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SCHEDULING MANUFAGTURING JOBS
BACKGROUND

[0001] With increasing competition amongst product manufacturers and
service providers, organizations are increasingly customizing products and

L

services made available to consumers. For example, customization detais,
such as dimensions, colour, and shape, for a product may be obtained from
each consumer, and the product may be customized for manufacture based on
such details.

BRIEF DESCRIPTION OF FIGURES
1 [0002] The detailed description is provided with reference to the
accompanying figures. In the figures, the left-most digit{s} of a reference number
identifies the figure in which the reference number first appears. The same
numbers are used throughout! the figures {o reference like features and
components.

oot
LV

{0003] Figure 1A illustrates a schematlic of a scheduling system for
scheduling manufacturing jobs, according to an example of the present subject
matter,

[0004] Figure 1B #lustrates & detailed schematic of the scheduling system
for scheduling manufacturing jobs, according to an example of the present
20 subject matter.

{0005] Figure 2 illustrates a method for scheduling manufacturing jobs,
according o an example of the present subject matter.

[00086] Figure 3 iflustrates a detailed method for scheduling manufacturing

jobs, according to an example of the present subject matter.

24
LA

{0007 Figure 4 iHustrates a computer readable medium storing
instructions fo perform scheduling of manufacturing jobs, according fo an
example of the present subject matier.

DETAILED DESCRIPTION
[0008B] Generally, manufacturing equipment and faciliies are adapled for
3 mass production; however, to cater {o production based on the concept of
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customization, the same manufacturing equipment may be used for
manufacturing singular customized products. For example, a customer may
place an order for a book that is cusiomized, te., printed and bound, as per the

customer's specifications. In another example, a cusiomer may lock for a

L

customized watch or for customized industnial products, such as spare parts. In
one example, mass custfomization may be performed using 3-dimensional
printing.
[0009] In such cases, when the existing manufacturing eguipment is used
for production, the production of each product customized differently may
10 reduce productivity. For instance, consider a case where two products, such as
books of different sizes, are {0 be bound or finished using the same finishing
equipment. In such a case, when the first book is finished, the finishing
equipment may have 1o be setup again for finishing or binding the second book,
owing fo the different size of the second book. As a result, the overall non-
153 productive ime of the manufactuning equipment can be substantially high.
Accordingly, if a large number of such customized products are o be
manufactured using the same equipment, various factors, such as sefup times,
processing times, and process flows, for each product, may come into play and
may hamper the overall productivity of the manufacturing eguipment. In
20 addition, setting up of one production stage during manufacturing may affect the
performance of the production stages downstream {0 that production slage,
since the subsequent stages have to wait while the setling of the previous stage
is being changed.
[0010] Generally, in such cases, the production processes are scheduled
23 based on different parameters, such as specification or dimensions, associatad
with the finished product. However, the gueuing of tasks in a schedule may be
complicated because of the various siages of production involved in the
manufacturing of the product. For instance, in the case of finishing of a book, a
cutter, a trimmer, and a punch can be used at different slages. In one example,
3 the input and cutput product from each stage may be dimensionally different. As
the dimensions of the book c¢hanges from one stage o the other and

additionally, the overall dimensions of the different books being manufactured
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change, the specification of the finished product may not be sufiicient for
scheduling of tasks, for example, for reducing the setup time. Such a situation
further complicates the scheduling of tasks. Consequently, the scheduling
techniques generally used may not be effeclive in achieving good productivity

L

white manufacturing such customized goods.
[0011] The present subject matter provides an automated approach for
scheduling and planning manufacturing processes for manufacturing products.
In an example, the products can include customizable products; thus, some of
the products being dimensionally different from the others. The products can
10 range from small consumer goods, such as watches, books, calendars, and
posters, to large consumer goods, such as vehicles, and can also include
industrial goods, such as spare parts.
[0012] The manufacturing processes may be performed on a
manufacturing equipment set. A manufacturing eguipment set can be s
15 complete production hine including various machines and equipment which are
used in the production of the products. For example, in case the products are
printed paper products, the manufaciuring equipment seat can include finishing
equipment, for instance, having integrated stages, or integrated printing and
finishing egquipment.
20 [0013] According to an aspect of the subject matlter, a processar, for
example, of a computing system, can plan scheduling of manufacturing jobs for
a plurality of manufacturing equipment sets, and can select one of the
manufacturing equipment sets from among the plurality of manufacturing
squipment sets for manufacturing. Therefore, the present subject matter
25 provides for automated optimized planning of manufacturing processes by
selecting the manufacturing equipment set which allows for relatively higher
performance and/or productivity.
[0014] According to another aspect, the processor can achieve
scheduling for a manufacturing equipment set at rundime for queuing of
3 manufacturing jobs in realtime. Accordingly, as a manufacturing job is received,
the processor can reshuffle the manufactunng jobs already scheduled on the

manufacturing equipment set {o accommodale the received manufacturing job
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on the manufacturing egquipment sel, for example, for higher productivity. In
such a case, the present subject matter can facilifate in optimized realtime
scheduling of the tasks for achieving high productivity on the manufacturing
equipment set during manufacturing.

L

[0015] For the purpose of scheduling, the processor obtains an order
parameter(s) associated with a product to be manufactured. The order
parameters can be parameters associated with 8 manufacturing job and can
include, for example, specification of the finished product {0 be manufactured.
For instance, in case the product is a book or a calendar, the specification can
10 include length, thickness, and number of pages. In another instance, in case the
product s & car, the specification can include dimensions of the doors, the
hood, the raof, and the chassis.
[0016) Further, on the basis of the order parameters and production
attributes, the processor can estimate a product dimension of an intermediate
13 product associated with the product. In an example, the production attributes
can be characteristic fealures of the manufacturing equipment set and the
praduct to be manufactured and can include equipment specification, product
type o be manufactived, and manufactring processes o be used for
manufacturing the product. An intermediate product can be a product obtained
20 at an intermediate stage of production and can affect the utilization of the
manufacturing equipment set in the manufacturing process. The product
dimensions of the intermediate product can vary based on the product, the
rmanufacturing process, and the manufacturing equipment set. In an example,
the product dimensions of the intermediate product can affect the overall
25 productivity of the manufacturing eguipment setl.
[0017] According {o one aspect, the present subject matter involves the
dentification of a factor affecting the productivity of the manufacturing
equipment sef, determining the manner in which the factor affects production,
and scheduling the tasks based on the faclor, to optimize the effect on
3 production for achieving high productivily. For example, the factor can be the
product dimension of the inlermediate product at an intermediale stage that
could affect the productivity of the manufacturing equipment set.
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[0018] In addifion, the processor can obtain a scheduling criterion, for
instance, from a user, on the basis of which the manufacturing jobs can be
scheduled. In an example, the scheduling criterion can be, a parameter based
on which the scheduling, and therefore, the manufacturing of products is to be

L

optimized. For instance, the scheduling criterion can include the setup time for

the equipment, the processing time for manufacluring the product on that

equipment, the deadling for delivering the product, or @ combination thereof. In
case the setup ime is the scheduling criterion, the processor can schedule the
manufacturing jobs to minimize the setup times while manufacturing the

10 products. In another case where the deadline for delivery is the scheduling
criterion, the processor can schedule the manufacturing jobs in order to mest
the deadlines. Therefore, based on the product dimension of the intermediate
product and the scheduling criterion, the processor can optimally schedule the
manufacturing job for the product along with the other products scheduled for

13 production on the manufacturing equipment set.

