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Preface

This documentdescribeghe Ada Structured_ibrary (ASL or AdaSL),a setof library
routines,frameworks, and containerclassedor Ada95. The documentdescribeghe
following partsof thelibrary:

e TheBaseclaspackages.
e Thecontainerclasses

e Thegeneralibrary routines
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Chapter 1

Overview of the Baseclass
package

This packagecontainsthe baseclassusedby therestof the system.All taggedtypes
shoulddecendrom the abstractypesdefinedhere.

Two abstractypesaredefined: ObjectandLimited_Object. Obviously, Objectis not
limited andLimited_Objectis. No otherdifferencesxist.

Thebaseclasse®achprovide threemethods:

To_String - Returnastringrepresentatiofor anobject.

Get_Object_Name - Returna namefor an object. For delugging errors, it is often
usefulif the objectprintsits actualnamesothe exacttaggedtypeis known. All
taggedypesshoulddefineoneof thesefunctions.

Cast - A castingoperatorto allow interfacesandmultiple inheritance.

1.1 TheCast Method

Ada95doesnotincludeary directsupportfor multiple inheritanceor interfaces.How-
ever, suchsupportcanbe easilyaddedo the systemthroughconsistentiseof the Cast
method.

The baseCastmethodsimple returnsthe object pointer passedn. If the developer
wantsto createa taggedtypewith interfacesthey shouldcreatea new taggedtype for

1



2 CHAPTER1. OVERVIEW OF THE BASECLASSPACKAGE

eachinterfaceor subclass.Theneachinterfaceshouldoverridethe Castmethodand
provide the ability to corvert betweernthe varioussubclasseandinterfaces.It should
alsocall the parentCastmethodfor anything it doesnt wantto implicitly handle.

For instancesupposave have thefollowing interface:

wi t h Basecl ass;
package Intfl is
type F1 is abstract new Basecl ass. Obj ect
with null record;
type F1_C ass is access all F1' d ass;
type F1_Ptr is access all F1;

procedure P1 (A : access F1) is abstract;

function P2 (A : access Fl) return String
is abstract;

end Intf1l;

andanotheiinterface:

wi t h Basecl ass;
package Intf2 is
type F2 is abstract new Basecl ass. Obj ect
with null record;
type F2_C ass is access all F2' d ass;
type F2_Ptr is access all F2;

procedure P3 (A : access F2) is abstract;

function P4 (A : access F2) return String
is abstract;

end Intf?2;

andwe want to supply an objectwith both of theseinterfaces. We cancreatea new
taggedypeasfollows:

w th Basecl ass;



1.1. THE CASTMETHOD 3

with Intfl;
with Intf2;

package Inpl1l is

type hject is new Basecl ass. Gbject with private;
type hject_Ptr is access all nject;

type hject_Cl ass is access all Object’ d ass;
subtype hject Parent is Basecl ass. vject;

subtype hject Parent Ptr is Basecl ass. bject Ptr;

function Cast (To_Cast : access bject;
New Type : in Ada. Tags. Tag)
return Object _d ass;

type Inpl1_F1l is new Intfl.F1 with private;

type Inpl1 F1 Ptr is access all Inmpl1_F1;
procedure P1 (A : access Inpl1_F1);

function P2 (A : access Inpll1 F1) return String;

type Inpl1_F2 is new Intf2. F2 with private;

type Inpl1l F2 Ptr is access all Inmpl1_F2;
procedure P3 (A : access Inpl1_F2);

function P4 (A : access Inpll1l F2) return String;

private

type hject is new Baseclass. Object with record
M_F1 : Inmpl1 F1 _Ptr;
M_F2 : Inpll_F2_Ptr;

end record,

type Inpll1 F1 is new Intfl.F1 with record
My_Object : nject_Ptr;
end record,

type Inpll F2 is new Intf2.F2 with record
My_Object : nject_Ptr;
end record;

end | npl 1;

The above code createsan Objecttype. It also createstwo othertaggedtypesthat
definetheinterfacesrequired.The castmethodsaredefinedasfollows:



4 CHAPTER1. OVERVIEW OF THE BASECLASSPACKAGE

function Cast (To_Cast : access bject;
New Type : in Ada. Tags. Tag)
return Cbject_Class is
begi n
if (New_Type = Intfl. F1l' Tag) then
return Object_C ass(To_Cast. My/_F1);
el sif New Type = Intf2. F2' Tag) then
return Object_C ass(To_Cast. M/_F2);
el se
-- Call nmy parent’s Cast nmethod.
return Cast(Cbject Parent Ptr(To Cast),
New _Type);
end if;
end Cast;

