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Abstract

This paperdescribesa systemfor the automaticgenera-
tion of programsourcecodefrom a graphicalrepresen-
tation of systemrequirements.Theseare in the form of
ladderdiagramsthat areusedto documentthe Boolean-
logic basedprogrammingpresentin many industrialau-
tomation applications. Thesediagramsare descended
from electricalschematicsof relay panelsand are used
as a meansof programmingmicroprocessor-basedpro-
grammablelogic controllers.Thecodegenerationsystem
describedconsistsof two parts: a graphicalladderdia-
grameditor anda post-processorthat generatesprogram
sourcecode.

1 Intr oduction

Programmablelogic controllers(PLCs) usedto control
automatedmachineryareoftenprogrammedusingladder
diagrams[Krigman]. Thesediagramsprovide a widely
understoodvisualrepresentationof systemrequirements.
This projectdemonstratesa set of tools that allow such
ladderdiagramsto beusedto automaticallygeneratepro-
gram sourcecode in a high level languagesuch as C.
Thesetools consistprimarily of a graphicalladderdia-
grameditor runningunderUnix/X11 anda source-code
generationprogramthanrunson any platform that sup-
portsANSI C.

While ladderdiagramsmaybeusedto programa PLC
thereareapplicationswhenit isnotpracticaltouseaPLC.
Instead,customdesignedmicroprocessor-basedhardware
mayberequired.Thetoolsdiscussedin this paperallow
sourcecodetargetedfor suchhardware to be generated

from afamiliarmethodof requirementsspecification.
An introductionto andbrief historyof ladderdiagrams

is presentedin Section2 along with examplesof how
theseladderdiagramshave evolved andareusedtoday.
We will seeexamplesof situationswherea PLC andlad-
derdiagramsmightbeappliedbut dueto applicationcon-
straints,apurchasedPLC isn’t suitable.

After theobjectivesof theprojectarediscussedin Sec-
tion 3, Section4 will describethe architectureof the
project. The featuresand designof the ladderdiagram
editorwill beoutlinedin Section5, andthecodegenera-
tor will bedescribedin Section6.

2 History of Ladder Diagrams

If you have ever watchedan automatedmanufacturing
process(metalstamping,plasticmolding, etc.) you saw
the synchronizedandsequencedoperationof tens,hun-
dreds,or thousandsof separatemechanisms.Electricand
hydraulicmotorsstartandstopon cueto move conveyor
systems.Hydraulicandpneumaticcylindersactuatein the
propersequenceto pressmold halvestogetherand then
inject molten plastic. Switch contactsbuilt into safety
coversautomaticallyshutdown dangerousportionsof the
systemwhencoversareopened.After every 5000parts,
an empty cardboardcartonreplacesa full one which is
sealedandlabeled.

Such systemscan involve many hundredsof inputs:
mechanicallimit switches, proximity switches, safety
interlock switches, temperaturesensors,weigh scales,
liquid level sensors,pressureswitches, control panel
switches,andso on. That systemmight alsohave hun-
dredsof outputs:solenoids,hydraulicor pneumaticcylin-
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ders,electricalmotors(stepperor continuous),heatingel-
ements,controlpanelindicators,audiblealarms,etc. For
the purposesof discussingladderdiagrams,all of them
areBooleandevices– they areeitheron or off.

In computerscienceterminology, thesystemcanbede-
scribedaseithersimplecombinatoriallogic or asa finite
statemachine,dependingon whereyou draw theline be-
tweeninternalstateandexternal inputs/outputs.Indeed,
mostsuchsystemsbuilt within thelastdecadeor two are
controlledby a computerof sometype– thoughpossibly
just a 8-bit processorwith a few thousandbytesof code
spaceanda few hundredbytesof RAM. But, suchcom-
plex machineswererunningquitehappilybeforethemi-
croprocessor, beforethe transistor, beforethe computer,
andevenbeforethevacuumtube.

Oneprimarytechniquethatwas(andoccasionallystill
is) usedto controlsuchsystemsis relaylogic. This tech-
niqueinvolveswiring relaycontactsandswitch inputsin
series/parallelcombinationsbetweena power supplyand
anoutputdeviceto implementBooleanexpressions.Vari-
oustypesof mechanicallylatchingrelays,counters,time-
delayrelays,andotherelectro-mechanicaldevicescanbe
connectedfor additionalfunctionality.

The schematicsshowing the series/parallelcombina-
tion of relayandswitchcontactsareknown as“ladderdi-
agrams”becausewhenlargesetsof themaredrawn side-
by-sidewith a commonpower line acrossthe top they
somewhat resemblea ladderlaying on it’s side. (They
don’t look that muchlike ladders,but probablyasmuch
asdrawingsof “tree” datastructuresresemblerealtrees.)

Recently, the InternationalElectrotechnicalCommis-
sion hasissueda standardthat covers the programming
of PLCs [IEC 1131-3]. This standardincludesspecifi-
cationsfor ladderdiagrams– unfortunatelythe standard
only specifieshow ladderdiagramsare to appearwhen
drawn with ASCII charactersanddoesnotaddresstheis-
sueof representingladderdiagramson bit-mappeddis-
playsor printerswith graphicscapabilities.

2.1 Ladder Diagram Examples

Thestandardschematicsymbolfor asetof relaycontacts
is a pair of parallellinesperpendicularto thedirectionof
currentflow. If you arefamiliar with electricalschemat-
ics,thisis alsothesymbolfor acapacitor. Whetherthede-
viceis acapacitoror apairof relaycontactsis determined
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Figure1: SimpleLadderDiagramExamples

eitherby context or by thedevice’s label.1 Capacitorsare
not usedin ladderdiagrams,so in theseexamplesall of
the describedsymbolswill representeitheractual,phys-
ical relaycontactsor “logical” contactsusedto represent
thetruthvalueof aBooleanvariableor input.

A symbolwithout a diagonalline indicates“normally
open”contactsthatallow currenttoflow only whenthere-
lay is turned“on” or thevaluerepresentedby thesymbol
is true.A diagonalline throughthesymbolindicates“nor-
mally closed”contactsthatallow currentto flow whenthe
relay is “of f ” or the valuerepresentedby the symbol is
false– theequivalentof a logical “not” operator.

Figure 1 shows threesimple examplesof ladderdia-
grams. The outputX will be true (powered)if A andB
arebothtrue(switchesclosed).TheoutputY will betrue
(powered)if A or B aretrue(switchesclosed).Theoutput
Z will be trueif A is trueandD is true,or if A is true,B
is true,andC is false:
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1A device labeledC103on a schematicwould likely bea capacitor,
while onelabeledK103 would beapair of relaycontacts.
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Figure2: A MoreComplex LadderDiagram

In ladderdiagramssuchasFigure1, A, B, C, andD
might beinputsfrom proximity or limit switches.Some-
thing analogousto temporaryor internal statevariables
are implementedby using the output to control another
relaywhosecontactsshow up in othercombinatorialcir-
cuits. A relay typically had several setsof output con-
tacts– both true (normally open)andinverted(normally
closed).

A circuit representingamorecomplex Booleanexpres-
sion might have ten, twenty or a hundredelementsthat
might includecounters,time delays,andotherfunctional
blocks.By usingfeedback(thecontactscontrolledby the
outputsignalareusedin thecircuit thatcontrolstheout-
put), it is possibleto implementa circuit which hasan
internalstatesuchasanR-Sflip-flop.

Theexamplein Figure2 shows a circuit with aninter-
nal state(which, in this case,happensto be equalto the
outputsignal). In Figure2, thestateof X is givenby the
Booleanexpression:
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Figure3: A LadderDiagramUsinga FunctionBlock

Sucha diagrammight be generatedby an electrician
or mechanicalengineerto satisfy the following require-
ments:>

X is thecontrolsignalfor someoutputdevice.>
X maynotbeenabledunlessthefollowing interlocks
arepresent:A, andany oneof B, C or D.>
X may be turned on by pressingthe Start button
wheneitherconditionE is true or conditionsF and
G arebothtrue.>
X will remain on (assumingthe interlocks stated
abovearepresent)until theStopbuttonis pressed.

Ratherthanshowing feedbackas in Figure2, a func-
tional block containinga “switch” might be definedthat
hastwo controlinputs;oneto turntheswitchoff, theother
to turn theswitchon. Whenneitherof thetwo controlin-
putsaretrue, the switch’s stateremainsunchanged.The
switch’sbehavior whenbothcontrolinputsaretruecould
bedefinedanumberof ways,but wewill definethe“off ”
input hashaving priority: whenboth the “on” and“off ”
signalsaretrue,theswitchis off.

