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Abstract

A large Swissbank neededto collect, combine, pro-
cess,and distribute financial market datafrom various
3rd party datasourcego alarge numberof internaland
external clients — the typical integrationtask at which
scripting languagesexcel. The bank usesan imple-
mentationof CORBA astheir standardenterprise-wide
middleware for distributed applications. We describe
how we designedandbuilt a Tcl/C++ transportframe-
work which allowed us to develop the “kernel” of this
sener applicationentirely in Tcl, yet supportCORBA
asthe primary interfaceto the sener. We further de-
scribehow this frameawork allows a small development
teamto rapidlyimplementchangesindenhancements
thesener andits externalinterface while automatically
generatingthe correspondingchangeshat are needed
for the CORBA interface. Additionally, we shav how
we were able to automaticallygeneratecodeto create
new tcl commandgshat make use of the same,gener
ated, Tcl/C++ marshallingroutinesin orderto develop
a CORBA clientin Tcl, whichis usedto regressiortest
thesener, whenfull end-to-endestingis needed.

1 Overview

In his keynote addressat the 1999 USENIX Techni-
cal Conferencq1], JohnOusterhoutarguedthat typi-
cal programmingprojectsare shifting away from large
stand-aloneapplicationsand moving toward integra-
tion applications(sometimesalsoreferredto asmega-
programming[2]). The importanceof theseapplica-
tions, he argued,lies notin providing fundamentahew
featuresasmuchasin the ability to coordinateand ex-
tend existing applications— exactly the tasksat which
scriptinglanguagesxcel. He arguedthat mary things
takenfor grantedtoday suchasstrongtyping andinher
itance,maynot make sensen mostfutureapplications.

As we analyzedour customersrequirementsfor for
theirstratgic new missioncritical senerapplicationwe
foundoursehesin agreementvith this basicphilosophy
It becamelearthatourcustomeneededo primarily in-
tegrateinformationcomingin from several alreadyex-
isting applications— combining, memging, and format-
ting everythinginto a unified view. This resultwould
needto be exported through certain transportmech-
anisms— initially the mostimportantbeing CORBA.
However, even at the earlieststagesptheraccesshan-
nels(e.g.XML) wereplanned.

Upon noting CORBA asa requirementmary software
architectsmight automaticallydismissthe idea of de-

signing the core applicationfunctionality in a script-

ing languagesuchasTcl, eventhoughit is not without

precedeni3], [4]. However, we were further encour

agedto follow our core-as-scripting-languaggeawhen
we realizedthat our applicationneededo be prepared
for thefollowing:

e Frequentchangedo the interfacesto external ap-
plications

o Rapidintegrationof new datasourcegi.e.,new ap-
plications)

e Frequentchangesto the accessrequirementse-
guestedy clients(i.e.,IDL changes)

¢ Rapidimplementatiorof new featuresequestedby
marketinganalysts

e Possibleimplementationof different data access
channelge.g. XML) assomemove out of favor,
andothersmovein

It is worthmentioningthatthis senerapplicationis mis-
sion critical in the sensethat someclient applications
plannedto presenthe dataonthe Internet(i.e., they are
highly visible) for taskssuchasfinancialplanning,on-
line banking,and asa financialnews source. An even
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Figurel: Simplified Sener Overview

greatersenseof urgengy was placeduponus whenwe
learnedhatsomeof theclientapplicationsvereplanned
to goonlinewithin weeksof ourplannednitial release-
mary of theseapplicationswith budgetsl0 timeslarger
thanours.

However, theserobustnessand flexibility requirements

merely further increasecdour resole to attemptto de-
velop as muchaspossiblein a scriptinglanguageand
aslittle aspossiblein traditional CORBA senerimple-
mentationanguages.

Ourgoalthenbecameo designandimplementaflexible

platformthatperformedhesentegrationtasks- provid-

ing datain acanonicaform andotherwiseactingasme-
diatorto alarge andgrowing setof heterogeneoudata
sourceswith differentmannerf accesso the samein-

terfaces.

