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5 The present invention relates to systens for rostering to asgsign
personnel of an organization to performtasks. In particul ar,’s?’%l’s

invention relates to a system nethod asd product for rost g i
genetic algorithnms. Background of the Invention 10 An organmimmmmmW,lllng a
| ar ge nunmber of personnel with simlar or different roles typica Y
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associated with the individu e %Ji) itionally, rostering is
performed manually and this ijé@moérgiadﬁi‘ qﬁ“ﬁﬁﬁérsons to determ ne how
various tasks and assignnents are 15 all ocated to appropriate individuals.
Persons involve with rostering require know edge of paraneters such as

availability and skill |evels of §8 of AITH in the organi zation.
However, manual rostering has proEFeeng {i‘%at ng#gdnl npossi ble or tedious to

resol ve séich as wi&a psssentrinventidn adlateempuystess farrostedhpgasigh passighont or
cannot perform a task becau%e of .sickness. or ] ack uisite skills. 20

of r
Wth devel opfBREEAIRH ERTORP LSBT Ry 25AhIsdBYPRaR Il RAWER gor | t hs
provide an | ERUREMRGNR 4 fodQiflhl _etg@ilgéﬂitﬂﬂr%. for tasks that deal

wi th various paraneters such as sche Ing. Fn genetic algorithns, each
gene typically represents one solution paranmeter and a chronosone has one

or o geries hal are encoded 1o A S R L U SO
BBN Cor papation, desehhtieftionhaliBadu@e ndfBe! éfperdhS it dnsiaheditkRe: syst em
that creates genones using cost factors and weight settings to produce
initial genoness tyntealle mayite regerp tpnassigpardividugpta sticheoles élhbgm diféerent
shifts. These rosters need to be optimized according to constraints associated with
the individuals or the roles. Traditionally, rostering is performed manually and this
requires one or more persons to determine how various tasks and assignments are
156  allocated to appropriate individuals. Persons involve with rostering require
knowledge of parameters such as availability and skill levels of each individual in
the organization. However, manual rostering has problems that are impossible or
tedious to resolve such as when an individual requests for a change of assignment or
cannot perform a task because of sickness or lack of requisite skills.
20
With developments in electronic computing and software, genetic algorithms
provide an improved technique to optimize solutions for tasks that deal with various
parameters such as scheduling. In genetic algorithms, each gene typically represents
one solution parameter and a chromosome has one or more genes that are encoded to
25  represent the various solution parameters. For example, US Patent 5,848,403
Gabriner et al., assigned to BBN Corporation, describes an improved genetic
algorithm scheduling system that creates genomes using cost factors and weight

settings to produce initial genomes that encode at least partly optimized schedules.



2 However, rostering is different fromthe scheduling systemdescribed in
. US Patent 5,848,403 Gabriner et al. In scheduling, the duration of each
task is given and resource and tenporal constraints are al so known. The
mai n obj ective of scheduling is to find a start tine for every task and,
‘typically at the same tinme, to allocate Broper 5 resources for the task as
well. Often, the main objective requires“total costs to be mnimzed. In
rostering, an organi zation needs round-the-clock coverage of tasks and the
obj ective of rost Eowisyen ostasingdsdiffigrenpEemfthe sehedulinghyatem describaddn U ns
perform ng apl, f i - -cl.ock. ¢ rage .l ncl udes
organi zat i onls)llﬂseﬁtf: S%ég?&f %g&édxegrgr%@?{csﬁ%%dﬁp ﬁg’(:tfégr]gl’ufci !é%l} ?ﬁalg}\é%&gse I\VF%%ndges ks

of public ut idsbiye andrepaipoes copdlaimtearantio knbwea. Tiepaninradjdcsive BEfoheduliplganni ng,
a roster planner st be gi ven paraneters sych as a roster period, task
and shift spSdPingasiahime foreystydas Rially e ferge Hmgotoalostle BFPST usi ng

a shift |4st Qpued R fle A&k apc:aﬂ[lﬁ OMehlihB nﬂali ?Q%i@4§ red AR dolfs t%?e

paraneters. Thus, rostering relates to s distribution as we and this
is nore thanmipimstedcontrolling tinme for perfornmng tasks as required in
scheduling. A roster seeks to balance staff wthin constraints set by the

paraneters. In so i nstances, rosterin may..haye.to _acco at e .ot her
constraints due tg{a ]i'olsi%f’%’cﬁ?acfrg?)r}l@%é’f’@ﬁ%(ggfu%%glﬁﬁ’xq%?verﬁﬁ%lgg@%slaé? |%I“1 ty. 20
Genetic al gobbjektiNe cI6stets@List®aipndpbcifi® iddfaludlP&ltakd MehssRHeihRBs Ikased
upon the principles of natural evolution, which depends substantially on

fitness. 19n af dytist Bichdgurd,heetadkposeraghivalugenereprizatiogs spehassforsol uti on of

a problemis i W iy . Kk
s e gene, | § CEBiEMaldca HIARDRATE: SR ML WJio] Al R R PO
al gori t hns ofies ddpartorents. Peford plhnring, afrostacslaiedr msl b gioaSparamelarssuols es i n

a selection-reproduction evalution cycle. The first _generation_of a
sel ect i on- r epreYRIACTodh akAndshhsnegiicalionsnd irester goperglly detyess aghorky andond y

gorer e 0, TSR e bty LG A i Shay Vg blhages LY,

15  parameters. Thus, rostering relates to shift distribution as well and this is more than
just controlling time for performing tasks as required in scheduling. A roster seeks to
balance staff within constraints set by the parameters. In some instances, rostering
may have to accommodate other constraints due to individual preferences, capability
and availability.

20

Genetic algorithms are used to obtain optimal rostering solutions based upon

the principles of natural evolution, which depends substantially on fitness. In a
rostering system based upon genetic algorithms, solution of a problem is encoded in
a chromosome. Each unit of the chromosome, known as a gene, is a variable with a

25  defined range of values. Genetic algorithms operate on a population of encoded
solutions or chromosomes in a selection-reproduction evolution cycle. The first
generation of a selection-reproduction evolution cycle consists of a number of
randomly generated chromosomes, which are selected according to a fitness quality.
Selected fit members of the first generation are put into a mating pool for

30 reproduction from which a new generation is derived by combining (crossover) or

altering (mutating) genes among individuals within the population. The selection-



30 reproduction fromwhich a new generation is derived by conbining

. (crossover) or altering (rmutating) genes anong individuals within the
popul ati on. The selection 3 reproduction evolution cycle repeats until an
optimal solution is found or after a nunber of predeterm ned evol ution
“cycles. Genetic algorithns are useful in _solving nmany real world problens.
However, 5 a prelimnary condition that 3 eads to a successful application
of genetic algorithns is that solution space of the problem being

addr essed nuseprbéuctins euedtion cyrde repbatomatd aneptimiat solutiorein fguddirafttengt h. A

chronmosone is typically denoted usin Ck, where k = 1to Z,/ and Z

denot es poquﬁF%Bﬁo rﬁéﬂmﬁﬁﬁﬁﬁﬁﬁlﬁﬁﬁgﬁﬂ%&can have LC genes such that Ck=
(gk,1, gk,2, gk,3; gk,4, gk,Lc-1, gk,Lc) 10 Typically, in nodeling genes

for existing genetic algorithnms systens, a chronosone (Ck) represents a

sol ution and a gerfeencikplgonitharsarg usefitlon balying epang gealtveoridproblemyedowerert hat
solution. _.In _this deling, t el.enent can.have. X.val pes, .each..val.ue
bei ng st abi Ao IR fion B GUS KR dhnet BV Gichud b ey RPue i 5
rostering 15 tit@blu€ioh spute of Biegnébleth baingAdlREsed Phitt bOBndwddd Bsin@ shift with
variations according to_.a tine perjod such as a day shift, a night shift
or a non- wor lEhrgnesames withgdpanageadleleagthodchygyesoms ig pipigal depoted using, o

roster perio in j iy j i i.tthnms to
oster | hese anPRRek D8 S kidz a9RR (IBHGHOTRa TR AEREKL fe BuiC)

per nut at i ons geseshsugle thaCOgrs Gy eRs by ga@, 9gRe-1IMRy.)have a |arge nunber of

val ues that dramatically increase a solution space and significantly slow

down evol'tionary cycles. One solution to this problemis to use predefined

shift patterns to ]??Iﬂ:;aﬁyﬁh lmcﬁf@iiﬁ%%&%‘é R34t egs:tiggge%éfn@%gﬁ%ws&ﬂssa not

possi bl e as sone tsS cannot pre- er of shift
per mut at i ons chanmaspinel(Careprgsgnts a Butieereadal depe (@ori wherai1rtodicg répnesesty st ens

usi ng genetic alqgorit t. nmoye,.conpl.ex en the nynber, of sol ufion

bar aneters. | epittg oEfa Hiioh tnisToRRRe FemsreBtnch oS neth

Conput at i onalyaRRMRIstdtitalyfdph@EntbMBY 838188 oMIREehé §%8 example, in a rostering
15  problem, an element of a roster solution can be a shift with variations according to a

time period such as a day shift, a night shift or a non-working shift.