[0019] Further, In an example as expleined sbhove, where one
manufacturing equipment set is selected from among the plurality of
manufacturing equipment sets, performance of each manufactring equipment
set under consideration can be estimated based on the scheduling plan. For

20 instance, the processor can estimate the performance of each manufacturing
equipment set in terms of production performance and financial performance.
Accordingly, the progessar can select a manufacluring equipment set for
rmanufacturing, for example, based on the production performance or financial
performance or both.

23 {0020 The present subject matier facilitales in achieving high productivity
from the manufacturing equipment and substantially minimizing the non-
productive time, thereby reducing non-utilization of manufacturing capability of
the manufacturing equipment sel. In addition, the present subject matler can
provide for real-time scheduling as well as for selecting a manufacturing

3 equipment set from a ot and for planning of production, in an optimized manner.

[0021] The above systems and methods are further described in the

figures and assaciated description below. It should be noted that the description
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and figures merely Hlustrate the principles of the present subject matier
Therefore, various arrangemenis that embody the principles of the present
subject matter, although not explicitly described or shown herein, can be
devised fram the description and are included within its scope.

L

[0022] Figure 1A Hlustrates components of 8 scheduling system 100,

according to an example of the present subject matter. The scheduling system

100 may include, for example, a processor 102 and modules 104

communicatively coupled to the processor 102, The processor 102 may includs

ricroprocessors, microcomputers, microcontroliers, digital signal processors,

10 central processing units, state machines, logic circuitties, and/or any other
devices that manipulate signals and data based on computer-readable
instructions. Further, functions of the varicus elements shown in the figures,
including any functional blocks labeled as “processor(s)’, may be provided
through the use of dedicated hardware as well as hardware capable of

15 execuling computer-readable instructions.

[0023] The modules 104, amongst other things, include routines,
programs, objects, components, and dala structures, which perform particular
tasks or implement particuiar abstract data types. The modules 104 may also be
implemented as, signal processor(s), state machine(s), logic circuitries, andfor

20 any other device or component that manipulates signals based on operational
instructions. Further, the modules 104 can be implemented by hardware, by
computer-readable instructions executed by a processing unit, or by a
combination thereof. The modules 104 can include a dimension determining
module 106 and a scheduling module 108,

23 [0024] According 1o an aspect, the scheduling system 100 can provide for
scheduling and planning of manufacturing processes for  optimized
manufacturing of products, for example, on a manufacturing equipment sei(s).
In one example, the scheduling system 100 may be used for optimized
manufacturing of products, which are produced as customized products. A

3 manufacturing equipment set can be a complete production line having various

machines and equipment, also referred {0 as stages, which are used in the

production of the products. For example, in case the products are printed paper
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products, the manufacturing equipment set can include finishing equipment, for
instance, having integrated siages, or integrated printing and finishing
gquipment each having integrated stages. in another example, where the
products are 3-dimensional printed products, the manufacturing equipment set

L

can include printing equipment having integrated stages of additive processes,
or the printing equipment integrated to the finishing equipment, either one or
both having integrated stages. in some cases, the manufacturing equipment set
can be a neardine equipment sef, ie., one machine may nolt be directly
connected to ancther maching in the manufacturing eguipment set, but may be
10 placed in the vicinity.
[GO25] Accarding to an aspect, the scheduling system 100 identifies a
factor affecting the production of products based on the manufacturing
equipment set to be used for production. Further, the scheduling system 100
can determine the effect of the factor on the production and can plan a
13 sequence of manufacturing jobs based on the factor, to oplimize the production.
In one example, the factor can be an inlermediate stage of the manufacturing
equipment set which affects the production, and a product dimension of an
intermaediate product obtained from the intermediate stage. The intermediate
product can be an oulput from an intermediale stage of production and ¢an
20 affect the overall process of manufacturing of the product. Such an intermediate
product may vary based on the product, the manufacturing process, and the
manufacturing equipment set. For example, for a finishing equipment, such as a
perfect binder, a book with the pages bound to a cover but not frimmed can be
viewed as the intermediate product, since the dimensions of the book at such a
25 stage determines whether later slages of the finishing equipment involve re-
setling or not.
[0026] In an example, during operation of the scheduling system 100, the
dimension determining module 106 determines the product dimension of an
intermediate product of the product fo be manufactured on the manufacturing
3 equipment sel, based on an order parameter and a production atiribute. The
production attribute can be the characleristic fealures associated with the

entities affecting production and can include the manufacturing equipment and



WO 2015/167491 PCT/US2014/036039

the product. Further, in an example, the order parameters can be the delails
received from the customer regarding customization of the product, such as
dimensional specification of the product.

[0027] Further, the scheduling module 108 schedules manufacturing jobs

L

for the product on the manufacturing equipment set, based on the product
dimension of the intermediate product and a scheduling criterion. The
scheduling criterion can be a parameter based on which the scheduling and
manufacturing of the products is to be achieved. In an example, the scheduling
eriterion can be selected for achieving optimized manufacturing of the products
10 and can include, for example, setup ime, processing time, and a deadiine for
manufacturing the products. The various companents of the scheduling system
100 are described in detall in conjunction with Figure 18.

[0028] Figure 1B Hlustrates a schematic of the scheduling system 100
showing various components thereof, according to an example of the present

15 subject matter. The scheduling system 100, among other things, may include
the processor 102, modules 104, a memory 110, data 112, and interface(s) 114.
The processor 102, among other capabilities, may fetch and execute compuiter-
readable instructions stored in the memory 110. The memory 110,
communicatively coupled 1o the processor 102, can include a non-fransitory

20 computer-readable medium including, for example, volatile memory, such as
Static Random Access Memory (SRAM) and Dynamic Random Access Memory
(BRAM), and/or non-volatile memory, such as Read Only Memory (ROM),
erasable programmable ROM, flash memories, hard disks, optical disks, and
magnelic {apes.

p ]
L

[0029] The interfaces 114 may include a variety of commercially available
interfaces, for example, interfaces for peripheral device(s), such as data input
output devices, referred to as VO devices, storage devices, nelwork devices,
and intermediate power devices. The interfaces 114 may facilitate multiple
communications within a wide variety of networks and protocol types, including

31 wired networks and wireless networks.
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(0030} As mentioned earlier, the scheduling system 100 may include the
modules 104, I an example, in addifion to the dimension determining module
106 and the scheduling module 108, the modules 104 can include a
performance estimation module 116 and other module{s) 118. The cother

L

module{s) 118 may include computerceadable instructions that supplement
applications or functions performed by the scheduling system 100,
[0031] Further, the data 112 can include intermediate product data 120,
production data 122, oplimization data 124, and other data 128. The ofher data
126 may include data generated and saved by the modules 104 for providing
10 various funclionalities {o the scheduling system 100.
[6032] As explained above, the scheduling systemn 100 can achieve
scheduling and planning of manufacturing jobs for aplimized productivity. In one
example, the scheduling system 100 can achieve the scheduling of jobs in real-
time for optimized ufilization of the manufacturing equipment set. In another
15 example, the scheduling system 100 can provide for planning of the
manufacturing jobs Tor a plurality of manufacturing equipment sels. In the lalter
case, the schaduling system 100 can determine a scheduling plan for each of
the manufactuning equipment sets for a predetermined batch of products,
assess the overall performance of each manufacturing equipment sel, and
20 select one of the manufactring equipment sets for the manufacturing jobs
based on the overall performance. As mentioned previously, the manufaciuring
equipment sel{s) cater to production of products and each product is
customizable based on, for example, customer demand. Thus, in one casse,
gach product manufactured on a manufacturing equipment set may be
25 dimensionally different. In another case, balches of cusiomized products may
be produced on the manufactuting equipment set,
[0033] Further, as mentioned previcusly, for scheduling the jobs, the
scheduling system 100 can identify the intermediale stage and determine the
product dimension of the intermediate product in that stage, both affecting the
3 production of products based on the manufacturing equipment set being used.
The scheduling system 100 delermines the effect of the intermediate stage and
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10

the product therefrom on production and, accordingly, plans a seguence of
manufacturing jobs.

