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PRIORITY QUEUE FILTERING SYSTEM
AND METHOD OF OPERATION

TECHNICAL FIELD OF THE INVENTION
This inventi'on' relates in general to the field of
electronic systems, and more particularly to a software
5 pfiority queue filtering system and method of operation. |




2 BACKGROUND OF THE | NVENTI ON Conventional software
systens often utilize a priority queue of entities sorted by sone
set of woogo8npParison criteria. The entities may repre e S T
that a software system nust performor data that a sortware system
must process. The priority queue is utilized to order those tasks.
The entity at the top of the priority queue is the nost critical
entity. This : ehtity represents the task that the software system 10
shoul d performnext. A software systemutilizing the priority queue
renoves the nost critical entity fromtpge priority queue and
executes tasks appropriate to that entity. The software system then
resorts the crlorlty gueue Ilstlng the remaining entities in order

of 15 i B PEYVENTION al entity again occupies the

top spot of the ééh\‘?éhﬁi/oﬂé'f%ft ware s;gstené Wil Yxt‘lﬁi%%r i ng mechani sns
are utilized in convent 1 ona ware systenms t0 sort. entities in

t he prierity gueve of ertities montedybyecome set ofc referred 20

to as a qui gkmSeFiséw £EPPa SOTfhe eHiG orts rank

all of the e m?t'l{‘e% o?ct e prlorl'ftye eueuéﬁle(r;soﬂié‘imr‘emgentf Fgrsnk he nost to

t he | 8ast thﬁFcélsoﬁﬁ@aé%rQY$EFm must pexnform prgdaseathptdepends on fixed

characteris t def tefor the tasks
25 repr%‘gﬁ’ﬁz'ﬁ%e b%;’ﬁeme‘ﬁ‘??‘??%‘-‘s“@’% IR praDraby’ Ghieh’ 2s i ght

be such thi REslazed te REART khRe taskfre Fhecenfity at ghgntppyof
'nanufacturlaseCpﬁiérzaydqﬁéﬁélisr&ﬁéﬁﬂbsutdtit;cal easaey!,  @hagpriority

gueue of entities representin for ods produced by a
nanufacturlﬁﬁé% t¥nte Eﬁﬁentsfﬁhﬁ itRpk b hég' éFGdéyﬁﬁﬁplxed (

pref goencesshédld perform next. A software system utilizing the
priority queue removes the most,critical entity from the
priority queue and executés tasks appropriate to that
entity. The software system then resorts the priority
queue listing the remaining entities in order of

15 importance. The most critical entity again occupies the
top spot of the priority queue.

A variety of sorting mechanisms are utilized in
~conventional software systems to sort entities in the
priority queue. Two such sorting mechanisms are referred

20 to as a quick sort and a heap sort. These conventional
sorts rank all of the entities of the priority queue in
order from the most to the least critical. The sorting
criteria generally depends on fixed characteristics of
the entities defined as appropriate for the tasks

25 represented by the entities. The fixed characteristics
might be such things as a product number, a due date, a
quantity, manufécturing costs, and profit margin with
respect to a priority queue of entities representing
orders for goods produced by a manufacturing plant.

30  Sorting criteria can include nonfixed preferences that
change during the time in which the software system
processes the priority queue and performs tasks. For
example, a software system may prefer entities of a



change during the tine in which the software system processes the

priority d perforns tasks. For exanpl e, a software system
rmay pref e%?é&? res of a .. WD 96/10225 PCT/US95/11832
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type for a certain period of tine after processing an entity of a
first type. : . Resorting the priority queue after each critica
entity is renoved is expensive and tinme consumng. This .5 S
especially true with respect to prioritysgqueues that ~ utilize nonfixed
preferences in the sorting criteria. An alternative nethod of
ordering entities is a | attice structure rather than a sorted queue.
Sonme secondr typg sfensa heerthin Iperiok of animg afyer Prodesgingn 10
order with rgespgests e \er not sorting all entities.
These softvva%g g‘?fé’f%ﬁrsagaana%%%r%beneral ' | attice vertex renoval

that determines |Resoxrbingathe priority tqueudafitmm\eschoford Hiatalli ce entity.
Ve hengit 34 SHiaGR g4 RSN T B Uodb R o0t
5 is especially true.wzéh respect to priority queues that
utilize nonfixed preferences in the sorting criteria.
An alternative method of ordering entities is a
lattice structure rather than a sorted queue. Some |
software systems build a lattice placing some entities in
10 order with respect to one another but not sorting all
entities. These software systems can perform a general
lattice vertex removal that determines lattice heads
after the removal of a lattice entity. However, the
lattice of these systems does not provide an indication
15 of the most critical entity.
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4 SUVWWARY OF THE | NVENTI ON Accordingly, a need has
ari sen fWP/18¥6t ware system utilizing an inproved POTIusS9s/i183zUCUE
and net hod of “operation that reduces the time and expense required
to 5 sort the entities in the priority queue. - In
accordance with the present invention, a software systemutilizing a
filtered priority qu eue and nethod of operation is provided that
substantially elimnates or reduyces di sadvant ages and probl ens
associated with 10 conventional priority queues and nmethods of sorting
priority queues. According to one enbodi nent of the present

i nvention, YVYFE THES T kbiyzing a filtered - priority queue is
provi ded. operable to access a plurality of

data records of Accordingdyit Repeefl haprrzisey forue software systemnd
arrange utilfz*l%gd%haih?‘i%‘:? PR18z IRy hHedE ChAE mdENbE %1 0 OT M { he

filtered priority queue ere g ority queue conpri ses a
renalnlng:Qﬂﬁnﬂﬁﬂqg'ﬁhﬂﬁefééu§§§ theetiwe andfexpenrse requixeddtms a first

subsey of dyrk iBOEHtities in EHE bEisEiPyDgELye! data records form

subl evels of a tice. The remal nihg set contains a second subset
of dat a r@c@mrd?n@esUéEHdtbﬁbE§§seﬁt diRuertieRdsa ceanfiware

lattice headfst@m Ut@.l'i%tzhbcﬁ fheeiréanﬁrﬂsﬁﬂty qﬁeaé and moMEGE0 the

filtering nodule., The sort ag able to access the
renalnlng:999§%§&°P01§rE€PVF d that sHHFE?FE§%4H¥ ?*ﬁ@#&ﬂ%%%dﬁﬂ subset of

data recor dfedutes disadvd@bbiyb¥ andapeobbesladbodiaBed withical entity. (
10 conventional priority queues and methods of sorting
priority queues.-

According to one embodiment of'the present
invention, a software system utilizing a filtered
priority queue is provided. A filtering module is

15 operable to access a plurality of data records of
entities of a priority queue and to filter and arrange
the data records in a memory storage device to form the
filtered priority queue. The filtered priority queue
comprises a remaining set and a filtered set. The

20 ~ filtered set contains a first subset of data records.
The first subset of data records form sublevels of a
lattice. The remaining set contains a second subset of
data records. The second subset of data records comprise
lattice heads of the lattice. A sorting module is

25 coupled to the filtering module. The sorting module is
operable to access the remaining set and to order the
data records in the second subset of data records to
identify a data record of a most critical entity.

AT
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5 BRI EF DESCRI PTI ON OF THE DRAW NGS
under st angong/iedast he present i nvention
acquired by referring to the foll ow ng

conjunction with the acconpanying draw ngs in
nunbers indicate |ike features and wherein:
illustrates a software systemutilizing a
constructed according to the t eachi ngs
10 FIGURE 2 illustrates a flow ghart
filtering and sorting a priority queue accordi
the present invention. - WD 96/ 10225
PCT/U895/118BBIEF DESCRIPTION OF THE DRAWINGS

- PCT/ US95/ 11832
A nore conplete
and advantag Iﬁﬁkﬁﬁ%z”ay be
description t en I'n
whi ch I'i ke reference
FI GURE 1

filtered priority queue .
of the present invention; and
of a nethod of
ng to the t eachi ngs of

A more complete understanding of the present
invention and advantages thereof may be acquired by
referring to the'follqwing description taken in

5 conjunction with the accompanying drawings in which like
reference numbers indicate like features and wherein:

FIGURE 1 illustrates a software system utilizing a
filtered priority queue constructed according to the
teachings of the present invention; and -

10 ' FIGURE 2 illustrates a flow chart of a method of
' filtering and sorting a priority queue according to the
teachings of the present invention.



