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TI TLE OF THE | NVENTI ON: METHOD AND APPARATUS FOR

UTI LI ZI NG A SEQUENCE | NTERPRETER = APPROACH TO CONTROL
LOG C OF A PROGRAMVABLE LOG C CONTROLLER BACKGROUND
OF THE | NVENTI ON [ 0001] The present invention pertains

"to programmabl e logic controllers (PLCs), and nore

particularly, to PLCs that utilize a sequenti al

i nterpreter approach in executing their control

logic. 5 [0002] The use of PLCs has revolutionized the
process control industry. One exanple of the use of

PLCs in process cont MdILE OFiTHE INVENTIONact ur e of

sem conductors. The blending of two or nore fluids to

f or MIETHODAND AFRABATY FQRIWHLIZING A0BBEQRUENGEINTERPRETER
saRPROAGH TOrCONTROL LOGIGOF Wi RROGRAMMABLE §@6I€ SSONTROLLER
delivery to a fabrication tool requires precise

process control. Typically, controlling this type of
process by PLC i nBéDK@anLéNB@Fl@HEéNMEEI&'@MontroI

l ogic (i.e., opening/closing valves, checking ala

[6601oi Thespreeem lr)venhort pritaineiic pegtammablecdasi |CP@,tffé'erswP&Cs ), and

rﬁ?rgwggﬁrdgﬂrlgl f@dﬁlﬁf fﬁzé’ﬁ %%@éﬁﬁ?ﬂﬂterﬁ@fe? approb&ifin exefzutmg their

for i Xed contro

Qoohrelﬁegia,rchltecture Hovvever any changes to the
control schene requires | adder | ogi ¢ nodifications by
[amozlndrha wbealf RhCsthasiewolutienized theaprocessreeptaindystry. One example

t,g%l .8 il én{ctlégf S%E?T 2 lﬁ tHYt rﬁQvl\uf§f’(Ut‘:ér@ s@h%h&@&br‘grl_ ghe

particu cl assi cal
bdamtngmféwqpr mozeaﬁune\s todfdtie A ulangired geeequgrMixiyFg tor cerabining a

s@ﬁ-n (5]5 %8 id &r éé%r vafh QPérBérogFas%r @élﬁgfng‘ﬁ‘fﬂ&mfa%n tool requires

omat on a I'catT ons |erarcFy
prévise prpp@safongrppl'ﬁy@wau)o gonhtrolisoiis tyme q:dL iRjoCess by PLC mvolves using

Ag@érfc%%tohf?gﬁ%&?ﬂ & eo&%ﬂﬂ?iddéﬁf?%lve@ﬂé%kﬁb %lafnﬂ'sreh‘)blnts etc.) in the

g ecnni que and
PiSpdncciataicoomsplished Nia s@quwwmad errlegia Bragrammig. Th's is the standard

ag@‘oggﬁ RE Shohls \ﬁ%ll fof Qﬂx&f ﬁﬁro??tfﬁ%h‘%rhreﬁltetcﬂﬁe pHQﬁS\?&( any changes

commun I neers and
td thefmntrolmbemﬁtraqlaramladden legist mediticationg; by apindividighwith this skill

38{ ﬁ\?l gaver, ?‘ﬁt’ﬁ%% en?é 5¥ SaH ﬁ)&éd%ﬂﬁ‘&lrs‘éﬁérﬁg ardfﬁteétﬁré’i@t

n nmenory usage when conpared
mﬁi‘ftcienm her avail abl e | anguages. There has remained a

need to construct code segnents that could be used for
[ao0B} i pi Qargadarspkaeamlqu%wagqsutglggﬁa@gdpr logic design, which has

a ci%%&ga% glrmgg L%tr%é é&’g’én E{?'%Pt&un lﬁg %ﬁna‘gﬂgélﬁogaﬁ%d lts?atlons. The
hiscerchyasfithig typecefgpplicstion fsi shownin Flg 1. Appllcattons 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 a minimum of training.
Although this programming technique is easily constructed, it is not particularly efficient
in memory usage when compared with other available languages. There has remained
a need to construct code segments that could be used for multiple 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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[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 (approxi mately 1990)
product line, the techni que of using external

[0004] gBy ablyef dzarapls onlyotterAssignge okie Gpracat iNventiepsnasarly, Air

Hr%ﬁgctfg(g gﬁgﬁ‘no %@dg@ei\ag g%&g ﬁ#sﬁngﬁ% mpﬁnsegal?gﬁﬁx?ﬂt;’@ Rblease of its

Gﬁésuaﬁd%&atwpm@aatalw 89@)l produsé ine, HhesteghgiegfUsing. xternal

&?\‘f@ Y&bie S8 tPEdAIRY %’}/s?é ?ér?ﬂfr?héssbéehﬁ{?ee ?&?as %Bbth@lerelated
prod cont.r ol

errentl oned I zes gap (é
eqzmmmtofSubaeqwsgewet@ns ShGapgia adﬂudagﬁafm'e 1250, 500, AP2

