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Abstract

The United States Postal Service mail processing and distribution centers face dramatic
fluctuations in the amount of mail to be processed. To handle a large yet changing demand, these
facilities contain a largevariety of automation equipment and employ a-homogeneous
workforce that work orshifts of various lengths and start times. The optimal configuration and
management of equipment and workforce requires the solution of some of the most challenging
scheduhg problems.

This paper gives a comprehensive presentation of the models developed in the past 10
years to solve these scheduling problems and detailed discussions on some of the kernel models.
These modeladvance the frontier of various research areashave brought millions of dollars
in savings to the USPS. The study of these models not only presents a successful application of
operations research in the public service area, but also offers much technical and managerial

insight that could be benefatito other industries.

Keywords: Postal Operations, OptimizatioBguipmentbtaff Scheduling, Overtime

Management, Integer Program



Review ofModels and Methodology for Scheduling Problems

in USPS Mail Processing and Distribution Centers
1. Introduction
The United State Postal Servi¢ggSPS)is in the business of delivering mail to evéigusehold
in the United Statedn the year 2004USPSdelivers 206 billions of mail pieces to more than
142 million homes and business&te success of this large operation relies on a large network
of approximately 275 major behiritde-scenemail processingand distribution centerthat serve
as the interfaces between local post offices and the rest of the nation.

These facilitiesrun 24 hours a day, 7 days a week and operate a complicated
manufacturing systerh disassemta mail arrivals, sort and digch themto other facilities. To
ensure timely processing, thiacilities constrain a large variety of advanced equipment in the
form of optical character readers, automated facer cancellers and barcode sorters for automated
mail processing anemploy anon-homogeneous/orkforce composzof full-time, parttime and
casual employees that work on shifts with varitersgthsand start timesThe scheduling of
equipment (the determination of the configuration and usage of equipment to match mail arrivals)
andthe scheduling oivorkforce (the determination of theptimal size and composition of the
workforce, their days off/lunch assignments, and overtime uagemeet processing service
commitmentwith a constantly changing demaagesomeof the mosthallerging problens.

In the past 10 years, there have been miasgarchstudiesthatfocused on theolution
the postalequipment and stafficheduling problemsn the most generaknse eachproblem can
be decomposedemporally andhierarchical analytic ggoacles have beeadopted.Along the
time axis, hese studiesan be classified into strategic, taati@and operationalevels These
studiescover and advance the frontier ofarious operations researcareas including facility
design, equipment seleati, workforce composition, equipmemind staff scheduling, and
disruptions managementMost of hese modeldhave been implementednd have brought
millions of dollarsof savinggo the USPS

This paper presentscmprehensiveeview ontheseresearchstudiesincluding detailed
discussion®n some kernahodelswith someof thelatest resultsThe study of these modeiet
only presents a successful application of operations reseacthmanagement scienae the
public service area, but also offdeschncal and manageriahsight that could bebeneficialto

other industries



The remainder of the paper is organized as folld@extion 2 provides an overview of
thesemodels andhe relationships among theffhefocus is the tacta and operational models
currently being deployedThetactical staff schedulingnodelis introduced in Section 3 and the
correspondingequipment scheduling model in SectionThis is followed bythe operational
modelswhere theequipment scheduling under disruptimodelis presatedin Section Zand the

staff schedulingnodelunder disruptionn Section 6 Concluding remarks are given in Section 7.

2. Overview of the Research Problems and Models

The postal equipment and workforcecheduling problesiare someof the most challenging
problemsseen in industryTo better understand the complexity of the proldeseveral terms
usedto describe the characteristics of the facilitiesfast defined.

Mail Arrival Profile: Mail arrivesthroughout the daynd an arrival profile stipulate the
amount of mail receiveduring aspecific time of he day and its characteristiCBhe arrivals
follow a highly fluctuating pattern thaariesthroughout the day and over the wesld the total
volumeon a daycould beanywhere from 3 to 5 millionipces

Operation, Equipment and Equipme8theduling Depending omra | e tharacterstgs,
upon arrival,it may requireseveral operations beforeis finally dispatched An operation is
usually performedwith a piece of equipmenthe equipmenthowever, is capable ofprocess
several operationgEquipmentconfiguration andschedulingdeterming the optimal size, make,
anduse ofequipmento ensure th@rompt proceseg of mail with theleastlaborcost.

