1 SYSTEM AND METHOD FOR AUTOVATED BUI LDI NG SERVI CES DESI GN CROSS- REFERENCE
TO RELATED APPLI CATI ON(S) AND CLAIM OF PRIOCRITY 5[ 00011 The present

appl i catiwo 20l1ai7omopri ority under 35 U. S. C. 119(a) to UpBt/uReawviosivonal
patent application filed on Decenber 23, 2009 and assigned Serial No.

61/ 289,892, entitled "SYSTEM AND METHQD FOR AUTOVATED BUI LDI NG SERVI CES
DESI GN' the entire disclosure of which is hereby incorporated by 10

reference. * Y0.20114079220BCTI4iS2010/,061905, 2 TECHN,CALELELD., 10002] The

di sclosure relates generally 10 systens and e ng desi gn
and, nore particularly, to systens and nethods for designing building

services systens.. . §@§§§§§14%P T ' f.. buij d:Qg Vi ces
systens, such asf%?ﬁ I'ng, heag#ﬁgg%%e%§F$§$$%g?ﬂ§ﬁrg@%n i ﬁ%ﬁﬁhg,
el ectrical 10 power and lighting, iprIORDPTECally conpleted in a nostly
non- aut omat n by use_of conputer.-aided drafting syste an
associléat ed ?gﬁﬁ?eﬁl?e réer?(?n%an m&é‘ ign nethds. pﬁ'ﬁ%ﬁe o su”?%rd‘j‘a%'t t hat
provi des U.¢r.Cautsanat el talels atirand sobnthepaesigrapefl isantonf f1hasersyst ens,
but the %%%é%b%?yagt’268ytéﬁgJassigned Serial No. 61/289,892, entitled
“SYSTEM AND METHOD FOR AUTOMATED BUILDING SERVICES DESIGN” the
entire disclosure of which is Thereby incorporated by

10 reference.



15 and sizing paraneters are typically entered into these design tools by
manual operator data entry nethods or by manual cal cul ations, tables and
engi neer iwg@ 2oulgg220f thumb. WO 2011/ 079229PCT/ US2010/ 0@ CIA52@ 08IMARY

[ 0004] Certain enbodi nents of the invention automate at |east one, and in
sonme cases many or nost, of the routigg, | ayout, sizing and design
processes for building services 5 systens. This may result in a faster tine

to conpletion, nore precise and e design, and a design solution that
is significantly less costly tg@%%ctﬂ% power of the individual

subrout foes W rhendtiBe1evaral kepreecessgeakk-ans f 6 a RuehsmMne REesbas
calculation of the engineering requirenents 10 of tge systens. This, in
turn, risul PilAipgr oty att@ i ZNAGS c Al tddudiam va gieatdysrasducaddchance
of hu .= Jhe : e desi : i rocess provides the
abiIi{Tﬁgiﬁ&ﬁiéiﬁ$é%%§§ﬁggﬁi5%%3¥g5§%%%35ﬂ'é%?g%xi% Egize a multitude of

di fberent design options in a matter of mnutes 15 or seconds that would
normal |y take weeks or nonths to conglete usi ng conventional nethods. Not
only does the system design nulti%%% GBPY¥Psol utions with a nuch hi gher
degree of accuracy than is currently achievable in the industry, but it

al so provides an estimate of the construction cost of each 20 valid

sol uti o {43 Jor ddihet odgetignm aé whiehdsyst espdiebiem & vdramst,i veucksuhts in
the |l east gostly |Lut.ion to build while neeting .all_ of the_input.
parane%%?gﬁgfm%heﬁgﬁgbg . Veggf%ﬁbﬁ?nThéuféférg%ﬁ”é%@ﬁ%ﬁcye§88§ﬁ?8ﬁleach
vi abl e mptd Onaha desjrgne;,i nithe vautcamated-ansl optd mized process hsnsi nply
not 25 possible within the tinme and design budget constraints of a
conventd Yt i TS hPappF®ath. CABPREEEsaL €cdndh§ T EinesSEFteRanBNd
handbookss anghaRpr exhpateen B8t hads ALguusedidds @ caeﬁﬁehgqna#h% | ding
systens design process using current industry-actcepted technol ogies. As
provi deek Iy cerxttai hhd0 ewbodident Soof theoinavedt | onl caldthets o fof tdesi gn

calcul ations, integrate ith the J]ayout._and _draftin f those desi gns,
o s A o S e s LN R s RR B e natyBH Sor TarL at o
r oubi Ngariet Hiogsnd hps rwast drbe atreo ¢ WOc2011/ O22RCTI AIS2040£ 961985 4nt i me

consunm ng to consider under a conventional design scenario.
tcols by manual operator data entry methods or by manual

calculations, tables and engineering rules of thumb.



[ 0006] In additiontothehigherlevel of design cal cul ati on accuracy,
reductions in the opportunity for human 5 error in those design

cal cul at iwo0amd9*eci si ons results in a nore preci se an@Cemserfos®es resul t.
The operator is only responsible for placing the equi pnent and devices to
be included in the building, along mﬁpﬁ their required operating
characteristics, such as flow rates, tenperatures, voltage, 10 and current
requirenents, etc. Once the operata conpl eted the specification of

t hese buil ding conponents, aided bfﬁi prograns included in the
process, t e cof todres M ORES Jdiuht& Pbe- ChREK piecedde tpnwldwdat gt he

i nput data of the operator and | ook for mssing or invalid information

ent er ed;SaAS" r eB8ci 759 nplit SEFYCorga$S t RENFRIqE rBastng,2si Eiag rand i8esi gn
processj gorj.t [ Th cti t ySi f
nu|tipr%ﬂ%3§§ibfgjgggigﬁ”€o|§§?g%2, §f§8§$£%ﬁi6% agé ]égﬁﬁ%e§F§H§86Fo a
gr eét ersyactanacyTh evehayi seaufieatior @ wha ctemwoulte nod bempaspli ehedmottea 20
conventionahﬁgrocgss due to time and engi neering cost constraints. Since

tradi t it Set ABs YT Hot - YeREPALE  mALT pPe VF 19 sSPAPEIAE, Tt 1S

conpar i s W fdhtner 1ResSi Bba Q! Utbonsch st PRLL POSERD! g duka tradihikonal
desi gn approach. In certain enbodiments of the invention, the use of highly
25 accurite’ il ahonst ingrl kb matheonoverahé posceof manywsalfpd a

sol uti o] i pr.ahl sures the final result returned t he
procesgmﬁg{améggyggﬁgggeaﬁ%ﬁéﬁﬁ%ﬁ?ﬁ%ﬁ % %%% Fgaég?eﬁéggi5F3u&5ﬁ?FPg§tion
codb opif onhe[ 0808t ehaat | eastieneemhodivm@nt , ttheunrent i On @4 neecperates

virtual processing technology on nultiple, parallel, high-speed,
mul ti - priocesoroeBted ¥aiPerd c¥5R3TLGuirfREAEt SP@NCEW el dyaRefrL gL -

accomplqish abbeof thesg i ghkyqprechge.aRnedisGti ¥eoandsi terati e degians,
along with 2011/079229PCT/%82010/06190 5 construction cost estimates
of eachlydality sébut itde, pProeeshatbp fleactiton ofutde temegnt aout renté yat akes

to desi ..Singl e:s rio of the systens using conventional nethods.
Nor eove@lﬁ@n&c&c}eﬁvgﬁlt %ggaferﬁgfq'hé} ss,lgcrgn%??lu%?? oﬁgcgstmaesnttei]?m? smépggﬁ& 5
petbor med. skerdsuldialy GeRsildEavdigslily t heeonsikuet i @ ofnchh@sbuikbdi ng
i s an advant age provi ded by one or nore enbodi ments of the invention.
[ 0009] FTHG 6t HETL i PRV SalctRratt e tiorder t ai'At efBoYi ABAESTBE BHETEm

| nvent i@ i g Mgt yp AUt omahed pyehass hasi been Hidevelanad ysipd. cggput er

har dwar e and software to find a construction-cost-opti rgn tor
bui | di Erseragceshaysiensursachlyysicéievaiy el nel udes wdhouty) iutatiton

P! e 00 Lol L1 00 o £OBLoning, o ot rLeal R9pRL A

20 wvalid solution in order to determine which system design
alternative results in the least costly solution to build
while meeting all of the input parameters of the systems.

[0005] The level of accuracy tc which each viable option is
designed in the automated 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 layout and drafting of those
designs, allows for highly precise methods of sizing and

examination of alternate routing methods that would be too



15 cal cul ati on procedures using predictive and iterative conputing nethods
that go beyond traditional nethods used to design building services systens
wi t h cur rwotzotigoimel ogy. Through the use of high-speed ecmustew/ohepsiwar e
and a custom software package, the process examines multiple valid 20
solutions to the system design requirements, while preparing construction
cost estimates of each valid solution exam ned and conparing the cost of
each solution to determne the Ie%it costé%rsolution t hat negts or .exceeds

al | requt'fed G8EFERBdr afrét er ¥ 6 Eied THT thd sySPEM 280610 k1G8r of

the systesmspesi fies and inputs various delivery requirenents of each
systeminto a Conputer-aided Drafting (CAD) database including such
par anet er s[ 8380 ot esBur &dHtgRn volPaget e enpeidtasr e aAHedt herf t eclssiiaal

par amt@éfmﬂf&@?éﬁrxc&ﬁé?%? %%ata[cggiflfgi %;@g@f@g&ﬁ&ﬁyg 5,1 pignded 30

purpose wthin the bui e required conponents
and 5t he¢rroequnr €oepedatsiligg parlangtarioriravendedaci aparts | nesulhe CADa
dat abase, a series of pr -proces%in congu&er sof twar e checks

&Sfrad&®eB

ks . WD
2011/ 079229 PEH V&2 07561965 "6 a al i afe YMFT iegrit y OBy
conpl et engssnoipibe fat a prping ntnd he LARatabags Prdafi 4@ precessi ng.
[0012] Oncet heCADdat abaseneet sal | pre-check requirenments, it is submtted
for proteskidrdt ént heemiivd 15ligesi gl arsut v high ahde &al sekaiired epgirags njor
aut omat i i desi gn. ut a i.Zi g i on_cal cul ati ons
may be %ﬁéf%ﬁ%égﬁg¢g%Fba?%%ﬁhngg &ngésggﬁéspl2??%#%%%§§€§%Tugpﬁgggﬁér
madli nesnd ncanr emat teadedemedes, [ 8043] ofneetakl cprediotetiasi abhg lsakdt i ons

for each 10 buil ding system have been routed, sized and cost estimated, the
st om et atee | FRObE oro bacas | ¢ Sodiicon P FErtee. PhEcRoaby

cost - effoedivepdegigRs Sohut LaBdf o iMEorpasaidon tALosartiAak ByildisRg
system design. The solution returned by the routing and sizing optim zation
15 pr ocears may Precich@s ka rommsidiee repr eséndatforhef ireithedatzoblit ithe found

P acrr o 2D dRhRASE RAMI QL5 APPEPINEEL DB 2Rt Roh! 4RGN
15 reducing input errors to the main routing, sizing and design
processing algorithms.

[0007] The construction cost analysis of multiple possible
design solutions, 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 valid solutions, cost comparison with other possible
solutions is not possible in a traditional design approcach. In
certain embodiments of the invention, the wuse of highly

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

[0008] In at least one embcdiment, the invention

30 incorporates virtual processing technology on multiple,
parallel, high-speed, multi-processor core, server-class
equipment to allow 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 nethods to 20 find the nost cost-efficient

conbi nat iwo 20f1/a7e22pi ng and si zing of buil ding services PETUSAEINHINS a

m ni nrum of operator involvenent in the process. Current design nethods

i nvol ve a hi gh degree of operator intefaction and decision making in
determ ning the routing and sizing of the building services 25 systens. As
aresult of the high |level of operator interaction required, by current

esi gn TRORRST o €Y Gt SOf CWARES©1 Ao BRAM NALT On 6t 04 RN ¢ APude BF L1
possi bl ergdesign sel uinonsifier eachubukhdipg SIsdLMbs el Y agt isGalgidue to
time and financial constraints. Typically, a designer of building 30

servi ceSCYRT B Chis €8St FTT i W§ Bl CPREFRT Agnahdmekpedpendl®reevést er mi ne

a_si ngl & peediehedongl Ui each, desh gn; Brobem and aifes, thal sipel e
sol ution usi ng prograns, reference tables an charts, V&I’IIC represent an
approximeat f ormdD 20h&/ CAI2QIRCH US261060861805 in the construction of
the building 1is an advantage provided by one or more
embodiments ¢f the invention.
[00092] Among other things, according to certain embodiments
of the 1invention, a highly automated process has been

10 developed using computer hardware and software to find a
construction—-cost-optimized design for building services
systems. Such systems may include, without limitation,
plumbing, heating, ventilation, air-conditioning, electrical
power, and lighting systems. The process may employ automated

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 o0of high-speed computer hardware and a custom
software package, the process examines multiple valid

20 solutions to the system design requirements, while preparing
construction cost estimates of each wvalid solution examined
and comparing the cost of each sclution to determine the least
costly solution that meets or exceeds all required design
parameters entered intc the system.

25 [0010] A wuser of the system specifies and inputs various
delivery requirements of each system into a Computer—aided
Drafting (CAD) database including such parameters as pressure,
flow, voltage, temperature and other technical parameters
necessary to have each building component serve its intended

30 purpose within the building.

[0011] Once all of the reguired components and their
required operating parameters have been input inte the CAD

database, a series of pre-processing computer software checks



7 of the actual requirenents of the system being designed. Conputation and
drafting of nultiple iterations of various design possibilities coupled
Wit h det awDediicomebr ucti on cost estimation of each it er @&Cirars2019/06i90pl y not
possible with 5 current building services systens design and cal cul ati on
technol ogi es. Various enbodi ments of the present invention utilize custom
software prograns and powerful server-class equipnent to not only explore

mul ti pl e possibl e soluti.gns, but do so with a nmuch hi gher degree. of

accur ac%/réi)nmtaﬁg Y3t granligaggsighe co ﬁgﬁtliszé’nsarﬁr%sﬁf’f“?gﬁtieﬁleégsi%i fPEant
reduct idtd nidger ciasto afhd eax anstaBise b sust &l .procedHQkp] According to
at | east one enbodi nent, for security and other reasons, the systemruns on
a conbi nat | Y- of Eeetur e ©t kst on Céér?ﬁ@tséﬁr syseéms f alluseprencbfflce and

povier f Ul dh?i Bk e bf 0GESSQLs CXGEHS L PBASCENET ;pwééb PELd ordy thempLipl e
predictive and 1terative evaluations of the possi 16 desi gn scenarios that
| ead t addahieggrsel ecbuonngf tded| eastl cedstliprsol abhgodnes Thidmay ahéomated

acconpl i shed without yser interyention once the inputs are conpleted and
val | dat @i BR001E] THEST APut pEPETORS of T deSt GHr ocEBE Ay abaon

execut eth 0 tdel FeSURRMWOLKSt BE@BrROAPULEr $Y PLIh Widddd NhekaetkYRgl nput
fromsystem operators. Design iterations nmay be conpleted on the execution
server P43 T telidett 1 RRCHE ot b egp dmatdrorinigearsiagaynddst-er act wi t h

t he i nput {4 o] he of in_grder. tq establish all of
t he i nput %%jnlg@qr%of E1tl§5e g%e?%?r%seqsnc%%\%ga plsgég‘r%rér? %of %:T bur i ng
océOparituiltierd asgstemi desrg pbaabi nguftiext, ur eszedutanet sgodt gbksimated,

di ffusers, etc.). Preferably users specify the physical configuration of
those deli caySHRP { REMPragui FBE 300561 P EeseFFbm e ShuiPaiivg oSy s FBfis

prior tya:siHE Ssiak f Od¥ocesyshderrectiQRL7] @ReGNt he sbApYt opar apgters of
the systens are established by the user, a pre-check algorithmis executed
on WO ZFORWIGR29PCT/ US2010£06 130818 thhe sy e st at denigyst efifieo

determigie [ dy dere.d.5 ay ,5Siig data Lhat voul d_gayse a failre, of the
mai n design programs. 11 the pre-check software i énciti e§Pany AT§EPHg
i nilér mgitcaresr parvanehelsdet he mcssilrRgd nkepratenbadiohnvét | dhe pBeaget ers
are brought to the attention of the user in the form of graphical feedback
comment¥F o kHe RBEYrPIaRA o 7P Fheabeer rRefAYcoPredEBTPHBSELION