@&otﬁlg?tﬁavgtau%g& {'leﬂﬂe H%ﬁ%% SWRVETEnd pHRh @gfﬁreé\ce is that each

evel dping a code (%pl | catl on
ofdiss afovarnemtioned p(adOptsgHilizes i embe g confEl sypem of ¥aris types

%\%Qé&(fa&tﬁ&r?m of menory when using this direct

nm ng nethod. It was suggested to use custom

[Céa—éﬁ]r Y, t‘?(%rgﬁtg %go%%ré&v)ung; WHsk rb‘?éblé‘}ﬂg |n§ft}de6 %bﬁél@ﬂlh’é 8@ode fora PLC

routl nes ment a basic
applicationdor & mdems;to@nzed (MG gﬁ%camn%hbéh@at arplicalian rgpidly ran out

é@?e%é lthef @%ﬁqtﬂgsdlre&?rg@%%@ﬂ\@ H%Ulltqva%l édﬁ@’e&@@‘&) use custom

reuse he areas of

158 (statanynnjsageutmee kahé BOLstruatured mamlda@apge)geamé%
bienth: sngwle\?g‘illéd&e? Icglc,r rQHfgﬂeWﬁ aréé'éStHEFﬁ&Jldr FLbs@It in a savings

| ow | evel
of nernaTy avuelyvoubmilommde@egmait reusq whenipersible. pPae ehihesgeas of the

rﬁ%ﬂgryt gg gl”o}?ﬁﬂ thB Qi abry i QUGHdHRRGH RO, adhI&Hl to a routine
1's7 Teduce € Nenory usage a significant
resuttedtin aTarge owerbaad meswrsoﬂsatgeearwéwbwevm L $3l eowing ma@rﬁonstructed

4 Lol 508 ¥ ey e

redusieldatbé enereory usagerbyt 4 signiticant atrionst. e sesARd pigatak 19 Hemory
%@e ch{%‘lént? Qad aé Iggk bﬂ%é" 5 {Hagfe Jﬁ'-ﬁ]é%gltbss%ﬁ RariNlré 6&tt iB¥tause of

desire I NC of menory
the loiv ratriperof tlmWa\@ﬂablhea eustore Gmingaiouting wagicensiRied in STL.

ﬁltHQ@H &%%?M@#M? Lcﬂq@% Hl%éﬁl:% ﬁg}not"&é‘sﬁéﬁ 1t"ﬁléshﬁélgabd because

des c, was clearl e(
oﬂmemomjollmnattdman Mamg ofttie amg:mbng ankalas funclions would be coded

%b@rs%q_ ééhf aﬁrtb%gﬂgééé Jésﬂa lg ha%ﬁ%&%qgg%r W&g gcl'e?ﬂ |(r)ﬂrdr8935|rable

appl ron war e
thandhaldTL segreats.. drinel rempﬂng/hleﬂarms éwrbm%c%ences and
| ow-1 evel STL service routines. The application
[0D06] i gUeaesumngom@apmsammer@uwtzeﬂi et Ingic for the overall

e)éﬁcg %1 Fo%% ¥v§ c%tsho%]s%}éncessﬁoelﬁhe]%vé? @&L%@ﬁnc@'\%utmes The
appﬂn‘ptlmcmingurauon petegrasuseddo apgtomizetthe tﬂﬁiéllcﬁpbﬁpmlﬁﬁﬁ'%ﬂ”'th
SGhSBH bl AL Gk Bib b VRS pbReat p -
pobrariming apppaacht themppligationiclegrly was not able to flt 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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| anguages and the STL segnents were seen as a
potential problemfor code maintenance. -2 [0007]