[0034] For example, in case of a car being manufactured as per
customization demand of the customer, dimensions of the doors of the car and

L

dimensions of the chassis can be the product dimensions of the intermediate
product which can influence the productivity. In such a case, the scheduling
system 100 can schedule the jobs based on the above identified factors and a
previously specified scheduling criterion. In an sxample, the scheduling criterion
can be a parameter determining a manner in which the manufacturing jobs are
10 1o be schedulad on the manufacturing equipment set. For instance, setup fime
involved in selting up various machines or stages in the manufacturing
aquipment set can be the scheduling criterion. In such a case, the scheduling
system 100 can schedule the manufacturing jobs to optimize the selup times
while manufactiring the products on the manufactuning equipment sel In
153 another case, a deadline by which the products are o be manufactured on the
manufacturing equipment set can be the scheduling criterion. Therefore, the
scheduding criterion can regulaie the manner in which the scheduling system
100 queues the manufacturing jobs.
[0035] Consider the case in which the scheduling system 100 selects a
20 manufacluring sguipment set from a plurality of manufacturing equipment sets
for optimized production. In said case, according 1o an aspect, the dimension
determining module 106 can oblain production alinbutes associated with each
manufacturing equipment set and the products to be manufactured thereon.
Based on the production atfributes, the dimension determining module 106 can
25 determing an  intermediate product expression for each manufacturing
equipment set. The intermediate product expression can, in i, be used for
determining the product dimension of the intermediate product.
[0036] According {0 an aspect, the dimension determining module 106
can lake into account a relationship between outputs from and inputs o each
3 stage of the manufacturing egquipment sel. Based on the relafionship, the
dimension determining module 106 can identify the intermediate stage which
can affect the averall manufacturing from the manufacturing equipment set.
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Accordingly, based on the identified inlermediate siage, the dimension
determining module 106 can determine the infermediate product expression for
the manufacturing equipment set.

[0037] In one example, the intermediate product expression can be a

L

mathematical relation capturing a correlation belween various production
attributes and indicaling the dependence of the intermediate product on the
production attributes. As will be discussed later, based on the intermediate
product expression, the dimension determining module 106 can determine the
progduct dimension of the intermediate product of the product t© be
10 manufactured. The dimension determining module 106 can store the
intermediate product expression in the intermediate product data 120,
[0038] In an example, the production attributes associsted with each
manufacturing equipment set can be previously stored in the production data
122 and the dimension determining madule 106 can determing the production
13 altributes therefrom. In ancther case, the dimension determining module 108
can request a user to provide the production allributes associated with each of
the manufacturing equipment seis and store the same in the production data
122. For instance, the production altributes can include squipment specification,
a process flow on the manufacluring equipment sef, and a product type to be
20 manufactured. In an example, the equipment specification can include a set of
equipment capahilities, a set of equipment inputs/outputs, operating modes, and
equipment seftings.
[0039] Consider an exampte in which the products to be manufactured
are books having different specification, such as dimensions and number of
25 pages. In such a case, the equipment capabilities can indicate the dimensions
of the book that the manufacturing equipment set and each stage or machine in
the manufacturing equipment set can handle. In an example, the equipment
capabhilities can be expressed as atlribute-value pairs qualified by the equipment
name and the product name. For instance, a book-cover printer, referred fo as
3 Ccover printer A" fo which a substrate roll is fed for printing can have the
following squipment capability:

{brand ="cover printer A", atir="webh_width_min", mode= "none", value = 5%inch}.
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[0040] This implies that for cover printer A, the minimum width of the web
i 5 inches. Similarly, cover printer A can have the following equipment
capabilities provided as examples:

{brand =" cover printer A °, altr="web_width _max®, mode= “"none", value
=80"inch},

{hrand =" cover printer A ", altr="coated_media_weight_min", mode= "none”,

L

value =55 *gsmy,
{brand =" cover printer A 7, alir="coated_media_weight_max", mode= "nong”,
value =130%gsmy,
10 {brand =" cover printer A ", altr="uncoated_media_weight_min", mode= "nong”,
value =407gsmy},
{brand =" cover printer A", attr="uncoated _media_weight_max", mode= "none”,
value =130*gsm}.
[0041] In anocther example, a printer B which is fed sheets for printing can
153 have the capability as follows:
fhrand =" printer B ", attr="fesderdrawert”, mode= "none®, value =1800 ~

Adshests},
[GG42] Which implies that a feed drawer of the printer B ¢an house 1800
A4 sheets.

20 [0043] in addition, as mentionad above, each machine or stage in each

manufacturing equipment set can have the set of equipment inpuisfoutpuls
associated therewith. in one example, the inputs and oulpuls associated with
the eguipment forming part of the manufacturing eguipment set can be provided
with respect 1o a cerlain product or a manufacturing process flow. In said

23 sxample, the inputs to the equipment can include inpuls from other equipment
or a consumable, such as substrale, ink, paini, or oll. The equipment
inputsfoutputs can be provided as attribute-value pairs, in the same manner as
the equipment specification. For instance, in case of a printing equipment “XYZ",
the equipment input and culpud sets, as examples, can be as {follows:

3 inpuls = {num = 2, inpull = {name="CoverSheets", index = inpull”,
pir="subslrates", process ="noneg”, resource="A3_Sheets", ref="none"}, inputt =
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{name="RippedCover’, index = "inpwt1", plr="processCapabilities”, process
=" RIFP_Cover”, resource="XYZ" ref="output0™}
outputs = {num = 1, oculpull = {name="PrintedRippedCover®, ptr ="none",

index="oudputd”, id="none", plr ="none”, ref="none™j}

L

[0044] in the above example of the squipment inputfoutputs, the input set

includes that the input to the printing equipment "XYZ" is cover sheets, A3

sheets and a ripped cover of the book, and the output is a printed ripped cover
of the book. As can be seen from the above example, the “pi” atlribule
indicates whether a given input to a machine of the manufacturing equipment

10 setis a substrate or not. A populated value of "substraies” in the “pb” allributes
denotes that the substrate is being referred to in the equipment input and outpid
sets. Further, the actual substrate is indexed by a value of the “resource”
attribute value which in the above example is “A3_shests”. Similarly, a value of
the “processCapabillies” denotes a process is being referred 1o in the equipment

13 input and output sefs. The actual process is denoted by the value of the
‘process” attribute, the value in the above example being "RIP_Cover”.

[0045] Further, the equipment specification can include different modes in
which the equipment of each manufacturing equipment set can operate,
referred to as operating modes of the eguipment or machine. The operating

20 modes can be selected based on an inpu, for instance, by a user, or based on
previously stored operating policies. Such operating policies can be stored in
the production data 122, Additionally, in an example, the equipment capabilities
can be dependent on the operating mode that the equipment is selected {0
operate in.

