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20 function, referred to hereinafter as a “cost function”. This cost function is a

measure of the consequences of a resource beiné allocated to the task at a given

time. For example, if a resource fails to be allocated within a deadline which has

been guaranteed to a customer, compensation may be payéble to the customer.

Travelling time to, from, and between tasks, and idle time (incurred if a resource

25 cannot perform the next allocated task immediately the resource becomes available

to perform it, for example before access to premises can be gained, or before a

preceding task in a sequence has been done) are other factors. For each

combination of tasks with resources a predicted cost can be determined. This cost

is the sum of the values of the time-dependent functions for each task at the time

30 that the resource allocated to it becomes available to perform it. The combination

giving the lowest overall cost is then determined.
Additional features are disclosed in the above-mentioned patent which

ensure incompatible task/resource combinations are not allocated, and which



redg)cgnésgg conplexity of the cal cul ation by pri Or'iﬁbg&(oéﬂg tasks
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runni ng the program periodically, (for exanple every five m nut es) or
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into account in such a system Anot her problemw th
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ove schedul e or

process descrlbe It as t next specific
i ndi vi dual differetepdraorpiehmay Kei requicad fbr rulnmmdrfoymbecesel ected according to

whi ch tgghni ci angeare 28, GhoSEly Lt s AR UHARL Calne! REHNIER Al ile task

and whi are pr d I present 'St wever, i f

the sel ect gdogramhisilipiitdd, is6 rd&dramql smnedmls one taskuror @0imdsaakvery gl taslal, t he
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| onger). This can one very rigoro by allocating a | ot of conputer
time Another problem with this real-time process is that when there is a task .

with a high priority, and several of the technicians could do it, the prior-art real-
time process described above schedules it as the next task for a specific individual
technician. This would normally be selected according to which technicians are
25 closest to the geographical location of the task, and which are predicted to finish
their present task first. However, if the selected technician is delayed on his
current task, such that the target time for this next task is jeopardised, other
technicians who become available cannot be allocated it instead, unless the whoie
scheduling process is re-run. Until this happens, the task remains scheduled for the

30 first technician.
An alternative approach, which deals readily with complex inter-
relationshipé and long-term tasks, is to build up a schedule for a complete day (or

even longer). This can be done very rigorously, by allocating a lot of computer time
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According to the invention there is provided a task-allocation apparatus
comprising:
input means for providing information relating to the tasks to be allocated
and the resources available to perform the tasks,
25 schedule generation means to allocate the resources to the tasks, thereby
generating, for each resource, an initial schedule,
storage means for storing the initial schedules,
updating means for receiving, from the input means, updated information
relating to the tasks and resources, and
30 modifying means for modifying the initial schedule of at least a first
resource in response to such updated information,

whereby changes to the initial schedules may be made in response to such

updated information, independently of the schedule generation means.
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4 According to another aspect there is provided a nmethod of

al | ocati ngWOW23B% ity of resources to a plurality of PFZ{’QPQW‘W%
met hod corrpri sing the use of a conputer to performthe foll ow ng
functiops roviding initialg information relating to the tasks
to be a frﬁésa%‘éﬁp‘aﬁgbpﬁ@‘ resources available to performthe-tasks, deisig
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t hen Corrpl et %q?wg ngf@‘ég{ggfmfmﬁ{%&%e‘rm‘ tgghé rt'gs(ﬂ.[s urcesh%nc{ he
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of data bet vveeB Lé {’]Fd s gﬁrl odi c generation of the initial schedul es.

Thi s peri odi T° pr AP LR ed by the user to suit his own

requirements. |f tWgerabyeHanges talimiigaua sahaligsahay bua{aﬁefmmuemdms@huser
can run the processn%/géth t he, i nitial enerElt on rocess dom nat i ng,

will ensure YA matien infapendgntiy -of & ?ep’°§ qfo ggagrating, the HH'}MQ)

f ew schedul egnagigpg nodi fied by new 25 data bet Ween runs of the
generation pr ocess Alternatively, if the schedules are gener at ed
less fred®ently, Héhﬁoﬂrqﬁ%@?ﬂ‘brfhﬁftedé@s§°%ﬁrlq°“tﬂ9fﬁtf9&t *&etwes'éé@m\eo (RIFiE
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process), but al I'ows nore between updates to generate a
nmore rigor oudp §f@h'utt¢~°<kn WhICh for some remnew@fﬂquhetmglmcatﬁaﬁ hizbehaduleoisy nuch
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done by the i1nitl roce rlgorous schedul e
gener at ed. HovveverPrefdnalﬂy,atlmonnrtfaanchaMemare genmecded ipagodicatly, addrthednitibli ch

the sche% sc%%dlr}lgs %nQGern%Paetgd Ia?e lroneoa?#r‘ drl % %lgggrls%tt% % r%%g\(p{ oP datadggt%veen

such periodic generation of the initial schedules. This periodicity can be selected by

the user to suit his own requirements. If the schedules are generated relatively

frequently, a user can run the process with the initial generation process

dominating, which will ensure the current initial schedule is up to date, with only a

25 few schedules being modified by new data between runs of the generation

process. Alternatively, if the schedules are generated less frequently, the

modification process will dominate, (because more schedules will have been

modified since the latest run of the generation process), but this allows more time
between updates to generate a more rigorous solution.

30 Moreover, the user can select how much of the processing to be carried

out by each process. The more that is done by the initial process, the more

rigorous the schedule generated. However, this also requires more processing time,

during which the schedule being generated is becoming obsolete as new input data

This Sheet Has Been Rep

TN




5 arrives. The nodification process may be suspended during the

periodi ¢ generation of the initial schedules, the updated information
bei ng useqygogsme fy ‘the initial schedul es when their memessnlBOs S
conplete. Alternatively, the nodification process may continue during
the generation of the initial schedules, _the schedules 5 so nodified being
input as nodifications to the initial scﬁedules when their generatLﬁg
is conpl ete. |f a substantial update data itemis recelved,

whi ch, woul d afS. THEmodificBtiors biodBss F1ag Ba! fBpertfed difmg tﬁé'b'éﬁ@&lb)geh&*aﬂGn
generat ed, redundant, the schedu enerati on process Jme initi at ed

at a time oPhdhe inital qcha@ul%ttépmm@p%ﬁ?rn@ﬂm qu used & tyodityr ther initial
above. schedules meﬁ f?{félﬁf gér{éﬁgmﬁ{ [ENQAIPRRE.  Dte? @}%w € eﬁ%’dﬁtdaﬂ

function conprises t determnistic stage for sche ng sePect ed
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st st oe APt Saits (RS Pb BPPLRSBBoM o AL “EheB08E HhST B "
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of linked tasks in O|VI nDre t han one .of the ces,, Or ng a
sequence of tasks dar? sé' E‘E' d“‘?‘%? s‘%ﬁ%d’ﬁm i}y TBSPIY ﬁ'FétWWId aks e

det erm ni st legistifg 3@Redules, or those cufr@hfly deflyi &rerated, %d@%nﬁ&h@%bﬁget o be
carried out in several stages, 20 wth nore changeabl e, but easier to

al | ocate, t&8R¥aten H&%&ﬁd’l“’é’db? initatgdrater dpte other thatdetermined Riithe ar e
nor e di f{¢ Cubliodi@npliQrat & adtibk. | €ss subject to change. The systemis
conveniently arranged so that optim sed schedul es are generated
periodically, t helrrracnreﬁecra@|mnpﬁme@fsﬁwemheﬁglemtatwwpemge@pr'ﬁest)et ween
t he ge“‘?&&tdé%é‘rn%sﬁé‘%&g%%?%h&ﬁhmg 8?%& 4R té}ﬁi SR80 SplfiGtigh! On
process nore 25 to generate eac , lomng It to generate a
mor e opt i malstagel fat seheduling tmmmmus @asksr endjmhareére the séapndiatageatreats the
time) than | d th run S i \ need
¥04Ks sc?m lﬁ§ %@%ﬁe frste 5 age; gs, flxed Irmhg\e;gr%fe%%g érﬁwgﬂlaﬁ‘ﬁ%é\ JP%

to track shofy

es 1n
descri bets i secantidtage operatesaiccording tack smoduﬁtncq:trag&s of schedul e
generation and nodification can h b ted or
i ndependent |y of f?éeraﬁ’(er%m“ps of finked ta ipYQiyipg- Hg’(%r ail QF?c"f ah8
"stochasti C'reddiirde3] &r SdRfid b GBGheMReDTQadie &€ selectddfiRIsTheMing Dy the first,
di st i ngui shi ngqrbet ween the different nmethods of operation of the t wo
st ages. The JgEr@inistis: §t1998- st age operates according to allocation rul es
whi ch This architecture allows scheduling to be carried out f several stages,

20 with more changeable, but easier to allocate, .tasks being handled in a different
manner to tasks_ which are more difficult to allocate, but less subject to change.
The system is conveniently arranged so that optimised schedules are generated
periodically, the modification process making short term changes in between the
generation of such schedules. This allows the schedule generation process more

25 time to generate each schedule, allowing it to generate a more optimal solution,
and/or use more data (e.g. further ahead in time) than would be the case if its run
time were constrained by a need to track short term changes in real time.

The architecture described is modular, so that the individual stages of
schedule generation and modification can each be adapted or replaced

30 independently of the others.

The terms “deterministic” and “stochastic” in this specification are to be
understood as distinguishing between the different methods of operation of the

two stages. The deterministic stage operates according to allocation rules which
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sel ection steps may first determ ne er the initial optimsed
schedul e o$chedulep case ippl into a fupthey deration pafr ther eRtinisatioas Rtage fiondugheren

gr iority, %ﬁgﬂicﬁﬁtthﬁq‘hﬂhéraﬁ&a{i:;n Bf ‘iﬁeegﬁtimﬂét’ion stage treating the schedules

not so identified as fixed.

The schedule modifying process may comprise a plurality of selection

25 steps, in each of which the plurality of tasks waiting to _be performed is assessed
to determine if a task of a given priority suitable for performance by the first
resource {typically, one which has reported in requesting a new task) is available,

and such a task is allocated to the first resource if identified, the selection steps
each being arranged to identify tasks of successively descending priority, such that

30 tasks of high priority are allocated in preference to lower priority tasks, whether or
not in the initial optimised schedule for the resource. At least one of the selection
steps may first determine whether the initial optimised schedule of the resource
includes a performable task of the given priority, and select said task if present, or,
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if the initial optim sed schedule of the resource does not contain such a
t ask, determine if a task of that priority exists which has not been
schedul ed ‘wansh2set ect such a task if present. PCT/GBIT/OBHIBS™
specification the term"schedul ed task" neans the task currently 5
provisionally allocated to a resource - 4his task may eventual | y be
allocated to anot her resource if the schedule is revised. As al reasqu.
di scussed, prior art systens al l ocate tasks to specific resources in
advance, t cif tthe imitial upiumheofscaegfuletdfeﬂwe resognee t ddeisenotesantaibesuckhiactask, n t he
event, becone avail.able fi si,bl e task all ogcated.
' the ystSRPGHRG He kS8 0a HPEY PYRts WRENGSROS PR RenRgled ABH FPIGSE ask
may be scheglidheftasRlif gresenipeci fied technician initially, another
technician who is suitably positioned and skilled to performthe task nmay
be al | ocat ed pHéis sresKicatiomshe gems “sehedpleditask’t megngshe dasi swiielY a net
benefi t al | S
t echni ci tasﬁ lﬁljsaelts Sﬁ"iﬁgﬁﬁ%"eﬁ p%OQFéegeg@iE tt%glgﬁ‘q?vn%%’ %@Pa@gﬁedﬁﬁg%dl To
becone unscamdbéradsaunce if the tsehéduulensaawsed tMaireadescLBsed, amgllor ed|dystenms
Thi s may be he f% Et i echnici an #echnl t éskl lt’)’ f ¢
geogr aphi ca? °1°8E,§a 5/ Br gpecJﬁ ée[ﬁogrcegn@ f Vaﬁge'c E i B¢ 8'f°8r8 Rt ?ngk S
?I I O\?\ﬁt ed suutaﬁlesﬂaeb@fces vbmi:l;toml ﬂ\ﬁbgvéldnﬁbma%mmhtmfmaahld( hawe a?]dsm?pne
or om i na chedul e en _he conpl etes .the first
task, ther efqa§'%‘§t fask 'Pgétego”ythe S¥FtEBY ﬁ? khe PSRt inventior.c AlthaneB R thighy
However ,1g ym&-ﬁ{:'ﬁésk hﬁapaw Sehéduid® 18t | deakpatifdd ta&rﬁc.aml;ﬁi@taﬁ¢09mtﬁban
whose own schedule will be interrupted in turn. To avoi d
di sruption teéhsléﬁedwheslsp%ﬁab'appﬁyomﬂz@n@lraiqﬂleébtcy perfpem sthgt task may kg, be
arranged 1 OqfJolidy HARRIESif e BalR L ﬁFs‘?dlfgtrooH’d) sgfprﬁﬁé&'s”&%t %@qeﬁtaﬁl(%he
These may be those resources \Mau ave rel ated characteristics, such as
simlar sehedulest Tlgpegg'giaepjmc{)adulb deratheosesond hehhoiciarsisi than stsnsnded; and

conpl eti on of rren 5 nd/ or ski ._Of hey
SoaPeor v ont PaohSHtR flngf Bpne i wutboRle ditchedined Y sebKAGiRR suliBd 65 1S
limted 150 tdsk edlRaimf Thie Mgl bki the Smceechbtchm, if hlEOtecbm&bl skms and

mul ti-di mensional .matri x of rTesources, Ioc

repr esent ed9¥Re"? locatign r?f‘éssugﬁé'ﬁr aad t'ﬂEF °§’H§/ "ﬁ’g ?ota ﬁ‘%ﬁ@&?ﬂ es

wi |l Pr ele@gRére. ntelc@mdvabythal oddond! ticanighnt ie. &abu&n@ﬂoﬁm ianslasi | |
therefore be 30 unlikely to result in a total breakdomF of , the schedul i ng.

In particul $#ginglly seheddierl) if. whepspe cqrapletes ring firsk ks fthergr s #1! Moot e,
are not per Hertérﬁdh.ECbr#gﬁaaﬂY SERRIURSS téstal ﬂowevere\'m:&ié% ti'\BQESk wai Bé dBocdhed
| C

stabilit wll exist he sol uti on space t end to reduce
t he rat Gt tanpthird tegbnRic@ns whpse aws %h@@d@a‘ﬁ'éb? m*-eruweti Fﬂatl&’m ution space.

S nsi HY [ty i8RSO s RiheBHe rdituohlify RitbhialiyDnd A5k 0 Pe

consi dered by he sc e oce S nerat't on of
the initial meghisdalresged e digtity changes to a selected group of resources and tasks.

These may be those resources which have related characteristics, such as similar
current geographical locations, and/or estimated time to completion of current
25 task, and/or skilis, and/or type of tasks they are currently scheduled to perform. A
modification to the schedules limited to the area of the “solution space” (the
notional multi-dimensional matrix of resources, tasks, time, location etc.)
represented by those resources ensures that any changes to the schedules will
propagate relatively slowly through the solution space, and will therefore be
30 unlikely to result in a total breakdown of the scheduling. in particular, if certain
tasks, identified as difficult to allocate, are not permitted to be disrupted, this
ensures that “islands of stability” will exist in the solution space, which will tend

to reduce the rate at which such disruptions propagate through the solution space.



allowing the systemto allocate urgent tasks on a shorter _tinescal e than
the  ogXBEBn of the initial schedules. 5 RETIGBATANE o a
third aspect, there is provided a conputer apparatus for allocating a
plurality of tasks to a plurality of resources, said conputer apparatus
conprising a central processing unit, a nmenory, an input deviee and .apzae:
out put devi c said nenory containing a programfor controlling the

conput er and whi Ewther tasks myay hegadfedqtosthgriurality; of tasks te bregpnsideragaied on
predi ct ed avabdrRBllel hidiftatiASIPESSS aftdiOgeneARion T itRE iritifl SchéitibsS hdraty | T LY
of tasks to resources, and performng the follow ng st eps:

when a res8lipwidgpkeoresienytd laliefate wigerdstasky arhe ghamtesl timgscafe thesk she

vai ting togbRerkfdd of tRbnithPsdigli§csi ne if a high priority task suitable for
performance by the resource 1s available, and allocating it to the
resourced 15 Accordingf tong tbind laspegk these dy prividede a faomriuter amreatus dot 0
perform a ' nex task on the resource'.s initial optimsed
Sehedul e  aoanndh BUFTRP B} wasks A PRIKLBF RS FRIT gMaLta WP o ¢ he
resource i toinprisiag seeredi fryocasding unit, a memory, bh bR ik BRX tant Gstbut S not
avai-l abl e f,or. the.iesource tc%r)erform al ] ocatin to the resource a

| over pri ofPYige: SRS MemATY CRBtAJIING 2 |Aregragy fof égwé‘?lﬁ'm)the computer apd avhiRfdi nent
of the i nvenarangeditb lstdte\unhsitigesehedig dboasby oW%fedﬁéte@Wgﬂbﬁity of r%’éhycesyvi th

refer en1ce to .t he acconpanyi ng draw ngs, in which: _ lgure 1
shows a eﬁ%';rkaﬂ"'%t'ieé'n%é'l‘ffabgftyé’f§§‘§%se?ﬂ fesevrges randaperéerming: the following

confi gur edgtepsoperate according to the invention; Figure 2
shows the conponents of the conputer X of Figure 1. 25 Figure 3 is

a functional bl o¥beri agieapyree kasomest pedilableh casaessinge tee alirality of gkt em f or

gener at i ng yAfiddish| W STCTo RS viisional | Lpcat.in
resources t o'{dgglﬁs). B%’hgaﬁ%neg'r ?tr?c-?ggﬁwﬁs:r%m@{)%en %h ;b?!g"gy ?gfgr%ﬁ'#ﬁb%t ifgr "pre-
schedul er " petfergrange barthe sesoumshia avaitabtep phd alleiatigg stutosthe eesoustesage 31.

Fi gure i's funcgion | Al a schedul e podi fyi ng. subsystem 40
30 for g‘?l ocat i ng n%e@gaﬁgggﬁtag)a aslgga riotfrr\'ef%%ﬂu"fel %pediﬁg%@¥§e§g@grtgg ®¥kcone.
avai | abl e, task onostheg redvarcets tinizibl @ptiridesic dciseind ubedgenninat #ditbyan hse
schedul e generation system .  of Figure 3,

9 peﬁ‘”"ﬁdgﬁ‘Pi ai"‘?a_é'"g 'tfﬁ°o1if'/§'ﬁﬁ§$‘1“"fq '?{fs"taf‘é’_ﬁ RRSfrmEdioper ati on of the
pre-schedul er 30ifahe said fex@tdsk i$ not available for theMied&Nird8 t6 perfornd, AdBatihg
illustrate the variation with time of the cost of all ocation of a task,

for five dff FTERPUISE AUGYPORONTTY task from the plukplieofitasks. a f | owchart
i1 Tustrzging theaRRMYdiREht Yt the fveRidd™WAl v be described, by way of example

only, with reference to the accompanying drawings, in which:

Figure 1 shows a general arrangement of a system including a computer
X, configured to operate according to the invention;

Figure 2 shows the components of the computer X of Figure 1.

25 Figure 3 is a functional block d'iagram of an initial schedule generation
system for generating an initial optimised schedule provisionally allocating
resources to tasks. The two principal components are a deterministic “pre-
scheduler” stage 30 and a stochastic “optimising subsytem” stage 31.

Figure 4 is functional block diagram of a schedule modifying subsystem 40

30 for allocating resources to tasks in real time as the resources become available,

using the initial optimised schedule generated by the schedule generation system
of Figure 3.



subsystem 31 of Figure 3. Figure 11 is an illustration of the
Si mul at ed Anneal i ng process used by the optim sing subsystem 31.

Fi gures Mnpoegasend 14 are flowcharts illustrating the netPardHsgoyhs ch 10
tasks are allocated to technicians by the allocation systemof Figure 4,
based on the initial optimsed schgdul g g@;neyp@:teqmlgyBgége syst em of
Figure. 3, and real-tine nodi fications tjo- thaqucat@dp o,
Figures 15, 16 and 17 illustrate three nodes ofoperatiormrof 't he system of
t he invention. Higbre 5 is a flowBhéreillustrgtingthe qperatiob, oftther preisshedidevB@ of

t el econmu ICatJFOﬂS system represented by a block N, which is nonitored
by a faul hr't or i ng system FMC. The fault nonitoring system FMC

detects faults Figuidsesnat @ akd ViiiUdtrats thd @ariationaWithntimenof &gl cabs of
receives ip uts fromgwnman operator_e.g. to schedul e pl anned

mai nt enan@¥ caF'B"Qé\ﬁéP hfime, f@hﬂé%f’%ffeﬂ‘?[‘t sifyations. 34, J5  J6, J7 to be
perforned 20  byigare 119 Gs fPrifoveard QBTG Re Tdperdon b the @ptifiding €qUESt S
are input to a resource allocation systemconprising an apparatus in

t he form §ubsystesmBitafFigure 3. for allocating resources to tasks whi ch can
conmmuni cate thr Tl eld
termnals Hi, Efég{}bﬁh%sa? glugﬁgtﬁgﬁ %@Ua%h%‘ngéa\fﬁégj gtqptgl Hl is
currentl yobtimtsanmauhsvsttano&Wm th the 25 conputer X through a connect ion C.

Each of the han hel d e na e o HUS K FS/ .2 produced by
Husky Corrputers epEEso! ng]e dlr ?/4 ﬁﬁq’?"d’h‘g‘mﬁu’ '”s"al%%'gnﬁ‘ rMetodabY VRIGR prent
nmay belQisesbks are allocated to tbéhniciaraby $hd Rddation lshsteth ¥f FiguRe4BaYed on
technicians (typically a few hundred) and tasks. Typically a workforce

of one huikf HiF3 @pEMisadasehediigraenseated bi e svsem R Figued 3 #eRJepltinae day .
Ther ef or e plduifeatibRe Ethad @¥heiy, oxi mat el y 600 tasks wi || be added to
the system and 600 tasks renoved as they are conpleted. Al the new
t asks, and a pr bigurasi th & anch&7 ditspriata theessmodes of eparatioreottheraysten oft he
day' s fggﬁ@tm Thus, al though each individual technician's schedul e
only changes afew’ 10

ti mes ®day, tmﬁetelmu;as Bigererddethete tisieshowar al telemﬂmdumleamdhsaaymm",age
m nut e hou

Kij
consi der aBTpé'ese"t&t F"‘dcat plgpk (rl)\hmvl‘?'ir"Bll? n%?b?r?éf’@gb @‘é'? mﬂ?gst'"%ﬁg? F@%'J(;ccur at

t he begi nmhadfadft mbAitoring wtkmnswmaweﬁe%ts‘ aadntsstnvmg:hehﬁm RBIRH feiad.re
overni ght are dlscovered and report ed. For illustrative

pur poses PHENHPRL ABF Al esplves Ws'tﬁ frem 9 h'r"éé“ PREAIATE-Gnte sehedule plapped T3 yho

are provi gefinteh&RREES b¥ﬁ‘ér¥te 45 Fecfugetstﬁr mznah swl.:s H8, J730 pberformed
t echni ci ans are present| y engaged_on tasks J1, J3 and there are four
furt hefO by a field force of technicians T1, T2, T3. The task requests are input to a

resource allocation system comprising an apparatus in the form of a computer X

for allocating resources to tasks, which can communicate through the

telecommunications network N with hand-held terminals H1, H2, H3, as required.

As shown in Figure 1, terminal H1 is currently in communication with the

25 computer X through a connection C. Each of the hand-held terminals may be a

Husky model FS/2 produced by Husky Combuters Ltd of Coventry, England, but
other suitable equipment may be used.