Figure3 shows a ladderdiagramusingsucha switch
block thatmeetsthesamerequirementsasdid the ladder
diagramin Figure 2. This diagrammore clearly shows
the purposeof this control sub-system:the logic on the
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left controlswhenthe outputwill be turnedon, and the
logic on theright showswhenit will beturnedoff.

2.2 Ladder DiagramsToday

For severaldecadesbeforecomputerswereinvented,me-
chanicalengineersandplantelectricianscreatedcomplex
discretecontrolsby designingrelay-logicsystems.Today,
Booleancomputationusingactualseries/parallelcombi-
nationsof physicalcontactsis rarelyusedin systemswith
morethana few inputsandoutputs.Eventhoughtheuse
of relaysto perform logic is rare, the useof ladderdi-
agramsto documentthe operationof electro-mechanical
systemsis still widely used. The primary useof ladder
diagramsis to programmicroprocessor-basedPLCs.

ThesePLCsrangein capabilitiesfrom 5-10I/O points
andaserialport for programming,to thosewith hundreds
of I/O points,agraphicallocaloperatorinterfacefor edit-
ing diagrams,and a LAN interfacefor connectionto a
supervisorycontrolsystem.Purchasepricesrangefrom a
few hundredto severalthousanddollarsandthey aresold
by most of the providersof processcontrol equipment:
GE,Westinghouse,Gould,L&N, Toshiba,Allen-Bradley,
SquareD, etc. Specificationsfor a typical low-endPLC
programmedusingladderdiagrams,theToshibaEX14B,
is includedasAppendixE.

PLCsprogrammedby ladderdiagramsareusedin al-
mostall applicationsinvolving discreteprocesscontrol.2

Theseprocessescan consistof anything that requiresa
setof discreteoperationsbeperformedin setsequences:
injectionmolding,stamping,conveyor operations.

PLCs interpretladderdiagramsanywherefrom ten to
onethousandtimespersecond.Themove from physical
implementationto interpretationby a microprocessorhas
introducedboth new capabilitiesandnew restrictionsto
the processof designinga system. No longer is the de-
signerlimited by thenumberof contactsper relayor the
fan-outrestrictionsthat limited how many relaysan out-
put couldcontrol. However, no longeris theresponseof
thesysteminstantaneous(within electro-mechanicallim-

2Discrete processcontrol refers to systemswhere a controller
switchesoutput devices on and off accordingto pre-definedrequire-
ments– asopposedto continuousprocesscontrolwhereananalogout-
put (speed,temperatureor pressurefor example)is controlledto main-
tainasystemwithin desiredoperatinglimits.

its) andno longerareall calculationsperformedcontinu-
ouslyandin parallel.

Theladderdiagraminterpretersevaluatediagramsin a
specifiedorder, from top to bottom,left to right. To con-
tinuetheanalogywith aphysicalimplementation,current
canonly flow down thepageandnotup thepage.

The“computerization”of ladderlogic hasmadeit easy
to addhigher-level devicesto the tool set. The designer
commonly has accessto blocks such as a counterthat
counts input pulsesand setsan output to true after N
pulseshavebeenaccumulated.Suchacountermighthave
several inputssuchasincrement,decrement,clear, anda
“trigger” level thatdetermineswhentheoutputgoestrue.
Other functionalblocksthat arecommonlyseeninclude
time delaysandanaloginput blockswith binary outputs
for multiplehigh andlow alarmconditions.

2.3 The Needfor CodeGeneration

While PLCsaresuitablefor many discretecontrolappli-
cationstherearesituationswheneithercustomdesigned
hardware or a more generalpurposecomputermust be
used. A more generalpurposecomputermight be re-
quiredin orderto provideaccessto hardwareor software
capabilitiesthat aren’t available in a PLC. For example,
anapplicationmight requiresomesortof machinevision
capabilities.While video captureequipmentandpattern
recognitionfacilitiesarereadilyavailablefor workstation-
classmachines,suchfacilitiesaren’t availablefor PLCs.

Unusual physical requirementssuch as an extended
temperaturerange or hardeningto resist radiation or
electro-magneticinterferencemight precludethe useof
off-the-shelfPLCsandrequirethat customhardwarebe
designed.Unusualinterfaceor performancerequirements
might alsorequirethe designof customhardwareor the
useof a particularcomputernot originally intendedfor
discretecontrolapplications.

If either a generalpurposecomputeror customde-
signedhardwareis used,it is likely to be the exception
within the facility. If the majority of thediscretecontrol
within a plant is performedby PLCsprogrammedusing
ladderdiagrams,it would beadvantageousif our “excep-
tion” applicationcouldalsobeprogrammedusingladder
diagrams. This would allow personnelalreadytrained
in the useof ladderdiagramsto createandmaintainthe
discretecontrol portion of the applicationwithout hav-
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ing to learn a programminglanguagesuchas C. Since
ladderdiagramsareeasilygeneratedandunderstoodby
non-programmers,they aresometimesusedto document
controlevenwhentheactualprogramis written in acom-
piled language. The manual translationof ladder dia-
gramsinto a procedurallanguagesuitablefor useeither
on a generalpurposecomputeror customhardwareis a
time-consuminganderror-pronetask.

Automatic generationof sourcecodefrom ladderdi-
agramswill allow usersfamiliar with ladder diagrams
to continueto use familiar designmethodologieseven
thoughthe target machinedoesnot provide a ladderdi-
agraminterpreter. To changethe discretecontrol func-
tionality, the usermerelyneedsto edit the pertinentlad-
derdiagramandthendo a“make” whichwill re-generate
thesourcecodefrom thealtereddiagramandthenrecom-
pile theapplication.Oncesuchasystemis setup,mainte-
nancecanbeperformedwith lessrisk of introducingbugs,
andthereis lessrequiredprogrammingexperienceon the
partof thepersonmaintainingthesystem.

3 Project Objectives

In the past,the programmerwould be given ladderdia-
gramsshowing the systemrequirementsandwould have
to translatetheseinto sourcecode.

This project will provide tools to automaticallygen-
eratesourcecodefrom ladderdiagrams.The generated
sourcecodecanthenbe incorporatedin a compiledpro-
gram. This would allow the control logic andoperation
sequenceto be designedby the industrialor mechanical
engineerusinga familiarmethodologyandnotation(lad-
der diagrams)even thoughan off-the-shelf ladder-logic
controlleris notsuitablefor thetask.Theladderdiagrams
would bedesignedby theengineerdesigningtheprocess
or the machine,andthenautomaticallytranslatedinto C
for incorporationwith theremainderof thesoftware.

3.1 RelatedWork

A literaturesearchrevealednothingin theareaof gener-
atingsourcecodefrom ladderdiagrams.Therehasbeen
work done[Devanathanet al] on programsto do the in-
verse: generateladderdiagramsfrom a definition writ-
ten in a state-transitionlanguage. The ladderdiagrams

arethendownloadedinto theladdercontrollersmentioned
previously.

4 Project Ar chitecture

The projectconsistsof two main components:an X11-
basedgraphicalladderdiagrameditoranda codegenera-
tor. Thecodegeneratormaybe run from within the dia-
grameditoror it mayberunasa stand-aloneutility.

Thedecisionto separatethefunctionalityinto two pro-
gramswasdriven by the additionalutility of beingable
to performthesourcecodegenerationaspartof anauto-
matedsoftwarebuild facility suchas is provided by the
Unix “make” utility. If the sourcecodegenerationwas
available only from within the ladderdiagrameditor, it
might bepossiblefor theuserto edit thediagrambut for-
getto run thecodegenerationfunction.Thiswouldresult
in the ladderdiagrambeing out of syncwith the corre-
spondingsourcecode.

If the sourcecode generatoris available as a stand-
alone utility, then it is quite easy to use a utility like
“make” to insure that when a ladderdiagramhasbeen
changedthecorrespondingsourcecodeis regeneratedand
compiledonly asneeded.

Thefollowing sectionswill describethedesignandop-
erationof thetwo portionsof theproject.

5 LEd: A Diagram Editor

The portion of the projectmostvisible to the useris the
ladderdiagrameditor. This sectionwill describethepro-
gram’s featuresandusageandthenaddressthedesignof
theeditor.

