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Related Art :

Today’s businesses generally includes a procurement process,
production process, and marketing process. The standard practice of these businesses
is to optimize each of these processes separately with little or no regard to
interdependencies among processes. Individual process decision is made in a
disjointed manner with no consideration to the total business operation. Though
manual handoffs exist, it is very poorly linked and contrary to best-in-class
technology. This has created problems of inefficiency in most large and mid-size
corporations. In addition to a lack of consideration of sufficient interdependencies,
each process is optimized separately using static optimization techniques such that a

. system (comprising products or services made up of various resources and
configured based upon customer demand) designed for a given time period t is not
interdependent with systems designed for, e.g., times t+1 or t-1. In effect, the
problem with the static optimization causes a business process to make reactive
business decisions as opposed to proactive business decisions.

Thus, the problem existing with the majority of optimization tools
existing today in industries is that they are based on static optimization algorithms
that do not reflect true costs or provide any competitive advantage in the face of
fierce compétition in various markets. This is because the competition influences the
elasticity of demand and price and makes the overall business environment very
dynamic. For example, fluctuating demand in retail industries has a continuous
impact.on the shipping schedule among suppliers, warehouses and retail stores. In
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judgement and involvement and calls for creation of many unnecessary subprocesses
within a business process or many unnecessary processes within a business. Business
decisions that are made based on many of these business processes, are poor and
sub-optimal with respect to a multi-year planning horizon. Specifically, when a
static optimization technique is run at time period zero (i.e. now), it cannot solve
resource rearrangement problems for future time periods.

It is true that current static optimization techniques can analyze a future
time period as if it were the current time period (i.e. time period t=0). However, this
still only deals with a single period, and does not take into account that effect that
other time periods will have on it. Being in the current time period, this technique
cannot produce optimal decisions that will occur at future time periods. ,

rs " Nonetheless, utilization of such static techniques have been the standard pracuce of
businesses and industries. For example, retail, manufacturing, telecommunications
and service industries rely heavily on static optimization techniques.

In the airline industry, an bptimum fleet schedule is very important to
the financial well-being of this industry. Efforts to enhance efficiency and charge
“the right" price for seats have been the subject of reports such as "Yield
Management at American Airlines" by Smith et al. However these reports (and the
airline industry, generally), nonetheless applies mostly static optimization
techniques. This leaves them vulnerable to the inclement business conditions for
future time periods. Knowing about optimal business activities of the future time
periods will put any business at a competitive edge. This is why a static
optimization is not adequate in fiercely competitive marketplace.
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interrelated, and that the procurement, production and marketing processes are
interrelated as well.

Summary Of The Invention _
The present invention overcomes the deficiencies of the above-noted
schemes by pfoviding a machine, method and medium for allocating resources over
given time periods. Specifically, the present invention receives various requests (e.g.,
from customers) for products and/or services, and determines a preferred scheme for
allocating resources, over a plurality of time periods, to provide the requested
products and/or services. Marketing, procurement and production processes are
taken into account in the analysis. The end result is a set of systems indicating how
the resources should be deployed over the various time periods to satisfy customer
.o demand. In doing this, the interrelationships between the time periods are taken into
' account, and a desired pricing scheme for the various products and services delivered
(which may vary from time period to time period) is determined.

Brief Description Of The Drawings

Various objects, features, and attendant advantages of the present
invention can be more fully appreciated as the same become better understood with
reference to the following detailed description of the present invention when
considered in connection with the accompanying drawings, in which:

FIGURE 1 depicts a specific telecommunications example implemented
as a result of some embodiments of the present invention.
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pseudo-dynam ¢ optim zation. -For exanple, the output of static optim zation
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anal ysis. The 1s,a set of systens indicating how the resources
shoul d be ddhersgDof the-present inveptiols ti me periods to satisfy customer

demand. In doing this, the interrel ati onshi ps between the tine periods are
taken into coyn ang desired pricing scheme for the.various products
and servi ceMMmch may vary fromtine period to time period) is
determined. Brief DegheippésentinGéntionerelatesvto agnachine, method and medium for -
allbcating resources over a plurality of time periods, taking into account a plurality
of interrelated processes such as marketing, procurement and production.
As indicated in the Background section above, surviving in any
competitive environment requires real-time integration of fundamental business
processes such as procurement, engineering, production operation, marketing and
sales. Such integration will allow flow of materials and information from process to
process on a real-time basis. A multi-period dynamic optimization technique assures
that flow of materials and information occurs in a cost-optimal way. In addition,
"yield management” techniques can also be applied to stem fierce competition.
The utilization of capacity in a production-ready resource is driven by
x demand of different products or services. For example, customers sometimes do not
like certain products or services and might return them sooner or after a period of
using them if a return policy allows. The nature of returning products or setvices
might vary from industry to industry. Certain products or services can never be
. returned. Customers sometimes leave or go to competitors for pricing reasons,
technological reasons, political reasons, etc. Existing resource capacities carried
from the previous time period also need to be considered for allocation. Decline in
demand of some products or services might create idle resource capacities, some of
which might come back to inventory for use. ' .
In some embodiments contemplated by the present invention, a dynamic
systems model is used to create systems containing the aforementioned products or
services, over a plurality of time periods. Within each time period, the way in which
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Thus, usmg a telecommunications industry example, the routing of a
data circuit via certain network nodes and network facilities (each of whichis an -
example of a resource) might be optimal in one time period to provide a certain
service, but not optimal in another time period due to fluctuations of demand or other
competing resources. The same data circuit might be rerouted through a different set
of network nodes or facilities in another time period. Circuit demand also requires
flow of optimal network facilities and network apparatus at different network nodes.
Such a flow is taking place across procurement, engineering and production
operation to support sales and marketing in a given time period.

~ As can be appreciated from the above, it is contemplated that the various
requirements of customers over a plurality of time peridds are taken into account, as
is the "inventory" situation regarding avmlablhty of the resources needed to fulfill
customer needs. Thus, marketing, procurement and productxon over the time
periods all need to be taken into account. In that way, systems that need to be
implemented over various time periods can be mapped out and planned, all at once,
. . inadvance. Naturally, there is some change to be expected as, for exan"xple,

- customers cancel orders, etc. Nonetheless, a relatively accurate picture of how
systems will be implemented over a plurality of future time periods can be -
anticipated with significant accuracy and efficiency, so thata company can anticipate
how it should prepare to allocate resources. The specific implementation of this
concept will be discussed in greater detail with regard to various equahons and flow
charts described further below.

Figure 1 depicts an example of a specific multi-period dynamic systems
model concérning telecommunications technology, illustrating the effects of the
present invention. Referring to Figure 1, the four "bubbles” represent systems within
four different discrete time periods (1, 2, 3 and T). Within each time period "bubble”
are various resources used to configure products or services requested by customers.
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T1 lines attached to it). Similarly, T1 multiplexer 108 is shown converting the T1

line to a DSO line (and is capable of converting another 23). _

The "end product” in this example are the products and services received
by customer locations, such as those shown at 104 and 106. Here, the service that
customer location 106 receives is an A1.5 circuit (which has the bandwidth of a T1
line), and customer 104 receives a DSO circuit. As can be appreciated, depending
upon demand, each DS3/DS1 multiplexer can be thought of as having a capacity of
28 T1 (or Al.5) "slots" (i.e., line inputs), and thus if 20 of them are being used, it has
8 to spare. Similarly, the T1 multiplexer has a capacity of 24 DSO0 lines it can
provide to customers.

At time period 2 (160), additional DSO0 lines (in this case, representing
services to customers) have been added to T1 multiplekei' 120. There arg not,

. however, enough DSO lines to warrant putting in a T1 line directly between the POP
124 and LSO 128. In any event, some embodiments of the present invention keep
track of, and account for, the used and spare "slot” in the various multiplexers, as
well as the facilities (e.g., cables and multiplexers) themselves, when setting up
products and services of time period 2 (160). Also, where necessary, in the event
that the required resources do not exist at time period 2 (i.e., they were not available
to be carried over from the previous time period, or there was no spare because all
slots were used), then they must be produced. Thus, in time period 2, while there
are enough "slots” within, say, T1 multiplexer 120 to service the additional customer
locations with DSO services, additional DSO cables are needed. While there is no
"carry-over" of this resource as there are for the slots in the T1 multiplexer 120, this
one actually has to be procured from another source (e.g., obtained from a different
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relatively aCs%WiééseasR:ioﬁéekﬁﬂat@H by S¥me embodiments of the present invention can be
classified in various orders of criticality. The ranking of a particular resource
depends upon its necessity as a component of a given product or service, and is
contemplated to be assigned a ranking based on some logical criteria. As an
example, resources can be assigned as primary, secondary or tertiary. In the
telecommunications example above for time period 1 (102), in order to provide the
Al.5 service to customer location 106, it may be logical to designate the A1.5
standalone line as a primary resource, since it is absolutely needed. The DS3
multiplexer 110 can be thought of as secondary, since that particular component is
not as important (e.g., the A1.5 line could, potentially, come directly. from the POP
. " -124). Then, the T1 multiplexer 108 could be thought of as tertiary, since it is
. potentially of some, but less importance. Of course, it should be understood that the
present invention contemplates that resources can be ranked in various different
ways and to various numbers of degrees.
" With the above in mind, a generalized mathematical systems model
follows: '



systens will be inplenented over a plurality of future time periods can be
anticipated with significant accuracy and efficiency, so that a conpany can
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: primary resources generally produces a unit of products or services and, therefore,

is very expensive for mass production. g represents a type of primary resources

which are assembled'with tertxary resource components to support mass prod-
uction of a specific type of products or services. Thus, unit cost of producing this
type of products or services becomes cheaper. o] represents primary resources
which need to be assembled with both secondary resource components and tertiary
resource components in a cascading manner to support mass production of multiple
types of products or services, and, consequently, reduce the unit cost of production
even further. In the following mathematical model, i isused as a subscript to
indicate an element in the vector representing any of the above types of primary
resources. The aforementioned secondary and tertiary resource components are
denoted by two sets of vectors, B¢ and ¥, respectively. Two indices, h and /, are
used to indicate secondary resource components and tertiary resource qompdnents
respectively. The types of assemblies among primary, secondary and tertiary
resources determine what kinds of producfs or services are produced. For example,
assembly of a§ primary resources with y¢ tertiary resources produces bulk quantities

of products or services which can be symbolized by p, vector. These same products
or services, pg, can also be produced in bulk quantities if primary resources, oy, are



~converting a DS3 to a Tl (and, although not shown, is capable of having
.another 27 Tl lines attached to it). Simlarly, T1 multiplexer 108 is shown
converting the T1 Iine to a DSO line (and is capable of converting another
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has the bandwi dth of a T1 |ine), and custbmer 104 receives a DSO circuit.

