
)9(LOTSTSEGAPLAUNAMECNEREFER.CSIM)9(LOTST

NAME
tstol − TPOCC Systems Test and Operations Language (TSTOL) interpreter

SISPONYS
tstol [-answer] [-call [host:]server[@@host]] [-debug] [-Debug debugO file] [-events mission]

]2setouq-[]1setouq-[]emannoissim-[]emantsoh-[]emanOesabOFIF-[
[-server name] [-single O O user] [-startup directive] [-[no]sysvar] [-tty]

]erohpames@@-[]rorrepv-[]levelyfirev-[

NOITPIRCSED
tstol is the command interpreter for the TPOCC Systems Test and Operations Language (TSTOL).

)LOTS(egaugnaLsnoitarepOdnatseTsmetsySehtfosnoitarenegsuoiverpmorfdeviredsiLOTST
used in existing NASA satellite control centers.

TSTOL is a procedural command language consisting of a core set of generic commands, supplemented
:seitilibapacgniwollofehtedivorpsdnammocLOTSTcirenegehT.snoisnetxecfiiceps-noissimyb

(1) Various data types (decimal, octal, hexadecimal, and binary integers; floating point
.)stnatsnocemit/etaddna;stnatsnoclacigol;sgnirtsretcarahc;srebmun

(2) A full complement of arithmetic, logical, and relational operators are implemented.
,elbaliavaerasnoitcnufni-tliubforebmunegralA.detroppussicitemhtiraedom-dexiM

including the standard trigonometric functions.

)scinomenmyrtemelet,.g.e(selbairavmetsyS.selbairavlacol-erudecorpdnalabolG)3(
resident on remote systems can be referenced and assigned.

stnemugrA.dellortnocdna,dekovni,denfiedebnac)’’senituorbus‘‘LOTST(serudecorP)4(
can be passed to procedures. if-then-else blocks and looping constructs (do, for, and

asedulcnioslaLOTST.erudecorpanihtiwwofllortnoctceffaotdesuebnac)elihw
simple macro substitution capability.

(5) Foreign directives (i.e., mission-specific directives) can be defined and invoked. Foreign
yehttub,)serudecorpLOTSTekiltsujkoolyeht(LOTSTnidemmargorperasevitcerid

are invoked and behave as if the directives were built-in to TSTOL. Foreign directives
-orpsnoitacilppahtiwgnitacinummocgnidulcni,snoitcnufLOTSTdilavynamrofrepnac

grams. Foreign directive definitions are usually read from an initialization file when the
.pustratsrevresLOTST

(6) Applications programs can carry on interactive dialogs with the operator via the TSTOL
.resrap

(7) The TSTOL parser can wait until a specified absolute time has been reached, until a cer-
.EURTotsetaulavenoisserpxenevigalitnuro,despalesahemitfotnuomaniat

(8) Multiple watchpoints can be set up to monitor the values of system variables (e.g.,
-orhcnysa(sdnocesNyrevedelpmasebnaceulavdetseuqerA.)scinomenmyrtemelet

nous sampling) or when the value is decommutated (synchronous sampling). Whenever
ehtdessapdnadekovnisierudecorpevitceridngierofdenfied-resua,deviecersieulava

value of the system variable. Once activated, a watchpoint effectively executes in "back-
,serudecorpnur,sevitceridLOTSTrehtoretnednanoognacrotarepoeht;edom"dnuorg

etc.

By defining a new set of foreign directives, a project can modify or extend the language recognized by
erasevitceridngieroftselpmisehthguohtlA.margorplotstelbatucexeehtgnignahctuohtiw-LOTST

structured as a keyword followed by a list of parameters, TSTOL’s support of regular expression pattern
-mocriehtotsisylanalacitcatnysdnalacixeldetacitsihposylppaotsevitceridngierofswollagnihctam

mand lines - again, without any changes to the executable tstol program.
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:snoitcesbusdnasnoitcesgniwollofehtotnidedividsilaunamsihT

DESCRIPTION
noitacovnI

Run-Time Environment
SNOITPO

USAGE
Structure of Statements

yrotsiHeniLdnammoC
Data Types and Constants

selbairaVLOTST
System Variables

selbairaVlanretnIlacoL
Expressions and Assignment

snoitcnuFnI-tliuB
Procedure Definition and Control

smsinahceMngissaPtnemugrA
Foreign Directives

stniophctaW
Operations Privileges

snoisserpxEralugeR
Generic TSTOL Commands

erudecorPrevreSLOTSTelpmaS
Sample TSTOL Startup Procedure

SELIF
LIMITATIONS

SGUB
VERSIONS

noitacovnI

tstol can be run in one of three modes: as a multi-user, network-based server; as a single-user,
rewsna-ehtees(revresasadekovnifI.resrapdesab-lanimret,resu-elgnisasaro;tneilcdesab-krowten

command line option), tstol listens at an assigned network port for connection requests from client user
askroflotst,tneilcevitcepsorpamorfdeviecersitseuqernoitcennocanehW.sessecorp)IU(ecafretni

child tstol process to service that connection. There may be many child tstol processes, each parsing
ehtniswodniwtupnidnammoctnereffidro(sessecorpIUtnereffidmorfsdnammocgnissecorpdna

same UI process). The child parsers can, in turn, establish network connections to other applications
.)rossecorpdnammoctfarcecapsa,.g.e(smargorp

tstol was originally written to be a network server; subsequent circumstances, however, made it neces-
llac-ehthtiwdekovninehW.ssecorpIUehthtiwnoitcennockrowtenehtetaitiniotlotstrofyras

option, tstol, rather than passively listening for connection requests, actively attempts to establish a net-
.revresasagninoitcnufssecorpIUahtiwnoitcennockrow

If invoked with the -tty option, tstol inputs commands from and outputs messages directly to the
.margorplotstehtgnitsetdnagniggubedroflufesusiedomenola-dnatssihT.lanimrets’rotarepo

The TSTOL executable is:

lotst/lotst/hcraOjbo/ccopt/emoh/

To invoke tstol as a network-based server (the standard mode of operation), enter:

noissimnoissim-lotst%

To invoke tstol as a network client, enter:
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% tstol -call server[@host] -mission mission

:retne,)gnitsetenola-dnatsrof(resrapdesab-lanimretasalotstekovnioT

% tstol -tty -mission mission

Stand-alone testing of the network-based tstol server is possible using the -single O O user command line
:)wolebsnoitpircsedSNOITPOehtees(noitpo

% tstol -single O user -mission mission

tnemnorivnEemiT-nuR

tstol expects certain items to be present in its run-time environment. The names of most of these items
otdedeensnoisrevnocesacllasmrofreplotst.)noitponoissim-ehtees(emannoissimehtnodesabera

construct the run-time environment names, regardless of how the mission name was specified on the
:nursiresrapehtnehwtneserpebdluohssmetigniwollofehT.enildnammoc

1. Server name missionO O tstol − determines the network port at which tstol listens for con-
esacrewolllaninoissimhtiw(emanrevresehT.sessecorpyalpsidmorfstseuqernoitcen

letters) should be entered in the system /etc/services file; for example,

pct/18642lotstOtsh

.18642tropPCTot’’lotstOtsh‘‘emanrevressngissa

2. Environment variable $missionO PROC O FILE − specifies the defaults for missing com-
dnammocllehSCgniwollofeht,elpmaxeroF.semanelfierudecorpLOTSTfostnenop

specifies the default directory (‘‘/home/hst/source/procs’’) and file extension (‘‘.prc’’) for
:selfierudecorp

setenv HST O PROC O FILE /home/hst/source/procs/.prc

nidnuoferudecorpLOTSTehtetucexednadaernehtdluowevitcerid’’TSETtrats‘‘A
/home/hst/source/procs/test.prc. $missionO PROC O FILE can also contain multiple direc-

:elpmaxeroF.secapsrosammocybdetarapes,snoitacfiiceps)noisnetxero/dna(yrot

setenv HSTO PROCO FILE "./.prc, /home/hst/source/procs/"

-krowtnerrucstihcraestsrfidluowlotst,evitcerid’’TSETtrats‘‘asretnerotarepoehtfI
ing directory for test.prc and then search /home/hst/source/procs. A directory

s’resrapehttahtetoN.’’/‘‘gniliartaevahtsumnoisnetxenatuohtiwnoitacfiiceps
current working directory is not necessarily the operator’s current directory, particularly

egnahcro/dnayalpsidlliwevitceriddcehT.revreskrowtenasaputhguorbsawlotstfi
your parser’s current working directory.

3. Environment variable $missionO SYVO FILE − specifies the system variable definition file.
ehT.selbairavmetsyssseccaotlotstybdesusielfiesabatadsihtninoitamrofniehT

-nosysvar command line option inhibits the loading of this file.

.desseccaeblliwselbairavmetsysfigninnurdnapuebtsum−metsysbussecivreSataD.4
The data server should be running under the server name missionO O dataO O server on the

.)elbairavlanretni)tsoh(vil%ehtdnanoitpoenildnammoctsoh-ehtees(tsohdetcepxe

5. Events subsystem (or a suitable substitute) − must be up and running. tstol’s interface to
:selbairavtnemnorivne4foputesehtseriuqerreggoltneveeht

$missionO CLASSO FILE − the event classes definition file.

-iravehtrofsnoitinfiedrebmunesabegassemtneve−ESABOTNEVEOnoissim$
ous subsystems.

$missionO EVENT O TEXT − event message texts.
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.reggoltneveehtfoemanrevresesabeht−SYSBUSOGOL$

SNOITPO
−answer

Specifies that tstol is to function as a network server, listening for and answering connection
hcihwtaemantroprevresehT.noitarepofoedomtluafeds’lotstsisihT.stneilcmorfstseuqer

tstol listens for requests from prospective clients is, by default, "missionO tstol", but this name
ehtees(edomresu-elgnisnisilotstsselnU.noitporevres-ehthtiwneddirrevoebyam

-single O O user option), a new subprocess is spawned to service each new client connection.

]]tsoh@@[revres]:tsoh[llac−
Specifies that tstol is to function as a network client. Instead of listening for connecting clients

arevresdefiicepsehtgnidnes,tcatnockrowtenaetaitinilliwlotst,)noitporewsna-ehtees(
connection request. This mode automatically puts tstol in single-user mode (see the

krowtenehtecivresflestilliwlotst,ssecorpbusagninwapsnahtrehtar:)noitporesuOOelgnis-
connection. The name of the host on which the server to be contacted is running can be

.nwohssmrofowtforehtienidefiiceps

gubed−
Turns debug output (written to stdout) on.

elfiOgubedgubeD−
Turns debug output (written to debugO file) on.

noissimstneve−
Specifies a mission name for the events subsystem. Normally, your project’s mission name

krowtendnasemanelfiesabatadehttcurtsnocotdesusi)noitponoissim-ehtgnisudefiiceps(
server names required by the events subsystem interface. The -events option, which should be

ehtrofemannoissimtnereffidayficepsuoystel,noitponoissim-ehthtiwnoitcnujnocnidesu
events subsystem interface. This capability allows you, for instance, to test a new mission’s

.reggoltnevednaesabatadegassemtneves’noissimgnitsixenagnisuelihwserudecorpLOTST

−FIFO base O name
Enables operator I/O through FIFOs (named pipes) and specifies the base name for the FIFOs.

dna’’ni.‘‘sdnepparesrapehT.OFIFtuptuonadnaOFIFtupnina:deriuqererasOFIFowT
‘‘.out’’ to the base name to construct the input and output FIFO names, respectively.

emantsoh−
Specifies the implied host name for accessing system variables; a host can still be explicitly

ehthcihwnoretupmocehtfoemanehtsiemanOtsoh.ecnereferelbairavmetsysanidefiiceps
system variable data server resides; if the -host option is not specified, host O name defaults to

agningissaybpusiresrapehtretfadegnahcebnacemantsohdeilpmiehT.tsohlacoleht
new value to the %liv(host) internal variable.

noissimnoissim−
Specifies the mission name. This name (in lower case) is used to construct the mission-specific

,elbairavlabolgLOTSTotdengissaoslasi)esacreppuni(dnaemanrevresdnaelfipu-trats
MISSION.

1setouq−
Controls the delimiters for strings and quoted identifiers. If -quotes1 is specified, string con-

-milederasretcarahclaicepsgniniatnocsrefiitnedidna)’(setouq-elgnisybdetimilederastnats
ited by double-quotes ("). A delimiter can be inserted in a string/identifier by entering it twice.

2setouq−
Controls the delimiters for strings and quoted identifiers. If -quotes2 is specified (the default),

sretcarahclaicepsgniniatnocsrefiitnedidna)"(setouq-elbuodybdetimilederastnatsnocgnirts
are delimited by single-quotes (’). A delimiter can be inserted in a string/identifier by entering

.eciwtti
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−server name
Specifies a network server name for the TSTOL server. This name, which must be entered

sinoissimerehw(revresOOnoissimotstluafed,elfisecivres/cte/ehtnirebmuntropahtiwgnola
converted to all lower case).

resuOOelgnis−
Brings the TSTOL server up in single-user mode. In this mode, the server will answer a single

otssecorpdlihcagnikrofnahtrehtar,flestitneilctahtecivreslliwdnanoitcennockrowten
handle the connection. Single-user mode makes it easier to run the TSTOL server in the

.reggubed

−startup directive
Specifies a TSTOL directive to be executed at start-up time. This will typically be a start

.erudecorppu-tratsasnurtahtevitcerid

ravsys]on[−
Inhibits the loading of the system variable database. Although system variables are then not

-pugnirudegatnavdana−pudedeepssinoitazilaitinirevresLOTST,elbisseccarodezingocer
and-down testing of the parser.

−tty Invokes the parser as a stand-alone program that reads its operator input from stdin, (i.e., the
ehtees(delbaneyllacitamotuasituptuoegassem)(rorrepv.krowtenehtnahtrehtar,)YTT

-vperror option).

levelyfirev−
Enables malloc(3) heap verification. If level is 0 (the default), malloc(3) behaves normally. If

-idemmiskcolbpaehehtdna)3(collamotdessapstnemugraehtskcehcmetsyseht,1silevel
ately affected by each call. If level is 2, the system verifies the integrity of the entire heap on

tnetrevdani)ylbamuserp(gnitcetedroflufesusi2leveltagninnuR.)3(collamotllachcae
corruption of your allocated memory. This option is only supported (i) if the program was

htiwdeknilsawmargorpehtfi,SOnuSrednu)ii(ro,yrarbilcollambilCCOPTehthtiwdeknil
the system’s /usr/lib/debug/malloc.o file; see the SunOS documentation on malloc(3) for more

.noitamrofni

rorrepv−
Turns vperror() message output on. vperror() messages are low-level error messages generated

tuptuoerasegassemeht,delbanefI.delbasiderayeht,yllamron;snoitcnufyrarbilCCOPTyb
to stderr.

erohpames@@−
Specifies the ID of a semaphore that tstol should signal upon receiving and accepting a con-

CCOPTehthtiwlotstgninnurnehwSMVrednudesusinoitposihT.tseuqernoitcen
PROSPER program. PROSPER spawns tstol in single-user, network server mode (see the

-nocanehW.stneilcevitcepsorpmorfstseuqernoitcennocrofnetsilot)noitporesuOOelgnis-
nection request is received, tstol closes its listening port and notifies PROSPER (by signalling

.denwapsebnacrenetsillotstwenataht)erohpameseht

EGASU
The TPOCC Systems Test and Operations Language (TSTOL) is a general-purpose, programmable,

cireneg:seirogetacowtotnidedividebnacLOTSTfoseitilibapacehT.egaugnalecafretnirotarepo
capabilities and mission-specific capabilities. The following sections describe (i) the basics of the

.stesdnammoccfiiceps-noissimeht)iii(dna,tesdnammoccirenegeht)ii(,egaugnalLOTST

Structure of Statements
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As in prior generations of STOL, a TSTOL statement can consist of up to four possible fields:

]tnemmoc;[]stnemugra[evitcerid]:lebal[

An alphanumeric label, if present, is the first field in the statement and is followed by a colon; the first
aedecerpyamrosevlesmehtybenilanoraeppayamslebaL.citebahplaebtsumlebalaforetcarahc

directive on the same line. Reserved words (e.g., BEGIN, END) may be used as labels without causing
.cte,’’:DNAMMOCOYRTER‘‘,’’:2ODNAO2ODDA‘‘:selpmaxE.srorrexatnys

A command directive is the keyword that identifies the command to be executed. Directive keywords
,scinomenm,semanelbairav,.g.e(srefiitnedisadesuebtondluohsyllarenegdnasdrowdevreserera

etc.). Keywords for built-in directives can be used for foreign directives; typing in such a keyword then
htiwdrowyekehtgnixfierpybdetucexeebllitsnacevitceridni-tliubehT.evitceridngierofehtsekovni

a ‘‘\’’. Examples: ‘‘acquire’’, ‘‘page’’, ‘‘\reset’’, etc.

-ugraelpitlum;sbatrosknalbybdrowyekevitceridehtmorfdetarapeseradnammocaotstnemugrA
ments are separated from each other by blanks, commas, or tabs. Example: ‘‘page page O name,

’’etarOetadpu

A semi-colon (‘‘;’’) in a statement introduces a comment. Comments can be on a line all by them-
MOCSANnonruT;noyrotsih‘‘:elpmaxE.dewollaoslaerasdeefmrofdnasenilknalB.sevles

block recording.’’

Commands with many arguments can be continued on successive lines by ending each line with two
-miledtnemmocsa)!dednetninupon(elbuodoslasrekramnoitaunitnocenilesehT.)’’;;‘‘(snoloc-imes

iters.

Command Line History

tstol implements a primitive command line history mechanism, similar to that of the UNIX csh(1). The
deyalpsidebnacsenilfotesdevasyltnerruceht;tupnirotarepofosenilNtnecertsomehtsevasresrap

on the operator’s screen. Particular lines can be recalled upon request; a recalled line is submitted to
sseccaotdesusi)’’!‘‘(kramnoitamalcxenA.niagaevitceridehtnidepytrotarepoehtfisaresrapeht

the command line history:

!! Recalls the previous directive and submits it to tstol.

.tupnirotarepofoenilht-nehtsllaceRn!

!string Recalls the most recent line of operator input that contains the specified string.

.neercss’rotarepoehtnoseniltupnidevas-yltnerrucehtfotsilasyalpsiD@@!

By default, tstol saves the 20 most recent lines of operator input. This number can be changed by set-
.)tsihevas(vil%,)wolebees(elbairavlanretnilacolagnit

Data Types and Constants

The TSTOL parser supports a number of different data types, including integers, reals, and character
ro,latco,lamicednidefiicepsebnacdna13∗∗2+ot1-13∗∗2-morfegnarstnatsnocregetnI.sgnirts

hexadecimal using the Standard C conventions for integer constants:

1-73:stnatsnoClamiceD

Octal Constants: 045 07777777

4BAFx0DAB2x0:stnatsnoClamicedaxeH

TSTOL discourages the use of, but supports, the old STOL notations for binary (B), octal (O), and hex-
:srebmun)XroH(lamiceda

B’100101’ O’1234567’ H’DAD1’ X’C3D2’

63991rebotcO52:egnahctsaL1.4esaeleRnuS
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-ixorppafoegnarelbissopahtiwslaernoisicerp-elbuodsayllanretniderotserasrebmuntniopgnitaolF
mately -4.9E-324 to +1.8E308 (on computers that utilize the IEEE floating point representation); they

:)tnenopxeehtrofylbaegnahcretnidetpeccaera’’E‘‘dna’’D‘‘(syawfoyteiravaninettirwebnac

1.0 -879.5 2.25D03 3.6E-01

anidetresniebnacetouq-elbuoda;setouq-elbuodnidesolcneebdluohsstnatsnocgnirtsretcarahC
string by typing in two consecutive double-quotes:

"S/C Attitude" "OFF" "can""t means won""t"

etouq-elbuod.sv-elgnissihT.sretcarahclaicepsgniniatnocsrefiitneditimiledotdesuerasetouq-elgniS
convention can be reversed using the -quotes1 command line option.

yad,raeyerasdlefiehterehw,LLL.SS:MM:HH-DDD-YYmrofehtnidesserpxeerastnatsnocemit/etaD
of year, hour, minutes, seconds, and milliseconds, respectively. Embedded blanks are not permitted;

ottcejbus,dettimoebyamtnatsnocemit/etadanisdlefieromroenO.deriuqertoneraseorezgnidael
the following rules:

− A colon (‘‘:’’) must be present in order for the parser to recognize the input as a date/time
.tnatsnoc

− Only leading and trailing fields may be omitted.

,suougibmasitnatsnocehtfomrofeht,dettimoerasdlefigniliartrognidaelretfa,fI−
TSTOL assumes the leftmost definition. For example, XX:ZZ is interpreted as HH:MM, not

.SS:MM

− Leading and trailing delimiters are not allowed.

sdlefigniniamereht;etadtnerrucehtottluafedyaddnaraeyeht:LOTSTybdeilppuserasdlefignissiM
default to zero. In the year field of a date/time constant, ‘‘70’’ through ‘‘99’’ represent the years 1970

.9602hguorht0002sraeyehttneserper’’96‘‘hguorht’’00‘‘;9991hguorht

Logical constants can be written in a number of forms:

.F..T..ESLAF..EURT.eslafeurt

UNIX pathnames (file names) are recognized in certain instances. The standard C Shell file naming
yeht(dediovaebdluohsselbairavtnemnorivneotsecnerefer’’rav$‘‘hguohtla,dewolloferasnoitnevnoc

will cause unwanted text substitution). Unfortunately, UNIX file name conventions conflict with
tub,LOTSTniemanhtapelbatpeccanasinigol./˜̃,elpmaxerof;snoitnevnoclacixels’LOTST

/home/tpocc looks like a badly-formed arithmetic expression. If a desired pathname might be mistaken
ro-elbuodrehtie(setouqniemanelfiehtesolcne,noisserpxecitemhtiranarofroemanelbairavarof

single-quotes can be used):

˜ /.login startup.prc ’thisO file’ "../that O file"

otniemocyliramirpyehttub,eergedemosotdetroppusera)seulavyrtemelet,.g.e(sepytatadrehtO
play when accessing system variables.

selbairaVLOTST

TSTOL variables are distinguished by their name, their scope, and their data type. TSTOL follows the
-lof)’’Z‘‘-’’A‘‘(retcarahccitebahplalaitinina:semanelbairavgnidragersnoitnevnocgnimanlausu

lowed by zero or more alphanumeric characters or underscores (‘‘O ’’). TSTOL variable names are
-carahc23otdetimileradna)srefiitneditnelaviuqeera’’DcBaB‘‘dna’’dCbAB‘‘,.g.e(evitisnesni-esac

ters. Special characters can be embedded in variable names by enclosing the entire variable name in
.)noitpoenildnammoc1setouq-ehteestub(setouqelgnis

The scope of a variable defines its accessibility. Procedure-local variables (declared by the local direc-
lamroF.erudecorpdlihcrotnerapamorftondnaerudecorpanihtiwdecnereferebylnonac)evit

parameters passed by value are, for all practical purposes, procedure-local variables. Procedure-local

73991rebotcO52:egnahctsaL1.4esaeleRnuS
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labolgehtgnisuderalced(selbairavlabolg-erudecorP.stixeerudecorpehtnehwraeppasidselbairav
directive) are global to all procedures; they can be accessed at any level of procedure nesting or when

ybdetalumeebnacLOTSEAMfo,61X..1X,selbairav’’lacol-elosnoc‘‘ehT(.evitcaeraserudecorpon
declaring procedure-global variables X1 through X16.) Process-global variables (a.k.a. system vari-

.krowtenehtnosretupmocehtllaot,esnesani,dnasessecorpresrapllaotlabolgera)selba

The resolution of variable references follows the hierarchy described above. First, the variable is
labolg-erudecorpeht,erehtdnuoftonsielbairavehtfI.elbatlobmyslacol-erudecorpehtnipudekool

symbol table is searched. If that search fails, the system variable access table is consulted.

ro,slaer,sregetniyllausu,mehtotdengissaseulavehtfosepytatadehtemussaselbairavLOTST
strings. More exotic data types are possible via references to system variables.

