
Throughput rate/Flow Rate is the actual output rate of a process

Inventory buildup

Average Inventory

Little’s Law

Inventory Turnover
Throughput rate/Flow Rate is the actual output rate of a process

Critical Path

Earned Value Analysis

Computer percent project is under/over
budget

compute percent ahead or
behind scheule

minutes/unit for unit load
units/hours for capacity rate

high unit load for bottle neck or low
capacity rate for bottle neck

inventory in process = 



Scheduling to minimize sum of completion timesMultiple Flow Units

Product Mix Coefficients

10
10+15=25
10+15+7=32

10+25+32=67 minutes

7
7+10=17

7+10+15=32

7+17+32=56 minutes
Option B is best option

Scheduling with Priorities

1.5

5

4

15

Customer 1, 3, 2, 4

Scheduling with Due Dates (Moore’s Algorithm)



Example:
A doctor’s office operates 52 weeks per year, 7 day per week. The office
purchases crutches for $6.50 per pair. 
The cost of placing an order of crutches from the supplier is $54. The lead
time to get an order of crutches is 5 weeks. The average annual cost of
storing a pair of crutches is $1.755. The weekly demand for crutches is
always 50 pairs per week.

Q: What is the optimal EOQ value?

Q: What is the corresponding annual total cost TC(Q)? 

Q: What should be the reorder point ROP?

Computing ROP when demand is normally
 distributed (EOQ)

EOQ (Economic Order Quantity) without demand variability

EOQ: Optimal order quantity to minimize inventory cost

Q: Quantity

Lead time = Reorder point = D * L

EOQ (Economic Order Quantity) WITH demand variability

Standard Deviation Formula

Computing ROP when demand is normally distributed (EOQ)

Computing ROP when demand is normally distributed

PK Formula sheet

Newsvendor Model

Underage Cost

Overage Cost

Example of Newsvendor model

C_o > C_u means higher penalty cost for order too many units

k is the lead time in periods (days, months, years). ex lead time is 1 week,
50 weeks in a year, so k=50

You need to find the z_(critical ratio). if the ratio is 4/7, find
z_(4/7)

boxes of cookies
expected to sell

S* for discrete distribution newsvendor model

= Z

<---- if lead time mentioned, use these
formulas



PK Formula (10,13)

Inventory in Process

(utilisation rate)

PK FORMULA

The Operations Management (OM) Triangle

EOQ and Inventory Management (14)

The EOQ Model

How to estimate costs

Class 15: EOQ with lead times and random demand

multi-server PK formula
(regular one only applies to
single)

Coefficient of variation

Little’s law

For G/G/x -> p = lambda / u * x 

p = λ/u*c

For entire process

or Total Cost / 2

if no safety stock otherwise Q/2 + SS

For an exponentially distributed
random variable, the mean and
standard deviation are the same.

c = num of servers

if standard devation is mentioned, is G
(general probability distribution)

general expontential

use inter-arrival 

use avg. process time

exam q

u = 1 / T_s

If it’s D/D/1, I_q =0

D: Determinisitic: constant
M: expontential: CA and CV is 1

G: standard dev will be given



Class 18: Forecasting (SMA, MAE)

Qualitative Forecasting methods

Quantitative Forecasting Methods

What is a good forecast?

Class 19: Exponential Smoothing and Weighted Moving Average

Exponential Smoothing

Ex.1

Class 20: Supply Chain Management and Supply Chain Design

You have to determine the forecast error for both the 3 week WMA, and the ES MAE



Global Production Networks Configuration

Other factors influencing Supply Chain Design

How to pick up long term trends and seasonal patterns

Flow Chart/Process Flow Diagram: activities, buffers, decision points in proc
Flow Unit: item that flows through a process. May transform (start as person,
become order, become set of ingredients, then final product).

Flow time of an activity: Shortest amount of time in a process needed for any
flow unit to complete an activity.
Flow time of a process:  Shortest amount of time in a process needed for any
flow unit to complete the entire process.

Unit load of a resource: time a resource needs to be used to complete one
flow unit in the process. This equals the sum of activity times of activity times
of activities using this resource.
Resources are “computer, worker 1, etc”.  Bottlenecks are ONLY resources.

Capacity rate of a resource: Max number of units that a resource can work on
in a given time.

Bottleneck resource: resource with LOWEST CAPACITY RATE.
Resource Pool: collection of resources that perform identical activities.

Capacity Rate of the process: The max output rate in a stable state. 



Process Flow

Flow Chart/Process Flow Diagram: activities, buffers, decision points in proc
Flow Unit: item that flows through a process. May transform (start as person,
become order, become set of ingredients, then final product).

Flow time of an activity: Shortest amount of time in a process needed for any
flow unit to complete an activity.
Flow time of a process:  Shortest amount of time in a process needed for any
flow unit to complete the entire process.

Unit load of a resource: time a resource needs to be used to complete one
flow unit in the process. This equals the sum of activity times of activity times
of activities using this resource.
Resources are “computer, worker 1, etc”.  Bottlenecks are ONLY resources.

Capacity rate of a resource: Max number of units that a resource can work on
in a given time.

Bottleneck resource: resource with LOWEST CAPACITY RATE.
Resource Pool: collection of resources that perform identical activities.

Capacity Rate of the process: The max output rate in a stable state. 

Relevant Formulas

Gantt Charts: Process Flow

A Gantt chart depicts how much we can produce in a fixed amount of time.

The capacity rate of a process might not equal the output rate.

Input Rate to the process: The rate at which units are entering the process.
Throughput rate of process: Actual output rate of the process.

Utilization of a resource: The percentage of a resource actually being used.
Implied Utilization of resource: The percentage of resource we expect to use
in the future.

Product Mixes

To analyze multiple flow units, we weight them to develop a product mix.

Inventory in the process: Number of flow units which are performing an
activity or waiting in a buffer. (the units inside the process walls)

Each unit’s individual flow time and the process inventory may depend on
many things, ex. malfunction of resources, external factors. that’s why we
consider averages.

Little’s Law

Little’s law: In a stable process (long term average input
equals throughput) the equation I = RT holds through.

I

R T

Shortest Processing Time (SPT) Schedule: schedules tasks in order of process
time (shortest time first). This schedule MINIMIZES the sum of completion
times, or equivalently, the sum of weight times. 

Weighted Shortest Processing Time (SPT) Schedule: schedules tasks based
on the value of Time to Complete / Weight (smallest value first). This schedule
minimizes the sum of weighted completion times.

Earliest Due Date (EDD) Schedule: schedules tasks in order of earliest due
date.

Moore’s algorithm: find a schedule by repeating these steps:
Find the EDD (earliest due date)1.
Find the first late task2.
Among all those tasks schedule up and including the first late in the EDD
schedule, discard the longest one. This schedule minimizes the number of
tasks completed after their deadline.

3.

Process Management

Scheduling

Critical Path analysis helps us to find the critical path of the project, crash
costs and times, and how much money is needed to reduce the project by XX
days

Earned value analysis (BCWC, BCWS, ACWC) tells us if the project is ahead of
schedule, behind schedule, over budget or under budget)

A project is a process that is often designed for a single flow unit (not just one
type, but one flow unit).

A project is a process that is often designed for a single flow unit (not just one
type, but one flow unit).

Critical Path Analysis

Paying Extra or Less to decrease Flow Time of Activity

Sometimes, we can decrease the flow time of an activity by paying extra to
complete the task faster.

Delays

Utilization and Inventory Backlog

Little’s Law Visual

(utilisation rate)

Little’s law

or Total Cost / 2

if no safety stock otherwise Q/2 + SS


