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TI TLE OF THE | NVENTI ON: METHOD AND APPARATUS FOR
UTI LI ZI NG A SEQUENCE | NTERPRETER APPROACH TO CONTROL
LOd C OF A PROGRAMVABLE LOG C CONTROLLER BACKGROUND OF
- THE | NVENTI ON [ 0001] The present invention pertains to
programmabl e | ogic controllers (PLCs), and nore
particularly, to.PLCs that utilize a sequentia

i nterpreter approach in executing their control | ogic.
5 [0002] The use of PLCs has revol utionized the
process control industry. One exanple of the use of
PLCs in process conbﬁq Ek§=THth9EN¢ﬂyﬂaCture of

sem conductors. The ing of two or nore fluids to
foﬁ\'/]“E D%&HB% s'iﬂdﬁ U"rﬁ_iifWG AYEQUENCEINTERPRETER

HPEd ﬁ#tbl. LOBIC T MPHDERARMARLIE 0861 ONTROLLER
very to a abrlcatlon tool requires precise

process control. Typically, controlling this type of

process by PLC i ybnGROUNIOFIHE fovENTION ONt 1 Ol
logic (i.e., opening/closing valves, checking

[0Ab®] MTRE bReAE iBveritio -perthifs & progPA:ﬁ}naﬁlé chgic a@ﬁmﬁwsl (Plle:d;) and
vi @ sequential | adder | ogi

meteapitisidarha ip Pb&e thag HH“W ggcf)qﬁgﬁqxl |qt8;pr%ef g%aa%ﬂte?(gffutmg their

coﬁﬁ,lg,ﬁ@@rchltecture However, any changes to the
control schene requires | adder |ogic nodifications by

{0302] n‘i*hé’ Lgs 6* PMC& Rad Rvelusbhikéd th%qirocelh'arcemv@lﬁndv.tsh‘jt One example
usa y such fixed, contro %fﬁ m=f= archlte tur?{he

ofthe ys® PABEES i térﬁﬁesq@@ﬁgﬁ is jrpt ﬁmn% ure of spmicopdugions;

bisRdihyf ﬁvdiér' tjnbléefﬁud?s tb d6HEEE bleﬂlb@ gd%us maixtobs 1oh ctrabining a

t L
ST GOREAIET G .0 MR AT 435 A AETHEY TR AdAdeali fsp roquires

preBis8 phrodeds @bnfdIP frgp:a&uyo Bortollgame type dfipgoceks by PLC involves using
plications can be construct ed whi.ch are fa

seaepre conteg! ingig fhes onr@@g/g nﬁéla Ve rﬁhe&lﬁugg alamg s[eh%nnts etc.) in the
PE® féln? G@éd:é(?ﬁ‘ﬁpla‘éﬁécfha sa&Jérﬂi&uhada?@gxabmrmmbg This is the standard
mai nt ai ne a_ | ar CJf 0SS i on e p[.oces
SRRSO BARREAor ST T AL BER rEHIEEHER | CORRYE, any ohanges
ottﬁé RBhird 3BRemb ?éhtﬁ&'eﬂdﬂdﬁﬂl&gl@fmédmaﬁb?g by ?A(ijrtcmmuw withittsis skill
constructe IS ot

r anm technique is e
Qi MareRies Ty marmery gRge by w%df%ﬁfoawg*@ Re ﬁ%‘ﬁﬁfgre %
indffitianpt her avail abl e | anguages. There has renmi ned a
need to construct code segnents-that could be used for

[00US] | Pl sarfciiars blaSaeal PRTL SoftvarDutiiized a dsdder fogic cmﬁ_:;n, which has
cceoabbtL lives SHon S oSy SnchiSh it Bblatons. The
hiBi@kctRAstithi¥ tafeCsTEBplicafiof ¥ shown in Fig. 1. Applications can be constructed
which are fairly complex using this programming technique, and the applications which
result are able to be maintained by a large cross-section of the process control
community, as well as local engineers and technicians with & minimum of training.
Although this programming technique is easily constructed, it is not particularly efficient
in memory usage when compared with other available fanguages. There has remained
a need to construct code segments that could be used for muitiple gas stream control
such as first and second input flows of a gas cabinet where the input flows are blended

Unfortunately, ladder logic does not easily accomplish this.
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-1 [0004] By way of exanple only, the Assignee of the
present invention, nanely, Air Products & Chem cal s,
Inc., has used PLCs in its product line and with the-
rel ease of its Gasguard(r) 450 (approximately 1990)

product line, the technique of using external

[066&‘]’ gg h%g'o? efl@rhpleldhiys By ARigressi &8 p}p@émﬁnventmamahem Air

b t | at
Pééﬁetsa& Chdigicats. (o duaapa PLOP A IPHGC B gL IS Digpse of it
ard®450 ﬁébﬁro&?rﬁateﬂal\%o rodUdtdifle [ thb Sechite e Likingl external
e

ver, rimary difference i

it o R oppraing ek Bne e S fetsted

@r,%sm Hypéahlicti YehdBisns ar@asgaamﬁaﬁélumag saas{;wa";%}aso 500, AP2
ts at overcomn the@e IQroble

arubﬁ@&dpﬁqqgaliésgg dRis ggmem @W%\fﬁljﬁ?\e g{lmgw c? 8?regce is that each

of tRE &f Qﬁb%rﬁ@‘br&&@s Gifiges 2 bAdbddet cdrnifdt syapEmh btedricos types
rapi ]y ran out of nmenory when using this direct

af}ﬂ@gﬂﬁ#ﬁ’iuﬁ%j’srret hod. It was suggested to use custom

STL (statenent |ist) routines and ctured
[08651 r Attempisgi KYRCOPHIR A% PO Ienwaécéq.é% velppjiga code for a PLC