:LOTSTnidenfiederperaselbairavlabolg-erudecorpgniwollofehT

MISSION is assigned the mission name specified by the -mission command line option. The
nodefiicepssawtiwohfosseldrager,esacreppullasiNOISSIMotdengissaeulav

the command line. MISSION is assigned its value before the server initialization
tsetnacerudecorpnoitazilaitininoissim-itlumaos,detucexednadedaolsielfi

MISSION’s value and configure the TSTOL parser as needed. Of course, any
.NOISSIMecnereferoslanacerudecorpLOTSTrehto

%status is a global status flag intended for use in programming foreign directives. %status
morfdevieceregassemsutatsnoitelpmocdnammocafieurtottesyllacitamotuasi

a remote process indicates success and false if the message indicates failure.
eesyehtsasutats%tesdnatsetnac)serudecorpLOTSTdna(sevitceridngieroF

fit.

selbairaVmetsyS

Variables external to a parser process are called system variables. These variables are stored in shared
-iravmetsysfoselpmaxE.stsohetomernoylbissoproretupmoctsohlacolehtnostnemgesyromem

ables include current telemetry values, processing statistics, etc. Each system variable is uniquely
"snwo"tahtssecorpeht,tnedisersielbairavehthcihwnoretupmoctsoheht:smetieerhtybdefiitnedi

the variable, and the variable’s mnemonic (name).

Due to the distributed nature of system variables, TSTOL utilizes a special construct to reference sys-
:selbairavmet

mnemonic[##process][@@host][[index]]

metsysehtsefiitnediyleuqinucinomenmehtfi,ylnocinomenmybdecnereferebnacelbairavmetsysA
variable (i.e., no two processes share a mnemonic name) and the name has not been superseded by a

sitsohafI.defiicepsebtsumemanssecorpeht,esiwrehtO.emanelbairavlabolg-rolacol-erudecorp
not specified, the default system variable host (see the -host command line option and the %liv(host)

.lanoitposi)N..1(xedniyarralanoisnemid-enoehT.desusi)elbairavlanretni

If used in the context of an expression (e.g, on the right hand side of a let directive), a system variable
:elbairavmetsysafoeulavehtseveirterecnerefer

let local O variable = mnemonic[##process][@@host][[index]]

:evitceridtelafoedisdnahtfelehtnoecnereferehtecalp,elbairavmetsysanieulavaerotsoT

let mnemonic[##process][@@host][[index]] = expr

-moctsohehtnorevresatadCCOPTaybdemrofrepyllautcasielbairavmetsysagnirotsrognillaceR
puter. The first reference to a system variable on host causes the TSTOL parser to establish a network

dna,cinomenm,ssecorpsessapresrapeht,eulavagnillacernehW.revresatads’tsohotnoitcennoc
index to the data server; the data server then returns the value of the variable to the parser. To store a

nehtrevresatadeht;revresatadehtotrpxedna,xedni,cinomenm,ssecorpsessapresrapeht,eulav
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stores the value in its local system variable shared memory.

dessecorpehteveirterotredronirefiidom’’@@P‘‘ehthtiwdexfierpebnacecnereferelbairavmetsysA
value of the variable. If the variable contains an analog telemetry point, its processed value is the

sinoisrevnocehT.rebmunlaera-)UE(stinugnireenigneotdetrevnoctnuocyrtemeletwartnerruc
performed by the telemetry decommutation process, not by tstol. If the variable is a discrete telemetry

ehtotdengissa)gnirtsa(emanetatsehtsieulavdessecorpstineht,elbairavmetsysyrtemelet-nonro
current value; this translation is performed by tstol.

The telemetry decommutation process stores telemetry values in Current Value Table (CVT) entries.
gnitaoflnoisicerp-elbuoddna-elgnis,regetnidengisnudnadengis:sepytlarevesfoebnacseirtneTVC

point, text, and time. A CVT entry generally consists of 3 fields: the telemetry point’s current raw
foytilauqehtetacidnistibesohwdrowsutatsadna,)stinugnireenigneni(eulavdessecorpeht,eulav

the telemetry value. Normally, when you assign a value to a telemetry variable via TSTOL, you’re
toneradrowsutatsehtdnaeulavdetrevnoc-UEeht;eulavwars’tniopyrtemeletehtgnicalperylpmis

updated. It is possible, for testing purposes, to update these fields from TSTOL. To do so, just encode
:gnirtsaniseulavs’dlefi3eht

let systemO variable = "raw O value EUO value status O word"

:TVCehtfoepytatadehtnopusdnepedsdlefitnereffidehtfotamrofehT

CVT O SLI (signed long integer)

)regetnignoldengisnu(ILUOTVC
The raw value and the status word can be specified in decimal, octal, or hexade-

,N0,N,.e.i;stnatsnocciremunrofsnoitnevnocCdradnatsehtwollofuoyfi,lamic
and 0xN, respectively. The EU-converted value should be specified as a real

.srebmuntniopgnitaoflrofsnoitnevnocCdradnatsehtgniwollof,rebmun

CVT O SFP (single-precision floating point)

)tniopgnitaoflnoisicerp-elbuod(PFDOTVC
The raw and EU-converted values should be specified as real numbers, following

ebnacdrowsutatsehT.srebmuntniopgnitaoflrofsnoitnevnocCdradnatseht
specified in decimal, octal, or hexadecimal.

)txet(TXETOTVC
A CVTO TEXT entry only has 2 fields: the raw text and the status word. The raw

htiw,sretcarahcIICSAfoecneuqesasadefiicepssiseirtneTXETOTVCrofeulav
no embedded blanks or tabs. An arbitrary character can be included by specifying

.’’\‘‘ybdedecerp,retcarahcehtfotnelaviuqelamicedaxehro,latco,lamicedeht
The status word can be specified in decimal, octal, or hexadecimal. Example: let

"4D6x0140\olleH"=TXETOCS

)emit(EMITOTVC
A CVTO TIME entry itself has 3 fields: the raw time value received in the

dnasdnoces(emitXINUotdetrevnoceulavwareht,maertsyrtemelet
microseconds since 1970), and the status word. Assigning a value to a

-tfeleht,sdnocesniemiteht,eulavwareht:sdlefi5seriuqeryrtneEMITOTVC
over microseconds, a time status word, and the CVT status word. The raw time

rofenodsisaemaseht,sretcarahcIICSAfoecneuqesasadefiicepssieulav
CVT O TEXT strings. The remaining fields can be specified in decimal, octal, or

.lamicedaxeh

selbairaVlanretnIlacoL
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Variables internal to a parser process are called local internal variables (LIV). LIVs are used to exam-
oT.sesoprupgnitsetdnagniggubedrofyliramirp,resrapehtfosgnikrowlanretniehtlortnocdnaeni

set the value of an internal variable, the variable is referenced on the left hand side of an assignment
:tcurtsnocvil%laicepsehtgnisutnemetats

let %liv(keyword) = expr

:gniwollofehtfoenoebnacdrowyekerehw

echoO O network enables or disables echoing on the operator’s display of network input and
yllamronsiO/IkrowteN.)smargorpsnoitacilppaotsdnammoc,.g.e(tuptuo

invisible to the operator.

echoO O stored enables or disables echoing on the operator’s display of internally-stored
rof;flestiotstimbusresrapehttahtsevitceridfostsisnoctupniderotS.tupni

instance, an earlier version of the dialog directive waited for a response from
situpniderotS.evitceridesuapagnitucexednagnittimbusybecruossti

normally not displayed on the operator’s screen.

.onrre,elbairavlabolgyrarbiLCehtoteulavciremunasngissaonrre

events terminates the current event logger connection and establishes a new connec-
.rpxetsohnoreggoltneveehtotnoit

host changes the default host name for system variable access to expr.

-inevnoclaera−derongieblliwsevitceridtiaw,eurtotsetaulaverpxefitiawOOerongi
ence during procedure testing.

lexO O debug enables or disables lexO O util debug output (useful for monitoring what the
.)gnidaersiresrap

libalexO O debug enables or disables strO dupl() debug output (useful for tracking down
.)skaelyromem

logO O procedure enables or disables the logging of executable procedure input. The echo
.neercss’rotarepoehtottupnierudecorpfogniohceehtslortnocevitcerid

%liv(log O O procedure) controls the recording of procedure input in the events
.gol

malloc O O debug sets the debug level for malloc() heap verification. If expr is 0 (the default),
stnemugraehtskcehcmetsyseht,1sirpxefI.yllamronsevaheb)(collam

passed to malloc() (and its relatives); messages are written to stderr if errors
paeheritneehtfoytirgetniehtsefiirevmetsyseht,2sirpxefI.detcetedera

on each call to malloc() (or one of its relatives); if an error is detected, the
gnitcetedroflufesusi2leveltagninnuR.pmuderocahtiwstrobaresrap

(presumably) inadvertent corruption of your allocated memory. This option
collambilCCOPTehthtiwdeknilsawmargorpehtfi)i(detroppusylnosi

library, or (ii) under SunOS if the program was linked with the system’s
rof)3(collamnonoitatnemucodSOnuSehtees;elfio.collam/gubed/bil/rsu/

more information.

malloc O O trace enables or disables malloc() trace output. This debug output, written to
signicarT.yromemcimanydfognieerfdnanoitacollaehtsecart,tuodts

only possible if the program was linked with the TPOCC libmalloc library.

.snoitcnufgnikrowtenCCOPTehtmorftuptuogubedselbasidroselbanegubedOOten
When debug of this type is enabled, data read from or written to any of the

lamicedaxehnituodtsotdepmudsilotstybdehsilbatsesnoitcennockrowten
and ASCII form.

savehist adjusts the maximum number of operator input lines saved by tstol’s com-
.02sitluafedeht;ytilicafyrotsihenildnam
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screenO O debug enables or disables screen debugging (e.g., with the xstol program). If
noitamrofnirebmunenildnaelfistuptuolotst,delbanesigniggubedneercs

to the display interface when executing procedures. Normally, screen debug-
.delbasidsignig

textO O substitution enables or disables the application of text substitution to input lines. If text
rorebmunaybdewollof’’$‘‘(ecnereferretemarapa,delbanesinoitutitsbus

a variable name) in the input text is replaced by the value of the parameter.
sinoitutitsbustxet,evitcaerasevitceridngierofroserudecorponfi,yllausU

enabled. At the start of a procedure, text substitution is automatically
yllacitamotuasinoitutitsbustxet,evitceridngierofafotratsehttA.delbane

disabled.

timeout sets the timeout value for dialog, pause, and transact directives and system
ehtfoesacehtnI.sdnoces06sitluafedeht;sdnocesrpxeotsseccaelbairav

directives, the timeout value controls how long the parser will wait for the
tpmettanagniruD.)egassemsutatsahtiw,.g.e(dnopserotksatsnoitacilppa

to reference a system variable, the timeout value controls how long the
.eulavdetseuqerehtnruterotrevresatadehtroftiawlliwresrap

yydebug enables or disables YACC debug output − you must be desperate!

-ngissanafoedisdnahthgirehtno,.g.e(noisserpxenanihtiwdecnerefereboslanacselbairavlanretnI
ment statement):

%liv(keyword)

:seulavtnereffidnrutersdrowyektnereffiderehw

help returns a string containing the possible keywords.

.esiwrehtoeslafdnadelbanesiO/IkrowtenfogniohcefieurtsnruterkrowtenOOohce

echoO O stored returns true if echoing of internally-stored input is enabled and false other-
.esiw

errno returns the system error message corresponding to the current value of C
.onrre,elbairavlabolgyrarbiL

events returns the name of the host on which the current event logger is running.

.selbairavmetsysgnisseccanehwdesutsohtluafedehtsnrutertsoh

ignore O O wait returns true if wait directives will be ignored and false otherwise.

.esiwrehtoeslafdnadelbanesituptuogubedlituOOxelfieurtsnrutergubedOOxel

libalexO O debug returns true if strO dupl() debug output is enabled and false otherwise.

.gninnursilotsthcihwnoenihcamtsohehtfoemanehtsnrutertsohlacol

logO O procedure returns true if logging of procedure input is enabled and false otherwise.

.levelgubed)(collamtnerrucehtsnrutergubedOOcollam

malloc O O marker inserts a marker string in malloc()’s list of allocated memory and returns a
desuebnacrekramehT.gnirtsrekramehtfosserddaehtgniniatnocgnirts

(in a call to malloc O dump() or malloc O totals()) to monitor memory allocation
.noitaercs’rekramehtretfaytivitca

malloc O O verify calls malloc O verify() to verify the integrity of the memory allocation heap.
.deliafnoitacfiirevehtfieslafdnatsetehtdessappaehehtfidenrutersieurt

netO O debug returns true if debug output for the TPOCC networking functions is enabled
.esiwrehtoeslafdna

privileges returns a string containing a comma-separated list of the operator’s current

113991rebotcO52:egnahctsaL1.4esaeleRnuS
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.segelivirps’rotarepoehttesotdesuebtsumevitceridsseccaehT.segelivirp

screenO O debug returns true if screen debugging is enabled and false otherwise.

.esiwrehtoeslafdnadelbanesinoitutitsbustxetfieurtsnruternoitutitsbusOOtxet

timeout returns the maximum number of seconds the parser will wait for (i) an appli-
nruterotrevresatadetomera)ii(ro,egassemahtiwdnopserotksatsnoitac

the value of a system variable.

yllautcasirebmunsihT.margorpLOTSTehtforebmunnoisrevehtsnruternoisrev
the version number of TSTOL’s YACC source file, the most frequently

.margorpehtnielfidegnahc

yydebug returns true if YACC debug output is enabled and false otherwise.

.kcatsnekotCCAYehtfohtpedtnerrucehtsnruterhtpedyy

Expressions and Assignment

TSTOL supports the normal complement of arithmetic, logical, and relational expressions.

suludom,)/(noisivid,)∗∗(noitacilpitlum,)-(noitcartbus,)+(noitiddaedulcnisnoitarepocitemhtirA
(mod), remainder (rem), and exponentiation (∗∗∗∗ ). The data type of an arithmetic expression is deter-

nasevigsdnareporegetnifoyleritnegnitsisnocnoisserpxenA.sdnarepostifosepytatadehtybdenim
integer result. An expression involving at least one real number generates a real value. mod and rem

regetnirolaeretairporppaehtotdetrevnocsirebmunagniniatnocgnirtsA.sregetninrutersyawla
value; e.g., "123" + "4.56" is equivalent to 123 + 4.56.

detneserpererastnatsnocemit/etaD.stnatsnocemit/etadrofdenfiederanoitcartbusdnanoitiddaylnO
internally as the number of seconds and microseconds since January 1, 1970 (a UNIX convention).

nagnitcartbusrogniddA.lufgninaemtonylbaborptub,dewollasistnatsnocemit/etadowtgniddA
integer or real number X to or from a date/time constant produces a date/time constant offset by X

ehtsevigtnatsnocemit/etadrehtonamorftnatsnocemit/etadagnitcartbuS.sdnocesforebmun
difference in seconds (a floating point number) between the two times.

.snoisserpxeowtfoseulavgnirtsehtsetanetacnoc)&(rotareponoitanetacnocgnirtsehT

Logical operators (and, or, xor, not) accept numeric or logical operands and generate logical values of
orez-nonadnaeslafsadetaertsidnarepociremundeulav-oreza,noisserpxelacigolanI.eslafroeurt

value is treated as true. The left-to-right evaluation of subexpressions is short-circuited as soon as the
lacigolrofnoitatontodNARTROFdradnatsehT(.nwonksinoisserpxelacigolafoytislafrohturt

operators and values is supported, but its use is discouraged.)

sedecerptnatsnocemit/etadafI.snoisserpxelacigolnitnemtaertlaicepsnevigerastnatsnocemit/etaD
or is equal to the current GMT, it evaluates to true (i.e., the time is past). If the date/time constant is

.)erutufehtnillitssiemiteht,.e.i(eslafotsetaulaveti,TMGtnerrucehtnahtretaerg

Relational operators (=, <<>>, >>, <<, <<=, >>=) accept two operands of any data type and compare them. A
rosdeeccusnoitidnoclanoitalerehtfieslafroeurtfoeulavlacigolasecudorpnoisserpxelanoitaler

fails, respectively. If the two operands are of dissimilar data types that prevent a meaningful com-
-pussisrotarepolanoitalerrofnoitatontodNARTROFdradnatsehT(.denrutersyawlasieslaf,nosirap

ported, but its use is discouraged.)

Ordered from highest to lowest, TSTOL operator precedences are as follows:

)∗∗∗∗(noitaitnenopxE.1
2. Unary minus (-), unary plus (+)
3. Multiplication (∗∗ ), division (/), modulus (mod), and remainder (rem)

)&(noitanetacnocgnirtsdna,)-(noitcartbus,)+(noitiddA.4
5. Relational operators (=, <<>>, <<, >>, <<=, >>=)

)ton(noitageN.6
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7. Conjunction (and)
)rox(ROevisulcxE.8

9. Disjunction (or)

Except for exponentiation, which is right-associative, operations at the same precedence level are
.noitaulaveforedroehtretlaotdesuebyamsesehtneraP.thgirottfelmorfdetaulave

In TSTOL, variables may be assigned a value in one of several ways: directly using the let or ask
.erudecorpaotecnereferybelbairavehtgnissapybyltceridnidna,evitcerid

Built-In Functions

TSTOL provides a number of built-in functions that ease the job of coding TSTOL procedures and
-irtehtnI.dewollasinoisserpxenareverehwyleerfdesuebnacsnoitcnufeseht;snoitinfiedevitcerid

gonometric functions, all angles are expressed in radians.

.noisserpxenafoeulavetulosbaehtsnruter)rpxe(sba
nint (expr) returns the integer nearest the value of an expression.

.noisserpxenafotoorerauqsehtsnruter)rpxe(trqs
sin (expr) returns the sine of an angle.

.elgnanafoenisocehtsnruter)rpxe(soc
tan (expr) returns the tangent of an angle.

.enisnevigehtgnivahelgnaehtsnruter)rpxe(nisa
acos (expr) returns the angle having the given cosine.

.tnegnatnevigehtgnivahelgnaehtsnruter)rpxe(nata

%arg (expr) returns the i-th argument of the currently executing procedure or foreign
stnemugraforebmunehtot1morfderebmunerastnemugrA.ydobevitcerid

(see the %nargs function).
)]htdiw,[rpxe(nib%

returns a string containing expr formatted in binary; e.g., the number 23
-noctnemugrahtdiwdlefilanoitpoehT.’’11101000...‘‘sadenruterebdluow

trols the number of digits in the returned value; if not specified, width
.)23yllausu(regetnignolanistibforebmunehtotstluafed

)puorg(prgkhc%
returns true if the tstol process is a member of the specified UNIX group.

sadefiicepsfisetouqgnirtsnidesolcneebdluohsdnaevitisnes-esacsipuorg
a literal.