There are numerous ways to arrange shifts in a roster period. Applying static
gene modeling using genetic algorithms to roster these shifts may not be feasible
20  when the total number of permutations is huge. Consequently, a gene may have a
large number of values that dramatically increase a solution space and significantly
slow down evolutionary cycles. One solution to this problem is to use predefined
shift patterns to store all shift permutations. However, this is not possible as some
shifts cannot be pre-defined and the number of shift permutations can still be huge.
25
Generally, existing rostering systems using genetic algorithms get more
complex when the number of solution parameters increases and this increases the
length of chromosomes. Computational complexity further increases when these
solution parameters have varying values that further increase the solution space.
30  When chromosomes exceed a manageable length in such existing rostering systems,

it becomes unfeasible to provide optimal roster solutions.



sol ution paraneters have varying values that further increase the solution
space. 30 Wien chronpbsones exceed a manageabl e | ength in such existing
rostering systens, it beconmes unfeasible to provide optinal roster
solutions. 4 Therefore, a need clearly exists for a genetic algorithns
‘rostering system nethod and product to search for optinmal roster solutions
in situations with large solution space§ that require | engthy chronosones
t hat cannot be nmanaged by 5 existing rostering systens. Summary of the

| nvention The present invention seeks to provide a genetic algorithns

rostering system ..a nethod, .and .a product conprjsing conputer usable
medi um having a cgrli‘ﬁ{??(gﬁc’ ﬁbéesrcgeﬁflﬁﬁgpbggﬁﬁgﬁlefn;ﬁé‘lgé DIOS|5FBE &y user
i nput i nf or MadtRsY 414 Prb@uct @SécaFchT8r optifedl 868tdr@oRBibhy B skub@slsSritARSRRCI at ed
with one or nore individuals. Accordingly, in one aspect, the present

i nventi on pr éoluties spacevthpbrenige lepgthy shronoseniesithohcagooiche mardggdby t hns, t he

rostering.sy conprising. 15 at | east one storage nedium and a
rosteri ngsenae}(ﬁ{ep?gEoggeﬁngéyg(e)mf'he at | east one storage nedium the

rostering engi ne being adapted to performgenetic al gorithmevolution on an
initial shift list matrix havi nguafBafy of Mk Invdiitich | i sts to thereby derive
a roster, 20 the genetic algorithm evol ution being based upon dynam c
adj usti ng fact or s, Thegaeshnidhvention dgakate proaitfiersgenetic 4lgertitbms roséning system,
respectivelyaas§ﬁc&algd m&}hteach..of t he shiﬁh Ii?ts. | n_anot her, aspect,
the present iPAUERTTGRY BPEAUSEECTRTILE GORIRULTTUSIPIE Iep il haydngia CompYlRl,
geneti c abgorprédinm, recordel thedoh €t pPERENHS 1988 inpBCinforaidition by ity 1defetian t o
derive a roster associated with one or nore individuals, the nethod
conpri si ng t fEstemdp detaye a foster psgpeiated gvitpnedr mage ingkyidals.i st matrix, the
initial shift list matrix having one or nore shift lists respectively
associated wth the one or nore individuals; and

Accordingly, in one aspect, the present invention provides a rostering system

based upon genetic algorithms, the rostering system comprising:
15 at least one storage medium;
and
a rostering engine, coupled to the at least one storage medium, the
rostering engine being adapted to perform genetic algorithm evolution on an
initial shift list matrix having one or more shift lists to thereby derive a roster,
20 the genetic algorithm evolution being based upon dynamic adjusting factors,
each of the dynamic adjusting factors being respectively associated with each

of the shift lists.

In another aspect, the present invention provides, in a rostering system based
25  upon genetic algorithms, a method for processing user input information to derive a
roster associated with one or more individuals, the method comprising the steps of:
initializing an initial shift list matrix, the initial shift list matrix having one
or more shift lists respectively associated with the one or more individuals;
and
30 performing genetic algorithm evolution of the initial shift list matrix based
upon dynamic adjusting factors, each of the dynamic adjusting factors being

respectively associated with each of the shift lists.



30 perform ng genetic algorithmevolution of the initial shift list matrix
based upon dynam c adjusting factors, each of the dynam c adjusting
factors being respectively associated with each of the shift lists. 5 1In
still another aspect, the present invention provides a product conprising
‘conput er usabl e medi um having a conputer program recorded thereon for
processing user input information to deriPve a roster associated with one or
nore 5 individuals, the product conprising: conputer program code neans
for initializing an initial shift list matrix, the initial shift |ist
matri x having one or .nore shift |jists respectively associated wih the one
or nore individuaf® ?tﬂgoﬂaﬁh?(ﬁlsﬁe&ﬁﬁ %rlﬁseﬁ'f F%%%waéldﬁﬁﬁﬁ@@ﬂrCOm@’&Sm ng
genetic al goebﬁlbaﬂeﬁuﬁwm@mumq{avin?% dofdputedpréthrh tredor®dd tH&ksA forbased upon
dynam ¢ adjusting factors, each o thé dynam c adjusting factors being

respect i vel y presseringusstinput infarmationto darive agpsten associated with oBe oemoBescri pti on
of the Draw r ; e ient of the present invention shall now
511 U Ruls hehial ol

be nore fully exanple, with reference to the draw ngs

of which: FIG 1 iscanpeugspg@nododa nivahs for inigaliAsei mitiadshifflisamaahd e
having shift lists K 20 for a raqster, period. FIG illustrates a functional

.20 for 2
bl ock di agram of &nifialshif listgnaltis haying enser mewe e} Usts regpectivplrasiosialide or dance

with the present i LWan, Fla -3 jllustrates dynamc shifting of a
shift list by the@@%Pﬁ%&“@é&%‘}e‘%b@afsn G 2 based upon different dynamic

shifting factors; Fhfd 4 illustrates dynamc shifting of a shift list with

partial f1i0xed S¢ hedg(l)lgplggr prggr%mrc%sdg (rar{elagsg fo?‘%g;fgrnﬁlligg geFrlle%c aféori%?m t?:volution
of the initial shift list matrix based upon dynamic adjusting factors, each of
the dynamic adjusting factors being respectively associated with each of the

shift lists.

15 Brief Description of the Drawings
A preferred embodiment of the present invention shall now be more fully

described, by way of example, with reference to the drawings of which:

FIG. 1 is an example of a matrix representation of a roster having shift lists

20 for aroster period.

FIG. 2 illustrates a functional block diagram of a rostering system using

genetic algorithms in accordance with the present invention;

25 FIG. 3 illustrates dynamic shifting of a shift list by the rostering system of
FIG. 2 based upon different dynamic shifting factors;

FIG. 4 illustrates dynamic shifting of a shift list with partial fixed schedule by
the rostering system of FIG. 2;
30



FIG 5 illustrates swapping of two individual shifts in a shift list of an
-individual by the rostering systemof FIG 2 based upon different dynamc
swapping factors; 5 FIG 6 is a flowhart of a nmethod for deriving a
roster using the rostering systemof FIG 2; FIG 7 is a flowhart
illustrating details of dynamcally shifting by the rostering system of
FIG 2; 10 FIG 8 is a graph show ng fitess i nprovenents of the roster
during dynam c shiftin? in the nethod of FIG 6; FIG 9 is a graph show ng
fitness inprovemedls. dillusirates M@mﬁngnfrtwpgndiﬂdusl\mming shift istof aet hod of

Cteps of e MRERBIRE BB RESiieR of IS CABiHE g Bt S PHE Shbonite

Description @ictélde Drawi ngs A rostering system based upon genetic
al gorithns, a nethod, and a product conprising conputer usable medium
havi ng a conputer programrecor ded thereon for processing user input

informatign by th oste r|v 0 ted w th one
or nore |§d| Vi dual%éé ?%S%%@g? ance étﬁ?’ldj rSF ﬁg gstterr}gbn&tﬁ%ms 98 of the
invention, argste@eEFiGer). I n the follow ng description, details are
provided to describe the preferred enbodinent. It shall be apparent to one

skilled in the art, however, that the invention nay be practiced W t hout

such details. Somggfs Wﬁ@w&mlﬂ;&mﬁﬁﬁgdwﬁsch#g,ggﬁ%a&g%ﬁlfeﬁ length so

as not to obscure the invention re are anta of the

pref erred entrodenmendysiem ¢ffdG. Byenti on. One advantage is that the preferred
enbodi nent applies a novel dynam c gene nodeling nethod using dynam c

adj ustin Ofactors that enabl es chronpsones to be reduced si gnificantly in

l'ength. These chr g1Bs9Ese@pesHoWiAE BthelLCindtb¥dmdntsSdiShd Rster during dynamic
shifting in the method of FIG. 6;

FIG. 9 is a graph showing fitness improvements of the roster during

15  swapping in the method of FIG. 6; and

FIG. 10 is an example of a computer system for executing the steps of the

method of FIG. 6 when stored in a product.

20 Detailed Description of the Drawings
A rostering system based upon genetic algorithms, a method, and a product
comprising computer usable medium having a computer program recorded thereon
for processing user input information by the rostering system to derive a roster
associated with one or more individuals, in accordance with a preferred embodiment

25  of the invention, are described.

In the following description, details are provided to describe the preferred
embodiment. It shall be apparent to one skilled in the art, however, that the invention
may be practiced without such details. Some of these details may not be described at

30 length so as not to obscure the invention.



