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GLOBAL COMPANY PROFILE: DELTA AIR LINES

SCHEDULING AIRPLANES WHEN WEATHER IS THE ENEMY

perations managers at airlines learn to

expect the unexpected, Events that require

' rapid rescheduling are a regular part of life.
5t Throughout the ordeals of tornadoes, ice

storms, and snowstorms, airlines across the globe

struggle to cope with delays, cancellations, and furious

passengers. The inevitable changes to the schedule

often create a ripple effect that impacts passengers

at dozens of airports in the network. Close to 10% of

Delta Air Lines's flights are disrupted in a typical year,
half because of weather; the cost is $440 million in lost
revenue, overtime pay, and food and lodging vouchers.
Now Delta is taking the sting out of the scheduling
nightmares that come from weather-related problems
with its $33-million high-tech nerve center adjacent to
the Hartsfield-Jackson Atlanta International Airport.
From computers to telecommunications systems to
delcers, Delta's Operations Control Center more quickly

4 am. 10 Am, 1:30 P 5pm. 10 Pa
FORECAST: FORECAST: FORECAST: FORECAST: FORECAST:
Rain with a Freezing rain Aain changing to Less snow than  Snow tapering
chance of light  after 5rm SNOW. expected. off.
snow for Atlanta.
ACTION: ACTION: ACTION: ACTION:
ACTION: Ready deicing Cancel halfthe  Continue calling  Find hotels for
Discuss status of trucks; develop  flights from passengers and 1,600 Here is what Delta officials had to do one
planes and planstocancel 6pM1010AM; arrange passengers

possible need for 50% to 80% of nolify passengers alternate flights.  stranded by the

cancellations. flights after 6 em.  and reroute
planes.

December day when a storm bore
storm, down on Atlanta.

N R S g v e,

To improve flight rescheduling efforts, Delta employees monitor giant screens that display meteorological charts,
weather patterns, and maps of Delta flights at its Operations Control Center in Atlanta.
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Weather-related disruptions can
create major scheduling and
expensive snow removal issues for
airlines (left), just as they create
major inconveniences for
passengers (right).

R

In an effort to maintain
schedules, Delta Air Lines
uses elaborate equipment as
shown here for ice removal,

notifies customers of schedule changes, reroutes outgoing aircraft, ensuring that the right crews are on
flights, and gets jets into the air. The Operations Control  hand, rescheduling connections to coordinate arrival
Center’s job is to keep flights flowing as smoothly as times, and making sure information gets to passengers
possible In spite of the disruptions. as soon as possible.

With earlier access to information, the center's Delta's software, called the Inconvenienced
staff of 18 pores over streams of data transmitted Passenger Rebooking System, notifies passengers of
by computers and adjusts to changes quickly. Using cancellations or delays, and even books them onto rival
mathematical scheduling models described in this airlines if necessary. With 150,000 passengers flying
chapter, Delta decides on schedule and route into and out of Atlanta every day, Deita estimates its
changes. This means coordinating incoming and scheduling efforts save $35 million a year.

DELTA AIR LINES 8
615
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AUTHOR COMMENT
Good scheduling means
lower costs and faster and
more dependable delivery,

AUTHOR COMMENT
Scheduling decisions range
from years, for capacity
planning, to minutes/
hours/days, called short-
term scheduling. This chapter
focuses on the latter,

LO1: Explain the
relationship between short-
term scheduling, capacity
planning, aggregate
planning, and a master
schedule

Chapter 15 Learning Objectives

LO1: Explain the relationship between - LO4: Name and describe each of the
short-term scheduling, capacity priority sequencing rules 627
planning, aggrepate planning, and ,
a master schedule 616 LOS5: Use Johnson's rule 631
LO2: Draw Gantt loading and LOG: Define finite capacity scheduling 632
scheduling charts 622 L 07: Use the cyclical scheduling
LO3: Apply the assignment method for technique 836
loading jobs 623

THE IMPORTANCE OF SHORT-TERM SCHEDULING

Delta Air Lines doesn't schedule just its 753 aircraft every day. It also schedules over 10,000
pilots and flight attendants to accommodate passengers who wish to reach their destinations.
This schedule, based on huge computer programs, plays a major role in satisfying customers.
Delta finds competitive advantage with its flexibility for last-minute adjustments to demand and
weather disruptions.

Manufacturing firms also make schedules that match production to customer demands.
Lockheed Martin’s Dallas plant schedules machines, tools, and people to make aircraft parts.
Lockheed's mainframe computer downloads schedules for parts production into a flexible
machining system (FMS) in which a manager makes the final scheduling decision. The FMS
allows parts of many sizes or shapes to be made, in any order. This scheduling versatility results
in parts produced on a just-in-time basis, with low setup times, little work-in-process, and high
machine utilization. Efficient scheduling is how companies like Lockheed Martin meet due dates
promised to customers and face time-based competition.

The strategic importance of scheduling is clear:

o Effective scheduling means faster movement of goods and services through a facility. This
means greater use of assets and hence greater capacity per dollar invested, which, in turn,
lowers cost.

e Added capacity, faster throughput, and the related flexibility mean better customer service
through faster delivery.

» Good scheduling also contributes to realistic commitments and hence dependable delivery.

SCHEDULING ISSUES

Scheduling deals with the timing of operations. The types of scheduling decisions made in five
organizations—a hospital, a college, a manufacturer, a restaurant, and an airline—are shown in
Table 15.1. As you can see from Figure 15.1, a sequence of decisions affects scheduling.
Schedule decisions begin with capacity planning, which involves rotal facility and equipment
resources available (discussed in Chapter 7 and Supplement 7). Capacity plans are usually
annual or quarterly as new equipment and facilities are purchased or discarded. Aggregate
planning (Chapter 13) makes decisions regarding the use of facilities, inventory, people, and
outside contractors. Aggregate plans are typically monthly, and resources are allocated in terms
of an aggregate measure such as total units, tons, or shop hours. However, the master schedule
breaks down the aggregate plan and develops a schedule for specific products or product lines
for each week. Short-term schedules then translate capacity decisions, aggregate (intermediate)
planning, and master schedules into job sequences and specific assignments of personnel, mate-
rials, and machinery. In this chapter, we describe the narrow issue of scheduling goods and
services in the short run (that is, matching daily or hourly requirements to specific personnel and
equipment).

The objective of scheduling is to allocate and prioritize demand (generated by either forecasts
or customer orders) to available facilities. Two significant factors in achieving this allocation and
prioritizing are (1) the type of scheduling, forward or backward, and (2) the criteria for priorities.
We discuss these two topics next.
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Organization Managers Schedule the Following: S TABLE 15.1

Arnold Palmer Hospital Operating room use
Patient admissions
Nursing, security, maintenance staffs
Qutpatient treatments

University of Missouri Classrooms and audiovisual equipment
Student and instructor schedules
Graduate and undergraduate courses

Lockheed Martin factory Production of goods
Purchases of materials
Workers

Hard Rock Cafe Chef, waiters, bartenders

Delivery of fresh foods VIDEO 15.1

Scheduling Decisions

617

Entertainers Scheduling at Hard Rock

Opening of dining areas

Delta Air Lines Maintenance of aircraft
Departure timetables )
Flight crews, catering, gate, and ticketing personnel

V FIGURE 15.1  The Relationship between Capacily Planning, Aggregate Planning, Master Schedule, and
Short-Term Scheduling for a Bike Co.

Capacity Plan for New Facilities
Capacity Planning Adjust capacity to the demand suggested by strategic plan
(Long term; yaars) N T i
Changes in Facilities e
Changes in Equipment
See Chapter 7 and Supplement 7
Aggregate Planning Aggregate Production Plan for All Bikes
(Intermediate term; quarterly or monthly) (Determine personnel or subcontracting necessary to
Facility utilization match aggtogato demand to existing fadmlea/capacly)
Personnel changes Y il
Subcontracting
See Chapter 13
Master Production Schedule for Bike Models
(Detetmnne weekly capacity semduo)
Master Schedule
(Intermediate term; weekly)
Material requirements planning
Disaggregate the aggregate plan

See Chapters 13 and 14

Work Assigned to Specific Personnel and Work Centers
Make finite capacity schedule by matching specific

tasks to specific people and machines

Short-Term Scheduling

(Short term; days, hours, minutes)

Work center loading ]
Job sequencing/dispatching Assemble
See this chepter Model 22 in

work center 6
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Forward scheduling
Scheduling that begins the
schedule as soon as the
requirements are known.

Backward scheduling
Scheduling that begins with the
due date and schedules the final
operation first and the other job
steps in reverse order,

U.S. Steel maintains its world-
class operation by automating the
scheduling of people, machines,

and tools through its cold-

reduction-mill control room.
Computerized scheduling software

heips managers monitor
production.

Forward and Backward Scheduling

Scheduling involves assigning due dates to specific jobs, but many jobs compete simultancously
for the same resources. To help address the difficulties inherent in scheduling, we can categorize
scheduling techniques as (1) forward scheduling.and (2) backward scheduling.

Forward scheduling starts the schedule as soon as the job requirements are known. Forward
scheduling is used in a variety of organizations such as hospitals, clinics, fine-dining restaurants,
and machine tool manufacturers, In these facilities, jobs are performed to customer order, and
delivery is often requested as soon as possible. Forward scheduling is usually designed to pro-
duce a schedule that can be accomplished even if it means not meeting the due date. In many
instances, forward scheduling causes a buildup of work-in-process inventory.

Backward scheduling begins with the due date, scheduling the final operation first. Steps in
the job are then scheduled, one at a time, in reverse order. By subtracting the lead time for each
item, the start time is obtained. However, the resources necessary to accomplish the schedule
may not exist. Backward scheduling is used in many manufacturing environments, as well as ser-
vice environments such as catering a banquet or scheduling surgery. In practice, a combination of
forward and backward scheduling is often used to find a reasonable trade-off between what can
be achieved and customer due dates.

Machine breakdowns, absenteeism, quality problems, shortages, and other factors further
complicate scheduling. (See the OM in Action box “Scheduling Workers Who Fall Asleep Is a
Killer—Literally.”) Consequently, assignment of a date does not ensure that the work will be per-
formed according to the schedule. Many specialized techniques have been developed to aid in
preparing reliable schedules.

Scheduling Criteria

The correct scheduling technique depends on the volume of orders, the nature of operations, and
the overall complexity of jobs, as well as the importance placed on each of four criteria. These
four criteria are:

1. Minimize completion time: This criterion is evaluated by determining the average comple-
tion time per job.

2. Maximize utilization: This is evaluated by determining the percent of the time the facility is utilized.

3. Minimize work-in-process (WIP) inventory: This is evaluated by determining the average num-
ber of jobs in the system. The relationship between the number of jobs in the system and WIP
inventory will be high. Therefore, the fewer the number of jobs that are in the system, the lower
the inventory.

4. Minimize customer waiting time: This is evaluated by determining the average number of
late days.




Chapter 48 Scheduling for the Short Term

619

The accidents at the nuclear plants at Three Mile Island,
Pennsylvania, and Chernobyl, Russia, and the disaster at
Bhopal, India, all had one thing in common: they occurred
between midnight and 4:00 Am. These facilities had other
problems, but the need for sleep simply results in unreliable
workplace performance. In some cases, unable to cope with
a constantly changing work schedule, workers just plain fall
asleep,

The same is true for pilots, Their inconsistent schedules
and long flights often force them to snooze in the cockpit to
get enough sleep. (Delta's flight from Atlanta to Mumbai,
India, for example, takes about 18 hours,) The Bombardier
regional jet flying from Honolulu to Hilo, Hawaii, encoun-
tered a serious problem in 2008 as it flew over Maui: both
pilots were so fast asleep that they failed to respond to
frantic calls from air-traffic controflers for 18 minutes. (The
plane, with 40 passengers, overshot its destination as it flew
26 miles over the Pacific.) One FedEx pilot even
complained of falling asleep while taxiing to take off.

