I'a According to a first aspect of the invention there is provided
a nethod of allocating a plurality of resources to a plurality of jobs, by

usi ng a coNyM95sA26535 performt he followi ng steps: - -P(H‘é(iwmfmng
the forecast tinme at which e =Tesource. }?_ELq'econe avai |l abl e;
receiving as an input the ti Pl mhlch\eacﬁ F0b is required to be

per formed; - - assigning to

each job a ti me-dependent cost functlon calculated as a function of the
time at which the job will be perf each possible

conbi nati on of jobs with resources, detern1n|ng the total projected cost,
dependent on the tinme at which each resource is forecast to be avail able

and the val ue of theThd8t inyention relates tosgetethed Sprarrthnisingethe
- det ern ni ng d1octdon asf @p\lﬁ&h:ﬁtli}tﬁrod!ﬂcﬁésbﬁﬁcéﬁﬁté af iplivdiadli Uy @ifcqobd
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partzcularly suited for use in situations where the
availability'of resources and the jobs to be performed both
change dynamically. An example of such a situation is the
allocation of jobs to a field force of operatives, for

10 example ambulance or taxi drivers, a vehicle repair call out
| field force, or a maintenance field force for a distributed
system such as a power or water supply or telecommunications
netwoxrk. i'
In such situations the workload is highly variable and
15 volatile, and jobs have to be allocated in real time since
the necessary response times are of the order of the lengths
of the jobs themselves, and very much shorter than an
operative’s working day. The durations of the individual
jobs are themselves highly variable which affects resource
20 availability for those jobs awaiting allocation.
Various cost analysis algorithms are known for
allocatiﬁg jobs to resources, such as the so called
" Hungarian algbrithm" described in a 1955 paper by H W Kuhn
"The Hungarian Method for the Assignment Problem" (Naval
25 Research Logistics Quarterly, vol 2, pages 83-97) and
developed further by M B Wright "Speeding up the Hungarian
Algorithmﬂ, Computer Opératiqns Research Vol 17 No 1 pages
95-96 (1990).  However the use of these algorithms in real
situations is not easy.
30 According to a first aspect of the invention there is
provided a method of allocating a plurality of resources to
a plurality of johs, by using a computer to perform the
following steps: -
~ determining the time at which each resource is
35 forecast to become available;
-'determining the time at which each job is required

to be performed; R
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the avail able resource then being assigned to the job which is associ ated

wth it mel | est cost conbination identified by the,, cedure.
New | obs%%gﬂ T y of jobs, the net hog"%@@g&ﬂggg above *

bei ng performed wWhem:such: addlidﬂm akecgl ace. “If a second resource
beconmes avail abl el at or;:mnaat:o 1ts |forecast tine and no other changes have
occurred since thé&=process-deseri- above was | ast perforrred the second

resource may be assi I t n cost
Combinati on’aq prey SREfghlis €0 ALOFI0h U LeRgtaloblashe DobCshAlERty
such that ceedicvdEtess asi ar fusgtien afidthekingiath which rtdimﬂa?ﬂa pidlabe -
ascribed subsrdydnld;y | nf| nite cost values. If it is desired to allocate a

f t i t, d. h mbi nat f t
T6b wi th of her resbur 855 /eAdh coberetale] (HRa AgksoR " o¥ i the
prioritiskdresdiresssdeteirnind ng the eota\tnmi'oi dccdsa:,pdebended;t end
esour ces MppePisd Y Wiriteth %Lémermf%gfi 8agr [ £5°68°LybD1 REFETE

er’t orne

avail abl e fi eval uat1 on redetermn
nunber of t & &he Fad /U@r ofc$her o8t Senﬁgipno§erh§hpngespecmgne§ph at
priority. that the;method may allow | ow priori ty JObS to be interrupted

to allow a high pI’IOI’ 0 .be done |
- 3- | f rore”j o%%‘\{%\# 71 R ¢ eahi&@mr?rPQE‘GGPceEhﬂay

be i ncl urked smalilles taritadi q:rdjleytedalm are allotted to the cost functions

f b |1 d whi ch
Ol obory ol ot o SRS HEEROA RUYCBY operared $lD fHad el b Pafbfres,
COSt scCor es pbegiomes Jajw-lcﬁhltmet@ oepepeu ﬂgsagiibgde@hqye mreaperfosmedce | f(

they are coppgl isdlailable resdifi¥dithbd bl ks O\f:hé obWRIERON
there is provided apparatus for aIIocatlng a p ur resour ces to a
plurality oft8j oR8SeEApkee; ftth it in fhessmad | F]"Qsﬁarﬂﬁﬁbé% on

rel atingg oiGenti®ied &S the above procedure.

New jobs may be added to the plurality of jobs, the
method described above being performed when such additions
take place. _ .

If a second resource hecomes available at or near to

20 its forecast time and no other changes have occurred since
the optim.sation determination was last perf.ormed, the second
‘resource may be assigned the job already allocated to it in
the lowest-cost combination previously calculated.

The method may be arranged such that combinations of

25 resources and jobs which are incompatible are . ascribed
‘substantially infinite cost values If it is desired to
allocate a specific resource to a job, it ‘may be arranged
that combinations of that job with other resources are

.~ treated as incompatible. :

30 The jobs may be prioritised on the basis of the times
at which they to be performed and the resources may be
prioritised on the basis of which are forecast to become
available first. The cost evaluation may be performed for a
predetermined number of the jobs being those having the

.35 highest priority.

The method may allow 1ow priority jobs to be

interrupted to allow a high priority job to be._.__d_one instead.
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- nmeans for inputting and storing paranmeters relating to the jobs; L -
nmeans for determning fromthe paranmeters relating to the res ﬁfi5- '
time at WhWEIPSB&EH resource.istoaresash to becone_available?C%&%gg :;Eheans
for, deternining fronfthe,inputted pdirhmeters relating to the jobs the time .
at whi ch each job isjréqguired &a.be penf orndds - neans .for. assi-gni ng
to each job a cost flngti-gn-whi-¢h=FE

!

) s !l cul ated as a function.of the time
at ‘which the job will be perforned; - - _nmeans for deteérm ning, for
each possi bl e conbi ndfi omose jiaks wane r available tthan; REBAURFESyst dummy
dependent on thgsdurEedinapivé £a6Iud680LACEheSahalgsis! (HiGh ®adiukabhee

and t he val ue qf, the cost nction, f t he respegct| ] ‘at L g
- means for de’ccielr‘?ﬁ%‘iggf’héﬂt%nﬁ?ﬁﬁt %’&ﬁ‘c\ﬁﬁ-P&? p‘?%d{’égg %La'é%fr?gﬁ%es 6'?§ng
proj ect ed costresources.According to a further aspect, there is provided a

computer apgaratus fgf gkb&gatdfﬁggabel Wil dH Yagb | lbed1y arBhatall imapf be
resources, Said conputef apparatus conprising a central “processing yunit, a
nmenory, an inptﬁpm%%e%ndﬂanaom%ﬁﬁl%e\jp?e,i%ai‘ﬂ‘%ﬁﬁ}gugﬁﬁigf‘ni?é gost
program for coidéLdd, Ngthee §EBBULE thyl gy bHeiny rasgibgned to the same
store paraneters relatigg to the [ €SQUL CE5, - to store input

paraneters rel Z8§94EeS tHcthey are compatibleyoi orpine fromthe parameters

relating to the resowcxsrdirg tiora aecondcaspech ofsthe daventigndhare ds
-4- becone ailabl e: - I+ 13 i
LOBHAPLERG ypperatd 3 MIBAROE etny oreitie co

paraneters1 el BY eac Is required to
be performed; a plurality efsjghsteomREkSiBE: a cost function which is

cal cul ated as a functd odind NEdY My t¥riny Clpdddndtdrsy Idelatingy f woredthe
- to determ ne, for each possible conbination of jobs with resources, the

proj ect ed costFeRRYPERBRNt on the tine at which each resource is forecast to
be available and the - means for storing parameters relating to the jobs;

15 - means for determining from the parameters the time

at which each resource is forecast to become available;
- means for determining from the parameiers the time

at which each job is required to be performed;
| - means for assigning to each job a cost function
20 which is calculated as a function of the time at which the
job will be performed;
_ - means for determining, £for each possible
| combination 6f"jobs with resources, the projected cost,
dependent on the time at which each resource is forecast to
25 be available and the value of the cost function for the
respective job at that time; '
- means for detefmining the combination.which.prodﬁces
the smallest total projected cost. _
_ According to a further aspect, there is provided a
30 .computer apparatus for allocating a plurality of jobs to a
plurality of 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:
35 - to store parameters relating to the resources;
- to store parameters relating to the jobs;

- to determine from the parameters the time -at which
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val ue of the cost function for the respective job at that tinme; and

- to determ ne the conbi nati on whi ch produces the smallest total projected
cost . wo 9sBus38SsSi gni ng a_tinme- dependent cost function ti’c?@%bsﬂnﬁb t he
fact that drfferent resourcee ~woul d performit at different tines, and the
consequences of thrs “suc¢h- ds.failure tQ npeet an agreed tine, can be taken
I nto account. I\/Eans" Fray be provi ded for addi ng new jobs to the
plurality of | obs Means may al so be provided for identifying inconpatible

conbi nati onsegéni easowrbb 193Qarree&s%n@oa%bbh'enwa&filawee cost values to
such conbi nati ons. There nmy a

s.for selectively allocatin
speci fied resource 10 to 42 ’6% Qﬁ?’r"aﬁggdpgﬁqﬁﬁ‘@oﬁ&%éﬂr%?%f"@(@h a
job with otheachejobrtesrageairddntof bedpaxfiommedpati bl e. Means nmay

al so be provided for pgi qﬁéi%ng o) 8 @n?égr egguq:cefu @l?fioxfx e:he # ng

t he jobs and resources rorr y on ormt
cost ‘eval Jatpahoulated as\ a kunelioR A mhmttia@ eéisvhﬁ-sbdthgoﬂ'ebnﬂiylbebe
provi ded in gepbbpakgpn With a plurality of communicati ons termnals for
use by the resources,_ and wt ni cations -wor k f trng
bet ween the terni nal £% %@tﬁ@gﬁn % 8F 2BF B?Ergigf e co Vﬁﬁgﬁﬁeﬁtsf

t hese term naishnngleuncesdethelprojeateécowt; odependéntoonl tlyeatineaated

o the resougechieddf ALGEA U FGNIRY +oPM ADRY1ERIS bk eRg glotal ! o

if an attenp 0 report
05/ 2653510 of the cost function for the respep@.t}vgg,ggbogggthat time; and

- 5- conmmuni cate ot f’&éi@rﬁiz‘;@C&hleoncéﬁﬂﬁﬁ&Eﬂén which prodigeker¢ndal s
are pref erablﬁ ff %bL i“ r’rge\é nicate w-t-h .the al Focat i on
equi pnent ei PRB PLat ,pro 8?&8 "by a fixed tel ecomunications (

network to which _trn,y sssigningl a rtﬁ.)mdadepanﬂmttedcosrThancuad ol csagh | on
Itf’ the  aliggatigy UL Gl @Fe¥Edn@SrifSaLYLE Inblih’ Pas¥h firt"”&t

15 different times, and the consequences of this, such as

failure to meet an agreed time, ‘can be 't'a"k'én into account.
Means may be provided for adding new jobs to the

plurality of jobs.  Means may also “be provided for

identifying incompatible combinations of jobs with resources

20 and ascribing infinite cost values ‘to such combinations.

" There may also be means for selectively allocating a
specified resource to a given j'ob',"" arranged so that
combinations of such a 3job with. other resources are
identified as incompatible. : '

25 = Means may also be provided for pridri'tis'ing' jobs
and/or resources, and for sele'cting' the 'jdhs and resources
with the  highest priority on which to perform the cost
evaluation.

_ Allocation equipment as described "ah_ove may be

30 provided in combination with a plurality of communications
terminals for use by the resources, and with a communications
network for communicating hetween the terminals and the
control apparatus. '

_ Advantageously, these térmirials"'may store details of

35 a second job provisionally allocated to the resource by' the
allocation equipment, but only reveal these details if an
attempt to report completion of a first job fails to
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n this invention, the perfornmance of the job and the avai tability of
the resour al cul ated as time-dependent 10 functions ] ater
cost wei gh?‘sa %I%ﬁng applied to resource-job conbinati ong’w(ﬁ?g’g%g?eat er
I'i kel i hood of failing to achieve a target time. . In a preferred

arrangenment only resources which have Tofpreted their current job are
informed of the next job 15 allocated to them Qher allocations are

0 Chew ) oboninteatE FLER Ite ' 411 SSREISR appaREE 1 10 e o ¢
conpl etion earlier OITHeat d:eztniia:altme ax# | rpreferabky portablepar andul ualyy
preferred arr aNOanea cd € *P@h%ﬂ&%iiB@a@PoﬂrQgﬁ%gf@ntseﬂgﬁﬁﬁl %& EeE:Eﬁ

whenever a resource reports current eted ere ave

been no change%et"mé‘&é??’ &Y pefhixed ?%h%‘é%%“%#%%i?% negwoxk FQwhigh the
allocation 5 teaRERI®, mapd bef d&tﬁ&éﬁﬁé&lrce’rhé? PR LAt gt oW | €6 @he

one.pr ocedur ¢ HHSTAELPT AAEERpeRt, 48 wiill de® Hhepd ylng, Theszuniiottag Ao

be perforned viten significant changes take place such as the addition of

new — jobs. This allpWs ;g nydints/dn, alt'h%cgte'x‘}%rh‘&g'é% f“%h‘é" gﬁb anﬁ“%ﬁe

devel opments, so that when a resource reque

respond with vakkakhedty af %epaw{ryevwmmlculw L témpuﬁepnedent
al | ocati on1pr opgtsEfons, HaveKea diester EGQQU%Q?!:QE%E_;{ Dditly C £6d0ko
C

earlier than pred| ct ed this sel f gni ant c ch woul d
require re-rurfitfRP=e o*dfhec%ﬂﬂ?j&%\‘# r‘@t@ﬂur‘e great 9.9.?(& é"P

ci rcunst ances fairingrato tmchbswrsesamthtime.are unable to perform certal n
jobs. This would appl ] S

skill, or where an &nygo‘;re% mpgequ%f?&f sgﬁ'e%dggéé\ﬁé Qﬁﬂ#‘ ﬁﬁgfd
by some of thecomRieted etbpdratqureent d@r aget danfmﬁmﬁom mt ejobl y

alimted ggoﬁﬁcm ad \t‘?ﬁn{"‘aVGtﬁUEhﬁiéd’aﬁ:Powri‘:‘é‘tpfbﬁ%ritdrﬂil AndS
e.g. because \(i?%la cust oner's secur Eroce ur es. ot her cases a
'Hiagr

speci fic i ndi R®uaPaBgegadn, FeRRe Qué’??@&efior"id’ tanfes. | euy- f 5w
exanpl e becausyobd iBeind ol rogueptéed, anogaral efegebraerfgégegthngt hat job

I ndi vi dual , Orcéeln%ploéat{or?fegg 'e:r:]'dlo¥'I g.%er t rl:heg estimated time. In a
particularly preferred arrangement the 3Jjob allocation
20 procedure is normally performed whenever a resource reports
its current job completed, but if there have been no changes
-guch as new job‘ requests since the last run of the allocation
procedure, and if the resource has reported job completion
close to the projected completion time, .the results of the
25 last run of one procedure are used instead.

The allocation proéedure may also be petformed when
significant changes take piace such as the addition of new
jobs. This allows the current allocation to keep up with
such developments, so that when a resource requests a job the

30 system can respond with an assigned job immediately without
having to run the allocation procedure. However, if a
resource reports job completion earlier than predicted, this
is itself a significant change which would require re-running

- of the allocation procedure. |

35 '~ In certain circumstances there may be resources which
are unable to perform certain jobs. This would apply for
example where a job requires a specific skill, or where an



In order to accommopdate this the cost values for all inconpatible

resour ce/j ob conbi nati ons may be arranged to be reset to infinity. However,

i f the OR@HIkkdass System on which the systemis being run hperggddmessd .ty in
handling infinities, a fini t,e,__m,u:mer1 may be used which is nevertheless =
sufficiently Iarge that nQ SUGH- AL rrpat_l kgl e allocation will be made. This
wi || nevert hel ess® erfsure t éf' the aIﬂI ocation will be nmade to a conpatible.
resource. In this;specj} f[c 18Rtk phrase 'substantially infinite' is

used to neani e @ﬂrsmipm Malneeded it 8800alyt Red@hbgVEondi 6 the

onl'y of thosk PLEERFBoEBRFaTEnphr : tBRECHEL SOLITin ey PeeiF 05es (A
(i ncludi ng amylémikted: Ig}?mmaldlﬁbQE?ra‘hﬂvehomWeommmtbe wogkeatt a
priority. partié@lérf Lﬁifﬁ ocat 2 muq blee b,“V&EEteﬂeribe%‘eaéx&ity

provi ded an appar atus for rality resources t
plurality3ofPFepRAvERDyr i si ft Yet oth %aﬁ&sPﬁr at APIRL He aradirsidual

relating to 6j9erﬁe:swrﬁe9 be requesté@afSrfa)rpaﬂiflﬁﬁldilﬂ F6¥, Ste¥ idiample
or, det er

| f
ar amet or o EPERHAE 4% 192 123w £ am RBELieRoR ReFhOrRes pY Al
forecast to imitbwidaealj| okl @s part of thandndividhiad’ns ni tgaimhngt he In
butted PAGHELE Seb® YddUhuldd¥ | Ghts ! Nend e il whaiu§ach 2o i

required to erf or -assignin h job a cost
function 1Q/m%W?%Pe’é#%h?a?%%i°'&§°ﬁ/3%c?9’bhi%¥t¥ﬂ§5tmﬂﬂé be aprangedicq e

wi Il be perfgsd®e to infinit yleaRowever]eier €he! Hferh €1ngés £6% bR vhich
7- conbi natiqn of

tinme at whi c %acﬁi’?ggﬂur g i efg'g{gggzg'fthghg%o %&Egﬁﬁggndqﬂge% 5 the

the cost furinfimitbess he raspéitni\m j cumbtex hatay i nbe used whiwdns :h‘eor
det e M NiNg {&86e FORG] 868 | 30LH ARrit1 Y UEESgd NeRaTR ASShubl! fi'no%yﬁ%ﬁ%

15 allocation will be made. This will nevertheless ensure that
the allocation will be made to a compatible resource. in

- this specification, the phrase’ 'substantially infinite’ is
used to mean any number whose value is large enough to
achieve this. _ __

20 In order to reduce pro'ces'sing' "'tinfte, the system may
operate on combinations only of those resources proj ected to
become available in the near future (includ.ing any currently
available) and those jobs having the highe__s__t priority.