)egelivirp(vrpkhc%
returns true if the operator currently has the specified privilege. privilege is

.laretilasadefiicepsfisetouqgnirtsnidesolcneebdluohsdnaevitisnes-esac
)]htdiw,[rpxe(ced%

returns a string containing expr formatted in decimal; e.g., the number 23
ehtslortnoctnemugrahtdiwdlefilanoitpoehT.’’32‘‘sadenruterebdluow

number of digits in the returned value; if not specified, width defaults to the
tneserperotderiuqer)yrassecenfi,ngisasulp(stigidlamicedforebmun

expr. Unlike the binary, hexadecimal, and octal conversion functions, %dec
.seorezton,sknalbgnidaelhtiwdlefiehtsdap

)]tluafed[,]rpxe[(tluafed%
returns expr if it’s defined and default otherwise. The default expression is

dednetnisinoitcnufsihT.denfiedsinoisserpxeyramirpehtfidetaulaveton
for specifying defaults for missing directive arguments.

ebnacnoitcnuf-%sihtecniS.revresatadehtotsdnammocdnesotdesusi)...(sd%
entered as a stand-alone directive, it is documented in the section, Generic

.sdnammoCLOTST

Sun Release 4.1 Last change: 25 October 1993 13



)9(LOTSTSEGAPLAUNAMECNEREFER.CSIM)9(LOTST

%env (expr) returns the value of a UNIX environment variable. A zero-length string
.denfiedtonsielbairavtnemnorivneehtfidenrutersi)’’‘‘(

%eval (expr) returns the value of expr, converted to a string and evaluated as if it had
dluowlave%,"1+TNUOC"gnirtsehtnevig,elpmaxeroF.nidepytneeb

look up the value of variable COUNT and add 1 to it. %eval is useful for
,noitinfiedyb,ecnis(sevitceridngierofnistnemugradradnats-nongnitaulave

non-standard arguments are not directly evaluated by the parser).
.rebmunlaeraotdetrevnoc,rpxefoeulavehtsnruter)rpxe(taofl%

%fparse ([file O spec [, default O file O spec [, relatedO file O spec]]] [, field])
-htapllufaotnicepsOelfisdnapxeesrapf%.semanelfistcurtsnocdnasesrap

name. Missing components in the pathname are supplied by the default and
tonsidlefifI.stluafedmetsysyb,yrassecenfi,rosnoitacfiicepselfidetaler

specified, %fparse returns the fully-expanded pathname. If field is specified,
-htapdednapxe-yllufehtmorfdlefiderisedehtsnruterdnastcartxeesrapf%

name. Valid fields are ‘‘ALL’’, ‘‘DIRECTORY’’, ‘‘FILENAME’’,
dna,noisnetxe,emanelfi(’’REVTXELIF‘‘,’’NOISREV‘‘,’’NOISNETXE‘‘

version combined), and ‘‘NODE’’. File specifications or field names should
otetaulavetahtsnoisserpxesarosetouqelbuodnisgnirtssaderetneeb

strings. A file specification for a UNIX directory must have a trailing ‘‘/’’;
asahtapyrotceridehtfotnenopmoctsalehttaertlliwesrapf%,esiwrehto

file name. When called without any arguments, ‘‘%fparse ()’’ returns your
.yrotceridgnikrowtnerruc

%fsearch ([wildcardO file O spec [, default O file O spec [, relatedO file O spec]]])
-dliwehtybdehctamelfitxenehtfoemaneht,sllacevisseccusno,snruter

card file specification; an empty string (‘‘’’) is returned when no more files
nillfiotdesuerasnoitacfiicepselfidetalerdnatluafedehT.dehctamera

missing components of the wildcard file specification (see %fparse).
rednU.dehctamelfihcaerofemanhtapdednapxe-yllufehtsnruterhcraesf%

UNIX, a sequence of calls to %fsearch with the same wildcard file
nisretcarahcdracdliwgnittup;yrotceridelgnisanacsylnonacnoitacfiiceps

a directory name will not effect a multiple-directory scan. Invoking the
ehtsetanimret)’’)(hcraesf%‘‘(stnemugraynatuohtiwnoitcnufhcraes

current directory scan.
.tnatsnocemit/etadasaTMGtnerrucehtsnrutertmg%

%hex (expr [, width])
returns a string containing expr formatted in hexadecimal; e.g., the number

tnemugrahtdiwdlefilanoitpoehT.’’71000000‘‘sadenruterebdluow32
controls the number of digits in the returned value; if not specified, width

gnolatneserperotderiuqerstigidlamicedaxehforebmunehtotstluafed
integer (usually 8).

%ident (expr) instructs the TSTOL parser to treat the string value of expr as a keyword.
yltnerrucsiesustios,secalpniatrecniskrowylno’’noitcnuf‘‘sihT

discouraged. Directives can be constructed ‘‘on-the-fly’’ just as easily with
.evitceridesrapeht

%int (expr) returns the value of expr, converted to an integer. The fractional portion of
.dednuorton,detacnurtsirpxe

%isint (expr) returns true if expr can be interpreted as an integer and false otherwise.
onevahhcihwsrebmuntniopgnitaoflerasa,esruocfo,sregetnierasregetnI

fractional part. Strings can also be interpreted as integers if they follow the
lamicedaxehdna,latco,lamicedrof))3(lotrtsees(snoitnevnocCdradnats

constants: N, 0N, and 0xN, respectively.
)tniopgnitaoflroregetni(rebmunasadeterpretniebnacrpxefieurtsnruter)rpxe(munsi%

and false otherwise. (Also see the %isint and %isreal functions.)
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.esiwrehtoeslafdnarebmunlaerasadeterpretniebnacrpxefieurtsnruter)rpxe(laersi%
Floating point numbers and integers are considered real. Strings can be

))3(dotrtsees(snoitnevnocCdradnatsehtwollofyehtfislaersadeterpretni
for floating point numbers; e.g., 1, 2.3, 4.56E-78, etc.

)]redniamer,[]]]...,[1lavter,[0lavter,[pxeger,tegrat(xel%
dissects a target string using the given regular expression. %lex supports the

)’’}]]n[,[]m[{ER‘‘(erusolcN-ot-Mgnidulcni,)3(pmcgerfoytilanoitcnuflluf
and subexpression assignment (‘‘(RE)$n’’); in addition, lex(1)-style alterna-

-sseccussihctamnoisserpxeralugerehtfI.detroppussi)’’2ER|1ER‘‘(noit
ful, designated subexpressions are stored in the corresponding retvalN vari-

,lufsseccusnusihctamehtfI.eurtsnruterxel%dna)9..0=Nrof(selba
zero-length strings are assigned to the return variables and %lex returns

dehctamtxetehtgniwolloftxetehtsnruterredniamer,esacrehtienI.eslaf
by the regular expression. (See the subsection, Regular Expressions, for

).noitamrofnierom
%liv (keyword) looks like a %-function, but it’s really a reference to an internal variable; see

.selbairaVlanretnIlacoL,noitcesreilraeeht
%lower (expr) returns the value of expr as a string, with all alphabetic characters converted

.esacrewolot
)]...rpxe,[rpxe,tegrat(hctam%

matches the target string against a list of expressions. Matches are case-
otdetrevnocerasgnirtshctamehtdnagnirtstegratehthtob;evitisnesni

upper case before a match is attempted. Use %rex if alphabetic case is
htgnel-dexfiayficepsnacsnoisserpxefotsilehtnignirtsA.tnatropmi

abbreviation by embedding a ‘‘#’’ in the string; e.g., ‘‘SIM#INT’’ will match
ybdetonederasnoitaiverbbahtgnel-elbairaV.mis,mroftrohsstidnatnimis

a ‘‘∗ ’’ embedded in the match string; e.g., ‘‘INIT∗ IALIZE’’ matches init,
niseulaveurtlla(N..1xedniehtsnruterhctam%.ezilaitini,...,itini

TSTOL) of the matching string in the list of expressions; 0 (false in TSTOL)
.dnuofsawhctamonfidenrutersi

%nargs returns the actual number of arguments passed to the currently executing pro-
.ydobevitceridngierofroerudec

%net (...) is used for establishing and communicating across network connections.
-ucodsiti,evitceridenola-dnatsasaderetneebnacnoitcnuf-%sihtecniS

mented in the section, Generic TSTOL Commands.
eeS(.sdrowllungnidulcni,gnirtsani’’sdrow‘‘forebmunlatotehtsnruter)pxe(sdrown%

the %word function.)
)]htdiw,[rpxe(tco%

returns a string containing expr formatted in octal; e.g., the number 23 would
slortnoctnemugrahtdiwdlefilanoitpoehT.’’72000000000‘‘sadenrutereb

the number of digits in the returned value; if not specified, width defaults to
.)11yllausu(regetnignolatneserperotderiuqerstigidlatcoforebmuneht

)]...rpxe,[rpxe,xedni(kcip%
returns the i-th expression from a list of expressions. When used in conjunc-

-erbbatrevnocotyawysaenasedivorpkcip%,xer%rohctam%htiwnoit
viations to fixed keywords.

)]tamrof,[rpxe(laer%
returns a string containing expr formatted as a real number; e.g., the number

tnemugratamroflanoitpoehT.’’5432000.0‘‘sadenruterebdluow4-E543.2
can be any standard C format string for floating point numbers; the default

htiw,tamrofetairporppanaesoohcmetsysehtstelhcihw,’’G%‘‘sitamrof
or without an exponent, depending on the value of expr.

)]snoitutitsbusOxam,[txetOtnemecalper,pxeger,tegrat(ecalper%
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returns a copy of the target string, with text matched by a regular expression
deilppaerasnoitutitsbusOxamotpU.txetOtnemecalperybdecalper)pxeger(

to the target string; if max O substitutions is not specified, all occurrences of
dehctamtxetehT.)noitutitsbuslabolg(decalpererapxegerybdehctamtxet

by regexp can be manipulated to some extent using special character
noitcesehtees;txettnemecalperehtnideddebme).cte,&$,n$(secneuqes

on regular expressions for more information. To prevent $-character
yamuoy,)delbanefi(noitutitsbustxetdetnawnugnicudorpmorfsecneuqes

need to split replacement O text into several strings connected by the & string
;evisrucertonerasnoitutitsbuS)!drawkwayreV(.rotareponoitanetacnoc

the search for the next regexp match begins following the last substitution.
).noitamrofnieromrof,snoisserpxEralugeR,noitcesbusehteeS(

)xedni,rpxe(tser%
returns the rest of a string, beginning with the i-th ‘‘word’’ in the string;

gninnacsemasehtgnisU.sbatro,sammoc,sknalbybdetimilederasdrow
mechanism as %word, %rest skips arguments 1 through i-1 of expr and

htgnel-orezA.)Nhguorhtistnemugra,.e.i(rpxefotserehtsnruterneht
string (‘‘’’) is returned if index exceeds the number of words in the string

dradnats-nongninnacsroflufesusitser%.)noitcnufsdrown%ehtees(
arguments.

)]...pxeger,[pxeger,tegrat(xer%
matches the target string against a list of regular expressions. The matches

sihctamehterofebesacreppuotdetrevnoctonsitegrat−evitisnes-esacera
attempted. If a regular expression must match the entire target string, be

-cepser,dnednagninnigebehttasrohcna’’$‘‘dna’’ˆ‘‘ehtedulcnioterus
tively, of the regular expression. %rex returns the index 1..N (all true

0;snoisserpxeralugerfotsilehtnignirtsgnihctamehtfo)LOTSTniseulav
(false in TSTOL) is returned if no match was found. (See the subsection,

).noitamrofnieromrof,snoisserpxEralugeR
%search (target, regexp [, regexp ...])

returns a string containing the text matched by a regular expresssion in a tar-
-ugertsrfieht;defiicepsebyamnoisserpxeralugerenonahteroM.gnirtsteg

lar expression that produces a match terminates the search. A zero-length
ehtnidehctamsisnoisserpxeralugerehtfoenonfidenrutersi)’’‘‘(gnirts

target string. The matches are case-sensitive − target is not converted to
ralugeR,noitcesbusehteeS(.detpmettasihctamaerofebesacreppu

Expressions, for more information.)
sihtecniS.llehss’metsysgnitarepotsohehtnisdnammocetucexeotdesusi)...(llehs%

%-function can be entered as a stand-alone directive, it is documented in the
.sdnammoCLOTSTcireneG,noitces

%source (type) returns the source of the current directive, where type is CONTEXT, LINE,
lacixelwenA.lufesutsomehtylbaborpsirettaleht;EVITCARETNIro

context is pushed on the lexical stack whenever a foreign directive is exe-
kcatsehtmorfdeppopsitxetnoclacixeleht;detratssierudecorparodetuc

when the directive or procedure completes. %source (CONTEXT) returns
ngierofarofdrowyekeht,.e.i;txetnoclacixeltnerrucehtfoecruoseht

directive and the file name for a TSTOL procedure. A context source is
sahLOTSTesuaceB.txetnoclacixelstifoemitefilehttuohguorhtdexfi

multiple input sources, a directive may be received from a source other than
tnerrucehtfoecruoscimanydehT.ecruoss’txetnoclacixeltnerruceht

directive is returned by %source (LINE). For example, if a line of input is
eht,erudecorpLOTSTafonoitucexeehtgnirudecruoskrowtenamorfdaer

context source will be the procedure and the line source will be the logical
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-ceridngierofaflestisitupnikrowtenehtfI.ecruoskrowtenehtfoeman
tive, a new lexical context for the directive is pushed on the lexical stack;

s’evitceridngierofehtebnehtlliwecruosenildnaecruostxetnocweneht
keyword. The original source of the executing directive has not been lost,

enimretedotkcatslacixelehtsnacs)EVITCARETNI(ecruos%.revewoh
the ‘‘interactive’’ source of the current directive; i.e., the source of the net-

.evitceridtnerrucehtfonoitucexeehtnidetlusertahttupnirotareporokrow
For example, the interactive source of a foreign directive executing within a

ehttsapsnacsecruos%;rotarepoehtsirotarepoehtybdetratserudecorp
foreign directive’s lexical context and the procedure’s lexical context until it

-orezA.txetnoclacixels’rotarepoeht,ecruosevitaretniehtsretnuocne
length string (‘‘’’) is returned if the requested source type is the operator.

sutatslabolgs’LOTSTotecnereferayllaers’titub,noitcnuf-%aekilskoolsutats%
variable, %status; see the earlier section, TSTOL Variables.

asirpxefI.tnatsnocemit/etadaotdetrevnoc,rpxefoeulavehtsnruter)rpxe(emit%
string in the format of a date/time constant, the string is converted to that

.)stnemugraevitceriddradnats-nongnisrapnehwlufesu(tnatsnocemit/etad
Otherwise, expr is treated as the number of seconds since January 1, 1970

.tnatsnocemit/etadtnelaviuqeehtotdetrevnocsidna
%upper (expr) returns the value of expr as a string, with all alphabetic characters converted

.esacreppuot
)xedni,rpxe(drow%

returns the i-th ‘‘word’’ from a string, where words are delimited by blanks,
evitucesnochtiwdefiicepsebnacgnirtsanisdrowlluN.sbatro,sammoc

commas (with intervening white space allowed). A zero-length string (‘‘’’)
sdrowforebmunehtsdeecxetifirodrowllunasefiicepsxednifidenrutersi

in the string (see the %nwords function). %word is useful for scanning
.stnemugradradnats-non

lortnoCdnanoitinfieDerudecorP

Automatic sequencing and execution of directives is possible using TSTOL procedure files. Once a
dnaemitretalatapudellacebnacerudecorpeht,elfierudecorpaniderotssisevitceridfoecneuqes

the directives will be automatically executed, one after another.

dradnatsehtgnisudefiidomdnadetaercebnactahtselfitxetXINUlamroneraselfiserudecorpLOTST
system text editors. Full- and in-line comments, form feeds, and blank lines can be used to document

.ytilibadaerriehtevorpmidnaserudecorp

A procedure definition has the following form:

)sretemarapOlamrof(emancorp
... body of procedure ...

corpdne

name is the name assigned to the procedure. The formal parameters are place holders for the argu-
owtfoenoekatnacsretemaraplamroffonoitacfiicepsehT.erudecorpehtotnidessapgniebstnem

forms. The traditional STOL approach specifies the number of arguments that will be passed into the
ees(N$,...,2$,1$:rebmunybdecnerefererastnemugraeht,erudecorpehtfoydobehtnI.erudecorp

Text Substitution in the next section). For example:

)2(SREBMUNODDAcorp
X1 = $1 + $2

1X,"=muS"etirw
corpdne

Sun Release 4.1 Last change: 25 October 1993 17



)9(LOTSTSEGAPLAUNAMECNEREFER.CSIM)9(LOTST

TSTOL also supports named procedure parameters. Arguments are then referenced by the correspond-
:elpmaxenasA.tsilretemaraplamrofehtnisemangni

proc ADDO NUMBERS (FIRST, SECOND)
DNOCES+TSRIF=1X

write "Sum = ", X1
corpdne

When a start directive is executed, the file containing the procedure is loaded into memory; the
,elfierudecorpafoezisehtnostimiloneraerehT.snrutererudecorpehtnehwdetacollaedsiyromem

as long as the parser doesn’t run out of memory − a remote possibility thanks to virtual memory.

neercss’rotarepoehtnodeohcesierudecorpehtfoydobehtnienilhcae,dekovnisierudecorpanehW
and then executed. Various control flow directives (e.g., goto, return, killproc, etc.) are available to

yamroflestierudecorpehtniraeppanacsevitceridesehT.stnemetatsfonoitucexelaitneuqesehtretla
be manually entered by the operator as the procedure executes.

-ceridcorpdneeht)ii(,detucexesievitceridnrutera)i(:litnuseunitnocerudecorpafonoitucexeehT
tive terminates the procedure, or (iii) the operator aborts the procedure (see the killproc directive).

ehtnoegassemrorreevitamrofninasyalpsidlotst,rorregnissecorparororrexatnysafotneveehtnI
operator’s screen and halts procedure execution in an unconditional wait state. The operator can then

tiawehttixeotevitceridotogroogaybdewollof,rorreehttcerrocotsevitcerideromroorezretne
state and continue execution. (Another option, of course, is to just kill the procedure.)

:wofllortnocerudecorptceffatahtsevitceridLOTSTehtsezirammustsilgniwollofehT

ask prompts the operator for input and waits until something is entered.

.poolodtnerrucehtfotuoskaerbkaerb

continue continues with the next iteration of the current do loop.

.poolodlanoitidnocnuna−stnemetatsfokcolbasetucexeyldetaeperoddne-od

for-do-enddo
executes a block of statements a certain number of times − a counted do loop.

.noitucexeeunitnocdnaedomtiawtixeoterudecorpasesuacog

goto unconditionally shifts execution to the specified line number or label.

.evitceridelgnisafonoitucexelanoitidnocehtrofsedivorpfi

if-then-elseif-else-endif
provides for the conditional execution of blocks of statements.

.detucexesawevitceridnruterafisa,erudecorpevitcayltnerrucehtstrobacorpllik

position causes procedure execution to branch to a specified line number or label and to
.tupnirotarepognidnep,etatstiawlanoitidnocnunaretne

return exits the currently active procedure and returns control to the next higher level pro-
.erudec

start starts a procedure up and passes it the specified arguments.

edompetsdemitfI.noitucexeerudecorpfoetarehtlortnocotrotarepoehtswollapets
is selected, the parser pauses for the specified amount of time between each state-

-etatshcaeretfasesuapresrapeht,detcelessiedompetslaunamfI.detucexetnem
ment executed; the operator must enter go before execution can continue with the

.ecneuqesnievitceridtxen

wait suspends procedure execution. There are four types of wait states: unconditional
otsetaulavenoisserpxenalitnutiaw(lanoitidnoc,)noitceridrotareporoftiaw(
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true), delta timed (wait for a certain amount of time), and absolute timed (wait
.)dehcaersiTMGdefiicepsehtlitnu

oddne-od-elihw
executes a block of statements as long as an expression evaluates to true − a con-

.poolodlanoitid

Since TSTOL is a block-structured language, there are restrictions on the destinations of goto, position,
niatrecybdetekcarb,sevitceridLOTSTevitucesnocfopuorgasikcolbA.sevitceridta-tratsdna

language constructs. TSTOL blocks include if-then blocks, elseif blocks, else blocks, and do loops.
-naemyllarenegsi,ecnatsnirof,poolodafoelddimehtotnikcolbafoedistuomorfotogagnimrofreP

ingless. Consequently, TSTOL prohibits such transfers of control, as the following example shows:

.pmujlagellI;2OlebaLotog

if (expr1) then
...1kcolb...

goto Label O 5 ; Legal jump.
neht)2rpxe(fiesle

Label O 2:
...2kcolb...

esle
... block 3 ...
goto Label O 4 ; Illegal jump.

fidne

for I = 1 to N do
:4OlebaL

... block 4 ...
oddne

Label O 5:
...

smsinahceMgnissaPtnemugrA

In MAE and most earlier STOLs, there was only one means of passing arguments to procedures: text
txeterudecorpehtnidetutitsbussignirtstnemugranafotxeteht,noitutitsbustxetnI.noitutitsbus

wherever the argument is referenced (via ‘‘$1’’, ‘‘$2’’, etc.) This substitution occurs before the affected
tnemugraeman-yb-llacfomrofa,noisnapxeorcamyllaitnessesinoitutitsbustxeT.desrapsievitcerid

passing.

TSTOL supports a more general form of text substitution, applicable to any variable (procedure-local or
ro’’n$‘‘ehtgnisudetaitinisinoitutitsbustxeT.stnemugraerudecorptsujton,)labolg-erudecorp

‘‘$variable’’ constructs; parentheses can be used to separate n or variable from surrounding text. For
:evitceridllacorpllikehtsetucexeedocgniwollofeht,elpmaxe

let COMMANDO OFO THEO DAY = "killproc all"
.noitutitsbustxeT;YADOEHTOFOODNAMMOC$

Text substitution can be turned on and off by setting or resetting the local internal variable,
-orpanehW.pusemocLOTSTnehwdelbaneyllaitinisinoitutitsbustxeT.)noitutitsbusOOtxet(vil%

cedure starts up, text substitution is automatically enabled; the procedure can explicitly disable text sub-
fi;delbasidyllacitamotuasinoitutitsbustxet,dekovnisievitceridngierofanehW.ebdeenfinoitutits

necessary, text substitution can be explicitly enabled in the directive’s definition. The current text sub-
AerudecorpfI.nruterdnadellacerasevitceridroserudecorpsaderotserdnadevassiedomnoitutits
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disables text substitution and then calls procedure B, text substitution is automatically enabled in B and
.noihsafralimisaniedomnoitutitsbusehtetalupinamsevitceridngieroF.AotsnruterBnehwdelbasid

Text substitution is applied to an input line before the line is passed to the parser’s lexical analyzer.
-nonrosretimiledgnirtsfoecneserpehtotdragertuohtiwdemrofreperasnoitutitsbus,yltneuqesnoC

standard argument designations. If invoked by ‘‘start BROKE ("an elephant")’’, the following pro-
:erudec

proc BROKE (1)
write "I have $1 in my pocket!"

corpdne

will display ‘‘I have an elephant in my pocket!’’, probably not what was intended. A different formula-
:ebdluow,noitutitsbustxetsdiovataht,evitceridetirwehtfonoit

write "I have $" & "1 in my pocket!"

-itsbustxetgnivlovnitnemetatsLOTSTafoxatnyseht,setartsullielpmaxeyad-eht-fo-dnammocehtsA
tution cannot be determined until the text substitution actually takes place. Compiling TSTOL pro-

foesuehtybderepmahebdluow)ytilibissoperutufa(mrofetaidemretni,gnitucexe-tsafaotniserudec
text substitution. Consequently, its use in procedures is discouraged. The advantages of text substitu-

otytilibaehtsedivorpnoitcnuf)rebmun(gra%ehT.LOTSTnisyawrehtonideveihcaebllitsnacnoit
reference arguments by number. The parse directive allows the construction and execution of an arbi-

:evobaedocelpmaxeehtsetalumeerudecorpgniwollofehT.evitceridyrart

proc EXECUTE O COD (COMMANDO OFO THE O DAY)
)YADOEHTOFOODNAMMOC($ottnelaviuqE;)1(gra%esrap

corpdne

In addition to text substitution, TSTOL also supports call-by-value and call-by-reference mechanisms
LOTST,)edomtluafedeht(eulavybdessapsitnemugranafI.serudecorpotstnemugragnissaprof

makes a copy of the argument’s value; the called procedure is free to manipulate the argument as it
eht,)gnissaptnemugraelyts-NARTROFotralimis(ecnereferybdessapsitnemugranafI.sesaelp

address of the argument is passed to the called procedure. Any changes to the argument in the called
edivorpsuhtstnemugraecnerefer-yb-llaC.erudecorpdellacehtfoedistuokcabdetceflereraerudecorp

a means of returning values from procedures.

