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5 [0001] The present application c¢laims priority under 35

U.5.C. §1iS(a) tec U.S5. Provisional patent application filed on

December 23, 2009 and assigned Serial No. 6£1/289,892, entitled

“SYSTEM AND METHOD FOR AUTOMATED BUILDING SERVICES DESIGN® the

entire disclosure of which 1s hereby incorporated by
10 reference.



10 power and lighting, is typically completed in a mostly non-automated manner by use of
computer-aided drafting systems and associated computerized and manual design methods. There is
prior art that p‘?’&/f&é‘éof’gp utomated calculations of the design of some 8?%%%2315%%%5, but the basic
layout, routing 15 and sizing parameters are typically entered into these design tools by manual
operator data entry methods or by manual calcula%ions, tables and engineering rules of thumb. WO
2011/079229PCT/USZOlO/QGlQOS 3 SU%&%AL[%QDCertain e_mbodiments_o_f the inventi_on
automate at least one, and in some cases many or most, of the routing, layout, sizing and design
processes fot HAllinG Sedices! 5 5yste iR THIS N FéSUit th AFastet4RTie t8rEbMipletift more precise
and accuratedesign1anda desigysoldtian thadis sigaficanilydess cosily tewanstrickrkhe power of
the individuﬁ% §Hgéosut;%q:s witshirg; tg% ovgggq process ragg\évgsfog aS@eurgsh more precise calculation of the
engineering requirements (_j[% ofthe ystems. 'Fﬁis, in turn, results in more accurate sizing coupled with
a greatly reduced chance of human error. The speed of the design and analysis process provides the
ability for the process to layout, route, designzandsizes@ multitude of different design options in a
matter of minutes 15 or seconds that would normally take weeks or months to complete using
conventional methods. Not only does the system design multiple valid solutions with a much higher
degree of ateBPady thafs clereritly aehievablédi the indusirgeBut falserprovidesan éstimate of the
constructiog cest of gach, 20valig, solution inerdsy,to determing;whichs systeradasign alternative

results in the least cos&lylsolgtéon to build \{:vhile mfcftingcall ftgecinp,ut parame%eirs of the systems.
[0005? he TeVei ‘of %Iclcuraég t6 WHith gachi\fabia 0|34[i0n0|§;np e@'\s@]ﬁ‘)nedl ih the Blitomatéd and optimized
process is sinfplpaiot 251possibleewithire thd tinenand design s déet Tonstraintsteita conventional
engineering: apRrAagh As.a result. Mmagy rdles ofthumb, hrrdheoks-and @ppro}imation methods are
used in a conventional building systems desiggrproacess using current jndustry-accepted technologies.

As provided by Certain 30 erhbodiferits of the nvention. attomafior of desiis caléulatishs, integrated
with the laydat and draftirgref tHoserdesigriss adfows forthighly precise drrethots of sizibgsand

examination of allemate routingdpethods that ywouwld e, tag, WL 2011/Q79229RCTLLS2Q010/061905 4

tools by manual operator data entry methods or by manual

calculations, tables and engineering rules of thumb.



time consuming to consider under a conventional design scenario.  [0006] In addition to the higher
level of design calculation accuracy, reductions in the opportunity for human 5 error in those design
calculations aRPdRESISH¥ results in a more precise and error-free resulf CFHEYFEISYFis only
responsible for placing the equipment and devices to be included in the building, along with their
required operating characteristics, such as flow rates, temperatures, voltage, 10 and current
requirements, etc. Once the operator has Com&';%tp‘?d the specification of these building components,
aided by layout programs included in the procéss, e’ software process runs a pre-check procedure to
validate the inpdf elafd of e aperatorandrieok for dissiigeor imvalic ifornatiommenterest; 15 reducing

input errors tathe main rodting, sizing,apd design pERGessing algerithms. thpOPZi@_ﬂ?g?C’r‘StrUCtion
cost analysis of multiple pgssible design splutions, all of which have been designed to a greater

accuracy level 18y featafe WhichWoultF RvtBe E6MPTERTIn 420 cBhveftiBAal pFodesSdue to time
and engineetirgcost cOnstraimty. Sipeeltraditionalfmethods doanctgenenate: multiplenvalid solutions,

cost compajsap;with qther pessible solulions.s natpossible. in a.radisional design.appyeach. In
certain embodiments of the invention, the use of highly 25 accurate calculations, and examination of
the cost of MaAyValifEittions 1 thé 886igh prEbleri™ 855U the fifial PESGEH reftrned By the process
is a very closedapprxdmation:-touthienlesvest passilliescanstrictionccest=eptian.l0008for 2

'”a“easm”%’&@oﬂiﬂ?@”%FII@&%%”@&%Q:@QE@EEP@‘?%‘QQ%F@B?@@?N%t%%ﬂ?i'?%}éeo&g‘“'“p'e’
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parallel, high-speed, multi-processor core, server-class equipment to allow the system to accomplish

all of these Rifghiy fre L&t predictive’ and itefdtive YERignE SalohtPwitH: Wigre accurate
2011/079229PCH4U 320106190615 eonsteuction eestiestimatesrefeach valichsolation-in a small
fraction of theSme L currerily takes o desian,asingle sgegaria,of the sysiems,using gegventional
methods. Moreover, in conventional methods, construction cost estimates are not 5 performed. The
resulting codPsavings iR the- BEnStiRIIT ofthe Wity is &t BvafteIprodidedsBydné or more

embodiments bf thedrvention: £ F[AQR08] Armengrothet things,iaccordingde:cestaimenmpediments of the

invention, a highly. autornated process has been 10 developed using computer hardware and software
to find a construction-cost-optimized eslgnr?orr%un%ﬂ}/ng services sys?ems. such systems may include,
without limi@&BnL Prémbiig. cheiheg VerilatoAeairatnditidifing celectdealspoiwer, saisd fighting

systems. The preeestmaye@ployladtonatetions with a much higher degree of
accuracy than 1s currently achievable in the industry, but it
also provides an estimate of the construction cost of esach
20  wvalid solution in order to determine which system design
alternative results in the least costly solutien to build
while meeting all of the input paramesters of the systems.
[0005] The level of accuracy to which each viable option is
designed in the autcmated and optimized process is simply not
25 possible within the time and design budget constraints of a
conventional engineering approach. As a result, many rules of
thumb, handbooks and approximation methods are used in a
conventional building systems design process using current
industry-accepted technologies. As provided by certain
30  embodiments of the invention, automation of design
calculations, integrated with the lavout and drafting of those
designs, allcws for highly precise methods of sizing and

examination of alternate routing methods thar would be tco



15 calculation procedures using predictive and iterative computing methods that go beyond traditional
methods used to design building services systems with current technology. Through the use of
high-speed co‘ﬁ%’t?tléf Afdware and a custom software package, the pr dEERAMIRES multiple valid
20 solutions to the system design requirements, while preparing construction cost estimates of each
valid solution examined and comparing the cost of each solution to determine the least costly solution
that meets or, exceeds all n(gggir_eg glesi n parameters d%nrtered int% the system, 25(;%%1%? user of the

I [=]s)s] 1 . nve Lan .
system specifies and Inputs various delivery requirements of each Systern into a er-aided

Drafting (CAB§#&tabase including such parameters as pressure, flow, voltage, temperature and other

technical parameters necessanidodiave each buiding compenent seree its intendegd:3@,purpose within

the buildingc.:a 1 Qﬂ]é%].Once all of the re%é@&ggm olnr?nttsnand their reg%ed fo(per%gpn% arameters

have been input into th%ncif)caéﬁacgése, a series 0 pre-proéaes%?r?g? J(g:ﬁ“(-f)lr’:‘npulbér software checks WO
2011/079229PCT/US2610/06 1995 6 aré Thadeé ab \alitlate thelimégiinrandcompletémess of the data

input into the-€AD glatabase prier ta-pregessiag.  r[0QH2] OneethegADdatabasemegtsallpre-check
requirements, it is sul%qmitted,for prqlcesising t%he main, 5 destign,routin and calculation engines for
automated &ngmasting desigh- REUAING ahd Sizing Bptintization caiculations may B& petformed in a
batch model procedsing platformian Vittaal sexvenmachinesirean uraitendst moais §0043] Once all

predicted vigble solutions:fos £ach 10,building syste have beepJouted, sized andcost estimated, the
system com#]a}%es the cost of each valid solution and returns the most cost-effective des%gn solution for
ion i

incorpbrat 1§ AR A D difdiNg SRR deSiGh: THRS0IufEN PEEAAEL DY ife FOTRNG BRT sizing
optimizatiorr8 pracessinaytincluded complete repiésemtatiorrof-tirezbest sohutibeifound placed in a

CAD databasg ready. frrepredyctionand use inpidding.and constructien,of the.huilding.
runs a pre-check procedure to validate the input data of the
operator and look for missing or invalid information entered,

15 reduecing input errors to the main routing, sizing and design
processing algorithms.

[0G07] The construction cost analysis of multiple possible
design sclutions, all of which have been designed to a greater
accuracy level, is a feature which would not be completed in a

20  conventional ©process due to time and engineering cost
constraints. Since traditional methods do not generate
multiple wvalld solutions, cost comparison with other possible
solutions is not pessible in a traditional design approach. In
certain embodiments of the invention, the use of highly

25  accurate calculations, and examinaticn of the cost of many
valid solutions to the design problem, assures the final
result returned by the process is a very close approximation
to the lowest possible construction cost option.

r0008] In at least cne embodiment, the invention

30  incorpcrates virtual processing technology on  multiple,
paraliel, high~speed, multi-processor core, server~-class
eguipment to allew the system to accomplish all of these

highly precise, predictive and iterative designs, along with



[0014] The process is revolutionary in its use of exploratory, predictive and iterative calculation
methods to 20 find the most cost-efficient combination of routing and si;i U%g&ldu)glg&services
systems with Y Ratiddior operator involvement in the process. Current design methods involve a
high degree of operator interaction and decision making in determining the routing and sizing of the
building services 25 systems. As a result of the hi%h level of operator interaction required by current

design technglagies.and sofware, the exanungtion ofia quittyde of passible desian sqlytions for each

building system is not practical due to time and financial constraints. Typically, a designer of building
30 services Systéafdiusts thBR indifitiudlttrafRteaAd expélishce R dktéiihe®a Singtd predicted
solution to eaeh gdesigrnproiiemsand sizesdbat gingle selittiom usingprogtamsisetereace tables and

Chaﬁs’m"“%QJeggg%%QE§QH% pr%é@%%ggn construction <ost estimates are not

5 performed. The resulting cost savings in the construction of

the building is an advantage provided by one or more
enbodiments of the invention,

[0009] Among other things, according te certain embodiments

of the invention, & highly automated process has been

10  develeoped using computer hardware and software tec find a

construction—-cost-optimized design for building services

systems. Such systems may include, without limitation,

plumbing, heating, wventilation, air-conditioning, electrical

power, and lighting systems. The process may emplcoy autemated

fud
(&)

calculation  procedures using predictive and  iterative

computing methods that go beyond traditional methods used to

design building services systems with current technology.

Through the use of high-speed computer hardware and a custom

software package, the ©process examines multiple wvalid

20 sclutions tc the system design reguirements, while preparing
construction cost estimates of each wvalid scolution examined
and comparing the cost of sach solution to determineé the least
costly solution that meets or exceeds all required design
parameters entered into the system.

25 [0010] A user of the system speciflies and inputs varicus
delivery reguirements of each system into a Computer-aided
Drafting (CAD) database including such parameters &2 pressure,
flow, wvoltage, temperature and other technical parameters
necessary to have each building component serve its intended

30 purpcse within the building.

[0011] Once all o

[ 8}

the reguired compenents and their
reqguired operating paramsters have been Iinput into the CAD

database, a series of pre-processing computer software checks



WO 2011/079229PCT/US2010/061905 7 of the actual requirements of the system being designed.
Computation and drafting of multiple iterations of various design possibilities coupled with detailed
construction c8& @éfﬂ’ﬁ%%t%n of each iteration is simply not possible with 5 CHTER ’fﬁﬂﬂ?ﬂ’ing services
systems design and calculation technologies. Various embodiments of the present invention utilize
custom software programs and powerful server-cfass equipment to not only explore multiple possible

solutions, but do so with a much, higher ree of accuracy inthe system 10 design camputations
resulting in grselgrﬁrll_ﬁcgnt rngc%CfE;ln i%tt%egc%gst of %ﬁé’éggéﬁgtruac?gd gféén%.@ne[ﬁﬁl Ac%oerding to at
least one efbBRliFidNt CiorrSeturity ditPofitdrensoriat the systarmaunsséma-combination of secure

workstation computersystems fainudser intgrface ang pewerfyl 15 multizarocessog exacution servers

that perform gh% mulrtnigz[let, grec&ictivg andsLtgratjg\{:eegvalj.tl}q:tionsr glf: tge Possible d%%ign scenarios that lead
to the selection of the 1east costly solution. This thay Be ackbRipiishedwithdut U¥er itéRention once

the inputs afeTommpleteerahdvalidated. 20[0016} ThHeoinpuepartions of flee desighaqurotess may be

executed on the secure yvorkgtadion,.comprter-gystemswith intggazqth/(f inp%{rpfgg sysiem operators.
Design iteratiolncngaa ' be comg)leted on the execution servers in an unattended, batch mode of

operation. Ugers may itéradivith the iRpUE POFiGns I of the ProtesEEGHwaFE it BFdEFto establish all
of the inputiperaftetersof the systems) inciuding:placementof alt buildingedcoupant interface devices

(plumbing fixturesy pytlets clights,iair diffusers.cete.), Preferably ysers spegify the physical configuration
of those devices and their required 30 services from the building systems prior to submission for

procedsing “ 001 Onte B iRBUEpatanietéoetie Sstéms aid eStiblistisd BiAiFuser, a
pre-check atgeritmsseaxecutedaors B thésecureworksStationtsysteini tb determinsif thete is any
missing datadbat would gause g fajlure of the main design programs. If the pre-gheck.goftware

identifies any missing information or parameters, the missing information or invalid 5 parameters are
brought to thBH&MET tthe HREPIn the forAASF grdphicdéedBEek ¥dmHERtS BN théttfesign input
drawing. Thecuser thren cetrects these defictencies@ind; resuamitsitherigput parametersto the

pre-chegk softyare.foranothey.analysis, of e Jnput for any further missing 10 information or invalid
parameters. Once the pre-check software is executed without any resulting hard errors, the input
parametersHfraings dre'condidérstadtefrable fo1sabitssis R 16 thé Yestgh HreY RSN The user

submits thesinput parametesdrayingsitaargueue foppragessiig byithei@esign programs,

[0014] The ©process 1s reveolutionary in ifs use of

exploratory, predictive and iterative calculation methods to

20  find the most cost-efficient combination of routing and sizing

of building services systems with a minimum of operator

invelvement in the process. Current design methods inveolve a

high degree of operator interaction and decision making in

determining the routing and sizing of the building services

25 systems. As a result of the high level of operator interaction

required by current design technologies and software, the

examination of a multitude of possible design solutions for

each building system is not practical due to time and

financial constraints. Typically, a designer of building

30  services systems uses their individual training and experience

to determine a single predicted solution to each design

problem and sizes that single solution using programs,

reference tables and charts, which represent an approximation



15 which execute on the high-speed virtualized servers. [0018] The system may employ a variable
number of virtual execution processing computers running on server-class equipment that perform the
multiple desigh éfaliBR&hecessary to analyze the possible design solu%?@%ﬁ'é?’mg@? 20 all
requirements of the input parameters submitted. Each virtual execution processing computer
periodically scans the input queue for jobs that hat’e been submitted for processing by the users. The

virtual executionh%rocessin%fom uter retrieves th% next instruction set in the processing queue, 25
af 2. act r ¥E &

loads all ne@éssary input files and performs the prédefined folitings involiig [a§3UE ¥olting, sizing

and cost estifmdtiig fdrceachnlid iefaton ofthie Hesigml®ncetreayadlichterationsarave all been

designed and £ogh estimated. the: wtualbexacution;procassing.computes selestsdhe jteration 30 that
results in thg Ig_%gg %qtal constructio?? co%t ang returns that solution to storage on the network file server
and notifies the User that the pfotessing 18 tonpletd Tor TRAFIAricUAr sBPBF b p4rarheters. The
users can then rgrretridvel il sompletedidesignsdscement deview it fardccusdcy leompteteness and

suitability to-the.task, anckincarporatesthe gesignsqiution, into.the final doguments for that particular
project. 5[0018%A_cc0rdin to an aspect, there is provided a

systemford8&ignitgbuifdingLBrvitssy&temse EBRTERSing 4t 1e RSt 6HEProcS8LTrEEpEraIs to execute at
least onecoaguuterprogtam;, at leastornepser mterfacédoupted soithe atdeastione proaessor and

operable fo5 40 seceluing prafio daigsetsdhie-plrally gfdatg,sefs eomprising a fis} data set
comprising the |ocations of a plurality of component devices of at least one building services system,

and aSkcold U8 sEPEBHpHSHIY 2t EREE bhi Gpetatint pardfidter a88odiadtivithnat idast one of the
15 plurality ofieomponent dévicesnthe atteastgre eomputer program using the plurality of data sets to

generate a plurlj of design, selutions, each of the pluality,of design.solugions comprising an

arrangement of interconnections between the plurality of component devices; 20 the at feast one
computer pfografit bperabieo Fatermine® 4TS tAEON Cost aSLBEHREd With BAcK ¥FiKE plurality of

design solution8station computer systems for user interface and powerful

15 muiti-processor execution servers that perform the multiple,
predictive and iterative evaluaticns of the possible design
scenarios that lead to the selection of the least costly
solution., This may be accomplished withcout user intervention
once the inputs are completed and validated.