aﬂpﬂiE’aﬁ iVek a 'n?éis‘iﬁfus{di’tﬂté‘d (‘I\Mtgaéﬁ:abmeﬁbmaﬁattdmﬁcambuIrabld[y ran out
result i1 n a savings menor %P\Ag d all ow
‘h

ofg'@gngmwlp@'ugsénmdlm g;ograénm was syagd ecﬁj ﬁo use custom

st (méﬁt fist ﬂ;@taﬁém#cﬁm:l_ %sthf@ﬁné& amlmt nhngaége) smnmeadm
In the C. Each cal routi ne §ulte

sup@}@@erg@epq%t@pﬁ%\f%lﬁdd%lggxg raipedn p[ﬁﬁs Ra yyou hefitin a savings

of bﬂﬁaﬁ’@tﬁo@@ BRSW @6&@%grﬁé}ﬁtreﬂe| wivenchossible, phee ofathk eeas of the

TR UsagiEbloTTa tHLHANJA S8 BPRES &) GRIECL e Cal to a routne

re@fméﬂt"% a Il-'éFg‘é &%f?l‘i’ef&i‘j AbManAlsa B%nfﬂaﬂ@w iver::eusug eoutine ta@monstructed
he lack of timers avai e cho

R elsHERrmaGpls Galeh G roeseR LR VBRI AT pege: This

re@ﬁ@é& el rtﬁerggry%é‘-‘age Bytal digrificahOslinbiiet. Vike seoosd aneatoé thé memory

USR8 PRGRICTINFS &g lagk kOGS R abled DSt R ey ‘er%%y ‘Bbause of
th}g'&%‘thiﬁgiﬁgﬂ 370 tgf/éé:@xégai%dé@ea% ARG bl \gﬁlsdcczils?ﬁgued in STL.
us |
A ol o R i e s et S g 488ea bocause
oﬁﬁéﬁwbﬁhkﬁtaﬂbh@nmh? oﬁﬁb ana hﬁng Eﬁtﬁalamjls_fhdntum’g; vlvctmld be coded
lerarc IS SNhOWn e resu |
ugnaSkhpWhisht WL ISEATNE Fhaaiﬂéqoeé% Wa5 1987 SHorp igsirable

thQH ?rﬁé‘éh’L sﬁgﬁlGHfs' qihelreQMingMidfarchylis ShisiroimBg@iences and
| ow | evel STL service routines. The application

[oﬁ‘aeg]‘ ' @‘Hé %duﬂmgdﬂ_@amammr@ Uﬁltz@HIaZﬁet bg|c for the overall

in dual agllcatlonvvlth sel eI Q

exgction IoR; with Qﬂ-&usmwéﬁem%%?ﬁe iRrvciRvel Rd L sorvict MRoutines. The
afiERiHESHiguiaion data was used to customize the individual application with
selected options and alarm limits, etc. However, even with these compromises in -
programming approach, the application clearly was not able to fit within the constraints of
the selected hardware. The resulting code consisted of three separate programming
languages and the STL segments were seen as a potential problem for code

maintenance.
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progranmm ng approach, the application clearly was not
able to fit within the constraints of 30 the sel ected
har dware. The resulting code consisted of three
separate progranm ng |anguages and the STL segnents
were seen as a potential problemfor code

[Ogaﬁjt %ﬁ%?ﬁer{a %mgﬂggl eed 15 PE@‘B‘ia? uflﬁi@'tﬁ%eﬁeﬁﬁﬁgorftl%l data

I'zes the external control

tetieiué que RUC-hasudGdnirobsystasmwhish ispeithericall ,L@hzngn s manner.
typically utilized in this manner. [0008]
[0088Er At cafsrepresditandrasein ase @cpr@@mt%hqewmefeéweup their

‘ft ence-in their entireties. 5 BRIEF SUMVARY OF THE

| ON [0009] A nethod for controlling a process

usi ng a programmabl e logic controller (PLC) having a
central processing unit (CPU which includes a | oad

menmory whi ch st gieg EF%UMMWGPQHE)MMM&M

required for controlling the process and an

o'oﬁéfr R'rfrdthibd H?%Bnt?&hr?qié‘hef&bﬁuﬁﬁ@aW%ﬁﬁble logic controller (PLC)

ructi ons

to control the ﬁ
having a wental preaseping siekt (ER) \yhléb@%ﬂes @alya%v‘éﬁlo%hﬂhlc stores all
m%tpuc‘étiroHQtahQ %tacn% Fécﬁopg% @rdifg RS pFoB@és and& i€ Bretdr that

east one op IS coded as being enabl e
evaluales aid euecu@as) ingtapipagin eomrkm@wrué? oBRITG! s pToResS: “The

?]@ rdgﬁ?ﬁ%)és 2 dréiss cwogg cPERY Wrstr(1§long \BMpASihG @ folmat thivet

the "at st one option code to
inlideset lopstiche cpd cpds thatie:copay 53 bORY EBARPGT HREbIed: (35 copying

odéqlﬁg{n.lx‘é\tfoh q%rﬁ fhetlgfd H]QHON‘toCtﬁQ Wo'rl@m@#ﬁ:lry" Qé)%ﬂrahl)étnﬁd] ®y the

reter true, not execu

Inforef TP i st mﬁeomm csrlo s Brerane fins A0iaD & qeedsizue; (d)
extedhifih fh%tlﬁétrn#cr oPﬁtﬁé‘& %n C%BQ id éva‘ﬁ&té@b@ﬂié)lntbhﬁet@ﬁtd be true, or