In a real situation there will be many technicians {typically a few hundred)

and tasks. Typically a workforce of one hundred technicians might perform six

30 hundred tasks in one day. Therefore in a typical day approximately 600 tasks will

be added to the system, and 600 tasks removed as they are completed. All the

new tasks, and a proportion of the completions, will require changes to the day’s

program. Thus, although each individual technician’s schedule only changes a few
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tasks J4, J5 J7 awaiting attention. The technici ansogéﬂeg;’é‘ﬁ%ﬁg can use

their P’ﬁ?aﬁ?ﬂ s Hl, H2, H3 for reporting conpletion nd for
recei ving 10 i nstructions fromthe conputer X for perform ng the next

t ask. For illustrative purposes, the three technicians T1, T2,
T3 may be consi dered as part- of a field force for performng t ask&™Bn

t he tel ecopmuni cations net wo emto be nonitored
noed: not  DUMES o dave RECHIRER B TBHS o dh pYsRl SEHeHTE, o pusrage mpute
separate durhg ahh@® holbr tWb&GRYTHINI COf Idaalﬁsse:ﬁyﬂiisemgdné omasksMtonbidédagle
term nals conmmuni cate with the conput er The basic

conponent sfiggtuatinn, femsyemaplexa Jarge Jwahs ioh 'Fﬁ"{jﬁr‘é’cﬂf atrthe; beginning Rfpthiese a
keyboard 2 , Sl nit
(Vo) 23, - rorng B8 55 auR UGS Atk (el VBRI pretalihoveing She RgBltel

pr ogr am® 20  f orFaydistretive purpebes termseseat example hes jgustdhien teehnicigns?Bl, The

I nput / out r e o] ter I ni t| ons
system V\h:otl% Brgoé"ha T8 ﬂrgg%ga’ gé%n%we' tw(i)%ﬁ fh %(eqmort}’?vmtl-@he‘ﬁ gw(:é(bnp X
and t he hatedhhieia¢ls tags mesahﬁy kefigaddd, on taskkill1, Ti2e JGoarplithere Xreceama‘u&berr evi ew

alarms froma faul nj.t ori.n stem assogi.at e ' he .
et ecommuntasht PAiS iRt avaidta o, ThedSERTRRRET 1 AT 2T PR HER N 1 b o
Mai N progr tnirls M1,062} i MY ﬁohereportmbeﬁblﬂb@halﬁlsoﬁ @ ik faR8Kfor Mdeeiviiy N
programis di.vided into a set of routines. general structures of
t he pr ot almstreiionsfaRm iteg sPmPeigt P(rifé’éPe'éWG“‘t‘%Q”'WM&F"used by t he
program for all t t SCH6S Al |
| at er. Fdt ?"%QE%‘S@%%&? gchﬁe c?’gér%s'l%éwé%%oth e?gde%asrﬁ gelg and
contacts th@wsmred:esrparttaf axfigll force Hfer perflorofinthtasks @nrﬂ\naelemmmndlcaWS
conmuni cat n C ns I oS k. JThe problem
Is to det e}r‘%oék IN \?le\{eégkgﬂe\]élgy#gﬁ\ ® E’%G "mi‘?‘ Pechﬂlg%lsaﬁmrlgghoul d be
i nstruct edtdl@opﬁﬂtﬁrﬁcaﬂdmext systéra, nedridod nuged bey quite tdeparsté n fporagr ehva of
conrpute X takes into, account

15 " telecommunipations SYEFRS (LEMANCVAISNCEN I5EPINBISFRREWICAtR WL ¢ ask:

the ti mecémputeexni ci an woul d take to travel to the location of each

task - the tinme the technician would take to performeach

t ask. The besie coppepenie qfnheraommiteroX aaERowAdIR Figkse & niThese f or
exanpl e by cbBris Qlk'é'Qﬂéar@fmCléSéé?a%i §r&fe§§|9é %Hvtﬁ&ﬁuﬁw fa'm'd&bn o L1 es
which wll be incurred sk is not performed w t hi aspeC|f|ed

time periofVDUy23ta mqmoraradl and an mput/output e ZhaiThalsiatd and tﬁe programsher
e Ao g PO AR T TRRyBSE ghciy o
t urn dependomectdrahé &mgtdmseroio ttheitelecomhmenications system which provides the
communication links between the computer X and the hand held terminals H1, H2,
H3. The computer X can also review alarms from a fault monitoring system
associated with the telecommunications network.

25 The computer X is provided with a main program for allocating the
technicians to the fasks. The main program is divided into a set of routines. The
general structures of the program, the individual routines, and the method used by
the program for allocating technicians to tasks will be discussed in detail later.

In Figure 1, technician T1 has completed task J1 and contacts the

30 computer X with the aid of his terminal H1 and the communication link C for
instructions for his next task. The problem is to detefmine which of tasks J4, J5,"
J6, J7 technician T1 should be instructed to perform next. The method used by

the main program of computer X takes into account.



10 tasks, and the tines the technicians started doing them as well as any

travel ling time necessary to reach the location of the task fromtheir
present Jyeughidens. The tine that a task willpéplsBofdaifsibi ect to
sonme uncertalnty, since in . many cases tasks involve the investigation

and rectification of a reported probl em r emis _
investigated the tinme it will take to Wectli }g/lg(:égé},b&%l%‘géﬁo 5 estimated’

with a fairly large margin of error. There a-se—et-het i i abl e T attor s,
such as the Ioaabh&hé.cmbanﬁa% hn Ba%dtnt s in¥idell 1XBKes a precise neasure
difficult. The nethod used by the program of conputer Xinitially
calculates a - thpitisna Hiegaehniciammaulctake to Favel todbaincetian of sach tskows
changes to thesgy é%iﬁ?éjfﬂe%cﬂrﬁ i nwo%é{%ﬁi? Shﬁ&nﬁ %gcg{{a%kt ask_conpl eti on
early, or fails to report at Pe es f new tasks are
requested after- tl'haerqw&zmt smpm*adm&ecbliedam"etMS demmlrmde&treekample by the The

met hod 5C t den "cpst f ne h task Thi s
t akes i n?{')&rﬁ%:%ooﬁn U%f aﬂt%?f ?"5# aqyaﬁuﬁqr}%av é]rﬁest Wh'Ch ﬁﬁé%'ntcf’ﬁsd ltI'he

penfml ty *ﬁche ta’?ylsbmta)el‘feﬂhedmitﬁtrﬁd Ypexsiftdd tirhe aenmertsaitt |an;|nands p?yabl e tg a
custoner for failures virtual' cost; e.g. damage
to a company's rb Gvafaedity °'CI)'HI§ ?‘%’er F@hﬁ'ﬂays [I'g X3t i me- dependent property. In

the sinplest cap® 5ma$|wvcdﬂtaﬁsel &théeteRhhitians deﬁmsagfmednrﬁémhbmw and a
fixed val ue othervm se. In ppre conplex cases | e where

conpensat$ash Wil besems avallapls, uyhigh t'b“t’ﬁé’eﬂe'&f ee fBP 'mteﬁeésthe'r current npy pe
SONE MY EtagRETArXthel tRe BRERERRILIahY! %%rtéﬂ%o:@ﬂ%i‘#' é@gueﬂ atsaéﬂv ﬁﬂ\rfélhrﬂf

than its target time has a conting en% val ue (the reduction in projected
cost of tmemce%sawt%r&ae@wedycatm ofthe dagk fpﬁ?'ﬁﬁaﬂr prepeqt loealionsre); i.e. if

the technician f el ae@ask will 'Eék‘éti% subj ectta%e&rhﬁrl@@?rtﬁﬂt\} Ngnde2fik than
expected, he may neverthel ess conple ore the target

ti me, so mahywesesctasks lnyoupghemweatl@atm andgectifidatiop af @ reported ppdtdem| ed very

close to § r LI

12 Uhdh 4 gggrbléer}égg ‘B‘c’)"sss?‘QBPd éhﬁ ocaat |'tor\4v "Bf‘“‘é“ ttgcrr?ﬁf' gﬁnt%nl\é lfask, a
"t echriibci estintated with a ¢aidy ‘largé haargin f edror.alThereadre ra@oamgen/emabaesfactmsa gi ven

technician is_th t.he cost of th

oo o (B ag AR uSe Rl Etanges,nbdogh B9 SohBh TnBFSOR Pretia sheasueT | i (v of

the task giefidultng Thehhethod aise@Shy kT pRsYRarh esFhEdrapuer txo.mﬂ'auyam&m@zre)s a This
probability depends on the projected finishing tine techgvl cian's

current t¥OKisiarghschiaghie: fopeach 1rroNicianRy bt AltPW 8meﬁé°d8?s°c ehedulesd
task, theg Q&iHn\'H?érﬁFEp@H& atawébrﬁﬂ%leﬁ&e eamw dr¥aifs totpofthdt thale8fifnatdd™®mBy Wwhich

t he new task nust be done. These factors determine a margin, which is
t he arAuner ibpew tasks are rpquastec#fterntbe provsional sehpdule-bap *eﬁ/a@rcmmdw t hout

exceeding the t H@ffet ddRaRlierhOal fmBS0RNR HOR AFBHGN: §r SddiPedi, Wi oh

the target ti ors, such as the
anount of Thisnalmsdutecadosent theepenelyforcfdiling to aneet an agreed time. The penalty

may be a real monetary cost if compensation is payable to a customer for failures
to meet a time, or a 'virtual' cost; e,g. damage to a company's reputation. - The
25 penalty is a time-dependent property. In the simplest case the function is zero if
the agreed time is met, and a fixed value otherwise. In more complex cases, for
example where compensation is payable according to the degree of lateness, it
may be some more complex time-dependent function. Scheduling a task earlier
than its target time has a contingency value; i.e. if the technician is delayed en
30 route, or takes longer on the task than expected, he may nevertheless complete
the task before the target time, so a lower cost is appropriate if the task is not
scheduled very close to its target time. o BRI P
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specified technician to carry out the task (e. g. time spent in travelllng,
or waitinyO%22887 the |ocation for access if a "not bef or ECT/GBYARNrent

time has been nmade - that i's, an appoi ntrment which is to take pl ace
tinme) can al so_be taken 15 into account. It should be .
hese costs are estimates. In sone ci rcunst.ances, e

‘ slidin dependent the ti

actual |y perfor nEY. em\gﬂ’/ﬁ?ﬁ fiogagiD oéq,aasé‘i" "’ccff’é‘ %Fdﬁfk'c%sfecgf"c@wtﬁi'ht i ng
the task cgpst!NtHecddsh iof éﬂBEé‘hrff(_;a#‘Ql\/éﬁQaﬂf td WQiveH HRAniclaRas tRéd8sima@al i ve
cost) of success, or the l'ure cost, but at the time of allocation it
i s not knowhisviakesinsp aBgountheecassiaiebe itaskyfailing; fndich dss then sene suegepver

ci rcunst an Vv [ all),
o oy o oS R YR EObabl, HOFRTAGL Mg (i ke Bk Wl 0
does arrh vanotﬁhﬁre Hhie probability fdepemdss onsabd rrejected dipishingy tinfe tdfe the

techni ci an erf task takin nto account. skills | pnent,
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types of wqme bmeanchbt@nGQiﬂ!ﬁ& @cw Earcub@frmﬁ%Mu%ﬁ&eéﬁ@ﬂhssaﬂget 8Rleor,
experience in a particular skill, can al so be expressed by

i nt er netl aiferegative ghe amount of time byTwhish theytargridimeawilbpe missed. t o be reduced
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measured i n equi vaI ent uni'ts of travel e cost of allowi ng a
task to faisbeaified trehoigianutoatasty awst ttquuaslalteagt time spept imtravellingf, onowaiting

h
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financi al wBbuwe takyn irto msedthbrshould beeneaﬂg]hmd thiat thaserqaensaté ie@timatedt a
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cost ed suchhdthik task i¢ RetuailyPeAbAned HEWHRTCH MaAnyTRsés) tﬁ&cacd;avaﬁébﬂgft hat
conpensatiop is costed at an equi val ent val ue. he et hod

det or m nes PRATEE AP aEs 691 OF el PHKRAKEPEMET BNE alkiers theoyalug (fmaewat he

total of tlgst)lopGlBé&isans Eﬁékaus;ﬁéseostvawasmestuﬁer@frynawaonTh?s FESknd¥fm NOt

allocating a task nust also be considered, and this is done by including a

non- eXyhigreat these valwgeiy will dakmi as mfore@ewep'rwmﬁgacwmﬁg pseNeat the

there a C f t

priori t?fGta h(?“ct' gﬁll\)':angso g@%l (éP%?HF) S?n%aQ ;{.\degnQ I'mwt ec rﬁllgcéll'gr;t 8I\Q%r exarrpl

t echni ci an tife, mayt Bl i€ be dons BVIVSCHib@mIaedfltrdﬁemactnsxlsutﬂeaé thenahility lof 3bg

t echni ci an c S

schedul ed é%g‘é‘ ﬁvﬂ({%éeﬁpask (lg%ko(ﬁ%anqﬁphg%gmi kl-il-lgé iégdzémef‘ L q‘%%e&legg
permits available to each individual), which must also be taken into account. For

S

these factors, the probability of the task failing can take only the values zero {if the

25 technician is suitably qualified, etc.) or 1 (if he is not so qualified). Preferences for

types of work, e.g. because a particular technician desires to gain experience in a
particular skill, can also be expressed by intermediate values.

These various factors need to be reduced to a common unit of

measurement. Conveniently, all the factors may be measured in equivalent units

30 of travel time. The cost of allowing a task to fail can be calculated as equivalent

to the amount of non-productive travelling time one is prepared to use in sending a

technician to prevent that failure occurring. Alternatively, an equivalent financial

- value may be used. For example, if compensation at a specified rate is payable to a
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sufficient time remaining in his schedule after the projected conpletion
time of the tasks he has al ready been scheduled to perform or

ot her wi se wo ss/zssxhedul ed to the dunmmy technician. WhACTERITOBBan T1
reports for instructions, the conputer X 15 assesses the current schedul e
and allocates a task to the technician {4, instructing hi m over the
comuni cations link C Normally, the task alloecated will be the . L i
schedul ed task (in this case J5), but if a new task (not shown), of higher
priority custdmer foaakmikSed appeninesi cdon- p:roduétnlehﬁmba:zinrﬁe: casted butlkepbatt S

conpl etion k T1 expect edIX ear | ?‘r fails to cqonplete a task at
Che” pr e o1 HierEne farepaf i e 16 R0y gt FORRBRIINs EPEEIA sk,
possi bly ongypfaldntalugsks J4, J6 and J7, to ensure the highest priority

tasks are still done in tinme. Technicians T2 and T3 are not given any

instructions at tHiesmsthegedesarmings, theacambiaetiofes! tnincenisians d, tasks fofyr r ent
tasks. Tige \ﬁlﬁﬁﬁgHJz 't&g of threaqgé'\n@alﬂMk%zsﬁ"Waq@e%h@'a%m 2 TRE LodBofhér

provi si onal e changed, in particular one of those tasks is

al l ocated tajlowmgeemaslcmwstmw be qohsuemadghnprthtsr ist Joneabyk inguding rodaned at
short notic " " | c rid n for

al | ocating ISt 06 dummry e;(%éjﬂrngcg% glt?](i: %.%%Eé.ﬁgo gg’r ff tggﬁ'_?rﬁ%ﬁrl g%@k _

Al gori t hnt tﬂ\aecesdwcbs w peri@bbtEapethe lowekty pribrity Kasin wolikk bbiw&gedulam féfet hod

for the ASSI nt P bl eni' (Naval Resear Logj sti cs arte Vol .
LT es ooty T e FOF SRYTRP eSS S0 9y PE s eas SeH Rt e
Hungarl a0 Aheg@rpe'tﬂb% ta§lo UpUtsthnichar B2 itasksJRaag aéelhician T¥0task Ub. Naiskt Jaages

95- 96 (1990 gig ver t e use of these 3la'g,t%r§i§f£fn§wit§ge{ﬁe‘;g{3i°ia{'ﬁei§ietthgl%t iisons S

not easy, i 3egH ef’o?s iBnticther sk

14 al AAfitiEAEmE Qé‘rﬁ@ihln'§QH¢ﬁ’éJ§&eﬂﬁl"eehffe|ﬂQﬁe Bifedted Koﬁbﬁé@i@n tinelof ife

opti mal sol ution require | ooking further than the i medi ately next

t ask. tasks he hq‘hé’f?ﬂddd?eam‘-iéh#%ﬁ'edcmqffﬂﬂmr ﬁgomff@/v@ewwts@edw%so theo mai n
el ements. — qumfly tﬁ&ﬂr}fcnkﬁer\ﬁhéé IE_J W T Q@p&&uforQH&ﬁMtﬁﬁ ) tHe B3R
systemlllustrate general | Igure 3, and secondly there 1s an

on- | i ne 15ecassesses tbehedahteschedmé ﬁoatallmateg/staahto the té¢hmigiama T ddingeneting |y in

Figure 4. Th sgvgmes%éyng{mﬁq,gn% ?p@nﬁlﬁ%L%, it ﬁ]neallocat QUL Elhet he

off-1ine systemIs use I hg poi nt"'for e dperation o
on I I ne (resdhetule® tasly i ehws daae 55 yaitdfmirew ygskdabt yhcmn)ombungﬁe,r peiority ol | ed

once: the riBaR-EPRESI0 EguaehAD O FOPPISAEY Thavtulrt ShPIRCeBCat teO T

t echni ci ansuexpbérally a4yl i traild compléﬁhethskengﬁmreaﬁatem tmttﬁmé’c@mno%n
prepares t he dat

or the next run of t time sy Each
syst em 9 Imﬁlﬂa’%@ Qfated th’léfge’ieﬂt a%ikam“s'glv 5% of the t??'iju‘l’é ié Wg-,'t
general arr aRapdreHet highest pRoRlyl abkdGreSsiAtML iRkime. Technicians T2 and T3 are

not given any instructions at this stage as they have not yet completed their

current tasks. The scheduling of tasks J6 and J7 to technicians T2 and T3 are

provisional, and may be changed, in _particular if one of those tasks is allocated to
25 technician T1, or if a high priority task is introduced at short notice.

Various cost analysis algorithms are known for allocating tasks to
resources, such as the so called "Hungarian Algorithm" described in a 1955 paper
by H W Kuhn "The Hungarian Method for the Assignment Probiem” (Naval
Research Logistics Quarterly, Vol. 2, pages 83-97} and developed further by M B

30 Wright "Speeding up the Hungarian Algorithm", Computer Operations Research
Vol. 17 No 1 pages 95-96 (1990). However the use of these algorithms in real

situations is not easy, in particular for inter-related tasks. Moreover, these



enerating the initial optimsed schedule. This systemis operated usi
gt abl e 13VO 9832897 | ordelro to prepare an initial s%:lhedul ePMF)Q}}?WPﬂés "
real -time system can then use as a basis for its own functioning as the
situation devel ops. The initial optam si ng schedul e can be prepared
using a rigorous, but conparatively slow, ) process because. i-t .doesmiot
have to react to changes in its data. For exanp the initial

opt i ni sat | BEPrEEME drANBOHEGhesle opm than Bv%rt?ﬁ“gh‘ﬂeadr @ad\the aptimak ssiufied of 20
the worki r}ﬂa\f?éfwwe loaking furthehth}lﬂechﬁlﬁﬁﬁﬁmaiéh% Hettd@ked in Figure 3 for the

generatlon 0 e intial wo central elenents; nanely a
det ermini stic (rileepriogarasaye foe contielling ¢ghe Iomputer Xmas awmmimbmts

Subsyst e kg UhergE SpRFALER oded FHER 78l Al BIBEINbliBted corkRPPUr cE2

to be all oca are ocat om 25
| nput s 33 iarFhusd 3¢ asqbeed:onde,l therelisi ah alalire nealalmgeebecunmopnﬁeaqkrros\mmng I n

t he pectl e |n bef ore,_bein |nput A1 schedul er
50° The priltetated Sehdlally iy Py, " Sheth S SPeHE HochAPRaPREG SR o

(i nput 33)owapt eethai dfs-lind syfemeis used taaaks statrtuh@ pbidt $@hﬂhdtﬂﬁérdﬂoﬂpdﬂth34) |t
al so reqU|res a configuration file which contajns aneter val ues. 30
The funct i YhiMg (rf"ﬂé'rﬂ? eSYSEEBUUFRSN YIS 15 EYRIERIY e CREPH %Ee&mf!fb‘i' liedsbY A each

techni ci anghabRSHedlath. TpiceAPessthi Htess mnw @éruﬁﬂﬁ@' & éhod! thdReal-Aks it is
given to . satisfy the constraints it . glven roma rule store 35.

This willd §¥ssem 4@ pogtroliigg the pgurrent a'lpafst@ phtechaidianseton taske awhilsthdee t ours
are |ikel yséh@d@@ JeRABH:Bh sTnyéFr?B%e' Foprog edu éor the. next run of the r

15 e time, since t by t e pre-sche ufer 30
are only atime systghsé®. @ctabvstemeNiJiastbadasdnabd i detail.addi ti on the

pre- schedul er 30F§u9r L Shaw %hﬁ\e HenerQP’éFraﬁ%&kérﬁbgP th& Hﬁhﬁ %\E%Q%Jayf e time

that the technician’is rea absences,
and t he " egmheodtingatHe @texhtoptittieedt scheduleat Thisesxt‘sterechmp(eramd iusingcstabliel ed t o
o of f ,dut in each_ technician oyr. . conpletion, the
Josul 1 3% dhiae BySEET 8 Sl 2 infiaf Siteple whish dhe reei e BYBeR ¢itnehn
subsyst em dse adh® bapisi forsSits) dwvai BeyRioRing3as rthe aiituatom deaélbpsll The inicdledul e
fromthe pre-schedul er, 30 ang t he data regardin %resources to, be
&8 @-ﬁft

al | ocat ed, °Rfiaistgesehedrle oY PgI RTEBRIEY Asinge At Uap" AR, Sl 30,

from i nput srodfss, ?o%c&:% i84HobE TRE hhld @6 Yeack 18 HBRGIsAiNGiBs aftal NFér lantilé,i M sed
schedul e for passing a store 32. Both the pre-scheduler 30 and the

opti ni si ngﬂ?u'agsabPe%mafﬂ%wwule may het aieﬁarﬁmoefgrm%tg ady feethecsiart ¢fed. The
rules gy fife Welkhig &d. or nmodified by the persons operating the system
t hrough respective inputs 35 and 36. The persons operating the system
al so control theThnpystemt Husthated ire Figueacd deyothe geperagan of thelipitialipeheduledet ai.l s

of the teCMH' %Q%nﬁgpelteﬂ\%K&'; namely a deterministic (rule-based) pre-scheduler 30,
and an optimising subsystem 31. The pre-scheduler 30 takes data regarding the
resources to be allocated, and the tasks to which they are to be allocated, from

25 inputs 33 and 34 respectively. This data undergoes some pre-processing in the
respective inputs 33, 34 before being input to the pre-scheduler 30. The pre-
scheduler 30 has details of the technicians available {input 33) and details of those
tasks it is to schedule (input 34). It also requires a configuration file which contains
parameter values.