20 [0016] The input portions cof the design process may be
executed on  the secure workstation computer systems with
interactive input from system operators. Design iterations may
be completed on the execution servers in an unattended, batch
mede of operation. Users may interact with the input portions

25 of the process software in order to establish all of the input
parameters of the systems, including placement of all building
occupant interface devices {(plumbing fixtures, outlets,
lights, air diffusers, etc.). Preferably users specify the
physical configuration of those devices and thelr required

30 services from thes building systems prior to submission for
processing.

[0017] Cnce the Input ©parameters of the systems are

established by the user, a pre-check algorithm is executed on



9a [0018b]JAccording to another aspect, there is provided a method of designing building services
systems, comg’risinéq: establishing a first data set comprising the locations of aﬁ)luralit of component
devices of at | X %@%uilding services system, establishing a second‘JAYa2EYE rising at least
one operating parameter associated with at least one of the plurality of component devices; employing
at least one computer program operable to use th first and second data sets to generate a plurality of
design solufions, 10 each of the Q'%@U}é}/ of design solutions comprising an arrangement of

interconnec%lons Between the p?ureé ity of cdlmponent dewces;r%ﬁeeat [east one compu?er}yprogram

operable totdétetiine’d tonstractiorrtast assbemted With Bach of thepRuralityof désiggrsolutions.

WO 2011/0792208( TIUS20404064 90512 BRIEE RESLRIREIQN OFTHE QRAWINGS  [0019] For
a more coq@%e r%lee(rastag(rnlin aorfa Epels edj'_ﬂséclosttkrhee amnldsg featurrl%s, reference is now mage to the
following descrlp]ilon,Jtaf%en In onjunc%ion With the accomnﬁ}anjylnf J@“ﬁ‘r‘éﬁ%g?,‘inﬁﬁ%ﬁ [0020]
FIGURE 1 izra dredledingram ifustiatiig & gystam fok tiesigiing blildihg semdcesisystéms according to

an examplesgmbodimeny; apgs 2 1 [002LLELEWRE Lis-a flow chart:iljustrating yarioys.steps 10 in a
method foré&igeé;églrgng building services systems according to an exa}jrggle embodiment. WO

t
2011/0792 £)52016/061505 1 DETAILED DESCRIBHBN oo (iondies  =nd

resubmits the input parameters to the pre-check software for

another analysis of the input for any Zurther missing
10 information or invalid parameters. Once the pre-check software

is executed without any resulting hard errors, the input

parameters drawings are considered acceptable for submission

te the design programs. The user submits the input parameter

drawings to a gueue for processing by the design programs,
15 which exescute on the high-speed virtuzlized servers.

(0018} The system may employ & variable number of wvirtual
execution processing computers running on server-class
eguipment that perform the multiple design ilterations
necessary to analyze the possible design solutions that mest

20  all reguirements of the input parameters submitted. Each
virtual execution processing computer pericdically scans ths
input queue for Jjobs that have been submitted for processing
by the users. The virtual execution processing computer
retrieves the next Instruction set in the processing gueue,

25 loads all necessary input files and performs the predefined
routines involving layout, routing, sizing and cecst estimating
for each wvalid iteration of the design. Cnce  the wvalid
iterations have all been designed and cost estimated, the
virtual exXecution processing computer selects the iteration

30  that results in the least total construction cost and returns
that seglution to storage on the network file server and
notifies the user that the processing 1is compleste for that

particular set of input parameters. The users can then



[0022] Various embodiments are illustrated in Figures 1-3. In summary, the various embodiments
provide systems and methods for automating and optimizing construction designs of 5 services
systems for buildings.As shown in Figure 1, a systéin 100 is provided for automating the design of
building services systems.System 100 incorporates a variety of computing, networking, server and
switching platfoimsdt shidkd be ongéstest thaeEigune 1dhstmtes-an examplewl0 atchitésture and

various components may_be added, elimina angd/ar. ituted for those shown. Also, any
particular @C&%%?%Vicegoﬁgg %%%ﬁcegr%oré%%dg int%égﬁ/%%ﬁii%%?as %rodes%ed, suitasblé, and/or
advantageousdoppeddrmihg ¢halprtiod ssand:fuhetionalipp déseribéd treteidoSystem- E00CAAay be 15

operated aqy qﬂlglﬂ%@or a %'&ncany suitable network environment.  [0023] In the illustrated
example, %r;}stem}gl includes agkuga ity of thin clients 102 coupled to a plurality of first switches 104.

Switches 104 arelédfed to adstgatificiR0secrs warbs@ationstiBe: sV okR stations 966 are coupled
to a plurality of gecond gwiiches 108 aeqond switghgs, 108 gre coupled fe.athird sgé;tgge%qg) Third
[ 6

switch 110 is coupled to a number of system components including disk array 116, SQL server 112
and fourthcswitehiE201BQ 125ervep 812 Ribuple®PE16 THOSer7@eT 8L afd BRKk BHR§1ES i&'toupled to

tape backyp 118. Fourth switch 120:15 coupled-fena plyrality of bigh-speed,; suiiti-qoreeseryeeclass
processors 122, which run virtual work stations. System 100 provides the computing environment to
execute tHeBéesses-Geséiised Abreih c861D022 PheirBEESSER AN RRfdth6BS Yastred Rérein may

be pegformed.an sysiem,10Q-4ishopldbe reoognizeddhatany Rarticwan step 4F agy desaihad method
may be performed on system 100 by any suitable technique and through the use of WO
2011/079IRRYT/E/S291Gl0ciges: data set comprising the locations of a

plurality of component devices of at least one building
services system, and a second data set comprising at least
one operating parameter associated with at least one of the
15  plurality of component devices; the at least one computer
program using the plurality of data sets to generate a
plurality of design solutions, each of the plurality of
design solutions comprising an arrangement of
interconnections between the plurality of component devices;
20 the at least one computer program operable to determine a
construction cost associated with each of the plurality of

degign solutions.



12 any one or combination of the various components of system 100. For instance, user-supplied data
sets (e.g., locations of component devices and device operating parameters) may be entered by way
of the thin clients and/or the secure 5 workstations9@ [0025] The switches of system 100 provide for
interchange and communication between components, re-routing and alternate routing of data,
resource optimizdtioh, &td. Theitapemitiesprovidesdoiisackupiof data, Sotutionsseter Phedlisk array 10
provides fqr s e qf data and sojutj also f dat the nd its
software, %om%%%e%r%afogra%g and grg %%%%%%ns. Tﬁé%qgélge%lg prov%%q“rs\gg‘?g%%yfor d%ggs%}n?ﬁons, files,
etc. The provessosiprovidess pratforanfon@xesutidn vf the prdgranisthat periprhdhads tHeghods and
functionality descriged hereip. (00261 Accarding faFiguie 2 A methad isiprovided far.aytomating the
design of building services sy;?ems. Method 200 starts at step 202 where one or more base design
files dre révtiaviatifrgm &file/deI9er (61S e servied Ualalin Fig 20 18 Theslsasefiledahiay besdmpty files
or may inclisig-00 ehinoLe infiakparagieiers s deserige i Al cnedymateaiial parameters
may include, for example, one or more data sets. A first'data set may include, for example, data

associatedwith2Be posHiBnmE driiscaioH GvidFibuS DECCHIREEREHE deFIckSSFthiPEb i  [0027]
The term Ruildings notintendsdinheiniting and may.inglyde apy type-ofaiehitectusal strygture such

as office buildings, residences, homes, retail space, warehouses, restaurants, service buildings,
parking ga¥§§€8 1 eritértainfreht 36 VePBBS BRETNE liRe VEGmMpbieMid&FGETIhaf MctideRAy device
that fgpresents, a pededpa systemsinclugding podas-angintgrconnestians Rehwesr pages. Hs,
component devices may include such devices as those that determine or impact the vvo

2011m79PFFIOESH £0/06005 HAHH ARSI H2BBiateHINHIFHR intfcoRhEidnsetREen

componerg giggisesnEonpenentdeviges maylkesany ehtbhosefiesesbedherpiamchsing,nyichout
limitation, heating and air conditioning units, water heaters, sinks, toilets, 5 showers,electrical

outlets, lightAixAFEE EBipTitets, SRR MY Ho 2R s RNera6Rand réffighrdibrseach of the

plurality of design solutions.



manufacturing equipment, etc.  [0028] According to a next step 204, a user may define and locate a
plurality of building services devices. The 10 component devices may be those already provided in the
one or more baSe Y téttieved in step 202, Alternatively, or in additionPtHEVGEEM TR efine new
component devices and their associated operating parameters. Operating parameters may include any
characteristic associated with a component device®15 such as, for example, flow rates, temperatures,
\églst?ge, and current requirem?&ﬁ;ﬂet%5 o ngg ] &cc&d&n&to})g&eﬁ&tep 206, a pre-chgck of thF:‘ initial

gn data may be performed. This may include oné or more computer programs running a pre-check
procedure to 20 08RdateTthe impo® thatd ofthe Useradel - tehiify ang rhissing osdivalid-mformation
entered, theyeBy raducingdnput errorsdedhe.main routing. sizing.anddesign pregessingalgorithms.
Once all of gpe reciuii[ued comptoq(ents and their re}qu]Ji_red operatin pargmeters have been input, a
series of 25 Bre-procesding computer Software chatks Afe niade to Vafdatd The Rigid%and
completenedsofithesdatarthelt Wdls input prior to processing. [0030] According to a next step 208,
errors may be detesmined angkpresented, anga usermayscorrect,those errers 30 hysprgyiding
additional infitial d%sign data or augmenting the initial design data already provided. The pre-check may
be re- exectfdd t5'EnadRe Iiat tRE motiied it d&Sign B4taTE Valid i eHodld be Bnd@Fstood that
validation of tseninitiakidedatantay bedstablished according to any predetermined parameters,
minimum or maxims) opesatiag sonditions, indusiry.standards, gfc, For example, alidation may
include verifying that a particular component device is located in an acceptable position based on
relevant coﬁ&rg’ctfﬁ?]%héjc?de%? A EROH Skatpie YRR d 65T Tiiht METGGBHet&rRirig hat the input
operating parameterssareieorsbbdscampared to the component device with which the operating
parameters are associated. Thus, if a user enters an operating parameter value outside 10 the range
achievable or recommended (for example) for a particular component device, the system may return
an error message.



[0031] According to a next step 210, the initial design data is submitted for processing. This may
comprise, for 15 example, sending the initial design data to the one or more processors for use by one
or more desig‘ﬁ'%&%’dﬁ Si:)rograms operating on those processors. P[@ ﬁ%%%?ﬁ?ng to a next
step 212, one or more remote servers examines the processing queue to determine the next 20 design
exercise to be performed. [0033] According to a’next step 214, the design program is executed. In
this step a plurality of arrangements of interc [ n component devices may be
determined. Interconnections may inckﬁiﬁﬁvgggeggna%ﬁial, paths, 25 etc. used to connect one
component deviée' #ith Helebatdnesthet eentforeit debice Fdsdntircdtimeatonsimay include, for
example, pipes, dugis: glectrieakwirngsflow pathscettnen{Q034}-A-given irtpreennection arrangement
may be baseg on an i?gij}aﬂ Qg@te n%esj n agg/or any, Qy;nt%er %]‘ igiéiglf bage 30 Qarameters.f For example,
a standard ﬁl(fh rise apartmen Obwfoﬁn& ml‘gﬁt Rave & standard Iayomﬁcfo%%%mp?osﬁgﬁtsdeovices and their
intercorinecti®isi The nithotideséibedhiérednraight stare with this stahddrdiconfiguration and modify
it based on SR 2011407 9229PCTHAIB20%0Q/06 19051 additional parapetess. The;additional
parameters might include, f(gr eéampleshayinrg a.greater or lesser number of floors in the building, or a
desire to makKé the building miore energy’ 8ﬁ?0|entl%§00§%f%ra‘%%r§ﬁ3ﬁge‘?neﬁtacgfli%‘té’rco%ections
represents adeslgasolutioatPreferably, & phvatity ofdality desigimsolutions iscdetermiried

automatically, by the execytior of onesor yngke compter programs. Fhe Humber g&g}@p@gjrality of
desigq olutions may be grede ermined by a user or according 10 to some other desired mechanism.

Preferably, 2R d&&FHined desigR dsitition FERaIE redifg fiiat 1 SBlutioh - M5 predetermined
set of mininun®/requirernents .ot 003B]Acebrding havinal stepl2t6, adfinal desighcsdlaition is output

to a user for review Fheyfinal-design 1.5 solution.may. he determined.fromamong the plurality of design
solutions according to ané number of criteria. In at /east one embodiment, the final solution is based

on a constriction Tost ad8btiated witl B SBIUSH BIGtaraly, ther Pperiorming  the

methods and functionality described herein. System 100 may be

15 operated on any sultable platform and in any suitable network
envircnment.

[00Z23] In the illustrated example, system 100 includes a

plurality of thin clients 102 coupled to a plurality of first

switches 104. Switches 104 are coupled to a plurality of
20 secure work stations 106. HWork stations 106 are coupled to a
plurality of second switches 108. Second switches 108 are

coupled te a third switch 110. Third switch 110 is couplad to
a number of system components including disk array 116, 50L
server 1172 and fourth switch 120. 5CL server 112 1s coupled

25 to file server 114 and disk array 116 is coupled to tape
backup 118. Fourth switch 120 is coupled to a plurality of
high-speed, multi-core, server-class processors 122, which run
virtval work stations. System 100 provides the computing
environment to execute the processes described herein.

30 {0024] The processes and methods described herein may be
performed on system 100. It should be recognized that any
particular step in any described msthod may be performed on

system 100 by any suitable technique and through the use of



construction cost,or at least an estimate of such 20 construction cost, is determined automatically and
associated with the relevant design solution. Other criteria that may be used to determine a final
design solutiof thidESHithout limitation, whether the solution is valid, 2R OPEHHY Wst associated
with the solution, an efficiency associated with 25the solution, etc.  [0037] To illustrate the various
features of the system and method described her&n, the following example scenarios are provided. In
this examplghthe \éariogls: bg!}l%glgnsagriv(i)%eso ¢ sxjstems are proken down itnto different subsets or 30
subcategorlesyof%u‘lalding SEIVICES Systems, as Tolfows: bcr}é"éssu?glﬁﬁafln@br}ng@ S%teﬁyssﬁgs Piping
Systems GHafity PlEmbing Systems 162F AT Lbad AralysiseHY A€-DuctworkSystems Electrical

Lighting Systemsoridestiinal Roweiaysiamsd FleetriegkPanelsand. Qne Line Diggrams.Pressure
Plumbing Sgg_tceemgd [:9038‘1]§ressqre I?l{mblrggisr}/st%Ts include a%gllpm%ggstem moving liquids

Or. i ients an secure
under pressure. Commoh exar%ples include - €
5 workstations.

[0025) The switches of system 100 provide for interchange
and communicaticon between ceomponents, re-routing and alternate
routing of data, resource optimization, etc. The tape drive
provides for backup of data, soluticns, etc. The disk array

10 provides for storage of data and soluticns and alsc a source
of data feor use by the system and 1ts software, computer
programs, and/or algorithms. The servers provide storage for
data, sclutions, files, etc. The processors provide a
platform for execution of the programs that perform the

15  methods and Ifuncticnality described herein.

[00Z26] According to Figure 2, a method is provided for
automating the design of building services systems. Method
200 starts at step 202 where cone or more base design files are
retrieved from a file server (e.g., file server 114 in Fig.

20 1). The base files may be empty files or may include one or
more initial parameters as described herein. The one or more
initial parameters may include, for example, one or more data
sets. A first data set may include, Zfor example, data
assoclated with the positicning or leocation of wvaricus

25 component devices within a building.