5.1 Program Features

Fromtheuser’s perspective the ladderdiagrameditor re-
semblesa simpledrawing or schematiccaptureprogram.
LEd hasfacilitiesfor:>

Placing objects of various types (relay contacts,
functionblocks,etc.)on thediagram.>
Editing thenamesof theseobjects.
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>
Making interconnectionsbetweenthe terminalsof
objects.>
Moving anddeletingobjects.>
Saving, loading,andprinting ladderdiagrams.>
Runningthecodegeneratorprogramandviewing its
output.>
Viewing hypertext helpdocumentation.

Figure 4 shows the applicationwindow of the ladder
diagrameditor. The editor is invoked by typing the fol-
lowing at theshellprompt.

$ led [filename]

If afile nameis providedon thecommandline, theeditor
will openthatfile anddisplaythecontaineddiagramin the
mainsub-window. Oncetheeditorhasstarted,theuseris
presentedwith amenubaracrossthetopof theapplication
window andatoolbardown theleft sideof theapplication
window.

5.1.1 Menubar

Themenubarprovidesfor operationsancillary to the ac-
tual manipulationof the drawing. It containsfour drop-
down menus:

File containsentriesthatallow theuserto openandsave
diagramfiles, print the diagram,and exit the pro-
gram.

View allows theuserto view a list of objectson thecur-
rentdiagram,thecorrespondingnet-list,or thecode
producedby thecodegeneratorprogram.

Options allows the userto choosethe settingsfor vari-
ousprogramoptionsthatcontrolline width, drawing
size,etc.

Help allows the userto start an HTML browser that is
usedto view theprogram’shelpdocumentation.

5.1.2 Toolbar

Thetoolbaralongtheleft sideof theapplicationwindow
is usedfor manipulationof thedrawing itself. The func-
tionsprovidedby thetoolbarcanbedividedinto four cat-
egories:

1. Thetop sevenbuttonsareusedto placenew objects
on the drawing. First the userleft-clicks on the de-
siredobject(thefunctionblock buttonwill pop-upa
menuthatallowsthetypeof blocktobechosen).The
userthenmovesthepointerinto thedrawingwindow
– a new objectof theselectedtypewill beshown in
red,andit will follow thepointerasit is movedabout
thedrawing window. Whenthenew objectis in the
desiredposition, the userleft-clicks and the object
is placedon thedrawing. If theuserright-clicksthe
new objectis discarded.

2. The wire button is usedto interconnectdeviceson
the drawing. Theuseleft-clicks on thewire button,
thenmovesthepointerinto thedrawing window. In
thedrawingwindow, aleft-click will startanew wire
at thepointerposition(terminatingapendingwire if
oneis beingdrawn). Center-clicking will terminate
thewire currentlybeingplaced.Right-clickingwill
discardthewire currentlybeingplaced.

3. The text button is usedto edit the nameassociated
with eachnon-wireobjectin thedrawing. To edit an
object’s name,theuserleft-clicks on thetext button
thenleft-clicks on theobject. A text cursorwill ap-
pearandtheusermaythenenteror edit theobject’s
name.

4. The move anddeletebuttonsareusedto move and
deleteeithersingleobjectsor groupsof objects.To
moveor deletea singleobjecttheuserleft-clicks on
theappropriatebuttonandthenclicks on theobject.
If the objectis to be moved, it will changecolor to
red and follow the pointer as it is moved. A left-
click will placetheobjectin its currentlocationand
aright-click will abortthemoveoperation;returning
theobjectto it’soriginal location.

Deleting or moving multiple objectsis similar ex-
ceptthe userselectsa rectangularregion by center-
clicking atoppositecornersof thedesiredregion.
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Figure4: LadderDiagramEditor
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TheUnix manpageandhypertext helpdocumentsfor
ledareincludedasAppendixesA andB.

5.2 DevelopmentPlatform

Thelanguagechosenfor theprojectwastheSTkpackage
[Gallesio]: a Schemeinterpreterlinked with the Tk X11
toolkit andwidgetset[Outsterhout].

Several languageoptionswereinvestigatedfor theim-
plementationof a ladderdiagrameditor:>

Smalltalk.

– Digitalk Smalltalkwith a third partyuserinter-
facekit.

– GnuSmalltalkwith X11 interfacelibrary.

– ParcPlaceSmalltalk.>
TheTcl/Tk Tcl interpreterandX11 toolkit.>
C andvariousX11 widgetsets.>
TheSTkSchemeinterpreterandX11 toolkit.

Smalltalk. A freely distributable and easily extended
packagewasoneof the goalsof the project. For this to
be practical, the developmenttools must also be freely
distributable.

Of theSmalltalksystems,only GnuSmalltalkmetthis
requirement.Unfortunately, the X11 interfaceavailable
for GnuSmalltalkwasratherprimitiveanddidn’t provide
a setof widgetssufficient for thetask.

Tcl/Tk. This languageandX11 toolkit wasdesignedas
partof asetof toolsto do integratedcircuit designandin-
cludesa verysophisticated“canvas”widgetthatprovides
thefundamentalfunctionsrequiredfor anobject-oriented
drawing applicationlikeeditingladderdiagrams.Theim-
portantfeaturesof theTk canvaswidgetare:>

Two dimensionalscrollingwithin a window.>
Directsupportfor themanipulationof graphical“ob-
jects”.>
Built in capabilityto generatea postscriptrepresen-
tationof the“drawing” containedin thewidget.

While theTk toolkit andwidgetsetwasideally suited
for theladderdiagrameditorportionof theproject,theTcl
languagedidn’t seemsowell suited.TheTcl languageis
basicallya string-orientedcommandlanguageakin to a
Unix shell. It lacksany datatype other than the string,
andthesyntaxandsemanticsof the languageitself area
bit odd.

C. Gnu C provided an excellent, freely distributable
compiler. A freelydistributable,high-levelwidgetsetthat
providedtherequiredfeatureswasn’t found.

STk. The STk packageis a Schemeinterpretermated
with theTk toolkit. Schemeis a small,modern,statically
scopeddialectof LISP. It is a well defined,standardized3

languagewith a largelibrary of availablesourcecodefor
functionality, rangingfrom hashtablesand queuesto a
completeobjectorientedprogrammingsystembasedon
CLOS, the CommonLisp Object System. The Advan-

tagesof STkare:>
STk is availablefor mostUnix/X11 platforms.>
STksourcecodeis availableandfreelydistributable.>
STk is easilyextendedin C.

Thedisadvantagesof STkare:>
Inability to generatestand-alone,binary applica-
tions. An STk applicationis like a Unix shellscript
– if you don’t have the interpreterinstalledon your
system,youcan’t run theprogram.>
STkhasnotyetbeenimplementedfor non-Unix/X11
platforms.>
The Tk toolkit is designedto be usedby an inter-
pretedlanguageratherthana compiledlanguage,so
it’s not likely that it will be possibleto producea
stand-alonebinaryapplicationin thefuture.

3LiketheC language,therearetwo “standards.” Oneis IEEEP1178-
1990 “IEEE Standardfor the SchemeProgrammingLanguage.” The
secondstandardis the “K&R” of Scheme: “Revised? Reporton the
Algorithmic LanguageScheme,” ClingerandReese(Editors)
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5.3 The Designof LEd

Thedesignof theeditormustaddressthreemajorareas:>
Manipulationof graphics– the actualmechanicsof
editingthedrawing.>
Maintenanceof a datastructurethat is sufficient to
recreatethedrawing andanassociatenet-list.>
Generationof anet-listsuitablefor post-processing.

In orderto explain how theseproblems(especiallythe
first two) are solved, it is important to understandthe
functionality availablein the Tk toolkit’s canvaswidget,
which is seenas the main drawing areain the applica-
tion window. Thecanvaswidgetprovidesfor thedisplay
andmanagementof severaltypesof graphicalprimitives:
lines,ovals,text, rectangles,etc.

Theseprimitive objects are managedand organized
mostlyby theassignmentof “tags” to objects.Eachprim-
itivehasaunique,automaticallygeneratednumericaltag.
Theuseris allowedto assignadditionaltagsto primitives
asdesired. A primitive objectmay have any numberof
tags,andtagsarenot requiredto beuniqueto anindivid-
ual primitive. A new tag may be assignedto primitives
within a given region, to the primitive closestto a spec-
ified coordinate,to the primitive(s)that have a specified
tag,or to theprimitive selectedby thepointer. Addition-
ally, it is possibleto retrieve all of the tagsassignedto a
particularprimitive,aswell asotherinformationaboutthe
primitivesuchascoordinatesandtype(line,oval, text). In
thecaseof text objects,thestringvaluemaybealsobeset,
modified,or queried.