30 The function of the pre-scheduler is to build up the fixed points in each
technician’s schedule, by scheduling as many as possible of the tasks it is given to
satisfy the constraints it is given from a rule store 35. This will result in a “tour” of

tasks for each technician. These tours are likely to be partial tours, i.e. tours with



As will be described, the optim sing subsystem 31 generates a provi sional
schedul e of aIIocatlons by initially positioning further tasks around and
bet ween WO982897f i xXed event s (including the difficult-toPCEGBIUIMIY 3sks)
establ i shed by the pre- schedul er; and_then using a stochastic process
to re-allocate these further tasks 2015bet WEHIS SHEETOHAS BEEMIt| t echni ci ans .
until an optimum schedul e i s achieved. - REPLAGED oper dti on Qqf, kime:.
schedul e generation system can be enhanced Dby pertrodically halting the
oper-at i ons@he tidle tpei aihsatthenasksagehegaled dnd theinntentshadyles B0 are only a

opti m sat | . t| n | e- based
criteria E%e?é@%@stggst a%rl{}egvsa(ﬂzﬁﬁ% i |t?q ojbh%d ;ﬁ%%@ﬁ dﬁ?egs?&g’ﬁ%'%f’ 9‘? ﬁ}g t hose

parts whi ¢hextdsatlally” Zime ermbllyaprpwmmectmethbaeomncﬁalus cmidtd”lgoifnbe&e to the
fixed partial  schedul e erat ed Jh e-schedul i n e 30, and
thon 1 oo B AEPAk eSS pRHRh aoAE ean 209 S0 ol of S8V GUEHR It Are heF Bt s ¢ he
opti m B neechHRRNSS 6hetlilddOo N6 ALty i eS6h 16@RAIBIhOoLINOS e parts of the
schedul e identified by the post-optim ser 39 as |least optimal. This step
can be repeat edOBAEmRietion; tbe resulfs produced byrthe Rrewrchedyiry argarassed &0 f i nal | y
pr oduced e ati [ o]
program%é%% tlg"rjges%nn %‘lﬁer olftfm'stﬁ'p g,é&&% %ckg’??césl ?ﬂ,aﬁ

Fi gur e 4, sottedale irempﬂmgrmameitéduteraﬁd endiithe tdatk Bgacding ¢heiresoanses to be

accordi ng Vi si onal hedul abl e, of arti_n fromthe
provi si onﬁ'focg ar?eaﬁf’ gh? fa$$ﬁé'°r @E Y cﬂﬁech.Yné‘F géghedgger f%t‘ ®m t hose
predi cted3srantilex pispectien)) andsgnechitéLan sl dpintided schedule for pasdihg s € 4
shows, in block diagramform the principal features of the real-

modi fi er AFOR 3% h%%ﬁ'j'l Ehestpéf gehedulsir s3Q and She 1optiRYiging sHPSYsI M3t dRflasy er 43
and 5  peghaiRfrulBr &s Wm'bét&%cﬁ%dea*?ﬂe PhIgY 'n%ﬁ‘y Bé‘sbféewd éromoaﬁi@dal{fah n turn
updat abl e by, an al l ocati on processor . The registers

recei ve t ARgratarthrough respeative iGRVIsHS and 3§cﬂ‘@cnneéat9f alse coptralscthe livputs
pre-proce | Ilows an
oper at or §0s9{ irg 5?%%5‘@’%%3?3%% ?‘I(ﬁldgd gB?g{uEg‘r?tu\ﬁ;‘% éggg*dl?gggng‘%;? system
10 15 TheAs emhmmeaaltsadathsopmglsmesuMQsmm3p@cherates\mpmw&iayiatt er 44
are al so upd | e .from ot her external souyrces; the t i,ci.an

M er t aceschartlBy & Bfachuohe B2 Fashloha. BRHHE sk’ HBuDEEAM KichRen

The al | oc#id fiked eoans divkciudinguhesdiffltaitauischeduls tadksk establishedtbyothe pret he
registers to nera e an allocation for a techni chan erg%n Qe Eomes on-1ine
to 15 re§ 'ng'i‘ then yieg arsfechastis) RiPREFSaf9 E?c%f cate thespJudher tasksn

i nstructi gewwgnahadifdtent tecmblbnélamuvw ShtinaaN 8ERdRle isichieved ons rel ating

to the new y all ocated task, and a nJ/
20 The operation of the schedule generatnon system can be enhanced by

periodically halting the operation of the optimisation stage 31, and running a post-
optimisation stage 39. This post-optimisation stage uses certain rule-based criteria
to assess the schedule developed thus far, identifying those parts which identify
which appear close to optimal, adding these to the fixed partial schedule generated
25 Dby the pre-scheduling stage 30, and then re-running the optimising sub-system 31
again. This directs the optimising subsystem 31 to concentrate on improving those
parts of the schedule identified by the post-optimiser 39 as least optimal. This step

can be repeated several times.
The provisional schedule finally produced by the schedule generation
30 system 30,31 is then used to programme the real-time modifier 40 illustrated
schematically in Figure 4, which is programmed to allocate tasks to technicians

according to the provisional schedule, but is capable of departing from the
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associ ated activities, for transm ssion to the technician T.
The pr oce¥@ g’zﬁg?forrred by the pre-schedul er 30, optinisi¥g/SBFo Y Eem

nodi fier 40 will now each be described in detail, wth
raﬁ»méw ‘QOSB gures 5 to 9 (pre-smhedul er), Figures 10 and 11 .
%_gptl rRER- em and = Figures 12 to 14 (real -tinme nodifier). =
b the pre-scheduler 30 is illustrated in

e schedulin rocess, perforned . 30
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absence) . system. 17 I n

the Ia éer case_t he pre-scheduler 30 will..calculate the tine the technician
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Cur rent aQuFH%ﬂthé from d%élfs eRf3rifab L dotRdes: Rhe tt@@hﬁlf}ﬁ:‘( Shtdrfided H“P dibabngay be

involved. In the start of day case, niclans w be ‘assunmed to
start wor leHvorkiaterfagendduf@ cespeativelor 5 reporting on duty.
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t hei r st aregisters targenetate efnoelipcation gh) at taubeicmnewﬂ'sleaxmeblcemastdm linea to

speci fjgd Y [t -th u ) rk,. and their
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may begin, The hedulmmﬁg(r)revm 1, initially, position

T %9 M as8atbd SN NES, Pl ranohahen & thecteah The

resource data alThe dro€dsdeepedeinidd By ARE PRSadNLdlIRr 30Nt §@5§§@§em from
be to carry out other duties not control | e t'he

ggﬁlgdurgfsﬁlg’%g%ﬂﬂ'% madifjeri4Pgwilk aesneael be Hgscried. in Qﬁa'b\ﬂvlth é@fel@mhor i sed
non Vobl_ITHIGES 5 to 9T, PRl PRSPl S BRSO |
and fi ni sifigusesai 2 ¢nd4 ((cphtime heditien.ons nay
The scheduling process performed by the pre-scheduler 30 is illustrated in
flow diagram form in Figure 5. Before allocating the tasks to technicians the pre-
processor 34 carries out some pre-processing of the data. This involves working
25 out the earliest and latest that each of the tasks may be started. This information
is utilised when attempting to add tasks to tours. The resource pre-processor 33
fixes in the tours the technician’s next availability, breaks, absences, and the “end
of day” event.
The technician’s next availability covers not only the situation when the
30 programme is running for example overnight and the technician has not yet started
work for the day, but also the situation whereby the technician is already at work
and it is required to estimate the time at which he will finish his current activity

(e.g. to complete the task that he/she is on or returns from an authorised absence).
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be different if the absence involves travel, for exanple to take equi pnent
for repair, or to collect supplies). Details are stored, for each

t echni-ci wor9spisorhe times 20 and | ocations of any such srtmﬁnbmmm)sences
Not e that because an absence may have a | ocation associated with it,
travel to or fromit has to be taken |n,to account i n schedul i ng.
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20 and locations of any such scheduled absences. Note that because an absence may
have a location associated with it, travel to or from it has to be taken into account
in scheduling.

The pre-scheduler is also supplied with details of each technician’s end of
day data (including any scheduled overtime). The pre-processing will place the end

25 of day or “go home” point so that the technician’s day ends at the correct time.
The basic fixed points in each technician’s schedule have now been created.

At any one time there will be a small portion of the total tasks available for
allocation that will be more difficult to schedule, and to move within or between
the tours, than the majority of tasks. Typically these tasks will be more heavily

30 constrained than the others. The pre-scheduler schedules these tasks, so that
there is the maximum amount of flexibility available for the subsequent scheduling

steps. A task scheduled by the pre-scheduler will not be moved to another
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tasks yet to be allocated are not
optimising subsystem 31.

20 The deterministic process carried out by the pre-scheduler 30 is shown in
Figure 5. The selected tasks are first sorted into a priority order {step 51) and then
scheduled in that order. The priority order may be selectable by the user, using the
rule input 35. A typical sort order would be:

1. earliest start time of tasks (earliest first; those with no scheduled start

25 time or where earliest time has already passed are given the current time)

2. importance score (highest first) - this may be determined according to
factors such as the number of customeré affected, whether the task is safety-
critical, any financial penalties, etc.

3. number of technicians required (highest first)

30 4. target arrival time (earliest first) i.e. the time by which a task must be
started to meet an appointment or service guarantee. This may take estimated
task duration into account if the commitment is to complete the task by a given

time (i.e. arrival time = completion time - task duration).
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is valig (sebp 55) then the task is schedul ed to that technician (56).
The positioning in the technician's tour takes account of
20 t he ti mEOF 8RRl tasly te betscheduled ghenienol techiicians whbhesh dd tise task

t echni ci any;f paXdtsiebiNSt HALL ] regnds.at .time the next task
allocation 1s att enpt €d g{t&?t&%@#ﬁ%%% 53] \?\ﬂ’ééraénorfw qrgérttﬁgeﬁ Bﬁ? &GP e
bet ween t Hectpigosuchgdss. The value of t will be different for each

conbi nati on of te el 1 . - .1 f the task cannot be added
to the end of t%é P‘thétr%{?eege%ﬁpngﬁaiﬁ,ag ‘F‘aﬁk'f's H’Pé"red%rp?aﬁt?ég 'is repeated for
ot her #@chni ci abs viwitee §%) techhictanehasaky aronely Blearadeld réqRired tot f@inend of

any techniag{:&r;' s tour then the penultinmate position (i.e. Imediately
before the Tast task already in the schedule) is tried, for each technician

in turn (st epwh@}her Agatask is in the taEHikifPs pbidforted totiGhg dreal Ne task is
schedul ed. Thi s ,process continues until either the task 1s schedul ed

10
(step 56) or unfi PUEESFAaILIBIPeIsyFe phwbsther a task, df piicatesitosthedigehmigien been

tried, andshiRe ekt @dsR@FhisitBik d¥esr AMOPB Mt esks currently in his IJFQE,;\Q&Lﬁdls%&t er

situatﬁm occurs (step 59) the pre-schedul er back-tracks 10), by

at t enpt? nfaed i BEManL FemMifanans dergehishk suderss isa task thehpwbets jtslpyintey et i ng

it fromibampritrh&iit a RAPistdrdtnaGbdsqilj. NUi Ng the search from that point
until another 15 valid position is found, using the sane rules as before.

The search t henecduegdasaenargin (a meashrepefcéxpectedkarrigal wines enimeceasgsrayrivalnt i |

h K i ' . ' hen | d il
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the next eatikatefscomplel®) oimeunhinbis atapgerd ebmbletiond timentforeotier taskexceeded.
20 W\ beconmes i np schedul e t he next task, the

out put2? r Mﬁ'im'gﬂq Iﬁ%'s &ﬂg'gcmﬁwgﬁgggl"‘f%étp?iﬁ' t‘_’ttag'fs ¥§tetarkegallagated IrRAOt poi nt
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the final one t?. ]?Et\a/ enul?nebeerr] onr selgﬁsegciﬁatafhe technician possesses (lowest first: to
ensure that the most versatile technicians are not allocated to a task which a less
versatile technician could have done).
25 g. Travel time (the time that would be incurred by the technician in getting
to the task. If the technician already has tasks or activities in his tour then the
travel will be from the latest position to the task. If the task is the first of the day
then the travel will be measured from the technician’s starting location).
The pre-scheduler 30 then attempts to schedule the tasks to the
30 technicians. Firstly it tries to add the first task to the end of each technician’s
partial tour in turn (step 53) working through the ordered list of technicians starting
with the first (step 54). If the position is valid (step 55) then the task is scheduled

to that technician (56). The positioning in the technician’s tour takes account of
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20 When it becomes impossible to schedule the next task, the output from
the pre-scheduler 30 is the tour created up to that point which schedules the most
tasks. Note that this tour is not necessarily the final one to have been created, as
backtracking may have deallocated more tours than it allowed to be allocated.

If run time is limited the scheduler may be arranged to make only a single

25 attempt to schedule each task, using the most preferred technician for that task,
as illustrated by the dotted line (513) in Figure 5.

In the case of a task that requires more than one person, (which is treated
as a group of linked tasks for the purposes of this process), the scheduling of the
tasks is done such that their start times are aligned. In some cases this may

30 result in a technician having idle time.

The pre-scheduler uses overtime as appropriate within limits determined
by each technician’s individual overtime limit. These limits are input to the pre-

scheduler at input 33 and includes scheduled overtime, planned flexitime and other
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'na time to produce a perfect solution when that solution is likely to be modified as a
result of real-time circumstances. For tasks which are easier to schedule, there are
likely to be many acceptable, albeit non-optimal, solutions, and it is preferable to

25 obtain a near-optimal solution in a limited time, rather than to produce the perfect
solution in a very much longer time. A number of stochastic techniques are known
in the art for generating near-optimal solutions to muiti-dimensional problems such
as the one specified here. Several of these are discussed in the article “Stochastic
Techniques for Resource Management” by Brind, Muller & Prosser in the BT

30 Technology Journal Volume 13 No. 1 (January 1995). In particular, this article
describes the techniques known as “Hill Climbing”, “Simulated Annealing”, “Tabu

Search” and “Genetic Algorithms”.
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As is discussed in the article referred to, the choice of which technique is
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For speed of operation and robustness on both under- and over-resourced
30 problems, the Simulated Annealing technique is preferred for use in the present
embodiment of this invention, but it is to be understood that alternative

optimisation techniques are not excluded from the scope of the claims.

heet Has Been Replaced .

T



opti m sing subsystem has tasks, originally positioned by the pre-schedul er,

in an anended order. (e.g. if the pre- schedul er 30 orders two tasks so
t hat t asiwv@9$/22897 followed by task B, it is possible tRAT/&BOI03138i M si ng
subsystem 31 may insert ot her tasks between them which may result in
retimrig of one or both of the 30 tasks, prqvigeGHeRRAS I ous
constraints on both tasks are still conplied-wth, REpLAcq.ng@'% eilr or dapmt s
preserved. . The detail of the "Sinulategd Ammeat+rg—ret hodol ogy
will.now be Tlex pbtimisation Fobsystemes T ofirthe lpeesent enitwdirhers with hodobegy -

- objective functiQn _— .. .- modify o tor . -
cool ing r egf’sf?é'?’&g[ngs shown in Figure 3, Svgpo&tnﬁamp%lsggsys)(empf{ Ia\as thr;ggc'nmg,tﬁ- t hese
four el emefRirstiyithéreriownbiapdesarrd Berlof brgs fov th@ wichhiciahe thdt ambhwedlables
function. Thi sﬁ@' BY& es .an opjective assessnment of which of two

sol uti ons P@d B e ARISENIRGS RIPSsRedyler 34 edinesn aﬁ?f&*‘%taﬁéﬁgﬁi“?ﬁive
being 5 aRNYetnifsticMEeRKRSIUIGSCRaY bk Ymited %ﬁ&?ﬁe tdur HoRR) J;‘Esgf&é’@(:t ion

i's sumred across all tasks in the system whether t are
schedul ed peintsotset dydthe pre-progesrect 3de Ufis vinputhevayt thpb% usetettul wurer t he

simul at ed Eﬂkbﬂe? bgpﬁ%'édsfggfsijmtgﬁ 389, aha@el?af ve érpa%gteﬁ'nlé';\t O“SWQE tl’le\{s?-h ese

function c el ng our conpo

conponent samlingut for the details of tha avraaalﬂé t@nﬁm&duﬂm, 37. Thirdly, there isaam Mpett i me
penal ty; I skill hia a ost

al | ocati on'® 'ﬁh.ae(.“’tﬁ"snﬁgghu‘? Enfﬁheﬁﬂlga rtggks hho‘i 8b§1°58f"°fta?q"7.ﬁ1%‘§ rg’éfrt p’e'

cont i NgRINCro¢assew 34 for scheduling by TegRe-bitesprgopnents apply to all tasks
except Iowprlorltfy "infill" tasks. These infill tasks are treated as a
speci al case andBPRERSTAENIRY Wogk the Optimising, subsystem 31 gaITigsouhSOBYe Pieavel

i nvol ved Opjotessity of the data T'Tﬁnst nRYRks Wﬁthbyodtsthgeéaﬁfe’a %ﬁﬂ lQﬁésWﬁét' plyi ”9

toget her a cost per unit tine, and he“estimated travel time. Thus
| onger t hetaskt ingwthed startedel Thisnifarmation ls utllised dpyothgedplimising subsysten on,

f[he h! ghery\}h ﬁl gﬁ &\Ph stad%fto tou;EQe ?Nea{dtd'itut a r-? \Llérqﬂsglﬁ '\qx N the

| dent i cal Ps" N tiplied
by t he Hnoaciivitds, bveakss) almensexjandﬂ(gm end ¢fhdayneveat beadviout. The wptichisisg t he
hi gher wi | l I?sei‘rs ebr? ré:q%%tes (\)/];noulsl poa(l;ameter values, programmed by an input 36.
The function of the optimising subsystem 31 is to produce a set of tours
for the technicians which minimises the objective cost function. The final tours
are produced by making one change at a time to the current scheduie, using a
20 single modifying operator. The optimising subsystem passes the details of the
tours produced to a store 32, from where they.l can be retrieved by the real-time
modifying system 40.
Note that none of the tasks scheduled by the pre-scheduler 30 can be
moved by the optimising subsystem 31 to another technician or to the
25 unscheduled state (dummy technician). However the optimising subsystem 31 will
be able to move these tasks within their time windows and insert tasks before,
between and after them. It is possible that the final tour produced by the
optimising subsystem has tasks, originally positioned by the pre-scheduler, in an
amended order (e.g. if the pre-scheduler 30 orders two tasks so that task A is
30 followed by task B, it is possible that the optimising subsystem 31 may insert
other tasks between them, which may result in retiming of one or both of the
tasks, provided that the various constraints on both tasks are still complied with,

and their order is preserved.
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The skill bias penalty adds additional cost to the objective function if

t he WQ 98228%eded by the technician for the task is nSCTEBIWPINS {hat

the user wishes to bias t he scheduling towards (typically a rare
P{ s SHEETHAIBEEN f{ possi bl e those ohechnicians qualified in it are

pTe er @(l@;kvmm all dcated to tasks which do not require 30 it).. .

Tme.. together these three costs, have the effect of ensuring that the

si mul at ed anneal ethe rdegajl 1of thei Hirrlatade Anngeling” meshedalegya twillnsowhibeh do

not reflect exglamec}. hendr8 Grd FRA eRibdrits B s mefibabligyovertime used.
REPLACEMENT SHEET 25

The cost of al | oceatijemiviefuactiamcti on of the type of task, inportance cost

of t he task, . ) the task is positioned so that it neets a
defined deadl i ne. a’ﬂgd'wgéé}g{oer al this takes the form of reducing the cost
of allocd®tion the amiihg eeglmhemdask IS conpleted. This is cal cul ated,

for tasks where there .is @ target arrival tine, as the 5 difference
bet ween the expectBIPRPFVE tine and the target arrival time, and for

tasks where theregdch &f tiagsgefout @Epharits AVl tiok® baSddsbebel), fHegimge widt wen t he
estimated conpl etlon time and the target conpletion tine. These
terns are nBRYPFHVEJ 't"EFttjﬁ“veTri'ﬁep"Plﬁ'HEﬁ‘t‘ih objgst ‘Frp?ﬁsf'%?ﬂ‘e"ftuf’t hahich of two

properties asuficHs RYene p'rcfb‘?érhYben?g RE@RSEddY is Betrdrs R8T Wh@HeRd hbee ru’étdgo of
the 10 difference between the expected ti.nme of neetlng the target and the

target i¥sefgnsidered imarovae thensohiient emmakemit weeseex gdet bnctionmis ﬁamﬂ@dceed
the target. agggs %ﬁat'gplksein the %V\ﬁt%ﬁ# WhitHeP thedBPALKY tscllje(aluﬁﬁ 52d6t, 'gh](_it
pm ere 1. 30am

period from 10.30amto the exp ecte arrival tine I's
has a val ue:rmfspntwﬂiqfhzvhghmtt@%m -sihedsler or tl"@psmn(ﬂage:d anneatee ppsitionedithe by
10. 30am m n

20 2o it ek R kbo - Tho oPleclid Hufhon R wbudhi 3F'as hoty mae Up, 87 ,9°°°

noon, to befmtcuaipbuemGHWhe*sedonbvorﬂemn aflef) both cases the target is met
with 40% of the avail abI e vv| ndow used (60% remai ning) and the only
different® is the B¥@VelRe3Yiocati ng, dependent only on the i nportance cost

of al | ocat i ng- gmebertirieipendlly; Secondly, the cost of delaying a
task positioned near to the point at which it is going to fail should

be greater than theskldiasgrengityingi ng forward, by the same amount of

tine, a simlar tagle YW oh aliScatibh!-li.e? al RBEUVBYT fHeHBK 4Ha ddsiof Rilud)igh 1t
V\A|| fail. For exanple if there are two tasks with a conmtment tine of

vmewetlrmecmgiuexpect ed to be conpleted at 4. 50p m and the ot her

al"12. 00,85 noony i, oPEnHRb G0 55 Wl i6tke! cbfiool) SRk oL dliguont

forward y f|ve m nut es e’ secon ive mnu
reduces t hewhidhabrestedetedilas ragspecial casst andl fucewawmttphaiortimmyo dhd amloual ready

close to fai wi || i nprove the objective function if the del ay
allows a vePbkrﬁg%'h”Y‘)éYeép?'Yhenefi t el sewhere.

The travel penalty is determined by muiltiplying together a cost per unit

time, and the estimated travel time. Thus the longer the estimated travef time that
25 is invol\)ed in an allocation, the higher the cost.

The overtime penalty works in an identical fashion: the cost of each
minute of overtime is multiplied by the amount of overtime used. Again, the more
overtime used is, the higher will be the cost of allocation. _

The skill bias penalty adds additional cost to the objective function if the

30 skill needed by the technician for the task is not a skill that the user wishes to bias
the scheduling towards (typically a rare skill, such that if possible those
technicians cjua!ified in it are preferably not allocated to tasks which do not require
it).
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The only difference between the cost of allocating the different tasks at
30 the start of their respective windows is due to any differences there

may be inwH9snger _ PCT/GBY7TAS118
I mportance scores of the tasks. This neans that the rel ative inportance of

t he two tasks, as indicated by the i orj - t distorted.
To reproduce this second property in thé obj B&Hl&éHﬁﬁﬁHﬁﬁcﬁﬁﬁNt_Ee _.term;é}__.-.'
(1 +P/2) x Pis introduced into the costs fof al | RERMRSEPhat et théir ™

primary 5 conm t1akdh {ogbfhRl thddtl ShrbEIdBstE AR thalleflelE of Osrisufthg 2h40GR | ON

I ncreases as the task nears its primary target tinme;, at first it
i ncreases b§imulated @paedley, triegcle mininpse yavel, alipgafigns pyhich dot pt Kedlegiethe
approaches fdyifed akiff bla8CifPSFtimbhen cost is plotted agai nst the

di fference between expected tine and target tine, a curve results, as

is illustrated i nTheneostehmpveatiopivarfunction gfithedyee pbiapk, iropdstange sost bed

later. 105 the. ttaﬁk' an§%ﬁeth§lst‘fx§ tQéW %é}o%it%%ﬁ&lgg%hﬂtit ﬁaefe@%eﬁx?e%%éh[dﬂﬁ&t |rf:I e

e.g. agreed w a custorrer. ers have a target response tine. For

t asks whi chgeleralabishakes te form of pediicingrthet cast ok allduation the ebrliat thectaisk ds i s

further increased Jjfra task is Rpositigned in.a_tour in.a position where

+ woul o 1 aFrpptedy, THia i eleife R ot ihare tparBaf aiifider aMngy fite, o e *1°

response ti geferenthdsetwady thé erpdited a0 tidkay ¥nd dineTtdrgenbrrivalr gele, ahd Sobeyond

whi ch corrpenSﬁltion Ea ments are ga\ﬁabl e to the custo The fixed cost
e

penal ties alakgie¥ngyRcers ivAsIATest Ramplefien Hmees the @iﬂgn%ibﬂi"’?‘%ﬂ tRe t hese

'S MO BathRsted chiphidh thiieafd BeStafgdt R8mpREn@mel | ocating two identi cal
non- appoi ntment tasks, one failing its target by one hour and the
other meeting it VhasR terms; i§ MeGHied: tp Ghen dhe \fBDFtiPHEWBeineRgItan sfyrther
succeedi N GROBAIE JATHRWRACH Fka}D 22BropBHPUABS}s BBfindd bl thel RrBOY] Q! Y
preferable 1 n business ternms. Wt | xed penal ties the cost may be

adj ust ed sodiflesenceheteesn el ekpasiter: Simesoll meeting the tangetoand thiet targdtgtself,

| owest cost, . For Qi Nt e .1 hat ar hedul t he
end of the Patineymemamytive gf B BT Sind oy Moprd i R ES AR oo
by a fixsl gaadk witkiaghippdiniiyemtintodre miald® i thanmeiod drim d0.30dno ¢ tl pov) where

Non- appoi nted tasks that are |eft edul ed, are . t he, basi s

of an assunHl® ®HRSeS PGRaL Titg i5t11-AGaB hpsor Vel R ouhieh %eﬂ -5)51%@'8333 pl us

the task dunEJni @0 - nliRifesF ARiddtd byS 108D ekintP 1WAS UT.8. t1BaL nliliResOsGuAé
adding a task to a schedule is always |ess than the cost _of leaving it

19 I,
unschedul ed90/150=0.6, as dogseajtgplrthahbas deshe spmplated dyi Remaandkhich ipased
on an i npor r ) I f t r - cd I e
score nul ti %ﬁ%ﬁef’ﬁgﬂ}? r$(gonnél(d)l\éIg ?c?r“g%fyt%cﬁg%aégc? e é}ﬁdgg%{oﬂE{X)E?Sélstrm ?;E?Ha?
cal cul at2d msmietvdD8s of the MY intd theViavailatilel Witdame and thonly differange lis (the | EX

= 0) then t Qgstco Satlloclzascinsgl, ggylnélndtente orl\lg%(r)\rt;\g ri]n(':\;(;'\or soe%odt of Ql?octafe}rslgi;< each task.

