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1 Intr oduction

TheBinderLibrary (BL in thesequel)is a C++ templatelibrary, which implements
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� aversatileargumentbindingmechanismfor functionobjects

� generictupletypes

Thelibrary containsnobinarylibrary files,all templatedefinitionsarein asetof header
files. Thelibrary codeis standardC++.

1.1 Contact Inf ormation

TheBinderLibrary homepageis http://www.cs.utu.fi/BL. It is alsoavailableat theC++
Boostsite: http://www.boost.org.

1.2 Installing the library

The library consistsof a setof .hpp files. Placeall thesefiles into a subdirectory
namedbl. The library uses#include <bl/foo.hpp> to includethe internal
files. This meansthat thebl directory, or a symboliclink to it, shouldbelocatedin a
directorywhich is searchedfor includefileswhile compiling.

Include<bl/binder.hpp> to usebindersand<bl/tuple.hpp> to usetu-
ples. Therestof theheaderfiles in thepackagearefor internaluse.Note further that
<bl/binder.hpp> includes<bl/tuple.hpp>.

All definitionsareplacedin thenamespaceboost. If you preferanothernamespace,
defineBL NAMESPACE with someothername. DefineBL NO NAMESPACE if
youwantthedefinitionsin theglobalnamespace.

1.3 Portability

TheBL is writtenin standardC++,soit workswith any standardconformingcompiler.
However, thecurrentversionhasbeentestedonly with GCC2.95(thelibrary hassome
workaroundsfor noncompliantfeaturesin GCC).Theauthorof the library is greatful
for any information concerningproblemsor successin using the library with other
compilers.

2 Tuples

2.1 Intr oduction

In general,a tuple (or � -tuple) is a fixed sizecollectionof elements.Pairs, triples,
quadruplesetc. aretuples. In a programminglanguage,a tuple is a dataobjectcon-
taining otherobjectsaselements.Theseelementobjectsmay be of different types.
Tuplesare convenientin many circumstances.In particular, tuplesmake it easyto
definefunctionsthatreturnmorethanonevalue.

Someprogramminglanguages,suchasML, PythonandHaskell, havebuilt-in tuple
constructs.UnfortunatelyC++ doesnot. To compensatethis, the BL implementsa
tupleconstructwith templates.

2.2 Tuple types

A tupletypeis aninstantiationof thetupletemplate.Thetemplateparametersspecify
the typesof the tuple elements. The currentBL versionsupportstupleswith 0-10
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elements.If necessary, the upperlimit canbe increasedup to, say, a few dozensof
elements.Theelementcanbeof any C++ type,except:

� avolatilequalifiedtype(not supportedin thecurrentversionof theBL)

� a typethatcannotbecopied,i.e.:

– classeswhichdo not havea publiccopy constructor

– arrays

However, a referenceto sucha typeis avalid elementtype.

For example,thefollowing definitionsarevalid tupleinstantiations,whereA, B andC
aresomeuserdefinedclasses.

tuple � int �
tuple � double&, const double&, const double, double*, const double* �
tuple � A, int(*)(char, int), B(A::*)(C&), C �
tuple � std::string, std::pair � A, B ���
tuple � A*, tuple � const A*, const B&, C � , bool, void* �

Thefollowing showssomeinvalid tupleinstantiations:

class Y �
Y(const Y&);

public:
Y();�

;

tuple � Y � // not allowed, objects of type Y can not be copied���	�
tuple � char[10] � // not allowed: no array copy

Notehowever that tuple � Y& � andtuple � char(&)[10] � arevalid instantiations.

2.3 Constructing tuples

The tupleconstructortakesthe tupleelementsasarguments.For an � -elementtuple,
theconstructorcanbeinvokedwith 
 arguments,where�
��
���� . Defaultvaluesare
usedfor the ����
 lastunspecifiedarguments.For example:

tuple � int, double � ()
tuple � int, double � (1)
tuple � int, double � (1,3.14)

Notethatanargumentcanonly beleft unspecified,if it hasadefault initialisation.

class X �
X();

public:
X(std::string);�

;

tuple � X,X,X � () // error: no default constructor for X
tuple � X,X,X � (string(“Jaba”), string(“Daba”), string(“Duu”)) // ok
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In particular, referencetypesdo nothavedefault initialisation:

tuple � double& � () // error: a reference must be initialised explicitly
double d = 5; tuple � double& � (d) // ok���	�
tuple � double& � (d+3.14) // error: can not initialise a reference

// with a temporary
tuple � const double& � (d+3.14) // ok, but dangerous: the element

// may become a dangling reference

In sum, the tuple constructionis semanticallyjust a groupof individual elementary
constructions.