In a further development of the invention, : there is

25 provided an apparatus for allocating a plurality of resources
to a plurality of jobs comprising. N B

- means for storing paramet:e:r_s r'elating' | to the
resources; o | |

- means for storing parameters relating to the johs,

30 . - means for determining from the parameters the time

at which each resource is forecast to hecome available,

- means for determining from the parameters the time
at which each job is required to be performed, __

- means for assigning to each job a cost function

35 which is calculated as a function of the time at which the
job will be performed; : _

- means for determining, for each possible
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in combination with a network on which the jobs are to be performed, said
net wor k i ncl udi ng _neans for detectlng faults in the network, and neans for

suppl yi ng, MOS8 ieans F or. par amet ers rel ating t o POTISBI5/00587

Jate]
par.ameters of jobs to bé p.e,rfo_m d irectify the faults so detected.
Wiere the network i&:.a.t.el-econpnini ns-nétwork, said fault detecting
means nay be a fault managenent systemform ng part of the network. The

means for supp rarreters relating to the jobs ma be sinply an
interface bet v%é’ﬁ’%g‘?ét ORIl PEnehiQBR neftR y TRERMERASS o PHEkqREed cost,

The par anet er dependent uste mmmmhbéhtaecnrresbﬁrcef iaheorebabe tbe
performed, maqg V"Qghkiﬁﬂie' rLrE&ar‘Ehgn‘;all%e?a?% g,f tgﬁ%é\/%yf‘% 'g'gs!;z ‘% Bare

capacity in the net rtrcalar fich
that service iZeSRRGHHtIRP Qﬁeﬂ}% timed | ocated the highest priority.

An enbodi megt of the.i neRALI £or Adte ARy Glﬂfé?rdo%immide?%n&fcheﬁi\agh‘é

onl wth ref encetothe 0 nyi faw ngs, in ure
1 s%ovvs a gen @fr@%ﬂ%‘lgﬁ%m %idi ng a conputer conflgured
to oper age according fa mbmhimaﬂ:dtamm;ithf a netiwapk cor vgﬁialle{:lliw §6BEt are
showi n I agr | a m cost cal cul a

routi ng (the 3:Il—ail]?:{ga&’?a tltngor'l ?%rjﬁ%t n%&V%d"llﬁ i?&?‘luﬁﬂg fB‘PﬁPﬁg RAr echFﬁQ?
mai.n program daults d-(mﬁbleenetwo:he apdimeansd fomywupplying, to Bagdr mednss
a general {¢owdhadostiyi ﬁﬂr@nﬂe?&fﬁe%ﬂ‘t%gr 9 \ld Ynd OUbd AEReLOLE Mot

together formthe nmain program o t he

bei ng shown i A PehePReFTornedtn, r’&ct}famcﬁhﬁ t@pqlgts 80 deteeted 4 is a

fl ow cha/rt Sth\" ng tWhereuttie petiorkeds a tel%ﬂxﬁﬁ.%’ﬁ:ions network
PCT/ GB95/ 0058 en er at
reports job cEffiferiHt detecting mopns meY D38 fevkt PonpFRBent gpysten

updating the formimg aparss' ofartheet metwiork he sPié emeans for supplying
15 parameters to the jobs may be simply an interface between the
fault management syetem and said apparatus.

The parameters may include an assessment of the
prior:.ty of the job to the performed, made wholly or in part
on the basis of the availability of spare capacity in the

20 network. In particular, if there is no spare capacity, such
that service is interrupted, the job is allocated the highest
priority. ' |

An embodiment of the invention will now be described,
by way of example only, with reference to the accompanying

25 drawings, in which:

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

Figure 2 is a flow chart showing diagrammatically the

30 operation of a minimum cost calculation routine (the
“Hungarian algorithm" - Wright'variant) forming part of the
main program of the computer of the system of Figurelli

Figure 3 is a general flow chart showing an over-view
of the various routines which'together'form the main program

35 of the computer, the individual routine being shown in
" greater detail in Figures 2 and 4 to 12;
Figure 4 is a flow chart showing the_routine performed
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Figure 6 is a flow chart showing the job allocation 5 routine itself;
Figure 7 shows the routine for updating job paraneters when a new job is

requestedﬂos,_‘.)ms:‘5 - Figure 8 shows a continuation of the j%ﬁﬁﬂ&?r
or

updat e; Figure 9 shows a pre-allocation routine f ose | dbs-
which are identified as being requi r\?\ﬁl by a specific I 'ndi vi dual
operati ve; Figure 10 shows a flowchart for the initialisation

routine to be perforned at the begl nni ng of t he vvorkl ng day; 15

Figure 11° sh ’%}é . updating pr ocedure
and _ ureo%)% shows | ne. %ﬁé\h{ ocat| ng- a second

. ob
to an operati ve V\/m EhgBsens %n BBPWénaIt%rtr%‘Ftih% foxputwpRatkng; g@lﬂé 6.

EO i4FI %%b%ral:f&v@wm%érﬁ#ﬁéféléﬁrﬁ émé éf&tmd of - day procedure.

i gure shows a w chart for_a ocedur e

Figure 15a shows a lf"?gW:Ehért 1 oF ﬁli’ (i{pﬂ’l'i?? '&b%eﬁ%? nﬁf’ﬁﬁrt@nle
shows a f|SHwrowkine dreselfib- gr oupi ng procedure Fi gures 16 and

17 are representati 99%9‘5 90&0%0@9 mmﬁé% %rfdu#é?‘.%f#aibggmﬁteﬁ

illustrated in Figure
di agram of t mhez0 & @esuiad 8 mﬁ%@istem shown in Figure 1.

Figure 19 shows therﬁgmenemtﬁne&stl&e COELEtiYn of Fithe 8jdb parameter
Referring to Fi gure there is shown a'resource - -allocation System

conprising af atus in the formof a 35 conputer X for allocating
resourcesi@ o j obs arfigultece shows a pms-<Allooatids ddutike S thosehjeobst he

hand hel d ter S ky _.nodel / ed S
Conput er s Lta'&%i are %%% *s ‘i:%ianS %ew%(d b@y Idu gpecific
PCT/ GB95/ 0054 ndividual operative; -9- Coventry, Engl and.
Each of the hand heb&!gh%mﬂba's%d%’ € flow mtﬁkt&éhfnﬁﬂﬂﬁhﬁé&y a
fixed or -nobile t él %comm cations n%tw% ure; g C
made by routine to be performed at t eginni g of the wor ng ay;
15 Figure 11 shows a flow chart showing a periodical
updating procedure, and
Figure 12 shows a sub routine for allocating a second
job to an operative which forms an optional part of the

routine of Figure 6.

20 Figure 13 shows a flow chart for the end-of-day
| procedure.
Figure 14 shcws a flow chart for a ’job-interrupt’
procedure. '

Figure 15a shows a flow chart for a job-selection
25 procedure. Figure 15b shows a flow chart for a job—grouping
procedure{
Figures 16 and 17 are'representations of cost score
matrixes for the situation illustrated in Figure 1,
Figure 18 is a functional block diagram of <the
30 resource allocation system shown in Figure 1.
Figure 19 shows ‘the components of ‘the computer ¢’
Figure 1, ' : ,
Referring to Figure 1 there is" shown. a resourc:
allocation system comprising an apparatus in the form of a
35 computer X for allocating resources to jobs and three hand
held terminals H1, H2, H3. ' Bach of the hand held terminals
may be a Husky model F§/2 produced by Husky Computers Ltd of



Such a network between terminal Hl and the conputer X In the

present exagpbgpessée resources take the form of t hree te%&hﬁ;@s{é

T2, T3 who are provided, respectively, with the termnals

The three technicians are =~ presently engaged on jobs J1, J2, J3 and there
are four further jobs J4, J5, J6, J7 awaiting attention. In a real 10
situation there will be many nore technicians and jobs. The t echni ci ans

TLo T2, T3 calceegnti) ' engidhial S gdbn G tﬁefxgén%enéfaoi;gkpgpﬁﬂ%%yhe

of a jOb and for certal n special purpose SCri

al so use the tEPRPASFed; oto thai eompuEexict Xond¥ ora t nEixedkt pab mfhltehe
conputer X 15telecomhunibatponsenétwsor)l eFiéﬂﬁetﬁrﬁQoﬁé?Cé]rliCﬂl@'@ mede b

f t [ ti
work. © P Claloh k HetdbE beLyBSh Shfuldel BT SRaline comphEaTIS. o 0"
These corrpr|55e a keyli'dhl’tdlel@;esﬁn@enxnaplpu otbssregounces 2ak&€Rthe frm of

. /
.\{bgual ?LZpEZ%/%H‘E;:ﬁ%%g%&%?mmy '%%ﬁ{t?&o ze éﬁrbﬁ)iw o egaléggtqw’etly,
9

stored in nenofyt Heeminalgn fiolput Hor t % threectechniciansuaae
‘to the tel epwmmt]:yt iemigagedstem Yobsh P1,0vides dhecan@MldreAt 498 Four

ur
. Th
computer X cart SrSROPCYPE, dhr Her Bon o't AL ELRG AFteRt Ry, sFanA Teal
associ at ed 1@ t&ﬁ-tmtieneblmmmm i e gnany rm:wrﬁechnicians aﬁgmpum X
icja
§ one “The el rESeEnlEl nd PE! 33,1 4 Satlb@CRhoIE 0fu BENE M1 MR, i o
structures of TePRRELRG RANDLeGOn rﬂﬁ @ dokl an@dmszmmonmmmsby
t he progr améomealws@fwaa_th&t@qhm ey hPsbhGudPPEnd' em%,éf% ?%d

In detail bel ow. t echni CI an T1 has conple

1
and cont act%e‘f?iv% ojrﬁﬁj"f%‘?"a% ﬁf?ﬁ the jnext jeb: Eramthe I—anh‘dter Xhe

conmmuni cat 16n | ink c Iorthenpiresenitoexaimpl e)i theckhre@btechniciahl 89/2¢235
PCT/ GB95/ 00587n3 proplemis to

10 The
det er mi ne whi c ijobgaﬁﬁ Ojs JGﬁaj?d force for performing jobs on a
telecommunications wo:k

The components of computer X are shown in Figure 189.
These comprise a keyboard 191, a central processing unit
20 (CPU) 192, a visual display unit (VDU) 193, a memory 194 and
an input/output port 195. The data and the programs for
controlling the computer X are stored in memory 194. The
input/output port 195 connects the computer to the
telecommunications system which provides the communication
25 links between the computer X and the hand held terminals H1,
H2, H3. The computer X can also review alatms_from a fault
monitoring system associated with the telecommunications
network. '
The computer X is provided with a main program for
30 allocating the technicians to the jobs. 'The main program is
divided into a set of routines. The general structures of
the program the individual routine and the method used by the
program for allocating the technicians to the jobs are
discussed in detail below. ' _ _ :
35 In Figure 1, technician T1 has completed job J1 and
contacts the computer X with the aid of his terminal H1 and
the communication link ¢ for instructions for his next job.



technician Tl should be instructed to perform next. The met hod used by |

the main program of conputer X takes into account. 5 - whet her
the techrjgbdkss@n performeach individual j ob; PCT/ B&%SH me the
techni ci an wou take to travel to the | ocation of each | g

the time the technician would take to perfd)rmeach 10 j ob. - the
rel evant inportance of each job, determ ned for exanpl e by the nunber of
custoners affected or the agreed , maxi numresponse time; and

the avail abigjid YpQBbiBﬁ (itsheEotSSHE.tﬁiﬁES whicnl ot 1§obs I4, 5e, g6, 37
avail ability of en they each

hese techni_ci depends on the
will becore tRARMLGAR FH; (ﬁpqxﬁ? pimm Pt P@%@ﬁ&t rPQﬁtt he The

current j ob métiod i neefhdy thechaiai Profrem edf deomputier andtakesr dintot
whi ch he Wor%?count . ~The tine that ajob will take is subject to sone
20 uncertainty, Since in nmany cases —jobs- i nvol ve ‘the

i nvesti ga®i on and resheftihen the o#eehmeebneqaprnerémunaph indivd dwadbl em
is investigafgl the tine it will take to rectify can only be estinated
with a fairly Iarge mar gi.n of ~error. There are al so other variable

factors, such as t e thecEimes E‘Pr&&ﬁﬁ‘t“&ﬁééé‘ vould, Srkeo Fanhirayeta ke the
preci se ﬁea%&tioﬁlléflé‘a&ﬁ joﬂ'he met hod used by t he mai n program of

COIPULT i XocoL . 30 P A B L RS o

technici &0 rJapwrts JOb conpl etion early or falls to.30 report at the
estimated time.  _ the er'&% thﬁ%lofgth%tzecefcu'a%heao% taz%e‘iﬁa%%%a%r

"cost  function” for each é{]-‘ es I'nto actount the g
for failing@%AuRke BY ibe.dipmber of TRustemers, affpecked, or thg %@@Fary (
cost if corrmﬁaiuwrreﬁpwabtanép an@ustorrer 35 for failures to neet a

el 1y 15 a't] e osak el 1y I3M0Re eredobpad ARRE ISR W 0 TP
is zero 1% the © The wWiadd/akdd3dty of these technicians depends on the
PCT/ GB95/ 0038 e when they each will heeome a@ailahle, which in turn
depends on the length of the current job, -the time the
technician started doing it, and the rate at which he works.
The time that a job will take is subject to some
20 uncertainty, since in many .cases. jobs. involve the
investigation and rectification o:E a reported prohlem. Until
the problem is investigated the time it will take to rectify
can only be estimated with a fairly 1arge margin of error.
There are also other variable fac_tor_s;. such as the local
25 circumstances of 'e"ach job which maiies a precise measure
difficult. The method used by the main program of computer
X calculates an estimated time window of job completion for
all technicians currently engaged on a job, and updates this
if a technician reports job completion early or fails to
30 report at the estimated time. o :
The method first calculates a time dependant *cost
function" for each job. This takes _il_nto: acco_unt. the penalty
for failing to meet an agreed"time._ The penalty may be a
real monetary cost if compensation is payable to a customer
35 for failures to neet a time, or a virtual' cost -e.g. damage
~ to a company’'s reputation - The penalty is_ a time-dependant
property. In the simplest case the function is zero if the



agreed time is net and a fixed val ue ot herw se. In nore conpl ex cases,
for exanpl e wher e conpensation is payabl e according to the degree of

| at eness, g;%?g pe some nore  conplex time-dependant funp¢iyeBes/dess?
For each poss e allocation of a technician to a job, a "technician/job

cos_t the cost of allocating a given jab 47 10 a given technician is then
esti mat ed. This takes into account the cost of the job failing (which
i s*the sane whoever does it) and the probability of the job failing 10

(which vari eggrdé@MeiRBe id OREEI ahaN o Ofi et $8Llhe othBiwise. PrDhalkioret y

depends prlnC| on the projected finis of ,the tech
current job, ‘E‘&P'{a%’b FRE§E 1 éﬁl eXagyple %gﬁeéeé‘a’ef‘aa&&m cin® IlI:fe%vll:\ﬁjgob
the time by widedrdimgneo the odegree lof mnem e$ti matye doalus ame omogte

the new j ob, y@%ﬂéxt@fmé‘aéﬁgghbhﬂf ?Lﬁwfaﬁ factors. A projected cost is

calculated b ermnln at which the t echni CI an
will be avdilable, &ar @@zcé# possidlenaligegsion of aHeechnician ko &, ird:

that job at thattbééARician job cosli:h rthéCh%%, otUah1azattiagl Igienofjdohe
technician 20 to performt b’eé |nto coynt sk| | nt
and security &9efr HIER KRE ‘{d‘tﬁ ’3‘1 angnis ?ﬂgeg © of