6 DETAI LED DESCRI PTI ON OF THE |.NVENTI ON The teachings .

of the present invention are _ applicable to software systens

utilizi ngyopsmensty queues to order entities repres S
needing to be. 5 performed. The entities conprise datgﬁﬁgggrdéiétored
and arranged in a nenory storage device. The software syst ens
operate on conputer hardware systens able to access data records,
nove data records into processing menory and perform processing
steps on the data records 10 as described herein. The present invention
reduces the time and expense of gordering the entities to identify a
nost critical entity. FIGURE 1 illustrates a software system 2
utilizing a f||tered pr|or|ty queue constructed according to the 15
t eachi ngs BETARBEE : e HE CEN ' : i ncl udes a

filtering nDdU|QPé EQHEhfﬂ%ﬁo?f-éﬁﬁtbfﬁkéﬁfhﬁﬁ%ention é}e Filtering nodule 4 -

and sorting nodu are c menory storage device 8.
Menory st oRBpdigabiecte softwarﬁoﬁ!ﬁﬁ%ma|uﬁ¥#¥§iqg|anqqitxugmsuae
Filtering 'EBdBi-&eé Zﬂtiti @Cf fé’éeﬂéini“éé lése%hééhfd b @ Priority queue

10, and sorting accesse ﬁ¥ ose entities held in a
remaPni ng perfopmed. 'I'he entinw eappise data eaerds) stoned aod

remai ni ng arrangeaeinoa ﬁ&ﬁéfi{e&&é’a %@vidéterﬁ& Wiriargti ties 14. 25

The entities comprise data records stored | n nmenory storage device
8. The ent FYFES‘“Fn"P?F?E?e@‘p??@‘F"E?’ hardwa:gﬁ_leq;@tgpsa,aplg t&nged in menory

storage deypees$ a4ata recordsl A VE e SFEIBrdSATRIG igtbcedls1hg | Nl udes

AR,

the lattice gea s, Filtered set 14 |ncIude al]l entities that are 30
not |atticBERREYsan peztomn PXOgessing SLen &AGOERS16 and
entihoy 18. as descEfbtdYhdfeith( erié prdderitt eiﬂﬁﬁﬂﬁﬁl etivestithecr €d

set 14 |ncludes three sublev I's of the lattice. Enti

me an 'expense-o or ering the ent;ties t _1dentify a
most critical entity. . '
FIGURE 1 illustrates a software system 2 utilizing a
filtered priority queue constructed according to the
15 ' teachihgs of the presenf invention. Software system 2
includes a filtering module 4 coupled to a sorting module
6. Filtering module 4 and sorting module 6 are coupled
to a2 memory storage devicé 8. Memory storage device 8
holds a filtered priority queue 10. Filtering module 4
20 accesses all entities in filtered priority queue 10, and
sorting module 6 accesses only those entities held in a
remaining set 12.
Filtered priority queue 10 comprises remaining
set of entities 12 and a filtered set of entities 14.
25 The entities comprise data records stored in memory
storage device 8. The entities in filtered priority
queue 10 are arrénged in memory storage device 8 in a
- lattice as shown. Remaining set 12 includes the lattice
heads. Filtered set 14 includes all entities that are
30 not lattice heads.
Remaining set 12 includes entity 16 and entity 18.
'Entity 16 and entity 18 are lattice heads. Filtered
set 14 includes three sublevels of the lattice. Entity
20 and entity 22 occupy a first sublevel, entity 24 and



20 and entity 22 occupy a first sublevel entity 24 and WO

96/ 10225 PCT/ US95/ 11832

d wensiggs 26 occupy a second sublevel, and entity 2@®cTs9s/i@8Eupi es
a third sublevel. The entities in filtered -~ priority queue 10 are
interrel ated as shown by the. | attice structure. 5 Filtered
priority queue 10 incl.udes entities representing tasks that software
. system 2 nust perform Software system 2 utilizes filtered priority
gqueue 10 to determ ne which of the entities is the nost critical
entity and should be renpoved next fromfliltered priority 10 queue 10.
The nost critical entity is that entity I n filtered priority queue

10 that is nDst n%ortant ordlng to defi ned sortlng criteria.
Fil teri ng mSki&Ys28,0FS RY PongﬂB afbievelpiandcentity 28 ycture of

filtered pricdcupieguauehi®d Eublevely 1Phe enbiltiésdihifibeérédd arranges
t he data records iti I

accor di ng t@’&@FlﬁgaE%%“e 1053F§?i§¥é§§9t$p§3 5ft§$é$$a€¥r€§%|ﬁgdﬁle 4
filters andlattice stiraegarelhe data records, filtered set 14 conprises a
ot o - AL AL RFSBHTE 48e58"00, Bfuden, SReuntofs roxt et cil
entity. Remmeynu;enting tasks that software system 2 must perform.

Software system 2 utilizes filtered priority queue 10 to

determine which of the entities is the most critical

entity. and should be removed next from filtered priority

10 queue 10. The most critical entity is that entity in
filtered priority queue 10 that is most important
according to defined sorting criteria.

' Filtering module 4 operates to generate the lattice
structure of filtered priority queue 10. Filtering

15 module 4 filters and arranges the data records of the
entities in membry storage device 8 according to defined
sorting criteria. After filtering module 4 filters and
arianges_the data records, filtered set 14 comprises a

| subset of filtered priority queue 10 containing all

20 entities that do not need to be sorted because they
cannot comprise the most critical entity. Remaining
set 12 comprises a subset of the entities in filtered
priority queue 10 that might comprise the most critical
entity.

25 Sorting module 6 operates to order-the entities in
remaining set'lz;according to a sort based upon the
defined sorting criteria. Sorting module 6 also utilizes
additional criteria to resolve any ambiguities or ties.
As shown, entity.16-is the most critical entity, and

30 entity 18 is the next most critical after entity 16. The
entities in filtered set 14 are ordered from one sublevel
to the next, but are not ordered with respect to all
entities in the same sublevel.



set 12 conprises a subset of the entities in filtered priority queue

10 that mght, conprise the nost critical entity. 25

Sorti ng wothghe8 operates to order the entities in gh&gzset 12
according to a sort based upon the defined sorting cr| eria. Sorting
modul e 6 also utilizes- additional criteria to resolve any
anbiguities or ties. . As shown, entity 16 is the nost critical

entity, and 30 entity 18 is the next nost critical after entity 16.