2.3.1 make tuple

Tuplescanalsobeconstructedusingthemake tuple (cf. std::make pair) helperfunc-
tions. This makestheconstructionmoreconvenient,saving theprogrammerfrom ex-
plicitly specifyingtheelementtypes:

tuple � int, int, double � add multiply divide(int a, int b) �
return make tuple(a+b, a*b, double(a)/double(b));�

By default, theelementtypesarededucedto theplain nonreferencetypes.E.g:

void foo(const A& a, B& b) ����	�
make tuple(a, b);

Themake tuple invocationresultsin a tupleof type tuple � A, B � .
Sometimesthe plain nonreferencetype is not desired,e.g. if the type cannotbe

copied. The programmercancontrol the type deductionandstatethata referenceto
constor referenceto nonconsttype shouldbe used. This is accomplishedwith two
helpertemplatefunctions: ref and cref. Any argumentcan be wrappedwith these
functionsto get thedesiredtype. Themechanismdoesnot compromiseconstcorrect-
ness,sinceanattemptto wrapaconstobjectwith ref is rejected.For example:

A a; B b; const A ca = a;
make tuple(cref(a), b); // creates a tuple � const A&, B �
make tuple(ref(a), b); // creates a tuple � A&, B �
make tuple(ref(a), cref(b)); // creates a tuple � A&, const B& �
make tuple(ref(ca)); // error, can’t wrap a const with ref

Arrays asmake tuple argumentsarededucedto referenceto consttypesby de-
fault,sothereis no needto wrapthemwith cref. For example:

make tuple(“Donald”, “Daisy”);

createsanobjectof typetuple � const char (&)[5], const char (&)[6] � 1. If anonconst
arraytypeis needed,ref muststill beused.

1Notethatthetypeof astringliteral is anarrayof constcharacters,not const char*.
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2.4 Accessingtuple elements

Tupleelementsareaccessedwith theexpression:

t.get � N � ()

or

get � N � (t)

wheret is a tupleobjectandN is aconstantintegralexpressionspecifyingtheindex of
theelementto beaccessed.Dependingonwhethert is constor not,get returnstheNth
elementasa referenceto constor nonconsttype.Theindex of thefirst elementis 1. N
mustbebetween1 and 
 , where 
 is thenumberof elementsin the tuple. Violations
of theseconstrainsaredetectedat compiletime. Examples:

double d = 2.7; A a;
tuple � int, double&, const A& � t(1, d, a);
const tuple � int, double&, const A& � ct = t;���	�
int i = get � 1 � (t); i = t.get � 1 � (); // ok
int j = get � 1 � (ct); // ok
get � 1 � (t) = 5; // ok
get � 1 � (ct) = 5; // error, can’t assign to const���	�
double e = get � 2 � (t); // ok
get � 2 � (t) = 3.14; // ok
get � 3 � (t) = A(); // error, can’t assign to const
A aa = get � 4 � (t); // error: index out of bounds���	�
++get � 1 � (t); // ok, can be used as any variable

2.5 Copy construction and tuple assignment

A tuple canbe copy constructedfrom anothertuple, provided that the elementtypes
areelement-wisecopy constructible.Analogously, a tuplecanbeassignedto another
tuple,providedthattheelementtypesareelement-wiseassignable.For example:

class A;
class B : public A � � ;
struct C � C(); C(const B&);

�
struct D � operator C() const;

�
tuple � char, B*, B, D � t;���	�
tuple � int, A*, C, C � a(t); // ok
a = t; // ok

In bothcases,theconversionsperformedare:char � int, B* � A* (derivedclasspointer
to baseclasspointer),B � C (a userdefinedconversion)andD to C (a userdefined
conversion).

