Chapter 1
Three types of processes:
· Core processes (directly create the good) Concordia gives education
· Support processes (support the core processes) Concordia’s infrastructure
· Managerial processes (govern the system) 

Efficiency: operating at minimum cost and time (achieving goals)  
Effectiveness: Achieving quality and responsiveness

An organization has three basic functions: operations (large % of company’s expense), finance (funding need) and marketing (understand and forecast the demand)

The operation function: the inputs are in the transformation/conversion processes, then they have feedback and control to ensure that it is the desired output or they take corrective actions.

Goods and services occur jointly like a package but it is ether primarily service or good
Production of goods and performance of services differ in:
· Customer contact, use of inventory and demand variability
· Uniformity of input (service differ because different patients and needs)
· Labour content job, goods required machines (capital intensive)
· Uniformity of output (manufactured goods are more uniform)
· Measurement of productivity
· Quality assurance
Operation activities involve management of personnel, inventory, planning and control, production planning, scheduling, project management, quality assurance. 
System design determines parameters of operation like costs, space, capacities and quality

Value added describes the difference between the cost of inputs and the value or price of outputs that customers are willing to pay. Company use the money to pay workers, R&D

Finance secure resources at favourable price and allocate those resources throughout the organization:
1. Provision funds: is a back up plan to avoid cash flow problem
2. Economic  analysis of investment proposal

Marketing asses customer wants and needs (demand) and plan accordingly to improve current product
Lead time: the time between ordering a good or service and receiving it
Other functions:
· Accounting-accounts payable and receivable
· Management information system- (MIS)
· Purchasing- Procurement of materials and evaluation of vendors for quality, delivery-time, reliability, service, price...
· Human resources-contract negotiation, wages
· Manufacturing engineering- design or purchase of the machines
· Maintenance
· Product design
· Logistics- storage and transportation

The operations manager’s job; different kind of expertise with planning, scheduling, controlling, organizing and directing that require both technical and behavioral competences. He has influence over the degree to which the goals and objectives of the organization are realized.
A model: an abstraction of reality, a simplified representation of something. Schematic model are graphs, charts and drawing and statistical models are normal distribution and regression equation. It omits unimportant details
Quantitative approach: Is an approach to problem solving that attempt to obtain the optimum solution to a mathematical model (require computers) for allocation of scare resources (solving set of equations)
Analysis of trade-offs: often comparing the costs of improving the system with the savings due to that improvement (is it worth it) you can list the pros- and cons
The system approach: a system is a set of interrelated parts that must work together. The output and objectives of the organization as a whole take precedence over those of any one part. It takes account of the impact on all of the system
Establishing priorities: To direct their efforts where they do most goods to avoid waiting time and energy no insignificant elements. The pareto phenomenon: A few factors account for a high percentage of result achieved (80-20 rule, 20% factors will impact 80% of results)
Ethics:
· Worker safety
· Product safety
· The environment
· Closing facilities

Historical evolution of operation management:
Craft production: highly skilled worker with simple flexible tools producing custom goods (from start to finish) according to customers’ specification in small shops. Production was slow and costly. Production costs did not decrease as volume increase (no economies of scale)
The industrial revolution: Substituting the machine power (steam)for the human or animal power. Canals and railways and electricity. Two concepts came with the large scale production
1. Division of labour: series of small tasks with individuals workers assigned to it
2. Interchangeable parts: standardized parts so that any from the batch would fit to decrease the assembly line time and costs.
Specific management: science of management based on observation to improve work methods and incentives. Taylor believed that management is responsible for planning, selecting and training employees. Separate management activities from work activities. Henry Ford introduced the moving assembly line where the product is pulled all along the line .
Mass production: large volume of standardized goods produced by low-skilled workers using highly specialized equipment
Human relation movement: Taylor and Ford expected workers to work like robots, now the job design emphasize on motivation to improve productivity
Decision models and computers: statistical procedures for sampling and quality control and to forecast production planning
Japanese influence:
· Total quality management: emphasized quality and continual improvement, workers team achieving customer satisfaction
· Lean production: Use fewer resources than mass production less space, inventory, and workers to produce a comparable amount of output (skilled workforce and flexible equipment. Anticipating problems with maintaining and improving the system
Major trends:
· Internet-e-commerce
· Technology
· Globalization-expend but tariffs and laws with agreement between countries
· Supply chain: sequence of organizations from basic supplier to final customer with outsourcing

Chapter 2
Competitiveness: the ability and performance of an organization in the marketplace compared to other organizations that offer similar good or service. Develop its capabilities called core competencies that depends on the customers’ expectations  for the key criteria
Strategy: the long-term plans that determine the direction an organization takes to become competitive
Strategic planning: the managerial process that determines a strategy for the organization
Key purchasing criteria: 
· Price: other factors are equal lowest price is best
· Quality: design, material, workmanship, performance and consistency. Customer desire high quality for the intended purpose
· Variety: choices of models and options available. Customer like wider range
· Timeliness: availability of goods quickly
Other factors are customer service and convenience of location
Value=  quality, timeliness, etc../price



For complex purchase the customer us 2 categories of purchasing criteria:
· Order qualifiers: perceived to be minimum standards of acceptability for purchase
· Order winners: cause that the organization is perceived as better than competition
Price, on-time delivery, quality can be qualifiers or winners. Over time a winner may become a satisfier
Competitive priorities:
Cost-for the unit of production, objective to lower the cost
Quality- determine the customers’ quality requirement- make it consistently
Flexibility- ability to produce a variety in the same facility (customization) having general-purpose equipment, excess capacity and multi-skilled workers
Delivery-consistently meet promised due dates (network)
Improve 1 at the time to become competitive . As organization become more competitive, it reaches a point where improving one priority is achieved only by reducing another trade-off)