As can be appreciated, depending upon denmand, each DS3/DS1 nultipl exer can
be thoughtmbn@éedwmhr@candwar@sogrcss. 0] thcbare tiens3ssembbeds withitemary | i ne

i nputs), f f t O
Simlarly, tg% %fwﬂaﬁglee&der as a capagW %@%cﬁs 8 gg%OW| de
to cust otmsnur& companmm Bﬂtt?roﬂihtseb ?]utkctguahb uueegfmtdd@r?s sér;vttbdshvﬁuélﬁigo
representi servi.,c cus 0 ave been a Q i_pl exer
There arecﬂgt ?ﬁ Bﬁﬁﬁr{‘éé?l? Psubsgriph s, tgddents gmq:gt | i ne
directly b@émﬁgiﬁl ttb*bu@@?t!ﬁéb ﬁﬁilub%} Qé’t%:cé veclos i/ 9 le W 92)
the pr ese%ﬁJ nv nt | on track of ccount fitl% & lige g-l% are
"sl ot " M‘?&Pﬁ}’%ﬁ?@ P§°d‘¥§§ Fm§§"t‘h BHoniroutes foewhich £ ap) s
and nul ti mlﬁp&&*’g tinme
period 2 ?%Lgf(‘);md% lsmq'ﬁgéj:fdﬁnecess Y, | ngst ééf\;%ﬁ?ﬁ?ﬁjgtﬁﬂﬁ]eiﬁgéﬂ gﬁd
resour ces o TeSPECHYSlY: egpwspnmcimtlgn(n 3185 ordistyibytipn raufes |ﬂf995$9-t 0
be carrie Fwi eLko pare
because ad?lgeﬁaots \%/ere usem ﬂfe‘vgﬁuétqf) %ﬁ‘éﬁ%@&%@ %F'n tinme
period 2, Whartkouses; production pleaits ot distributiod foutes et ard dssocidtedmdtter 120 to

servi ce the .addi ti onal cust oner I ocati pns éyh DSO servi ces, additional DSO
cabl es ar e PHEIATY JCSAREEES, O o sargfles & YO8 Va-hi s resourcé as therei” _

are for the sJots.in the T | tip)] exer 12 thi,s one actually has to be
procur ed f_m (gfean’agngmc resourca all "&? gmelsémn'angement
activity, ». Products or services, m, which are ass1gned to primary resource z
. [ ’ ]
of the j —th warchouse, production plant or distribution route in one time period

can migrate to primary resource i of warehouse, production plant or distribution
routej in another time period to maintain cost-optimal production process, where

! ' 4 :
G = #j). i can also be represented by i(8) which implies that products or
semces produced by 3 primary resources in productton plant or distributionin route
j in one time period, can mlgrate to primary. resource i € o of productxon plant or

distribution route ; in another discrete time period when i = i and (i = f ) A j # ).

t defines a time period and k is used to indicate customer demand locations

for products or services, p = (pg, py). Let us assume that¢=1,2,.,T; j=1,2,...,J;
k=1,2,...K;m=12,..,.M; andi=1,2,...,I where i € (ag, as,as). |

Eight types of mathematical equations, which lay the foundation for solving a truly
dynamic resource allocation problem, are presented below . These types of core
equations offer the basic properties réquired to mimic the physical phenomena across
business processes such as, marketing & sales, production and procurement. These



-7- location, bought, manufactured. etc.). At tinme period 3 (170), it can
be seen that there was ‘enough of a denmand between POP 124 and LSO 128
(which included T1 nultiplexer 108) to warrant the installation of a Tl
line 174. Note that what was T1 multiplexer 120 during tine period 2 is now
a DS3/DS1 multiplexer 172. In addition, an additional T1 nultiplexer 176
was warranted. Thus, that additional resource does not pass fromthe
previous time period (i.e., it did not exgst at that previous tine period,
as did nmultiplexer 108), and thus needs to be obtained, nmanufactured, etc.
Though not explicitly shown, the additional Tl nultiplexer 176 is a result
of addi ti orfquations 6aR berategarizedrasrahjectb@fiinction, piocurementror Spare balawises) -

Lastly, tigguatin gﬁ%g ' @?.” . Egsi i o
V\zZreyeveln retglgga%ébher-.' gﬁgﬁﬁmo%[iﬁoﬂ tlllﬁ?g?(‘grs\s{%e e%‘@?@h*&fﬁ%ﬁ%e?;-
systemto E{}Tg’b"r“y %BE?%gﬂ%ﬂ%'ﬁ%$%Mpeasdewnrwgﬁ9eé%reqmngmr be
Uﬁgddt o i npotetoenearrange and ipitialiinvesn .tmyabqnatiuh.c?sadzﬁgigm gdb _&msbzeqedﬁbus,&mmd f
t . I e )
critical oAyl BRERt CANEAE BTN BoBiRES epends upon Tt o
e LIRS . .0f .a given product or service, and is. contenplated

necessity
to be assi g€ #e | ogical criteria. As an exanple,
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provi de t hdedto Betpresenkvalue aver a planning hotizon fai6a givenrinterest rategi cal to
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tjevy kMEPg | h ieaf tjevy k mepg’

iy
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t javy kMEPrhiea  oi5)] icaf h ljevy ¢t

Rijrr ZEX L L pupRugrt TZXT T R Rinje+ z

ieag 1 jevy ¢ teal kjevy t - ie(ag, oS ,aP)

T ZppRpt TITT Z Eage(Suge + Unpy+ = T T T Ep(Sup +Uy)
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where € nm =unit cost of producing a product or service, m e p,, in plant or
warehouse j and supported by tertiary resource components, /,
secondary resource components, 4, and priméry resource
~ components, |



standal one line as a primary resource, since it is absolutely needed. The
.DS3 nul tipl exer 110 can be thought of as secondary, since that particular
conponent is not as inportant (e.g., the Al.5 line could, potentially, cone
directly fromthe POP 124). Then, the T1 nultipl exer 108 coul d be thought
of as tertiary, since it is potentially of sone, but |ess inportance. O
course, it should be understood that the present invention contenpl ates
that resources can be ranked in various gjfferent ways and to various
nunbers of degrees. Wth the above in mnd, a generalized mathemati cal
systens nodel follows: A Generalized Mathematical Mdel Let the prinmary
resources be refpuetutit g9stofhalding a/product onservias; rm E phn plant orgni f i es

whether it is in the_exi,sting inventaor r to.be procured. ¢ = 0 ans the
resource is in the eX2eHGH5S; _rﬁ@rﬁ"@wn\éﬂg’yct Hary FESQUICe OMRANSDES: & i s to be
ei ther |eased or pursdoanddry FEs6uRe odrhportees ;i dtidprisarPredddrgd denot e
different types of p err]represents standal one primary

rimary resources.
resources which are ﬁ?ﬁ?ﬁ%‘&éfﬁ)r direct channel production operation and
product or seryjce aihﬁéé%ge%f'waduaﬁgi%;@ah%aséﬁ&ey»&sﬁoéﬁn;}gﬁ%a?&torbe

assenbled with ﬁny secog@ary_ ar_ter resqQurce conpo 0 support the
producti on of produdfareBeussy and sup Y tartians rosguice qampeneats,dsour ces

general |y produces andmprimary msau¢eiconponeatsyéces and, therefore, is very
expensive for mass production. [err] represents a type of primary resources

whi ch are assenbl gfj yi=init eosticTholding A ProdusPOPEIviteSH @ 5 RPSlaht BRSS Pr od-

uction of a specifric type of products or services. Thus, 'Unit cost of
producing this warehouse j and supported by tertiary resource components, /,

and primary resource components, {
€ ghmhs =uNit cost of producing a product or service, m e py, in plant or
warehouse j and supported by secondary resource components, A,
and primary resource components, i
e;w =unit cost of holding a product or service, m € py, in planf or
- warehouse j and supported by secondary resource components, 4,
| and primary resource components, i
€ gt =uNIt cost of producing a product or service, m € (pg, py) in plant or
warehouse, j € vq, and supported by primary resource components, i € g,
a;,,,,, =unit cost of holding a product or service, m € (pg, py) in plant or
warehouse, j € v4, and supported by primary resource components, i € «,
Ly =unit cost of migrating a product or sewicé, me ﬁ,, &on_n

i' € i(5) of plant j' to i € af of plant j which requifes both tertiary resource
components ! and secondary resource components
Nttt =unit cost of migrating a product or service, m € p,, from
i' € i(d) of plant j' to i e a$ of plant j which requires tertiary resource
components /.



type of products or services becones cheaper. [err] represents prinary
_resources which need to be assenbled wth both secondary resource
conponents and tertiary resource conponents in a cascadi ng manner to
support mass production of nultiple types of products or services, and,
consequently, reduce the unit cost of production even further. In the
follow ng mathematical nodel, i is used as a subscript to indicate an
element in the vector representing any.of2the above types of primary
resources. The aforenenti oned secondary and tertiary resource conponents

are denoted by,two sets of vectors, [err nd [err].respectively. Two .

i ndi ces, h andpesn)/ TUBILFOSHO B“BWHLS&&“@SEB&H Gee8bERR f¥Mponent s and
tertiary resdurCgsC onerfts res giftivel_. The types of assenblies anong
prinary, secbnﬁé@%a?te’rttpér?qg ! s‘”B’é’E‘e‘F’ €S ffrandannErsoyrceyr oduct s
or services eomponemisded. For exanple, assenbly of [err] prinmary resources
with [err] tertiary,resources produces bul k quanfities, of products or
services whi éﬁ%ﬁ%&%?ﬂhﬁﬁ‘i&d‘%ﬁ{?&ﬁ%ﬂ%&%? PSS assembladowitbt s or
services, | [er r] | C 8écatidady b&dﬁ@d@@ﬁoﬁéht?%' Whﬁhﬁgtthén Eﬁeh%l@dwm{[y ]
resources, [err . “ 9 .t h _gecondary resources, |err],

whi ch are-then as%ﬂée%ﬁtégﬁkgg\;&?e% rces, [err] On the other hand,
assenbl y of Hagiunitcostof teriary r¢sourge eomposents 4 ovhigh isassembled witlpnent s,

[err] produces Wbﬁﬁ%@oﬂ&ﬁjp&t&c or services, which can be
synbolized by [err, subscri p? Is used to (dentify an el enent

vectpor. The m
bel ongi ng t dligTEURYE cp BEW(“&’“@S_WPK@WBE’( wehich s assembied er (] |
plerr]). There awithyiriiasyi fesoureiconpmenty i gagghouses, production plants or

di stribution routes for . whichj is an index. |In this,nodel] is of two types,
st andal one M’Hﬂwi@sggﬁmm@mmmm' e(aﬁ.afaﬁ |

& mip =unit cost of holding a slot, spare or used, in a tertiary resource
component / which is assembled with secondary resource components
h which is them assembled with primary resource components i € a§

& =unit cost of holding a slot, spare or used, in a tertiary resource
component / which is assembled with primary resource components i € o
& je =unit cost of holding a slot, spare or used, in a secondary resource
component 4 which is assembled with primary resource components
ieqaj -
& =unit cost of holding a slot, spare or used, in primary resource
components i € (06, a5, ot5) ' S

a s

x = demand-driven activity quantities, & = product or service inventory quantities,
r = rearrangement activity quantities, R = new resource quantities, S = spare
resource quantities, {/ = used resource quantities, 7 = capacity of a unit of resource.

‘2. Procurement/Spare Balance Equations

These equations drive procurement decisions. It provides with optimal purchase or
lease decisions of tertiary, secondary and primary resource components. If spares



vb, respectively. Warehouses, production plants or distribution routes that
.are asso- ciated with standal one primary resources, [err] are designated by
vector, Vd. Warehouses, production plants or distribution routes that are
associated with primary resources,[err] and [err] are designated by vector,
vb. An inportant aspect of a dynam c resource allocation problemis
rearrangenent activity, r. Products or services, m which are assigned to
primary resource i of thej -th warehousas production plant or distribution
route in one time period can mgrate to primary resource i of warehouse,

roduct i op,. -di Lhut i utel in-anpgther ti. eriod,to naintain
(F:)ost -opt i %PJ %ﬂ%‘& 3‘[:’?%%"? %‘rk'gﬁtggg ,Qfssﬁeéf"ébf?“rgﬁﬁ &ﬁ“g["éﬁ‘ﬁﬁ%m {‘c‘ah) B¢red.be

r epr esent prbduyts ¢B3ervivesiutilizp these sparés inrthe exdsting/ produotioiCapicRYUSTBr DY 8
primary r S Ei Ln production plant..or distributionin route j in one tine
period, c W#‘ér §tﬂéﬂgﬁ35&9rﬁl§p§p ?‘5&6‘3&‘&‘9“?" [EsSQuUIge OMPANEAtSHn pl ant or -

di stribut'on.rouhed's i n appther discrete tine period when i [err] | and (]

= )u(j JEFH‘?SY BEFF%ggﬂp??%beri od and k is used to indicate custoner

dermncl | o9k adbi (2 ek e HBEHeE i oy FBuboqlombShaty, A5 ™ 1P
...... | whegquiredetol §uppdrd m &l gihprodvbsorFerviets Bot demarRiVaidiIESx anlli ch | ay

t he foundation for sol vi a truly dynamc resource allocation problem. are

pr esent edre3ETaBgement yarigbles 7 are twpamaig drivess to sizedhe tastiansrasoureeopert i es

required. ' Ieﬂ%f%ggﬁgﬁ ' such as,
ma(r:]ket i ngbg al egfst’g(:eo@ﬂm%%tan roc rg%ﬁﬁ%%m%%ﬁggmt I ons
can be catepponets, Ass B8jwitith ure lsotissambled with prifdty résouries ‘conipineAGe

ieaf. o -
zlc:mezp {x9""“"‘+{2 ? T snttaf / ¥ + St = T1Rangge + Sinige-1y )
* e’

when ! € ¥°, T1.Run =0 and / € ¥!, Ry might have a positive value. j is associated
with warehouses, plants or routes where concentration of producing various

p .
products or services m takes place, i.e.j € v5.j refers to all possible warehouses,
plants or routes including j. '

Equation (3) sizes the number of tertiary resource components, Rqy: which can be

assembled with primary resource components i € a$ to produce products or
services m € pg. The equation also keeps track of spare slots, Sy at time period ¢.