23 [0048] For example, in case of a paper printing equipment, such as cover
printer A, production can be dependent on the whether the printer is operating in
“calor”, "economy”, or "monochrome” mode. Accordingly, in certain cases, the
production afiributes may be dependent on each cther. Therefore, in one
example, the operating mode can be provided as a combination of capability

3 altribute and value pair for a give operating mode. For instance, the operating

mode for cover printer A ¢an be as follows:
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{brand ="cover printer A", attr="throughput_max", mode = "color”, value ="120 ~
Adgheets/min™}

[0047] The above expression for the operating mode of cover printer A
denotes that the maximum throughput of cover printer A in colowr mode on A4

L

sheets is 120 sheets per minute. Similarly, other the operating modes for cover

printer A, as examples, can be as follows:

i

{brand ="cover printer A", attr="throughput_min", mode = “economy”, valuse

"0 Adsheetsimin™,

{brand ="cover printer A", attr="throughput_max®, mode = "economy”, value
10 180" Adsheets/min’y,

{brand ="cover printer A", altr="throughpui_min®, made = "mono®, value = 0 ©

Adsheests/min’},

{brand ="cover printer A", attr="throughpul_max", mode = "mong”, value ="240 *

i

Adsheeatsimin™}.

13 [0048] Ir addition, the equipment specification can include the equipment
sattings for the equipment in each manufacturing equipment sel. The equipment
setfings can be based on, for example, the product to be manufactured. In an
example, the equipment sellings can include operational policies, such as
gueue lengths and balching parameters diclating balch sizes. For instance,

20 whether the manufacturing jobs are 1o be scheduled in a round robin manner
can be part of the operational policies. Since the equipment can have different
seitings based on different products, each equipment setling can be gualified by
the product. in an example, a printing press, referred {o as "printing press B” can
have the following equipment settings with reference to the substrate used for

25 printing. For a book, the equipment setling can be:

‘printing press B _input0_media_coated == False => printing press
B_production_speed = 300 feet/min®............... frrerens {H)
[0049] Expression {1 for the equipment setling for printing press B implies

that when printing press B is used for printing a book which does not use a
3 coated substrate, then the production speed or the printing speed can be of
about 300 feet per minute. On the other hand, for a photo atbum, the eguipment

selling can be:
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"printing  press B _input0_media_coated == Trug => printing press
B_production_speed = 200 feet/miny ... (i
[0050] Expression () for the equipment sefting for printing press B

implies that when printing press B is used for printing a photo album which uses

L

a coated substrate, then the printing speed of printing press B can be of about
200 feet per minute. Accordingly, in one instance, the substrate type can also
be part of the equipment setfings.
[0051] in addition, as part of the production atiributes, the dimension
determining module 108 can obiain the process flow to be used for
10 manufacturing on each manufaciuring equipment sel. For example, in case of a
book hinding technigue on a binder equipment set, the process fow can include
obtaining the book block and the cover as an input at the bopk binder where the
book is bound and the cover glued to the book; then providing the bound book
and giued cover to a three-knife trimmer, the oulput from the three-knife trimmer
13 can be provided to a three-hole punch; and the cutput from the three-hole
punch can be provided fo a fuifiliment equipment from which the final finished
and bound book is obtained.
[G352] Further, as menticned previously, as part of operation of the
scheduling system 100, the dimension determining module 106 determines the
20 intermediate product expression for each of the manufacturing equipment sets
based on the above mentioned product attribuies, once the production attributes
are received. As described previously, the intermediate product expression can
denate the relationship between various production attributes and dependence
of the dimensions of the intermediate product on the production attribufes. In
25 tumn, in an example, the intermediate product expression for each manufacturing
equipment set can capture the effect of various production atlributes on the
product dimensions of the intermediate product of the product fo be
manufactured.
[0053] As part of determining the intermediate product expression, in one
3 example, the dimension determining module 106 can take info account product
transformations indicative of relationship between the oulputs from and the
inputs to each machine. For instance, the outputs from a machine may be input
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to another machine and the product transformation may depict the manner in
which physical attributes of the input can be transformed for obfaining the
output. In other words, the product transformations indicate the effect of the

stage or equipment in which the transformations occur on the manufacturing

L

process for manufacturing the products, for example, in terms of the setup time
or the processing time or any other such criteria. Considering the example of a
book binder, the input to the book binder can be a cover and a book black and
the output can be a bound book with cover glued to the book. In such a case,
the product trangformations may depict the manner in which height, width, and
10 thickness of the book block can be transformed for oblaining the bound book as

the outpul.

[0854] According fo an aspect, based on the product transformation, the

dimension determining module 108 can identify the intermediate stage which

can affect the overall manufacturing from the manufacturing equipment set. In
15 said example, the dimension determining module 106 can determine the

intermediate product of the identified intermediate stage, and based on the

infermediate product, the dimension determining module 106 can determine the

intermaediate product expression for the manufacturing equipment set.

[0055] Taking the above mentioned example of the book binder, the
20 intermediate product expression in such a case ¢an be as follows:

“book bhinder outputd length = max {book binder inpui0 length, book

binder_inputl_length)”,

[0056] Where input0 refers o the cover and input? refers {o the book

block. The above expression implies that the maximum output length of the
25 bound bpok from the book binder can be the maximum of aither the length of

the book block or that of the cover. Simitarly, in another example, the product

transformation can be

"book binder_oufpuil thickness = 2 ¥ book binder_inputQ_thickness + book

hinder_inptt1_thickness”,
3 [0057] Where inputD refers to the cover and input? refers {0 the book
block. In said expression, the maximum thickness of the bound book oblained
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as output from the book binder can be a sum of the thickness of the book biock
and twice the thickness of the book cover.

[0058] Consider another example in which the manufacturing equipment
set includes a binder "ABC" and the dimension delermining module 106
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identifies that the materiagl enlering and exiting from the binder is the
intermediate product or the manufacturing equipment set. For example, the
book block and the book cover can enter binder ABC and the bound book block
with cover pasted to the book biock can be oblained as output. in such a case,
the dimension determining module 106 can determine the intermediate product

10 exprassions to be as follows:

ABG oulputd thickness = ABG inputl thickness * 2 +

ABC inputt_thickness.......... {1}

ABC ouputd width = max{ABC _inpull_width, ABC_input1_width).......... o A2)

ABC oupwtd_height = max{(ABC_input0_height, ABC inputt_height).......... {3}
13 [0059] It the above expressions {1}, {2}, and (3), where inputl can refer

to the cover, inputt can refer {0 the book block, and output( refers to the bound
book block with pasted cover. Expression (1) states that the thickness of the
product coming out of binder ABC can be sum of the thickness of the book block
and fwice the thickness of the cover. Expression (2) states that the width of the
20 product exiting binder ABC can be a maximum of width of the incoming cover
and width of the book block width. Expression (3) states that the height of the
product exiting binder ABC can be a maximum of height of the cover and that of
the book black.
[0060] To determine the product dimensions of the intermediate products,
25 the dimension determining module 106 can obtain an order parameter(s)
associated with the product to be manufactured. As mentioned earlier, the order
parameters can be the details received from the customer regarding
cusiomization of the product. For example, the order paramelers can be
dimensions of the finished product to be manufactured. Consider that the
3 product being manufactured for a customer is a book. In such a case, as part of
the order parameters, the dimension determining module 106 can determing
from the customer the length, width, and thickness of the book. In another case,
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where the product being manufactured is a car, the order parameters can be the
overall dimensions of the car including the length, wheel base, width, height,
and ground clearance. In an sxample, the scheduling system 100 can be

coupled {o a plurality of customer devices {not shown) over a wired or wireless

L

communication network to obtain the order parameters from the customers. The

dimension determining module 106 can slore the order parameters in the

production data 122,

[0061] According 1o an aspect, based on the infermediate product

expression and the order parameters, the dimension determining module 108

10 can determine the product dimension of the intermediate product of the product
for which order parameters are received. In an example, while the product
dimensions of the intermediate product may change for different products
according fo the order aftributes associaled with the respective products;
however, the intermediate product expression is the same for the manufacturing