Theseprimitive objectsaremanipulatedby operations
suchasmove, delete,changecolor. Theprimitivesupon
which the operationsare to be performedare specified
by thepreviously discussedtags.For example,all of the
primitiveswith a specifiedtagmaybemoved100pixels
to theleft and75pixelsdown.

5.4 Inter nal Data Representation

Themostimportantdesigndecisionis how theladderdi-
agramis representedinternallywithin theeditor. Concep-
tually, the diagramconsistsof a setof high-level objects
(relays,functionblocks,labels,wires) eachwith a name
(exceptwires)andapositionon thedrawing.

A certainminimum amountof datais maintainedin-
ternalto thecanvaswidget: Thecoordinatesof all of the
graphicalprimitivesandthestringvaluesof thoseprimi-
tiveswhicharetext objects.

This raisesa number of designquestionsrevolving
aroundthe central issueof how to partition the editor’s
representationof thediagrambetweenthecanvaswidget’s
internalstate(usingthe tagsdescribedpreviously) anda
datastructurewithin theapplicationprogram:>

If thecompletestateof thediagramis to beresident
in adatastructureexternalto thecanvaswidget,how
mucheffort is requiredto make surethat the infor-
mationduplicatedbetweenthecanvaswidgetandthe
externaldatastructureis maintainedin a consistent
state?>
If thestateof thediagramis to besplit betweenthe
canvas widget’s internal stateand an external data
structurewithout duplicatinginformation,how will
changesto thediagramstatebecoordinated?>
Is the tag mechanismpowerful enoughto allow the
stateof the diagramto be containedentirely within
thewidget?

In orderto decideon oneof the threeapproaches,the
requirementsthatmustbemethaveto bedefined:

Grouping of Primiti ves. Groupsof graphicalprimi-
tivesneedto be definedso that the applicationprogram
canperformthedesiredoperationsonhigherlevel objects
suchasrelaysandfunction blocks. This canbe accom-
plishedexternalto thecanvaswidgetby maintaininglists
of primitivescorrespondingto eachhigh level object. It
mayalsobeaccomplishedwithin thecanvaswidgetby as-
signinga uniquetagto thesetof primitivesthatmake up
eachhigh-level object.

Attrib ute Assignment. Eachhigh level objecthassev-
eral attributes that need to be manipulated: a user-
specifiedname,the location on the drawing, the object
type(relay, wire, label,etc.).Theseattributesarerequired
for generationof thenetlist– thelocationsareusedto de-
terminetheconnectionsbetweenobjectsandtheotherat-
tributes(name,type)arerequiredby thecodegeneration
algorithm.
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The maintenanceof thesehigh level object attributes
can be performedexternal to the canvas widget with a
datastructurethat is instantiatedfor eachhigh level ob-
ject. This mayalsobedoneusingthecanvaswidgetsin-
ternalstate.Thecanvaswidgetcertainlymustkeeptrack
of the locationof eachprimitive, andif we defineoneof
the primitiveswithin eachhigh-level objectas the “ori-
gin” of that object, thenwe canusethe locationof that
primitive to definethelocationof thehigh level object.

To maintainotherattributestagswith a definedformat
may be assignedto the primitives that composea high
level object. For examplewe candecidethat a tag with
a valueof “type-XYZ” will be assignedto an object to
definethetypeof thatobjectas“XYZ”.

Likewise, we can assigna predefinedtag to the text
primitive within a high level objectthatcontainstheuser
edit-ablenamefor thathigh level object. This will allow
usto editor retrievethenamefor agivenhighlevelobject.

The RoadChosen. Thedecisionwasto utilize thecan-
vaswidget’stagfacilitiesandits internalstateto represent
theentirestateof thedrawing. This approachhasseveral
advantages:>

No duplicateddata. Sinceall stateinformation is
containedin the canvaswidget, therecan’t be any
discrepancy betweentheapplication’srepresentation
of thedrawing andwhatis displayedto theuser.>
No effort is requiredto coordinatechangesto two
data structures. When an object is deleted, it is
not necessaryto deleteit both from anexternaldata
structureandfrom thecanvaswidget.>
Theroutinesrequiredto manipulateobjectattributes
usingthecanvaswidget’s tagmechanismrequirelit-
tle or no additionalwork comparedto usingan ex-
ternaldatastructure.

5.4.1 Exampleof Tag Usage

Primitive objects(lines, text, ovals) needto be grouped
into high-level objectssuchasrelaysandfunctionblocks.
This is doneby assigninga uniquehigh-level object tag
to all of the primitive objectsthat composea particular
high-level object. Thesetagsalwaystake the form “obj-
NN” andaregeneratedautomaticallyby the application

codeasnew high-level objectsarecreated.Thesehigh-
level object tagscanbe seenin the net list generatedby
theeditor.

High-level objectscan then be operatedon as single
logical objects. For example,when the userwishesto
movea functionblock, thefollowing takesplace:>

Whenthe mouseis clicked on oneof the primitive
objectsthat make up the function block, the editor
readsthe tag list from that primitive objectandse-
lects the “obj-NN” tag. For our example,we will
assumeit is “obj-23”.>
A temporary“move-tag”is addedto all primitiveob-
jectswith thetag“obj-N23”.>
Thecanvaswidgetis thentold to changethecolorof
all primitiveobjectswith thetag“move-tag”to red.>
As thepointeris moved,thewidget is told to move
all objectswith thetag“move-tag”thesamerelative
distanceasis movedby thepointer.>
Whenthe move is completed,the widget is told to
changethe color back to black for everythingwith
the tag “move-tag,” andthen the tag “move-tag” is
deletedfrom all primitiveobjects.

Onceit wasdecideto maintainthedrawing statein the
canvaswidget, the implementationof the variouseditor
functionalityfollowedin astraightforwardmanner.

5.4.2 Net-list Generation

Whena ladderdiagramis saved by the editor, two data
structuresarewritten to thefile:>

A list of the objectsin the drawing including their
attributes(type, location,etc.). This information is
usedto re-createthedrawing thenext time thefile is
openedby theeditor.>
The netlist correspondingto the ladder diagram.
This net-list is what is usedby thepostprocessorto
generatesourcecode.

The netlist consistsof two parts: an object table that
lists thevariousdevicesalongwith theirnamesandtypes,
andtheactualnode-listthatcontainstheconnectivity in-
formation.
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The generationof the objecttableis a trivial taskthat
requiresnothing more than retrieving a list of objects
other thanwires and retrieving the relevent attribute in-
fromationfrom thecanvaswidgettags.

The generationof the node-listis slightly morecom-
plex, but still consistsof threesteps.>

First, all of the wires in the diagramaresortedinto
setscalled nodes. All of the wires in a particular
node are connectedto eachother through zero or
more otherwires, andnoneof the wires in a node
areconnectedto any wire in adifferentnode.>
All of the device terminalsconnectedto eachnode
arelistedasbelongingto thatnode.>
The device terminalsnot connectedto any wire are
searchedto determineif they aredirectly connected
to any otherterminalswithout usinga wire. If so,a
new nodeis definedfor eachsetof inter-connected
terminalsandassignedthoseinter-connectedtermi-
nals.

While thealgorithmis notoverly complicated,thecur-
rent implementationis @ �/ACB� and can take several sec-
ondsto processa moderatelycomplex ladderdiagramon
a slow workstation.

6 lad: A CodeGenerator

Having describedthe designandoperationof the ladder
diagrameditor, thecodegenerationportionof theproject
is next to beaddressed.Thiscomponentof thesystemis a
post-processorthatgeneratessourcecodefrom a net-list
composedof adevicetableandanodelist. Thecodegen-
eratormay be run from insidethe ladderdiagrameditor
or asastand-aloneutility.

If thecodegeneratoris to berun outsidetheladderdi-
agrameditor, theladderdiagramfile mustberun through
a formattingutility thatunderstandsthe file format writ-
tenby theladderdiagrameditor. This formatteris asmall
Schemeprogramcalledladformat. Thisprogramdoesnot
usetheX11 toolkit usedby theeditor. Therefore,it may
berun from amakefileor aspartof ashellscript.

TheUnix manpagesfor ladandladformatareincluded
asAppendixesC andD.

6.1 Overview

The ladderdiagramparadigmis that of an electricalcir-
cuit: if thereis a completepathfrom thepower sourceto
theoutputdevice, thenthatdevice is on. If not, thenthat
device is off. The designof the codegeneratorreflects
this view of a ladderdiagram.Theladderdiagramis rep-
resentedasa graphwhich is subjectedto a series-parallel
reductionreductionthatproducesand-ortreesthat repre-
sentseries-parallelcombinationsof graphnodes.Thena
depth-firstsearchis usedto find possiblepathsfrom the
“source”nodeto theoutputs.Thenodes(andcorrespond-
ing and-ortrees)encounteredalongthatpathareusedto
constructa Booleanexpressionthatrepresentsthecondi-
tionsunderwhich theoutputis to betrue.