Millions of people work In industries that maintain
round-the-clock schedules. Employees from graveyard
shifts report tales of seeing sleeping assembly-line workers

OM in Action v Scheduling Workers Who Fall Asleep Is a Killer—Literally

fall off their stools, batches of defective parts sliding past
dozing inspectors, and exhausted forklift operators crashing
into walls. Virtually all shift workers are sleep deprived, And
the National Highway Traffic Safety Administration indicates
that drowsiness may be a factor in as many as 100,000
crashes annually,

Scheduling is a major problem in firms with 24/7 shifts,
but some managers are taking steps to deal with schedule-
related sleep problems among workers. Motorola, Dow
Chemical, Detroit Edison, Pennzoil, and Exxon, for
Instance, all give workers several days off between shift
changes.

Operations managers can make shift work less
dangerous with shifts that do not exceed 12 hours, that
encourage 8 hours of sleep each day, and that have
extended time off between shift changes. As more is
learned about the economic toll of non-daytime schedules
and changing schedules, companies are learning to
improve scheduling.

Sources: The Wall Street Joumal (September 12, 2008): A1, A14 and
(October 25, 2009): A:1; and Air Safely and Health (January 2004): 14,

These four criteria are used in this chapter, as they are in industry, to evaluate scheduling perfor-
mance. In addition, good scheduling approaches should be simple, clear, easily understood, easy

to carry out, flexible, and realistic.

Table 15.2 provides an overview of different processes and approaches to scheduling.
We now examine scheduling in process-focused facilities, in repetitive facilities, and in the

service sector.

SCHEDULING PROCESS-FOCUSED FACILITIES

Process-focused facilities (also known as intermittent or job-shop facilities),' as we see in

AUTHOR COMMENT

are built around processes.

The facllities discussed hetej

Table 15.2, are high-variety, low-volume systems commonly found in manufacturing and service
organizations. These are production systems in which products are made to order. Items made
under this system usually differ considerably in terms of materials used, order of processing, pro-
cessing requirements, time of processing, and setup requirements. Because of these differences,
scheduling can be complex. To run a facility in a balanced and efficient manner, the manager
needs a production planning and control system. This system should:

¢ Schedule incoming orders without violating capacity constraints of individuval work

centers,

* Check the availability of tools and materials before releasing an order to a department.
e Establish due dates for each job and check progress against need dates and order lead

times.
¢ Check work in progress as jobs move through the shop.
¢ Provide feedback on plant and production activities.

¢ Provide work efficiency statistics and monitor operator times for payroll and labor distribu-

tion analyses.

'Much of the literature on sdncdﬁl'mg is about manufacturing; therefore, the traditional term job-shop scheduling is

often used.
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P TABLE 15,2

Different Processes Suggest
Different Approaches to
Scheduling

Loading
The assigning of jobs to work
of processing centers.

Input-output control

A system that allows operations
personnel to manage facility
work fiows by tracking work
added to a work center and its
work completed.

Process-focused facilities (job shops)

® Focus is on generating a forward-looking schedule.

© MRP generates due dates that are refined with finite cupacity scheduling techniques.

o Examples: foundries, machine shops, cabinet shops, print shops, many restaurants, and the
fashion industry.

Work cells (focused facilities that process families of similar components)

e Focus is on generating a forward-looking schedule,

o MRP generates due dates, and subsequent detail scheduling/dispatching is done at the work cell
with kanbans and priority rules.

e Examples: work cells at ambulance manufacturer Wheeled Coach, aircraft engine rebuilder Standard
Aero, greeting-card maker Hallmark.

Repetitive facilities (assembly lines)

o Focus is on generating a forward-looking schedule that is achieved by balancing the line with
traditional assembly-line techniques.

e Pull techniques, such as JIT and kanban, signal component scheduling to support the assembly line.

© Challenging scheduling problems typically occur only when the process is new or when products or
models change.

o Examples: assembly lines for a wide variety of products from autos to home appliances and computers.

Product-focused facilities (continuous)

e Focus is on generating a forward-looking schedule that can meet reasonably stable demand with
the existing fixed capacity.

© Capacity in such facilities is usvally limited by long-term capital investment.

© Capacity is usually known, as is the setup and run time for the limited range of products.

® Examples: facilities with wryhighvohmepmdwionmdﬁmiwd-vuiuypmdmusudnupnpuonhuge
machines at International Paper, beer in a brewery at Anheuser-Busch, or rolled steel in a Nucor plant.

Whether the scheduling system is manual or automated, it must be accurate and relevant, This
means it requires a production database with both planning and control files. Three types of
planning files are:

1. An item master file, which contains information about each component the firm produces or
purchases.

2. A routing file, which indicates each component’s flow through the shop.

3. A work-center master file, which contains information about the work center, such as capac-
ity and efficiency.

Control files track the actual progress made against the plan for each work order.

LOADING JOBS

Loading means the assignment of jobs to work or processing centers. Operations managers
assign jobs to work centers so that costs, idle time, or completion times are kept to a minimum.
Loading work centers takes two forms.2 One is oriented to capacity; the second is related to
assigning specific jobs to work centers.

First, we examine loading from the perspective of capacity via a technique known as
input-output control. Then, we present two approaches used for loading: Gantt charts and the
assignment method of linear programming.

input-Output Control

Many firms have difficulty scheduling (that is, achieving effective throughput) because they
overload the production processes. This often occurs because they do not know actual performance
in the work centers. Effective scheduling depends on matching the schedule to performance.
Lack of knowledge about capacity and performance causes reduced throughput.

Input-output control is a technique that allows operations personnel to manage facility work
flows. If the work is arriving faster than it is being processed, the facility is overloaded, and a
backlog develops. Overloading causes crowding in the facility, leading to inefficiencies and qual-
ity problems. If the work is arriving at a slower rate than jobs are being performed, the facility is

zNoecl!'mlhiscﬁst:\mioncanxu:uplylofm:il.i!iesmn!midnbecolleda":hop"innnmnu{tmnringfnm.l‘\mit"inllmep'ﬂal.
or a “department” in an office or a large kitchen.
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underloaded, and the work center may run out of work. Underloading the facility results in idle

capacity and wasted resources. Example 1 shows the use of input-output controls.

DNC Machining, Inc,, manufactures driveway security fences and gates. It wants to develop an
input-output control report for the aluminum machining work center for 5 weeks (weeks 6/6 through
7/4). The planned input is 280 standard hours per week, The actual input is close to this figure, varying
between 250 and 285. Output is scheduled at 320 standard hours, which is the assumed capucxty A
bncldog exists in the work center.

APPBOAOH P DNC uses schedule information to create Fxgum lS 2 whu:h momton !be
worldoadapacny nelauomhlp at the work center,

SOLUTION P The devhnons between wheduled input and ucmal output are shown in Fxgm 15.2.
Actual output (270 hours) is substantially Jess than plnnned 'I'herefore. nemm the lnput plan nos the
output plan is belng achieved, -

) Work Center DNC Milling (In standard hours)
-~ - ) » P A ﬁnt\“‘

Week -

Enng | ¢ |813| 620|627 | 71 |71

Planned | 250 | 280 | 280 | 280 | 280 TR
250 | 280 | 285 | 280 —_—
40 | ~40 | ~58 . ———y

270

*Sum of ectusl inputs minus sum of actual cutpuls = cumidative change In backiog

l’ﬂSlGHT‘ The backlog of work in this work center has acl.uall.y' increased by 5 hours by week.
6/27. This increases work-i -proces mvmtory. comphcauns the schedulmg task and mdmtmx the '
_need for managm' action. |

: LEAIRN!NG zxgncssz b Lfactual ou!put for the week of 6/27 was 275 (mstend of 270). wlm
) changas? [Ans\ver Oulput cumulative devnnon now is ~195, and cumuhuve change in backlog is 0]

HELATED PHOBI.EM > 1521 ..

Input-output control can be maintained by a system of ConWIP cards, which control

the amount of work in a work center. ConWIP is an acronym for constant work-in-process. The

ConWIP card travels with a job (or batch) through the work center. When the job is finished,
the card is released and returned to the initial workstation, authorizing the entry of a new batch
into the work center. The ConWIP card effectively limits the amount of work in the work center,
controls lead time, and monitors the backlog.

The options available to operations personnel to manage facility work flow include the following:

1. Correcting performances

2. Increasing capacity
3. Increasing or reducing input to the work center by (a) routing work to or from other work

centers, (b) increasing or decreasing subcontracting, (¢) producing less (or producing more)

Producing less is not a popular solution, but the advantages can be substantial. First, customer-

service levels may improve because units may be produced on time. Second, efficiency may actually

improve because there is less work in process cluttering the work center and adding to overhead
costs. Third, quality may improve because less work-in-process hides fewer problems.

Input-output
control

<4 FIGURE 15.2
Input-Qutput Control

ConWIP cards

Cards that control the amount
of work in a work center, aiding
input-output control,
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Gantt Charts
Gantt charts Gantt charts are visual aids that are useful in loading and scheduling. The name is derived from
Planning charts used to Henry Gantt, who developed them in the late 1800s. The charts show the use of resources, such
gndmrmurm and as work centers and labor.
aanedg When used in loading, Gantt charts show the loading and idle times of several departments,
machines, or facilities. They display the relative workloads in the system so that the manager
knows what adjustments are appropriate. For example, when one work center becomes over-
loaded, employees from a low-load center can be transferred temporarily to increase the work-
force. Or if waiting jobs can be processed at different work centers, some jobs at high-load
centers can be transferred to low-load centers. Versatile equipment may also be transferred
among centers. Example 2 illustrates a simple Gantt load chart.
EXAMPLE 2 f ANWOrlenn:wuhungmhmmu&dummpumddomfamxhinambewinm
Gantt load chart ‘unique facilities as submarines, hospitals, and large industrial laundries. The production of each
mwhmemquim vnrymsmknnddunuom Tbecompmywmlswbmldulo.ddlmforme week of
March 8.
:mmncu > mecanuchmmeleaedasmeappmpmmmuwol
SOI.UTION > Figure lSBsbowsthecompleted Gmncbm. teps T
P FIGURE 15.3
Gantt Load Chart for the
Week of March 8

LO2: Draw Gantt loading
and scheduling charts

: lNSIGHT b Thefomwmtoenmmmuﬂ;obsdunnglheweekﬂmmmhrehmmdh
' calesthnmemmlwothandpunungmmmoomplemly loaded for the entire week. The mechan=
“ical and elecuomc centers have some idle time scattered dunng the week. We also note that the

meulwotks center is unavulable on Tuesday. nnd the pamtmg eemer ns urmnihble on 'l'hundny. pa- }
i}lupsfor pnevcnuve mqmmn.mce. =

MNING EXBRGIS! b What xmpoet xesults fmm the electmmcs wotk ccm closmg on
"'l‘uesday for pmvennvc mamtenanoe? [Answer none.] : .

W

neu’rznmoal.sub ASIb

The Gantt load chart has a major limitation: It does not account for production variability
such as unexpected breakdowns or human errors that require reworking a job. Consequently,
the chart must also be updated regularly to account for new jobs and revised time estimates.

A Gantt schedule chart is used to monitor jobs in progress (and is also used for project sched-
uling). It indicates which jobs are on schedule and which are ahead of or behind schedule. In
practice, many versions of the chart are found. The schedule chart in Example 3 places jobs in
progress on the vertical axis and time on the horizontal axis.
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First Printing in Winter Park, Floride, wants to use a Gantt chlrt to :haw the scbedulmg of thtec oxden.
Joba A, B,and C,

APPROMACH P In Figure 154, uchpmofbncheumtbeuwmdenolenheesumwdm
ing and finishing of a job enclosed within it. The solid bars reflect lhe actull mtus or pmgms: of the .
job. We are just finishing day 5. y :

SOLWION >
Gantt scheduling
chart }
[ Start of an
aclivity
———j End of an
activity
Iﬁ Scheduled
activity time
allowed
Actual work
m—
FSERES Nonproduction
s e B | tme
N P?'Iem in time
when chart is
Now A reviewed

; INSlG!ﬂ' b Figune 154 illustmm that job A is about a half-day behmd schedule at Lhe end |
of day 5. Job B was complewd after equ;pment mannlenanoe We also sce that job C is ahead of.
_schedule )

mema EXEROISS b Redraw the Gamt chart to show thu jOb Ai isa half—day ahead of
schedule [Answer The omnguh bar now extends m the way | o lbe end of the acuvnty ] |

RELATED PROBLEMS B 15.1a, 152

Assignment Method

The assignment method involves assigning tasks or jobs to resources. Examples include assign-
ing jobs to machines, contracts to hidders, people to projects, and salespeople to territories. The
objective is moit often to minimize total costs or time required to perform the tasks at hand. One
important characteristic of assignment problems is that only one job (or worker) is assigned to
one machine (or project).
Each assignment problem uses a table, The numbers in the table will be the costs or times
associated with each particular assignment. For example, if First Printing has three available
typesetters (A, B, and C) and three new jobs to be completed, its table might appear as follows.
The dollar entries represent the firm’s estimate of what it will cost for each job to be completed

by each typesetter.