[0027] The term building is not intended tc be limiting and
may include any type of architectural structure such as office
buildings, residences, homes, retail space, warshouses,
restaurants, service buildings, parking garages, entertainment

30  wvenues and the like. Component devices may include any device
that represents a node in a system including nodes and
interconnections between nodes. Thus, component devices may

include such devices as those that determine or impact the



10 domestic water, heating water, chilled water and various process waters for special purpose
buildings.  [0039] There are six main programs in the pressure plumbing systems design process.
PEHRSEtMEA : ing Fi lecti St/ Bitifibi -check
[0040] They a ed as follows: 15 Plumbing Fixture Selection ing pre-chec
Pressure Plumbing Routing Pipe gapping and fitting Insertion Pipe sizing and Riser Generation 20
Pipe Labeling  [0041] A number of support prog%éms are used and/or called by the main programs.
In addition, a_ number of Iibrarg routines that dq not interact dﬁirectlg/ with the user are also used to
)araMﬁters as OClaEE 5 T e .10 eﬁ$ nnections between
support the bvera design process. 04 ]l or all functions, the six main programs are run,
preferably, iRCEHRCGIRIET listedialseve. Pliorerraiiinglamy of shevautifig, siziyg arid |abeling programs,
the approprigie blosks arednsered in-thedrawing, afnetionicampleted  using.a Gustom dixture and
equipment selection praogram that aids the 30 operator in |dent|f¥|ng the necessary, fixtures and
. .a%ﬁ cohait Onl?ﬁ Fnlts. .naﬁ$r ?ater. s51lnks, toilets,
equipment inthe room and accurately Spécifying the locations and
5 showers, electrical outlets, light fixtures, computers,
switches, nozzles, generatoers, fans, refrigerators,
manufacturing eguipment, etc.
[002B] According to a next step 204, a2 user may define and
locate a plurality of building services devices. The
10 component devices may be those already provided in the one or
more base files retrieved in step 202. Alternatively, or in
additiecen, the user may define new component devices and their
assoclated operating parameters. Operating parameters may
include any characteristic associated with a component device
15 such as, for example, flow rates, temperatures, voltage, and
current reguirements, etc.
[0023] According to a next step 206, a pre-check of the
initial design data may be performed. This may include one or
more computer programg running a pre-check procedurs  to
20 validate the input data of the user and to identify any
missing or invalid information entered, thereby reducing input
errors to the main routing, sizing and design processing
algorithms. Once all c¢f the required components and their
required operating parameters have been input, a series of
25 pre-processing computer software checks are made to wvalidate
the integrity and completeness of the data that was input
prior to processing.
[0030] According te a next step 208, errors may be
determined and presented, and a user may correct those errors
30 by providing additicnal initial design data or augmenting the
initial design data already provided. The pre-check may be re-
gxecuted to ensure that the modified initial design data is

valid. It sheould be understood that walidation of the initial



AWN 11/079229PCT/1JS2010/061905 17 utility/pressure requirements of each in a format that the
automated design and optimization programs can recognize. [0043] A riser dTiagram and its
background are creatEd égutomatically as new files by the sizing process]P 53%93{0%9[’6044] The four
main design programs, which follow the pre-check, are designed with batch mode options to allow for
implementation in batch mode on the execution sktver virtual machines in an unattended fashion,

saving the operator, time and reducing the oyerall procgssing fime due to the powerful 19
multi-processor, multi-core server-class equipment. For e%ch, a submit command calls a routine to

submit the BdFBRE irfpiit pdfamdtelrs Gravitadg T BatehesiocBssing By Hid eketive HrEYFAMY Prior to that
call, the roudingraiad sizingfrograms examifiesthevinput parametars dravvingés)tor areblems that would

L5 prevent a,syccessful rup, and flag the errors, I batch made, the printed output is gehoed to a log
file, and alerts are disabled. An alert IS an error message that causes a popup that requires user

interveftiorP $PERSROIE 5t berpossiitd BhtheTeRicteexRetitioRtArGal mdehireWheh disabled, an

20 alert simphysends a/messagecto thedag fordaterwusesia-dehuaging. Thedog functiopfer the entire
system is performed by a seﬁparate program, rr[é)((i')45li;'he various programs of the snystgm at times

call one angﬁ%lfa(%:c}rngxfnﬁg étfea ter creating fhé cold water and Il:l%? 25 water sénices, the routing

program cafl§thé Bizitig-proghardito fotatedieeheiation Poiatese the ek cLAatien pipes can be

created). Having, a single pregrana-fandle the lagassures the entiies arepraperly, recosded in the
order 395 theii:%creation. 30[004§L‘ysﬁiri% the abiﬁggcog one progra to call another, it is I‘possible to write

intelligent scnSt pfgéj%ems?vcv%ereaf &'hext action a{néneglven po nt can %}é%%%de())n thé“outtome of

previous acti®hsi WE R0t MOTIEZIPCEUS2010/061905:18n may return an error

message.

[0031] According to & next step 210, the initial design

data is submitted Ifor processing. This may comprise, for

15 example, sending the initial design data to the one or more
processcrs for use by one or more design computer programs
operating on those processors.

[0032] According to a next step 212, one or more remohte
servers examines the processing gueue to determine the next

20 design exercise tc be performed.

[0033] According to a next step 214, the design program is
executred. In this step a plurality of arrangements of
interconnections between component devices may be determined.
Interconnections may include any hardware, material, paths,

25  etc. used to connect one componant device with at least cne
other component device. Thus, I1nterconnections may include,
for example, pipes, ducts, electrical wiring, flow paths, etc.

[0034] A given interconnection arrangement may be based on
an initial base design and/or any number of initial bhase

30 parameters. For example, a standard high rises apartment
building might have a standard layout for component devices
and thelr interconnecticns. The method described herein might

start with this standard configuration and modify it based on



[0047] At any point in the sequence of programs, it may be realized that the input specifications have
changed. When this occurs, a feature allows a user to accurately undo the automated work, make
changes and TR e M tsmated design and 5 estimating programs agaiﬁ(.jﬂﬁsf,t%?’%f‘%ﬂse main
programs have the capacity to have their work undone, even if the drawing has been saved and
reopened. [0048] The design programs all ope?aﬁe in a three-dimensional space, keeping track of
the z dimeng,(i:p&{n all ]I:p siziarlllga%ngeqrraphic represent _tcigr% {nQ%dﬁs to allow for more a%?#rate sizing

.. . . . T .
and optimization calcalatiohs and to allow for a three-dimensional n&érré‘f%%?ﬁr%sto éjnrlap ically depict

the final optifitZéti8ystéroretiiaridnings Vs Gad PIFingtSystéms L & 60U Gasesiping systems

include anymipigSystermmaving gases undes pressuee. 2omaen examplas ingludesatural gas,
propane gas, com rg;g;% air, medical gases and other process gases for special purpose buildings.

=t . : o
20[0050] Tﬁaé1 Gat Pipe pa}:ﬁaée was designed to automate the process of routing gas pipe in the most

cost efficient maRRék Withigthef¢oistEsines bf prévehnScieatfic Yasbous prsgsiregsipe design

practices. Multiplgviakle fouting solmmgﬁgggerming@@@&@si@fofmg@argggq%tgjtant costs are
25 calculated.,Once an ggtiga}ar%ute has been selecteld1 th%dzrq ram sizestand labels pipes on the
drawings, creates gas riser drawings. and calculates gas hode pressire foss data”” 1] There are
Six main pregramistin tkegastsipingreystents desigreprocess »Thely dreedoeunyentedvasdllows: 30 Gas
Appliance Iaserign SonnectRlumbing.Sas-ruting Rrg=check Gapping and Eitingdnsgrtion WO
2011/%9229PCT/USZOlO/OG&qu?r%% mechanis L

] 8) m. Preferably, each determined

toc some other
design sclution is wvalid, meaning that the sclution meets a
predetermined set of minimum reguirements.

[0036] According to a final step 216, & £final design
solution is output to a user for review. The final design

15 solution may be determined from among the plurality of design
solutions accerding te any number of criteria. In at least
cne embodiment, the final solution is based on a construction
cost assoclated with the solution. Preferably, the
construction cost, or at ieast an estimate of such

20  construction cost, is determined automatically and associated
with the relevant design sclution. Other criteria that may be
used to determine a final design solution include, without
limitation, whether the sclution is wvalid, an operating cost
agsociated with the soluticon, an efficiency associated with

25  the scilution, etc.

[0037] To illustrate the various features of the system and
method described herein, the following example scenarios are
provided. In this example, the variocus building services
systems are broken down into different subsets or

30  subcategories of puilding services systems, as follows:
8 Pressure Plumbing Systens
e Gas Piping Systems

s Gravity Plumbing Systems



Gas Pipe Sizing and riser Generation Labeling [0052] A number of support programs are used
and/or called by the main programs. In addition, a number of library routines 5 that do not interact
directly with th ‘i’;%‘&ﬂfﬂ?%%ﬁ)so used to support the overall design proces$ T iBS%$EEF all functions,
the six main programs are preferably run in the order listed above. Prior to running any of the routing,
sizing and labeling programs, the appropriate 10 bfocks are inserted in the drawing, a function
completed using a custom gas appliance insertion program that aids the operator in identifying the
necessary equipment requiting §a&-séfRAce Andtacurately specifying the locations and utility/pressure
requirements of each in a fermat that the da-automated.design and optimization programs can
recognize. [0054] A riser diagram and its background are created automatically as new files by the
sizing process software. 10055} iie tiree"mant Hegighy prégfams, which follow the pre-check, are
designed with batch mode eptrins-ta-attew fer2d-implenaeatation in batch mode on the execution
server yirtual machines in an uriaettended fashion, saving operator time and reducing the overall

processing time due to the 'pov%erﬁ?ﬁﬁﬁ%pfo%%%%%r,aﬁ (2B r& 2P B2 Equipment. For each, a

submit command calls a routine to submit the current input 25 parameters drawing for batch

processing bydbe active: pregragn <RUek 4@ that call, the routing and sizing programs examine the input
parameters drawin sg for groblems that would prevent a successful run and flag the errors. In batch

mode, the printed output TS 88R68d T3 HTo fiie ARG HiErts Bre ¥(rdigaBIcb Al 4lefig i error
message thatcauses aipepups thatrequires usesinterventionpwvhichwould ¢t berpassikle on the
remotegexegutien virtual machine ,When disahled,.an algtt,simply sends a mgssage {9 the log for later
use in WO 2011/079229PCT/US2010/061905 20 debugging. The log function for the entire system is
performed By 8 &&5arate prégrah, Special purpose bllldings.

[003%] There are six main programs in the pressure plumbing

systems design process.
[0C40} They are documented as follows:
15 s« Plumbing Fixture Selection
¢ Pressure Plumbing pre-check
e Pressure Plumbing Routing
¢ Pipe gapping and fitting Insertion
¢ Pipe sizing and Riser Generation
20 ¢ Pipe Labeling
[0041] A number of support programs are used and/for called
by the main programs. In additicn, a number of library routines
that do not interact directly with the user are alsoc used to
support the overall design process.

25 [0CG42} For all functions, the six main programs are run,
preferably, in the order listed above. Prior to running any of
the routing, sizing and labeling programs, the appropriate
blocks are inserted in the drawing, a function completed using
a custom fixture and equipment selection program that aids the

30 operator in identifying the necessary fiztures and equipment

in the room and accurately specifying the locations and



[0056] The various programs of the system at times call one another (for example, after determining
the route for the gas 5 piping, the routing program calls the sizing program to prepare an optimized
sizing of the sy&teit}/4#&dihg a single program handle the log assures tH& EREEL/AFESroperly
recorded in the order of their creation. [0057] At any point in the sequence of programs, it may be 10
realized that the input specifications have changetl’ When this occurs, a feature allows a user to
accurately uunccil&t e Ut%@g&%% wgfrek,ung?[éeecnhhangeg and run the automated design and estimating
programs again. Alf 6F the main programs Have the apseity to Rave theiF@brk UitfonEP&ven if the
drawing hasi5d5ediedaded id revpemnedmizf058] Ehe design programsatlicperate in a
three-dimensionalsspace, keepiag tragls gt the zgimensign ip.allsizing, and.graphic.representation
modes to algouvygor @iocrae aiccuargte S‘IEI qhaend o%timizatio,n calculations and to allow for 20 a
. L . . 3 ] - .
three-dimenSionar rissr diagram o graphicaily depict the il dHtifited Syehi oh the drawings.
Gravity Plumbind ${$terfike [G089] Gravitypleabingsystenss, inghudes any pipinghsystem-25 moving
liquids through, slopingfipesdunder.atmespheric. pressure, I hisdnelydes also the yenting systems
necessary t? allow for flow in the slogqln%dralnage piping. Common examples include sanitary sewer,
storm sewet Tt AER WA or Sth&F 5pBCiPHASR 1O Sp&diaFRuisBseS5tildingd 56/6060] There are
Six main pregrams: #sthéerpressuve plustsiag systemisdesigayprogess el hey=atecdecuneated as
follows: Plymbingdgixture,Selection, Untegrated with the, pregsure, piping, programs, previgusly
discussed.) 21 Gravity Plumbing Precheck Gravity Plumbing routing
10 "multi-precessor, multi-core server—class equipment. For each,
a submit command calls a routine to submit the current input
parameters drawing for batch processing by the active program.
Prior to that call, the routing and sizing programs examine
the input parameters drawing(s) for problems that would
15  prevent a successful run and flag the errcrs. In batch mode,
the printed output is echoed to a leg file, and alerts are
disabled. An alert is an error messags that causes a popup
that reguires user intervention, which would nct be possible
on the remcte executien wvirtual machine. When disabled, an
20  alert simply sends a message to the log for later use in
debugging. The log function for the entire system is performed
by a separate program,
[0045] The various programs of the system at times call cone
another (for example, after creating the cold water and hot
25 water services, the routing program calls the sizing progranm
toe locate recirculation points so the recirculation pipes can
be created). Having a single program handle the log assures
the entries are properly recorded in the order of their
creation.
30 [0046] Using the ability of one program tc call another, it
is possible to write intelligent script programs, where the
next action at a given point can depend on the outcome of

previcus actions.



4]) Pipe Gapping and fitting Insertion Pipe sizing and riser Generation 5 Pipe Labeling [0061] A
number of support programs are used and/or called by the main programs. In addition, a number of
library routine¥hat &8¢ interact directly with the user are also used tdSHSPHHOPEBYerall design
process. 10[0062] For all functions, the six main programs are preferably run in the order listed at the
beginning of this section. Prior to running any of thé routing, sizing and labeling programs, the
appropriate blo 16% jStjs have been jnseried ththe drawing, a function completed using a custom 15
fixture and equii;men selectibn progham that dits the Speratsrinid8RtiRg tié nBt&sShry fixtures and
equipment inetheirooh Hdacturately sSpeuifying the idcatiorisaand flosw aad. cdhirectionielevation

requirements-ef;each in a farmattbat the auomated designand, optimization RIRgEAMS,gan recognize.
20 [0063] A rister dig ram and its background are created automatically as new files by the sizing

process softwara ™ - 10084 The 1BF mdlAtHsigA Blogréims ihich 1oHair the etehedehre designed
with bafch rmetdérgptions toraliow-fer faplementatiofanibatéh niederonrtheexecutiontsemver virtual 25
machines in.g8 upaitended fashign, saving aperator timeapd redycing the oyerall processing time due
to the powerful multi-processor, multi-core server- class equipment. For each, a submit command calls
a routine to St the BuFfshtiRput paFEMRters drawing for batch processing by the active program.
30 Prior to that téfid thie Touatingland sizing prageams exaininethke mput patameters arawing(s) for
problems t@ﬁ{&é%lgo%ye@tpgéypc%%ghw and.flag the errars..In bafch made, fhe printed output is

echoed to a log file, and alerts are 22 disabled. An alert is an error message that causes a popup that

required usérimteRreffion, WHER WoulEREERE PGSR oRtAE TerhBte BXETHtGVirtdakachine.
When disabled;analert simply serds@ameissagesto thel logl for later usedin:d debuggitg.cThe log

function for the.antite sysiem i3 pgiformed by & sepafate. Bfogﬁ%ifﬁ%ﬂdTe*g)%cY@”%Ltfﬁepfogfams of

the system at times call one another. Having a single program handle the log assures the entries are
properly recorddd intheGreesd GtHRER"EreRtibRe 1890068 Eising the ability of one program to call

another, it is possible to write intelligent script programs, where the next action at a given point can
depengkon the opicome of preyjus actions.

[6049] Gas pilping systems include any piping system moving

gases under pressure. Common examples include natural gas,
propane gas, compressaed alr, medical gases and other process
gases for special purpocse buildings.

20 [0U50] The Gas Pipe package was designed teo automate the
process of routing gas pipe in the most cost efficient manner
within the constraints of proven scientific gaseous pressure
pipe design practices. Multiple viable routing solutions are
determined and the size of pipes and resultant costs are

25 calculated. Once an optimal route has been selected, the
program sizes and labels pipes on the drawings, creates gas
riser drawings, and calculates gas node pressure loss data.