The contentand format of the generatedcodeis con-
trolledby asetof templatefiles thattheusermayeditand
extend.

6.2 Device representation

A device(andtherefore,agraphnode)hasany numberof
terminalswhich areconnectedto otherdevices. Two of
the terminalsare treatedspecially. Thesetwo terminals
(the “input” and “output” terminals)representthe relay
contacts. Eachobject in a diagramis requiredto have
thesetwo terminalsby IEC Standard1131-3(II) “Uni-
form PLC Programming”in orderto preserve the binary
dataflow view. The model usedby the codegenerator
alsoallows for additionalinput terminalsthatcancontrol
the internalstateof a device – however, therearenever
additionaloutputterminals.

Theoutputterminalis trueif theinput terminalandthe
stateof the device aretrue. Thestateof the device may,
in thecaseof a normally-openrelay, besimply thevalue
of aBooleanvariable.It may, for anormally-closedrelay,
bethe invertedvalueof a Booleanvariable.For complex
functionblocks,thedevice’sstateis controlledby control
inputsandblock-specificlogic which may includeinter-
nal stateinformation.

Thedefinitionof a “function block” is any device that
hasterminalsotherthanrequiredsingleinput andoutput
terminals.

The“output” device is actuallya functionblockwhose
inputandoutputterminalscan’t beconnectedto anything
(this is not in accordanceto IEC 1131-3). What would
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appearto bean input terminalon thediagramis actually
a control input. The reasonfor this will becomeevident
later.

6.3 Graph generation and reduction algo-
rithm

After the device table hasbeenreadand the graphhas
beenconstructed,thenext stepin thecodegenerationpro-
cessis thatof combiningnodesthatarein seriesor paral-
lel. This processingconsistsof 3 stepsillustratedin fig-
ures5 through7:

1. Constructa directedgraphfrom the net list. Each
nodein thegraphrepresentsasingledevicefrom the
ladderdiagram.Arcs betweennodesrepresentcon-
nectionsfrom the output terminal of onedevice to
theinput terminalof another.

2. Add an and/ortreeto eachnodeof the graph. This
and/ortreehasasingleterminalnodewhosevalueis
thenameof thedevicerepresentedin thegraphnode.

3. Reducethegraphof and/ortrees:

(a) Combinenodesthat areconnectedin parallel
into a single“or” nodewhosechildrenarethe
nodesthatwereconnectedin parallel.

Two nodesaredefinedto be in parallelif their
input terminalsareconnectedto eachotherand
their output terminalsare connectedto each
other.

(b) Combinenodesthatareconnectedin seriesinto
a single “and” node whose children are the
nodesthatwereconnectedin series.

Two nodesaredefinedto bein seriesif theout-
put of one is connectedto nothingexcept the
inputof theother.

Sincecombiningseriesnodesmaycreateadditional
parallel sub-graphs(and combining parallel nodes
may createadditionalseriessub-graphs)the above
two stepsare repeateduntil no additionalseriesor
parallelreductionsarepossible.

Listing 1 File templateexample

typedef enum{False=0, True=1} boolean;

/* globals for all blocks */

%h

/* code */

void eval_%f(void)
{
%c
}

6.4 Codegenerationalgorithm

Thecodegenerationphaseis controlledby codetemplate
files. Therearetwo typesof templatefiles: afile template
anda setof block templates.Theprocessingof template
files is handledmuchasif they wereformatstringsfor the
ubiquitousprintf() family of library functions. The tem-
platefile is readin andcopiedto the outputwith “%

�
”

charactersequencesreplacedby variousformattedoutput.
Thesetof outputspecifiers,%

�
, dependson theparticu-

lar typeof templatefile beingprocessed.

6.4.1 The file template

The file templateis usedonceper invocationof lad and
controlsthe format of the outputfile. The resultsof the
outputspecifiersavailablefor usein thefile templateare
shown below.

%f Outputthe“function” name(thisdefaultsto thename
of the input file, but may be over-ridden with a
command-lineoption).

%S Output the resultsof processingthe block template
(for eachfunctionblockin thenetlist) with thesuffix
S. Smaybeany singlecharacterotherthan‘f ’.

An exampleof a simplefile templateis shown in List-
ing 1.

6.4.2 The block template

Eachtype of function block usedin the ladderdiagram
musthave a block templatefile for eachoutputspecifier
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Listing 2 Latchblock templateexample
Headerfile: latch.h

/* latch %n state variable */

static boolean %n;

Bodyfile: latch.c

/* latch %n evaluation code */
{
if (%3)

%n = False;
else if (%2)

%n = True;
}

typeotherthan%f thatis presentin thefile template.All
block templatesareprocessedidentically, andtheoutput
specifiersthatareavailablefor usein block templatefiles
areshown below.

%n Outputthedevice “name” (this is thenametheuser
enteredusingtheLEd diagrameditor).

%N OutputtheBooleanexpressionthatevaluatesto the
valuepresenton the function block’s control termi-
nal E (whereE is avaluefrom 2 through9).

Theexamplefile templateshown in Listing 1 contains
two outputspecifiersthatrequireblocktemplatefiles: %h
and%c. Therefore,eachfunction block musthave two
block templatefiles whosenamesare blocktype.h and
blocktype.c. The file templateis setup so that the .h
blocktemplateoutputis locatedoutsideof any C function
andis to beusedfor declaringglobalvariables.

The .c block template output appearswithin a C
functionbodyandthereforecontainsexecutableprogram
statements.

Examplesof the block templatesfor a latch function
blockareshown in Listing 2. Thelatchfunctionblock.h
templatefile simplydeclaresasinglevariablethatis used
to holdthestateof thelatch.The.c templatefile contains
C statementsthat evaluatethe statesof the two control
inputs(setandclear)andsetthelatch’sstateaccordingly.

Thelatchtemplateexampleillustratesthetwo basicop-
erationsthatmustbeperformedby theblocktemplatesfor
any typeof functionblock:>

Declarea statevariablewith the samenameasthe
device. This variablemay be usedin Booleanex-
pressionsthataregeneratedfor otherblocks’control
terminals,soit mustbevisible to any codeproduced
by the file template. It may or may not be visible
outsidethefile, dependingon thewishesof theuser.>
Producecodethatcontrolsthestatevariableby eval-
uating the control inputs and performingwhatever
computationsarerequired.

6.5 Control terminal evaluation

Whenthecodegeneratoris producingcodefrom a func-
tion block templateandit encountersa tokenof theform
%E ( FHGIEJGLK ) it emits a Booleanexpressionthat
representsthevaluepresenton control terminal E . This
expressiontakesoneof two forms. If the terminalwas
connectedto a label, thenthat label’s valueis used.This
may be any string and could representa constantvalue
or a variable. Suchusageof a label canbe seenlater in
Section7 wherethe value“100” is attachedto a control
terminalfor a counterblock.

If the terminal is connectedto other devices, then a
depthfirst searchis performedto find possiblepathsfrom
theterminalto thesourcenode.Theand-ortreesbelong-
ing to nodesfoundalongthepathsareformattedandcom-
binedto form an infix Booleanexpressionwhich is then
emitted.

6.6 Example templatesfor a counter

To further illustratethe operationof block templates,an
examplewill be shown for a counter. This device will
have two statevariables: the requiredBooleanstateas-
sociatedwith all devices, andan integer counterthat is
manipulatedbasedon the control inputs. The example
counterdevicewill have four controlinputs:4

4Remember, terminals0 and 1 are the input and output terminals
which areusedto constructtheand/ortrees,andneednot beaddressed
by block templates
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Listing 3 Counterblock templateexample
Headerfile: counter.h

/* counter %n state variable */

static boolean %n;

Bodyfile: counter.c

/* counter %n evaluation code */
{
static int count;
static int lastinc;
static int lastdec;
int inc = %2;
int dec = %3;

if (inc && !lastinc)
++count;

if (dec && !lastdec)
--count;

if (%4)
count = 0;

lastinc = inc;
lastdec = dec;

%n = (count > (%5));
}

>
Terminal2: Increment.A falseto truetransitionwill
incrementtheintegercounterassociatedwith thede-
vice.>
Terminal 3: Decrement. A falseto true transition
will decrementtheintegercounter.>
Terminal4: Clear. A truevalueon this inputwill set
theintegercountervalueto 0.>
Terminal 5: Compare. This terminal is to be con-
nectedto a “label” device which is to representan
integervalue.