Shifts and Shift Schedulin@o operate thesmachinesto match the fluctuating demand
northomogeneousgvorkforce is employedeachcould work onmany of the possibleshifts with
various lengths and start time$hift scheduling find the optimal crew size andtheir
assignmerstto satisfy demand ieachtime period of the day.

Days Off and Its Assignmenfo constructa e mp | wegkesehédsleit is necessary to
specifythe days offand & such, sufficient slack must be provided through the week so that the
daysoff requirement is satisfied for ewy worker. Typically, two consecutive days off is
preferableo an employeebutthere is no strict restriction fair

Break and Its Assignmem lunchbreak is required for all shifthat exceea certain length
For the USPS, the practice is to cread break window- a set of consecutive periotts every
shift during which a breakanbe given.Because an employee is off the clock, there should be

sufficient resources to cover for him.



Staff SchedulingThe gaff schedulingproblemdetermines theptimal sizeand composition
of the workforceand their assignments make sure thahe demand(determined by machine
activitieg in eachtime period of the weekis satisfied.In the most comprehensiverio, daff
schedulingncludes shift scheduling, gsoff assignmerstand break assignments

Disruptions(l) T Demand FluctuationA major disruptionthat affectsthe equipment and
workforceschedulas departure from normal demaridistoric data show thatrdmatic seasonal
and daily \ariations in theotd amount of mailexist Though forecasting technigsieould be
used to estimate the arrivéthe actualarrival coulddiffer significantlyfrom hour to hour

Disruptions (Il) T AbsenteeismAnother major disruptiorthat affects the equipment and
workforce schedules employeeabsenteeismor the USPS,absenteeisnaould vary anywhere
between 6% and 21#@&ndsignificanty reduce the size of the workforce

Schedw Adjustmentand Overtime ManagementTo handle disruptions equipment
schedules have to be adg@to ensure processirgpmmitmens and additionallaborresource
such as calleth workers and overtimehavebe resortedo complement the workforce schuel
Overtime managemerns usedto optimally assign overtime to employee&sghile observing

contractial and union rule® matchadjusedprocessing activities

With these terms defined, the various models develapedbe examinedAlong temporal
lines, hese studies can be classified into three levels: strategic planningaltpletimingand
operatimal planning The modelsare listedbelow under each levedd the relationships among
them are shown in Figure 1. In the figure, the blocks represent the models; the solid arcs
represent the dependence relations and the dashed arcs extension relatishsdighen the
equipment scheduling are lined up on the left and the studies on the staff scheduling on the right.

Thevariousmodelsare listed under each level as follows.



Strategic Planning Level

Facility Design and Facility Design > Equipment Selection Workforce Composition
Workforce Composition Bard et al, 1993 Jarrah & Bard, 1994a Berman & Larson, 1997
* Staff Scheduling with
f La Downgrading
/ y | Bard, 2004b
Strategic Planning Level ) ) ) . h
éguﬁgﬁenta&]:;g% ai\gje Arrival Profile Selection | Equipment Schedule - Staff Scheduling 71
Workforce Size Bard, 2004a Zhang & Bard, 2005 Bard etc, 2003
e Stochastic Staff Scheduling
# Bard et al., 2007
4 V v -
Tactical Planning Level Weekly Equipment Scheduling Weekly Staff Scheduling | _ | Smiﬁﬂ:g&zz
Equipment and Staff Zhang et al, 2007 > Bard & Wan, 2005
Bard and Wan, 2008

Scheduling undir Disruptions

Figurel: Relationships amm@g the modelsunder discussion

Strategic Planning Level The problemat ths levelis how to desigm facility, to determinghe
capecity and make®sf the equipmentndto evaluatehe impact ofvariousworkforcepolicies.

Facility Design: Bard et al. (193) studied the facility design problem and presented a two
level approach that started with a laiggale mixednteger programThe solution was then input
to a simulation model that was used to investigate operational issues related to service standards
growth in mail volumeandthe use of new equipment.

Equipment Selection: Jarrah et al. (1994a) studied the equipment selection problee.
problem was to make a choiaenongmultiple machine make#\ mixed integer linear program
was first solved to sett equipment and propose a tentative schediiis. was followed by a
linear program to compress or eliminate the idle time of the machines.