Typesetter
Job A B C
R-34 §11 $14 $6
§-66 $8 $10 $11
T-50 $9 $12 $7

The assignment method involves adding and subtracting appropriate numbers in the table to
find the lowest opportunity cost® for each assignment. There are four steps to follow:

1. Subtract the smallest number in each row from every number in that row and then, from the
resulting matrix, subtract the smallest number in each column from every number in that

}Opportunity costs are those profits forgone or not obtained.

Gantt scheduling
chart

4FIGURE 154

Gantt Scheduling Chart for
Jobs A, B, and C at a Printing
Firm

Assignment method
A special class of linear

programming models that
involves assigning tasks or
jobs to resources.

LO3: Apply the
assignment method for
loading jobs
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EXAMPLE 4 »
Assignment method

AUTHOR COMMENT
You can also tackle
assignment problems with
our Excel OM or POM
software or with Excal's
Solver add-in.

column. This step has the effect of reducing the numbers in the table until a series of zeros,
meaning zero opportunity costs, appear. Even though the numbers change, this reduced
problem is equivalent to the original one, and the same solution will be optimal.

2. Draw the minimum number of vertical and horizontal straight lines necessary to cover all
zeros in the table. If the number of lines equals either the number of rows or the number of
columns in the table, then we can make an optimal assignment (see step 4). If the number of
lines is less than the number of rows or columns, we proceed to step 3.

3. Subtract the smallest number not covered by a line from every other uncovered number. Add
the same number to any number(s) lying at the intersection of any two lines. Do not change
the value of the numbers that are covered by only one line. Return to step 2 and continue
until an optimal assignment is possible.

4, Optimal assignments will always be at zero locations in the table. One systematic way of
making a valid assignment is first to select a row or column that contains only one zero
square. We can make an assignment to that square and then draw lines through its row and
column. From the uncovered rows and columns, we choose another row or column in which
there is only one zero square. We make that assignment and continue the procedure until we
have assigned each person or machine to one task.

Example 4 shows how to use the assignment method.

menungwmwﬁmunmmmmmulmnmgnmmonmw!typm

APHIOAGHP Mwaubhshmmmﬂainmmnnpemdmmmlmmgh4
;mapplied.

’_son.unou» j .

s | 8] o | s| 6] o0

o | 2 | 3 | o| ol 3
250,‘_‘ 230

sm 13' Usmgdneabovelzﬁuble.submumesmlﬂmnumbummhcolumnfmmemynum-
; bennuneoo[nm’rbemltushownmﬂnubleonmnqgm

‘81'!?& anmemmxmumnmtbuofvenmlmdhmmulm@uhnesneededwcovuall
AR e zemtBecausetwohnqsmfﬁce.!hesoluuonunocopunul ‘ :

!.

ER T
2 b7 17

fwlgp|on
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BUTES 3¢ Subtract the smallest uncovered number (2 in this table) from cvcry‘olher uncovered
number and add it to numbers at the intersection of two lines,

Return to step 2. Cover the zeros with straight lines again,

TSTYPESETTER [-5 501

B
JOB i
RBgEnaeaa 3 :
S-66 (
1250 ‘

Because three lines are necessary, an optimal assignment can be made (see step 4). Assign R-34 to
i person C, S-66 to person B, and T-50 to person A. Referring to the original cost table, we see that:

Minimum cost = §6 + $10 + $9 = §$25
INSIGEY P . If we had assigned S-66 to typesetter A, we could not assign T-50 to a zero location.

LEARNING EXEACISE P Ifit costs $10 for Typesetter C to complete Job R-34 (instead of $6),
how does the solution change? [Answer: R-34 to A, S-66 to B, T-50 to C: cost = $28.]

RELATED PROBLEMS P 153,154, 15.5, 15.6, 15.7, 15.8, 15.9
EXCEL OM Data File Ch15Ex4.xis can be found at www.pearsonglobaleditions.com/heizer,

Some assignment problems entail maximizing profit, effectiveness, or payoff of an assignment of
people to tasks or of jobs to machines. An equivalent minimization problem can be obtained by
converting every number in the table to an opportunity loss. To convert a maximizing problem to
an equivalent minimization problem, we create a minimizing table by subtracting every number
in the original payoff table from the largest single number in that table. We then proceed to step
1 of the four-step assignment method. Minimizing the opportunity loss produces the same
assignment solution as the original maximization problem.

The problem of scheduling major
league baseball umpiring crews
from one series of games to the
next is complicated by many
restrictions on travel, ranging from
coast-to-coast time changes,
airfine flight schedules, and night
games running late. The league
strives to achieve these two
conflicting objectives: (1) balance
crew assignments relatively evenly
among all teams over the course
of a season and (2) minimize travel
costs. Using the assignment
problem formulation, the time it
takes the league to generate a
schedule has been significantly
decreased, and the quality of the
schedule has improved.,
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Auriion o™ 1~ SEQUENCING JOBS
:Fm;":‘“mm: Scheduling provides a basis for assigning jobs to work centers. Loading is a capacity-control
10 be completed. technique that highlights overloads and underloads. Sequencing (also referred to as dispatch-
ing) specifies the order in which jobs should be done at each center. For example, sup-
Sequencing pose that 10 patients are assigned to a medical clinic for treatment. In what order should
Determining the order inwhich  they be treated? Should the first patient to be served be the one who arrived first or the
Jobs should be done at each one who needs emergency treatment? Sequencing methods provide such guidelines. These
work center,
methods are referred to as priority rules for sequencing or dispatching jobs to work
Priority rules centers.
Rules used to determine the
oo
or . . .
First come, first served  PTiOVity Rules for Dispatching Jobs
(FCFS) Priority rules provide guidelines for the sequence in which jobs should be worked. The rules are
Jobs are completed in the especmlly applicable for process-focused facilities such as clinics, print shops, and manufactur-
order they arrived. ing job shops. We will examine a few of the most popular priority rules. Priority rules try to min-
Shortest processing imize completion time, number of jobs in the system, and job lateness while maximizing facility
time (SPT) utilization.
Jobs with the shortest processin jori J
i nmf 0 The most popular priority rules are:
Earliest due date (EDD) ® FCFS: first come, first served. The first job to arrive at a work center is processed first.
Earliest due date jobs are o SPT: shortest processing time. The shortest jobs are handled first and completed.
performed first. o EDD: earliest due date. The job with the earliest due date is selected first.
Longest processing o LPT: longest processing time. The longer, bigger jobs are often very important and are
time (LPT) selected first.
Jobs with the longest processing
time are completed first. Example 5 compares these rules.
Five uchmcmm.l mndenng Jobs are wamng to be :ssigned at Avanti Sethi Amhlm Thenr work (pro-
Priority rules for cessing) tinies and due dates are given in thefollowmg table. The firm wants to deterniine the sequence
dlspatchlng - of processing according to (l) FCBS (2) SP'I‘ (3) EDD a.nd @) LPT mlu. Jobs were ustgned a lemr

_m the order lhey amvod

sequenc b 3

) mnfordnsseqmcemmthqtimeuch yobspmdswannngpluahmebemspmwmilobl!

3 fo:amnple. wamQGdays whilejob isbemgprmd.thenukuZmedaymfopqamn time
; . - h.lduszdayslmnhmnsduedm.
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The first-come, first-served rule results in the following measures of effectiveness:

Sum of total flow time
Number of jobs
77 days

a, Average compleuonlime =

i = 154 days
) 'ronljobwork(ptmmg) time
a Sum of total flow time
-5-364%

b. Udhution metric =

Sum of total flow time -
Touljobwork(pmcesung) lime i
77dlys
Bk o 28dn 275}0‘”

Total late days 11 i
’ d Avengejoblmnm» Number of jobs . 5 22days.
2, msnmkﬂmnmunmtnbbmuhmdan\m&D-A-G-EOrdmm»qmed
mo:dmgloprmmgnm,w:ﬂxﬂnhlglupﬁmygivenmd&edmﬂjob : .

e 'Avmz_e number of jobs in the system =

Measummtsofeﬁeawmforsyl‘m
a. Avungecomphuonnme-% = l3days

b. Uulmnon metric = -:5—8 = 43.1%
- C Avuagcnumb«ofjobsmmcsymm-%-z.nm

d. Avengejobhmess=2— lsdays

3. TheEDDmhshownmhenmhbkgmsﬂesequemeB—A—D—C—&Nmmmmm
byearhestduedatzﬁm Sy . .

Jo:Dut Jos V

TSI T
«wﬁgﬁ*" : ::3&;&?

Lot

Mmuremenu of et’fmveness for EDD are:
a. Avuagecomplzuonume=%- 13.6 days

b. Utiliz_qlio:_m_@ic=%= 41.2% )
E. Avengenumb&ofjdbunmesymm=% - 2.43 jobs

d. Averagejoblatenu;t'-g = 1.2 days

LO4: Name and describe
each of the priority
sequencing rules




628 PART 3 Managing Operations

4 mmmleshownmdwnextublemuluinmeo:detE-C-A-D—B

Yol ok e w11 Jow DRt e JOB i 8
)me : .~ DATE . LATENESS

* Job Sequencs -

08
v}i@ 3 * W‘ TSR AT \}‘
G i
103
0 Memmoteffecuvmaforl.ﬂ'm

a. Avmgeoompledonum-l—s— = 206days

‘l:-vb Unlmuonmeuic-%- 22%

G Avmgenumberof;obsmdnsyswm-ﬁsil&jobe

d Avmgejobhtems-ﬁs-a'=96dayt .
it mretulnofdwsefommlummmmaﬂwdnnd\efollwmguble.

AVERAGE Unuzanion | Avm\osNuunn C Avemace

Coun.mou - MEerRIC . oFJOBSIN - LATENESS =
% 'l'mn(mvs) G (S o System . (DA¥s)

msmnr [ I..P'l‘lnhelast eft‘ecuvc mensuremen: for sequencmgfotdnAvmu Sednﬁrm Sl’l‘
issupmothmeawu andEDDumpcnofman(twhm) 3

_:t.mmngﬁ EXERGISE B If job A takes 7 days (instead of 6), bowdothe4meuumofdfeo—
__.uvmchmgeundutthCFSnﬂe? [Answer 164days.354% 2.83’obs udayshne.] B

"{aauno PROBLEMS b 15, 10, 15. 12.-4, 15. 13,15. 14
._'nxcnou mnummmmummammm : :
:lmw:noou1s.1 wulmmummmammmnm

The results in Example 5 are typically true in the real world also. No one sequencing rule always
excels on all criteria. Experience indicates the following:

1. Shortest processing time is generally the best technique for minimizing job flow and
minimizing the average number of jobs in the system. Its chief disadvantage is that long-
duration jobs may be continuously pushed back in priority in favor of short-duration
jobs. Customers may view this dimly, a and a periodic adjustment for longer jobs must be
made.

2. First come, first served does not score well on most criteria (but neither does it score par-
ticularly poorly). It has the advantage, however, of appearing fair to customers, which is
important in service systems.