Strategic planning- organizations determine a new strategy (direction) only when they face crisis, when they should do it annually. Adjust the organization’s mission and vision, based on the values, determine a set of goals and brainstorm and evaluate alternative ways to achieve them (SWOT)
Mission- where the organization is going now
Vision-where the organization desires to be in the future
Values- the shared beliefs of the organization’s stakeholders
Goals and objectives- provides the substance to capture more market share or profitability
Strategies, tactics- long-term plans to become or remain competitive, Tactics are medium-term specific plans to provide guidance, Action plans are short-term projects to accomplish specific objectives with deadlines
Functional strategies- long-term functional plans for the different marketing, financial and operation strategy
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Operation strategy- guiding the operation function with well-coordinated policies to achieve long-term sustainable advantage over the competition with costs, quality, delivery or flexibility
The operation policies are classified into 9 strategic decision categories:
1. Facility- how to specialize or focus each facility
2. Capacity- related to facility, the size of plants and major equipment based on anticipation of future demand
3. Vertical integration- part of the supply chain, cost, coordination and control
4. Vendor relations- competitive or cooperative close relationship
5. Product mix or new product- variety
6. Process types and technology- 4 generic process types; job shop, batch, assembly line and continuous flow. It is an important trade-off in the process choice with the appropriate technology and degree of process automation
7. Human resources- select, develop, motivate, promote and reward employees according to company’s goals (incentive)
8. Quality- for design and production, control and quality assurance, continuous improvement, statistical quality control and cost of quality
9. Operations infrastructure and systems- decision to use computerized control system, use just-in-time production and the type of production/delivery system

Formulation of the organization strategy:
· Link the organization goals to the operation strategy
· Categorize the customer into 2 types: major customer (with whom closer relationship is desirable) and others (transactional relationship is adequate)determine which of the 4 competitive priorities should be prioritized
· Group product line into types: low or high volume
· Conduct operation audit, determine the SWOT  and assess the standing of the product
· Asses the degree of focus at each plant (product-process matrix)
· Strategy to re-allocate product lines to plants state the objectives and policies

Generic operation strategies like just-in-time production and total quality management improvement. They are generic because they are used irrespective of the market conditions and competitive situation. If every company pursue the same generic strategy, they become more efficient and effective without gaining competitive advantage
· Low labour cost strategy- inexpensive labour pool
· Scaled-based strategy- capital-intensive methods to lower the unit costs
· Focused factories strategy-smaller factories take advantage of specialization to achieve higher quality
· Flexible factories strategy- allow volume, variety and design changes, stress quality
· Continuous improvement strategy-of both product and processes
Time-based competition: reducing the time required to accomplish various activities to improve service to the customer and gain a competitive advantage over rivals that take more time for the same task. Costs are generally less, productivity is higher
Outsourcing: buying a part of a good or service to reduce costs, gain flexibility and possibility to use the internet to reach customers (called mass customization)

Productivity measures output per unit of input= output/input    
The productivity growth= current period productivity- previous period productivity
                                                                   Previous period productivity· key factor is the country’s  standard of living

Partial measure are output/ labour, output/ machine, output/material, output/energy
You also have multifactor measures (more than one input, use common unit of measurement for calculation) and total measures.
Labour productivity is still the main measure used to gauge the performance of individual processes and plants. It is not efficiency= getting the most out of fixed set of resources. It is an average operation time for tasks, track performance over time to decide when improvement are needed. Total Productivity is revenue/ total costs, whereas profit is revenue – total costs
It relate to competitiveness when companies have similar level of output but requires less input, it will be able to charge a lower price.
Service productivity measurement is problematic because of high degree of variability of output and outcome is usually an improve state of the customer/inputs are variable (misleading)

Factors that affect productivity: methods, management, equipment, technology and labour.
A financial incentive to employees is potential sources of productivity- managers exploit it. It is a misconception that workers are main determinant of productivity, gains in the pas from equipment improvement. Management methods result in better design, planning and operation decisions, standardizing and improving processes, improving quality and reducing waste

Chapter 17
Project: Something unique that happens only once and that has a clear time scope. There can be many types of project.
The role of a project manager: He is the operation manager; he will check quality, cost, delivery and flexibility. He will develop a plan and monitor to make sure the plan is implemented. He also needs to mitigate (prevent) risk and share his progress with the shareholders.
Risk management: 
· Delay can be caused by suppliers, incompetency, material or training.
· Increase: Increased cost throughout the project.
· Termination: Project is cancelled. 
Project planning:
The Project: to cook diner.
Activities
/Start/----/Cook Rice/-----/End/
            ----/Cook Sauce/---
           ----/Cook vegetables/
*These three activities happen in parallel meaning they are independent.