nstr ction omth e menory to t

ncareetecmtmdhe insfyugtiasgt W?)OPF*@'F cods i§ eﬁélidﬁteierttg‘% EF?’BF?‘XV(‘a)be false -
rﬁﬁ 8o Ang 78; eexti gstmbﬁ%h ﬂéﬁ]rtHéida@rin%Sﬁ'ﬁto Momn@ﬁd@ and

een uat e e true has been
reppatin step (@ ot this next BSe-1eRceyFaeaking thisee ¢ R ies g whoss

oﬁ%ﬁ%o%'h%@ beBRSvailidtelifto bEfrub rﬁﬁ& be6h b&ﬁpfé&éﬂ%dﬂpﬁmw continue to

been evaluated to be true

oxsosl e mtrwwemwi@toepenq )t e sihickon #hpss,ppigReode has
bééﬁs%\;alﬂﬁté@ S&T%M&ES Ol-eaa@hr@xmst(gsi(mbmn all of the

eval uat | on Sal

east one Opt i on code . j
ingtouationp bave hgen enalyaed pomexppitesuierg VARG 5@51 gideastone
oﬁtfoHecodFa Qﬁpﬂ'%] cﬁe@ﬁ&%m& oh ‘Pl% ®ec69 Bbtefthined td B e f or

ontro a process coupled thereto
[0o10] A programrnable logic controller (PLC) for controlling a process coupled thereto

and wherein the PLC includes a central processing unit (CPU) which includes a load
memory that stores all instructions and data required for controlling the process and an
interpreter that evaluates and executes instructions in a work memory to control the
process. The PLC comprises: the load memory containing read-only instructions wherein
each instruction comprises a format that includes at least one option code that is coded
as being enabled or disabled; and the work memory that receives only one instruction at
a time, wherein the interpreter evaluates the at least one option code to determine if the
at least one option code is true and to execute the one instruction if the at least one
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25 and wherein the PLC includes a central processing
unit (CPU) which includes a |load nenory that stores
all instructions and data required for controlling the
process and an interpreter that ‘evaluates and .
executes instructions in a work nenory to control the
ooRGRRE is tHAE JF ke ineSRNH inbthg:tibAFdhETRABY dhespiibaicote gs
“read-only instructions wherein each instruction
evebigied telae Blseor mat t hat i ncludes at | east one option
code that is coded 30 as being enabl ed or disabl ed;
and the work nenory that receives only one instruction

at a tine, wherein the. interpr v

feast BEEREHIESHNGY SEVERAENENE BrdMeDrplu@is

one option code js true_and to execute, the.one. . .
[OPAL} r s iNyAman Wi Desdespradkn SH‘@“’J%‘C’&Y\"W&HG ilwing drawings in
whikl fike RifereRES hiinBEhId dési like"glementsiand witferdilie | east

one option code is evaluated to be false. BRIEF

[oPESCREGT | @\ RlerSEMERAL- cofveMforiar PLEEoRIRANY AfEBcatidnd011]

The invention will be described in conjunction with _
[ob¥8y f pigl 24 & GicfiraMy BiOsnottier PMO ftwairk epplistioredicested to solving

nureral's designate |like elements and wherein: [0012]
MEMmEry Ysage RNRFERar chy of a conventional PLC software

[0BEE S8t idh & niegPRbat e Sherbiopaton Lo riae 2RQiaftn thar
oVeSRIRe L MBGREMGTy LEAgh BAcngivbile BdUsing te leveloé bymplexitio

. present invention PLC software application that
f &8 nenory usage concerns while reducing the

| evel _of conpl exi.t o _inplenment ' _
ropf¥F 5, & SR Pparey obfn sr B s BT Asling & PP Ethounted inside
arha@pperportidnlihergafint ed i nside an upper portion thereof;

15 [0016] Fig. 5is a front view of an exenplary touch

[08S6EEFigf Blis & ranuNéw af amgxevhplanttbech siréen fob oammunlcgting with the
is a functional diagramof the central processing unit
Pl( U of a PLC conprising the hierarchy of the

1B cRles 555 = finsOps gt o b cohirtGusf e BECCPY BFa PLo
copfifsingthe hidriehiiobtherprbsend invehtiorpr esent i nventi on;

[0019] Fig. 8 is a chart that defines the format of
[0018] SEQUERCe dmgramotithetcontents « tiod load memery of the CPU of a PLC

comprising the hierarchy of the present invention;

[0019] Fig. 8 is a chart that defines the format of the sequence command structure of

the present invention;
[0020] Fig. 9 is a diagram depicting a sequence data block in the load memory;

[0021] | Fig. 10 is a diagram of the contents of the work memory of the CPU of a PLC

comprising the hierarchy of the present invention;

[0022] Figs. 11A-11C together constitute a chart of the 96 option codes in an

exemplary configuration showing the unique setting level (yes or not) for each option

code which is set by the configuration programmer; and

[0023] Fig. 12 is a flow diagram of the PLC interpreter application that overcomes the '
memory usage concerns while reducing the level of compiexity to implement a change.