{0031] There are six main programs in the gas piping
systems design process. They are documented as follows:

30 * Gas Appliance Insertion

e Connect Plumbing

¢ Gas routing Pre-check

¢ Gapping and Fitting Insertion



[0067] At any point in the sequence of programs, it may be 15 realized that the input specifications
have changed. When this occurs, a feature allows a user to accurately undo the automated work,
make change‘sN 838107 %2 automated design and estimating programs Ia'll(g:gi{rjls.zﬂl?/ §LDf the main
programs have the capacity to have their work undone, even if the drawing 20 has been saved and
reopened. [0068] The design programs all ope?’éate in a three-dimensional space, keeping track of
the z dimension in all sizing ag%gr%ghig rgg_‘[?sengati n TodesGto allow for more accurate sizing and
optimization calculations and to llowTor 2574 thiree-dimensional Tiger H%é’&ram to graphically depict the
final optimized system on the @rwinigss HVAC Load Analysis [0069] The UV AC load analysis tools

automatically extraes 30-nfarmation from architectiural flogr. plaps, lighting, plans.and asseciated

exterior elevations for use in calculatin%éhe heating and air conditioning loads on a building. With
conventionatethRofBgy: HiCEfERTs attGMPiEhal by nidHitRi “Wi 1ibrary routines
2011/0%9229RETHIS2010/06090523 means, Ireadinghand ealestating-thezareas.ofthe amarious

component unting fi egui lights, etc. Various embodiments of the invention
S gnesceunting fixtyres, equipment, IgALs., ¢

eliminate the need to manually extract thiS information for use in the HVAC 5 calculations preferably by
utilizing a numb&oRVirtiRF mathineSHINHRG S muttiproéessoritilti-cBFe FRrfhtspeéd server class
computers imrafiaunatiended batch:moderaperaticited [0020% Given ersef-ofplans-subinitted to the

process containing the necessary; byilding,infoymatipn, the system. .. appropriate
10 blecks are inserted in the drawing, a function completed using
a custom  gas appliance insertion program that aids the
operatcr in identifying the necessary equipment reqguiring gas
service and accurately specifying the iocations and
utility/pressure reguirements of each in a format that the
15  avtomated design and optimizatlion programs can recognize.
[C054] A riser diagram and its background are created
automatically as new files by the sizing process software.
[0055] The three main design programs, which follow the
pre-check, are designed with batch mode options to allow for
20  implementation in batch mede on the execution server virtual
machines in an wunattended fashion, saving operator time and
reducing the overall processing time dues to the powerful
multi-processor, multi-core server—-class equipment. For each,
a submit command calls a routine to submit the current input
25 parameters drawing for batch processing by the active program.
Prior to that call, the routing and sizing programs examine
the input parameters drawing{s} £for prcblems that would
prevent a successiul run and flag the errors. In batch mode,
the printed cutpot is echoed to & log file, and alerts are
30 disabled. An alert is an error message that causes a popup
that reguires user intervention, which would not be possible
on the remote execution virtual machine. When disabled, an

alert simply sends a message to the log for later use in



10will:  [0071] Successfully detect one or more poly-line(s) on the plan's room boundary layer
(excluding the "largest area room", which is defined as the Exterior Wal poly-line). With
the exception%o%)t{]%elétégﬁ%ly-line, each remaining 15 detected poly-line %Eg@“%%ﬁ%éﬁ oom". [0072]
Use this EB poly-line to compute a smaller, but im%ginary, "Reduced" Exterior Wall Boundary (REB).
The REB follows the "contours” of the ES pon-IinZe, and each "contour" line (or curve) is within 15
inches of tsyespetiye 20rconiopr-lne{pbur) ahiheEB: o [A9LiLuseesalbly detact doors,
including roll-up doors, through a pattern recognition algorithm thaf looks for CAD objects in a flexible
set of recodhiz&bRepAtERTS R Bartitlilar sequences and combinations of liners), poly- 25 line(s), or
3dface object(s) Wit By geemetrid configusatiem thattaretypicalheused ta fepresent doots on
architectural drawings. [The pragran insests atjbute. hlock reference(s).for each Roor Detect Line to

which the program can determine an association with a parficular door within a particular "room". 30
[0074] Bucéesstiifly detéét whitiows thratigtFadattéritretodrition Sgafthm&RaE IBks fdt CAD objects
ina flgxiblegs&pﬁﬁ’ecegn.iml&rpaztéemsﬂip@gti%ﬁartsm}uegﬂﬁes:@nd combinations Qﬁcﬁme(s.),
polyline(s).ar.3dlace ebisels) i, WOZG1 079220 CIIUS 20101061905 24 any gegretc

configuration that are typically used to represent windows on architectural drawin € program
inserts attribGE”Bitk retefdifce8TfoT Each ¥t ow T9éteet Line to which the program can determine
an association wittsa b partisarwingow withite a pajtiedlas "egomrobhepsogrampiniermally,
decomposes.hese.draying hjeci(s). o geemetic,ing seqments and. eanses” s data by
removing "Jupallcates" and extending co-lingar and connected Line Segrhents to form fewer, but longer
Line Segméritebifibinadtiods 20 Ajl siich Piffe SegriéRt coRtbinafichs HhGistexist Betwedf, or be
“clipped by'sthe-kS: paly=ineg,, antk the BEB.Bince\Window Detegikinei{s):maydpterseshwith multiple
"room" polyline(s), the program "splits" such Dgtect Line(s) acrass Room Boundary(s) so that it
re-establish%%gt%%ai%b%ﬁaﬁ%g%ﬁgg 1@‘%%{8@4%3.08%-5&%(_mal[b]o-ﬁjjoﬁgﬁﬂér gﬁ v(gérth):oggf'z)nal Elevation
that contains®Af DoorantEWando\e Bourndiaky (8):4iven seife initfal pafarfétstidefadiis. Additionally,
the uset candpdaiewany assoeiated \Window/Door Attribute Block by updating the appropriate 20
Window/Door jon,poly-liner(s) respectively. Users can also update, Window/Door Elevation
poly-line(s) tha?ﬁggg?noﬁégsocggtsél Win&d:v?/ﬁf(e)}(lr)nr?’ Attﬁg&te §I%%ﬁg%s well. Coanve%é:@?fhe user can

also updatetHesbockrdata $9ai®er theeBlevation ¥eAtlerirdg. the z dimension in all

sizing and graphic representation modes to allow for more
accurate sizing and optimizaticon calculaticons and to allow for
20 a three-dimensicnal riser diagram to graphically depict the

final cptimized system on the drawings.

Gravity Plumbing Svstems

[0059] Gravity plumbing systems includes any piping system

2% moving liquids through sloping pipes under atmespheric

pressure. This includes alsc the venting systems necessary to

aliow for flow in the sloping drainage piping. Common examples

include sanitary sewer, storm sewer and acid waste or other

special wastes for special purpose buildings.

30 [0060] There are six main programs in the pressure plumbing
systems design process. They are documented as follows:

+« Plumbing Fixture Selection (Intecgrated with the

pressure piping programs previcusly discussed.)



25[0076] The user can use the AutoCAD "edit" commands, e.g., "re-size", "move", "grip edit", the
Properties Dialog box, etc. to "edit" one or more Door or Window Detect Line Segment(s) to alter their
position and/o?’ é[él.IW?fzéﬁ AutoCAD has completed such an "edit" task? ﬁ?&%ﬁfg{?ﬂ;{?@ the 30 position
and characteristics of the Detect Line Segment(s) and inserts new Window/Door Attribute Block
Reference(s) to reflect the new configuration. W '2011/079229PCT/US2010/061905 25 [0077] If

the user manually adds one or géc%?re_tWiHO\!yléDoor L:II))etect Line Segment(s) later, they can execute the
"detect" command again, which Wllﬁp?"eserl\l/é éﬁ&mé‘%%?&&%d data, but add in the additional

Window/Door Attribute Bloek'ssand bizlevatian Line(s): ind0078] Detect and export any data
associated with one or more Iigptigg ixtures found on the inp]L_Jt dra\{:vin%. [0079] The information
extracted from the drawing$ is SNt 1o A Xextrile that 1s [AteF used s 4R Import into the 10 commercially
available HAP Load Analysis pragrasi fromy Gardier GerparatienaHMAC Ductwork Systems [0080] The

user degines the locations andPsizes of all air 15 inlets and outlets utilizing a custom software selection
g 1ge Labell

program that takes into account the equi'reg %irflow, room noise criteria and various appearance and
finish requireméff&df eActi et br Bhtlct AR BloEksIHarareifsereedint the CAR filebased on the

selection prpgraferesults gontgiasmall 20 infermation ngcessaniyta,gonnestthe respective inlets and
outlets to their serying HV AC equipment and begin.the process of finding the optimal route and sizes
for all interc%lnan%ec('él{ﬁg%ﬁl%tﬁgﬁ(egﬁs%grﬁ% The %oe““e%@b% Srabiy SupporSal lypee 8 ddctwork
commonly SHEGPiterédinaHe LonstArRgioiNoPBailding-25 system, including supply air, return air,

exhaugt air, fresh@in imake-upair. Thesystemssizes K Ag§yst§gl%formggggg velggity and low

velocity ductwork appjications. [9084] The, inventjon calculates he pptimized routing, , 1

section. Prior to running any of the routing, sizing and

labeling programs, the appropriate blocks must have heen

inserted in the drawing, a function completed using a custom

15 fixture and eguipment selection program that aids the operator

in identifying the necessary fixtures and equipment in the

room and accurately specifying the locations and flow and

connection elevation requirements of esach in a format that the

automated design and optimization programs can recognize.

20 [C063] A riser diagram and its background are created
gutoematically as new files by the sizing process software.

[0064]} The four main design programs, which follow the pre-

check, are designed with batch mode options to allow for

implementation in batch mode on the execution server virtual

25 mechires in an unattended fashion, saving operator time and

reducing the overall processing time due to the powerful

multi-processor, multi-core server- class squipment. For each,

a submit command calls a routine to submit the current input

parameters drawing for batch processing by the active program.

30  Prior to that call, the routing end sizing programs examine

the input parameters drawing(s) for problems that would

prevent a successful run and flag the errors. In batch mode,

the printed output is echced to a log file, and alerts are



design for HV AC systems using numerous graph theory, 30 probabilistic and statistical optimization
procedures. An adaptive random walk algorithm is first employed to sample line segments for which
the conditiona}vﬁé?}é{gﬂ?@gof making a successful addition to the graph i CUERISY ]u(’g?ng a mean- 26
free path variable as the origin, and the covariance ellipse of a "local" scan of obstacle-free space as
the width of a bivariate Gaussian (normal) distribdtfon. The execution of the adaptive component of a
series of aIg:plristztlltglsegiasg§l th%(glisceleactionpof trial line se%ments gg‘gptirgize the ductwork design in

. Z.iLe L & all ry mne gje nges & . A
such a manner as to choose the longest poss‘T:bqurrunou ® dticts connet mge(o a‘minimat skeleton (or

mainline) stfdéthire: SFHiS ifsvel 8fraitedytRas beerrshowh iFrough E8 mpeiterrexpesimehtation and

statistical agalyses: to-preducebQ the: lanest cost seenatian : nd0082]Fhe duglisizing computations are
then performfg Qn asgrrnaeh constructed from the mainliner{run#ut drawing usigg either the Equal
> t

Friction, Static Regaifi br Constant VaIotity method Graph thedry tBhstAtts (e.§minftnum spanning
tree 15%anddnBERFAGOWENGISt forast) aretedmplofed tohassigh{umambsigemusly ipethéccase of highly
branched stycturgs)yohmetic.fowror "CFM values” to the subsequent segments and sized
according to pri@y' its. on maximum allowable pressure loss and maximum velocity, in the case of

the equal frictio ChRiGUESTF RS At e B thé Tiser Sth $ofillard wilt 4 frovid& Hefault values
for: air densitys fiction faxtenwistosity:cReynolds numbern diatetiakrolghnessasawellkas output

preferences.gueh as duct shapes.gspectyatiog and cost breakdewns;, 25[0Q83].0ngg the routing and

sizes lfgve been c&n& uted, the software automatically draws the ductwork on the CAD file in a

two-ling drawind f6rat retRihirg thé third timehsi irtSHRAABN (@levition i thedath of the drawn
objects. Thé finalcGAD-deawing eontains. attwbtlige representatiop:eftha30 cempletediductwork

system inclyding all.sizing labels and Xdata,coptaining alk flow and,pressure Jgss ipformation.
previous actions.

[0067] At any point in the seguence of programs, it may be

15 realized that the input specificaticns have changed. When this
occurs, a feature allows a user to accurately undo the
automated work, make changes and run the automated design and
estimating programs again. ALl four of the main programs have
the capacity to have their work undone, even if the drawing

20 has been saved and reopened.

[0068] The design programs all operate in a three-
dimensional space, keeping track of the z dimension in all
sizing and graphic representation modes o allow for more
accurate sizing and cptimization calculations and to allow for

25 a three-dimensional riser diagram to graphically depict the

final optimized system on the drawings.

HVAC Load Analvsis

[006%] The HV AC load analysis tools automatically extract

30 information from architectural floor plans, lighting plans and
associated exterior elevations for use in calculating the
heating and air conditioning loads on a building. With

conventional technology, this effort is accomplished by manual



27 [0084] The automated sizing techniques, combined with the optimized routing routine, produce a
finished ductwork desi%n that represents a cost optimized solution designed to a much higher level of
accuracy thanv%%rzi(}ﬁiéﬁrezazgonably obtained using 5 conventional designg%érfﬂg%ﬂ?/gﬁ%?rical Lighting
Systems  [0085] The Lighting Fixture Circuiting package is designed to automate the process of
circuiting lights within a building 10 in the most cost efficient manner within the constraints of current

building circfy&g%signr%rg&yggs. Rules such as light type, light rgognt,C!L,ghtt\ﬁoltag\tre&i niurQber and type
of switches within a room, and maximum wattage dittate how ﬁgﬁts are ciruited toée%ésr to comply
with Nation&HFPT6EA Todd 15 resjifireri@ntst MHipts circaffingPEshitionsidagtomatieally explored
and the costmof wite antheaneduitare ealculpted forerchssolutipn.stugdied. Oncethedeass costly design
s determingd, gircliting grs are drawn.to avoid bstagles and data is stored inthe draying for the
panel schedule program 20 within the pOWEr circuiting package to automate fifﬁﬁg in‘the schedules.
[0086] Theresdre i #raif piotrafisinithe hyhting fixddre  gircaitimydesign pfocess: Hady are
documented.asfollews: » Gikctiingdare-aheek 25-braw-Circuits,; babel Switch rGiyguit lights Phase 1
Circuiting Phase 2 [Oq_SaQSA numg r of leLJIE)port Bro%ams are usedhqnd/ r called 30 by the main

programs. in addition,‘a numbeF of library routines that do ot mtsradt directh ith 18 user are also

used to supportitHe’Gvefalrdesign prstesf plans submitted to the process
containing the necessary building information, the system

10 will:

[G071] Successfully detect one or more poly-line!s) on the
plan's room boundary layer (excluding the "largest area room",
which 1is defined as the Exterior Wall Boundary (EB} poly-
line). With the exception of the EB poly-line, each remaining

13 detected poly-line represents a "Room”.

[0072] Use this EB pely-line to compute a smaller, but
imaginary, "Reduced" Exterior Wall Boundary (REE). The REB
follows the "contours™ of the EB poly~line, and each "contour”
line (or curve) is within 15 inches of 1its respective

Z0  T"contour” line for curve) of the EB.

[0073] Successfully detect doors, including roll-up doors,
through a pattern recognition algorithm that looks for CAD
objects in a flexible set of recognizable patterns in
particular sequences and combinations of liners), poly-

25 line{s), or 3dface object{(s) in any geometric configuration
that are typlcally used to represent doors on zrchitectural
drawings. The program inserts attribute block reference(s) for
each Door Detect Line to which the program can determine an
association with a particular door within & particular "room".

30 [0074] Successfully detect windows through a pattern
recognition algerithm that looks for CAD objects in a flexible
set of recognizable patterns in particular sequesnces and

comblnations of line(s), poly=-line(s), cor 3dface obijsct(s) in



WO 2011/079229PCT/US2010/061905 28 Circuiting Pre-Check  [0088] The pre-check IS a modal
dialog designed to ensure that all required information is provided in a drawing and drawing directory
for the light cir‘gfﬁﬁ?fg” Hdtdmation program 5 to execute in a remote fash%?ﬂﬁ%%%?ﬁ% errors.