If /Start/---/cook sauce/---/cook vegetables/----/end/ then cook vegetable is dependant.



if
/Start/----/Cook Rice (30min)/-----/End/
            ----/Cook Sauce (25 min)/---
           ----/Cook vegetables (15 min)/

 The project will take 30 minutes. This is known as the “critical path” since it is the longest possible path. If you reduce it, it will reduce the overall time on the project duration. You can have more then one critical path if they have the same duration. Activities that are not on the critical path have a little slack.
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ES: Early Start
EF: Early Finish
LS: Late Start
LF: Late Finish

Forward pass to find ES and EF
[bookmark: _GoBack]Backward pass to find LS and LF

WRITE START AT THE BEGINNING

Project: unique, large, one-time job requiting special activities to accomplish specific objective in a limited time frame, a program is a set of projects. It may involve considerable costs and activities must be carefully coordinated.
Performance goals: completed within time/schedule, cost/budget, and quality guidelines. Objectives and goals must be established
Stages or phases include project initiation, planning and scheduling, execution, control and closeout. It is influenced by the company’s strategy and policies.
The project scope-work that needs to be accomplished
The project portfolio selection- helps to determine which project to implement with factors such as budget, availability of personnel, knowledge and skills, cost-benefit considerations. Steps are;
· Establish a project council
· Identify some project category (long-term, short-term, minor or major) and criteria
· Collect project data
· Assess resources availability
· Prioritize the projects within categories
· Select project funded
· Communicate the result to stakeholders
Work breakdown structure: breaking down the job into smaller components, determining resources needed, estimating their costs, scheduling subcontracting the work, planning risk
Project control involves observing the project’s progress, issuing performance report on scope/schedule/cost/quality/risk
Bring various people-stakeholders has diverse skills, can be on loan full/part-time of regular jobs
Some organization spend all their time on projects, from one to the other- pure project organizations
Matrix-organization is used to temporarily group together specialists from different departments to work on projects with functional managers or project management office (PMO)

Project manager- is responsible for planning, scheduling, executing and controlling. He wants to meet the project’s requirements, ensure completion on time, within budget and with the quality standards. He must be able to recognize ethical and political issues and the need for change. He does the following;
· Work
· Human resources
· Communication
· Quality
· Time
· Costs
Has to have the ability to motivate, build a team, direct the members, make trade-off decision, and deal with obstacle and team conflict. Higher degree of uncertainty= strong leadership skills

Project planning= breaking down into smaller parts, risk management planning, estimating the required resources, cost estimation, budgeting, estimating human resources, project scheduling, quality planning (quality policies), communication (determining the nature of information needed by stakeholders)and purchase planning

Risk management planning= relate the occurrence of events that have undesirable consequences (delays) in uncontrollable circumstances.
The probabilities of occurrence of risks events are higher at the beginning of the project but costs associated with risk events are higher near the end of projects. 
Identify as many potential risks as possible and plan response. There are many sources of risks, the more the company has experience with the project, the fewer and more identifiable risk. Analyse the assumptions, looking for inaccuracies, inconsistencies and incompleteness in a risk register with the probability of occurrence and its consequences, plan response for high probability. Risks responses include:
· Redundant (backup) systems
· Using a less complex process or more stable supplier
· Frequent monitoring of critical project aspects-eliminate problems at early stage
· Transferring risk by outsourcing phases requiring performance
· Risk-sharing- more than one company on the project
· Extending the schedule or reducing the project’s scope

Work breakdown structure (WBS) is the hierarchical listing of what must be done within project (tree) with the phases, deliverables or subprojects. Identify the major subcomponents for each of the major components

Project scheduling; identification of activities, timing the activities of the project
Milestone activity=review/test/approval decision
Identify their sequential dependencies and identify the resources,
The duration of each activity (probabilistic) is used to identify the standard deviation. The 3-point estimate, project crashing and fast-tracking is used.

Gant chart is a visual aid for simple project. It schedules the activity and then monitor their progress (planned progress/actual progress) It indicates which activity will occur, their planned duration and when the will occur. We see which activities are ahead and which are behind. The simplicity allows determining which activity is affected if one suffers a delay.

PERT/CPM technique – widely used tool
· Graphical display of activities relationships
· Estimate how long the project
· Identification of more critical activities
· How long any activity can be delayed without delaying the project
Pert usually stressed probabilistic duration in high uncertainty and CPM originally made no provision for variability of duration
Precedence network: is a diagram of project activities and their sequential relationships with arrows and nodes with AON- activity on node. An s activity is the start (no time) and only one ending node
Finish-to-start type activity; an activity must be finished before its immediate successor can start
Start-to-start; and activity can start only if the other one has started
[image: ]Finish-to-finish; &Start-to-finish can also exist with time buffer
Path; a sequence of activities from the start node to the end node

Paths reveal sequential relationships where if an activity in a sequence is delayed; all the following activities on that path will be delayed.
The length of the path is the sum of all expected duration.
The expected project duration equals the duration of the longest path which is also the critical path and its activities are referred to as critical activities

Paths that are shorter than the critical path can be delayed without affecting the overall project completion time as long as their duration does not exceed the critical paths’ duration. That slippage time is the path slack time. If zero slack

Deterministic duration; duration of the activities are fairly certain, if they are subject to variation, they are probabilistic
ES is the earliest time the activity can start
EF is the earliest time the activity can finish
LS is the latest time the activity can start and not delay the project
LF is the latest time the activity can finish and not delay the project
· For ES and EF, Start at the left side
· For the start activity ES=0
· For each activity, ES+ activity duration =EF
· If the activity has only one predecessor, ES equal =EF of that activity
· If it has multiple predecessor, ES equal to the largest EF
· For LS and LF, start at the right side (end node)
· Use 1ef as the LF for the end activity
· For each activity, LF=LS- activity time
· If an activity has a unique immediate follower LF= LS of that activity
· If is has multiple follower, set LF equal to the smallest LS
Slack = LS-ES, if 0 slack, then critical activity
The shared slack is the sum of the slack time of all activities on one path

Probabilistic approach
Optimistic duration is the length of an activity in the best conditions (smallest)
Pessimistic duration is the length of an activity in the worst conditions (longest)
Most likely duration is the most probable length of time
The mean and the variance of the distribution can be obtain with the 3-point estimate
Optimistic +4most likely + pessimistic= average expected duration of an activity
                             6
(Optimistic – pessimistic)²= variance of an activity
                  36
The rout square of all activities variance is the path’s standard deviation and the path mean is the sum of all expected durations of the activity on the path. To calculate the probabilistic estimate of the project completion time with the central limit theorem, you find the z-score with x-mean/standard deviation for every possible path and you multiply the probabilities of each path to have the probability of the whole project. We assume independence of paths