All spares are used first before new tertiary resource components can be purchased
or leased. - ' "

Ifl € Y%, T1.Ryp =0 and if ] € ¥, Ryx might have a positive iﬁteger value.
P {xgb,.a-l-{zﬁ?  iomit s’ /} + Sige = T1.Rujpe + Suye-1) when i € a§ 3

&k MEPg
where j is associated with warehouses, plants or routes producing a large concen-
4
tration of various products or services m, i.e.j € v;.j refers to all possible

warehouses, plants or routes including j .



equation, usage bal ance equation, product or service inventory equation,
.product or service demand equati omn, rearrangenent equation, decision
equation to rearrange or not to rearrange and initial inventory equation.
In addition to these equations, non- negativity and integer constraints are
to be applied. 1 .The Linear Obiective Function The objective function is
to be mnimzed. The cost coefficients have been conver- ted to net present
val ue over a planning horizon for a glvep i nterest rate. [err] where [err]
=unit cost of producing a product or service, me [err], in plant or

warehousesemaﬁ#pﬁél ebgo tiary resource conponents, 1, secondary
resource conponents i

resource conponents, i [err] =unit
cost of hGhenumber pwfcsemary oesomeae/cmponctasp&ﬁr,.r bsumawﬂaﬁ'tsquuwbﬁ khe)isej and

supported drisH 'van§

conmponent gémﬁha%&;owr/‘rrmr égr'gggg?ce c?gf&por%nts feg?&rm‘}le =uni cos?f of
produci ng S%FQSK’@&YI ggsqrce eempcagntm&;.,p [Thertertidry rpsaurce oommnemsdsmjscahﬂ
suppor t ed jy geebhdwreas&%r&mmgw '%ﬂﬁch lean #kh E4scHBé

conmponents, err]."=unit cost ;of hol ding product or serw ce, ;furcF]

in plant B‘PmﬁﬁL@HM de;suppertpradusts og SSW@Q@?M a0 Additionally; asseamblyt

and pri Maigye iy reSourd oRpdhnints' 4 with primary resource components { produces
products or services m & py. Equation (4) comprises of such variables as well as
spare balances of production slots in secondary resource components.

RW)I::HEPJ {xqm-l-‘z'? T omit)! /} +Sup = ThRuppe + Sirje-1y 4)

when i € af, h € B¢ and ! e ¥°. j is associated with warehouses, plants or routes
w,here a large concentration of various products or services  is produced, i.e. j € v;.
J refers to all possible warechouses, plants or routes including /.

If initial inventory of secondary resource components exists i.e. # € B°, Th.Ruye =0.
Spares of secondary resources are used first before additional secondary resources
are purchased or leased. If 2 € B!, Ry might have a non-zero positive value.
Primary Resource Components: _

The following three equations (5), (6), and (7) are used to determine the number of
primary resources, Ry, to be purchased or leased. These three equations aré based
on three different categories of primary resources (ee§, o5, oif) as stated earlier. In
each case, Ry = 0 when 7 e (0, a3, a2) i.e. when ex:stmg inventory exists in each
of the three cafegories. Spares in the existing inventorj are shown in the equations
by Six-1y which means that spares of primary resource i are carried from (¢ - 1)
period in a warehouse, route or plant j. '

Equation (5) determines if standalone primary resource components i € aj are to

be procured and quantities of such components, Ry . The equation also updates the
standalone primary resource spares, Sy;. Here j represents warehouses, plants or

routes where products or services m are produced and distributed on a standalone



[err] =unit cost of producing a product or service, me [err] in plant or
war ehousej and supported by secondary resource conponents, h, and primary

resource conponents, i [err]=unit cost of holding a product or service, me
p[err], in plant or warehousej and supported by secondary resource
conponents, h, and primary resource conponents, i [err] =unit cost of
produci ng a product or service, me ([err]) in plant or warehousej 6e Vd,
and supported by primary resource conponents, i e [err] [err] =unit cost of
hol ding a product or service, me ([err})13n plant or warehousej e vd, and -
supported by primary resource conponents, i e [err] [err] A-unit cost of

m grating b@ﬂdﬁﬂjdte@a service, me [err] fromi e 1(8) of plantj to i. e
[err] of pl ch QUi 8s bo rtiary ,esource conponents | and
secondary regﬂ{’l?'\caﬁes"’corrgon@r#'g”‘h"[%B?éifnﬁ’ %’gﬁ' %kl mpg) ating a pr@duct or
service, ] i of pl,an to i, e [err] of plantj which
requires WEPQ (Pig&?g%eéé’ reg @mﬁ@scqsw of primary {%puqcemmpfmmus bk a‘

m grating whidlpatecds f c
[e?r] of gpI ant | .whi csﬁmrlggd thgi;t se g?ﬁdcf crgﬁ rdne&géo‘ é) ngétp%ﬁﬂé% Qrﬁuc%nl t
cost of teP[F ‘?se'go%rp(;e r&a%reésg@moaapmem sandSgar y

resour ce capyatessparéstots oflt.heSprhhm mseﬁﬂiel cWinyérichts i at time period ¢. Here j
represents warehouses, plants or routes producing a large concentration of product 7
at any given time period ¢.

T1Ruyp+Sye = T1.Ryp+ Sgp-1y whenie af ,m e pgandj e v, (6) .
Equation (7) makes the procurement decisions of primary resource components
i € a3, The number of primary resource components, Ry, is optimally determined.
Each unit of this primary resource components requires single or multiple secondary
resource components and tertiary resource components to produce products or

- services m € (pg, py). The equation also updates spares, S, from one time
period to the next. Here j represents warehouses plants or routes producmg

or d1stnbutmg a large quantities of various products or services m.

- Th.Rip+ Syt = Ti.Ryp + Sige-1y when i € af, m €(ps.p)andjev, (7)

3. Usage Balance Equation

The equations in this section update the usage quantities of productid's slots in each
type of resources. The left-hand side of the equations comprises of variables

such as, demand-driven variables X, rearrangement variables 7, usage variables U
defining used slots being carried from (¢ - 1) period and relevant sub-components

R. The right-hand side of these equations is the variable U symbolizing used
production slots at time period ¢.

Tertiary Resource Components: _
Equation (8) updates used production slots of tertiary resource components / € ¢
which are assembled with secondary resource components 4 € B¢ and primary



primary resource conponents i e [err] [err] =unit cost of tertiary resource
conponents | which is assenbled with prinmary resource conponents | e [err].
“[err] =unit cost of secondary resource conponents h which is assenbled with
primary resource conponents i e [err] [err] =unit cost of primary resource
conponents i e ([err]) [err]=unit cost of holding a slot, spare or used, in
a tertiary resource conponent | which is assenbled with secondary resource’
conponents h which is themassenbled w tp primary resource conponents i e
[err] [err]=unit cost of holding a sl ot , spare or used, in a tertiary
resource conponent | which is assenbled with primary resource conponents i

e c [err] resourcecompasentsi €i g tapeiduce Prpducts of SERMICES mre P s The dbaidnd-

Irg[sgg; ]Ce W ubtsby Qw@%%ﬁ%m& ?cdrc‘[’élﬁé?)g%ieﬁ?%ﬁﬁt%?%ﬁﬁ lfsgapone“t S

cost 0 Spare or._used mary

r esour ce RIedustion § ats garried from (ferIS]P %#&m—uﬁﬂ'/éﬁd%d:tq deriye theawseidt i es,
C, = prod ‘{ﬁbdﬁétx&? 500tS Gt liMESIRrD, Qlﬁﬁntﬂéieeﬁs Wwarchbfds2 Hﬁ'i?&t m@g vit Y e

quant [ tes, = new resource quant It S = Spar e resoU ce_ quan | es,
used r esomreéuagsmrudlstgbumg adamqqpestraaou ﬂif produateopsenvicesan, ie.j e v;,

P ocur ereny 205 o B ARSIEMALIARSS, 1IARE EuHdstRau g p, Pr oour erent

deci sions.” I't prov rchase Or | ease ¢i si ons of
tertiary, secondary and primary resource conponents. |f spares

Zud, ittt X 12,3 7 semtitf f 3+ Uihtiee-y S va-lit @

Equation (9) updates used production slots of tertiary resource components

! € y° at each time period to support products or services m e p;. The
demand-driven product or service assignmerit x, rearrangement variables »

and used production slots carried from (¢ — 1) period, U1y are added to derive
the used production slots at time period ¢, Uy In this case, tertiary resource
component / is assembled with primary resource component i, and j represents
warehouses, pl’ants or routes producing or distributing a large quantities of product

or service m. j is all possible warehouses, plants or routes including .

MEP {xgb,.u+{2 ,2’ Poentid /3 + Um,..‘) < U;m where iea,andje v, ¢))

Secondary Resource Components:

Equation (10) updates used production slots of secondary resource components

h e B¢ at each time period to support products or services m € (pg, py). The
tertiary resource components Ry, demand-driven service or product assignment

x, rearrangement variables 7 and used production slots carried from (7 — 1) period,
Uinje-1y are added to derive the used production slots at time period ¢, Uiy. In this

R"’"f"");:'m?p, {"M"’,z,]’} L /} +Unge-y U whenieoa; (10)

equation, j represents warehouses, plants or routes producing or distributing a large
quantities of products or services m, i.e. j € v,.j represents all possible

warehouses, plants or routes including ;.



- 13 - exist in the existing inventory of these resources being carried
from(t - 1) period, products or services utilize these spares in the

exi sting production capacity before deciding to purchase or |ease any
addi ti onal resource conponents. Tertiary Resource Conponents: The equation
(2) determ nes the nunber of tertiary resource conponents, R err] required
to support me [err] products or services. Both demand variables x and
rearrangenent variables r are two main_dpnivers to size the tertiary
resource conponents, | e [err] These tertiary conponents are assenbl ed Wwth

secondary_conpongnts, [err] which are also assenbled with primar
resourcey%ﬂ%eﬁﬁmf@erﬁﬁmi&&%'r] and [err] might have a posPtlve zal ue. j
i s associ & \etitions J{ A r

pr oduci ng’ﬂ:l/ﬁﬁll/ﬁ\f;ﬁg‘rfmguct Qr sgrl\el‘pc SZ)m({QEhgaaﬁMﬁéisE@gfédﬁci@B S(P&fe ers:
to all g‘g f’f‘,ﬁ &L PTIRARY resQiree GOMPONLAtS Gi¢r |“rngpQ§5[ﬁ§ BHDEIP sizes
t he nunbethecp‘roémmem ;qam(cse (B)rmar(eorrespeaheélyl ThRfirbt &qiiation (A3yenbl ed

with primary .resource,co onents i err produce products or Services
m6 [err]9P ‘*ﬁ %PF“%% c g‘ 36?§W‘%PEQ‘¥°|PTHP3TMWB

period t. re&bhr@pmmpomms wpmducemdeepmctsaéﬁ smices%etﬁrp;e pponponent s
can be purchased or | eased. £ yO, ITl.Rlerr] =0 and ifl R err]

ni ght hav&vee fddia-1ne Umt"é’b@r' §6ﬂ-¢ue anfiéﬂwawmuéf. i's associ at €l)li t h

war ehouses Iants or rout.e r odu |n a Iar e concen- tgation of various SRt
products Al ‘f 5‘?§°“5?&‘siﬁileevh=ehouses

plants or goution (_‘lﬁ)’ hﬁ&étgghsage of producuon slots in primary resource components
o which prdduoe products or services m € pg jointly with tertiary resource
components / € ¥°. Ry =number of tertiary resource components ! which can be
assembled with primary resource components i € a$. Here j represents warehouses,
plants or routes producing or distributing a large quantities of product or service m.
T1.Rup + U1y SUyy  whereje vy - (12)

-U

Equation (13) updates usage of production slots in primary resource components
a5 which can be assembled with seoond'ary.resou_rce components h € B€ to
produce products or services m € (pg, py). j represents warehouses, plants or routes

from where a large concentration of production or distribution can occur for prod-
ucts or services m.