Secondly, the cost of delaying a task positioned near to the point at which

it is going to fail should be greater than the cost of bringing forward, by the same
amount of time, a similar task which is still a long way from the time at which it
25 will fail. For example if there are two tasks with a commitment time of 5pm,
where one was expected to be completed at 4.50p.m. and the other at 12.00
noon, then a move which resulted in the first being brought forward by five
minutes while the second is delayed by five minutes reduces the total scheduling
cost. Thus moves that delay a task already close to failing will only improve the

30 objective function if the delay allows a very much larger benefit elsewhere.
The only difference between the cost of allocating the different tasks at

the start of their respective windows is due to any differences there may be in the
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27 | MJ and | EX greater than 1 increase t i al cost
of all ocﬁ‘r%ﬁ*‘w tasks with a high inportance score con%f&é%ﬁﬁ{ggggl ow

score. Infill tasks are costed in the objective function, using
a cost of zero for each task sched2fied and a cost of 1 for each task
unschedul ed. This rule is 5 ‘designed to ensure that It will -al ways. be="

cheaper to _schedul e an . as at her to | eave it unscheduled
but it wi IMPHEEE T)cé)r%f’?hhequsiﬁ‘i %'3 TENg Pﬁbtﬂﬁt %Fr't"‘lt"’e impogtapce of dhepl e an
infill taswoltasias as emBektb®dy the importance scdrBs, i9RbEaktoredt unction uses the
foll ow ng pararreters 10 - ETT (Estimated ‘travel time in ninutes:

general |y the tilRerePEdusatidis peondnBroperty tiactsi ebiastiveo funcaipnl the damone t ask
to the nexjlp/z) x P is rrﬁT&iLﬁE@' éwﬁdth'eaﬁgstgl fo- all‘ta% kd fthataﬁtégi %é.?op' t'nsa[

commi t nent target 0 otherw se SP (Failed secondary c
penal t y3 CommltmerB(Iﬁrs(eSecB\mmfm means that e tcosteof allocatia) uic&taees abahe t he

t epal_t te hange)
5" 0%t SORMERAL b e rra 50 A5 BRPgREDT R, P R0
(Est i mat edetawm.buofasarthre varget tahpmaclsescahsubat iudraseﬁ hwheh ngosit hie pleebai ci an

Wil | arrive um ng that al gwel and task duratrons are.

exact and PR Hﬁgﬂﬁ"*;eﬁc?isw%‘ XPFETRY) tgae SE {ygnt Hoe; R CUpiee FeBlts Asisk

finishes. igMusysed in thd dMatnpted) sHov@ inGFiguRBs aqalsseébéhesérﬁﬁh l4fgr,0ccur before
the start of the allocated tine wi ndow, ETA cal cul ated as the exact

start 8 the t aSeMe t@kEhayetoche dene ata figed .aneo-mmmwmseg agragdiwitled as

:E Ih(raret '( E‘;T;%ea)id’ﬁ@rﬂerx hbAstave £Ergdebpcisa dmd. FB7 1aERTWhtA%ad RbERLvS hAM ¢

appointment time the cost of allocation is further increased if a task is positioned
in a tour in a position where it would fail its primary commitment target, (i.e. the
guaranteed response time). There may also be a secondary commitment target,
15 beyond which compensation payments are payable to the customer. The fixed
cost penalties are designed to ensure that the number of tasks which fails these is
minimised.  Without these costs the cost of allocating two identical non-
appointment tasks, one failing its target by one hour and the other meeting it with
two hours to spare, would be better than succeeding on both tasks each by 15
20 minutes. The latter is obviously preferable in business terms. With fixed penalties
the cost may be adjusted so that the desired business solution is the one with the
lowest cost.
For appointments that are left unscheduled at the end of the tour building
process the cost of allocation is determined by a fixed cost, weighted by an
25 importance cost of allocation. Non-appointed tasks that are left unscheduled are
costed on the basis of an assumed completion time at the end of the scheduling
period, plus the task duration. This costing is designed to ensure that the cost of
adding a task to a schedule is always less than the cost of leaving it unscheduled.
The importance cost of allocating a task is based on an importance score
30 (IMP) modified by two parameters: importance score multiplier (IMU), and
importance score index (IEX). It is calculated as IMU™ x IMP. If IMU and IEX are

both set to 1'(or IEX = 0) then the cost is simply the importance score of the task.



30 - TAT (Target arrival tine: given by the task pre-processor 34. For an
appoi nt ed task this wll be the end of the appointnent slot)

uor (Armuru,o.ggmg;yschedul ed overtine in mnutes: the anountpdﬁ(;ﬁy—,mlbeyond
the technicran™s schedul ed end of day required to performthe schedul e) .

28 - ETC (Estimated tinme of conpletip ich the
technician is expected to conplete %he | [}H[(S[g%ﬁ d tasks it
cal cul at ed as ETA plus the duration of “he—t asx ++ sc! i. unsched’ﬁFed

tasks it 'ila?l%lgcdl'fl |quaseﬁf4?g&tu{1%ﬁareﬁ'qnéﬂeg§e th BJ-fm*é?enttﬂPcQé{r@it hmﬂ;aﬂﬁ the

task. The va S ecif e technician, because ni cl ans have
di fferent rteﬁkésN'Eﬂ a\htﬂ*k'mmftaaqufe edmparedite a lowhsrioss.an pr e- processor

33) &?ﬁr&‘é‘ﬁs %fé*nglﬁ.ﬁ&ég QR thd gﬁ{e(:ﬂvé Ln‘f?%cquoﬂr @L‘.{nﬁeéj ch&¥ of 38555t F"“i ch

do not have anl appol n e target conpletion
time incur saeh dest sghetinladyand a bmit oibésfomo&achanalsk tunschedsilked. Thus rule IESF

(Fai l ed secondary, comm t.flag, set, to 1 if the task fai ondary
Cormi ¢ et PAPGE o gheure AERL ol irs ba Shdsper 1b agpedilen it sk jafis

flag: set tRar Releddd &erﬁf’:hédlﬂied ek GAleRever Biwdrtp Helaging rhCﬁxofeDfmportarh he
schedul ed task, m nu exanple if a task requiring a specified skill

i s al | GESA‘tT@cF”LaBIeaP‘T'@f:‘“ﬁ?%lt&rpevﬁ?@eﬂ‘élgda preference for that skill of 3,
the SBF is set afrhe objedlive 1fﬂ.ﬂm’ucm usetHe %Min@%ﬁarﬁét@ﬁs flag: set at 1 if the

expected arrival time of the technician is before an early cut-off tine
or after a late cut-off tine, i.e. out si de the w ndow for such a task
to be peof o (ERimteE Ol Sinth 56 mibifes® RAEIAY Ber 18! odtinfiftelt Sror the
determ ned as the tine nician arrives oh site, assum ng FI

travel and t@dnidiansto Uﬁwﬂtfﬂwngneataekeﬁetm nextdh t hat the tasks are aI I ocat ed as
soon as the previous task finishes or, if this noves the task out of

its tinme window, at a tine such that
- FTF (Failed Task Flag: =1 if task fails its commitment target, O otherwise)

15 - FSP (Failed secondary commitment penalty)

- SCT {Secondary commitment time: a time, later than the target completion time,

at which the cost penalty has a step change)
20 - TSS {Time at which the run of the search system starts.)

- ETA (Estimated time of arrival: calculated as the time the technician will arrive on
site assuming that all travel and task durations are exact and that tasks are
scheduled as soon as the previous task finishes, if this does not move the task out
25 of its time window, or at the time such that the technician arrives at the exact
start of the task’s time window if that is later. A task’'s time window is defined as

the time between the task’s earliest start time (EST) and latest start time (LST).)

- TAT (Target arrival time: given by the task pre-processor 34. For an appointed

30 task this will be the end of the appointment slot)

- UOT {Amount of unscheduled overtime in minutes: the amount of time beyond

the technician’s scheduled end of day required to perform the schedule).
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technician arrives at the start of the task tinme w ndow)
(Esti mat edVPOBR¥P7 penal ty: this paraneter takes a val ue gr'@a"f’%‘”"’f"ﬁ%}ﬁ or
equal 30 to zero, and is used to work out the contribution to the

objective function for the travel @asgsociated with each task. The
travel contribution is determ ned as ETP mul tiplied by ETT. Thg . zism:
default value of the paraneter is zero.)

29 - - OIP (Unschedul ed overtinme penalty: this paraneter takes a val ue
greater thangpf (estimf84¥md 6 Eﬁrﬁﬂeﬂ&F’Qhé RinteS BOWhRhVRE ke iflicid R SQRETdOUL T on
to the objective function t hat each task allocation 1ncurring

unschedul edtoosampleteethpithsk. nBireschathdedtefsksa fttis calculatadues EFA plyscthe dugation -
UAP (Unal | OS?QrFedfa%FHPAeﬂt TRGY vg;%ﬂéé&léfd ééﬂ'ssit E’é&?t@&%?erd E{‘E&?ed%l \éaérgﬁ tffeCat er

t han 0 zero, 'S use n wor out & cont tren to
the objed&i pvles the dusatéin oh tlﬁe)tasd;ppdfhmtwakmtns s.mlccfic ar mmmchalciamcaieemseThe

default is d task .a val ue
Greater t halP PR ae, dstent sgige of WarliPes SRPaREndn. s AECHIRAN ViP1 b
used in wor kjogesse¥B3) he contribution to the obj ective functlon for

non- appoi nt ment tasks. Default is zero) - SBP (Skill bias penalty:
takes a value greater than or equal to zero, and represents 1 5 the am)unt

to be added. trgrtt | @i fﬁﬂ%t hOftd hﬁ@&hf&%gk@w@&a t
not reflect the Qggﬁed Sdkl " bias; i.e %o the skill bras ??gaﬂ(%gLBF

set to 110 TRRpointmesn time. tFarlarmf@ et the tpraﬁhmelptlm timeripgurs a cost penaktsc

(Arrival typg: &SR teger greater than zero: this represents the
20 period o &l;[I nes'%\?g%“m hﬂt he cost of allocating a failed "arrival-type"

task - i.e. one where the conmitnent is to arrive at site at a given

time, as di SE:QE C(I:alfedosrgcgngary comvm?r‘:\gntt Cs%m t1r"}?‘r"l:the t%le ?an@ géo?ldtapye task

- doubl es)
commitment target, or zero otherw1se.)

15
- SBF (Skill bias penalty flag: set to the value of the technician’s skill preference for
the scheduled task, minus 1. For example if a task requiring a specified skill is
allocated to a technician who has a preference for that skill of 3, the SBF is set at
2).

20
- BTF (Business time flag: set at 1 if the expected arrival time of the technician is
before an early cut-off time or after a late cut-off time, i.e. outside the window for
such a task to be performed, or zero otherwise. The expected arrival time is
determined as the time the technician arrives on site, assuming that all trave! and

25 task durations are exact and that the tasks are allocated as soon as the previous
task finishes or, if this moves the task out of its time window, at a time such that

technician arrives at the start of the task time window)

- ETP (Estimated travel penalty: this parameter takes a value greater than or equal
30 to zero, and is used to work out the contribution to the objective function for the
travel associated with each task. The travel contribution is determined as ETP

multiplied by ETT. The default value of the parameter is zero.)



- ITP (Infill task travel penalty: takes a value greater than or equal to
zero and 25 represents an anount which will be used to work out the

cont r i butyw@®sghsgei he obj ective function for the travelpciseBszioatisd-with
each infill task allocated. The travel contribution is calculated as

| TP multiplied by ETT (esti mated travn% I me) . The default val ue of the
paraneter is zero.) 30 - MT (Maxi |nf|.II travel : takes a val ue;
greater than or equal to zero, and represents the amount of travefe
beyond whicOTR gnsehstiuled odbrtipfeapdriatyathis Phraletdraskes a valu@gredtbl/titmusd s t he
cost of not allocating it. The higher the value, the further a

t echni ci arPa¥ahir 2¢f8. éPF dowaed & t"YQﬂ?eﬂ“t ftRe saBtibytion e jthe objeckivg function

BTP (Busi ngaf ehéHBadkCARIchon irilifmgPulsthb8uled @9bRimd AN nfikeCUTRE defauker O,

and represents an anount that wll be used to work out the contribution
to the vahkg is@erale function for the allocation of a non-appointed task
where the estimated arrival tinme on site of the technician is not

within a specified period. An allocation 5 that incurs this penalty is
i denti fi ed- dAPdUyaltdsatedrappoiniraebtupenaity s this parafretay talsdd3 value gedtet thah. The
default val ue of the par anet er all tines

.. .. Not t hat
T o ot Gl abeerBr RIS Blspdt dn Ebirle owh ghe contgbytiphfp- the abieqie s on on

Day 1 is rﬂaﬂ_&ﬁ&ef&r%@pamrzaﬁs vhidO BreotafiodA168,; THE defiuRGa afain@Brdjay 2 as
2000, etc. Time outside the normal working day is not removed. For the

sake of exanple, in this case the working day is defined as 8am to 5pm
Monday 1ig0 Sgirpr @aied t4sK %ﬁKalW tQkads TaA-{;aﬁJEaﬁrQ‘aa{er atrh'%lhvétJ ebtid®lo 9.Ero5p£ﬂoon

Wednesday and an ETA (estimated arrival tine) 01 am on Thursday
resul ts i nregresents| theeampuntytiat opill meausedmrrmrmgmPumthat@swtnbm‘tommthﬁ nut e:

(A positi @Xﬁi%q‘uﬂrct? n iapﬁ%ﬁ %g?@ é‘ﬂttgsk%r rl%é’f%uli is zero) A. task with

ETA (esti arcival m woul assuned, wth
non-wor ki ng hours renoved, to be corrpl et ed at 8am on the next worki ng

day; th h t ask
wth " s kR kRl IR TS AtsptRs R oedROfe 2L e AR R R ki ng
day) andg axhgchm&ﬁ& t6 baragdéd &6 the\/@&;e&timhnaiorﬁfolBamtd\dkraﬂayatmwhdt doéd hddgad
ti me renove res ust C ete In
tinme):; insPFakeiiget f'??ed%WFF’e%‘f'FQ'QFube A the &Pl""zb é%é'gg (g%y'fjes?;atpu

negative agefhtNe¥alkdfahd paraherdiad 0&).t he target tine)

- ATC (Arrival type constant: an integer greater than zero: this represents the
20 period of time over which the cost of allocating a failed “arrival-type” task - i.e.
one where the commitment is to arrive at site at a given time, as distinct from one

where the commitment is to compiete the task - doubles)

- ITP {Infill task travel penalty: takes a value greater than or equal to zero and
25 represents an amount which will be used to work out the contribution to the
objective function for the travel associated with each infill task allocated. The
travel contribution is calculated as ITP muiltiplied by ETT {estimated travel time).

The default value of the parameter is zero.)

30 - MIT {Maximum infill travel: takes a value greater than or equal to zero, and
represents the amount of travel beyond which the cost of allocating an infill task
exactly equals the cost of not allocating it. The higher the value, the further a

technician might be allowed to travel to such an infill task.)



The objective function to be minimsed is determned by the follow ng ten
equat i onsWOREMEi ng on the type of task involved. 25 PCT/GBI7318EqUat | on
1: r.allocated appointed tasks the contribution to the objective
f ungp {THENSHEET HAS BEEN (1 +P2) x Pzo(IMJerr] x IMP) + (ETP x ETT) +
(OTP_x_ UBEPLACEISBP x [SBF) where, if the-current tine is.equal_tg:Bs:
has passed the slTot opening tine: 30 P = (ETA - TAT)/ (TAT-TSS)
[if TAT = TSS then P = 0] or, if the slot has not yet opened:

= mn{1, (Epfp-(Bhéedd ﬁﬁ\gtﬁbn‘aftyl {H?cegpep%lﬂg r%ggterslﬂ%tn bpe?ﬂxzﬂuctoezse)ro, and (P
takes the |l ower of the two val ues separated
31 representsE@ia 8MEUNT thatowilh |beousade to awnkvaut ttlytpe:onaﬂmsnowrm ferTA
m nus TAT r t e
obj ect i ve Pdﬁlc:ft?\%sfunctloﬁ RanuR alﬁ)gh'ﬁérlBPa ap)?toggec??%)tvﬁg t )% qs atq'gi (ETP x
ETT) + (SOTPrrivald@hp on (i8BH thEBEGhnician is not withintacspacified p(eEia'd\ AnlaNbEatiohAT -

3. ted
I e R — T IR

cont ri but i set ool .the défpwltvalue of theCharametes is zero.) (P+ FTP) x (IMJerr]
x IMP) + (ETP x ETT) + (OTP x UOT) + (SBP x SBF) where P =.
(ETA - TAT)/ ATC 10 Equation 4: For deal |l ocated appoi ntnents

and arrival -typerﬁSKﬁatt BIE times @RANGRK I MMLERN disok times bem? set 4t Miplerr] x
IMP) x U Equation 5: For al located_commi tnent tasks where

P
ETC - T P'%dﬂ'%*%ts &%ran 2 "°°'bt°”eaa3él1 tid roRsesented asoh2Pi KkAQrm. jas 1000;

9:20a.m. on day 2 as 2000, etc. Time outside the normal working day is not

removed. For the sake of example, in this case the working day is defined as 8am

to 5pm, Monday to Saturday). A taék with a TAT (target arrival time) of 5pm on

Wednesday and an ETA (estimafed arrival time} of 8,017am on Thursday results in a

15 late arrival of ETA - TAT = 901 minutes, not 1 minute. A task with ETA

(estimated arrival time) after 5pm would be assumed, with non-working hours

removed, to be completed at 8am on the next working day; in the present system

no such assumption is made. For example a task with an ETA (estimated arrival

time) of 5.17pm on a Saturday (a working day) and a TAT (target arrival time) of

20 8.12 on Monday would, with dead time removed, result in ETA - TAT = -12 (i.e.
only just completed in time); instead of the correct value of - 2335.

The objective function to be minimised is determined by the following ten

equations, depending on the type of task involved.

25 Equation 1: For allocated appointed tasks the contribution to the objective

function is:
(1+P/2) x P x (IMU™ x IMP) + (ETP x ETT) + (OTP x UOT) + (SBP x SBF)
where, if the current time is equal to or has passed the slot opening time:
P = (ETA - TAT)/(TAT-TSS) [if TAT = TSS then P=0}
30 or, if the slot has not yet opened:
P = min{1,(ETA - TAT)/length of the appointment slot in minutes)}

This Sheet Has BeenR
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(1 +P/2) x P x (IMJerr] x IMP) + (ETP x ETT) + (OTP x UQT) + (SBP x
SBF) + (BTP x BTF) where P = (ETC - TCT) / (TCT - TSS) 20
Equat i on 6worssn28el| ocati on conmi t ment tasks where ETC - TCOFCT/GBYT@At&r
than zero, but the secondary commtnent limt is not exceeded, the

contribution is: {P + FTP) x (IMJegn] x IMP) + (ETP x ETT) + (OTP x
Uuor) + (SBP x SBF) + (BTP x BTF) . where P = (ETC - TCT) / (SClzm:
TCT) 25 Equation 7: For allocated comm tnent tasks where ETC -

TCT is greater Equdtion 2 eF® Hlodatel ardel oyphatagks ohgrd BEAIMINUBTTIAT B less
exceeded, t econtrlbutlonh ; o bﬁp + ESP + FTP) x (IMJ [err] X
I MP) + (ETPUENEFRRU3! (0GR thesemytributiagpte the objeciiyeYunctiogis x BTF) 30

where P = (ETC -(1¥®J2) % PGSEIUE* XGAP) + (ETP x ETT) + (omw%WWQSBFQBBF)

unal | ocated conm tnent tasks the contribution is to be: {(ETC
- TCT) / (SCT - Tehpred i A FARY(TATFERS) FSHI)TAT & TBFehen Px=10P)
32 Equation 9: For allocated in-fill tasks the contribution
is: ETT x I TP 5 Equation 10: For unall ocated

in-fill tas ks t heEqationi Jsukdrcaliocated arrival type taskM Wherd EPA - TAT is greater Note
that no appgintnent, w that, is. expected to fail (i.e.

the technic Z&F‘h“D%&%’ﬁ'%g %?Oaﬁ} (?bletaﬁ'é{eéw&m{?f‘ ‘he appoi ntment slot). In
addition if 10 ap-aprRingmeiit xiimrs cheEltd *@TTpR TR XRIOMen (EBR xt SBHNI ci an

could arrive before the ppoint ment slot opens then it is assumed that
t he technician wiW eﬁen%t“eﬁAar?ﬁTH ARC the nmoment that the slot actually
opens. 10 The cost of allocation is illustrated, for a nunber of

different types of
Equation 4: For deallocated appointments and arrival-type tasks the

contribution is:

{(IMU'®* x IMP) x UAP

156 Equation 5: For allocated commitment tasks where ETC - TCT is less than
or equal to zero the contribution is:
(1+P/2) x P x {(IMU® x IMP) + (ETP x ETT) + (OTP x UOT) + (SBP x
SBF} + (BTP x BTF)
where P = (ETC - TCT) / (TCT - TSS)

20
Equation 6: For allocation commitment tasks where ETC - TCT is greater
than zero, but the secondary commitment limit is not exceeded, the contribution is:
{(P+FTP) x (IMU™ x IMP) + (ETP x ETT) +(OTP x UOT} +(SBP x SBF) +(BTP x BTF)
where P = (ETC - TCT) / (SCT - TCT)
25
Equation 7: For allocated commitment tasks where ETC - TCT is greater
than zero and the secondary commitment limit is exceeded, the contribution is:
{P + FSP + FTP) x (IMU™ x IMP) + (ETP x ETT) + (OTP x UOT) + (SBP
x SBF) + (BTP x BTF) |
30 where P = (ETC - TCT} / {SCT - TCT)

Equation 8: For unallocated commitment tasks the contribution is to be:

{(IETC - TCT) / (SCT - TCT) + (FTP x FTF} + (FSP x FSF)} x (MU x IMP)



tasks and situation, in Figures 6 to 9. These show how the cost of

al | ocat i ngWé?9§8289t7ask varies as the arrival tinme or conpl ePCHEBYITRLE: 5
task changes. In all cases | EX and I MJ are set at 1.