Project crashing; To reduce the length of a project, you crash it by using additional resources to avoid late penalty. You reduce the indirect cost of running the project (facilities, equipment) increasing the direct expense to speed up the project realizing savings on indirect costs is a trade-off choice.
Only activities on the critical path are subject to crashing because shortening non-critical path activities would have no impact on the project’s length. Do the crash according to crashing costs per period, crashing those with the lowest cost first. Continue as long as the cost of crashing does not exceed the savings.
After a certain point of crashing the critical path, it will become equal to another path and you will have 2 critical paths, you now have to crash both paths without exceeding the savings

Project execution and control; managers direct, coordinate and manage projects and resources. During the project, quality has to be assured. Workers needs are assessed and they are trained with ground rule for teamwork. Multiple projects that need joint resources are critical chain
Goldratt two principles;
· Student’s syndrome; a student tend to delay the start of the assignment until the last possible time
· Parkinson’s law= work expand to fill the available time for its completion
To combat these tendencies, do not disclose dates of the activity just prioritize and schedule accordingly. They will be done as soon as possible. Estimates of activities are examined to make sure they are padded with safety time. Safety buffer is added at the end of the critical chain. Priorities are determined daily based on the percentage of buffer time used divided by the percentage of the chain work completed-m larger ratio gets prioritized

Project control; assessing project’s progress against plans and taking corrective actions to bring it back. Uncontrolled change to project’s scope is called scope creep

Earned value analysis happen after costs are planned, the project progress is measured (planed value) by budgeted cost of work performed (earned value or budgeted cost of work performed). The schedule variance= planned valued- earned value and the cost variance =actual cost- earned value

Chapter 3
Demand forecast; the estimate of the expected demand for a specified future period, need 2 information which are current factors or conditions and past experience in similar situation
3 types of use for demand forecast to predict variables such as profit, revenues, costs…;
· Help management design the system,(long-term plans like inventory & workforce)
· Plan the medium-term use
· Schedule the short-term use (scheduling of production, purchase of parts)

Collaborative Planning, forecasting and Replenishment ( CPFR); Supply chain partners collaborate on forecasting (both sides providing inputs)


Features common to all forecasts:
1. System that has existed in the past will continue to exist in the future.
Comment; management cannot simply rely on computers and models because unplanned or special occurrence of events.
2. No one can predict precisely how related factors will influence the variable of interest because of the presence of randomness, allowance for inaccuracy is made.
3. Forecasts for groups of items are more accurate than individual item because forecasting errors have a cancelling effect
4. Forecasts accuracy decrease the farther the forecast time period in the future
Forecasting horizon; the range of time periods we are forecasting for.

Flexible organizations that respond quickly to change in demand have a competitive advantage because they require a shorter forecasting horizon and benefit from more accurate short term forecasts. Achieve flexibility by shortening the lead time and purchase raw material.

Element of good forecasts;
· Forecasting horizon must be long enough so that results can be used
· State the degree of accuracy
· Use a reliable forecasting method or software and consistent
· Express the forecast in meaningful units (dollars or demand in unit of product)
· All functions of an organization should be using the same forecast
· The forecasting technique should be simple to understand and use

6 basic steps in forecasting
1. Determine the purpose of forecasting and level of accuracy necessary
2. Establish a forecasting horizon
3. Select a forecasting technique
4. Gather and analyse the relevant historical data
5. Prepare the forecast
6. monitor the forecast

Approaches to forecasting; 2 general approaches 
· Judgmental: subjective historical inputs obtained from various sources that provide insight not available otherwise (soft information like human factor or personal opinion) that are difficult to quantify. Long-term forecasting typically uses judgmental methods because quantitative technique may be inaccurate. They project past historical or time-series data into the future with the assumption the future will be like the past. Time-series models identify specific patterns and project or extrapolate into the future without trying to identify the cause of patterns. Associative models use equations with one or more explanatory variables to predict the future demand. Sources are:
· Executive opinions; a small group of upper level managers as part of a long-term planning and new-product development bringing their knowledge and talent 
· Sales force opinion; they have direct contact with the customer, being aware of customer’s plan and the level of customer inventory
· Consumer surveys; used to determine sales in form of a questionnaire on the phone to large sample of potential customer or using small focus groups
· Historical analogies; make some adjustment of demand for a similar product
· Expert opinions; Delphi method involves circulating a series of questionnaires among experts where responses are kept anonymous to encourage honesty and each new questionnaire is developed using the previous to achieve consensus forecast
For most parts these are long-term, single time forecast with very little hard information

· Quantitative: attempt to use causal (explanatory) variables to make a forecast with quantitative techniques to analyze objective or hard data

For forecasting long-term demand a common approach is to forecast the demand for the whole market for a type of product, estimate the market share for the new product and multiply the two to get the demand forecast.
Medium-term demand involves monthly demand with a mix of judgmental and quantitative taking account of seasonal effect.
Short-term demand involves daily or weekly demand use simple quantitative method