The ~entities in filtered set 14 are ordered from one subl evel

to the next, but are not ordered with r&spect to all entities in the
same subl evel . WD 96/-10225

PCT/ US95/ 11832 A techni cal advantage of the present

i nvention is A-teqnﬂ&c%&ﬁ?@&ﬁﬂ?%%ﬁﬂﬁﬁﬂ??@dEF@PﬁPﬁeénFﬁBtﬁﬁgtiér|t|cal
entity by seidt ngoftwar@idgstadm 2 ruertsemmesg the! mbétl akheical than

-sorting all_of. the entities i i1t riori Thi s

sorting ope?%ﬂ%el?%r%préﬁﬁx&l %eﬁ’ﬁﬁiﬁ?@ emgipgggnﬁgg igl F?Ela?rent ity
bfecause renmin ngpieing X \ma:he entmi@spﬁnsﬁltbeeaaﬁheﬁfgv\er number
of entities_than

t, filt t
Def i ndd sorTHTHF c#(?'t eriiis §C{ﬁ :;r{gi(géelrg‘?:& o %;L;chﬁfy Sﬁéemf’t‘?ée
structure OEhé ihd s thk'iﬂida’ll teh it delaused remainmEJOsdet t2NabRayki ch

entities afé%ﬂg%lses égefgagg'gg‘ é%%& number of entities than the
entlre filtered priority queue 10.
Defined sorting criteria is utilized to determine _ ‘
10 the lattice structure of filtered priority queue 10 and
to determine which entities are members of remaining set
12. The defined sorting criteria comprises a number of
fixed preferences quantified for each entity and included
as data in the relevant data record. For example, if the
15 system of the present invention were used in a
- manufacturing scheduling application, a fixed preference
may comprise the manﬁfacturing cost or the profit margin
of a particular product manufactured at a manufacturing
factory. The sorting criteria may also include variable
20 or dynamic'preferences that change with respect to time.
Filtering module 4 determines the relationship
between the entities in remaining set 12 and filtered set
14 based upon the fact that, for any two entities, the
second is known not to be the most critical entity if the
25 first has higher values for all fixed preferences. In
other'words, if the quantities for the fixed preferences
associated with'the first entity are greater than those
associated with the second entity for all of the fixed
preferences in the defined sorting criteria, the second
30 entity cannot be the most critical entity. This is true
because the first entity necessarily would be located in
front of the second entity if all of the entities in the

priority queue were sorted.



12. The defined sorting criteria conprises a nunber of fixed

pr ef erences uantlfled for each entity and included as data in the
tel evant WR4MW28ord. For exanple, if the 15 syst em of ROTAUSISAIRSAL

i nvention were used in a . . manufacturing scheduling application, a
“fixed preference “may conprise the manufacturing cost or the profit
mar gi n of a particular product manufactured-at a manufacturing
factory. The sorting criteria may al so include variable 20 or dynam c
preferences that change with respect to fine. Filtering nmodul e
4 determnes the rel ationship beﬁheen the entities in remaining set
12 and filtered set 14 based upon the fact that, for any two '
entities, the @ﬁﬁg 0 h it ity if
the 25 first as er va 5@3 ?B%|%QFP§33 in é?éﬁéesfff#efg&

‘ot her morck;Pﬁ#ORﬂﬁ¥<$Hﬁﬂﬁ ﬂpeénpéﬂdﬁﬁeeﬂti§ée§rESEFeﬁeéﬁing ordemssoci at ed

with the firfyr Gidductd hafiueacturepy! BO2Bctory. #ASERLS! ed with the
second entity for of the fixed preferences in the defined

sorting crth9hQ91Wﬂ%§'sé§oﬁGdSG havipg: lpyermaBuipetugingpgestrandcal
entityg Thixdrer P&fzt margaacassgrbheri:bast Qﬂéréfoi‘éﬁeﬁﬁérh&é’t"‘@m d be
ron

| ocated in second entity if e entities in the
priority quekltisad L&? 15" that enpitycreppesenting an order
PCT/ US95/ 11%%&ing the lowest manufacturing cost and higRest profit I'n
one enbodi nment of the present invention, filtered

margin. AAcordlng to the teachings of the present

invention, the entities are filtered and sorted according

10 to these fixed preferences. _

If these fixed preferences were utili;ed'to generate
filtered priority queue 10, entity 16 represents an order
having a lower manufacturing cost and higher profit

'margin than both entity 20 and entity 22. Similarly,

15 entity 18 has a lower manufacturing cost and higher
profit margin than entity 22. Entity 20 is more
preferred in both preferences than entity 24 and ent;ty
26, and entity 22 is more preferred than entity 26.
Finally, entity 26 is more preferred than entity 28.

20 Only entity 16 or entity 18 could comprise the most
critical entity because only these two entities are not
less preferred with respect to another entity.- In this
embodiment, the most critical entity is determined by

_ sorting'entity.ls and entity 18 rather than sorting all

-25 seven entities.

The present invention provides a beneflt for any
application of a priority queue where fixed preferencee
are more important than variable.preferences'to
determining the most critical entity. This invention is

30 also advantageous involving variable preferehces that do
not change often during processing of the priority queue.
In such a case, the stable variable preferences can be
treeted as fixed preferences. .Whene#er the quantities of
the variable preferences associated with an entity



priority queue 10 includes entities representing orders for products
manuf actured by a factory. In this enbodi nent, an order having | ower
manuf act Q@ 9610225t and 5 hi gher profit margin is preferpefusesitigsef ore,
t he nost _ critical entity is that entity representing an order
havi ng the | owest manufacturing cost and hi ghest profit mar gi n
According to the teachings of the present I nvention, the entities
are filtered and sorted accordi ng 10 to these fixed preferences.

If these fixed preferences were utilized to generate filtered
priority queue. 10, entity 16 representsOan order havi ng a | ower
manuf acturing cost and hi gher profit margin than both entity 20 and
entity 22. Simlarl entity 18 has_a | ower nmanufacturing cost and

i gher - changey t Tha DAkt iPRFEIGRIFODE e (1 140Ted PEierity
“preferred |qubgéhm@gefgéeﬁséghgﬁgubﬁga|ty 24 and entity 26, and

entity 22 is nor erred than entlt FlnaII entity 26 is
more preferred tﬁ%ﬁugé # Stratres QJﬁ%PWﬂﬂH %bppy°f8 coul d
conpri se t heileetring and sortinga @ricnithe s Q@cbrahagetbwrxent ities
are n gﬂfg ffg$red W t reiégﬁaﬁéf aﬁgﬁper gptl In this
enbod ment , tEA g% of the presgnt i i% sorting entity
%ﬁ and entlpﬁrwrmedhey ifw&mf% nws;ddm Zﬁneratﬁ@/% a&aetr: es. f

e present ntlon es enefit for, a ication of a
priority quﬁﬁgxﬁiﬂ &%#%?%f%fe%cﬁmr‘{s in %@eﬁ‘ﬁfé’ F%'E%ngnt t han
vari abl e prdéwieeces to determning the nost critical entity. This

do o " ot orEised PEeRSEED St b Betlael B R ce.

I n skoh a cesktterba arehbselectediir shey StancThecdixied preferenhcested as
e B et g Bt R, SR Farlneter assbBiatl AEtR
each of the entities in the priority queue. The fixed
preferences are included in the data record of each
entity. In a manufacturing scheduling environment, these
15 fixed preferences might include data associated with an
order for produéts.' In step 32, the software system
quantifies the fixed preferences for each entity in the
priority queue. A lattice structure ordering the
entities in the memory-sﬁorage device is then built
20 forming a filtered hrio:ity queue in step 34 based upon
' the quantified'fixed prefeiences of all the entities. 1In
- one ehbddiment of the present invention, the lattice is
sﬁructured such that an entity that is preferred over a
second entity according to every one of the fixed
25 preference is placed ahead of the second entity in the
lattice. FIGURE 1, described above, illustrates a
filtered priority queue having such a lattice structure.
Each entity in a sublevel of the lattice has at least
one fixed preference for which it is'preferred over
30 another entity in that sublevel. Thus, entities
occupying the same sublevel of the lattice are not
ordered with respect to one another.
After the lattice of the filtered priority queue is
built, the software system identifies a remaining set of