3. Earliest due date minimizes maximum tardiness, which may be necessary for jobs that
have a very heavy penalty after a certain date. In general, EDD works well when lateness is
an issue.
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Your doctor may use a first-come,
first-served priority rule satisfactorily.
However, such a rule may be less
than optimal for this emergency
room, What priority rute might be
best, and why? What priority rule is
often used on TV hospital dramas?

Critical Ratio

Another type of sequencing rule is the critical ratio. The critical ratio (CR) is an index number ~ Critical ratio (CR)

computed by dividing the time remaining until due date by the work time remaining. As opposed A sequencing rule that is an

to the priority rules, critical ratio is dynamic and easily updated. It tends to perform better than ~ index number computed by

FCFS, SPT, EDD, or LPT on the average job-lateness criterion. ﬂ:ﬁ:’&tﬁl“; e—
The critical ratio gives priority to jobs that must be done to keep shipping on schedule. A job  time remaining.

with a low critical ratio (less than 1.0) is one that is falling behind schedule. If CR is exactly 1.0, the

job is on schedule, A CR greater than 1.0 means the job is ahead of schedule and has some slack.

The formula for critical ratio is:

- Time remaining . Due date ~ Today's date
Workdays remaining ~ Work (lead) time remaining

Example 6 shows how to use the critical ratio,

Today is day 25 on Zyco Medxcal Tnung l.abomons ptoducuon schedule 'l‘hreejobs are on order,- < EXAMPLE 6

as indicated here: T ot -1 Critical ratio
Job DueDate  Workdays Remalnlng
A 30 4
B 28 5

C 27 2

APPROAOH > Zyco wants to compute the cnucal rauos, usmg tbe fonnula for CR.
SOLUTION >

- Job Critical Ratio Priority Order

A (30 -25)/4= 1.25 3
B (28-25)/5= .60 1

c_@- zs)/z-xoo 2

mammr > Job B has a critical rano oflesstbanl mcamnsn wdlbelm unless expedued Thus,
nhasthehighmpnomyJobesonume_andJobAhsssomeslack.Onoe)obBhasbeencom_plzted.
we would recompute the critical ratios for jobs A and C to determine whether their priorities have
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. I.EARNINO BXERCIBE B - Today is.day 24 (a day earlier) on Zyoo s schedule. Roocmpum the !
Cmmddemnnlmmepxloﬁﬂ.es [Amwer 1 5 08 1.5; B is still number I buthWjobaAdem»
 tied for second.] ; :

: RELA’I‘ED PROII.ENS > 15. ll lS 120. 15 16.

In most production scheduling systems, the critical-ratio rule can help do the following:

1. Determine the status of a specific job.

2. Establish relative priority among jobs on a common basis.

3. Relate both make-to-stock and make-to-order jobs on a common basis.

4. Adjust priorities (and revise schedules) automatically for changes in both demand and job
progress.

5. Dynamically track job progress,

Sequencing A Jobs on Two Machines:
Johnson's Rule

The next step in complexity is the case in which N jobs (where N is 2 or more) must go through
two different machines or work centers in the same order. This is called the N/2 problem.

Johnson’s rule Johnson’s rule can be used to minimize the processing time for sequencing a group of jobs
An aop;ioacl:ltm' minimizes through two work centers. It also minimizes total idle time on the machines. Johnson's rule
processing time for sequencing .
2 group of jobs through two involves four steps:
mmm‘rm"g m“&“""ﬂ 1. All jobs are to be listed, and the time that each requires on a machine is to be shown.
et 2. Select the job with the shortest activity time. If the shortest time lies with the first machine,
the job is scheduled first. If the shortest time lies with the second machine, schedule the job
last. Ties in activity times can be broken arbitrarily.
3. Once a job is scheduled, eliminate it.
4. Apply Steps 2 and 3 to the remaining jobs, working toward the center of the sequence.
Example 7 shows how to apply Johnson’s rule.
EXAMPLE 7 > “Five apecully;obs ata LaQnm. Wiwonsin, tool and die shop ‘must be pmeesed lhronghtwo wotk
Johnson's rule drill pressandluhe) mumefofpmeessingeachjobfollom A

cemcxs(

% 0 Wort (pmwssing) '!1me for Jobs (hours)
: Work Center 1 Work Center 2

TRGEEET R Job (drili press) (lathe) Ny
R, o A 5 2 ;

" B 3 6

c 8 4

D 10 7

E 7 12

'l‘heowmr,NiranJanPu;mnmwsa&emqmmmmmmhumdmﬁngumefadnﬁwm
APPROAOR P Pau npphes d;e four stzps of Jolmson S mle
SOI.I.I'"OND

1. ﬂreyobwm.lbeshonutpmmngnmismmworkoenm2(wnhaumof2hwrs) Bemse
s | msanhesecondocmer. scheduleAlast Ehmmalutfromeormdcnﬂon 2 :
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2. Job B has lhunexuhomnnm@ hours). Bocausethat umeintlhc first workcenmr we:ched-
ule it ﬂm and elumlmte itfrom oonndemion

B A
3. ‘The next shortest time is job C. (4 hours) on the second machine. Therefore, it is placed as late as
possible.
B c A

4 Thueuuue(at7hours)fonhednonmumnmng;ob.%canplme£ chhwnonmeﬁm
workoenm.ﬁm ﬂmDuphcedmtbelasnequmcmgposldon

| Work center 1 3 7 10 8 5
‘| Workcenter2 | 6 12 7 4 2

The time-phased fow of this job sequence s bes llustrated graphically:

. Time 0 3 10 20 EE

Work | . SR
oer;tor B E D - Cc A m
S i
Work [ R : ) :
center friid B[ ES D c L
S I R - VN
C Time=0 1 3 5 7 910 11 12 13 17 19 2122232527 29 31 33 35 .
; t $ { bt
B E D cC A

'{“‘ = =

@_ﬁ Idle } = Job completed
’mus,meﬁvejohsmcompluedm%bom RS :

_'INSNIHTP Theseoondworkcmmwﬂlwm3houmformﬁm3ob,andnwxllalmwmlhom'

aftercompleung;obB o

_.I.EARNINO mncasz» lfjobCukes8hmrsinworkcemu2(ms(eldof4hours),wha

sequence is bcst? [Answer B—B—C—D—A.]

HBI.A‘I'QD PROBI.BHS P 15 15, 15 17 15. 18

Limitations of Rule-Based Dispatching Systems

The scheduling techniques just discussed are rule-based techniques, but rule-based systems have
a number of limitations. Among these are the following:

1. Scheduling is dynamic; therefore, rules need to be revised to adjust to changes in orders,
process, equipment, product mix, and so forth.

LOS: Use Johnson’s rule




Finite capacity
scheduling (FCS)
Computerized short-term
scheduling that overcomes the
disadvantage of rule-based
systems by providing the user
with graphical interactive
computing.

L 6: Define finite capacity
scheduling

This Lekin® finite capacity
scheduling software
presents a schedule of
the five jobs and the two
work centers shown in
Example 7 (pages 630-631)
in Gantt chart form. The
software is capable of
using a variety of priority
rules, several shop types,
up to 50 jobs, 20 work
centers, and 100 machines
to generate a schedule.
The Lekin software is
available for free at
www.stern.nyc.edu/
om/software/lekin/
download/html and

can solve many of the
problems at the end of
this chapter.
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2. Rules do not look upstream or downstream; idle resources and bottleneck resources in other
departments may not be recognized.

3. Rules do not look beyond due dates. For instance, two orders may have the same due date.
One order involves restocking a distributor and the other is a custom order that will shut
down the customer’s factory if not completed. Both may have the same due date, but clearly
the custom order is more important.

Despite these limitations, schedulers often use sequencing rules such as SPT, EDD, or critical
ratio, They apply these methods at each work center and then modify the sequence to deal with
a multitude of real-world variables, They may do this manually or with finite capacity scheduling
software.

FINITE CAPACITY SCHEDULING (FCS)

Short-term scheduling is also called finite capacity scheduling.* Finite capacity scheduling
(FCS) overcomes the disadvantages of systems based exclusively on rules by providing the
scheduler with interactive computing and graphic output. In dynamic scheduling environments
such as job shops (with a high variety, low volume, and shared resources) we expect
changes—but changes disrupt schedules. Therefore, operations managers are moving toward
FCS systems that allow virtually instantaneous change by the operator. Improvements in com-
munication on the shop floor are also enhancing the accuracy and speed of information neces-
sary for effective control in job shops. Computer-controlled machines can monitor events and
collect information in near real-time. This means the scheduler can make schedule changes
based on up-to-the-minute information. These schedules are often displayed in Gantt chart
form. In addition to including priority rule options, many of the current FCS systems also
combine an “expert system” or simulation techniques and allow the scheduler to assign costs
to various options. The scheduler has the flexibility to handle any situation, including order,
labor, or machine changes.

EE L EEEEEN

15T ot
T T e
B

*Finite capacity scheduling (FCS) symgobyanumb«ofnam. Juding finite sch g and ad: g
systems (APS). The name manufacturing y (MES)mly:Isobeused hmMESwndswsugxwm
emphasis on the reporting system from shop operations back to the scheduling activity.
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e Interactive Finite Capacity Scheduling _ 4FIGURE 15.8
« Master : e m“cﬂm“;‘ Finite Capacity Scheduling
schedule e ey ey O siakioriion Systems Combine MRP and
+ BOM e | 3 Shop Floor Production Data
* Inventory === to Generate a Gantt Chart
pee==]HEN Toollng and That Can Be Manipulated
Priorlty . === . other resources by the User on a Computer
s et {8175 Screen
1 g 11 A
* EXpOrt SyStems bl 2 rics Y | Setups and
* Simulation e SN run time
models
;‘v e 47 ~ - ~‘
;.. c“‘.f‘u’éix

The initial data for finite scheduling systems is often the output from an MRP system. The
output from MRP systems is traditionally in weekly “buckets” that have no capacity constraint.
These systems just tell the planner when the material is needed, ignoring the capacity issue.
Because infinite-size buckets are unrealistic and inadequate for detail scheduling, MRP data
require refinement. MRP output is combined with routing files, due dates, capacity of work cen-
ters, tooling, and other resource availability to provide the data needed for effective FCS. These
are the same data needed in any manual system, but FCS software formalizes them, speeds
analysis, and makes changes easier. The combining of MRP and FCS data, priority rules, models
to assist analysis, and Gantt chart output is shown in Figure 15.5.

Finite capacity scheduling allows delivery requirements to be based on today’s conditions and
today’s orders, not according to some predefined rule. The scheduler determines what constitutes
a “good” schedule. FCS software packages such as Lekin, ProPlanner, Preactor, Asprova, Tactic,
and Jobplan are currently used at over 60% of U.S. plants.

SCHEDULING REPETITIVE FACILITIES Popetiveprotvces ret

The scheduling goals defined at the beginning of this chapter are also appropriate for repetitive ’"w"‘:dmm‘“
production. You may recall from Chapter 7 that repetitive producers make standard products .
from modules. The usual approach is to develop a forward-looking schedule on a balanced
assembly line. (Refer to Table 15.2 on page 620).

Repetitive producers want to satisfy customer demands, lower inventory investment, and
reduce the batch (or lot) size, with existing equipment and processes. A technique to move
toward these goals is to use a level-material-use schedule. Level material use means frequent, Level material use
high-quality, small lot sizes that contribute to just-in-time production. This is exactly what  The use of frequent, high-
world-class producers such as Harley-Davidson, John Deere, and Johnson Controls do. The  Quaity, small lot sizes that

advantages of level material use are: Wﬂﬁbt{?ﬂfo just-in-time

. Lower inventory levels, which releases capital for other uses

. Faster product throughput (that is, shorter lead times)

. Improved component quality and hence improved product quality

. Reduced floor-space requirements

. Improved communication among employees because they are closer together (which can
result in improved teamwork and esprit de corps)

6. Smoother production process because large lots have not “hidden” the problems

L N S

Suppose a repetitive producer runs large monthly batches: With a level-material-use schedule,
management would move toward shortening this monthly cycle to a weekly, daily, or even
hourly cycle. )
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AUTHOR COMMENT
Scheduling people to
perform services can be
even more complex than
scheduling machines,

One way to develop a level-material-use schedule is to first determine the minimum lot size
that will keep the production process moving. This is illustrated in the next chapter, “JIT and
Lean Operations.”