2 Architecture

The overall featurethat we weretargettingwas a one-
to-one mapping betweenthe methodsdefined by the
CORBA IDL (InterfaceDefinition Language¥specifica-
tion andthe Tcl procedureshatwould implementthese
specifications.To illustrate this with an example,con-
siderthe following IDL definition for a methodcalled
foo::square()

interface foo {
int  square (
in int a,
out int b
);
}

We would like to definea Tcl procedurgo implement
this methodthatlookslik e this:

proc foo::square {a vb} {
upvar $vb b
set b [expr $a * $a]

The generalideawould be thata CORBA requestom-
ing in to thesenerwould gettranslatedo a correspond-
ing Tcl command.Thena Tcl interpreterwould be in-
voked that first “sourced” the Tcl implementationsof
thesecommandsand then “eval’'d” the Tcl command
thatwascomposed.It would thentranslatethe Tcl re-
sultsof thatevaluationbackinto CORBA objectswhich
arereturnedo theclient.

With this design,the framewnork would then consistof
a CORBA senerwith anembedded cl interpreterthat
would sourcethe“real methods'implementedasproce-
duresin aTcl script“‘kernel”.

However, in addition, we wantedto extenda Tcl shell
thatwould sene asa CORBA client which would con-
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tain Tcl commandghatalsohada one-to-onemapping
to the methodsdefinedin the IDL. The function signa-
turesof thesenew commandsvouldlook identicalto the
functionsignaturesn theprocedure# theTcl “kernel”.
This would allow for naturallooking Tcl codeasin the
following example:

% foo::square 4 result

% set result
16

Oneof thebestcharacteristicsf this architectures that
testscriptscould be written in Tcl thatcould be run ei-
ther on the CORBA Tcl client or in a “shortcut” path
which completelybypassesry middlevareinfrastruc-
ture by makingdirectaccesgo the Tcl “kernel” proce-
dures.Thisfeatureallowedmuchof thesenerfunction-
ality to be ableto be developedon a stand-alond@JNIX

laptopwhich did nothave a CORBA developmentrvi-

ronment.

To summarizethis designapproachwould give us the
following benefits:

e Theability to begin developmenbf the coremeth-
odsin Tcl completelyindependentf, andin paral-
lel to, thedevelopmenbf CORBA support.

e Theability to write testscriptsin Tcl

e The ability to develop all the core programming
logic in a rapid turnaroundscripting language,
ratherthana lower level, strictly typed, compiled
language.

o If differenttransporipathsarerequired,only anew
transportlayer would needto be written and the
same'kernel” couldbe usedto give identicalfunc-
tionality with maximalcodereuse.

After implementinga small prototypeto testthe fea-
sibility of this approach,it becameclear that a large
amountof the CORBA transporiayercodewasregular
enoughthatit couldbe automaticallygenerated- again
by scriptswrittenin Tcl.

Thefull datapathandamountof automaticcodegener
ationwe endedup with is shovnin Figurel.

At the end of the designphasewe concludecdthat the
key aspectsof this architecturerequiredthe following
componentso bewritten:

CORBA Languagenappingdor Tcl

¢ Methods/Operationisnplementedn Tcl

Automatic generationof the marshalling code
basedn DL definitions

Automaticgeneratiorof client sidetcl commands
basedn DL definitions

3 Language mappings

One of the key issuesto resohe was how to map
CORBA objectsto typelessTcl strings. In the worst
casethis couldbe doneby definingevery C++ valueto



beaTcl list containingtwo elements- the valueandits

type. Then,alookuptablecouldbe constructedo store
thetypesandwhatever neededsemanticsnightbeasso-
ciatedwith it in orderto manipulateor acces®bjectsof

thattype.

Fortunately however, a muchsimplerstratgy waspos-
siblein this case. We endedup usinga mappingsimi-

lar to that usedby Pilhoferin Tclmico [3]. We started
by looking at all of the possibleCORBA typesthatare
madeavailable— the basicdatatypeslike booleanjnte-
ger, andfloats,aswell asthe compounddatatypessuch
as structures,arrays,unions, and sequences.We also
wantedto beableto mapTcl exceptiongo CORBA ex-

ceptions.