Note,thatassignmentis alsodefinedfrom std::pair types:

tuple � float, int � a = std::make pair(1, ’a’);
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2.5.1 Tiers

Tiers are tuples,whereall elementsareof nonconstreferencetypes. They arecon-
structedwith a call to tie functiontemplate(cf. make tuple):

int i; char c; double d;���	�
tie(i, c, a);

Theabovetie functioncreatesatupleof typetuple � int&, char&, double& � (thesame
resultcouldbeachievedwith thecall make tuple(ref(i), ref(c), ref(a))). A tuple,such
asthis, thatcontainsnonconstreferencesaselementscanbeusedto ’unpack’ another
tupleinto variables.E.g.:

int i; char c; double d;
tie(i, c, d) = make tuple(1,’a’, 5.5);
cout ��� i ��� “ “ ��� c ��� “ “ ��� d;

This codeprints1 a 5.5 to thestandardoutputstream.A tupleassignmentoperation
likethisis foundfor examplein ML andPyhton.It is convenientwhencallingfunctions
which returntuples.

Thetying mechanismworkswith std::pair templatesaswell:

int i; char c; tie(i, c) = std::make pair(1, ’a’);

2.6 Efficiency of tuples

Tuplesareefficient. All functionsaresmall inlined one-linersanda decentcompiler
will eliminateany extra cost.Particularly, thereis no performancedifferencebetween
this code:

class hand made tuple �
A a; B b; C c;

public:
hand made tuple(const A& aa, const B& bb, const C& cc)

: a(aa), b(bb), c(cc) � � ;
A& getA() � return a;

�
;

B& getB() � return b;
�
;

C& getC() � return c;
�
;�

;
hand made tuple hmt(A(), B(), C());
hmt.getA(); hmt.getB(); hmt.getC();

andthiscode:

tuple � A, B, C � t(A(), B(), C());
t.get � 1 � (); t.get � 2 � (); t.get � 3 � ();

Thetier mechanismmayhaveasmallperformancepenaltycomparedto usingnonconst
referenceparametersasa mechanismfor returningmultiple valuesfrom a function.
For example,supposethatthefollowing functionsf1 andf2 have equivalentfunction-
alities:
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void f1(int&, double&);
tuple � int, double � f2();

Then,thecall #1 maybeslightly fasterthan#2 in thecodebelow:

int i, double d;���	�
f1(i,d); // #1
tie(i,d) = f2(); // #2

In vast majority of cases,this differenceis of no significance. See[6, 7] for more
in-depthdiscussionsaboutefficiency.

2.6.1 Effect on Compile Time

To compile tuplesquite many templateinstantiationsmustbe performed. This may
increasecompile time. Dependingon the compiler and the tuple length, it may be
more than 15 times slower to compile a tuple construct,comparedto compiling an
equivalentexplicitly written class,suchasthehand made tuple classin section2.6.
However, asa realisticprogramis likely to containa lot of codein additionto tuple
definitions,the differenceis probablyunnoticeable:Compile time increasesof 5 to
10 percentagesweremeasuredfor programswhich usedtuplesvery frequently. With
thesametestprograms,memoryconsumptionof compilingincreasedbetween22%to
27%.See[6, 7] for details.

3 Binders

3.1 Intr oduction

TheStandardTemplateLibrary (STL) [2], now partof theC++ StandardLibrary [3],
is agenericcontainerandalgorithmlibrary. Typically, STL algorithmsoperateoncon-
tainerelementsvia functionobjects.Thesefunctionobjectsarepassedasargumentsto
thealgorithms.

Any C++ construct,whichcanbecalledwith thefunctioncall syntax,is a function
object.TheSTL containspredefinedfunctionobjectsfor somecommoncases(suchas
plus, less andnegate). In addition,it containsadaptors for creatingfunctionobjects
from pointersto unaryandbinary functions,aswell as from pointersto nullary and
unarymemberfunctions.It alsocontainsbindertemplatesfor creatingaunaryfunction
objectfrom abinaryfunctionobjectby fixing oneof theargumentsto aconstantvalue.
SomeSTL implementationscontainfunctioncompositionoperationsasextensionsto
thestandard[4].