<
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10 . change, the lattice structure of the filtered priority

gueue nuswolbeiexrsonstructed. FIGURE 2 illust ra‘tlﬁﬁ‘/ﬁ’sg ,I chart
of a method of . filtering and sorting a priority queue accdording to
the 5 t eachings of the present invention. The nmethod is

performed by a software system operating to order entities conprising
data records in a nmenory storage devi ce. Fi xed
preferences representing defined sorting. 10 criteria are selected in
step 30. The fixed preferences £fn conprise any quantifiable '
-paraneter associated with : each of the entities in the priority
gueue. The fi xed preferences are included in the data record of each

entity. In.aamtdubahEadSQgéaCbeéplBag emgérSGﬁtwiretﬁgsﬁaigmig?tfiXEdd
f ] [ i at Lt n . rde ot products.
P Cstep 5o, indake; RREHHSR b8 a20ELE) SRrIH Bal or the L Elcs Hafhoc for

each entity structure in thei storaggudevice haytprevide uztcess orsletherg t he
entities in : L t e_deyj.ce | n LIt . formng a
filtered prﬂ%??&§5§§8§8§i%ﬁggeagaihbéséﬁn%€§n193*- %gﬁelﬁﬁﬁﬁf?fied fi xed
pr ef eSences headsl Brehthosei entitiea not followingbanotimer edtity jmesent

i nventi on, I [ S t d.gu tity that is
preferred o&%% é%&%i%%. s338n5°Eﬁ§?§§8a%§§r ?ngQF%PQ%é$€a%%ei%f the fixed
25 pr ef es@xted dnpsiepd3ghaggosdingetocthadfinedt preferences.

attice. Fl @iEahnigA1¢iedC8raboU8s. akb! HebbTEd Gtilizing dodFEEGnRL ' O Y
gueue having Such a“lattice structure.
' criteria. 1In step 40, the first entity determined by the
10 sort is removed from the priority queue and processed.
This first entity comprises the most critical entity.
The priority queue is then checked in step 42 for
additional entities. If there are additional entities,
' the software system continues at step 36. If there are
15 no more entities in the priority queue, then the software
system has completed processing eﬁtities.

' The priority queue is filtered and sorted in this
manner. The lattice structure of the filtered priority
queﬁe is constructed by filtering the entities according

20 to the fixed preferences associated with the entities.
As shown.in FIGURE 1, the lattice comprisés a directed
graph of vertices and edges with no cycles. Each vertex
has zero or more edges coming into it and zero or more
edges going out of it. The entities comprise the

25 vertices of the lattice. The edges of the lattice are
determined by a function of the fixed preferences
quantified with respect to each entity as described

above. A first entity precedes a second entity in the -

lattice only if the first entity is preferred in all of

30 the fixed préferences over the second entity. Not every
pair of entities in the priority queue must be compared
in filtering the priority queue to form the lattice. The
worst case performance for N entities is that ((N%+2)+ N)

must be compared. The typical case performance is much



Each entity in a sublevel of the lattice has at |east one fixed

preference for which it is preferred over 30 another entity in that
subl evelyn adldhse €Ntities occupyi ng the sanme suble f the lattice
are not w092_1t11&§%r dered with respect to one anot her. ¥SJ”U%9%‘P§ t he

| attice of the filtered priority queue is built, the software system
identifies a renmai ning set of WO 96/ 10225 '

 PCT/ US95/ 11832 ) 11 lattice
heads, in step 36. The software system m ght iterate through the

| attice entities, or the lattice data structure in the storage device
may provide access to the - lattice heads such as in a linked list. The
lattice 5 heads are those entities not follow ng another entity in

the latti cpetfBe. erRi thabést PhsdMld adadnly N compatdsbpg i N step 38
according to the fixed preferences. Any anbiguities or ties are :

r esol ved uFPFFzPﬁgmééﬂrtional criteria. In step 40, the first entity

determi ngd by theTﬁﬁow?_ ﬁ@rnd;?gnt: enp Vel idraa Eéét g ?fﬂ' tf;zu_tt@&l@a and
processead. . 'S I r entl conpri ses -t.he NOS critica entlty.
The priori PFiQELLYE ﬁge?ﬁeiac¢ﬁmﬁigk?§xghQﬁ?zﬁ?é&ﬁles'thataéﬁﬁtional
enti gi es. prketBde@ Bycoterténtibtigdtin ittte latticd.he Remlalindhg ®wet em

continues 3b 2heBrifas thiS Gl €1d? nat L GRS hotda"abll® PO 1Y
have no preceding entities. Only the entities in
remaining set 12 of entities need to be sorted to
determine the most critical entity according to the - '
10 teachings of the present invention. Filtered set 14 is
efficiently updated by looping through the edges leading
from a removed most critical entity to other entities
after the most critical entity is removed. Any entities
that were preceded only by the removed entity become
15 members of remaining set 12 because they become lattice
o heads.

A technical advantage of the present invention is a
reduction in the number of entities that must be sorted
in a priority queue to determine a most critical entity

20 due to the filtering of the priority queue. The present
invention provides a decrease in the amount of time .
required to resort the priority queue due to this
identification of a subset of entities known not to be
the most critical entity. This filtered set is removed

25 from sorting, and only the remaining entities are sorted
to determine the most critical entity.

Another technical advantage of the present invention
is the fact that when the most critical entity is removed
from the priority queue, the remaining set of lattice

30 heads is efficiently recomputed and resorted without
having to sort all of the entities. A further technical
advantage of the present invention is that filtering the
priority queue to determine a remaining set of lattice



system has conpl eted processing entities. The priority queue is
filtered and sorted in this manner. The lattice structure of the
filtered woiognoizs queue is constructed by filtering thegneddsiidses
accordi ng 20 to the fixed preferences associated with the entities.

As shown in FIGURE 1, the lattice conprises a directed gr aph of
vertices and edges mﬁth no cycl es. Each vertex ~ has zero or nore edges
comng into it and zero or nore edges going out of it. The entities
conprise the 25 vertices of the lattice. The edges of the lattice are
determned by a function of the fixed pl@ferences quantified with
respect to each entity as descri bed above. A first entity precedes a
second entlty in the | attice onI ge first entitzs Preferred in

all of 30 heads makes éﬁé‘e?sﬁve Fﬁée cPTRTCERRTES
pair of entidgidsedia.the priority queue nust be conpared I n fllterlng

the priority queye to forypthe lattice. The . case_performance
for Nentities ig> 5?&FFQF§P& ?% %hf presenﬁuénv5§9583p59%8r9§ﬁ§ Rypica
case perfor rgyftware Systen utilizingOa9@iléezed prlorlty queue for

PCT/ US95/ 11832 better. In

the bedt pod@npfacturing planging and sgheduling ﬁ¥§Feﬂ§ haging
As shown in drtdfifesl reéprdsentinicoriérsf forl peoddcts. The orders

consist primarily of a part number, quantity, and due
date and are associated with zero or more fixed
preferences.

10 The fixed preferences, in this embodlment, comprise
a set of functions that rate the importance for the
factory to meet the due date of each order. The fixed
preferences can vary according to the priorities of each
factory. 1In this embodiment, the due date is utilized as

15 one of the fixed preferences. An order due tomorrow may
be preferred over an order due a month later because
there is time to make adjustments such that the later
order can be accommodated. Another fixed preference
utilized in this embodiment is the quantity ordered.

20 Small orders might be preferred over large orders. A

' further fixed preference utilized in this embodiment is a
customer priority factor reflecting the customer's
current attitude or need for parts. An additional fixed
preference utilized is the manufacturing cost of the

25 product. It may be preferred to build those orders that
are less expensive. . .

In this manufacturing environment, a bill of
materials comprises a list of the parts needed to build
the manufactured product. Order plans comprise the tree

30 of built parts according to the bill of materials and
comprise fhe part reservations supplying any parts which
are not built. o :

In a manufacturing environment, the flxed
preferences utilized according to the teachings of the



priority queue 10 conprises those entities that are 5 preceded by ot her
entities in the lattice. Remaining set 12 conprises those entities

t hat ar ewgédioesy heads and have no preceding entiti he
entities in . remaining set 12 of entities need to beﬁéle’lrj%hﬁ% :

determ ne the nost critical entity according to the 10 teachi ngs of the
present invention. Filtered set 14 is efficiently updated by

| oopi ng through the edges | eading froma renoved nost critical
entity to other entities -after the nost critical -entity is renoved.
Any entities that were precededignly by the renoved entity becone 15
menbers of remaining set 12 because they becone |attice heads.