5 rostering of individuals. Wth a significant reduction in |ength of the

. chronmosones, it then becones feasible to use GA evolution to search for
optimal or new optimal roster solutions. Consequently, the preferred
enbodi ment enabl es such chronosones to be processed unlike static genetic
‘nodel i ng methods in existing rostering systens in which genes are used to
represent individual solution paraneters./ 10 Anot her advantage is that
rostering in the preferred enbodi nent bal ances various shifts at different
level s in the hiefaerchye manpadwantgges ofthé prefarsdemtiodgnens of thefifreméng.

requi renents of the indi rlous hlft EJSuch .rostering goes

boyond nor el Qnseﬂmfrs%@,ﬁ?ﬂﬂw RefRledeipeteR SRR A s Haif 81 5"V

anot her advagiocdgkn dg fethlda tusinh Ay RérBicadBEnE R 1HBINdnaBRE tRloaRSomesihdel N to
not only neet hard constraints but to satisfy soft constraints as best as

possi bl e.  Tyasiueed signifisyrtly in densth- dhateschaoraosenies @(ﬂfl‘pla&qdetﬁtshsﬁ kg fosfied in

exi sting gos equire
ot bt T B AU G B BEDBRERLOAS, 22,
enbodi ment, &endeporhed feadible 1O SEBA cvslutise e archifor eptianglloahyw@bgmal zati on in
whi ch |nd|V|duaIs are rqostered for, a tjne erlgd accordlng to various

1

shifts in a &REraAWgeH &oussayenibo themeierred pmppdimsphenables guchclepmesomes Such
25 i ndi vi dua

restricti onskoz?@%@isg%%aﬂgkgg ?tl%%g%t[]g{r{%%?lgg exter nafﬁ?n@o?téﬁg%gs% public
hol i days or i wkithgsnesfare tifeents edpressnindivivial sohaidngmaganegeraf f ect rostering of
the various shifts. These different requirenents and external factors are
typi cal df nost organi zations. Hence, it is to be noted that the invention
i's not restricted An%tHeP§d¢lﬂ§a%leH@ﬂhaﬁ‘%&'eﬁﬂé‘ﬂﬁﬁ%pé?er%s&ﬁﬁo%ﬂedt'?oalaﬁ@est he
preferred enbodinent. 8 Referring now to , an exanple of a matrix

r epr esent at i garigfs shiftsod differaro lévals lngheahlptlamhaqu ey organighiién adcputing foor a

roster peri list. 12 ted as

Conert o o nogifiret «ERgleis g i BRlsl o it sifls SRF BFTHEE BB 2, ar 1 s

beyond merely scheduling the individuals for the various shifts.

15
Yet another advantage is that the preferred embodiment optimizes rostering
to not only meet hard constraints but to satisfy soft constraints as best as possible.
Typically, soft constraints are not sufficiently satisfied in existing rostering systems
as accounting for such soft constraints require complex computing hardware and

20  software.

In describing the preferred embodiment, a hospital environment is used as an
exemplary organization in which individuals are rostered for a time period according
to various shifts in a day and depending upon their skill levels and experience. Such

25 individuals have different requirements, such as annual leave or restrictions of
working hours. Furthermore, external factors such as public holidays or sickness of
themselves or their colleagues affect rostering of the various shifts. These different
requirements and external factors are typical of most organizations. Hence, it is to be
noted that the invention is not restricted to the hospital environment as described in

30 the preferred embodiment.



froma first day 14 to an nth day 16. O her than days, n can also be of a
different tinme 5 unit depending upon the roster period that is required.
Each of the shift lists 12 corresponds to a workload of an individual
staff in the roster period. The total nunber of shift lists in the roster
10 corresponds to the total nunber of st§ff, which is represented by "ni.
Each cell 18 in the roster 10 represents®a shift that is perforned by a
staff on a particular day. 10 This specification refers to ternms such as
“wor kl oad' and ° sRieferring Bew to Fiadean exanmple af emelriy tepresentiiidnoafa rasteokt er i s
typically degjv [ S peral ly. in.a.fir hase.,of . RPhase 1,
wor k|l oad andhé 1§$ f pgusrél:l,\gr?ﬁegﬁﬁ q}Stss tgg erm é%c.’d %I} %ygé%ghrog‘fné?‘sShtl%h%T ﬁlg Bmount

of work to béndiewel 43y genafioeangile Gﬂthﬁglurélhysﬁﬁlﬁftim&t TRERSter PoYidd aatk refers
to the nunber of staff and tqfal nunber of work shifts required in each

team or at edO afistdey bhiamet edayoionPthasdhar daxs naspatsade of adifferent thpe
provi ded. ; Af r j s i iNg is
determ neE(’j i %ﬁ%dﬁgﬁ% ‘lﬁrﬁ’g?g’: rg?@@ﬁﬁo@%ﬂ% qérﬁe r%%saglzp Hh%g@i?ﬁgl?}s@%i%qo vari ous
wor k sites ocotrespahdsans warkloaé ofjawindedduah staffrin tiel rostaymrd. The @eali zat | onal
hi erarchy. For exa e, ..in_the hospital environpent, a staf rse .is
assigned to PRI eé‘fsketrﬁ9§9¥;{ﬁp8ﬁd%ﬁ9tg§}°€ﬂ!’b}a’?’8€ b
jth-ward may havenied dyerdl Ehabl 28 thahestGa® tefrelintd AHiR %Mpe‘?ﬁﬁ‘ﬁeé ever al
teans. 25 Wirkload and staff assignnent can be very conplex and is not

easi |y aut obriasthif athi paitisulpedayuse bot h technical factors, such as workl oad
balance,1§nd social factors such as governnent | egislation and various
staffing constraints have to be taken into account. For exanpl e,

governnent | egi sl ghisapedTBiyatitirefeld t0MerhRSHEH Ad*vorkloadh and r iHift Miad ETHRE ween
sexes, races or disabilities. As for staffing constraints, the 30 workl oad

and staff asé$yrgvusentlasfigslbadowr ef erably consi der human factors such as
staff experience and willingness to work in specific groups. Cenerally,
conputers 9 have a problemw th trying to convert such human factors into
rul es, especial | y AMister id thpicllBcdsived iBid pigiséd. Gea&ally,Sn adire phasial or

pol i ti Cal15t h%rllla;[eel(,:bvrc])irk(igald' an-lcihsltjasff asisitgnrinsent is determined. Workload refers to the amount
of work to be done by a group of staff. In some instances, workload refers to the
number of staff and total number of work shifts required in each team or at each
location where round-the-clock coverage services are provided. After the workload
has been determined, shift balancing is determined in a second phase or Phase II. The
20 staff assigned to various work sites or locations may be grouped in a multi-layered
organizational hierarchy. For example, in the hospital environment, a staff nurse is

assigned to an i"-team under a k™-station in a j™-ward, where the j"-ward may have

several stations, and each k™-station may have several teams.

25 Workload and staff assignment can be very complex and is not easily
automated. This is because both technical factors, such as workload balance, and
social factors such as government legislation and various staffing constraints have to
be taken into account. For example, government legislation may not allow rostering
to discriminate between sexes, races or disabilities. As for staffing constraints, the

30 workload and staff assignment should preferably consider human factors such as

staff experience and willingness to work in specific groups. Generally, computers



desirabl e and acceptable to manually performcertain tasks such as defining
- wor kl oad, working hours, nunber of work shifts, organizing team nenbers
while 5 | eaving conpl ex cal culations for deriving an optinmal roster to
conput er processors. To achieve the optimal roster, the total nunber of
‘avai l abl e staff and working shifts should be evenly distributed daily
within the roster period at every organi®zational hierarchical |ayer.

Normal Iy, working shifts in a roster are set on a 10 rotating basis to
provi de roundatdepoblrak withvsyimge cofiveer sich hemas fatdry irttovoules gspecially mdieat e t he

wor ki ng shifts, namely, two-rotating shifts (2RS) or three-rotati.ng shifts
(3RS) | “The. 2 degRLLaIgE PapcRE Finde Sl of P AN R IFeRTERr hOBR IR F ¢ (D
whereas t he G3RALKOAR a%&eéntmee% AR GerFbind berlakd tasiBsudh headmpRy shift (E)
and a ni ght shli‘ditowil\l). or a particular rostering problem each of the

shifts has avis dvarkimg hoursj member 1 alorkshufis ovganizing tsam membdre whdé i ned
time peripd are.possible, re .and N are ,working shifts, whereas
of { - dhys. SpubravBaririey el ol s Ry g R oRl gt Rleh e iqgs e
organi zati ons that need round-the-clock coverage define shift patterns as
base tenpl ates over a fixed period of tinme. For exanple, a weekly base
tenplate 20 for tligeachiree theywpimat step thetotgt numberps avafiablopteffand Morkingf er s

bi - neokl y ¢ oprasaoydBe bRyt iyl A AR Meg? P57 "
These exenpl akganbatendl aiésirai\iesl lmyblryN oxﬁﬂﬂl&h@oﬂcihﬁg shifibiara Iﬁfst,eEﬂé Retkinnd of

shifts in the roster period, for exanple there are 3 Ds and 2 Es in 2RS;
al t hough 1P he TeiAfing RasiAPEe Hdgrovpd{iraclpekicnvarage sssnpreusuallyiwosiays @5 of

sequence, the,GRAHENLRihSSIRL, 'angﬂfr, E\@&}otgt%r%]t dhifss (25?2 Br f?ﬁee%'fégng r%ﬁilfts

specification. Oten, a standard’base te ate as a 2R a 3RS that
i s assigned (3RSY). The aRS chngsts of bmoating gt (Dyandlad &ftereonn shift (Erwhdressause of

| eave taking, i c holidays, . and. fixed schedul.es. .Ch es, in. ower
nmanagenent altg‘igﬂﬁ F%Q,SES?Sr %P?“Hbg gl (bi i _%éefBP%fh#PﬁéE&a{fﬁ;%FSB@mc ause
of changes r¢gpgphRRuRY rdteding problém Q¥h 8Mhkkhifishbs b B8finddtimdp&RA, on a base
tenpl ate nust be constructed and assigned to that staff. In manual 10

rosterindg$ thhewghfvariatignsdo sheedefigicd imedevipd pre-possiblagderraPubilang Nareensur e
that staff and shi% are balanced dai l,y..during.the whol e roster, period
and at every Y9 {(/18g S #ﬂss, wheteas oﬁa-aays, ptclib ic l%llgays and 1éaves Afe non-worlscmg shitfs!
Most organizations that need round-the-clock coverage define shift patterns
as base templates over a fixed period of time. For example, a weekly base template
20 for the 2RS may be “D, D, D, E, E, HD, RD” where ‘HD’ refers to a half day and
‘RD’ refers to a rest day. An example of a 3RS with a bi-weekly template is “D, D,
D,E, E,HD,RD,E, E,N, N, N, HD, RD”. These exemplary base templates only
define the number of each kind of shifts in the roster period, for example there are 3
Ds and 2 Es in 2RS; although the shifts contained in the template appear in some sort

25  of sequence, the sequence is not important at this stage of workload specification.