[0089] The program displays the number of found panel blocks in the drawing and checks to see that
the name attribute has been supplied for each pa%l. The user can fix any panels missing names from

tile dialog by clicking on Fix 10 Panel, When clicking on Fix Panel the. pragram shifts focus to the
AutoCAD drarﬁ:v%ng?zgoms Into aﬁd %:jg%liéﬁ?slggch %%%%I maligéalnglc;ﬁ rfbu%qés(/vithugerce?d bok and opens
the block AtiBdteE&ditor. THE pISyraff also ve1ifies thattheré e icorrespdiidingparmstachedules for

each named panel in thec k5 eleetricaldesigrfolder et the jobis direstery s : H[@090LThe pre-check
creates the Jocal light schedule that is used for circuiting automation. The. program searches for light
schedule blocks in allvairle%tpri;:/ draivings prefixed \S%t%é%?a".%hea ?ol%%ﬂﬁ%%%?‘r’ﬁlaﬁolntls fead from
schedufes &fd 20GRHiftEn toifEtextfieiticea ightSEhetdRItxt” Light Nanf& M oemtdoits Watts 25Heat

Load [0091} Sebedsies that acerpissing entrias are:listed assrzers an the dialggoAn-erer is also
displayed ”ﬂgﬁe Segments and "cleansgesg” this data by removing
"duplicates” and extending co-linear and connected Line
Zegments to form fewer, but longer Line Segment combinations.
10 All such Line Segment combinations must exist between, or be
"clipped by" the EB poly-line, and the REB. Since Window
PDetect Line(s) may intersect with multiple "room" polyline(s),
the program “splits" such Detect Line(s) across  Room
Boundaryi{s) so that it re~establishes the invariant of one-

15 detect-line-one-block.
[0C75] Render an orthogonal Elevation that contains Wall,
Door and Window Boundary(s), given some initial parameter
defaults. Additionally, the user can update any associated
Window/Door Attribute Block by updating the appropriate
20  Window/Door Elevation poly-liner(s) respsctively. Users can
alsc update Window/Door Elsvation poly-line(s} that have no

associated Window/Door Attribute Blocks as well. Conversely,

the user can also update the block data te alter the Elevation

rendering.
25 [CO7&] The user can use the AutoCAD "edit" commands, e.g.,
"re-size", Mmove", '"grip edit", the Properties Dialoy box,

atc. to Tedit" one or more Door or Window Detect Line
Segment(s) to alter their pesition and/or =size. When AutoCaAD
has completed such an Medit™ task, it re-calculates the
30 position and characteristics of the Detsct Line Segment(s) and
inserts new Window/Door Attribute BRBlock Reference(s) to

reflect fhe new configuration.



schedules are found in the directory. The program finds recognized lights, switches, and switching text

within each 3% room tg%lilgdary and reports any switching errors. The rooms. [}’gi}{t}@%g;tgc@”g errors are
flagged on the grawﬁg With a red polyline border and message box. If any errors are ?ound, the 29

user need to close the dialog, fix the errors and rerun the pre-check.  [0092] The Warming frame on
the dialog lists the following potential errors: 5[00%‘3] 1.Lights found in the drawing that are missing

schedules. The[légjbz,tﬁargfig_q@lrgdpre@eng%gti g, automation program. . [QO%L%/ lock references

that are not recognized as lights. 10[0095] 3.Lights found outside room boundaries that were not
directed int8% f6om Witkta RFARBET0DDE] 2 R exiteSiyhtsWere festitictin the drawirys Braw Circuits
15[0097] DessmrGirevitsyisia progradh thal aids-the=user ikisting detected data, but

add in the additional Window/Door Attribute Block's (and
5 Elevation Line(s)).
[0C78] Detect and export any data associated with one or
more lighting fixtures found on the input drawing.
[0079] The information extracted from the drawings is sent
to a text file that is later used as an import into the
10 commercially available HAP Load Analysis program from Carrier

Corporation.

HVAC Duoctwork Systems

[00801 The user defines the locatiocons and sizes of all air

15 inlets and outlets utilizing a custom software selection

program that takes into account the required airflow, room

noise criteria and various appearance and finish reguirements

of each inlet or cutlet. The klocks that are inserted into the

CAD £file based on the selection program results contains all

20 information necessary to connect the respsctive inlets and

outlets to their serving HV AC equipment and begin the process

of finding the ocptimal route and sizes for all interconnecting

ductwork systems. The process preferably supports all types of

ductwork commenly encountered in the construction of building

25  system, including supply eir, return air, exhaust air, fresh

air, make-up air. The system sizes HV AC systems for both high
velocity and low velocity ductwork applications.

{0081] The invention calculates the optimized routing

design for HV AC systems using numercus graph theory,

30 probabilistic and statistical optimization procedures. An

adaptive random walk algorithm is £first employed to sample

line segments for which the conditional probability of making

a successful addition to the graph is evaluated using a mean-



circuiting lights in complex situations. The interface is a modeless dialog that allows the user to create
a selection set of lights and has the option of filtering for specific types. The dialog displays a light
schedule for rgfglzgi](@?ﬁ?(ﬁuding 20 wattage, voltage, maximum WattageP B@W@ﬁ“&ﬂ%ﬁ!ﬁé d the number of
lights of a particular type that could fit on one circuit.  [0098] The program traces through existing
circuits by iterating over the database and conne@ﬁng arcs endpoints on the appropriate layer. If lights
within the sglection set have.25 different yoltages, they will. ngt be circuited together., If the selected
lights exceeLdl Er3r1eaxE|)rEri|$EI%m \‘/?vaaﬁtlaag?()ef,i?héayS wi }éﬁotc%el %ﬁ%Uitgg ?ogj%é}ﬁer?gtﬂjélr\?vrfsceg th%flglﬁt%eare connected
by the sam@¥prdcedtifé tised I6xdnAEctHGH-finear fights iArRe<iraaitingapplicatiorr New lights can be

circuited intei3Q existingeiteuits thatraremat atmaxinum {ead. Reedhackis-displayed gtthe AutoCAD
prompt such as the number of I%;b ts selected and.total W(?tta%ﬁ?g\%g s . hisse

2011/07925¢ éﬁl‘ﬁ*‘ézﬁf%%ri_ 38]i__at?el Switch™ f 099] Zabel '§W|tch I5a uﬁlityt%bebe run from
the AutoCATF £Bfitrhand fife that fdbelsinser sef@maaadights andsiwitcites With adusarspécified label (a,

b, ¢ ). The program asks &.fer adabehah the cemmand peerpt and theshfor dhe Uset tg select the
objects. Mul,t}_;&lg dp(%sjti ns around each.l%t block is checked toepllace the text label in clear spot. The
es

command line notifies fhe User that sUbSequent Pragraris rely on-Xdata AftAcREd 4 Bich label by the

program anifthattthes sholiid Aot 20t copiededrempositionederelabekhadifferenttightgPhase 1 -

Room Circiitingu {1001 be firstphaserof the avtamaled circuiting rpstine creates gireuit
config%atiotq%foﬁi‘ghsts within room 15 boundaries. If a light group within a room cannot fit on one
p

. . 25T Q32 cenaxrio.
circuit, multiple conflguraﬁoné ot cwcwtlgroups for that room are explored and placed on separate

layers. Light FiXx#87%bjBbes arectrentadrior Hghttypesitias were défimed i dsormtiude with the job

directory. The-kight Ebdure object 20-sigres wattage,: yaliage. mount typg pightljght,and emergency
light data. Scht%duledhli?hts for thEg job are read from the Light Fixture Schedule for the project. The
program separates 6ut any ights that Have bash maniafy tircufted 1578 teer. N tdircuits are

identified agdightsithabareicohheetad lpprstructs (e.g., minimum spanning tree

15 and maximum weight forest) are smployed to assign
{unambiguously in the case of highly branched structures)
volumetric flow or "CFM valuess” to the subsegquent segments and
gized according to preset limits on maximum allowable pressure
loss and meximum velocity, in the case of the squal friction

20  tachnigue. If not altered by the user, the software will also
provide default wvalues for: air density, friction factor,
viscosity, Reynolds number, material roughness as well as
output preferences such as duct shapes, aspect ratios and cost
breakdowns.

25 [00B3] Once the routing and sizes have been computed, ths
software automatically draws the ductwork on the CAD file in a
two-line drawing formet, retaining the third dimension
information {elevation) in the Xdata of the drawn objects. The
final CAD drawing contains a two-line representation of the

30 completed ductwork system including all sizing labels and

Adata containing all flow and pressure loss information.



25 arcs without "circuitmode-auto” Xdata. User defined light fixture groupings are read in if predefined
in the CAD database. The program gathers any switches that belong in rooms that they are not
positioned in. @M&V@]P%ﬁ% program gathers lights that belong in rooms]fﬁgf[ﬁfgwgisg?%t 30 positioned
in. Finally, the program gathers lights inside switch clouds. [00101]The program searches inside each
room and finds the lights and switches within thafroom for room circuiting. WO

2011/079229P(E§5g§§;e%)/061905 3 I&swnchlngtlabels are found within thg room, th%llghts are

e auvtcohmarce = ) .
connected together on the switch labets. 1f two %%’vé "jlsevf/b’ltch%cs}méorien ound; frie room is

connected RitRIBUFEFSWRRER Witing o H thedights: frilthee roont exéeddnaximturrloadesritrere 5 is more

than one switch, theceiling and wallomounts arg geeuped by type df groups based oplight type also
exceed maﬂn ‘mrwgttggf, tt}eyag[:% }‘:térct:heq:%roken into smaller groups usin%,vagious rouping
techniques and the different groupings are stored on diffeferit1ayers th BE CoR EvalTated. There are
10 five grouptaganétitods folerobnis Tisatuetfuire multiple circuits. [00102]If lights within a room do not
exceed the maximum circuit load, the ceiling lights of the same voltage are connected together, then

the wall mouyts are CoPne.ct d to 15 the nearest ceiling or wall mount of the same voltage and the
trical LighCing,3ystems . . . . .

emergency%re—eﬁﬁﬁeggeéfﬁfﬁlfﬁe—ﬁearest light. The linear lights are connected in horizontal or

vertical rows, matehing the réfecérida:tings vrientatioi; 00108 ightsawithina romae:tdot exceed the

20 maximuryCigenitioad, theceiling lights ef meféamxgltqg%]ﬂg cennected tegether, then the wall
mounts.are connected to the nearest c,eiljn%ﬁc:r wall mount of the same voltage and the emergency

lights afe cdRnected 0 thedTear&SE Gt The THEAHiights-drd coitfectsd it hdtizbhta? or vertical
rows, 25 matchirg thbvéferénge dinesudrientatiopn practices. Rules such as light
type, light mount, light wvoltage, number and type of switches
within a room, and meaximum wattage dictate how lights are
circuited together o comply with Naticnal and local oode
15  reguirements. Multiple circuiting solutions are automatically
explored and the costs ¢f wire and conduit are calculated for
sach solution studied. Once the least «costly design is
determined, circuiting arcs ares drawn to avoid obsracles and
data is stored in the drawing for the panel schedule program
20 within the power circuiting package to automate filling in the
schedules.
[CCBE] There are five main programs in the lighting fixture
circuiting design process. They are documented as follows:
¢ Circuiting pre-check
25 e« Draw Circuits
+ Lzbel Switch
¢ Circuit Lights Phase 1
s Circuiting Phase 2
[0087] A number of support programs are used and/or called
20 by the main programs. In addition, a number of library
routines that do not interact directly with the user are also

used to support the overall design process.



(00104 1Atter circuit groups have been created in the rooms, they are switched if room switches are
found within the boundary. If the room contained 3-way switching, it returns from the function since it
was already sWRAEL o 30 switches are found and one switch grou%(flfﬁjéziﬂdgfﬂqligsogearched for
type of bi-level switching intended. If there is one group and one switch, the switch is connected to the
closest light. If the number of switches equals the’ Aumber of groups, each 32 group is connected to a
switch, by fi(pdriré% tlge clost‘,esetmlj:qqhet ilil the group to each switch and the choosing the closest light switch
pair until eachrswitch Has-beerrutifized. If the number of switches is less than or more than the number
of switch 5 group$ SSwitdhes ameagded or ¥empvegdolthat ohessvitsH can betairceiteds® each group.

Phase 2 - Home Run circuit-GraupsitorBanels: {80105 the GiraitingnPhase yeuting is:dgsigned to 10
combine in?:ii\r’idwliar! cirgugftgcin%o groygs ar[r}‘d hgme&un the groups back to atpanel while minimizing the
overall cost 6f wire-and condait> The first steps muolve Teading in tRe 1ire SehEdNe: PBcreating light
referenees RdYERFAL boundaries reading iéonduit B Wireacestseanrd storing all 15 circuit layers in a

list that contain @jteLtt grewps frem Phase0ae: Mext, the.prograpa sreates asoqm agdiacancy list. The
program th n Io%ps througch each circuit layer, gathers the circuit %roups, creates adjacent circuit
edges, combifes Sirctiits within FOoMa. Ereatss home iiin groups tiging 6A& of 25 six §PSuping
methods, caletidtestthelsize hadrcostpbwiras divd cenduit psedland teconds thewalugs: The least

costly of the.gyoupingimethads isyefiuned tethg user asdheiopfinized salution ta.thegigcuiting
SUbnﬂygd'Panel. When clicking on Fix Panel the program shifts focus to
the AutoCAD drawing, =zooms into and highlights each panel
missing attributes with a red box and opens the block
Attribute editor. The program alsc verifies that there are
corresponding panel schedules for each named panel in the
15 electrical design fcolder of the job's directoryv.
t0090]1 The pre-check creates the lecal light schedule that
is used for circuiting automation. The program searchas for
light schedule blocks in all directory drawings prefixed with
"E", The following information is read from schedules and
20  written to the text file LocallightSchedule. txt:
Light Name
Mount
Yolts
Watts
25 Heat Load
[0091] Schedules that are missing entriss are listed as
errors on the dialog. An error 1s alsoc displaved if no
schedules are found in the directory. The program finds
recognized lights, switches, and switching text within each
30  room boundary and reports any switching errors. The rooms with
switching errors are flagged on the drawing with a red

polyline border and message box. If any errcrs are found, the



[00106]After the drawing's circuits are grouped using 25 one of the six methods, the groups are
separated based on voltage and home run to the appropriate panel. To home run groups, each group's
shortest path BatRIYBanel is stored. The group with the most costly gt IS HELER%irst and its path
is reviewed to see how many groups it passes through and 30 whether or not a previous group also
passes through any of the groups. A maximum ofthree groups can be combined to form a single,

double or triple home r. r]flf the shor eést p%h uns though groups that are already full, the path is
rerouted. The WO 7a0 1170 7°9'2%2 9PCT/US2016/ 05 33 nlimbers Bf hot Wirds ¥3tR home run

paths betwégit tifé 8F6ups are stored in a global data structure. After all circuits have been home run

back to the paneb.dabe;castforthe grouping:scepariers calalated; Gircuit-and hgme,fyn groups are
recreated on tltwe Ieastlc%stll)é%yer. Circuit leaders and home run labels with attached Xdata are placed

on the dramﬁr?g.e?ﬁéafunc ion Panel Schedule, within Power Circuiting process will assign circuit

numbers for ligh#R§ Bhd power citetits &fterall Eircuiting i8wormpletefortthe particitaripmject. 10
Electrical Pewes Systems{R01971khe power gircuiting, package is designed 19t omat 1on

program,
[00941 2. Block references that are not recognized as
lights.
10 [GO95] 3. Lights found outside room boundariss that were
not directed into a room with & marker.

[0C96] 4. No exits lights were found in the drawing.

Draw Circuilts

15 [0097] Draw Circuits is a program that aids the user in
circuiting lights in complex situations. The interface iz a
modeless dialog that allows the user to create a selection set
of lights and has the option of filtering for specific types.
The dialog displays a light schedule for reference including

20 wattage, voltage, maximum wattage per circuit and the number
of lights of a particular type that could fit on one circuit.

[0G98] The program traces through existing circuits by
iterating over the database and connecting arcs endpoints on
the appropriate layer. If lights within the selection set have

2> different voltages, they will not be circuited together, If
the selected lights exceed maximum wattage, they will not be
circuited together. Otherwise the lights are connected by the
same procedure used to comnect non-linear lights in  the
circuiting application. MNew lights can be circuited into

30 existing circuits that are not at maximom load. Feedback is

displayed at the AutoCAD prompt such as the number of lights

salected and total wattage.



automate the process of circuiting power devices in the most cost efficient manner. The four main
steps includegrlacir}:% 15 smart power blocks with the power layout utiIit)ijcruf%lig%fa&)rée_-check to
ensure neces a%“;ﬁl Si#tion is found for circuiting automation in the dravangzand]jo%Ddirectory,
circuiting, and filling panel and appliance schedules. [00108]The Power Circuiting Package consists of
the 20 following Programs: Power Device Layou?oPower Circuiting Pre-check Power circuiting

Schedule Pﬁgbc%ecgw§§&0109]A number of support programs are used and/or called by the main
programs. fon, mber of library routines that do not interact directly with the user are also

used to supporﬂﬂ?@%@e?@@ﬁés@ﬁﬁ%e&. B0Pawer D&cE T aydut Toer 10FPhéP&ReP Device
Layout is ar&lgetrical powerdayaut pipgnam thaiis amedeless dinjag siseddo placecard edit smart
power blocks . The uger.proyides fhe ipforpation WQ 2011/079229R T/US2010/061202
5 for a label at the command prompt and then for the ussr to
select the objects. Multiple positions around each light block
is checked to place the text label in clear spot. The command
line notilfies the user that subsequent programs rely on Xdata

attached to each label by the program and that they should not

10 be copied or repositioned to label a different light.