“non producti vgcéouRrti hE vedstn dmathbeqmb cifadling n(/whi/dni s ctheyisagneout

that job (e. g 1] i
access i1 a "WBPSYEE,SRaA. 1B ok THES ditpaliitty 8 Thd FoblHuiLhd O
t aken Lot o(whtohntvarieshoit@beonecmwum toecanotthar).are This

esti mat es an%kgﬁggf*ﬁyv\ngﬁ ‘niagd Jﬁ%ercoq@ I?ﬁythén Hﬁbted Vﬁr:ﬁ%hitd?gey

are actuarial” cos ases ocatin J (1
inreality ontimpofihete ans; current; 3ob, the amount epg%(?s"t‘ e
actuarial or ¢¥phehhédaé@sto getits ﬂeévm jdlssetheal tiate By whiclrithe \tﬁdvue

depend g o 11 por 8 BRoBuhe, Vo8l AFLLEEER avracion PSR o B 3, Hid" S
the factons rrmyeberaas.armalshnedqfn 'equealfaqtm ts & pradeictediecosthds
cost of . 3 8ithfaPelOty! Adtidnd M AF tnb ?ﬂ)ﬁ@ Gted [End Bt Pinicn the
cal cul ated as equiva ent o the anpbunt” o ve tine WO
95/ 26535 technician will be available, aqntﬁ.gggg;n@g;gg the value of
) - the cost function for that job at that time.
Other factors, such as the ability of the technician
20 to perform the job (taking into account skills, equipment,
and security clearances available to each individual), and
the amount of non productive time involved in that technician
involved in carrying out that job (e.g. time spent in
travelling, or waiting at the location for access if a "not
25 before" appointment time has been made) can also be taken
| into account. It should be recognised that these costs are
estimates and include a weighting for probability: in other
words, they are actuarial costs. In many cases, the cost of
allocating the job can in reality only be one of two values,
30 zero or the failure cost. The actuarial or weighted cost
lies between these values, its precise value depending on the
probability of failure.
These various factors need to be reduced ‘to a common
unit of measurement. For example, all the factors may be
35 measured in equivalent units of travel time. The cost of
allowing a job to fail to meet its target time can be
calculated as equivalent to the amount of travelling time one



- 12 - IS prepared to use in sending a technician to prevent that

fail ure occur ring. The nmethod then determ nes the conbi nation of
the s and jobs for which the total of

"techni CI an %ﬁcost values is a mni num The cs{’f’?n"a?’?“éﬂ’ IS
descri bed |n nore detail bel ow Each gj(c){oi nation of the technicians and °
the jobs will have a different total™ t as evident fromFigure 16 and

t he conbination with the lowest cost is selected as the 10

al l ocation pi@Spr%ﬁgrﬁasgoohsaoﬁrﬁlﬁél}gﬁﬂgé‘gae@&@hh?@iﬂ}isrto ﬁr%% 0 Ghat

con5|dered Is 1S done by inc one or nore exi’s
" dunmmy" t ec HAch WFR . ORPWEFLRg ngs bei ng equal , the | owest priori ty job

vv:)lul d bedal | ocat ed Tire Hﬁﬁthoddlﬂﬁéh dge?%:emaal etl?]@cwj%&ti%ﬁfb%hbe 14
a ocat e J t echni ] O an cnnl.Cl an (0] J
Kaghntdadd o U o 19hs L O Fer 1o of ke

not bei ng PR anthe
i nstruct el byte!ﬁmic@i:mufduhtemrt" Iva]mestbs par bnimjimb- J5 Hovvever

techni cians T2 and nsan S

t hey have not yet c-(g‘:r%plaée ed t e|¥ﬁc&rgr Zd%é%%ﬂs@% QQT%ozéﬁa %gkf% %j‘gbs
J6 and J7 t Fadkiranbination of the m%mlqirm pnghthe Jabawilde hﬂmged
for exanpl e d:lffﬁerené URiRl | 86s€NQis SevdAentOf fbbﬂhqf :n‘:éDr 16y ARAN tgid her

b J6 J7 t t
Jcgrrpl'etlonor # ues‘éﬁ%dlé"%ar ng ?;EIPg@t o‘iéo é@@%r asﬁsobtci’(ethe
pr edi ct etiOt ialelodatidmn splant er Ther comst arﬂ:mg;bealloparbﬁng‘%ea&ﬁ giob dbstry
be reall ocalgld GRlcbdy1d:He drla) bntg 1O 885 ﬁytﬂ‘fcfﬁcgﬁ? {ofd 'Y kel P

are still done 1n ti S suc a revise Tl X.

be seen thatnOn"‘!’FﬁeB‘éﬁmbcaPFog§W "noweehnieians. . mrjtbinsshé@il@gen (

30 repl aced dyudlew kBB i%vﬁwepﬁﬁorﬁtyowdbelwr bheChlqtsbcated to thelhe
descri bed

P e i S aRampLic tomBeialen 1 Npw e CHL hOSHd: dotn g
the rel alsommdan he2fjoly J7 ctmtteohnfcgunes'ﬁj@hﬂ .Jflstojéﬁ JHi giore 3
;Pg\é\idfj?g 'rﬂéﬁ.ﬂ]%?’%ll@&tt'ﬁﬁgigﬁ’zn al gor1 m'\?\ﬁ”??&%g\%igiﬁgrf ?py desgrenbed
with ref ereﬁé@ft@quﬁmﬁbﬂaﬂpmwnﬂipg@ﬂ-@ns Iimks ¢reecperform jobwds.
95/26535  However, technicians T2 and T3 aretdt GENEA XM instructions
at this stage as they have not yet completed their current
20 jobs. The allocation of jobs J6 and J7 to technicians T2 and
T3 are provisional, and may be changed for example if a
further job (not shown), of higher priority than either job
J6 or J7 is requested, or if a technician (e:. g.T3) reports
completion of a job unexpectedly "earl:y/or'f_ails to complete
25 a job at the predicted time. In this '-la;tter circumstance the
jobs J4, J6 and -J7 uiay-. be reallocated. '(agai-n provisionally)
to ensure the highest priority jobs are still done in time.
‘Figure 17 shows such a revised matrix. It will be seen that
the allocations are now different. Also, job J5 has been
30 replaced by new job J8 since J5 is now being carried out.

The procedure carried out in. the method to be
described below involves a large number of steps. In order
to assist in understanding thé relationships of the flow
charts of Figures 2 and 4 to 15, Figure. 3 shows the inter-

35 relationships of these elements of the complete procedure.
The basic allocation algorithm will now ‘be briefly described
with reference to the flow chart of Figure 2. This procedure



- 13 - is described in nore detail by H WKuhn I n Naval Research
Logi stics y vol 2, pages 83 to 97 (1955: The up%ﬁ

for the ‘8‘3&’%@8{" Pr obl em) and M B Wi ght i n " Speedi ng ng)o
Hungari an Al gorithnf: Conputer Operations 5 Research Vol 17 page 95-96

(1990) . Initially a square matTi¥3 (Tn the exanpl e bel ow a 4x4
matrix) is prepared gi ving the various cost scores for al l ocating each

3 t h t.h t
G ven an attriBueespatBendd croxe asBaly LB 1 kiR fa’ eyl Haegiron
whet her a rowhogisbioam Qvasrterbpervohslﬁectpdgémr &> &ct i 8F 0o 1995x| &Ehe
h
in the optiMifunga2sahOilgERba 28E LHE!ARE1 GHhidne ﬁf&ﬁfésﬂvof‘ 458 R Wi e

The foIIovmng steps are t

row mi ni num vhprueSpeedd ra P rté‘«ﬁ yngaFiancALgerhhha) hlm‘#ﬁ?%%ﬁ@fﬂ%ﬂ

This wll I5eagesaaech VéQI’Q7I pagechs5-9¢ quggoql um. |If sonme row or colum
is all infinite t matr|X|S|nf

e
Select as many ind Yz%r%‘g"‘axé% at%tsj’g 4 tl}e eé‘a%%i’%ﬂ%l‘? d‘dmnot
share a row omatriz)unis wpﬁemmolghwinsel’eheedrammus ebstwos cerees fdmr e

2 row or ool Ui ocafiky BB OkedSERATYC Wadhe Y O tne hat51R0°SHALE row

t hough unl | now have a c rrg nment
step 2.11 bel anf each columy &Y, bp givemcansa gﬁ#bnteu §3|‘§9Freénﬁ°e@@ a

pi ck an 2510una§abened rMsamdbhabeaehufhtst kRlethler RO riohf oy @B1dfind has

step 2.7. i nd ro has en | abell bu ot
yet exam ned. PREPk * |ntsl’§s% n{ gjhﬁcg%:ﬁﬁ P? é:’e?%%nt £n' the r}é’mnk
If a zero is éassfignmentp andswhgbhercsuchnadelectiontlkas Dedd) made. The

If a zero is §8ffgwk. aFtEgP ?E@dtﬁghuﬁgrfb\%ﬂﬁh the colum with the row

nunber of the 2ero-and ch the previous assignment
occurred. This |abelfkeRchdb Subtractiche Xow oenkmunp |value faem |eaqhy| ¥y

backwar ds 4ign 35:1@&6’%1’%& fﬁﬂi\\ﬂﬁ%ﬂ&{‘ GQ%Q'Ih colfn?: #Rls wiil Med¥é one

found, go to s Wen we have finished sc nn|
t he rowg go erg in each row and cé)lumn If some row or column all

infinite then the matrix is infeasible.
Step 2.2 Select as many . independent =zeros as
possible i.e. zeros which do not share a row or a column with
20 another selected zero. If two zeroes share a row or column
only one of them may be selected. It is possible, though
unlikely, that we will now have a complete assignment (see
step 2.11 below)

Step 2.3 If the assignment is not complete, pick an

25 unassigned row, and label it. If there is no such row go to
step 2. 7.

Step 2.4 Find a row which has been labelled but not
yet examined. Mark it as examined and scan it for zeros.

Step 2.5 If a zero is found in an unassigned column

30 go to step 2.10.

If a zero is found in an assigned column, label the
column with the row number of the zero and label the row in
which the previous assignment occurred. This label extends
the chain which we will eventually follow backwards in

35 extending the allocation set (step 2.10). If no zero is
found, go to step 2.7.
| Step 2.6 When we have finished scanning the row, go
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- 14 - to step 2. 4. ' Step 2.7 Examine all .the | abelled rows
and find twe@9526585ni num el emrent which is not in a | abell ed ®EaTIGBYSN0SBRI S
value is necessarily non-zero since if it were zero the 5 columm in which

it occurs would have been | abelled by stepig4 -2. 5. |If there is no
| abelled row or if the m ninmm val ue that we find is infinite, the
matrix is infeasible. Step 2.8 Subtract this mninumvalue -

from each tabetepd2r 4w and add it to each |abelled col urm _ This will 10
i ntroduce a new zer Qgidlp €ACH Cﬁkﬂﬁ!.‘n&hﬁhc‘e%a'l'&%lﬂé%t rows dHd"#Y l\':i?e

but will not disturb any Zer os want, .1.n augrrentl ng t

al | ocati on sefinimum e em%’(tep"]ii@ Ei'&m‘?fg: ehBhauniabpiled eelumn- fotht-"e? 0s
in | abel | edaloes is Thnéeessacmnyalrfoﬂ-&élfb OfEn6eNAE tie WeRbMyErks e ue

ol ool B BOLEARSIA WER A SO Hold & hpRR el Jaedtia FY 46487
augnenting pa2hd. | chQ:Itﬁuhﬁ no- Mﬁid&ﬁssﬂ‘qmmnt ife then migd mus svalue

as one end of tRat wea§§h5.”§!§”lnﬁﬁi'ﬁe,SQhQOmUEr‘iE:eRs %njf%asiglréerw' se | abel
the 20 colum and row as in step 2. 5 d% to step. Step

2.10 Augrment the alSiRRided | | s?“B'?rG&El minigum cvajue: Eremt reaghg

Pack fol I ow IlﬂbGDiH&ﬂrbﬁb&ha aad it It@/vm g.ranaltls“ed G¥ldmne Oﬂm.es tyiine
irst row tiace

. back
cach el ol LEEEPARRE; @ <8SH, WEEa) b 9aiit) cofumBncitak APERERT IBPC AR |
assi gned el enehnimamt iweluanburl:owillﬂmmedismnbtany gegosn thatofweomeight

t t | et |
the. ow and coFiitPo83pEEaEsdY, chb pEToBRkLbRBeE: " O O7,605s ©
Step 2.9

PCT/ GB95/ 00587 ne each unlab%ed ‘column for zeyPkddn
Exanpl.es l1abellNea! £6wd} | OPhere is certain to be one since the minimum

15 wvalue that we subtracted/added.was derived only from labelled
.rows; and zeros in unlabelled rows are o0f ho interest since
~ they cannot form part of an augmenting path If the column
has no assignment we can use this zero as one end of an
assignment chain, so0. go to step 2.10." Otherwise ;abel the

20 column and row as in step 2.5 aﬁd"gO'tb”éfép 2. 4.

Step .2.10 Augment the allocation list by assigning
this elementsand-tracing'back;'fblldwiné'column labels and
row assignments, until we come to_thé'fifﬁf'roﬁ we labelled.

_ As the trace is followed back, allocate each element

25 identified by a column label and unallocate any previously
assigned element in the same row. The net result is a gain
of one assignment. ' ' :' -

Step 2.11 if the“SOlutioh is not complete remove all

~the row and column labels and go badk.to step 2. 3.



The following matrix produces a conpl ete solution on

the first

iteration

of step 2.2. The main body of the 5 interactive |loop is not entered at
all.  The WOI9SR6S36 is mar ked by a | o 7
col_mn 10 sel ect 2 1 4

| abel subtract 0 -015 4 sel ect | abel
subtract Oiiginalmatrix Adjusted matrix 3 2 15
10 2 9 13 8 0o* 6 15 2 3 15 3* 12 8

12 O 9 4 Morked Examples o 17 0 2 o* 17 0 1
4 1.4 ' NS 1tératildn 5* 0O -10 O* WD 95/ 26535
PCT/ GB95/ 00587 ' - 16 - 2.

iteration This maARs xFOLEPHHRY  RREEL R PEGRUPRR FoﬁPmP&®§eiﬁq;%£§9?:£n
The partial sothei diizst shtematioh of *step5 2. 2. The main body e8w thss
col _mn 5 interactive loopSl€Chof enkered a# all. The solution is

| abel
. ' marked by a ’ */,

row_pos
col_min
10 . '_ _ select | 3 2 1 4
label
subtract | O 0 1
select label | subtract | Original matrix | Adjusted matrix
3 2 i5 10 2* 9 13 8 0o* 6
15 2 3 1§ 3* 12 8 12 o* 9 4
1 0 o* 17 O 2 o 17 0 1
4 4 8 4 14 5% 4 0 10 O*




10 subtract 1 0 7 0 sel ect | abel subtract

Original matrix Adjusted matrix 2 12 17 12 19 16
4 0% &vooshes3s 6 16 6 16 9  9pCT/GBYS5/BS87 3

1 ' o - 1* 9 16 0 o* 9 9 0 15 4

1 8 18 17 1* 6 17 9 0* . 1§ - We now | abel the first
unassigned row (i.e. row 2) with a |large nunber, in ths case 99, and
enter the main | oop. As each |abelled rOM/is_scanned its label is 20
negatived to indicate that the rOM/has been scanned. The | abel I'i ng
process al so 2; abel e q]eﬁl%qoq,pl um - In exam ning el enment [2,
1] we set col or In exanm ning el ement [2, 2], a zero, we

| abel cquwﬂﬁ@s mammuxs¢meéqasehénﬁe[gutzpfm&be|ﬁpurarpySSéMeete@ 2.
| abel 25 rowmk pgégggju§5h§%§@§n£§ 5gbw§]w@eg 42, 94] leads to setting

, row_pos _[3]" row_pos [4]', 'col mn [3]' and col_mn [4]'.
Row 1 is ﬁom/scanned because the previous |terat|on has caused it to be
| abel I ed. 30 WO 95/26535 o
PCl / GB95/ 00587 row_pos - 17 - r ow_pos
2 2 Z col_mn 9 3 3 select
3 1 4 5 |abel col_min| = 2 |  subtract
1 0O 7 =0 | . -
: select | 3 1 4
label
10 : ' subtract|{1 0 7 O

select |label | subtract | Original matrix | Adjusted matrix

2 - 12 17 12 19 16 |4 o0* 0 4

B 6 |16 6 16 9 |9 o 3 3

1 : - 0 1* 9 16 0 |o*x 9 9 0O
9 o

15 4 L 1 8 18 17 1* |& 17

We now label the first unassigned row (i.e. row 2)
with a 1atge number, in this case 99, and enter the main
loop. As each labelled row is scanned its label is

20 negatived to indicate that the row has been scanned. The
labelling process also labels row 1 and column 2.