-4 -
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the present invention; [0020] Fig. 9 is a diagram
depi cting a sequence data block in the | oad nenory;
[0021] Fig. 10 is a diagramof the contents of the
work menory of the CPU of a PLC 25 conprising the

hi erarchy of the present invention; [0022] Figs.
11A-11 C together constitute a chart of the 96 option
codes in an exenplary configuration show ng the

uni que set t! 39@@@‘[@9 SEEERRTORIAE ik RAERTABA! On

code which i frguration programmer; and
.12 fl
bR bedfo e Lot AP anl ol BRoBh  paramog
sed@agial contealagic it PECmersnetyngpquibstial eortrol tsf accomplishedtysing
seﬁn%ﬁqr%%%%@ga? B g{e ﬁth mérﬁ@ %Eﬁ%?rgganmvguo%ncentrates
orﬂSOLt(ﬁtladdttired Rahtral Mngmaga drol Ipddayriegicibugalsg injedreesathe concept of
t £

a SEGF MR RS SRR, S e chhear & minimize

thé a’(e&nory uspgs khd td airo,w ¢ herpfledelaconfigugationemvironment usmg pre-
t S d trol | d

tefiggaane Frﬁ@?riass%@ftom%e&sw%@uces"? e concept of a
10854} S e B SR, 1 Shr SRR Seldth RRARE Bradlibhd) straightiine

usag
prbgraa{mmwmbdm Hﬁd tliles bl rectaaobie jerptsten Lémier tfm]m@dei individual

segnggq;ﬁ( Yen?%%e%j 0§O§F vg@e%enﬁf‘rg gﬁégﬁ?} 5&91 \renh etc.) can be

repieen@dchn datadilddkertieattaré interpteted by ametta-@n@e :nterpreter The data to

- |
e B e BB P s 8o o consiruc
cusmqml eﬁ@em écmbmf.ymﬂﬂm segquence. pﬂuﬂ'geglvme\mze@ the mepzcode

ol R e B g Bl R b

selqoé&ebem aridethis réseitsdaadrenmendoep restietion nrequisgueemeny: sihe use of

h
o oerPeiet Fivellsd pldveSiaE refrkeRinelpbein gt ERAT ) Soquences
wuﬂdoﬂh theglecider thiezmdefiyitd eodaalbaaeuedenﬂem b@crqyse!i‘éiiww cpde

se,gg} gr ?rtehriog agfg‘% chnsﬁ% o %ﬁﬁ%?a |stéplfi{|§@me r‘feotqgrarén this

IS resu I'n a trene us

appeshutidfdme praseetjoventidn isestown in Fige 3use of  this

interpreter nodel also allows for nodifications to be
[o0z6le Fig. 4 ddp)ﬂlsmntwmudmwenwlam@as cabinetfbibat ¢eptaipg warious

nder | dt
v cPisEbO8 08l SR el LRSS ol e o
"eqthiﬂn'@ad4”) Thihishiqetparerty |s260rdfolle<h by thealﬂw MHh@wnk \M@ch is located
|n§3 de %nﬁpﬂerr]\ﬁgptlon%qof the SE&? Mbu‘ieﬂ 2': 'ﬁthoﬁgh a variety of input/output (I/O)
devices for communicating with the PLC are known, one exemplary /O device is a touch

screen 8, as shown in Fig. 5.

[0027] As shown in Fig. 6, the central processing unit (CPU) of the PLC (by way of
example only, a Siemens PLC model no. §7-300) comprises a load memory 22 and a
work memory 24, Because the sequence data is contained completely within data
blocks, it becomes possible to maintain sequence data blocks on the load memory (e.g.,
a flash card) and load data blocks for sequences into the work memory 24 as needed.
This further reduces the memory usage. The only sequence that needs to be maintained

-5-
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[0026] Fig. 4 depicts a front view of an exenpl ary gas
cabinet 2 that contains various valves, pressure
switches, gas cylinders, etc. (all of which are '
hereinafter referred to as "equipnment 4"). This

equi pnent 4 is controlled by the PLC (not shown) which

. Ls | ted 25 ,.nsl de,.t . i .

in oS0k 24 8 T ' 3uHREE Sirp8iido BBdbrll i G dBRt sequence

forgtau it@‘lagrrlétim:n a(t) ag:stl'_reir seguangesi The PhE contlathe Q&Fo%:,meé REuipment
X Vi QL r

2 fgr TTep%rpc%%d/ﬁﬂ, %%usgtﬁggﬁs f?ﬁﬁ%ﬂén t%cfﬁftlﬁ%uﬁj al8§ |b§ ek thBt a

e centra
virnralo mﬁblggnour(VMBg cLGLd;anctfe adueieaumtrgeg%e)lwwir@i 2 veidRA lf@“g a
.0 a_Si ns S - conprises a | oa
S'W?E‘?’féﬁ/c@n et%toasu'gglg rﬁ/@ﬁpﬁé HQ%B?[?% 24. Because the
uence .data i 0 i I by 1 i
10108y S5t peaiial PhE sBffte (7 BRMERR theeblioberd edents Inthe
PUD, owk praplernberd sseedrenory (e.g., a flash card) and

| oad data bl ocks for sequences into the work rre_rmg}/ 24
[0e28]n ek dintkrmal G miemarheenstrethtare bypassaghaiiop the Aljary aqqrol data

. only seguence that | ' i Bral £

o §0 R8s 10 B RpdPrbR gt fraaue bee

ressmablecest and bhan teesparded egueaded; adr the termi nation
of all other sequences. The PLC controls the gas

[0630]i 2t Cenfigupatiomtof tile PLE-baRed pergtab s¥sterm cgn ,be@cconjplished using
cus ' r ' : | - S Ridd

e RS bl er T pnkechr Sopt s e

systemtshe gas cabinet 2 which permts a 5 single gas

cabinet 2 to supply nultiple use points. [0028] By
[0ea1]ngThe Ise@memmceyaatiaa@@uwe@tlledlaégﬁﬁrdg%ndecqnﬁén wEdReY
f eye EN 490 ' ¥&ibs df@aAPhand
soflerfolr iR (BT s s U e P BB B, B e e "
indthetibhsaflye semuencs detathiocki sizesis gxpandableb i sgpRiiyecontains a