Often, a standard base template such as a 2RS or a 3RS that is assigned to a
staff has to be changed for different rosters because of leave taking, public holidays,
and fixed schedules. Changes in manpower management also affect rostering too. In

30 planning a new roster because of changes requested by a staff, a new shift list that is

based on a base template must be constructed and assigned to that staff. In manual



organi zational hierarchy. 5 Referring nowto FIG 2, a functional block
.diagram of a rostering system 20 using genetic algorithnms (GA) in
accordance with the preferred enbodi nent of the present invention is
illustrated. The rostering system 20 conprises a workload and shift
‘setting optimizer 22, a GA rostering engine 24 and at |east one storage
medi um 26. Qutput of the rostering systan 20 are rosters 28 as exenplified
by the roster 10 10 of FIG 1. The workload and shift setting optimzer 22
recei ves rostesterog, thedhift listnéreadpisied or 8BBarsange echnually tveenstrertixg staffeedidum 26a.
The storage nedium 26 is, .i.ndicated s rately ag differen arts

26a, 26b, 26¢, g@gts Fescbalanesd Hﬁlﬂvgd‘tfalgc}g? &’?‘gﬁéi’%ﬁ‘ Blel“ﬁataﬁii At §Y5FY {e]"&?& rative

pur poses onl Yrgahpatibitul hicpdroe medi um 26b, 26c stores nmulti-layered team
organi zational  information 32, staff information 34, base tenpl ates 36,
non-wor ki ng shifts such as staff |eaves and public holidays 38, and fixed
schedul e 40. Fi xe h 4 # 1 rtai.n shift lists that ve
parti al | yélfi xed s%ie?%rslggﬁb‘l%rtlo \%}ﬁ:’%%gﬁ? Ctlé) 'Tﬂﬁﬁ ctkaclrlgle}gr i xoef&mStEi"}gesg S%m#tf

lists, parti akiny gefietiRoNgdrh@k YGARnEaceordamRl With & préfedled @nbotmemus tiker sonal
20 reasons such as when an_indivlidual has to work in a particular shift on

a parti cul ar Preggst invegdiop dxillastrated. Jhe restaring sygfes Zdoromprisey a waekleadad
schedul e 40, <Pt seld bl 29% GAVolkAnRbRil @52 Rnd B GsPERN MRy

cal cul ati ng overa ance. e oad an 1 ng oglti m zer
22 opti m zes 26h@utpat & thacbstanmhgApstant2aire siRietd 28 aakienglified betherogér ver al |

bal ance i n wor of wthin the roster period._ . The workl oa nd shift
setting dpti mfféé b g s a%grégﬂ%@aéw Rptaaaera%?dregﬁmrosfgb%ﬁ?@gr _
i nformati on iif¥olfRidnOi08isHed & g@!sfoﬁ'aée'cr;‘ﬁAé%ﬁthSb.xl“ﬁe%ftér?:?e xﬁédihﬁh ¢is! N9 €engl né

24. The GA rostering engine 24 is a ased arti al intelligence (Al)

program 30 tinditated spanttyeayvdifferonpartsaionf26baboRod2béoarcd@ingGa datacitertd on

par anmet ers 4? and fwehgl}t . setti geqss ?6, stored in the storage nmedi um 26d, to
evol ve rost et Rero forillEstalive pprposeSOplY. qoner ated by the GA rostering engi ne
24 can be sent for printing or integrated with other database systens. The

constraint information 42 includes |egal requlations, organizational rules
15 The storage medium 26b,26¢ stores multi-layered team organizational

information 32, staff information 34, base templates 36, non-working shifts such as
staff leaves and public holidays 38, and fixed schedule 40. Fixed schedule 40 refers
to certain shift lists that have partially fixed shifts or in which all shifts are fixed.
Fixed shift lists, partially or completely, are commonly required for various personal
20  reasons such as when an individual has to work in a particular shift on a particular
day. The rostering system 20 does not alter the fixed schedule 40, but fixed working

shifts are taken into account when calculating overall shift balance.

The workload and shift setting optimizer 22 optimizes the workload and
25  actual shift loading in terms of overall balance in work force within the roster period.
The workload and shift setting optimizer 22 passes balanced workload and shift

setting information in the form of a shift list matrix to the GA rostering engine 24.

The GA rostering engine 24 is a GA based artificial intelligence (Al) program
30 that also receives constraint information 42, GA evolution parameters 44 and weight

settings 46, stored in the storage medium 26d, to evolve rosters 28. The roster 28



5 and personal requirenents for |eaves. O her constraint information 42
.includes personal w shes and staff pairing, nost of which are categorized
as soft constraints. Sonme staff may wish to work based upon a preferred
shift pattern, for exanple, D- RD-E pattern and weekend DE pattern. This
D-RD-E constraint states that it is desirable to take a norning shift
before rest day (RD) and an afternoon shitt after the 10 rest day. The
weekend DE constraints states that if a person has to be on duty during a
weekend day (2saetateddy thodASwsigEng engine 24 canchetsent fiop printingeydngBteshvith on
Sat urday an n hift on Sunday. Another constraint exanple is when a
seni or stafqunﬂgesrdgtggassﬁ%%tFWF'se a junior staff. Hence, in this constraint
exanpl e, both the senior staff and the junior staff nust be paired in the
sane working shifts for the whole roster period. 15 The rostering system
20 arranges const ridicosstraygtinforaatipndginglytes lega segudations, orgasuzptigngmulgs
constraint's i tRel i . L- st of the
hard consltsr aiaﬁgi ?glgggﬂqg%ﬁ%g%%%rfgglfﬂawg?gﬁﬁf)ﬁarqg%rgiﬂtlr%%%}ag? g%,z%%hén N shifts
in the rost grrspeaaliwidhesent dtafitpedritie etosseft wisith et categorized dsnbfticahst@hitd.t | i st
is provided. The 20 raostering engine 24 then_eval uates_additional
constraints t3P5e %%:t‘f By NSt ol “Pﬁﬂéxﬂr‘c‘fﬁ%fﬂ/?hl&tﬁ’é“@’ oy sxampled-

paranet ers 44ys: _t@eﬁ?mﬁi@é&@ﬂ@bE&?&h@@bTﬂﬂﬁﬁkﬁﬁE bRl 0ks tﬂafiﬁgl t

cal cul at ed popul ation size. Howev r a given rostering problemthese GA
25 evol ut i on desirabletogake drhormyg keftddfons testiddyRIYend en afiednoon shift akigr the
conpari ng,_evaol ytio resul t tored.in a evol ution | og, 48 assaci.at ed

ot h t he 10% oY dahetieiresat DB e sfies el Hauiiiog hanfohmaon iy dgring

cal cul at es t hewédkad BayofSati@ay HA'SUBSH MR is Befter Q%ﬂ%@ﬁlﬂﬂﬁft bRSaturdyTber of

staff Ns, shift lists assignment and 30 fixed schedule information as

fol l ows: Lc -anfignE shafhpn Spgay. Appthereconsisgint ¢xamplreis yheparsenipr siahps toal | of
whose shifts Lxed:. ' PE,. i he. nunber of .st.aff, 12 ose shifts
e par U al Pk STiion YRS o bR B LRAF b sk s l9RE, 71
do not i nprouBe fidristafBinaa®e palréd insthe 08¢ WokkiddeHiftsifor (HXOwRIIO kdttdr PBriod®
genetic a1lsgor i thm becones stagnant and
The rostering system 20 arranges constraints, both hard and soft constraints,

based on a constraint’s precedence according to their weight settings 46. Most of the

hard constraints such as number of work hours, number of D, E and N shifts in the

roster period would have been satisfied when an initial shift list is provided. The GA

20 rostering engine 24 then evaluates additional constraints that were not considered

previously.

The GA evolution parameters 44 comprise crossover rates, mutation rates and
default calculated population size. However, for a given rostering problem these GA
25 evolution parameters 44 may be adjusted for better solutions by comparing evolution

results stored in a GA evolution log 48 associated with the storage medium 26e.