In examining element [2, 1] we set col_min for column
1. In examining element [2, 2], a zero, we label column 2
and, since element [1, 2) was initially selected, we label

25 row 1. Examining elements [2, 3) and [2, 4) leads to setting
‘row_pos [3)', ’'‘row_pos [4]', ‘col_min [3)’ and ’col_min
[4])’. -

Row 1 is now scanned, because the previous iteration

has caused it to be labelled.
30



sel ect

| abel subtract Oiginal matrix Adjusted matrix 2
-2 12 17 12* 19 16 4 0* 0 4 - 6
16 6 16WOPS265% o 3 3 10 1 0 Pﬂfg"%s’ﬁ“’” 16 0
o*.9 9 0 4 . 1 8 18 17 1* 6 17 9 O*
Scanning row 1 we update col _nmin and row pds- for colum 1. Col um 2

is already |labelled and so is not 15 processed. Colum 3 is a zero and
the columm is neither | abel | ed nor sel ect ed. This is a spare zero
(i.e. not currently assigned) so we can update the chain by going to
step 2.10. 20 r Ow_pos N 1 - 2 2 2 col _mn
4 3  EOW_POB ¢ ect 3¢ 2 1 4 | abel
2 subt r act ' 1 0 4 0 .25 _segl ect [ abel
subtract OrigPRA-™&trix Adjusted matf Px 3. 33 -2 12
17 12 19* 16 #& O o 4 % -99 o 16 6 16 9
9 o0+ 3 3 select p3 3+ o 4$fjo0 o0r 9 9 o0
4 T 8 817 1 6 I7 U o~ 3P V& now
have a conp? et &adgluti on. WO 95/p6535 2
PCT/ GB95/ 00587 =138 -
subtract . 1 0 7 0
select label | subtract | Original matrix | Adjusted matrix
2 -2 12 17 12* 19 16 |4 o0* 0 4
-99 6 16 6 16 . 9 9 0 3 3
10 1 1* 9 16 O o* 9 9 o
4 1 8 18 17 1* |6 17 9 0*
Scanning row 1 we update col_min and row_pos for
column 1. Column 2 is already labelled and so is not
15 processed. Column 3 is a zero and the column is neither

labelled nor selected.
currently assigned) so we can update the chain by going to

This is a spare zero (i.e.

not

step 2.10.
20 row_pos 1 2 2
col_min 4 3 3
select 3 2 1 4
label 2
subtract 1 0 7 0
25 select label subtract Original matrix | Adjusted matrix
3 -2 12 17 12 19* 16 4 0 o* 4
2 -99 6 16 6* 16 9 9 o* 3 3
1 0 1* 9 i6 O o* 9 9 0
4 1 8 18 17 1x* 6 17 9 o*
30
We now have a complete solution.



3. Two iterations, nmultiple solutions This matrix has three

m ni mal sol utions. It al so takes two iterations of the main | oop.
After stewodsdssskis 5 is how it |ooks. r ow_pos pcm;ﬂgsmsﬁ-,

sel ect 4 10 | abel subtract

2 1 sel ect label subtract origigal matrix Adjusted natrlx

2 4 8 4% 7 7 3 o* 1 2 .
3 5 3 8 7 1 0 3 3 15 3 6 3 8
5 2 0 3 1 1 2 4 3 or 0- O
0 * Solytion r the main |oop
recording the 20 i'nfor nﬁzl.aotn %é; Ei‘g.}l?i@l& Rﬁleiq‘%h‘fja??s by | abelling row 2,

t he first unassiTpded matyix hasThthreen migumals solutionsthe It also
| abel 1i ng oft 4ok lewbovEetatidnd 8ECths! m&iﬁ”ﬁ‘.ﬁﬁfg, Afte‘éos%i(p%ﬁ?i this

PCT/G895/00587 OW_pos
2 1551*""1’%0}%4‘% 1 1 2
row_pos
col_min
select'. | - 4
10 label
. subtract | 1 o0 2 1
select |label | subtract | Original matrix | Adjusted matrix
2 4 8 47 7 |3 o+ 1 2
3 5 3 8 7 |1 o 3 3
15 3 6 3 8 5 2 0o 3 1
1 2 3* 2 4 3 Jox o0 o0 o©
* Solution

We now go through the main loop recording the

20 information, as before. We start by labelling row 2, the

first unassigned row. - = The scan results also in the
labelling of row 1. Rows 1 and 4 are not scanned.



sel ect 4 1 5 I
subtract 0 2 1
Orl gi nal nﬁq?sfcmsﬁdj ust ed mat ri x

. 3 2 -99
3 10 3 6 3
2 - 3* 2 4 3 o* 0 0 0

a spare zero we drop out of

abel

sel ect

3 -2
3 5 3
8 195- 2 0

2
| abi' P&‘Ik?@%ﬁ#g .
1 0 3

3 1

Since we did not discover

the loop at step 2.7. The m ni num el enents

of the | abelled 15 rows and unlabelled columms are elenents (1, 3) and

(2,1) whi ch have g val ue of 1. EL%acting his,valjue from
| abel led rows 1 P28 and adding to |la | ed col OmMm . } glves. r ow pos
2 1 1720 mg%] m n 1y 2 sel ect
4 1 | a8 } 2 sabtract
1 -1 2 1 %glect l'abel  su Qact1 O1 gl nal trix Adjusted
matrix 25 gelect o 5 g * axt 7 7 o* 0 1
--99 4 5. 3 8 7 U0 O Z 5* 3
6 3 8 55 13931 1 3 1 1 3* 2 4 3
o* 1 0 0 - V& nave neM/zeros at [, 3] a [Z, II and I o0s5e
t he zeros atBPQtrEFtand [4, 2]. Stepl2.9 updates theg 'col _nin
select |label | subtract | Original matrix | Adjusted matrix
3 -2 a s a4+ 7 7 |3 o 1 2
2 -99 3 5 3 8 7 |1 o 3 3
10 3 6 8 5 2 0 3 1
2 3* 2 4 3 o 0 O 0

Since we did not discover a spare zero we drop out of

the loop at step 2. 7.
15
which have a value of

rows and unlabelled columns are elements (1,

1. Subtracting

The minimum elements of the labelled

3) and (2,1)
this value from

labelled rows 1 and 2 and adding to labelled column 2 gives:

row_pos 2 1 1
20 col_min 1 1 2
éelect 4 1
label 2
subtract 1 -1 2 1
select | label | subtract | Original matrix } Adjusted matrix
25 2 =2 5 8 4* 7 71 |2 o* o 1
-99 4 5 3 8 7 o o0 2 2
| 3 6 3 8 5 |2 1 3 1
1 2 3 2 4 3 o* 0 0
30 We have new zeros at [1, 3] and [2, 1] and lose the
zeros at [3, 2] and [4, 2]. Step 2.9 updates the ’'col_min



WD 95/ 26535 PCT/ GB95/ 00587

- 20 - [1]' and 'col _mn [3]' to O, labels colums 1 and 3 and row

4 and reMOL635 3 zero in a spare colum. Step 2. 10 updRCE4GBISH0§8] e

assi gnments to: - 5 r ow_pos 2 1 1 Col _mn 0°
0 2 sel ect 4 - 29 -1 | abel

2 2 1 subt ract 1 -1 2 1 10 select .

| abel subtract C}iginal matrix Adjusted matrix 3 5
8 4 7+ 11" and "gol_min (3]’ to O, labelsg@plumnq 1 and 3 gnd gow 7

0 0* 2 42and returns 3, a zero in & sparé column.8 Step 2210 dpdaBes 1

3 01 0 015 V& now go
back to the“:tlll(?pa&‘s %ﬁ%@p,tor'eset the = nargin data and | abels, |abel row
3 as the first unassigned row and update the ngrgin data. This tine we
| abel nothing . and do not- end on a gpare zero, theregis none in row 3, so
we 20 havie torowu| post ep 2.8 which int aduceé alnew zer}) at [3, 4].
row_pos " 3 3- 3 ot . . P
3 1 sebdcmin : 0 201225 |lpbel subt ract
1 -1 2 % —seteet ket ; ' OBt )
matrix select 5 B4 4271 7 B0 0 1
label 2 2 1 |
subtract 1 -1 2 | 1 |
10 "'select | label subti;fact Original m‘étrix idj usted matrix ‘

3 ] -2 5 8 4 7* 7 |2 o0 o* 1

o2 -99 4 5 3* 8 7 0 o 2 2

3 6 3 8 5 2 1 3 1

: 1 4 2 3* 2 4 .3 o* 0 0
15 | -

We now. go back to the top of the loop, reset the
margin data and labels, label row 3 as the first unassigned
row and update the margin data. This time we label nothing
and do not end on a spare zero, there is none in row 3, so we

20 have to call Step 2.8 which introduces a new zero at {3, 4].

row_pos | o 3 3 3 3 .
select e 2 1

25  label -
subtract N R I T O

select | label | subtract | Original mat__rj.x- Adjusted matrix

3 5 8 4 7* 7 |3 o ox 1

2 -99 4 5 3* 8 7 Jo ox 2 2

30 4 6 3 8 5 1 0 2 o
| 1 2 3* 2 4 3 Jor 1 o0 ‘o




2 -99 4 5 3* 8 7 0 0* 2 2 30

4 6 3 8 5 1 0 2 0 1 2 3* 2 4
3 o* 1WO 95/26535 VWO 95/ 26535 PCT/GB95/00587

PCT/ GB95/ 00587 - 21 - ' As we
have an extra zero in elenment [3, 4] step 20 9 returns colum 4. Step 2.
10 ,assigns [3, 4] and the assignnent Is conplete. 5 r OW_pos

33 3 3 col mn 1 0 2 0 - select

4 2 1 3 | abel ' 4 10 subtract

1 -1 2 1 Sl Clre hﬂ’@é' ansﬁh‘t:&:&Ctze:Q i1 nel emdnt | K3, AdjUgkep Rly i X
2 5 3 rgturgs cgbumno«; ep 3 10 assggns [3»1 4} and t%;p assignment g
5* 1 0 Ps complste. 1 1 2 3* .2 4 3 0* 1 0
0 A feature of the preferred enbodi mrent of the invention S
the use of 'dummy' technicians. Because the 'Hungarian' 20 al gorithm
requi-res a squsge rix the same nu r of 3tec§1n| i ans and j obs nust
be used. However —if _only the COLL to match the

nunber of real 4oyt nicians is asses<eﬂ rl\tf) $ol uti ons may occur.
Assum ng there are"N technicians, thenlt hi g est DI’IOI’itV 25 jobs will
be allocated. gdpygyver, there may be <14 ob 2(] 1 3

label 4

10 subtract 1 -1 2 1

select label | subtract O:iginal matrix | Adjusted matrix

3 5 8 4 7* 7 2 0 ox 1

2 4 5 3* 8 7 0* 2 2

4 -99 4 6 3 8 5% 1 0 2 ox
15 1 1 2 3 2 4 3 o* 1 0 0

A feature of the preferred embodiment of the invention
is the use of 'dummy’ technicians. Because the ' Hungarian’

20 algorithm requires a square matrix the same number of
technicians and jobs must be used. However, if only the
correct number of jobs to match the number of real
technicians is assessed, non-optimal solutions may occur.
Assuming there are N technicians, then the N highest-priority

25 jobs will be allocated. However, there may be a job (j
(N+X)) whose priority is Jjust outside the top ’'N', whose
inclusion instead of one of those within, but near the
bottom, of the top 'N (say j (N-z)) would provide a lower-
cost solution. . -

30 In order to overcome this problem more jobs are put
into the matrix than there are technicians. ! Dummy’
technicians are included in order to make the matrix square
again. In a practical embodiment, there may be several times

'as_ many -jobs as technicians, to ensure the lowest-cost



(N+X)) whose priority is just outside the top ' N, whose I ncl usi on

I nstead of one of those within, but near the bottom of the top 'N
(say j (Nwo)ksresss! d provide a | ower- cost solution. 30 pcT/GRIsh#ssP!-der
to overcone this problemnore jobs are put - into the matrix than
there are technicians. "Dummy’ - tecppicians are included in order to
make the matri x square again. In a practical enbodinent, there nay be
several tines as many jobs as technicians, to ensure the | owest-cost

WO 95/ 26535 solution is always found. PCT/ GB95/ 00587
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TE&a&'@R&'LHﬂLEQHtQEliQ‘Ei&iﬂi&% %%ﬁ% %%%%If%fmincompa ible

allocations of jobs to-technicians, because an infinite value
could result in a situation where the matrix is insoluble
(because no real technician can 4o it either). In such a
case the job would be counted as a failure and removed from
the system, ﬁhich would prevent a'suitable real technician

who completes his previous job ahead'oﬁ“time being given it.

In certain circumstances, particularly towards the end
of a day, there may not be enough jobs to £ill the matrix.
The algorithm can be adjusted in such cases to work with

- d@ifferently-sized matrixes, but it is simpler to insert dummy

jobs to make the number up again. The c¢ost value of
allocating a dummy job to a technician is the value of the
idle time involved i.e, in units of travel time, -how far it
is deemed cost-effective to send the technician to do a real
job instead. The cost value of allocating a dummy job to a
dummy technician is zero. '

The remainder of the method, to be described below,
determines the initial values to be used in the method, and
the steps for instructing the technicians about their

assigned jobs.

asgigaed o ht bkine QFheF ghak (qap t o

{



differently-sized matrixes, but it is sinpler to insert dummy jobs to

make the nunber up again. The cost val ue of al l ocati ng a du ob to

a techni ci MW0i9526¢5838 val ue of the 30 idle tine involved i.e, PRTGRPS _
travel tine, -how far it .is deenmed cost-effective to send t he techn|C|an
to do a real job i nstead. ‘The cost valu@3of allocating a dummy job to a
dummy technician is zero. The remai nder of the nethod, to be

descri bed below, 35 determines the initial values to be used in the nethod,
and the steps for Figsxeuc i AROVE e ane OVREYLSI aBodhe Hearious jxopkihags

1022 ' V\Qlﬁ.fdh?ﬁﬁéﬁm the r1]113:!.11 program of computer X. TR/ tGBQE&:GﬂEB?
- - ur e 0 er\ e e various routines

whi ch formthé’%‘?lﬁq eéﬁ]% \g‘rﬁ)g‘l‘@ﬁ'vi\é #/h EORLARLS, 2480 cRTRepRORA, k0
for the indi vithelnumharmes dhso inddviduadd Figurest khowimge theolndhwidual

i ndi vi dual gl %ﬁﬂpvﬂﬁ‘%éf@ dé"é&i’i dual 5 routines in nore detail.

When a technician report routine 4 perforns a nunber of
prelimnary checks t W}E&qizﬁ‘h%ﬁmteﬁ in, @seeutineyftjpegorms a

checks not i defiimder seeh F@Dﬂﬂﬁr aaaeckstft%piaahewyor&émwsbbcaal
routine 5 to update t t

check whether 93RP8- ¢ |t<§’r?sr?a§%:ﬁ°&‘@e t%oggﬁnﬁ‘& l:glufg egdatggl&iﬁci 38

recent run e tgrogram rcmntfimuem iwdltht fuamtiiuel Gn:oanpdnttlel ktheaBetails
 ane 25SURPId Oenuedondy b oRn! LBl iRalale hna L6NERLCK IR tne

exanple if ni Cran nas report unex ct edly early
job was al | ocdieghnician has tazlem%:rabﬁm thoeatedlen ja inhe rewenﬁ me

Cost MatriXx —of GIHESPRBISHAN f&tMcﬁW'&mt&m%tiIPW&m5)
and the allocation of jobs to tﬁghnlmans tg %Sae (routi ne

6), ending with the t&cHhei aRSHEPRLOPAT N8R ?rj FH RS §°
detail s agai n longer walkid,d. for example!{fathecbechnioianphassrepovcell an

bl ace to 150 iadeste AT eRAIY] hr £ o Hq oIy (¥af [ftiqdfrdd, 'R Ctne

" updating run (ﬁeqmtaiar@chnl the eanliier crums the rOWAis'x rtheyr cosbcmatrdx s

necessary whengrAfdhdiing to that technician is amended, (routine 5), and
the allocation of jobs to technicians then takes place
(routine 6), ending with the technician being informed of his

20 next job and his details again being updated.

If a technician reports in with a revised estimate of
completion of his current job a routine 11 takes place to
update the technicians details, to be used in the next
updating run of the allocations routine 6.

25 A similar procedure is necessary when a new job is
requested. In routine 7 the parameters of the job are
collated. If the job is to be allocated to a specific
technician the technician and job may be handled by a special

- routine 9, (to be discussed below) otherwise the job

30 parameters are updated (routine 8) and the allocation routine
6 is performed. '

At periodic intervals an update of the technician and
job allocation procedure is also made. For the determination
of initial values for the cost matrix there are two slightly '

35 different initial routines 10, 11 for the first run of the
'day and for subsequent runs respectively. In both cases the
allocation routine 6 is then run. '



requested. In routine 7 the paraneters of the job are collated. If the

job is to be allocated to a specific technician the technician and job
may be hapglogdsddy a speci al routine 9, (to be di scussedpﬁm,oﬁyherw se -
t he jOb 30 paraneters are updated (routine 8) and the allocation routine -
6 i-s perforned. At periodic intgrvals an update of the technician
and job allocation procedure is also nade. For the determ nation of .

initial values for the cost matrix there are two sllg.htly 35 dlfferent

initial routi nels 1@n Lh&jﬁ_rj_ddﬁ ftc?]@&iﬁynlllgf mhbCbe eipL 6 ?ﬁggeggent
\r/\:)n;S/r ggggg 1.:hvee Xlloca gton Crﬁosuetsine eG tao 8%%%'10” r%ggl e A Sate ereaiz
- 24 - technicianmdslecondaljobout | Thig? imaya beeteghey:ddias me the

e o o YR fu 4aBI8\ LS SRk TP Bptiiiln of “EHR Th3RE

second | ob. |s IS a sa uard in c
report the (9(9(&)@%‘?%%@# t@%#&#ca'@-?% defieel Btes.omuni cati ons

difficulties. 'I‘he fa'rreomgowmﬁesguaescohm 1ghowhaud hQ'o @4¥hkBes

d abov f Ei 3 d |
out i nes. ar SRTASIh RRE Ve 1 o oA ananar.ca TEEE, ¥ AT otenser ARERLL
identify th@ﬁmm%mga&émﬂm&,omnﬁ the uimep:arlgr dmto 15b in
In Figure 4 ase e %W@ashm\?ho?e%ﬁhf{iuéefsﬁm he cbntihiaticblene

conpri ses the prell I hary steps enever a techni Cian
cones ont®i fbhe& PXRGFHM-, ~ for ~ exanple at the start of a shift, or to

report progress orgiq5regﬁ&bew the2b #sj 8Rown the floxg' Bhakep£ée %hﬂ!i.ﬁ%

contact 1 MRS AL RoudShe5onb % ey |Ghe nRRELRL bl 808 FRRCh FRRS

al r eady Ipd.\ae:daecheae#eraiaectechﬁcum pemesofort hEinéatic afeput 20for

B Pocat ed t SRR YL Efle Bledkiel\ds’ 4 SRLFE" ks €8 Tigodt progfihs {°°b '

step 6515 completiatheof ded.cian is instructed, and details of the

technician in the $%S§€8pa46 original contact is made and in response to
this, one of three courses is taken. " If the technician is
reporting at the start of the sh:l.ft then a job will already
have been allocated to him as’ pert of ‘the start of day

20 procedure to be described below with reference to Figure 10.
This job is allocated to the technicien in etep 42 and a jump
is then made to etep 65 in which the technicien is
instructed, and details of the technician in the eyetem are
updated in step 66.