A techni cal advantage of the present invention is a feduction in the
nunber of ecprederds irention toe fidteedand sorti the priority quewe to

determ ne S J 1. C 2 e he §i L Ng.0f the priority
queue. Thga%oe%ee‘%ﬁlnead_ fianvg*ﬁ %ﬁ cb‘:P %&i égl 'de%#éégih?nf?ﬁea anount of
time factipry abnprisssoa priecess ofi develepdnguerdertplans and

cri Ui cal e HsAtleh FHE Ehe? ra®Ecey. 2o A B 3y Senlfinle some; 0 MO0, oy
t he r&®mai nioxdexns ilates hecause the part inventeryr isnnothalways critical
entity. : heal .3 nLage ¢ 9f res ' ntion

o the tace®HERCE Yo FariEEY) hR pdha be0E1D oblEr: (oEThnh MY OF, o
priority queare have vankous forowlasions: £oregeals, hutidgenerailyciently

recomput ed Gl g d it ze the niAKERIOEO18PE! oBlbrS of NEngN! i i €S.

A further t ntage o e present invention is that
filtering ttrtal ordemrliafenessqucue to determine a renmmini-ng set of latticef

WO 9§64 10225 The present invention provides advaRtdgésoPh11832

prioritizing orders received by a factory. When
comparing two orders for the same part, it may be more
critical to plan the one having greater values for all of
its fixed preferences. For example, a first order may be

15 preferred over a second order if the first order has an
earlier due date, smaller quantity, and higher customer
priority. - However, if the second order had a higher
customer priority, then neither of the two orders
necessarily is preferred over the other. A filtered

20 priority queue is constructed using these relationships
according to the teachings of the present invention.

In this embodiment having entities representing
manufacturing orders, the fixed preferences may be based
upon the due date, quantity, and customer priority

25 factor. The order having an earlier due date should be
'planned first to reduce the chance of missing a due date
due to shortage of inventory or machine capacity. The
order having a smaller quantity is the easiest to satisfy
and should be planned first. Plans often are more

30 productive in terms of satisfying order quantities and
due dates when smaller orders are filled first.
Furthermore, when resources are scarce, satisfying
multiple small quantity orders may be preferable to
satisfying one large quantity order because more



13 heads makes efficient use of fixed preferences as sorting

criteria. One enbodi nent of the present invention conprises a
:sof t war ewoeww®sutilizing a filtered priority queue for 5 pcr/oBYSAf1832t Uri Ng
pl anni ng and schedul i ng systens having entities representing orders
for products. The orders consist primarily -of a part nunber,

quantity, and due . date and are associated with zero or nore fixed
preferences. 10 ' The fixed preferences, in this enbodinent,

conpri se a set of functions that rate the inportance for the

factory to nmeet the due date of each order. The fixed preferences can
vary according to the priorities of each factory. In this

enbodi nent, the due date is utilized as 15 one of the fixed preferences.

An or def du§u§§ﬁ‘8ﬁr§\/\ﬁﬁﬁysansfi%€ prEaLs r RF RQUrssy srrdd dependont h
| ater becauggeon the gbals bé §1£ﬁxﬁﬂg ke pehl 15! NBHE Sorfdia) ﬁahﬁ.tné he |ater

.order can be accommodat ed g gﬂy | xed Preference utiliZed in this

enbodi ment ALGhRE &HQFPFF§ BF Bactor shonld heyRlannethiEiksStor ef erred

over. | arge ghdeb@parfng two oi-uéfbﬁrifldﬁéi RSt R CEs Wdtldd &b imbrdi S
enbodi nent i.s

' factor reflectin the custoner's
curremt attriF'BHEtGPtnegge?oggeiﬁtget ?F 5‘?1|?§%{ﬂ? thak fustomer  of orence
utilized |Ssbbﬁ'céaﬂnfraﬁtbtynﬁvéﬁSésQigmhéhﬁ5l:o andtlbictlessd t may be
preferred t hose, orders t hat are | ess expensive.

In this man GPP gCBAtPR8Rent, a bill of materials conprises a
list of the partg ﬂeeﬂedphﬁtburédtrictiontdﬂa\ e LB fU X caPrap dinted O der

plans conprbi%fgggnce gdentifying orders for the same part. Orders
10 for the same pért require the same resources and
inventory although in differing quantities. It is
difficult to know whether a first order due in one week
should be planned before a second order due in two weeks
if the two oxders areffor-different parts. The second

15 order might have a long'manufacturing lead time such that

it requires resources before the first order. On the
other hand, if the first order and the second order are
for the same part, the first order is known to need
resources before the second order. A "same part”

20 restriction provides an indication as to which orders are
comparable in terms of fixed preferences because the
orders have the same manufacturing process.

' In this embodiment of the present invention, a

priority queue having a relatively large number of

25 entities each representing orders is filtered and sorted
to determine the_most critical order. This determination
of the most critical order is made more efficient by
filtering the orders according to the teachings of the
present invention. A priority queue is created for every

30 end item part in the manufacturing environment. Each
priority queue is then populated with entities
representing the orders for the part needing to be
planned or scheduled. Each priorlty queue is filtered to
produce a filtered priority queue having a lattice



30 of built parts according'to the bill of materials and conpri se

the part reservations supplying any parts which are not built.

I n a manwioesti0225ng envi ronnent, the fixed pr ef er engarrudoshigagd
according to the teachings of the WO 96/ 10225

PCT/ US95/ 11832 14 pr esent
invention to filter and sort the priority queue are determ ned from
the factory goals. Planning for a factory conprises a process of
devel opi ng order plans and schedul es for the factory. A plan may
schedul e 'some 5 orders | ate because6the part inventory is not always
sufficient to satisfy the plans of all orders. Planning - can have
various formul ations for goals, but generally the goal is to

mni mze tlcompriisdngor Kilsezedesetoandha remainingisgt wii@rdexts=ness. 10
The present,d ' p I g t 3gCPnd Ui fd2] N ders
. fadd&;ég%g?'&p {Rﬁénﬂéicﬁﬂﬂa_goﬁg €ne gbﬁ%e%t; d@ﬁ‘éﬁﬁdf Sy

received by a arirn or the sane part,

it my be @¥ders in ¥hsr remaiping getinofnthentatkice fiepdmihave aiques for
all of ordelrlsS p&béegiaaei:s&ﬁnaﬁ - aF@' tRSSEUSrtR dddSiae¥ iRy ¢y be 15

preferred over a Second order if the first order has an earlier due
dat e 5 snal PdaNg@Enerhedudpinexsnas BastoREitical ordexrs,y  (The nextever, if

the second oiyde’ phaeed8skddi8’ the most critical order depending upon
defined sorting criteria. Processing efficiency is
greétly increased according to the technical advantages
of the present invention because only those orders in the ‘
10 remaining set are sorted. The remaining set is always
equal to or smaller in number than the total number of
entities in the priority queue. After an order in the
remaining set is processed, the order is removed from the
filtered priority queue. The priority queue is then
15 refiltered and the remaining set resorted. _
| A technical advantage of the present invention is
the great reduction in the number of orders that must be
compared in choosing the next order to pian or schedule.
At any given time, fewer orders must be compared than
20 with conventional priority queue sorts. The overhead of
updating the filtered priority queue lattice is small
compared to potential computations required to compare
all of the orders to sort the entire priority queue.
Although the present invention has been described in
25 part with reference to a software-syétem used to schedule
a- manufacturing operation, this embodiment is described
solely for purpoées of teaching the advantages of the
present invention. The present invention benefits any
software system utilizing a priority queue to sort
30 entities. In particular, the present invention benefits
systems that plan and schedule machines, tools, work
crews, resources;'routings, operations of routings, or
any other entity in presenting a planning or scheduling
problem.
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custoner priority, then neither of the two orders necessarily is
preferred over the other. A filtered 20 priority queue is constructed
ausi ng t hd¥@9%H22% i onshi ps - according tc the teachi ngBCHUSPHBSP esent