Workforce Composition: Berman et al.(1997) studied the workflow management and
workforce composition problenThe problem was modeled as a queuing network and linear
programming was used in the analySikis study examined various policies such as full fime

part time ratio, the switching of jobs during a detcetera

Tactical Planning Level: The problemat this levelis how togeneratean equipment schedule
that matchesnail arrivals and to determire the optimal size and composition a permanent
workforce Supplemen issues include how to selettie bestarrival profile to use in trse
analyss and howto addessuncertainty in the demand while configug the workforce.
Equipment Schedulng: Zhang and Bard (2005tudied the equipment scheduling prohlem
The problemtook as the input th@averagearrival profile, whose selectiowas proposed in the



arrival prdile selection mode(Bard, 2004aandtried todetermine the optimal use of equipment
The problemwas modeled as an integer program arsliaogate shift covering constraimss
usedto capturdabor costgo provide a link to combine equipment with \fmrce scheduling.

Staff Scheduing: Jarrah et al. (1994b) were the first to ststhff scheduling problenThe
problem was modeled as an integer program that combined shift schedntingaysoff
scheduling in a unified mannefhese ideas were expandm Bard et al. (2003jith several
new featuresincorporated The staff schedulingproblem was to find the optimal size and
composition of a permanent workforce to meet the demand (generated from the equipment
schedulingandwas the kernel of tacticallanning

Arrival Profile Selection: Bard (2004a) studied the selection of the best arrival profile when
running the staff scheduling model. Because demand varied throughout the year, the choice of
the input data was crucial. If a week of low volume wasdied, the solution might call forth an
insufficient number of workers; if a week of high volume is chosen, excessive idle time might
resut.t.The selection of the best fAaverageo arriva
error approach to fohthe lowest volume whose slack is sufficient to cover all weeks of greater
volume without exceeding the guidelines for use @frbme, part timers and casuals.

Staff Scheduling with Down Grading: Bard (2004b) extended the staff schedule problem to
a muli-skilled workforce. Demand was specified by skill type, and in the downgrading analysis,
a person in a higher skill category could be assigned a job in a lower skill category, but at the
higher rate of pay. A mixethteger linear programming model for shproblem was developed
based on staffing requirements.

Stochastic Staff SchedulingBard et al. (200) extended the staff scheduling problem that
took demand uncertainty into consideration. They proposed astge stochastic integer
program with recowwe for the analysis. In the first stage, before the demand was known, the
number of employees was determined. In the second stage, demand was revealed and workers
were assigned to specific shifts over the week. When necessary, overtime and casual workers s

were used to satisfy the demand.

Operational Planning Level: The problemat this levelis how toadjust the equipmenand
employeescheduls to meet the service commitmeint the face of various disruptions such as

demand from normal and employee abseista



Staff Scheduing under Disruptions: Bard and Wan (2005) studietthe weekly staff
scheduling probleninder disruptionsThe problem here was how to adjust employee schedules
by overtime assignment, slight modification of employee configuration ssichceeasing the
number of partime hours, and calling in temporary workers in responsa tgpdateddemand
(geneated from equipment schedul@derdisruption)

Equipment Scheduling under Disruptions: Zhang et al (2007) studied the equipment
schedulingunder disruptionsind proposed an integer program for the analy$ise modeltook
as input thdorecastarrival profile and workforce and atterepito make the optimahdjustnens
to equipmentand staffscheduls to meet processing commitmeiithe modelwas solved for
each day of theomingweek Several analyss were conducted to evaluate #féects ofthe use

of overtimeandthe controlling of absenteeism.

Staff Scheduling with Movement Restriction: Bard and Wan (2008gter extended the
weekly staff shedulingproblemunder disruptionso a multiskilled workforcewhen movement
restrictions exist between workstation groupsnew model is proposed that integrates WSG
restrictions with the shift scheduling and task assignment constraints. The modehtakarm
of a largescale integer program and is solved with one of two decomposition heuristics.

Other Models: Several other studies have also rbgeoposedParticularly, Judice et al.
(2004) proposed an integer program for asleing and workforceproblemin thesefacilities.
Wang et al(2003) studied sequencing the processing of incoming mail in order to match a given
outbound truck delivery schedul®i and Bard (2006proposeda simulation and optimization

techniques to generate the staff reguonents.

In the following sections, we give more detailed descriptafriee four kernemodelsin
this framework, namelythe equipment scheduling model by Zhang and Bard (2005), the staff
scheduling model by Bard et gR003), the equipment schedule mbdnder disruptionby
Zhanget al.(2007), and the weekly workforce scheduling model by Bard and Wan (20G&)
arecurrently implemented ithe USPSand have brought millions of savings to the USPi&
focus here is to present the various aspegwstalstaff scheduhg problens as well as the role
equipment schedug plays in the management of demand for staff scheduthmoglels Much
technical and managerial insigist presentedvith latest results omignificant cost reduction

especiallywhenequipment and stafchedulingare modeled in an integrated manner.