25 If the technician is not available for a job, but is
instead reporting the progress on his 'c'nrrent' job (such as
the need to visit stores for a spare part) this information
is used to update the technician’s estimated completion time

~ (step 41) which is used in- the next run of the ~updating

30 routine 11. - :

If the technician is reporting com:pi'etio'n' of the
currently allocated job, step 44 takes place to determine
_whether the technician is available for another job
immediately or not. There are four 'poe:eih"le ‘outcomes.

35 = 1f the time of day is within a predetermined_
threshold limit of the technician’s end-of-ehift time then no
further job is allocated (step 49). o



updated in step 66. 25 If the technician is not available for a job,
but is: I nstead reporting the progress on his current job (such as t’he
need to Vlak;m#?“%%es for a spare part) this information PETIEBISI00587
update the technician s estinated conpletion tine = (step 41) which is
used in the next run of the updating 30 roggipe 11. If the
technician is reporting conpletion of the currently allocated job, step
44 “t akes place to determ ne whether the technician is available for

a“f]E hte[]e Jt ?Pre of ' gﬂgﬂ:ﬁ \?\H{eh %\e%ﬁicﬂmrﬁeé&@dﬁ@wom hd quipi a:mesronsa
- i r er m,ne
t echni ci an' sSERYSBf PQSIF"F? gtse £ %a% PIAGS hé’lmm}b chh ocat ecft%ﬂs‘,b?ep
49)25 V\&1€5/1-2ﬁﬁ&ﬂEcian is already at the stores poirpt(:TpGngg
- e d
igFgadﬁS Ted'%d CEHLre. 20 NEpdedd §athas, eeueprmhﬁmraxas

stores point, plrace, whi deter ni nes whet her

t echni ci an § seatiwatpdag okheonpkets i Fimeriferepet to; @@mﬁre@&’&o ting o
It the latter Eh%hfee%EmeC'c%'iemit%a P Qd.ni & aarEer Iﬁfbﬁlm qa:emw

to the presenPt l'us the t I f '
pr esent I oé&PP&ﬁ%tPné:hﬁ GFQ#% 3 Cuéﬁﬁ H %egq tﬁrﬁ\é gé@:@é >
(step 46). Thb%e ffa:; | velwnefﬂéeuaehngm:qim om newt |mmplemrch '

the technician W' &8 ggxfhe%g F%gnﬂ@!?h W%%ohg %9 1e! fo!EFavel to

techni ci an i s S&M®ea TP 52 FTATeT s et
to the preskena pewepod7).Ifnthe bechntaé;es iﬁeﬂ&éﬂﬂ?c#ﬁntbel%’69??%@?%“

updated 10 thah0hon cbi 1e%&%etimeTﬁe Bbegeankhaearaeahtnueﬁeptmv.odact;e

t he t echni cian s para ters In r t nl clgn

i ntends to taboth mages, & tecm ?ai?Fﬁgi?ﬁeiﬁeﬁquiﬁ@ e’%b’

fcemﬁl etion ti ghe Ss&%&e t oThée prmm tilren pleomtilmedur &bi onpdhte the
chnician is

speci al cases tmngc t,ed Iﬁ?ﬁﬂn}: enégeg‘%gnpq@}‘{aém;s??l ﬁg) hi sI ;Onﬁgit 0}‘ ot)hgflg
the procediSe goes str aiighthao tochnician | Angends toc take cacaead threak
program then %%%:%n Jﬁﬂﬁ% ecﬁé‘enext job the job completion time is set
to the present time plus the duration the technician is
permitted for his meal break (step 48). If none of these
special cases apply, the technician is éimply awaiting his
20 next job and the procedure goes straight to Figure 5. 1In all
the above cases the program then goes on to update the
technician’s parameters in routine 5. '
Figure 5 shows the flow chart for routine 5 for
updating the technicians’ parameters on the system when they
25 report completion of a job. | '
If the pre-allo,dation procedure 9 to be described
below is in use, the first step is to check (step 51) whether
the technician has already been pre-allocated a job. If so
a jump is made to step 43 and this job is sent as an
30 instruction to the technician. Otherwise, if the technician
is at, or intends to visit, a stores point (step 45 above),
the travel time to each job from the stores poirit must be
determined (step 52), since any calculation of travel time
must be made from the stores point (as derived in step 46)
35 and not the previous job location. The cost of job failure
" is then calculated for each job the technician can do (step .
53). For any dummy jobs in the system this cost is set to



technician's paraneters in routine 5. Figure 5 shows the flow
chart for routine 5 for updating the technicians' paraneters on the

syst em Wigyosidgels 25 report conpletion of a job.. PcT/dEYR/00587 -

pre-allocation procedure 9 to be descri bed below is in use, the first
step is to check (step 51) whether t}%at echni ci an has al ready been
pre-allocated a job. If so. ajunmp is de to step 43-and this job is
sent as an 30 instruction to the technician. Qtherwise, if the technician
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since any 44 Jon of travel time = nust be made fromthe stores poi nt
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differel@ naquacn,amawm Nenesessaryatravelidng df oneotechoibhmpi an
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aIIocatedtvvo or m)reqae s a esama'locatl rk
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~themout. ¢hege group as a single ‘super job’ as the different skills

required to do all of the jobs, or the time needed to

complete them, may be too restrictive on the number of

technicians able to carry them out. S

20 This p:oblem_ can be alleviated by performing the

'prq_cedure showh in Figures 15a and 15b. 'In this procedure a

number of high-priority jobs are included in the current

matrix, which act as ’‘seeds’. They are associated with other

jobs, which may be of the same or different: priority and may

25 also . appear in the matrix. When a job is ‘allocated to a

technician, only those of the associated job which are

compatible with him are also allocated to-*him They are also

removed from the matrix if they are present within it. 1In

this way, grouping 0of jobs can be achieved in a flexible
30 manner. : . '
' In Figure 15a is shown the procedure for selecting
‘gseed’ jobs. This is an initial step in the allocation
routine 6. In Figure 15b is shown the procedure for
instructing a technician to perform the group of jobs, which

35 fbrms later part of the allocation routine 6.

~ Im Figure 15a, the matrix is filled with ‘seed jobs’ .
These are jobs having appointments within a predetermined



20 This problem can be alleviated by performng the procedure
shown in Figures 15a and 15b. 1In this procedure a nunmber of . -

hi gh- pri orwinsj26488 are included in the current matrix, wRCEIGRIYPOSEE
“seeds'. They are associated. with other jobs, which nmay be of the sane
or different priority and may 25 al so appe® 4 n the matri x. When a job is
allocated to a technician, only those of the associated job which are
conpatible with himare also allocated to him They are al so renoved
fromthe nat rtdmeé f inhdhearfutmrecwhigh: [ine j8tilky achipvabley (FREY; AFeof

j obs can be aé%‘]'.@é’@é?' Inagbbe¥hbl! 8taQed ¥ ras to give évelryJoh&ndbaoifsa
shown the procedure

or selectin 'seed, jobs. This i,s_ap.jniti tep
in the al |l occke¥rniciag beipy &Iﬂel T {ere bfgbaf‘g‘ saﬁ‘(?\% ?%egjplfgcéd rog%.
for i NSt r ugédggaphieahniatidans kbl hertfypem diwtyibupioh jtobsseefitiobss to
forns lateg part of t | elsy ' I i , {lehe
matrix is %iIqigpﬂthnS%gédgﬁggggggrQH#%SQQE%?% Fggggﬁévigafégg%€n?§g Egh
within a predsteuhdnavoid situpbigmsogdmeyre many important jobs at a few

PCT/G895/005f7cat%ons would dominate the matrik -- potehtiBllp ifordiuigire
whi ch are sti ? achi evabl e. They are selected in several stages so as

to give everye¥P@efRctBAVEL. technician being able to stay put and also to
gi ve a good geogrpHdy cate el etted fypeedtsyr ibuthen coetseedreomating 6
support | ti-skjlli nd, red ravel . In this way it shoul d avoi d
situation omh%?e£h3n§g+ﬁﬂ8?P§n#gF8%§ at a few | ocati ons woul d dom nate
the matrix - @ptentiBHd yhifghes hgpriomite gob raty #ach techniciapis pxesent
selected Tor £obh¥ibhl bHEcHOSh SEAPALIRAL Wikl hle! Wkildsl QU GIUGCthen
a) The highest priority job at €ach technician s present l.ocat i
which is conph@ibpea%ﬂpﬁaﬁﬁ§:§d§9%§(iQPaYPBﬁPtﬁ%%P“E thepe ta BRAY AP -
seed job mhichs@gbowglghen1to stay put). =~ (Step 151). 15 b) Hi gh
priority job at un-manned | ocatjon St ep.. 152 c) I Py hi
priority ﬂébsbit anngﬁ é??%ﬁ?%&¥ﬁf% a sﬂ?T?g?§%% %ﬁ?%?ﬁ$ggn§$€g?rggg§
covered by a eped j aengdiming high priority jobs at any location with a -
skill-type which is not already covered by a seed job (Step

153)

4a) Important non-urgent jobs at any location with a
20 skill-type which is not already covered by a seed_job (Step

154)

e) Low importance work at any location with a skill-type

which is not already covered by a seed job (needed for end-
of-day or low work conditions). (Step 155).
25 This seed job identification process stops as soon as
. enough seed jobs have been identified to £ill the matrix.
All remaining stages are skipped.
The seed jobs appear in the matrix in real-time
priority order. . .
30 - By selecting this ordering for selecting jobs for the

cost-score matrix it is ensured that .
a) if there is another job to be done at a technician’'s
present location, it is considered (eveh if it is of low
priority)

35 b) all locations with high-priority jobs are considered
c) . high-priority jobs at the same location but requiring

different skills are all-coveréd.



153)  d) | mportant non-urgent jobs at any | ocat ion with a 20

skill-type which is not already covered by a seed job (Step

154)  e).

Low i npomOeeses3sor k at any |location with a skill-type \ROTGBISHO38G

al ready covered by a seed job (needed for end- of -day or | ow work '
conditions). (Step 155). 25 - This 88ed job identification process
stops as soon as enough seed jobs have been identified to fill the

mat ri x. Al'l renaining stages are skippe The seed jobs appear

in the matrix in rEae-nypker ofik ntifimqer(inséuding Quppi eg)) canA nioksi s

ordering foissebaphired,| @hd LE there aredTiots WHoudi!{ods | tné SiRBEVAREe! hat
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infinite cob® akdpeated shpt teg 11‘6‘19 | n the system (step 54). This
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is, and the job is a category ‘B job (i.e. may be done
tomorrow, as determined in Step 82 below) additional “end of

day* preparatione 62 are made to ensure that the

is allocated an infinite cost score for that-.job.

20' stage is the optimisation routine 2 described

technician
The next
in greater

~detail with reference to Figure 2 which determines the
combination of technicians and jobs having thz lowest cost
score ‘A routine 12 to pre-allocate second jobs to
technicians may also take place (see Figure 12). - If a

25 technician is_ on line he is then instructed to

do the job

‘allocated to h_im in the optimum allocation routine (step 65).

A ‘bundling’ 'procedure complementary to - the

' geeding’

described above with reference to Figure 15a can form part of

this procedure.

30 Firstly, the_ job selected by the a'-lg'orithm 2 is
entered into a "bundle" (Step 157). Secondly, all jobs (in
the pool or in the matrix) located at the same place as the
selected job and having skill requirements compatible with
the technician are selected and prioritieed (Step 158).

35 The total duration of jobs in the bundle (i.e. on the
f:.ret iteration, the seed job only) is: compared with a
maximum bundle duration (selected to avoid a technicians

{



tonorrow, as deternmined in Step 82 below) additional "end. of dayu
preparations 62 are made to ensure that the technician Is allocated an
infinite cqpdofsass for that job. The next 20 stage is the GUVGCBIAOISAN
routine 2 described in greater detail with reference to Figure 2 which
determ nes the conbi nati on of techni ci_a?§ and jobs having the | onest
cost score. A routine 12 to pre-allocate second jobs to
technicians may al so take place (see Figure 12). If a 25 technician is

Ont! i ne h|e| i S_ﬁté_lfi{lg i Bﬁ?:_r Yok eé'toheaée--tﬂerj %Bob 1?'14,'0&&&6%190 hivaKimg hento
opti mum al | ocati on routine e : ' bundl.i ng', Qrocedur.e
conpl enent ar y 3SR s?é%i?é‘s of gaﬁr APEY DORFE v t I‘ﬁ&e?per]g%éc)é t o~ Fi e
15a can form pesiimim ist eixeepdedodtlee Ba@st job Ho renter thiee hundle is
sel ected by the al [ ' { | nt ouyrdle” 1
Secondly; all "]‘eggbs&(oé n"’;Ilnm %hﬂeesp%lo o%r ealr{aqtﬂﬁe %#PPX%%ﬁgcat(gﬁ&gtest ﬁéiga%e
pl ace as the seest|ieobcts|preasntiayi MiskinnogessyiireneatefptbrePelftin
the technici anegy eog@h e56B01ANENB" pRiilorited drdie détrmited in stdpelbe]al
duration of jobs in the bundle (i.e. ngn he -flrlzé |terat|g€ ”196 ee
job only) is. cHpdr e¥Rf¥en are BRBS ndffSunbPESRUARZ )00 sel EEYRR '8 oPd
a techni ci ans parametédi¥Slektedded which is selected to avoid an excessive
PCT/ GB95/ 00587 -, - i ng '
contact for td'bu%%ﬁ-anoaf al s%mtueﬁgensgsfl“rﬁo ite&c‘ﬁ'&rﬁs the(fg?d o?gtu.h?ggduty?
hours). ($Pepueisterminedinunberofi fobsi sedgetedctn $%RP | HAQ, ja3h & daEPer
the bundle is diseﬁf—iﬁfd Hetaldd e thendb L1 Gapty - dfSt eRel6flrd Nl @edn! yobhe
ent )",
gt

5 seed job is pres This process 1s repeated tep 161) for each
job in the pri¥sie oﬁdd@%rﬂ?%%dt?rp%t%gnﬁ%%rég)until there are none

left (Step 162) or, @Hecpuli)e of gl aetthen Ssenteaseanwbnsbriuctiohetoed
exampl e a 10 THeETErH SRR nCRERP 87Y] orihPor et o5 PhBR;12BRgtel & the |
di sparity bStvieschibeiani ave y xemavied f from theeddistolf Jjohsecawaiiiag
ST on (R ocen 0n M ] donpastang f e cabigian
t he (location, estimated job completion time) are updated. (Step
67). '
' Figure 7 is a flow chart for routine 7, which takes
20 place when a new job request is added to the system. The job
is input to the systenm (step 70) either manually or in
response to an alarm- generated by the fault monitoring
system, and its type and target time (step 71), its
variability (step 72) and its importance (step 73) are
25 determined, based on criteria input manually or determined
-according to'stored data relating to the importance, etc of
the equipment to be repaired. Certain jobs which are
difficult to allocate may be given increased weightings to
ensure that they are considered earlier than they might
30 otherwise have been. Such considerations would include very
long jobs which must be allocated early in the day to ensure
sufficient time for completion, or jobs which have to be_
performed before a certain time (eg jobs which must be done
durihg daylight hours for safety reasons). On the basis of
35 these values the priority of the job is determined (step 74)
and this is compared with the priorities of the 1lowest
priority job currently allocated (step 75). If it is of



15 technician are renoved fromthe |ist of jobs awaiting assi gnnment
(Step 66) and the technicians own details (l ocation, estimated job

conpl et i GYolokAgxss ar e updated. (Step 67) . Fi gur gcyicisdsigostd- oW
chart for routine 7, which takes 20 place when a new job request iIs added

to the system The JOb is input to theggystem (step 70) either manually
or in response to an alarmgenerated by the fault nonitoring system
and its type and target tinme (step 71), its variability (step 72) and

its i lrflporta”ﬁ&t:éft %17691@ et&'ééﬁei:ﬁl§1 ﬂf@rrd OREEY A 1Tddtd ?jstpUit is -
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the priorityofi8 hgi?' §%8e%‘ﬁ?§%s‘2%p“/4?ﬂecgﬁada?hﬁ:§ |"§‘
wWith the prijebties tof h&epénﬂested byr izorspeci fic cindividuval) | dc:atmﬂ.:(l-st ep
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t han thi 40 cQ#r%mWatloéatbe teshnicians reptinedsi st folpowe: of