Thus, there remains a need for a PLC that utilizes the
external control data technique on a PLC based

control systemwhich is not typically utilized in this
[BOOTE" Thud, ¢PStentdihs & abed fon @&‘B.Cl?ﬂhtaawhhha thie mxirmeal control data

| ncor @ gt@ Eﬁ her Sgdré?b IIr pe(é}er e g&ficg"y n@m%%%‘ﬁ;tg?%anner

controII| roQ S _usin 0

(B8 ofd eleped e Bordty 4 el raa%d%reae B GEhte o their
drfggleswhi ch i ncl udes a | oad nmenory which stores all
instructions and data required for controlling the

process and an interpreter that 10 eval uates and

executes instructions in a work nenory to control the
process. The neBRIEF SUMMAREOR THE SNENTION (a)

creating instructions conprising a format that

Dﬂ@é]u dkmea’iod fensdntioting @irocess esitg atmagramabdﬁjleglc;pgntroller (PLC)

hap{gnp E?f] %S%Pgﬁrﬁlqgn@allb(bgg)) pr&?ﬁ})\ u%? é’és Ioac? H%Por%whlch stores all
ifstuctivad arsd datg redujret] fox conmolmmetpeaqess Iaed an lﬂt@'a@tterdh@t

d d
e 0Rer e TERLToRE 1) o LbiEnBMphAR EREA hp b The
neathodl adraprises théetepsbe l(a)roeeamgtmstmetmnsmmposmg wdermat that
AL ML 5 B8 b5 B8 RaBRL Bpies ) copin
one msmbaomem thebad memany td therwark memeny (eeaveluating byrie

R o GETRL e o B 08 BB Al 88 s o

ewbmﬂmg thpinstruction dichéd aptidreeieds avalzdted by thetinternreter tadke true, or

Bh R Eng trevirruehon ieihiph o086 oy BlifuehiyAflp EREBIAST to be faise
ahﬂ ﬁtsrouotcbpylthehwelnsmauon fronothe fhaesl méemery te the werkagemery and
et el i ST R (BR8P ot Phtdgn whooe
opﬂﬁh @@Chﬁs&ibeﬂwaba&wab batiiuehas besmicomplieteldemsttif notéo continue to

G&Ué? {:hedg lthCIBQIB he C étfq%g ﬁ ﬁ\g}? %b%mwﬁgs%j %ﬁloh%%ﬁe has
bé@rﬂéf/aﬂbétéd td nswme ﬁ@s beamd¢onaplbted grepeatingestens (bp (i pnumdi all of the

lnﬁpggt irﬁ&e Bﬁ?'? e% 44 gﬁecﬁk g wtgeé'cla légglﬁ%tgogccﬁ @E{daét Ieast one

optitit cotleh € criespiridingintination has bdert detesvjoed Ewé tnue
controlling the process and an interpreter that
[0B16] UAtmegranthabieiogicesnirolisr (RIoC) fonsoritmoliag warécess eorpled thereto

artldo wﬁgl%tlnr t?\le IJle:eincludes 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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process. The PLC conprises: the |oad nenory containing
read-only instructions wherein each instruction
conprises a format that includes at | east one option
code that is coded 30 as being enabl ed or di sabl ed;

and the work nenory that receives only one instruction
ationaxotle ietruesior reselvingtibe nextdnssiustias if kipdeass PR OptaR cpde is

é\gﬂﬁattec?{&eoeofg}sgpn_ code to determine if the at |east

I'on code is true and to execute the one
|nstruct|on if the at | east one -3 option code is
true, recei ving the next instruction if the |east

one Opt ?ﬁ'ﬂznﬁ PESCHIPTIONOHBEERAL VEWSIOFETHBBIFAWINGS
DESCRI PTI ON OF SEVERAL VI EW6 OF THE DRAW NGS 5 [0011]

@ﬁﬁ 7 I‘?J‘lh{/élﬂloﬁ‘vhli bdBeslFiBEd irbﬁhdnﬁn&pmtwm@tfblmwmg dilawings in

['om ng drawi ngs in i ke reference
wfucmahlsﬂ rgfeae@qegmeéansméuge@t@%ﬂﬁ?%ﬁ'& %ﬁ’e‘?"?e‘?fﬁ'” [ 0012]
Fig. 1 is a hierarchy of a conventloog PLC software

[ﬁ@tﬂ]. ckigi big;a hie@acky qflagomzenﬂgng RhiGesotiwars apiicaliof her
PLC sof | d d .
(00t 1A ab iy b R ePIcE SetyarS g%ﬁ'rcsk 97 drgpies torsglying

n?érﬁé,?n}sagg\ésﬁgénqga PLC sof tware application that
over the nenory usage concerns while reducing the

[b@l"ﬂ' 4Ff?§ 33@'Hf}ln%tkdhy of the ¢r§§&ﬁ ﬂ‘ﬁr@htlolm ritcsefavarg @ﬁﬂlﬁ:]atlon that
Fig. s a front view of an ar C
owampﬁ'@smaﬁenmmh‘fe&& qoRePrgE Wh W‘%’ﬁ@px%‘%\% ‘?'o°?1l W@ exdtto

implelf¥pi 8lcnkhge; 5 1s a front view of an exenplary touch
screen for comunicating wwth the PLC [0017] Fig. 6