defici entd e&ant HMMJ Sidde.d Ul RAAMRICRSd @ iNeiRIL- check sof tware

for another analysis of the input for any further mssing 10 information or
i nval i d parHhetleri$ie Onpeothespr é-checkvedfitwaneris executied wiugwut cany

resulting -hard errors, the input paraneters_draw.n rre _consi der ed
accept abite $& Submi EE?%hCFﬁvghé‘n&gsPﬁr%‘fb@? aﬁE‘.lC%ﬁré‘%ﬁlggr NSHHYS Fhe
i npOt  pEiradvedte e B@St 1Of Bi clene EOkh DHOEESSI #Y byutbhegdesigniprAgr ams,

of building services systems with a minimum of 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 high level of cperator interaction
reguired by current design technologies and software, the
examination of a multitude of possible design solutions for
each building system 1s 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 wusing programs,

reference tables and charts, which represent an approximatiocon



15 which execute on the high-speed virtualized servers. [ 0018] The
system nmay enploy a variabl e nunber of virtual execution processing
conput er swoenni/atge2on server-cl ass equi pment that perfor mCrhis2emlosiops e
design iterations necessary to anal yze the possible design solutions that
meet 20 all requirenments of the input.paraneters submtted. Each virtua
execution processing conputer periodically scans the input queue for jobs

that h itted for i by the users. The virtual execution
prgcesg(}/ gbtgﬁgerrlpf?‘t‘]: r]nl] eteFF8315;§gf“%§%%Zi<$ i n%/lf‘? uctY TS ePS M hESF5L9RESsi ng

queue, @onihoagdsi @ | amecegsaryihgpuis f s ignd peréprpeohbe g edafiipad
routines involving |ayout, routing, sizing and cost estimating for each
val i d i97EdT oRCEF1PRe 1828FgrEC Ut t Hethaldad ditledat fonst Fagel @t | cbéen

design%%égmg@ [ d, ;the_yirtual cex ely cessi 0 r
selects the |f§%gt$%% g%&%haﬁ reguﬁté i%stﬁgﬁﬁ%ggtI?%?a&“%ﬁﬁ%?%hggg%ﬁ cost
andSr etarmserithatbsdldingn tersiosagespatéhne natwbyk f ehed senvenlandon

notifies the user that the processing is conplete for that particular set
of 1 npUtcPHIMRA LS. The 168Gt s SRR ERERT WG 0141 07 SZFSPET USSTEDF 661905 o
retrieverthe:comatnd degicglrdocyrBRtams eV YW idofdfACCURAGYr—class
conpl eteness and suitability to the task, and incorporate the design

sol uti oY eERthetd i et dotunerpsoformuhaippar prealihlepeojlastionswobut
2011/ 079229BCT) 1152010/ 064905 .1 BRI &, DESCRLPT] ON, OF THE, DRAW NGS. .

[ 0019] For a nore conple erstandi’ng of "this ur e and

f eabur ez sief erenpaths inaw nedeilirdidie ihold owing idesantptteiyctBdkenihn
conjunction with the acconpanying 5 draw ngs, in which: [ 0020] FIGURE 1
is a bl'd¥k HHyr €hqLEHW%&F?&F%FS?%%E%W%(H desi gni ng buil di ng services

systems acopi1h Nl A exappl e enbodiimephe abodiment [ 0024] sEEGURE,2 is a

flow chart illustrating various steps 10 in a nethod for designing bailding
servi cedyastiees neesrdbngthe awséeanplueserbodi neprbination of secure

workstation computer systems for user interface and powerful

15 multi-processor execution servers that perform the multiple,
predictive and iterative evaluations of the possible design
scenarios that lead to the selection of the least costly
solution. This may be accomplished without user intervention
once the inputs are completed and validated.

20 [0016] The input portions of 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
mode of operation. Users may interact with the input portions

25 of the process socftware in order to establish all of the input
parameters of the systems, including placement of all building
cccupant interface devices (plumbing fixtures, cutlets,
lights, air diffusers, etc.). Preferably users specify the
physical configuration of those devices and their required

30 services from the building systems pricr to submission for
processing.

[0017] Once the input parameters of the systems are

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



WD 2011/ 079229PCT/ US2010/ 061905 11 DETAI LED DESCRI PTI ON [ 0022] Vari ous
enbodi nents are illustrated in Figures 1-3. In sunmary, the various
enbodi merwe 2priavpate systens and net hods for automati ng 200/UsSpeloesBIfHQg
construction designs of 5 services systens for buildings.As shown in Figure
1, a system 100 is provided for automgting the design of building services
systens. System 100 i ncorporates a variety of conputing, networking, server

d swi tching platf I t_shoul d d d_that 1 i)lustrat
an oxarl e T0°RFEni TEORUFE SR8 G4P Blls ComoREREL Fay bel BAAEd. bl AW nat od

and/ or sihsitrid utiedaf Q:lheithOﬁ@uﬂflO\M&us@ s®, ranyupartéeukae typas absegMi ces
may be incorporated into system 100 as is desired, suitable, and/or
advant dJESUSTor  pér f bR fi itf Y1 Sfet heas taRdef UheR N ohEt $3 y 2descii Bedntier ei n.

Syst em 108, 1By R, @roggk%sée?g ARy, S W s%qln% Pi ¢ dgexa ngc{}fi 5P %ﬂmgggab' e

net wor k envi r onnent 23] [n the Iustrate system
i nchudesarmnp iarad | ayeofbndughtcl tenttsleloQt‘ceamnpi@d bd atrpela unakirt yirof ther st

smﬁtche 104 t ches led to a pluralit 20 .secure work
o F R T06 O e AR s Tros A o GohREd R Bl Gha | foos et DR
SW tChQﬁ:a]vQﬁl Secongl S%éﬁhe%hﬂaQS %&r@s@t@ EhHOs thefd-sahd chs 11Q9nqThird
switch 110 |s coupled to a nunber of system conponents including disk array

116, s@e%&mﬂérs 18re aAAPHEU AT 8WA tgtP 129. tS@L E@@r\ﬁéweciqzs%tte@wl édr25 to
file se A FLEE ERY RO UhpERD AL | S pPecRRCKUP A8ssTRYT D
S ee -

swi tch fbo |s cou to a plura |ty hlg core,
selOermﬁﬁnxmqnmmessmrsnﬁémhdvmmnﬁmétmmylrmmaé mnekpséathe@s s&ystepe 100

prOV|des the conmputin nvi ronment to execute the processes described
her ei n.- 30FGG5H OFhe "F 6885 s 08nEncE Tt HotRY da¥tr béd Hirei nChey BEPUC

perfor@%@éﬂbﬁ@ﬁgeﬂ}éﬁgnbg sheul dobei decogniazed kAl c@Mor submission
toc the design programs. The user submits the input parameter
drawings to a queue for processing by the design programs,

15 which execute on the high-speed virtualized servers.

[0018] The system may employ a variable number of wvirtual
exXecution processing computers running on server-class
equipment that perform the multiple design iterations
necessary to analyze the possible design solutions that meet

20 all requirements of the input parameters submitted. Each
virtual execution processing computer periodically scans the
input queue for jobs that have been submitted for processing
by the users. The wvirtual execution processing computer
retrieves the next instruction set in the processing queue,

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

30 that results in the least total construction cost and returns
that solution to storage on the network file server and
notifies the wuser that the processing is complete for that

particular set of input parameters. The users can then



particular step in any descri bed nethod nmay be perforned on system 100 by
any suitable technique and through the use of WO

2011/ 079220R0T/1282910/ 061905 12 any one or conbi nati on @®CTiUSROMWAGI%LS
conponents of system 100. For instance, user-supplied data sets (e.g.,

| ocations of conponent devices and devjce operating paraneters) nmay be
entered by way of the thin clients and/or the secure 5 workstations.

0025] The switch of system 100 provi de for interchange and comruni cation
LetmeLnr%%ﬁﬁ%W%ntgﬁ%ﬁ}?%hﬁ%%%f ndg%f%%?naFQCPEﬁPan F'dft"a, tEsodP&e

optim zatéwracef C. cdhiel éepecdsi venpr oviidespt of tbackyp ehedatasksol whiyons,
etc. The disk array 10 provides for storage of data and sol utions and al so
a sour cE'eFrRREA T oF NEsEaf Ithesalist eon aAdtPt $hsof T ik, deowpanes prograns,
and/ or @ﬁg@ré§§g@tuﬂ§9d§§%ygg§'provide storage for data, solutions, files,
etc. The processors provide a platformfor execution of the prograns that
performthe 15 nmethods and functionality described herein. [ 0026]
According to Figure 2, a nmethod is provided for autonmating the design of
bui | di ng services systens. Method 200 starts at step 202 where one or nore
base design files are retrieved froma file server (e.g., file server 114
in Fig. 20 1). The base files may be enpty files or may include one or nore
initial paraneters as described herein. The one or nore initial paranmeters
may i nclude, for exanple, one or nore data sets. A first data set may

i nclude, for exanple, data associated with the positioning or |ocation of
various 25 conponent devices within a buil ding. [0027] The term
building is not intended to be Iimting and nmay include any type of
architectural structure such as office buildings, residences, hones, retai
space, warehouses, restaurants, service buil dings, parking garages,
entertai nnent 30 venues and the |ike. Conponent devices may include any
device that represents a node in a systemi ncludi ng nodes and

i nt erconnecti ons between nodes. Thus, conponent devices may include such
devices as those that determ ne or inpact the WO

2011/ 079229PCT/ US2010/ 061905



13 paraneters associated with the interconnections between conponent

devi ces. Conponent devices may be any of those described herein including,
wi t hout Iwoi2batG7e229 heating and air conditioning units, PaEIUS20l0O6LET S,
sinks, toilets, 5 showers,electrical outlets,light fixtures, conputers,
smﬁtches,nozzles,generators,fans,refrb erators, manufacturing equi pnent,
etc. [ 0028] According to a next step 204, a user may define and | ocate

a plurality of buildiggkﬁﬁgv'ces devi ces. The 10 conmponent devi ces nay be
those al ready provi ded’ i Iritt O HOrE vade 454Gt ri eved in step 202.

Al ternativebyioprrép adgbtioRombhetdsahqaRytdahing BeWreQRPRNERY devices
and their associated operating paraneters. Operating paraneters may include

any cha?a@t erfisst if€2&3g66iat 88TAFENCA chhparmeht mdeei ceC 15 lsuchcdd cwiiog
exanpl e S, ratures, v e, and. curr requi renments, etc.

[ 0029] %%%?%é%ggfb aE%EE§ s%&p ,fgﬁigﬁ?%hegkg%f ?ﬁé i%ingPaEQ%Pgn dat a
may Sbe ¢gesadonged. iThvisiamy | ncl ude one or nore conputer prograns running a
pre- check E 8§$dure to 20 validate the input data of the user and to
Cdentify aby 5sTHEPRF itnvid i @ iUttt oA 8Ht erlddis ttidriatsy # edy@tRg i nput
errors £orthge BN HOUt bRY1d8hgi Ndeand desi gpspLpcessirg akdgri thns,,Once
all of the required conponents and their required operating paranmeters have
been i npwATPbe semhedimdns gme- processi ng conputer software checks are nade

i d : i d | he_d hat .was i '
to process: ArT 1 O0HOT Ackord fig L5 FIBC st b 208 Ep opa- by cperebs P "

detl®r m hedaame tpoels dtre e sinth i SOl i TAYNG OEELCL c&BOSQs@ERBN $c30rBY ng
providing additional initial design data or augnenting the initial design
data al teadly PFURHRETIPRIPIR: check may be re- executed to ensure that the
nodified initial design data is valid. It should be understood that

val idation of the initial



WO 2011/ 079229PCT/ US2010/ 061905 14 data nmay be established according to any
predeterm ned paraneters, mninmum or maxi mum operating conditions, industry
st andar dswoebci/o7P2p exanpl e, validation may include ver PCYiusgomiatoosn

particul ar conmponent device is |located in an acceptable 5 position based on
rel evant constructions codes. As anotq§r exanpl e, validation m ght include
determ ning that the input operating paraneters are correct as conpared to

t he conponent device w th whi oper.ati araneters are associ at ed.
Thus, if a user enters an op@&gﬁﬁﬂgDpﬁﬁgﬁékgglgﬁlue outside 10 the range
achi evabl e[ 9022 peomrendedefiborifxamBl &)< of1 Bapardd Ll 8f  e9gReBgnt) -devi ce,

the systemmay return an error nessage. [0031] According to a next step
210, thEi nPefBERTdesi GRedaVarisusubRritPeddnesisSpr cegsidrg. STRiteMgay and

compri Sfia c s 12o8X MR A, 3RAAING LS 101 4140 d8RLOD, 0218, 1 A:L0G,ONG cor
nore processors tor use by one or e design conput ér programns - operating
on thoseeprvocessaystems for[ O3R]diAcgor di ngst cslmowmextirst epgaia, ne aor
nore renote seigﬁrs exaningiﬁih§ Processin %yggf to determ_ne the next 20
desi gn &%erel'sé o e Pertorded:© auF@@§§?n c ol APt aChekidtidpani g,
the desi@iv DEQgr adydSexecut eglysidin t higo stiep-Agd @l d t )y ofariangengnt s of
i nterconnections between conponent devices nmay be determ ned.

| Nt er cowereRE | g, mie bGwsdlide -angehsedwared matiddhding palhsfozBset c. Iiised to

connect onpon i i at.| t qne.other _c onent device.
Thus, i%@@?%%ngg%t§§§§q§§$gﬁng$%%%, %l éiaﬁplé?iﬁfpgggggu6F§,%ﬁ%ﬁﬁfﬁcal

W 1liong, aftloin pat inse ehd. varicu@O3HmpArginten nay ebeonneeti, OrRldiangedent nmay
be based @n an initial base _design and/ qor any nunber of initial base 30

par amet A OForsUR&ipiiEeh {PandERashi gHFise aphtERentdBui PaittdcHilght have

a standaggkd ?b@UtdéxﬂiqéémﬁggerBe d@iﬂ:@f?oi‘ﬂge&ihﬁir{td NLeLconNagly ops. jLhe
met hod described herein mght start with this standard configuration and
nodi fy desbasdd ofitlad o1 1/070220 PERWISAGKE/06]1 90% 115 peddiorimomal  the

paranehﬁééhé@@ gggi%&ggéioggifggtgégcglggé herein. System 100 may be

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

[0023] In the 1illustrated 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. Work stations 106 are coupled to a
plurality of second switches 108. Second switches 108 are

coupled to a third switch 110. Third switch 110 is coupled to
a number of system components including disk array 116, SQL
server 112 and fourth switch 120. SQL server 112 is coupled

25 to file server 114 and disk array 116 is coupled to tape
backup 118. Fourth switch 120 1is coupled to a plurality of
high-speed, multi-core, server-class processors 122, which run
virtual 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 method may be performed on

system 100 by any suitable technique and through the use of



i nclude, for exanple, having a greater or |esser nunber of floors in the
buil ding, or a desire to nake the building nore energy efficient. 5[0035]
Each arr awgenant7922b i nt er connections represents a desi gRCIAISAML0OMLI0S
Preferably, a plurality of valid design solutions is determ ned
automatically by the execution of one,gr nore conputer prograns. The nunber
of the plurality of design solutions imtay be predeterm ned by a user or
according 10 to sone other  desi reg chanism Preferably, each determ ned
oot on D87 uerbn T8  CameARaraa gt « RIE + RS LOR Tt EOICABETS Sa ot e dUSBFM ned
set of TOMi MuMJreqih e S. user-E0P30) cACeRRG NGEdH acfinal 1s9tapi246, a
final design solution is output to a user for review The final design 15
sol ut i ot mE§MBEnget e FHVAEE Sf rtd afBR§CE heDsiratainiot yafarst g shvt Péns
according. Lo @nyb}r{;urrggg/ of sCricteri gy at; ] gast oggd?ggodkggnt, cthe final
sol ution is based on a construction cost associated W th the solGtion.
Pr eber abbykstdiei@onst ructi on cost,or at |east an estimate of such 20
constructi t, is determ ned automatically and associated with the
rel evant de?%%ssqg?%t PEATCeERer forPYRI TR ﬁﬁgt R 1 uket tHTGECEPRPRe a
final desdgpomRhnitPni bNChatRecM EBRAYENLAALT atkoRou AL NERHAt R 8QhHERON 'S
valid, an operating cost associated with the solution, an efficiency
associ af @t Wirq hopstRéagol i@ ceteptiniza 0037 Foci | | UShe atepre hdriaei ous
feat ur : t h escri rei.n, the,follLow ng_exanple
scenar ie%rs&;lréeé%r%?dgg]&:ag t IS&%(%@%%%{Q?%HSW F&Es' bﬁlflf%li %\S,wée Vi ces
sydtensrarel deokéar dewnragto ofi fd®t®nhndubsens iehs3Gmsubchéegar isesret
bui | di ng_ser vi ceépsystems as follows: Pressure Plunbing Systens Gas
stdré‘&a

Pi pi ng BvitSF PRUbERG ST 2RO 261/ FRZPIHET USSHPEFE61905
16 programs, and/or algorithms. The servers provide storage for
data, solutions, files, etc. The processors provide a

platform for execution of +the programs that perform the
15 methods and functicnality described herein.