It is fairly straightforvard to mapthe commontypes
suchasa structure.For example,anobjectof type Re-

guestContext  which canbedefinedike this:
typedef sequence <string> Profile;
struct  rc {
int sessionld,
string application,
string lang,
Profile profile,
string user,
I3
typedef rc RequestContext;

could becomea Tcl list with the following representa-
tion:

set my_ rc {-1 web-quotes ENGLISH \

{SWISS_REALTIME US_DELAYED} guest}

Going from this Tcl list representatiotackto its cor-
respondingC++ objectrepresentatiomequiresthat we
know the CORBA typesof eachcomponent.However,
this is positionallyimplicit basedon the contet of the
procedurecallsthatusevariablesof thesetypesandthe
definitionsof the procedureshemseles as definedin
thelDL. In otherwords,whenwe know thatsomething
is the first agumentto methodgetMarketData  and
accordingto our codificationof the IDL, the first ar
gumentto methodgetMarketData  is of type Re-
guestContext ,thenwejustpasshislist to aroutine
that corvertsa list (which in this case,itself containsa
list) to a C++ objectof type RequestContext . This
canbedonestatically becauseve alwaysknow atcom-
pile time which proceduresare being called and what
typestheirargumentsarebecausef their position. That

is, exceptin the caseof translating‘exceptions”,which
is describedelow.

To take a quick glanceat someof theothertypes,avari-
ablewhosetype is a union canbe mappedto a two-
elementlist wherethe first elementis the discrimina-
tor andthe seconds the correspondingalue. The se-
guence andenumtypesaresimply mappedo alist.

Perhapghe trickiest mappingto come up with was a
mappingfor exceptions. A Tcl exception(as thrown
by theerror commandllows only onestring/listas
anargument. However, for our purposeswe neededo
know both what exceptionoccurred(i.e., an exception
type) and an additionalexception-specifiobject. The
problemof courseis that this secondobjects “shape”
canbe differentdependingon whattype of exceptionis
to bethrown.

Oneinterestingpointto bemadeis thatby having agen-
eral mappingmechanisnfor Tcl exceptions,our appli-

cationcancatchnotonly applicationspecificexceptions
thatwethrow oursehes,but alsothestandard cl excep-
tionsthatmayoccurdueto attemptedindefinedrariable
accessfor example.

We imposeda corventionuponour own codewhereby
our applicationspecificexceptionobjectswould have a
certainwell-definedstructure sothatwe couldthendif-
ferentiatethemfrom Tcl exceptionswhich get mapped
to an “Internal Error” exceptionwith a Tcl backtrace,
ratherthanmerelycrashingheapplication.

This turnedout to be the one casewherewe neededo
determinetype informationdynamicallyin orderto be
ableto dothe CORBA languagemappings.The codeis
structuredasfollows:

if  (Tcl_EvalObj() == TCL_ERROR){
if (* has special shape *) {
type = Tcl_GetStringFromObj();
ex_type = type_to_enum(type);
switch  (ex_type) {
case exceptionA:
/I now we know the
Convert::from_tcl(...);
THROW(exceptionA, ..);
case exceptionB:
/I now we know the
Convert::from_tcl(...);
THROW(exceptionB, ...);
}
} else {
/I Tcl Exception
THROW(internal, )

type

type



IDL Definition

interface FOO {
void getFoo (
in  TypeXXx;
inout TypeY y;

Tcl <-> C++ data structur e conver sion/mar shalling routines
Convert::from_tcl(..., TypeX, Tcl_Obj) {

Convert::to_tcl(...,Tcl_Obj, TypeX){...};

}

Convert::exception_from/to_tcl(...) {

}

/I Convert with Tcl_ListObjGetElements(...);

Il Convert with Tcl_NewListObj() etc.

/I Similar to code above...

out TypeZ z;
) raises (
exceptionA,

exceptionB

)

One-to-One mapping
from IDL definitions
to Tcl procedures

Tcl Implementation of Methods

proc FOO::getFoo {x vy vz} {
upvar $vy y
upvar $vz z
if {"need to raise exception A"} {

Client (New Tclsh Commands)

Tcl_CreateObjCommand (...,"getFoo",getFooCommand,...);
int getFooCommand (...) {

}

I
* 1. Convert from Tcl to C++ objects

* 2. Invoke CORBA method with C++ objects
* 3. Convert results to Tcl objects

* 4. return using Tcl_SetObjVar2() etc.