3. The Staff Scheduling Model

The staff scheduling problert) finds the optimal size and composition ofa permanent
workforce and 2) construcs weekly tours for all employees that comply witmion and
contractual rules to satisfy a given demafioe earlier works by Berman and Larson (1983
Berman et al. (1997) on workforce configuration and overtime management onlyg serve
policy analysis at a strategic leyahdarenot sufficient fortactical planning purpose Malhotra
and Ritzman(1994)and Malhotra et al1992 areamong thdirst to consider theariousissues
faced by the postal service in schedulintexible workforceThe postal staff schedulingodel
presented hemnas firg studied by Jarrah et al. (1994b) and later finalizeBdog et al. (2003).

3.1 The Baseline Model for Siff Scheduling

The whole problem is divided into three components where thectrsiponent is the shift
scheduling.The shift scheduling problem heg with the definition of all the possible shifts for
both paritime and fulltime employees and concludes with the number of employees that should
be assigned to each shift to satisfy daily demaheé. second component of the weekly schedule
requires thespecification of days offThe optimal workforce size should be provided with
sufficient slack throughout the week to satisfy the days off requirement for each emplogyee.
last component of the weekly schedule is to accommodate lunchsfassigned tde within a
specific break window for each shift.

Forthe USPS, a full time worker works 8%z consecutive hours, which include -dnaif
lunch break. A pastimer, on the other hand, may be assigned to one of the many pdssite
shifts. All employees working more than 6 hours per day must be givéhreur lunch break.

The breaks arto beassigned between th& @nd the 19 periocs. Eachworker must be given
two days off preferably two consecutive daysairieast one Saturday or Sunday, p#rweek
Given these requirements, the baseline staff scheduling model staff can be modeled as a

integer program as follow3he following notation is wed in the development of model.

Indices
d index for the days of the weett=1 , é , 7

t index fortime periods duringaday= 1, €, 4 8

f index for the fullitime shift typesf=1 , &,

p index for the partime shift typesp =1 , &,



Parameters

prorated weekly cost of futime shiftf

prorated weekly cost of patitne shiftp

1 if full-time shift typef covers period; O otherwise
1 if parttime shift typep covers period; O otherwise
demand for periotion dayd

number of fulitime shifts

number of partime shifts

full-time to paritime labor ratio

Decision Variables

Xfd

Ypd

number of employees assigned to-tuthe shift typef on dayd
number of employees assigned to fiemie shift typep on dayd

total number of breaks in perioedn dayd
total number of fulitime employees needed for shift tyfpe

total number of paftime employees needed for shift type

The Staff Schedulingodel

n" n?

Minimize z= g c,w; +Q c,v,

f=1 p=1

subject to

F P

aGftde+aPptypd_bdt2de d= 1, é5 71, é, 48
f=1 p=1

F P

n n
w2 rav
f=1 p=1
1..7 _ F 2
w218 % f= 1né,
W, 2x,, f= 1n5éd= 1, é, 7

w7 /P
1 _
Vol sQ gy Year P=1, 8,

Vo2 Y, p=1, 85 d=1,.7

1C

D

)

©)

(4)
©)
(6)
(7)



w20, v,20, b,20, %420, y,20andinteger, tk, p,d (8

b, : modeled througmplicit modeling ofbreaks

The objective functiorfl) minimizes the total weekly cost of the workforc€onstraint
(2), assures that the net workforce is sufficient to cover the demand. The net workforce is the
total number of pastime and fulitime employees whose shift defions cover that specific
period, less those who have a break during that period. Ther liat modeled using a
methodology proposed by Bechtold and Jacobs (1€@0)details pleaseseethe Appendiy.
The G1 matrices G and P) filter out shifts that d not cover the period under consideration.
Constraint(3) limits the number of paitime employees.

Constraints(4) - (7) are used to calculate lower bounds on the number of workers
required to meet the daily demaridhe first of these boundk]l, is needeto assure that there is

enough coverage so that every worker can take two dayseoieek. Constraintg4) and (6)
correspond toL1, which equalstgd ::led for full-timers andig ;:lyfd for parttimers,

respectively. The second lower boun@®, is necessary to assure that a sufficient number of
workers exist to ceer the day with the highest demand. ConstrgB)tand(7) correspond t@.2,

which eqals max{x,:d= 1, é, 7 Himdsanmdmdx{y},:ld= 1, é, paftimdrsp r
respectively.