The Booleanstateof the device shall be true if f the
counteris greaterthan the “Compare” value. Listing 3
shows the templatefiles for the counterdevice require-
mentsdefinedabove.

Listing 4 Outputblock templateexample
Headerfile: output.h

/* output %n state variable */

boolean %n;

Bodyfile: output.c

/* output %n evaluation code */

%n = %2;

6.7 Example templatesfor an output

An output device’s templatesare considerablysimpler.
The purposeof an outputdevice is to evaluatethe value
on its singlecontrol terminal(terminal2) andassignthat
valueto a globally visible variable.The templatesto ac-
complishthisareshown in Listing 4.

7 A completeexample

We will now seea completeexampleof a ladderdiagram
using the exampledevices definedin the previous sec-
tions. Figure 8 shows the ladderdiagramcreatedwith
the ladderdiagrameditor alongwith the codegenerated
from that ladderdiagram. This exampleshows many of
thefeaturesof thetool set:>

Useof standardnormallyopenandnormallyclosed
relaycontacts.>
Useof two typesof functionblocks:acounteranda
latch.>
Useof a label device to supplya valueof “100” to
oneof thecontrolinputsto thecounter.

8 Analysis

8.1 Statistics

TheLEd editoris comprisedof approximately2800lines
of Scheme(commentsandwhitespacenot counted).Of
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typedef enum{False=0, True=1} boolean;

/* globals for all blocks */

/* latch LatchY state variable */

static boolean LatchY;

/* counter CntX state variable */

static boolean CntX;

int OutX;

/* code */

void eval_completeExample(void)
{

/* latch LatchY evaluation code */
{
if (Q)

LatchY = False;
else if (P)

LatchY = True;
}

/* counter CntX evaluation code */
{
static int count;
static int lastinc;
static int lastdec;
int inc = (D&&!E);
int dec = (A&&(!B||C));

if (inc && !lastinc)
++count;

if (dec && !lastdec)
--count;

if (CntClr)
count = 0;

lastinc = inc;
lastdec = dec;

CntX = (count > (100));
}

OutX = (LatchY||CntX);
}

Figure8: A completeladderdiagramexample
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that total, codereusedfrom otherprojectstotalsapproxi-
mately800lines.Themajorityof thereusedcodeis in the
HTML displayroutinesusedby thehelpbrowser. These
routinesweremodifiedto supportrelative URLs andan-
chors.

The lad codegeneratoris approximately1200linesof
C sourcecode(comments,whitespace,andlinescontain-
ing only bracesnot counted).

8.2 General comments

The tools have beenusedextensively only by the author
(who naturallyfinds the userinterfaceintuitive andsim-
ple). Sincetheauthorof a programis rarelya goodjudge
of theuserinterface,additionalinput from userswouldbe
invaluablein tuning the mechanicsof editing a drawing.
As a whole, the editor’s user interfaceturnedout quite
nicely. Thanksin partto theTk toolkit, theresultinguser
interfacehasapolishedandprofessionalfeel.

Someportionsof theprojectinvolvedmorework than
expected.Thesewerethe“auxilliary” userinterfaceitems
suchasthe help browserandthe file open/save browser
anddialogbox. Somethingasapparentlysimpleasa file
browserthatallows the userto navigatethrougha direc-
tory treeandselectafile to openbecomesrathercomplex
whenit musthandlethingslike wildcardsandvariouser-
ror conditionssuchasfiles that can’t be openedor files
thatcan’t bewritten to.

The HTML help browser also required more work
that anticipated.The STk packageincludedsupportfor
displayingHTML, andan examplebrowserapplication.
However, the HTML supportwasn’t quite completeand
supportfor relative URLs andanchorshad to be added.
While theHTML helpbrowserrequiredmorework than
expected,the resultswere well worth the additionalef-
fort. Providing on-line help asa setof HTML files not
only makesauthoringthe contentmuch simpler, it also
allows theuserto browse,print, andsearchthehelpdoc-
umentationevenif hecan’t get the ladderdiagrameditor
to run.

Themostchallengingpartof theprojectwasthedevel-
opmentof thetemplatemechanismthatallowstheuserto
not only addsupportfor new functionblocks,but alsoto
addsupportfor almostany high level languagethatpro-
videsinfix Booleanexpressions.

8.3 Ar easfor further work

8.3.1 LEd performance

At present,generatingthenet-listcantakeseveralseconds
for a ladderdiagramwith ahandfulof components.Since
the ladderdiagramassavedon disk containsthenet-list,
thisperformancepenaltyis seeneverytimeafile is saved.

8.3.2 LEd editing features

The LEd editor is missinga numberof editing features
thatusershavecometo expectin this typeof application:>

Copy/Pasteobjectsandregions.>
Undo>
Multiple opendiagrams

8.3.3 Templatefiles

Thereexistsa very realdangerof collisionsbetweenthe
user-entereddevicenamesandtheinternalvariablenames
used in someof the device templates(the counter for
example). Such name-spacepollution could easily be
avoided by useof a standardfor for internal vs. exter-
nal names(somethingsimilar to the leadingunderscore
conventionin C programming).The currentsetof tem-
platefiles is suitablefor demonstrationpurposes,but the
templatefiles would probablyneedto be morecarefully
evaluatedandre-designedfor a productionenvironment.

8.3.4 Extensibility

The usermay add new function block typesby editing
a text file containingSchemedatastructures. This file
containsinformationabouthow eachfunctionblock is to
appearandwherethedevicesterminalsarelocated.This
taskwould bemucheasierif a function-blockeditorwas
developed.

8.4 Conclusion

The projectasa whole wasa success.While it lacksa
few featuresthatmightbeneededin aproductionenviron-
ment,it doesdemonstratethefeasibility of automatically
generatingsourcecodefrom ladderdiagrams.After more
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extensivetestingandafew enhancements,thetoolsdevel-
opedduringtheprojectcouldeasilybeusedasapractical
way to generatesourcecodefor discretecontrol applic-
tionsthataren’t suitablefor a PLC.
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LEd(1) LEd(1)

_________________________________________________________________

NAME
LEd - A Ladder Diagram Editor

SYNOPSIS
led [filename]
stk [options] -f led [filename]

OPTIONS
led itself accepts no options; only an optional filename
argument specifying a ladder diagram file to be initially
opened. See the stk man page for stk options available
when running led.

DESCRIPTION
led is a graphical ladder diagram editor running under
STk. Stk is a Scheme R4RS interpreter which provide a
simple access to the X11 Tk toolkit.

If you have problems running led, make sure that both the
STk and LEd libraries are installed. If the programs have
not been properly installed, you may need to set the
library path environment varaibles.

If LEd still won’t run, browse through the help files
(particulary the hints section) by pointing your favorite
HTML browser at the file $LED_LIBRARY/help/index.html.

ENVIRONMENT VARIABLES
led and stk use the following shell variables:

STK_LIBRARY This variable indicates where the STk
library files are located. This variable
allows to overload the default value of the
Scheme variable *stk-library* which is
automatically calculated by the inter-
preter.(i.e. stk or snow).

LED_LIBRARY This variable indicates where the LEd
library files are located.

FILES
SEE ALSO

stk(1)

April_1996 1.0 1
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 Help - Index

Help is available on the following topics 

About LEd 
Overview 
Menubar 

File 
View 
Options 
Help 

Toolbar 
Object Types 

Relay Contacts 
Labels 
Function Blocks 

Placing New Objects 
Naming Objects 
Wiring Connections 
Deleting Ojbects 
Moving Objects 

Code Generation 
References to "node-XX" in Code 

Hints 
Error loading file 
Unrecognized bitmap data 
Umbound variable: option 
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About 

The Project

The LEd ladder diagram editor was written as part of a project submitted to the Graduate College of the
University of Minnesota to fulfil the requirements for a MS in Computer Science. Together with the
accompanying code generation program, lad, LEd provides a way to automatically generate C source
code from a graphical representation of Boolean logic based system requirements. 

Development Tools

LEd is written in Scheme using STk 3.0, a scheme interpreter linked with the Tk X11 user interface
toolkit. The lad program is written in ANSI C. The author’s editor-of-choice for most of the project was
the jed editor with a home-made lisp mode added. 

Platform

The vast majority of the development was performed on a 25MHz Intel 80486 machine running the
Linux operating system and X11 (R5 and R6). LEd has also been tested under SunOS 4.1 running
X11R5 and Solaris 2.[345] running Openwindows. It should run on any *nix machine upon which STk
3.0 runs. The lad program has also been run under VMS and MS-DOS. 