[O@I fl-‘*i?‘ o ik Qrirdnt GleR@t aMexbmplagy genéabiriet pavinga FiLAgmawited inside
a PLC conprising the hierarchy of the

aﬁ' E§éh90¢'mm?qﬁﬂ [0018] Fig. 7 is a diagramof the
t ent f the | oad .
léq(;nﬁ&reun':égs rﬁﬁsw@?ﬁ Ven gﬁ;r;’?‘sl\r/\p@%totjaégcgﬁ?n f°ﬁ§8#‘l'“%"'°%9'ﬁ it the

ALeY19] Fig. 8 is a chart that defines the format of
the sequence command structure of the present
[0017¢ NFiR B is hAObndlidiagr@mios the cbinargh provessiigamit(GPY) of a PLC

sequence data blo n the.load nenory; [0021] Fig.
campriging the 'H@'@é‘?ﬂydg leeﬁ?fﬁfré’ﬁf’ °’bf the wor k nenoryof

[Ot01 %] CFEI% %fls g dlljagcr:am of the contents of the load memory 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 complexity to implement a change.

-4 -
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25 conprising the hierarchy of the present invention;
.[0022] Figs. 11 A-11 C together constitute a chart of
the 96 option codes in an exenplary configuration
showi ng 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 di agram of
the PLC interpreter application that overcones the 30

nMenory usage GHRGal B DEBERIPTRONORTHE NeVERTEN of
complexity to inplenent a change. =4 DETAILED

SER THY &R IH—\)éEtleEéﬂTd £dh fr&ﬂ%al Emoéﬂlﬁsémbgrammmg
i nvention uses_ a non-tr ona
SaUgREARPMEP! '%uaﬂ%wﬂwﬁv rssﬂuqnag' it '%aﬁ%‘%%?de%?)”g
s%%ﬁ#é%‘tﬁré-'coﬁ@“u?éd)bmhﬁ/ c&@& Olﬂ'liiahﬁ:b%d, thé pmge& |§mmﬂombmce ntrates

pre- conf i 9ure bi nary |E)tj cul %&?lt L{opr egent - ot of
ARG (stoiet poshgaitol ATHYACR) ﬁ“@dﬂ?dFE piGcbylAl® REIHYCEE P
d @é’&ﬂ}éﬁQ@%t&ﬁ@tér%@@eqh%e@atéﬁlﬁck@| $ﬁ|slabbrfo@dlbl motéleto minimize
concept of ' a sequence | nterg er_.an se%? ro-
tagﬂm% Ksagerndto Apw sdparei e @ﬁo“é’@ﬂglﬂfs“‘?ﬂ \5ment ysing p

E?E:Mdélﬁnaegﬁ;aéél@usk&n%li @Wvironng f1 exi bl e

i guration environnment using pre- tested code in a

- CAlSTBREiGHRE caRiek 1thig %Bfoacll% diffsren] frofs theersditionaldstraight-line
earlier, this ap roach is di fc{iejrent fro%%eé,?h del. individual
mgiammmmmodg'tm l{jﬂ%‘iﬁ 3 Feta-eRasNIgMmIPSh S Ay
sH&uédcé@%orae\léﬁfsae SO FRirdeWalVeF € lplFge vdiv@er2, bben;vemmb) can be
i ndi vi dual sequences Y & 8 ?erhd t
e s B B 101 By % ip B SR e datato
réTBESR AN SshueRcslRtchiya ﬂﬁ&ﬁ)ntdﬂ e Qiéeth'aﬂiv&ula betreddér.ytoeconstruct
nmet a- code i nterpreter. o*‘a‘i h egres ode
cyglguesRde tP@"'ERWR/"SB the a%qqeaﬁe Ithaygh dhe 9i2¢ § em&?a %%
iMEpF&Er may 88 'lb?rbéMﬁén ahy 6M§§&meﬁ6§i€thé Sarf¢ eodisiushd fdrall
sequence. Al th oug{ie the size of The use of
SPAHICEP and thimtapulsein %V@@?HQMHGMO%HU%’&?@%@W i
ttﬁ@ﬂ%rﬁﬂﬁ& rh&ddi aRe dIews ﬂir'mo&fﬁﬁtﬂ@i@t@%e&ﬁ&hd iRiimdiviewsal seguences
in a trenendous reduction in re%ngr@ﬁggeQﬁusg ind h&ualllcode

- withoutithe geegfos the wndsrlying gede g Rer

s%fﬁérﬁtb %?é h&rb%urtgocrﬁﬁgaa%ly dhta rslbnahgeml TIEHERIRCIR20 of this

W t hout the need for the un erll;( code to be
aprrogeh PW‘@(H"’Q?@B&'O!%‘“!OHG?P ShQyymin F 20 segnents are