13 equipment sel, with respect to the production attributes, such as the equipment
specification and the manufaciuring process flows. In addition, the dimension
determining module 108 can determine the product dimensions of the
intermediate product of the product {0 be manufactured on each of the plurality
of manufacturing equipment setl.

20 [0062] As explained praviously, the product dimension of the intermediate
products can be the decisive factor which influences the productivity of each
manufacturing eguipment set. Accordingly, the scheduling module 108 can plan
scheduling of the manufacturing jobs taking into account the product
dimensions of the intermediate products. In an example, the scheduling module

25 108 can employ genelic optimization techniques. simulated annealing
technigues or a combination of linear optimization approaches for scheduling
the manufacturing jobs.

[0063] As explained above, the scheduling module 108 can oblain a
scheduling criterion on the basis of which the scheduling of manufacturing job

3 for the product can be done. The scheduling module 108 can reshuffle the

manufacturing jobs already scheduled on the manufacturing equipment set o

accommoadate the received manufacturing job on the manufaciuring equipment
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set, for exampie, for higher productivity. Further, the scheduling module 108 can
schedule the manufacturing jobs for the other products in the same manner as
described above, in order to oblain high productivity from the manufacturing

equipment sel. In an example, the scheduling criterion can be the setup time or

L

the processing time which is 1o be optimized while manufacturing the products.
In ancther case, the deadline to finish a product can be the scheduling criterion
on the basts of which the scheduling module 108 can delermine the queuing of
manufacturing jobs. In certain other cases, the scheduling criterion can include
pericdic breaks for the manufacturing equipment set, for example, 15 minutes
10 per 2 hows of operational time, a previously scheduled maintenance(s), or
replenishment of consumables in the manufactuning equipment set, such as
sutbstrate or ink in case of book production, or paint in case of car production. In
addition, the scheduling module 108 may take into account a single scheduling
critetion or a combination of scheduling criteria for determining the scheduling of
13 manufacturing jobs on the manufacturing equipment sets,
[0064] Further, in one case, the scheduling module 108 can determine
the scheduling criterion from the user and may store the scheduling criterion in
the oplimization data 124. In another case, the scheduling criterion can be
previously stored in the optimization data 124 and the scheduling module 108
20 can oblain the scheduling criterion from the optimization data 124,
[0065) To understand the operation of the scheduling module 108,
consider that the scheduling module 108 plans queuing of jobs for each
rmanufacturing equipment set to be used for printing books. in an example, the
dimension determining module 108 identifies the binding equipment in onsg of
25 the manufacturing equipment set to be the stage affecting production, and
accordingly, the scheduling module 108 can schedule the jobs based on
changes in the dimensions of the product received at and exiling the binding
equipment. For example, to cater to the binding demand for an incoming
product, the scheduling module 108 can take into account height and width of
3 the incoming product. Further, based on the equipment specification, the height
and width setlings of the binding equipment can be adjusted sequentially or
concurrently. In another case, the height and width adjustment can be
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customizable, for example, based on input from an operator. Accordingly, the
scheduling module 108 can determine the setup times based on the following
relations as examples:

Tseg = Ty + Ty

Toon = Max{Tu, Tw)

Teust = 0.8°Ty + 1.5 Tw

[0066] In the above expressions, Tu depicts the setup time for adjusting
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the height of the binding eguipment;, Ty denotes the setup time for adjusting the
width of the binding equipment; Ty denotes the setup tme for sequentially
10 adjusting the height and width of the binding equipment; Ten depicts the setup
time for concurrently adjusting the height and width of the binding sguipment;
and Tau depicts the setup time for adjusting the height and width of the binding
equipment based on customized inputs.
[0067] In another instance, to cater fo the demand of binding the
153 incoming product, the height, width, and thickness setlings of the binding
gguipment may have {0 be adjusied sequentially, concurrently, or based on
customized inputs. In such a case, the scheduling module 108 can dstermine
the setup times based on the following refations as examples:
Tseq = T+ T + Ty
20 Tyo=Max{Ta +Tw, T1)
T = Max(Tu +Tw. 1.2%Tw)
[0068] In the above expressions, Tn depicts the setup time for adjusting
the height of the binding eguipment; Ty denctes the setup time for adjusting the
width of the binding equipment, Ty denotes the setup time for adjusting the
25 thickness of the binding equipment; T denotes the setup time for sequentially
adjusting the height, width, and thicknass of the binding squipment; T, depicts
the setup time for sequentially adjusting the height and width, and concurrently
adjusting the thickness of the binding equipment; and T; depicts the setup time
for sequentially adjusting the height and width, and adjusting the thickness of
3 the binding equipment based onh customized inputs.
[0069] It an example, based on cumulative values of Tseq T4, and Tz for
various products to be manufactured, the scheduling module 108 can gueue the
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manufacturing jobs. Based on the values of Taeq Toon, 8nd Touw fOr various
products, the scheduling module 108 can achieve the scheduling of the jobs, for
example, in order to optimize the overall setup fime for the binding equipment.

[0070] For instance, while scheduling the manudfacluring jobs, the
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scheduling modute 108 can determine for the incoming product {o be scheduled
whether the selup will involve a change in height, width, thickness, or a
combination thersof. Further, based on the egquipment specification, the
scheduling module 108 can determine whether the adjustments have {o be
made sequentially, concurrently, or based on customized inputs. For example,
10 in case the equipment can be adjusied based on customized inpuls, the
scheduling module 108 can determine those products to be manufactured which
involve customized adjustment,
[0071) Accordingly, based on the adjustment in the equipment and the
manner of setup involved for the incoming products, the scheduling module 108
13 can determine the selup times, for example, in accordance with the above
mentioned relations. Further, based on the setup time, the scheduling module
108 can plan qusuing of the manufacturing jobs on esach manufacturing
equipment setl.
[0072] Further, in certain cases, the scheduling module 108 can take into
20 account a correlation between the scheduling criterion with the intermediate
product expression while planning and scheduling the manufacturing jobs. As
an example, the correlation between the scheduling criterion of setup time and
changes in incoming product dimensions and outgoing product dimensions for
different stages captured by the inlermediate product expression as an
23 example, is depicted in table 1 below, in case where the product is a3 book and
the manufacturing process is book binding.