i nvention. In this enbodiment’ ‘having.entities representlng
manuf acturing orders, the fixed preferences -may. be based: upon the
due date, quantity, and custoner priority 25 factor - The order having
an earlier due date should be pl anned” flrst 1.0, reduce t he chance of
m ssing a due date due to shortage of inventory i “nachi ne capacity.
The order having a smaller quanttty is the easiest to satisfy

and shoul d be planned first. Plans often are nore 30 productive in terns
of satisfying or tid) d rders are
filled first,. ﬂf&?‘gﬁﬁﬁt%%‘?ﬁ%%‘%?gnmﬁ cAnventiitn &S eé(gs}‘g%%g"?aq Vi ng

mul tipl e snaekadgdanift shontidrie nayderstoed ethat evanious changes,sfying one

| ar ge quant a

PCT/ USS5/ 11 gése.riﬂﬁh@ﬁﬁ Y38 &PtErations ca%@%é@@%?e%eto without St omer S
are satisfi deparking EromothecSpivit jandpseepe of thg)o#mreretigualaes of

pl annigng. F e d hi gher custoner priority factor
shoulg be pF%%%g d Ps%ﬁé gﬁPgﬂ?%&g%g%%rlng two orders, if one custoner is
rated as nmore 5 inmportant, then it is better to assign that custoner



scarce inventory over assignnment to another |ess | nportant customner.
A "sane part" restriction can be heIpfuI as a fixed pref erence
i dent i f yWwapoenod2s s for the sane part. 'Orders 10 for thecryessspsnt
require the sane resources and : |nventory al though in differing
gquantities. It is TLEET nowwhet her -a first order due in one
week shoul d béTb“é_ dqsbore aj}second order due In tw weeks

c parts. The secmdSh%&HasBdaﬁﬂ acdll ght

have a | ong manufactOri ng Ieéd time such that sour ces
before the first order. On the olBer hand, |f r and the

. second order are for t he sane part t he flrst or to need’
resources hefore S dorder. A "same part” restriction
provi des ard=rbeh=s 2 whi ch orders are conparable in terns of
fi xed preferences because t he orders have the sanme nmanufacturing

Pprocess.

priority queue i n& }%r}tl Odl ne?aé%ﬁﬁ%fﬂgrg ée_nE lnveni?%lgs each

representing or derfiltering modnlandperable to access acplurality hef nost

critigal or Ent3 cr C S
mai:lelfmre e‘ﬁil Ci ent&bdaet&’ t';I:|1Q!taerc’|""'na Pﬁgagrkgg gagié%br%ﬁa Mﬁp !

t eachi ngs ¢IPeYAble t° £idter- and HFGHPBGnthﬁ ﬁ?FBrF??°ﬁG%u@n & created for
every 30 neitty istioragjé devides toafokncautiltetadi poboEity

ery. Qe
brders Tor G Seil ALY, gllekd 8BhpksgEoar, ccnctuied. Ench
priority queue is fil& éridd:md set coptadningaaf firstcsubsebrofy queue
E?:\'I/' ;iUUSJ 92/ hi‘tBE'ZC%ata records|Oth@ ¥iz¢R subset of data records
forming sublevels of a lattice; and
a remaining set containing a second subset of
data recordé, the second subset of data records
comprising lattice heads of the lattice; and
15 a sorting module coupled to the filtering module,
the sorting module operable to access the rminihg set,
and further operable to order data records in the second
subset of data records to identify a data record of a
most critical entity.

20
2. The system of Claim 1, wherein the first subset
of data records and the second subset of data records are
filtered by the filtering module according to a plurality
. of fixed preferences associated with each data record in
25 the first and second subsets of data records. |

3. The system of Claim 2, wherein the second
subset of data records are ordered by the sorting module
according to the plurality of fixed preferences.

30 | | '

4. The system of Claim 3, wherein the second
subset of data records are further ordered by the sorting
module according to additional criteria.

35
-—

A



16 conprising a filtered set and a remaining set of orders
according to the teachings of the present invention. The orders in

4 he rema $ of the |attice_heads—t8am o orde t hem
103 » g

and are t og‘g vvcf)grth consi degrd; gHEET?S’\AS---- -alh. or schedul e %@Rfsgés}ﬁ%i;

critical orders. The next }'" Y- 1G85 S 5T'gthe most critical

order dependi ng upon \d sorting.criterial Proeﬁ§§kagh§§éﬂ§#ﬁ@§w

S greatly i ncreased according to the- technlcal adv
the present invention because only those orders in tHe 10

are sorted. The remaining set-is alwaysgg equal to or
nunber than the total nunber of entities in the priority queue.
After an order in the ~ remaining set is processed, the order is

reaned fromtheS. Thef systemdofr Cdaimy3guebereinctie ipluralifewsfis then
refi ?&t hadp%aéei-aacaarrahabamaesa Gfﬁﬂréééh data record ih [N cal

advantage 0 e present i-nvention 8reat reduction I n the
nunber of ofdEBE ARg: thessegend suhsesﬁnﬁaréﬂt?nr FR¥RP 18t he next order to

pl an or schasgociated witht aauniquectasknreptesented dsy seaelsidata conpar ed

t han gh%BFﬁ onventional priority queue sorts. The overhead of
updatlng th éred priority queue lattice is small conpared to
potential conputations required to conpare all of the orders to sort

the entire prlor%ty J9fdCgystem of c1atﬁlihoﬁﬂér&fﬂ Qr@ﬁfﬁﬁelfugiﬂlon has
been described in artpﬁlah referen to,a s %H¥are ystem used to
g

schedule  TFeP: rqg BEBrEFFBﬁ %ﬂlgh% ri bed
solely for muhsetssoff datacrecorisccenprisegecplanning an ordemrﬁmm

it 18 g o BERAR Shardk BB Yo RO DY | POT IR BVRLe
present invention benefits
7. The system of Claim 6, wherein the first subset
of data records and the second subset of data records are
filtered by the filtering module according to a plurality
15 of fixed preferences associated with each data record in

the tirst and second subsets of data records.

8. The system of Claim 7, wherein the second
subset of data records are ordered by the sorting module
20 according to the plurality of fixed preferences.

9. The system of Claim 8, wherein the second
subset of data records are further ordered by the sorting
module according to additional criteria.

25
10. The system of Claim 8, wherein the plurality of
fixed preferences associated with each data record in the
first and the second subsets of data records is
associated with planning the order for a product
30 manufactured by a factory represented by each data

record.

* C L M H *



“invention as 5 def i ned

'systens that plan and schedul e machi nes, tools, work crews,

resources, routings, operations of routings, or any other entity in

presentlmgomwuhamnlng or schedullng o problen1 PCT/VE353404320225
PCT/ US95/ 11832 e

Al t hough the present inyentd '"“i: f; ébrhbed i n ——-de%a+¥——+%—sh9uld

be under st ood t hat va[iou-
be nade hereto wi t hout

“'aubstltutlons | t ti
rg-fTomthe spirit an o
py t he appended cl ai ns. l, I
20
11. The system of Claim 10. wherein the fixed
preferences comprise a quantity ordered, a due date and a
customer priority factor associated with the order for_a

product nanufactu:ed by a factory.