:Jpalhggcgt ed j obs (ﬂtgq&  7) i theoﬂlewesa:tt £0F EBOEkRd 10 sarntiy her

nt men ime 7 vvhet en t he. appoi nt ment
LS5 o eapenaibibodial (apARELRg, the OF SBER @ 1SR IOR he (
threshol d | ixeplades sthet kbvdsn:n prioyidcy job elm?ﬂ)e mhf:rix I t The Witdet

t he threshol%éﬁ duaﬁ%%(:k%v\ﬂ?(s:hlg vsa?t I&Pe'i: &Jta& givﬂgthért Xo) gefeqﬁ]e ; % cir by

a specl fic i case ro can
‘be perfolfedtiigger, pod ng; bagupsesed: théftddmrﬂuesanshsuutthe 3obg are

folloved  sharactétfdés %%BPW%W@;&I Q%EBSE& ROr (i | B 8onehitdadys
responsible ifr%ur iqr?élon eé@fm& C&éégsnssary a aV\Jl.ia e) or category B
(may be done tomorrow) and the end of day routine 13
described below (Figure 13) is then followed. Category B

20 jobs are _noi'. aseigged to a technician if he would not
comple'te' it befo're his end of day time. - Category A jobs
60ntinue' to be assigned, incurring overtime if necessary,
until there are none. left. If the end of day trigger point

has not passed, the routine calculates the time-dependant

‘25 cost function for the new job (step:84) and the procedure
| then continues to allocate the jobs as shown in Figure 6.
Step 65 is however omitted eince no technician is on line

awaiting a job. . . _

Figure 9 shows a routine for use when" the job isg to be

30 allocated to a specified technician. It is possible to
' simply allocate infinite cost scores for such jobs to all
technicia_ns except_ the specified one.  However, in this
variant such jobs and. technicians are dealt with separately.
"'I'.'h_is allows more jobs which are non-specific to a technician

35 to be included in the matrix. The first step (step 91) is to

:' determine if the teehnician is one of those currently in the
allocation maﬁ_rix. If he is, he is removed from the



'repl aces the lowest priority job in the matrix. The first step, (step
8l), is to determ ne whether an end-of-day 15 trigger point ha assed

|f it has, WO®sR6s3% jobs are characterized (step 82) as ®&T é"g‘?ﬂgﬁooﬁ"(nust
be .done today incurring overtine if necessary and avail abl e) or category
B (rmay be done tonorrow) and the end-o81day routine 13 descri bed
bel ow (Figure 13) is then foll owed. Category B 20 jobs are not assi gned
to a technician if he would not Hglete it before his _end of day

Category A jobdlocagden matnisx b%n‘&s§ reatef,&he i 2R odePt 1S tead (Step
necessary,  g@f{il 1EhgEeisr RoBOLR tRéImatiixttife efb‘hﬂfnd&)’e*t |mrmen

has not " passe t he cal Iat es e depen cOS n
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the jobs as sbaeh lanjlélhgur & £6 he hath eqotGS tmmdmaéremmh&bctlsﬁrﬂmbrme is
techni ci an n g e ne
for use Wnegn tﬁ g’%&?s ?%éd\ioggl Iioca cted ggef#%ge 18n§3%¥"§h§r§f %él
i's passible tsurreatnﬁ{iyeawiaéawwvmmﬁtbyd'ésq mates fO'Irhgu%:"It?SE%OPOi%ﬂ I

techni ci ans’ eyg@RkeldN @ cSRAE fsly%%e@ﬂ%ontﬂmwr(stéﬂ 94) <as th{@rjmtném
jobs and technicians, are: i{ilt W th.sep g Sl%é’ﬁ This allo

whi ch are nont& &8 {3RORAFIY { BRPFIRF-an Ty RARAYeme| %??+§u§e
The first stegepends Otpons the nalewreriof ithe hgobsghnbutanmay oimvolve

those currgpt l:f:\é\ﬁﬁng%fﬁﬁ%gl GRRAESN R "pdor £olr ME11Scatién' o CERYERer

fromthe
PCT/ GB95/ 0058technician, job cancellation, -rgporting 3pbocEeibHurfat®¥x

and al | ocat ed ;3¢ RGP tHS! %@@hﬁibiﬂn t&28uspbnlic His Npreb@nthgdBtinX
t he routine next. determ'nes ‘I‘FEB ) gmt her, t he techni cian has al ready

been al | ocat e@¥ders i de jthe nye & 40858A%-cs that the job he
is 5 currently engagrd an Q&H@e@wanéaﬁdmm ridtasot ffar beenrmade,

System contd offhe, eshht AA A  fLipeftRackb" thel hiighost Bafdithy 4oncor
The j eopardy mmnageMBnbepnééOGatod BPGGQSAGQl&wohothémn&S PE gﬁ)ihénﬂoﬁkl
put My 1 nVO! K nks éiféfﬁ”?aﬂst ard Fedirddf POOLnOpdUl Otatep 96). another
echni ci an, job camcell at reportlng ] 0 | 'ur e “or
technician allocated to a job specific to him by either of
the above routes (step 92; or step 93, step 95, step 96) is
20 allocated the next highest priority specific job as his
second job (step 97) should one exist in the system There
is then a jump to step 66 to update the technician’'s details
as described above with reference to Figure 6.

The start-of-day routine (routine 10) is shown in
25 Figure 10. This comprises collating the information on the
technicians scheduled for duty and the information on those
jobs awaiting attention. These may be jobs outstanding from
the previous day or new jobs which have been requested

overnight. -
30 Two lists are prepared. In steps 101, 102, 106, 107
a list of available technicians is prepared (left hand side
of Figure 10), whilst in step 103, 104, 105, 106, 108 a list
of jobs requiring technicians is prepared (right hand side of

: Figure 10). : -
35 | In step 101 a 1list of available technicians is
compiled and in step 102 these are ordered by. their Start-of-

Day ‘times.



I nstructing the technician to suspend his prevent job in order to do the
pre-all ocated one instead. - If an earlier pre-allocation has not
so far bewo9RaSS 15 the technician is allocated to the hi gorsiBIpmessvity

j ob of those to be allocated specifically to him(step 95), and all =~ °
ot her such jobs are returned to the pool §atep 96). The techni ci an
allocated to a job specific to himby either of t he above routes (step-
92; or step 93, step 95, step 96) is 20 allocated the next highest priority
specific job as hisln steportP3 obaght dokd7inskhel padle hasstitsn pibosisyem

There IS GHeledcaiER1aRedl %ﬁ@ﬂeo j‘&iiataeré %&&%&Q} ar‘? o’?*%%y“ as

descri bed above with reference to Figure 6

routine (rouPPﬁ%rly)riPé'ié‘WoMluﬁ Z(Gtﬁpgt}toé)lo This conprises collating
the i nformati on on mesteptmﬂrnowmimfwwmﬁ t Otd Wed Nghréd- hstessec'i

i nformati @n S g t t|o ese be.j
out st andi (r%g ??otr%%% eﬁ"?ﬁa BT eV %% 35? h‘ ﬁ b %l Ehcng&é‘ vaﬁé‘lﬁjeg% ed-
overni ght. 30the 'Globad Stexrt afquyem ) the slt@h)si.si()ﬂgtumd 166, tHé7

a list of avgphtbl gol BehBhEbRRTelds 1R%RRAred (1 eft hand side -of Figure
10), whil st ?n sfepo 02 }5 106, 108 a |ist of j obs requiring

technicians is prepef e@?hTBﬁ%"-’ﬁ&ﬁH dphe are fagldmg thi #. 435 identified
step 101 aihistepof15vind e ' SIMEYIPERNToutdine sHOWR iﬁdF%\%Qrénlitfé)
102 thESﬁ ar e grdered by thel r Start of - Day tines. 95/.26535
PCT/ GB95/805% | 232 - " In step
103 each job in theAkboljobes iwhighi card y techmiciawsdpedifis adrk t Mthéwbs

o2 L hon, o dagiid Ufoinel 1061 [ POk BBARG THEL. map, e
time is late e?haﬁc&aarappsaﬁim deb; 2 this(ihed GebaalBrcatedf Tay ther' )
Lhe job is reéahﬁfdi&ﬁ hhA@ ne iEOQJemotv%db‘i’rﬂnJ QQ!}[QQQ@tﬁepared in dst#
i gh-priqrit is_is identif _ 11
“int errug ¥3ét| néaétﬂ)mﬁe?hn'g?%ﬂ‘e heg mOTR) Whatrere Such Job, the two
with the highest priorities are allocated.  The second will
be provisional, as described  in more detail below with
reference to Figure 12. Any other such jobs of lower
priority are returned to the: ‘pool. -
20 The matrix required for the cost-score algorithm is
now prepared. In step 107 an ordered list of 'n’ technicians
~is prepared.This is the top ‘n’ technicians from the list
prepared in step 102 and modified in step 106. The value of
‘n’ should be a value close to the maximum number of
25 technicians likely to be in the system at one time. Because
of the need for dummy technicians to balance the number of
jobs, it is unlikely that there would be too many technicians
to fit the matrix, except at the beginhing of the day.
Similarly a list of the top ‘m' highest priority jobs
30 from the list prepared in step 104 and modified by steps 105
and 106 is prepared (step 108). From this point the routine
is the same as for the periodic updating routine 11 to be
described below. " '
The periodic updating routine shown in. Figure 11 takes
35 place every few minutes. This is done to minimise the amount
" of processing required when a job request is made, since the
information currently held will only be a few minutes out of



Al  jobs which are technician-specific are then assessed in step
106. For _each technician who has a t echni ci an-speci fi ?’ ‘ﬁ*} “5?
job is al VOR8PS to the _technician and he is renoved CEROREP! st

prepared in step 15 102. |If ‘a technician has noré than one such job, the
t Wo with the highest priorities are arl88ared. The second will be
provisional, as described in more detail below wth reference to Figure
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the sanme as f e periodic u ine 11 to descri bed bel ow.

The peri odic dmawtradupieﬁéoéﬁoﬂlﬁ ghe Frife dand oivdeousd pofaddscber Ferew

m nut es. Tibsvii%ndoae édhs“&dﬂdﬁ@erlbé dWUkhe pEOLABITEEP! OF reaupxeﬁwﬁen
a job request Is made, I nf or mat i onn%urrenLLZ hel d ,wi onl¥tbe

a few m nut es f8LiRg W hf%‘@é’/ Aevep increme remaining
PCT/ GB95/ 0058%since there are fewer of them and the total patbabillity mnsy a

o DA RTet o R Vaie BERBICTA NG hdd 10 £050 9ELEPRAGE pOREBYLILY

particul ar Vi'si o edonm nan est | mat
of job conpl elu:ﬁon tthere jobf ofalhbsg j ontshdese ther | |mﬂie$§-tﬁdrat%bne band

conpl eti o §1 IR JYA e['i b‘i-?.'%i%gcﬁ‘éd?do& when 0 S0He SRy 2 Heethed ehR end of
estimated T1 nes I nc riabil |ty represented by a '’ predlctedtlrre

band' . | f tohe ' @nedieke R -t he begi nning of this 'predicted
time band', the probsgnyl bf @heCG licw tihe hWipdsfiing eXfoutinéC1 Enepéathe
peri ods Of the tmlerTe 2" Obv' Otyas:!: a?ytorgt?éfne 10. The jobs are

prioritised and ordered in the same manner as described with
20 reference to Figure 10 (step 103, 104, 105).
The technician parameters have to take two further
factors into account since the update may occur at any time
of day, so the steps are slightly different. 1In step 111
_ each technician is assessed as to whether he has yet taken
25 his meal break. If he has, the routine moves straight to
step 114 described below. If not, the routine then assesses
whether the estimated completion time of his current job is
later than the earliest time at which a meal break may be
taken. If it is not, the routine again moves straight to
30 step 114, but if it is, the earliest and latest job
completion times are updated accordingly, to include the meal
break (step 113). 1In step 114 the technicians are then all
arranged in order of their mean estimated completion times,
in a similar manner to Step 102 above. (Note that steps 41
35 (Figure 4) and 113 may both have modified their times since
the last run). _
Step 103, 104, 105, 106, 107, 108, are then carried



10 with a consequent rise in the probability of conpletion falling
within any given increnent in the renmaining part (since there are fewer
of them ggoé 4834 ot al probability nust al ways total 1008gmcRésigesss S al so
an increased probability . of thejobfalllng outside the predicted tine .
band 15 altogether, rising to 100% when 5%rre now reaches the end of

the 'predicted tine band' Many~ 0f the steps in the updating
routine 11 are the same as the start-of- day routine 10. The

jobs are  opgigg kbéeéhandtascdegedahg Eﬂﬁsi?a@e 163%%1‘15?‘&9%‘%%6(1 W th

20 reference to Frgure 10 _L& he "t echni ci an
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Step 102 18bo%¥e(sthpt §40handtenkexs else(mgnr cllpcaruonl&awneotwitm

nodi fied thegs ti - ¢ 5.
106 107, 108" o T58 GLAEE of 4AF :ARtiEUMO follows o sidfLddPprddbiusd

PCT/ GB95/ 005Byt does not go through the 'end-gg day’ teff 81 thefer  (
start of dayenteirifng tRedmathi ARllosRe¥en routine (Figarend)of-day step 81,

desor! bed above WA IEIELENRo . AACFLAL Spkymid,"Ble i £ S he e e
Ot herwi sd5a pﬁef.erphls to i nfaiem teacit mec&aicm oft thet nexti o requimed to
ol ine 1° 685 RS0 Gl ylen o HES SN bk L Sl ated " tox
operetional reasons it is desirahle to _ ave details of the
'second job to be done available to the technician. This is
a provisional allocation, as’ the circumstances ‘may have
20 changed by +the time the first job is completed. for exampls
' a more urgent job may need to be elloceted to him instead.
Details of this second job can be communiceted to tha
technician’s terminal H1, which will only display them if on
attempting to reporting completion of his first job, it is
'~ 25 unable to contact the control centre.
| However, should the technician he unehle to report in
after completion of the first joh he cannot be told of the
current optimal job. In these circumstances he woul_d instead
go to the (possibly non-optimal) second job, and on finishing
30 that job he would again attempt to’ report completion.
The routine 12 for alloceting the second jobs will now
be described, with reference to Figure 12, It forms part of
the main allocation routine 6 shown in Figure 6.
~ In step 120 the pool of work is examined to identify
35 any 'jobs to be specifically allocated to the technician. If
there are any such jobs, these are arranged in priority order
(step 121) and the highest priority such job is selected.



the cost values, but since no technician is on-line it does not all ocate
infinite Cﬁ,%t sﬁ?h%es or dummy jobs as in routine 10 5 (step ters
the main a %2488 routi ne (Figure 6). The start of da?é?)&???’ﬁ“éﬁ?o
follows a sim|lar procedure but does not,_go t hrough the 'end- of - day'
test 81 before entering the nain all oCatrof routine (Figure 6).

Al though to retain maxinumflexibility it is 15 preferable to inform each
technician of fhfig rl@“a]’.f@cé@éﬁ“éfdthe Qéchmﬂag'rg-ﬁg@ﬁﬂd %%‘ﬁ (?EG# £22)
one is conpleted, " for operational "reasons It is desirable to have
detai |l s of thand the®idoeation roukine Lontinnes t Figure &hnician. This
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t echni ci an be Thres etestsecmare parrieds tqut ctopicheadn 4f tthe fjobt Jash aw
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woul d i nst ead go. to _the (possibly nagn-qpti nal
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finishing 30 B28oR%H AR alFBARYa B TPRt t OFotfepbr FemPétF 11s that
T_hehr ou]'E i Neo 13:He)rteéﬁm%ﬂgdbbsf mornhsje)be?wj» | 1269 Itfelalif;soof beHese
with reference ta Fiqure 12. 1t fog par t maj '
routi ne 6 shoff? ‘ﬁg%ftﬁ 252 met, 1 jﬁ? é?gp ﬂ%{iﬁee pégl %of 8%&*{2?3‘“1
exami ned to i gaEvond J3d Hfioxr jthet technicien andathg prbceduzré tbanhehecks
techni ci an. f j e 0gdyi gOr i Y
or der (stepuhffﬂégﬁgéﬁiaﬁé%h%egﬁr ijg’?:lsint ity 1?%‘% filélizggl ggtlgz Bhe; ”'V\D

ty such i :
95/ 26535 not, goes to the next job (steg 120720 9teatg the procedure
- 35 - 15 Thigaiir al | ocated as the technician's second job (step 122)

and el ocallon ARl NSRS LB NREuBhy ohe Socnddudie T Hibenpt
jobs is then gjetr cand (thecpsrdédpective jdb2)is calculatedhdslitiephek28) and
priority jObié%ﬂﬁﬁgéﬁi&ifﬁta(éﬁggsﬁgfa'value (step 129). 1If it is less
than the threshold value the job is allocated as the second
20 job (step 122) and the allocation routine 6 continues (Figure
6). If the travelling time is more than this threshold value
a further test (step 1210) is carried out to determine if the
travelling time is_less than that for any previously tested

job. ' '
25 If it is, the job is temporarily stored (step 1211)
and in either case the procedure then checks whether this is
the last job (step 1212) and if not, selects the next job

(step 127). _

If the sub-routine fails to find a job satisfying the
30 tests of steps 124, 125, 126 and 129, on the last iteration
of step 1212, which tests for the last job in the priority
. 1ist, will be positive. The sub-routine then follows step
1213, which tests for whether any job has been stored as a
result of step 131 and is so, allocates it as the second job
35 for that technician (step 1214). If no job has been stored
by step 1211 (because no jobs met the tests of steps 124, 125
and 126, then no second job is allocated (step 1215). 1In