Incoming product | Qutgoing product
dimensions {for dimensions {for
books) and effect books) and effect
Process Equipment on setup time on setup time
Height Height
and Thickness and Thickness
width width
RIF RiP No No No No
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eguipment
Page printing Printer A No No No No
Cover printing | Cover Printer No No No No
Folding/cutting Folder ‘ ‘-
Book Block equipment Yes Yes ves No
__ Lamination
Lamination equipment Yes No Yes No
Cover Cover ,
trimming trimmer Yes Na Yas No
e Perfect ,
Binding binder Yes Yes Yes No
Trimming 3-knife trim Yes No Yes No
Hole drilting | 3-hole dril Yes | No No No
TABLE 1
[0073] The scheduling of jobs by the scheduling module 108 taking into

consideration the correlation in table 1 is explained in detall with reference {o
the following example. Consider a hook binder on which the manufacturing jobs
for a hook are 1o be scheduled. The dimensions of the final products to be
manufacturad, e, the order parameters, in the order of
{length*width*thickness)}, are: for book 1~ (18%2479), for book 2- (1924718}, for
book 3- {17*25*9), for book 4- {17725718}, and for book 5- (11771259}, all the
dimensions being measwed in centimelers {om).

[0074] In such a case, the scheduling module 108 first determines the
intermediate product expression for each manufacturing equipment set under
consideration and then determines the product dimensions of the intermediate
product of each of the books above. In said example, the scheduling module
108 can determine the intermediate products to have the following dimensions
in the order of length*widih*thickness, all the dimensions measured in
centimeters (om):

[0075] Book 1 — {21°27710); book 2- (21°27*21); book 3 — (21%27*10);
hook 4 — (21%27°21); and book 5 ~ {151%143*10).
[0076] In the above case, the scheduling module 108 can determine from

table 1 that for the binder equipment and the folder/cutter equipment, the setup
time is dependent on the thickness of the intermediate products. Accordingly, in
such a case, the scheduling module 108 can schedule the jobs for producing
the books based on the thickness of the intermediate product of each book.
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Therefore, in the above case, the scheduling module 108 can schedule the
book manufactzing jobs in the order of book 2 followed by book 4, book 1, book
5, and book 3, to optimize the production based on the setup time.

[0077] It addition, in few other cases, the correlation of the scheduling
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criterion with the intermediate products may be provided as an expression
instead. For such a case, consider an example where the 3-hole drilt that has
short drill length for dritling holes in a thick book. Therefore in such a case, the
setup time involves replacement of the drill in a spindle of the 3-hole diill. Such
a situation can be depicted by the following expression made up of order
10 parameters and capabilify attributes of the 3-hole drill, as an exampie:
Book thickness > max_drill_hole length? setuplime = 40 | setuptime = 10.
[0878] The above expression indicates that when the book thickness is
greater than the maximum length of the drill hole, then the setup time is 40
seconds; otherwise, fhe setup time is 10 seconds. Therefore, the above
15 expression depicting the correlation between the scheduling criterion and the
product dimensions of the intermediate product captures the dependence of the
sstup time on the thickness of intermediate products in the process of book
manufacturing.
[0079] Further, in the above example, taking into account position and
20 pattern of the drill holes in the book biock received at the 3-hole drill, consider
that the 3-hole drill of the manufacturing equipment set can form three different
hole-patierns on the entire variety of book blocks that are received. As a sping
length of the book block changes from about 5 inches to 11 inches, the hole-
pattern and position also changes. For instance, if the spine length ranges
2% between about § and 7 inches then the 3-hole drill forms two holes spaced
about 4 inches apart; in case the spine length is between about 7 inches and §
inches, then the 3-hole drilf forms three holes spaced about 3 inches apart; and
i case the spine length is about 9 inches to 11 inches then the 3-hole diill
forms three holes spaced about 4 inches apart.
3 joos0] Therefore, in such circumstances, i case the setup time is the
scheduling criterion for planning the scheduling of books, the scheduling module
108 can also take info consideration position and pattern of holes, ie., the
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secondary scheduling criterion. Accordingly, the scheduling module 108 can
determine the setup times involved in varous combinations of sequencing of
manufacturing jobs and can plan the scheduling of jobs in order to oplimize the

setup time,

L

[0081] For ingtance, in the above example, during manufacturing of
books, when the spine length changes from 6 inches to 8 inches, the scheduling
module 108 can determine that changing the drills from 2 spindles 1o 3 spindles
can fake around 20 seconds and changing spacing between the spindies from 3
inches to 4 inches can take around 60 seconds. When both the processes oeour
10 in series, for planning the scheduling of jobs, the scheduling module 108 can
determine that with such a change, the overall sefup ime involved is around 80
seconds. Further, in case, the spine length changes froam 6 inches to 10 inches,
the scheduling module 108 can determine that the changing of drills from 2
spindles to 3 takes around 20 seconds and the spacing is not o be changed.
15 Therefore, in such a case, the scheduling module 108 the setup fime is about
20 seconds. In addifion, in case the spine length changes from 8 inches o 10
inches, the scheduling module 108 determines that the number of spindles is
not 1o be changed and {he spindle spacing is 1o be changed from 3 inches fo 4
inches which will iake around 60 seconds. Therefore, in this case, the
20 scheduling modude 108 determinegs that the sefup time to be about 60 seconds.
[0082) Taking info consideration the above delermined setup times, the
scheduling module 108 can schedule the manufacturing jobs for manufacturing
the books accordingly. For instance, the scheduling module 108 can schedule
first the book blocks having the spine length of 6 inches to be drilled first,
25 followed by the book blocks having the spine length of 8 inches, and lastly, the
holes are drilled in the book blocks having the spine length of 10 inches. In said
example, the above mentioned dimensions of the spine length are the product
dimensions of the intermediate product, i.e., the book block, of the books to be
manufactured.
3 joos3] Once the scheduling of the manufacturing jobs i3 planned, the
performance estimation module 116 can provide for selection of one of the

manufacturing equipment sets from the plurality of sets under consideration. In
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an sxample, the performance estimation module 118 can estimate financial and
production performance of each manufacturing equipment set based on the
planned schedule of manufacturing jobs for each equipment set. Further, based
on the estimated financial performance, production performance, or both, the
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performance estimation maodule 118 can select the manufacturing equipment
set to be used for manufacturing. For instance, the selected option can be
provided fo the user or the manufacturer for further achieving manufacturing on
the selected manufacturing equipment set.
[0084] As an example, as part of assessment of the production
10 performance, the performance estimation module 116 can delermine the
production of each manufacturing equipment sel in {erms of products
manufactured per year, compare the estimated produclion o expected
throughput, average slack which is a ratio of actual time taken to time expected
time, and percentage of cases where the products are delivered on time. In
13 addition, as part of the production performance estimation, the performance
gstimation module 116 can determine granular processes, such as in case of
book manufacturing, the performance estimation module 116 can take into
consideration the average number of sheets per book that is manufactured.
[0085] Further, in an example, as pad of estimation of financial
20 performance, for each manufacturing equipment set, the performance
estimation module 116 can estimate, for example, amnual production cost,
annual late charges that may be incurred due to delay in manufactunng, annual
revenues, annual profits, and return on capital investment.
[o086] In addition, as mentioned earlier, in another case, the scheduling
25 system 100 can schedule the manufacturing jobs in realime, in the same
manner as explained above. In such a case, the scheduling system 100 can be
coupled to the manufacturing equipment set on which the manufacturing jobs
are {0 be scheduled. In an example, every fime a manufacluring job is received,
the dimension determining module 106 can obtain the production attributes
3 associated with the manufacturing equipment set for which the scheduling of
jobs is 10 be achieved and on which the product is to be manufactured. Based
on the production attribuies, the dimension determining module 106 can
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ascertain the intermediate product expression for the manufacturing equipment
set and accordingly determing the product dimension of the intermediate
product of the product to be manufactured. in addition, the dimension