Phase 1 - Room Circulting

[00100] The first phase of the automated circuiting

routine ocreates circuit configurations for lights within room

15 boundaries. If a 1light group within a room cannot fit on one

circuit, multiple configurations of circuit groups for that

room are explored and placed on separate layers. Light Fixture

objects are created for light types that were defined in a

schedule with the Jeb directory. The Light Fixture object

20 stores wattage, voltage, mount type nightlight and emergency

light data. Scheduled lights for the dob are read from the

Light Fixture Schedule for the project. The program ssparates

out any lights that have been manually circuited by a user.

Manual circuits are identified as lights that are connectesd by

25 arcs without “circuitmode-auto™ ¥data. User defirned light

fixture groupings are read in 1f predefined in the CAD

database. The program gathers any switches that belong in

rooms that they are not positionad in. Similarly, the program

gathers lights thet belong in rooms that they are not

30 positioned in. Finally, the program gathers lights inside
switch clouds.

[00101] The program searches inside each room and finds

the liights and switches within that room for room circuiting.



34 necessary for circuiting and scheduling each specific device through a series of check boxes,
drop-downs and radio options. Tool tips have been provided to assist the user in making proper
selections. ThE BrogtaM*turns each device's 5 corresponding block, dBSEAFEMY SttiButes, NEMA
Configurations, available options and set options. The details sheet specifies allowed values in each
column so that an administrator can add or modifydevices as necessary. The details sheet also drives
which opti%?§ are stet%enablfgb 1|9 listed w, en g user clicks on a}:gggciﬁchpower device. Furthermore,

options and mutUial excllisivity riles Fave been coded ihto e pfogtam t6 preveit érrérs® [00111]The

following taSks¢an1se péfgrhbausing tie powarge\ice fafout prediam: IS Add ngwPpwer Device

Edit Existing.RoweePevice EditMyltiple:Pewer DevicesnAddRaneland Bangl Schedule 20Power
Circuiting P&?}Clt‘qe‘:k 1[QO% é]‘l’ﬂe power cig:%uitin% gre-check is a modal d}ialo‘? designed to ensure that
drawing setup Tequirerients are met Tor the power aircuiing aulsihation prodfafftottiction properly
and without.€rrdi€ rEhetprogramm Hedoinspanehehecks P5andeprovides feedbacksto dre user on

power deviges,apddneshanical equipmantipissingdalelsnand additiongl wasnipgs.thatmust be
addressed BQQ“ to automatically ci[jcuitin . When a drawing passes the pre-check without any errors, a

Submit buttSR is Ehabled WHEH allowé the Hrawing fo-be Stbfited F6r T pbwer chEtitiy automation.

using various grouping techniques and the different groupings
are stored on diffesrent layers to be cost evaluated. There are

10 five grouping methods for rooms that reguire mailtiple
clrcuits.

[00102] If lights within a room do not exceed the
maximum circuit leoad, the ceiling lights of the same voltage
are connected together, then the wall mounts are connected to

15 the nearest ceiling or wall mount of the same voltage and the
emargency lights are connected in to the nearest light. The
linear lights are connected in horizontal or vertical rows,
matching the reference lines orientation.

[00103] If lights within a room do not exceed the

20  maximum circuit load, the ceiling lights of the same voltage
are connected together, then the wall mounts are connected to
the nearest ceiling or wall mount of the same voltage and the
emergency lights are connected in to the nearest light. The
linear lights are connected in horizontal or vertical rows,

25 matching the reference lines orientatiocn.

{o01047 After circuit groups have been cresated in the
roems, they are switched 1f room switches are found within the
boundary. If the room contained 3-way switching, it returns
from the function since it was already switched. If two

30 switches are found and one switch group, the room is ssarched
for type of bi-level switching intended. If there is one group
and one switch, the switch is connected to the closest light.

If the number of switches eguals the number of groups, each



[00113]The program displays the number of found panel blocks in the drawing and checks to see that
the name attribute has been supplied for each panel. The program also WO
2011/079229PCFRI8Y8%8/061905 35 verifies that there are correspondfitd’bEaY 418 ules for each
named panel in the electrical design folder of the job's directory. Finally, the program will flag any
fixture that has been assigned to a panel by the r and the fixture has a 5 voltage/phase conflict or
load type cory‘cljigt wgg tb:% ane% sghedulg. 'ggetdiglogbals%lis?,agy %glditiopal dratwilngs within the
directory that contain power blocks. The user has the (?)/ptloah‘rl o -4€socidte™ Ccﬁ‘;?wswng ithe list as a roof
plan drawing’to™hé céaibined it fhe Tukient drawirndgvidre 20 uiting o esroof plaglwas previously
assigned. Any:machanical .gquipmentierrars-ate listeddaalist-bax inwhich the usereap,select and
click on thecéddsgligggetg 1‘i>§éhelgrsr&?r.t]hSa Power Circuitig OO]%4]Th%'%ower circuiting automation is
designed to Gircuit power dévices within a buftding M the most E0St etidieht mEnn8F WHité assuring
compligncedwitbstandariteleetricat eirediting rolesrasestablished bytcotes amd 2hindastry standards.
This is achigyed jpy-explosingsmidtiplevalid routing scenarios, cost estimating each scenario and
choosing the least costly solution to be returned to the user.  [00115]The process begins by

categorizing devices that were created using the Electrical Power layout program.
Phase 2 - Home Run circuitf Groups to Panels

[001053 The Circuiting Phase routine is designed to

10  combine individual circuits into groups and home run the

groups back to a panel while minimizing the overall cost of

wire and conduit. The £first steps involve reading in the

fixture schedule, recreating light references and room

boundaries, reading in conduit and wire costs and storing all

15 ecircuit layers in a list that contain circuit groups from

phase one. WNext, the program creates a room adiacency list.

The program then loops through each circuit layer, gathers the

circuit greoups, creates adjacent circuit edges, combines

circuits within recoms, creates home run groups using one of

20  six grouping methods, calculates the size and cost of wires

and condult used and records the values. The least costly of

the grouping methods is returned to the user as the optimized
solution to the circuiting submitted.

[60106] After the drawing's circuits are grouped using

25 one of the six methods, the groups are separated hased on

voltage and home run to the appropriate panel. To home run

groups, each group's shortest path back to a panel is stored.

The group with the most costly path is chosen first and its

path is reviewed fo see how many groups it passes through and

30 whether or not a previcus group also passes through any of the

groups. A maximum of three groups can be combined to form a

single, double cor triple home run. If the shortest path runs

though groups that are already full, the path is rerouted. The



25 Circuit groups are created from the devices that can be combined together and these groups are
run back to an appropriate panel. Devices within a group are connected using minimum distance.
Different routi%ﬁé&f‘gﬁ%g are achieved by varying the groupings of fixtﬁgé[%%gﬂ@@%nd varying the
30 fixtures that are combined together to create individual circuit groups. [00116]The program first
creates Panel groups by assigning each device ta the appropriate panel. The routing WO
201110792990,CT/US2010/061305 36 scenario, agsigns devices (9 either the panel t was assigned o
using the Power Layout program or the closest pane of thB approprlaf”e voltage orthe Eibsest panel
running throtigh tehifis: EaghParral lgrétpisthendunber chfégorizéd imd B gidgpsbased on each
device's cirewit typroad meunting anddhe: peoximity .of the devieeis blagk insertionpgint 4o walls,
furniture, ansdcggggpirgent on p:aalﬁkcg{?g d aye(ts.rlggv'@esacan be of circuit type Standard, Separate, or
Dedicated. Devices will be of mount wall, which includes window and partitiah “18 furiitiie, floor or
ceiling 6r Eg&iprrént Devicés that tieive e bissigredr ciruit andpareldrmmbersidimng layout are
directly run back tatbeassigned,pagehandtabeledawith the assigned-giscuit-aymber. §90117]0nce the

groups hav% lg[)een, detedgmingld, g/(\éijge ci'ﬁees are gglic‘#lated based on the vol(tj%%e drop value and the

group cost is calctifated “The citSlit grotips are tombinedto 1oHR HHpie TS S dhfe home runs

in accordane@swith irtlustj Standabd tesitpr cormiritions, butisubjeetedtora cost andlysis of the
various possibilitias for;grouping, wire-2Q sizing,and, girglit un,paths,[Q018]Power Circuit arcs are
drawn_from the connected power devices' handles. When circuiting is complete, the program runs
though a cleanup routine to fix arcs that cross objects and other arcs. 25 Electrical Panels and One
Line Diagrafdgctrical Power Systems

[G0107] The power cilrculting package 1s designed to

automate the process of circuiting power devices in the most
cost efficient manner. The four main steps include placing
15 smart power blocks with the power layout utility, running a
pre-check to ensure necessary information is found For
circuiting automation in the drawing and Fob directory,
circuiting, and f£illing panel and appliance schedules.
{00108} The Power Circuilting Package consists of the
20 following Programs:
e Power Device Layout
@ Power Clrculting Pre-~check
* Power circuiting
o Schedule Pre-check
25 [0C109] A numper of support programs are used and/or
called by the main programs. In addition, a number of library
routines that do not interact directly with the user are also

used to support the overall design process.

30 Power Device Layout

[00110] The Power Device Layout is an electrical power
layout program that is a modeless dialeg used tc place and

edit smart power blocks. The user provides the information



[00119]The panels and one line diagram package is designed to automate the process of scheduling
the various electrical loads into panels schedules, balancing panels and 30 generating one line
diagrams auto‘?’r?a%?&é(ﬂgfq Yhased on the load and interconnection data gaﬁl(épgézg}@i’ﬂﬁa%nto the panel
schedules. The four main steps include gathering data from the previously executed lighting and
power circuiting routines, WO 2011/079229PCM32010/061905 37 filling in the panel schedules based

on that datan%%IIected an O@}utomatlc II¥ enagrggtms%g%% e Ilneecélagrasm reggasené%gon of the

0
electrical powere g)?gt%% aS(_-:-d: éﬁq{_ﬁé oad data co ecte%féﬁg the pc):ropo%%a interconnaction of the 5
panels as efferetby thé @5efSTRE Y8R i5 UriGue i IBarieaiRnmpd tosstimizt i design and

reduce redungiancies: thesysteastesiting dbe loyest sgstsystem aftgr the;evaluation,of alternative

methods and e léllpmegéégattco%g_be_uﬁ?g to llar}:tgr%oargﬂnectrtgle various ar}qels %nqrfqéujgment.

10[00120]TF1’5 anels an Onétine Diagrams ‘pacﬂage consig%lsm&s the 8I‘f'owing %’ro‘érams: Smart
Electrical PaR&rsSehetdiess SchediiePre-chelePanelSeheduleattributes, NEMA

Configurations, available options and set options. The details
sheet specifies allowed values in each column seo that an
administrator can add or medify devices as necessary. The
details sheetr alsc drives which options are set, enabled,
10 listed when a wuser clicks on a specific powar device.
Furthermore, opticons and mutual exclusivity rules have been
coded into the program to prevent errors.
[00111] The following tasks can be performed using the
power device layout program:
15 e Add new Power Device
e Edit Existing Power Davice
e Edit Multiple Power Devices

e Add Panel and Panel Schedule

20 Powaer Circuiting Pre-Check

(001123 The power circuiting pre-check is a modal
dialog designed to ensure that drawing setup reguirements are
met for the power circuiting automation program to function
properly and without errors. The program performs panel checks

2% and provides feedback to the wuser on power devices and
mechanical eguipment missing labels, and additional warnings
that must be addressed prior to automatically circuiting. When
a drawing passes the pre-check without any errors, a Submit
button is enabled which allows the drawing te be submitted for

30 power cilrculting automation.

[00113] The program displays the number of found panel
blocks in the drawing and checks +fc see that the name

attribute has been supplied for each panel. The program also



15 Appliance Schedule One Line Diagram Generator [00121]A number of support programs are used
and/or called by the main programs. In addition, a number of library routines that do not interact
directly with e R&YHPéIso 20 used to support the overall design progecgs/[.] A Efectrical Panel
Schedules [00122]Intelligent electrical panel schedules have been developed that interact with the
various circuiting 25 design programs previously discussed in this document. The schedules are
compatible with. the read and write routines in_the various electrical packages and also contain
infor?nation ‘ahout the i%%éargoﬁ\ﬁgét?ona of the l\flgﬁgagnp?gﬁl&s%%nggfir%§%§%%sus@€r§ 0 ﬁ?-:- systems.
The panel stteitileBareinkéd ttsT 36 H56iF Tocaton dfithinrdrawikgsr thei voltege ¥ phase

informationgtheir-teed,and:sid fegd arangesents within thesgverall building poverdistribution system

and the load data as gathered by the other programs in this suite. WO _.
2011/0792 9%8T/ﬁ§%858?06&§0§ 3§a§l§1£edgfﬂ% %%—Cﬁ%%ﬁ [?)’fﬁzﬁéechgaﬁejﬁere-% 2ck modeless

dialog that &ifoWws IrériseEtto speéify Which drawifgstirra jobrs Biréetory shoulthise wsed Wwhen filling out

panel and appliange-schedules-Theg Spgram ssarshestuough-aachidawinginthe,directory looking
for text Witht%ttacq%ex %ta to fpdtdrawini{)as_with li hting{:7 nd power gircu_jtin inLormatign. Found
drawings aré displayed in the Power and Lighting Circuits 1t box. T6 Tind &Fawing with Sppliances that
need to be sefiédiled the progicrhzalsd crawing in the list as a roof plan

drawing to be combined with the current drawing when

10 circuiting. If a vroof plan was previously assigned. BAny
mechanical equipment errors are listed in a list box in which
the user can select and click on the Add button to fix the

QLLOY.

)
w

Power Circuiting

160114] The power clreculting automation is designed to
circult power devices within a building in the most cost
efficient manner while assuring compliance with standard
electrical circulting rules as established by codes and

20 industry standards. This is achieved by exploring multiple
valid routing scenarios, cost estimating each scenario and
choosing the least costly sclution to be returned to the user.

(001157 The process begins by categorizing devices that
were created using the Electrical Power layout program.

25 Circuit groups are created from the devices that can be
compined together and these groups are run back to an
appropriate panel. Devices within a group are connected using
minimum distance. Different routing scenarios are achisved by
varying the groupings of Iixtures to pansals and varying the

39 fixtures that are <ombined together to create individual
circult groups.

(00116] The program £first creates Panel groups by

assigning each device tc the appropriate panel. The routing



10 searches for blocks with an Xdata list containing appliance mark alphanumeric strings. Found
drawings are displayed in the Scheduled Appliance Marks list box. [00124]F‘(rhe user then selects the
appropriate drARAGEHBA the list box(s) and clicks on Check Drawings.?ﬁ': g%P&ﬁPg}%Pis sorts the
found home run data by panel and appliance data and checks all found data for errors or omission that
would result in a failed run of the Panel Schedule¥$rogram. Panel Schedule 20[00125]The Panel

Schedule program starts by reading Power Pane| Schedule Data and Lighting Panel Schedule Data
sé% ey el the ? it %g

n
. d T T he
retrieved from the listed S(:fre\\\(i’{/]?ﬁ"gs. ie data’is sorted into gro@asn%y panel‘.‘I orraesssp%nﬁﬁg panel

schedules ihdh8elestrichs dBsipfoldercare dleasedbnoanyteristingTHEuitr2s data E4ble panel group

is then sortadgmteokightingy PowerdOther,and Assigned groups. Theuser assigneg,cigglits are written
to the excel s rfgdsq_feaect firs!g. I;f1 Q?th Iighting and RQwer ciir‘cuit}g exist, Iightin .circuits are written to the
right side of the pane schedtie and FOWST circlits Are 307 WHittaR to tHe-lefC THpIe hdMeSruns are
assignéd cifeditpambers firsthfoRéwed dyvdogdles thersingléyPEhealvadrisunting and

the proximity of the device's block insertion point to walls,
furniture, and equipment on background layers. Devices can he
of circuit type Standard, Separate, or Dedicated. Deviges will
be of mount wall, which includes window and partition,

180  furniture, £floor or ceiling or Equipmen:i. Dewices that have
been assigned circuit and panel numbers during layout are
directly run back to the assigned pansl and labeled with the
assigned circuit number.