Three tests are carried out to check if the job has an appoi ntment tine
(step 124), if it has been allocated as a second job already (step 125),
or if it wegs2esas skills that 10 the technician does not hmcbmm&ﬂ%)
|f any of these  conditions are met, it . is not suitable as a provisional
second job for that technician and the pregedure than checks whet her
this is the last job in the list (step 1212) and, if not, goes to the -
next job (step 127) and starts the procedure 15 again. - The

tr gvel | i n? tédehértomss tiHe procud 'ixrealnhenurgeﬁinﬁ tboﬁhdrhg]hifﬂldﬁlnlrdmﬁn( i ve
job is calc ste o apd conpared with-a threshold value (step
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the second 20 job (Bheepend2pfadayt Iroutilingal dorl Rigrteneld) cortlilnuvew( Begure
6). If the tdagyetiphed. tinme is nore than this threshold val ue a further
t est (steg 1210) |s carrjed out to geterm ne if the travelling tinme is
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job is tenp(nﬁ)liyhétﬁﬂilﬁﬂ Jd?ﬂJa) pa:ﬂmhmarr allvdatise s e eﬁmiwe

o 15 R 8y e 154 ot i, Tk b
job satisfyilbug t&i@d&@m mabﬂ-léttypgflghe teshnieban ko Iaomplete Hehd dsctb
iteration afd SdEPed S hw'ﬁwﬁ?t x{d)roﬁ] #)asﬁtod&tlérf' ﬂ;heclﬁf '%fd % ch

list, wll be positive. esu-rou ne t ows st 121

tests fot® V\Hb"t%eFmé?F}njgoUi%s BEePRG oPgd "!%"-']S'-“g ?Egulﬂl‘-@f eveptine 4dfd i
so, allocat esvettinet Ha speand tjted)35 fOSithtrlyphntEearbdﬁeépiiﬁlM)vedlf

Ueps 124, LI By, onlly SR ekbel THE RSTehR JH pivcp B I ¢

In WEosvelbsgbne from the last job of the day the ﬁmmqmw
- 36- ei p e r ogat i
outine 6_( K &) FuiOk, PRAGCRLRRK tihd %d‘:f‘?%%‘f.“ne‘%”ﬁ?ﬁ %' el

now be 150d28%%eRR the end of the technician’s last job and
working day and also any overtime incurred if the job over-
~runs the end of the technician’'s working day. These
additional costs can be accommodated wj.t_hin the cost score
calculations for jobs allocated towards the end of the
20 technician’s - day by' introduéing_ ' addi,tionnl terms to
represent: _ | : | :
- travel time from the last job to the technician's
finish (end of day) location
- idle time, if any, between completion of the job and
25 the end of day time o _ |
-  overtime incurred, if any, if the job over-runs the
technician’s end of day o B
The calculations necessary are as folleivs:
~ For each allocation of techniéian to job (regardless
30 of job commitment type or whether the technicien is on-line
or off-line) calculate the estimated ‘latest home time i.e.
the estimated latest time at which a technician can return to
his finish (end of day) location following the completion of
the allocated job. (Step 130). |
.35 If the technician’s estimated 1atest home time is much
~ earlier than his end of day time then no adjustment is
necessary to the previously calculated cost score (Step



5 Towards the end of a technician' s working day (or part day)
the feasibility of a particular allocation is dependent

whet her t h&Q ﬁé?sed commtted tine can be net but al so on tlﬁlie]J agﬁf)l ty
of the technician to conplete the job and return.to his finish (end of
day) location by the end of 10 his workimg3day (or end of working day plus
overtinme if overtine is permtted). Smlarly, the costs involved

i nClude not only the travel tinme tp th | so t r i
fromthe Iastﬁ%&)of @R§QX§fﬂrﬁ§f€h?s%°%§ﬁ&°gfnas(ﬁ§g¥§%§§§lg%€éé%y Slack
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addi ti onal costs can %B&é@ma&t g4rattpalenlatingt QR:GP& m"‘éﬂ Eﬁlr;?'eﬁ%s
for jobs al boagdsél £pHer dsel th@”‘iaQ:flitdQQ: A eedtiwhbch & tdapnibyan can
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end of day s necessary a
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type or whgphegnd hget QFUYIn-day OFthé1eLf ovferdiiimd i) pephiutels tfter
esti mat ed Iatest hone

ti mated, ] ate ich a
t echni ci an canvpldextakipg thﬁlgl}?ﬁ?gﬁd(iﬂ Fndﬁb?nlgsaffgeuﬁgFm@MAng t he
conpl etion of t he ot |tlvat probain li ¢t that 36he 88chnician| canhet get to

technician's a h r r
day tine thengﬁ% ”gigg?k &Fﬁ& QQ”H;&&”EobitEBQ bﬁéh%?e3P§u§#?Q§§PEmfif%fy
cost score (Stme is highotbs/ adigeation is likely to becone infeasib

PCT/ GB9S/ 09887qpne  corresponding cost score shotld then bél)assignederan
it the techn|C|an s estinmated | test ggi ~time is close to, or after,
his end of daylPfhBitfeNalueyqq ?FSHaP tculation will be necessary (Step

132) . However, if the probability is an ‘'intermediate value
further calculations are needed to determine the values of
the additional terms which need to be incorporated into the

20 cost score:

‘Travel time from the last job to the technicians’s end
of day location; (Step 134)
Expected Idle time: (Step 135).
" If the techhician is likely to complete the allocated

25 job and arrive at his £inish (end of day location) before his
end of day time he will incur idle time or time with *nothing
to do". This period of time is unproductive and will be
penalised.iﬁ a similar manher to time spent travelling.
Expected Ovértime: (Step 136)

30 If the technician is likely to complete the allocated
job and arrive at his finish (end of day) location after his
end of day time he will incur overtime. Overtime is paid at
a hiéher rate than normal working hours, thus any overtime
incurred should be penalised at a higher penalty than travel

35 time. These factors, including the probability of their

' occurrence, are used in step 137 to modify the cost score
values to be used in the cost-score matrix (Figures 6).



These involve first calculating the estimated earliest 5 hone tine i.e. the
earliest tine at which a technician can return to his finish (end of

day) | ocsto ssmekss | owi ng conpl etion of the allocated jobpcr/cBoswess7- The
probability that the technician will not get to his finish (end of day)

| ocation by his end of day tine (or 10 eng Qf overtime-day tine, if
overtine is permtted) after undertaking the allocated job can then be.
cal cul at ed. If the probability that the technician cannot get to

his finish (end of THay) iheezirupe’ bychitsnent4cdhewsrin Frglide 14 WiTR ndwhi gh
Score shoul &4 ASBptRel, (AnbE A0k RRONR e Lesde delifiiy SRh SHgayLd o8
However, i f .lmevnnmm_i wpxiks whoi rean i ?c_"a_lilfla_ﬁuet_o impredmipt 1:|he:i.r:r .
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from the ? afeytdne.o r@’i{%cﬁ'ﬁ?éﬁlgﬂéﬁé’ MUY ocguradf| Jehe | Sachpdedgnesy)
Expect ed | dlemrivent jo¥ qorldundle) is__"lo'rig‘l',f'r?ﬁhefhﬁfhgbhbﬁgﬁg?dﬂiw ¥ o0
comml e 15, G354t i s 2 i i) kY A e Dt
with "nothi e himo (Rite rauttineeoréquilnés theans stanpeodvailablentowpagebe
DoTeL 1550 | Sl Sl B e e 20 0 5 SRR
allocatet®  job aWBedr @ algR-Rriorifyshoper® oldenyifiedamisorbetzer ani s
end of day Hmildenty FailReer CEey!i TBecsMs tisEs iéps_,&i'dseér% vﬁufazghgg
ot e A 0 Ml OTF EULTE oa T R TRRNLEE |
i ncl udi ng- t lexceedsali thrpsbblileit is fixstrokecked ae e eheithext d hag to
A L L
PCT/ GB95VDo3ymp is made to step 143 (to Dbe3glescribed belowhe
‘interrupt’ ot@dirwigel4 o5 RETIN ifE Ghiide 1foMM dhy NESEhnicians at the same
location with the necessary skills ‘(Step 141). If there is
one, a jump is made to step 143. If there are more than one,
jump is made to step 144 (to be described below). If there
20 are none, a search is made for technicians not currently
. engaged on work of the same or ‘higher pi'ibrity with the
necessary skills and within a fi‘av’e’_l"lirié _disi:ance short
enough to reach the job in time to ,"'pr'ev::e'nt'_' fla_.ilure. (Step
142). If there is such a technician, or several, a jump is
25 made to step 143 or step 144 respectively. If no such
technician is available, the job is identified as impossible.
(It is however maintaine@ in the system in case a technician
becomes available to do it uﬁéxpg'ct:édi"y? eérlY)._ B |
In step 143, the technician is '_pi_g'ed. He is then
30 ‘instructed and the job and technician details updated (steps
65, 66, 67, 68 - Figure '6).. " 'I'Ihe' i'ri'te:z_":r':upted' job is re-
entered as a new job, pre-allocit'ed to: _tlié' i:eciinician who was
~ working on it. - - : | o |
In step 144 the seléction EOntinﬁéé_ by excluding any
35 technicians with a job of the sai\_\"e' or high’e__r ‘priority than
the one in jeopardy. Of the feniéi_.ﬁfder’, ox_ie"';_l:echnician is
_selected on the basis of criteria such as travel distance,



be described. This routine identifies technici.ans engaged on
|l ow-priority work who can be called to interrupt their I n
ri BCEEHemRH

order to sWO®S@6Wgher-priority task from 5 failing. ity
may. occur if the technicians current job (or bundle) is long, and the
hi gher-priority job had not entered the38ystem when the current job was
al |l ocat ed to him The routine requires neans to be available to page

t he technicians, _rather than:wait_for, them repoet in
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PCT/ GB9S/ 00581113 data stored in store 183 to detse%:mine a cost function for
- each job.

20 . Prioritising means 186 then selects technicians from
store 181 having the nearest task-completion times, and
prioritising means 187 selects from store 183 those jobs
which are nearest their target times, and passes the jobs and
technicians to a calculation means 188 which calculates the .

25 projected cost of allocating each job to each technician.
Pre-allocation means 189 may be provided to identify jobs
which are to be allocated to specific technicians. The
output of this is fed to an adjustment means 1810 for
adjusting the cost of allocating a job to a technician to be

30 infinite if the job and techician are incompatible. Factors
other than specific assignments identified by pre-allocation
means 189 are also read from stores 181 and 183 by adjustment
means 1810. These infinite values derived in adjustment
means 1810 are fed to calculation means 188. The costs

35 determined in calculation means 188 and adjustment means 1810
are then assessed in allocation means 1811 to determine the

optimum combination of jobs with technicians. This optimum



skill preferences and estimated tine to conpletion of current job (step

145) and the routine this continues with step 143. Figure 18 shows
a functi ck di agram of the resource allocation ' nin

Fi gure 18}2%‘5{2%% ows are 5 indicated by the arrows. It sh 5@?5’%&&% )

i nput/ out put device 180 for transmtting data to and receiving data from
t he handsets Hl, H2 etc over communic&0 6ns Iinks. Data received from

technicians .is used to update a store 181 which contains paraneters of

t he techn|C| 0 V,

t erm nal 185 élrggctr%& e;}' ss ?\M%ﬁ%é{g‘et@ @ger élge €E%f‘f}é$ ﬁﬁgxggeasgi

as being fed80n andautbﬁat#bhwﬁqti@bmnm d&ris adecer apudsi nupﬁetxhagv\or K
N, Par anghbimlt it Alst oXle A1 i oigs,183. Using the
paraneters stored in stores 181 and 183, 15 calculatlon means 184
deternmines the time at which a technician will conplete his present job
which is stored as anot her paraneter. Simlarly, calculation means 185
uses the data stored in store 183 to determ ne a cost function for

each job. 20 Prioritising neans 186.then sel ects technicians from
store - 181 having the nearest task-conpletion tines, and prioritising
means 187 selects fromstore 183 those jObS whi ch are nearest their
target tinmes, and passes the jobs and “technicians to a cal cul ati on means
188 whi ch calculates the 25 projected cost of allocating each job to each

t echni ci an. ‘Pre-allocation means 189 nay be provided to identify jobs
which are to be allocated to specific technicians. The output of this
is fed to an adjustnent nmeans 1810 for adjusting the cost of allocating
a job to a technician to be 30 infinite if the job and techician are |
i nconpati ble. Factors ot her than specific assignnents identified by
pre-allocation nmeans 189 are also read fromstores 181 and 183 by
adjustnent  nmeans 1810. These infinite values .derived i'n adjustnment
means 1810 are fed to cal cul ati on nmeans 188. The costs 35 determned in
cal cul ati on neans 188 and adjustnent .neans 1810 — are then assessed in

all ocation nmeans 1811 to determ ne the - opti mum-conbi nati on of jobs with
technicians. This optlnun1 WO 95/ 26535 y :
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“conbination is comunicated to the techni¢ivan t hough:-devi ce 180 and the

2 oSaL OgBEhags 1611 al s sends updating,, il OCoRLf orylcalags 101

.and 183.
al]ocating a pIurallty of resources to a plurallt“**f"ebs by using a

conputer to performthe follow ng steps:= 41 - = det erm ni ng the for ecast

time at which each resource wll ‘becone avail abl e; g as an
i nput the tinme at which each job is reqt&éﬂéo be U"I"H"M!ﬂ@f’ll‘i

assigning to each job a tinme-dependent nction*cal cwl a

function of the tine at mhich the job will be perfornpd - for each
possi bl e corbj nat'O'h thi&é&'{ﬁgza ﬂfﬁ gl@g”gft BesbaL ?les to a
source I's torecast to

prOJected cost, £% ent on e tine at
be avail abl e BH&FahityalQfe dpbﬁhe b¥stusingt iSoncpeputes rkapRaFiRry ofhet
that tine; s followiﬂgtgfétﬂing t he conbi nati on whi ch produces t he snallest

total projected cost. A,resource IIoca l.O thod using a neth
according to claim T, &ﬁEPﬁf“ﬁ"éxﬂgn t}?e % a®ar ab‘F%?"Héc%t 355
of claim1l arfopecastntd, behemevavhhbhbleesource bei ng assigned to the jOb

which 1 s associ at ed WI& éfmirﬂ.rh%et&é’rﬂ.ﬂé‘té ”wﬁfc\,‘ ngaagej%gselkge%

3. A resource al l ocation net alne I'n c Fein m/Jo s
may be added ¥9® bﬁeP9¥§¢§99@y of jobs, the steps of claim1 being perforned

when suchjaddi tions 1 Js3ird®y to each job a time-dependent cost function
calculated as a function of the time at which the job will be
performed; _ g
- for each possible combination of jobs with
resources, determining the total projected cost, dependent on
15 the time at which each resource is forecast to be available
and the value of the cost function for the respective job at
that time;
- determining the combination which produces the
smallest total projected cost.
20 .
2. A resource allocation method using a method according
to claim 1, wherein when a resource becomes available the
steps of claim 1 are perfdrmed, the available resource béeing
assigned to the job which is associated with it in the
25 combination having the smallest cost. |

3. A resoﬁrce allocation method as claimed in claim 2,

wherein new jobs may be added to the plurality of jobs, the

steps of claim 1 being performed when such additions take
30 place. | '

4. A method as claimed in claim 2 or 3, wherein if a
second resource becomes available at or near to its forecast
time and no other changes have occurred since the allocation

35 determination was last performed, the second resource is
assigned the Jjob allocated to it in the 1lowest-cost
combination previously determined.
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4. A nethod as clainmed in claim2 or 3, wherein if a second resource
becones available at or near to its forecast tinme and no other changes have
occurred wigwsmesdze steps of claiml were |ast perforned, t/lpcTREBYSN0SST o
resource is assigned the job allocated to it in the conbination previ ousl y
determ ned to produce the SnalL:-esT" | é‘al. ppojLected cost.

P s T

conbi nations of re%u{ ﬁ:e%" ’Tm’% J,@bs 6. A net hod dccérdtng'tc cl*ai m 5,
wherein a regource '\%Ialt h%gtiﬁfgilk soﬁ?iggas%;aréfj ?ggt @t%%}st%n%]aﬁﬁ o

substantially infirjte cé
conbi nati ons™of tha ]

7. A net Wbereivor gompinatiopsof ofl ainesounaess, amder ¢j obswhewhichi rarej ob
i's assigned {fcdm ES%QB&SeaerMrim silatQint 1113, sﬁﬂm&f&ecah{:%ue@a and

conpat i bl ? with the resource are also assigned to:"the resource.
nmet hod according to any preceding claimwherein a plurality of JObS are
prioritised 6n the hasetshod ad!mtdimg o olaih’ 3hewherelh oa repouios may

and a plural r [l Qi f 14 0, e 'S, h
forecast to %ecorreoé’\iaa% Eﬁ?é F sgg,ci%' st%ﬁéﬂo B%i%al rﬁ% Vi4rLe“:Cipe'?4 o?rred
for a. predetthatndobnwitlr %hGFOEQSMPGP &rﬁrm a8d inadmpatible.

resources, being those having the highest pri orlty 9. A nethod
according to_claim$8, wherein eac b i s assigped;.a. predeterni ned val ue of

t he cost nétion & mgthod,acqex tt?f e %ﬁ*gﬁe?n Flq008eERIR o
resource, theheai ca v&liuretbe:jm dscl alsle:dgnedt It castrea/cai:w?é,l odther ajobsg obs

CTaim  whor cohopply, SR, pCene Je{OTToR L QRubEFRY e LA BfR, ¢

a resource iresaureacaze aéspnusﬂappdatgewadqeabmeeh it is

15 8. A method according to any preceding claim wherein the
jobs are prioritised on the basis of the times at which they
are to be performed, and the resources are prioritised on the
basis of those which are forecast to hecome available first,
and the cost evaluation is performed for a predetermined )

20 number of jobs and/or a predetermined number of resources
being those having the highest prio'ri_ﬁ_y._.".