TR o 5 S o) S
vaives 'p%ssﬁre iv@@ﬂ@& dals GylirHefte it (41 ¢t vifrf@fﬁre\hleﬁélnajfer a&ierred to as
_exenp %‘as cabinet 2 that cont ai néLe{? Qs )\/@“ S 1ocated
esw@srsemté ihiscansipment & is gomtraied By the RLC (ngtshawn dh e

in8iGE thelSrPoHRA & &iftRE PSQcéb?né’té? Almaugwaaaﬁetﬁ o) anEWbLSput (1/10)

equi pnent IS contro by the PLC (not W@ ch
dgvicesdergagmunicating with the PLC are known, one exemp dev:ce 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. S7-300) 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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25 inside the upper portion 6 of the gas cabinet 2.

Al t hough a variety of input/output (I/0O devices for
communi cating with the PLC are known, one exenpl ary
/O device is a touch screen 8, as shown in Fig. 5.
[0027] As shown in Fig. 6, the central processing unit

uﬁf% orR fmdrh6ryPl4Gs (HRYdWRBq@Ence SeiRdEthi selignceds fhieatafmst sequence

nodel no. S7-300) conprises | oad ry 22.and a.
feChadaRITARD /o) abaiheEeemastes Hibeddy ealn lp g gabifdteoflipment

LRI I6Ekse B!, &l Rlstonvidrk hatticafidratobl) OR IsRould kisb&eomted that a
possible to maintain sequence datﬁ bl ocks 9% thagl oad 4
virssbmanitald §ox (VMB} A gan Baceyplemte (e gas BRRE! 5 HARLPY

sﬁ@ﬁlﬁég&%méﬁbqo%b&ply\ﬁfuhiprmmérpbir&é& as needed. This

r reduces the menory usage. The only sequence
[6 HHAkhd  sEfaraRidatpddiRek toTohfigur thersriientenafreye@s in the
I's The’idl e sequence, since this sequence is the
P4&% e problemfe#esoVedy the termination of all other

N o B b S B G 5 O B e

i 881l in hisepla, GorheRiledlaBR rihdrateaawhiich ts.alaiiamaial o d
box (VMB) 2A can be coupled to tg'eqrg’as cabi net 2 which

repspRaRlg cast andgandiesXpardadas rede supply nmul tiple
1038 | Gutoriinwaiion b £Lor o8 soaR syeiAm Ceppe HiphiBihRd using
tHY SPhEpovan Bokantedchi@tilided drprevioas gétePativemarniyedded

constraints are bypassed since the binary control data
sysdefored in a separate, non-volatile flash nenory

area, _which is avajl.able at eas I
I3 bahe s menoh s daca ol Thsh3ae SR e eelny
séjuehbe d?ﬁ@F@@?ﬁdEquﬁ%ncSﬁ/@dt@m;c?noﬁﬁstaotwa@iQSﬁMmmand
_usi ng e sane prove ol.s an e igues
ingtiugsioas; dhe S@Wﬁﬁa@;}" @&XP%“J‘&%"E%@! Ct‘Bg'W] é"%’ﬁ‘@"s a
n'JaQiﬁ?Jnﬁ'BﬁMO’cogﬂmbﬁcll ﬁlsﬂgétio\ﬁQJ ghth mdg/k?&hse?ledceammand instruction
cont ai ns ready-onl sequenc ata (Fig..
cansiplele BY waY & BrajeRle @agfs?'égxtesio?aa‘ee?? é@“ﬁ"r '“?é%BmEﬂﬁ& 9
prolidbs A fe&%gle oF s cqaamR Raa Bt indthe tdadyhemoiy22 showing three
expandabl e but currently contains a | of 160
segyiRemECMMEPEs; (BMSHs Se e CREMANGS At ’n@a"% ‘e command
instruction consists. of, anpl e . I X
10832l s Vo watkSad 248 einal &) voigHe,qaiE SEirghae, /& Liigue
cURrEATBb uefbe BaBasloukHR SliBbEgUBnee Walarblodkds hadrdaimedrior pagl?