[0026] Accerding to Figure 2, a method is provided for
automating the design of building services systems. Method
200 starts at step 202 where one 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 ocne 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, for example, data
associated with the ©positioning or location of various

25 compcnent devices within a building.

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

30 venues and the like. Component devices may include any device
that represents a node 1in a system including nodes and
interconnections between nodes. Thus, component devices may

include such devices as those that determine or impact the



HV AC Load Analysis HV AC Ductwork Systens Electrical Lighting Systens
El ectrical Power Systens 5 Electrical Panels and One Line D agrans Pressure
Pl unbi ng 8P EHME9229 [ 0038] Pressure plunbing systens ipatlusd@oanopi pi ng
system novi ng |iquids under pressure. Conmon exanples include 10 donestic
wat er, heating water, chilled water aT§ vari ous process waters for special
pur pose bui |l di ngs. [ 0039] There afé six nmain progranms in the p{essure
| unbi ng_syst ens desi gn process. [0040] They.are docunented as follows: 15
Pl unbi g FIRE O &° SoPECCIBR Sr os8hTE PITtibI N prES CPREK®LP7 Bas tE€ “BRlinbi ng
Rout i ngcoffb®eegapridid cand fitddngbddiser W@l ceRi PRa$i Hgaapd & S@hose
Generation 20 Pi pe Labeling [ 0041] A nunber of support prograns are
used an@®dFL Eafd ed B itthel AELHApREgr LN QUtE addiniiceirioa  nurerind Bndrary

routineg; hat:o%i@?lbgii beragl i recly W th dhe user arg al soused o
support the overal esi'gn process.
5 showers, electrical outlets, light fixtures, computers,

switches, nozzles, generators, fans, refrigerators,
manufacturing egquipment, 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 files retrieved in step 202. BAlternatively, or in
addition, the user may define new ccmponent 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, voltage, and
current requirements, etc.

[0029] According to a next step 206, a pre-check of the
initial design data may be performed. This may include one or
more computer programs running a pre-check procedure to

20 wvalidate 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 of 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 to a next step 208, errors may be
determined and presented, and a user may correct thecse errors

30 by providing additional initial design data or augmenting the
initial design data already provided. The pre-check may be re-
executed to ensure that the modified initial design data 1is

valid. It shculd be understood that wvalidation of the initial



25[ 0042] For all functions, the six main prograns are run, preferably, in
the order listed above. Prior to running any of the routing, sizing and

| abel i ng Woegriznme29t he appropri ate bl ocks are inserted iPaTIUSROdO6IMRY, a
function conpleted using a custom fixture and equi pnent sel ecti on program
that aids the 30 operator in identifng t he necessary fixtures and

equi pnent in the roomand accurately Specifying the |ocations and WO
2011/ 07(?229PCT/ USZ?JlO/ 06 98}3911 lé;i lity/ pressure requirenents of eacH in a
format That tMeYauPSmateda 'Sé‘r? naa%%cf' i%ht i Oh prBYr akE SCaHCrELBER ze.

[0043] pardiseieed Agnaniand bks n@@@i'ﬁﬁfnpufé@e%@ir% eabpdiaubAyeBt Kealkyrgs new
files by the sizing process software. [ 0044] The four nmain design
progr ans;2R#A &Fs £ oF Tow t her ppEaBhéek, valédabspgnadywiinrlbgecHemddeiopt i ons

to all ow for,igplepentalion.,i C Cuti r KLt ual
machi nes 1 n %ng%)naﬁ;%n%%d ?’3%%?%%& g%g?gg ?ﬁeigggﬁégo;ﬂht ?ﬁeggﬁégﬁg Egi ng
t he Soverat it priocessendg dn needlaeabd tdvergaowerdfiwinslOcoald s i - prdcessorther

mul ti-core server-class.equi nt.. Fo ach, a submt command calls a

Fout | ne A5 Ekm ¢ haachr Pt St peSoret BFE T Bl g HOE. baten BPBBessi ng
by the &ediveiff O Afle PELOT abe LhatrceRl las thgngptd N aRdeSkahRgnRKLETr ans

exam ne the input paraneters drawi ng(s) for problens that would 15 prevent

a succedstife r g tAndvhiah tiHe eobereting bpdthnebees tare prisavredadatput is
echoed 49,2 199 filg,.and alerts arg gﬂ:ﬁ@?hgd' Lalent 1s) a0 ercor qessage
p tha ervent Pd-Rst

I
t hat causes’ a popu t rec?w res user-rn i-on,” whi ch™ wou eb‘e
possi bl gheon tdrege enmilel eexddld | @t Viddatalmerahi ne.fotherxdingakled foan 20

alert sinply sends a nessage to the log for |ater use in debugging. The | og
funct i P 1 oIC eﬁPWP@“??gt éjfﬁv.lsceper Far med PP BRPar&EPr i aRt Lor

message.

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

data 1s submitted for proccessing. This may comprise, for

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

[0032] According to a next step 212, one or more remcte
servers examines the processing gueue 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
interconnections between component devices may be determined.
Interconnections may include any hardware, material, paths,

2h etc. used to connect one component device with at least one
other component device. Thus, interccnnections may include,
for example, pipes, ducts, electrical wiring, flow paths, etc.

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

30 parameters. For example, a standard high rise apartment
building might have a standard layout for component devices
and their interconnections. The method described herein might

start with this standard configuration and modify it based on



[ 0045] The various prograns of the systemat tinmes call one another (for
exanpl e, after creating the cold water and hot 25 water services, the

routi ng pwognam7exbl s the sizing programto | ocate reci PCHNESRI00O6190F Nt S SO
the recircul ati on pipes can be created). Having a single program handl e the
| og assures the entries are properly ﬁscorded in the order of their
creation. 30[0046] Using the ability of one programto call another, it is

$m;' where the next action at a

possible to wite intelligent script progr
i ven FOTH CHSA HepBRG=BRCERS  out cOME of S5 byl GRISL acPRERUCTEyD  might

2011/ 0792204/ US2R104 D908, 18 avingl 094 ¢l Ak c3NYo POIIRL sl thenseguerce of
prograns, it may be realized that the input specifications have changed.
Wien t hf 5098 uiB, thef batddangl | Gws aa dserre ot acoakat éhy brdddihe awtemat ed

wor K, hange: gﬂg run the automated design and 5 estimating prograns
agai n. rT%F%r%éur ofct e main prograns have the capacity to have their work

undéne, eveEN035] timecidr awirmeg deageieenfsavete anonneopesed. reprd 3048 The
desi gncﬁ;i)rograns all operate_in_a three-di nensi onal space, epi ng track of

ke
the z dfmehs? of99R 10 S?E?ﬁ‘@r%}ﬁhygr aaphP&ulréﬁlléé’en?BtiW déssigral | ow

for norg, pecid@s e;si ale@arﬁ@qeeptaiurﬂo%@ttii%lq@il ) ati ong;, aAg: § on akkowfor a

t hree-di nensional riser diagramto graphically depict the final optimzed

system®h Mh&edremipigssr 156rcasamepi ngTBgstramper of[ @049]pBasa pipy ngt
systens,incl ude_any.piping.systemnmovin ases, under pressure. Co n
exanpl e%e%]ln u 8§Hg%u?al m% s, pr f)g‘g% %]grg?n% mpresse ea‘?r?rn@(?fsé’égzggses
and oot hes pooeesshgas e sfiakdspeciradnipi.poserbatdbngs. e20h0028k rthec@as

Pi pe package was _designed to automate the process of routing gas pipe in
the nosteTbdt EPLPELERt imanketith t HieR iRg ot r APt SO BV eResES eAti fi C

gaseous, PLASSAN R Al dpes desd 8 P Al CRSyu Mudd pl & viable routing sol utions
are determ ned and the size of pipes and resultant costs are 25 cal cul at ed.

Once an opt@Gmd] riowrerdiasy been sel ecitred, tdiemr dgriam si zésnadd Habéks pi pes
on the Sdcgﬁysé:p S, ;Gr eoa&t%s tgag riser dga%/i ngs vand _cal Ieahgis_%f\s ngde
pressure’ 1oss dats. 051] 2ThaPe ar8 si% ei'h prgrgjra Pl HESGER
pi pENg syBiEIBn desy JPepHecesHhi nEReY rahe LeigeiedodsrdoitPWsE design
solutions according to any number of criteria. In at least
one embodiment, the final solution 1s based on a constructicn
cost assccliated with the solution. Preferably, the
construction cost, cr 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 solution include, without
limitation, whether the solution is wvalid, an operating cost
associated with the solution, an efficiency associated with
25 the solution, etc.

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

30 subcategories of building services systems, as fcllows:
¢ Pressure Plumbing Systems
e Gas Piping Systems

e Gravity Plumbing Systems



30 Gas Appliance Insertion Connect Plunmbing Gas routing Pre-check

Gapping and Fitting Insertion WD 2011/ 079229PCT/ US2010/ 061905 19 Gas Pi pe
Si zi ng amsiornsElgX792ener ati on Label i ng [ 0052] A nunbecTafS2610/0p190%
prograns are used and/or called by the main prograns. In addition, a nunber
of library routines 5 that do not intféact directly with the user are also
used to support the overall design procCess. [ 0053] For all functions,
the six main prograns are preferably run in the order |isted above. Prior
to running any of thefﬂbdﬂfﬁgﬁﬂéﬁﬂQﬁy%ﬂﬁiIabeling prograns, the

appropriate 10 bl ocks inserted.in the drawing, a function conpleted
usi ng a custom gas apﬁﬁ?gﬁ%g%9ﬁﬁﬁﬁ%:ﬁy%%%ﬂﬁzﬂnthat aids the operator in

identifying the necessary gL MBM HESHY rd g Has service and accurately
speci fying the locations and utility/pressure requirenments of each in a
format that the 15 autmineited ce€Simpwand oidnd zati on prograns can
recogni ze. [0054] A riser diagramand its background are created
aut8matical ly as new fRlestmicahdaidingnst doesd igef thidagrams [ 0055] The
three main design prograns, which follow the pre-check, are designed with
bat ch node options to allow for

Pressure Plumbing Systems

[0038] Pressure plumbing systems include any piping system
moving liquids under pressure. Common  examples include

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.
[0040] They are documented as follows:
15 ¢ Plumbing Fixture Selection
¢ Pressure Plumbing pre-check
¢ Pressure Plumbing Routing
e Pipe gapping and fitting Insertion
e Pipe sizing and Riser Generation
20 ¢ Pipe Labeling
[0041] 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 used to
support the overall design process.

25 [0042] For all functions, the six main programs are run,
preferably, in the order listed above. Pricr 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 fixtures and equipment

in the room and accurately specifying the locations and



20 inmplenentation in batch node on the execution server virtual machines in
an unattended fashion, saving operator tinme and reducing the overal

processi ngotzormn7ehre to the powerful rmulti-processor, nMUIPCITAISO#16/061905
server-cl ass equi pnment. For each, a submt conmand calls a routine to
submit the current input 25 paraneter§7dramﬁng for batch processing by the
active program Prior to that call, the routing and sizing prograns exam ne
the input. parameters draw ng(.s) for problens that would prevent a
successt it HY B T15y CIrater GRS robateif TodB, 2 hé O5RRRt ot But UE | s

echoed 4@:@ndogd fdd&iganshal &5t smasL: 36h dbsabt 8tk Ath at&fdgriSzan error
nmessage that causes a popup that requires user intervention, which would

not be poskiM @ oh theSsenvliea@sa@tutdsh Vite udadiectdunel Wien dirsabldd, an

alert sinp S e I f in

2011/ 07922‘5‘%85‘%%%‘?05%6‘?%85%6%2%%9%95{%1‘@ ﬁ%@ C1‘Seﬁ“c’n§(':t5|3Oo%rllgafaorre the entire

system i s p&d4 oy Mede bfoar sepan atles pgogpadurams, [ 0856h The lwvar tawes ppeegr ans

of the systemat tines .call one anﬁ%her (for exaggLe, after determ ning the

route fOrethre éﬁ§35ggﬁﬁﬁﬁ§9 t KeRoutd iy prgEanPRal PR St hel siddidRy pf&gram to

pr epar e apih 8 Z86h Sk 2i neeh theasyshemhe Havd A Ao:51 8816 Pr Qgramyhandl e
the log assures the entries are properly recorded in the order of their
creati ORACHDDEY] iAt ahyupsthenfadt HesSequenceavingr édreansreratomy thael0

realize h LNpyt. specificatjons_have changed. Wen_fhis occurs, a
featuréggﬁlgéggg?ﬁge&%ﬁo(gg%%%% e#%gu%%%l?%e%éﬂ?oﬁgfkdt%DF&? ﬁﬁﬁgrgﬁinges
and Or umu hiei -geit ored esh- designiandrestsieraicrn@ 1pEEYreEi @gain. Bblk ehchhe main
progr anms hﬁge_the capacity to have their work undone, even if the draw ng

has 15 bedhPeiveG IRG Fedifensd. @ LOUEpBSSTEoTHE IS g pr 6YFARET alPPEper at e

in a thygediaensi g i SPacs, ggeehngr%@ggimﬁ Bpetﬁedg@%ﬂ%ogrbgr@[hh .
si zing and graphic representation nodes to allow for nore accurate sizing
and optPmieat fon tdwtcural Longhandrewt Bt ownflors i20rey t hregraisersbonak ri ser

di agram,t o graphi cal ly_depi the final optiim zed system on,the draw,ngs.
G gt Oy i bR Skt EALEP Bbsof ey S0RL5 Bl b ngr Sy LEERe FREF aateary

pi piSng systam 25 Bovcag sifinquids tdioughagl epieng miqes undepaatRosBRE! C
pressure. This includes also the venting systens necessary to allow for

fl ow i ntitheP&LBpPAg Wi Hages pispitgd Cotmdn Banplés i meIldRl SER t ary
sewer, sfonmSewernand aci diwaste o 9Lhele 3Rkl aln¥esteskar $Peehak
pur pose buil | di ngs.
that requires user intervention, which would not be possible
on the remote execution 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 one
ancther (for example, after creating the cold water and hot
25 water services, the routing program calls the sizing program
to locate recirculation points so the recirculation pipes can
be created). Having a single program handle the log assures
the entries are properly reccrded in the order of their
creation.
30 [0046] Using 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 depend on the outcome of

previous actions.



30[ 0060] There are six main prograns in the pressure plunbing systens

desi gn process. They are docunented as follows: Plunbing Fixture Sel ection

(I nt egr atwo 20i1d1922be pressure pi pi ng prograns previ ousl pCiiitscus®erdyry WO

2011/ 079229PCT/ US2010/ 061905 21 Gravity Plunmbi ng Precheck Gavity

Pl unmbing routing Pipe Gapping and fi Eil ng Insertion Pipe sizing and riser

Ceneration 5 Pipe Labeling [ 0061] nunber of support prograns are used
a nunber of  |ibrar

and/ or cal he_nmai n_progra I n_addi ti on,

out i nes t KLY Gl Aot T B BPSEE CaPr G2El PRI Lar i a sbE LBed e
suppor trédiei fyverahac dese Ihnprecepsci $0ERP62Ns Fakval EnkHpeH. oRsent RE i8I X
mai n prograns are preferably run in the order listed at the begi nning of
this seRTFHS: Prd orf 8- Hifhniddg Aty of (&I oo ngccsirgited vangntlgbelhag

pr 001 aMth,: 412 APPLOPK| ahexbl BAKAAUSLAS, Pagll | 980k edod Nab e fl apkng. 2
function conpleted using a custom 15 Fixture and equi pnent se ecti on
progr aresthitat@imds phegopes abgainn Bdentfichyl ng tites nesessarygfhxsuhaseand

equi pnment in the.roomand accurately specifying the |locations and fl ow and
connect‘?r}b% ePBEGLF¥n troeaiﬁ‘f%n@h?%rofwo huril%o%eg'f ofFHER tiHat e daglondt ed
desi gn el @t N zpdd AhPrQBMB£an recogni ze. 20 [0063] A riser diagram

and its background are created automatically as new files by the sizing
process sof@@ktle.The feosdh Thadge@dmsnai nl HesPpArptegr dms, ahi thréet| ow

the preyg & o AL g§ neg( i.t.h. batch de. options to_allow for
. { offf dEStd é’%ﬁ £ 60 Jroas: ot Y
i npl enent a ion 1n ba c% frode on The "e%6cuton Ser ver SVITPRGAPR 10 all
10  sizing and graphic representation modes to allow for more
accurate sizing and optimization calculatiocns and to allow for

a three-dimensional riser diagram to graphically depict the

final optimized system on the drawings.