Th.Rine + Uie-) SUyr whereie of andj e v ‘ (13)

4, Product or Service Inventory Eguanon

Equations (14), (15), (16) and (17) show how inventory of products or services

are kept updated. This knowledge of carrying inventory from one time period to
another, can be used to rearrange from one primary resource of one plant to another
primary resource of another plant or the same plant. ' '



- 14 - Secondary Resource Conponents: The nunber of tertiary resource
.conponents, Rerr], estimted fromequation (2), demand-driven vari abl es x
and rearrangenent variables r drive the nunber of secondary resource

. conponents Raj,. The tertiary resource conponents | cascade into secondary
resource conponents h which can then cascade into primary resource
conmponents i to support products or services me Pg. Additionally, assenbly
of secondary resource components h wth~ o8 mary resource conponents i
produces products or services me p,. Equation (4) conprises of such

vari abl es Bquatian (14 updates igyeatery: of productsior senvices, o € g at tiowerperniod ¢,

resource CTIhgsroducts 6 ServitkSare j (ﬁnﬂ E&dud&dEb ?ﬁﬁil?%godrcécbérﬁ{ rnkal e of

associ at edwi t h war ehouses, pl ants or ut es whére a large conc
vari ous prlody€; secondaey vesmscmcomppnads,de(t f, and pnmalrjoresjouro‘;e‘@cfrﬁpin@en’:k,kI

possi bl e war ehouses ant or roptes includin tlal ntory of
secondary r%&ikuolémgﬁ %"Sé'xp r goutes !é’h%%lbﬁl} pr r‘i‘ tnibgte igpar es
of secondafa¢ éQﬁl@nﬁﬁ% oﬂf:ﬁ)dlﬁ%'of Séﬁce@%&@oﬁc@ﬁ@a&ﬂ?n u&ftﬁp&d&rs Wit ces

are purchase ,| eased. e Blerr] have on-zero positive

val ue. Pri ﬁamts Beseptresen@@ppur@mle w&bﬂoﬁsehlplmmoﬁzﬁﬁ@s ﬁeuﬁﬁmg)ﬁs (5), (6),
and (7) are used to determ ne the nunber of primary resources, to be -

purchased og ,J"ggsgj q?@géﬁggbwagg%& WRrépEep, on three (tlla?]er ent

cat egorl es o prishas rr])y as stated earlier. In each case,
Rg, 0 when | e (Eerr]) e. when existing inventory exists in each
- Equation (15) updates inventory of products or services, m € py, at time period ¢.

These products or services are jointly produced by tertiary resource components,

! € ¥°, and primary resource components, i & ¢$. j represents warehouses, plants or
routes which can produce or distribute large quantities of products or services at a
given time period ¢ as concentrated production or distribution points. j' represents
all possible warehouses, plants or routes including .

X glonti+ {Ew; T aamtis / + G-yttt < Egpomt Where j & v 1s

Equation (16) updates inventory of products or services, m = Py, at time period ¢.
This inventory is jointly produced by secondary resource components, h e B¢, and
. primary resource components, { € a.§. The equation is made of dema_nd activities x,
rearrangement activities 7 and inventory being carried from (¢ - 1) period i.e.
. c(._;w,.;..- In this equation, j represents warehouses, plants or routes producing large
quantities of products or services at any given time period ¢ as concentrated produc-
tion or distribution centers, i.e. j € v;. j represents all possible warehouese, plants

or routes including ;.

thm+ p> § T gttt + Gee-1imis < Gt When m € prand i € op (16)



of the three categories. Spares in the existing inventory are shown in the
.equations by S([err]) which neans that spares of primary resource i are
carried from(t - 1) period in a warehouse, route or plantj. Equation (5)
determ nes if standal one primary resource conponents i e [err] are to be
procured and quantities of such conponents, R err], . The equation al so
updates the standal one primary resource spares, S[err]. Herej represents
war ehouses, plants or routes where producss-or services m are produced and
dlstrlbuted on a standal one - 15 - basis, i.e.j 6 [err] Xerr] + Yerr]

-l|<- R[ er Eguation €17) ypdates vmamf torya:feproducts mrae(\p{:es m e (Ifﬁbfﬁiﬁé&h&]& %ﬁ) )
makes pro s of pri resourgce. copponents i err iC
are as E e n%%ﬁm g%f“f‘é% gﬁ?‘?@“ 'oﬁé?'lf d» 10 BUS £as6, f‘?@sﬁl S yare- '
product s houses; plantsonrdutps wiitleard considéred no beatamdaldiid prydactioh @¢' ce

corrponent;l and S[e rr] updates spare slots of the primary resource
conponent @ts ?)‘érlod t. HereJ represents warehouses, plants or

rout es prqélj!F r t, any gi vegyti me
period t * r'!" ?em"’??jg‘répékf ‘?}g[ Qrgﬁz%%dgnélv 9 [err]&n])m e plerr]
andj e Vbg, PRddaELeF EbGabgcur enent deci sions of primary
resource mmr%n#%of primary resource conponents,

Rlerr], i SquwtionnI(IS) dﬂdem dsuptureEmﬁoomet demhnd a3, FihitH8 VErihBRS Y. The

conponent s s Si econdary,reso conmponents and

tertiary 5%:‘ aﬁ"@ ﬁ?@' ttg'buﬂ"ogﬁ‘lﬁi édW%‘EhﬁaE‘QES #nd typepef] ) .

The equat poodusts or |maeeasreqmtv&ly.slpennpd cande distributedbacross jth warehouse
production plant or route, ? in the left hand side, drives such a distribution

mechanism. j, here, includes all possible production or distribution centers such as,
both concentrated and standalone production or distribution centers i.e. j € (v3, v4).
Equation (18) captures demand for products or services, m e p,, which can be
produced by any of the three ways as follows: an assembly of tertiary resource
components, / € v°, secondary resource componeants, # € 8¢, and primary resource
components, i € o, an assembly of tertiary resource components, / € y¢, and primary
resource components, i € g, and standalone primary resource components, i € o5.
The first two ways are related to j € v5, concentrated production or distribution
centers and the last one is related to j € v, standalone production, distribution or
routes.

Z (X qhomths +X tomti - 22 X gtoni= Qo | (18)

Je%  jeaj  teaS J€Vdieaf .
Equation (19) is a set of demand equauons related to products or semces m e py,
which are produced by any of the following two ways: an assembly of secondary
resource components, h € B¢, with primary resource components, i € a5, and
standalone primary resource components, { € o, for m e py.

Z Xgtonht + 2 X gloni= O tom where j € v, represents concentrated production (19)
Jev jea§ JEV¢ jeaf

or distribution centers, or hubbing routes that are associated with primary resource
components i € aj and j e vq represents production or distribution centers, or
standalone routes that are associated with standalone primary resource components




period to the next. Herej represents warehouses, plants or routes producing
.or distributing a large quantities of various products or services m
Th.Rerr]+S[err] = T[err]R err] +S[err]) when i e [err], me (p[err]) and|
e Vb (7) 3. Usage Bal ance Eauation The equations in this section update
the usage quantities of production slots in each type of resources. The

| eft-hand side of the equations conprises of variables such as,
demand-driven variabl es x, rearrangenem2®ariables r, usage varlables U
defining used glots being carried from(t - 1 period and rel evant

sub- conponéﬁﬂEWR The right-hand side of these equations is the variable U
synbol i zi ng used production slots at tinme period t. Tertiary Resource
Cbnponentsﬁdﬁggnﬂunnﬂggngﬁgugggg used production slots of tertiary resource

conponent s _| err] which are assenbl ed with secondary resource conponents
he [err] Equa %Md‘l) to (25) set thereamangamen fpssa tpmdqctwm"fme

product s orcaaanigraesfromeornd primbry momm pf&ducﬁongﬂmtttotaﬁoaierﬁﬂ{mm?es
vari abl es x rearrgn nt rla%dg %go used gp uctjon slots carried
from (t - %W‘%ﬁt@ a%ort e plantat 3, disgrete sime pesed &) ot s
at time penfttdnakesLlfoano}mcISensg I s warehouses, plants or routes producing

or distributin d;aggg concentration of products or services m i.e. J e
[err],. | wéhm& 9%; qﬂqymumnnumﬁ&gyaupnaﬁb@pomhxxnmasgnnncsausqgk

Lorr ] Equal i ifoiPAi bty beA6RHHF hisbinsd Siipect 1 deBbah§ 1D ite
components 4 and pnmary resource components i. Migration occurs from primary
resource components i of ptoductxon plant j to pnmary resource components i of
production plant j wherej =jor j #J, and both j andj belong to v, i.e. concen-
trated production or distribution centers. ' _ '
ZErqw / Sg(:-:y_’.h.ml wherem e pg, l€v°, he B, i e o and i e o3(d) (20)

Equation (21) defines the rearréngement equations for products oF services m e Pg
where mlgrauon occurs from primary resource components 1 € o of production |
plant j j to primary resource components i € a.j of productxon plant j. The products
or services carried by standalone primary resources z of j 1 € vy migrate to primary

resource component i of j € v, which requires an assembly of tertiary resource
components / and seoondary resource oomponents h.j € v, in the left-hand side of

theequauonandj evdwherej-_] orj-,ej _
%:%:’gww'/ Scc_ulhul wherem e pg, le ¥, he P, icaj andi' ead Q1)

Equation (22) defines the rearrangement variables for products or services, m € py,
which require an assembly of tertiary resource components / and primary resource

components {. Products or services, m, roll over from primary resource components
’ ’ .
i of production plantj to primary resource components i of production plant j.

[
%3? ¥ stomtif / Sc(l-ly’bnh" whereme pg, ey, icaj,i eaj@d)andj e vy, (22)



| e y[err] at each tine period to support products or services me [err].
.The demand-driven product or service assignnment X, rearrangenent vari ables
r and used production slots carried from (t- 1) period, Uerr]) are added

to derive the used production slots at tine period t, Uerr]. In this case,
tertiary resource conponent | is assenbled with primary resource conponent
i, andj represents warehouses, plants or 2{outes produci ng or distributing a
| arge quantities of product or service mJ is all possible warehouses,

pl ants or_routes _includi n&G [err] Secondary Resource Conponent s: Equatlon
(10) upd&auatigadd3)defines thsireamangementseariables fo gdmtc or servicessm & f

e e e R T T

assi gnmergiant j reayte pyimaEnytrescurice igoasponeatsli axeflofprotiuctionpladtgt Thearri ed -
from(t - 1) perlod U[err](t 1) areﬁladded to-derive the used productlon
slots at REOWCHERY Ssavices by standalone/primarycresomicss / jof prpdustion plant
war ehouse 3 pés%ﬁﬁsa it u i es
o produdt & o Bhgrati uJ ity s ObinBbnéhy df iRt e pledl £ i Which ¢
war ehous e@qup'ea nnslswmbbwah tertnary: aesug;rce compondnts /Pf Emey in thedefi+vhand

Conponents.;, T follown r ee equat i pns 11 2) 13 updat e the
usgg pr odtideiaf the eguation g?ﬁirl c€ "d\gﬁﬁﬁeﬁ‘!%}&z-éfjbw magy 3]esoﬁrce
conmponent SE%.efquw?ﬁgEfﬁo d) Uhdr@m e pg, L€ ¥, i € al andi e o (23)

Equation (24) defines the rearrangement variables for products or services, m € py,
which require an assembly of secondary resource components, ¢, with primary
resource components, i € og. Products or services, m, roll over from primary
resource component i' of producﬁon p]ant j' to primary resource components i of
produchonplant; where (j-j )u(jaej)

22". P otonhid { S Gty tmid WheTe m € pr, h € 8, i € o, i e as(®) (24
Equatlon (25) defines the rearrangement variables for producfs or services, me o/s
where migration occurs from primary resource components i € oz of production
plant j' to primary resource components i € of of production plant j. The products
or services carried by standalone primary resources i' of production plant j',
migrate to primary resource component i of production plant J» which reqmres an
assembly with secondary resource components, / € [5" Jj € vy inthe leﬁ-hand side
ofthe equatxonandj € v4 where j canbesameas; ordlﬁ'erentﬁ'omj ie,

G=i)UG=i).

