Expected Opportunity Loss (EOL) or Regret 
The basic idea is that people frequently act to minimize their regret or opportunity loss. Expected regret is calculated the same way.
· EOL will always be the same answer as e expected value
Most Probable State of Nature 
This criterion prescribes that as the decision maker confronts the various possible states of nature in a decision under risk, he or she ignores all but the most probable state. By doing so the decision maker changes the situation to a decision under assumed certainty.
-Goes with the alternative with the largest probability of occurring
-One problem is that it ignores the magnitude of some of the payoffs
Decision Trees
Structure of a Decision Tree
Decision Points: At a decision point (also called decision node,act node, or decision fork), usually designated by a square, the decision maker must select one alternative course of action from a finite number of available actions. The alternative courses of action are shown as branches or arcs emerging out of the right side of the decision point. When there is a cost or profit associated with the alternative, it is necessary to keep track of it along the path. Each alternative branch may result in a payoff, another decision point or a chance point.
Chance Points: A chance point (also known as an event fork or chance node), designated by a circle, indicated that a chance event is expected at this point in the process. That is, one of a finite number of states of nature is expected to occur. The states of nature are shown on the tree as branches to the right of the chance points. Because decision trees depict decision making under risk, the assumed probabilities of the states of nature are written above the branches. Each state of nature may be followed by a payoff, a decision point, or by another chance point.

Constructing a Tree:
· States at the left of the page with a decision point
· All positive alternatives are drawn branching out to the right
· Then a chance point or other decision points are added, corresponding to events or decisions that are expected to occur after the initial decision.
· Each time a chance point is added, the appropriate states of nature, with their corresponding probabilities branch out of it to the right
· The tree continues to branch until the payoffs are reached
1. Build a logical tree, which includes all decision points, chance points, and emerging arcs or branches
2. Introduce probabilities of the states of nature on the branches, thus forming a probability tree
3. Finally, add the conditional payoffs, thus forming the completed decision tree
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Evaluating A Decision Tree
Decision points: alternatives branch out
Chance points: circle with emerging states of nature
1. Chance point segments: The expected value of all the states of nature emerging from a chance point must be computed ( multiply payoffs by their probabilities to sum up results). The expected value is then written near the chance point inside a rectangle labeled EMV. These expected values are considered as payoffs for the next branch to the left.
2. Decision Point Segments: At a decision point, the payoffs given ( or computed) for each alternative are compared and the best one is selected. All others are disregarded. A disregarded alternative is marked by the symbol // directly on the branch.

Thus the decision maker must select one alternative at each decision point and discard all other ones.

Computations at a Chance Point: The segments at the right are considered first. They are all chance points, and therefore expected values are computed.
Computations at a Decision Point: At decision point 1, all aternatives are compared with the EMVs considered as payoffs.

Perfect Information
Both perfect and imperfect information relate to decision making under risk where the long-run probability of an outcome, given a repetitive decision situation, is assumed to be known. 

[image: ]
EVPI = [Expected cost without perfect information] – [Expected cost with perfect information]
· The EVPI is the average (per decision) improvement in the value of the objective function.
· The EVPI tells the decision maker the upper limit one should be willing to pay for predicting perfect information
The equivalence of EVPI and EOL
The expected value of perfect information (EVPI) is always equal to the best (smallest) EOL. The reason is that in computing EVPI we actually compute the regret, which is the difference between the best choice with perfect information and the best choice without it.

Simulation

· Simulation Methods:
· Simulation using the rand() function and the use of if statements
· Differences between start-up runs and steady-state runs
· Time dependent and independent simulation types
· Monte Carlo Simulation
Types of Simulation
Deterministic and Probabilistic: Deterministic is used when a process is very complex or consists of multiple stages with complicated (but known) procedural interactions between them. Probablistic is when one or more of the independent variables (e.g the arrival rate in a queuing situation) is probalistic; that is it follows a certain probability distribution
Discrete Distributions: These involve a situation with a limited number of events or variables that can only take a finite number of values.
Continuous: These refer to a situation involving variables with an unlimited number of possible values that follow familiar density functions such as the normal distribution
Time Dependent and Time Independent Simulation
Time independent: refers to a situation where it is not important to know exactly when the event occurred.
Time Dependent: When it is important , for example the price time of arrival waiting in line.
Start-Up Run:  When all data is included from the start 
Steady-State: When data from the beginning is removed to account for normal levels.

Monte Carlo Simulation
Monte Carlo method uses generated simulated arrival times and service times from a given simulated model.
Uniform Distribution: Where each value of the variable has exactly the same chance of occurring
Random Numbers and Random Variates: A random number is a number picked, at random from a population of uniformly distributed numbers and used to generate a random variate for the probability distribution of interest.

Time Independent, Discrete Simulation
1. Describe the system and obtain the probability distributions of the relevant elements of the system.
2. Define the appropriate measures of system performance. Can be written in form of equation.
3. Set up the initial simulation conditions
4. For each probabilistic element, generate a random value and determine the systems performance
5. Derive the measures of performance and their variances.
6. If steady-state results are desired, repeat steps 4-5 until the measures of system performance stabilize
7. Repeat steps 4-6 for various managerial policies
SOLD: =IF(B12>=C15,C15,B15)
Inventory at End of Week: =IF(B15>=C15,B15-C15,0)
Unsatisfied Demand: =IF(C15>=B15,C15-B15,0)

Time Dependent
Discrete probability distribution
Or
Continuous Probability distribution
· Random Number – A number picked at random from a population of uniformly distributed numbers (i.e. each number has the same probability of being picked as any other number) 
-In Excel, RAND() generates a random number between 0 and
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