*/

error [list exceptionA ...]

#
# the ‘real’ code, written in Tcl...
#
if {"need to raise exception B"} {
error [list exceptionB ...]
}
}

Server (CORBA Server Methods)
FOO::getFoo (...) {

/I 1. Convert C++ to Tcl objects

/I 2. Create Tcl command string using above Tcl Objects
/I 3. Tcl_EvalObj("the tcl command string");

/I 4. Convert results to C++ objects to return to client

if (first_call) {
Tcl_Create_Interp(...);
Tcl_EvalObj(“the ‘real’ methods implemented in Tcl");

Figure3: AutomaticGeneratiorof CORBA “Transport’Routines

Raisinganexceptionfrom within ourTcl codelookslike
this:

if {$some_exceptional_condition} {
error {badParam \
{431 "FOO parameter expected"}}
}

4 Code Generation

Oneof the mostimportantfeaturesof the framework is
thata large portion of the low-level (e.g. non-Tcl)code
canbeautomaticallygenerated(Figure2). Thisis good
not only for quick responseo changesn requirements,
but alsoin our level of confidencen the sener’s robust-
ness. Oncewe developeda logical, regular patternfor
usein code generation,and we measureand test that
codefor relative correctnesandmemoryleaksetc.,then

we have a high degreeof trustin codethatis generated
from the samepatterndn future enhancementsAnd as
a practicalmatter we feel confidentthat if the gener
atedcodechecksreturnvaluesandcorrectlyhandleser-
ror conditionsin onecase,it will alsocorrectlyhandle
themin all similar cases.

To recap,our designrevealedthatthe following compo-
nentscouldbe generatedutomatically:

e Marshallingcodefrom/to Tcl

¢ Implementatiorof new Tcl commandg$or aTcl in-
terpreterusedasa CORBA client

o CORBA senerskeletonswhich translatea method
to a Tcl command,“eval”’ the Tcl “kernel”, and
translateheresultback.

We usedour hand-writtenprototypeimplementatioras
a modelfor the generatedC/C++ code. Thereis noth-
ing particularlynotevorthy aboutthe Tcl scriptswhich
generatedhe C/C++ code. It was mostly a matter of
templatetextual substitution.



It shouldbe pointedout thatthe codegeneratiorscripts
arenotnecessarilgenerapurpose Codewasonly writ-

tento generateghe typesandcaseghatappearedn our
sener IDL definition. As new methodsanddatatypes
were addedto the IDL definition, additional lines of

code generationcode occasionallyhad to be written.
On the otherhand,noneof theseadditionsso far have
causedary fundamentathangen thegeneracodegen-
erationtechniquethatis used.

It shouldfurtherbe pointedout thatthe codeis notgen-
erateddirectly from the IDL definition files, but rather
from a “pre-parsed’intermediaterepresentatiomf the
information that is representedn the IDL definition
files.

ThelONA Orbix CORBA productprovidesa codegen-
erationtoolkit [5] which exposesa pre-parsedepresen-
tationof IDL filesthroughTcl datastructuresndacces-
sorproceduredy way of a built-in Tcl interpreter This
wouldbeanefficaciousapproactior ourapplication put
atthetime of implementationye werelimited to a pro-
prietary CORBA ernvironmentwhich thereforerequired
ourown adhocsolution.

Our simplistic intermediatefile representationvas de-
signedso thatit canbe usedin a Tcl codegeneration
scriptby merely“eval'ing” it. We wantedto deferthe
difficult problemof parsingthe IDL files themselesin
the hopesthat an automaticsolution, suchasthat pro-
vided by Orbix, would eventuallybecomeavailable. In
themeantimemakingthesechangego ourintermediate
file “by hand”,wheneerthe IDL file haschangedhas
notrequireda significanteffort.

4.1 Marshalling

The marshallingcodewashbuilt aroundtheideaof hav-
ing two essentialpolymorphic cornversion methods—
Convert::from  tcl()  whichwouldtakeaTcl ob-
jectrepresenting list structureasinput andproducea
CORBA object (which may be composedof CORBA
sub-objects)as output— and Convert::to  _tcl()
which would go the oppositedirection. The types of
the agumentgo theseroutineswould determinewhich
instanceof the conversionroutinewould be called.