Time series models: time-ordered sequence of observations taken at regular interval made on assumption that future values of the series can be estimated from their own past values. No attempt is made to identify variables that influence the series. Plotting the data a pattern might appear, these are the types;
· Level average or constant refer to horizontal pattern of time series
· Trend is a persistent upward or downward movement in data like population growth
· Seasonality regular repeating wavelike variation related to factors like calendar, weather or recurrent events
· Cycles wavelike variation lasting more than one year related to variety of economic, politic or agricultural conditions
· Irregular variations due to unusual one-time explainable circumstances not reflective to typical behavior, identify and remove from the data
· Random variations residual variations that remain after all other behaviours have been accounted for (noise) arise from the combined influence of many relatively important factors  that cannot be predicted, smooth out the small bumps

Naïve methods: used with stable series, with seasonal variations or with trend. The naïve forecast equals to the last value of the series plus or minus the difference between the last two values of the series. Appear to be too simplistic but used by restaurant and retail stores because of virtually no cost- quick and easy to prepare and understand. Unable to provide highly accurate forecast because it just traces the actual data and does not smooth random variations

Averaging methods: reflect recent level, handle stable series where no trend or seasonality.
Moving average: averages number of recent data values and use the average as the forecast for the current period. It is updated as new data becomes available. The n-period of moving average forecast for period t is the average of n most recent actual values. It lags behind the actual variations and is smoother than the actual values. The fewer the data points in a moving average, the more sensitive (responsive) to most recent data the moving average tends to be. Moving average based on more data will be smoother but less responsive to changes.

Weighted moving average; is similar to moving average but it assigns larger (heavier) weight to the most recent values. It is more reflective of the most recent data but the choice of distribution of the weight is arbitrary and might involve trial and error to find suitable scheme 

Exponential smoothing; is a sophisticated weighted average method where new forecast is based on the previous forecast plus a percentage of the difference between that forecast and the previous actual value.
Forecast= Previous forecast +а(previous actual –previous forecast)
Where а is a proportion less than 1
An alternate form is  Ft= (1-a)Ft-1+aAt-1
The quickness of adjustment is determined by a, the closer the value is to 0, the slower the forecast will adjust, the closer the value is to 1, the quicker the responsiveness and less the smoothing.

Selecting a smoothing constant is basically a matter of judgment or trial and error. The goal is to select a smoothing constant that balances the benefits of smoothing random variations with the benefits of responding to real changes. Range from 0.05 to 0.5. Low values are used when the average trend is stable. It permits automatic modifications of the smoothing constant so that forecast error do not become unacceptably large= adaptive exponential smoothing.
To obtain a starting forecast such as the average of the first several period, a subjective estimate or the first value like in the naïve approach

Techniques for trend (trend components may be linear or nonlinear)
Linear trend equation: Ῡt=a+bt    where Ῡt is the value of trend line for the period
A is the y intercept and b is the slope of the line which implies that the y values increase of b for each unit of x change. Here t replaces the x value
Find two points on the line plus the y intercept, plot them and draw a straight line through it.
The coefficient of the line a and b is computed using
B= nΣt-ΣtΣy                a=Σy – bΣt
     nΣt²-(Σt)²                        n

Nonlinear trend: inadequate for others such as demand for a new product that has a faster growth or old product that has a slower growth. 
Trend assumes that a constant percentage increase from one year to the other. Multiplied by 100 the difference between two consecutive year’s sale dividing by the second year’s sale is the growth = (t2- t1)/t1 x100   for the exponential trend where y=bˣ

Trend adjusted exponential smoothing (double exponential smoothing)
It is a variation of simple exponential smoothing used when time series exhibit trends. The forecasts will all lag behind the trend , if the data are increasing, the forecast will be too low, and if the data is decreasing, the forecast will be too high. Trend adjusted forecast (TAF)
TAF t+1= St+ Tt    where:
St=smoothed series at the end of period t
Tt=smoothed trend at the end of period t

St=TAFt +a(At –TAFt)               Tt=Tt-1 + B (St –St-1 –Tt-1)
Where a and B are smoothing constants, At is the actual value in the period, make a estimate of the starting smoothed series like the average of the first few weeks and base the starting smoothing trend on the net change of the first few weeks divided by the number of weeks. It has the ability to adjust to changes in trend.

Techniques for seasonality
Are regularly repeated wavelike movement in series values tied to recurring events expressed in terms of amount that actual value during a season deviate from the average. If trend is present, seasonality is measured relative to the trend value.

Additive model: Demand = trend + seasonality
Multiplicative model: Demand = trend x seasonality    this is the one we use

Seasonal relative or seasonal index is the proportion of average or trend for a season in the multiplicative model (ex; 1.20, sales are 20% above the monthly average)
Seasonal variations in retail planning and scheduling is important factor in capacity planning.
Remove seasonality from the data in order to discern other patterns

Using seasonal relatives first in deseasonalize the data to get a clearer picture of the non-seasonal components (dividing each data point by its seasonal relative) and later incorporate seasonality by multiplying each forecast by its seasonal relative. Here the steps ;
1. Compute the seasonal relatives
2. Deseasonalize the demand data
3. Fit a model to the deseasonalized demand data (ex. Moving average or trend)
4. Forecast using this model (to obtain the deseasonalized forecasts)
5. Reseasonalize the deseasonalized data

Computing seasonal relatives
Compute the average of all periods during the length of the repeating pattern. A simple method is to just use the average of all periods (this ignores any trends. If there is a linear trend then regression cn be used to model it using the center moving average (CMA). It is a moving average positioned at the center of the data used to compute it.
Compute the ratio with the value divided by the CMA to obtain the seasonal relative 
Ex: value is 46, CMA is 42,7 the the ratio is 46/42.7=1.08 it is 8% above the average

It is necessary to compute ratios for a number of seasons and then average the ratios to obtain the seasonal relative