- vol ati| - ¥ @ indivh ' H&d t@hmandinstructi
m%@ﬁﬁ%@?&aﬁé@@?ﬁ Lz!?r?l' MSc'a'rélS emgg’rc?g‘%hééed%ugs_ neededp_ netrHeten
coasidts| IpBONap of examinle o sishyles of HatappTsiygbl figft rfgp- ©

e ZVEHdwing th
g3 £Eh SRS of sl Henc ke HEOR h tn ISacREmofy 2/ bwing three
sequbrckdeminmspds, eagely, se@ncEisemmangs Fd i 9nd¥3i s a

non-vol atile flash card and contai ns ready-onl|

1 )
[083R]u TreewatktraerpPyR4 i¥ jntemab GPYetgiatiadata ol Hninaeire:  unique
cu?r%ﬂf‘éeﬁcf:uéng% figtagcﬁ%dé(‘:&nchubgé’iﬂ@ﬁg dagd'ﬁbéﬂiﬁ mdiitgined fér each

seque Size IS expandabl e but current la}f
progessainagsae Fig. 10). The subsequence data block basically are intern lcops or

macros that are called by the sequence data block to perform any repetitive function.
Current sequence data PLx block size is large enough to handle one command
instruction (six bytes). Currently executing command remains in this block until

completely executed.

[0033] Depending on the particular application, i.e., process to be controlled by the
PLC, the configuration programmer, using a software tool, selects which option codes
(also referred to fhroughout this Specification as “opcodes”) are to be active in the
process. By way of example only, there are currently 96 option codes available that can
be used to configure the PLC to provide for particular control of a particular process.

-6-
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maxi mum of 160 command instructions. Each individua
sequence conmand instruction consists of, by way of
exanpl e only, six bytes of data, as shown in Fig. 8.
Fig. 9 provides an exanple of a sequence data bl ock
|n the | oad nenory 22 showi ng three 20 sequence

ngﬁg?grﬁ gﬂﬂﬂ:ﬁkﬁ‘ PL&ec%%ﬁ%ﬁt:&pﬂ'HéWeﬁeﬁ foa ﬁgst@r'ﬂgr #ﬁ’e conflguratlon

IS Interna vol ati |
prdgtammér dalexits tubse |0pt:on godesi(trom the averalh 6 §té@|l9€}$d§>tleat°3d95) that

arg é\g%ess%?)z SURSAME ?tlcq‘?a'tg%ugb%%k‘s b?m@@és MR Ag &R bptlon" code

cess [l he "(see ubsequence data
mbcblmxkertmskrtgahb Jashtveo byteepithe compmadatrucivee so that when Higse two

n
[aﬁ@:% ﬁgzeéftapﬁ}jewg‘@g%& él}%élta g\éﬂgéetﬁg%‘t‘ﬁa@ M'E( just one of
thbi;@lalst twczlw’tesdd) aoge-'ammg:h“tma" Hxepremandthey i@ agsociated with is
i.nSt r ct | I I o
nqt 8&8? ﬁési'sé(l Ec%ﬁ hgéé bgféts al‘ﬁé Ctl frig tﬁ@%@féﬁted

e execut
cdniraasnd lsDbple Bziecngeda nintthie npemner, dluﬁ 8 owpr | Opten Qﬁde$ denot have to

acfc{?ﬁ?cﬁ's ;?cf Eﬁméﬁ%é&tﬂg SGOMYE tlrlils?eadp lrl*%y ér@%rther enabled or disabled

ranmer, using twar e
bys@éeedtthe wheade MUaunns:thgs 1 13391 ’((al@m g ehast 1ih@tjprp@5|des an

th
qu{q l:gﬁng{ %ﬂh% g@egéédeé%ﬂ g earﬂr?ulalgﬂﬁe%%sc&f@frﬁttldrgrlgé?can be
s@heatt of therplign ﬁﬁdmre@na!tawieanchmﬁ Uralolthe @@ﬂilguaaélﬁn PfRgrammer to

nfi p |
%%Cﬁt%g% %rﬁlon %g&? are beLlﬁ:i Oegréegﬁéﬁl %?%%lpélsgﬁgtag?l‘glcgied each
opiwntdodalcan beLd@s:goafedgrwtrm iminue bexualig far &ypsf 6 0"

custoner, the configuration &%r amrer sel ects those
[00B4] ORige 02 providesanfiavhdiagkaa of Cointamprater epefsiipip i executing the

mg%ﬂ%ﬁr%'i#eaﬁres@ﬁt gﬁgﬁ@ﬁary to control the particular

FoCES: el ecting an option" code

ot L e o vy

ismﬂibddtoaﬂtrmanph@nam eeqmeeces datattieok i defoad Mmemane 2¢ & the
coé{/ersﬁ ?m& E)réqlé?§ id§ d?t% biddRGR the \@éﬁ( rﬁ&ﬁor‘?%esl' HeGofMidt of the

ommand they aré associ ated
saguehce sommand ekedureela Q“@Orw Eigs 61 Wher\‘ thg eaustcetipagieter runs

(i ?h gné is‘é%h*l ‘i\liqe m[e‘?plleﬁé]‘%tteﬁﬁ?s tﬁ%&@ e ks corMBRa MthisSocal data

ner, e 96 overall Option
bl@bddes do not have to added or deI eted fromthe actual

software; instead, they are either enabl ed or d| sabl ed
[0086]y Ths sbiwa hdes pithe commandatiusivee. GrGpgel ang Opfeode2, are

aﬁfrﬂéc? FAREImi {}Q ﬂtﬂ?@ﬁ&}ﬂngﬁa sﬁ&ﬂ? B SR bPERIpP s Eé18ig8f 8 and 9. In
1 on Cco or a ticular process

ordenfior ynmmmmand zxsbe:axscbted belbropcate parmetes gpist B true. These
pacrgl%%?erg‘ Sntg%a\}ah?é%l\ﬁ'néw fhidih t Sptith dodlel WhichQl6 LliidedlbyQRe
conflguratxon programmer to determine if an option currently exists in the system. An
opcode with a value of zero (0) indicates the parameter is not used and wili always
evaluate as true. By way of example only, there are currenty 96 option codes available

to be used to configure the software.