prggﬁ%gdigg gégljerll?ig#gg)aﬁ'@gggagggqu%gggggtgsb’locrll(%rgg;cgﬂy aré wit&Mafloops 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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[0032] The work nenory 24 is internal CPU volatile

data of limted size. A unique } current sequence

data bl ock and subsequence data bl ock is maintained

for each process line (see Fig. 10). The subsequence

data bl ock basically are internal |oops or macros

Thas, bafofe 6ahtdiabPLClentgaatinde ddivessdib acdustomenethe eemfiguration

any repetitive functjon. 25, Cur
bR S DS (S R e I Al ocs) e
ér@&‘ﬁebuﬁarptb domtrs| thytpeﬁ&:ulaﬁzust@néﬂ’s,/prexmsut“Seigctmmﬂmnﬁon code

til

e nseginadh b v ir e SRR S FAEE A tnen these two
Iﬁé arb%vbl@até@rﬁyrtﬁé in@ﬂpb:yert ihuey bE‘lh@vatdate to “true.” If just one of
égg% gtﬁl\(%t(ﬁyg% %ﬁqu Q@E {getg “‘5% §|c§rg\fn§ai@ é'%f){e aﬁ’g associated with is
Ad ttesw@h@wt tCErhVe‘ise%Q Qiidith GBfahewbﬁes dvpheatel s true’sthe assocmted
active jn the proce
S bl S AL st B 5 SRR kb8 ot navo
atvied or l@ek‘a%b’df frcinl ”% édmlﬁal Bbftwidre; ipstewd, gbt_al_y:] are githet ¢érablesior disabled

t of "a particul ar
e Sl oS UM, PRI 15 P A48y B! BB an
é(@?ipw listinght® tmﬁtiotg th:baés fora pﬁﬂmgraapmess?jmgu@tlomoé& can be
option codes m t he over av
B ARk SR o BUE58 e LS ALl pgorammort
selset ?/m%h 'optiet 66k are tcﬁleé ﬁ!r?il?mgwtaat Apican alSocbecb@preczaéed each
Ves enco ast two e 408 ¢ apgan

‘I§’B¥'EE? ganshe 8?%@""\%‘2\”(@ ALBIAUE RS gallﬁggé Bt &5 e
[OQ:}lh %g | k2 ;?raglge%ﬁ @E) fo?z{g?%{ﬁrggtqeﬁlc F\gopre?%%ég%ttﬁn hfexecutmg the

invenlioRbEethe prédentigpplication. conmand they ‘are associ at ed
wth is not executed. Conversely, if both of these.
[b0353S WHén aate@dme id bemuh méurammmdsustmmmdﬂs@g of 6 bytes)

et ot SPRIoR s SSaaen e biedl Suf PR e 22 Ritne

caﬁéépwm procdsedifie’ stdbﬁatybledflﬁn eme Werk reemblyed. drhedpsrdsiob the

use of the opcpde eva
spaeries comumand RaeEs Baran 515 Se 3 G Fenydbe derbyéter rune
(it eovep) ), aRél Rerpteraatiefipts l@deat':utp tioe earsmand in thlS local data
configuration. As can be seen, all of the option

blogltes are available and it is up to the configuration

t | whi ch
QR8P o HBast Wontries B e S8 BBl ifocR] B pRfaden are
evddGte€ tmd&errﬁias nfgn@gcggrxma Bheuldibe qureoh?ppedl sae Figs. 8and 9. In
"yes" or "no". rovide
ordbE Lo 478 iR 28 PrReeiegh BO orpln B EBRterh ket s These
parafhetdrd ¢BAtainO/alWs wiieh @iae Gmbptlmrdoldea%mh ar¢ QIRBY by\mem

cc?rglgﬁ%lillgg I%Fﬁglr%pg% %?gtggrﬁne if an op‘f‘gmggrrr]gntfy%§<lts sljiﬁttﬁeo gklstem An

opcode with a value of zero (0) indicates the parameter is not used and will always
evaluate as true. By way of example only, there are currently 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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16

20

25

30

is copied fromthe appropriate sequence data bl ock in
the |l oad nenory 22 to the correspondi ng process
line's data block in the work nmenory 24. The format of

the 20 sequence command structure is given in Fig. 8.
Vhen t he sequence interpreter runs (i.e., every
, Thé eeqmineé Mtepesteratiuenpive Bavleangrardametetsdo dunealing

e S e SR Yhor v

esmamuad ¢dep)thad dicen komeletdd. tSuene:mnmaddswm tdke rvenarous GPU scans

Borbiste e pul el oS SaasierBsedm Loy cBfpistes the
tonweand.heden rme&'a;ﬁfémesun ofitrae is recdivash thehdegbienas comunang is

BRsaTID on e RS b ooaRERRerul ey St e

¢dinrhled frymitbeing rémevaqbamdllevamatéd aThaBagEmResukt md(oe)es that the end

indicates the paraneter

s §3HuEhet hes REPr B30 BnOthhug BFEBRY g, g #knce

ifteFpretal kbiop8 @valpatirycotmmasisduathisgivbeessdifet o be used to

configure the software. [0037] If the opcode check

[evﬁé]ua&'my CPU scan, thbipeoaeesmmudncatoexamhﬂeeie inyemprted. When the
AP BobeRs PRt aohosh Thinare P 2fie LRRERY FefiA8GS process