3.2 Extensions to Enforcefwo ConsecutiveDays Off

The most significanextension to the baseline modglthe additionof the requirement than
employee havéwo consecutivedays offin a week Alfares (1997)useda simpleapproach that
provided & exactiower boundW, on the size of the workfordbatallows two consecutivelays
off for each worker Alfares further proved that ér a (5,7)cyclic scheduling problem with
consecutive days off requiremerttse lower boundor shift typef can be calculated as follows.

Riax
3

B é el.! o
W =maxj (Mmaxy X)), & a X
| d=1 u

(9)

OO @
SR

where

R=axgz,i=1, é, 7R, |amax R

di "

and SI* is the complement of the set of 3 nonadjacent numbers givieabiel.
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Tablel: Set of 3 nonadjacent numbers and its complement

I S S’

1 {3,5,7} {1,2,4,6}
2 {1,4,6} {2,3,5,7}
3 {2,5,7} {1,3,4,6}
4 {1,3,6} {2,4,5,7}
5 {2,4,7} {1,3,5,6}
6 {1,3,5} {2,4,6,7}
7 {2,4,6} {1,3,5,7}

The first two terms ir{9) are the first and second lower bouridsi (7) in the baseline
model. As such, lhe addition of the following constraints will provide the third lower bound and

guarantee a schedule in which evenyployee can be given two consecutive days off.

w2 ldx, f=1 e i=1 ¢7 (10
di s
vzls =1, én,i=1 &7 (12)
2?38 Yo PL €N, =1, €7,
di s

3.3 Solution Frameworkand Results
The staff schedulingnodelis currentlybeingimplemented nationwide arshangedhe weay the
facility manages its workforcelhe model haslso beenadoptedfor various staffing policies
analysis To illustrate consider the followingwo policies:the first policy gives two days off
while thesecond givetwo consecutive days off.able2 shows he costsof these twdifferent
days offpolicies

Table2: Staffing resultgor differentdays offpolicies

Total cost| Number of | Number of | % consective

per week | full-timers | parttimers daysoff
Any two daysoff $ 96,280 101 25 68.9
Consecutivelaysoff $103,600 108 27 100
Increase 7.7% -- -- --

If an employee is giverany two days off rather than two consecutive days df,
dramaticdecreasge7.7%,in the costtan beobservedThough giving two consecutive days df

preferable to employeeshis result suggesta heavy price must be paifi such a policy is

12



adopted While this is not surprising, many organizations still folleuch costly practice~or
USPS, he staff schedling model provides a tool to perfortheseanaly®s and points out was/
to reducestaff budgetHowever,to reflect employee preferendége staff schedulingnodelhas
attemptedo assign as mamgmployeegwo consecutive days off as possiblée percerdges of
workers with two congcutive days offunder the two policiesare reportedundert he @A %

consecutival a y s coturhriindhe table

4. The Equipment SchedulingModel

Thoughthe staff schedulingproblemhas received much attention in fiterature the solution of

the equipment scheduling problemas not systematically studied until recentlihe earlier
models on the equipment side, the facility design mod€ldiyry et al. (1992Bard et al. (1993)
andJarrah et al. (199, did not directly addresthe interactionwith staff schedulingin these
models, staff requirementwere mostly of minor importancand were roughly estimated
However, this is not the case for taatiequipment scheduling where the purpose is to provide
an equipment scheduter use withstaff schedulingA new modelhas to bedevelopedandthis
modelis fully studiedin Zhang and Bard (2005

4.1 The Multi-Level Lot Sizing Model with Shift Covering Constraints
Upon arrival, a letteundergoes several operations before it ipatished early the next dafyor
letter processinghis procedure iglone in three major steps: 1) canceling the staropefexits
2) reading the destinaticeddressand identify it with a barcodeand 3) sorting the mail to its
final destination.The piocessing activities cabest be modeled as a mulevel lot sizing
problemwith additional shift covering constraintts capture the labor cost

The full mathematical model is presented below and the following notatimed in the

development of the nuel.

Indices

i,O indices for input and output mail streams
p, n indices for operations

m index for machine groups

t index for time periodsti T {13 ,4§

f indices for shifts

13



Sets

I, O input and output mail streams

M, M(n) all machine grops and machine groups capable of performing operation
N, N(m) all operations and operations performed by machine group

P(n) operations immediately preceding operation

[(n), O(n) input mail streams to and output mail stream from operation

T(n) periods during which operatiamcan be performed

T(i), T(0)  periods in which input mailis accepted or output streanms processed.