[0037] If the opcode check evaluates to true, the command is executed by the
sequence interpreter. Conversely, if the opcode check evaluates to false, the command

is not executed.
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sel ect which option codes are to be inplenented. As
can al so be appreciated, each option code can be
designated with a uni que hex value for "yes" or "no".
15 [0034] Fig. 12 provides a flow diagramof the PLC
I nterpreter operation in executing the invention of

¢ :
1op3§1 TS ReyeRE i EBlorelvor it By GardE R e Baling
fubytices BeqbepBepuleand seqﬁmmmpp B@pSte@BeS@blqdiéﬂ'@é Mwﬂwr the
co%l?rgggg 'gsrt]?é)n-@s e%ﬂ 2§or¥1€ ﬁértﬁ\ﬁ'l&nﬁg Wlﬁ%ﬁ?ﬂgﬂn@&us CPU scans
tofcorpiéte ahdmhIEreZlﬁrnﬁe‘qlserﬁmswﬁmnkﬂ ustilitaventuelly eorgplgtes the

Fi V\h h
oy LSRR S LA e todie i
m@;@i’ﬁmimﬂ forthé hiest dte, athiid at2eq Empﬁﬂsuit [ot[)m] will peeveakihe gt

t es the comman
cop B far S P A ADF VAP TR S EnaRB(RUPAREE dat the ond
ofrthiéd seduetice e teers emnchibd.s WHenahid pgranietenis tyedibe seguendse

inferra) erffPf?%eeQ’gb‘E S Een Bl B HEIE N P elare o
[OBS%OE WERK O oWh' Cgﬁeﬁ ﬁgégs Iine%ﬁcﬂc ¥r H?ﬁblqu’mcl'é%@rﬁéd Of\rhen the

ron currently exists
mamwtdnepmpessahne idineaahpdcitie pmqeas hnwmua@lq)md@@ﬁobrqt@ms to process

ates th r t |
ingy 816704 S5 BBTEhnhile Mo BRfHoRR Mo, e Botts interproter
f:rew\.ramﬂtég/thﬁ&ucrpm amoaatbr praebalnel. 90 tln@n@g saadhe gequence

m%‘s ;Je&glu%@s fﬁ% 8“"\%[1 %Om ne ranlc)lr t%wé n'iea% Péégqiéyc Hekeontinues to

ths ¢ap1 @rooess lihe ammbbttmedbmsmmbg ;ntemrthgegm@g:r@qaﬁg@mne 1at
tl_leval B@S to false, the command is not executed. -7
F ? &4 Eequence |nterpreter returns two Bool ean

[Ogggéng%@g (% Sysg]'ﬁ é\fl "'Jﬁée@%? ct:ff t fécsgﬁte ig%\fget %g&ﬁ?éé eﬂhe aBditional

barefiteafd (st ep) has been conpl et ed. Some commands wil |

take numerous CPU scans to conplete and will return a

fal se Seysr epiRemuhemonytrequifemenisiransiates clowpr stsam Pﬁ%ts

5 command. Wien a SeqSt epResult of true is receive

t he seqaperetiored medifigatians tp systemgraeddot Be dpge F?léi'tp'sq @ﬁ?grammef:
while a SeqStepResult of false wll prevent the nex
conmandséqusnce éitergratentlegie isppriable avdeanheipusqghan ther product
Squndﬁ’ﬁéél,lt i ndicates that the end

-configuration data can be assembied to accommodate all system options

{master template);

-configuration data is encapsulated into several data blocks, which can be

easily stored, validated and revision-controlled;

-invalid command instructions can be detected and subsequent appropriate

error handling measures taken;

-future changes can be accomplished without modifying existing, tested

undetlying logic code;



10

15

20

of the sequence has been reached. \Wen this paraneter
is true, the sequence interpreter stops eval uating
commands for this process line. 10 [0039] Every CPU
scan, the process line indicator variable is

i ncrenented. When the rmaxi num process line is

reached i ahl

o pr ocRedtiioP RERENEs flbiai RS ddalhal irBhutifzivon
every mmemeys |ine, the sequence interpreter first
eval uates the current command for process line 1. On

t he nexseqeane intérpresercpoemoand iishcan be exranded or aahanged @s
curren §8%yand for the next process line. This

conti n& 15 the | ast -process |ine at which tine

t he se ; | Y .
e SESUBIBReL IR A ShffobHAEToLa B1RARS e hons
of t he cpnfigeatiorisharoht i on provi des t he additi onal

benefits of: -lower system nenory requirenents
t r ans| aindividual Ipgisdnsteigtionsmeands enablegl or(ﬂﬁlb]ﬂd, vigaimple Boolean

modi 1 Gaf, étﬂgﬁ Qon Lob& # Eqs P@H‘orﬁ%ddﬁ% fed PLC

pr ogr amer:; equence |n erpreter logic i's portable
D acH 41R%2 both the MC Cablnet and
[Oagglnflﬁg'l??a 1 on at"gdi%égél@ eat gﬂs%ﬁ t 0 accommodat

coalllsetsyfor #ra \GPBIAnkn pertiewercthe Q;glmsaplé)lMBZ@!\ where e elght refers to
el%r&?%blgbléﬁfo\nﬂfﬁe EbeJ a%c@ﬁﬁﬁ&?ﬁeﬁ'vﬂﬂﬁﬂe' pRésenbRMawale shdhile

eas stored, validated and
premmgmafuﬁﬁh@ﬂ@@ihty of et lélr sasierRhthei ARSIaNE.t i ons can
be detected and subsequent appropriate error handlin