ZZ‘. F gtentss’ /S G w',mr where m e p/, h efc,ieaj andt eaj (25

7. Decision to rearrange or not to rearrange
Equations (26), (27), (28), (29),(30) and (31) are the main dnvers of determlmng if
products or services, m, being produced by primary resource components, l



t he procurenent equations (5), (6) and (7) respectively. The first equation
.(11) updates usage of primary resource conponents [err] which are

st andal one prinmary resource conponents to produce standal one products or
services me ([err]) x[err]+ Uerr]) < Uerr] when i [err] and jth

war ehouse, (11) plant or route is associated with standal one
primary resources, i.e.j e [err] Equation (12) updates usage of production
slots in primary resource conponents [et®2 -which produce products or
services me p. jointly wth tertiary resource conponents | e y[err]

R[ er r] =nunbeproduction pldity hesd s §6r6!!éﬂ)60€ﬁio'3 Hmaby FdSofirde Qi ofd with

primary re resent vvare ouses pI ants
o Tout es. BrOHEHROPRREFR Gl or cbl mﬁ{? IO QAR Tespurce
service m ~GMn§ﬂsetthtpMmh(ﬂlmﬁj]) < Uerr] where j e vb

(12) Equation (13) ﬁdat es usage of production slots in primary resource

‘conponent s Bquatipn(R6): signiffesad a@smnubeuamange eenohtdmepmaagoprmrhmtmaponent s

helerr] to roduce serV| ces me (Jerr j./represents
war ehouses, Eﬁ B{??@'é“e‘i’ P%ﬁegQ:J’EB‘PA%*‘K Pwna()?mﬂuﬁ&e@tlon

o { eghr ]s; r 'sb Bldﬂi Ba @@gbta&cmmf 3@50\%6%%0&@0%%&’1 E&fséeo 4fds§{r1€cf 1l

Service | n@@mnﬁn%rle ﬁ[ﬁe?rsr Li& thtsasamgemeqtssproctu_p@ ;&W@:\A)m miémthow
T,

carrying gﬂ%%{ory%e%a XS dffongied (P Bhodlfithlant 13 ol FERGSE

rearrange fggipensnt?of produdtisiPplage; stﬁmmmboﬁfﬁoﬁ%w at

resource of anot her mm or the sane
production plantj . j (¢) 1s the set of producuon plams from where migration takes

| place to production plant j

G ot o o bt + z(‘;y,%)" dntd L/ F SV ntsd 2% T potinf - (26)

wherem e pg, ley’, hefl,jev andi € af, buti i (8) andi:&i’.
Equation (27) signifies a decision to rearrange or not to rearrange products or
services, m € pg, being produced by standalone primary resource components

!
i e ag. These products or services, m, can migrate to non-standalone primary

resource components i € ag which require to be assembled with tertiary resource
components / and secondary resource components A.

' _
WANE N C_’,(t_ulh{-?? Y gtontiaf { wherej € vq ( 27)
andj € vs.

Equation (28) signifies a decision to rearrange or not to rearrange products or

p .
services m e p, produced by primary resource components, i € a5, together with
tertiary resource components,/ € y°. As a result of this rearrangement, products or

s 4
services m migrate from primary resource components i of production plant j to
primary resource component / of production plant ; or stay with primary resource

2 ?
component i at production plant or warehouse j .



- 18 - Equation (14) updates inventory of products or services, me p[err]
.,at tinme period t. These products or services are jointly produced by
tertiary resource conponents, | e y[err], secondary resource conponents, h
e Blerr] and prinmary resource conponents i e c4.cj signifies warehouse,

pl ants or routes which can produce or distribute in large quantities of
products or services as concentrated proggction or distribution points.]
represents all possible warehouses, plants or routes includingj. [err]
Equation (J]5) updates i %gntory of products or rvices, me Plerr] at time
period t. Mwé-’m’laambg r” il &) b Pl T datced by(28rtiary
resour ce conponents, f‘@/QIerr], ang prinary'reg urce congonents, e [err]
j -represe USES, »ddlj b es ' ; -di sLJfibute
| ar ge quag‘{ﬁii"tr iévgﬁs @(;Q"pf%d‘n(’:t, ?th? agigrz\/%‘égg, g{t‘wa@gll 3%“?‘! ?r%qulr@gbéj % §%1ts6p'
concent r apreduption ptants from whieré Proédidto br Bervices # mippAe 16 ?ilrédﬁ'étiorpeﬁﬁt ble

war ehouses, plants or routes includingj. [err] Equation 6) updat es

i nventory pf pro S. ot services, me p[err], at tine period t. This

i nvent or y&?aﬁepggpj/smé‘?wl@éedﬁ 8¢ 8K BOt tOreamapge PRedUCts oF Bl err],
and pri MaisErviess) W € pg! bducdd by k@hdhlohk rﬁﬂﬂ?te&gc c’éﬁgf‘o emand
activitiess X, rearraﬂgerren?%aictivi t‘i%('as raglr?d ﬁ)nven oﬂrey eiéng artgntta% from
(t - 1) pdrieonigi These(pradupys od services, mgcat migiate tpnes-stindalotieopimaey,
pl ants-or routes producing, | arcge~quantit.i es of products or services at any
gi ven ti mEe§AICe gomponentsice vt which requiredo be ansembled withtettiaryreseurcer s,

: ngl {Jd?nzg/cho| r eEr gslevnvhgrealjt ‘(,)dsglil jl ee ;'Aﬁr ehouese, plants or routes
E tond' X ket "'C(:-u/m"'z,:? - where i = i', { e ajand m e pe (29
Equation (30) determines whether or not to roll over products or services, m & py,
from primary resource components i' ‘€ aj of production plant j' to primary
resource component i € af of production plant j where i = i' andj = j' orj= j'.

. [
These primary resource components, i and { , need to be assembled with secondary
resource component, 4 € B°.

¢ g,w‘:_xvlwr-l-‘%y%) "ol S @St C(‘._lylmﬂl-§§ Y gionhi /S (30)

where m € py, j € vs, h € B¢ and i e ag, but i [ i'(a) and i # i'.j'@’i is a'set

of warehouses, production plants or réutes from where products or services
’ .
migrate to warehouse, production plant or route j .

Equation (31) determines whether or not to roll over products or services, m € py

! ’
. from standalone primary resource components, i € o, of production plant ; to



- 19 - Equation (17) updates inventory of products or services, m®6
.(p[err]) produced by standal one primary resource conponents, i e [err]j in
this case, represents ware- houses, plants or routes which are considered
~to be standal one production or distribution centers. [err] 5. Product or
Service Demand Equation Equations (18) and (19) capture custoner denand,
alerr], in the variables x. The subscripts t, k and mrefer to tine period,
custoner demand | ocations and type of products or services respectively.
Demand can be distributed across jth wargphause, production plant or route.
Z: in the left band side, drives such a distribution nechanismJ, here,

i ncludes all possible production or distribution centers such as, both
concentrated and standal one production or distribution centers i.e.j e (Vb,

Vd). Equation (18) captures demand for .products or seryices, me p,, which
can be proﬂi‘f?@é’ B%”HH{)? ?ﬂmPﬂ%e"c‘Hr%Q‘mﬂ§Br chign, J» ¥¢hich seedh1q/beyf

e Bl orr) AROPIRL T REAEy tesfybn Stpons B H ST VARRE L b A0 & bt ary

resource conponents, | e ye, and prinmary resource conponents, i e [err] and
st andal one primary resqurce co nents, i e [err]sThe first two waés are
rel ated tof>ybmibty’edfnt SptnbimfT4er gmay’ion whenyf i, apdvw pcenters @AY the

| ast one is related toj e vd, st'andal one production, distribution or

routes. [ . dnitialhivewtoryl Whes t0set of denand equations related to

products or services, mc p[err],

Tertiary Resource Compone;m:

The equation (32) stores spare quantities,Euy, of tertiary resource units, /, that can
be assembled with secondary resource components, A, and primary resource
components, i € ag. The variables under which spare quantities are stored, are Suy;.
St = Engp where t=0andj € v, | (32)

The equation (33) stores the used quantities, Fuy, of tertiary resource units, /, that
can be assembled with secondary resource components, s, and primary resource

components, i € a. The variables under which used quantities are stored, are Uany.
Umip = Fiyp where t=0andje vy 33)

The equation (34) stores spare quantities, Eyy;, of tertiary resource units, /, that
can be assembled with primary resource components, i € . The variables under

-+ which spare quantities are stored, are Sy. ,
Siye = Eup where t=0andj e v 34

The equation (35) stores the used quantities, Fy; of tertiary resource units, /, that
can be assembled with primary resource componeats, i € og. The variables under

which used quantities are stored, are Uli.

Uup = Fyje where t = 0andj e vs. (35)



whi ch are produced by any of the follow ng two ways: an assenbly of
secondary resource conponents, h e B[err] with primary resource conponents,
i e [err] and standal one primary resource conponents, i e [err] for me pf.
[err] wherej e vb represents concentrated production (19) [err] or

di stribution centers, or hubbing routes that are associated with primary
resource conponents i e [err] - andj e Vd represents production or

di stribution centers, or standal one rout#s-that are associated with

standal one primary resource conponents - - 20 - 6. Rearranfenent Equation
Equat i ons Sezohdavy Rspugce Gamponentsangenent vari abl es so that products or
services can mgrate fromone prinmary_ resource of a production plant to
anot her pr Fagequatan(3Q)stores spareavantitiesu Ewoaf pe resourceammits; lfpthatat a

di screte tj ' ' ?ﬂﬂﬁg 93111%. e; bl oy . f.ines
the rearr a%%%bngﬁ%é%%?i%‘?\%b or ?g%‘ﬁ%?g or s? é?%téﬁf'%fg#%g@ﬂer
requi re anwidelspare quantities iase ytored,care Syconponents |, secondary resource
conponents h and primary resource conponents i. Mgration occurs from
prinary reSmurcEngovhera¢nt@ andgfe pgoduction plantj to pringd6) resource
conponents i of production ‘pldntj where =1 orj[err]j and bothj andj bel ong

Equat i on' (355 SRR (7 SoRisbe Sre Rudntifes fan s eOndan mepbesediaiis, by cos

m e p[err] that can be assembled with primary resource components, i € af. The variables
under which used quantities are stored, are Uuy.
Ue = Fuy Where t=0 and j € vs. ' @37

Primary Resource Components:

The equation (38) stores spare quantities, Ey of primary resoufoe units, € (a3,
a5, ap). The variables under which spare quantities are stored, are Sie.

Sy = Eq where t =0 andj € (vs, ) (38)

The equation (39) stores used quantities, Fy of primary resource units, i € (ag,

a3, of). The variables under which used quantities are stored, are Uy,.
Ui = Fyy where t =0 and j € (vs, v4) 39)

. 9. Non-negativity and Integer Constraints:

The equation (40) defines that vectors, -, —, rarRT and zare non-negative,

-, —and - are integer variables and the remaining variables are positive and

x*r

continuous.

%20, 720, R20, 520, U20, £20, and%, 7 and R areintegers.  (40)



where migration occurs fromprimry resource conponents i e [err] of
production plantj to primary resource conponents i e [err] of production

pl antj. The products or services carried by standal one primary resources:
ofj e vd mgrate to prinmary resource conponent i ofj e vb which requires an
assenbly of tertiary resource conponents26-and secondary resource
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and! e vd where (j next step i thpy Yaridue vagiatiles att T<tharg dnifialized (usingt he
rearrangeme ”Eqﬁéﬁbh@?ﬁ 39) A indRafd by SbIotk 568.V | A8S, at thiS pBint, it is assumed that

a decision has been made concerning which resources are ranked as, for example,
primary, secondary, and tertiary. Then, for all pertinent primafy resources and
activities (as indicated by a block 210) a determination is made as to whether a given
primary resource (e.g., a DS3 line) requires a secondary-resource (e.g., a DS3
multiplexer) to support a product or service, M (e.g., the Al.5 service), as indicated
by a block 212. If the answer is "yes," a determination is then made as to whether
the secondary resource requires tertiary resource 1 to sﬁpport the product or service,
as indicated by a block 214. If it does, then a determination is made as to whether a
"spare" one of those tertiary resources 1 exist that can be carried over from the
resources existing in time period t-1 to the current time period t at issue. This is
determined using equations 2, 8, 14 and 20, as indicated by a block 216. If a "spare”
does exist, then the pertinent activities are performed using that resource, as
indicated by a block 220. If not, then it is performed using a new resource.

It should be realized that the definition of "spare™ resource peeds to be

x " decided upon in some way (e.g., whether it means that the resource is available
immediately, locally, from a nearby factory, etc). Thus, the line of demarcation
between a spare and a new resource needs to be determined depending upon the
current environment. For example, any resource currently in the possession of a
business either due to lease or purchase can be defined as spare if the resource is idle.
Any new order that is coming from suppliers' (outside the business) can be defined as
a new resource.