[00117] Cnce the groups have been determined, wire

15 sizes are calculated based on the voltage drop value and the
group <ost 1is calculated. The circuit groups are combined to
form triple, double and single home runs in accordance with
industry standard design conventions, but subjected to a cost
analysis of the wvarious possibilities for grouping, wirse

20  sizing and circult run paths.

(00118} Power Circuit arcs are drawn from the connected
power devices' handles. When circuiting 1is complete, the
program runs though a cleanup routine to fix arcs that cross
okjects and other arcs.

25

Electrical Panels and One Line Diacrams

(00119 The panels and one line diagram package is
designed to automate the process of scheduling the wvarious
electrical lecads into panels schedules, balancing panels and

30 generating one line diagrams automatically .-based on the load
and interconnection data gathered or input into the panel
schedules. The four main steps include gathering data from the

previously executed lighting and power circuiting routines,



balanced by switching back and forth between left and right side of the panel schedule. Once circuit
numbers have been 39 assigned and panel schedules are filled in, the program sorts all home run
data by drawint a4 ipdates the home run placeholder text in each dra&ﬁ‘ﬁ( with & %% signed circuit
numbers. 5 Appliance Schedule [00126]The Appliance Schedule program obtains the list of drawings
to process and retrieves data from blocks containfiig an Appliance mark entry. Data is sorted by 10

appliance n}_a}rﬁ%r;ld wjr.Litter% out toalg}heelAp|E):lri‘anlt;h1 Elecérical dConnecyon table in the Electrical design
folder. Any previous data i the Rpreadshest will'be oVeritittdh badell ottt (i’ &ltomatically
retrieved dat@15 O birie IDiblgram Geweratori 001270 he Onmeeline DiagramdGenesator utilizes the

load, sizing-bgeakar, fuse,dniresizesnwltage dropand ghee infarmatign indbe Smart Panel Schedules
and Appliance §Ch{%dtlé|e, whcfn aﬁéoclicablg, to automaticallgecreate a single 20 line diagram, composed

i fice MGy SARI&HE P8Fresehtiig hBBswer distibuliBA system for

and annotated In accordance wit
the buiklingeThelgenerativiestthé gne dimevdiagrafiis comphetelsautoinatediand ldoesinot require any

user interacliop.aihes than subrmiting the joh forprocessingiandne J8MRIC: cies in the
system, vresulting the lowest cost system after the evaluation
of alternative methods and equipment that could be used to
interconnect the various panels and egquipment.
10 [coi20] The Panels and OCne Line Diagrams package
congists of the following Programs:
# Smart Electrical Panel Schedules
¢ Schedule Pre-check
e Panel Schedule
15 e 2Appliance Schedule
® One Line Dizgram Generator
(001211 A number of support programs are used and/or
called by the main programs. In addition, a number of library
routines that do not interact directly with the user are also

20  used to support the overall design process.

Smart Electrical Panel Schedules

[00122] Intelligent electrical panel schedules have

been developed that interact with the various circuiting

25 design programs previcusly discussed in this document. The
schedules are compatible with the read and write routines in

the wvarious electrical packages and also contain information
about the interconnection of the various panels as defined by

the users of the systems. The panel schedules are linked to of

30 their location within drawings, their wvoltage and phase
information, their feed and sub feed arrangements within the
cverall bullding power distribution system and the load data

as gathered by the other programs in this suite.



25 server equipment. Included in the process is a calculation of voltage drop conditions and fault
current conditions throughout the power distribution system. A new CAD drawing database is created
with the one € a?é{j% information and returned to the user of the sygetg?:ﬁ[fsfﬁ%” EH&fine diagram 30
generator confirms the least costly selection of materials and equipment based on project or code
specific parameters entered at the time of submis&ion, including breaker vs. fuse distribution systems,

copper Vvs. glghmigg[%v_\gggg %oerggonents, WO 2011/079229PCT/US2010/061905 40 and the

manufactur ine availability of specific component parts. Cost estimates are run
based on the vafidbsiof allofedtesign Baterdekly theedser as thithedof Stimissiorr T he least
costly solutignsto,therdesign el the buildingidistribytion systenads é?@f@@@tfgw %@quluyi;ablefoption is
fully designed and cost estimated.,[00128]According to an addjtional example embodiment of a
meiod of GEbOIRG bUTAG SR Spaterie A & 0 sabP b 0P mer BALL es AR retriove
from, fér exanyglez 10 fikcherveristickvls thahdeserited eflseviheredierain oThe lorgidnmore base
files may berbase filas inehuding-the-initial design datafe.q, definitiegang;logation,gf component
devices and o eratin% parameters asso%iated \évith those devices), or the base files may include
default or sF‘anriQmSofﬁearc%llf%%fﬁrtelsnﬁ)r]tﬁeciﬁf[éarcéﬁﬂéc IGHE DethBEN RS CimpOneRt déuites (e.g., base
or default désighisolitionrs). OB 2814 next Step; s userlwatkihgron dsedtreiwdrkstation accesses
building sysfem,design files on a-egntraldile seyerThe-files.may, be.a combination gf CAD files and
20 spreadsheets, for example, representing the base building conditions, CAD files may represent
existing corfdfifisis Bhd %%te}ﬁ’}é) ¢'be TeSPectéd ARA Bossibly Uiz by tRE alfSmhatet esign
process. [06%306]In bohextstep @ gserimay- défimednddaeate; 2544l ding sbrvieesicompenent devices.

This may cepprise; foF Kistance,-ltering ang/qk ingogporating device definitions and placement from
the base files and/aor adding or deleting any number of new or base-file component devices. A user

may execute cUSIORT Software 1850t {Dols G the SL&GIE whPRstaRER opriate drawings

from the list box{s; and clicks on Check Drawings. The program
15 sorts the found home run data by panel and appliance data and
checks all found data for errors or omission that would result

in a failed run of the Panel Schedule program.

Panel Schedule

20 i00125] The Panel Schedule program starts by reading
Power Panel Schedule Data and Lighting Panel Schedule Data
retrieved from the listed drawings. The data is sorted into
groups by panel. Corresponding panel schedules in  the
electrical design folder aze cleared on any existing circuit

25 data. Bach panel group 1is then sorted into Lighting,
Power/Other, and Assigned groups. The user assigned circuits
are written to the excel spreadsheet first. If both lighting
and power clrcuits exist, lighting circuilts are written to the
right side of the panel schedule and power circuits are

30 written to the left. Triple home runs are assigned circuit
numbers first, followed by doubles then =ingles. The load is
balanced by switching back and forth between left and right

side of the panel schedule. Once circuit numbers have been



30 to ensure all data is in a format compatible with the automated design programs. Custom software
interfaces control the types of devices, fixtures and equipment that go into the building so that design
standards are‘ﬁ?a"lﬂ]t%{ﬂ}@(}?omy WO 2011/079229PCTTU52010/061908"9'“1“&%‘8818?&?%% devices,
fixtures, and equipment are available for placement in the design solution files. Available devices,
fixtures and equipment are maintained by system*@dministrators with the authority to make changes to
the databasae.55[0g%§1%w L@ née%(é ftesp,ha Qrﬁ-check IS pegffrrged on thhe initial design data to verify that
data’s integfity. The User may execute a pre-check program; for examples bRt sédireSworkstation.
The pre-chéek prograsm may redichi thébuilkdiry devices: dixturedand equipmentfer completeness and
10 missing #ems:necassary forthe autamated design programs te funetion.withqut errars. The
pre-check Rrogram may look for invalid parameter entries on any or all devices, fixtures and equipment
entered int6' the %légi'gn solution files prior to automated processing. The pre-check program may verify
that 15-all external file references and data tables exist and have accurately corresponding data that
relates to all of the gleviegs, Jixtutes and equipment found on the design solution files. If the pre-check
program finds I?}églﬁg mlssg&lnformaﬂon, the program may highlight, cloud or otherwise 20 identify
the problematicitérs-on the design SBIT filedAFd BitheP roviae (R iddsssars 1ofkto correct the
deficienciesér diteettherasertto retuacts:the apgropriate iayeut todks:to cdirect thelprabiem. If the
pre-check progranyins without:any hard erars that would, prevent the proper, 25 gpergtion of the

automlated design Pérograms then the files are ready for submission to the processing queue for
automated ﬁ%@éﬁ? ‘T(?pplfﬁgthwe%t g i the Process. [BBT 3ZHP AlidkiSstep: 2RBTheftod conducts
an error coftestierrprovessiahel rearuns:thiel pre-cheek ptegram. Aocuserr30 Zorrects-alldard errors
identified by the prescheck programyandderup the preschegk program,as many times s is necessary

to eliminate all errors and deficiencies identified by the pre-check program. The system may be
COﬂﬁgUﬁEK?HS?Bﬁ&W automatically retrieved data.

15 One Line Diagram Generator

(001277 The One Line Diagram Generator utilizes the
load, sizing, breaker, fuse, wire size, voltage drop and other
information in the Smart Panel Schedules and Appliance
Schedule, when applicable, fto automatically create a single

20 line diagram, composed and annotated in accordance with
industry standards, representing the power distribution system
for the building. The generation of the one line diagram is
completely automated and does not require any user interaction
other than submitting the job for processing on the remote

25 server eguipment. Included in.the process is a calculation of
voltage drop conditions and fauit current conditions
throughout the power distribution system. A new CAD drawing
database is created with the one line diagram information and
returned to the user of the system. The one line diagram

30 generator confirms the least costly selesction of materials and
equipment based on project or code specific parameters entered
at the time of submission, including breaker wvs. fuse

distribution svstems, copper vs. aluminum wiring components,



WO 2011/079229PCMS2010/061905 42 submission of the design files to the automated design
programs until the E)re-check program reports no hard operational errors, Some items identified by the
pre-check pro‘éﬂ%?ﬂ %“3?125% considered "soft" errors or simply warnings {5 e e it there might
be something missing, which may be intentional to the design but represents a potential omission of
pertinent data. "Soft" errors will not prevent the pr"o‘ber operation of the automated design programs.
[00133]in apext step. once e pre:check pragram. 1q ns without any hard greqrs, the files are ready
for submission to ﬂwe processing queue for au omatedtaeagn. The User submits the completed layout
specificatioiRE th& ProCessifAg HtieuesfoF femoteC opatterdddaeaigreprocessingasetheigh-speed
processing sgeversEhe precassingiqueus 1a8.60mMaing instrdetions te the adtomated gdgsign programs
regardln_g wth{%g fll)eé aﬁ%lté). Q%%@P%ﬁgd lue:':,ln% V\(/:rgcg lautgsgﬁggqodneQ n programs. }llotg% res_lde in the
processing queue Until SUCH time as an available Virtial maghine on the hlgﬁ-spee(?processmg
serversiis avhilablel toiprotesstheijobt POTTRE High-sheetiairotesding Semnvers Consistofe
multi-procesger JAUHIsCare; highaskead serygr class-eaudipiant which may run a variable number of
vital machinesriF Hﬁ: the Linugs or V\éindowg operatin S)éstem Pegendingeon the specific purpose of
the virtual macHing. There are MORpIe Setvers e4th ¥ Eontaiing Fuipte virllial aERines to achieve
the necessary proeessing thiodghpunioadequateystady thevarioustdesigniscenafiossthat meet the
requirements gf.the, input buliding systems; patameters.As eachvirtughmaehine completes the
previous job, it__,e>§amines the prpcgssing queue to determine if 30 the next job in the list is appropriate
for its Ttended pufpose- The VIHGAI MAcHiNgs eXahiinethe qtieti"itthe Jtde? bt job submission until
an appropriate praject spetificatidn is encaynterech tarde projects inviGluingcbmultipletiierations 43 of
complex systemg.are givided dntg;multiple-progessing sgssionsdohe gxeguted-gpmyltiple virtual
machines, allowing for parallel processing paths, speeding execution times. [00134]In a next step,

after the virltia Higthin88on g RigH €pedtt prOEESERg sERRTS HavErevitwdd tHd fiétruction set
from the praeessiag queue, thedokewmngSdquenteymay béeygerfotafed [00135](Husei ngviews final

resu”§§nd£¥3%itectures for the interconnections between the component
devices l{e.g., base or default design solutions).
[00129] In 2 next step, a user werking on a secure

workstation accesses bullding system design files on a central

file server. The files may be a combination of CAD files and
20 spreadsheets, for example, representing the base bullding
conditions. CAD files may represent existing conditions and

systems to be respected and possibly utilized by the automated
design process.

[e01ac] In a next step, a user may define and locate

25 building services component devices. This may comprise, for

instance, altering and/or incorporating device definitions and

placement from the base files and/or adding or deleting any

anumber o©f new or base~file component devices. A user may

execute custom software layout tools on the secure workstation

30 to ensure all data 1is 1n a format compatible with the

automated design programs. Custom software interfaces control

the types of devices, fixtures and equipment that go inteo the

building so that design standards are maintained. Only



drawings; 10[00136](2)automated design process returns the lowest construction cost solution to the
file server and notifies the user that the processing job is completed, along with a description of the
output files ge‘ﬁ@r?ﬂtlém??%e process; 15[00137](3) user loads the comp? Sa%lgf&ﬂggﬁto the user's
workstation computer and reviews the design for accuracy, clarity an&completeness; [00138](4)Once
design is considered complete,  drawings are $dved on the system file server and posted to the 20
completed ggzcgjecgsar[g |der. %OO%%%]Onfeioy( more of thg embodiments describedlggﬁeirrl%ay provide one,

= e devi ures, and, eguipmend aAre avai .
some, all of ione of thé following advantages.onée adva?'n\tlaé’e is the compu?atlon 0 rfy different

engineering’ desijiF86lutionst Backevatiiated ot 25rcoRsikastion ardiof epetatitigréosts to determine

which engineesing sesig selutiopdest mests.the peedsofa, buildingat-amininum avesall cost. This
was previo%gly ”%t}%()%sd?lﬁ dg% to the trqimendous humant%fgog it would require to do any sort of

equivalent analysic. THe syStems and Misthods thay 30 allGWTor a#tittitide of scenarios to be

investigated, which-vbuld not pFavieushgbe possible due te thid friability tocautomaticallyrigenerate the

design scenarios (Gastestimateghen aad:compare:them 4o d@é%gﬂmem@e@pf%ffﬁci%%and WO
2011/079229PCT/U82010/0619605 44 least expensive solution.Preparing multiple de%igns and
=

user may execut a pre-check program, for example,
secure workstation. The pre-check program may rewview the
building devices, fixturss and equipment for completensss and
16 missing items necessary Ior the automated design programs o
functicon without errors. The pre-check program may look forx
invalid parameter entries on any or all devices, fixtures and
equipment entered into the design sclution files prior to
automated processing. The pre-check program may verify that
15 2ll external file references and data tables exist and have
accurately corresponding data that relates to all of the
devices, fixtures and equipment found on the design socluticn
files. If the pre-check program finds invalid or missing
information, the program mesy highlight, cleud or otherwise
20 identify the problematic items on the design sclution files
and either ©provide the necessary tools to ceorrect the
deficiencies or direct the user to return tc the appropriate
layout tools to correct the problem. If the pre-check program
runs without any hard errors that would prevent the proper
25  operation of the automated design programs, then the files are
ready for submission to the processing gqueue for automated
design, skipping the next step in the process.
[00132] In a2 next step, the method conducts an errox
correcticn process and re-runs the pre-check program. A user
30 corrects all hard errors identified by the pre-check program
and rerun the pre-check program &s many times as 1s necessary
to eliminate all errors and deficiencies identified by the

pre—check program. The system may be configures to not allow



preparing detailed cost estimates of each in an effort to find the best solution using prior techniques
would be completely impractical due to the time necessary to perform the multiple designs and
analyze them. @Wﬁ’éﬁt of determining a cost-optimized design is arfﬁaf\yéﬁ@@rq‘?%over prior
systems and methods. [00140]Theabilityofacomputerprogram to automatically generate even a single
complete design of a 10 building services system?does not exist in today's technology. An advantage
of the system%and methodsf heg%in IS fShat they haye been developed to automatically generate
engineering d&sigh s6litioRs for A buildiige serviceLsystéms (&g, PRnTBIG “he&tiitg Fentilation,
air-conditiomings eieetricalnts: powéeh dighting awidefide protection). Thesystems and nitethdds are

innovative ipgheirability|to accept userdaput as:tg.the reayirements of the,building and automatically
compute p(ij%e, duct and conduit routjiH%s, as well as size the systems and prepare detailed cost

estimates of 1A& s55teWAg dRRBigrHal: THe 30 oltpat of fiese Brégraiitdialy B& 5'EXTS d5fabase file
utilizingbexistivig esmputérdidededraftimgatechnelogyhiat can be atilizad byttherconstrubtion industry to
bid, permit and Huilcbhuildings.The lavek ghawomation of the desioprocess) omission
of pertinent data. "Soft” errecrs will not prevent the proper
operation of the automated design programs.
{00133] In & next step, once the pre~check program
10 runs without any hard errors, the <files are ready for
submission to the processing gqueue for automated design. The
user submits the completed layout specification to the
precessing gueus for remote, unattended design processing by
the high-speed processing servers. The processing gueue
15 contains instructions to the automated design programs
regarding which filles are to be processed using which
automated design programs. Jobs reside in the processing
gueue until such time as an available virtual machine on the
high-speed processing servers i1s awvailable to process the job.
20 The high-speed processing servers consist of multiwbrocessor,
multi-core high-speed server class eguipment, which may run a
variable number of vital machines in either the Linux or
Windows operating system depending on the specific purpose of
the wvirtual machine. There are multiple servers each
25 containing multiple virtual machines te achieve the necessary
processing throughput to adeguately study the varicus design
scenarics that meet the requirements of the input building
systems parameters. As each virtual machine completes the
previocus jcb, it examines the processing gueue to determine if
30 the next deob in the 1list is appropriazte for its intended
purpese. The wirtual wmachines examine the queue in the crder
cf job submission until an appropriate project specification

is encountered. Large projects invelving multiple iterations



herein represents asignificant advance over current 25technology. [00141]Another advantage of at
least one embodiment is that the programs utilized to determine the routing, sizing and optimization of
the cost of theRAAYESBtAlding services systems(e.g.,plumbing,heating, FehtHEd%4"30 conditioning,
electrical power, lighting and fire protection) apply the use of exploratory, predictive and iterative
calculation methods that have not previously beefapplied to the design of building services systems.
WO 2011/079229PCL£U82010/061905 95 [OOCiL4ZJdAnother advanta e,is}that the method of preparing
CAD files f&+proce8eing'is Gighe A thaf &l patanittars A856ciated with-the A%TF&ES *dlffets and other
component gevddes of achdikling Peay e pre-definéd in avformat 5 tiratrémctel\aéteetting software

uses to alloyfortheautomatic, gepstation of alternative designs. for.cst analysis in the process.