F shifts

Parameters

a (1) amount of external mail of streanarriving in period t;ti T(i)

q,,(t) number of machines available in groupn periodt

r. processing rate for operation

fon fraction of mail processed at predecessor operattbat is sent t@peratiomn
t, ¢ time required to start up or clear a machine

h, whether period lies within the start and end periods of shift not

r, number of employee required to run maem

Decision Variables

v, (t) inventory level of operation at the end of periog

w, (1) amount of mail processed for operatiohy machine groumin periodt; ti T(n)
Y. (D) number of machines devoted to operatidsy machine groumin periodt;ti T(n)
Zk (1) number of startups at the beginning of petiod T (n)

Zz2 (1) numbe of clearances at the end of pertodi T(n)

w; thenumber of workers assigned to shift

The mathemata model for equipment scheduling problem is as follows.

Vn(t' 1) + a Q(t) + a. é.fpnwmp(t 1)' - aNmn(t) Vn(g'

i) tim() m M(p) p P(n m M n

14
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Here, constrain{12) statesthatthe quantity of mail at the beginning of a period minus
those piecesprocessed durg the period should equal the ending invent@pnstraint(13)
ensiresthatthe workload devoted to mail processing plus the lost capacity due to startups and
clearanceshould not exceed ma c prodootich sapacity Constraint(14) defines the start
up and clearance activitiesd constrain(15) stipulateshat at any timgeriod the machines in
operation cannot be more than total machines avail@alestraint(16), which is referredo as
the shift covering constraintsnsures that the number of workers on duty in @mg period
should besufficient to match the number requestedperate the machines

Constraintq12) - (15), in essence, define a mdlgivel lot sizingmodelthat keeps track
of mail processingand machineactivities throughout the gaThe novelty of the model is the
introduction ofthe shift covering constrain(16). The addition ofthis constraintcaptures the
staffing cost in an equipment schedwed provides a link between equipmeahd staff

schedulingmodels

4.2 Solution Framework

Several criteria can be identified in the evaluation of an equipment sch€defest criterionis

to processll the mailarrivals during the dayand can be achied by minimizing the ending

inventory at the end of the day as follows.
Minimize g _ | V,(48)

The secondriterionis to minimize the number of shifts workersto process the mail

and can be stated as follows.

Minimize @ .. Q, . W«

15



This number ofull time shifts represents a surrogate for the daily staffing cost and is essential,
as we will see later, to the quality of solutidstained from staff scheduling.
To further refine the guipment schedule, a thiatiterion, to minimize a combination of

the number of startups and the weighted sum of working periods, is proposed.

Minimize § @ &.M+ a a@a.ory,w

n N miM( T niNm M p tT
The first term is the total number of startups. Mirmg thenumberof startups reduces the lost
capacityin which the mahines are switched on and offhe second term is a weighted sum of
working periods, which, when being minimized, will essentially push an operation to as late in
the operation windowsapossible. This implicitly serves to shorten the working intervals of an
operation, a quality preferred fgcility managers.

The problem is essentially a mudtiiteria mixed integeprogramand issolved using a
pre-emptive approachlo improve computain time, Zhang and Bard (2006) developad_P-
basedhree phaseuristic to solvesome of the difficulimnodels.The heuristic uses a LP solution
as a target and tries to find integer solutions as close as possible to dne s able to find

solutionsorders of magnitude faster than the standard branch ad bound algorithm

4.3 The Impact of Using of Equipment Schedule as a Demand Management Tool
Equipment scheduling serves as a frentl tostaff schedulingand as we will seeis critical to
the final solutionobtained fromthe staff schedulingnodel To demonstrate the importance of

equipment scheduling, two significant results are summarized below.
4.3.1 The Use of Shift Covering Constraint as the Surrogate for Staffing Cost

The key component in ¢hequipment schedulingodelis the use of a surrogate for labor costs
through the use of shift covering constrairits.see the effect aiddingthis constraintTable3
reports the optimal staffing cosds wellas the numberof full-timer and partimer imposed by

equipment schedud¢hatareobtainedwith and withoutthe shift covering constraints.