Whether or not the answer to block 214 is yes or no, reaching that block
in the first place meant that a determination had already been made that the answer to
block 212 was yes, and thus in either case a determination needs to be made as to
whether a "spare" exists in secondary resource h that can be carried from the
previous time period t-1 to the current one, using equations 4, 10, 16 and 24 as



which require an assenbly of secondary resource conponens, Blerr], with

prinmary resource conmponents, i e a. Products or services, m roll over from
prinmary resource conmponent i of production plantj to primary resource
conmponents i of production plantj where (j = ) u (j[err]j)- [err] Equation

(25) defines the rearrangenent variabl es2fer products or services, me pf,
where nmigration occurs fromprimary resource conponents i e [err] of

production p les f
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be sarre aSJ or differ WP“F' ;ﬁmqnagonsqccnlrm&( ﬂe"fm‘]'“gp"ﬁéﬂ?a on, Jto
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rearrange or 3%tomhguw3 r'Hheps age tummagogms made as to whether it is more economical
to keep the products or services assigned to the primary resources. This is
determined using equations 26-31, as indicated by a block 326. If it is more
economical, the products or services remain assigned as they were, as indicated by a
block 328. Otherwise, a rearrangement of products or services is made, again using
equanons 26-31, as indicated by a block 330.
Referring now to Fig. 4, the next step is to determine whether all
pertinent primary resources and activities have been considered. This is a kind of
"sanity check” to make sure all was covered. This is indicated by a block 402.
Decision block 404 indicates that the above-noted analysis needs to be
implemented for each time period t. Once that is done, the various systems
implemented during the various time periods are further optimized, as indicated by a
block 406. This could be done in any number of ways, for example, using an
integer programming solver using CPLEX (made by CPLEX optumzatxon, Inc. of
Incline Village, NV) or using heuristic techniques.
The next step is that various pricing algorithms are used to.determine
. " “favorable” pricing of the various services over the time periods t, in view of such
 factors as availability. Algorithms exist for doing this, such as the virtual pricing
techniques described in U.S. patent 5,270,921, which is incorporated by reference
herein.

The next step is to determine whether there may be too much variation
in demand between each time period t since the last analysis due to pricing effects on
the market. If there is, then optimize the system again. Multiple runs of all the
previous steps need to be performed starting from box 204 if there are multiple times

of demand changes in a period at which the system is being optimized for future
periods.



services me p[err] produced by primary resource conponent, i e [err], at
production plantj, together with tertiary resource conponent | and
secondary resource conponent h. As a result of this rearrangenent, products
or services mmgrate fromprimry resource conponent i of production
plantj to primary resource conponent i ef8production plantj or stay with

primary resource conmponent i at produCtion pl antj .j ([err]) is the set of
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resource conponent i &8 aﬁ%ﬁ% FM%P‘B lof ysage of the presant invention, the jreyention
was apphed to test the procurement process, production process and marketing

process of AT&T’s access network at a prototype level. The inventory of access
network facilities and equipment changes over time due to rise of demand in one
service and decline in another, introduction of new technology and changes in
customer demographics. Three different services, ASDS (Accunet Spectrum Digital
Servxces), Accunet T1.5 (supporting dedicated T1.5 service) and NODAL T1.5
(supporting business switched services such as, SDN, 800, etc.) were used to test this
model. The other services such as, CCS (consumer communications services) can
also be supported and new services can be added. At the present time, AT&T leases
facilities and network equipment from regional bell operating companies (RBOCs)
to provide customers access to its long distance network. It also returns facilities to
bell companies when these facilities are not needed. In addition, migration of these
services from standalone facilities to high cap or from one high cap to another high
cap is needed to manage the network costs effectively, and thereby maximize the
asset utilization and revenue. Flow of materials between AT&T and its vendors, and

. within AT&T’s ptoductlon and marketmg processes can best be optnmzed bya
dynamic optimization’ techmque

A time-variant dynamic systems model can best mimic this flow of
materials across business processes as a function of time. The model makes optimal
decisions of procurement process, production prdoess and marketing process at
discrete time periods. The technique was applied to one-level hubbing architecture
in the AT&T access network. It is assumed that the intermediate hubbing
architecture would be solved from the solution of the one-level hubbing problem.

In a one-level hubbing scenario, multiple LEC (local exchange carriers)
offices are considered to be demand locations. It is assumed that demand of different
telecommunication services originating at these locations is destined to multiple
AT&T serving offices via a route j. In a one-level hubbing scenario, a route vector



[err] production plants from where products or services mnigrate to
production plantj. Equation (29) signifies a decision to rearrange or not
to rearrange products or services, me p[err], being produced by standal one
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, DS3 at that time. If the circuits are routed via a LEC hub-AT&T POP pair, j, in one
time period, they might migrate to a higher level capacity in the same jth route, or
another jth route, provided sufficient growth exists and cost-optimality criteria is
satisfied.

The Pacific Bell territory has been chosen for this study. Figure 5 shows
different access alternatives available in the Pacific Bell tariff. T1 multiplexers are
considered to be tertiary resource components when they are cascaded into DS3
multiplexers to support the ASDS (DSO type serviéé). However, a T1 multiplexer is
also used in conjunction with a T1 facility, designated as a "primary” resource
component. DS3 multiplexers are secondary resource components which are
cascaded into high cap DS3 facilities to support ACCUNET T1.5 and NODAL T1.5
services. High capacity facilities are of different types, and come in n different
numbers of DS3 packs (n x DS3) or T1.5 facility. T1.5, 1 x DS3, 3 x DS3 and 12 x
DS3 were used as primary resource components in this study in addition to

standalone options. These types of resources might be available as initial inventory
1ntheexmungammmsnchwoﬂcoflvn&l‘ananxnuunumnutoatnuhbpenod
dynamic systems model.

Figures 6 a-c account for possible migration activities of services among
primary resources. The column i is the primary resource where services from
primary resource i’ would migrate to. In a growth situation, migration of asds,
accunet and nodal can occur from standalones or lower capacity facility to higher
capacity facility. The reverse 1s}rue with respect to declining demand of a service.
However, this model currently addresses growth only and can be easily modified to
include declining demand within the same mathematical principles.

Figure 7 displays some embodiments contemplated by the present
invention of a high-level software architecture for deploying dynamic resource
allocation techniques. In the example depicted by this figure, the marketing and
sales force is required to gather customer-specific requirements and store them in a



[err] when i i and me p[err](31) 8. Initial Inventory Wen t=0O Tertiary
Resource Conponents: The equation (32) stores spare quantities Ef err]of
tertiay resource units, |, that can be assenbled with secondary resource
conponents, h, and primary resource conponents, i e a4. The variabl es under
whi ch spare quandities are-stored, are.fgerr]. [err] The equation (33)
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are stor ed, gather productionrelated requirements and néormation shauld bee
ﬁq u ?th gon ( 3&5@&&6&@%&%&&&@%@1@ In Qﬂdxﬁeﬁ afié procukéthéiidr ce units,
’ process should identify possible warehouse or plant locations. For example, in
telecommunication industry they are the local serving offices, network concentration
locations or AT&T POPs. This information should also be time-tagged based on
their availability.

A dynamic systems model 706 is contemplated to contain the facilities
and various modules by which the above-noted equations can be implemented.
Some embodiments of the present invention contemplate that this implementation
can utilize the C programming language making use of CPLEX callable libraries. Of
course, it should be understood that any number of programming languages and
libraries can also be used. -

The dynamic systems model 706 takes both the customer requirements
from marketing and sales, production operation requirements from the production
process and the procurement requirements from procurement as its input. The model
then creates time-variant optimum results which are stored in a master database 708.
The optimum procurement results are sent to the vendors for order processing. The
yield management information is accessed by marketing and salés for product or
service sales. The production process takes the optimum production schedule to
assure that it produces finished products just-in time for delivery to customers. The
input and output to and from the marketing, production, procurement (and inventory
control) entities is done through user interface 710 and screens 712-718.

The whole cycle of optimization run is repeated based on a thoving
horizon policy to keep the inventory at optimum state. In a moving horizon policy,
an optimization cycle gets repeated at the curreti; time period (period 0) of the
moved horizon as illustrated in Figure 8.

Example of hardware environments as contemplated by some
embodiments of the present invention are now discussed with regard to Figure 9.
Referring to Figure 9, a computer environment 900 shown can be a single or

| multiple-user environments, arid can utilize one or more processors. In addition,
computer environment 900 can be of any number of computer types, including




can be assenbled with primry resource conponents, i e [err] The variables
under which spare quantities are stored, are S[err] S[err] = Eerr] where t

= 0 and j e \b. (36) The equation (37) stores the used
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descri bed wi Eagam dMindesota. FOfjcourse, any number of other types of computer systems are

also contemplated for use with the present invention. Also, the present invention
contemplates that two or more of such computer environments can be linked and

used together.

' In addition, any number of operating systems can be used with regard to

the computer environment used with the present invention, including any of the

various versions of Unix, VMS from Digital Equipment, OS/2 from IBM and/or

DOS or Windows from Microsoft Corporation of Redmond, WA, or the Macintosh

OS from Apple Computer. |

Still referring to Figure 9, some embodiments of the present invention
contemplate that some type of communications link such as a bus 902 allows various
components of the computer environment 900 to communicate. As shown, one or
more processor(s) 904 are in communication with bus 902. Some embodiments of
the present invention contemplate that the processor(s) 904 can be those typically
found in the computers mentioned above, or they can be any number of other types
of processor(s). For example, with regard to microcomputers, any of the Intel 80X86
series, Pentium or any other CPU developed in Intel’s future line of processors are
contemplated.

Also in communication with bus 902 is a display devxce 905. This can
be any type of display device capable of displaying video information, and can also
act as an input device where a touch screen is used. -

Memory/storage device(s) 906 is also shown as being in communication
with bus 902. Some embodiments of the present invention contemplate that the
memory/storage device(s) 906 could be any number of different types of transient,
permanent or semi-permanent computer-readable mediums for storing information,
including RAM, ROM, EPROM, magnetic, electronic, atomic or optical (including |
holographic) storage, some combination thereof, etc. Software component(s) 912
are shown as being associated with memory/storage 906. In addition, some



24. Referring first to Figure 2, pertinent resources and activities (for
exanpl e, custoner demand and avail abl e/ requested equi pnent) are captured as
a function of time across business processes (that is, they are captured
across the plurality of tinme periods and across the marketing, procurenent
and production processes), as indicated-3-a block 204. Then, the procedure
that foll ows belomlls I mpl enent ed across the various tine perlods as
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It should be understood that Figure 9 and the assoclated description
above is merely an example, and that the present invention contemplates any number
of different configurations and/or different components as well.

' In general, it should be einphasized that the various components of
embodiments of the present invention can be implemented in hardware, software or a
combination thereof. In such embodiments, the various components and steps would
be implemented in hardware and/or software to perform the functions of the present
invention. Any presently available or future developed computer software language
and/or hardware components can be employed in such embodiments of the present
invention. For example, at least some of tlie functionality mentioned above could
be implemented using the C or C++ programming languages. |

It is also to be appreciated and understood that the specific
embodiments of the invention described hereinbefore are merely illustrative of the
general principles of the invention. Various modifications may be made by those
skilled in the art consistent with the priticiples set forth hereinbefore.



current environnent. For exanple, any resource currently in the possession
of a business either due to | ease or purchase can be defined as spare if

the resource is idle. Any new order that is comng fromsuppliers (outside .
t he business) can be defined as a new resource. \Wether or not the answer
to block 214 is yes or no, reaching that33d ock in the first place neant

that a determ nation had al ready been nade that the answer to block 212 was
yes, and thysg_in either case a determi nation needs to be made as to whet her
a "spare" exi ‘i n secondary resource h that can be carried fromthe
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at each time period t.

2. The computer-implemented method of claim 1, wherein said step (3)

comprises, at each time period t, the steps of: _

(a) determining, for a specified product or service, which resources can
be classified as primary and secondary;

(b) determining which of said secondary resources are required, in
conjunction with said primary resources, to provide said specified product or service;

(c) for each said required secondary resource, determining whether said
secondary resource is available or whether it requires procurement;

(d) for each primary resource, determining whether the primary
resource is available or whether it requires procurement. Ty

3. The computer-implemented method of claim 2, further comprising the
steps of: | ' : '

(e) determining which resources can be classified as tertiary;

(f) determining which of said tertiary resources are required, in
conjunction with said primary resources or said secondary resources, to provide said
specified product or service;

(g) for each said required tertiary resource, determining whether said
tertiary resource is available or whether it requires procurement.

4. The computer-implemented method of claim 2, wherein said primary
or secondary resources obtained from intercompany sources are designated as

R

| D R



bl ock 328. O herwi se, a rearrangenment of products or services is nmade,
agai n using equations 26-31, as indicated by a block 330. Referring nowto
Fig. 4, the next step is to determ ne whether all pertinent primary
resources and activities have been considered. This is a kind of "sanity
check” to make sure all was covered. Thig4ls indicated by a bl ock 402.