15 Gas Piping Systems

[0049] Gas piping systems include any piping system moving
gases under pressure. Common examples include natural gas,
propane gas, compressed alr, medical gases and other process
gases for special purpcse buildings.

20 [0050] The Gas Pipe package was designed to automate the
process of routing gas pipe in the mcst cost efficient manner
within the constraints cf proven scientific gaseous pressure
pipe design practices. Multiple viable routing sclutions 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.

[0051] There are six main programs in the gas piping
systems design process. They are documented as follows:

30 ¢ Gas Appliance Inserticn

¢ Connect Plumbing

¢ Gas routing Pre-check

¢ Gapping and Fitting Inserticn



25 machines in an unattended fashion, saving operator tinme and reducing the
overall processing tine due to the powerful nulti-processor, nulti-core
server- cwvasstigqeizpnent. For each, a submt comand cal PSTAISR@O6195 t O
submt the current input paraneters drawi ng for batch processing by the
active program 30 Prior to that call,,the routing and sizing prograns
exam ne the input paraneters drawi ng(S) for problens that would prevent a
successful run and flag the errors. In batch node, the printed output is
echoed to a log fil&, g‘%‘fd BIRS t3L 20 ARl 204819 0 TP POREH/AUS2010/ 061905 22

di sabl ed. An alert is N, &ff,or nmessage t hat causes a popup that requires
user intervention, whi¢h” Would not be possi bl e on the renpote execution

virtual mapddsel Aheandésabledupanral entoiam yasendse@a Aragagecholthe | og
for later use in 5 debugging._ The | og function for the entire systemis
per f or e bYE d¥Epd R e Progr HhRdditiopees] reREeFariodd PERsyr dRETéNSEhe

system @lad i BSneal | ng fRotdherectayi N R $hRYLE AT ogram handl e . fhe ! og
assures the entries are properly recorded in the order of their creation.

10 [ 006®)ridsithg:tcheoeid 1t ylaefionepraoggam to call another, it is possible
to wite i igent script_prograns, where the next.action at a given
poi nt can @ggg%hqgﬁfth%i%utggﬁggéPnﬁrevﬁﬁﬁé act’t o83 1F 0087F AR ™ any #pGi nt in
the sequenter0flprogi ams, ché gByebel16t&£qakbged.t hatotheoi RpHhing any

speci fications have changed. Wen this occurs, a feature allows a user to
accur at®l yEimdsotRéndut Srgtled oYk, Ll akadl vhangest and: r thet Reraapsiated

desihgn t it | r aj fau - i r ave
haCoana 5 1o Rt hert sk ondoas: "8uef TFAERSHr Sarh 258 nas pden
saved and cevpenedsas apPD6Bhcdheidesikgnopr ogragsaml | tbper ahédsn ahe

t hr ee- di nensi onal sgace .geegin track of the z dinension in all sizing and
gr aphi CCHept e8ent At R rodES Po TR i T0T° ot AU e SFIPhEARdIas

opti m zadiwiccal alati enswand 416, al | pudiary 2% a theee- digaRsi-paal khaer
diagramto graphically depict the final optimzed systemon the draw ngs.
HVAC _ L d&dl el AR &S SYIF 6 IR ATAESMYNAE | ©ad casal ysits & obPsmabt ol cahky

exhEacty AV M d Qb T QM LAY R L AU P ARS Y1/ plans and

[0054] A riser diagram and its background are created
automatically as new files by the sizing process software.

[0055] The three main design programs, which fecllow the

pre-check, are designed with batch mocde cptions to allow for

20 implementation in batch mode on the execution server wvirtual

machines in an unattended fashion, saving operator time and

reducing the overall processing time due 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 tc that call, the routing and sizing programs examine

the 1input parameters drawing(s) for problems that would

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

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

30 disabled. 2An alert is an errcr message that causes a popup

that requires user intervention, which would not be possible

on the remote execution virtuvual machine. When disabled, an

alert simply sends a message toc the lcog for later use in



associ ated exterior elevations for use in calculating the heating and air
conditioning | oads on a building. Wth conventional technology, this effort
i s acconpWo=had7mzImanual WO 2011/ 079229PCT/ US2010/ 06190%/1R30 1016185
readi ng and cal cul ating the areas of the various conponents and counting
fixtures, equipnent, lights, etc. Varigus embodi ments of the invention
elimnate the need to nmanually extract 'this information for use in the HVAC
machi_nes runni ng

5 cal cul at | | tilizi mber of virtual
on' mul (1EBrORRSor TEhut O - CHPET VB ROCpoBl SBTUEP EVAESNcdmpaEaretiAdan

unat t engleda bad g4 am0slep operah i on. [0070] G ven a set of plans subnitted
to the process containing the necessary building information, the system
10wil1:  [0990F1Thesueresey il Pyodgedpet Obneher sHpEempakyLLnas( Splénohhe

plan's u y e i t " l.ar ooni’, ich.is

defi nedérgésl%%g Q%r?ggx%ﬁ é?&% a?%t Eﬁmﬁ%lﬁﬁeng%tﬁg%hgﬁgx 38ti on

of the EBjpoty- lime, wachiremprmquand5 adtlect edhepolayidiinge pepresant sca

"Rooni'. ILF&(?WZ] Use t.his. EB, OI%/-I ine to conpute a _smaller, but

i magi nat 5P RedGBe P BT r S Vet P9 BOdnddty EREBF™ TheFREBF of | GWEILRe

"cont ouwsSogdm t hesrkeB DOolpird | Mg and LAY " GOl oWnt Jilde ok C%‘i&?krh§
o]

within 15 inches of its respective 20"contour” |line (or curve t he EB.
[0073] Streeedzd il ythfeterde oot sthe el eidiaigiamol | -up doors, through a

patternre@%‘qi oy It .hat .l ooks for. CAD objects in a flexible set
of recogni Ea e]t p%t%#ﬁs{ﬂb%ggaraﬁi E:t&earsl%sqélc?glé:r?ceos[% aél)%o%%%sl’naﬁoﬂ%yoge

| i A€r s)reqbl yed 25hdt nelfs) input 3dpacefdbhecdhs) hanieanyageedaet when this
configuration that are typically used to represent doors _on architectural
dr awi ngsSeThY pr%gr%ﬁﬁ rtagué%"fsri But &S5 oc Y ePEFEREEELY f BP9BachlBoor

Det ect i igind 1% ;6P t h@a REOGRAMLEAN A6 BfYH NeL AN, AESASESY | aesw?ﬁ haflq
particular door within a particular "roont. 30 [0074] Successfully detect
W ndowse $hipiging pacgeamsr egeghni-t ifdnl abgorhehmatimatp 1 emkesns oha @GADtbbj ect s

combi natTBRE S TP nGEEr. BOTYL I REbe) s e 5B obfedts) A LA “haD]
15 been saved and recpened.

[0058] The design programs all operate 1in a three-
dimensional space, keeping track of the 2z dimension in all
sizing and graphic representaticn modes to allow for more
accurate sizing and optimization calculations and to allow for

20 a three-dimensicnal riser diagram to graphically depict the

final optimized system on the drawings.

Gravity Plumbing Systems

[0059]) Gravity plumbing systems includes any piping system

25 moving ligquids through sloping pipes under atmospheric

pressure. This includes also the venting systems necessary to

allow 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:

e Plumbing Fixture Selection (Integrated with the

pressure piping programs previcusly discussed.)



WO 2011/ 079229PCT/ US2010/ 061905 24 any geonetric configuration that are
typically used to represent wi ndows on architectural draw ngs. The program
i nserts awvorntwnre22bl ock reference(s) for each W ndow De®Pettuskomnme6t90s whi ch
the program can deternmi ne an association with a 5 particular wi ndow within
a particular "room'. The program int ginal I Y, decorrposes t hese draw ng

obj ect(s) into geonetric Line Segnents and "cl eanses"” this data by renoving
"duplicates" and extendl ng, co-linear and connected Line Segnents to form
fewer, but |onger L®n %@%@ht Plogmpintatioidiea Al such Line Segnent

conbi nati ons nust exis e r. be "clipped by" the EB poly-| i ne, and
the REB. Since W ndow ‘? ﬁﬁfhn H(%J)n%ro?tnltrg]r sect with multiple "roont

polyline(s), the progr@m scpgﬂﬂ; g stich Batiegly linels)i Afross Room

Boundary(s) so that it re-establi shes t he |nvar| ant of one- 15
detect-1ine-one-bl oek.Pipe §{flifh] Rehderssan tdoganal El evation that
contains Wall, Door and W ndow Boundary(s), given sone initial paraneter
def &ults. AdditionaPl yEinhebalsekinan update any associ at ed W ndow Door

Attrib 0
pz)lt;/l-l ?;grEWespec%# 79 @%ngcfgg%gl c;:%ﬁn;?)sda%\/yg\%ndo EOFVI%I%\E}; tFon

pol y- | ime(g)e trhatn har/@gmnasshcaatiedl\ﬁhndevwthbrerAthr lhbterBl eeksiasswel | .
ConverSﬁJbgl, he user, can al so update the bl ock data to alter the El evatl on

render i 28P 0878] THETGSET Ul thetAutBEABSEEdiaTe corirngsedetsy. |

're-si z8ippoViEne oWt Bdids gt he-J¥operties Dialog box, etc. to " edit”
one or nore Door or Wndow Detect Line Segnent(s) to alter their position

andPor si zbOOGNﬂerF%to@D hégncémphét ed téegch sk "etdailﬂ taskgrams are

re-cal e Q.p |t|on |st| the Detect_Line
Segrrentcg{u% Sab? i nser sg??ew n% w?%o Ztt Pt %ﬁﬁl FHE REFES enc%(ggl?o
refl eCtSédf'IELCﬂEW earifdrgurat | pEan iV 2@(};’15,&/ &E92298CT1‘&82£H@/ 061209 g25and

[0077] If the user manual |y adds one or nore Wndow Door Detect Line
Segment¥@3StHt%r PRIFRARSIN. fde ut@Rune riddtte c L O&HFma iy Shgal Ay ewhPERD W | |

reserv. ng.-, d c u it d r
R’[tl’l bu%eseéé:%%:dk gn(?ﬁg %&&gﬁaon@fﬁggglbﬂ %%pngetd Q&almj/vé‘ BusPBR

15 fixture and equipment 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 each in a format that the
automated design and optimization programs can recognize.

20 [CC63] A riser diagram and its background are created
automatically 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 machines in an unattended fashion, saving operator time and
reducing the overall processing time due to the powerful
multi-processor, 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.

30 Prior to that call, the routing and 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 echoed to a log file, and alerts are



[0078] Detect and export any data associated with one or nore |ighting
fixtures found on the input draw ng. [0079] The information extracted
fromthe woanimgs22es sent to a text file that is |ater mseEdSasioampiport
into the 10 comercially avail able HAP Load Anal ysis programfrom Carrier
Cor porati on. HVAC Ductwork Systens [??80] The user defines the |ocations
and sizes of all air 15 inlets and outfets utilizing a custom software
am t hat takes into account the required airflow, room noise

sel ection pro
criteri %ékﬂ%%ri@ﬂsEﬁﬁﬁééréﬁcé”hnﬁr¥Pﬁi§ﬁ%ﬁ%ﬂﬁrE%%Et§aH§e§adﬁ PAPEP or

outl et..Jdre bkgaksethatsear e inserd fd ot o h hen CABRW ¢ hasgd erstheie
sel ection programresults contains all 20 information necessary to connect

the respecttihpe Femets e coitiost svistuaki magdrivieng WveAC dialpesht  and
begin the. processaof Linding thesgptimil,royte pgd siges,fot ally.

i nt erconnécti ng Syst ens. € process preferabl y suppor aFP types
of ductawrkygommotly: enspuhheteton nféhetkonshtiieti epsobmbtisl depgoZ2hegyst em
includhggziu ly air, return air, exhaust air, fresh air, nake-up air. The

syst em i 9&?%9§F§ﬁ%ﬂ?or both high velocity and | ow vel ocity ductwork
applicatiopsoed P0RM Jhei by eptd hakdl Spl at £S5t he-QPLE M 26dsr emngng%' gn

for HV AC systens using nunerous” graph theory,” 30 probabilistic an
st ati stdarathopt i Frzanvom ps beeder escgsamadaptdve thaddmoned kswadgor thhm i s

first enployed to sanmple |ine se ts fqr which t ondi ti onal,

pr obabiﬁ’nilp%]i/yecﬁ aﬁ?(ipnrgg) I:)aersld'f:creescscflgul{ree da]d]d? ﬁ'qben %roCFetrheO@Srt;ﬁ%ri SI&FATared using
a mean- 2fdeee paidy vewd adib el By the enégbhogaad tbecgovarhangerel hipse of
a "local]" scan of obstacle-free space as the width of a bivariate Gaussi an

(nor el S dPeEFiLBUEI diP Thetexdddsidi shtt hechbRipt P¥SIESHSonatte s &hseri es

of al gord s higges,t hg given point can depend on the outcome of
previous actions.

[CC67] 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 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 reopensed.

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

25 a three-dimensional riser diagram to graphically depict the

final optimized system on the drawings.

HVAC Load Analysis

[0069] The HV AC load analysis tools automatically extract

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

conventional technology, this effort is accomplished by manual



5 selection of trial |line segments to optim ze the ductwork design in such
a manner as to choose the | ongest possible "runout” ducts connecting to a
m ni mal swel2et1a1920r mai nli ne) structure. This novel stPaTaggoloasiodbeen
shown, through conputer experinentation and statistical analyses, to
produce 10 the |owest cost scenario. , [ 0082] The duct si zing
conputations are then perforned on a graph constructed fromthe

mai nl i ne/ runout_drawi ng using either the Equal Friction, Static Regain, or
Constarﬂ‘e%?’ociﬁ/a%e‘?%od?né}a ‘f‘ﬁéaotrjg}‘%o FuALIR. §F A miATEHERNI ng

tree 15cafsbm@xisunye adufonest )rara el oved ihaassi gn igwranbi gyeusly in
the case of highly branched structures) volunetric flow or ™CFM val ues" to
t he subSeet@nt fendgd f zédieacéoranhgoro Pprissiatatis nths oreemhixicrum

al | owahl &, p% ur an Xi lLacity, dn t ase_of _the I
friction 2 ?%}zhn(lg}éjﬁgséff (réllc}t%al {Ilé?g %\?&cito e ufsocr;:r, h't?%eg slblf]twié%% ngﬁ?@m SO
pr ovi decalbfaldtiovad ugsrdgralaly densidtylifairet i on fagiber, Wiscosirtyal

Reynol ds number, material roughpess as well as output preferences such as

duct sHEPES DA pedt™Hatd 08§ anlU tbsTPh? 8aRE0INns M5 oTEE]e Oonbd HhSPFEHL i ng
and si ze@srhayve-peen computeds fhesafiers, &l aatdicaldde s, dihg, duct work

on the CAD file in a two-line drawing format, retaining the third dinmension
i nformati olP¢ & kvatvon) 4 n sdie Xdat #.lema heswmevit ssbj ¢t s thEhepfrbraksCAD

drawi n i a -1.ine represent.atj.on of, the 30 .conpleted ductwork
syst emg(f nc: u%hnqgg aI’%%s)i zljfgncgeﬁrsa ef s%aun:L C&%dj a *CortAninTg ral I% il 0®Y§5%8m
préssureilbss information. WO 2011/079229PCT/ US2010/ 061905 27 [ 0084]

The automaﬁ edL]ii zi ng technj gues, conbined with the optim zed routi ng
routine, prYilitk FFFeisHEH HudehWerk aBsi GF thie reph¥skbhre(®) ceyt the

opti m zedy sl utdan %&ﬁ@@@g 19var migh i ghgy Lgueh gt geeunacy &B@fa"?an be
reasonabl y obtai ned using conventional deSign nethods. Electrica

Li ghti Syt éws defingd085 The LEgheiihgr Fiktlur eBGndairyi n(Epackadge—i s
desi gned. t 0. aut onat h rocess of. circuiting,lights within_a building 10
ot Be kD) SokPrRL rbl EAREBERRE, O i P Lbks P AT ot EROP £ RPPORLTY
builbdi nfettd ¢tcad tpdliest gmeragitaest R exkedeh as 1ight type, |ight nmount,
light volta nunber and tége of switches within a room and maxi num

e
wat t age di E{&t%) HEW | ithhtSs BPe ReYtubiRal ('GyeFRBPUES conpimaliath Nautonal
and |O%a<ﬁ)rg£r}l,5 @@ RNt By MU L] Pl O r%wug,aggxsowzsrgsgg{ee

I
automatically explored and the costs of wre an duit a cuﬁg?ed for
each sofaltliorns sthrli cdon@ices't hef | east EBopbly-tiésegnand detkr fitnadpur”

circui tli.n arcs are dra)vvn to avoid.obﬁgcles nd da%a iis stored in.the
drawi ng ¥or t & pangt Vskhetitil " pFdtr a inches obf 1ts respective

20 "contour" line (or 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 typically used to represent doors on architectural
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 a particular "room".