[0842]s uF s shiti kethis typeroleRpresdivigwarcihn IBROraHRB AL RECPS through
VP& hidprd slgﬁ% BW‘*JP, e o%rﬁjs'hangﬁaeﬁ ffbe ﬁ@dé&q@ﬁﬁd Wellesent hardware

oglc co equence | o c bl ocks can be
plattitedineleati ofitequinpg dhe vep ol lRrgarElks: yrhis Eharieglces the number of

stér{Ha% @Efg%ghb%md It ?rﬁﬁébt%ge %I%Q ORE cOhtrAlRPaa¢ Bé’ used for

-sequence logic can programmed onc
bcttfm gaandbleetamnd m&ﬁm@wpm dhis a@ﬁgpacbmy ajeR gl{qwbﬁ)g)anded use of

e)("i)s“ﬂlqg editors as a basls for configuration, which would reduce the amount of retraining

necessary for manufacturing configuration, _
[0043] While the invention has been described in detail and with reference to specific

examples thereof, it will be apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the spirit and scope thereof.
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-individual logic instructions can be enabl ed or
di sabl ed via sinple Boolean variables (option codes).
This is perfornmed at run-tinme. [00411 Initial efforts
have indicated that this approach allows both the MC
Cabi net and 10 code sets for the VMB 2A (in

particul ar, the eight-sti Cl%lf\%SZA' where the eight
refers to eight individual ow | i nes) to be

or et rietion by FRG8s (M BIR AR nab eI controler (PLO)
hawing & sentfaliphecessisy gnit éCPUDEkRY inthislesisi fpad memoRy which séores all
. of - i
by AR 27 el Ao O Rl fboRes RIMFMpreter that
eVdlLALEs Brdexerubes instelations insd workirhempiyde eattrol hepigeess, ggid

atforminstea .equiring the use of a |larger PLC.
m h'\ogc‘pmﬁnﬁ@,gtﬁ%gﬁgég{t he nunber of standard part

nunber s nédeshtihgrinstmotidrectomyrising asforroat thatdndednsrallieast

can be used for ot h ' Fg:m .stick
VWS?"%RP@”&?SP&%%H& Fr%c%%;?sg%& Hﬁ%%%‘@%a‘ﬁé eél C{Jse_ of
exi sting @icopyisg ase instrastian ffam saididacymeaeno, saichverk
woul d reduce the anmount of retraining necessary for

manuf SE0Y ng configuration. 20 [00431 Wiile the

i nvent i on{d)@valbetng, tg saidiiblethréter, daidat|ieash eneoption code to
reference t [fi .es thereof, it will be
appa?gtﬁfmlp8%osrs?£°e§éj°h%888%e art that various
changes af) exeodingisait instnectioaif seid oplign code iscivalugtadiBit
depart.,ng fr I L e ; .
A mertid At tBL T R o ¥R RfBfad Rghtetion el Sftoh
pr ogeaduialeivalubtegi by saishintenprieter i€ Pe Glise aptli aeyteacapyithe APXt
processi ni . ;

b o v gPodhin péile HRGH 3l WER rbrh i Sl FeRatng
cont stepl(c)rfgr thisenepdt imstgddioand an interpreter that 5

Ty ont Po (e STE I ER if 5 [ARRde OO KodHRY Heen

to contro cess, said ) rising
st epsvaifateq &) be freahasnbeémeampletedang ifoute centinge o execute

f or mat. .t L nC i) t one option code that is
code%a'gyggrgﬁo& Jg%ﬁp&e@ﬁ)g? I sabl ed; (b) copying one

i nstructi (nif baidrinstaictor waokeneptioncote hgabeemeyatuatedto be
menory. . (c) eval uating r i d at
easre e B Goriabied ioaBHuRfiuths (0% PhEor 58, 0
codeinstudtions hayelpeaxexaltatedasdexkautest where ieyaluptionsef sgid
opti gtqegs(%%%e o%tigﬁ/ %&é’eaih‘?lqe Qé/rresponding instruction has been

determined {o be true.

2. The method of Claim 1 wherein said step of creating instructions
comprises generating sequence data blocks, each sequence data block
comprising a series of instructions required to accomplish & unique segquence or

event in controlling the process.

3. The method of Claim 1 wherein said format comprises two option codes
wherein each of said option codes is coded as being enabled or disabled and
wherein said step of executing said instruction occurs only if said interpreter

-10-



said interpreter to be true, or not executing said
instruction if said option 15 code is eval uated by
said interpreter to be false and if so to copy the
next instruction fromsaid |oad nmenory to said work
menory and repeating step (c) for this next

I nstruction: . . ' . j I 5} s rdaff | on
et b el PhuCH G DR, aid AR eplimpieeld | e
inSteenion drg lestse dnainbsaid opiisn codes ispvatiated 6 hedalsate 20

said instruction to conpletion; and (f) if said

i nstruction whose option code has been eval uated to be

t r ued.Hete ethod ob Bidint todhereismagh ioh§aid iSYYCYNE-COMPIESSE £ |

5 pr%{i(étgﬁfﬁiggakﬂmbgpgft@“&ii ons have been eval uated and

ere eval uation of said at |east one option
code in the correspondi ng instruction has been 25

det e%_ﬁ]%elgefh%d he gﬁa(i#{qt wﬁerefﬁ%id@’eﬁ@t@nﬁiﬁe@n@ﬂnﬁbﬂd bytes

wher sard step of creating Instructions conprises
copapriseatsinigieequence data bl ocks, each sequence data
bl ock conprising a series of instructions required to
acconpl i sh-a uni que sequence or 30 event in .
10  cont 6.0THe mgthoHe! Glaimésshergin spitkforpatfadhesicompiises a plurality