The rostering system 20 automatically calculates the length of the
chromosome, Lc, based on the total number of staff Ng, shift lists assignment and
30 fixed schedule information as follows: L¢c = Ng — (Nar+ Npr), where, Nag, is the

number of staff, all of whose shifts are fixed; while Npr, is the number of staff,



5 unabl e to produce nore fit individuals even though an optinmumfitness has
- not been attained. This is largely because the initial population of the
individuals is randonmy generated. Wen this situation occurs, the
rostering system 20 sets an extinction operator (NEXTINCT) to term nate

t he evolution. The extinction operator is like a biological extinction of
a population that kills all but the most!%it individuals. The 10 popul ati on
is then refreshed with nutated copies of such nost fit individuals. The
rostering sythess shiftaare pagially dixed andinsplich Adjustmenisite remdinige mefised shifts af t er
which extingtio .occurﬁié% fhere is no inprovenent in fitness after that
nunber of ¢ REPLYTIRES S 28%%here are a | ar ge nunber of rostering factors
to be considered in determ ning an optimal roster solution, and such
rostering factors may not equally affect searching for the optimal roster
sol ution, there id$tiappwside thgt dwingevpbitighta gaetioplgonthm bepomes stagmant padt er i ng
factors. The Loht . ( t st

i nport ant g Jllﬁ%h%% I?rég’?‘%%%%qg%ﬁ%lteiﬁ@g%‘?egéié&%sant%%ﬁ gﬁessts}g Stnl%%éés&46 as
20 fol l ows: G@iffhgd. This i©lga¢ly batausdehk inidylgropbRatian oLthk andividuall istadddmilyNoi m
where Nora, is the nunber of oqrganizational | ayers considered. (WGR) g -
Staff grade GPeIHcHAVAsR Hissiuation ogpurs, thergstaying Sysisay &) Jatsan &Upglon 25" nunber
of staff gra S C i . - i jo £ Ls bal ance
factor, s = %ﬁ?%&Q ﬁﬁg§?§“ﬂe#@Qﬁg%¥§ggﬁz%gﬁFﬁgﬁﬁﬁﬁg%¥§§?&?ﬁP%?gtypes

consi der ed, borlogtdl gxtimdtipnwd alpopuatiehthbt Il )] b theichobd) fitandividiaksi Tler ed. (W)
k - Constraint satisfactiop factor, k =1 to , Where_Nc . is the 30 nunber
of const i nPOPYRNA isdh ralPRbad Wity mipigd \‘RBPIS%‘%\F Weh MasAt tagb el Bhorm | y
predet er m nedopaifptySBmCA) d1RWs!aQReCo sPATR! InutiuMoe B8R ridns GAL WEcRd] ust ed
to suit specific roStering problens. roster calendar 1s automatically
created in aey@ztiobpceurs dghere icrd imayement pefipesstabicr thabeeinbgsefi t he roster

period. The rostering system 20 assigns a roster
generations:

15 As there are a large number of rostering factors to be considered in
determining an optimal roster solution, and such rostering factors may not equally
affect searching for the optimal roster solution, there is a need to set a weight factor
for each of the rostering factors. The weight factor ranges from 0 (least important) to
1 (most important). The GA rostering engine 24 receives the weight settings 46 as

20 follows:

(WoL)n— Organizational layer balance factor, h = 1 to Nom1, where Nogr, is
the number of organizational layers considered.

(Wer) g — Staff grade group balance factor, g = 1 to Ngg, where Ngr is the

25 number of staff grade groups considered.

(Wsmirr) s —Working shift type balance factor, s = 1 to Nsrypes, Where Ngrypes
is the number of shift types considered, normally only working
shifts (D, E and N) are considered.

(W¢)x—  Constraint satisfaction factor, k = 1 to N¢, where Nc is the

30 number of constraint types considered.



identification (ID) that is unique to each roster period. The roster period
is pre- defined because the length of a shift |list 12 depends on the roster
period. The roster calendar information 30 includes a list of public

hol i days (PH), which is essentially inportant in handling PH returns. 10
"The GA rostering engine 24 is adapted to yerforn1genetic al gorithm
evolution on an initial shift list matrik havi ng one or nore shift lists to
thereby derive a roster 28. The genetic algorithmevolution is based upon
dynami ¢ adj ust i ng Thgovedghs Seﬁ&m@r‘éﬁ @a@hrma‘llytmdeﬂgmamdcbaad} oscallegtibmefi ors i s
respectlvely ssoci at ed. wi.t h e 5t i.sts e dynam c

adj usting fa C‘E‘b"ﬁ?ﬁ?‘igsebuéc dﬁ)lﬁéedf 83?16?136&#[ rgstgm%B{qI&msr actor. FIG 3
illustrates dynam c shifting of a shift list 12 by the rostering system 20
for different values (X) of the shifting factor. An unshifted shift list 12
is shown as a 20 refastespelendgss zrtmm@tmllwmmiengmparthyrpgrosuencaéwlart he

shifting fac f I n

06, 600 606 Eopertth R BpbF urp S8 rio TR o BN BrsR o bW RaSHEE, 0

n-2 and n-1, 1d@1$1|ﬁestidm/(élb)'thaﬁlsﬁmqﬂie itd J:ad:htrbaéxq&nd&rfam 10st8hpdriddrigpef a shift

list 12 WIthfIX(gShlf S e osterln%ssemzo An unshi fted
PFRAR

5
shift |ist 1slefige Weééef?ng f@@éh%lrlsréad 88 therggfer psriod. The roster 724, 72b

Shown sequenth ey e Epion g o b BlIIRd OFD SRSBEIERRE L by

removi ng t he importantxebarsting P# réBanss2b f or storage. Thereafter, the dynamc
shifting qgccurs for all unfixed shifts such as 72c, 72d, 72e, 72f, 72g as shown
30 in 70d%or a shifti ng factor with a value of one (X=1). Upon conpleting

the dynamc 14 smhfetamostérhfg etnﬁﬁlef2|4)i§9da§tydft5 Perferdn daRtidbRolifser t ed back

into the shift list 12 as shown In in their respective original
posi tions as evelutine on gh enitalebif7ids mamueha\&ng beugtmere sbifskwipioi therelayf darive

i ndi vi dual shifts shift list, 12 i ndi vi dual terin
Lot om0, badunsdr 2 e Eohde Aot RS pasdd Boh R iciy s R RS 09
shown as a r Qflﬂ@é&ﬁ of @& dynAm&OANjusting fadists ¥ rdiiRbctivdly hdsdciated with each of

15  the shift lists.

The dynamic adjusting factors comprise a shifting factor and a swapping
factor. FIG. 3 illustrates dynamic shifting of a shift list 12 by the rostering system 20
for different values (X) of the shifting factor. An unshifted shift list 12 is shown as a
20 reference 60a for the dynamic shifting. In 60b, the shifting factor has a value of zero
(X=0) and no shifting occurs. In 60c,60d,60e,60f, the shifting factor has values of
one (X=1), two (X=2), n-2 and n-1, respectively.

FIG. 4 illustrates dynamic shifting of a shift list 12 with fixed shifts by the
25  rostering system 20. An unshifted shift list 12 is shown as a reference 70a and has
two fixed shifts 72a,72b within the roster period. The dynamic shifting of the
reference 70a is shown sequentially in FIG. 4. An intermediate shift list 70b is
formed by removing the two fixed shifts 72a,72b for storage. Thereafter, the
dynamic shifting occurs for all unfixed shifts such as 72¢,72d,72e,72f,72g as shown
30 in 70c for a shifting factor with a value of one (X=1). Upon completing the dynamic



positions 82b, 82e are swapped within the roster period. These positions are
.indicated by a gene group (2,n-1). In 80c, two individual shifts at
positions 82a,82c, indicated by a gene group (1,3), are swapped within the
roster period. In 80d, two individual 10 shifts at positions 82c, 82f,
“indicated by a gene group (3,n), are swapped within the roster period.
Referring nowto FIG 6, a flowhart of nmet hod 100 for deriving the
roster 28 using the rostering system?20 is illustrated. The nmethod 100
starts at st elufti thattwofixedishifts 7Rn@2iGHeimstted bank istoghachifidist EZad shesnan

initial shift List trix S20. .The GA rosteri ngi ne, 24 then perforns
genetic al got? %‘#fﬁ‘l“ég‘gf IFSPEFRVE Priginal Rasftions ps ’é‘ﬁpgfe??rg’éﬁe%%t rix ClO at step
104 based upon the shifting factor. At |east one evolutionary cycle is

perfornmed in this GA evolution step 104 to dynanically shift the shift
lists of the iniFlGiI5 Bhtrates swappingtafityo 8Rbvidod siifis inpshifflist 12pfan | i st

"t or e at e AR oatng St o Bailod i uBebiBdrait 36721 %t 8p 106,

The GA rost enh§ighpped@ilie 1841 21ssBowhiat h dfereBce §0af INGOY, Wb A GOUNLERs b zer o
(1=0) for a fine-tuning count NFT at step 106. The fine-tuning count NFT

i s predet er nPAdHONB2H,825 arpseyapned within the rostey pared. (ihgsepasitions pregadissed ng on
requi renent s .of i . . . i t step
108 at -whi ch  AERERIEARIER:Ddn SRR ThaDiaul e 36 500 RURRCR 2 2
tuni ng mat ri by 3Aehe goupfl,0%-ataswapged Withinghé moster periédA In 80d,ewolindividoali n t he
fine-tuning at., step 110, individyal shifts identjfied by the swappi ng
factor ar@ s%&ﬁéﬂp‘?s&i‘(’f‘é%ﬁg% indigatedrivea eqne &roup (3T FW%IPHe?,Wlf%B@V\/appi ng
factor 15 p;&ygrq,ggo@_ gene group that has two or nore genes in which each
of the genes Is "associated with an individual shift within each of the
shift lists. It is to be noted that the rostering system 20 vali dates

genee L1 £he Gene Qrupe bOuSHEIS% AU chbl SPPlcog 9B 0555 ASkoReo

28 using the rostering system 20 is illustrated. The method 100 starts at step 102 at

15  which the GA rostering engine 24 receives an initial shift list matrix Q. The GA
rostering engine 24 then performs genetic algorithm evolution of the initial shift list
matrix £ at step 104 based upon the shifting factor. At least one evolutionary cycle
is performed in this GA evolution step 104 to dynamically shift the shift lists of the
initial shift list matrix Q.