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

combinations of line(s), poly-line(s), or 3dface object(s) in



20 within the power circuiting package to automate filling in the

schedul es. [0086] There are five main prograns in the lighting fixture

ci rcui ti nyoadesgm2pr ocess. They are docunented as fol | oRET/USBI0O6I9F Ng
pre-check 25 Draw Gircuits Label Switch Circuit Lights Phase 1
Crcuiting Phase 2 [0087] A nunber of gupport programs are used and/ or
called 30 by the main prograns. In addition, a nunber of library routines

t hat do_ not intergct dire%é with the user are also used. to sug ort the
over al | 24&si GRCPrbteSs. COUOIY1 BF698229PET USPRL0/ BEIDEBL D8 G'FRdi t iFRg

Pre- Chegkoresent 00881ddhe pee- cheekitScauprdal gdiakpgsdesirgred g ensur e
that all required information is provided in a drawi ng and draw ng

di rect o¥§5%0FS t RETKEiLGRESci b ERG K | H§fadeomatison frogramhs Wondxecheeern a
renot e [ 1.t hpu a ors, 9] The i splays_the
nunber ﬁo oﬁﬁd%%ggl tcglfeotcpgg g?fﬁlal}nt h%ndr%%%\rg?%néd %ﬁe%gé&?%ggégnt %fxt Re nane
at t 5i buparthiasabeen wiuplohi edifbineachppandlculiie usesmtan THex afrpgpanel s

m ssi ng, nanes fro e dial og i cki r}g_‘rggn Fi x 10 Panel. Wen cl i cking

il cl
R T A 0 e e Py D ot SR O A

and hi ghlight sepchmanelntl sshpgeahtebbut espith & ¢ed hox and,gpepg the
bl ock Attribute editor. The program al so verifies that there are

cor r espotitphecgeatel seheduk&sehdingacirardnwdgraneind n ¢henected Line

Segments 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
Detect Line(s) may intersect with multiple "room" polyline(s),
the program "splits" such Detect Line(s) acrcoss  Room
Boundary(s) so that it re-establishes the invariant of one-

15 detect-line-one-block.
[0075] 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) respectively. Users can
also update Window/Door Elevation poly-line(s) that have no
associated Window/Door Attribute Blocks as well. Conversely,

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

rendering.

25 [6076] 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/or size. When AutoCAD
has completed such an "edit" task, it re-calculates 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.



15 el ectrical design folder of the job's directory. [ 0090] The
pre-check creates the local |ight schedule that is used for circuiting

aut omat i om0 20 7pa20gr am sear ches for |ight schedul e bl o®k$/Usro12l061905 r ect ory
drawi ngs prefixed with "E'. The following information is read from
schedul es and 20 witten to the text %éle Local Li ght Schedul e. t xt: Li ght
Name Mount Volts Watts 25Heat Load [0091] Schedul es that are m ssing

entries ar ' as.errors on the dialog, An error is also displayed if
o schedul QOLTE FoohE sk H?Pgétlg?y.aﬂ%r?e ProgPdm TP Tls "HeeeyhPoed
l'i ght's,pst dches neargk Gdiciing1hext, widdiin eagh «3Q Jieem bouindaLy -apd

reports any switching errors. The roonms with switching errors are flagged
on the TREWHY 3FdHa vedchovylinerperdee andshisgagetbeked| tlagay brEors

are foungy the MR 20 Q4223PCH USROLH Q81903 ¢+ 1 ivute Block's (and

5 Elevation Line(s)).
[CCT78] Detect and export any data associated with one or
more lighting fixtures found on the input drawing.
[00798] 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 Ductwork Systems

[0080] The user defines the locations 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 requirements

of each inlet or outlet. The blocks that are inserted into the

CAD file based on the selection program results contains all

20 information necessary to connect the respective inlets and

outlets to their serving HV AC equipment and begin the process

of finding the optimal route and sizes for all interconnecting

ductwork systems. The process preferably supports all types of

ductwork commonly encountered in the construction of building

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

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

[6CB1] The invention calculates the optimized routing

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 conditional probability of making

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



29 user need to close the dialog, fix the errors and rerun the pre-check.

[ 0092] The Warm ng frame on the dialog |lists the follow ng potenti al

errors: 5y0@9BJ079220i ghts found in the drawi ng that are ®mCI4iSpgosctvesiul es.
The lights are ignored by the circuiting automati on program [ 0094] 2.
Bl ock references that are not recognlggd as lights. 10[0095] 3.Lights found
out si de room boundaries that were not directed into a roomwth a narker.

[ 0096] exits li s were found,in the drawing. Draw Grcuits

1L 00D AAHS o ek JAFLABEE Hpr Uit AR LHAD: AFHS (IS LGRToTIPRFT CBILLERES | ght s

in ComﬁXaSI"tll&ile'nsscgﬂﬁ\eolfnt&ﬁéiﬁé'@lé%laeémgﬁé§§sa@ atpg thaknaldows the
user to create a selection set of lights and has the option of filtering

for spdtifaklapesusmicani hrp@@n@lbqua%rhbww stihedekechbion eptr ehee
| et udi g 20s Yt Lagondld age: - Xy, vgattfo%geaeser%ﬁg'tbglngeghefgmef

of lights a partlc ar type that caul it on“oné circul 698]
TheSpr cgplamtiracesft htoiigh ekirst i rgomiantsi t sobyopit anad ¢ ngh@avetlut:heodat abase

and conpecting. ar ndpoi nts on the appropriate Iayer | f ghts within
The SelSRain Bt Fudo 30 BITHer efit vort SUBEa nEYow 1ndRHE bECERIEAFT o0

t oget herruﬂcfuﬂhed%&§0&@ﬂnébgbﬁﬁ %zsC%ednlrmdarer%w@ié@eg@ (dheyavhhinopt be
circuited together. Otherw se the ghts are connected by t he sane

pr ocedfteruanr <o cﬂmﬁ\%ctnﬁ@ﬁll i ﬁééﬂﬁtlegght f@sn threrci relubwing appbught i on.
Now || S ) De e LIcHLeS: ol 0,80 BB Sl s et areoot 2l
nuiber twfe llighisc S:&ie&i:ts&ﬂer&ﬂdd otal wattage.

[0C82] The duct sizing computations are then performed on a
graph constructed from the mainline/runout drawing using
either the Equal Friction, Static Regain, or Constant Velocity
method. Graph theory constructs (e.g., minimum spanning tree

15 and maximum weight forest) are employed to assign
(unambiguously in the case of highly branched structures)
volumetric flow or "CIFM values" to the subsequent segments and
sized according to preset limits on maximum allowable pressure
loss and maximum velocity, in the case of the equal friction

20 technique. If not altered by the user, the software will also
provide default values 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 [0083] Cnce the routing and sizes have been computed, the
software automatically draws the ductwork on the CAD file in a
two-line drawing format, 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

Xdata containing all flow and pressure loss information.



WO 2011/ 079229PCT/ US2010/ 061905 30 Label Switch [0099] Label Switch is
a utility to be run fromthe Aut oCAD command |ine that |abels user selected
| i ghts arslo0ittoobes with a user specified | abel (a, b, eCr/uUSThe/HOprogyr am
asks 5 for a label at the command pronpt and then for the user to sel ect

t he objects. Multiple positions arouzgﬁeach i ght block is checked to place
the text label in clear spot. The co nd line notifies the user that

subsequent ogra rely on Xdata attached to each | abel by the program and
that they WG e fﬁ_\t/BE‘a&S_gi &tf "% epBSPRIBheE: t GARGEETa Wi eF Bft
light. dbheseidea Roem &4reduting, [RQHQRLThe £ifsihdhageceliotheqadt gaat ed

circuiting routine creates circuit configurations for lights within“room 15
boundartitest repaekeght §r oupF twi e nbzedorrdannon fHesigneshet i 2 cuirth

mul ti pl.e. i i OpS LI Gcuj r s,.for _th om are.expl ored and
placedlgﬁﬁggéaggggiIgﬁe?géuf%%ﬁtté?gtggg BBj &¢ g%é?%ﬁ rggfgéanruF%BHt
typés tdw@aivenerisordelf ideedigm wetdodedul e with the job directory. The Light
Fi xture object 20 stores wattage, voltage, nount type nightlight and

energency |ight data. Scheduled lights for the job are read fromthe Light

Fi xt ur g 2chedul £ forglhe, Proj£dms The program separates out any |ights that
have been manual Ty i user. Manual circuits are identified as

i ghts thatO&= domebiedt byy 25 iategsewiGihouti Cicia quadhmore- asit désXdaed. User
defined light fixture groupings are.read_in if. defined in the CAD
databagﬁ? &5 Sgr am ¥%e?§ga%y gﬁf?%ﬁ%%“?h;fgggﬁoﬁégﬁﬁnr80 lﬁﬁﬁPgthey
ar ecnotiposhei aned | BosSi Eflfacliyntt heaiogr amcgahhers | tghdésrd hats bekong in
roons that they are not 30 positioned in. Finally, the program gathers

| i ght s GHSTHE P RY oesc U o041 TheP proEEGRF seBrEResSPRE| d8 éa8htr oom

200 A0 Ao, SRS ORI Uhtod SR oy OOBECLLGML RS YO
within a room, and maximum wattage dictate how lights are
circuited together to comply with National and local code

15 requirements. Multiple circuiting solutions are automatically
explored and the costs ¢f wire and conduit are calculated for
each solution studied. Once the least costly design is
determined, circuiting arcs are drawn to avoid obstacles and
data is stored in the drawing for the panel schedule program

20 within the power circuiting package to automate filling in the
schedules.

[0086] There are five main programs in the lighting fixture

circuiting design process. They are documented as follows:
e Circuiting pre-check
25 e Draw Circuits
e Label Switch
e Circuit Lights Phase 1

¢ Circuiting Phase 2
[CC87] A number of support programs are used and/or called
30 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.



If swtching | abels are found wthin the room the |lights are connected

t oget her based on the switch |abels. If two 3-way switches are found, the
roomis cwonrettem2ei th 3-way switch wiring. If the |ighPsTius2ele®6r90Hm
exceed maxi mum | oad or there 5 is nore than one switch, the ceiling and
wal | nmounts are grouped by type. If gégups based on light type al so exceed
maxi mum wattage, they are further broken into smaller groups using various

grouping,technjgues anﬁ tge di fferent groupings are stored on different

| ayers _ : _ . There are 10 five grouping nethods for roons
that requireoanl tigd epebrenbts. 1ls0L0RbAE 1! nght S gWiddY iy d 0 dasnot
exceed the maxinumcircuit load, the ceiling lights of the sane voltage are

connect@ft ogéthereduhiesd t hef@aMptAvontss apsorvdArdctied to dswie neadest
ceilin I f V.0 ge. and. t he e n lights are
connec?delgglflﬂ odgﬁ%%l%g}]egggl ?3%?%%%% (?ln%%rl Jf?:]%t gsggﬁag%%%egfggrﬁrﬁl

hor 5zont@le:ofcwver tircad rawms;e ndathicrg Witehagwef efaandle ddmass .ori ent ati on.

[ 00103] I f L}d&rts wi thin a roomdo not exceed the 20 nmaxi mumcircuit | oad,

the ceiling’ Y5 tht'S%f B9 he VortEge ardcomm@®edd CégetRERY t R@Rthe

wal | nmoumd sicr 6 ,connect et 4,0 ddie HRar esle gl | iRg QkWalh spount .of (Lhe sane
voltage and the energency |lights are connected in to the nearest light. The
| i near attghtlsutg ehgonhectedunrlicd ziorit ataok pentilcalTheowsse25camt Ehikng t he

referen [ ] rientation. [00104] After ci,rcuit groups. have been_created
o e S R0 O kLR b0l RO L | oL e TR REEh B HEb I rPR PR
boundarBandlX. tiie=it ooDieRNhai Bad FIxwWaarsW tid Nerodtani el fsSs f FeBLE heo

function since it was already switched. If two 30 switches are found and
one swiltitth GRSOFAL hEXrBSRPT s 2RAREhed Hor 2R¢pel I bidlheveleasili t BARAY

et hereed e e, o) CRESAED e BUAED Leocoppeelec L
each Attribute editor. The preogram alsc verifies that there are
corresponding panel schedules for each named panel in the
15 electrical design folder of the job's directory.

[CCO9C] The pre-check creates the local light schedule that
is used for circuiting automation. The program searches 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 LocaIlightSchedule.txt:

Light Name

Mount

Volts

Watts

25 Heat Load

[0C91] Schedules that are missing entries are listed as
errors on the dialog. &An error 1is also displayed 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 errors are found, the



WO 2011/ 079229PCT/ US2010/ 061905 32 group is connected to a switch, by
finding the closest light in the group to each switch and the choosing the
cl osest |wg@hoiigmpa2e6h pair until each switch has been ut PCirasado1oiobi9vhe
nunber of switches is |ess than or nore than the nunber of switch 5 groups,
swi tches are added or renoved so thatzgne switch can be circuited to each
group. Phase 2 - Hone Run circuit G oups to Panels [00105]The G rcuiting
Phase routine is designed to 10 conbine jndividual circuits into groups and
home r A" Ther GFou e bgg%?otgep%@%il i hRfi 2I7G TChe 6y eF BF Y COBE. of

W re ansh-comeidt. The first steps involve reading in the fixture schedul e
recreating light references and room boundaries, reading in conduit and
wire costsl kt'Brs nfeaninasfgppeuion Idrerdiakra 1iststhhe dontarangircuit
gr oupsréétﬁégip feePflﬁrsJ\'eXt , the programcreates a room adjacency |ist. The
program then Toops through each circuit |ayer, gathers the circuit groups,
creates adj@@ent &ircuiigledgesouconbimeshei ratdwisngv then raonsmieseates
honme run anfs usiq% ﬁne of 20 six roap%ng met hods, cal cul ates the size
and co§Fﬂ%f Tos SN0 CHHYLT t 2ER ed YRGS eRYr §8St R TEHIGARY FHEOMEALP cost |y
of the groupigg nethods is returned to the user as the optimzed solution
to the circuiting submtted. [00106] After the drawng's circuits are
grouped usi#PLb Dne Bfoakhe widenmidrsds, thdfe greupsiodr e reeparared based on
voltagehﬁﬂgt$one run to the appropriate panel. To home run groups, each
group' s shortest path back to a panel is stored. The group with the nost
codbl y pat (%5 chbsenifiighsts afslind Sopashdés roevwi evecthd isee hiese MaRYgr oups

it passes through and 30 whet her or not a previous group al so passes
thrgugH“%ﬁ {ﬁeéﬁﬁﬁiinto a room with a maré%r. g P P

[CC96] 4. No exits lights were found in the drawing.