SCHEDULING SERVICES

Scheduling service systems differs from scheduling manufacturing systems in several ways:

¢ In manufacturing, the scheduling emphasis is on machines and materials; in services, it is on
staffing levels.

o TInventories can help smooth demand for manufacturers, but many service systems do not
maintain inventories.

o Services are labor intensive, and the demand for this labor can be highly variable.

o Legal considerations, such as wage and hour laws and union contracts that limit hours worked
per shift, week, or month, constrain scheduling decisions.

o Because services usually schedule people rather than material, behavioral, social, seniority,
and status issues complicate scheduling.

The following examples note the complexity of scheduling services.

Hospitals A hospital is an example of a service facility that may use a scheduling system every
bit as complex as one found in a job shop. Hospitals seldom use a machine shop priority system
such as first-come, first-served (FCFS) for treating emergency patients. However, they do schedule
products (such as surgeries) just like a factory, and capacities must meet wide variations in demand.

Banks Cross training bf the workforce in a bank allows loan officers and other managers to
provide short-term help for tellers if there is a surge in demand. Banks also employ part-time per-
sonnel to provide a variable capacity.

Retail Stores Scheduling optimization systems, such as Workbrain, Cybershift, and Kronos,
are used at retailers including Walmart, Payless Shoes, Target, and Radio Shack. These systems
wrack individual store sales, transactions, units sold, and customer traffic in 15-minute increments
to create work schedules. Walmart’s 1.3 million and Target’s 350,000 employees used to take
thousands of managers’ hours to schedule; now staffing is drawn up nationwide in a few hours,
and customer checkout experience has improved dramatically.

Airlines Airlines face two constraints when scheduling flight crews: (1) a complex set of FAA
work-time limitations and (2) union contracts that guarantee crew pay for some number of hours
each day or each trip. Airline planners must build crew schedules that meet or exceed crews’ pay
guarantees. Planners must also make efficient use of their other expensive resource: aircraft.
These schedules are typically built using linear programming models. The OM in Action box
“Scheduling Aircraft Turnaround” details how very short-term schedules (20 minutes) can help
an airline become more efficient.

Good scheduling in the
health care industry can
help keep nurses happy
and costs contained.
Here, nurses in Boston
protest nurse-staffing
levels in Massachusetts
hospitals. Shortages of
qualified nurses is a
chronic problem.
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Airlines that face increasingly difficult financial futures have
recently discovered the importance of efficient scheduling
of ground turnaround activities for flights, For some low-
cost, point-to-point carriers like Southwest Alrlines,
scheduling turnarounds in 20 minutes has been standard
policy for years, Yet for others, like Continental, United, and
US Airways, the approach is new, This figure illustrates
how US Airways deals with speedier schedules, Now its
planes average seven trips a day, instead of six, meaning
the carrier can sell tens of thousands more seats a day.
And with this improved scheduling, its punctuality moved
from near the bottom in 2007 to virtually tie Southwest for
first place 2 years later.

P> US Airways has cut the turnaround time on commercial flights from the
current 45 minutes to 20 minutes for Boeing 737s. To the right is a list of
procedures that must be completed before the flight can depart:

S US Alrways, Boeing, The Wall Street Journal (January 6, 2000):
D8; and Aviation Week & Space Technology (January 29, 2001): 50.

OM in Action » Scheduling Aircraft Turnaround

R R L s

& Ticket agent takes flight plan 1o pilot, who loads information into

aircraft computer. About 130 passengers disemberk from the plane.

@ Workers clean trash cans, seat pockets, lavatories, elc.
9 %u&wmnmmmmmmWydwh

o A fuel truck loads up to 5,300 gallons of fuel into aircraft’s wings.

Baggage crews unioad up o 4,000 pounds of luggage and 2,000
pounds of freight. "Runners” rush the luggage to baggage claim
area in terminal.

@ Ramp agents, who help park aircraft upon arival, “push” plane back
away from gate.

24/7 Operations Emergency hotlines, police/fire departments, telephone operations, and mail-
order businesses (such as L.L. Bean) schedule employees 24 hours a day, 7 days a week. To allow
management flexibility in staffing, sometimes part-time workers can be employed. This provides
both benefits (in using odd shift lengths or matching anticipated workloads) and difficulties (from
the large number of possible alternatives in terms of days off, lunch hour times, rest periods, start-
ing times), Most companies use computerized scheduling systems to cope with these complexities.
The OM in Action box “Scheduling for Peaks by Swapping Employees™ provides yet another

example of flexibility in scheduling.

When calls to Choice Hotel International’s reservation
line surged after a recent ad campaign, Choice V.P. Don
Brockwell found his call center short-staffed. So he quickly
arranged to add 20 agents per shift—but not by hiring or
calling a temp service. Instead, the additional workers were
employees of 1-800-Flowers.com. Choice and Flowers's
unusual deal helps both reduce reliance on outsourcers. It
also bolsters recruiting and retention because call center
workers have more varied work and are less subjectto a
seasonal business cycle.

The deal works in part because Choice’s high season
is mid-May through early October, while Flowers's call
volume increases between October and May, with surges
at Christmas, Valentine's Day, and Mother's Day. The
companies typically lend each other as many as 100

OM in Action » Scheduling for Peaks by Swapping Employees

employees, for weeks at
a time, in the three call
centers they share.

But some workers
might even change
assignments in the
middle of a shift. Most
employees like the
variety. "When you sit
down and sell hotel rooms for 8 hours a day, selling flowers
is a nice break,” says Rick Hilliner, a former teacher, now at
the Grand Junction, Colorado, center.

Sources: The Wall Street Journal (April 10, 2008): B3; and Calf Cenler
Magazine (March 2005): 18-24.
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LO7: Use the cyclical
scheduling technique

EXAMPLE 8 ~ ? Hdspétnl administrator Doris Laughlin wants (o staff the oncology ward using a standard 5-day work-
cyc||ca| scheduling .week with two consecutive days off, but also wants to minimize the staff. However, as in most hospi-

Scheduling Service Employees
with Cyclical Scheduling

A number of techniques and algorithms exist for scheduling service-sector employees such as
police officers, nurses, restaurant staff, tellers, and retail sales clerks. Managers, trying to set a
timely and efficient schedule that keeps personnel happy, can spend substantial time each month
developing employee schedules. Such schedules often consider a fairly long planning period
(say, 6 weeks). One approach that is workable yet simple is cyclical scheduling.

Cyclical Scheduling Cyclical scheduling with inconsistent staffing needs is often the case in
services such as restaurants and police work. Here the objective focuses on developing a sched-
ule with the minimum number of workers. In these cases, each employee is assigned to a shift
and has time off. Let's look at Example 8.

tals, she faces an inconsistent demand, Weekends have low unge. Docl.ou wnd to work eariy ln the
week andpmenlspenkonWednadaydwnupetoﬁ

APPIIOAOH > Doris must ﬁm cstnbllsh smtﬁng requur.ments. 'men the followmg ﬁve-step
pmcess is applied, .~ -
SOLU'I'ION b

l Dctemune the neccssary dany suﬁng mqunc:mms Dom has done this:

Day Monday 'muday Wedneoday Thursday Frlday Saturday Sunday
Staff
nequired 5 5 6 5 4 3 3

i 2.‘Idenufymetwo consecutive days u:a: haved\elowmmalmuimmtmdcucledw Asnsn
< these two days.off to the first employee. In this cne.d\eﬁrstunployeehasSammymd Sunday
’ " offbewuse3plus3mdtelawcsuumoianyzdays Inthewauohuz,cboosetlmdayswxmd\e
“ lowest adjacent reqmremnt.orbyﬁmmgnins&tuxﬂaymdSundayasm“oﬁ'day [[then ue‘_

" ‘more than one, make an arbitrary decision.
3. Wenowhavememployecworhngenchoftheumkcteddays.lhudote,nmkunewmwforthe’
oo mext employee by subtracting 1 from rheﬁrsuow (because one day has been worked)—except for
_‘_thzcamleddays(wh»chmpmmedaysnotworked)nndanyd:yﬂmhaum ‘nm:s,donot
submﬁomawcleddayondaytfmhzsavahnofm : :
4. In tbencwmv Mmtnfynntwoconsecuuvadaysmalhavemlwestmul requuummandcucle
T lhem.Asslgnthenextemployeemttwmnumngdays. R IEE Sk D
-5 Repeatthepmcess(stepsSand4)mmlallsmf5ngmqmrememsmm R

Mommr 'l‘ussmv anv numv erumy SUNDAY ©

 Employee | 5 5 6 5 3 (3
- Employee 2 4 4 5 4 3
* Employee 3 3 3 4 3 3
| Employee 4 2 2 3 ® 3 2
~ Employees (1) O) 2 2 2 2 1
- Employee 6 1 1 1 1 1 ® O]

Employee 7 1

Capacity

(measured in

number of

employees) 5 5 6 5 4 3 3

0 0 0 0 1 0

Excess capacity 0
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Doris needs six full-time employees to meet the mfﬁnﬁ needs and one employee to work Saturday.
‘Notice that capacity (number of e.mployeea) equals requirements, provnded an employee works
ovemme on Sawrday. ora pan-ume employee is hired for Saturday. .

lNSlG!ﬂ‘ » Doris has implemented an efficient scheduling system that accommodates 2 consecu-
tive days off for every employee . :

I.!AIRN!MG :xsncna! b If Dons meets the suﬂ'mg requirement for Saturday Wllh [ full time
employee, how does she schedule that employee? [Answer: That employee can have any 2 days off,
except Saturday, and capaclly wnll exceed reqmmmenls by 1 pcrson each dny the employee works

(except Saturday).)

.RII.ATBD PROBLBMS P 21519, 15.20

Using the approach in Example 8, Colorado General Hospital saved an average of 10 to 15 hours
a month and found these added advantages: (1) no computer was needed, (2) the nurses were
happy with the schedule, (3) the cycles could be changed seasonally to accommodate avid skiers,
and (4) recruiting was easier because of predictability and flexibility. This approach yields an

optimum, although there may be multiple optimal solutions.

Other cyclical scheduling techniques have been developed to aid service scheduling. Some
approaches use linear programming: This is how Hard Rock Cafe schedules its services (see the
Video Case Study at the end of this chapter). There is a natural bias in scheduling to use tools that

are understood and yield solutions that are accepted.

CHAPTER SUMMARY

Scheduling involves the timing of operations to achieve the
efficient movement of units through a system. This chapter
addressed the issues of short-term scheduling in process-
focused, repetitive, and service environments, We saw that
process-focused facilities are production systems in which
products are made to order and that scheduling tasks in
them can become complex. Several aspects and approaches
to scheduling, loading, and sequencing of jobs were intro-
duced. These ranged from Gantt charts and the assignment
method of scheduling to a series of priority rules, the

Key Terms

critical-ratio rule, Johnson's rule
for sequencing, and finite capac-
ity scheduling.

Service systems generally dif-
fer from manufacturing systems.
This leads to the use of first-come,
first-served rules and appointment and reservation sys-
tems, as well as to heuristics and linear programming
approaches for matching capacity to demand in service
environments.