With this castfunction, a variableof type Objectcanbe castto eitherof theinterfaces
usingthefollowing syntax:

This_F1 :
This_F2 :

Intfl. F1_Cl ass(Cast(M_Object, F1'Tag));
Intf2. F2_Cl ass(Cast (My_Object, F2’'Tag));

Any methoddefinedfor the new interfaceshasaccesdo the mainobjectfor theinter
faces Obviously, thecreationroutineg(factoriesor whatever) shouldbuild thestructure
for the objectsto pointto eachother

Note thatwith this method(unlike Java), it is possiblefor interfacesto definecodeto
run.



Chapter 2

Ada Structured Library
Container Classes

This library containsthe Ada StructuredGeneric Containers(ASGC) and the Ada
StructuredObjectContainer ASOC), which is a setof genericand objectcontainer
classeghatcanbeusedfrom Ada95programs A numberof generabpurposecontain-
ersareimplementedTheseare:

e Vector

¢ Doublylinkedlist

e Array List

e Tree

e Singlylinkedlist

e HashTable

e Heap

e Graph

e DirectedGraph(DiGraph)

e Btree

Unlike mary othertypesof containersthesearebasiccontainerghat canbe usedfor
anumberof functions(stacks,queuessets,bags,etc.). In the authors opinion, those

5



6 CHAPTERZ2. ADA STRUCTUREDLIBRARY CONTAINER CLASSES

functionscanbe mappedo mary typesof containersit is the useof the containerthat
definesthefunction.

For mostof the containersseveralimplementationsredefined. Theimplementation
typesare:

e Fixed
e Expandable

e Dynamic

Eachhasit’ s own advantagesanddisadwantagesdiscussedater.

Eachcontainerdefinestwo public taggedtypes, Objectand Iterator As well, each
abstractcontaineralso definesthesetypes. The Objectis the actualcontainer The
Iteratoris the objectusedto iteratethroughtheitemsin the container

Two differentpackagehierarchiesare currentlydefined. Oneis the genericcontainer
classlibrary, which definesa setof genericcontainerghat cancontainary type. Al-
thoughthe containedype maybeary type (taggedor not), containeranditeratorsare
taggedypes.

The generic container class library is instantiated with the type in package
Asoc Collectible namedObjectClass. The Asoc Collectible packagedefinesan ob-
ject and a class pointer to that object. The containersare instantiatedwith the
classpointer to the collectible object, so pointersto taggedtypesthat inherit from
Asoc Collectible.Objectanbe containedusingthe objectcontainerclasslibrary. All
thethingscontainedn a containemustbe of the sameexacttype.

All taggedtypesdefinedby the ASGC derive from a single baseclassdefinedin the
baseclaspackage.

2.1 Using Generic Containers

Genericcontainersexist in a genericpackagehierarchy This meansthat the base
packaggAsgc)is agenericpackageandthusall it's childrenaregenericpackagesTo

instantiatea specificcontainer all the package$rom the basepackageo the specific
containemustbeinstantiated.

So,for instanceif wewantasortabldixedvectorandanordered notsortabledoubly-
linkedlist bothof floating point type, thefollowing packagecould be used:

with Asgc. Ordered. Sort abl e. Vect or. Fi xed;
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with Asgc. Ordered. D i st. Dynani c;
package Fl oat_Containers is

package Fl oat Base is
new Asgc( Cont ai ned_Type => Fl oat);
package Float_Ordered is
new Fl oat _Base. Or der ed;
package Float_Sortable is
new Fl oat _Ordered. Sort abl e;
package Fl oat_Sortabl e Vector is
new Fl oat _Sort abl e. Vect or;
package FLoat _Ordered_Diist is
new Fl oat _Ordered. DLi st;

package My Vector is

new Fl oat _Sortabl e_Vector. Fi xed;
package My_DList is

new Fl oat _Ordered_DLi st. Dynani c;

end Fl oat _Cont ai ners;

Thenwe couldwrite a procedurdo usethesecontainers:

wi th Fl oat _Cont ai ners;
with Text 1O use Text 10O

procedure Use_ Fl oat_Containers is

package Menbers renanes Fl oat Contai ners. Fl oat _Base;
package Stack
renanes Fl oat _Cont ai ners. Fl oat _Ordered,;