Many Thanks To:

Erick Gallesio eg@unice.fr
The author of the STk Scheme package. 
Larry Ousterhout  
And the rest of the people who developed the Tk toolkit. 
John E. Davis davis@amy.tch.harvard.edu 
The author of the JED text editor with which most of the source code was created. 
Linus Torvalds Linus.Torvalds@Helsinki.FI 
And the rest of the authors of the Linux operating system, utilities, distributions, and the Linux
community in general. 
The XFree86 Project, Inc. 
For providing a complete, GPL’d X11R6 package for Linux and other Intel based *nix systems.
Thanks also to the X Consortium, Inc. for the base X11 system. 
The Free Software Foundation 
For gcc, RCS, groff, and the countless other gnu tools without which none of the free *nix systems
would exist. 
My Employers, 
FMC Naval Systems Division and Rosemount, for paying my tuition. 
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Copyright

Except where noted in the source files, all software is 

Copyright (c) 1996, Grant Edwards, grante@winternet.com 

Permission to use, copy, and/or distribute this software and its documentation for any
purpose and without fee is hereby granted, provided that both the above copyright notice and
this permission notice appear in all copies and derived works. Fees for distribution or use of
this software or derived works may only be charged with express written permission of the
copyright holder. This software is provided ‘‘as is’’ without express or implied warranty. 

Grant Edwards
grante@winternet.com
grante@rosemount.com
edwards@grad.cs.umn.edu
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 Help - Overview

Purpose

LEd is a ladder diagram editor. It allows the user to draw schematic diagrams that represent boolean
system requirements. LEd can generate a netlist for the entered diagram and then call an external code
generation program that will read that netlist and generate source code that implements the boolean logic
represented by the ladder diagram. 

Invokation

The LEd program is normally invoked by typing the folling at the shell prompt. 

 $ led [filename]

If that doesn’t work, try the following 

 $ stk -f [path]led [filename]

If that doesn’t work, then it’s probably that the STk scheme interpreter isn’t installed. Try running STk
alone: 

 $ stk

If that doesn’t work, you need to install STk. 

Operation

The user interacts with the program via the menubar located horizontally across the top of the
application window and via the toolbar located vertically along the left side of the application window. 

The menubar allows the user to do file operations, set program options, view help documents, and run
the code generation facility. 

The toolbar is used to edit the ladder diagram. It allows the user to place new objects, edit the names of
objects, move/delete objects, and make connections between objects. 
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 Help - Menubar

The menubar across the top edge of the application window provides the user with most of the functions
not associated with direct manipulation of the ladder diagram. It contains four drop-down menus: the
File, View, Options, and Help menus. 

File

The File menu contains the following entries: 

Open 
A file selector dialog box is created to allow the user to select the ladder diagram file to be loaded.
The current ladder diagram is erased before the selected file is loaded. 

New 
The current ladder diagram is erased. 

Save 
The current ladder diagram is saved in the current filename (shown at the right hand end of the
toolbar). 

Save As 
A file selector dialog box is created to allow the user to specify the filename in which the current
ladder diagram is to be saved. The specified name then becomes the current filename (shown at
the right hand end of the toolbar). 

Print 
A printer dialog box is created to allow the user to select either the print command or the file name
to which the postscript output is to be sent. The print command entered must accept postscript
input on stdin (for example: "lpr -Pps" on many Unix systems will send data from stdin to a printer
named "ps". 

Close 
Exits the LEd program.

 You will not be warned if the drawing is unsaved. 

View

The view menu contains entries that will pop up a text viewing window containing various interesting or
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not-so-interesting information. The things that can be viewed are: 

Object List 
Will display a list of all of the "objects" in the current ladder diagram. Each line of the displayed
text has the format 

("ojb-6" "xyz" "normopen") 

where "obj-6" is a unique, internally generated label, "xyz" is the object name that the user
entered, and "normopen" is the object type. 

Net List 
Will display a netlist showing the interconnections present in the current ladder diagram. Each line
of the displayed text has the format 

(node-7 (("obj-5" 1)("obj-4" 3)("obj-15" 1))) 

where node-7 is the node name, and the rest of the line is a set of object/terminal specifications. In
the above example, terminal 1 of obj-5, terminal 3 of obj-4 and terminal 1 of obj 15 are all
connected and that node has been given a unique, internally generated label of node-7. 

If the node name is not of the form node-99, but rather is a string enclosed in double-quotes, then
the node name was taken from the user-entered name of a "label" device that was placed on the
ladder diagram by the user. An example of such a line would be 

("START" (("ojb-5 0)("obj-1" 0))) 

Formatted/Merged 
Will display the object list and net list as it will be sent to the code generate program. This
information consists of two separate sections which are separated by a single blank line. These two
sections contain the same information (formatted slightly differently) as is displayed by the Object
List and Net List menu entries. 

The first section is object list, each line of which looks like 

obj-5 xyz normclosed 

where obj-5 xyz and normclosed are the object name, user entered value, and object type. 

The section section is the net list, each line of which looks like 

node-25 obj-6 1 obj-7 1 obj-8 0 

where node-25 is the node name and the remainder of the line consist of object/terminal specifiers.

Generated Code 
Will pass the formatted/merged object table and netlist to the code generation utility and display
the generated source code. 
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Options

The options menu contains entries that allow the user to modify certain features and behaviors of the
editor. These settings are stored with the diagram when it is saved to disk and restored from the file
when a diagram is loaded from disk. The options are 

Drag Bounding Box 
This option determines how the editor will visually represent objects when they are being moved
as part of a group move. If this option is enabled the objects being moved will be represented by a
bounding box drawn around the selected objects. If this option is disabled, representations of the
objects themselves will be dragged. 

Line Width 
This option determines the line width used to draw the ladder diagrams. It may be set to 0, 1, or 2.
A line width of 0 will allow the X server to use a fast, machine-dependent line drawing algorithm.
However, lines with a width of 0 may not behave in a portable fashion. For example where two
lines meet, there may or may not be a small gap. Lines of width 1 or 2 will always behave in a
predictable, albeit somewhat slower, manner. 

Drawing Size 
This option determines the size of the drawable area available. It may be set to five different
values A,B,C,D or E. The A size is portrait mode, the others are landscape mode. The postscript
output does not do any scaling or translation depending on drawing size. It is assumed that the
postscript will be printed to queue or device that will correctly render the drawing. 

Help

The help menu contains entries that will invoke a viewer that will allow the user to browse through
accompanying hypertext documents. The entries in the help menu are 

Help 
This entry will display an index to the hypertext help documents. 

About LEd 
This entry will display a document containing miscellaneous information that does not pertain to
the actual operation of the program (copyright, author, etc). 
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 Help - Toolbar

The toolbar along the left edge of the application window provides the functions that are used to create
and manipulate ladder diagrams. The buttons perform the following basic functions: 

The top seven buttons (from the top button through the function block button) are used to place
new objects of various types on the drawing. 

The wire button us used to interconnect objects. 

The text button is used to edit the name associated with an object. 

The move and delete buttons are used to move and delete either a sinle object or a group of objects
within a rectangular region. 

Object Types

There are four classes of objects that can be placed in the drawing area 

   Labels 

All of the label objects perform the exact same function. They assign their user-entered name to
the node to which they are connected. The only differences between the label types are the
physical location of the name text and the appearance. 

  Contacts 

A relay contact represent a single boolean value with the name given by the user entered object
name. The normally open contacts (without the slash) represents the non-inverted value. The
normally closed relay contacts (with the diagonal slash) represents the inverted value. 

The output (bottom terminal) of a normally open contact is true IFF the input (top terminal) is true
AND the named value is true. 

The output of a normally closed contact is true IFF the input is true AND the named value is false. 

 Function Blocks 

Function blocks are similar to contacts in that the output (bottom terminal) is true iff the input (top
terminal) is true AND the value of the function block is true. 

While contacts represent the state of a single boolean value, a function block’s value is controlled
by one or more inputs located on the sides of the block. A function block may also have internal
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state information so that it may count events and remember it’s previous states. 

 Outputs 

An output object assigns the value on it’s input (top terminal) to the user-entered name. 

Placing a New Object

To place any of the above objects on the diagram, left-click on the button showing the desired object. In
the case of the function block button, a menu will pop up showing the various function block types --
select a type by left-clicking. 