Forward scheduling (p. 618)
Backward scheduling (p. 618)
Loading (p. 620)
Input-output control (p. 620)
ConWIP cards (p. 621)

Gantt charts (p. 622)

Sequencing {p. 626)
Priority rules (p. 626)

Ethlcal Dllemma

Assignment method (p. 623)

First come, first served (FCFS) {p. 626}
Shortest processing time (SPT) (p. 626)
Earliest due date (EDD) (p. 626)

Longest processing time (LPT) (p. 626)
Critical ratio (CR) (p. 629)

Johnson's rule (p. 630)

Finite capacity scheduling (FCS) (p. 632)
Level material use (p. 633)

B e e

Scheduling people to work second and third shifts (evening and
“graveyard”) is a problem in almost every 24-hour company.
The OM in Action box “Scheduling Workers Who Fall Asleep
Is a Killer—Literally,” on page 619, describes potentially dan-
gerous issues on the night shift at FedEx and a nuclear power

plant, Perhaps even more significantly, ergonomic data indicate

the body does not respond well to significant shifts in its
natural circadian rhythm of sleep. There are also significant
long-run health issues with frequent changes in work and sleep
cycles.
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Consider yourself the manager of a nonunion steel mill that must
operate 24-hour days, and where the physical demands ave such that
8-hour days are preferable to 10- or 12-hour days. Your empowered
employees have decided that they want to work weekly rotating
shifts. That is, they want a repeating work cycle of | week, 7 AM. to
3 pM., followed by a second week from 3 pM. to L1 pM., and the third
week from 11 PM. to 7 AM. You are sure this is not a good idea in
terms of both productivity and the long-term health of the employ-
ees. If you do not accept their decision, you undermine the work
empowerment program, generate & morale issue, and perhaps, more
significantly, generate few more votes for a union. What is the ethical
position and what do you do?

Discussion Questions

-

. What is the overall objective of scheduling?

2. List the four criteria for determining the effectivencss of a
scheduling decision. How do these criteria relate to the four cri-
teria for sequencing decisions?

3, Describe what is meant by “loading” work centers. What are
the two ways work centers can be loaded? What are two tech-
niques used in loading?

4. Name five priority sequencing rules. Explain how each works
to assign jobs.

5. What are the advantages and disadvantages of the shortest pro-
cessing time (SPT) rule?

6. What is a due date?

. Explain the terms flow time and lateness.

. Which shop-floor scheduling rule would you prefer to apply if
you were the leader of the only team of experts charged with
defusing several time bombs scattered throughout your build-
ing? You can see the bombs; they are of different types. You can
tell how long each one will take to defuse. Discuss.

9. When is Johnson's rule best applied in job-shop scheduling?

10. State the four effectiveness measures for dispatching rules.

11. What are the steps of the assignment method of linear

programming?

12. What are the advantages of level material flow?

13. What is input-output control?

o

Using Software for Short-Term Scheduling
T addifion to the commercial software we noted in this chapter, short-term scheduling problems can be
. "solved with the Excel OM software that comes free at our website wwiw.pearsonglobaleditions.com/

3¢ using ExcelOM

"heizer, POM for Windows also includes a scheduling miodule. The use of each of these pmgmms is -

. "Excel OM has two modules that hel
- Scheduling, The Assignment module
'thé Example 4 data, appears first, as Program 15.1. Once the data are all entered, we choose the Tools

- ~.command, followed by the Solver command. Excel’s Solver uses linear programming to optimize . {
" ~assignment problems. The constraints are also shown in Program 15.1. We then select the Solve 1

éplire' short-term :séheduﬁng pmblems Asaignmem and Job Shop
is illustrated in Programs 15.1 and 15.2. The input screen, using

command and the solution appears in Program 15.2. . . -
Excel OM’s Job Shop Scheduling module is illustrated in Program 15.3. Program 15.3 uses
Example 5’s data. Because jobs are listed in the sequence in which they arrived (see column A), the

* used in the calculations. -

~ results are for the ECFS rule. Program 15.3 also shows some of the formulas (columns F, G, H, L, 1)

" To solve with the SPT rule, we need four intermediate steps: (1) Select (that s, highlight) the datain
.:'o_olu'mil_s A, B, Cfor all jobs; (2) invoke the Data command; (3) invoke the Sort command; and (4) sort

~ by Time (column C) in ascending order. To solve for EDD, step 4 changes to sort by Due Date (col-
" umn D) in ascending order. Finally, for an LPT solution, step 4 becomes sort by Due Date (column D)

in descending order.




e e ]

T, U Pt ey

——

Chapter 15  Scheduling for the Short Term 639

In Excel 2007, Solver is in the Analysis section of the Data tab.
in prior versions Solver is on the Tools menu. If Solver is not
available please visit www, pnnhall oomhvoiu

¥ O g

SR ] 0 ' = B&hmnmplacodounotal >

e 1%‘ St S TR Gl 5 3
VLRSI Lo Dl @ O oosuonthedatamun

..... s L Th«oamthooolsdmwovdlluk

J ‘| Excel's Solver to fill in for us.

B L [, —|

These are the constraints for the linear |-
prognnvnhgropnumaﬂonoldn

) t problem. Nonnegativity

constraints havo been added through
the Options button,
; % ;
The assignments will be filled in 1
by Excel’s Solver. N
=3 =09 1\ Row Total We need to create row and
:: ::i‘: *ﬂ Copy the names from the above A =SUM{B17:017) < column totals in order to
£ TAL ublt. M!wm”"” create the constraints. )
.+ 20 Columa Total <SUM[BI7TBIS)  «SUMNCIZ:CI9)  «SUM[DI7:019)  =SUM{B20D20) i
2 i
. 2altent ¢ D12,817. 4
T = Use the SUMPRODUCT function to calculate the total | 1
A " cost. Notice that this function is multiplying the data ||
%, table by the nugnment ublo i
26 T 3

A PHOGRAH 15.1 Exul ou's Mlnmm Modulo Udm Enlwle 4'! nm
Altetemmmunpmblem dmhtt»yellowarea,selem'ools menSolm Lt

V mom 15.2 Exul oM Oulut Smu for mmmm Problem Dneribld in annm 15.

B :'3%‘?1'1 A i B E&m 0 O RO T TN T SO TN B 1 KLNMM
Flrn Printlng and Copy Center
!

e 5

Ederthe inthe shaded acee. Then go tothe
DATATabon the ribon, cick on Sciver in the Data Anatysis

Groupend then click SOLVE.
I SOLVER is not on the Data Tabthen ploase see Heip file
(Sclver) for instructions,

1

2!

3 :Assignment
4

>

3

7

it is important to check the stat t

made by the Solver. In this case, it
says that Solver found a solution, In
other problems, this may not be the
case. For some problems there may be
no feasible solution, and for oth
more iterations may be required.

" 22 Yol Cost 28 Solver has filled in the assignments with 1s.|

O E | R T T T T J B
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In this example, all
work begins on Day
|1 and all jobs are

available on Day 1.

The results are foran |, ina acdadull

FCFS schedule. To |74~ -
create other results, | 'S
sort calls A9 through £ 5.
D13 based on a new \“L“
criterion, g
L ::: An IF function is used
200 to determine whether
pLNt ~—] or not the job was late,
4. ol * = IF(13-D13>=0,
e ot job wvk(psocasleg)time ince sar 13-D13,0)
17
. The completion times
g e o g it and the flow times are
) identical since work
(= H1a/C14] | = AVERAGEHO:H13) | begins on Day 1

A énoomw‘n 71 5.3 En;I Oi's Job Shop Scheduting Module Applied to Example §'s Data

[ Using POM For Windows

POM for Windows can handle both categories of schodullng problems we see in this chapter. Its
Assignment module is used to solve the traditional one-to-one assignment problem of people to tasks,
machines to jobs, and so on. Its Job Shop Scheduling module can solve a one- or two-machine job-shop
problem. Available priority rules include SPT, FCFS, EDD, and LPT. Each can be examined in turn once
the data are all entered. Refer to Appendix IV for specifics regarding POM for Windows.

Solved Problems Virtual Office Hours help is available at www.punonglohlediﬁmmﬂmyunhb

] F’mlnceColponuon.quunwed mNewYork wamuo B>
assign three recently’ hired college graduates, Julie Jones, Al
Smllh,amiPalWilson.toteglomloﬁm.Hm t,heﬁmalso. :
- has.an opening in New York and would send one of the three there.
if it were more economical than a move to Omaha, Dallas; or |
Miami. Tt will cost $1,000 to relocate Jones to New York, $800 t. [Wilson:
lelomSmlthﬁme.andSI,SOOtomovermWhmstheopdw- e,

malamgnmentofpasonnelmomees? A _ 22 5N

V SOJ.UTION

(a) The cost lablehulfwnhoolumn tompmsmlNewYork.‘l‘o

Ao lzemmlouuonoosttoeachcuy

. (b) Subtracuhesmallestnumbermeudlmmdmaﬂm
_ “balance” tlwpmblun.weadda"dummy m(pe:son)wnh :

(ootumnmbmetlonofuchoolumnswowullyvetbesame

numbenmdlbemfou is notnecessuy)

*Bss|
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(¢) Only 2 lines cover, 50 subtract the smallest uncovered number  (d) Only 3 lines cover, 5o subtract the smallest uncovered number
(200) from all uncovered numbers, and add it to each square (100) from all uncovered numbers, and add it to. ach square

wbm(wollmimsect.mnoomallwm wlnretwoliwimmt’mencovenllm ATV
"’5:'!"'_3 Lilstnilive GRS ’~°,$ "W'f{fﬁ?-qa A T m
T 0 .7: ):‘S_\_‘iﬁ :- .t\\' '5;3 Yooy ke 3 v :”!;‘

Ty AR A a Py

n e 0 100 O

; f‘"‘; ( 800 500 100

% ( 200 1,500 800

'(. 306 O o 100~

(e).'sml'éiily 3 lines cover, so subtract the smallest uncovered  (f) Because it takes four lines to cover all zeros, an oplinul
" number (100) from all uncovered numbers, add it wsquaru . aulgnmemcmbemndeuwosqums Wemign

_ wlmetwolmeommmdcovenllms Wilson to Omaha
24 JomtoMmm_ i
Dummy (no one) to Dallas
‘Smith to New York
Cosl-Ssm+$1100+$0+$800
= §2,400 EE _*
vsoumnmmu.a EEETRRL L e B Jon PROCKSSING L JOIDUI b

Adefenseoonmmrmballalmm;obslwﬂtmgptmang Jos _TIME (DAYS) DATI(N“) :
P:mmgumandducdmmymmcheuble.Assumnhn 2SN T 5 otz e

jobs arrive in the order shown. Set the processing sequence
ucco:dmgtoFCFSandmhnw

1. Average completion time = 182/6 = 30.33 days

2. Average number of jobs in system = 182/48 = 3.79 jobs
3. Average job lateness = 55/6 = 9.16 days

4. Utilization = 48/182 = 26.4% i

vséi.vnvnmmu.: : ‘ '
'IheDallnﬁmmSolvedProbkm lszalsowamstooons:derjobseqmncmgbymeSP'l‘pnontymle.ApplySPTw i
thesmdataandmvxdeamommdmon
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‘ysowmon . .
- SPT has the sequence D-F-A-E-B-C.. ' .

" 1. Avetage completion time = 124/6 = 20.67 days = .
2. Average number of jobs in system = 124/48 = 2.58 jobs
3. Average job lateness = 38/6 = 6.33 days
4, Utilization = 48/124 = 38.7%

"7 SPTis superior to FCFS in this case on all four measures. If we were to also analyze EDD, we
-t " would, however, find"its average job lateness to be lowest at 5.5 days. SPT is a good
* . recommendation. SPT’s major disadvantage is that it makes long jobs wait, sometimes for a long -
time. '

|V SOLVED PROBLEM 15.4 =~ e 3
" Use Johinson's rule to find the optimum sequence for processing

the jobs shown through two work centers. Times at each center are

_in hours, .

' ¥ SOLUTION

5

¥ SOLVED PROBLEM 15.5 ~ . R AP . i B :
.muauap't'hed:mughputﬁmenndidlegmeétﬂi;lw(o_wmkmnrsin&lvedPx'oblem15.4_lyyoonsuuctin3atime-

phasqdd:m.‘

=
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*+ 18,1 Ron Satterfield’s excavation company uses both Gantt

scheduling charts and Gantt load charts.

a) Today, which is the end of day 7, Ron is reviewing the Gantt
chart depicting these schedules:

* Job #151 was scheduled to begin on day 3 and to take 6 days.

As of now, it is 1 day ahead of schedule,

Job #177 was scheduled to begin on day | and take 4 days. It

is currently on time,

Job #179 was scheduled to start on day 7 and take 2 days.

It actually got started on day 6 and is progressing according

to plan.