Techniques for cycles
Cycles are wavelike movement but of longer duration. Their irregularity makes it difficult or impossible to project them from past data because the turning points are difficult to identify. A short moving average or a naïve approach may be of some value

Associative models
They rely on identification of related variables used to predict values of the variable of interest. Ex: sales of beef that are related to the price of beef and the prices of substitutes chicken.
The essence of associative models is the development of an equation that summarizes the effect of predictor variables on the variable of interest with regression models.
Simple linear regression involves the linear relationship between 2 variables to obtain an equation of a straight line that minimize the sum of squared vertical deviations of data points (x,y) which is the least squares line with equation Ῡ= a + bx

B= n(Σxy) - (Σx)(Σy)                a=Σy– bΣx
       n(Σx²) - (Σx)²                             n

Correlation coefficient (r) measures the strength of the relationship between two variables. It ranges from -1 to 1. A correlation of 1 implies a strong positive linear relationship. It indicates that a change in one variable will always be matched by a change in the other variable in the same direction. Correlation coefficient close to 0 indicates no relationship between the two variables. It is important that the relationship between x and y is strong.

     R= n(Σxy) - (Σx)(Σy)                
 (n(Σx²) - (Σx)²) ½(n(Σx²) - (Σx)²) ½                           
The square of the coefficient r2 measure the proportion of variability of y. The possible range for r2 is from 0 to 1, the greater the proportion of explained variation, the closer to 1. A high value of r2 would indicate that the independent variable is a good predicator of values of the dependent variable. Value between 0.25 and 0.8 would indicate a moderate predicator.

Multiple regression; simple regression may prove inadequate to handle certain situation where more than one predicator is needed. It is beyond the scope of this text.

Accuracy and control of forecasting process
Accuracy is the degree of correctness of the forecasts generated by the forecasting process. It is almost impossible to correctly predict the future on a regular basis because forecasts might deviate. It is better to prepare for probable values of demand, provide that this deviation is not too large. We monitor the forecast error through time to ensure that error will remain within reasonable bounds ok take corrective actions.
The forecasting error is the difference between the value that actually occur and the forecasted value.      Et =At – Ft

 3 alternative forecast-error summaries: 
Mean absolute deviation (MAD):Σ (actual – forecast)  weights all error equally
                                                                            n
Mean squared error (MSE):Σ(Actual – Forecast)2    weights according to their square values 
                                                                  n
Mean absolute percentage (MAP):Σ((Actual – Forecast))                                                                                                                                                                                                   (                                                                  (         Actual           )  x 100
                                                                                 N
A related concept to forecasting accuracy is the sum of forecast errors called bias. A persistently positive bias implies that forecast frequently underestimate the actual values. Bias occurs because either demand pattern has changed or the way forecasts are determined is flawed.

Controlling the forecasting process; monitor the forecast error to ensure the forecasting process is performing, either control or tracking signal.
A control chart is a time series plot of forecasts errors, where they are compared to 2 predetermined values or control limits. Forecasts errors that fall outside the control limits are signals that corrective actions are needed. Or also the following two assumptions;
1. Forecast errors are randomly distributed around the mean of zero
2. The distribution of forecast errors is normal

The control limits are usually chosen as a multiple of the standard deviation of forecast error. The square root of MSE is used in practice as an estimate of the standard deviation. For a normal distribution we recall that 95% of all values fall within +/-2 standard deviation and 
99.7% fall within 3 standard deviation.
S=[ Σe2 ]½    
         N
Tracking signal is an alternative measure to control the forecasting performance is tracking, it is the sum of forecasts errors divided by mean absolute forecast error:   TS = Σe   if >4 change
                                                                                                                                    MAD
Choosing a forecasting technique
The two most important factors are costs (preparation time and complexity) and accuracy. What are the possible costs of errors and what are the benefits that might accrue from accurate forecasts weight the cost-accuracy trade-off carefully. Also availability of historical data, the forecasting horizon and pattern of data are important. 
Simple smoothing and trend-adjusted exponential smoothing are better for short-term horizon
Regression trend model when you want to understand what drives sales long term
Causal regression model is good when there is a strong stable relationship

You might use more than one forecasting methods, if the different techniques produce approximately same forecasting, it increases the confidence in the results If methods disagree additional analysis may be needed.
Reactive approach: view forecasts as probable descriptions of future demands and manager react to meet the forecasts demand
[image: ]Proactive approach: seeks to actively influence demand and generally requires either a causal model or a subjective assessment.


Chapter 12 inventory management
Management of finished goods, raw material and spare parts have to forecast the demand because it is unknown, called independent demand. Demand depend of the production schedule for finished goods
Inventory or stock is any product or material sitting idle in a warehouse or storeroom kept for future use or sale
Inventory management is controlling and planning inventory.
Inventory represents 30% of a company’s current asset and 90 % of the working capital is invested in inventory
ROI = (profit – tax expense)/assets, reduction in inventory can result in increase in ROI. It is the major source of revenue for retailers but service companies do not carry inventory

Functions of inventory
1. To wait while being transported: freight  could take time to reach destination, items transported called in-transit inventory
2. To protect against stock-outs: delayed deliveries and unexpected increase in demand involve to hold safety stock to help if variability in demand and delivery lead time
3. To take advantage of economic lot size and quantity discount: minimize purchasing, receiving, handling and accounts payable costs by producing larger quantities for later use. Consecutive orders at some interval are called replenishment cycle( cycle stock)
4. To smooth seasonal demand or production: seasonal patterns ask for build-up of inventory during off season to meet high requirement during peak season
5. To decouple operations: maintain continuity of production if something brakes with work-in-process buffers while the problem is resolved
6. To hedge against price increase: Is we suspect increase in price, buy larger- than normal amount to avoid the price increase (anticipation inventory)

Inadequate management result in both under stocking with missed sales and deliveries or overstocking that unnecessary tie up funds or storage space. The two main concerns are:
· level of customer service (availability):right goods, right place in sufficient quantity
· the inventory costs: costs of holding and ordering inventory
Try to achieve satisfactory level of customer service with keeping inventory costs within reasonable bounds with two fundamental decisions: timing and size of the order
In-stock fill-rate is the percentage of demand filled from stock on hand
Inventory turnover is the ratio of annual costs of goods to average inventory investment. It represents how many times a year the inventory is sold. The higher the ratio, the better. It enables you to compare companies from the same industry.