Figure 6 illustrates the situation for &gz ask appointed to a specified
"timeslot". This task is appointed for the period between 8am and 10Q..38=m
(480 to 630 mnutes after mdnight) and therefore the only valid tines
of arrival are in 20 this range. To arrive exactly at 8am woul d produce a
cost of mnus O.5ghi iR d:Nfor allochfERAFiftREks RO LEnPbUEidIEist ask, whereas to
arrive at exactly 10.30am woul d get a score of zero. If the task were
to remain unal | oc&Té&,/TBnd t herefore not perforned, a penalty score of
UAP x IMP is incurred. UAP is set to a positive value, so the cost of
al l ocating an appointnent is always | ess than the cost of not allocating
it. 256 5 FEquation71G Howsinallasiatd iaffillgesksahe eontributibmis: of Figure 6,
except that the SMIr has al ready opened and the current tine is

9. 40am (580 m nut 44F i dni ght) so there are only 50 m nutes

remai ni ng before the slot closes. The shape of the curve is the sane,
but the values of the time axis have been caonpre . Figure 8
shows a task wit hdigte SretafhaPRRINEMNt Wiltebe B‘Eﬁedb\ﬁefjﬁﬁat BoexRegHAf f%%ltr

conpl ete by (Re $RPRIKdrCEHilEdBN GRe P tﬁé eA@EQtHE swoﬁ&)nenir BRt). In adatloAet er

FTP is set to 1 resulting in a step chan in cost beyond the
commi t meh® tagrapepintmprt isisghedifled fas astinep rihe éeghmiciarpoceui arriygdefapdbe scor e
E:Ihange - Cog%)om?;n&tps%taéﬁtngrthgrSP t ib Sssifled faf thd BeHhibiaRdvill ThRedd 4HDET ‘cst ep

twi ce the inpentcewe tegahe S(qt aetuam@)semeyond a secondary conm t nent t| rre

. hi
I(:: Sure 9tslhzvv(s:aﬁgwtrFﬁecp 303% cat1 o'éafI> rr?‘q%’/d;ﬁogg’ W'ﬁﬂerlgf gﬁ%}ﬁnqnty ask vm th

a target ar rtasial ard ﬁfmamlohh;raﬁugurqsoﬁ ttarir,eTaesmr shavé h8@Othel cndth:fsaubcgmgeat he

t ar get ? arrival tine is 1 2 noon nutes} and tne vaI ?l

par amet efl SRSk ¥argsqas the argijaldtirpg oy @P%ﬁma trpe 87 2HaRG & E‘?geéo i@ cas@s
times the inprrRhame f6eeea0i. 900) when the task passes 12 noon

An initial schedule is built up K?takl ng the partial schedul e generated by

t he pre-schedul er Fayre ) '&H’Séfatt?sart ys@{ap%afpf fy task tanepinfeds ke § Fpecified
techni ci ans. «;[fisktdOrnik Rhdyd @'ap%ﬁi?\%&ﬂ‘& the peh6d pERGM N €4 R¥dtte3eRhiaB61 NY

subsystem 31. This process is illustrated in the flow chart of Figure
10. The prodes&3q minuiee efteoqrdrighthand gharefore the only valid times of arrival are in

20 this range. To arrive exactly at 8am would produce a cost of minus 0.5 times the
importance score of the task, whereas to arrive at exactly 10.30am would get a
score of zero. If the task were to remain unallocated, and therefore not performed,
a penalty score of UAP x IMP is incurred. UAP is set to a positive value, so the
cost of allocating an appointment is always less than the cost of not allocating it.

25 Figure 7 shows a similar situation to that of Figure 6, except that the slot
has already opened and the current time is 9.40am (580 minutes past midnight) so
there are only 50 minutes remaining before the slot closes. The shape of the curve
is the same, but the values of the time axis have been compressed.

Figure 8 shows a task without an appointment time, but with a

30 commitment to complete by a specified time (5.30 p.m: 1050 minutes). The
parameter FTP is set to 1 resulting in a step change in cost beyond the
commitment target, the size of the step being equal to the importance score (i.e.

50). The parameter FSP is set to 2, resulting in a further step change in cost of



1002, 1005, 1016 which require the generation of a random nunber. The tasks
and technicians are each allocated a nunber. The process starts
by costi ngwiohvegeor gi nal schedul e (step 1000). Next, a 1 5 pcuoBom3DLIEThEr
generator is used to select one of the tasks. Wth the exception of t he
pre-all ocated tasks, already discussed, gach task has the same probability
of bei ng sel ect ed whether it is currently- in a schedule or not. Hop:.

t he process continues, once a task has been sel ected, depends ofi ™

whet her t hetwies kthseh'\@cttelﬁbei score {i.@l 1©dpeyomdaa tsewndai\f) commitment dmee@si bl e

techni ci an &'IP e who can 2%@6 t ask.as etermB y the
pr e- pr ocessYis §&5° ﬁh§ Pgnaty E'é‘lee P& miputes oY @R Ayl naI ogous process to

t hat used for FRir€0otshB@sthondete) cost BE allduzBeh vbﬁesﬁﬂfﬁtﬂ&'ﬁrﬁ@f&rsé %kWQ{Z)
fromthe range 1 to N + 1, where Nis the nunber of feasib

t echni ci ans? BRIV HENdyYHEAN iRPErance seaiersBBRdln this tfigure é%r‘ii’r@?’hn to
whom t he seL@RbPimEask 2 SodnU72®Nhiniteg *'b‘?:@%h@q/alu% OtheCdrhmdesd p‘TrpoI@() 1.

sel ection. The nunber N + 1 represents a "dummy” techni ci an. | 'ocat i ng
a task to tRhbisdaswits e istarcEkande Ais?Q tia. & 1 déngd Yrmirmarytanse Stcawof @iOOt he
pur poses of t f n. Note that the chance of scheduling a
task to V\{I.'Il%g t@%ﬁ da\§§ Sn:r%ﬁgé]rpl s 1/N, and therefore dimnishes as the
nunber of techniicltlahsr:hedulehe beifs tgipyi taking dbe partidl snhedulaglenerstadoby

Sl oot onC Mt bRCscnelfilr 13b o 3bincirly SMeEnl FEIRE a8 ¥ Redsiticafeanf e, on o

1003), aral maal fsohedute is thenapitfied byl the wptifsirepsdidyédem 310 anm@mrmstii; on in
:ggdgfnu;ug;g;@gwg g,ggﬁeeg%%bgﬁcp.ghg A1 Brotete hehfi2'ut'Sepg 1005,

34 POsDLROMODS, eBREIvIAREh iéqmethbfgehbﬁnbasdf & ddhdom hiinbed THe taské
(1006). For it to be possible to fit the task into the tour the gap
nust be bi ga%&f@ﬁ"’!%‘sl%@:Pﬁﬁibalpﬁéte@a%'kum e.or, if not, it nust be possible
to delay all the sbefedeniiasky cb&.w%oﬁ@narmwuaa (step_P600) Neste £nough
to insert the task (1007) the task has an appol ntment tine
(step 100%) randem mirhbertgenpugeiibluged to snpiestl Qnemfsthe rnaskse Withutheaexcepsiamiohed
(steps 1008 0, t o] oynd The
validity of ﬂ]ieea %%@éﬁéﬂ ﬂaLks adg%w%gggg e%’stg %éﬁﬁféd)'gsb% sari g? ebgagﬁceotf o the
appoi nt nent beihgtserbefcted;ewhaﬁier if &r cercampl & @ sctekuleppoinot.eHBoho tian process

afternoon slot..is not vali position in t [ finish
3 Soam 11 SPRUTHSS! o € R g8 BERR L ete ERa BN el dpk AepeRags
1010), the tmeddyiip ar@uected (step 1018) and a new one selected (step
1001). If a valid positionis found it is exam ned as descri bed above

for non-4ppoi nt mefit fepsiblestecbnigian diri one yhotgda doqthe task as determined by the

pre-processor 33) is also selected at random (using an analogous process to that
used for selecting a task). The number is selected (step 1002) from the range 1 to
N + 1, where N is the number of feasible technicians: however the number which
corresponds to the technician to whom the selected task is currently scheduled is
25 excluded from selection. The number N + 1 represents a “dummy” technician.
Allocating a task to the dummy technician constitutes deallocating the task for the
purposes of the objective function. Note that the chance of scheduling a task to
the dummy technician is 1/N, and therefore diminishes as the number of
technicians in the system increases. |f the task is not already scheduled, then it is

30 the dummy technician who is excluded from selection.
If the task is not for the dummy technician (step 1003), and not for an
appointed time (step 1004), a random position in the tour of the selected

technician is selected (again using the random number process; step 1005) and the



may be fitted |nto it (steps 1006 & 1007). Note that a tgﬁi, ?)/d
appoi nt menVOOBE%i 1| not be scheduled to a posi tion wher SRR CI an
would 15 arrive outside a time w ndow defined by the appoi ntnent sl ot
start tine (mnus an al |l oned margi nB4 and the appointnment end tine. |f-
the estimted conpletion of the previous task would allow-the .. =&

technician to arrive beforethls i ndow th t hat the

t echni ci an QP¥TON fscfampinpe te iSpg I tf“’%‘aa‘ﬂ?é'f cER ﬁn}éft?‘lr e & P§§§ @ it dg be
into a schegydsiolé $o At twRdK irtb thatdlritRs Ewrnn gt ¥ Blghéfoubh o id?:ﬁﬁfetth@ﬁaé’kﬁy be
made. 20 If insertion is possi step 1006), the task is

i nserted i nPo it et it mMugtleg BPssiti ta dg'eheaahes%ﬂeeee@dﬂﬁss inrfdere gredte fed

schedul e co 3hsert the taD€(1ERSH. of the revised schedule is then
conpared w ?%&t €Sés%)estg%(e}ggl sstelrngeva ( (step 1014). Any nove that

decreases t he obj Kctheveask urast arora,ppountrKeBmeet {step 10Adhaimedll the possible

automati cal | cce St 1015). This i im to the propcess 25
referred toP %?ﬁ E‘ﬁ?éﬁj l%f Frage {ﬁas 1%8§c{§ui§]@nﬁ"§}'lr?ov@ pastien 18
particul ar founddQSIt@:uwe) (rmaemkstwat iedtiMpositien A€ CrRRérertinedIpstey ETOO sy

Si mul at ed Anneal i ngt; rocess, noves which increase the value of the
obj ective fRietENehHtathe éP% Qjntment slot afithg task ey examRip Aderk EPPYINESF Y by

the "cool i ngre@@bARIot i§ Ao GalfeRE hig¥eHion in tﬁm&}rlvmcw.ﬁené@m 913@’96{ ifait N the

range zero to 1 is generated (step 1016) and if 30 it is |ess than or
equal to'Q heogtierabave bsenptried ragg nppg Aye t'ﬁ@‘n(stelﬁemw’&)ethestaa'&@efm@@led {step (st ep
1015).. 1018) and. éfneweongoéfe?edtéd %Q&Bpﬁ]ﬁ@h g (: B%{?Qn ‘{é? HEndfit 'ié‘e
objective function is npared to't est va obt ai ne previ ously

(step 1019) exarhined assde@gtlbmL ab¢}\equrhmn appomtment tasks to determine if the task

35 previous b the s i al.ue" (step
1020) for fma\yré Ft% %OH{I) gotﬁ%s %ﬂf&h \r{?gg} R\gg pcg},\{ect g%ftk é?‘é'Bgl 8)

ei ther at tlap;Souﬁum&ait t&ﬁageu n0t be schédiged s atmﬁnttoas}aherarthettedﬂwmmwdlmﬂ into
t he sche gl 5007 %@% ¢ E‘ ocess is then repeated
for anot af' "E%' B ti’ﬁ@ﬂ'“ qgfined Rethe F‘n%"%“t”]‘e POL St HRgUMinys an he
change was ane®ed Afhrdinl, @Rd 1Rd aBpaintiient BRd RIRRY I 10k%e s&iMeAbd Bompletibh of fige
change was rejected (step 1018). Note that a nove which is accepted in

step 1015 i Sreyius T@s?ktvnemeﬁipw ther techaichiByie arfiee Refass thigheindew Brennbis it i s

an | Pr QYR 1HR thdEechhRih wilih&rr idistigRs #338/tdQA8)rom a task inserted
De-allocating a task (i.e. scheduling it to the dumy technician) will 10

al ways i ncr é48é sohedyjiealiqwed frqmz:tiet@nnmmgtwww the ingertiniampy e regde.
accept edpyi th N R&?P&A éyp&’ssuﬁ@e(s‘?é})’ 'RLﬁ(?W'tﬂg H&E F&gmé?{ed' lidto 'the t NE

next |terat|on of the pro edul e cenent task to the
t echni ci an ftecdmamtjsnstheadtﬂasuewaﬂ@n%md the reviklied ecbdzttnle tosted (step MOII3Ki | |,

e, o LRt SRS sFRE ) ool bl o, b g LY ©1 2
(step 1014). Any move that decreases the objective function, or keeps it
unchanged, is automatically accepted (step 1015). This is similar to the process

25 referred to previously as “Hill Climbing”, because only moves in a particular
direction (towards optimum) are accepted. However in a Simulated Annealing
process, moves which increase the value of the objective function are also
accepted, with a probability p defined by the “cooling regime”, to be described
shortly. A random number R in the range zero to 1 is generated {step 1016) and if

30 it is less than or equal to the probability p {step 1017) then the move is accepted
{step 1015).

If the move is accepted, the resulting value of the objective function is

compared to the best value obtained previously (step 1019). If it is better than the



1 5 objective function. The probability p of accepting a nove

t hat nakes the val ue of the obj ective function increase is given by the
fornmul a pwo ssepfer del t a/t enperat ure) The "t enperaner/aslig s a
concept which controls the nunber of rmves t hat are made that increase

the val ue of the objective function hi gher t herNakygeP hAg.\%‘: _
tenperature the nore noves will -be accep? ed that ncreq&gda% gffﬁe’ of. 4ae
obj ective function. During the search the value 0 e |
gradual | y prevnb@iiblmdthessfmldtmtls ahvédhethepoawt’Besafvalued (seprid20l duetuteiech

lta is the,differen en t he | ue of the
b oot ve PSS  An ERES ERY A eiccad ich RE1DSHTHEY BL ks Shal Soaftiyn

After a gi veieaiesipertasd carmwseseaise&eahmerthaéchédarm@t@i wWeE7 bheogey. ue is

reduced. The reduct ion is produced by nulti tenperature by a

predet er mi ned vallhig Pragess ipiten reppie dor ‘E"H’ége'btés'?/éﬁlt?’a 19P 1} Heing iefher the

rej ect eds50re e REHRAUICATF Ehd EMdngE Sbhd &ckbﬂeﬁd%ﬁrﬂtm 5), or the prewousTQ@'\edule

rel atlonshlP bet ween delta, tenperature an e probability of

accepting 4t it ehanegt waaKeiscteHelstenl 1018 Nate th] @cmWﬂvehwh!clSl aeenptndsie (i .

30 greater k| US t u I r t ey

features ofs)t?élzmls s lE]:S(r)egl ?%éhgedéfg%ef&?f%r%st% ?%La*&#h\gh%{ﬁgﬁ%{) r{bﬁt&w@ éﬂ

accepti ng adampoorventehabn bk Eisest lvalue” (stewsanerUDZDhe obj ective funct i on worse

decreases as the&{m cattude el t a %as rﬁn,land second|. }hat as
e t‘@'

the tenperature 389 @ t(?sﬁges stCH%du[&'Pgb i Yy technician) will aiways

36 10 lncrease Rhe Sbﬁé‘dinaé eftinandrealbat Swh bﬁa&dﬁatthﬁs Sﬁr@p aebé;hedi afitrer a
pr edet er m ne er a prede%@rm ned nunber erat ures have

1
P en e Presabiity ', TherBhy AL Wodsh moeshliby-uf o Aen Geregon st JhE SERFEES t ha

schedul e nmagaggihetisleld@pRBEment takkad thd fdHARRNLFEM WINRS the/ alskevdY takBe.
obj ective function (i.e. the one that has been 5 stored as the best found

so far; sté¥ptechen there arrene iskil time: of EhesrGPEYaInts apAliacating a task to therhe
opti ni si ng m%%&&m% USEH &Y SlddallEn ASalARDS PRIt oubialays ihkiBabss the

determ ned by the availability of individual overtine limts; these limts
are pasdéd ObJethef@mféw@ubsystem 31 by the pre-processor 33. If a task may

be conpl eted w t ki Probaﬁﬂ dlo\,ll g%gbnﬁg %errﬁ)\}et %to}ﬁ%ﬁ&é TRe ‘l,”g%[e

schedul ed by the optimsi n stem ask woul overrun
an i ndi vi dua:hécslve\iemcmomrend:neaset istdineEm Byt the formelagnkye é%ﬁaétﬂ"df'étﬂe’l f it can be

Split Into two OtmohrBusBskos ntdfWhlE BRABRILL Hmber of IndVEE hAPH

that can be conpl et ed SFE®t e SCR&HIIY r Sal'&r’®t nan a
pr edet er m rere mrdei thuttincleasé iesealge bt thesdlgeaas fuhetndraskhe Bngheﬂ thie \allghott hat

Schedul 83 PRt hengers Ry Wil A 3 SR P R cite, FEbe e
expect ed t oobjeAver Ringfisgheduwring téekbardR. the value of temperature is gradually
reduced, so that at later points of the search fewer such moves are accepted.
Delta is the difference between the value of the objective function after the change
and the value before the change. After a given number of moves at a given
25 temperature the value is reduced. The reduction is produced by muitiplying the
temperature by a predetermined value. All moves, whether they be valid or invalid,
rejected or accepted, are included in this count.
The relationship between delta, temperature and the probability of
accepting a move that makes the value of the objective function worse (i.e.
30 greater) is illustrated in Figure 11. This figure shows the two key features of the
cooling regime; firstly that the probability of accepting a move that makes the
value of the objective function worse decreases as the magnitude of delta

increases, and secondly that as the temperature decreases so does the probability.
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During the course of a day the optim sing sub-system 31 is run regul ar

I nt er val swo@82289th occasion that it runs, the process naypglf’émﬂ%}lgm t he
begi nni ng to attenpt to schedule all tasks that have not been schedul ed
hedyl er 30. Alternatigely, the sub-system 31 may be run by
rreussmg:! B38S BF Y drting point, 20 the tours generated on its -previ ous 3n.

I n t RESLAGHR t he loptim sing sub-system 31 constructs its starting
position as fol | Bk sinfdated armeplet igan dieaseti 10 108 §ENSY; PIRE @ predelgmingd oy 5
a check is,mdg 1,8,56€ o} det‘sﬁ"m’ir?edshbrlnl)eraﬁﬁ!tlerﬁmﬁtlfrés Sravb Sbedhnl Lsedn tHe | i st
of t ecNiii Ci ans su pl'ted by the technician pre-processor 33). For those
t echni ci anschedule taheet axf eowsrs) thatdy ad lbaliassedatey theasghedplegnanagseds Big enfe
pre-scheduler 30, are wijtte 5 into the. : I QUS I en
exam ned, HPPRAUGEYERE |°H‘”?R£i"%'ﬁet°ﬁéhet %%Ecﬁ“;equﬁm\'/\de?{ @\ét g*éboe&egg‘ra ?Pg%s%%r?, and
all tasks tfpdd BEyhdISesa@sladl doofakhaes 10LENAt the time thae theapracess stoppéd.| val i d
all ocations) are_added to the end of_.the new tour (i.e. after.,c rr]'y”tigssks
posi tioned by thEhpretigisggrestemR! PERsKOYSIME e PPRISPIZYS (! €' ' eady

al | ocat ed getermfled @)NBeCavaliSbiR dftigdivkilanaviehem & aitsp thiese Havitngrepasderced an

initial tour in this 30 manner the optimnmsing sub%st%mthen sear.ches for
better sol & itemsubisystene Steivnte pre-procgssU AR, HestaskyBey be completed within

Peri odi cal !aX’an&ibf‘quewga%ﬁrﬁn{gayo@&tml trefl i@nday e hastusehedyhe dpdpiiding i ed up
to that point analysed by a post-optimser 39. This uses a rul e-based
appr oachOt gubsystem. However if a task would overrun an individual’s overtime limit then it

REPLACENENT. SHEET, " . btaske. and if the Bdoorti
identify i rap V&ﬁg?dusl% 'ef('jtu‘faensb?/\?ﬁh(tzﬁmgﬁ\ﬁlgaorr T%rebsg cla?)ssé apolqpfip?rarl’?r “;TJch as
schedul es h#vthagasknhyt sarmbé campleneds before theeschedwed end o day is grasterdhan whi ch
do not invol ve an.itinerary regquifl.i Lpngshack. segdHles are
i dentified aa%'eg?t)?ga',"ed mInihg" t ﬁré tﬁ%ﬁ Jr;1'1}c§a s?%lrég%)rt@%égs)% 'Ir§es umjrrégc %ﬁ?s ensur es
that the opiritpabi or BEoBasheduled enbenomplets! arthe soBedytedt end off davheNover al |

schedul e_i n whi ch. i npr.ovenment re. . nost, .| L kel .

const r ail i 7§} task ésRYsivened st”ﬁgé'gataﬁ 5 LXPEFTeH 18 "‘J‘%uér%ul{nggﬁeedUiE%ués}%gé'§¥'.

After a suitabl e gingtthBRoureldfNalay le eftiniisiobsubisgstescBédsirers at segatanduced.
This is then passed to the real-tinme schedule nodifier 4?. \Whi | st ﬁf}e
real -time d0tervakdi P e@ach occasien dhat GsAg i SVSIFRLARY Starf frena SeEtieh &°
generat or 3043 0tCRNsdhBSWERI tasksORRE Hal®Rot Bed deieduRdIBNEHeAlRe-BcRINler
schedul e usi ng updat ed dat a. The operation of the real-tjne

modi fi er 40BQ-FiAlernetivply; hes BeRepYStems 3 bipayHe fun bY reusing, iag FFHEPYdY: 13
and 14. b S kg ARl IRGAM TIRMRIst B khd 6htdlsing sub-@dtermes of
t he real2-6t %#éetggrtsi %%\ggarthg(gh 'g\scégeﬂgogjglrgmstlgttu; r egi sterb_42 sé_r{go!rsuesgﬁe 15
current st a3 lUsomdtrucheits sterting pesitiolmas fiollews. i ot Bagh {echigisniiadhe preyiquse
schedul e store 32, fraom tim s : . 31 ' . ). A
Cechnici an ssettaﬂfdgurrseag?t%e[cgrls iad8 BRLLT Rd NG ST RSURIRMi 3L id SHPof & ot
technicians supplied by the technician pre-processor 33). For those technicians

who are still available, any tasks positioned by the pre-scheduler 30 are written

25 into the tour. Previous tours are then examined, in the order in which the tasks

were to be carried out, and all tasks that may be added to the current tour (i.e. are

still valid allocations) are added to the end of the new tour {i.e. after any tasks

positioned by the pre-scheduler). Any task no longer valid (e.g. already allocated

elsewhere) is omitted from the new tour. Having produced an initial tour in this

30 manner the optimising subsystem then searches for better solutions in the manner
already described.