«+ Job #211 was scheduled to begin on day 5, but missing equip-
ment delayed it until day 6. It is progressing as expected and
should take 3 days.

« Job #215 was scheduled to begin on day 4 and take 5 days. It
got started on time but has since fallen behind 2 days,

Draw the Gantt scheduling chart for the activities above.

b) Ron now wants to use a Gantt load chart to see how much work
is scheduled in each of his three work teams: Able, Baker, and
Charlie. Five jobs constitute the current work load for these three
work teams: Job #2350, requiring 48 hours and #275 requiring 32
hours for Work Team Able; Jobs #210, and #280 requiring 16
and 24 hours, respectively, for Team “Bakeér; and Job #225,
requiring 40 hours, for Team Charlie,

Prepare the Gantt load chart for these activities.

*+ 48.2 First Printing and Copy Center has 4 more jobs to be
scheduled, in addition to those shown in Example 3 in the chapter.
Production scheduling personnel are reviewing the Gantt chart at
the end of day 4.

* Job D was scheduled to begin early on day 2 and to end on the
middle of day 9. As of now (the review point after day 4), it is
2 days ahead of schedule,

* Job E should begin on day 1 and end on day 3. It was on
time.

« Job F was to begin on day 3, but maintenance forced a delay
of 1% days. The job should now take 5 full days. It is now on
schedule.

¢ Job G is a day behind schedule. It started at the beginning of
day 2 and should require 6 days to complete.

Develop a Gantt schedule chart for First Printing and Copy
Center.

¢ 153 The Orange Top Cab Company has a taxi waiting at
each of four cabstands in Evanston, Illinois. Four customers have
called and requested service. The distances, in miles, from the wait-
ing taxis to the customers are given in the following table. Find the
optimal assignment of taxis to customers so as to minimize total dri-
ving distances to the customers.

Customer
Cab Site A B C D
Stand 1 7 3 4 8
Stand 2 s 4 6 5
Stand 3 6 7 9 6
Stand 4 8 6 7 4 By

“Note: 2 means the problem may be solved with POM for Windows
and/or Excel OM.

* 15.4 Molly Riggs's medical testing company wishes to
assign a set of jobs to a set of machines. The following table pro-
vides the production data of each machine when performing the

specific job:

Machine
Job A B C D
1 7 9 8 10
2 10 9 7 6
3 11 5 9 6
4 9 11 5 8

a) Determine the assignment of jobs to machines that will
maximize wotal production.
b) What is the total production of your assignments? B¢

*  15.5 The Johnny Ho Manufacturing Company in Columbus,
Ohio, is putting out four new electronic components. Each of Ho's
four plants has the capacity to add one more product to its current
line of electronic parts. The unit-manufacturing costs for producing
the different parts at the four plants are shown in the accompanying
table. How should Ho assign the new products to the plants to mini-
mize manufacturing costs?

Electronic Plant
Component 1 2 3 4

Cs3 $0.10 $0.12 $0.13  $0.11

C81 0.05 0.06 0.04 0.08

D5 0.32 0.40 031 030

D44 0.17 0.14 0.19 015 Py

* 15.6 Claire Consultants has been entrusted with the task of
evaluating a business plan that has been divided into four sections—
marketing, finance, operations and human resources. Chris, Steve,
Juana, and Rebecca form the evaluation team. Each of them has
expertise in a certain field and tends to finish that section faster. The
estimated times taken by each team member for each section have
been outlined in the table below. Further information states that
cach of these individuals is paid $60/hour.

a) Assign each member to a different section such that Claire

Consultants’s overall cost is minimized.
b) What is the total cost of these assignments?

Times Taken by Team Members for Different Sections
(minutes)

Marketing Finance Operations HR

Chris 80 120 125 140
Steve 20 115 145 160
Juana 40 100 85 45
Rebecca 65 35 25 75 P

*+ 15.7 The Akron Police Department has five detective squads
available for assignment to five open crime cases. The chief of
detectives, Paul Kuzdrall, wishes to assign the squads so that the
total time to conclude the cases is minimized. The average number
of days, based on past performance, for each squad to complete
each case is as follows:
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Case
Squad A B C D E
1 14 7 3 7 27
2 20 7 12 6 30
3 10 3 4 5 21
4 8 12 7 12 21
5 13 25 24 26 8

Each squad is composed of different types of specialists, and

whereas one squad may be very effective in certain types of cases, it

may be almost useless in others.

a) Solve the problem by using the assignment method.

b) Assign the squads to the above cases, but with the constraint that
squad 5 cannot work on case E because of a conflict. g

« 15.8 Tigers Sports Club has to select four separate co-ed
doubles teams to participate in an inter-club table tennis tourna-
ment. The pre-selection results in the selection of a group of four
men—Raul, Jack, Gray, and Ajay—and four women—Barbara,
Dona, Stella, and Jackie. Now, the task ahead lies in pairing these
men and women in the best fashion. The table below shows a matrix
that has been designed for this purpose, indicating how each of the
men complements the game of each of the women, A higher score
indicates a higher degree of compatibility in the games of the two
individuals concerned. Find the best pairs.

Game Compatibility Matrix
Barbara Dona Stella Jackie
Raul 30 20 10 40
Jack 70 10 60 70
Gray 40 - 20 50 40
Ajay 60 70 30 90 P

see 15.9 James Gross, chairman of the College of Oshkosh's
business department, needs to assign professors to courses next
semester. As a criterion for judging who should teach each
course, Professor Gross reviews the past 2 years' teaching eval-
uations (which were filled out by students). Since each of the
four professors taught each of the four courses at one time or
another during the 2-year period, Gross is able to record &

course rating for each instructor. These ratings are shown in the

following table.

a) Find the assignment of professors (o courses to maximize the
overall teaching rating,

b) Assign the professors to the courses with the exception that
Professor Fisher cannot teach Statistics. P2¢

Course
Professor Statistics Management Finance Economics
W. W. Fisher 90 65 95 40
D. Golhar 70 60 80 75
Z. Hug 85 40 80 60
N. K. Rustagi 55 80 65 55

e+ 15,40 The following jobs are waiting to be processed at the
same machine center. Jobs are logged as they arive:

Job  DueDate  Duration (days)
A 313 8
B 312 16
c 325 40
D 314 5
E 314 3

In what sequence would the jobs be ranked according to the follow-
ing decision rules: (a) FCFS, (b) EDD, (c) SPT, and (d) LPT?
All dates are specified as manufacturing planning calendar
days. Assume that all jobs arrive on day 275. Which decision is
best and why? Fag

¢ 145.11 The following 5 overhaul jobs are waiting to be
processed at Avianic's Engine Repair Inc. These jobs were
logged as they arrived. All dates are specified as planning calen-
dar days. Assume that all jobs arrived on day 180; today’s date
is 200.

Remaining Time
Job Due Date (days)
103 214 10
205 223 7
309 217 11
412 219 5
517 217 15

Using the critical ratio scheduling rule, in what sequence would the
jobs be processed? ¢

«« 15,12 An Alabama lumberyard has four jobs on order, as
shown in the following table. Today is day 205 on the yard's
schedule.

Job DueDate Remaining Time (days)
A 212 6
B 209 3
C 208 3
D 210 8 P
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In what sequence would the jobs be ranked according to the fol-
lowing decision rules:

a) FCFS

b) SPT

c) LPT

d) EDD

¢) Critical ratio

Which is best and why? Which has the minimum lateness?

°o 15,13 The following jobs are waiting to be processed at Rick
Carlson's machine center. Carlson's machine center has a relatively
long backlog and sets fresh schedules every 2 weeks, which do not
disturb earlier schedules. Below are the jobs received during the
previous 2 weeks. They are ready to be scheduled today, which is
day 241 (day 241 is a work day). Job names refer to names of clients
and contract numbers.

Date Job Production Days Date Job
Job Received Needed Due
BR-02 228 15 300
CX-01 225 25 270
DE-06 230 35 320
RG-05 235 40 360
SY-11 231 30 310

a) Complete the table below. (Show your supporting calculations.)

b) Which dispatching rule has the best score for flow time?

c) Which dispatching rule has the best score for utilization metric?

d) Which dispatching rule has the best score for lateness?

¢) Which dispatching rule. would you select? Support your
decision.

Average
Dispatching  Job  Flow Utilization Number Average
Rule Sequence Time Metric  of Jobs Lateness

EDD
SPT
LPT
FCFS

¢

++ 18.14 The following jobs are waiting to be processed at Julie
Morel’s machine center:
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Date Order  Production Days  Date Order
Job Recelved Needed Due
A 110 20 180
B 120 30 200
C 122 10 175
D 125 16 230
E 130 18 210

In what sequence would the jobs be ranked according to the follow-
ing rules: (a) FCFS, (b) EDD, (c) SPT, and (d) LPT? All dates are
according to shop calendar days. Today on the planning calendar is
day 130, and none of the jobs have been started or scheduled. Which
rule is best? Pg

*+ 15.15 Sunny Park Tailors has been asked to make three dif-
ferent types of wedding suits for separate customers. The table
below highlights the time taken in hours for (1) cutting and sewing
and (2) delivery of each of the suits. Which schedule finishes
sooner: First-come, first-served (123) or a schedule using
Johnson's rule?

Times Taken for Different Activities (hours)

Suit Cut and Sew Deliver
1 4 2
2 7 7
3 6 5 Py

=+ 15.16 The following jobs are waiting to be processed at
Jeremy LaMontagne’s machine center. Today is day 250.

Date Job Production Date

Job Received Days Needed Job Due
1 215 30 260
2 220 20 290
3 225 40 300
4 240 50 320
5 250 20 340

Using the critical ratio scheduling rule, in what sequence would the
jobs be processed? Fx

++¢+15,17 The following set of seven jobs is to be processed
through two work centers at George Heinrich's printing company.
The sequence is first printing, then binding. Processing time at each
of the work centers is shown in the following table:

Job Printing (hours) Binding (hours)
T 15 3
U 7 9
\'% 4 10
w 7 6
X 10 9
Y 4 5
Z 7 8

a) What is the optimal sequence for these jobs to be scheduled?
b) Chart these jobs through the two work centers,
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¢) What is the total length of time of this optimal solution?

d) What is the idle time in the binding shop, given the optimal solution?

¢) How much would the binding machine’s idle time be cut by
splitting Job Z in half? ¥

«se 15,48 Six jobs are to be processed through a two-step opera-
tion. The first operation involves sanding, and the second involves
painting, Processing times are as follows:

++  15.20 Given the following demand for waiters and waitresses
at S. Ghosh Bar and Grill, determine the minimum wait staff needed
with a policy of 2 consecutive days off.

Day
Mon. ‘Tue. Wed. Thu. Fri. Sat. Sun.

Wait staff

Job Operation 1 (hours) Operation 2 (hours)
A 10 5
B 7 4
C 5 7
D 3 8
E 2 6
F 4 3

Determine a sequence that will minimize the total completion time
for these jobs. Illustrate graphically. P

o+ 15.19 Jesse's Barber Shop at O'Hare Airport is open 7 days a
week but has fluctuating demand, Jesse is interested in treating his
barbers as well as he can with steady work and preferably 5 days of
work with two consecutive days off. His analysis of his staffing
needs resulted in the following plan. Schedule Jesse's staff with the
minimum number of barbers.

3 4 4 5 6 7 4

.+ 15.21 Lifang Wu owns an automated machine shop that
makes precision auto parts. He has just compiled an input-output
report for the grinding work center. Complete this report and ana-
lyze the results.

Input-Output Report
Period 1 2 3 4 Total
Planned input 80 80 100 100
Actual input 85 85 85 85
Deviation
Planned output 90 90 90 90
Actual output 85 85 80 80
Deviation
Initial backlog: 30

Day
Mon. Tue. Wed. Thu. Fri. Sat. Sun.

Barbers
needed 6 5 5 5 6 4 3

Case Studies

> 0ld Oregon Wood Store )

B Refer to #yomian@) for these additional homework
problems: 15.22-15.27

In 2010, George Wright started the Old Oregon Wood Store to man-
ufacture Old Oregon tables. Each table is carefully constructed by
hand using the highest-quality oak. Old Oregon tables can support
more than 500 pounds, and since the start of the Old Oregon Wood
Store, not one table has been returned because of faulty workman-
ship or structural problems. In addition to being rugged, each table
is beautifully finished using a urethane varnish that George devel-
oped over 20 years of working with wood-finishing materials.