Table3. Costs from staff scheduling with and withotite shift coveringconstraint

Perfamance measure Weeklycost Full-timers  Parttimers
Without Shift Covering Constraint| $135,928 108 27
With Shift Covering Constraint $127,018 101 25
Reduction 6.4% - -

16



As we can see, a reduction of 6.4% in staffing costs was achieved fradubkzh
generated with shift covering constraints compared to the one without shift covering constraints.
Because all parameters were set the same, this difference was caused only by the demand of
workers imposed by the equipment schedule. This resultycamonstrates the importance of
the shift covering constrairgnd allowsthe equipment and staff scheduling be solved in an

integrated manner.

4.3.2 The Existence of Equipment Schedule as a Demand Management Tool

The importance ofequipment schedulg in the frameworkcan bedemonstratedby comparing

the staffing costs associated with a schedule genefaigdthe proposedptimizationapproach

and one generatdtbm the rule of thumlrom the facilities.To show this, he staffing cos as

well asthe numbes of full-time and partime workersin these twacase, are reported ifable4.
Table4: Costsfrom optimization and from rule of thumb

Performance measure | \weekly Cost Full-timer Parttimer
Rule of thumb $208,221 162 40
Optimization approach $144,544 112 28
Reduction 44% - -

As we can see, striking reductionof 44% in staffing costcan be achieved frorthe
equipment schedule generated through the optimization approaclarenhip the rule of thumb
schedule From another angle, equipment scheduling serves as a demand manageiribat
smoothes thaelemandof workersto staff schedulingand leads to better staff solutionghe
optimization of equipment schedh provides amost direct way tachieve cost reductionf

only 50% of the benefits are realized, roughly $1.6 milliosavings per facility can be achieved.

The arrival profile in theequipment schedulingmodelrepresentshe average valueas
doesthe demand foworkers used in the staff scheduling modelrealty, the arrival profiles
could change dramatically from month to month and from week to,eegrenderthe optimal
schedule from the tactical modatseasible let along optimal Re-planning isnecesaryandthis
calls for solution of the operational scheduling proldemthe equipmentschedulingproblem

under disruptionand theworkforceschedulingoroblem under disruptions

5. The Equipment SchedulingModel Under Disruption
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The equipment schedulingiodel under disruptionZhang et al. 200) was developed to
schedule theequipmentbased on forecast demand amdployee absenteeais The solution to
this problem requirean evermore intimate optimization of equipment and workfobeeause
lunch breaks ah overtime assignment which can be ignored in the&actical equipment
schedulingnode| have to be considered here in a short teperational planninghodel.

5.1 Mathematical Model
The mathematical model of the equipment schedulimder disruptiorproblem is composed of
threemodules Each module deals with a different aspect of the problEme first one is the
equipment schedulingr lot sizingmodule that keeptrack of themail processingand machine
activities. The second one is the shschedulingand overtime managememtodule that
addresses the assignment of overtimenployeesand the third one is the break assignment
module thabccommodates lunch brestio be assigned within a break window.

Besides the notation used in the developmerthefequipment scheduling model, the
following additional notation is used.
Indices
S indices for shifts (with overtime)
Sets
S(f) set of shifts where employee working on shdan take (with overtime)
Parameter
Nt number of employees scheduled to wonksbiftf on a day
Decision Variables

Xs number of employees assigned to overtime shigf S f), fi F

w,  number ofcasuaworkersto work on shifts, si S ), fi F

S

b, number of breaks in peridd

The full mathematical modébr the equipment scheduling model under disrupson

presented below.
Equipment Scheduling Moduleonstraintg12) - (15)

ShiftScheduling and Overtimdanagement Module
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a anv.me & ax.+ a hdv, b "tiT (18)

i N(m) mi M( D fiFsi® ¥ fiFs @)f
a x=n "fIF (19
d S

Break Assignment Module, is modeledhere

Constraint(18) states that the total numbef active shifts should be adequate to cover
the requirement of workers to run the machiriess essentially the shift covering constraint
defined earlier, but with the inclusion shifts for part timers andalledin casualworkers and
with the deduaon of number of breaks initiated in the peridbnstrain(19) states that exactly
n; employees, who were assigned to shiftan be assigned tbe overtime shifts assgated with
shift f. In addition the following constraint is necessary to modelftha that the total overtime

cannot exceed a certain percentage, currently set at 6%, of the total work hours.

é. a Ofsxfs ¢ 006 afnf (20)

fiFsisf) fiF

Here, |, the length of a standard full time shift ang is the number of overtime peds in

overtime shifts with respect to standard shifcomputed a®, =1, 4, wherel.is the length of

S

the overtime shift si g f) andl, isthe length of theriginal shift .