Draw Circuits

15 [CC97] Draw Circuits 1is a program that aids the user in
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 reference including

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

[CC98] 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

25 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 connect non-linear lights in the
circuiting application. New lights can be circuited into

30 existing circuits that are not at maximum load. Feedback is
displayed at the AutoCAD prompt such as the number of lights

selected and total wattage.



groups. A maxi num of three groups can be conbined to forma single, double
or triple honme run. If the shortest path runs though groups that are

al ready fwbI2o1ttdiee2path is rerouted. The WD 2011/ 079229PCT/US3R00619061905 33
nunbers of hot wires fromhome run paths between the groups are stored in a
gl obal data structure. After all ci rc%ts have been hone run back to the
panel, the cost for the grouping scenario is calculated. Crcuit and hone

run gr s are 5 recreated on the least costly layer. Circuit |eaders and
hone rmml -t h attached Xdata are placed on the drawi ng. The function

Panel Schedud®s] widddiin Rewesh G & cyli bi DO; Py OEESBe WLl @888hoRnei hadbEapunbers
for lighting and power circuits after all circuiting is conplete for the
parti culFEIMPrGj déne 10ha edibicdsl Pover Syl [ 00h0?] Bied peweiches

ci reui ting, packade i-p.designed 4o automsbe the process, of pebreylt Log pover
devices in the nost cost efficient” manher! The four nmain e%s I'nér Gde

pl aéi ngtdi5 sndrfogiower bhecksommardd t beopowernidaydidn utbki thhe rusdy ngoa
pre-check to ensure necessar‘él}iznffrnation,is found for circuitin

aut omatTorr T the Wrawfny andlFoblai Pettbt s cRFeunti R ahdIbFI gilﬁijkpanel

and appid anee-pehedyl 83ack001Q8lThe Roawrn Gy cdidd hosRackage-conshghs of
the 20 follow ng Progranms: Power Device Layout
line notifies 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 Circuiting

[00100] The first phase of the automated circuiting

routine creates circuit configurations for lights within room

15 boundaries. If a light 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 job directory. The Light Fixture object

20 stores wattage, voltage, mount type nightlight and emergency

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

Light Fixture Schedule for the project. The program separates

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

Manual circuits are identified as lights that are connected by

25 arcs without 'circuitmode-auto" Xdata. User defined light

fixture groupings are read in 1if predefined in the CAD

database. The program gathers any switches that belong in

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

gathers lights that belong in rooms that they are not

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

[CC101] The program searches inside each room and finds

the lights and switches within that room for room circuiting.



Power Circuiting Pre-check Power circuiting Schedule Pre-check 25[00109] A
nunber of support prograns are used and/or called by the main progranms. In
addi ti on,wea 2ounbyea29of |ibrary routines that do not i nterattusdéomctoby w th
the user are also used to support the overall design process. 30 Power

Devi ce Layout [00110] The Power DevicglLayout is an electrical power |ayout
programthat is a nodel ess dialog used™to place and edit smart power

bl ocks._The user. proyides the informati.on. WO 2011/ 079229PCT/ US2010/ 061905
34 neces a?Vl?%?lﬁérxﬁg?iﬁgaéﬁd%ggﬁgdﬁPﬂﬁﬁjbégﬁasﬁﬁﬁTﬁiEhﬂe%FSEchﬁéﬁgh a
seri es @fndhetdd bexgsthdeOR=dNSoaNd headi i i | 088e1d00IT i 5, haugaheen
provided to assist the user in making proper selections. The program

r et ur nsSWecH fevrEe' SBIchr relspomarng bt oeRNNEesedi ptiitén, 3atay i Butesh NEMA

conf 1 guf a11.ns. 1 Avald abl g, 00t | one, anflo St OPLLANR.. [Endetal! 5, ShRet
specifies alfowed values”™in each colum so at an adm ni strator can add or
nmodif y idevinoes ashaecessar pwithé,dethe| ssheetg absa dwaVves nwhirads opkkons

are set, enabc{)egiy 10 listed when a user clicks on a specific power device.
pt’¥o

Fur t herfor&® re/Biivd ot FHCUEC BR76H 1t 1 ul B8 hatePBecht 0d83CERE0 t he
progr amd:0i e Veat t 8501 $hel 0GLLL] Fhec hok| ewbRgnt asks capa Pe- Pertonped

usi ng the power device |ayout program
using various grouping techniques and the different groupings
are stored on different layers to be cost evaluated. There are
10 five grouping methods for rooms that require multiple
clircuits.

[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 mounts are connected to

15 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,
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 orientation.

[00104] After 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 switched. If two

30 switches are found and one switch group, the room is searched
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 number of groups, each



15 Add new Power Device Edit Existing Power Device Edit Miltiple Power
Devi ces Add Panel and Panel Schedul e 20Power Circuiting Pre-Check

[ 00112] Thwopowmar79220r cui ti ng pre-check is a nodal di al ogPpdgdisgmnestoes ensur e
that drawi ng setup requirenents are nmet for the power circuiting automation
programto function properly and mﬁthggt errors. The program perfornms panel
checks 25 and provi des feedback to the user on power devices and nechani cal

equi pnrent m ssing | abel s, and additi onal . warni ngs that nust be addressed
o or V5 R ont LA EHr G 11 ng" ben Bdr Mg baates L RES B 6 JeHOK
W t houti@myher§eese o SUBBht shuttpnahg enabbﬁgo%hghtabl ewsskhe digpkng to

be submtted for 30 power circuiting autonation..g_0113]The pr ogram
di spl ay3"xHe nearber Mot 1+ oaneh panerchl beksbeant Heldiaainglanthehagkbero see

{Agatzotl A 093%5%%%5%%?3% . glg%?’ggpplnio%@ faLathe PGl r TE: PLOGLAM al so

5 groups, switches are added or removed so that one switch can

be circuited to each group.

Phase 2 - Home Run circuit Groups to Panels

[00105] 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 circuit layers in a list that contain circuit groups from

phase one. Next, the program creates a room adjacency list.

The program then loops through each circuit layer, gathers the

circuit groups, creates adjacent circuit edges, combines

circuits within rooms, creates home run groups using one of

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

and conduit 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.

[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 back to a panel is stored.

The group with the most costly path is chosen first 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 of three groups can be combined to form a

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

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



verifies that there are correspondi ng panel schedul es for each naned panel
in the electrical design folder of the job's directory. Finally, the

pr ogr am wvDl20flegge2any fi xture that has been assi gned toPaTaspelo/obywos he user
and the fixture has a 5 vol tage/ phase conflict or |load type conflict with

t he panel schedule. The dialog also I'§ts any additional drawi ngs wthin
the directory that contain power bl ockS. The user has the option to
associate a drawi,ng in the list as a roof plan drawing to be combined with
t he cur?%%?eﬂ?aﬁfng“ﬂheﬂliﬁsc%FEWtﬁ?ﬂf F?gapFGgF[ﬁ%§$%%& brevidsesry

assi gnegle ABo fBghani gal1epyl PABRL GEFAESuake hirstedailn aiklst thoxaka which
the user can select and click on the Add button to fix the error. 15 Power
Circui theR PoDE14]Thebpblert i Fleai PienglautOrat oAt SSadestigmed roopdingeui t

pover deyiGes; wi thin @, puilding in-{he, st cost, &fficignt jmpner while
assuring conpliance w th standard el'ectri cal circurting rul’ées as
est abl i shede dy=d odes thnd 12@ sitndusttrly stardar dsirdinis Lsaachsevad byne

explorin@l_1 ltiple vabid routing scenarios, cost estimating each scenario
P P REe i

and chadd a?ﬁgs esderesofGhitén 3¢ B3R dredtre fhawiggr . The

[ 00115] e P1 ¢ ePanbegises by, 16at 84aHiz NELwlevi eescthal nyepe ckeat gd ysi ng
the Electrical Power |ayout program 25 Crcuit groups are created fromthe

devi ces?¥hbd" caATBELEombimiRed st ofet héighhdnghesel graogps atecuihsbacdketo an
APDTOPLARE B PANRLe P CoS DN D £ 0D A SOTASE LSBT T

di st ance. eren Nng 'scenar’i os are ‘achiev ying the groupings
of 1Di xtures to panels and varying the 30 fixtures that are conbi ned

together to create individual circuit groups. [00116] The program first
createsgi%&ﬁﬁiiélnﬁﬁﬂiﬁp§ﬁéﬁiE&ng each device to the appropriate panel. The

routing V¥®@Q@if07922@E§T&H§%Q;OEQ§E%Q§ing package 1is 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 job directory,

circuiting, and f£illing panel and appliance schedules.
[00108] The Power Circuiting Package consists of the

20 following Programs:
e Power Device Layout
e Power Circuiting Pre-check
¢ Power cilrcuiting
¢ Schedule Pre-check
25 [00109] 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

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 dialog used to place and

edit smart power blocks. The user provides the information



36 scenario assigns devices to either the panel it was assigned to using

t he Power Layout programor the closest panel of the appropriate voltage or
t he cl osew0 2pameb220unni ng t hrough the wal |l s. Each panel Pgraispoiosetongn
further categorized into 5 groups based on each device's circuit type and
mounting and the proximty of the devgge's bl ock insertion point to walls,
furniture, and equi pnent on background’l ayers. Devices can be of circuit
type Standard, Separate, or. Dedicated. viies will be of unt wal |, which
i ncl udeS G Heow a%&rpacrjﬁ‘ﬂjoﬁﬁngloa@ r fRPRGA8L 1PRodia It EREFT hiC oFCE4GRpent .
Devi cesthhatighayesbeessassi gAedkChbeHkl ardpPpaBehsnuABersdyr ibpgibayout are
directl¥ run back to the assigned panel and | abeled with the assigned

ci rcui t TaRhbérPS] 003171 GfE" t RECYE B8PS tHavasbeeh déter wisaad, imi rekiBgsi zes
are cal d e v age alu he grqup . LS
caIcuI£§g%§éﬁheq%ﬁggﬁﬁgnggoupgkgre Bgégpﬁéd t%%?ﬁghétri%%éé d%%%ﬁgeaﬁd

si ngl e honmeeswmsdimg accobtdanke W t Hebndiuptiynst andatdrdesicgs, convaRtMroNns,
but subéecged to a cost anal%ﬁis of the various possibilities for grouping,
wire 202t AGEANELET r curEt Daths1°1B0118] PEhePPELPRG t TRFPcEe4P 18r awn
from t hensonnegiad paver -devi,ceshandhes. Mhierciy cubtbpg | So CQpliet g the
program runs though a cleanup routine to fix arcs that cross objects and

ot her ax@dBindsStiFieetricsdal Pddel s anbiey Lidpeibeagr afs ngGOsEyThe Thanel s
and one,line, di agr p ge,l.s.designed tqo autonmate_ the process, of
schedul?%%g %% 3%?%%Ls%g gct?%%& §I3%1§9}n98%63ﬁglsag%hésu’es?n85ﬁ§ﬁ¢ing
paneél s ahet 30 gener atangueae | tneclsagbansaaukpeatifcal | powbasedegncthe | oad

and interconnection data gathered or input into, the panel
Furthermore, optiohs 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 » Add new Power Device
e FEdit Existing Power Device
e Edit Multiple Power Devices

o Add Panel and Panel Schedule

20 Power Circuiting Pre-Check

[00112)] The power circuiting pre-check 1is a modal
dialog designed to ensure that drawing setup requirements are
met for the power circuiting automation program to function
properly and without errors. The program performs panel checks

25 and provides feedback +to the wuser on power devices and
mechanical equipment 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 to be submitted for

30 power circuiting automation.

[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



schedul es. The four main steps include gathering data fromthe previously
executed lighting and power circuiting routines, WD

2011/ 079220RaT/1282910/ 061905 37 filling in the panel sciredaiSesiobaesl on
that data collected and automatically generating the one |ine diagram
representation of the electrical pome§ system based on the | oad data
col l ected and the proposed interconne Pion of the 5 panels as entered by
the user. The sy sten1|§ unique in that it attenpts to optimze the design

and red(RE" FEUNTARC] BRETH Fﬁ@ §9§F8ﬁ?°?@%89tPﬁ@eﬂhécp8ﬂ€§€5c5§ﬁ $pstem

after thgneyalgmidionieof ahtersptive; dBt hods ;apd egupprent st hale C%} bd sbe
used to interconnect the various panels and equi pnent. 10[ 00120] The Panels

and ChedlI¢@¢@¥ﬂgrEh%abhbka@becﬁﬁ§g§§@ UilﬂhélﬁglBOWﬁﬁgXPu@grahat hSsar t

El ectri P e e Sehed eck n Sc, ul e 15 Appliance
Schedul}g@érbnggglL %lgégr a%n ?\lg‘riiat%o\? thl n@er%hgf tglugtpgret ) g
are5usa&ﬂﬂnﬁeﬂphas@abbadlbytthﬂ:nmbadpﬁqgkansonfmh@d?dﬂﬁwltﬁen®6P%& SB
library rou es that do not interact directly with the user are al so

used to° %‘Eﬁfé) - tHeS oVEr hPY AeSPghlpFEcasy. 2gHATt ORPeC OFPEANIPaNGIhin

Schedul €$e directory that contain power blocks. The user has the
option to associate a drawing in the list as a roof plan
drawing to be combined with the current drawing when

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

error.

13 Power Circuiting

[00114] The power circuiting automation is designed to
circuit power devices within a building in the most cost
efficient manner while assuring compliance with standard
electrical «circuiting 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 solution to be returned to the user.

[00115] The process begins by categorizing devices that
were created wusing the Electrical Power layout program.

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 routing scenarios are achieved by
varying the groupings of fixtures to panels and varying the

30 fixtures that are combined together to create individual
circult groups.

[00116] The program £first creates Panel groups by

assigning each device to the appropriate panel. The routing



[00122] Intel ligent electrical panel schedul es have been devel oped t hat
interact with the various circuiting 25 design prograns previously

di scussedwpnreotii7s22docunent . The schedul es are conpati bl @Cmitushomwhelsnead and
wite routines in the various electrical packages and al so contain

i nformati on about the interconnection,of the various panels as defined by
the users of the systens. The panel séﬁedules are linked to of 30 their

| ocation withjin draw ngs,, their voltage and Rhase information, their feed

and subS‘%ee%%Fla?raﬁaéﬂ%gt SeliEREn theSDVRFAI FRBURAdSy PowerS drSEREBEE on
systemandyihey| opd datarasa hlf&er glaénmerOértl@rcpcsge%@g%ah@ltefst%@' te.

WO 2011/ 079229 CT/U82010/061 Schedul e Pre- Check 123] Schedul e

Pr e- chetke riel sy EPéFégetMﬁ %h@oﬂéoﬁﬁétu§@me&3Eﬂnnmmw Whiehgkr &hiengs i n
a job C haul d ,be L t  panel nd .ap |an e
scheduﬁggifﬁhe c%?o %gglse %gﬁg m@%ro%% r%&&r?at %ﬁ%% i réct8ry

Ioo&nupﬂmupsebasmﬁthnateachedeXd@bagxxiﬂduhﬂraypag%nmtmbmmtﬁmgngnand
power C|rCU|t|ngg|nforgatbon Found draw ngs, are djsplayed in the_ Power and

Li ght i ng*CiPEeF 81ty sP FE RIS SdR Gl 1R T Boph | Bptes FRab2Rééd to be
schedul ggsnthe-pr 09ﬁ@”b§h§9mégt5%%r S Jruh Oféé,seﬂg thpap; Xdat a,li gk

cont ai ni ng appllance mark al phanuneric strlngs nd draw ngs are
di spl ayed ¢hreiet Scyieeluf eandpplli afiepabarks brsbeboxatf001R24yThesusedlt hen
sel ects th

el oct 3y g PRl gBr Lol g, o pRpelr omLiegLLst UERCE) S04 chighs . check

appbi amﬂatwea,ndmheeksml tefoiing dat aEdefpREROI S DRRy 1@ sS S 14k t Ratewoul d

reSU|tk¥§H? gggu%%e%gncgich?% Q%QEIF23239u£3mgggsrag&rfggenggﬂﬁgugge
directly run back to the assigned panel and labeled with the
assigned circuit number.

[00117] Once the groups have been determined, wire

15 sizes are calculated based on the voltage drop value and the
group cost 1s 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 various possibilities for grouping, wire

20 sizing and circuit run paths.

[00118] 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 Diagrams

[00119] The panels and one line diagram package 1is
designed to automate the process of scheduling the wvarious
electrical loads 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,



20[ 00125] The Panel Schedul e program starts by readi ng Power Panel Schedul e
Data and Lighting Panel Schedule Data retrieved fromthe |isted draw ngs.
The dat a we 28aria7ext9i nt o groups by panel . Correspondi ng pamais2¢ioledos es i n
the electrical design folder are cleared on any existing circuit 25 data.
Each panel group is then sorted into ggghting, Power / Ot her, and Assi gned
groups. The user assigned circuits are witten to the excel spreadsheet
first. Lf both lLighting and power circuits exist, lighting circuits are
wf et b o aeior T esiar Schetl ahard-govt U2 FELES aRe. 30
wittennd® theutehbridsiple ho@RerdRIngr e agsd gnegh&ir cuifenunpeng biyr st,
foll owed by doubles then singles. The I'oad is bal anced by sw tching back
and f or¥¢Phesgwiert i@t t cdndthe glstlesitdd.cofl t hevpanalySchiedbheedOmwre thecuit

nu”berslaﬁyedgﬁgncé%%égpééOzgéZQﬁ§;7b@%g%géQG%%%%r%%nnection of the

5 panels as entered by the user. The system is unique in that it
attempts to optimize the design and reduce redundancies in the
system, resulting the lowest cost system after the evaluation
of alternative methods and equipment that could be used to
interconnect the various panels and equipment.