wher ei n_sai ; L i
on i RS ficlyBh B b BT RALESTR dyffon2Bbe McRONERY g
paametezs and sdidsx lHastioremeptiontvede baing £ing byiecp siFe-
executing said instruction occurs only if said

interpreter -10 evaluates both of said option codes as
bei nf Themetnd of Glaimxievhereingnsertion cpae of 210 iSHRWRYS at

| ea ne_.qf. [ t odes is evaluated to be
15 evfagqaiéq B”Arfga@ﬁ%tg%é%ﬁgg Boef ‘aim 1 wherein each of said
instructions conprises a 5 predeterm ned nunber of
byt eg. 2, ! | Dt process and
predét-g}erﬁn%@’gdﬁknjogg& 1%%@&@65% ?sge]% SI X IE)yt es. 10
wibereifhmidBLE@dntbls Predess Squipment in asgasdcabietrat f ur t her
conprises a plurality of paraneters in addition to

said at | east one option code, each of said
.20 par afeA programuohablei logiatontedlet (RI68 femontalliog aorerssh §ovkied

thgye'ig, siaﬂi Igf._é ?ncluding a central processing unit (GPU) which includes a load
memory which stores all instructions and data required for controlling the process and an
interpreter that evaluates and executes instructions in a work memory to control the

process, said PLC comprising:

25 said load memory containing read-only instructions wherein each
instruction comprises a format that includes at least one option code that

is coded as being enabled or disabled;

said work memory that receives only one instruction at a time, said
interpreter evaluating said at least one option code to determine if said at
30 least one option code is true and to execute said one instruction if said at
least one option code is true, or receiving the next instruction if said least

one option code is evaluated to be false.

-11-
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7. The method of Claim1 wherein an option code of
zero is always 15 evaluated by said interpreter to be
true. 8. The nethod of Claim1 wherein the process is
a gas flow process and wherein said PLC controls
process equi pnent in a gas cabinet. .20 9. A

prog b | i imf 4 lokBY 2
o1 ocols o sptadih il AR SbBler il @funnt &4t 0D 2
mpmaresshpisasEequéGrRUatahlocks,ieach geleusnge daRdologkaamnyising
whi. ch [ [ j &rdin

= BB ST T feghBEd 10 Gl RRTePRENEAE Sefes EFEV

cant@lllingttes pergsexecut es i nstructions in a work nmenory
to control the process, said PLC conprising: 25 said
| oad nmenory containing read-only instructions wherein
each11i Tret progtanumakie fqyid eandrodierfaf Glaim ¢ whereinaid tpadakt

| t ] . i s . i
o458 s P B Bl PYROLIS E2 08 At s
ol disdlbiled ahd whateirsaid irderpsatemiexecutes th eargspending insiragfion

' t | t ' i i f.cai
o s oP e g8t BuhisdE bE R, el BBl ah AR e
instgctiondt atuedst one of said iopticrt cddeaof said erafausdrstestien i s

tru r.rgceiving the next instruction if said | east
e%%a%8%F9%%%iS§de is evaluated to be false. - 11 10.
The progranmable logic controller of Caim?9

wher %,nrrieai rg)g}a?ﬁrgablg%ﬁgé %og?@ﬂ%ﬁﬁﬁﬁn@ﬂH&ﬁﬁﬁséi@b@d.

bl oc sequence “da conprising a series
mefmoryista nart-valatie flasfutardd t o acconpl i sh a uni que
sequence or event in controlling the process. 5 11.
The programmabl e |ogic controller of Caim9 wherein
sai d18oTheprogaompalls éxgic santioper o Clavowherely @adh of sal

. opt i i . hai di sabl ed d
SR B S0Py e ¢ BRERF RIS A BREPOREs. 01 Conding.
instruction only if both option codes evaluate to be
¢ d i . . : 0
 nst PcTHecpopleRarie ey disily JBaRCibelad
predetdminedinurber osbytes coroprises\sid ydess to be fal se.

15. The programmable logic controller of Claim 14 wherein said format
further comprises a plurality of parameters in addition to said at least one option
code, each of said parameters and said at least one option code being one byte

in size.

16. The programmable logic controlier of Claim 9 wherein an option code

of zero is always evaluated by said interpreter to be true.

17. The programmable logic controlier of Claim 9 further comprising an

_input/output device that allows a programmer to enable or disable each option

code.

-12-
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12. The programmabl e | ogic controller of Caim?9
wherein said load nenory is a non-volatile flash
card. 15 13. The progranmabl e |l ogic controller of
Claim9 wherein each of said instructions conprises a
predet erm ned nunber of bytes. 14. The programmabl e

| ogi¢g controller o aim13 wherei. 4. 20 .
pr edgpeﬁf‘ﬁ H'@@rmm@ﬁg@'c Bt @geﬁgr@%lhg@hg?rfﬁb%?%s. 15.
n'ﬁbﬂonﬁt?@%@iﬁﬁblaaobﬂgéaremﬁeml ler of O aim 14 wherein
said tormat further conprises a plurality of
paraneters in addition to said at | east one option
code, each of said paraneters and said at | east one
opti on code being one byte 25 in size. 16. The
programmabl e [ ogic controller of Claim9 wherein an
option code of zero is always eval uated by said
interpreter to be true. 30 17. The programuabl e | ogic
controller of CAaim9 further conprising an
I nput/out put device that allows a progranmer to enable
or di sable each option code. -12 18. The programuabl e
| ogic controller of Claim17 wherein said
i nput/out put device is a touch screen panel. 5 10

-13-