Periodically, the process may be halted and the best schedule identified up

to that point analysed by a post-optimiser 39. This uses a rule-based approach to

This Sheet Has Been Replaced

AR




43 and pool of work register 44 simlarly store data relating to the
t echni ci ans and tasks respectively, initially obtained fromthe
respect i vevousazgoyocessors 33, 34. These three regi st epeT/aBe7/@d118 -
updat able, as will be explained. A paraneter input 41 20 allows an
operator to set the various weightings ﬁm ofLher values used by the

S

system The technician stat regIstesHidd hgs gpenatiabl e by : -
inputs fromthe technicians T1, etc thensel valM:rmartl ular to
record a tedniifCiindiviust dthedus Qbhich appehrd 1€ Bd dbéde RETBRE fe6l aef work

register is also updatable by nmeans of a manual 25 |nterface (a conputer
term nal) 4shedusciaving ek sgivllreauntd P idle Haw Hdfpvehdimg. @gd which dgdobgg|  of

wor k duri ng,gfeldh Rinetdif réqemhngt 44T NAGLRGRIRIch hBdulbd)alfeSERAIRR 4L fied,
customer reporting a fault. Autonatic inputs, connected to fault nonitors

Wit _h| n angd fthe netlmaklon@romy rgstgm_yaqgél’mq’ gmqude,sdthat the optimisation Piecess
o0l sters BnodhimdoR ol BET PRUGAP ARl PERHATRIBTSSRE 4e O

whi ch uses 7t o e Sterern a manner to
be deseasit b:edyvmtthe forihdr ancenitwﬁngume&aa&\ tolﬂuoaeldure]aé dfothgetsetuaibe an
al l ocation for ,a technician T when he cones on-line to request

i nstructi of82°®rhe resul ting allocation is passed to an instruction

generation unit 48tervhiGthbld AMSHhESa final set of techmcnan schedules is produced.
38 instructions relating to the newy allocated task,

and an
associ at ed Ak [SviheneRasseg to the el f'@@h?ﬁh@F"é'ﬁ rrodifige 49 |VYRiLRt e ’ﬁtab%'&sor 47

al so tra@smo&wnga&m{aﬂ%lmr@rm §&Hedule, tﬁ@sé%@uk%@%a%ra@o%t1aédf'\srersﬁr%5ter
43, relating to the technician's current |ocation, next expected

cal | -i n ti rePerasipg in Prier 40 D@M@ﬁe@n‘w&@b@s@tﬁ using gpdated datms i t updating 5
Information to t Hﬂe%&g at.gk of era?gtn%h'%dfl e a(? "Fog@jgéh') fUL it B ﬁcﬁk% Qrtt he

task which een al loca tion processor
transmts dpoain anures 14, nﬁbamchﬂ#oﬁgtua 4 lsbows lire skl dsagaamsfomghespemr;lpaln

particul ar L9 nodi t he provisign h s, of an er techmmans
af fected bySTHE®aP ggféatr?%ﬁ E}Odﬁh 0. A Schagle! sqat\"ﬁereﬁjo 52 SIS e
managed1én catreht statviyoit ﬂ\@tscﬁb@ﬂ@ﬁ&NWﬁh Ghe atietly cappliel) waabmﬁcheﬁmaetdsrbe
schedul es enerated, can be taken.into_account. at the earl

oSt _oppor (indr o e PSS BRABES helgPeh LR e d FPPPG T ars fauister
reporting igs & p&ﬂ"&fh@&i&&e@@t@ 4arsiPflary2i®RFe HM13NeRNRG e Gth t@hﬁi%mh@é‘and
requested at short notice, changes to a schedul ed task (e.g._ an anended

appoi nt mantt)‘S"Sn@\ﬁPec'“Veras!’R‘&'a'éfnf’é?al"r?& fra@ tpstrarRecHre PRRRERSESIVS (e 34-
schedul i ng de rEQq'@éc‘st%FE Lidl fSupdiifile, 1 wiSb@esIAREE A(ba];d'rﬁé’tgll inpf@g to

account for adverse weather or traffic conditions). objective is to
meke suP@ taiawsvitenperatasctnpeti the veipussweightingsknd tdteert adkes usedh Gy uthiel y
al | ocat ed 's%sfen? nost suitable task available for that technician at the
time

The technician status register 43 is updatabie by inputs from the

technicians T1, etc themselves, in particular to record a technician’s status as on-
line or off-line. The pool of work register is also updatable by means of a manual
25 interface (a computer terminal) 45, which allows an operator to add new tasks to
the pool of work during a run of the real-time allocator, e.g. in response to a
customer reporting a fault. Automatic inputs, connected to fault monitors within

the network 46, may also be provided.
The registers 42, 43, 44 all provide inputs to an allocation processor 47,
30 which uses the current status information in the registers in a manner to be
described with reference to Figures 12, 13 and 14 to generate an allocation for a
technician T when he comes on-line to request instructions. The resulting

allocation is passed to an instruction generation unit 48, which transmits
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the request for work is dealt with, whether or not it is the one originally
schedul edWO98/2280% ai d under standing the allocation and opf$HFBRVPE rul es
to be described are 20 supported by a series of flowharts, Figures 1 2 to
14. In Figure 1 2, the reference regreral 13 refers to the flowhart
represented in Figures 13, which operates as a subroutine, cal.l.ed=mp
during the process illustrated in the flowhart of Figure 12.
Sinilarly, iRsieIcHpoE eaating to-thpupawly pligestst dasis aé?ds?fﬂr%PF'ﬂE‘*di eGS0 st eps
of Fi gl{*i?éch%fciéﬂ“ﬁ*. ¥Re aflocation processor 47 W {r@hdried DPddtRigNMfGRagien i N

several of e rules and are defined here for conveni ence.

" | naccur at ¢6:the Hechnitien gtatngy registeud3ofelatingata tha taehpisiag’s ewsent lapatiofee
break) whi | s t o]l UkeddBE 4¥EH fndi M
and for BO%Q%?@e%?‘%g&%'ﬁﬂ 5{nﬁ%te?cdnﬁ%nrm%+ﬁb ‘?heescLed%lsga%ré&ggésg%%ag&becone
i nval i d. 5Thifermation tatheopeairofiviork registeniddi, am pasicalar ¢e detste the task whicth was

not in the technician's origin schedul | sk.origj ly in
the t echni dIBini%tsPREYFI9CPEdy T%ca%%ﬁa?%] progesgﬁ'{)tﬂé? aFergsnnlr'?ltsciuarﬁi.art’liﬁb
"Pendi ng": ihfdemsedie thiktingetidaleUstatis registe] invpdriicuier t modifi thalps@nsienal br eak)
which is schedul ed for a techpicjan but g&’t c]%et al | ocat ed tcge him and for
whi ch the schedules,phany ohenipchnicteRs eHecteg Y i 2lIgeatiopdes 3¢ assuned to be

still accurate (iThe modified S is¥AbnddRENN FBEKBGvay thA€ eHARee "Which Bave come  The
processes illustrated in Figure 1 2 to 14. will now be described. In

out | i ne 1Pheahounpiacahs sheguss were generated capilg faken ingo apeAMSt @hENGPBLEs f or
det er m ni ng, Whals 'cﬂﬁ:&)ﬁdﬁ&' ABrmeRt. 9! YEcR changésecﬂk'% e Ralid BGS tdchpicigngecked
in (step 1 200). The i1nstruction (1 211 to 1 21 will usually be to
carry out aepersing(in2oB8ewbtaskstdadier jondetendharoaxpentieh apsepens rpguasted

absence (e.g. .t tte eti Mg ralgi | : y so be
Toaucd. - short Rote, el RN fefieh BULIDG. BOSRIARE oparhimp T pdRC, ¢
sel ect ed. tasks entering thd systemnhot bleanges d¢e slse schedubtigyand glldcatiam dulgs, sugh

subrouti.ne is_ used i ch . dejermnes.the feasibikli he 1t ¢ | ci an

per for m'1?fg 3 E]ic 3?19‘%[,\@?5&? Vellrﬂ espr(’o?:‘(;acs?éJ RE for "?dsv e:%l%ldﬁ’g%tlrhg{ )e;\rdﬂltdfrﬁcF|S:°gnt§1rﬂ?t go'?\%h 15

Figure 1 2 Thd ubjetmiieess tdienare aues shdtowheletactehmitiag reheesas laotaak) te tdska t ask

for an on-1ljne technician. hni n, checks in (st 1,..200) the
e Tt

System - GOEl TleCFia s SHOBAPL BTt P Lo R at SERTOPR g Pt T Re
techni ci an {320dlest kér Wh& is dealt with, whether or not it is the one originally scheduled.
To aid understanding the allocation and optimisation rules to be described are
20 supported by a series of flowcharts, Figures 12 to 14. In Figure 12, the reference
numeral 13 refers to the flowchart represented in Figures 13, which operates as a
subroutine, called up during the process illustrated in the flowchart of Figure 12.
Similarly, the process of Figure 14 occurs as a subroutine in various steps of
Figures 12 and 13.
25
The following terms arise in several of the rules and are defined here for
convenience.
“Inaccurate”: the scheduling status of an activity (e.g. task, absence,
break) which is scheduled for a technician but not yet allocated to him, and for
30 which the information on which the schedule is based has become invalid. This
can occur if a technician is allocated a task which was not in the technician’s
original schedule, or if a task originally in the technician’s schedule is allocated to

another technician.



next schedul ed activity is "end of day (EOD)" (i.e. the technician has no

further activities already scheduled for the rest of the day), the
syst em stw88/2289rocess 20 13 to try to find a suitabl e FcTsGBY7MB118 he
technician. If there are scheduled activities before the "end of day"”

activity (negative outcone to step 12049 a 'TPRESEiERftTo———— absence
check" process is perforned (steps 1202 to %??%@1& WPEERhE system. -
checks the technician's schedule to determ fhe—f—af \,lr ERences] are séhédul ed
for . t he t e¢Rendingin thesepedlliag2)atud bf amaceviey . .gotaskicdbsehsenseresk)t hen a

Goscr i boa P4 Sereduiel F67 8 Sorftiqrup 03 o Bl e B i 2B dnt e ne

syst em cheafosmatiors ee vitficti fiee Sieheldule was BESRING QisbSmBdI 2o bR stlladdeutitt Lo 2

pr edet er m ned t'brre after the current time (step 1203). If this is the
case t hen ¥SIRELREN Mapkede inagcu@teldi  sh whet her the schedul ed end of
the absence Wil IThtaplocadskdiiustrab&s irPFightd Ri2NtoMiaC iR nB i aken 30
(step 1204); If it wll not, the tlechlr% cian is i nstlrac{:’v:ggtaogétég&ée%ftlhe
absence, @ujineithese are agtfoleris-a meeting (step 1211), and to report back for
further instructg abase is.updated (step 1216)
by recording thtg Ejszl{ﬁéantz ?) oﬁgﬁé ch%%ggﬂgetg?ﬁ'gﬁgengaf "}Sﬁré’c{'%%ﬁ{ﬁi%‘f%ﬁ' S next
expect ed dechreaién Whrehas juspaheda@dtio {(sep 1200). The instruction {1211 to 1215}

40 the schedul ed end of th e, and the technician's |ocation is
updated to' bé 264R ?ehg? CTFY PHR éﬁ%eﬁ?égncb”t other instruqtiong isuch a8 AakKieg A has
not yetOt abeence (brecak atlddd asnetihgdiilteshib® sédsiinsh 20 5 may al8dBeNEReal ter the
| at est tinme by ich the break must be started, then the 5 technician is

instructed to g§'®He { RdS HIssRIRERSS intrhich a siteblerasiblsestlectied-or e next
contacting the gypbaimKes bRReds2If- Fi&lﬁ\r‘ést%‘:% Ghan' ﬁjb?&ﬂﬁ'@uilselﬁeﬁ HRAAt ed to

i ncl ude the duration of the break and the absence, and the estinated
travel durdgteraipesdhe ffeasibility0fstpdechnician perfiormimg atgivenctask.d Thiatpracdsseak has
now been aigy 4l Fikakd) a Returning to step 1 203, if the
next absence ?tsr not yét r'ledue' to start, the 1 0 systemallocates the best
task whPch can Faupe 2dlusbdtdsethe peodelse falbdxeeroening tidkialiocatiot of attask for( St eps

1205 to 1210). . rul.es for, this are .as fallows. Step 1 205

det er ni nes?a%\/\k%'t“ﬁ%ﬁe?rﬁ%'c'ﬁ%xt srheﬁeau\ae@ﬁn'g'@f‘i @r‘?gsi'g {step d00hdhe svstemi o no

task is schasutsethelehede thientiethel ot aBBRACRY thd techRicidn@ 20% PCH#SHe

searches for a .t SE,G usi ng_a”eprocess to be described later with reference
UIB5RVEIY 1S £

to Figure NEAt sghe 8 e ilke-SRderhnidiamBeo e Temkeraassiviise t hen a
f easi bi | i tayesd®Btschb@uled forﬁt@ned@&%fi @eéhapﬁg@ws%kn] géﬁasrtsw&ésgl@ fgs 14, 1S
e

enacted (step 1206). If t schedul ed task renains feasi In the tinme
r emai nffg B &NE Besuitableriags koritha teghwician. If; thresnare schedidecbactiytiast kafore26, an

assessmentehg JIRiS - ath Ry VHESNRE ii8ome to step 1201) a “preselection absence

check” process is performed (steps 1202 to 1207). Firstly, the system checks the

technician’s schedule to determine if any absences are scheduled for the
technician (step 1202). If there are no such absences then a next task for the
25 technician is found using the process 13 to be described below.

If there is at least one absence then the system checks to see if the next
absence is due to start within a predetermined time after the current time {step
1203). If this is the case then a check is made to establish whether the scheduled
end of the absence will fall within a period within which a break must be taken

30 (step 1204). If it will not, the technician is instructed to take the absence, e.g. to
attend a meeting (step 1211), and to report back for further instructions
afterwards. The database is updated (step 1216} by recording the start of the

period of absence, the technician’s next expected contact time is updated to be
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schedul ed absence can still be perforned after the task (step 1207). If the
task 20 paeP8g2®dth tests (steps 1 206, 1 207), then it iBCHGBYORMEd to the

techni ci an, who receives instructions to carry it out (step 1213).
However, if the schedul ed task failgp either test, i.e. it cannot be
perfornmed before the due tine for the absence or a schedul ed break=san

alternative task is identified using the process of Figure 13.
The procestheoscheligdridnef thecthsersearpndthettgeindciang 1p¢atiestis apdatedtoreyur e

13, 25 W'tﬂalt POYY bssfgscribed. This process is one of the principal point
of departure £ om previ ous systens. In such previous systens, if a

t echni ci an has alfptredtcbnigiandths not yes ¢hieahué reakeangoial s¢hedulen, to firishlhicat ed
the next task in that scheduyl i f possible, h i se t
al ready in? %egcgy%ffeén{r}?u?a%%t 8@Ier é‘éd"}‘/ﬁmh 4h%uf"'eegkfmggt Bb MEHES. tfen’ <

n sche or anot her
t echni cimntedhRicidhCid iasthadtge e ioSon ahd absencearid td hakesyet ieneais ibefoee trieet | ast

regul ar 30 wupdate of the scheduli systemw Il not be allocated until the
next regul SPMEpHRR Hhe system ﬁ%@Pﬁﬁ&Eggf %@5’&‘?'5’%& SHQ‘?‘@“%F%R@@H@ include

opti m sati ek Gliratib® of ehrestebie aR® thd afeh86,tdhd the esBimyted YaUel HERMBh &b ARe each
time he reports for a new task, whether or not he eports in a

r S
schedul ed, absancaneaasien. ahd ioiecardpdat aerakdasforv beentaken tifers dRdBl ed

41 for hi nhERJrrFﬁEéfteréﬂep 3983 §ESndxR s B0l Motl fht BifehtoAfart, the
opti m sation even tasks whi ch have been added to the system since the

| ast sch@dsystemesliosatss. thiihest tdskomkich can bemesformae betarees absange itiduef t he
entire schedul e nd I I | be spent on each
rebui | di ng%? aLa_rt, (%epst1%é%q&ﬁf)gcgﬁ%lﬁgﬁogé%gg %% (f)ougb\%'echni ci an other than
t he one schedul edtdpo1 205 idetermines whdthenthy nerdsdheduled astviedis! the wbbénaeespect
to that technician and, if the task S originally,schedul ed for

anot her t edfhi BP dAsK t'ﬁaSECthjWS& 9938%}{% éﬁhedulgé iagﬁ?'}?ﬁ 1S %Ledﬁmcﬁast he
day, a newsgsleRedlt® d fasRUlsihg Wbroddie thriRaseaaedMatdr wihh eéfetdics tb Figlesne

shoul d be sel ected according to the rate at which change% t ake place, such
that 1015t H8: pHewesers ifsz krsup scheduier beigreatheyalpeass, Hrefud psasility iteeh fhanges

bef ore t he jaeyiscribed®BBlolw® wiNAIdfalahEe tHQWEUET 14, tiBErERIR [stdpE 12DB]. 1E@Re e
al l owed for the generation of each new schedul e, the nore optinmal the

sol uti ons wihedvleshtaskereguins trasigle in the time remainifg petese phe braakempsl be al

schedul e u I n LT .t eragd-.on, of ag I, O may
be the currﬁgﬁetn'sﬁ]ggﬁ g,%eéﬁ%éraaf%d 'b?/rptaﬁ%%g%ﬁt@n@agéﬁ)t#mt%evr\’ﬁ%%ggr}ﬁ% 5 the
previ ous cychedulalibpsricetarnastiyl breweffostest piiemthe tagldatepy’ 2hA. Hether taiski sti c

;f ?ggafgg, p(a\%?t Ih%tp testsT(Qteepcsiefﬁjé,% 2(2)f7},t %I]'\eenti??skalo\é@{.e%htoht%\é%egﬁﬁici ne,t WRgen
receives instructions to carry it out {step 1213). However, if the scheduled task
fails either test, i.e. it cannot be performed before the due time for the absence or
a scheduled break, an alternative task is identified using the process of Figure 13.

The process of allocating technicians to tasks, as illustrated in Figure 13,

25 will now be described. This process is one of the principal point of departure from
previous systems. In such previous systems, if a technician has a predetermined
schedule, he would always be allocated the next task in that schedule, if possible,

or otherwise a task already in the system but not already scheduled for another
technician. In such arrangements, a task new to the system since the last regular

30 update of the scheduling system will not be allocated until the next regular update.
The process described here allows the optimisation of the schedule as it affects

any given technician, each time he reports for a new task, whether or not he

reports in as scheduled, and whether or not a performble task is already scheduled



provi sionally scheduled for allocation or not) are stored in the "pool of
wor K" dat abase 44. Wien considering a technician for allocation to a

t ask thewfoodsthng 20 factors are determned, to as topbe/caenesiis t he
various repair and optim sation checks that t ake pl ace: a.
The |l ocation fromwhich the technician.is deened to be travelling to

attend the task under consideration, ich is considered to be the |oggtion
at . which the technician's current task is, or his start of day 10ocation
i f no taskohhin yetpePormpeed takésotabd edcount in such an optifhis#lonOsadn edskst art

time (i. ent time or the start of the working hours of the
t echni ci aﬁf\'h'éthﬁ FelE JAdedia the pystpm since the last SChEg“'qﬁ%V'f'PﬂeTW'éﬁﬁ?WF ng of

t he t echnintdraninge Mexdengeholds f thélﬁulnlrfdls@gediﬂ'é’ and thefhedUuiBlsansrd iife. 30
d. The Iocag on at which the technician nust end his working period,

whi ch may "B &8 FPEIhEANJERYIHNS - t he | ocation of a schedul ed absence.
e. A preferred wWabkdiR® 0f 8dskO. a mnﬁlatnr@tﬁgl] tHaRGhY oreWdh@HREL 1 dof it Tasks

| ocat ed out5|de this radius will not be allocated to the technician.
REPL ACENVENHT gpkyppodify the schedule with respect to that technician and if the tagikPwas

| o0 ot hoaitl S ol 8RBl SRS IR hoddfByl 07 07

task to anof d inFirgure
(1301) a ¢Hdokthesdamdentw scBeduleisebuiit up. |Thedwguemkwutar\ehsshhadubeidnéor t he

echntct 2nobl SuGE LS AEH500R, 50K ol B e ORGSR b 157
per f or M@bitkee pfevivaw sdhkedalatiethot aotalte diseedtad diyasn- ||er1ehsrc§anBHf&@ thaskewray
be inpossible fo he technician to Ewt;]orm as result of unschedul ed

changes, °'°'%h aé' %’S‘/‘ Fpwere’ temeret at PApBY P"‘H’ée fPrhp 9eBpragPn (94t er

t han SChede:Iedew'ElaBedlLaé |<thl3 $ncke opfAfal GengaltRnb iwHidH c4H bé Bendratddow ng
conditions are atlsfle a. The technician has sufficient tine

to performthe tiRoRsHle H"E‘n'”ﬁlaé SChed“%‘ﬁ@Gu‘P &he (st Resagion fiithe eptimisatiohe t ask
has been shlget3OMRY dehthetlifreRi stiRIuEA Y eneratdd KlefHe! Feb%@%p%lﬁhf?%@gﬂs'[ art

and finish tinmes on different dates), 'the proportion

expect B S sravinust ele.t sbiacs chnany aewixed beintsb kddedo by ahp | deterniaistice t he
15 end of S{J&g Firhedul ed working hours is greater than a predetermn ned

m ni mum b. The task satisfies requirenents for break
managenent (seeTh¢ gletaisldh the tasks which bavel hot lyet ttesk allcaedbdwhetHeor ned

bet ween C%F&v@ awaﬁlbn?c%’ed Qg f%?ca gc':a !o%nor not) are stored in the “pool of work”

database 44. When considering a technician for allocation to a task the following
20 factors are determined, to as to be used in the various repair and optimisation
checks that take place: |
a. The location from which the technician is deemed to be travelling to
attend the task under consideration, which is considered to be the location at
which the technician’s current task is, or his start of day location if no task has yet
25 been allocated.
b. Allocation start time (i.e. current time or the start of the working hours
of the technician, whichever is the later).
c. The time remaining of the technician’'s working hours, including any
scheduled overtime.
30 d. The location at which the technician must end his working period,
which may be his home location or the location of a scheduled absence.
e. A preferred working location, and a travel radius surrounding it. Tasks

located outside this radius will not be allocated to the technician.



expected arrival tinme on site is wthin this period. .oThe
task has P 9%F¥8%hdy been allocated to a different techni c‘l’%GmZ@gus

If the next task in the technician's schedul e does not pass all the above
checks| trhensiilre waskeis jconsi dered to bazinfeasible, otherwise it is

| e.  REPLACED Whet her or not there is a feasible task in the -+
techni cran™ s provi sional schedul e, the system therefore now attenpts
to i nprove on t hef- g BIALEING fimit. Fehichs ishesd P PraNENE GXFFSTlY e FHEhEe HemiQng; 5.
These are idgRthLhe@el N Figure 13 as tests 1303, 1304, 1306 (if there
Is a feasible task; 1.e. if the outcone of both tests 1301 and 1302
are positive), or tests 1304A, 1306A, and 1309 (if there is no

currently feasibl 3 | f ULGRITE O r test
1302 is nega%s v‘@fsl%rai%]g'gwggjgee;szg 'E %ég%‘gﬁ? s1uch t%fgpé&? ?1%9% Q’s a

f easi bl e sscéexdimhiad ift @BkiasdDareheehediied édrethe seahnicyard ﬁquszudh 4 tskethes an

opportunity for significant qua erv

Firstly, ifPRCFERTHIHEE z?stl?s'hggégltg‘ﬁ ﬁ“hé"r’r'?‘f‘? |°§3'9“ée t"ég%/ ‘HQG%S' the
determ ne task if sfilePerictaibid if nblicaibehrdubane teshkicidn. frha%ﬁéhw&j Qkk Mgh

I mportance or as difficult to

43 al | Be dmpossilfle dgr the technigiancoaperderiny as [Rerepult 1 wnsahedmiacheanogpy
further opt t n t; n all
other - casesl (oo e ischnlRRird BhoRIRLF SaiBL L AR (i Shncduied. The Bk Ko

a fl ag),1Q heerferowblssif ial wé the gﬂpwg(mr@pmnsammsﬁem) whet her there is a
task in the 5 pgo f 4 ery t d r 0|ts
comm t ment tine, £0hng te‘éﬁ%?ﬁ 'ﬁ%{ S%g’?c(?%égﬁméc (§’ufmﬁ‘r‘ %%I ‘s”%ﬁaﬁﬁﬁhﬁ‘ﬁ for
several reasdresiuledoworking exanspdre |foemm has beznaspigvovieaske eod afndhewtidaych has
been | ost from anqther chedu real | ocation
of a task t BOGIReR s sstery/ed ST i BB AN ifferen drtesb the BFeRCTTHE!
descri bed wiHdtagrt@xpaead dordtionRhdSiha tetisician WilbBe Gblkits Icorfletabefoné S

the fol |l owi ng e. the task is not "firmy scheduled" to the
schedul etP t seqhﬁf meaﬁfhew*eamfkmg hoygs if GEeaberdhan A dredetsrmaped minimum. f.

the technician ungdefheRRRisdfERs! r@au.mrkbeornﬁ@@@ﬁaﬁa\@eﬂ@nk Ispeariglird 7 4)
pernissions to do the task; g the location of the task is
within the techniei lirthg tgeloisr tphe @&rformed between certain times, e tagBNICiAsts |
within a pr 4;.Qf; I me, . the task
can be perfggﬁéég&ﬂ%?grgleﬂﬁ%gﬂt ét% 'snlk";'ct?‘ar%ﬁggﬁéar;?t fixed task. Al tasks so
sel ected are thendoFhketasll han nohaelréaslyl sn afjocaseditma djtferent technician.