10 [00120] The Panels and One Line Diagrams package

consists of the following Programs:
¢ Smart Electrical Panel Schedules
e Schedule Pre-check
s Panel Schedule
15 e Appliance Schedule

e 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 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 wvarious circuiting

25 design programs previously 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 voltage and phase
information, their feed and sub feed arrangements within the
overall building power distribution system and the load data

as gathered by the other programs in this suite.



assigned and panel schedules are filled in, the programsorts all honme run
data by drawi ng and updates the honme run placehol der text in each draw ng
wi t h t he we=bgmes2ei rcuit nunbers. 5 Appliance Schedul e PCrAB1®6j0dtves

Appl i ance Schedul e program obtains the Iist of drawings to process and
retrieves data from bl ocks contai ni ng an Appliance mark entry. Data is
sorted by 10 appliance mark and writt% out to the Appliance Electrical
Connect : gn éagl ePi n_ihe El ectrical design folder. Any previous data in the
spread itten based on the updated, automatically
retrieved gade3lS Onesdidie, 3 agram-GEART @l 1:Q011The Me: LinePsagram
CGenerator utilizes the |oad, sizing, breaker, fuse, wre size, voltage drop
and ot hete | 1 oF ne® | 8PeFhiy hehSalar €rpahed s Sthedubes ' andiAgpltiramcehschddul e,
when appl i Gabke. i, aul oRhi CaLLy ereaf e.pqsinglie 20.d | ney diagram qggmposed
and annotated in accordance’w th i‘ndustry Standards, Ttepresenting € power
di sbri bptogamsyséemiies theo byl | dialg. dTheigenenathendoketheroneobknag

di agram.is conpletely automted_and does not require any user interaction
ot her t Eﬁgﬁi tHiHy TheaFoBY f SF3hRoces st ngdont e Yaenot Bt ips Ldahieng

equi prefia paved Hdedr-En; £ ey PLYESSRat SoR. CRbGHLaLLaN 1 RhsvalbagesAighey
conditions and fault current conditions throughout thé power distribution
syst emiA bty EAaRedr anichgl dshabaseCisceibat edswi tdvs.heélonéihdndrdivaggam

i nf or i nd.returned,.tq the user qf the_syste he one |ine diagram 30
gener m%torgo%?rllrrgn?ﬁg Idtehaas %%es(%lll ;%/OsceiTeecFFBﬁX%#e%]at-é[' eal%r%%lﬁar%qﬁhﬁ nt

based aegqraject for cade-lgpeeithc paraaeter 9 ient ef@tcainife bppeidhce
subm ssi on, including breaker vs. fuse distribution systens, copper vs.
al uni nUtA & r3HRf TEHPOTENL 3T T IVES 2093107 9309PETY S22 0 DeROABed 1n the

Scheduled Appliance Marks list box.
[00124] The user then selects the appropriate 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 [00125] 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 are cleared on any existing circuit

25 data. Each panel group 1is then sorted into Lighting,
Power/Cthexr, and Assigned groups. The user assigned circuits
are written to the excel spreadsheet first. If both lighting
and power circuits exist, lighting circuits 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 singles. The load is
balanced by switching back and forth between left and right

side of the panel schedule. Once circuit numbers have been



40 and the manufacturer information to determne availability of specific

conponent parts. Cost estimates are run based on the vari ables of all owed

desi gn ernwened/b1922vhe user at the tine of subm ssion. TRETIGSaGH/0608% | y

solution to the design of 5 the building distribution systemis returned

after each viable option is fully designed and cost esti nmated.

[ 00128] According to an additional exanple enbodi nent of a nethod of

desi gni ng bui | i%:g Ser Vi in a first step, one or nore base
el

es systens,
files &¥IHET PPBAT F£6 e@%iﬁa &re10-d 159 el yer Vit BLERATAR ERAES
descri bed elisgwherngherpidy QN&AM JTOE Pase hitleS FRY Deohase fihl es
including the initial design data (e.g., definition and |ocation of
conponehta@rid ks ah@xgperat icaghpadaaeies s wasdoctheed sfitdnachosérdsvices),
or the dles may include default or starting 15 architectures for the
i nt er connections between the conponent devices (e.g., base or default
desbgn solutions). [00129]In a next step, a user working on a secure
wor kst ati on accesses buil ding systemdesign files on a central file server.
The fi 18R ¥ 2CNSSHiSation of CAD files and 20 spreadsheets, for
exanpl e, repeAENti ng dhe Aase; htd diage gendi §£9@§am%9c££+§stﬂéylﬁggr esent
exi sting conditions and systens to be respected and possibly utilized by
t he aut@imt@dadesign processcep60130]d n mweekavet eplata uséromaybdetkre and
Iocatec205ntbu.irl.dni ng éservjécef.co onent . devi ces. TQ:%S may, co rige, fgr
i nst ance. &t terichg Ehd/ OPPThedFpor 3FFhy §&Vitde defiTi tibhs andtptacB¥ent
from t hpdiasendd | earandd:od addicRegnor ogel atd nghanyadgiinbelcof Enew:ehcal
base-fil e conponent devices. A user may execute custom software |ayout
tool s SrPHE IS Ure gt kist at P dntBectblensufesapn fatders PAvaPrerians
compat ichlie Whth Ehe atl onmdadeiesi,n 1pr 8ar age rGHEL 00 SLANRY € ot epLaces
control the types of devices, fixtures and equi pnent that go into the
bui | di nppdsx dchatawtaesiagn cstlandarads: igrveedhalaitaai ned. Only WO
2011/ 079229PCT/ US2010/ 061905 91

15 One Line Diagram Generator

[00127] 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, to 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 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 line diagram information and
returned to the user of the system. The one line diagram

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

distribution systems, copper vs. aluminum wiring components,



accept abl e devices, fixtures, and equi pnent are avail able for placenent in
the design solution files. Available devices, fixtures and equi pnent are
mai nt ai newlokzy11gyys2em adm ni strators with the authority PoTrEsk@ovh@nges to

t he dat abase. 5[00131]In a next step, a pre-check is perforned on the
initial design data to verify that daéa's integrity. The user nmay execute a
pre-check program for exanple, on thé“secure workstation. The pre-check
progran1qu LevieM/the bui | di ng devi ces, fixtures and equLEnent_for
conpl et BHesENEnT I IRHCLLERG iHERETRECS sy FBFeFReNauesAdt el désygrE

prograngpd @i £ ICELRBoWEhROY . Afd Or . CEha: PLge EREEKs PLOEr am ey, Logk Jhor
invalid paraneter entries on any or all devices, fixtures and equil pnent

ent er edthvat gariebdesi gt selldpived fddssisypr eokeredautonbhed ysreocessi e The
pre-che r ogr verif h 15 all external .file references and data
t abl es §§$£tggnggﬁﬁg%55§%0rg?él?g%%?rggﬁgg iﬁSTHa%gntﬁgt%Lglgfg%gPoo Il of
t he sdevileeshuiiaingesdiandilequipmesysteundsorethendasagnesokuchonibibhes. |f
the pre-check programfinds invalid or mssing information, the program nay
hi ghl | gPREIT ot Bl bY HéF i 2P 1Yt §F v Hr bl enmtic items on the
design sol pgoppsfiles and-gidhey QBO%Indea&@&MaefSéﬁxmwQ' ErbBaGREhect the
deficiencies or direct the user'to return to the appropriate [layout tools
to correttathetppdbbéndesfgnhegpbeitieck peogiassragstwinshouh anyikatd
errors é@gt moHId prevent t he gg.per 25 oggiationdof t he aut omat ed desi gn
progr ans. S heP The’t PES &Fs S F ot S ubht 557 8R ¢ 6T PHe SPBC§§§Pﬁdequeue
fonocautomated desivyy sképphag dhe nextcsilepdi Blkbenprecassmei00132Lkn a
next step, the nmethod conducts an error correction process and re-runs the
pr e- chetke pPbgPart PA2ERef130ScBrYebfsPaPE Kargsedneisdiaantiri éaibyathe
pre-ch gr nd,rerun t =check og Ny t i [
necessggﬁsg%Pel?%%%atééé ['er?%?gﬁgﬁgggef?gﬁeng?géﬁﬁagﬁt¥Fieggﬁggﬁﬁg%

pr e- chetkv progr anndThemsystiemgraypbeanenéirgur estsoaictteal | omlt MO those

2011/ 07 %;QPCT us201 /06%805 4%i§ubnission oa thej&%%{ n files to the
aut omat €d” st gn BFo%l’aerrs_ UREi IFChE gher cABEK BP0 ”ﬁ&po?’fssﬁérﬁéfla
opesat i Onah i ©sdlses SEBR IS hdeptbhhedt bynthefthrthecke PEeahaRLARY be
considered "soft" errors or sinply warnings to
devices (e.g., base or default design solutions).
[00129] In a next step, a user working on a secure

workstation accesses building 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 building
conditions. CAD £files may represent existing conditions and

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

[00130] 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

number of new or base-file component devices. A user may

execute custom software layout tools on the secure workstation

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 eguipment that go into the

building so that design standards are maintained. Only



5 the user that there m ght be sonething m ssing, which may be intentional
to the design but represents a potential om ssion of pertinent data. "Soft"
errors Wwb 2oato7pa2event the proper operation of the aut @caitsdoidasiogh
prograns. [00133]1n a next step, once the pre-check program 10 runs w t hout
any hard errors, the files are ready fgr submi ssion to the processing queue
for autonated design. The user subnit% the conpleted | ayout specification
to the processi ueue for renote, unattended design processing by the

hi gh- SEEEC BT GEES sTRGL SBF verra XF TS *pr GRSS iy Rfifitie 156 caiarpsle For

i nstrugti Ofsndo t he aomtedqdes amPragr amsesegar gi-a9) yhichdkiiessare to
be processed using which autonated design progranms. Jobs reside in the

pr ocesst Wt Yirucanmt ¢HuspRéNt | ABcascantayatfablye syistenakdrdohisteadbprshe

i gh- SRead, LACERRI NG, SEF VA Sud s MALIAR] & L QP 0e68s Ldie ) ob. 20 The

hi gh- speed processing Vers cons ti-processor; nulti-core
hi ghh- speed[&&EI¥EY cl assirequi pieettt , swbpch arayrédshackanisabber fiordees eh vit al
machines in either the Linux or Wndows operating system depending on the

speci f i 'C*putposte b IERLIVi FRGAI trachimied.y THir'e ¥ & ntil tTpPerskYver $hBach 25
cont ai nifel- Mty PgevhFLtual prebipesyt o ashigye the n@&gﬁﬁ%{hw@%ﬁé' ng

throughput to adequately study the various” design scenarios at neet the
requi r emeriss ofwortke tiakgwn -bui | Bheg msiestadns papangtrens. mds ezctien r tual

machi ne_c | etes the previ.gus_job, it exam nes the processin ueue to

det er mHG 1950 THE ReXt [ OB LACEhE STO1 & Hphr ob?T ar8 POF PSSP nEfded
putposemisiinyi Lteak mMachisRes yexsid Nehéheugdvaue eidn ddhel ot dgFo§fahdbto

submi ssjion until an appropriate project specification is encountered. Large
pr oj ect S HvEI | ‘ﬁbt]ﬁﬁPEi Gir&CEfer atTlJb%sprv\D:Qeﬂ/ OreYXepCTayS2b20% 062905 43

of conpl X BY$LEBaRL € Al ¥hfeda5NHG %'yta:dy SPf °§§§§éé‘9, SFZ%EQPést 9nfe

executed on nultiple virtual nmachines, | om ng par al processi ng

pat hs, spegtieny exedetrieon thhes.tfi®01B34)ilan asnéxtishepfibés erprihe viot ual
machi nes on 5 the hégh speed pp@fessing servers have reviewed, t he

i nstructlon ' set fPORTTRE PY ocessihgPqueTes “¥ hEPIEFBWTY sEatiehtethal be

pentor red. EQOA3RE(1)fuser rewiemscéds nahdr esdd stapte posdk idraVi MPShave

10[ 00136] (2) aut omat ed desi gn process returns the | owest construction cost
sol uti GF ¢ atfel ¥ i I EES P i n6EiLRi eShehe tekrtehatte hetlgr oodssthg j ob

is comsfadsal pnge WLl andeseidRion okl ot Ryle fhles gengrgted,in the

Process;
files. If the pre-check program finds invalid or missing

information, the program may highlight, c¢loud or otherwise

20 identify the problematic items on the design sclution files

and either provide the necessary toecls to correct the

deficiencies or direct the user to return to 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 queue for automated
design, skipping the next step in the process.

[00132] In a next step, the method conducts an errcr

correction process and re-runs the pre-check program. A user

30 corrects all hard errcrs identified by the pre-check program

and rerun the pre-check program as many times as is necessary

to eliminate all errors and deficiencies identified by the

pre—-check program. The system may be configure tc not allow



15[ 00137] (3) user | oads the conpleted design onto the user's workstation
conputer and reviews the design for accuracy, clarity and conpl et eness;
[ 00138] ( AVOrreu/dexpgn i s consi dered conpl ete, dr arCngs2@necaved on
the systemfile server and posted to the 20 conpl eted projects folder.
[00139] One or nore of the enbodi nents gescribed herein may provi de one,
sone, all or none of the follow ng ady nt ages. One advantage is the
conputation,of,nanyogifferent en ineering design solutions, each eval uated
n S

for 25 THAGTUCTT on*andfBF ofeFafing’edsts £8 débhér nPHECMRICER eRgSAESr i ng
desi gn ﬁﬁé&ér@@ besk imeet snd he pneeds cof a bubddifNg 3l R Mishi NN overal |
cost. This was previously not possible due to the trenmendous human effort
it woul @Peeyuier2t oedgogny sobfpref dqguivaldantanabysity The systehwcind
met hod ow.far a.multitude of, scenarios_to.be.investigated, which
woul a° et B e, SopdeBakl (iR TRE T | oREhY Al ohatBEalPy
genér attehd hesdesicga tsagard asigieiosShe esbinaRhe nigh e saich oo Pt €n t e be
determ ne the nost efficient and WD 2011/ 079229PCT/ US2010/ 061905 44 | east
expensi V& Edt 11 oh. BreplFi fig shdlt iPile TRRT YR ahd? pPep&PT hglderasréancost
esti mtes of -eachhi nqapaef f oo fdnd, the, pest, sol H&é@_@nesmg Pl
techni ques woul d be conpletely inpractical due to the tine necessary to
per f or pdiatmin ipf eche automated design programs.

[00133] In a next step, once the pre-check program
10 runs without any hard errors, the files are ready for
submission to the processing queue for automated design. The

user submits the completed layout specification to the
processing queue for remote, unattended design processing by
the high-speed processing servers. The processing dgueue
15 contains instructions to the automated design programs
regarding which files are to be processed using which
automated design programs. Jobs reside in the processing
gqueue until such time as an available virtual machine on the
high-speed processing servers is available to process the job.
20 The high-speed processing servers consist of multi—brocessor,
multi-core high-speed server class eqguipment, which may run a
variable number of wvital 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 to achieve the necessary
processing throughput to adeguately study the various design
scenarios that meet the requirements of the input building
systems parameters. As each virtual machine completes the
previous job, it examines the processing queue to determine if
30 the next job in the list 1is appropriate for its intended
purpcose. The virtual machines examine the queue in the order
of Jjob submissicon until an appropriate project specification

is encountered. Large projects invelving multiple iterations



5 designs and anal yze them The concept of determning a cost-optim zed
design is an advancenent over prior systens and net hods.