[00143]Another %%\{antage is that the Rrocessin architecture of the platform on which the system
operates ( 34] In a hext s5tep, aiter the virtual machines on

5 the high speed 9processing servers  have reviewad the
instruction set <from the processing gqusue, the {fcllowing

seguence may be performed.

[0G13%] {1} user reviews final results and post
drawings;
10 [00136] (2) automated design process returns the

lowest construction cost solution to the {file server and
notifies the user that the processing Jjob is completed, along
with a description of the output files generated in the
process;

15 {00137] {3} user loads the completed design onte the
user's workstation computer and reviews the design for
accuracy, clarity and completeness;

(001287 (4 Once design is considered complete,
drawings are saved on the system file server and posted to the

20 completed projects folder.

{0013%9) One or more of the embodimsnts described
herein may provide one, some, all or none of the following
advantages. One advantage 15 the computation of wmany
different enginesering design solutions, each evaluated for

25 construction and/or operating costs to determine which
engineering design sclution best meets the needs of a building
at a minimum overall cost. This was previously not possible
due to the tremendous human effort it would require to do any
sort of eguivalent analysis. The systems and methods may

30 allow for a multitude of scenarios to be investigated, which
would not previously be possible due to the inability to
automatically generate the design scenarios, cost estimate

them and compare them Lo determine the most erfficient and



10 builds upon prior technologies in an innovative way. The preparation of CAD files for input to the
process may be performed on secure blade-type workstations. Once the CAD files are prepared and
checked for th® $h&gfity%6f the input data, they are submitted to a queuetfol PrHEAEEIMY by a series 15
of high-speed virtual execution servers that reside behind a . firewall system preventing any access to
the servers from the blade workstations. The sepdration of the execution servers from the workstation
blade netwaork EPrevents any interaction between the users and the routing, sizing and optimization
20software itS&R. [0FTOITARSher SdvarRye is thatThause of Bitbiitéd GESdH Brodgtarns allows a
much more preciseiard actatatecdasigh of thérpuikling Sesdces systems i Thististnotfiessible using

conventionalaetheds duerto-the.canstraints of ime and 25 expense; Eagh design;generated by the
algorithms is calculated to a much greater level of precision allowing for additional cost savings in the

constructiort BP i bufiding By nbPwasting UkheRBSEARF atEAalkah RS -si26d Bi-Apbrdzimated
systems. Insteatiofusing harsdhookst ta@bles afick30 athepapproxitaation:iméthods, eact-and every

pipe section, conduit, yvirg and,duct is prgcisely calcylated far the actual needs.of the system, resulting
in a more material and energy efficient design. WO 2011/079229PCT/US2010/061905 46

[00145]Nunf&oli&StHerchanges, substitutions, variations, alterations, and modifications may be
ascertained by thgseli8killed in thie=art aridi it is yntended that the-bpresent invertiam enaampass all

such changgﬁtgﬁgﬂt.yggpg, variations, aligrafions apd modifications as fa{_lil‘g”g}gL%thigfth(?3 spirit and
scope of this description. [00146]While this disclosure has described certain
10  building services system dees not exist in today’s technology.
An advantage of the systems and methods herein is that they
have been developed to automatically generate engineering
design solutions for a2 building’s services systems (e.g.,
plumbing, heating, ventilatiecn, alr-conditioning, electrical
15 power, lighting and fire protection). The systems and methods
are lnnovative in their ability To accept user input as to the
regquirements of the building and automatically compute pipe,
duct and conduit routings, as well =as size the saystems and
prepare detalled cost estimates of the systems designed. The
20 output of these programs may be & CAD database file ntilizing
existing computer-aided drafting technolegy that can be
utilized by the constructicon industry to bid, permit and build
buildings. The level of automation of the design process
herein  represents a significant  advance over gurrent
25  technclogy.

(00141 Another advantage of at least one embodiment
is that the programs utilized to determine the routing, sizing
and cptimizetion of the cost of the variocus building services
gystems (e.qg.., plumbing, heating, ventilation, air-

30 conditioning, electrical power, lighting and fire protection)
apply the use of expleratory, predictive and iterastive
calculation metheds that have not previously been applied to

the design of building services systems.



embodiments and generally associated methods, alterations and 10 permutations of these
embodiments and methods will be apparent to those skilled in the art. Accordin !}/ the above
description of%?azmﬂﬁg ¥fbodiments does not define or constrain this d%%%%ﬁ%.’?ﬂﬁ‘g’r changes,
substitutions, and alterations are also possible without departing from the 15 spirit and scope of this
disclosure, as defined by the following claims. WO 2011/079229PCT/US2010/061905 47 WHAT IS
processor operhie 14 brecute St IALt one S Lariodior prdorate  atiGast ord Ber foriace
coupled to theeatleast ofté Proééssér ahelropBraisiesdr gceiing Plirality oiidatdiaéts athe plurality of

data sets cemprising adfirstdata:setcomprisingdhe locations-ef a plurality of cempaenent.devices 10 of
at least one building ser iceis seyéste?,aa d as .crgnd gat%set corpgéigiql%gt IieQSt ope o erating
parameter SSEESARY with atieastoné of the &u?alﬁy%f c%rﬁprc?nent"déwces;' * the ar least one
compufer prégram Using the plurstitrot data sefstrgenerdtesa plurality efadesigasoliuticns, each of 15

the plurality-Qf-design.solutians comprising. an-arangement of intergonnestions befweensthe plurality of
component devices; the at least one computer program operable to determine a construction cost

associated With-85ck Bt th& Hlurality of design solutions. 20 2. The system of Claim 1, wherein the at
least one compl@ei prdgram is furthiereoperabiatd determine aheperating costasseeiated with each of

the plurality.of gesigRSQIUtioNs. the platform on which the system operates

10 builds upon prior technologies in zan innovative way. The
preparaticn of CAD Ziles <for input o the process may be
performed on secure blade-type workstations. Once the CAD
files are prepared and checked for the integrity of the input
data, they are submitted tce a queus for processing by a series

15 of high-speed virtual executlion servers that reside behind a
firewall system preventing any access to the gervers from the
blade workstations. The geparation of the execution servers
from the workstation blade network prevents any interaction
between the users and the routing, sizing and optimization

200 software itself.

(00144} Ancther advantage 1s that the use of automsted
design programs allows a much more precise and accurate design
of the bullding services systems. This 1s not possible using
conventional metrhods due to the constraints of time and

25 expense. Each design generated by the algorithms is
calculated to a much greater level of precision allowing for
additional cost savings in the constructicn of the building by
not wasting Unnecessary materials in over—aized or
approximated systems. Instead of using handbooks, tables and

30 other approximation methods, each and every pipe section,
conduit, wire and duct is precisely calculated for the actual
needs of the system, resulting in a more materizl and energy

efficient design.



25 3.The system of Claim 2, wherein the at least one computer program is further operable to
determine an optimized design solution from among the plurality of design solutions based on
operating cosPahtf ddR& i ction cost. 30 4.The system of Claim 1, wherEfEtREHUHBEY of the plurality
of design solutions is predetermined. WO 2011/079229PCT/US2010/061905 98 5. The system of
Claim 1, wherein the plurality of design solutions #&mprises a first design solution and a second design
solution, the first design solution being determined based on at least a first value of a first parameter,
and the 5 second design solution being based on at least a second value of the first parameter, the
first and second ¥aldes being different by a pretieterminedramount. 6. e system of:Glaim 1, wherein

the at leastone gemputer 16 progeam s further qperable e rupa preycheckatatleast oge of the first
data set and the second data set, the pre-check comprising a determination of whether at least one

value of thé Hrst"aid Sectid dath stis rhiéts & predéermined fhreSHoid“es 7-hHe sfifem of Claim 1,
whereid a usersentersiatieast one efithefisstangdldeconcndata setssandswihereitheouser is prevented

from accesging;the;at east.one preaessor. 20:8.The;system of Claim 1-whergin the at jeast one

computer program determines a final desi%n solution based on at least one of operating cost and
constructiof EostPd. “Fie YRS rCRim E Whetém the dffast one computer 25 program is further
operable to detéttirie a capacitihof at leastsoneg icompenent device dasett badDne or raQre

F”edeuﬂn“@%@&%@HgﬁkQKEW@ngyyérally associated methods, alterstions and
10  permutations of these embodiments and methods will be apparent

to  those skilled in the art. Accordingly, the above
description of example embodiments dees not  define or
constrain this disclosure. Other changes, substitutions, and
alterations are also possible without departing from the

15 spirit and scope of this disclosure, as defined by the

following claims.



10. The system of Claim 1, wherein the at least one computer 30 program is further operable to
produce a set of design documents incorporating at least one of the plurality of design solutions. WO
2011/079229P¥9718917%9/061905 49 11. A method of designing buildif§SEFASEEStems,
comprising: establishing a first data set comprising the locations of a plurality of component
devices of at least one building 5 services systemi7 establishing a second data set comprising at
least one operating parameter associated with at least one of the plurality of component devices;
employing dﬁ@gslgég%watésdrogram operable to use 10 the first and second data sets to
generate a plurality of desigm:soltitions, &aciyet the plurality of fesigrrsakttions epgmprsing an
arrangemené&{gjr;_@gc_;ggr;ections between the plurality of component devices; the at least one
computer program operable to determine a 15 construction cost associated with each of the plurality of
design solutions. 232 1TRemeiHodPSPEMItPT1 ARRéRSIthé At fedstBrie ESmpatertpregram is further
operable to determine anopetating cost 20 associated with each of the plurality of design solutions.

13. The method ofa(t‘,la_j@a%%, wherein the af least one %%@Iﬁfé%r Rrogram ig gur{gears gpe@r}%;leble to
determine an optimized design solution from among the plurality of design solutions based on 25
operating caSt4ifF EBASFACtiOTPEESE 1 E4. Tre Afethdd BT & 1Al verefh thetauraber of the plurality
of design solutiong is:pradetermineda30:15.sbhe methgd-oEClajm 4.1, mherein dae dlukality of design
solutions comprises _%flrs dgsgfrcl} solution agg a seci?ggaqqst:gn solution, the first e%%!ggssolutlon being

determined based on at least a first Séﬁj%bof a first Baramef‘e , and tﬁé}mﬁonent
10 eof a2t least one building services system, and z second data
set comprising at least one operating parameter associated
with at least ons of the plurality of component devices;
the at least one computer program using the plurality of
dzta sets to generate a plurality of design sclutions, each of
15 the pilurality of design solutions comprising an arrangement of
interconnections between the plurality of component devices;
the at least one computer program operable to determins a
construction ccst associated with each of the plurality of
design solutions.
20
2. The system of Claim 1, wherein the at least one computer
program is further operable to determine an operating cost

associated with each of the plurality of design solutions.

25 3. The system of Claim 2, wherein the at least one computer
program 1is ZIurther operable to determine an optimized design
golution from among the plurality of design solutions based on

operating cost and construction cost.

30 4. The system of Claim 1, wherein the number of the

plurality of design solutions is predetermined.



WO 2011/079229PCT/US2010/061905 50 second design solution being based on at least a second
value of the first parameter, the first,and second values being different by a predetermined amount. 5
16. The methd®bPEATH11, wherein the at least one computer prograr® $SHitarei8etable to run a
pre-check of at least one of the first data set and the second data set, the pre-check comprising a
determination of whether at least one value of thetfirst and second data sets meets a predetermined
10threshold, 17. The method of Claim 11, wherein a user enters at least one of the first and second

data sets, and whéFéin tHE 1eBr B prévanted rom HTceRing the Bt fe4dtone plocdesdbP™s 18. The
method of Glaimilignwheremithésatsleast ohe eomputer progsamudetsrmiass a dinad<tesign solution

based on atdeastone, of operating.gast and.construetion £ost,20,19.,The mefhod of Glaim 11, wherein

the at least one computer program is further operable to determine a capacity of at least one
component B&%iEE BAséd oh%arie of moreSpretetBimime b difdiig réqarBRicrHs. 25890 "fhe method of
Claim 11, wheremnithecatilgastonecomputerrprogeamds durtber opatable te praduce a1set of design

documents ncotpprating at least.ane of fhe phyrality; of design sQUENS. .1 4es peing

different by a predetermined amount.

6. The system of Claim 1, wherein thes at least cne computer
10 program i1s further operable to run a pre-check of at least one
of the first data set and the second data set, the pre—-check
comprising a determination of whether at least one value of
the first and second data sets meets & predetermined

threshold.

15
7. The system of Claim 1, wherein a user enters at least one
of the first and second data sets, and wherein the user is
prevented Irom accessing the at least cne processor.

20 8. The system of Claim 1, wherein the at least one computer

program determines a final design sclution based on at least

one of operating cost and construction cost.

9. The system of Claim 1, wharein the at least one computer
25 program is Zfurther operable to determine a capacity of at
least one component device based on one or more predetermined

building reguirements.

10. The system of Claim 1, wherein the at lsast one computer
30 program is further operable to produce a set of design
documents incorporating at least one of the plurality of

design solutions.
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11. A methed of designing building services systenms,
comprising:

establishing a first data set comprising the locations of
& plurality of component devices of at least one building
services system,

establishing a second data set comprising at least one
operating parameter assoclated with at least one of the
plurality of component davices;

employing at least one computer program operable Lo use
the first and second data sets to generate a plurality of
design solutions, each of the plurality of design sclutions
comprising &an arrangement of interconnections between the
plurality of compeonent devices;

the at least one computer program operable te determine a
construction cost assoclated with each of the plurality of

design solutions.

12. The method of Claim 11, wherein the at least one computer
program 1s furthsr operable to determine an operating cost

asscociated with each of the plurality of design sclutions.

13. The method of Claim 12, wherein the at.least one computer
program 1is further operable to determine an optimized design
solution from among the plurality of design solutions based on

operating cost and construction cost.

14. The method of Claim 11, wherein the number of the

plurality of design solutiecns is predetermined.

15. The method of Claim 11, wherein the plurality of design
solutions comprises a first design sclution and & second
design sclution, the first design solution being determined

based on at least a first value of a first parameter, and the
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second design solution being based on at lezst a second wvalue
of the first parameter, the Iirst and second valuss being

different by a pradetermined amount.

16. The method of Claim 11, wherein the af lezst one computer
program is further operable to run a pre-check of at least ons
of the first data set and the second data set, the pre-check
comprising a determination of whether a2t least one value of
the first and sscond data sets meets a predetermined

threshold.

17. The method of Claim 11, wherein a user enters at least
one of the first and second data sets, and wherein the user is

prevented from accessing the at least one processor.

18. The method of Claim 11, wherein the at least ons computer
program determines a final design solution based on at Ileast

cne of operating cost and construction cost.

1%. The method of Claim 11, wherein the at least one computer
program is further cperable to determine a capacity of at
lezst one component device based on one or more predetermined

building reguirements.

20. The method of Claim 11, wherein the at least one computer
program 1s further operable to procduce a set of design
documents incorporating at least one of the plurality of

design solutions.