Requirements for effective inventory management:
· Safety storing and using inventory: usually stored indoors. To save moving items long distances. Warehouses usually use vertical space. The difficulty to find particular item and excessive damage to stocks are problems. The right level of automation should be used. Warehouse management system is software that controls the movement of storage material and processes the associated transactions including receiving, put-away, replenishment, picking and shipping. To considerable  amount of obsolete items that should be sent back to supplier or sold at discount (salvage)
· Tracking inventories with control model: periodic counting is a physical count of items made at intervals to determine the quantity on hand, and then estimate the demand to know how much to order (used by small retailer). Replenishment model is called the fixed interval model. Advantage is that the order from the same supplier can be issued at the same time. The possibility of stock out between reviews means that extra stock should be carried. Disadvantage is the time and costs of physical count.
Perpetual tracking: keeps track of removals and additions on continuous basis. Fixed order quantity/reorder point model: is a predetermined minimum that is the timing for fixed quantity order to avoid shortages. Management determine an optimal order quantity. The disandvntages are the added costs of continual record. A fixed order quantity that does not require inventory counting is the two-bin system. Items are withdrawn from the first bin until contents are exhausted, then reorder. The second bin contains enough  stock to satisfy the expected demand until the order arrives plus extra cushion to reduce the chance of stock-outs. There are no needs to record each withdrawal. A bar code is a number assigned to an item or location readable by a scanner.  The first five numbers are indicating the manufacturer, the last five indicate the specific item. It increases the accuracy and speed of transactions. 
Radio frequency identification uses radio waves to identify items with and integrated chip and antenna in the tag that emits to a network-connected RFID. It will replace bar codes.
· Forecasting demand and lead time: use reliable estimates of the amount and timing of future demand. Purchased lead time: or manufacturing lead time is the period it will take for a batch of product to be delivered or manufactured. An additional safety is needed to the extent to which demand and lead time might vary.
Point-of-sale system: record the actual sales ate the time and location of sale for each stock keeping unit (used in forecasting)
· Estimating inventory costs:3 basic costs are:
· Holding: and carrying relates to physically having items in storage like warehouse or insurance costs and loss of opportunity cost of having funds. They depend on the type of item held and are stated as a % of unit cost as dollar per unit that range from 20 to 40 % of cost per unit. 
· Ordering cost: are the costs of the actual placement of an order not including the purchase expressed as a fixed amount per order. Companies that produce its own inventory instead of ordering have cost of machines setup which as a fixed charge per production regardless of the size of the run
· Shortage costs: happens when demand exceeds the supply and can include the opportunity cost of not making sale I loss of customer goodwill or production
· Performing A-B-C classification: allocate control effort s according to the relative importance of various items in inventory. ABC classification groups inventory items into 3 classes according to some measure of importance usually annual dollar value and allocates inventory control attention accordingly. A items account for 15 to 20 % of types of SKU  but about 70 to 80 % of annual dollar value of inventory (ADV). A items require better forecasting, more frequent ordering and better safety stock. Dollar value is the primary factor but risk of obsolescence, consequence of a stock-out and distance of supplier can be factors too. It relates to the Pareto phenomenon. It is used in cycle counting (regular actual count)on a cyclic schedule with purpose: 
· Reduce discrepancies between inventory records and actual quantities on hand
· Investigate the causes of inaccuracies and fix them.
A items are counted every month, b item quarterly and c items annually

(EOQ) Economic order quantity: the optimal order size is determined by minimizing inventory control costs, with the 4 EOQ-related models:
1. Basic economic order quantity; identify the order size for an item that will minimize the sum of the annual cost of holding and ordering inventory. The annual purchase price unit is not included because without quantity discount that purchase price is unaffected by the order size. It reflects the trade-off between annual holding and annual ordering costs with the following assumptions:
· Only one product is involved
· Annual demand requirements are known
· Demand is spread evenly throughout the year and demand rate is constant
· Lead time does not vary
· Each order is received in a single delivery
· No quantity discounts and transportation costs per unit is fixed
· Shortage is not allowed
Q= order quantity, units per order            H= holding costs per unit per year
Annual holding costs = Q/2*H      
 Which is a linear function where annual ordering cost decrease as order quantity increases
D= annual demand      Q= order quantity     S= ordering costs per order
Annual ordering costs = D/Q*S         nonlinear
The annual ordering costs equal the number of order per year times the order costs per order
Total costs = annual holding costs + annual ordering costs =  Q/2*H + D/Q*s
The minimum of that function reveals the quantity where the annual holding costs is equal to the annual ordering costs. This optimal is Q0   EOQ= Q0 = ((2DS)/H)½
Comment: the estimated values are designed rather than computed so EOQ is an approximate quantity. The annual demand Dis estimated by multiplying month’s forecast by 12 or week forecasts by 52. If no seasonality, a lot sizing technique is more appropriated than EOQ
2. Economic production quantity EPQ: The equivalent of EOQ in production to determine the optimal batch size. The capacity to produce a part usually exceeds demand. The assumptions are the same but units are received incrementally because production rate is finite. The inventory builds-up at a rate equal to the difference between production and usage rates so as long as production continues, inventory level will grow. The maximum is Imax when production cease. Then inventory on hand is exhausted, production starts again and cycle repeats.
No ordering costs but setup costs to prepare the equipment for the job, those are independent of the batch size. S= setup cost per production run. The larger the run quantity, the fewer the number of runs needed per year and lower the setup costs.
The setup costs per run = (D/Q)S
TC = Annual holding costs + annual setup costs = (Imax/2)H+ (D/Q)S
To calculate Imax let:  P= production rate and d = the usage demand rate, where the production quantity Q is consumed at the rate d during the entire cycle length= Q/d
Imax = Q/p (p-d)
Qo = ((2DS)/H)½(p/(p-d))½