[ 00140] Thwabkwitaryzzbaconput er programto autonatical ly gecenst@oeeens a
single conmplete design of a 10 buil ding services system does not exist in
today's technol ogy. An advant age of tQ systens and net hods herein is that
t hey have been devel oped to autonaticatly generate engi neering design
solutions for bui l di ng' s service%.siatgns_ge.g., Elunbing, heat i ng,
venti| ati orSO W TETond TTORT ng? TRl eBLY1EER 157 pBwePLELEhEI n§*aRESFILRE

pr ot ectddBioner SYisd effe ahbeebhogds1 8L g1ENPOYALLYembPht 8L abhbi,t kgt O
accept user input as to the requirenments of the building and automatically
conput e P pearafuled]l &P oTfoldle Badutd ngeaskingel9x el tsioze ttime ssyst ens andf
repare detad- cost esti of e t designed., The 20 out put o
Itohege pr ogiﬁ(gdrrlsae y be al%%aﬁg%‘gbg%tggfi I%)é‘c%uegi”}sﬁlhzﬁ n% %@lgas irﬁl%c%%)rf‘r%%t g?- ai ded
dr abt i nthd echrighogysphadl caprdis=dning zedebyetrBe clofsér uctdwQrevagrdusthy to
bid, permt and build buigrdcgmngst.hThe | evel of automation of the_design

proces§rmtructlon set e processing gueue, the feollowing
sequence may be periormed.
[CC135] (1) nser reviews final results and post
drawings;
10 [CC136] (2) automated design process returns the

lowest construction cost sclution to the file server and
notifies the user that the processing job is completed, along
with a description of the output files dgenerated in the
process;

15 [00137] (3) user loads the completed design onto the
user's workstation computer and reviews the design for
accuracy, clarity and completeness;

[00138)] (4) Once design is considered complete,
drawings are saved on the system file server and posted to the

20 completed projects folder.

[00139)] One c¢r more of the embodiments described
herein may provide one, some, all or none of the following
advantages. One advantage 1s the computation of wmany
different engineering design sclutions, each evaluated for

25 construction and/or operating costs to determine which
engineering design solution 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 o©of equivalent analysis. The systems and methods may

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

them and compare them to determine the most efficient and



herein represents asignificant advance over current 25 technol ogy.
[ 00141] Anot her advantage of at |east one enbodinent is that the prograns
utilized wo2datigpazdne the routing, sizing and opti m zat ipom/uskoioersedst of
t he various buil ding services
systens(e.g.,plunbing,heating,ventilaﬁhon,air- 30 conditioning, electrical
power, lighting and fire protection) apply the use of exploratory,
predicéive and iterative c I%ylation net hods t hat P@ye not . previ ously been
X i d

appl i ed $0°t he® TS Y of BuitdiPy ser vicBEZ )Lt e designs an
2011/ 079229896 LIS2049{ 064986545 0042 Angthekcadvantage rirs rikhat, tthegqnet hod

of preparing CAD files for processing is unique in that all paraneters
associ at'e’l ®RFeh e Wibaruresingupképs dwdhotiere scomporénbe depinpdstefl va

bui I di ng Jay. fo 2 eﬂgsf kBeq N t?irrfeorr{@zgeéséﬁc}ftt§eg8£% ¥me%§%u&iuﬂ%i§%fet var e
uses to ow Tor the autonmati c generation alternative desi gns tor cost
anabysiges igiiheapd oeaadyzE0@hed]. Ancttrerc advant age dsteéhatntihe pr eeessi ng
archit eg;gtu:{rgi é)édt rcljeespllgaf*f f (erm grq Vgnlcihgahnéer}neens S%%g]ropgggégs systems and
methods.
[00140] The ability of a computer program  to
automatically generate even a single complete design of a
10 building services system dces not exist in today’s technology.
An advantage of the systems and methods herein 1is that they
have been develcoped tc automatically generate engineering
design soluticns for a building’s services systems (e.g.,
plumbing, heating, ventilation, air-conditioning, electrical
15 power, lighting and fire protection). The systems and methods
are innovative in their ability to accept user input as to the
requirements of the building and automatically compute pipe,
duct and conduit routings, as well as size the systems and
prepare detalled cost estimates of the systems designed. The
20 output of these programs may be a CAD database file utilizing
existing computer-aided drafting technology that can be
utilized by the construction industry to bid, permit and build
buildings. The level of autcomation of the design process
herein represents a significant advance over current
25 technology.
[00141)] Another advantage of at least one embodiment
is that the programs utilized to determine the routing, sizing
and optimization of the cost of the various building services
systems (e.qg., plumbing, heating, ventilation, air-
30 cenditioning, electrical power, lighting and fire protection)
apply the use of exploratory, predictive and iterative
calculation methods that have not previously been applied to

the design of building services systems.



10 builds upon prior technologies in an innovative way. The preparation of
CAD files for input to the process may be perfornmed on secure bl ade-type
wor kst at iwo=011@01e29t he CAD files are prepared and checkedTfuseomwioelonsat egrity
of the input data, they are submtted to a queue for processing by a series
15 of high-speed virtual execution sepyers that reside behind a firewall
system preventing any access to the sérvers fromthe bl ade workstations.

The separ at | f the ecution servers fromthe workstation bl ade network
prevenfs aﬁyﬂP er act i ?ﬁh%@ena he"be8Fs afid (HE T outlihg, "§FBPAg SAd

opti nm zatd - 2Qsofcamar e tsel for [ AL ARG en sadvanyage 1. thatle thejuse of
aut omat ed design prograns allows a much nore precise and accurate design of
t he buiRafi3teeryi éésosystess. wThhs ke ndt zpossishl ecuslags comeneibaal

net hods o) raknts i e . ch_desi-gn
gener at i tEy P T S0TT o T o2 SL ALE, B0V, B2 BERCRE G a B eI € e e
prebi sitdmtal | oamaige for adecttonal softwsewi ngsesn tbe gomstrucbirontak the

buildiqglb not masting unnecgss ry materials in over-sized or approximated
syst ens 1% edd PP TsThy°Rhafdb IELREs Uit B ot Wer Cappr 6RAMIEL SN

met hods; n, egeh @k eyery pipe section, conduit, wire and duct is precisely
cal cul ated for the actual needs of the system resulting in a nore nmateri al
and ener gyl & ¥4 xl ent desigimer WR203nt839229PCT/WUSA0101061905046551ng

[ 00145] r.0u er n , Supstitutions, varjatjions, alterations, and
rmdificaclmca)lr{t:’sec:iftxcegyth e%ggcgﬁgaﬂﬁgﬁ‘nghégb gEﬁF ed i'h tHe WPt SRE-FESPs
i nténdeshihad tben5 presenttddivenidgreLencanpass iahlovattakechanges, The
substitutions, variations, alterations and nodifications as falling within
the spiRiTPHrid-bp8Tof CRHi s deistr EFET oRPRBOT46] Wil eP¥AFRSHi Stlvoshife has

descri had- €8 Non  secure blade-type workstations. Once the CAD
files are prepared and checked for the integrity of the input
data, they are submitted to a gueue for processing by a series
15 of high-speed wvirtual execution servers that reside behind a
firewall system preventing any access to the servers from the
blade workstations. The separation of the execution servers
from the workstation blade network prevents any interaction
between the users and the routing, sizing and optimization

20 software itself.

[C0144] Ancther advantage is that the use of automated
design programs allows a much more precise and accurate design
of the building services systems. This is not possible using
conventional methods 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 construction of the building by
not wasting unnecessary materials in over—sized or
approximated systems. Instead of using handbocks, tables and

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

efficient design.



enbodi mrents and generally associ ated nethods, alterations and 10

permutati ons of these enbodi nents and nethods wll be apparent to those
skil | ed iwotzhe/p129 Accordi ngly, the above description @CTaxsamloe1905

enbodi ments does not define or constrain this disclosure. O her changes,
substitutions, and alterations are al 0 possi bl e wi thout departing fromthe
15 spirit and scope of this disclosure, as defined by the follow ng cl ai ns.
WO 2011/ 079229PCT/ US2010/ 061905 47 WHAT IS CLAIMED IS: 1. A systemfor

desi gning buil ding services systens, conprising: at | east one
processor pperebl e to exerditsuat | easteone ORIt er PLOgEdikutions,at

| east one user interface coupled to the at | east” one processor and operable
for reca@¥Vizlgipraw apltgrofidasa sads madid ipladrigns ynaf dat assetrsadorpri si ng
a first, da t PR LS Ng. t | o ions.of..a pluraljty.of onent

devi cesbjgljottgfos%t %ggﬁegne ui %oﬁ né%tger%?%esltsy%tserﬁng% %dsgtglggrzcd gg?a set
conpr i shrgsait | éastnonenoperadnps Paeaheteicrasshengied wabltatukeask,one of
the pluraljty of conponent devices; . _the at | east one conputer program
usi ng t‘F?e“p?%ﬁ'odTi?'tya&fte&é’ftéO?ec’t sApd gk td Psur afFi tiR oFingesgRhin

sol utiong. Kachiof 1P dhgdlar aliiy pfsdesign,sol utions conprising an
arrangenent of interconnections between the plurality of conponent devices;
the at | eabi0bhel conput@rils odiham opesabbeute deter Mawm @ eohsteutkion cost
associated wth each of the plurality of design solutions. 20, 2. Th
system'o %%\‘Jar?eﬁtls, %gr ieﬁletrﬁ%'igt %3S lad:r‘?gsc %}ER%EF’ p?gé?ﬁﬁﬁ%n‘?uﬁpﬁer
opepnabl =t et 5l Nef arhoper akbogi 4ests ass@cnatrdawi hleaph appkhent
plurality of design solutions. 25 3. The systemof Caim?2, wherein the at

| east dife C%@%%@erskllled in the art. Accordingly, the above
description of example embodiments deoes not define or
constrain this disclosure. Cther changes, substitutions, and
alterations are alsc possible without departing from the

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

follewing claims.



programis further operable to determ ne an optim zed design solution from
anong the plurality of design solutions based on operating cost and

const r uctworzotigs229 WO 2011/ 079229PCT/ US2010/ 061905 48 PBET/URb@0sdy®dEm of
Claim 1, wherein the plurality of design solutions conprises a first design
solution and a second design solution,-the first design solution being
determ ned based on at least a first value of a first paraneter, and the 5

second @}?ﬂ“gﬂ%sﬁgﬁggnﬁgl ng based on at | east a second value of the first

par amet second val ues being different by a predeterm ned

anount.1. 6. ghesgystam of o0 abrklgnWher EiHhitlQﬁrﬁ# | easti o8 CcamRutlels 10
programis further operable to run a pre-check of at |east one of the first

dat a setompdithedsecond data set, the pre-check conprising a deternination

of whet her I o] va]! e e fi nd _second .data_sets ets a
pr edet er m ng%jtt rgééﬁol%gl.e 1 %é.)gsf%e g{;%%ge%nl%f Cg&l ai rﬁclu,tev\hag? e?ﬁaggﬁg&e
ent érs atnpeast onegodmt he first and second data sets, and wherein the user

is prevented from accessi ng the at | east one Erocessor. 20 8. The system of

Caim1l, whetein®tik &0 T ol ebhptt eFOPPOGHarh ddtiet ndhedeasti Rar

desi gn sebdd oh- banad R 2l ileast - one-af vOREr 111G 1G0]E AdyePASILUCEion
cost. 9. The systemof Caim1, wherein the at |east one conputer 25
progranths frkeiekitbperabl edalor detsrai eorep tlapgand t e off iatst] ealsttaoneet

conpone vice b d ,an. _qQne_or re pr.edetierm ned buil di ng, requi.renents.
10. Thegénngfleén‘%% @%gi r%oﬁa%\ﬁr%lrseiog?t Re Pat iodadty o%g 88%8?38t3(§%5118615am is
f utherodperallleadto produee laiset ofrwiesd gnsdoesmpntsd NCosperali g rat

| east one of the plurality of design solutions. .
least ohe operating parameter associated

set comprising at
with at least one of the plurality of component devices;
the at least one computer program using the plurality of
data sets to generate a plurality of design sclutions, each of
15 the plurality of design solutions comprising an arrangement of
interconnections between the plurality of component devices;
the at least one computer program coperable to determine a
construction cost associated with each of the plurality of
design solutions.
20
2. The system of Claim 1, wherein the at least one computer

program 1is 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 1s further operable tc determine an optimized design
solution 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 sclutions is predetermined.



WD 2011/ 079229PCT/ US2010/ 061905 49 11. A nethod of designing building

servi ces systens, conpri sing: establishing a first data set
conpri si nyotzha/d7exzat i ons of a plurality of conponent deeCtas2ai/oatd east
one building 5 services system establishing a second data set

conprising at | east one operating par ageter associated wth at |east one of
the plurality of conponent devices; enploying at |east one conputer program
operablge to yse 10 the first. and second data sets to generate_a plurality
of desigh soﬂt‘ﬁi 8|¥§Tteg‘acchtr o%l?ﬁ% rur AP TG of tg@si%lﬁl WtY o E6/pFPsi ng
an arr aggenendnof ddiercannect | gnsshet weenghhespi v abht Vad Gonpenenly

devi ces; the at | east one conputer programoperable to determ ne a
15 const¢ g} ofed$tcassoehat éd rFitt hdeattn ofsotlive ighurlaginy deteesiigrd
SO|Ut'qg§sed onlgt Iggsge%h%quk(géﬁdg]%F XM%EEEE hg?aﬁgtlgasgngn%h
conputer programis further operable to determmne anh oper ati hg cost 50
associ atecomi t Hepagh ebltihéopl berahigt asfedesi gt sbéaist oaSsecdldd Theuset hod
of C ai n}mlz, Wh%r.ei n the at | east gne cor‘rguter rogram.is further gperable
to det €thi hdCant OpEF M Wiign $8Fut FoRsFr GRhndhRgORfe et i £Fiae

desi gn $of £+ oS Hased, ALy Lo: OREES] | M ¢ost and construction cost. 14, The
met hod of Caim 11, wherein the nunber of the plurality of design solutions
is predeterm ned. 30 15. The nethod of Claim1l1l, wherein the plurality of

desi gn sol utj.,ons i ses~a_first si.gn sol.ution and_a second design

sol ut i o?f, t h'e}%f]i ?i%)@d%sﬁgncggllﬂnt ﬁdnqﬁleei%gmde 0y n?%ege%ageanSncgf“pluzﬁgt a
finlst vatageraf asfinsthearapetenleand the aWOr201hL0¥92329BETAYS20104861905
50 second desi %rll sol ution being based on at | east a second val ue of the

first ahBEer 17 fhe Fist5nd 8ecoRE VATES! ATy BT f eFBAt PBg gheck
predet exdineds aiUBt determination of whether at least one value of

the <first and second data sets meets a 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 from accessing the at least one processor.

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

program determines a final design solution based on at least

one of operating cost and constructien cost.

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

building requirements.

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.



5 16. The nethod of Cl aim 11, wherein the at | east one conputer programis
further operable to run a pre-check of at |east one of the first data set
and the swoand/ddox2a set, the pre-check conprising a det @CEiusat1006190$

whet her at | east one value of the first and second data sets neets a
predeterm ned 10 threshold. 17. The thod of Caim1ll, wherein a user
enters at | east one of the first and sécond data sets, and wherein the user

is prev ted from SSI g the at | east onﬁ processor.. 15 18. The net hod
of C ainTill, whéri'eﬁ t 19SIIVHE coRpdLar NEr ogf &hY Het Br niSYSLSESHi nal

desi gn @@;hplﬂ@m@ased on at Ieast one of operating cost and construction
cost. 20 19. The nethod of Caim1ll, wherein the at |east one conputer
programis feftdetidperant efi6SHetlabfi AETaceapasREpdothat Liosasti onme of

componeqt oMl 68 RASEY LAt OL: MG Rgdeber Wned Bull dlig eyl iarent s.

25 20. Thé method of T aim11, erein the at |easf ‘one conputer programis

furttherseperad$ esystgnpoduce a set of design docunents incorporating at

| east one of tt‘ha?bflsyhlarllét% Ogeéjc?r?éggasm usFeltongomprlslng at least one

cperating parameter associated with at least one of the
plurality of component devices;

employing at least one computer program operable to use

10 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 cof component devices;

the at least one computer program operable to determine a

15 construction cost associated with each of the plurality of

design solutions.

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

20 associated with each of the plurality of design solutions.

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

25 operating ceost and construction cost.

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

plurality of design solutions is predetermined.

30 15. The method of Claim 11, wherein the plurality of design
scluticns comprises 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



10

15

20

25

WO 2011/079229 PCT/US2010/061905

50

second design scolution being based on at least a second value
of the first parameter, the first and second wvalues being

different by a predetermined amount.

l6. The method of Claim 11, wherein the at least one computer
program is further operable to run a pre-check of at least ocne
of the first data set and the second data set, the pre-check
comprising a determination of whether at least one wvalue of
the first and second 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 one computer
program determines a final design scolution based on at least

one of operating cost and construction cost.

19. The methed of Claim 11, wherein the at least one computer
program is further operable to determine a capacity of at
least cne component device based on one or more predetermined

building requirements.

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

design solutions.