9. A - method according to claim 8, wherein the
predetermined number of resources 'is less than ~the

25 predetermined number of jobs, the cost values of jobs not
being allocated to resources being included in the cost
evaluation.

10. A method according to any preceding claim, wherein if
30 the cost value of a first job exceeds a threshold vaiue, a

resource is instructed to interrupt a sec.ond_job which it is

currently engaged on and perform the firs'?t' job instead.
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currently engaged on -ang-performthe flrst job instead.

43 11. WOpSEBSIS for. giH atl na. La-\pﬂ'ural ity of resourcesptncBosossal ity
of jobs conprising: a,[_isﬂ:&r storing paraneters relating to the
resour ces; - LAput L

5= f0; angy storing gto
t he j obs; - nmeans for determning fromthe parpmma H“!I”ﬂeﬂ

the resources the tinme at which each resource is forecastc t@ DeCONE »

available; 11, - mé&r fleﬁeamaeaeﬁgom paraPeyt 8¢ RRBINRCRES to
relatlngtothe iS.required to be

ob
per f or ned; ﬁ%gﬁs°Fg§°§§sFﬁﬂpﬁﬂjs?89each job a cost function which
I's cal cul ated as a funoiezs offdahe stcmel.mg \garametery olrelidtdinge o f dohveed;
- means for dggg&m_.gégg for each possibl-e conbination of jobs with
resour ces, the projected cost, dependent on the tinme at which each resource

is forecas® to be availesan® 0% Stering parameters telatingite the ioks;

respective job at thatmdane; féﬁddeterminin 2pomf Qhedgh%ﬂib%bﬁﬁ the time
comnbi nati on vvh hgcgduce

t he snal ist t of al Efgheg cost g
Appar at us acc% 0®Bfh; FeFPure, {R.For8hprts gogne AYRLLABLRY new
jobs to the pl ural Ity mia:pmbsor determﬂppngafnemather pargmstexsaitiel time

12, further cggp{,ﬁbﬂgag‘gnggiogois g,ggh?_%,lghggloin?%ﬁg?ggbghgdgonbl nations for

jObS Wi th resources an for € cost Vvalues to such
conbinati dfs. 14. - Appapat fiemcasstigningo tel #ach3joborsr Pk g fummtd oror

sel ectively alshPegt 5.89 cﬁl%l%‘i(&'tfeac asC W U iict bR Of VERe) £0meVae" W¥hich the

conbi natirons of_ such ob with other resources are identified as
i nconpati bl e. j°§5"111ABﬂaPSF§9r9890rdl ng to any of clains 11 to 14,

- means for determining, for each possible
combination of jobs with resources, the projected cost,
15 dependent on the time at which each resource is forecast to
be available and the value of the cost function for the
- respective job at that time; and
- means for determining the combination which produces
the smallest total projected cost.
20 _ '
12. Appara’tu_s according to claim 11, further comprising
means for adding new jobs to the plurality of jobs.

13, Apparatus according to claim 11 or 12, further

25 comprising means for identifying incompatible combinations

 for jobs with resources and means for ascribing infinite cost
values to such combinations.

14, Apparatus according to claim 13, comprising means for

30 selectively allocating a specific resource to a given job,
wherein combinations of such a job with other resources are
identified as incompatible.

15. Apparatus according to any of claims 11 to 14, further

35 comprising means for prioritising jobs and/or resources, and
means for selecting the jobs and resources with the highest
priority on which to perform the cost evaluation.
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further conprising neans for priorit-si-rg—obs—and/or Tesources, and neans

for selecting the jobs and resources w.th pI’IOI’Ity on which to
performthe cost eval uati on. a“ ' l il ” Tlm 44 - 16.
A conputer apparatus for allocating Ul s to a Iurallty of

resour ces W& ¥onput er__apparatus’ iconprising a central pr BUGOWi t, a
menory, an input --device . and, an-=6it 'ut device, said nenory containing a
program f or controH\Pr}“_,.__-n__. ' and wdieh is arranged: - to
store paraneters rela e resources; - to store input
paranmeters relati’ OthEJObS - to determne fromthe paraneters

the time at Wéch ehcleomPIsor:cApRaratusfon Abeepting pl Miurality of t,
determ ne fr mbbha:d nsubm&dmcgr &S PR6SSEESES, ' 8adld Ndbhputdie ApParabas

tinme at WhIC eac oblsre d to be

each job a cGOFPE g é‘tnigonawﬁf ﬁ%ﬁﬁ%a?@%ur&tpﬁﬂ"ﬂ'tH’é‘t#‘ﬁ'@“ﬁt
whi ch t he j oldewiiicle badpenfm’qmlt device, ea:lcd shemaxy centadmiangch pregrame
combi nati ap ,QWM on the
time at whi C%Bgagﬁif‘ggégﬁggsﬁlsﬂe?%?yg ast e avalqu'fﬁt an € val ue of
the cost function fortQhEtPESpEEFM‘EtPSS 9195&!1% itﬁeth@n€°3°“r¢°34 to
determ ne t he conbi na{-_bogtwbcbagaﬁduegg &ggaambl ¢3! thet §|obBr oj ect ed cost.

e ot ool Tes o7 7oRokS! BchRning Brbh. cHU wAap o thd g A5 OB 1°
arranged to iedent ixfes cuxcenpat |ﬂdnamﬂ3|ttathe:umneafavadﬂsahle,h resources and
oo nefR ol oy 1658, SYERUES kD SUE) U Yt P cindPRELTREY,
resource to 28Ghy3eh 48 required to be performed;
~ to assign to each joh a cost function which is
calculated as a function of the time at which the job will be
performed;

15 - to determine, for each possihile combination of johs
with resources, the projected coet, dependent on the time at
which each resource is forecast to be available and the value
of the cost function for the respective job at that time, and

~ to determine the combination which produces the
20 smallest total projected cost. '

17. Apparatus according to claim 16, further arranged to
add new jobs to the plurality of jobs.

25 18. Apparatus according to claim 16 or 17, arranged to
identify incompatible combinations of jobs with resources and
to ascribe infinite cost values to such combi'nation_e.

19, Apperatue according to claim 18, furth_er' erranged to

30 selectively allocate a specific resource to a given job,
wherein combinations of such a job with other resources are
identified as incompatible.

20. Apparatus according to any of claims 16 to 19, further
35 arranged to prioritise jobs and/o'r' ;eeources, and to select
the jobs and resources with the highest priority on which to
perform the cost evaluation.
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wher ei n conbi nati ons of such a job with other resources are identified as
i nconpat i bygg ospgd8s - Appar atws=according to any of clai ns déyEoshidssr

further arranged to priorit “-_'Se_j".ﬁbﬁzaﬁh,/or resources,_and to select the
j obs and resources ‘W ~hitghost prlfoc tpg QN whi'ch to perform the cost

bt &

eval uati on. : : T -45- r ,,
all ocation system conprising allocation apparatus acﬁmu“mnﬁﬂﬂmﬂm 3
claims 11 to 20, in combination with a plurality of comfunitcati ons » -
termnals for use by _the resources, and.a comupi cati ons network_for -
comuni cat i ng Yt weed® tFESPREGS nﬁasl%it% 8YPLen; SAMPRSfing u§.1£'°22.ti°nA
resource al | ocaiparatsys tecro cartimgliteg ahy ofai:ha_ﬂﬁg 1hecal20gcdn combppatabns
further comprigidg Eans{piep! beogh BELYhS! £02hy SEFEN ok OlshOpgathe
resource, the tTermndal's conprising neans for storrng sard second Jo :
detai s, meldnsresgureesnpfifg & occerpuRicathore npeswork t£ox heommupd geting
apparat us, anthdBfden fte SPhENATE) ARE SRO'£TL SCAEL bR Qédp&fﬁtﬁﬁ.@nd job
only if such an attenpt fails. 23. A systemas clainmed in claim2l or
22, wherein the termnals are portable. 24. A systemas clainmed in claim
21, 22 or 23, 2therei A tresouvanahbcatboncsysteni actordding nsd weléim 23,
A system as clgi ' | . 21 3, LN 1.pal
&Lé‘ﬁdaii(]ogééﬁleé’% a %r%éu@ f&ﬁ?@ﬁe WO%&( Eg&&%&g}g nefthE  for

connectable to a fiXxe atrons n temas cl alnmed

in any of &Paiaklouatingsa mrovdsionad taeoand| jokr Soqeanhycresoureeci fthe

instructions feomid@r el | Qi mpPaedndS- for storing said second Jjob
details, means for attempting to report job completion to the
allocation apparatus, and means for displaying the stored

details of the second job only if such an attempt fails.

15 - _
23. A system as claimed in claim 21 or 22, wherein the
terminals are portable.

24, A system as claimed in claim 21, 22 or 23, wherein the
20 communications network is a radio network.

25, A system as claimed in claim 21, 22 or 23, wherein the
terminals are connectable to a fixed telecommunications
network.

25
26. A system as claimed in any of claims 21 to 25, wherein
the terminals are arranged to receive instructions from the
allocation apparatus.

30 27. A system as claimed in claim 26, wherein the terminals
include memory means to store said instructions.

28. A system as claimed in any of claims 21 to.27, wherein
the terminals are arranged to send information to the control
35 apparatus.
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27. A system as cMdeanBeshac wherein the term nals include nenory
llwal S

nmeans to store said A systemas clained in any of
claims 21 to_ 27 vvhe are arrangedto send information to
the al | oCXPPHRSHPpar at us —E—l—l!a%—i%e—

A systemas clainmed in any o_f clai m-2: 'to 28, wherein
Fredby the alloc lew Iil|30
A nmet hod of all ocattng\"a pl“g,' 3y of Kesources to a pl

arranged to. all ow pa.gua:g= GV”L e aSeur

i ndependent- j pbs o Usi-ng gt oty 0 assi ach
possi bl & co natlg SSEEPESER S48 \ﬂeflh PoBY ggcﬁljg B'lﬁg 't?' 5?
which it is hta]mamd.naj.SJ@qmrmmemd;wwmldbw paigd mgt bédthe ree cnaepst er

and cal cul aty Qﬁé‘eall?@ﬁ?icﬁpsi u%n &gt ion, whereby nore jobs . than

resources ar used fo e calc " un- aSS|gned j obs being assigned to
dummy resources with a cost value for such assi‘gnnents bei ng determ ned as

a functi oj &o.the noshethbat RE deatm W pionfaliSd of :eé‘oﬁ@étbedtef
enaen

allocatin | ur.al,it Lesouyrces ,to pluralit
i o0 Rt by OO Shny & BomeRer, th ARELER B BERBERESEon
of resourcesositt lfqmbechnnosalbllbacemhmtbnasef aragowxods nditlojobs and

charact eri sgdqiguitaial {ﬁl@nlb%slto-%%tt Cﬁﬁhﬂ{?b S | °§'§| %2 g‘%‘%’?}éfg"f’ﬁe

first job is aSS|gned to a resourc s cl o
first job athed FESQIICHRETROUSAE #%méalcséationmnﬁeenaégaeéoaebﬁg to

cl alh m ﬁlm l "’gﬂ*“rf hsjsalggxearf &cs eluaethyed:e%%szsp widhl @n eeltstc ea%u_eo E‘ern]ghbans
such that jaobs havin erent .characteristigs se ed in. pr ence
to jobs havi*t§ isﬁnrﬂq’%s %ﬁ&?&c?@FPﬂ@?d ag3a fungéf%tqgﬁﬁ%&&ﬂs&p ﬁ% gge
claim 31 or j:bb inotwhedng idone.gr oup of closely rel ated jobs having (
different priorities, the highest priority job | s selected for conbination

31. A method of allocating a plurality of resources to a
15 plurality of johe, by using a computer to assign a projected

cost for each possible combination of resources with jobs and

calculate the lowest-cost combination, gharacterised in that

when the lowest-cost combination is calculated, a first job

is 'assigned to a resource, and any jobs closely related to
20 the first job are also assigned to the resource.

32. A method; _according to claim 31, in which 'jobs are

selected for calculation of cost combinations such that jobs

having different characteristics are selected in preference
25 to jobs having similar characteristics. '

33, A method according in claim 31 or 32 in which of a

group of closely related jobs, having different priorities,

the highest priority job is selected <for combination
30 calculations. - -

34.' A method of allocating a plurality.of resources to a
plu'ra_lity'of jobs, by using a computer to assign a projected
‘cost for each possible combination of resources with jobs and
35 calculate the lowest-cost combination, gharacterised in that
jobs are assigned priority values and target times, and in
that high priority jobs are monitored such that if a high



‘cal cul ations. 34, A net hod of all ocatl ng a plurality of resources to a
plurality veo 956335 by__.t}st PG mrpm:eg t 0 assign a proj ect ePCT/GBHS/0587 each
gsimth; j obs and cal cul ate the | owest - cost

possi bl e conbi nati on beSF%SOU{s py
T s et T 5 R AN
high . 47 - priority* ob apprbachesd its

target tine, pr:kes:btlycjaohoahpngaohea Losetapgetr timej ol iresiouxiceusloxkimgy

| nterrupt they) Qg gﬂf&ﬂ@ j%digeﬁcxﬁ{:%wgf#tg%éﬂﬂéé’ I 1 oved-

Appar at us or system acc t'o~an | nat1 on
with a net worREHPrHkY chob hand obgréﬁwtﬁh%ehbﬁhfat-#@aitzaﬂanetwork
i ncl udi ng rreans for detecting faults in the network, and neans for

supplylng, aid ansfor storin neters rel gting to,the jobs, :
par anet er s of ‘obs px?é“&é'}sf o fER! 8‘58 %ﬂ 130¥ h@gf g‘i}t‘t oigietei'é%tggt igs.
Apparat us forcahbination aithural inetwdrk eenurwiesch othepljnhé | apeoftpoloe

conpri sing: . perforﬁe&maiﬁfciq{ tid q{l{ 9.91(:9. %lﬁg eﬁéaﬁ?'ﬁ&i Sttirr% faults

resour ces; I npu oring par arre er ating to
t he j obs; in thenppehworky eaﬂemmgq: cﬁ#DM#M:anb@eﬂQideMBMg fiox

the Tesour cessédflhg "Ba2inibe £l safatiﬁgouacemsat:saeciﬁ&ah@t@%ma& jobs

| abl t tted t
erating 8 (%R PORSTROMAA A  TRRFLEY oBhR FOULTE PRLUPFRALER. oo

per f or med; : - means for assigning to each job a cost function which

S e oo o MR e BEand P RIRLE], B reB Gl

resour ces, tmmw)mbitm Qﬁs:l?bdemmim the tine at Whl ch each resource

s forecast to - means for storing parameters relating to the
15 resources, ' |

- means for storing parameters relating to the jobs;

- means for determining from the parameters the time
at which each resource is forecast to become available;

- means for determining from the parameters the time

20 at which each job ig required to be performed;

- means for assigning to each job a cost function
which is calculated as a function of the time at which the
job will be performed;

- means for determining, for each possible

25 combination of jobs with resources, the projected cost,
dependent on the time at which each resource is forecast to
be available and the value of the cost function for the
respective job at that time;

- means for determining the combination which produces

30 the smallest total projected cost;

in combination with a network on which the jobs are
to be pexformed, said network including means for detecting
faults in the network,_ and means for supplying, to said means
for storing parameters relating to the jobs, parameters of

35 jobs to be performed to rectify the faults so detected.
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be avail able and the val ue of the cost ﬂ respective job at
that tine, - neans for determ n‘ nmm'")mu'mlw’mnon whi ch produces
the smal lest total projected cost,.. ' * ‘Fn'combimatron|/with a network on
whi ch t hewpasréessse -+-0-be p'eer ”Bd\i lsai d network i ncl udi hg PERKIRISOG7
detecting faults in:th -s¥$¥k an Eneans for supplying, to said neans for
storing paraneters rel atinog.to bs, paraneters of jobs to be perforned
to rectify the faufts” S0 det ect ed. - 48 -
'37. Appar atus or system according to C ains 35 or 36, arranged such

t hat the paranetersAppaaatug accondipgbtoi Gtatue 35 ars36snenrangedheuch
priority of kg « Oéhé | Oph PEmBEELS" BRhp11R4C 11 dde Ohin Bg asaaarsm%tt hee begks

of the avail a spare capaci I n the networ ar at uis: or

syst em accor Brhgrﬁ-GYCszl #P§7j°§r tengBe BBEI“’FPP&FH WPHeT"B@%YnBr 9rRgar
capacity, - Sueh o B v cefl thlentwdﬂMh!Cliﬁ;heofobparealdapmﬁmy tdm the

hi ghest prg or R:¥zork

38. Apparatus according to Claim 37, arranged such that if
there is no spare capacity, such that service is interrupted,
the job is allocated the highest priority.

10
39. A method of allocating a plurality of resources to a
plurality of johs substantially as described with reference
to the drawings.

15 40. Apparatus for: allocating a plurality of resources to
a plurality of jobs suhstantially as described with reference
to the drawings. :
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