Deci sion block 404 indicates that the above-noted anal ysis needs to be

i mpl ement ed f.ot ch tine period t. Once that is done, the various systens
i npl emrent ed Wlfiﬁ%'f'ﬁ?é’%ri ous tinme periods are further optimzed, as

I ndi cated by a block 406. This could be done in any nunber of ways, for

opti m oati o, 1. | o PRErARBNERbRReaRI RNUEL Al SrbBP LBy b
The next st epep.caftenstidistap @hof optimizing sadbrald sysiern abeaghdime periattt by ni ne

"favorabl e pahfiyifg afl réddfircés bver Al §fsaid ®F ti jod§, periods t, in view
of such factors” as availability. Algorithns exist fior doing this, such as .
the virtual pricing techniques described in U S. patent 5,270,921, which is
i ncorporated by ref egeAccniitérireadablemieditim forallot &irigreSKirSesover a PRAEAINGT
there may be go nuc.h vgrlati.on | n-demand between each tine period t Since
t he | ast anaf’t/ F?H?ﬁ‘gdf °8Hp W&feffects on the market. If there is, then
optim ze the system amfirst mddule, wherein said fiost mddule teeeivesrésource s¢qiementsd t o

changes i n-a e nbieshenicaTh 456 oPthe pluhli5Stoiepdidds) 1 ' T7 Fliure
peri ods. a second module, wherein said second module receives resource
' availability information indicating anticipated resource availability during each of

the plurality of time periods; '

a third module, wherein said third module configures a system at each
time period t based upon input from said first and second modules, wherein the
resources used at each time period t are interdependent with the other plurality of
time periods;

a fourth module, wherein said fourth module determines the pricing of a
product or service, wherein said product or service is a subset of said system, based
upon availability of the resources at each time period t.

7. The computer-readable medium of claim 6, wherein said third module
comprises, at each time period t: '

a fifth module, wherein said fifth module determines, for a specified

o product or service, which resources can be classified as primary and secondary;

a sixth module, wherein said sixth module determines which of said
secondary resources are required, in conjunction with said primary resources, to
provide said specified product or service; _

a seventh module, wherein said seventh module determines, for each
said required secondary resource, whether said secondary resource is available or
whether it requires procurement;

an eighth module, wherein said eighth module determines, for each

primary resource, whether the primary resource is available or whether it requires
procurement.

8. The computer-readable medium of claim 7, further comprising:
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-28 - The next step is to determ ne whether a price-performance mark has
been net, as indicated by blocks 412 and 414. Lastly, a determnation is
made as to whether the reference T = 0 has changed, in which case the

anal ysis woul d have to be re-perfornmed) as indicated by a block 416). O
course, it should be understood that Figgses 2-4 and the associ ated
description above is nerely by way of exanple, and that the present

i nvention contenpl ates_.any n er, of. differ nf.igurations, additional
steps and/or sequen cg %ﬁﬂﬁ‘éﬁgg’ ‘ghed'%'_ﬂi s@‘{dfe'l}?‘&'%mglﬁg Sﬁgﬂpﬁ'@s &é%’l'eémm’e% sage
of the presecan beclassifiedras tedtiaryi;nventi on was applied to test the procurenent
process, production tel ' C . net wor k
at a prototype |evel g%ﬁ%@gﬁ’t%&gfﬁ%ﬁ%@@ﬁ%ﬁéﬁé Iévih?‘iq’e(gssgﬁg

equi pment chigrtipsy respurces argoreguised, dn corjunctioncwitiy said iprimary resentces er sgid
decline in agebhiry restufed 1o!previde Saill 3pedi G&bordBAi¢hanges in custoner
denographi cs. Three different services, B ASD! Accunet . ctrum Di |tal_|
Servi ces), Accunet Tiansle hlegWhersin said el Y&‘!‘E“&‘@“ﬁ "HEF*I(%UQE T1.5
(supporting kdig federting) ReoEree, Witsthersaid teAiary fosburcs iavaiiable)or wietherd s ed
to test this,nodel. The other services such as, CCS (consuner

communi cat i ofSCQUFESRIEAICEDL. o <5 be supported and new services can be
added. At the present tinme, AT&T |leases facilities and network equi prment

fromregional bell oge i | Fﬁ\s&s L de. C, llqﬁhé, cess
toits long di stanceg'ng?%%.pﬁ_@p%ré urns%%%i"??’?‘?‘gés}gnoﬁdeﬁ C &;ni es
when t hese f aedondarysesoureesrobtained:from intencomptinyisourcesrargrdesignatedfas available
services fromahardal one facilities to high cap or fromone high cap to

anot her high cap I's needed to nanage the network costs effectively, and
t hereby maxim ze the asset utilization and revenue. Flow of materials

bet ween AT&T and it s19eTHe cémpifeé-readable medium of claim 6, further comprising an
optimization module, wherein said optimization module optimizes each said system
at each time period t by analyzing all resources over all of said plurality of time
' periods. .

11. A machine for allocating resources over a plurality of time periods t,
comprising: ' o |
first means for receiving resource requirements to be implemented in
each of the plurality of time periods; ' ' ‘

second means for receiving resource availability iiformation indicating
anticipated resource availability during each of the plurality of time petjods;

s third means for configuring a system at each time period t based upon
' said first and second means, wherein the resources used at each time period t are

interdependent with the other plurality of time periods; '

fourth means for determining the pricing of a product or service,
wherein said product or service is a subset of said system, based upon availability of
the resources at each time period t.

12. The machine of claim 11, wherein third means comprises, at each
time period t: ' _
fifth means for determining, for a specified product or service, which
resources can be classified as primary and secondary;
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within AT&T's production and marketing processes can best be optim zed by a
dynam c optim zation technique. A tine-variant dynam c systens nodel can
best mmc this flow of materials across business processes as a function
of time. The nodel makes optinmal -deci sions of procurenent process,
production process and nmarketing process36at discrete tine periods. The
techni que was applied to one-|evel hubbing archi tecture in the AT&T access

network. It is assu cht tfﬁ?dét@ltnﬁpl‘@i{v ggghlsg‘%o eEtf'\ﬁ-Eékr vvoul d be

solved fromthe solu |on 0 e one- I'ng a one | evel
hubbi ng scemequired, mqmtpmonmsautanmmgees@m ptoypdf)satﬁ speeifiedar e
consi der ed 5)& Q?%Wﬁe] ocations. It is assunmed that demand of different

t el ecommuni cat1 on servi ces Orls&] t| ng, at these Iqaatlo s d stl ned to
mul tiple AT&T servi n§e¥snth means fopdgte ng, for gagh sai ﬁ%qq‘g\%éf'

scenario, a eitiée, mnﬁsmdsee&daryceamraé'smusmeeewheama&equmes, between k
demand | ocation and AT&T servi ng offices and via-routes (i.e., demand from

k | ocation rﬁngH"eB'é“?'out ed to an AT&T serving office via another LEC
office, a potenti al highﬂcmdndm&tenﬁhﬁng,éugmbmnmymoumswbemetmbe pl ace

to mintain the o tlrrum i ces, previously
ment i oned, oL %f%ﬁ%@% ﬁgaﬁf'@%%hes IBor ﬁaﬁ{]&cap facilities
(e.g. T1.5 carryi ng DSO DS3 or DS3+s carrying both DSO channel s and DS1

channels). If the ci aliBne 6PQ5HN 12 ﬁﬁép&ﬁﬁpﬁk‘{ . time and reach
break-even with Ti 1.5 or etS[R owest cost 53 al terna‘?glve the st andal ones

get rolled over to T misthgpeans for.determining;which Fqso'e“P?EsE?“r‘&ﬁ pssifigdas; ot ed via
‘a LEC hub- AT&BRE.;P pair, j, in one

tenth means for determining which of said tertiary resources are
required, in conjunction with said primary resources or said secondary resources, to
provide said specified product or service;

eleventh means for each said required tertiary resource, determining
whether said tertiary resource is available or whether it requires procurement.

14. The machine of claim 12, wherein said primary or secondary
resources obtained from intercompany sources are designated as available resources.

15. The machine of claim 11, further comprising optimizing means for
optimizing each said system at each time penod t by analyzing all resources over all
of said plurality of time periods.
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time period, they mght mgrate to a higher level capacity in the sane jth
route, or another jth route, provided sufficient growh exists and
cost-optimality criteria is satisfied. The Pacific Bell territory has been
chosen for this study. Figure 5 shows different access alternatives
available in the Pacific Bell tariff. Tl3qultiplexers are considered to be
tertiary resource conponents when they are cascaded into DS3 nultipl exers

to support the ASDS t tjplexer is also
used i n conjuncti on“&f&ﬁ“ y@ewpﬁséwuﬁ Qmﬁml%o? Jri@t'Py" resour ce
conponent. DS3 nul ti pl exers ar e FoeResdarce Albsmatione conponents which are
cascaded into high cap DS3 facilities to support ACCUNET T1.5 and NODAL
T1.5 services. Hi gh capacity facilities are of different types, and come in

n different dAbstract of DS3 packs (n x DS3) or T1.5 facility. TI. | x DS3,
3 x DS3 and 12 x DS3 weichiné néthod hd Riediurt 16t Hlicea ngehs st udy
r

in addition to standal one options ese types o esources mg
avai | abl e as timg perids; Yiadousgequests (€180 feom sustamers) e@s@cm@mrprqﬁucm &T an

i ”port?n]E ' nﬁﬂalo}gfﬁlc@k”ﬁlﬂt feﬁ@?@ﬂibt’ﬁi@ ﬁ)f%%lﬁéﬁmg rewik?ées':b\%%

account for possible mara activitjes of services, amp ri

resources. TRUNSPS %FQ g“p‘?eﬂwl?‘@g%? %ﬁ’%‘cg‘%ﬁ/&'&g@“ﬂ?‘{)m primary
resource i' \Muikdu gpredmmentdndp@o&fcﬁm provietses areotakemings addoatit iafthesds,

accunet and no e Lity to
hi gher  capaci fscﬁ‘i‘ae%ﬁ?ﬁwlt 1§ o 9 P TPHpine b s BBt b e

demand of a deplayed ovetthe varipys time periodscto satisfy enstomendemandes growt h onI y
and can be easily nodified to include declining demand within the sane

mat hematical principles. Figure 7 displays sone enbodi nents contenpl ated by

t he present on of -a hi gh | evel software architecture for deploying
dynam c resou:}'\c{[g;%[r"'E 1



al l ocation techniques. In the exanple depicted by this figure, the

mar keting and sales force is required to gather custoner-specific

requi renents and store themin a -30 - custoner requirenents database
702. These requirenents are tinme-dependent and so they should be

ti ne-tagged. Custoner demand, product or service specific features and
custoner expected arrival tine or departure tine are sone of these

requi renments. The procurenent process isjmquired to gather vendor-specific
resources or technology alternatives and their costs. The production
process is required to gather production-related requirenents and their
costs. This informatiog _should be storegd in a procurenent/production

dat abase 704s Q’I addltgﬁ, the'sp ure nt prBcass a:houl d identify possible

war ehouse or:p ‘Fons ) _ He, | =] gmunl cation industry
they are the‘lﬁtal %erﬂ g of fifg g&;: fror k @@FeiBEti on | ocations or AT&T
752 tfdme tagg based on their .