determining module 106 can obiain the order paramelers in regllime io
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determine the product dimensions of the intermediate product in realtime.
Accordingly, the scheduling module 108 can schedule the manufacturing jobs,
based on the dimensions of the manufacturing jobs received in real-lime. In
other words, as a manufacturing job for manufacturing a product is received, the
dimension determining module 106 can reschedule the manufacturing jobs
10 already scheduled to accommodate the present manufactunng job on the
manufacturing equipment set, for high productvity. Therefore, the scheduling
module 108 can achieve the scheduling of manufacturing of jobs at run-time, in
the same manner as described above.
[0087] It addition, in such a case also, the performance estimation
13 module 118 can determine the perfarmance of the manufacturing equipment set
in reallime, and accordingly, the performance estimation module 116 can
identify the processes in the process flow or the equipment in the manufacturing
equipment set which may be adversely affecting productivity. Accordingly, the
user can use the information for adjusting or modifying machines or components
20 of the manufacturing equipment set and the processes in order 1o achieve high
productivity.
[0088] Methods 200 and 300 are described in Figure 2 and Figure 3,
respectively, for scheduling manufacturing jobs, according o an example of the
prasent subject matter. While Figure 2 illustrates an overview of the method 200
25 for scheduling manufacturing jobs, Figure 3 illustrates a delailed method 300 for
scheduling manufacturing jobs.
[{0089] The order in which the methods 200 and 300 are described is not
intended to be construed as a limitalion, and any number of the described
method blocks can be combined in any appropriate order to implement the
3 methods 200 and 300 or an alternative method. Additionally, individual blocks
may be deleted from the methods 200 and 300 without departing from the spirt
and scope of the subject matter described herein,
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[0080] The methods 200 and 300 can be performed by programmed
computing devices, for example, based on instructions retrieved from non-
fransitory computer readable media. The compuler readable media can include

machine-executable or computer-executable instructions fo perform all or
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portions of the described method. The computer readable media may be, for

example, digital memories, magnetic storage media, such as a magnetic disks

and magnetic tapes, hard drives, or oplically readable data siorage media.

[0081] Referring {o Figure 2, the method 200 may be performed by a

computing system, such as the scheduling system 100.

10 [0092] Al block 202, an order parameter associated with a product 1o be
manufactured on a manufacturing equipment set is oblained. in an example, the
order parameter can be details received from the customer regarding
customization of the product and can include specification of the finished
product to be manufactured. in an example, the dimension determining module

13 106 can obtain the order parameter.

[0093] At block 204, a product dimension of an intermediate product of
the product is determined, based on an order parameter(s} and a production
attribute. The infermediate product can be an infermediate stage of the product
during manufacturing which can affect the overall manufacturing process of the

20 product and the product dimension can be the dimensional attribute associated
with the intermediate product which affects the productivity of the manufacturing
equipment set. The order parameters can be the detalls received from the
customer regarding customization of the product. For example, the order
parameters can be dimensions of the finished product to be manufactured.

23 Further, the production atirbute can be atiribules associsted with the
manufacturing equipment set and the product to be manufactured and can
include eguipment specification, product {ype to be manufactured, and
manufacturing process {0 be used for manufacturing the product. In an example,
the dimension determining module 106 can determine the product dimensions

3 of the intermediate products.

[0094] At block 2086, the manufacturing jobs are scheduled for production

on the manufacturing eguipment set for the product, based on the product
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dimension of the inteymediate product and a scheduling criterion. The
manufacturing job for manufacturing the product is scheduled along with the
manufacturing jobs for other products to be manufactured. Further, the
scheduling criferion can be a parameter on the basis of which the scheduling
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and manufacturing of the products is to be optimally achieved. For instance, the
scheduling criterion can include a setup time associated with the different
stages or machines in the manufactunng egquipment set, a processing time for
each stage, and a deadline for completing production of a product. In an
example, the scheduling module 108 can obtain the scheduling oriterion from a
10 user or may employ a previously used scheduling cnterion stored in the
optimization data 124, and schedule the manufacturing job.
[0085] Referring to Figure 3, the method 300 may be performed by a
computing unit, such as the scheduling system 100,
[0096] At block 302, production atfiributes associated with a
13 manufacturing equipment set and the product to be manufactured are obtained,
aceording to an example. In another example, in which the manufacturing is to
be planned and one manufacturing equipment set is {0 be selected from among
a plurality of manufacturing equipment sets, the production atiributes can be
obtained for each of the plurality of manufacturing equipment sets. in an
20 example, the dimension determining module 106 can obfain the production
aftributes.
[0097] At block 304, an intermediate product expression associated with
intfermediate product for the manufacturing egquipment set is determined based
on the production atfributes, in one example. In accordance the other example
23 above, the intermediate product expression associated with the intermediale
products is determined for each of the plurality of manufaciuring equipment
sets. The intermediate product expression can be a mathematical relation which
is indicative of a relationship between the various production attributes and
dependence of dimensions of the intermediate product on the production
3 altributes. For instance, the dimension determining module 106 can determine
the intermediate product exprassion.
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[0038] At block 306, the order parameter peraining to the manufacturing
of a product is obtained for the product (o be manufactured. In an example, the
dimension determining module 106 can obtain the order parameter.

[0029] At block 308, the product dimension of the intermediate product of

the product to be manufactured is determined based on the inlermediate
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product expression and the order parameter.
[00100] Al block 310, fhe scheduling crilerion based on which the
manufacturing of the product is o be oplimally scheduled is obtained.
[00101} At block 312, the manufacturing job for manufacturing the product
10 is scheduled on the manufacluring equipment set, based on the product
dimension of the intermediate product and the scheduling criterion. In another
example, the manufactuning job is scheduled on each of the plurality of
manufacturing equipment sets under consideration for selection. The scheduling
of the manufacturing job for the product can be achieved to queue the product
13 along with other products fo be manufactured on the manufacturing equipment
sal. In an example, genetic optimization lechnigques, simulated annealing
techniques, or a combination of linear optimization approaches can be
employed for scheduling the manufacturing jobs.
[0G102] At block 314, a performance of the manufacturing equipment set is
20 estimated based on the scheduling of the manufactring jobs. For instance,
based on the scheduling of jobs, financial and production performance of the
manufacturing equipment set can be estimaied. In the other example, the
performance of each of the manufacturing equipment sets under consideration
for selection can be estimated. Further, in accordance with an aspect, one
25 manufacturing equipment set can be selected from amang the plurality, based
on the performance, for example, financial performance, production
performance, or both. Accordingly, based on the planned scheduling, and in the
other case, based on the selected manufacturing equipment set, the products
can be manufactured. In an example, the performance estimation module 116
3 can estimate the performance of the manufactning equipment set and, in oneg
case, based on the performance, can select a manufacturing equipment set fo

be used for production.
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[00103] Figuwre 4 illustrates an example network environment 400
implementing a non-transitory computer readable medium 402 for scheduling
manufacturing jobs, according fo an example of the present subject matter. The

netwark environment 400 may be a public networking environment or a private

L

networking environment. In one implementation, the network envirorment 400
includes a processing resource 404 communicatively coupled to the non-
transitory computer readable medium 402 through a communication link 406.
[00104] For example, the processing resource 404 can be a processor of a
computing system, such as the scheduling device 100. The non-transitory
10 computer readable medium 402 can be, for example, an infemal memory device
oF an extemal memory device. In one implementation, the communication link
406 may be a direct communication link, such as one formed through a memory
readfwrite interface. In another implementation, the communication link 406 may
be an indirect communication link, such as one formed through a network

13 interface. In such a case, the processing resource 404 can access the non-
transitory compuiter readable medium 402 through a network 408. The network
408 may be a single network or a combination of multiple networks and may use
a variety of communication protocols.