3. EOQ with quantity discounts: there are price discounts if you buy a larger quantity so the formula is now TC= Annual ordering costs + annual holding costs + purchase cost.
Set different prices for quantity over a certain amount. Because the price units ae all different, each curve is raised by a different amount but no one curve apply to the whole range of quantities (just portion of discount until the break quantity) which is the feasible total costs. Each curve has a minimum but not necessarily feasible. The lower price will mean lower holding costs which results in larger EOQ. Compute with:
· Begin with the lowest unit price, calculate the EOQ for each price until you find a feasible EOQ
· If it is feasible, check if it is the optimal. Compare the TC at all break quantities larger than the feasible EOQ with the TC of the feasible EOQ. The quantity that yields the lowest TC among these is optimum.
Comment: Usually, the buyer has to pay for transportation costs and larger shipments result in lower unit transportation costs. Use the same model to illustrate this.
Even in large order quantity, some portions may be delivered at different period which saves some holding costs.

4. EOQ with planned shortages: used if holding costs per unit is large and that demand can wait (intentionally allow shortage). The shortage costs are proportionate to the length of time a unit is back-ordered.  Inventory level can be negative and when the next order arrives, the back ordered demand is satisfied first.
B= back-order costs per unit per year
Q= quantity back-ordered per order cycle
tb= period when inventory level is negative
T = length of an order cycle (in days)
Q-Qb= inventory level when quantity received minus quantity of demand back-ordered
Tb/T= Qb/Q           the average level of inventory = (Q-Qb)½/2Q
Qb=((2DS/h)(H+B)/B )½

FIXED ORDER QUANTITY/REORDER POINT MODEL; DETERMINE THE REORDER POINT
The reorder point (ROP): the level of inventory at witch an order should be issued. We assume that demand and purchase lead time are constant and must have the same unit. 
D= demand rate              LT= lead time        ROP =d*LT
If variability, it is possible that actual demand during lead time will exceed the expected demand and carrying additional inventory is necessary (safety stock) the reorder point increases by the amount of the safety stock     ROP= expected demand + safety stock. 
The safety stock depends on lead time variability and desired service level.
Two ways to define the service level with:
· lead time service level: Probability that demand will not exceed supply during a lead time is equal to % of lead time demand filled
= 1- (number short/lead time demand)
· annual service level; % of all demand filled = 1- (number short/order cycle demand)       lead time demand< order cycle demand 
Safety stock= Zσdlt    where Z=safety factor and σ of demand during lead time
Stock out risks = 1- lead time service level

If demand is variable then σdlt= (LT)½σ       and we use an average demand x LT
ROP = av demand * LT +  z(LT)½σ       

If both demand and lead time are variable    σdlt= (LT)½σ2d +  av.d2*σ2lt 
ROP = av. Demand* av. LT + z ((LT)σ2d +  av.d2*σ2lt)½
Each of these assume that demand and lead time are independent
Comment: unlike variance, standard deviation is not additive. If lead time is 4 days, the variance of demand during a lead time will equal the sum of the four daily variances which is 4σ2d. the standard deviation of demand during a lead time will be the square root of this.

ROP using annual service the desired annual service level (%of demand filled directly from inventory during a year)
1. calculate E(Z)= Q(1- SLannual)
                                    σdlt
2. take E(z) to determine the associated z value
3. use the z value in the formula  ROP= expected demand during lead time + zσdlt

Variations in demands and lead time must be reduced with cooperation of suppliers.
The min/max model where min is approximated by ROP and max by ROP + EOQ. When the on hand inventory level drops by any x units, order the same x units immediately to bring inventory level back up to the base stock.

The single period model: used for perishable items with limited useful life that is not carried from one period to the next or not without penalty. There may be some cost associated with disposal of leftover goods. 2 costs: shortage and excess.
Cshortage  = Cs= Revenue per unit – cost per unit
Shortage cost is the cost of lost production
The excess cost Cexcess= Ce= Cost per unit – Salvage value per unit
If costs associated with disposal of excess, the salvage value will be negative. If salvage value is larger than original costs, the Ce will be negative but Cs+ Ce>0 because salvage value per unit must be less than revenue per unit
Identiify the order quantity or stocking level that minimize the long-run  total excess costs
Continuous distribution: (normal distribution) varies over some continuous scale
Discrete distribution: (historical frequencies) expressed in terms of number per unit
Service level = SL¸=      Cs   ,
                                     Cs+ Ce
If we must satisfy 75% of demand, it is 75% of the difference between maximum and minimum demand
Discrete stocking level:  calculate using Cs/(Cs+ Ce) and usually does not coincide with feasible stocking level, the optimal solution is the higher level. Choose the stocking level so that the desired service level is equalled or just exceeded compared with the cumulative probability of demand.
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