L)

POPs. This ;:]n shoul d a?P
avai | abi i tly. yna > eq to contain the
facilities 'vA :

I npl ement ed. Sone enbodi-A

this inpl en%tatl
CPLEX cal | abTe
nunber of prog
syst ens nodel
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process and the procurement requirenments fromprocurenent as its input. The
nodel then creates time-variant optinmumresults which are stored in a
mast er dat abase 708. The optinmum procurenent results are sent to the
vendors for order processing. The yield managenent information is accessed
by .marketing and sales for product or seéervice sales. The production process
takes the optimum production schedule to assure that it produces finished
products just-in time for delivery to custéygis. The input and output to
and fromthe marketing, production, procur nt (and i nventory control)
entities is done through user interface 710 and screens 71
cycle of optimzation run is repeated based on a nmovi ng hg

718. The whol e
on policy to

keep the inventory at optlnun1state In a ngv
optim zation-cycle gats rfEpe
the noved horizon as®™ | &jftrated in Flgure g
envi ronnents as cont ey at-- by sone enbodi 1
are now di scussed wiggh=e k0 Figure 9rJ5
conmputer & V|ronnent:980” ﬁhn can be a si#ad
envi ronments, and c{s3 é*ﬁze:oe or nor e ]
envi ronnmeng.. 900 can ny3 #hber of cony
m croconp rs, bnput er s, '
paral | el ﬁuoces i ng |©s 2o pl es of microc
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Exanpl es of m niconputers include the VAX 750 from Di gi tal Equi pnent
Corporation of Maynard, Massachusetts and the AS/ 400 from | BM Cor porati on;
an exanple of a mainframe is the System 390 series fromI|IBM and an exanple
of a massively parallel processing conputer is the Cray T3D from Cray
Research of Eagan, M nnesota. O course, any nunber of other types of
conputer systens are al so contenplated for use with the present invention.
Al so, the present invention contenplates that two or nore of such conputer
environnments can be |inked and used togeBW&l. In addition, any number of
operating systens can be used with regard to the conputer environnment used
with the present invention, including any of the various version Uni X,
VMS from Di gital Equi prent, gm | BM and/ or DOS or W ndows m

M crosoft Corporation of & A, or the Macintosh OS from Apffl e

Conmputer. Still referring to]E-3 sonme enbodi nents of [TTe prESerT —
i nvention contenplate t @d of conmuni cations i nk sg% 8s E@s
902 al l ows vari ous conp® mput er environment 9B &2 n
comuni cate. As shown, one o essor(s) 904 are in ng magﬁ
w th bus 902. Sone enbodi nent present i nvention mmg g.ragm
the processor(s) 904 can be tT pi¢ally found in the colfpBTSES &
menti oned above, or they can nugber of other types ofuy -afé‘gg_r?»'s).
For exanple, with regard to oci@fpufers, any of the Inte @g ggs,
Pentium or ey ot her CPl_dev edBIn Intel's future line o e e lar e
contenplated. Also in @ﬁﬁ% h -bus 902 is a displ B¢ 04.
This can begsgny type of spI@EQ A(egﬂ'capabl e of displafinp ¢ & ze’?ﬁ
i nf or rrationmand can al so:agqgis a'i* i nput device where beh-screel T
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Menory/ st orage device(s) 906 is al so shown as being in conmunication with
bus 902. Sone enbodi nents of the present invention contenplate that the
menory/ st orage device(s) 906 could be any nunber of different types of
transi ent, permanent or sem -pernmanent conputer-readabl e nedi uns for
storing information, including RAM ROM EPROM magnetic, electronic,
atom c or optical (including holographic) storage, sone conbination

t hereof, etc. Software conponent(s) 912 are shown as being associated with
menory/ st orage 906. In addition, sone 45 . enmbodi nents of the pr esent
invention also contenplate that the conputer-readabl e nmedi um coul d include
any type of transm ssion schenme for conmunicating information. The precise
nat ure of software conponent(s) 912 are envisioned to vary dependi ng upon
the function and | ocation with which the associ ated conputer environnment
900 is used. Sone enbodi ments of the present invention contenplate that
they woul d include the dynam c systens nodel 706 and dat abases 702, 704 and
708. One or nore input devices 908 e al so eRyi sioned to be associated

Wi th conmputer environment 900. An fferent types of input

devi ces such as a noug®, keyboard, c., cane used. In addition, a
communi cations link 99 is al so shoj 0 in comunication -w th bus
902.  This can be use anple,}Jto conmurji cate with narketing and/ or

production and/or pr GBeTernt site where By of Themare at a
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renote | ocation fromthe conputer environment 900. It should be understood
that Figure 9 and the associ ated description above is nerely an exanple,
and that the present invention contenplates any nunber of different
configurations and/or different conponents as well. In general, it should
be enphasi zed that the various conponents of enbodi nents of the present

i nvention can be inplenented in hardware, software or a conbi nation

t hereof. In such enbodi nents, the various conponents and steps woul d be

i mpl enented in hardware and/or software to performthe functions of the
present invention. Any presently available or future devel oped conputer
sof tware | anguage and/ or hardware conponenbgltan be enpl oyed in such
enbodi ments of the present invention. For exanple, at |east sone of the
functionality nmentioned above could be inplenented using the C or C++
programmi ng | anguages. It is also to be appreciated and understood that the
spécific enbodi nents of the invention described hereinbefore are nerely
illustrative of the general principles of the invention. Various
nodi fi cations nay be made by those skiFIBd i® the art consistent with the
principles set forth hereinbefore. -33 - Cainms: 1. A
conputer-inplenented nethod for allocating resources over a plurality of

time periogls nprfi si sfep : {1) r ng r rceg
requirenen sé%%’lﬂfplpt 'd ip e Ethe | E|ty jﬂ’?#lrre Q%ﬂ%
(m IIOHP'OIN,ENIS COHP(O#,ENIS COHPPN,ENTS tkh
1

VG/ASDS | Tt MULTIPLEXER
{MULTIPLE}

ACCUNET T1.5 NONE DS3 MULTIPLEXERS | HIGH CAP DIRECT | LEC OFFICE
‘ (HULTIPLE) FACILITIES | VIA HUB

NODAL NONE (n x DS3
5 e.0. 3-PACK
6-BACK. ETC.
VG/ASDS | T1 MULTIPLEXER |
(MULTIPLE) | |
" ACCUNET T1.5 NONE SINGLE 0S3 [ SINGLE HIGH| OIRECT | LEC OFFICE
MULTIPLEXER  [CAP FACILITY|  VIA HUB
NODAL NONE | (1083 |
1.5
VG/ ASDS SINGLE T1. NONE SINGLE Tt | 'OIRECT | LEC OFFICE
MULTIPLEXER FACILITY | VIAHB .
VG ASDS NONE NONE VG/ASDS | STANDALONE | LEC OFFICE
| FACILETY '
ACCUNET T1.5 NONE NNE  [AccuneT To.5| sTavoaLone | Lec oFFIcE
| FACILITY
NODAL T1.5 NONE NONE NODAL T1.5 | STANDALONE | LEC OFFICE

FACILITY




(2) receiving resource availability information indicating anticipated
resource availability during each of the plurality of tinme periods; (3)
configuring a systemat each tinme period t based upon said steps (1) and
(2), wherein the resources used at each tinme period t are interdependent
with the other plurality of tine periods; (4) determning the pricing of a
product or service, wherein said product or service is a subset of said
system based upon availability of the resogaﬁfs at each tine period t. 2.
The conputer-inpl enented nmethod of claiml, erein said step (3)
conprises, at each tine period t, the steps of: (a) determning, for a
speci fied product or service, which resources can be classified as primary
and secondary; (b) determ ning which of said secondary resources are
required, in conjunction with said primary resources, to provide said

speci fied product or service; (c) foz:cgﬁch id required secondary
resource, determ ning whether said s tlary resource is avail able or

whether it requires procurenent; (d) for each prinmary resource, determ ning
V\het her the pr f\Ln oF hnf lnnv j— Jﬁ_ﬂL:_F es

procurenent. 3. The c | ement d net ho agFm 2 furthe'

conprising thg steps Oﬁg‘%germ’ ni ng V\/n (ls{m‘ an be clpssified
as tertiary; (if) dete ch of $aid t éw sources are fequired,
in.conjunction with said primary resougces or sal secondary resoufces, to

provi de said LSJpe(:lrlea profiuct. or _Service, (gJ tor [each said requifed
tertiary resouyce, determ hinlj Whét¥er |said 1 1

INITIAL TN, OF - STANDAL ONE INIT. INV. OF 1 | -STANDALONE

1.5 VG/ ASDS x DS3 FACILITY | ACCUNET/
: NODAL
INITIAL INV. OF | -STANDALONE INIT. INV. OF | -STANDALONE
1x V6/ ASDS 3 x DS3 FACILITY| ACCUNET/NODAL
FACILITY -YG/ ASDS -ACCUNET/
CARATED BY INIT. NODAL CARRIED BY
INV. OF T1.5 INI. INV. OF 1 x DS3
INITIAL INV. OF | -STANDALONE INIT. INV. OF | -STANDALONE
3 x 033 VG/ ASDS 12 x DS3 ACCUNET/NODAL
FACILITY -Y6/ ASDS FACILITY - ACCUNET/
- | CARRIED BY INIT.}- NODAL CARRIED BY
INV. OF T1.5 ' INI. INV. OF 1 x DS3
-YGIASDS -ACCUNET/ .
CARRIED BY INIT. NODAL CARRIED BY ,
INV. OF 1 x DS3 INI. INV. OF 3 x DS3
FACILITY : :
INITIAL INV. OF | -STANDALONE NEW 1 x 0S3 | -STANDALONE
12 x DS V6/ ASDS FACILITY ACCUNET/NODAL

FACILITY -YG/ ASDS
CARATED BY INIT.
INV. OF T1.5
-VG/ ASDS -
CARRIED BY INIT.
INV. OF 1 x DS3
FACILITY

-Y6/ ASDS
CARRIED BY INIT.
INV. OF 3 x DS3




tertiary resource is available or whether it requires procurenent. 4. The
conputer-inplenented nethod of claim2, wherein said primary or secondary
resources obtained frominterconpany sources are designated as - 34-
avail abl e resources. 5. The conputer-inplenmented nethod of claim1l,.further
conprising the step, after said step (3), of optim zing each said system at
each tinme period t by analyzing all resources over all of said plurality of
time periods. 6. A conputer-readable nediumfor allocating resources over a
plurality of tinme periods t, conmprising: a first nodule, wherein said first
nodul e recei ves resource requirenents to Q@j npl emented in each of the
plurality of time periods; a second nodul e, ﬁherein sai d second nodul e
receives resource availability information indicating anticipated resource
avai lability during each of the plurality of tinme periods; a third nodul e,
wherein said third nodul e configures a systemat each tinme period t based
upon input fromsaid first and second nodul es, wherein the resources used
at each tine period t are interdependent with the other plurality of tine
periods; a fourth nodule, wherein said fourth nodul e determ nes the pricing
of a product or service, wherein Saiqgitfdu or service is a subset of
*he

said system based upon availability sources at each tinme period
t.
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7. The conputer-readabl e nedi um of claim®6, wherein said third nodul e
conprises, at each tine period t: a fifth nodule, wherein said fifth nodul e
determ nes, for a specified product or service, which resources can be
classified as primary and secondary; a sixth nodule, wherein said sixth
modul e det erm nes which of said secondary resources are required, in
conjunction with said prinmary resources, to provide said specified product
or service; a seventh nodul e, wherein sai d_seventh rodul e det erm nes, for
each said required secondary resource, widtider sai d secondary resource is
avai l abl e or whether it requires procurenent an eighth nodule, wherein said
eight h nodul e determ nes, for each primary resource, whether the primary
resource is available or whether it requires procurenent. 8. The
conput er -r eadabl e nedi um of claim 7, further conprising: -35 - a ninth
nmodul e, wherein said ninth nodul e determ nes which resources can be
classified as tertiary; a tenth nnduk%Lﬁyhgs In said tenth nodul e

determ nes which of said tertiary re re required, in conjunction
with said primary resources or said secondary resources, to provide said

specified prodquct or service: an elevepnth nodule wherein said eleventh
nodul e det er mjnes, for id requifed tertlar ce, whethef said
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it requires procurenent. 9. The conputer-readabl e nmedi umof claim?7,
wherein said primary or secondary resources obtai ned frominterconpany
sources are designated as avail abl e resources. 10. The conputer-readabl e
medi um of claim 6, further conprising an optim zation nodul e, wherein said
optim zation nodul e opti m zes each said systemat each tinme period t by
analyzing all resources over all of said plurality of tine periods. 11. A
machi ne for allocating resources over a plurality of tine periods t,
conprising: first neans for receiving ref8dddce requirenents to be

i npl enented in each of the plurality of time periods; second neans for
receiving resource availability information indicating antici pated resource
avai lability during each of the plurality of tine periods; third neans for
configuring a systemat each tinme period t based upon said first and second
means, wherein the resources used jglggch;;ine period t are interdependent
with the other plurality of tine pdr s;ffourth neans for determ ning the
pricing of a product or service, wherein said product or service is a
subset of said system based uppu.avaid.abid.iiyx.of..the.resolr.ces ai..each
time period tHé4%2. The machine bf claim 11, wherein third means conprises,

at each tinepediod t- fifth _oebhns for determning, ?QﬂF}g/;uuﬂ: fied prpduct
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-36 - sixth neans for determ ning which of said secondary resources are
required, in conjunction with said primary resources, to provide said

speci fied product or service; seventh neans for determning, for each said
requi red secondary resource, whether said secondary resource is avail able
or whether it requires procurenent; eighth neans for determ ning, for each
primary resource, whether the primary resource is available or whether it
requires procurenent. 13. The machine of claim 12, further conpri sing:
ninth means for determ ning which resources can be classified as tertiary;
tenth neans for determ ning which of said tertiary resources are required,
in conjunction with said primary resources or said secondary resources, to
provi de said specified product or service; eleventh nmeans for each said
required tertiary resource, deternining whether said tertiary resource is
avai l abl e or whether it requires procur ggeRy. 14. The machine of claim 12,
wherein said primary or secondary resources obtained frominterconpany
sources are designated as avail able resources. 15. The machine of claim 11,
further conprising optimzing neans for optim zing each said system at each
time period t by analyzing all resources over all of said plurality of tine
peri ods.
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