20

The most fit shift list matrix resulting from the GA evolution step 104 is then

stored as an intermediate shift list matrix Qpes in the storage medium 26 at step 106.
The GA rostering engine 24 also initializes a fine-tuning counter to zero (i=0) for a
fine-tuning count Nt at step 106. The fine-tuning count Ngr is predetermined by a

25 user and can be any arbitrary number depending on requirements of the rostering

system 20.

The method 100 continues at step 108 at which the intermediate shift list
matrix Qpest is copied to a base tuning matrix Qga for fine-tuning. In performing GA
30 evolution in the fine-tuning at step 110, individual shifts identified by the swapping
factor are swapped for each of the shift lists. Specifically, the swapping factor



After the fine-tuning step 110, the GA rostering engi ne 24 cal cul ates
.fitness wvalues for all shift list matrices in each generation and selects
fit shift list matrices to construct a mating pool at step 112. The
fine-tuning counter is also increased by one (i=i+1l) and the nost fit
‘shift list matrix is set to be the interpnediate shift list matrix 10
S2best. The GA rostering engi ne 24 then et ermines at decision step 114
whether to stop the fine-tuning step 110. For a "No', the nethod 100
returns to spmyideSd geoe group et hasiavoserapere podgsin vhidoeath of thegenestier nedi at e
shift list matrix, SZbest.. &t herwi.sg, ..with a..Yes',.th t hod praoceeds to
rovi de & he Popgieasa L gyl if i tai B st LS, o Be naBI 9%Ehi T
list matrix @ obemAy sydtdm 5 vdlidaled gehda in thd gend gfdup\ws Badure tHat RE4IAL | NY
details of the GA evolution stqefg 104 in the nmethod 100. At step 202, the

GA rost eri ngSwappingdges nopeebar sued gsnfor pxamplisapping of fiwed shifts.00, obtai ns the
GA evol utgon paraneters 44 and determ nes the length of the chronosones,
Lc. At this point, the GA rostering engine 24 also receives all 20

necessary input | iAfer tHedfireomfing 8ieptld 0] the GARIsteding 4dgias 29vehlculatthgRsd t er
the GA rostering engine 24 creates an_initial generation Go by randomy

generating zVelurolesal shidt ligt mefrigss smoepch gepgsatipm angeselecis {it shigidistimatricek to
i sts of k= : - = K, 2,
Gers 'S ok, insBEpmpit fodiaf ferfl12. TP SR MinI0 er i AsATrdally ty ot

gl obal best {iFi+lgaad vaermedifee shif@st matrbdis setnol ba tHedaterthediate shiftvlist mabixe f or
the itb generatign, FG best at. s 206, In addition, the ostering
engi ne 2 Ose%fswi%&a meeﬁgpgglflﬁéf Hsselerimes g fsciuaney L e °th@ Wi ch t he
overal | best s{obttﬂeeﬁﬁe-ﬁﬁif?géﬂép Hchangady’, e Iﬁéﬂﬁo@f@fﬁ%{uﬁ?QO%fQﬂQ@Bq@m ,  NsTOP

is set for a value between thirty and fifty. However, other ranges of
val ues 16 nugpeal tho stops E@8,110802HoNte intadnddiate ehifidist motrizeay. WhemvasedNNl i s a

vari abl e that .represents he nunbger, of ratio V.0l i t hout,.any
overall fi1nadt Y50 Hsmrhof pfFRE e BroaRIE R 2P iR 7 e iits
chronosone Cks hridvido@ aP4 SEftNst RairiX\WBRh6WA ifPES 1IN0t represent a sol ution but
i ndi cat es1 how each of the shift list 12 of
5
FIG. 7 is a flowchart illustrating details of the GA evolution step 104 in the
method 100. At step 202, the GA rostering engine 24 reads the initial shift list matrix
Qo, obtains the GA evolution parameters 44 and determines the length of the

chromosomes, L. At this point, the GA rostering engine 24 also receives all

20  necessary input like the constraints information 42 as well.

Thereafter, the GA rostering engine 24 creates an initial generation Gy by
randomly generating Z chromosomes at step 204. Each of the Z chromosomes, C,

consists of Lc¢ genes, (k =1 to Z),. In other words,

25 Ci= (8,1, 8k2, 8k3, . Bklel, EkLe)

The GA rostering engine 24 then initializes a global best fitness variable, Fgy.-
vest, and a best fitness variable for the i generation, Fg,.pest at step 206, In addition,
the GA rostering engine 24 sets Nstop, which is the number of generations after

30  which the overall best fitness remains unchanged. In the preferred embodiment,

NsTop is set for a value between thirty and fifty. However, other ranges of values



the initial shift list matrix SZo is dynami cally shifted. Accordingly, Z
-shift list matrices QCk are dynamcally created at step 208 for a current
generation. That is, for every chronosonme Ck, for every gene gkj in Ck,
Where j =1 to Lc, the shift lists in the initial shift list matrix Oo are
dynam cal ly adjusted by shifting to the {é ght by gkj 10 positions. This
shifting step 208 results in the Z shift'1ist matrices SZCk, where Ck = 1
to Z. The GA rostering engine 24 then evaluates each of the Z shift |ist
matrices QCRAylsodesat- @Lq%thNaaﬂdiltafﬁe%tQ/@F%éVW@ Nuhis pavaipble thaf reppesrits k=1
to Z at step j _ shift |ist
matrix Qok P ety Bt pdrirHEEVd 0 Lty Wéﬁééiggt“%u&ﬁé‘&?{’aﬁﬁe(“gz oK) s
defined as follows: Fk = FOHb + FGENDERb + FFLb + Fop + Fwp In the above
overal |l fitness f&l)nnﬁ.ﬁ?i on, f.l%SZCk ., FOHb is the fitnes ,vggi: able that 20

i ndi cates how wel VIIKg CXitifg L0sfeRng sy§fms, the dyomesomeidadhe Biegethal anced at
various | ayek i | i : Walifl | staff
and femal g s;ixglfe%l hgl} g&sglglggcﬁg&é’gﬁt alc:)SIléIl_Lgll(:)lﬁlr:6 I CE’? g{segﬁgﬁ/% %?%ﬁ}%vs%yﬁ(ﬁsf g%g staff
ar e bal anced theHojial shiftdiat mstrixdppissiyhanicaliestsfied. tAscomivgly, 4 stift istt i sf act i on

and Fwp indicates wwell statf w shes  ar atisfied such as_a preferred
Nor k. pat  or n T ELRE Eoima i AP seBAge B o Bt e & fidar a
devi ation of ewgylchindsBink ,ﬂir%{rér“fy%@ﬁé in &, UnRek {0118 RSURE sKIBWiststiRe

overal |l shifts are balanced. The fornula bel owis used to cal cul ate FOHb,
where Sh g, ieingial shiftdisemagix Quare dynamicalbhadivsged by diiftimgdo thedishéby @it h h, g

por day. URacBoufomn SbisBRI e s 208 sl e 2 il ol Pl RIE G =7 11

organi zati onahZ| ayers (h) grade groups (g), shift types (s) and day (d)
respectively. (WSHIJFT) s, (WER) g, and (WOL) h are weight factors. 5 e, 1/
11 nz NONNGGNST I (" h,g,s Sh,g,s,d) FOHb =~ ~ r d=1 n x (WBH FT )s

X (WeR)g X (WOL )I*Be GA rostering engine 24 then evaluates each of the Z shift list matrices
Qcx by calculating a fitness value Fy, where Fy, = f(€cx), k=1 to Z at step 210. The

15  lower the fitness value, the better a shift list matrix Qcy is overall balanced. An
overall fitness function f(€2¢y) is defined as follows:

Fx = Fomp + Feenperb + Frip + Fop + Fwp

In the above overall fitness function f(Qcx), Fomp is the fitness variable that
20 indicates how well the shifts in a shift list matrix Qcy are balanced at various layers
in an organization. Fgenpers indicates how well male staff and female staff are
balanced, Fr indicates how foreign and local staff are balanced, Fop indicates
opposite/same shifts constraint satisfaction and Fyp indicates how well staff wishes
are satisfied such as a preferred work pattern like D-RD-E pattern and weekend DE
25  pattern.