It was also decidedthat theseroutineswould recur
sively call themselesto processeachsubcomponent
that might needto be corverted,thuseliminatingcode
duplication.

A representatie pair of automaticallygeneratedorver
sionmethodss shavn for our RequestContext  ob-
jectin Figure3. Notice that the fourth memberof the
structureis a non-primitive objectwhich leadsto a re-
cursive call to Convert::from _tel

4.2 Server

On the sener side, the IDL compiler generatesener
skeletons(i.e. procedurestubs)for the methodsthat
are definedin the IDL. However, our Tcl script sub-
sumesthis behaior by generatingits own completed
sener skeletonswhich merelyrely ontherebeingacor
respondinglynamedTcl proceduren the Tcl “kernel”
thatit can“eval”.

An exampleof generatedsener codeis shovn in Fig-
ure4.

It might be worth mentioningthat the Tcl “kernel” is
packagedsa monolithicstaticstringin a sharedbject
sothatit appearsas a standardooking sharedibrary.
This is advantageousot only for simpler codedistri-
bution, but hasa highermanagemenacceptancéactor
thanscriptsastext files.

4.3 Client

Ontheclientside,muchof thecodeis analogouso what

is requiredfor thesener. Theargumentseedto becon-

verted,the relevant methodin the new implementation
languageneedsto be called, thenthe outputfrom the

resultneeddo betranslatedack.

An exampleof generatectlient codeis shavn in Fig-
ure5.

5 Testing

By far, the greatestadvantagein testingwasthe ability
to write testsin Tcl andto merelysourceour “kernel”
implementation®f the methodsbeingtested. A quick
changecouldbe madeandthe methodin questioncould
bere-“sourced'with rapidturnaround.

Also, with this method, the important code could be
written without the needfor a CORBA developmentn-



int Convert::from_tcl(Tcl_Interp *interp,
RequestContext *&requestContext,
Tcl_Obj *tcl_obj)

Tcl_ListObjGetElements(interp, tcl_obj, &obj);
/* verify that there are 5 arguments */
Tcl_GetLongFromObj(..., obj[0], &(requestContext->sessionld));
requestContext->application = Tcl_GetStringFromObj(..., obj[1], ...);
requestContext->lang = Tcl_GetStringFromObj(..., obj[2], ...);
Convert::from_tcl(interp, &(requestContext->profile), obj[3]);
requestContext->user = Tcl_GetStringFromObj(..., obj[4],...);

}

int Convert::to_tcl(Tcl_Interp *interp,
Tcl_Obj **tcl_obj,
RequestContext *requestContext)

{
*tcl_obj = Tcl_NewListObj(0, NULL);
Tcl_ListObjAppendElement(Tcl_NewLongObj(requestContext->sessionld,...));
Tcl_ListObjAppendElement(Tcl_NewStringObj(requestContext->application,...));
Tcl_ListObjAppendElement(Tcl_NewStringObj(requestContext->lang,...));
Convert::to_tcl(interp, &tcl_profile, &(requestContext->profile));
Tcl_ListObjAppendElement(Tcl_NewStringObj(requestContext->user,...));

Figure4: Simplified DataMarshallingcode(CORBA Case)

void MDS::getMarketData (
/*in */ const RequestContext &requestContext,
/*in*/ const DataSelector &dataSelector,
/*in */ const ReturnFields &returnFields,
/* out */ const MarketData  &results,

)

{
interp = Tcl_Createlnterp();

Tcl_EvalObj(/* the "kernel" */);
Convert::to_tcl(interp, &tcl_request_context_obj, &requestContext);
Convert::to_tcl(interp, &tcl_data_selector_obj, &dataSelector);
Convert::to_tcl(interp, &tcl_return_fields_obj, &returnFields);
tcl_command_obj = Tcl_NewListObj(0, NULL);
Tcl_ListObjAppendElement(interp, tcl_command_obj, /* "getMarketData" */);
Tcl_ListObjAppendElement(interp, tcl_command_obj, tcl_request_context_obj);
Tcl_ListObjAppendElement(interp, tcl_command_obj, tcl_data_selector_obj);
Tcl_ListObjAppendElement(interp, tcl_command_obj, tcl_return_fields_obj);
Tcl_EvalObj(interp, tcl_command_obj);
tcl_market_data_results_obj =