5.2 Solution Frameworkand Results

The objectives here arg) to minimize the ending inventqr) to minimize the overtimand
casuakoss, and 3)to minimize a combination of the number of startups and the weighted sum
of working periods.While the first andhethird objectivearedefined earlierthe second

objectivecanbe written agollows

a acx+t a aww,

fiFsig f) fiFsi® j
wherecs is the overtime cost of extendirag employeés standard shift to overtime shitand
C, is the cost of a calh casual that workon shifts. The first term represesithe overtime cost
while the second term represents the cost of catlethsuals.The modelis solvedusing a
preemptive approackimilar to thetacticalequipmenschedulingand therefore is not presented.
Several experiments have been condudtedain any managerial insighésid some of

the most significant results are summarized here.
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Absenteeism: A basic question is how much absenteeism can affecobvbgime and casual
cosk. Table5 reports theecoss under different absenteeism rati0%, 3%, 6%, 9%, 12%, 15%,
18%, and 21%The % increase roweportsthe percentage increase of overtime sasiderthe
current raib against thatinderthe previousne

Table5: Weekly andannualovertimecosts

Ratio 0% 3% 6% 9% 12% 15% 18% 21%
Cost (Yea) |29,777| 48,874| 65,486 | 86,807 | 118,397| 136,203| 168,931| 187,481
% Increase -- 64.1% | 340% | 326% | 364% | 150% | 240% | 10.1%

The existence of absenteeism destroys the optimal staff schedlulas such, overtime
and casuals have tme used to complemerd@ wo r k e r Gasd tesntaimteaird thel werkforce
size This is not surprisinghowever,this result suggestthat asignificantincrease irovertime
costoccus when absenteeism increadesr examplewhen theabsenteeisnncreases fron6%
to 21%, the cost almost triples from $65,486 to $187,48This suggestresearch ormpolicies

and studies to lowehe absemeism couldead totens of millions of financial savings for USPS

Overtime Usage The impat of overtime usage is shownTable6 where the overtime costs
under various overtime ratios are presenittste, the Bsenteeism ratio is fixed at 12%

Table6: Cost undepvertimeratio

Overtime Ratio 0% 3% 6% 9%
Annual Cost 182,247| 124,907| 124,801| 123,241
Decrease -- 31.5% | 0.08% | 1.25%

This result clearly demonstrates #igectivenessof overime. When the overtime ratis
increasedrom 0% to 3%, cost reductioof 31.5%is observedThe use of overtimécreases
worker efficiency, eliminate unnecessary callad workers and could sharplyreducethe costs

incurredin the face of uncertaintynd disruptionsas observelly Easton and Goodale (2005).

The equipment schedulinghder disruptionmodel is solved for each day of the week,and
as suchcamot modelovertime requirementsuch as the total number of over time hours or days
that are imposd onaweekly basisThese issues aleeing taken into consideratiam the weekly

staff scheduling modeinder disruption
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6. The Weekly Staff ScheduléMlodel under Disruption
Theweekly staff scheduling problemander disruptions studied by Bard and Wa&(05).This
model is designed to make weekly assignmani$ overtime assignmetd the staff schedule
based on a forecast demdndthe coming week

The following notation is used in the development of the moBet. conciseness,
notationinherited fromthe staff scheduling modslch as indiced to represent the days of the

week t to represent time period of a day, and demandfor each period in a daareomitted

Indices
k index for fulktime and partime regular employeek,i K®
S index for shifts associated with thel timer or part timersi Sk, d); for casualss =
1, &5
Parameters

cost when regular employ&evorks shifts on dayd
cost of partime shiftson dayd
penalty overtime hourly rate for regular emplokee
cost of casual shift type
1 if shift son dayd covers period for employeek; O otherwise
1 if part-time shift type covers period for employeek; 0 otherwise
1 if casual shift typs covers period; O otherwise
I length of partime shifts
amount of overtime associatedth shift sfor employeek

PDmin  minimum number of days per week that must be assigned to a PTF (= 2)
PDmax maximum number of days per week that can be assigned to a PTF (= 6)
PHnin - minimum number of hours per week that must be assigned to a PTF (= 15)

PHmax maximum number of hours per week that can be assigned to a PTF (= 39)

KR set of fulltime and partime regular employees
K- set of partime flexible employees
W(k) set of days employdeis scheduled to work as defined by his or her bid job
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