The standard deviation of working shifts distribution is used to measure how
the overall shifts are balanced. The formula below is used to calculate For, Where

S, o is the average sum of the shifts which are indexed with h, g and s in a roster



h=1 g=1 s=1 10 FGENDERb and FFLb can al so be cal cul ated using other simlar
formulae in which staff are grouped not according to organi zational |ayers
but gender and |ocal/foreign categories, respectively. Fop and Fwp are

cal cul ated by exam ning how well shift arrangenents, for each shift list in
‘the new shift [ist matrix SZCk, match given preferred patterns. 15
Selecting fit chronosones according to Fk’ occurs at step 212. Such fit
chronobsones are used to construct a nmating pool. There must be a best
fitness val ugerigdgwhilesh ¢ iais dwoactugbnembgriod shi@s perf day@ndbest indexedegrowy. t han
FGL_best, at  deci sion step 214 hen t he rostering engi ne, 24, updates
FGbest ' by S5 byt AqnEe e Bdfted o inizaloral i SR e tan o atid g

NNI =0. O her wpes gslgfam:f@hx@ﬁ%sp%iﬁ"é@. ('Wsﬁuﬁ%%?“%?ﬂ)hnd tWeD M weipht fabekenent ed

by one at step 2 n any case, the nu evolutions (i) 1s

increnented at step 220. Fromthe mating pool, the GA rostering engine 24

reproduceg a new generation, G appl yi crosspver and

mut ati on operators. At the fepr the nost-fit {ndividuals
%I gd-di réetfd y| t

in a current 25 gener de th ew generation, G.
op the GA evol &%mn?)f * Yeor @fokifitness

The GA rostering €ngin

has no inprovenent aftér|KSTcP nerations, e.gl, NNI > NSTOp|at decision
step 224. Thereafter, with{a "{Yes', the GA rosfiering engine 24 outputs the
nost fit shift list 30 matrirx at step 226. O hérwise, with a No', the GA

rostering engine 24 checks at 18 decision step 228 whether there is a need
to use t extinction operator, | NCT.. Thi s decisiq tep, 228 requires
checki ngqalnet her klﬁl’-“‘?@’ af‘ggngtcﬂ%#g‘?\I%‘?@%velﬂg Sﬁ’ef\ﬂmg()?%&#aﬁdnt he

deci sion st egddStatt BR dAfuge@ToBAdcBEISG tisnd19dye $eRdérdhd ent
population in G at step 230 and returns To step 208. O herwse, wth a

Yes' fol | owlorgl/faneign eategories, rospeptiveds, For hied Bite aro obloulaisd bysaemitiinglaawy t o

step 208, ALLHONGN, FlL Gefehds] HPLLAIRR: RRY REQER3RPRY HAE2 I, el NG the

n .

g9 step 202

given preferred patterns.
15
Selecting fit chromosomes according to Fx occurs at step 212. Such fit
chromosomes are used to construct a mating pool. There must be a best fitness value
Foibest in each generation Gy, If Fg,pest is better than Fgy.pest, at decision step 214,
then the GA rostering engine 24 updates FgL pest by assigning Fg pest @5 Fap-best at step
20 216 and setting Nn=0. Otherwise if Fg,.pest Shows no improvement, then Ny is
incremented by one at step 218. In any case, the number of evolutions (i) is
incremented at step 220. From the mating pool, the GA rostering engine 24
reproduces a new generation, G,, at step 222 by applying crossover and mutation
operators. At the reproducing step 222, the most-fit individuals in a current

25  generation are copied directly to the new generation, Gi.

The GA rostering engine 24 may stop the GA evolution if the overall fitness

has no improvement after Nstop generations, e.g., Ny >= Nstop at decision step 224.
Thereafter, with a ‘Yes’, the GA rostering engine 24 outputs the most fit shift list
30  matrix at step 226. Otherwise, with a ‘No’, the GA rostering engine 24 checks at



10 evolution step 104, the flowchart can also be used to explain the GA
evolution of the fine-tuning step 110. The difference between the GA
evolution step 104 and the fine- tuning step 110 is that the shift lists in
the shift list matrix EGA for the fine-tuning step 110 are dynamically

"adj usted by swapping selected shifts rather than shifting the whole shift
list as in the GA evolution step 104. Thetefore, in the fine-tuning step 15
110, a Ck, consists of list of gene groups, Cfk= (gpk,I, gpk,2, gpk,3,

gpk, Lc- 1, gpldegision step22B prehethen therg lﬁ@iD@ﬁ‘bﬁwse dasrrdinciipn onesaton NeGaceTbisut i on
step 104 in I+ G £t LiSts: | £ Ji trix QGA is

per f or med on?g&%§P§g$€%gr% g?é?ﬁﬁg"ﬁ3§k@§rf@H@am?Hﬁé&“QBVEra| times at the
fine-tuning step 110 until an acceptabl e overall balance Ilevel is

achieved. 20 FIG 8.5, ph.showi ng fitne i mpr.ovenents of the roster
28 during the m@@%ﬁﬁpgﬁﬁgwwtﬁmewowﬁaﬁ% t@%ﬁﬁmﬁtﬁr%e@w #fbt hod 100.
FIG 9 isca i i i ﬁ@%‘d t during the
fine-tuni rslg g%tgééﬂisl% 0 n@g(\)/\%ié%{bﬁgﬁidﬁg?ﬁgynet Oief%%gtﬁ%%eb%ﬁ)ge(gg{héféglg%f t he
met hod 100 cawithoe ¥eséfnllomdng/tha dacisionmpsiep 228 pthe Grraendiltam goss dirextlyrtdsi@pon
conput er usaglg medi um Such conputer usable nedium may include random
access menor i*88: (RAMs), read-only nenories (ROWs), hard disks, and the
different types of conpact discs or floppy disks. A product that conprises

the 30 conputer programrecorded on conputer usable nedi um can be executed
with, for exanpl élthguglhifaf dlustrptes bawFnoceasand daisflowdating thefG4 10, 19
The conpuyt.er syst.em 50 e, for ex | e, server t he.rostering
aystom od%; s THEHERERD d0E 30 Houptel R e e oaf ol ahlel i N pidRud LB oo

rights for dinkfteniapktepde0STheAliffereB&S bedweent the GRosRlitirn $apSI0AMndqR: fin be
coupled via a 5 communi cation resource 502 to a network 504 such as, for

exanpl e, an [twtipgpep 189 is thafdhe shifd liglsdn theishifelyhmatex Qoy dorthe oo twWindr i ses a
conmput er 506 t.~i_nC . I i n e ross.er ,ng
engine 24. T ﬁ%!ﬂgléplage &}%fﬁgﬁ%atél ealcjl{uéfreﬁ ggg%ﬁgglgé gép:&gd ghlﬂs l;alf'her %n S%ﬁ%lgé {3

whole shift list as in the GA evolution step 104. Therefore, in the fine-tuning step

15 110, a Cy, consists of list of gene groups, Cfi= (gpk,1, 8Pk 2, EPk3, &Pk Le-1, EPk Lc)s

rather than individual genes. Unlike the GA evolution step 104 in which the shift

lists in the shift list matrix Qga is performed once only, the roster 28 may be fine-

tuned several times at the fine-tuning step 110 until an acceptable overall balance

level is achieved.

20
FIG. 8 is a graph showing fitness improvements of the roster 28 during the
GA evolution step 104 of dynamic shifting in the method 100. FIG. 9 is a graph
showing fitness improvements of the roster 28 during the fine-tuning step 110 of
swapping in the method 100.
25

The steps of the method 100 can be executed via a computer program that is
recorded on computer usable medium. Such computer usable medium may include
random access memories (RAMs), read-only memories (ROMs), hard disks, and the
different types of compact discs or floppy disks. A product that comprises the

30 computer program recorded on computer usable medium can be executed with, for

example, a computer system 500 as illustrated in FIG. 10.



for exanple, an intelligent data processor that supports the functions of
.the GA rostering engine 24. The storage nedium 26 can serve as the
conput er usable 10 nmediumw th the conputer programrecorded thereon. In
this case, the storage nedium 26 can be one or nore nenory devices such as
‘random access nenories (RAMs), read-onlﬁynennries (ROVE), or hard disks.
Alternatively, the storage nedium 26 cafr be a nenory device reader such
as, for exanple, a conpact disc drive or a floppy disk drive. Such a
menory devi ce reader enables access to the 15 conputer program by the GA

rostering engine The di spl a tothe% steri.ng engi ne
24 via a video cﬁﬁl ’inP%ter g}%&nyf)gfcanfq Vo Ehtg %ﬁ‘ngs

nmeans of a daydehus iSikdpléMedied mai@ssérb@f systdﬂlomloaiffeeédtaécéslﬁghtﬁw st orage
medi um 26, the GA rostering engine 24 20 and an i nput/out put (1/0)

i nterface 5141ffexentdisgrs; /?ﬁ%%lﬁerﬁ’ifaﬂ@ CORBHISF PYtery >80 pasLeecoypled Vil a keyboard
518, coupkes chﬂ?rHﬁfcaﬁéﬁ fesBiSe §%22tovd RetRORL WA subd R, 'ﬂgz}t Iﬂﬁe : net&ﬁlgggﬂff Opr esent

i nvention the ore provides the rostering system 0, and
t he product ttllmalmmmntpThesmnmhm sysimpd@émompngasamohqmteeﬁééﬂtdt ingludeethet eps of

25 the nethod 100 b ter stem 20 o._over or at st
2T evi at o, ¢ AOTOES B URRO GRS threC B tp S fhetie Ao pon st e

al t hough one sy ShRblLan ﬁﬂaﬁgédm% phGtR 5428 Biht sﬂﬁ:’éﬁé u{eqqnédbnggfafem various
nmodi fi cations and | nprovenments can be made b 30 person skilled in the

art without degeritg engirfer2dnThhsiomgo pedoim %earpsee‘e?eastthec cmaputcmableo d ai ns
1. Arosterin ste ased enetic .a sai d ro rlng system
conpri si H§ 51%&13 @t %ﬁ%nglﬁ rlgﬁgraﬂ)eraﬁfﬂ?‘i g’ﬁ’ﬁ’ang[rmt%tcé?erﬂﬁ coupl ed
to said at | eRaiurR6 cai B 880 TRt WBmMERiddvicEORiE bt RAJEAGCESRs h@mwleadapt ed
to performgenetic algorithmevolution on an initial shift list matrix

havi ng one ofRAM, rgpd-prly|meyperiasdROMY) epsyhagbdiske Adterngéively, the storage

medium 26 can be a memory device reader such as, for example, a compact disc
drive or a floppy disk drive. Such a memory device reader enables access to the

15  computer program by the GA rostering engine 24.