Ib603 8¢]ss'lu'hmgssnmuem draremingdoeevarg process nsthBeEseence interpreter:

E%ﬂ\:#ﬁ &tﬁgagjp% 8urt §§’Z’|B}|$|8§ S?r pfriyae%g '@R? ;és %\‘;\rﬂﬁ{a E\Bﬁes%ﬁh 'thé ggquence

nmemﬁaﬂde\éaﬂma&eé theasirieatecontman fet the. neRbprocessiman dhiswiontinues to

A SSLPERAES A O e oSBT R Y i et 1

e nMORWscahen a SeqSt epResult of true is received,
the sequence command is increnented to the next step,

[od¥a] e LlsufgathStsgq;tBesaddmethocﬂ af the predeint pventiontprovidesrtbg additional
pSoHRn frombeing retrieved and eval uated. The
8 Er§Resul t indicates that the end of the sequence

ceauonci R avep mERPRbR g HEhMhiet b ey costs

B B g
the éeﬁ%{ﬁcg rﬁ%@?eﬁg tlh{ﬁg lé;? orlapRC AR eart t{belieﬂgé)cfgﬁ' Sthiel Pfoduct

vari abl 0 process
Assum dipesequences are running for every process line,

the sequence interpreter
-configuration data can be assembled 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

underlying logic code;
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15

20

first evaluates the current command for process |ine

1. On the next scan, the sequence interpreter -

eval uates the current command for the next process

line. This continues to 15 the |ast process line at
which tinme the sequence interpreter returns to process
line 1 aaddifidial sejvenéPidgrbidtks c8MHO hdtied withduhenpacting wiork
and nmet hod of the present invention provides the

addi ti offMenefits of: -l ower system nenory

requirenents trapslates to | r _system costs;

- oper at i'%ﬁ?éf?”?ﬁ)'aqu?rggﬂ F8W§‘eing\w§§/%51néjrﬁ %Sﬁ&h%% %‘égg%erg S

by a PL@ep#&fir ammer; -sequence interpreter logic is
portabl e and can be reused on other product Iines;

- conf i guderjuende Idgicaan b pheyramaedizned td baraitcahpasdivieoptions and

. t L ter tenplate); 25
ficonfsiyzﬁi(’e'giq(&g#ogg'tsaai’di( rSman;psﬁlngt Zdei) nto several data

bl ocks, whi ch b il t i

revi & orrauAe e ruRps cHnBh Ahfn ST edtit i SRl Booiean

be det ecamfblan@ptordsrigsl Mhisppedprmed at ruetimer handl i ng
neasures taken; -future changes can be acconpli shed

[964 1 oUnhitiamstiotty ihage ixicateidrtbat this sppebaci3 @llawsdzth fiendC Cabinet and

| Qgi c, code: .~ 8 -additional l\Qgkk 6D '
oo aeiad e Nl 2R pa Ry G BERC S SAAGE g Bfint efers to
dightt erdiMiciad flowe tmes hulbé asdonaplishdrbwitix trermiesknd hardwarmestgwhile

as _needed; - vence | ogi b . d once
PIEF RN Wé‘cgPfthﬁjlgg'ﬁﬁ&eoqgﬁﬁ&‘g%g g%nﬂag y é'gén%%{' rations;

-i.ndi viedual. | oagi ¢ i I [
(G0, P18 i P8 PR e By iABofoff B Sfiinl througn
data slocks sheulaiowdhagightstick MdB 24 00kd fielded using thefgreserd hardware
ve i ndi cated that, thi r I

Pl TR St Pyl nd DS of RERPOGHEL 8 i o8 e mumber of
spadhidpdratiumibdre needsut fosinanifabivBng, Aincatopeeontialles cgmbe used for

refers to .eight. i.ndiyvi I flow |j ' :
oG e Driscr S e MR s Aiedtfihayl fsO Blow expanded use of
existing editors as a basis 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.