Despitethesetools, the possibilitiesto usememberandnonmemberfunctionsas
function objectsin STL algorithmsarelimited. The binding mechanismis restricted
aswell, allowing only oneargumentof a binary function to be bound. Further, the
useof adaptors,bindersandfunctioncompositionoperationstogetherleadsto lengthy
expressions,which may be difficult to comprehend.The BL providesa solution to
theseproblems:

� arbitraryargumentsof practicallyany C++ functioncanbebound

� syntaxis easyandintuitive

� functioncompositionis supportedwith thesamebindingsyntax
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3.2 Binders in the BL

Binding is anoperation,which createsa 
 -argumentfunctionobject,a binderobject,
from an � -argumentbindablefunctionobject, suchthat 
���� . Someof thearguments
of the original function object are boundto fixed values,the remaining 
 unbound
argumentsarecalledfree. Thefreeargumentsarespecifiedwith specialplaceholders
free1 andfree2.

To getthegeneralidea,considerthis example:

double gaussian(double x, double mean, double variance);
vector � double � y, z; double m, v;���	�
transform(y.begin(), y.end(), z.begin(), bind(gaussian, free1, m, v));

Let gaussian be a function computingvaluesfrom the Gaussiandistribution. The
bind expressioncreatesa unary function objectwhich calls gaussian every time it
is invoked. Parametersmean andvariance areboundto m andv, whereasx is left
open. Obviously, the transform invocationcomputesthe valueof Gaussianfunction
with meanm andvariancev for eachpoint in y andplacestheresultsin z.

3.3 Bind expression

Theform for abind expressionis:

bind(f, bind args)

wheref is an � -argumentfunctionobject(target function), andbind args is a list of �
arguments.In thecurrentversionof theBL, ����������� musthold. bind args must
bea valid argumentlist for f , exceptthatany argumentcanbereplacedwith free1 or
free2 (or anotherbind expression,seesection3.6). In addition,the BL definestwo
additionalplaceholderobjects: free1 ptr and free2 ptr. Their usageis explainedin
section3.4.2.

Theresultof abindexpressionis eitheranullary2, unaryor binaryfunctionobject.
Theprototypeof this functionobjectis definedasfollows:

(i) Thereturntypeis thesameasthereturntypeof thetargetfunction.

(ii) If bind args containsnoplaceholders,thefunctionobjectthatresultsis nullary.

(iii) If bind args containsfree1 placeholders,but no free2 placeholders,theresult-
ing functionobjectis unary. Theargumenttypeis thetypeof the 
 th parameter
of the target function, where 
 is the index of the first occurenceof free1 in
bind args.

(iv) If bind args containsfree1 andfree2 placeholders,theresultingfunctionobject
is binary. Thefirst argumenttypeis thetypeof the 
�� th parameterof thetarget
function, where 
�� is the first occurenceof free1 in bind args. The second
argumenttypeis thetypeof the 
�� th parameterof thetargetfunction,where 
 �
is thefirst occurenceof free2 in bind args.

(v) If bind args containfree2 placeholders,but not free1 placeholders,theexpres-
sionleadsto a compiletime error.

2A zero-argumentfunction.
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3.3.1 Binder objectsand the Standard Library

Binderobjectsconformto therequirementsof adaptablefunctionobjects,i.e., they de-
fine appropriatemembertypedefs.This meansthat they canbeusedasargumentsto
standardadaptors.For example,. bind1st(bind(f, free1, 1, 2), 3) is a valid expres-
sion,thoughnot very reasonable.A morerealisticexampleof this is: not1(bind(f, 1,
free1)).

3.4 Target function

Thetargetfunctioncanbe:

� apointerto a nonmemberor a staticmemberfunction.

� apointerto a constor nonconstmemberfunction.

� an STL adaptablefunction object: the classof the function objectmustdefine
thetypedefs:

– result type

– argument type (unaryfunctionobjectsonly)

– first argument type, second argument type (binary functionsobjects
only)

� a BL bindablefunction objet: the classof the function objectmustdefinethe
typedefs:

– result type

– argument types (a tupletypecontainingtheargumenttypes)

In the currentversionof the BL, the target function cannot be a pointer to volatile
qualifiedmemberfunction.

3.4.1 Ar gument types

Internally, the arguments(excluding the target argument)of the bind expressionare
storedasa tupleobject.Consequently, thesameconstrainsandrulesapplyto parame-
tersof targetfunctionswhichapplyto tupleelementtypesandconstructingtupleswith
make tuple (see2.3.1):

� Volatilequalifiedtypesarenotsupportedin thecurrentversionof theBL.

� Referencesto nonconstobjectsareallowed,but the correspondingactualargu-
mentsin thebind expressionmustbewrappedwith ref.