CLAI M5

Iy



1. A priority queue filtering system(2) conprising: a filtering nodul e
(4) operable to access a plurality of ‘data.records of-entities (16 to 28)
of a pri V@s§1eeue, and further—operable to filter and ar pefameliRsslat a
records in a nenory storage TS SHEE’BHASCBB‘Eurma filtéered priority queue
(10), the filtered priority|queucRERMABEDSI g, | 4 Ti1t éfed set—(14)
containing a first subset (20 TO 28 —uf—datea-records ( |rst
subset of data records (20 to 28) forming sublevels of ZgllgsﬁeegﬁQSBegme accd
remai ni ng set (12) containing a second subset of data re ’mHHlﬂHH“m l,at he
second subset of data records (16, 18) conRrising | attice

| attice; and a sorting nodule (6) coupl e@lto the filteri ng nodul e, the
sorting nodul e operable to access the remaining set (12), and further

operable to order at ay d b t 16, 18
tg identify a dat a“';irecor‘?e#ga ?Eg;ﬁ?ﬁg@ agﬁt i?’&q'fngd% %zriggjtf (The )
system (2)° mqymhﬂinmmmn&étm pft dgupscpcordaam' enkitieg 20 to 28)

and the secQigngeds Biig of data records (16,18) are filtered by the filtering

nodul e accordi ng urality of fixed preferences associated wth each
data record in ttéﬁ’??glnﬁnﬁh?eg HH‘}ZEXePg gpta, records fo builq »

16b18t)5 f d JEatticé inteﬁlitihgnthaszahgﬁg.&t?lhﬁf \datefae lzrtdcfﬁsammb
subset of data e_ordered by the sorti ul e
accor di ng td‘t ?? %@‘?3@5‘5?&8@&8&“" atedﬂ'ng, e system

of Caim 3, dd'maremb:hi;second subset of data records (16,18) are further
REPCACRVET Sy eoP g Pahh “akPhnB15Y hddptrdiley YPladtd Yfidsras
in a memory storage device according to a structure of
10 the lattice;
identifying a remaining set of data records
comprising lattice heads and identifying a filtered set
of data records comprising sublevels of the lattice; and
sorting the remaining set of data records to

15 determine a data record of a most critical entity.

13. The method of Claim 12, wherein the step of
sorting further comprises sorting the remaining set of
data records according to the fixed preferences

20 associated with each data record.

_ 14. The method of Claim 13, wherein the step of
sorting further comprises sorting the remaining set of
data records according to additional criteria associated

25 with each data record.

15. The niethod of Clainm 12, further comprising the
step of selecting the plurality of fixed preferences
associated with the plurality of data records prior to

30 the step of f£iltering.

16. The method of Claim 13, further comprising the
step of quantifying and storing the plurality of fixed
preferences associated with each data record after the

35 step of selecting. |
R RO




5. The system (2) of Claim3, wherein the plurality of fixed preferences
associ ated with each dat apreeerd—(20-t0.28; 16,18) in the first and the
second sUNOSFAORS dat a retJHH.sSHEE%EABGBEﬁNi%d W th a uni quep’canjsgs;mgzasent ed
by each data record. REPLACAINE - syt em (2): of CTaim 1, wherein a -
uni que task represented by €ach dgta record.i'n the flrsTmﬁmﬁa$B§m£§R

of data records (20 to 28; 16, 18)--conpri ses planni-ng an
product manufactured by a factory. 22 7. The sy ﬂl i m
6, wherein the first subset of data records (20 to 28) a

subset of data records (16,18) are filtered by the filtering nodule (4)
according to a pl k& i t'J;h%fInQ od pfcClaimcdad, awbereidncthei stepaof data
record in thefifwéh@dm@ﬁm@ssaefﬁsiﬂ& éﬁ&édrﬁfgféhﬁégsto 28; 16,18).

subset of data records

8. The system of | ern secon
(16, 18) are (ﬂ‘?fé?é’d'z t‘ﬁ%&cﬁt‘r"ﬁ‘lg?%dﬁ?ﬁk(’S?PEEGGPHPﬁngoePﬁB grkaal ity of

fixed preferarmesrd. : .~ The system (2) of Claim8, wherein the
second subset of data records (16,18) are further ordered by the sorting
nmodul e (6) according to additional criteria. : 10. The system (2)

of Caim8, whereil8i heThe method of Clain p‘vefvhenet.n theonndiae takk each

dat d 20 to 28;
1o Sa) e asebmtaited B eddlf 466 Foduld ?3'“8*1%?%38@?3%%& BB ur od by
a factory remudamiiar (g mdumtmam@:&m‘qured by a fac¢toryihe system (2). of

Claim 10, wherein the fixed preferences conprise a quantity ordered, a due

date and a custoner_ priority factor. assogl ated with the order for a product
manuf 3@ ured by a ¥%ct FRe method of Claim 18, wherein the plurality

of fixed preferences associated with each data record is ‘
associated with planning the order for a product
manufactured by a factory.

15 '~ 20. The method of Claim 19, wherein the fixed
preferences comprise a quantity ordered, a due déte and a
customer prioriﬁy factor associated with the order for a
product manufactured by a factory.

e
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i2. A nethod of filtering and sortlng a prlorlty queue (10) having a
plurality of data records of e 16—+e—28) , conpri sing:

filteri ngW0B26/1022% plurality o THISTSHEEC%MSTBEEM
interrelating the plurality of dataHEEbNEEE (16
fixed preferences associ ated

.t 0°28) to POT/USOSAIBR ti ce

the plurality of data records in a nennry storage .device (8).

g X0 rd;; storing oHigshad H la
structure of the IattTc_e identifying (36)23& remaining set (_1 Iun mai mﬁem

records (16,18) conprising lattice heads and identifying a fil ere se

(14) of data records (20 to 28)_ conprising sublevels of the lattice;
sorting (38) the r&dai nilhdnethod 10f Rﬁ°Qﬁﬂ%ﬂ$%c®rﬂ§1?18t18ﬁuﬁﬁedbﬂyﬁn9he a.

data record,ofa pIde1idy dfUatdddords each rdpresentengthnanighed ai m

12, wheréin the tep of Sor 38 furth I conprises. sotfiing-the
#’&3?’%% %‘i@"iB‘? Hccording to the fixed

remai ni ng set

pref erences associ zﬂﬁrtemiﬂg&%@ptﬁlmlftprcﬂ:‘ data recotds toThbaildt aod of

i ST e b 108 of REA FRePpab H81he°

Claimil wher.

remai ni g set

associ at ed w #&h plaxdalddty ofedtiixied preferences associated with each

10

15

20

25

30

data record;
storing and arranging the plurality of data records
in a memory storage device according to a structure of

the lattice;

identifying a remaining set of data records
comprising lattice heads and identifying a filtered set

of data records comprising sublevels of the lattice;

sorting the remaining set of data records to
determine a data record of a most critical entity;

removing the data record of the most critical entity
from the memory storage device;

performing the unique task represented by the data
record of the most critical entlty removed in the step of
removing; and

repeating the steps of identifying, sorting,
removing and performing until each data record in the
plurality of data records is processed.

22. The method of Claim 21, wherein the unique task
represented by each data record comprises planning an
order for a product manufactured by a factory.

23. The method of Claim 22, wherein the plurality
of fixed preferences associated with each data record is
associated with planning the order for a product

manufactured by a factory.
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15. The nmethod of O aim 12, further conprising the step of selecting (30)
the plurality of fixed preferences associated wth the plurality of data

records 8) prior to the step ] el ng. 16. The

nmet hod o‘?ﬁgf}éfp%gw further 10 rSYEEr hBeE st &p of quant Iﬁﬁ{mﬁ* ‘

storing the plurality of fi : ; 4- -oci at ed W|th each data reco

(16 to 28) after the step ofis faced

Claim 13, wherein the step of fllterlng %i |ncludes ut|I| Hg,"ﬂﬂumﬁ

pr ef erences associ at ed vvlth a uni que tasK'represented by ea

(16 to 28).

18. The et hod a. e i q I d by each
24 i‘hE‘ héth¥achd B1aim B3, 'rd.g:éxfier%‘ﬁ tHe %ﬁf

data record (16 to 28) conprises planning an'o
manuf act ur edPﬁ?fﬁrP§§§§r gomprise a qyentltm@rﬂanﬁsb X QBQalqrﬂtB anthe® ei n
the plurali taueﬁoiereﬁrmbeﬁeyeﬁe&oes%@seoaﬂtea Witk dhelradrecid 4 16 to

28) is assom at l.an e er for a product nmanufactured by a
factory. Sucglomangfﬁg gﬁog tRT¥9, wherein the fixed

pr ef er ences corrprl se a quantity ordered,' a due date and a customer priority
factor associated with the order for a product manufactured by a factory.
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each data record in the plurality of data records (16 to 28)
The nethod of Oaim 21, vvherel n t

22.