The display 508 is coupled to the GA rostering engine 24 via a video
controller 510. Data flow within the computer 502 is by means of a data bus 512 that
couples the video controller 510, the storage medium 26, the GA rostering engine 24

20 and an input/output (I/O) interface 514. A user input means, comprising a mouse 516

and a keyboard 518, couples to the data bus 512 via another I/O interface 520.

The present invention therefore provides the rostering system 20, the method
100, and the product that comprises the computer program for executing the steps of
25 the method 100 by the rostering system 20 to overcome, or at least alleviate, the

problems of the prior art.

It will be appreciated that although one preferred embodiment has been
described in detail, various modifications and improvements can be made by a

30 person skilled in the art without departing from the scope of the present invention.



10 said genetic algorithmevolution being based upon dynam c adj usting
.factors, each of said dynam c adjusting factors being respectively
associated with each of said shift lists. 2. The rostering systemof Caim
1, wherein said dynam c adjusting factors 15 conprises a shifting factor,
‘said shifting factor being associ at ed V\ng& each of said shift lists and
based upon a predeterm ned tinme period. The rostering systemof Caim 2,
wherein said rostering engine is further adapted to dynamically shift said
shift lists in at |east one evolutionary cycle 20 based upon said shifting
factor during said genetic algorithm ethisid on. 4. The rostering system of
Claim3, V\/nerel n said dynam c adj usting factors further conprises a

swappi ng factor A BSETHESY Hr s URon gsaetifplaerifbus sailrosiering systam of sai d
shift lists. Shprdiss:Fostering systemof Caim4, wherein said swapping
factor conpri ses ap e%1e group having two or nore genes, each of said genes
bei ng asseci ated wi tditlez&nohmﬂbm'gdnﬁﬂiu&hi ft within each of said shift lists.
30 6. The rostering systemof Caimb5, wherein said rostering engine is
further adapted to %‘Wap i ndi vidual shifts of said gene group for each of
said shift lists. t ek sai d
rostering systemf urtf1075ten-[1 %né?lg’ec?hgggtéﬁ thla 8% %b%]fgéénettl nghoptl m zer
for constructing srastdmgmtgurwl besiy a‘dapteﬂ it perfiatr genetiGalgorithm evol winemi ang

syst em based upon or.i a net hod. for. processi user i nput
information to der‘%@@lesfih ﬁb‘%t’g?mé Yok Spear ’%P’E"r?hgo &Stg tﬁ‘ﬁﬁﬁ YQ%HY% ks,
sai d nmethgd conpr 'sﬁid%n&tﬁtealgérﬁﬁﬁl e%lutlbﬁ'bEiné'b'aKéd"lﬁ)oﬁ'ayha{Hlffc'aﬁjusﬁ faTcto'ré st
matrix, said initial shif matri x having one nore shift |ists

respectivel y assocheh efisaid dynagu¢ aljustimgdactons rbemgrmhp@ctd\cew associated awith

B:gggrm ng genetlca&gtosalésrhnlx_t«ﬁsgl ution of said initial shift list matrix

2. The rostering system of Claim 1, wherein said dynamic adjusting factors
15 comprises a shifting factor, said shifting factor being associated with each of said

shift lists and based upon a predetermined time period.

3. The rostering system of Claim 2, wherein said rostering engine is further
adapted to dynamically shift said shift lists in at least one evolutionary cycle

20 based upon said shifting factor during said genetic algorithm evolution.

4.  The rostering system of Claim 3, wherein said dynamic adjusting factors
further comprises a swapping factor, said swapping factor being associated with
each of said shift lists.

25

5.  The rostering system of Claim 4, wherein said swapping factor comprises a

gene group having two or more genes, each of said genes being associated with

an individual shift within each of said shift lists,

30 6. The rostering system of Claim 5, wherein said rostering engine is further

adapted to swap individual shifts of said gene group for each of said shift lists.



upon dynam c¢ adjusting factors, each of said dynam c adjusting factors

. being respectively associated wth each of said shift lists. 15 9. The

met hod of Claim8, wherein said perform ng step conprises the step of
dynami cally shifting said shift lists to forma plurality of shift |ist
‘matrices in at |east one evolutionary cycle based upon a shifting factor
of said dynam c adjusting factors. 20 1 I The nethod of d ai m 9, wherein
said perform ng step further conprises the step of calculating fitness

val ue for eadh oflheapderpiagyatent of (@ping hi wherginsaidresteringsystemifurthghe net hod of

Claim 10, wh i id f i . f h i . the. st f
e e b AR P Rl G OB R R e g
25 pool based updmag@.d fitness value. 12. The nethod of Claim 11, wherein

said performng step further conprises the step of swappi ng between
i ndi vidual shifts identified by a gene group for one or nore of said shift

lists, sayd genepgy fb‘éfériﬁ@}é#gi&\}}b‘é\%gq{poﬂggﬁeug%fg?l)ﬁ'thrﬁéﬁnnapoc?ﬂr rc;sig?s?fgnes

bei ng associated wth an”i s t within edch of sai lists.
22 13. A producer mpnjpinfamator tndeuive b rogatdssocimet with bay brngore iadinjinhBy

pr ogram recorded.therean for. .prqocessing user input information to derive a
roster associ atx bof comprigpe terSers Qi vi dual s, said product conpri sing:

conput er program CoggiieaRSnliftfial dift 1§ kiR GaRinktH Eﬁiﬁx!l' ihfrix Halvitlg JHRL 71 X,
5 said initial shift list matrix having one or rmresd‘st l'1sts
respectively associmtreshifilists respedivelyeassociated withnsidvond vahere mddidwtsyput er
program code neans foy perform ng genetic algorithmevolution of said
initial dRift Iist ri x based upon dynam c adjusting factors, each of 10

sai d dynam ¢ adj ust péeorinsd Sinetid eBAthHESRARIIN\E ls¥id 3SR 86t MAtHR beeah of
said shift lists. 14. The product of C aim 13, wherein said conmputer

progr am code nean¥pewfynagie pdinpingfaciorspeachef said dpuanaic adiusingfactostiesipgans
for dynamcally s %s&n&tﬂgly associated with each of said shift lists.

15 9.  The method of Claim 8, wherein said performing step comprises the step of
dynamically shifting said shift lists to form a plurality of shift list matrices in at
least one evolutionary cycle based upon a shifting factor of said dynamic

adjusting factors.

20 10. The method of Claim 9, wherein said performing step further comprises the

step of calculating fitness value for each of said plurality of shift list matrices.

11.  The method of Claim 10, wherein said performing step further comprises the
step of selecting from said plurality of shift list matrices to construct a mating

25 pool based upon said fitness value.

12.  The method of Claim 11, wherein said performing step further comprises the
step of swapping between individual shifts identified by a gene group for one or
more of said shift lists, said gene group having two or more genes, each of said

30 genes being associated with an individual shift within each of said shift lists.



15 said shift lists to forma plurality of shift list matrices in at |east
. one evolutionary cycle based upon a shifting factor of said dynam c
adjusting factors. 15. The product of C aim 14, wherein said conputer
program code nmeans for performng further conprises conputer program code
‘means for calculating 20 fitness value for each of said plurality of shift
list matrices. 16. The product of d ai m 4%, wherein said conput er program
code nmeans for performng further conprises conputer program code nmeans
for sel ecti nd3f r ovpragigciicomnrisiigi copnpufer Sbabile mediam heving aeampwerqupgremuct a

mat i ng pool based sai 25 fitness .value. 17. Th roduct of Cl aim 16,
Wher 6on"oni d coneauties s ditor Setiim g Propaion BT BFRlar compr i se
conmput er progr asssesisked Metshe fod mosy\aiapiid\Gils, A pRRIC dahpriseigal shifts

identified by a gene group for one or nore of said shift 30 |ists, said
gene group having t 6RMBHerpPgrageenss meapt for dnitialigieg geindial shiftdist matsoci at ed

wi th an igdividualg,ghhit Wik R &A% 'illagl];lg S G- S0 dhift ish Yespectively
associated with said one or more individuals;
and
computer program code means for performing genetic algorithm evolution
of said initial shift list matrix based upon dynamic adjusting factors, each of
10 said dynamic adjusting factors being respectively associated with each of said
shift lists.

14.  The product of Claim 13, wherein said computer program code means for
performing comprises computer program code means for dynamically shifting
15 said shift lists to form a plurality of shift list matrices in at least one evolutionary

cycle based upon a shifting factor of said dynamic adjusting factors.

15.  The product of Claim 14, wherein said computer program code means for
performing further comprises computer program code means for calculating

20 fitness value for each of said plurality of shift list matrices.

16.  The product of Claim 15, wherein said computer program code means for
performing further comprises computer program code means for selecting from
said plurality of shift list matrices to construct a mating pool based upon said

25 fitness value.

17.  The product of Claim 16, wherein said computer program code means for
performing further comprises computer program code means for swapping
between individual shifts identified by a gene group for one or more of said shift

30 lists, said gene group having two or more genes, each of said genes being

associated with an individual shift within each of said shift lists.