How are arguments specified in a start directive? Since TSTOL is primarily a command language, not
aton,gnirtstxetasadeterpretnisitsiltnemugrananirefiitnedielpmisa,egaugnalgnimmargorpa

variable name. To treat the identifier as a variable reference, enclose it in parentheses or explicitly
:gnissaptnemugraecnerefer-yb-llacroeulav-yb-llactseuqer

start XYZ (ABC, arg2, ...)
passes the text string ‘‘ABC’’ to procedure XYZ.

)...,2gra,)CBA((ZYXtrats
looks up the value of variable ABC and passes that value to procedure XYZ.

)...,2gra,)CBA(lav%(ZYXtrats
passes the value of variable ABC to procedure XYZ.

)...,2gra,)CBA(fer%(ZYXtrats
passes the address of variable ABC to procedure XYZ. An assignment (via a let direc-

aerotslliwZYXerudecorpniretemaraplamrofgnidnopserrocehtot)ecnatsnirof,evit
new value in variable ABC.

Numerical and string expressions can be specified as arguments without surrounding parentheses, but
!’’CBA‘‘gnirtsehtot2ddaotseirtresrapeht−’’)...,2+CBA(ZYXtrats‘‘sahcusstnemetatsdiova
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If the number of actual arguments M in a start directive is less than the number of formal parameters N
fI.stnemugrallunsadetaertera)Not1+M(sretemarapgnissimeht,noitaralcedcorpehtnidefiiceps

the number of arguments exceeds the number of expected parameters (M>N), the extra arguments are
.noitcnuf)rebmun(gra%ehtgnisuerudecorpehtnihtiwdecnereferebnacdnadeniater

Foreign Directives

tstol is a programmable parser that provides the user with the ability to define new directives at run-
srotidetxetelbisnetxenidesutahtotralimis,hcaorppasihthtiW.serudecorp’’lanretni‘‘gnisuemit

(UNIX Emacs, VMS TPU, and assorted MS-DOS editors), a directive is defined in terms of other
:swollofsaderutcurtserasnoitinfiedevitcerid’’ngieroF‘‘.sevitceridLOTST

directive name (formal O parameters) is
...setubirttaevitcerid...

nigeb
... body of directive definition ...

dne

name specifies the directive keyword and can incorporate abbreviated short forms. Directive arguments
stnemugrademanehtgnitsilybro)elyts-LOTSEAM(tnuoctnemugraehtgnisudefiicepsebnac

(TSTOL-style). Directive attributes include keyword aliases (short forms), operations classes, if the
-non(deterpretniebdluohsstnemugraevitceridehtfidna,)?LOTSTcireneg(ni-tliubsievitcerid

standard arguments?). The body of the directive definition specifies the procedural implementation of
foydobehtnidewollasievitceridLOTSTynA.sevitceridni-tliubrofderiuqertonsidnaevitcerideht

the procedure, including do loops, procedure calls, and foreign commands. For example, the ICE/IMP
:swollofsadenfiedsievitceridtibro

directive ’ORB#IT’ (ORBITO NUMBER) is
CCssalc

nigeb
ORBIT O NUMBER = %int (ORBITO NUMBER)

neht))99999>REBMUNOTIBRO(ro)1<REBMUNOTIBRO((fi
write "Enter an orbit number between 1 and 99999."

esle
transact STATE O MANAGER "[XQ] ORBIT ", ORBIT O NUMBER

fidne
dne

The ‘‘#’’ in the keyword indicates a fixed-length abbreviation (orb is an abbreviation of orbit); ‘‘∗ ’’
-egnarsirebmuntibroeht,ydobevitceridehtnihtiW.snoitaiverbbahtgnel-elbairavrofdesuebnac

checked and an ORBIT command is forwarded to the State Manager subsystem.

-retniehtserotsdna)ecnatsnirof,elfinoitazilaitinirevresehtmorf(snoitinfiedevitceridehtsdaerlotst
nal procedures in memory for fast access. When the operator enters a ‘‘foreign’’ keyword, the parser

erudecorplanretniehtotmehtsessapdnaenildnammocehtnostnemugragniniamerehtpustcelloc
defined for the keyword. The effect is the same as if the foreign directive were defined as a procedure

yllacitamotuasinoitutitsbustxeT.evitceridtratsaderetnerotarepoehtdnaelfierudecorpLOTSTani
disabled when a foreign directive is invoked; it can be explicitly enabled within the body of the direc-

.)noitutitsbusOOtxet(vil%,elbairavlanretnilacolgnittesybevit

The arguments to some directives cannot be parsed correctly by tstol. For example, the parser has trou-
-serpxecitemhtiranaekilhcumootskool’’ICS-E‘‘;evitcerid’’ICS-Etinitnimis‘‘s’PMI/ECIhtiwelb

sion. Directives such as this are marked as not standard in the directive definition. When the operator
enildnammocehtfotserehtsdaerylpmisresrapeht,evitceriddradnats-nonarofdrowyekehtsretne

into a string and passes it as a single argument to the keyword’s internal procedure. The directive
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:swollofsaskooltnimisrof)detaiverbbatahwemos(noitinfied

directive ’SIM#INT’ (REST O OFO LINE) is
CCssalc

not standard
nigeb

local ACTION, FMT

ACTION = %word (RESTO OFO LINE, 1)
;;,"EGNAHC","EZILAI∗TINI",NOITCA(hctam%(kcip%=NOITCA

"CHG", "TERM∗ INATE"), ;;
)"MRET","GHC","GHC","TINI"

neht)""=NOITCA(fi
... invalid action ...

neht)"TINI"=NOITCA(fiesle
let FMT = %upper (%word (RESTO OFO LINE, 2))

neht))"$)]D-A[AV|GNE|ICS(-]J-E[ˆ",TMF(xel%(fi
transact STATE O MANAGER "[XQ] SIMINT INIT ", FMT

esle
... invalid format ...

fidne
esle

... other actions ...
fidne

dne

%word is a built-in function that returns the i-th ‘‘word’’ from a string (the remainder of the command
noisserpxehctam%-kcip%ehT.sammocrosknalbybdetimilederasdrowerehw,)esacsihtni,enil

validates the action keyword. Regular expressions provide a more concise way of matching the 30 pos-
.tamrofyrtemeletehtetadilavotdesusinoisserpxexel%aos,stamrofyrtemeletelbis

The ubiquitous ‘‘shoval value format’’ directive illustrates the use of some other built-in functions to
:stnemugradradnats-nonssecorp

directive SHOVAL (REST O OFO LINE) is
dradnatston

nigeb
local FMT, VALUE

VALUE = %word (REST O OFO LINE, 1)
))2,ENILOFOOTSER(drow%(reppu%=TMF

if (FMT = "B") then
write "Value = B’", %bin (%eval (VALUE)), "’"

neht)"E"=TMF(fiesle
write "Value = ", %real (%eval (VALUE), "%E")

neht)"H"=TMF(fiesle
write "Value = H’", %hex (%eval (VALUE)), "’"

neht)"I"=TMF(fiesle
write "Value = ", %dec (%eval (VALUE))

neht)"O"=TMF(fiesle
write "Value = O’", %oct (%eval (VALUE)), "’"

neht)"R"=TMF(fiesle
write "Value = ", %real (%eval (VALUE), "%f")

neht)""=TMF(fiesle
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write "Value = ", %eval (VALUE) ; Strings, etc.
esle

write "Invalid SHOVAL format: ", FMT
".enonro,R,O,I,H,E,BerastamrofdilaV"rorre

fidne
dne

%eval evaluates the contents of a string as if they had been typed directly into the parser. For exam-
rebmunehtsecudorpgnirtsehtgnilave%;lavohsot’’21∗∗2‘‘gnirtsehtsessap’’21∗∗2lavohs‘‘,elp

4096, which is then displayed. (Note that %word doesn’t allow embedded blanks or commas in
.tamroftuptuoderisedehtotrebmunehttrevnoclaer%dna,tco%,xeh%,ced%,nib%).eulav

tstol attempts to make the invocation and execution of a foreign directive indistinguishable from the
osgnioD.noitcnufemasehtsmrofreptahtevitceridni-tliub,lacitehtopyhafonoitucexednanoitacovni

has introduced some subtleties into the process of resolving variable references, subtleties that affect
.noitcnuflave%ehtroevitceridesrapehtotstnemugradradnats-nonssaphcihwsevitceridngierof

Imagine a procedure called LOOP that simply displays an incrementing counter:

)N(POOLcorp
local COUNTER

odNot1=RETNUOCrof
shoval COUNTER

oddne
corpdne

When the LOOP procedure is run, a new block containing LOOP’s local variables is pushed on the
ehtnehW.kcatsehtmorfdeppopsislobmyslacolfokcolbsti,snruterPOOLnehw;kcatselbatlobmys

shoval directive is executed, the string ‘‘COUNTER’’ is passed as a non-standard argument to the body
.sevitceridngierofrofdetaercsawkcolblobmyslacolwena,lotstfosnoisrevreilraenI.lavohsfo

%evaling ‘‘COUNTER’’ then produced a symbol not found error, since COUNTER would not be found
.slobmyslabolgehtniroslobmyslacolfokcolb)lavohs(tnerrucehtni

Later releases of tstol corrected this problem by implementing local symbol subblocks. When a TSTOL
flestikcolblobmyslacolA.kcatselbatlobmysehtnodehsupsikcolblobmyslacola,nursierudecorp

is a stack of local symbol subblocks. The base subblock contains the procedure’s local symbols. When
kcolbbusehtnodehsupsislobmyslacols’evitceridehtrofkcolbbusa,dekovnisievitceridngierofa

stack of the current local symbol block; when a foreign directive completes, its subblock is popped
ehtsdrawotnwodgniworgsikcatslobmyseht(sdrowdnasuohtahtrowsierutcipA.kcatsehtmorf

bottom of the page):

MISSION <-- global symbol block
sutats%

N <-- LOOP’s local symbol block (and base subblock)
RETNUOC

REST O OFO LINE <-- shoval’s local symbol subblock
TMF

VALUE

When no procedure is active, the global symbol block functions as the current, ‘‘local’’ symbol block.
-olgehtgniniatnockcolbbusesabehttub,dedeensadeppopdnadehsuperaskcolbbusevitceridngieroF

bal symbols is never popped from the symbol table stack.

ssecorpnoituloserlobmysehtsarafsakcolblobmyslacoltnerrucehtfotrapderedisnoceraskcolbbuS
is concerned. The search for a symbol in a local symbol block begins at the top of the subblock stack

ni)RETNUOC(lave%.kcolbbusesabehtotnwod)ynafi(skcolbbustneraphguorhtsdnecseddna
shoval now returns the value of LOOP’s variable. If shoval also declared a local variable called
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.elbairavRETNUOCs’POOL,lavohsfoydobehtnihtiw,edihdluownoitaralcedstineht,RETNUOC

Normally, the details of symbol table subblocks are of no concern. Foreign directives that make use of
-iravagniniatnocgnirtsagnitaulavefosnoitacilpmiehtfoerawaebdluohs,revewoh,lave%roesrap

able name: the variable might have been declared local to the directive, local to a parent foreign direc-
-ceridngierofdetseneranrecnocralucitrapfO.labolgro,erudecorps’kcolbbusesabehtotlacol,evit

tives, since a symbol table search will scan each of the nested subblocks. To guard against problems,
’’EULAVlavohs‘‘dna’’TMFlavohs‘‘,elpmaxeroF.semaneuqinuesudnaselbairavlacolllaeralced

will probably display meaningless numbers, given the definition of shoval above (FMT and VALUE are
.)!lavohsotlacol

Watchpoints

Watchpoints provide a means of monitoring the values of system variables (e.g., telemetry mnemonics).
yrevedelpmasebnaceulavdetseuqerA.evitcaylsuoenatlumisdnaputesebnacstniophctawelpitluM

N seconds (asynchronous sampling) or when the value is decommutated (synchronous sampling).
ehtdessapdnadekovnisierudecorpevitceridngierofdenfied-resua,deviecersieulavarevenehW

value of the system variable. Once activated, a watchpoint effectively executes in ‘‘background’’
,yltnerruC(.cte,serudecorpnur,sevitceridLOTSTrehtoretnednanoognacrotarepoeht;edom

watchpoints cannot ‘‘make themselves heard’’ if TSTOL is stopped because of a syntax error.)

htiwderetneebnacevitceridhctawehT.evitceridhctawehtybdetavitcadnadenfiederastniophctaW
or without a body:

watch variable [ samplingO type [ rate ] ] is
nigeb

... watch body ...
dne

watch variable [ samplingO type [ rate ] ]

The sampling type is asynchronous (the default) or synchronous. The watch body defines and is
arevenehwdetucexeeblliwtaht)evitceridtniophctawadellac(evitceridngierof,yraropmetasaderots

value is received for the specified system variable. If no watch body is defined in the watch directive,
s’rotarepoehtnoeulavs’elbairavehtsyalpsidtsujtahtdetutitsbussievitceridtniophctawtluafeda

screen.

After storing the foreign directive, the TSTOL parser requests a stream of values for the system variable
dnaelpmaslliwrevresatadeht,detseuqersimaertsatadsuonorhcnysanafI.revresatadehtmorf

send the system variable’s value every rate seconds. If a synchronous data stream is requested, the
suonorhcnyssimaertsatadeht;eulavs’elbairavmetsysafoecnerruccoht-etaryrevesdnesrevresatad

with respect to when the values are generated (e.g., when they are decommutated). Synchronous data
ylirassecentonsiedomsihtos,revresatadehtton,snoitacilppacfiiceps-noissimybdecivreserasmaerts

supported for all system variables.

When a system variable’s value is received, the watchpoint’s foreign directive is invoked with a single
:epytatad(stniopyrtemeletrofsevitceridtniophctaW.IICSAnidedocneeulavs’elbairaveht,tnemugra

CVT O type) will receive a string containing several values: the raw value, the EU or processed value (if
sirefiidom’’@@P‘‘ehtfI.)seulavlaudividniehtsseccaotdrow%esu(sgaflsutatsehtdna,)elbacilppa

specified in the watch directive, the EU-converted value or the translated state name, whichever is
.evitcerids’tniophctawehtotdessapsi,elbacilppa

The foreign directive temporarily defined for a watchpoint is marked as non-standard; i.e., the rest of
.evitceridehtotdessapdnagnirtselgnisasadegakcapsidrowyekehtgniwollofenildnammoceht

Specifying directive attributes in the watchpoint definition seems to serve no useful purpose.

423991rebotcO52:egnahctsaL1.4esaeleRnuS



TSTOL ( 9 ) MISC. REFERENCE MANUAL PAGES TSTOL ( 9 )

.sdnoces5yreveretnuocFNMs’etilletasehtyalpsidylpmisdluowevitcerid’’TNUOCOFNMhctaw‘‘A
The following, more complex example monitors the setting (ON or OFF) of the master switch in the

:metsysbusrewops’etilletas

watch P@@MASTER O SWITCH#POWER@orion synchronous is
nigeb

if (%arg (1) = "OFF") then
"?sthgilehttuodenrutohW"etirw

fidne
dne

The show watch directive displays a list of active watchpoints on the operator’s screen. The stop
:tniophctawevitcanaslecnacevitceridhctaw

stop watch watchpoint

-lofehT.dellecnacebottniophctawehtfotsilstniophctawevitcaehtni)N..1(xedniehtsitniophctaw
lowing example illustrates the normal procedure for stopping a watchpoint:

.stniophctawevitcafotsilyalpsiD;hctawwohs
stop watch 2 ; Cancel #2 on the list.

segelivirPsnoitarepO

TSTOL execution privileges limit the set of directives available to an operator. For example, an opera-
.sdnammoctfarcecapseussiotredroni)’’CC‘‘(egelivirprellortnoCdnammoCevahyllacipyttsumrot

The privileges required to execute a directive are specified by the ’’class privilege(s)’’ clause in the
:swollofsadenfiedsidmc/,elpmaxeroF.evitceridehtrofnoitinfiedevitceridngierof

directive ’/CMD’ (RESTO OFO LINE) is
rellortnoCdnammoCebtsuM;CCssalc

not standard
nigeb

...
dne

At first, the operator has no privileges; he or she can only execute those directives which have no
gniwollofehtgnisudenimaxednadegnahcebnacsegelivirpnoitucexE.mehtrofdenfiedsegelivirp

directives:

access add privilege [, privilege ... ]
attempts to add the requested privileges to the operator’s current privileges.

]...egelivirp,[egelivirpeteledssecca
deletes the specified privileges from the operator’s current privileges.

]drowyek[ccaohs
displays the operator’s current privileges. If a keyword is given, shoacc displays the

.evitceridtahtetucexeotdedeensegelivirp

Prior to executing a directive, TSTOL checks the privileges assigned to the directive’s keyword against
onfiro(segelivirps’drowyekehtfoenotsaeltasahrotarepoehtfI.segelivirptnerrucs’rotarepoeht

privileges are required), the directive is executed. Otherwise, an error message is displayed on the
.detlahsierudecorpeht,evitcasawerudecorpafi;neercss’rotarepo

Although privileges can be assigned to built-in directives, TSTOL currently checks privileges on foreign
.sevitceridni-tliubehtrofdedeenerasegelivirptahtraeppat’nseodti,emitsihttA.ylnosevitcerid
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Because of the way execution privileges are implemented (described below), TSTOL doesn’t know or
2sahylnoPMI/ECItahtdnimt’nseodLOTST.noissimarofdenfiederasessalcsnoitarepotahwerac

classes (CC and FC) while GRO has 9 (MC, CC, PROC, FC, AN, EXR, EXL, OP, or DOCS).

dna)’’CM‘‘(rellortnoCretsaMemocebt’nacrotarepoyhtrowtsurtnuemostahtwonkLOTSTseodwoH
take over the world? Well, TSTOL doesn’t know. The access add directive internally calls a foreign

rotarepoehttahtynasunim(segelivirpdetseuqerfotsilehttisessapdna,’’SSECCAOO‘‘,evitcerid
already has).

O O O O access is a mission-supplied foreign directive that is responsible for determining if the operator can
dna,yalpsid,LOTSTsedulcnitahtmetsysdesab-CCOPTlacipytanI.segelivirpdetseuqerehtevah

state manager subsystems, the O O O O access directive must communicate with Display and State Manager
tsujseodevitceridsseccaOOOOehtfonoitinfiedgniwollofehT.segelivirpwens’rotarepoehtyfirevot

that:

directive O O ACCESS (REST O OFO LINE) is
dradnatston

nigeb
local ACTION, PRIVILEGES

eslaf=sutats%
ACTION = %word (RESTO OFO LINE, 1)

)2,ENILOFOOTSER(tser%=SEGELIVIRP
if (%match (ACTION, "ADD")) then

SEGELIVIRP,"DDASSECCA]QX["OIPOtcasnart
if (%status) transact STATEO MANAGER ;;

SEGELIVIRP,"DDASSECCA]QX["
neht))"ETE#LED",NOITCA(hctam%(fiesle

transact STATE O MANAGER "[XQ] ACCESS DEL ", PRIVILEGES
esle

write "Invalid action, ", ACTION, ", passed to O O ACCESS directive."
fidne

dne

If the operator already had Flight Controller (‘‘FC’’) privilege, an ‘‘access add MC, CC’’ directive
:segassemfoegnahcxegniwollofehtnitluserdluow

TSTOL ----> "[XQ] ACCESS ADD MC, CC" ----> Display
yalpsiD----<"0]TS["----<LOTST

TSTOL ----> "[XQ] ACCESS ADD MC, CC" ----> State Manager
reganaMetatS----<"0]TS["----<LOTST

TSTOL ----> "[CL] FC, MC, CC" ----> Display

eht,reganaMetatSroyalpsiDrehtiemorfdeviecersi)edocsutatsorez-non(egassemsutatsdabafI
access add directive fails and none of the requested privileges are granted. The ‘‘[CL]’’ message is

yalpsidehtsteltI.evitceridngierofsseccaOOOOehtybton,resrapLOTSTehtybyllanretnidetareneg
subsystem know what the operator’s current privileges are.

ehtforebmemasirotarepoehtfikcehcyllacitamotualliwLOTSTneht,denfiedtonsisseccaOOOOfI
UNIX groups corresponding to the requested privileges. Actually, TSTOL checks if the person who

ebtonyamroyamnosreptahT.spuorgdefiicepsehtforebmemasimargorpLOTSTehtpudetrats
the operator. After the privileges are verified, a ‘‘[CL]’’ message is output to the display subsystem.

sllac,segelivirptnerrucs’rotarepoehtmorfsegelivirpdefiicepsehtseteledevitcerideteledsseccaehT
the O O O O access foreign directive, and then writes a ‘‘[CL]’’ message to Display. When deleting

:reganametatsehtotegassem’’LEDSSECCA‘‘nadnesdluohsedocsseccaOOOOeht,segelivirp

TSTOL ----> "[XQ] ACCESS DEL CC" ----> State Manager
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reganaMetatS----<"0]TS["----<LOTST
TSTOL ----> "[CL] FC, MC" ----> Display

ehtdnadnammoc’’DDASSECCA‘‘eht,egassemfosepytowteldnahtsummetsysbusyalpsidehT
‘‘[CL]’’ screen update. The state manager must handle both the ‘‘ACCESS ADD privilege(s)’’ mes-

siegassemsutats’’]TS[‘‘na,sesachtobnI.egassem’’)s(egelivirpLEDSSECCA‘‘ehtdnaegas
expected in return. The bad ADD status message will abort the original access directive. A bad DEL

!doogynaodotetalootsiegassemsutats

Regular Expressions

Regular expressions are a means of specifying text patterns. Built-in TSTOL functions %rex and %lex
-serpxeralugergniylppafosnaemahtiwsremmargorperudecorpLOTSTdnaevitceridngierofedivorp

sions to arbitrary strings (e.g., directive arguments or operator input). %rex allows you to verify that a
ti,nrettapasehctamgnirtsatahtyfirevuoystelylnotonxel%.nrettapnevigasehctamgnirtstxet

also lets you extract fields from within the string based on the pattern.