� Referencesto constobjectsthat cannotbe copiedare allowed, but the corre-
spondingactualargumentsin thebind expressionmustbewrappedwith cref.

Hence,by default, theboundargumentsarestoredin thebinderobjectascopies.The
cref (or ref) wrapperstate,thatinsteadof acopy aconst(or nonconst)referenceto the
argumentshouldbestored.For example:
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void foo(int& i); int i;
bind(foo, i); // error
bind(foo, ref(i)); // ok���	�
class A � A(const A&); ���	� � ;
void bar(const A& a);
bind(bar, A()); // error: A can’t be copied
bind(bar, cref(A()); // ok

Notethatfreeargumentsmustnotbewrappedwith ref or cref.

3.4.2 Member functions astargets

If thetargetfunctionis a memberfunction,thefirst argumentof bind args is special.
It is theobject,whosememberfunction is to becalled. This objectargumentmaybe
boundor free,likeany otherargument.

A boundobjectargumentcanbe a referenceor pointerto the object,theBL sup-
portsbothcaseswith a uniform interface:

bool A::foo(int); A a; vector � int � ints;���	�
find if(ints.begin(), ints.end(), bind(&A::foo, a, free1)); // reference is ok
find if(ints.begin(), ints.end(), bind(&A::foo, &a, free1)); // pointer is ok

Thefunctionalityis identicalin bothcases.
Similarly, if the objectargumentis free, the resultingbinderobjectcanbe called

bothvia apointeror a reference.

bool A::foo(int); list � A � refs; list � A* � pointers;���	�
find if(refs.befin(), refs.end(), bind(&A::f, free1, 1));
find if(pointers.begin(), pointers.end(), bind(&A::f, free1, 1));

Actually in bothcases,thededucedtypeof thefreeargumentis a referenceratherthan
a pointer. The resultingbindingobjectcan,however, be calledwith a pointer, which
is dereferencedwhenneeded.In somerarecasesthis may not be the desiredeffect.
ThereforetheBL definestwo additionalplaceholders:free1 ptr andfree2 ptr. They
canbeusedwithin objectargumentsto explicitly statethat the freeparametershould
bededucedto theappropriatepointertype.For example:

� If the sameplaceholderis usedin placeof someother argumentas well, the
referencetypemaynotbesuitable.For example:

void A::foo(A);
void A::bar(A*);
A a; �	���
bind(&A::foo, free1, free1)(a);
bind(&A::foo, free1, free1)(&a);�	���
bind(&A::bar, free1, free1)(&a); // error
bind(&A::bar, free1 ptr, free1)(&a);�	���
bind(&A::foo, free1 ptr, free1)(a); // error
bind(&A::foo, free1 ptr, free1)(&a); // error
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Thefirst two linesinvokethefoo functionasa.foo(a). Thethird line is anerror,
asthelibrary triesto call a.bar(a). Thefourth line is againok: the ptr variants
of the placeholdersstateexplicitely, that the free object variable is a pointer
insteadof a referefence.Theresultingcall is (&a)-¿bar(&a). Thelasttwo lines
areerroneous.Thefirst of themfails sincea is not a pointer. Thesecondfails,
sinceit triesto invoke (&a)-¿foo(&a).

� If the bind expressionis usedas an argumentto somestandardadaptor(say
not1), thereferencetypemaynot besuitable.For example:

bool A::foo(int) const; A a;�	���
bind(&A::foo, free1, 1)(a); // ok
not1(bind(&A::foo, free1, 1))(a); // ok�	���
bind(&A::foo, free1, 1)(&a); // ok
not1(bind(&A::foo, free1, 1))(&a); // but this is an error
not1(bind(&A::foo, free1 ptr, 1))(&a); // this is ok

3.4.3 Nonconstmember functions astargets

Thebindingmechanismis safewith respectto constnessof memberfunctions,analo-
gouslyto constnessof arguments.Thereis a small difference,though. While bound
argumentsof type referenceto nonconsttype mustbe wrappedwith the ref function
(seesection3.4.1),thisis notnecessarywith theobjectargumentof anonconstmember
function.For example:

void A::foo const(int&) const;
void A::foo(int&);
A a; const A const a = a; int i;���	�
bind(&A::foo const, const a, ref(i)); // ok
bind(&A::foo const, a, ref(i)); // ok
bind(&A::foo, const a, ref(i)); // error: nonconst member