20

If the next task in the technician’s schedule does not pass all the above
checks then the task is considered to be infeasible, otherwise it is feasible.
Whether or not there is a feasible task in the technician’s provisional
schedule, the system therefore now attempts to improve on the provisional
25 schedule by running a number of tests. These are identified in Figure 13 as tests
1303, 1304, 1306 (if there is a feasible task; i.e. if the outcome of both tests
1301 and 1302 are positive), or tests 1304A, 1306A, and 1308 (if there is no
currently feasible task scheduled; i.e. if the outcome of test 1301 or test 1302 is
negative). This process is designed such that if there is a feasible scheduled task,
30 the schedule is only disturbed is there is an opportunity for significant improvement
in quality of service.
Firstly, if a feasible task has been identified, a test is made to determine

{step 1303) if the scheduled task is flagged as of high importance or as difficult to
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20 1. Any task specifically pre-scheduled to the on-1line

t echni ci an. 2. Travel time to task (in increasing order).
3. Ski ko perREEr ences. 4. Priority (in deerraghgsyrder)
5. Time to conmtnment. 25 Travel time may be conputed from one

| ocation to another |ocation using any—kRown—+ gation system
taking into account factors such as tyife off THIS SHEERHAS REENe| of day, .etc.
Were a task is scheduled but the previous {task REd6EDyet " schiediiled,
a typical alisca@! If tdolfer fsaaiddatddoto bas kschnitidriBB0E A} fBFtRer betiMasHon ! the
task is marked as "inaccurate”, or a repair operation is being performed on
the 30 sORBA@EMEMPtedbfouterme 1308) time nust be recal cul ated, since the
estimate for the g otheP ENRAY.8s BUAE Yo M b

The first task inat eer esul ﬂ ng ﬁ%t Sv#l c%?s{r%gee%agﬁ?ﬁghégrg?rfegpl{eg&ggg\‘fghand t he
break rr;anadl?martbe orocess inveptigated Gtemsd! 3@/ 1304 Alcwhither tiere ica taskl inrtbe

}?E(I;ERI aﬁﬁglg EEﬁork 44, flagged as very important and near to its commitment HH‘E'

1305). | f whictsheh natsket deémwusetedued.ulhisemaly estcuf stoepseld3ih/ rk366A) ios nmade

in which it Is determ ned whet her there i t ask eting the follow ng
condi t i on§Xample becapisg It &g ahl‘%‘ﬁe}asg‘r i°6rqntewa’l?inﬁ?%g’e%ﬂs?%g%@ﬁﬁmﬁran' s
schedul ed stiaskiie( ¢l§evainatp., - it is not already considered in step

1304/ 1304A, 5 _- it is already scheduled to another technician, - the
on-1ine techni cFnediardtion Pbfd tasks 19 dhet aFentiMeoEne dashmcion Hbp four

t echni ny aBenditions described vi#H rdidkee TEeké93bDeREscCANEE ts'aﬂE‘ﬁed?rﬁan%
assessed. The same tests are used except that the requirenment for the
task to b&hefdewing its target tinme (test "i" above) is replaced by a
requi renment tha ofg; hi horLl : d task
(if any) need b%a' 3@%1>sfﬁgcﬁrétﬁt Iﬂ{m!';ggﬁfef‘g%tjet?gps( E??B#L%ﬁtgm?lfﬁﬁgﬁ%ﬁ

al | ocat edbydhe hee-sabetulecB@n, in preference to the scheduled task, if any
(step 1307). - Lt her test 1304 or, 1306 produc a re
sui tabl e task, I'hé“%cﬁé'd'&'F'éh Uﬁbért 58&5'.8%3%{?? oé% & e(g?%%si@m?ﬁ's% ver, if
there 15 apemsgsibnsve datheotaek;t o both tests 1304A and 1306A (i.e. the
equi val ent tests m'{]xﬁn theaoﬁcBedul g has  al read%/ .1 5, broken, downe‘ there is
no schedul ed t aSk"RHPEATORSH BR 2k 3 ¢gthinythe lgehrigign’sigpearaphicabRits ci an i s
instructed to chMhaGkchHiGias HRCENE SiProfdridite EKIBS BRE berfISsidrist ep 1309) .

In selecting tasks in steps, 1304, 1304A, 1306, 1306A, a test is required
to ensure that RBetaskys @dthim PreetSPYRES RATOA A tsttaragppiBient ment time (i f
any) . Consi fleratdsRtanlbst petlobined Beftiry 8k @Shhitianheldi@ fixkdfadikechni ci an
shoul d_al so be 20 instructed to take a break before he next contacts the
cont r of O syMlitasks s sgleatedyare then pedareq in thedellaydpe seavepcen assess t he

feasibility of $.Cheﬂ|r'|qugskt %léﬁicgﬁxt ﬁ@ssché%e@wme on-line technician.

2. Travel time to task {in increasing order).

3 Skill preferences.
4, Priority (in decreasing order)
25 5 Time to commitment,

Travel time may be computed from one location to another location using
any known route navigation system, taking into account factors such as type of
roads, time of day, etc. Where a task is scheduled but the previous task is not yet
30 scheduled, a typical travel time factor for tasks in the general area is used. If the

task is marked as “inaccurate”, or a repair operation is being performed on the
schedule, then the travel time must be recalculated, since the estimate for the

scheduled entry will no longer be correct.
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1206). The test is illustrated in Figure 14. There are three objectives of
this BYQL2897 Firstly, it ensures that breaks are taRER/GRITAIS t heir
aI lotted tine wi ndows. Secondly, if a task cannot be schedul ed

NS ﬁuEN ak may be 25 allocaygd to allow a task to be schedul ed .

afltékr\li‘. o .\@L{l?a or exanple, arrival for -t he appoi ntnent .nmay he. t:gee:
early,\.mEe eak is taken first. This is subject to a br eak belng

permtted for thhfe fistHask intheatesiing list mbichTmestsl the qrtternaepm%armme

appoi nt neng, etaﬁSnk rlabefBRt BAfeliQGh Wbk 0 not
coi nci de ' W t i a%ﬁe ttl m&*etI he %\éec#n?é}lé\gﬂ%ﬂﬁug% {)/rg g%aﬂ{crl]wt\%}a&(g on i f
it were to15@5)al”l R auahdtagl is fogndhi arfurther test (step 130BHEBOEA) 3¢ nadstin adhich ed out
in this prgces Ler 5 if a bpea con5|dered.
' oall sohads Eg&ﬁ%éﬁﬁa@‘gm{;ﬂr Sally B&EK P *(" hert%”?‘ésﬁt?a” the " pregent

consi derfat teghnicanfse asihbt@dedintasgs (if hemy)echrﬁu cmﬁn alréadinaddridefedarini ¥eepat the

:E ﬁzref or e tg@?@b@ﬂf{\g&hhéhnlst g\?ea%eps%hgéu <mo gnc?t er {efch%rt]: an, -Ihsntetoswgicehmthe
45 wheties tedtenidias keolRiS aRBndRRAAINItABNthS IsERedMEd tSdHPRiAA0R) tand if so
whet her the technician can arrive in that slot (i.e. neither too early,

whi ch woul BePtRg,FhesgGongitieas are noypssegsgd hbe sarge dpsts IO Ysethaxgepo4hat | f he

can arrivethd FdyuitemBit AHNEERMo be cibdd TR iQt fifne! &g Euii
appoi ntnent tineslot, the task |sofga95|b ('14?6%)& "?' (Q&rt sagﬁg?))t arrive

wi t hi n therezfsss by refeauisgraent thmeomlagkshsyfmmagnmw t(\amm;) scheduled task | f
the techni gi @RyNAsed LB &RKId¥RId. UP Qelef'%?% éaskhg ufid, €l guarlloggtte I bl ﬁ-h
1 e task

out cones of the test (shown as 1410 to gur'e 1
is i nf tegbnigiag, in(nrafiedgnasrtojthe isghddedest takle;if amy tslnta) Ilafb'l)er case | t may be

necessary to r 1412 durin e task,
or not at all (14?‘%?6%% %?Q%%ﬁﬁgg pg%aﬁ’c %acr?)rrplséjftgﬁ 68%‘0(" cjﬂ%,e,@%g has to
be taken. task is allocatedl(fstdpheBCD&)ch-lvvme\an i abereois a/ettegéta}eeaut%obfee%boﬂqhen t he
test i t 1 03|t|ve resul ase, the next
test i gszggﬁgn g%@% S W#% eq”"’alf’ﬁ‘sf?sfﬁag’ SR tgﬁﬁﬁ#‘?ﬂ"ﬁi“eﬁ?s glready( st ep
1402A) I fbnokednaﬁ)wrt) heereaist ﬁStschSdLIiT&ﬂi&as’kS which can \Uéeﬁlnﬁ'étédhﬂnété&fmﬂ@ an is
going to b{eeé hf/ for the a&% i ntment (step 1403A).

techni ci an 1 n'ﬁ'c?f1 '@ ch{eg BeEop té‘é?r?‘\?”"éﬁ"fé%’t'”?"é”%&é (‘{tﬁpdﬁ&?k whet her

t he t echni ci |arsemuhg tadksi i Stést £304, escard 1@bet NB0BRPAIBEIMBNHhqditdat (Step
1404A). These e tests are essentlall the sane as in steps 1402,

1403, and &046asura.tbem%eeaask cathSvFée'f%'e}?dt‘wé’v”|'E$aaprf%nfmem|tetrré¢1t(lfoanv¢ones

I'f the zgut GGﬁ@d@Etl&rﬁ%usiwéoo\bbsglven aQOt%' ivh¥fhek 1the QBEYHiCiYR"s ﬂﬁulﬁh & §fehni i an
cannot arrjve until after the end of the 20 appointnent s e Task is

not feasi biNtregied taatieke achrgpk ibafrre diet rextecontaLt theapantsol SVStemm Afsmdart t ask
nmust be asglsgneslsd ﬁe&&%arty%héysgéé"‘&e febsibi hFV 31‘%&@8&5@%3\% (LteB 1t3BQrand

1206). The test is illustrated in Figure 14. There are three objectives of this
process. Firstly, it ensures that breaks are taken within their allotted time
25 windows. Secondly, it allocates a break to a technician if one is possible, and if to
do so aids the allocation of a task such that the task succeeds where it would
otherwise have failed (in particular through arrival too early for an appointment).
Thirdly, it rejects any appointment task if the period within which the appointment
falls will not coincide with the time the technician would arrive at the location if it

30 were to be allocated to him.
| The first test carried out in this process (1401} determines if a break
needs to be considered. If all scheduled breaks have already been taken, the task

under consideration is feasible unless the technician is unable to arrive at the task

I

This Sheet Has Been Repl

A




too early nor too |l ate (outcones of tests 1403A and 1404A both negative)
then a test (step 1405) is nade to check whether the task can be

conpl et eWOPER2IE t he latest time at which the breakPEHEBREINIBrTed. |f
the outcone of this test is 25 positive then the sk is feasible, and no
instructions for break are required 45 (outcome| IAKIHE:THONERELLTI the .
task cannot be conpleted before the latest ttne _ “br gal
be taken (outcome of test 1405 negative) then the next test—step
1406) is legadon withiretks sppeintpeitthelet, iif ang. sTti\a lsystem e‘mfefyrd oests Hastly

technicia Sy r t h tco h [
positive, Q@Bﬂ-} LZﬁeetc%g ’t%s‘i@%%'s‘p@g t%l' ‘fshe g‘l”@%kgﬁts ?{’me&ﬁdurl ng

t he task fexbhicamean arrivelthlthpt slbeuztusteltttdteoolebn\qrmh:eh vasd mbéﬂﬁilé%iﬁte

Cme?ﬁ;[ hvsmp%ﬁtc%%hgat%fzgqgga?g@é t Aﬁgﬁ) |?'ﬂ%' ggneda"l?veg %lﬁwt! htﬁeegpdpocl)rftrnterr]tte peri od

46 5 HamRYIet, ori if thére i§ indBappofitmieht Rimesiehl e (bR iPreRkIRY4 8. taken has
al ready opened (test 1406 negative), a further test step 1408) is nmde

to det er nFANORAEIMSaNthinfthe appainfanans slati tedaskvsriafersiblealld1B).s br eak
i medi ately, heg V@H't@cﬁhlhlah e ablgak &e%ttﬁrhe taken, ht'ﬁett 5}% ?&Iroﬁ%hs th?aend of

t he appoi ntnent ti nmesl ot the outc 081 11 sk is
feasi bl e pétcomes tof ghk test tsakwn ixclidie tot1)41t3he: ElgonnM)l aEuth& 1H&S1talskl(l$ ed

to take th ak t hen ca yt. t out 412 er, if
t he reg%a%n 2 {ﬁlﬂg he't &s! %E%lg%l s'nng‘ﬁa[ i"\7& 'Ph‘é €38 cqsgaryn Pasi bl e
(out core 4eHkdyle a breal before $1 tbm)amsienngattdmen theh%slar eakotrdtralit(he10ps khean be

conpleted bef o the | a ich the other one nust be

started. Eca” °°m':1'?te§?38f°6%taé’(5ﬁ£?'t‘?§ togﬁtat%sa (is the technician going
to be too earl YIFftBE technidib® hap Rt NfeBAken al tsreMQSiheh Be ttBSNIN BRpt #4631 1406a
(anal ogous to test 1406) is fol  owed: however in this instance if both

the break'&WRES BRSIVRIrESHE WS Arspedhe next teplissagnin kageedowhyther Gb%ned
(1406a pogdskingg)ar BSibidtifent ke (step N4824). bliat (Qu! ﬂﬁ'ﬁea test 1%% t he

break tineslot has already opene 1406a negative) then a t est
1407 tdkewhgthee ghe tes:hd@taesrlmgwgmebhetpo atrlyt fr tbachppbinttent b@&mwoaat s break

the ti neslfoche fté)éhn ‘{]‘ﬁ‘e% rpoqlé]ﬁrgﬁem b(WtJ)c% y e &-@Flnzb%ad% fto che(m Wfﬁ{i}% t %\éiesdone

so then curren I'nf eas outcomne
does not tm:anuctalnatvotxluearnve atterctiei eyidaof ttmmnpb:rmeehbslm {dtep t1aOkakaiThabe , but
sinply that annot be S next 4 I S the
sanme as in %'rf‘hrtes(% v & %Sussents'amy ¥ 5 7% i P%sf llnlﬁgs?gég ?/WZM%% é) (fustgﬁ% br eak

i s taken, abde, ttﬁ.sktheaneehe tstcaﬂféredt ketwntest hef e odfcoimte of test apEPa ng ment
tirreslbifo(i9 8The out cone of thléetest will either, be that the task is

f easi ?ﬁ:!t"feh NpPtEgk VERD% e Bechnigianh caRR: &rivR Nt atter dhe gk oh419) or
that the appoittafdat skt thoas AtGeadible FoMhadtd@hidasloudome NV 4y He

appoi nted (outconme 1413).
different task must be assigned to the technician. If the technician will neither be
too early nor too late (outcomes of tests 1403a and 1404a both negative) then a
test (step 1405) is made to check whether the task can be completed before the
25 latest time at which the break may be started. If the outcome of this test is
positive then the task is feasible, and no instructions for break are required
{outcome 1410} . However if the task cannot be completed before the latest time
at which a break must be taken {outcome of test 1405 negative} then the next
test (step 1406) is made, to determine whether it is still too early for the
30 technician to take his break immediately. If the outcome of this test is positive,
then the task is feasible but the break must be taken during the task {outcome

1411), because the outcome of test 1405 was negative, so the task cannot be

completed before the end of the period within which the break must be taken.
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Finally, if the outcome of test 1402a is negative (i. es not
25 have MA%BEBY ntnent tine) a test 1405a, anal ogous to%tégéé&?&ﬁ‘gg

carried out to determ ne whether the task can be conpleted before t he
end of the tinmeslot within whi ch t4&e break must be taken. If the
outcone is positive then the task is feasible and no I nstructions*=a%e

required for the preak o tco 141Q); otherw s test  (1409)
et bRV At B iR Slfe e Wi e sk Wavia ket bes Breasy srenes. 30

bef ore theiebegu0Birgatie)} beuhhaaﬂésf isieshabs) Isf mB@e 4o @steidine( WRBHenagat i ve),

t hen the technician is instructed to take his break before starting the

task (out &ogreechnicianwee torake hiF Seeakyjmmedigiplyy PEWRlYd is§ tgkable fo 88 ng t he

task (out ¢RdmRaskdddibre the end of the appgintment timeslot. |f the outcome is positive
47 Returning now to Figure 12, at step 1208, if a suitable

task weS fleurthe igsk is feasible ibthsclregk of takeqbetorg i tbem@czmmas\ B veﬂsuct@_d 307, 1

308) this {:aélk(e b ?JeaQCa"?\'detﬁleﬁ Tarry qut Jng ﬁgﬁfeb'&k&drﬁé‘ 1(4%[9'0 l-fn%%e%{ o ther

wi th any ot her instructions gene f'ea Fi gure
14), e.qg. respohatkeo thestesed¥DBds begatlveh dienrthe tthgk isaefea(slhlel(z)xtcmme 541mur| ng

t he task t 1411 no valid task is

then a tes |§ 9?&8%23 8%'\Xﬁef’he€|k r}frgﬁ%é KGR c?'ﬁE%ﬂd(é %82'6 9 | f no
break is time B\ﬁ:mﬁhﬂﬁdothé\eorteeﬁhﬂmy abartbs no work to do and is instructed
to con%act superw sor itruc |on36é te 1214 either to be

author'€ed to fi n'fh:’?hO‘\’/Sﬁ?'F@ef"Brtef‘h 4034, lig the ”'C'aé\/\ﬂ?'f‘ ftahenoe saltfarict i ons,

for exanplige igppbiemeNeNts hBstive tH&Wth@&KstWO@@W&dldbouéoto st efoy) ikts
appoi nt mrent wi ndow. | f break can be taken (step 1209) then a

test is ndaéowed dpwerepjn His fngtance 'f/\h‘étthh'@ﬁ bregk Hmeslpt ant éhe arrainisMted but
not yet dl{ﬁnés‘ibt%%tnotwQ@BpéﬁEQﬁ‘ﬁ%&BBs.{?@e) then E@(%k'lmgés%lgl(éﬁt@oﬁ@r the

break. This is a whet her, by t break period has
fini shed, 8 aljstbndeeah tlmeblet thae aﬂreadieOPmeeinWlOﬁ@t@gﬁhm) then tahéurthes

absencesi ol {ESaANG L0, 3 Aterkllf AHLAAMS: B LEPL 1RO lnBY R REE

negative, tes ave een pertormne est 1210).
Dependi ng tba tineslot for et appriptraént Willshdvesipe(ed. elf i B10hott lieret domlardocthan | S

instructed to take the bre ste . the absence re |n|ng in
s soheaueen Bonask eafrerdy afsedpie (pubaRE ATet tris 4% ARERRRS iaicPe, cak

t oget her) (tséreﬂcuaahbaahot béridren ees eqskeati all, &ﬁiﬂ&dﬂbl@dﬂ\(aouﬁ omft&& h@fnéxest 1202
negative) then_the answer to enqui step 1 is of cou

always in "f’YI':}% ABGREXV Eeshnkf &y '%ﬁ'l %?ﬂ%e ad ip Tltﬁ‘el FgeWB't's F'ell’aé\?é?nt't determines

Once azbaskhdtfsr, NEQRe ArbACAL BfkenWVhhd) 1k Whd MRULtare® 1R3re (HRUESPIBShE 211
1212, 1213 or 1215) or a decision is nade that no task or ot her activity

such as appaintmpsictimesiot. bFhearutcamenel #is sestt will eitbarcbe thatther task is
techni ci anfebéblla %%ErtHgtb%jak should be taken before the task (outcome 1412) or that the

task is not feasible and some other task will have to be appointed {outcome 1413).
Finally, if the outcome of test 1402a is negative (i.e. the task does not

25 have an appointment time) a test 1405a, analogous to test 1405, is carried out to
determine whether the task can be completed before the end of the timeslot within
which the break must be taken. If the outcome is positive then the task is feasible

and no instructions are required for the break {outcome 1410); otherwise a further

test (1409) is made to determine whether the technician would arrive at the task

30 before the beginning of the break timeslot. f he does not (1409 negative), then
the technician is instructed to take his break before starting the task (outcome

1412). Otherwise, he is instructed to take it during the task (outcome 1411).



25 accordingly. The instructions are generated by a nessage generation
unit 48. This may generate a display of the allocation for use by a
human di sym9842897 t o pass the instruction on to the techrisemis, -or by
transmtting a data nessage directly to the techni ci an's handset (e.g.
H1) over the communications link C The revised schedul e details are
stored in the databases 42, 43, 44 (step 1216). For the 30 technici ar];,,
regi ster 43 these detail the current |ocation of the technici an, and the
predi cted conplRatbming hem toiFigure t1ie at step BROBYMif & buitdide tastkhnas:rcamw sy next
expect od i procediOlPeiglial 1 9900E0HEE 1408, 198! 13RI L Wk Js Mk &3 1"

48 tmwebhmcuaa (mpt‘rmlamewgeasdf withanexpesat .adtr@htroatslgzarr\e&fted e theask, and
the duratj ences and breaks whi ch have been all ocat ed.

e Senactseabflly tast (Faired Mer o tetasa s ohogyied Disak bgmreeaewkv«amham

schedulsedddrirgt the a8k N&¥epi B MNOH¥REVENT Ihb Nyl *‘t§£l< ﬁéﬂ?&unﬂnﬁowf;o'n% 5
deleted as 5 having now been allocated. If the technician was sc eduI ed

anot her t%€R atgshis made as tg mdethpsia bieploeen bel taken (stamel 20Y mifvoloreek is
t echni ci a§bh§d§l€5‘et¢|¥!|t@chrfa\+]§ﬁ‘ h%lg'ﬁ& vedtk &Y do and ”&‘&Etrf?&eg% %Bﬁ%c% @é{ﬁ%ﬁ;?;ge;

technician's schedul e e renal ni ng CntTIes Tn

schedul e far énstrabtibnetsten h&t@ue&hq totmacaubmslebey fimish wotkefdu tiedd®nor to t he

assunpti o has now been all ocated 10

el sewher e&é?ﬁrf%r?lms" clt'of'?fe °ér?f(?m8§ 'Pﬁﬁ? I‘?t‘:’\er& hF‘T ﬁé‘%&%ﬁl@?\éﬁ%‘er'ﬁﬁai ni ng

scheduloe or entanes aimm‘&lhk&ﬂhc&m.l naccurate for the sane reason. Any tasks

| abel | ed as |naﬁ§ur are considered to be no | onger schedul ed,
carger ¢

because there i'5ahgea akeRStep HAOY Henod 195t iamege sshril2 B asstohni ci an

Wi [T stilivhbhenlt én bBs@eli9sBhddiRIB but notlyet %‘%Qﬁts'ti}g thapkBsdriRk c.%'nlt%cat 1on
to other technicians "inaccurate” entries may be 1 5 given a higher

priority %@kem ipmediatelyabter dbe bpakdThis' is amsest r?éytoawé\eth?r,eb\atthﬁr tigke tfe
failure tﬁ}éaugbrnéﬁ)%ap‘?@&ﬂt @l{ Céﬁs%ﬂ il be due to b? eg'lﬁe iNBR& fae |fS¥St em

such as new tasks to a e sC i'es ot I'ans repor
conpl é6i cabsehce wsareadwidue ho (scartjrcha/\hmﬂcsmetdiaestm 20 wils binedbiéen negatnge,ner ation

process Q ¢ | S,G8 rried out er.the initi

schedul e Fésggr I'a I”i/R?l ncg?r e %)r/"etd '8s'teagreovfmtﬁ§t é?ﬂ@d&e@el‘@"ﬁr%‘dﬂb"ed.