:LOTSTybdetroppuserasnoisserpxeralugerfostnenopmocgniwollofehT

c matches one instance of the specified character. For example, regular expression ‘‘abc’’
tiepacse,’’$‘‘ro’’.‘‘sahcus,retcarahclaicepsahctamoT.cbagnirtsehtsehctam

with a forward slash: ‘‘\c’’.

. matches one instance of any character. For example, regular expression ‘‘a.c’’ matches
.cte,cca,cba,caasgnirtstxeteht

ˆ at the beginning of a regular expression, anchors the left edge of the match at the begin-
lliwxel%dnaxer%,derohcnatonsinoisserpxeralugerafI.gnirtstegratehtfognin

scan the entire text string looking for a match. For example, regular expression ‘‘abc’’
rehtoehtno,’’cbaˆ‘‘noisserpxeralugerderohcnA.cbazyxdnacbahtobhctamdluow

hand, will only match abc, not xyzabc.

$ at the end of a regular expression, anchors the right edge of the match to the end of the
tontub,cbazyxdnacbasehctam’’$cba‘‘noisserpxeraluger,elpmaxeroF.gnirtstegrat

abcxyz. A regular expression anchored at both ends (‘‘ˆ...$’’) must consume the entire
.deeccusothctamehtrofredronignirtstegrat

]sretcarahc[
matches one instance of a character in the specified set of characters. Character sets can

,.g.e(sretcarahcfoegnarasaro)cro,b,asehctam’’]cba[‘‘,.g.e(yllaretildefiicepseb
‘‘[A-Za-z0-9]’’ matches any upper case letter, lower case letter, or digit.

]sretcarahcˆ[
matches one instance of a character not in the specified set of characters.

]:ssalc:[
matches one instance of any character that belongs to the specified class of characters.

,tnirp,tcnup,ecaps,munla,tigidx,tigid,rewol,reppu,ahplaerasessalcelbissopehT
cntrl, and graph. Class names are not case-sensitive. Although the meanings of some

sihtgnisuerofeb)3(epytcrofnoitatnemucodXINUehtkcehc,suoivboerasessalcehtfo
regular expression construct.

]:ssalc:ˆ[
matches one instance of any character that does not belong to the specified class of char-

.sretca

RE∗∗ matches zero or more instances of regular expression RE. For example, ‘‘a∗ b’’ matches
.cte,baaa,baa,ba,b

RE+ matches one or more instances of regular expression RE. For example, ‘‘a+b’’ matches
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.cte,baaa,baa,ba

RE? matches zero or one instance of regular expression RE. For example, ‘‘a?b’’ matches b
.ylnobadna

RE{{ [m][,[n]]}}
matches m through n instances of regular expression RE. If not specified, m defaults to 0

si’’∗ER‘‘.)’’},m{ER‘‘(rebmunegralyrevaotro)’’}m{ER‘‘(motstluafedndna
equivalent to ‘‘RE{ 0,} ’’. ‘‘RE+’’ is equivalent to ‘‘RE{1,} ’’. ‘‘RE?’’ is equivalent to

.’’}1,0{ER‘‘

(RE) matches regular expression RE. The parentheses allow you to group regular expressions.
.cte,dcbaba,dcba,dcsehctam’’dc∗)ba(‘‘noisserpxeraluger,elpmaxeroF

n$)ER(
matches regular expression RE and assigns the text matched by RE to the nth variable

nielbaliavaylnosiytilibapacsihT.)9hguorht0egnarehtnitigidelgnisasinerehw(
the %lex function; when used in a call to %rex, ‘‘(RE)$n’’ is equivalent to ‘‘(RE)’’.

,xel%otllacanidcbabasehctam’’1$)dc(0$)∗)ba((‘‘noisserpxeralugerfi,elpmaxeroF
then abab is stored in retval0 and cd in retval1.

2ER1ER
matches regular expression RE1 followed immediately by regular expression RE2; there

tegratehtnironoisserpxeralugeretisopmocehtnisecapsgninevretnionebdluohs
string. For example, regular expression ‘‘a∗ b’’ is the concatenation of regular expres-

.’’b‘‘dna’’∗a‘‘snois

2ER|1ER
matches either RE1 or RE2. For example, regular expression ‘‘((abc)| (def))ghi’’ matches

.ihgfeddnaihgcba

Regular expressions add powerful lexical analysis capabilities to foreign directives and TSTOL pro-
-wollofehT.margorplotstgniylrednuehtotnidedoc-drahebotdeentonodtahtseitilibapac,serudec

ing regular expression, for instance, recognizes ICE serial magnitude spacecraft commands of the form
:BroAredoceddnammocsiXerehw,’’777.777.777.777.77:X/cinomenm‘‘

[:alnum:]+-?[:alnum:]∗ /[AB]:[0-7]{2} (\ .[0-7]{ 3} ){4}

-uodeht,ecneh;’’NOI-MAB‘‘dna,’’MEMXNA‘‘,’’731‘‘edulcniscinomenmdnammocECIelpmaxE(
ble alphanumeric pattern for the mnemonic.) Another example is the directive from the original ICE

:maertsatadyrtemelet,detalumisaniseulavgnignahcrofdesusitahtCCOP

simint chg=sxxxyyyzzz-n,m/value

sim,tibtratsehtsin,emarfrojamehtsizzz,emarfronimehtsiyyy,noitacoldrowehtsixxxerehw
the stop bit, and value is the value to be inserted in the data stream. simint is defined as a foreign

dellactnemugraelgnisaseviecertnimis,yltneuqesnoc;stnemugradradnats-nonhtiwevitcerid
REST O OFO LINE. A call to %lex validates the format of the user input and extracts the individual

:sienildnammocehtesrapotdesunoisserpxeralugerehT.’’stnemugra‘‘

ˆCHG=S([:digit:]{3} )$0([:digit:]{ 3}?)$1([:digit:]{ 3} ?)$2-([0-7])$3,([0-7])$4/([:digit:]+)$5$

:noitinfiedevitceridlautcaehtdnA

directive ’SIM#INT’ (REST O OFO LINE) is
dradnatston

nigeb
local MJF, MNF, RE, START O BIT, STOPO BIT, VALUE, WORD

;;&"1$)?}3{]:tigid:[(0$)}3{]:tigid:[(S=GHCˆ"=ER
"([:digit:]{ 3}?)$2-([0-7])$3,([0-7])$4/([:digit:]+)$5$"
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;;,ER,)ENILOFOOTSER(reppu%(xel%(fi
WORD, MNF, MJF, START O BIT, STOPO BIT, VALUE)) then

dnastnemugraehtkcehc-egnaR...
... forward them to the internal simulator.

esle
... invalid argument ...

fidne
dne

Two of TSTOL’s lexical functions, %search and %replace, provide powerful search-and-replace capa-
aninoisserpxeralugeraybdehctamtxetehtsnruterhcraes%.snoisserpxeralugernodesabseitilib

target string. For example,

%search ("MB012345.678", "[:digit:]{ 3,3} ")

otdetiuseromsixel%,yllautcA(.emanelfiyrotsihkcolbPMInamorfdlefiyadeht,"210"snruter
field extraction, but I can’t think of a good example off the top of my head!)

:swollofsadekovnisidnaseitilibagnitidegnirtshtiwLOTSTsedivorpecalper%

%replace (target, regexp, replacement O text [, max O substitutions])

signirtsbusdehctameht,dnuoffi;pxegerybdehctamgnirtsbusarofgnikool,tegratsnacsecalper%
replaced in a copy of target by replacement O text. Up to max O substitutions are made in target; the

-rahcgniwollofehT.txetOtnemecalperybgnirtsbusdehctamehtfosecnerruccollaecalperotsitluafed
acter sequences embedded in the replacement text provide additional editing capabilities:

.noisserpxeralugerehtni’’n$)ER(‘‘ybdehctam)9..0(noisserpxebusehttresnIn$

$& Insert the text matched by the full regular expression. For example, ‘‘$&$&’’ replaces
.flestifoseipocowtybtxetdehctameht

$ln Insert the matched subexpression (0..9), converted to lower case.

.esacrewolotdetrevnoc,noisserpxeralugerllufehtybdehctamtxetehttresnI&l$

$un Insert the matched subexpression (0..9), converted to upper case.

.esacreppuotdetrevnoc,noisserpxeralugerllufehtybdehctamtxetehttresnI&u$

c Insert character c; e.g., ‘‘\$’’ inserts a dollar sign in the replacement text.

ecalper%fonoitacovnigniwollofeht,etartsullioT

%replace ("∗∗ abcdef ∗∗ ", "(abc)$1(def)$2", "$2$1 is $& split in half and reversed")

:gnirtsgniwollofehtsnruter

‘‘defabc is abcdef split in half and reversed’’

ngierofa,SEGAPOTSILevitceridfonoitinfiedehtnidnuofsiecalperfonoitacilppalufesueromA
directive which lists the names of pages the operator can bring up with the page command. Environ-

ehT.selfinoitinfiedegapetacolotmetsysbusyalpsids’CCOPTybdesusiHTAPDIU$elbairavtnem
value of UIDPATH is a colon-separated list of UNIX pathnames, as in the following example:

diu.U%/liu/rdnad/esabatad/noissim/emoh/:diu.U%/liu/yalpsid/noissim/emoh/

When processing a page name directive, the display subsystem substitutes name for ‘‘%U’’ in the UID-
ehT.elfinoitinfiedegap’’diu.eman‘‘ehtrofgnikool,seirotceridfotsilehtsnacsdnagnirtsHTAP

LISTO PAGES directive, on the other hand, is not looking for a specific file, but for a whole set of files.
-dliwelyts-)1(hscfotsildetarapes-ammocaotHTAPDIUehttrevnocotecalper%sesuSEGAPOTSIL

card file names:

/home/mission/display/uil/∗ .uid, /home/mission/database/dandr/uil/∗ .uid
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ehT.elosnocs’rotarepoehtnodeyalpsidsisemanhtapdracdliwesehtgnihctamsemanelfillafotsilA
complete directive definition for LIST O PAGES is shown here:

siSEGAPOTSILevitcerid
begin

local FILE O NAME, I, UIDPATH

)"diu.U%/.",)"HTAPDIU"(vne%(tluafed%=HTAPDIU
UIDPATH = %replace (UIDPATH, ":", ",")

)"∗","]:ahpla:[%",HTAPDIU(ecalper%=HTAPDIU
for I = 1 to %nwords (UIDPATH) do

od
FILEO NAME = %fsearch (%word (UIDPATH, I))

)""=EMANOELIF(fikaerb
write %upper (%fparse (FILE O NAME, "FILENAME"))

oddne
oddne

dne

The first %replace substitutes commas for colons in UIDPATH; the second %replaces converts
.sksiretsaots’’X%‘‘

Generic TSTOL Commands

The following TSTOL commands are available in all TSTOL languages, regardless of their mission
sdnammoccireneg,ni-tliubehtrofsessalcsnoitarepodnasesailafosnoitinfiedelpmaS.seicnedneped

can be found in /home/tpocc/source/generic.prc. A ‘‘start GENERIC’’ statement in your server ini-
eeS.mehttuohtiwskrowllitsresrapLOTSTehthguohtla,snoitinfiedesehtssecorplliwelfinoitazilait

the directive directive for more information on assigning directive attributes.

]...,[egelivirpddassecca
access delete privilege [ , ... ]

changes the operator’s current privileges for executing directives. The access add directive
ehtfoenoynafI.segelivirptnerrucs’rotarepoehtotsegelivirpdetseuqerehtddaotstpmetta

requested privileges is refused, the directive fails and none of the requested privileges are
tnerrucs’rotarepoehtmorfsegelivirpdefiicepsehtseteledevitcerideteledsseccaehT.dedda

privileges. The shoacc directive displays the operator’s current privileges.

cca:snoitaiverbbA
del

Examples: access add MC, CC, DOC ; Rule the world.
.sutatsrellortnocdnammochsiuqnileR;CCledssecca

]elbairav[tpmorpksa
issues a prompt to the operator and stores the next line of input from the operator into vari-

)baro(troba.REWSNAelbairavlacolniderotssitupnieht,defiicepstonsielbairavfI.elba
can be entered to terminate the ask prompt with an error.

DNEOTNORF"?retupmocdne-tnorffoemantsoH"ksa:elpmaxE

]rpxefi[kaerb
breaks out of the current do loop if expr evaluates to a non-zero value. break by itself is an

.kaerblanoitidnocnu
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Example: (see do-enddo)

]emanhtap[dc
changes the parser’s current working directory to pathname; if a pathname is not specified, cd

-krowtenagninnurer’uoyfilufesusievitceridsihT.yrotceridtnerrucehtsyalpsidylpmis
based parser server, you’re editing and testing TSTOL procedures in pathname, and the

emanhtaphcraesnacresrapehtostessawelbairavtnemnorivneELIFOCORPOnoissim$s’resrap
for TSTOL procedures. Difficult-to-parse pathnames (e.g., VMS directory specifications)

.setouqgnirtsnidesolcneebdluohs

Examples: cd ˜ /test O procs ; On UNIX.
.SMVnO;"]scorpOtset.snoitarepo["dc

]rpxefi[eunitnoc
skips the remaining code in the current do loop and continues with the next iteration of the

-idnocnuflestiybeunitnoc.eulavorez-nonaotsetaulaverpxefiseunitnocfieunitnoc.pool
tionally continues the loop.

)oddne-od-rofees(:elpmaxE

debug [ on | off ]
turns debug on and off. If debug is on, the parser outputs to stdout the lexical and syntactical

tnerruceht,defiicepstonsifforonofI.tupnifognisrapehtgniruddehctameratahtselur
debug state is displayed.

]]gat[[tpmorp],egassem...[launamgolaid
dialog prompt [... message,] prompt [ [tag] ]

performs a dialog mode transaction. The dialog directive should only be submitted by applica-
ehtaivdehsilbatse(noitcennockrowtenarevoresrapehthtiwgnitacinummocsmargorpsnoit

remote directive). When a dialog manual directive is received, zero or more messages are
eht;tpmorpybtupnirofdetpmorpsirotarepoehtdnawodniwtuptuorotarepoehtnideyalpsid

next line entered is returned to the source of the dialog directive. The parser then waits for
fotceffeehT.egassemsutatsaroevitceridgolaidrehtona,.g.e;ecruosmorfegassemrehtona

dialog manual is basically equivalent to the following sequence of directives:

egassemetirw
... other messages ...

tpmorpksa
let ANSWER = %upper (ANSWER)

REWSNA,"]gatRD["ecruostcasnart

If no procedure file is active, dialog prompt functions just like dialog manual. If a procedure
golaid.rotarepoehtton,elfierudecorpehtmorfdaereblliwtupnigolaideht,evitcasi

manual is typically used for dialogs such as critical command acknowledgements; dialog
.yrtnednammoctfarcecapssahcussgolaidrofdednetnisitpmorp

Before a dialog response is returned to the source of a dialog directive, text substitution is
detrevnocsienileritneehtdna,detelederasknalbgniliartdnagnidael,esnopserehtotdeilppa

to upper case.

Both dialog directives allow an optional tag that will be returned to source along with the
snoitacilppaehttahtstekcarberauqsnidesolcnesretcarahcyrartibrafognirtsasigatA.tupni

task can use to keep track of dialog directives and responses.

si])Nlamrof,...,1lamrof([drowyekevitcerid
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... directive attributes ...
nigeb

... directive body ...
dne

directive keyword is
niOOtliub

... other directive attributes ...
dne

defines a ‘‘foreign’’ directive. The directive definition specifies the keyword that invokes the
-orpdna,drowyekehtot).cte,sessalcsnoitarepo,sesaila(setubirttasngissa,evitceridngierof

vides a procedural definition of the directive’s execution. Directive attributes include:

]...,[sailasaila
defines aliases for the directive keyword. Fixed- and variable-length abbrevi-

ehtgnimussa(setouqelgnisnisailaehtgnisolcneybdefiicepsebnacsnoita
-quotes2 command line option) and embedding one of the special characters,

’EGA#P’,.g.e;noitaiverbbahtgnel-dexfiasetoned’’#‘‘.’’∗‘‘ro’’#‘‘
matches p and page. ‘‘∗ ’’ denotes a variable-length abbreviation; e.g.,

.egapdna,gap,ap,psehctam’EGA∗P’

niOOtliub
indicates that the directive is built-in, i.e., the generic TSTOL directives that

eht;denfiedsiydobevitceridon,esacsihtnI.resrapehtnidedoc-drahera
foreign directive definition is used only to assign attributes to the built-in

.evitcerid

class class [ , ... ]
assigns operations classes to the directive. In order to execute the directive,

.seitilibapacgnidnopserrocehtfoenossessoptsumrotarepoeht

dradnats]ton[
controls the interpretation of the directive arguments. Arguments to standard

-ceridtratsanistnemugrasanoihsafemasehtnideterpretnierasevitcerid
tive. Arguments to non-standard directives are not interpreted; the parser

sadrowyekevitceridehtgniwollofenildnammocehtforedniamerehtstaert
a single argument. Non-standard directives should be declared as expecting a

-orpehT.’’...si)ENILOFOOTSER(emanevitcerid‘‘,.g.e;tnemugraelgnis
cedure body is responsible for parsing and interpreting the contents of

nielbaliavasnoitcnuf-%ehtesuuoyfiksattlucffiidaton,ENILOFOOTSER
TSTOL.

The directive body is essentially a TSTOL procedure − rather than being input and executed
.yromemniderotsdnaemitpu-tratstatupnisiydobevitcerideht,dnamednopuelfiamorf

During the processing of a directive definition and after the begin keyword has been parsed,
enilalitnu−noitutitsbustxetondnagnisrapon−enil-yb-eniltupnisiydobevitcerideht

whose first word is end is encountered. Consequently, directive definitions should not be
esle-neht-finiraeppanacsnoitinfiedevitceriD.snoitinfiedevitceridrehtonihtiwdetsen

blocks, however.

]rpxelitnu[od
...

oddne
repeats a group of commands over and over. do until loops until expr evaluates to true (a

ehtotspikseunitnoc;poolasetanimretkaerb.reverofspoolflestiybod.)eulavorez-non
next iteration. (The do if and do while directives available in an earlier version of TSTOL are
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).derreferpsiod-elihwfoesuehttub,detroppusllits

Example: do
ask "Finished (y/n)? "

)"y"=REWSNA(fikaerb
... continue processing ...

oddne

)dnammoc(sd%]=sutats[
sends an ASCII command string to the primary data server (designated by the %liv(host) inter-

.esiwrehtoeslafdnatnesyllufsseccussawdnammocehtfieurtsnrutersd%.)elbairavlan
Currently, the data server only responds to ‘‘DEBUG ON’’ and ‘‘DEBUG OFF’’ commands.

.gubedrevresatadelbanE;)"nogubed"(sd%:elpmaxE

]ffo|no[ohce
echo save [ on | off ]

erotserohce
turns command input echo on and off. By default, operator and procedure input are echoed to

ohce.deyalpsidsietatsohcetnerruceht,defiicepstonsifforonofI.yalpsids’rotarepoeht
save and echo restore push and pop settings on an echo state stack, allowing procedures to

.serudecorptnerapfosgnittesohceehtgnitceffatuohtiwffodnanoohcenrut

Example: proc CLASSIFIED
ffoevasohce

... secret stuff ...
erotserohce

endproc

]]...rpxe,[rpxe[rorre
simulates an error condition. The optional expressions are formatted, concatenated, and

rehtruflitnudednepsussinoitucexednaegassemelgnisasaneercss’rotarepoehtnodeyalpsid
direction is received from the operator. error is useful in procedures for signalling user-

.snoitidnocrorredetceted

Example: proc CONNECT (HOST)
remote STATEO MANAGER is MISSION & " O stmgrO parser" on HOST

"."&TSOH&"noreganametatsehttcatnocotelbanU"rorre)sutats%(fi
endproc

]ffo|no[cexe
sets the internal execution mode of the parser. These modes include nop, execute,

nocexe,sdnammocruoygnitucexetsolstegresrapehtfI.cte,tiaw,tixeOcorp,hcraesOcorp
will unconditionally return the parser to execute mode. exec by itself displays the current exe-

.edomnoituc

Examples: exec
... Modes: Execution = ‘‘proc O search’’ is displayed on the screen ...

nocexe
... Modes: Execution = ‘‘execute’’ is displayed on the screen ...

]tpmorp[tixe
terminates the parser. If prompt is specified, the operator is first asked if he/she really wants to

-icossaresrapehtsetanimretylnoevitceridsihT.stixemargorpeht,seysirewsnaehtfi;tixe
ated with the current TSTOL input window; the directive does not bring down parsers attached

.ssecorprevrestnerapehtroswodniwrehtoot
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Examples: exit
exit "The pass is still in progress; do you really want to exit (Y/N)? "

od]rpxepets[rpxeot]nwod[rpxe=elbairavrof
...

oddne
repeats a group of commands a specified number of times. In an incrementing loop:

od]tnemercnipets[reppuotrewol=retnuocrof
the counter variable is initialized to the lower bound; the loop is executed as long as the

hcaeretfA.)llatadetucexeebtonyampooleht(dnuobreppuehtnahtsselsieulavs’retnuoc
loop iteration, the step-value is added to counter. In a decrementing loop:

od]tnemercedpets[rewolotnwodreppu=retnuocrof
the counter variable is initialized to the upper bound; the loop is executed as long as the

poolhcaeretfA.)elbissoperasnoitaretiorez(dnuobrewolehtnahtretaergsieulavs’retnuoc
iteration, the step-value is added to counter, so be sure and specify a negative increment. In

.noitaretitxenehtotpikslliweunitnoc;poolatixeylerutamerplliwkaerb,sesaclla

Example: for I = 1 to NUMO ITEMS do
"?)n/y("&I&"metissecorP"ksa

continue if %match (ANSWER, "N#O")
...imetissecorp...

enddo

]...,[lobmyslabolg
declares one or more global variables. The global command can be used anywhere and any-

selbairavlabolG.reverofelbatlobmysehtniniamerselbairavlabolg,deretneecno,tub,emit
are accessible at any procedure level, unlike local variables (see the local command) which can

.deralcederewyehthcihwnilevelehttadecnereferebylno

Example: global MISSION, PI
"TSH"=NOISSIMtel

let PI = 3.14

og
terminates a wait condition (see the wait command) or single-steps through a procedure (see

.)dnammocpetseht

Abbreviations: g

lebalotog
goto line

causes the parser to branch to a specified line number or label in the current procedure.
-cesbusehtees;neddibrofsipoolodarokcolbesle-neht-finafoelddimehtotnignihcnarB

tion, Procedure Definition and Control, for more information about this restriction.