preserving nmuch of the flexibility of controller
series of the Assignee. [0042] The shift to this type
of approach toward the integration of sequences
through data bl ocks should allow the eight-stick VMB
2A to be fielded using the present hardware 15
platforminstead of requiring the use of a |larger PLC
This further reduces the nunber of standard part
nunbers needed for manuf acGRAIMP since one controller
can be used for both gas cabinets and eight-stick
VMBs. This approach nmay al so al |l ow expanded use of

dxi st iAngethel fob tontrbling dyRscess fighig a:pm@i‘agmliald logic cohtralter (PLC)

ul d reduce the anoun retraj ecessar
\aib:] 38?%??{6“@6%& P@{E (élfl?)o\ﬁhlclg 310[ zgl]oa emory 1c[1 stores all

iRuB&idne Bnd\@Sa ﬁﬁﬁl’i‘edjl%ﬁ &ditioRfh 'tli’e 1?@&6@& hn@dddnithprbrer that evaluates
reference to specif exarrp hereof, it wll be

grcewes ms}mﬁen%mual W@ls MEOFH C@ntroltth@promm sgiggmethod
E&ﬁ§%$§ ?t Jdi fications can be nade therein wthout
ep rtlgng Bt he spirit and scope thereof. -9
CLAI &
or ogr aheaf ke oSl b %rnjabfhaPipbh AR eddEirbDpfion code
thatis eedadrag being endb®¥ Hr didableld; | ncl udes a | oad nenory
whi ch stores all instructions and data required for
contr '
cval L) g e BAACET G il o thatoty & %%Pﬁ*mem"vy
to contraol t rocess, said,pethod { |S|n
st eps Cbmdeqeaae%fgéaﬂuﬁgl& E&ﬁ%ﬁ?f%&eﬂé&sﬁ? ety gaptlon code to

Gk if 88 optiv d6dE S Rle; | east one option code that is
coded as being enabl ed or disabled; (b) copying one

nstruction.from.said Io to.sa
o tsettine I RSO o] OPBO codBds altaleg b sad Itetpreter to
m 8f ndt %ﬁ&htl@%‘ﬁald)ﬁktr%oﬁ oekgid dpiofl B6RY iFENRudtdd Biadatt

t|on code is true; executing said instruction if

elgploi bgrfalspend if so @\F@pn theagxtoystaistion framepigrleadsmemery to said
f d
Vp&tk.‘*%%%%ﬁﬁ REbBEREH OIS SR ARHEL PC or 75 be
false and if so to copy the next instruction from said

| oad (Bkshesking @ sgglféaldmtwcn@whgse antion eqde dies brgnsvalpated to be
hélE Béentéabng; d&¥dndlifiRd w&{ﬂtlﬁﬂe to\e g,)emﬁi‘fa? in@@u&fan%% rhyljetion;

said Instr |on whose option co den eval ual
and be true has been conpleted and if not to continue

to execute said instruction to conpletion; and
() if said instruction whose option code has been evaluated to be true has been

completed, repeating steps (b)-(f) until all of said instructions have been evaluated and
executed where evaluation of said at least one option code in the corresponding

instruction has been determined to 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 a unique sequence or event in controlling the process.

10



(f) if said instruction whose option code has been
evaluated to be true has been conpleted, repeating

steps (b)-(f) until all of said instructions have been
eval uated and executed where eval uation of said at

| east one option code in the corresponding instruction
has been determned to be true. 2. The nethod of claim

1 wherein said step of creating instructions conprises
gener dhe nythod gfi claine 1 cdierirbdantfosmateaniprisesdwe wptorderdas wherein

bl qck. ¢ dsing a serjes of instructions reguired.
SeT PR s o8 e s b1 rtfoab R 2, S it fep of
teRecufifh @ S8 thstrdddion ocitConTRiffvaid interpedtar evaliatebBothiofi sedoption
format conprises two option codes wherein ea h.gf )
£adey a9 peing Hue apgot pxecubpgspidiastyting ifah f@ﬂﬁ@&% said option codes
i sakhed hdraerein said step of executing said
instruction occurs only if said interpreter eval uates
both of said option codes as being true and not

xecu n.i . .one of [
aot 1 onnE sl S Ut | Hhilbaph offid fRRlcn B eliprE fy byes
of claim1l wherein each of said instructions conprises

i X byt es. . . The hod of,.claim 4_wherein said.
Snot r SES PEHof BF il § Fhea ok ARic B folmat R percppprisgs
BRIEANPbBYabarhdlerd SAdditih th Gaid 8t Mastbné Givh cOHE edH dfRAid
code,” each of said paraneters and said at |east one
pyameisrsand said af least epeoptipnsofgbeing ene byte misigenet hod of
claim1 wherein an option code of zero is always
evaluated by said interpreter to be true. 7. The
fet hothadethbdbdfnldimihwherein anloptipn cwdesd zere isalyays dvabuated by said

rocess, and wherein said PLC controls process
E’éﬁ?rﬁf?éfﬂabqtf‘f‘ea gas cabinet. 11

7. The method of claim 1 wherein the process is a gas flow process and wherein said

PLC controls process equipment in a gas cabinet.

11