The method of Claim 12,
record of the nost critical

fu

sorting (38),

data record (16 to 28) conprises
manuf actured by a factory.

"the plurality of fixed preference

rther

r enovi ng;

conpri si ng:
entirity fromthe nenory storage device (8);
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10 | 19. The met hod of Cla|m18 whereln the plurality of

‘fi-xed preferences associ at ed with each data record is associated wth

‘planni-ng the order for a product manuf actured -\

20. The nmethod of daim 19, wherein the fixed | cml\m!ﬂeéﬂﬁ% ise a

quantity ordered, a due date and a 18- custoner . r| or| z3 éﬁ“q?gﬁ

associated with the order for a product manufiagidr h act-oly.
CLAIMS

1. A priority queue filtering system (2), comprising:

a filtering module (4) operable to access a plurality of data records of entities (16 to 28) of a
priority queue, and further operable to filter and arrange the data records in a memory storage
device (8) to form a filtered priority queue (10), the filtered priority queue comprising;
a filtered set (14) containing a first subset (20 to 28) of data records (20 to 28), the first subset
of data records (20 to 28) forming sublevels of a lattice; and

2 remaining set (12) containing a second subset of data records (16,18), the second subset of
data records (16,18) comprising' lattice heads of the lattice; and
a sorting module (6) coupled to the filtering module, the sorting module operable to access the
remaining set (12), and further operable to order data records in the second subset of data
records (16,18) to identify a data record of a most critical entity.

2. The system (2) of Claim 1, wherein the first subset of data records (20 to 28)
and the second subset of data records (16,18) are filtered by the filtering module according to
a plurality of fixed preferences associated with each data record in the first and second subsets
of data records (20 to 28; 16,18). . '

3. The system (2) of Claim 2, wherein the second subset of data records (16,18)
are ordered by the sorting module (6) according to the plurality of fixed preferences.

4, The system of Claim 3, wherein the second subset of data records (16,18) are
further ordered by the sorting module (6) according to additional criteria.
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21. A method of processing a priority queue having pl ural ity of

a
dat a~records each representing a uni que t ask, IO L e Steps
of : filtering the plurality of data recor ggB[JA%EMEHT@”@ET

|attice interrelating the plurality of.jglata records 5'@&3%3 JUNaMgr lity

=y

of fixed preferences associated with each dat Steeneeenesanaani
storing and arranging the plurality of data records I n a menory
storage device according to a structure of 10 the lattice;

i dentifying a remaining set of data records conprising lattice heads

a]pd ihdelnt i fyisg a Thed spstad @tof ClaithI ﬂiﬁ‘rﬁinffh@opﬂmmj]?rﬁf fised (préfekineve ! i5
of the lattice; |, sorting the renalni set O at records,to
det er i rigsosiated with sah datarecerg 20 1078; 16.48) inghe firg;and the scoon sulrssm%% the
dat a re%&&d@isa&%ia@w\&dtﬁahhi ﬁé‘hasﬁ résénted by eadll diid fe6rdTENDI Y St Or age

evi ce; per 3 the u g

d _ ormn I que tasSk represented by the data
record of the nost critical entity renoved in the step of 20 renovi ng;
and 6. '°© %t éyg n} ?‘f) ostI Chim (T: v&h%reeriﬁ Iafu\llﬁqr:l%’tasﬁcoi'etplrgsgﬁted by each data

record in the first and second subsets of data records (20 to 28; 16, 18) comprisés planning an

_ order for a product manufactured by a factory.

7. The system (2) of Claim 6, wherein the first subset of data records (20 to 28)
and the second subset of data records (16,18) are filtered by the filtering module (4) according
to a plurality of fixed f)references associated with each data record in the first and second
subsets of data records (20 to 28; 16,18).

8. The system (2) of Claim 7, wherein the second subset of data records (16,18)
are ordered by the sorting module (6) according to the plurality of fixed preferences.

9. The system (2) of Claim 8, wherein the second subset of data records (16,18)
are further ordered by the sorting module (6) according to additional criteria.

10.  The sysfem (2) of Claim 8, wherein the plurality of fixed preferences
associated with each data record in the first and the second subsets of data records (20 to 28;
16,18) is associated with planhing the order for a product manufactured by a factory
represented by each data record.

11.  The system (2) of Claim 10, wherein the fixed preferences comprise a quantity
ordered, a due date and a customer priority factor associated with the order for a product
manufactured by a factory.

12. A method of filtering and sorting a priority queue (10) having a plurality of
data records of entities (16 to 28), comprising:

* c. L ] S *



renoving and performng until each data record in the plurality of
data records is processed. 25 22. The method of Caim 21,
wherefrn the uni que task represented by each d"[ra =£:2C0Fd.CONPri ses
pl anni ng an order for a product manufactured _WE?LWMQHEET
23. The nethod of Caim 22, wherein thgglurality 30 of ‘fixed
preferences associated with each data record is (Z:BaUHNMh
pl anni ng the order for a product manuf act ur ed! S
SUBSTI TUTE SHEET (RULE 26) WD 96/ 10225

PCT/ US95/-11832 ' 24 24. The net hod

of O ai mfikering\(3) ehie'plitakityl dfdath recorlls CT6AH 28y R bUIKIANRILIRE iderddlativig the pRirsayed.
a due datg and a cust oner ,pri O“tgfl{ factor associated with the order " for

a pro@ gg.tarﬁgpmflaﬂqlp%aSbl}sngg fplyrglity of fixed preferences associated w1th each data
record;

storing and arranging the plurality of data records in a memory storage device (8) according:
to a structure of the lattice;

identifying (36) a remaining set (12) of data records (16,18) comprising lattice heads and

identifying a filtered set (14) of data records (20 to 28) comprising sublevels of the lattice;

and

sorting (38) the remaining set (12) of data records (16,18) to determine a data record of a most

critical entity.

13.  The method of Claim 12, wherein the step of sorting (38) further comprises
sorting the remaining set (12) of data records (16,18) according to the fixed preferences

associated with each data record.

14.  The method of Claim 13, wherein the step of sorting (38) further comprises
sorting the remaining set (12) of data records according to additional criteria associated with
each data record.

15.  The method of Claim 12, further comprising the step of selecting (30) the
plurality of fixed prefer_ences associated with the plurality of data records (16 to 28) prior to
the step of filtering.

16.  The method of Claim 15, further comprising the step of quantifying (32) and
storing the plurality of fixed preferences associated with each data record (16 to 28) after the
step of selecting (30).

17.  The method of Claim 13, wherein the step of ﬁlteﬁng (34) includes utilizing
fixed preferences associated with a unique task represented by each data record (1610 28).
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18.  The method of Claim 17, wherein the unique task represented by each data
record (16 to 28) comprises planning an order for a product manufactured by a factory.

19.  The method of Claim 18, wherein the plurality of fixed preferences associated
with each data record (16 to 28) is associated with planning the order for a product
manufactured by a factory. ‘

20.  The method of Claim 19, wherein the fixed preferences comprise a quantity
ordered, a due date and a customer priority factor associated with the order for a product
manufactured by a factory.

21.  The method of Claim 12, further comprising:
removing (40) the data record of the most critical entity from the memory storage device (8);
performing (40) the unique task represented by the data record of the most critical entity
_removed in the step of removing; and ' _
repeating the steps of identifying (36), sorting (38), removing (40) and performing (40) until
each data record in the plurality of data records (16 to 28) is processed.

22.  The method of Claim 21, wherein the unique task represented by each data’
record (16 to 28) comprises planning an order for a product manufactured by a factory.

23.  The method of Claim 22, wherein the plurality of fixed preferences associated
with each data record (16 to 28) is associated with planning the order for a product
manufactured by a factory.
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