ETAKSOECIotog:selpmaxE
...
ICEO SKATE:
...

dnammocrpxefi
conditionally executes a single command. The command following if is executed if expr

).dnammocesle-neht-fiderutcurts-kcolbehteesoslA(.eulavorez-nonaotsetaulave

Examples: if (VALUE > LIMIT) write "Value ", VALUE, " exceeds limit."
TIXEORORREotog)RORRE(fi
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if expr then
...

elseif expr then
...

esle
...

fidne
conditionally executes blocks of commands. The commands following if are executed if the

-iverpehtfidetucexeerasfieslegniwollofsdnammoC.eulavorez-nonaotsetaulaverpxes’fi
ous if-elseifs failed and the new elseif’s expr evaluates to a non-zero value. Commands fol-

esle-neht-fi.lanoitpoeraskcolbeslednafiesle.sliafeslellafidetucexeeraeslegniwol
blocks can be nested.

od:elpmaxE
ask "Choice (1 = first choice, 2 = second choice, 3 = third choice)? "

neht)1=REWSNA(fi
goto CHOICE O 1

neht)2=REWSNA(fiesle
goto CHOICE O 2

neht)3=REWSNA(fiesle
goto CHOICE O 3

esle
write "Invalid choice: ", ANSWER

fidne
enddo

]lla[corpllik
aborts the currently executing procedure and resumes execution of the parent procedure. If all

.detrobaeranoitucexeerudecorpfoslevellla,defiicepssi

Abbreviations: kp
killp

rpxe=elbairav]tel[
[ let ] systemO variable = expr

assigns a value to a variable. variable can be any local or global variable (see the global and
.elbairavlacolasaderalcedyllacitamotuasielbairav,deralcedteytonfi;)sdnammoclacol

System variables on both the left and right hand sides of the equals sign can be referenced as:
]]xedni[[]tsoh@@[]ssecorp##[cinomenm

The parser automatically establishes a network connection with the data server on the remote
.eulavs’elbairavmetsysallacerroerotsotdedeensdnammocehtstimsnartdnatsoh

Examples: global GVAR
RAVLlacol

...
let GVAR = 123.456

"fedcba"=RAVL
; System variables are on both sides in the following assignment:

]3[ecaps@MOCEDOECI#RTSOTAMROF=]2[RTSOTAMROF

]...,[lobmyslacol
declares one or more local variables. Local variables are local to the currently executing pro-

lacols’erudecorpA.noitinfiedcorpdne-corpanihtiwerehwynaderalcedebnacdnaerudec
variables disappear when the procedure exits (via return, endproc, or killproc). If no pro-

.noitaralcedlabolgaottnelaviuqesinoitaralcedlacola,gninnursierudec
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Example: (see proc-endproc)

yromem
displays the amount of memory allocated via strO dupl(). This command is useful for detecting

.resrapehtfotsetdnagubedgnirudskaelyromem

[ status = ] %net (answer, name [, options])
)]snoitpo,[eman,llac(ten%]=sutats[

[ status = ] %net (close, name)
)eman,detcennoc(ten%]=detcennocOsi[

[ input O pending = ] %net (poll, name)
)eman,daer(ten%]=egassem[

[ status = ] %net (write, name, message)
are used to establish and communicate across network connections; messages are exchanged as

rosevitceridenola-dnatssadesuebnacsnoitcnufesehT.tamrofRDXnisgnirtsIICSA
embedded in expressions. If a %net function is entered interactively as a directive, its return

.neercss’rotarepoehtnodeyalpsidsieulav

The answer function listens for and accepts a connection request from a client. true is
-cennocehtsefiitnedieman.rorrenasetacidnieslaf;lufsseccussawnoitarepoehtfidenruter

tion in subsequent %net calls (e.g., the read and write functions). options is a string contain-
:snoitpoenildnammocelyts-XINU,gniwollofehtfoeromroenogni

−server name
specifies the name of the server port at which to listen for connection

-nocehtotstluafedemanrevreseht,defiicepstonsinoitposihtfI.stseuqer
nection name (the argument following the answer keyword).

evitceridtcennoc−
specifies a TSTOL directive that is to be executed when the network connec-

ehthtiwnoitcnujnocnilufesusievitceridtcennocA.dehsilbatsesinoit
-nowait option (see below).

evitceridrorre−
specifies a TSTOL directive that is to be executed when an error is detected

.noitcennocnekorbaebotdemussaebnacrorresihT.noitcennocehtno

evitceridtupni−
specifies a TSTOL directive that is to be executed when input is detected on

ehtmorftupnifosenileromroenodaertsumevitceridehT.noitcennoceht
connection using the %net (read, ...) function. If the -input option is not

LOTST,dradnatssadetaerteblliwnoitcennocsihtnotupnineht,defiiceps
network input; i.e., each line of input is read and executed as if it were a

.noitacilppaetomeramorfdevieceregassemsutatsroevitcerid

tiaw]on[−
controls whether or not %net (answer, ...) waits for a connection request to

noitcnufrewsnaeht,defiicepssitiawon-fI.tluafedehtsitiaw-;deviecereb
creates a server listening socket, but does not wait for a client connection.

-kcab‘‘nidetpeccasiti,devieceryllautnevesitseuqernoitcennocanehW
ground’’ mode and the -connect directive, if specified, is executed.

sieurt.revreskrowten)etomerylbissop(ahtiwnoitcennocasehsilbatsenoitcnufllacehT
returned if the connection was successfully established and false otherwise. name identifies the

gnirtsasisnoitpo.)snoitcnufetirwdnadaereht,.g.e(sllacten%tneuqesbusninoitcennoc
containing one or more of the following, UNIX-style command line options:
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emantsoh−
specifies the host name of the computer on which the to-be-contacted server

silotsthcihwnoretupmoceht,.e.i;tsohlacolehtsitluafedehT.gninnursi
running.

emanrevres−
specifies the name of the server being contacted. If this option is not

-loftnemugraeht(emannoitcennocehtotstluafedemanrevreseht,defiiceps
lowing the call keyword).

evitceridtcennoc−

−error directive

evitceridtupni−
are described under the answer function above. There is no counterpart to

-exeeblliwevitceridtcennoc-ehtos,noitcnufllacehtrofnoitpotiawon-eht
cuted immediately if the connection attempt is successful.

txetehT.noitcennockrowtendetangisedehtmorfegassemtxenehtstupninoitcnufdaerehT
of the message is returned as read’s function value; a zero-length string (‘‘’’) is returned in

.rorrenafoesac

The write function outputs a message to the designated network connection. message can be
-nocehtottuptuodna,gnirtsasadettamrof,detaulavesitahtnoisserpxeLOTSTyrartibrana

nection. The write function returns true if the message was succesfully written to the connec-
.tonfieslafdnanoit

The poll function returns true if there is input pending on the specified network connection
.esiwrehtoeslafdna

The connected function returns true if the specified connection has been established and false
deviecerneebsahtseuqernoitcennocafieesotgnikcehcrofdednetnisinoitcnufsihT.tonfi

and answered on a -nowait server port (see the answer function).

.noitcennocdefiicepsehtsesolcnoitcnufesolcehT

Examples: ; Connect to the state manager.
;;&"tsohtsoh-",REGANAMOETATS,llac(ten%

"-server missionO stmgr O parser" & ;;
)"})REGANAMOETATS,esolc(ten%{rorre-"

; Send it a WORKSTATION command.
"tsohNOITATSKROW]QX["REGANAMOETATStcasnart

]...rpxe,[rpxeesrap
constructs and executes a directive. The expressions are formatted and concatenated to pro-

esrapeht,.e.i(tupnifoeniltnerrucehtsecalpernehthcihw,gnirtsevitceridelgnisaecud
directive itself). parse is more powerful than text substitution and, consequently, useful when

nehwlufesusiytilibapacsihTsinoitutitsbustxet

Examples: write "Connecting to spacecraft command server ..."
".niagatiretneesaelP.dilavnisi",I,"foeciohcunemruoY"etirw

]setubirttaOesuap[]ssecorp[esuap
pauses execution until input is received from the designated process or until the operator enters

)evitceridetomerehtgnisu(ssecorpotdehsilbatseebtsumnoitcennockrowtenA.dnammoca
before pausing. If process is not specified, pause waits for input from any remote process or

daeryllautcatonseodti-elbaliavaemocebottupnirofstiawylnoesuap.rotarepoehtmorf
the input. The optional pause O attributes include
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enilni]ton[
affects when the input received from process is read. The default behavior,

morftupniehteblliwresrapehtybdaereniltxenehttahtseetnaraug,enilni
process. If not inline is specified, the input from process must compete with

afonoitucexeehtecniS.noitnettas’resrapehtrofsecruostupnievitcarehto
foreign directive normally locks out other input, these attributes are most

.sevitceridngierofnilufgninaem

sdnocestuoemit
specifies how long (in seconds) pause will wait for input from process; tim-

06ottesyllaitinisidoireptuoemitehT.rorreevitceridasadetaertsituogni
seconds, but it can be changed by assigning a new value to %liv(timeout)

.)selbairaVlanretnIlacoLees(

pause is useful in foreign directive definitions for waiting on status messages from remote
.)derreferpsievitceridtcasnartehthguohtla(sessecorp

Example: remote STATEO MANAGER is ...
...

tell STATE O MANAGER "[XQ] ACQUIRE ON" ; Send command.
.sutatsnoitelpmocroftiaW;REGANAMOETATSesuap

smp
prints memory statistics for malloc(3)’ed memory to stdout.

enil|lebalnoitisop
causes procedure execution to branch to a specified line number or label and to enter an uncon-

kcolbesle-neht-finafoelddimehtotnignihcnarB.tupnirotarepognidnep,etatstiawlanoitid
or a do loop is forbidden; see the subsection, Procedure Definition and Control, for more

.noitcirtsersihttuobanoitamrofni

Abbreviations: pos

TSETOFOOTRATSnoitisop:elpmaxE

proc name [ ( formal1, ..., formalN ) ]
...erudecorpfoydob...

corpdne
defines a TSTOL procedure called name which expects arguments formal1 through formalN.

gnimanelfirofevitceridtratsehtees(elfianienoladerotsebdluohsemanerudecorp,yllaedI
conventions); then, a simple

start name (arg1, ..., argN)
-ceridtratsehttub,elfielgnisanidenfiedebnacserudecorpelpitluM.erudecorpehtllaclliw

tive must then indicate where the procedure can be found:
emanelfini)Ngra,...,1gra(emantrats

The parser will search the file at run-time for the called procedure; the procedure files do not
.resrapehtrofecnerefer-ssorcadliubotdessecorp-erpebotdeen

Example: proc SLOW O SQUARE (X, SQUARE) ; Pass SQUARE by %ref.
0=ERAUQS

for I = 1 to X do
SQUARE = SQUARE + X

oddne
endproc
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remote logical O name [ is server [ on host ] ]
establishes a network connection with server on the computer host; global variable %status is

elbatlanretninA.esiwrehtoeslafdnadehsilbatseyllufsseccussinoitcennocehtfieurttes
associates logical O name with the connection. logical O name can be used in the tell command to

.dnammocLOTSTlamronasadeterpretnisirevresmorftupniyna;revresotegassemadnes
Some mission-specific directives assume connections have been established under pre-defined

esehtgnitucexeerofebdeussiebdluohssdnammocetomeretairporppaehtos,semanlacigol
directives. Logical names are case-insensitive. Host and server names are case-insensitive,

nacsemanrevresdnatsoH.mehtgnisuerofebesacrewolllaotesehtstrevnocresrapeht;oot
be arbitrary expressions that are resolved into strings; remember to enclose them in quotes,

.)nogninnurer’uoyenihcameht(’’tsohlacol‘‘otstluafedtsohdefiicepsnunA.yrassecennehw

If remote logical O name is entered without a server specification, a dummy server entry is
,krowtenehtottuonettirwtonsiemanOlacigolottuptuO.elbatlanretnis’resrapehtnidetaerc

although event messages and so forth are generated as if it were. This feature is useful during
.resrapehtfognitsetenola-dnats

Example: let FRONTO END = "mvme-147"
od

remote NBP is "nbpO server" on FRONT O END
)sutats%(fikaerb

write "Attempting to connect to Nascom Block Processor on ", FRONTO END
oddne

teser
attempts to reset the execution state of the parser. Use reset if your new TSTOL procedure

.resrapehtdesufnocylsselepohsah

respond error expr [ , expr ... ]
sseccusdnopser

return a status message to the source of the current directive. If the source of the directive is
noitanetacnocehtfognitsisnocegassemrorrenasyalpsidrorrednopser,)OIPO(rotarepoeht

of the expr’s; respond success displays a ‘‘directive complete’’ message on the operator’s
rorrednopser,krowtenehtnonoitacilppaetomerasievitceridehtfoecruosehtfI.neercs

returns an ‘‘[ST] 1 text’’ message to the remote task, where text is the concatenation of the
.ssecorpetomerehtotegassem’’0]TS[‘‘nasnrutersseccusdnopser;s’rpxe

Example: respond error "Invalid parameter: ", %word (REST O OFO LINE, 1)

nruter
returns control from the currently executing procedure to its parent.

)corpdne−corpees(:elpmaxE

elbatees
dumps the contents of an internal parser table to stdout. table can be one of the following:

.)c.lituOOohceees(kcatsetatsohceehtspmudohce
file lists the current procedure file (see fishO O util.c).

.)c.lituOOgfiees(elbatevitceridngierofehtspmudngierof
hash dumps the foreign directive hash table (see figO O util.c).

.tuobaswonkeestahtselbatehtfotsilasyalpsidpleh
lex dumps the LEX input context stack (see lexO O util.c).

spamelbatsihT.)c.lituOOhsalcees(elbatrevres/tneilckrowtenehtspmudten
logical names to network connections (see the remote command).

.)c.lituOOserees(tsildrowyekrevreserehtspmuddevreser
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stack dumps the procedure file stack (see fishO O util.c).
.)c.lituOOmysees(elbatlobmysehtspmudlobmys

[ status = ] %shell (open [, shell])
)esolc(llehs%]=sutats[

[ isO connected = ] %shell (connected)
)llop(llehs%]=gnidnepOtupni[

[ input = ] %shell (read)
)dnammoc,etirw(llehs%]=sutats[

are used to access a shell execution stream through which the TSTOL interpreter can submit
,XINUrednu)1(hsc,.g.e(llehsegaugnaldnammocs’metsysgnitarepotsohehtotsdnammoc

DCL under VMS).

The open function spawns a subprocess to execute the shell commands. Under VMS, this sub-
nacuoy,XINUrednu;)ILC(reterpretnIegaugnaLdnammoCSMVehtsnursyawlassecorp

specify a shell other than the default /usr/bin/csh. open returns true if the shell execution
.esiwrehtoeslafdnadenepoyllufsseccussawmaerts

The write function is used to submit a command to the shell subprocess. The command can
llehsehtotgnirtsasatnesdnadetaulavesinoisserpxeeht;noisserpxeLOTSTyrartibranaeb

subprocess. write returns true if the command was successfully written to the shell execution
.esiwrehtoeslafdnamaerts

The read function is used to read the results of a command executed by the shell subprocess.
htgnel-oreza;maertsnoitucexellehsehtmorftxetfoenilelgnisasnruterdnasdaerdaer

string (‘‘’’) is returned if there was an error reading from the stream.

rofydaersidnammocdettimbus-ylsuoiverpamorftuptuofieesotskcehcnoitcnufllopehT
reading. true is returned if there is input pending from the shell execution stream and false if

.ton

The connected function returns true if the shell execution stream has been opened and false if
.ton

The close function closes the shell execution stream and deletes the shell subprocess. close
.rorrenanoeslafdnaesolclufsseccusanoeurtsnruter

Examples: %shell (open) ; Display current directory (VMS).
)"TLUAFEDWOHS",etirw(llehs%

write "Current directory is " & %shell (read)
)esolc(llehs%

]evitcerid[ccaohs
displays the operator’s current privileges for directive execution. If a directive keyword is

.evitceridralucitraptahtetucexeotredronideriuqersegelivirpehtsyalpsidccaohs,defiiceps

Abbreviations: sa

Examples: shoacc ; Display current privileges.
.ecnatsnirof,"CC,CM"syalpsiD;TNIMISccaohs

elbatwohs
displays the contents of an internal parser table on the operator’s screen. table can be one of

:gniwollofeht

help displays a list of the tables that show knows about.
ybvyswohs.LOTSTotnwonkselbairavmetsysehtfosemanehtstsilvys

itself lists all of the system variables. A more selective listing is obtained
roF.’’dracdliwvyswohs‘‘:emanelbairavdracdliwagniyficepsyb
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example, ‘‘show syv ∗ VOLT∗ ’’ lists all variables with ‘‘VOLT’’ in their
.eman

watch displays a list of the active watchpoints (see the watch directive).

])Ngra,...,1gra([emantrats
start name [ (arg1, ..., argN) ] at label | line

calls a TSTOL procedure. Arguments arg1...argN are bound to formal parameters
ehtebotdemussasi)esacrewolllaotdetrevnoc(eman.erudecorpehtniNlamrof...1lamrof

name of the file containing the procedure; environment variable $missionO PROCO FILE supplies
,snrutererudecorpehtnehW.).cte,noisnetxe,yrotcerid,.g.e(stnenopmocemanhtapgnissim

execution will resume with the statement following the start command.

roenildefiicepsehttanigeboterudecorpehtfonoitucexesesuacevitceridta-tratsagniretnE
label within the procedure. Starting in the middle of an if-then-else block or a do loop is for-

sihttuobanoitamrofnieromrof,lortnoCdnanoitinfieDerudecorP,noitcesbusehtees;neddib
restriction.

Text substitution is automatically enabled at the beginning of a procedure; the previous text
.stixeerudecorpehtnehwderotsersiedomnoitutitsbus

Examples: start SLOW O SQUARE (23, %ref (RESULT))
EREHWEMOSta)erehT,ereH(EREHWYREVEtrats

]ffo|no[pets
step time

turns single-step mode on and off. In single-step mode, the parser pauses before each input
.evitceridtxenehtsetucexeresrapehterofebogretneotrotarepoehtstpmorpdnaevitcerid

step or step on activate single-step mode; step off turns it off. step time puts the parser in
.evitceridtupnihcaeneewtebsdnocesemitrofsesuapresrapeht−edompets-elgnisdemit

Examples: step ; Equivalent to step on
ffopets

step 5.0 ; Execute a command every 5 seconds.

tniophctawhctawpots
cancels an active watchpoint (see the watch directive). watchpoint is the index (1..N) in the

ehtsyalpsidevitceridhctawwohseht;dellecnacebottniophctawehtfotsilstniophctawevitca
list of active watchpoints.

Example: show watch ; Display list of active watchpoints.
.tsilehtno2#lecnaC;2hctawpots

]...rpxe,[rpxeemanOlacigolllet
sends a message over the network to a remote server process; global variable %status is set

ybdefiitnedisissecorprevresehT.esiwrehtoeslafdnatnesyllufsseccussiegassemehtfieurt
its logical name (see the remote directive). The exprs are converted to ASCII, concatenated,

s’rotarepoehtsetangisedtahtemanlacigollaicepsasi’’OIPO‘‘.gnirtselgnisasatuptuodna
display.

Examples: tell OPIO "[XQ] JUMP"
tell STATE O MANAGER "[XQ] ACQUIRE ON"

]setubirttaOesuap[]...rpxe,[rpxessecorptcasnart
sends a message to the designated process and then waits for a response; global variable

tcasnart.esiwrehtoeslafdnadetelpmocyllufsseccussinoitcasnartehtfieurttessisutats%
is equivalent to an indivisible sequence of the following directives:
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]...rpxe,[rpxessecorpllet
pause process [ pause O attributes ]

The indivisibility of transact is important. If the non-atomic tell-pause were used instead of
.detucexesiesuaperofebdeterpretnidnadaerebthgimssecorpmorfesnopsereht,tcasnart

This behavior has, in fact, been seen in TSTOL procedures − the pause directive waits in vain.
-roneratupnirotarepodnakrowtenecnis,sevitceridngierofniruccotonseodmelborpehT

mally locked out during the execution of a foreign directive. See the tell directive for more
tuobanoitamrofnieromrofevitceridesuapehtees;semanssecorptuobanoitamrofni

pause O attributes.

Example: remote STATEO MANAGER is ...
...

transact STATE O MANAGER "[XQ] SPIN SATELLITE" ; Send command.

]rpxe[tiaw
wait until date O time

]sdnocestuoemit[rpxelitnutiaw
stalls the parser for a designated amount of time. wait by itself causes an indefinite wait. wait

ehtlitnunoitucexesdnepsusemitOetadlitnutiaw.sdnocesrpxerofresrapehtspotsrpxe
specified GMT is reached. wait until expr re-evaluates expr once a second until expr evalu-

-retnacrotarepoehT.evitceridtxenehthtiwseunitnocnoitucexetniophcihwta,eurtotseta
minate any type of wait state by entering go or a superseding wait command.

w:snoitaiverbbA

Examples: wait ; Wait forever.
.etunimatiaW;0.06tiaw

wait until 12:00:00 ; Wait until lunchtime.
.tiawlanoitidnoC;)001>PMETTAB(litnutiaw

watch events[@@host] [ filteringO parameters ]

si]sretemarapOgniretlfi[]tsoh@@[stnevehctaw
... directive attributes ...

nigeb
... watch body ...

dne
sets a watch on event messages from host. If no host is specified, the default is the current

,segassemtnevenosehctawevitca;)elbairavlanretni)stneve(vil%ehtees(tsohgniggoltneve
however, do not follow changes to the event logging host. The watch body defines and is

siegassemtnevenarevenehwdetucexeeblliwtahtevitceridngierof,yraropmetasaderots
received from the specified host. If no watch body is defined in the watch directive, a default

.neercss’rotarepoehtnoegassemtneveehtsyalpsidtahtdetutitsbussievitceridtniophctaw

The filtering parameters specify the types of event messages that are to be received. The
dilaV.gnirtsanidedocnesnoitpoenildnammocelyts-XINUsadefiicepserasretemarap

options are:

-class class specifies a class of event messages that are to be received. Multiple
ehtniecnonahteromnoitposihtgniretneybdetseuqerebnacsessalc

filter string.
-critical specifies that critical commands only are to be received.