[00105] The processing resowrce 404 and the non-transifory computer

20 readable medium 402 may also be communicatively coupled 1o data sources
410 over the nstwork 408. The data sources 410 can include, for example,
databases and computing devices. The data sowrces 410 may be used by the
database administrators and other users {o communicate with the processing
resource 404,

23 [00106] In one implementation, the non-fransitory computer readable
medium 402 includes a sel of computer readable instructions, such as the
dimension determining module 108 and the scheduling module 108. The set of
compiier readable instructions, referred to as instructions hereinafier, can be
accessed by the processing resource 404 through the communication link 406

3 and subsequently executed to perform acts for network service insertion.

[00107] For discussion purposes, the execution of the instructions by the

processing resaurce 404 has been descrnbed with reference to various
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components introduced earlier with reference to description of Figures 1A and
18,

[00108] On exscution by the processing resource 404, the dimension
determining module 108 identifies an intermediate slage of a manufactwing

L

aquipment setl based on an effect of the ntermediate stage on manufacturing of
the product. Further, the dimension determining module 106 ascerfains a
product dimension of an intermediate product in the identified intermediate
stage, Yor a product to be manufactured on a manufacluring eguipment set,
based on an order parameter and a production attribute. As explained
10 previously, the intermediate product can be one of the inlermediale stages of
the product during manufacturing and can affect the overall manufacturing
process of the product. The intenmediate product can vary for each product,
manufacturing process, and manufacturing equipment setb.
{00109] Further, the scheduling module 108 can schedule the
15 manufacturing jobs for the product along with the manufaciuring jobs for other
products to be manufactured, on the manufacturing equipment set, based on
the product dimension of the intermediate product and a scheduling criterion.
The scheduling criterion can be the parameter based on which the scheduling of
the product is {o be achieved and optintized, and can include, for example,
20 setup fime, processing time, and a deadiine for manufacturing the products.
(00110} Although implementations for scheduling of manufacturing jobs
have been desaribed in language specific to structural features and/or methods,
it is to be understood that the appended claims are not necessarily limited to the
specific features or methods described. Rather, the specific features and
25 methods are disclosed as example implementations for scheduling of
manufacturing jobs.
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{f\We claim:

1.

A computer implemented method for scheduling manufacturing jobs, the
method comprising:

obtaining, by a processor, al least one order parameter associated
with a product {o be manufactured on a manufacturing equipment set;

determining, by the processor, at least one product dimension of an
intermediate product of the product o be manufaciured, based on the at
least one order parameter and a production aftribute; and

scheduding, by the processor, 8 manufacturing job for the product
among manufacturing jobs for other products to be manufactured on the
manufacturing equipment set, based on the af least one product dimension
of the intermediate product and a scheduling criterion, wherein the
scheduling criterion is a parameter o regulate the scheduling of the
manufacturing jobs on the manufacturing equipment set.

The method as claimed in claim 1, wherein the determining comprises
ascertaining an intermediate product expression for the manufacturing
squipment set, based on the production aliribute, wherein the at least one
product dimension of the intermediate product is determined based on the
intermediate product expression,

The method as claimed in claim 1 further comprising defermining at least
one of production performance and financial performance of the

manufacturing equipment set, based on the scheduling.

The method as claimed in claim 1, wherein the scheduling criterion
comprises at least one of setup time, processing fime, and a delivery
deadiine.

The method as claimed in claim 1, wherein the production atbribute
comprises an equipment specification.
A scheduling system for scheduling manufacturing jobs, the scheduling
system comprising:

a processor;
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a dimension determining module coupled t© the processor to
determineg at lsast one product dimension of an intermediate product for a
product o be manufactured, based on atl least one order parameter
associated with the product and at least one production attribute; and

L

a scheduling module coupled to the processor to schedule the
manufacturing job for the preduct among manufacturing jobs for other
praducts on the manufacturing equipment set, based on the at least one
product dimension of the intermediate product and a scheduling criterion,
wherein the scheduling criterion regulates a manner of scheduling the

0 manufaciiining jobs on the manufacturing equipment set.

7. The scheduling system as clamed in claim §, wheren the dimension
determining module ascertains an intermediate product expression for a
manufacturing equipment set, based on the at least one production
attribute, wherein the dimension determining module defermines the at

13 feast one product dimension of the intermediale product based on the
intfermediate product expression for manufacturing the product on the
manufacturing equipment set,

8. The scheduling system as claimed in claim 7, wherein the scheduling
module schedules the manufacturing job on the manufaciuring equipment
20 set, based on the at least one product dimension of the intermediate
product for the product on each of the plurality of manufacturing equipment

sets.

9. The scheduling system as claimed in cleim 6 further comprising a
performance estimation module coupled to the processor to determine at

3
k® ]

least one of a production performance and financial performance of sach
of a plurality of manufacturing equipment sets, based on the scheduling by
the scheduling module, wherein the performance estimation module
selects a manufacturing equipment set from the plurality of manufacturing
equipment sets for manufactining the product based on the at least one of

3t the production performance and the financial performance.
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10. The scheduling system as claimed in claim 8, wherein the production
attribute comprises a rundime production attribute, the scheduling module
scheduling the manufacturing jobs in real-ime based on the run-time
praduction attribuie.

e

11, A non-dransitory  compuier-readable medium  comprising  instructions
exscutable by a processing resource {o:

identify an inlermediate stage of a manufacturing sguipment set,
based on an effect of the intermediate stage on production of a product to
be manufactured;

10 obtain at least one order parameler associated with the product to be
manufactured;

ascertain at least one product dimension of an intermediate product of
the product in the intermediale stage, based on the at least one order
parameter and a production attribute;

ot
A¥

schedule manufacturing jobs for the product among manufacturing
jobs for other products on the manufacturing equipment set, based on the
at least one product dimension of the intermediate product and a
scheduling criterion.

12. The non-transitory computerveadable medium as claimed in claim 11,

20 wherein the non-fransitory compuiter-readable medium further comprises
instructions executable by the processor to determine an infermediate

product expression each for a plurality of manufacturing squipment set for
manufacturing the product, based on the production attribute and the

identified intermediate stage, wherein the at least one product dimension of

td
[~

the intermediate product s ascerained for each of the plurality of
manufacturing equipment set based on the intermediate product
axpression.

13. The non-transtory computer-readable medium as claimed in claim 12,
whergin the non-transitory computer-readable medium further comprises
30 instructions executable by the processor to determine at least one of a
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production performance and financial performance of each of the plurality
of manufacturing equipment setfs, based on the scheduled manufacturing

jobs.,

The non-transitory computer-readable medium as claimed in claim 11,
wherein the scheduling criterion comprises at least one of setup time,
processing time, and a delivery deadline.

The non-transitory computer-readable medium as claimed in claim 11,

wherein the production atiribute comprises an equipment specification.
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