TclObjGetVar2(interp, /* "results" */, ...);
Convert::from_tcl(interp, &results, &tcl_marketdata_results);

Figure5: Simplified Generatedenercode(CORBA Case)



{
orb_init(&corba_obj);
Convert::from_tcl(interp, &objv[0], &requestContext);
Convert::from_tcl(interp, &objv[1], &dataSelector);
Convert::from_tcl(interp, &objv[2], &returnFields);
TRY (

returnFields, marketDataResults);

)
CATCH (InternalError) { /* Handle Exception */ }

CATCH (badRequestContext) {/* Handle Exception */ }
Convert::to_tcl(interp, &tcl_marketdata_results, MarketdataResults);
Tcl_ObjSetVar2(interp, /* "marketDataResults" */, tcl_marketdata_results);

void getMarketDataObjCmd(Tcl_Interp *interp, int objc, Tcl_Obj *CONST objv[])

corba_obj->getMarketData(requestContext, dataSelector,

Figure6: Simplified GeneratecClientcode(CORBA Case)

frastructureor eventheneedo runseparatsener/client
processes.

Oncewehada CORBA Tcl client,wewereableto reuse
thesametestingscriptswe wrote duringdevelopmento
do end-to-endestingacrosshe CORBA channel.This
evenallowed otherdevelopmenigroupswho werewrit-
ing CORBA-basedclient applicationsto our sener, to
useour CORBA Tcl clientin orderto do quick explo-
rationandcross-checkingf theinterfacewheneerthey
raninto difficulties.

An exampletestscriptlookslik e this:

% set requestContext {$sessionID \
$applicationID ENGLISH \
{DELAYED} $userld}

% set dataSelector {BYCONSTRAINTS\
{f {'US Dollars"} \

{"Swiss  Exchange"}}}

% set returnFields {BYFIELDNAME \
{ID CURRENT_PRICEHIGH_PRICE}}

% getMarketData  $requestContext \
$dataSelector $returnFields \
results

% puts  $results

{ID 324598234 CURRENT_PRICE45.5

HI_PRICE 48.25} {ID 43098234 ..}

6 Conclusion

In summary with our CORBA-as-transportesign,we
wereableto achieve:

¢ Rapiddevelopment

¢ Rolustness

o Easeof testing

¢ Rapidimplementatiorof interfacechanges

¢ Developmenbutsideof hugesupportervironment

¢ Reuseof useful tools in the OSF arenato inte-
grateotherapplicationsandleverageall of thiseven
within arigidly specifiedmiddlenvareframawork.

At leastup to a certainpoint, performancevasnever a
high-priority requirementHowever, it turnedout notto
be a problemeither Whenperformanceroblemswere
encounteredhe largestgainswereachiezed by adding
cachingatthe Tcl “kernel”level to compensatéor slov
dataaccesse® externalapplications.

The mostunexpectedbenefitwasthe easein providing
an XML accessnethodto our Tcl “kernel” which obvi-
ouslygivesidenticalsemanticsresults andperformance
characteristicsWe were ableto usemary of the same
codegeneratiortechniquego write automaticXML to
Tcl marshalling/unmarshallingpde whichrelieson ex-
actly thesamepre-parsedntermediataepresentationf
thelDL thatthe CORBA transporfayersuses.

We mustadmitthattherewasinitial skepticismin theap-
proachwetook,especiallyatthebeginningof theproject
whensomucheffort seemedo be neededn just build-
ing framavork and codegeneratiortools which didn’t
leaddirectly to ourtightly scheduledjoal.

However, in the end we not only achiezed our goal
but were easily able to adaptto even more changere-



gueststhan anticipated,given the high level of flexi-
bility our systemafforded. The IDL specificationhas
gonethroughl2 revisionssincetheapplicationwasfirst
launchedn Decembe998.
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