The manufacturing process consists of four steps: preparation,
assembly, finishing, and packaging. Each step is performed by one
person. In addition to overseeing the entire operation, George does
all of the finishing. Tom Surowski performs the preparation step,
which involves cutting and forming the basic components of the
tables. Leon Davis is in charge of the assembly, and Cathy Stark
performs the packaging.

Although each person is responsible for only one step in the
manufacturing process, everyone can perform any one of the steps.
It is George's policy that occasionally everyone should complete
several tables on his or her own without any help or assistance. A
small competition is used to see who can complete an entire table in
the least amount of time. George maintains average total and inter-
mediate completion times. The data are shown in Figure 15.6.

It takes Cathy longer than the other employees to construct an
Old Oregon table. In addition to being slower than the other
employees, Cathy is also unhappy about her current responsibility
of packaging, which leaves her idle most of the day. Her first prefer-
ence is finishing, and her second preference is preparation.

In addition to quality, George is concerned with costs and
efficiency. When one of the employees misses a day, it causes
major scheduling problems. In some cases, George assigns
another employee oveértime to complete the necessary work. At
other times, George simply waits until the employee returns to
work to complete his or her step in the manufacturing process.
Both solutions cause problems. Overtime is expensive, and wait-
ing causes delays and sometimes stops the entire manufacturing
process.

To overcome some of these problems, Randy Lane was
hired. Randy’s major duties are to perform miscellaneous jobs
and to help out if one of the employees is absent. George has
given Randy training in all phases of the manufacturing process,
and he is pleased with the speed at which Randy has been able to
learn how to completely assemble Old Oregon tables. Randy's
average total and intermediate completion times are given in
Figure 15.7.




Discussion Questions

1. What is the fastest way to manufacture Old Oregon tables using
the original crew? How many could be made per day?

2. Would production rates and quantities change significantly if
George would allow Randy to perform one of the four functions
and make one of the original crew the backup person?

3. What is the fastest time to manufacture a table with the original
crew if Cathy is moved to either preparation or finishing?

SRS PTG
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<4 FIGURE 156
Manulacturing Time in
Minutes

<4 FIGURE 15.7
Randy's Completion Times
in Minutes

4. Wheever performs the packaging function is severely underuti-
lized. Can you find a better way of utilizing the four- or five-
person crew than either giving each a single job or allowing each
to manufacture an entire table? How many tables could be man-
ufactured per day with this scheme?

Video Case il

Whether it’s scheduling nurses at Mayo Clinic, pilots at Southwest
Airlines, classrooms at UCLA, or servers at a Hard Rock Cafe, it's
clear that good scheduling is important. Proper schedules use an
organization’s assets (1) more effectively, by serving customers
promptly, and (2) more efficiently, by lowering costs.

Hard Rock Cafe at Universal Studios, Orlando, is the world’s
fargest restaurant. with 1,100 seats on two main levels. With typical
turnover of employees in the restaurant industry at 80% to 100% per
year, Hard Rock General Manager Ken Hoffman takes scheduling
very seriously. Hoffman wants his 160 servers to be effective, but he
also wants to treat them fairly, He has done so with scheduling soft-
ware and flexibility that has increased productivity while contribut-
ing to tumover that is half the industry average. His goal is to find
the fine balance that gives employees financially productive daily
work shifts while setting the schedule tight enough so as to not
overstaff between lunch and dinner.

The weekly schedule begins with a sales forecast. “First, we
examine last year's sales at the cafe for the same day of the week,”
says Hoffman. “Then we adjust our forecast for this year based on a
variety of closely watched factors. For example, we call the Orlando
Convention Bureau every week to see what major groups will be in
town. Then we send two researchers out to check on the occupancy of
nearby hotels. We watch closely to see what concerts are scheduled at

iy
Hard Rock Live—the-3,000-seat concert stage next door. / l ®
From the forecast, we calculate how many people we need
to have on duty each day for the kitchen, the bar, as hosts,
and for table service."

Once Hard Rock determines the number of staff needed,
servers submit request forms, which are fed into the software’s lin-
ear programming mathematical model. Individuals are given prior-
ity rankings from 1 to 9, based on their seniority and how important
they are to fill each day's schedule. Schedules are then posted by
day and by workstation. Trades are handled between employees,
who understand the value of each specific shift and station.

Hard Rock employees like the system, as does the general man-
agu,sineeuhspahbor—hwm\xiﬁngnﬂmmisdmiw.

Discussion Questions*

1. Name and justify several factors that Hoffman could use in fore-
casting weekly sales.

2. What can be done to lower turnover in large restaurants?

3. Why is seniority important in scheduling servers?

4. How does the schedule impact on productivity?

*You may wish to view the video that accompanies this case before answer-
ing the questions.

B> Additional Case Study: Visit www.pearsonglobaleditions.com/myomlab or www.pearsonglobaleditions.com/heizer for this free case study:
Payroll Planning, Inc.: Describes setting a schedule for handling the accounting for dozens of client firms.
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THE IMPORTANCE OF
SHORT-TERM
SCHEDULING

(p. 616)

The strategic importance of scheduling is clear:

 Effective scheduling means faster movement of goods and services through a
facility. This means greater use of assets and hence greater capacily per dollar
invested, which, in turn, lowers cost.

© Added capacity, faster throughput, and the related flexibility mean better
customer service through faster delivery.

°® Good scheduling contributes to realistic commitments, hence dependable
delivery.

SCHEDULING ISSUES
(pp. 616-619)

The objective of scheduling is to allocate and prioritize demand (generated by VIDEO 15.1
either forecasts or customer orders) to available facilities. Scheduling at Hard Rock

® Forward uhedullng—Begms the schedule as soon as the requirements are
known.

& Backward lchedullng-—_Bcgms with the due date by scheduling the final opera-
tion first and the other job steps in reverse order. ,

The four scheduling criteria are (1) minimize completion time, (2) maximize

utilization, (3) minimize work-in-process (WIP) i ry, and (4) minimi

customer waiting time. o it

SCHEDULING PROCESS-
FOCUSED FACILITIES
(pp. 619-620)

A process-focused facility is a high-variety, low-volume system commonly found
in manufacturing and services. l( is also called an mlermmem. or job shop, [
facility.

Control files track the ncmal progress made against the plan for each work order.

LOADING JOBS
(pp. 620-625)

ll.oading—-’l‘be assigning of jobs to work or processing centers. o~
uInput/output control—Allows operations personnel to manage facility work Q %) Problems:
flows by tracking work added to a work center and its work completed. 15.1-159,15.21

@ ConWIP cards—Cards that control the amount of work in a work center, iding
input/output control. Virtual Office Hours for

ConWIP is an acronym for constant work-in-process. A ConWIP card travels with Solved Problems: 15.1

a job (or batch) through the work center. When the job is finished, the card is
released and returned to the initial workstmon. authonzmg the entry of a new
batch into the work center.
& Gantt charu—Phnnmg cham used to schodule resources and
allocate time, ’
The Gantt load chart shows the loading and idle times of several departments,
machines, or facilities. It displays the relative workloads in the system so that the
manager knows what adjustments are appropriate.
The Gantt schedule chart is used to monitor jobs in progress (and is also used for
project scheduling). It indicates which jobs are on schedule and which are ahad
of or behind schedule.
# Assignment method—A special class of linear programming models that
involves assigning tasks or jobs to resources.
In assignment problems, only one job (or worker) is assigned w one machine (or
project). A
The assignment method involves adding and subtracting appropriate numbers in
the table to find the lowest opportunity cost for each assignment.

SEQUENCING JOBS
(pp. 626-632)

# Sequencing—Determining the order in which jobs should be done at each work -
center. 4 Q Problems:

® Priority rules—Rules used to dc(enmne the sequence of jobs in p : 15.10-15.18
oriented facilities.

= First-come, first-served (FC!'S)—Iobs are completed in the order in which they . Virtual Office Hours for
arrived. ; Solved Problems: 15.2-15.5

8 Shortest processing time (SPT)—Jobs with the shortest processing times are
assigned first. _ ACTIVE MODEL 15.1

o Earliest due date—Earliest due date jobs are performed first. :

o Longest processing time (LPT)—Jobs with the longest processing time are
completed first:

Av letion Gime = Sum of total flow time
8 ; Number of jobs

Total job work (processing) time
Sum of total flow time

Utilization metric =
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Sum of total flow time
Total job work (processing) time

Average number of jobs in the system =

A. 2 & _ Total late days

Vi

. 180 Jo ™ Number of jobs !

SPT is the best technique for minimizing job flow and average number of jobs in

the system.

FCES performs about average on most criteria, and it appgnn fair to customers,

EDD minimizes maximum tardiness.

u Critical ratio (CR)—A sequencing rule that is an index number computed by
dividing the time remaining until due date by the work time remaining:

Time remaining Due date—Today's date
Workdays remaining =~ Work (lead) timé remaining

As opposed to the priority rulea.' the critical ratio is dynamic and casily updated. It

tends to perform better than FCFS SPT EDD, or LPT on the average job-lateness

criterion.

= Johnson’s rule—An approach that minimizes processing time for sequencing a
group of jobs through two work centers while minimizing total idle time in the
work centers.

Rile-based scheduling syslerns have the followmg hmuanons (1) Schedulmg is

dynamic, (2) rules do not look upslream or downstream,; and (3) rules do not look

beyond due dates, '

FINITE CAPACITY
SCHEDULING (FCS)
(pp. 632-633)

© Finite capacity scheduling (FCS)—Computerized short-term scheduling that
overcomes the disadvantage of rulo-bascd systems by ptovndmg the user with
graphical interactive computing. : ;

SCHEDULING REPETITIVE
FACILITIES
(pp. G33-634)

® Level mterlal use—The use of frequent, high-quality, small Iot sizes that
contribute to just-in-time production. . -

Advantages of level material use are (1) lower lnventory levels; (2) faster product
throughput, (3) improved component and product quality, (4) reduced floor-space
requirements, (5) improved communication among employees and (6) a smoother
production process. . - : ; o

SCHEDULING SERVICES
{pp. 634-637)

Cyclical scheduling with inconsistent staffing needs is often the case in services. o
The objective focuses on developing a schedule with the minimum number of Qi"’ Problems:
workers. In these cases, each employec is assigned to a shift and has time off. 15.19-15.20

Self Test

« Before taking the self-test, refer to the learning objectives listad at the beginning of the chapter and the key terms listed at the end of the chapter.
LOL. Which of the following decisions covers the longest time period? LOS. ‘The job that should be scheduled last when using Johnson's rule is
a) Short-term scheduling ~ b) Capacity planning the job with the:
¢) Aggregate planning d) A master schedule a) largest total processing time on both machines.
LO2. A visual aid used in loading and scheduling jobs is a: b) smallest total processing time on both machines.

a) Gantt chart, b) planning file. ¢) longest activity time if it l@e.s with the first machine.
¢) bottleneck. d) load-schedule matrix. d) longest activity time if it lies with the second machine.
¢) level material chart, ¢) shortest activity time if it lies with the second machine.

LO3. The assignment method involves adding and subtracting LO6. What is computerized short-term scheduling that overcomes the dis-
appropriate numbers in the table to find the lowest for advantage of rule-based systems by providing the user with graphical
cach assignment, interactive computing?

a) profit b) number of steps a) LPT b) FCS
¢) number of allocations  d) range per row ¢) CS§ d) FCFS
¢) opportunity cost ¢) GIC

LO4. The most popular priority rules include: LO7. Cyclical scheduling is used to schedule:

a) FCFS. b) EDD. a) jobs. b) machines.
¢) SPT. d) all of the above. ¢} shipments. d) employees.

Answers: LO1. b; LO2. a; LO3. ¢; LO4. d; LOS. ¢; LOG6. b; LO7. 4.