]dne/[tratsrebmun-
specifies that event numbers in the range start...end are to be received.

]g[/txet/ER/etutitsbus-
specifies that regular expression text substitution is to be applied to each
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ytilibapacsihT.)maertsstnevehctawsihtno(egassemtnevegnimocni
allows for the arbitrary insertion, deletion, or rearrangement of fields in

fohctamtsrfieht,tneserptonsigaflgehtfI.segassemtnevetamrof-dexfi
regular expression RE in the event message is replaced by text; if the g

niERfosehctamllaotyllabolgdeilppasitnemecalpereht,tneserpsigafl
the event message. Regular expressions and replacement texts are

.snoisserpxEralugeR,noitcesbusrehtonaniliatederomnidebircsed

If no filtering parameters are specified, all event messages generated on the given host are
.deviecer

The show watch directive displays a list of active watchpoints on the operator’s screen. The
.tniophctawevitcanaslecnacevitceridhctawpots

For more information on watchpoints, see the subsection, Watchpoints, that appears earlier in
.launamsiht

Abbreviations: event

Examples: watch events "-class telemetry -critical" ; Monitor critical telemetry events.
.NSDmorfstneverotinoM;nsd@stnevehctaw

watch systemO variable [ samplingO type [ rate ] ]

si]]etar[epytOgnilpmas[elbairavOmetsyshctaw
... directive attributes ...

nigeb
... watch body ...

dne
sets a watch on a system variable. samplingO type is one of the following:

=tluafed(sdnocesetaryrevedelpmasotsiatadehttahtsefiicepssuonorhcnysa
5.0); the sampling is asynchronous with respect to when the values

.detarenegera
synchronous requests every rate-th value (default = 1) of the system variable; the

eraseulavehtnehwottcepserhtiwsuonorhcnyssiatadfomaerts
generated.

The watch body defines and is stored as a temporary, foreign directive that will be executed
nidenfiedsiydobhctawonfI.elbairavmetsysdefiicepsehtrofdeviecersieulavarevenehw

the watch directive, a default watchpoint directive is substituted that just displays the
.neercss’rotarepoehtnoeulavs’elbairav

The show watch directive displays a list of active watchpoints on the operator’s screen. The
.tniophctawevitcanaslecnacevitceridhctawpots

For more information on watchpoints, see the subsection, Watchpoints, that appears earlier in
.launamsiht

Abbreviations: async
cnys

Example: (see the subsection on Watchpoints)

odrpxeelihw
...

oddne
conditionally executes a group of directives over and over, while expr evaluates to true (a

.poolehtedisninoitucexefolortnocrehtrufedivorpeunitnocdnakaerb.)eulavorez-non
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Example: while (BATTVOLT < 220) do ; Poll telemetry point every 5 seconds.
5tiaw

enddo

]...rpxe,[rpxeetirw
constructs a string of text and displays it on the operator’s screen. Numeric expressions are

.IICSAnidettamrof

Examples: write "Connecting to spacecraft command server ..."
".niagatiretneesaelP.dilavnisi",I,"foeciohcunemruoY"etirw

erudecorPrevreSLOTSTelpmaS

Running tstol in -answer mode creates a TSTOL server process that listens for connection requests
reterpretniLOTSTa,deviecersitseuqernoitcennockrowtenanehW.sksatecafretnirotarepomorf

subprocess is forked to service the connection (i.e., to interpret directives sent by the operator interface
dedividsinoitazilaitiniLOTST,ssecorpbusreterpretninapugnignirbniyaledehteziminimoT.)ksat

into two phases. First, the TSTOL server process reads and executes a server procedure, after which it
putratsasetucexednasdaerssecorpbusreterpetnidekrofhcae,dnoceS.stseuqernoitcennocrofsnetsil

procedure. (When running tstol in -call, -single O O user, or -tty mode, or under an operating system that
).ssecorpemasehtybdaerebhtoblliwserudecorpputratsdnarevreseht,)3(kroftroppust’nseod

The server procedure is typically a large file containing definitions for the mission-specific TSTOL
seitivitcanoitazilaitinigniniatnocelfillamsasi,dnahrehtoehtno,erudecorpputratsehT.sevitcerid

that must await the connection to the operator interface task: establishing network connections with
.cte,segapyalpsidpugnignirb,snoitacilppaetomer

TSTOL server procedures are generally layed out as follows:

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗;
;
; TSTOL Server Initialization Procedure
;
;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

REVRESOnoissimcorp
echo save off

local LOGO STATE ; Disable procedure logging.
)erudecorpOOgol(vil%=ETATSOGOL

%liv (logO O procedure) = false

...noitazilaitinidnasnoitaralcedelbairavlabolg...

...

... directive definitions ...
...

write MISSION, " TSTOL Server initialization complete."

ETATSOGOL=)erudecorpOOgol(vil%
echo restore

corpdne
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Procedure statements are normally logged as they’re executed. Since a server initialization procedure
gniggolerudecorp,resuehtottseretniynafosihcihwfoenon,htgnelnisenileromro0001aebyam

is disabled at the beginning of the server procedure and then restored to its prior state at the end of the
.erudecorp

Global TSTOL variables are primarily used to hold constants. In the following example from the server
ralugerforebmuna,noissim)RAS-X(radaRerutrepAcitehtnySyaR-Xehtroferudecorpnoitazilaitini

expressions used to validate directive arguments are defined:

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗;
;
; Global variables:
;
; FORMAT O RE - is a regular expression that defines the legal

.noissimehtrofstamrofyrtemelet;
;
; GEOMETRYO RE - is a regular expression that defines the

rofsnoitacfiicepsyrtemoegswodniWXfotamrof;
; the TPOCC display program (see the PAGE directive).
;
; STATIONSO RE - is a regular expression that defines the

.sDInoitatslagels’noissim;
;
; SUBSYSTEM - is the subsystem ("TS" or "CS") in which TSTOL

putratsehtybtessielbairavsihT.gninnursi;
; procedure, XSAR O STARTUP.
;
;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

METSYSBUS,EROSNOITATS,EROYRTEMOEG,EROTAMROFlabolg

FORMAT O RE = "ˆ(SCI | ENG | MAN | CON)$"
"$?)+]9-0[]+-[+]9-0[]+-[(?)+]9-0[]Xx[+]9-0[(ˆ"=EROYRTEMOEG

STATIONSO RE = "(JS1) | (JS2)"
SUBSYSTEM = "TS" ; "TS" or "CS", set in "xsar O startup.prc".

-X,elpmaxeroF.gnissecorprofksatrehtonaotsevlesmehtdrawrofylpmissevitceridtselpmisehT
SAR’s static directive instructs the report generator to bring up a static display page (animated by

:)atadyrtemeletlavihcra

;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
>emanOegap<CITATS;

;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

si)EMANOEGAP(CITATSevitcerid
begin

%status = false
neht)""=EMANOEGAP(fi

error "Enter ""STATIC <page O name>""."
esle

transact REPORTS "[XQ] STATIC ", PAGE O NAME
fidne

dne
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The transact statement sends the static directive to the report generator and waits for a status message
.elbairavsutats%labolgehttesyllacitamotualliwegassemsutatseht;nruterni

The /cmd directive, used to send spacecraft commands to the spacecraft command processor, is a spe-
-secorpdnammoctfarcecapseht,stnemugraynatuohtiwderetnesidmc/fI.)!syawynamni(esaclaic

sor enters into a dialog with tstol. Since tstol must exit /cmd’s directive body before it can carry on an
tonehthtiwdefiilauqsievitceridtcasnarteht,rossecorpdnammocehthtiwnoitasrevnocdedne-nepo

inline attribute. If /cmd is entered with arguments (e.g., an immediately-uplinked spacecraft com-
-ecapsehthtiwsegassemsutatsdnaevitceridfoegnahcxelamronasadetucexesievitcerideht,)dnam

craft command processor. In the following definition of /cmd, typical for the missions on which this
etatsehtaivrossecorpdnammoctfarcecapsehthtiwsetacinummoclotst,desuneebsahevitcerid

manager:

;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
sdnammoCtfarcecapSDMC/;

;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

si)ENILOFOOTSER(’DMC/’evitcerid
alias ’/’

CCssalc
not standard

nigeb
%status = false
if (REST O OFO LINE = "") then

transact STATE O MANAGER "[XQ] /CMD" not inline
esle

transact STATE O MANAGER "[XQ] /CMD ", REST O OFO LINE
fidne

dne

X-SAR’s database directive causes the Database Interface (DBIF) task to open up a window on the
otdesusinoitcnufhctam%eht,wolebnoitinfiedehtnI.selbatesabatadgnitiderogniweivrofneercs

validate the action keyword; %pick provides a simple means of converting the different abbreviations
:ksatecafretnIesabataDehtybdetcepxedrowyekdexfiehtot’’TIDE‘‘fo

;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
TIDE|WEIVESABATAD;

;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

si)NOITCA(ESABATADevitcerid
alias DB

nigeb
%status = false
ACTION = %pick (%match (ACTION, "ED∗ IT", "VIEW"), "EDIT", "VIEW")

neht)""=NOITCA(fi
error "Enter ""DATABASE <VIEW | EDIT>""."

neht))FIBD,detcennoc(ten%(fiesle
transact DBIF "DATABASE ", ACTION

esle
error "Unable to communicate with the Database Interface task."

fidne
dne
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The definition of the page directive illustrates how to parse a non-standard command line using
:swollofsaderetnesievitceridehT.snoitcnuflacixelni-tliubs’LOTST

page page O name [, [interval] [, [geometry] [, protect]]]

emanOegapmorf,enildnammocehtfotsereht,evitceriddradnats-nonasadenfiedsawegapesuaceB
on, is passed without interpretation to the directive body as a single string, REST O OFO LINE. Each of

emanegapehT.noitcnufdrow%ehtgnisuENILOFOOTSERmorfdetcartxesistnemugraruofeht
must be present. The update interval, a number, is checked with the %isnum function. The page

:egapehtfonoitacoldnasnoisnemidehtgniyficepstnemugraelgnisasiyrtemoeg

[widthxheight][+ | -x O coord+ | -y O coord]

-resuehthctamotelbanusixel%fi:noisserpxeralugeraybdeldnahylisaetsomsitnemugrasihT
specified page geometry against regular expression GEOMETRYO RE (declared as a global TSTOL vari-

-ugralanfidnahtruofehtrofsecffiushctam%elpmisA.deyalpsidsiegassemrorrena,)evobaelba
ment, the page protection flag:

;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
]TCETORP[,]>yrtemoeg<[,]>lavretni<[,>emanOegap<EGAP;

;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

si)ENILOFOOTSER(EGAPevitcerid
alias P
not standard

nigeb
local PAGE O NAME, UPDATE O INTERVAL, GEOMETRY, PROTECTION

eslaf=sutats%
PAGE O NAME = %word (REST O OFO LINE, 1)

)2,ENILOFOOTSER(drow%=LAVRETNIOETADPU
GEOMETRY = %word (REST O OFO LINE, 3)

)4,ENILOFOOTSER(drow%=NOITCETORP
if (PAGE O NAME = "") then

write "No page name specified in PAGE directive."
;;&",]>lavretniOetadpu<[,>emanOegap<EGAP""retnE"rorre

"[<geometry>], [PROTECT]""."
;;dna)""><LAVRETNIOETADPU((fiesle

not %isnum (UPDATEO INTERVAL)) then
;;,LAVRETNIOETADPU,"(lavretnietadpudilavnI"etirw

") in PAGE directive."
write "Enter ""PAGE <page O name>, [<update O interval>], " & ;;

"erehw,""]TCETORP[,]>yrtemoeg<["
error "<interval> is the interval in seconds between page updates."

;;dna)""><YRTEMOEG((fiesle
not %lex (GEOMETRY, GEOMETRYO RE)) then

".evitceridEGAPni""",YRTEMOEG,"""yrtemoegegapdilavnI"etirw
write "Enter ""PAGE <page O name>, [<update O interval>], " & ;;

"erehw,""]TCETORP[,]>yrtemoeg<["
error "<geometry> is formatted as " & ;;

".""]>droocOy<-/+>droocOx<-/+[]>thgieh<x>htdiw<["""
elseif ((PROTECTION <> "") and

not %match (PROTECTION, "P∗ ROTECT")) then
;;,NOITCETORP,"""tnemugranoitcetorpdilavnI"etirw

""" in PAGE directive."
error "Enter ""PAGE <page O name>, [<update O interval>], " & ;;
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".""]TCETORP[,]>yrtemoeg<["
esle

if (PROTECTION <> "") PROTECTION = "PROTECT"
;;,",",EMANOEGAP,"EGAP]QX["OIPOtcasnart

UPDATE O INTERVAL, ", ", GEOMETRY, ", ", PROTECTION
fidne

dne

The X-SAR view directive brings up a separate editor window in which the operator can view a file.
nI.tiotdnammocrotidenaeussidnassecorpbusakrofotsnoitcnufllehs%sesuevitceridweivehT

the directive definition below, a VAX/VMS DCL subprocess is created by %shell(open) and a SPAWN
anI(.dnuorgkcabehtnissecorpbusrotidenanwapsotreterpetniLCDehtotdettimbussidnammoc

UNIX environment, you would use & to put the editor subprocess in the background.) A WRITE
egassem’’--enoD--‘‘anruterotdnammocNWAPSehtretfapudeueuqsidnammocTUPTUO$SYS

to the TSTOL interpreter. Since the SPAWN command must complete before the WRITE
ehtot’’esoobac‘‘asastcaegassemsiht,reterpretniLCDehtybdetucexesidnammocTUPTUO$SYS

‘‘train’’ of output from the preceding commands (i.e., the SPAWN directive). This is a commonly-used
esudluowuoy,tnemnorivneXINUanI(.ssecorpbusllehsehthtiwtcaretnitahtsevitceridnieuqinhcet

echo(1) instead of WRITE SYS$OUTPUT.)

;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
>emanOelfi<WEIV;

;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

si)ENILOFOOTSER(WEIVevitcerid
not standard

nigeb
local DCL O OUTPUT, FILE O NAME, VIEW O COMMAND

eslaf=sutats%

FILEO NAME = %word (REST O OFO LINE, 1)
neht)""=EMANOELIF(fi

error "Enter ""VIEW <file O name>""."
nruter

fidne
FILEO NAME = %fparse (FILEO NAME, MISSION & "$REPORTS:.DMP")

;;":LN=TUPTUO/:LN=TUPNI/TIAWON/NWAPS"=DNAMMOCOWEIV
& "EDIT/TPU/READO ONLY/INTERFACE=DECWINDOWS " ;;

EMANOELIF&
; Has the shell been opened?

neht))nepo(llehs%tondna)detcennoc(llehs%ton(fi
error "Error opening a DCL subprocess: " & %liv (errno)

nruter
fidne

if (%shell (write, "ON ERROR THEN CONTINUE") and ;;
;;dna)DNAMMOCOWEIV,etirw(llehs%

%shell (write, "WRITE SYS$OUTPUT ""-- Done --""")) then
.enodlitnutuptuoLCDdaeR;od

DCL O OUTPUT = %shell (read)
)"--enoD--"=TUPTUOOLCD(fikaerb

write DCLO OUTPUT
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oddne
esle

error "Error issuing """ & VIEW O COMMAND & ;;
)onrre(vil%&":LCDot"""

return
fidne

%status = true

dne

Sample TSTOL Startup Procedure

A mission’s server initialization procedure is primarily used to define foreign directives. The mission’s
dnaelbixefleromsi,LOTSTot’’nosgol‘‘rotarepoehtnehwdetucexeylevitceffe,erudecorpputrats

can make use of user-unique or time-dependent information to dynamically customize its initialization
.snoitca

For example, the X-SAR startup procedure performs the following functions:

,)metsysbusdnammoc(’’SC‘‘ro)metsysbusyrtemelet(’’ST‘‘,emanmetsysbusehtserotS−
in a global TSTOL variable.

− Instructs the Dynamic Display process to display any initial pages (e.g., the events page
.neercsehtno)egapsutatsSCroSTehtdna

− Listens for and establishes a network connection with the User Interface process (the menu
.)metsys

− Listens for and establishes a network connection with the Database Interface process.

/reganaMetatSehthtiwnoitcennockrowtenasehsilbatsE−

− Establishes a network connection with the Report Controller (TS only).

.sksatevobaehtotsdnammocnoitazilaitinietairporppaehtseussI−

TSTOL startup procedures are generally layed out as follows:

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗;
;
; TSTOL Startup Procedure
;
;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

)stnemugra(PUTRATSOnoissimcorp
echo save off

... local variable declarations and initialization ...

...
... startup processing ...
...

write "∗∗∗∗∗∗∗∗∗∗ " & MISSION & " (" & SUBSYSTEM & ") TSTOL ∗∗∗∗∗∗∗∗∗∗ "

erotserohce
corpdne
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The X-SAR control center is a distributed system consisting of a telemetry host computer running the
gninnurtsohdnammoca,)noitatummoceddnanoitpeceryrtemelet,.g.e(erawtfosyrtemeletemit-laer

the real-time command software (e.g., command packaging and uplink), and a number of workstations
foecnatsnihcaE.)ecafretniresulacihpargehtdnaLOTST,.g.e(erawtfosecafretnirotarepoehtgninnur

TSTOL must establish network connections with applications running on the real-time hosts and on its
-buseht:stnemugraowtstcepxeerudecorpputratsLOTSTs’RAS-X,yltneuqesnoC.noitatskrownwo

system name (TS or CS) and the name of the subsystem’s real-time host. The subsystem name is
siemantsohehtdna)erudecorpnoitazilaitinirevresehtnideralced(elbairavLOTSTlabolganiderots

converted to lower-case:

proc XSAR O STARTUP (TSO OR O CS, REALTIME O HOST)
ffoevasohce

local LOCALO HOST, MESSAGE, SERVERO NAME

))"ST",SCOROOST(tluafed%(repppu%=METSYSBUS
LOCAL O HOST = %lower (%liv (localhost))

))TSOHOLACOL,DNEOTNORF(tluafed%(rewol%=TSOHOEMITLAER

...

The startup procedure then initiates the display of the local (TPOCC) events page and, depending on
:egapsutatsSCroSTeht,desseccagniebsimtesysbushcihw

page LOCALO EVENT, , , +0+830, PROTECT
neht)"SC"=METSYSBUS(fi

page CSO STATUS, , , +945+740, PROTECT
esle

page TSO STATUS, , , +735+830, PROTECT
fidne

Each X-SAR TSTOL process has network connections with 5 other applications (not including the data
-atadeht,ksatecafretniunemeht,ksatyalpsid)CCOPT(cimanydeht:)metsysbusstneveehtdnarevres

base interface task, the report generator, and the state manager. The state manager runs on the real-
siksatyalpsidcimanydehT.noitatskrows’rotarepoehtnonursmargorprehtoeht;retupmoctsohemit

the first to connect to TSTOL, thereby ‘‘logging’’ the operator on to TSTOL. The X-SAR startup pro-
ottcepserhtiwrevresasiLOTST.snoitcennoc4gniniamerehtgnihsilbatserofelbisnopsersierudec

the menu interface task, so it listens for a connection request from that client:

?metsysbusdnammoC;neht)"SC"=METSYSBUS(fi
SERVER O NAME = %lower (MISSION) & " O csm"

.metsysbusyrtemeleT;esle
SERVER O NAME = %lower (MISSION) & " O tsm"

fidne

%status = %net (answer, UIF, "-server " & SERVER O NAME & " " & ;;
)"tiawon-"&"})FIU,esolc(ten%{rorre-"

neht)sutats%(fi
write "Listening for a connection request on " & SERVERO NAME & "."

esle
write "Error listening for a connection request on " & ;;

)onrre(vil%&":"&EMANOREVRES
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endif

The -nowait option in the %net(answer) call puts the ‘‘listen’’ in the background and allows TSTOL
eht,ksatecafretniresuehtmorfdevieceryllanfisitseuqernoitcennocanehW.gnissecorpeunitnocot

network connection is automatically established without further intervention by TSTOL. TSTOL is also
morfstseuqernoitcennocrofsnetsiledocfoeceipralimisaos,ksatecafretniesabatadehtotrevresa

that task.