Move the pointer into the drawing area. A new object (colored red) will be created and will follow the
pointer as it is moved. Another right-click will place the new object at it’s current location on the
diagram. A right-click will discard the new object without placing it on the diagram. 

 Naming an Object 

To edit the name of any of the above objects, click on the text button (the one with the large T) and then
click on either the object itself or the name. A text cursor will appear and you will be allowed to edit the
object’s name. 

 Wiring Connections 

To wire connections between devices 

Left-click on the wire button. 
Move the pionter to the point where a wire is to begin. 
Left-click to start the wire. 
Move the pointer and a wirepair will follow it. The first wire will always be in the directly the
pointer is first moved. The second wire will be orthogonal to the first. The mouse buttons are now
defined so that 

Left-click will place the wire pair and begin another wire pair from that spot. 
Middle-click will place the wire pair without beginning another. 
Center-click will discar the wire pair without placing it. 

Two wires that cross or meet in any way are considered connected. A wire must meet or cross the
endpoint of a device’s terminal to be connected. 

 Moving Objects 
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Objects may be moved individually or in groups. 

To move an individual object

Left-click on the move button 
Left-click on the object to be moved. 
The object will change colors from black to red and move as the pointer is moved. 

Left-click will place the object. 
Right-click will return the object to it’s original position. 

To move a group of objects

Left-click on the move button 
Center-click at one corner of a rectangular region containing the objects to be moved. 
A rubber-band box will follow the pointer as it is moved. 

Right-click will remove the rubber-band box without selecting any objects. 
Center-click will select the objects that are entirely contained within the rubber-band box. 

Once the objects are selected they will either change color from red to black or a bounding box
will appear (depending on the setting in the Options menu). 
The selected objects (or the bounding box) will now follow the pointer as it moves. 

Left-click will place the objects. 
Right-click will return the objects to their original positions. 

 Deleting Objects 

Objects may be deleted individually or in groups. 

To delete an individual object

Left-click on the move button 
Left-click on the object to be deleted. 

To delete a group of objects

Left-click on the move button 
Center-click at one corner of a rectangular region containing the objects to be deleted. 
A rubber-band box will follow the pointer as it is moved. 

Right-click will remove the rubber-band box without deleting any objects. 
Center-click will delete the objects that are entirely contained within the rubber-band box. 

 There is no undelete. 
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 Help - Code Generation

References to "node-XX" in Generated Code

This occurs when an object’s input is not connected to anything. 

All inputs must be connected to something. If there is an input that you don’t want to use (for example
the "clear" input on a counter) then attach a label to that input and give it a value of "0". 
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 Help - Hints

Explanations/excuses for miscellaneous things that might go wrong. 

Error messages about loading files

If you get an error message like this 

   *** Error at line 20 of file ./led.stk:
   load: cannot open file: "fileselect"

then STk couldn’t find one of the library files. These files exist in two places: the standard STk library
directory and the led library directory. 

If the message complains about files named fileselect, textview, strcmd, printdialog, netlist,
or htmlviewer, then it is probably the led library that can’t be found. If it complains about other files
like dialog, then it is probably the standard STk library that can’t be found. 

STk Library

By default STk will look for its library files in a location based on the location of its binary. If this isn’t
working (or STk wasn’t installed properly) the location of STk library can be set explicitly by setting the
environment variable STK_LIBRARY to the pathname of the directory containing the STk library files.
The usual place these files get installed is /usr/local/lib/stk/[version]/STk. 

LEd Library

By default LEd will look for it’s library files in the location /usr/local/lib/led. If the library is installed
elsewhere, you will need to set the environment variable LED_LIBRARY to the pathname of the LEd
library directory. 

Unrecognized bitmap data

The help viewer occasionally doesn’t seem to recognize an X11 bitmap file as such. Try hitting reload.
If that doesn’t work, ask for your money back. 

Unbound variable: option

Example error message: 

36



  *** Error at line 13 of file [path]/ fileselect.stk:
      unbound variable: option
  Current eval stack:
  __________________
    0    (option (quote add) (quote *listbox*font)

  [...]

This happens when you try to run led using the non-X11 version of the scheme interpreter. This
probably happened because you did’t have the DISPLAY environment variable set properly. Either set
(and export) the DISPLAY environment variable, or provide the -display flag to stk: 

  $ stk -display hostname:0 -f [path]led.stk
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_________________________________________________________________

NAME
lad - Ladder Diagram Code Generator

SYNOPSIS
lad [options] [filename]

OPTIONS
lad accepts a number of command line options that may be
used to modify the default code generation behavior. The
optional argument specifies an object-table/net-list file
to be processed. If no filename argument is present,
input will be read from standard input.

-d level Set debug level (0:none 9:too much)
(default 0)

-i Enable auto-indent of boolen expressions

-c Enable case-insenstive handling of names

-t tabsize Set tab size for auto-indent (default 3)

-n op Not operator string (prefix) (default ’!’)

-a op And operator string (infix) (default ’&&’)

-o op Or operator string (infix) (default ’||’)

-r fmt Value reference format (printf) (default
’%s’)

-l path Library path for template files (default
’.’)

-f name Function name in output code (default
’[input-filename]’)

DESCRIPTION
lad is a post-processor that will generate program source
code from information in ladder diagrams as produced by
the LEd and ladformat programs.

ENVIRONMENT VARIABLES

April_1996 1.0 1

39



lad(1) lad(1)

FILES
Template files are expected to be found either in the cur-
rent directory or in the path specified by the -l command
line option. The overall template used to generate output
is called file.template. Other template files have names
of the form blockname.S where S is a single character suf-
fix determined by the file.template.

There are two types of template files: a file template and
a set of block templates. The processing of template
files is handled much as if they were format strings for
the ubiquitous printf() family of library functions. The
template file is read in and copied to the output with %X
character sequences replaced by various formatted output.
The set of output specifiers, X, depends on the particular
type of template file being processed.

FILE TEMPLATE
The file template is used once per invocation of lad and
controls the format of the output file. The results of
the output specifiers available for use in the file tem-
plate are shown below.

%f Output the ‘‘function’’ name (this defaults to the
name of the input file, but may be overridden with a
command-line option).

%S Output the results of processing (for each function
block in the net list) the block template with the
suffix S. S may be any single character other than
‘f’.

BLOCK TEMPLATES
Each type of function block used in the ladder diagram
must have a block template file for each output specifier
type other than f that is present in the file template.
All block templates are processed identically, and the
output specifiers that are available for use in block tem-
plate files are shown below.

%n Output the device ‘‘name’’ (this is the name the user
entered using the LEd diagram editor).

%N Output the boolean expression that evaluates to the
value present on the function block’s control termi-
nal N (where N is a value from 2 through 9).

SEE ALSO
led(1) ladformat(1)

April_1996 1.0 2
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_________________________________________________________________

NAME
ladformat - Ladder Diagram Netlist Formatter

SYNOPSIS
ladformat filename
snow [options] -f ladformat filename

OPTIONS
ladformat does not support any command line options other
than the required filename argument.

DESCRIPTION
ladformat is a utility that reads a ladder diagram file as
produced by LEd and produces an object table and netlist
in the format required by the lad code generation program.

ladformat is written in Scheme and requires the STk pack-
age to run. It does not use any X11 user interface fea-
tures and may be run using the snow interpreter rather
than the stk interpreter.

The formatted object table and netlist are written to
standard output.

ENVIRONMENT VARIABLES
ladformat and snow use the following shell variables:

STK_LIBRARY This variable indicates where the STk
library files are located. This variable
allows to overload the default value of the
Scheme variable *stk-library* which is
automatically calculated by the inter-
preter.(i.e. stk or snow).

LED_LIBRARY This variable indicates where the LEd
library files are located. These files are
used by ladformat to read and process the
ladder diagram file.

FILES
SEE ALSO

led(1) lad(1)

April_1996 1.0 1
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ToshibaEX14B PLC Specifications>
Programmedusing ladderdiagrams. Programsmay be edittedfrom local 8x10 LCD displayor they may be
downloadedvia serialport.>
In additionto relay logic, instructionsareincludedfor timers(56), up/down counters(62), flip-flops, andbidi-
rectionalshift registers.>
BasicI/O consistsof 8 inputsand6 outputs.I/O maybeexpandedto includeupto 32points(20input,14output).>
Inputstypes:120VAC or 24VDC(dry contactinputavailable).>
Outputtypes:Relay(maxload2A resistive,1A inductive)>
Optionalanaloginputs(2) available.>
Internalrelays:128retentive,112non-retentive,16 specialpurpose.>
Dimenstions:235x 180x 40mm>
Weight: 1.5kg
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