Fi gur es IdytcdrGe ahdhid Tesar(etep 12110} mee tdchaiianl i Ustiuatddn® taks &se PRERQAS, Of
handl i ng three Fi %ures such | nPuts are

h, . ts. .. .Ip th
i ndi cat ed‘sgC ]t#]ﬂ:ﬂu : tecthsapesreaining i ’hH'ﬁ SCﬁgC?“'%EH befakendafer ofdoitaks thct i ons

to tEChnleﬁisaﬂ(Sa ahd tHe2BRAR I6gdtRerSidedd i1 APUL § Y abdMBice is scﬁe%ﬁ%'&ie(aﬁﬁr%rr?e 2a.
The i r}| ti aI schedul e generation process is indicated by the 25 references

3 and<Ra, ofaieat { REZtematvs) cthap Ahe apBWRLEP Hreoeradirybp ster 124PdE & cassirsp
and 4a. | 4tk o e aQheth Ao bikIRRST 22 KNSt ¥R AROCESSes 3 and 4 take

place in
Once a task has been allocated, with or without a break, (outcomes 1211

1212, 1213 or 1215) ,or a decision is made that no task or other activity such as
an absence or break can be allocated, {step 1214) the technician is instructed
25 accordingly. The instructions are generated by a message generation unit 48. This
may generate a display of the allocation for use by a human dispatcher to pass the
instruction on to the technician T, or by transmitting a data message directly to the
technician’s handset (e.g. H1) over the communications link C. The revised
schedule details are stored in the databases 42, 43, 44 (step 1216). For the
30 technician register 43 these detail the current location of the technician, and the
predicted completion time (i.e. the time at which the technician is next expected to

come on-line requesting new instructions.} This will in general be the sum of the



parallel, the initial schedule generation process 3 providing an input for

t he next WO9/12889¢| e of the nodification process 4a. PCT/GBYTIO3K each

case, inputs 1 occurring whilst the initial generation process is not 30

opera s AL PHASESERA] according to té® schedul e nodification process 4,.

and any REFIGEEHSary puputs 2 generated. The inputs are al so provi; dé@et.o
: initial schedul eé%enerat or

Fi gure 15,"3ReUEHRdOP &eholdski B4 PBRCISH sk ’é’”ZPfthe%%‘pé‘ﬁﬂéBe quratiag °cfhe

!n!t!a: S Cdmg/Hbls Bn BRI rb X3 WRiBK BSSe Beerl ARAERJL @ occurri ng4\3/hl I st the

initia

generation procddg scheguienddpuif aalsomeavrdaiest. | lntoelitaske [ajognterdt eease that

accor ding defeduied t1en& WdrARtarn b WEabh AR RRACARR chor hytsuﬁ{,@ Rpibered 10 a

store 5 until e process I's conmplete theR procedsed accor di ng

to the ﬁvdmarwrtgamo\@rbepncadiesa;e@alfbhsedchmcnarowatsmhamled ranouhat taskhiben i,

provi di ng tpRUt 2a. .5 t ernat i g an out put

2a is genetrﬁat e:}( Bfr':?%(%ﬁda &y gopg from ar"é’éréﬁrpt?a%r}w%%%lﬁﬁg'ﬁ?”'i ﬂ"e” é‘iahﬁnT e

nodi f i cat i rmastyeod@sted 4rans itlmgotthe t€chingdidmg scladdale. AN the rerbdlBing BPtHeslip 1S

al so buffered to proyid o, {.he new rmdlflcatlon process

When the iRt feghn BRRAnedaei s [Ehphitk tiBacoriate Recaushanaioa Rerguied on

provi di ng the assuﬁfpﬂﬁﬁtth'éﬁf’r{éoﬂﬁlﬁ fést Whi dhst tatstaewﬁrchaﬁﬂsem%w bebn FAIREAR4 1S has

t he advantage of 10 wusing a nore recent initial schedule to generate the

respond® sevrectIipHarbf albiee entriegrn ghaep-lige teshyigienis reopisindssabedulne
accept abl g, dej € out | f
data 1b is rprostlydh%&%lﬁ;l %h%éﬁ%?%ﬁ’%%g?%ﬁa A580di fi cattfzé(?)kr? {abe" d He Fni ti al
schedul e, “dnasieutatelt as®|asnsidared3tol byener nger tssmeugnletdhebeemusﬁ |thg’e| i3i hbal
schedul e w e t.he schedul.e nodj roc and t he
hi e Al CscleaimY tydioe R Bingl st BEOGERSRT L sk 3k BF F pertim

runni ng) ancheld&eng th$ksator stibedtidnetog ether aédhditians “iRERURRS" eheRs Sy %ét ed

3a) w hthen data. Inputs 2ar d durin nni ng of the
ﬁes%artgd Byt a g@é REHY, fanethase %"ﬁ?ﬁ\ﬁ?‘f"df %éWHEY:ﬁé‘Hm"ée iat rigk i at ed.

failure through not being allocated.

Inputs to the system, such as new tasks to add to the schedules or
technicians reporting completion of tasks, which occur whilst the initial schedule
generation process of Figures 5 to 10 is carried out, will render the initial schedule

20 partially incorrect by the time the it schedule is produced. Figures 15, 16 and 17
are time lines illustrating three methods of handling such inputs.

In these three Figures such inputs are indicated by the references 1,1a and
outputs, such as instructions to technicians, in response to such inputs by the
references 2, 2a. The initial schedule generation process is indicated by the

25 references 3 and 3a, and the schedule modification process by the references 4
and 4a. it will be noted that in general the two processes 3 and 4 take place in
parallel, the initial schedule generation process 3 providing an input for the next
cycle of the modification process 4a.

In each case, inputs 1 occurring whilst the initial generation process is not

30 operating are processed according to the schedule modification process 4, and any
necessary ouputs 2 generated. The inputs are also provided to the next run of the

initial schedule generator 3.
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CLAI M5 1. A task-al |l ocati on apparatus conpri sing:

i nput nmeans for providing information relating to tasks to be all ocated and
5 resowoogazsavai l'able to performthe tasks during a gi RENGREVI3NS. -
schedul e generation nmeans to allocate the resources to the tasks, thereby

generating, for each resource, an Imidt B Shne e aqvering
substantially all the then kno asks Io e cakpi/&roul during.he
peri od under consideration, stord *ng the

i nitial conpl etreFigateetib e stBedule modificatiopdabeesy Msasuspérdedrdsivigithag, from

t he i nput ans datelnformatlon elatin to the.tasks and

r esour cedMfidy %‘?JS’ &i9FERTANaR Brc?,ce%f’ndg‘ I'“p”ts %a OcCURGg; f"fh‘ﬁb BEaIU o

modi fyi n@eh&enbrﬁn ;Srbaéssc@l‘m:legi €3 S hmdub@raﬂén adre | ﬁkﬁs'ﬁmﬁhefﬂaf&{l processe@sour ce
in response to such updated infornatio wher eby changes to

the init i2&FOEEWpioche @wahmos'fwavorbe%aﬁﬁe‘h byt e huiteeed 1 a store Gcwntilpdat ed
| nf or Bt el prbadePSNdeRihito] drdeuRANBbih S5l ARG to B hodification_ 2

Apparatus as in claim1, wherein: the sch e(?u | e generation nmeans Is arranged
to pepdessl i4ediasgd gerie? new injtiali sehedule, rrovigingtan atheldZd.e according to
data received i ans, e rranged
to make changelsNto t'ﬁ’e'y' rﬁ]tﬂ%we gg gﬁomrr% '(Saitt tggs'gg%*elr%%?%n{r}ﬁgdg%ﬁlsyzoﬁo t he
recei pt oéceipttcef aneinpetehs, 5019 the Mastiiicatige mevcess drusiig the exigsting datat bl
conpl ete tRE QH 1% is also buffgred tocﬁb‘gxptgé %‘Hﬁp\g %Otrhg ey Wodﬁc%'tmw]promgr ein the
schedul e gen ration
det er i nidst wben slneaget;tal schedule 3is conmmsTms)maselheewmgageaekprqmmmm aare to
be schedul ed the f timsation,
otage T o SEREYEAPRREE ChehBralh Hgnpamant of FiouRf s ni BRGuyEReRE 3 oo
i ncl udes ustans ntcme réazat initid schedide ¢ irededeestingythiehesponsat2as tSufpetion of
fixed. 30 Aép arg%us?f?ccordi ng to (il ?[e[n 3, wherein the _neans for
sel ecti nd’"Fa%’k%thF'oP"a”g BENAS AY 1Y eFprPiable delay; between an ingHEdA ¢ o

sel ect grapdpm Qftpld 2ked tasks invol ving nore t han one of the

resources, or form 1gb a sequence of tasks.
15 If data is provided which requires substantial modification to the initial

schedule, such that solutions 3,4 generated using the existing initial schedule will
be invalid, the schedule medification process 4 and the initial schedule generation
process 3 are suspended (if currently running) and the initial schedule generation
process then restarted (3a) with the new data. Inputs 2a received during running

20 of the restarted process 3a are buffered (5} until the new schedule is generated.
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51 5. Apparatus according to claim3 or 4, wherein the second
stage opeM&rWBR2BI7T  zccording to a stochastic process PCT/GB97/03118
Apparatus according to claim 5, wherein the stochastic process is a 5

Si mul - Pr ocess. 7. 50 Apparatus ac i i 3,
4, 1 508 SBI,EF-'Wé_Pé‘i“'ﬁ the schedule - generati on neans cﬁm m@ﬂmLMUﬂl
post - opt REALSSED age, conprising means for anal ysi ng " es
creat'e y the second stage, neans f&LAMENtifying 10 schedul es requiring
further opyim sajiyg -alﬁi&gtiérr'? 5 Q% Joﬂﬁ;‘r'i%i%%;“g such schedul es into a

t he or

further iteration o second stage urther optimisation, the further
iteration of thenpecomednsfageovidingigformatinn tetatingetattasksetosimhalthehtsl arak so

i dentifi edr source8s fiiaéfédf efl 5 " 8. Appar at us accordi ng to any

precedi ng FIPSPTEES ALEIRRIE O RRLIOLRHEAGPES nodi fyi ng means conprises a
plurality of selssedole geaangion eaednsitoraliasaehé Rgkourtes to thélkakksNthepdyr al i ty
of tasks vvaiting tg be perfornmed to determne if a task of a given
priority sBPSEBING. Foreas8 eenUiehh @8 BYiat $fbefviest resource is available, and
al I ocati ng Sstefhgd rhéss thPstoRiRg frhd Hitidl SSi¥dLER, the sel ection neans being
arranged to identify 20 tasks of successively descending priority, such
that tasks of hi¢pfasippdneans fer seceiving| frgpahednnuy meastse ppdated tinfotrogtian
priority tpqutﬁ,gi thB8adidi dnlydbs APLddNa5gd schedul e for the first
resource. . ‘%ppar atus according to claim 8, wherein at |east
one of the sel ecmicdifying mesrsndorc ordlifiyimgstiel indtial ashedslreoft andeass 4 dirst
determ ni ng he initial optimsed . schedule of the first resource

i ncl udes a sgtérlgtedrg résr?gn%? %/Oe%&brtfpgra%c&/'?foérﬁaggréI ecting said task if
present, and secwhdreaghasgmnb theatitial sophedutds ®ay betrhadel inirédpans©ps suwdrsed
schedul e of ﬁshe fifrst resource does noﬁ 9 nta]ifn such a task, for

det er ni ni n§P{§ted 'nformation, independently of the,schedle g5RENAtCR MEADFed, and
selecting said task if present. 30 10. Appar atus according to any

precedin | aim wherein the schedul e nodi fyi ng means conpri ses neans
to ident f?' r esofiPRHBUSAACA INGh R dlaime i whptedn the schedyle ggnergtiem geansis t he

first resouisRyeddBheRAbHRAYLeHePatBBEttihlYschBEUISS BEAHAIRS t& thePMtY received by

the input means, and the modifying means is arranged to make changes to the

initial schedules in response to the receipt of data between such periodic

generation of the initial schedules.

20
3. Apparatus according to Claim 1, wherein the schedule generation means
comprises:
a first, deterministic, stage;
means for selecting tasks which are to be scheduled by the first stage;
25 and a second, optimisation, stage for scheduling the remaining tasks;

wherein the second stage includes means to treat the tasks scheduled by the first

stage as fixed.

4, Apparatus according to claim 3, wherein the means for selecting tasks for
30 scheduling by the first stage is arranged to select groups of linked tasks involving

more than one of the resources, or forming a sequence of tasks.
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52 t hose resource haracteristics in response to the
updat ed i nformation. "m#ﬂ ,ﬂﬂwl)g us according to any preceding
claim fwdimtz:mormn si ng means addi ng, after gpoeigabyeiiPf- the
initial optimsed schedule, further tasks and/or resources 5 to the
plurality of tasks and/or resources th be schedul ed. 12. A et hod
of allocating a plurality of resourceS'to a plurality of tasks, the r,-rg;u.ju_od
conprising the use of a conmputer to performthe follow ng functi ofis: T

provi di ngsi ni t i Apparatleracasiding toetiaiv Blort 4, Whereirafies séddnestagd Opabtt and t he
10 resources,avail abl erformthe tasks during a given period,

gener at i nFFeOfdipg I3 ftqs g?}fﬁ‘g@ces&n initial conplete schedule to allocate the
resources to the tasks covering substantially all the then known tasks to
be carried out during the period under investigation.

storing tfre i niARRAratesngsIcetding dpeelaime 5, 1@herein the stoghastic dpnagesspiataed

[ nforrrgtlgmuqaeg@f“nﬂgamﬁg ptrgugﬁsgasks and resources, and . modi fyi ng
the initial conplete sched of at least a first resource in response to

such updat ed i nformati on, wher eby changes to initial schedul es

may be negle in fesban eaéc% Ptr?uR at egtm%l estlec’r}fs he‘H %rgpn [ gdegendently of

t he process of nera |ng

Met hod asgeneratioaimeah2, ccmtmises 8 third trloat oPOARLESE sEgBLEbthBSsiRg heaRbesat ed
peri odi cal | Y andht he initial conplete schedules so generated are nodified
in resporf@Sig the scf‘ﬁ‘e‘“?seé’é?aﬁ?d AY dht a5858PheBRAI% U BIRAPR rfob didentifyiner at i on

of thaoi nichedlles osquidigefureee GptiRfsation28nd mdhns foMﬂ{;huQﬁwgaQGQ{ gbﬁ%u‘ié% claim

13, wherein du t he periodic generation of the I nitial schedul es

the nodi fMag {'iﬁ‘hﬁ'r a}eeé'enu of d§seReREE cBtagen forupiee ertifTisationt itbe fudherg
retai ned thbididn SMe%‘é’ohd"E%a'g@lhﬁﬁaﬁﬂéﬂn@sto%é%t RO SERUdRs ARG |Q§rﬂlfté%ed t O

nodify the initial schedul es heir generation 1s co

15. Metasdfikedecording to claim 13, wherein during the generation of the
initial schedul es the nodification process continues, the schedules so
nodi fi ed being input as nodi fications to the initial schedul es when
the|r1§erﬂ3rat| drppiasatgonpdoetding to any preceding claim, wherein the schedule

modifying means comprises a plurality of selection means, each for assessing in
turn the plurality of tasks waiting to be performed to determine if a task of a given
priority suitable for performance by the first resource is available, and allocating
such a task to the first resource, the selection means being arranged to identify
20 tasks of successively descending priority, such. that tasks of high priority are
allocated in preference to lower priority tasks in the initial optimised scheduie for

the first resource.

9. Apparatus according to claim 8, wherein at least one of the selection
25 means comprises first assessment means for determining if the initial optimised
schedule of the first resource includes a task of the given priority, and selecting
said task if present, and second assessment means, operable if the initial optimised
schedule of the first resource does not contain such a task, for determining if a
task exists which has not been scheduled, and selecting said task if present.
30
10. Apparatus according to any preceding claim, wherein the schedule
modifying means comprises means to identify resources having characteristics

related to those of the first resource, and arranged to modify the schedules of only



53 16. Met hod ﬂl r!ﬂm t m 12, 13, 14, or Hi ein the
schedul e WO/8¥er at i on pix ted if a substam TéﬁBglJIB e data
|tem|sr_e_Qe_L,\Led—-————5r 17. Metho accordlngto Claim12, 13, 14, 15, or
16 whérgiin SHEET SefdiiiNe generations2unction conprises a first :
det er fji ni st REPISCE scheduling selected -~ tasks, and a second

optim on stage for scheduling the remajning tasks, wherein

second sté@%secr'éﬁ?‘é“’?ﬁehP‘dg%ss%‘ifhe‘dlﬂ’%“de’bvmﬁhé”ffer“EP"%et dge the PPQ%tdd 10
18. MetihRenmagsprding to claim 17 in which groups of |inked tasks

I nvol vi ng nore than one of the resources, or formng a sequence of
tasks are selected for schedul i ng by the first, determnistic, stage.
19. Method a ' : | 0, e

oper at es 1”5) acgg)%(r??ddggtagggﬁ'lggocha g‘geﬁg” 5]8 Cla'\ém%ﬁh& %%ﬁpr%%l\/@g %%%iﬁ)g
accor di Ag addingl, cifrar der@ratidnepfithe tlhlealsbpttmasdisx:hpduieeitsrtfher tasks an8iarul at ed
Anneal i ng RLACESS. (i)uragt of t d d gcocu%%ltra ets% clql m 17, 18, 19 or
20, wher ei'i° THEE> E%é‘alﬂ nY ge erant OSTUNE |on rt?ﬁ?ll'g%s a thi rd,

post-optimn sation stage, in which the schedul es created by t he second

stage are alysed to schedul es uirin

ope e TR Yo alhed oF Rléiafind Snpirimnet erivsen Y arpieliv otasks heor ¢ he
second st agethﬁercowm%mgrth@p&é Bt 8 @birplter ith Peffbimk Iaeerfduberr@tﬂuaau&fs t he second
st age 25 treating as fixed the schedules not so identifi

22.
Met hod 18ccor di ngT¥dRayinGRl infemation refasing 1o thadaskste ke I p—p—-

nmodi fyi ng ,gggj;ggssa%gp]@tge,%rf@"ﬁltyé gdskty of selection steps, in each of

whi ch t he plurality of tasks waiting to be perforned is assessed to
determine if a taesrrayingaf@Eachiresavres isorinitipl seeduls|te Flgpatpdhe sesphirres by t he
first res%rtﬁgtégseval | abl e, and such a

storing the initial scheddles,
15 providing updated information relating to the tasks and resources, and
modifying the initial schedule of at least a first resource in response to
such updated information,
whereby changes to individual schedules may be made in response to such
updated information independently of the process of generating the initial
20 schedules.

13. Method according to claim 12, wherein initial schedules are generated
periodically, and the initial schedules so generated are modified in response to the
receipt of data between such periodic generation of the initial schedules.

25
14, Method according to claim 13, wherein during the periodic generation of
the initial schedules the modification process is suspended, the updated
information being retained until the new initial schedules are generated, and then
used to modify the initial schedules when their generation is complete.

30
15. Method according to claim 13, wherein during the generation of the initial
schedules the modification process continues, the schedules so modified being

input as modifications to the initial schedules when their generation is complete.
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task is allocated to the first resource if identified, the selection steps

e WL =+ o =i v s

54 high priority is alldcated”in preference to one of | ower priority,
whet her or not the high priorityghask is in the initial optinsed
schedul e for the first resource. 23. - Method accordi.ng to_cl:amm 22,
wherein at | east one of the selection steps 5 first determ nes whet her t he
initial optimsed schedul e of the resource includes a task of the given
priority,.and ects sai.d task if esgnt, or i al I,m sed
schedul e18f th béosdoﬁf;%oéd'ageté) ﬁ'(?fmcg#lt is‘n SucHl ta‘gl ereﬁ‘e%'é? rﬁcﬁgci l?f a task

exi sts genshbiioMpidasssigtinihied i beskithrh upddie SRtLREM S eRivRd! ask i f .
present. 10 24. Met hod according to any of clains 12 to 22, wherein

t he schedul e nmodi fication function identifies resources having

charadf enizsti et Ah&drdiRg 489&inPR 2, 13, 1S 1fs, T34 m%l%qhe%ﬁeamsh fies
the schedul es of only those resources having such characteristics. 1
5 25. gemgratiend funssiondiomprises danfirsefdegéraiimisticl stegeofa® 3chethdingi seléated her
tasks ma I r ter
gener at i %n S arHﬁa @ggoﬁ% %ﬂq infi pa% o #E% *otr cRécH}l gg%ﬁe I‘e(?ngﬁ’nagé;k% Wﬁ% e(i#'or’rput er
appar at ushd secoat |staget treeys mq)ﬂauksabu:rteﬁumﬁ kyathk Sirstostaggphbsifinéd.t y of 20
resources, said conputer apparatus conprising a central processing unit, a
nmenory, an input device and an output device, said menory containing a
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15 according to a stochastic process

20. Method according to claim 19, wherein the stochastic process is a

Simulated Annealing process.

20 21, Method according to claim 17, 18, 19 or 20, wherein the schedule
generation function comprises a third, post-optimisation stage, in which the
schedules created by the second stage are analysed to identify schedules requiring
further optimisation, and such schedules are input into a further iteration of the
second stage for further optimisation, the further iteration of the second stage

25 treating as fixed the schedules not so identified.

22. Method according to any of claims 12 to 21, wherein the schedule
modifying process comprises a plurality of selection steps, in each of which the
plurality of tasks waiting to be performed is assessed to determine if a task of a
30 given priority suitable for performance by the first resource is available, and such a
task is allocated to the first resource if identified, the selection steps each being

arranged to identify tasks of successively descending priority, such that a task of
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high priority is allocated in preference to one of lower priority, whether or not the

high priority task is in the initial optimised schedule for the first resource.

23. Method according to claim 22, wherein at least one of the selection steps
5 first determines whether the initial optimised schedule of the resource includes a
task of the given priority, and selects éaid task if present or, if the initial optimised
schedule of the resource does not contain such a task, determines if a task exists

which has not been scheduled, and selects such a task if present.

10 24, Method according to any of claims 12 to 22, wherein the schedule
modification function identifies resources having characteristics related to those of
the first resource, and modifies the schedules of only those resources having such

characteristics.

15 25. Method according to any of claims 12 to 23, wherein further tasks may be
added to the plurality of tasks to be performed after generation of the initial

optimised schedule.

286. A computer apparatus for allocating a plurality of tasks to a plurality of

20 resources, said computer apparatus comprising a central processing unit, a
memory, an input device and an output device, said memory containing a program
for controlling the computer and which is arranged to store an initial schedule,
based on predicted availability of resources, task priorities, and suitability of tasks
to resources, and performing the following steps:

25 when a resource becomes available, assessing the plurality of tasks
waiting to be performed, to determine if a high priority task suitable for
performance by the resource is available, and allocating it to the resource;

if no such task is available for the resource to perform, assessing the next
task on the resource’s initial optimised schedule to determine if it can be

30 performed, and allocating it to the resource if it can be performed;

if the said next task is not available for the resource to perform, allocating

to the resource a lower priority. task from the plurality of tasks.