TSTOL is a client of the report generator and the state manager, so these tasks listen for connection
etatsehtdnarotarenegtroperehterofebgninnurdnapuebyamLOTSTecniS.LOTSTmorfstseuqer

manager, it periodically ‘‘calls’’ them until they ‘‘answer’’. The following extract from X-SAR’s
gniyfitnediegassematisdnesdnareganametatsehtotnoitcennocasehsilbatseerudecorpputrats

TSTOL by its workstation name:

SERVER O NAME = %lower (MISSION) & " O stmgrO parser"

od))REGANAMOETATS,detcennoc(ten%ton(elihw
%status = %net (call, STATEO MANAGER, "-host " & REALTIME O HOST

;;&
" -server " & SERVER O NAME &;;

)"})REGANAMOETATS,esolc(ten%{rorre-"
neht)sutats%ton(fi

MESSAGE = "Error establishing a network connection with " ;;
;;":"&TSOHOEMITLAER&"@"&EMANOREVRES&

& %liv (errno)
EGASSEMetirw

wait 10 ; Try again in 10 seconds.
fidne

oddne

write "Established a network connection with " & ;;
"."&TSOHOEMITLAER&"@"&EMANOREVRES

transact STATE O MANAGER "[XQ] WORKSTATION " & LOCALO HOST

SELIF
/home/tpocc/obj O O arch/tstol/tstol

Executable for TSTOL server/processor.
crp.revresOOnoissim/scorp/ecruos/noissim/emoh/

Procedure file read and executed by the TSTOL server at initialization time; the file should
tahtssecorptnerapehtsirevresLOTSTehT.REVRESOnoissimdemanerudecorpaniatnoc

listens for connection requests from the display subsystem and forks child TSTOL proces-
-moceratahtsksatpu-tratsgnimusnoc-emitmrofreP.snoitcennocdetpeccaecivresotsros

mon to all child processors (e.g., loading directive definitions) in the server initialization
.ylbaredisnocdecudersisessecorpdlihcehtrofemitpu-tratseht,osgniodyb;elfi

/home/mission/source/procs/missionO O startup.prc
By convention, the procedure file read and executed by the TSTOL processor at initializa-

erudecorpaniatnocdluohselfiehT.)noitpoenildnammocputrats-ehtees(emitnoit
named missionO STARTUP. To keep processor start-up time to a minimum, make a sensi-

-laitinirossecorpehtdnaelfinoitazilaitinirevresehtneewtebseitilibisnopserfonoisividelb
ization file.

elpam/sloot/hcraOOjbo/ccopt/emoh/
Executable for Multiple APpLications Emulator. This program emulates a typical state

-vahtuohtiwresrapehtfognitsetenola-dnatsroflufesusidnaksatsnoitacilpparoreganam
ing to bring up the remote applications tasks with which a mission-specific parser must
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sutatslufsseccusaecudorprotalumeehtotresrapehtybtnessevitceriD.etacinummoc
message in response. In addition, spacecraft command dialogs are supported; a ‘‘/’’ direc-

,rotalumeehtmorfsevitceridtpmorpgolaidfoniahcasetaitiniresrapehtybtnesevit
which continues until abort or end is received from the parser. Testing the X-SAR TSTOL

snoitcennochsilbatsetsumresrapRAS-XehT.elpamgnisufoelpmaxedoogasedivorp
with and talk to the REPORTS and STATEO MANAGER subsystems. The following com-

tneverof’’knis‘‘atadasallewsa,smetsysbusesehtfohtobrofrotalumenapustratsdnam
messages:

% maple missionO reports O server missionO stmgrO parser -z missionO loggerO subsys
...LOTSTnur...%

The non-option arguments on maple’s command line are the network server names of the
revress’reggoltneveehtsefiicepsnoitpoz-eht;sksatREGANAMOETATSdnaSTROPER

name.
/home/tpocc/obj O O arch/tools/prosper

Executable for PROcess SPawnER. prosper is used to spawn a program when needed.
elyts-XINUtroppust’nodhcihwsmetsysgnitareporednuesurofnettirwsawrepsorp

fork(2)s. prosper simply spawns a specified program and waits for the program to signal a
foypocrehtonasnwapsrepsorp,erohpamesehtslangisssecorpbusehtnehW.erohpames

the program and waits for it to signal the semaphore. And so on and so on.

s’ssecorpbusehtninoitpo’’erohpames@@-‘‘astresniti,margorpasnwapsrepsorpnehW
argument list. semaphore is the integer identifier of the semaphore that the subprocess

.margorpehtfoypocrehtonanwapsotrepsorprofemitsitinehwlangisdluohs

prosper was specifically written to run TPOCC server processes under VMS (although
LOTSTsahcussmargorpCCOPTemoS.)XINUrednunurdna,knil,elipmoclliwrepsorp

and the Report Server execute as network servers. When a network connection request is
,XINUrednU.noitcennocwenehteldnahotssecorpbusaskrofssecorprevreseht,deviecer

the new connection’s socket can be passed from the server process to the child process.
ehtdnarevresehthtobsatcatsumssecorprevreseht,repsorphtiW!SMVrednuostoN

child process. Initially, the server opens a listening port socket and waits for a connection
-gis,tekcostropgninetsilstisesolcssecorprevreseht,deviecersitseuqeranehW.tseuqer

nals the prosper semaphore, and goes off to service the new connection. prosper, upon
stiaw,tekcostropgninetsilasetaerchcihw,ssecorprevreswenapustrats,dellangisgnieb

for a connection request, etc., etc.

TSTOL’s -single O O user option, originally intended for testing purposes only, turned out to be
dnammocgniwollofeht,SMVrednU.noitarepofoedomrepsorpehtroftekcitehttsuj

sequence:

$ tstol :== $disk:[directory]tstol.exe
$ prosper tstol -mission mission -single O user ... other TSTOL options ...

noitcennocaseviecerssecorprevresehtnehw:revreskrowtenresu-elgnisasaLOTSTsnur
request from an operator interface task, another server process is spawned to listen for the

.tseuqernoitcennoctxen

SCITSONGAID
Meaningful error messages are generated.

SNOITATIMIL
Compile-time limits are defined in header file max.h:

- Operator input lines are restricted to 1024 characters, as are procedure input lines. Con-
litnutiawafohtgnellatotehthguohtla,sdnammocregnolrofdesuebnacsenilnoitaunit

directive should not exceed 1024 characters.
.sretcarahc23otdetimilerasemanelbairaV-

- Echo state saves can only be nested to a depth of 32.
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.evitceridetomerehthtiwdehsilbatseebnactsomtasnoitcennoc23-

There are no practical limits on:

.gnirtsretcarahcafohtgneleht-
- the number of lines in a procedure file.

.elfierudecorpanisenilnoitaunitnocevitucesnocforebmuneht-
- the number of arguments to a directive or procedure.

.snoitinfiedevitceridngierofforebmuneht-
- the number of local or global symbols.

Currently, there is no controlled limit to the depth of nesting for if-then-else statements, do loops,
gnitsenehttimilseodkcatsnekotCCAYehtfoezisehT.sevitceridngierofdna,serudecorpLOTST

depth, but that limit may vary depending on what is being parsed. For example, while the stack may
.owtehtfonoitanibmocatroppustonyamti,stnemetatsfifoslevel8rospoolodfoslevel8troppus

Some simple tests showed that the following numbers of tokens are required for each level of nesting: 6
12dna,erudecorpLOTSTarofsnekot62,poolod-rofarofsnekot41,kcolbneht-finarofsnekot

tokens for a foreign directive.

The YACC token stack is sized at compile-time by setting a C preprocessor macro called YYMAX-
-mocotelbasierudecorplairotcafevisruceratahtsnaemhcihw,215signittestnerrucehT.HTPED

pute 19!, but not 20!. If the YACC token stack does overflow, an error message is output to the opera-
-lofllacorpllikgniretneottnelaviuqeyllaitnessesiLOTSTgnitratseR.flestistratserresrapehtdnarot

lowed by \reset; the values of global variables are preserved. (When tstol is built under HP/UX, macro
-nurtakcatsCCAYehtfogniziscimanydselbanehcihw,denfiedsiHTPEDXAMYYOEMITNUROO

time. Since the stack can now grow as needed, stack overflow is an unlikely event.)

PMI/ECIfognitsetkramhcnebhguoremoS).yltnecerdetadpuneebtonevahserugfigniwollofehT(
TSTOL was performed using the mgrsim state manager simulator (a precursor to maple); tstol was

-nocerudecorptsettsrfiehT.ffodenrutgniohceerudecorphtiwedomecafretnilanimretstinigninnur
sisted of a for loop that output 5 spacecraft commands per iteration (and waited for status responses

05foetaratatuptuosdnammoctfarcecaps0001:tluserehT.)tuptuodnammochcaerofmisrgmmorf
commands per second. The second test procedure initiated a spacecraft command dialog and then fed

misrgmmorfsesnopseredomgolaidrofdetiawdna(reganametatsehtotsdnammocedom-golaid0001
for each line of dialog input). The result: 1000 spacecraft commands output at a rate of 130 commands

dnalotsthtobhtiw,noitatskrow1noitatsCRAPSnuSanodemrofreperewstsetehT.dnocesrep
mgrsim running on the same machine. Both test procedures were also performed with tstol running on

repsdnammoc04elbatcepserallitstub,rewols:08/3-nuSanogninnurmisrgmdnanoitatsCRAPSeht
second for the first test and 95 commands per second for the second test.

SGUB
Not too many, I hope!

Dialog-mode sequences in procedures are problematic. The parsing of the dialog responses are the
,ralucitrapni,dnamehtesrapotelbanusiLOTST.mehtdetseuqertahtnoitacilppaehtfoytilibisnopser

to determine where the sequence ends. As a result, dialog-mode sequences can’t be embedded in if-
hcaeerotsotsidnuora-krowdrawkwanA.mehtdnuoraotoguoynacrondnastcurtsnocesle-neht

dialog-mode sequence in a separate procedure file and to conditionally execute the appropriate start
.erudecorprevird,level-rehgihanisevitcerid

Branching to an undefined label or line number in a procedure effectively aborts the procedure.
ehtemitehtyB.rebmunenilrolebalehtrofgnikoolcorpdneehtothguorhtyawehtllasnacsLOTST

endproc is reached and TSTOL has realized the destination is invalid, the procedure has exited. Con-
yletinfieddluowtitub,tixeotdewollatondnacorpdneehttadetlahebdluocerudecorpeht,ylbaviec

be impossible to restore the parse context at the time the offending goto directive (or whatever) was
)evitceridtiawarororrenaoteud(etatstiawanisiLOTSTnehwmelborpayliramirpsisihT.desrap

and the operator interactively enters a goto or position directive to change the control flow of the
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pmujflestierudecorpehtgnittelybdetanimileebdluocsesacesehtfo,llatontub,ynaM.erudecorp
around in response to errors or other conditions.

A potential problem exists for watchpoints. When a system variable is referenced in an expression,
fI.deviecersieulavs’elbairavtahtlitnustiawdnarevresatadehtottseuqeratadtohs-enoasdneslotst

two or more values for a single watchpoint are received between the time the one-shot request goes out
sihT.enognidecerpehtsetirwrevoeulavtniophctawwenhcaeneht,nisemoceulavdetseuqerehtdna

is unlikely to be a problem unless you are dealing with a high-rate synchronous data stream.

,rossecorpXEL-repuss’UNGybrorossecorpXELdradnatsehtybtliubebnacrezylanalacixelehT
FLEX. The FLEX-generated lexer did have some problems scanning quoted strings with embedded

-kcabotgniyrtsawyltnerapparexelehttub,)flahadnaraeyaneebs’ti(sliatedehttegrofI.setouq
track into a previous buffer of input. I didn’t delve into the problem too deeply (we had LEX after all),

!ksirnworuoytaXELFesuos

The shift/reduce conflicts (203 at last count) reported by YACC when it generates the parser are not of
.kram’’/‘‘dnammoctfarcecapsehtybdesuacsitciflnocecuder/tfihs’’eurt‘‘enoehT.nrecnocsuoires

If ‘‘/’’ is encountered during the scan of an ‘‘if expr command’’ directive, the parser can’t tell if ‘‘/’’ is
ehT.dnammocnievitceriddnammoctfarcecapsafotratsehtrorpxenideddebmerotareponoisivida

parser assumes the former interpretation.

The list of attributes in a pause directive accounts for 14 of the shift/reduce conflicts. When faced with
eht,tsiletubirttanafogninnigebehtta)tuoemitdna,enilniton,enilni(setubirttaelbissop3ehtfoeno

parser could (but doesn’t) insert an empty attribute into the list. Likewise, in the middle of or at the
3ehtfoenohtiwdecafnehwetubirttaytpmenatresni)t’nseodtub(dluocresrapeht,tsilehtfodne

possible attributes or the end-of-line separator. A duplicate set of 7 shift/reduce conflicts occurs for the
.setubirttaesuapehtfoesusekamoslahcihw,evitceridtcasnart

The other shift/reduce conflicts (188 so far) are all related to the fact that TSTOL allows either blanks
eht;tupniehtnisknalbeesyllautcatonseodresrapLOTSTehT.srotarapestnemugrasasammocro

grammar rule for two consecutive arguments separated by blanks or commas is simply ‘‘argO list =>
ehtedulcnistciflnocecuder/tfihsehT.’’ammoc|>ytpme<>=pesOdlefi‘‘erehw,’’2grapesOdlefi1gra

following:

60 conflicts - When parsing input according to the rule for starting TSTOL procedures,
,’’)...,2gra,1gra(erudecorptrats>=evitcerid‘‘

the parser could (but doesn’t) insert an empty arg0 between the left
ytpmenaezingocerlliwresrapehT(.tnemugratsrfiehtdnasisehtnerap

argument if the first token after the parenthesis is a comma.)

.sesehtnerapehttuohtiwsevitceridtratsyllacisaberasevitceridngieroF-stciflnoc06
Consequently, the grammar rule for foreign directive invocation,

,’’...,2gra,1gradrowyek>=evitceridOngierof‘‘
suffers the same shift/reduce conflicts as the rule for start directives. In this

.tnemugratsrfiehtdnadrowyekehtneewtebsruccotciflnoceht,esac

60 conflicts - Once into the argument list, the parser can still run into problems. After
tub(dluocresrapeht,2gramorf1gragnitarapesammocehtdnoyebgnivom

doesn’t) insert an empty arg1.5.

naezingocerdluocresrapeht,tnemugranagnissecorpretfayletaidemmI-stciflnoc6
empty (blank) field separator, no matter what input follows. This is the

asinekottupnitxenehtnehwtpecxe,sesactsomninoitaterpretnitcerroc
non-empty (comma) field separator (in the middle of an argument list), an

,)tsiltnemugras’evitceridngierofasetanimrethcihw(rotarapesenil-fo-dne
or a right parenthesis (which terminates a start directive’s argument list).

.yltcerrocstciflnocesehtfohcaesevloserresrapehT

2 conflicts - The two unary operators, ‘‘+’’ and ‘‘−’’, are another source of confusion for

453991rebotcO52:egnahctsaL1.4esaeleRnuS



TSTOL ( 9 ) MISC. REFERENCE MANUAL PAGES TSTOL ( 9 )

resrapeht,tsiltnemugranafoelddimehtni’’3+2‘‘htiwdecaF.resrapeht
could (but doesn’t) parse the input as two arguments, 2 and +3. Instead the

.5sieulavesohwtnemugraelgnisasadeterpretnisitupni

Although formal parameter lists in procedure and foreign directive definitions look like argument lists,
,stnemugraytpmeniatnocnactsiltnemugranaesuacebsisihT.stciflnocecuder/tfihsesuactonodyeht

but a parameter list cannot contain empty parameters.

-serpxewenaffodaeldluoctahtnekotelbissophcaerofdetarenegsitciflnoca,s06fospuorg3ehtnI
sion (i.e., the next argument): numbers, strings, %-functions, sin, cos, etc. Adding a new data type or

.eerhtybstciflnocecuder/tfihsforebmunehtesaercniyllacitamotualliwnoitcnuf

By only allowing commas to separate arguments, all the shift/reduce conflicts above (except the space-
dlefi’’knalb‘‘tcetedylticilpxerezylanalacixelehtgnivaH.detanimileerew)enodnammoctfarc

separators also eliminated the conflicts, but proved too restrictive on TSTOL’s free-format input. Since
-borpcitehtseanaerastciflnocecuder/tfihseht,esachcaeninoitaterpretniderisedehtsemussaCCAY

lem, not a functional problem.

SNOISREV
I left the TPOCC project in February of 1992 and went to work on the X-SAR project, on which we

tropehthguohtla,0.7sawdeviecerewtahtCCOPTfoesaelertsalehT.SMV/XAVotCCOPTdetrop
of TSTOL is actually the Release 6.1 version of TSTOL, ported and upgraded with most of the func-

fonoisrevRAS-XehtstnemucodlaunamsihT.LOTSTfonoisrevs’0.7esaeleRnideddaytilanoit
TSTOL. Most of the manual also applies to TPOCC Release 7.0’s version of TSTOL; exceptions are

.wolebdeton

The X-SAR version of TSTOL:

− can be built under either UNIX or VMS by ANSI or non-ANSI C compilers.

yrarbilCCOPTehtrofdnasnoitcnufLOTSTehtrofsepytotorpnoitcnufCISNAsezilitu−
functions.

− uses ANSI C header files whenever possible.

gnikcehcepyttnemugraehtsmrofreptaht)CXAV(relipmocahtiwdelipmocneebsah−
made possible by function prototypes.

.resrapdetareneg-CCAYaro-nosiBarehtiehtiwskrow−

− works with either a FLEX- or a LEX-generated scanner.

erahcihwfoenon,seitilibapacgniwollofehthtiwdecnahneneebsahLOTSTfonoisrevRAS-XehT
mission- or operating system-specific:

− X-SAR’s TSTOL can function either as a client or as a server of the operator interface
stroppusylnoLOTSTs’CCOPT.)snoitpoenildnammocrewsna-dnallac-ehtees(ksat

the server mode.

− X-SAR’s TSTOL recognizes full-word command line options (e.g., -mission) as well as
.)m-,.g.e(snoitporettel-elgniss’CCOPT

− The ‘‘-@@ semaphore’’ command line option makes it possible for TSTOL to be run as a
XINUehttroppust’nodtahtsmetsysgnitareporednurevreskrowtenssecorp-itlum

fork(2) call (e.g., VMS). (See the description of prosper in the FILES section.)

ehtgnisudeppartera).cte,orez-yb-edivid,woflrednu,woflrevo,.g.e(snoitpecxeciremuN−
portable UNIX signal(3) and setjmp(3)/longjmp(3) mechanisms.

dna,gubedOOxel,onrre:deddaneebevah)vil%(selbairavlanretnilacolwenlareveS−
netO O debug.

− New % functions include %ds, %ident, %isint, %net, %shell, and %source.
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ytilibapacsihT.revreSataDehtotsdnammocIICSAdnesotdesusinoitcnufsd%ehT−
is currently used to dynamically turn Data Server debug on and off and to display

.scitsitatsyromem

− The %net functions provide a flexible, powerful, and straightforward means of establish-
dna-tneilcerutaefsnoitcnufesehT.snoitcennockrowtenrevognitacinummocdnagni

server-mode connections; background answering of server-mode connections; and the
.stneverorredna,tupni,rewsnas’noitcennocaotsevitceridLOTSTdnibotytiliba

TPOCC’s remote and transact directives are still supported.

-retniegaugnaldnammocs’metsysgnitarepoehtotsseccaedivorpsnoitcnufllehs%ehT−
preter (e.g, csh(1) under UNIX and DCL under VMS). Shell commands are written to a

sdnammochcusmorftuptuoeht;sdnammocesehtetucexeotdenwapsssecorpbuselgnis
can, in turn, be read by TSTOL.

− The watch events directive (and the X-SAR Event Server) recognizes full-word filtering
wenA.)c-,.g.e(sretemaraprettel-elgniss’CCOPTsallewsa)lacitirc-,.g.e(sretemarap

-substitute option allows for the arbitrary cutting and pasting of event message texts
.)revreStnevEehtnidetnemelpmi(

− In most places, time intervals can be specified as real numbers; e.g., 1.234 seconds
.sdnoces2ro1foeciohcdetimileroms’CCOPTfodaetsni

− When a status message is received from a remote process, TPOCC’s TSTOL forwards
’’etelpmoCevitceriD‘‘afomrofehtni)OIPO(ksatecafretnirotarepoehtotegassemeht

message or, if there was an error, an error message. X-SAR’s TSTOL, in contrast,
-elpmocehtsdnesdnaevitceridlanigiroehtfoecruosehtotsasseugdemrofninasekam

tion or error message to that source. For example, X-SAR’s menu interface, a remote
ebotsegassemsutatsstcepxetidnasevitceridfoecruosniamruosi,LOTSTotssecorp

returned to it, not to the ‘‘operator interface’’ task (TPOCC’s xtpdsp program).

-Xnilarenegdnatsuborerom,eveilebI,sisrorreralimisdnaxatnysfognildnahehT−
SAR’s TSTOL.

Areas of incompatibility between X-SAR’s TSTOL and TPOCC’s TSTOL (as of TPOCC Release 7.0)
:wefera

− X-SAR’s TSTOL provides limited support for STOL’s FORTRAN-inspired numeric con-
-erperastnatsnocciremunrofsnoitatons’CdradnatS.cte,’567’O,’4321’X,.g.e,stnats

ferred and fully supported.

− X-SAR’s %default function differs slightly - the default expression is not evaluated if
.denfiedsinoisserpxeyramirpeht

− X-SAR’s TSTOL provides 3 functions for testing if a string can be interpreted as a
dnalaersi%sahLOTSTs’CCOPT.munsi%cirenegehtdna,laersi%,tnisi%:rebmun

%isnum; the latter only tests for integers.

− On X-SAR, text substitution is not applied to directives received on non-OPIO, network
.snoitcennoc

− TPOCC’s TSTOL was modified to look up interactively-entered variable names in the
labolg-neht,tsrfi-lacoldloehtsniaterLOTSTs’RAS-X.ylnoelbatlobmyslabolg

scheme.

− There are slight differences in the generation of ‘‘Directive Complete’’ messages for
.sevitceridni-tliub

So, which would I choose, the TPOCC version or the X-SAR version of TSTOL? X-SAR’s TSTOL
ehthtiwdetargetniylesolceromsiLOTSTs’CCOPT;lufrewoperomdnaelbatroperomsinoisrev

TPOCC environment.

Sun Release 4.1 Last change: 25 October 1993 56



)9(LOTSTSEGAPLAUNAMECNEREFER.CSIM)9(LOTST

CONCLUSIONS
TSTOL ought to be eliminated! In the TPOCC environment, TSTOL is primarily used as a point of

reganaMetatSdezilartnecehtdnasksat)IUG(ecafretniresulacihpargdetubirtsidehtneewtebtcatnoc
task. The intelligence that the GUI should have has been fobbed off on TSTOL; likewise, many of the

.reganaMetatSehtotffodehsupneebevahLOTSs’EAMybdeldnahylsuoiverpsnoitcnuf

My recommendation? The GUI should have an embedded interpreter for a command language such as
lcTotsnoisnetxePREWTnwoym,elpmaxeroF.lcT,egaugnaLdnammoClooTs’tuohretsOnhoJ

(derived from my Motif-based WIMP extensions!) provide access to X, Motif, the TPOCC real-time
gnitaroprocniIUGA.snoitacinummockrowtendesab-egassemdna,revresatadCCOPTeht,stegdiw

TWERP could load and animate TPOCC display screens, send messages to and receive messages from
−odotdeenthgimtieslegnihtynadna,)snoitacilpparehtororeganaMetatSeht,.g.e(sessecorpetomer

all via user-programmable, Tcl scripts!

The State Manager, too, should have an embedded Tcl interpreter. For example, my own PICL exten-
revresatadCCOPTehtotsseccaedivorp)snoisnetxeLCINdesab-X-nonymmorfdevired(lcTotsnois

and to message-based network communications. With the appropriate Tcl extensions, a generic State
lcTcfiiceps-noissimhguorhtytilanoitcnufcfiiceps-noissimdedivorptahtnettirwebdluocreganaM

scripts.

...
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