// called with const object
bind(&A::foo, a, ref(i)); // ok: ref is not needed in the object argument

Note,however, thatcref muststill beusedif theobjectargumentcannot becopied:

class B �
B(const B&);

public:
foo() const;
bar();�

; ���	�
B b; const B& cb = b;���	�
bind(&B::foo, cb); // error, B cannot be copied
bind(&B::foo, cref(cb)); // ok
bind(&B::bar, b); // ok
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3.5 About placeholders

The placeholdersfree1, free2, free1 ptr and free2 ptr arevariablesdefinedin un-
namednamespacein bl/binder.hpp. The BL doesnot supportany additional
placeholders(suchasfree3, free4, !�!�! ), sinceno STL algorithmsacceptfunctionob-
jectstakingmorethantwo parameters.

3.6 Function compositionwith binders

An argumentin thebind args list of abindexpressioncanbeanotherbindexpression.
This resultsin a powerful functioncompositionmechanism.

A nestedbindexpressionis of theform:

bind(f, args1, bind(g, args2), args3)

Thatis, any argumentin thebind args list canbeabindexpression.Thisholdsrecur-
sively: thelevel of nestingcanbearbitrary.

Theinterpretationof a nestedbind expressionis a kind of a deferredfunctioncall.
An argumentof thebind args list is replacedwith a bind expression,which createsa
functionobject. Eachtime thevalueof theargumentis needed,thefunctionobjectis
calledto provide it. In theabovebind expression,eachinvocationof thebinderobject
callsg andpassestheresultasa parameterto f .

Section3.3 statedthe requirementsof a valid argumentlist for a bind expression.
With nestedbind expressionstheserulesdo not have to hold for individual bind ex-
pressions.Instead,a combinedargumentlist is formedby collectingtheargumentsof
the full bind expressionfrom left to right. In the exampleabove, thecombinedargu-
ment list is args1, args2, args3. The combindedlist must fulfil the conditionsfor
bind args statedin section3.3.

Hereis anotherexample.Theexpression

bind(f, free1, bind(g, a, bind(h, free1, free2))

createsa binary function object. The combinedbind args list is (free1, a, free1,
free2). Whenthebinderobjectis invoked,say, with parametrsx andy, it makesthe
call:

f(x, g(a, h(x, y)))

wherethesubstitutionsfree1=x andfree2=y havebeendone.

3.6.1 Examplesof function composition

Theexamplebelow convertsalist of strings(sl) containingintegralnumbersto avector
of integers(iv):

list � string � sl; vector � int � iv;���	�
transform(sl.begin(), sl.end(), iv.begin(),

bind(atoi, bind(&string::c str, free1)));

As anotherexample,supposethatpoint is a functionfor drawing pointson a canvas
usingsomecolour:

void canvas::point(double x, double y, colour c);
canvas* canv; vector � double � x, y;
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To draw thepoints(in green)specifiedby thecoordinatesin vectorsx andy, onecould
write:

for each(x.begin(), x.end(), y.begin(),
bind(&canvas::point, canv, free1, free2, green));

Note,thatthistwo-sequencefor each algorithmis notpartof theC++standardlibrary,
it is howeverstraightforwardto write [5, p.532]. Now, to representthey-coordinatesin
logarithmicscale,thestandardfunctiondouble log(double) canbeboundasfollows:

for each(x.begin(), x.end(), y.begin(),
bind(&canvas::point, canv, free1, bind(log, free2), green));

3.6.2 Binding nullary functions

For completeness,nullary functionscan be boundaswell. This is convenientwith
functioncomposition.For instance,thefollowing codecreatesa vectorof 100random
numberpairs:

vector � pair � int, int ��� pvec;
generate n(back inserter(pvec), 100,

bind(&make pair � int, int � , bind(rand), bind(rand)));

4 About using the library

4.1 Err or messages

Oneproblemwith theBL is relatedto errormessages.TheBL is typesafe,meaning
thatthecompilerwill catchsucherrorsaswrongparametertypesetc.While compiling
BL bind expression,the diagnosticmessagesreportingerrorstendto be lengthyand
somewhatcryptic. Thereasonfor this is that theerrormaybeencounteredonly after
several(recursive) templateinstantiationsteps.
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