My_Menbers : Menbers. Obj ect _Cl ass
:= new Fl oat _Contai ners. My_Vect or. Qbj ect
(Size => 10);

My_Stack : Stack. Object O ass
:= new Fl oat _Cont ai ners. My_DLi st. bj ect;

Val : Float;
begi n

St ack. Push(My_Stack.all, 1.0);
Menbers. Add( My_Menbers. al |,
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Stack. Get _At (My_Stack.all, 1));
St ack. Push(My_Stack.all, 2.0);
Menber s. Add( My_Menbers. al |,

Stack. Get _At (My_Stack.all, 1));
St ack. Push(My_Stack.all, 3.0);
Menber s. Add( My_Menbers. al |,

Stack. Get _At (My_Stack.all, 1));

whil e (Stack. Menber Count (My_Stack.all) /= 0) |oop
St ack. Pop(My_Stack.all, Val);
Put Line("Popped " & Float’'|Inmage(Val));
end | oop;
end Use_ Fl oat _Cont ai ners;

This methodof instantiatingall the packagesnay seemincorvenient,but it allowsthe
operation®nthe containetto beasgenericaspossible For instancejf all you needis
genericcontaineroperationsyou shouldcastthe typeinto andAsgc.ObjectClassand
usethatparticulartypefor the operations.This way, you canjust renamethe package
you areusingandyou canusea differentcontainemwith no othercodechanges.

It is alsorecommendethatyou renamethe packageo somethingyou wantto usethe
operatiorfor. Thisalsogivesmoreflexibility by renaminghepackagelt alsoletsyou
namethe packagavhatyou areusingit for, suchasthe Stackin theexampleabove.

2.2 Storage Management and Containers

All thecontainersanusestoragemanagementachgenericcontainehasamanaged
version,with ”_Managed”appendedo the end of the name. The managedversion
takes a storagemanagementype and a storagemanagevariableas formal generic
parameterst will usethatstoragemanagefor all dynamicallyallocateddataandfor

all accessypesit defines.

Severalmethodf specifyingstoragenanagemenwereconsideredandnoneof them
seemed/ery good. Thelessermf the evils waschosen.Someotheroptionsconsidered
were:

Specifythestoragemanagertobjectcreation Thiswouldinvolvelots of nastycasting
andwould requirea pointerto the storagemanage(sincethey arelimited types).

Specifythe storagemanageion every operation- This is similar to above exceptthat
the storagemanagemvould have to be held for every allocatedobjectsoit could be
properlydeallocated.

Createa separatgackagewith the storagemanagersa requireddiscriminant- This
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requirespretty much completecodeduplicationsinceall the pointersmusthave the
storagamanagespecified.

Passin adummytype asagenericparameteanduseits storagemanager This makes
thingsalittle easierbut justseemgoo wierdto use.

The third approachwastaken. Sincethe codeis pre-processebly scriptsarnyway; it
wasnt a big dealto adda managedrersionof eachcontainer

However, I'd really like it to be an optionalgenericformal parameterbut thereis no
way to do this thatl couldfigure out. If anyonehasary ideason how to do this, I'm
listening...

2.3 Container Types
As mentionecdbefore the containercomein threedifferenttypes:

Fixed - Fixedcontainersaaredefinedwith astaticsize(all currentlyimplementedon-
tainersusean array). Fixed containersare guaranteedo not allocatememory
dynamically(unlessNew_Iteratoris called,which will dynamicallyallocatean
iterator). Fixed containergyenerallytake a sizediscriminanton creation,which
is thenumberof elementn the container

Expandable - Expandableontainersaaremuchlik e fixed containersexceptthatthey
will expandtheir sizewhenanitem it addedwhenthey arefull. They will not
currentlyreducetheir size (althoughthat could feasiblebe added). Thesewill
only usedynamicallocationwhenthey areinitially createdr whenthey expand.
Expansiordoesrequirea copy, soit is notvery efficient. Expandablecontainers
generallytake two discriminants:aninitial sizeandan amountto increasehe
the containemwhenit is expanded Theincreaseamountcanbezero,thenit will
behaelike afixedcontainer

Dynamic - Dynamiccontaineraisedynamicmemoryallocationfor eachitem in the
container Dynamiccontainersio not generallytake a sizediscriminant.

Thecontainetierarchyis:

Asgc - Thebasegenericcontainerclass. This hold functionsthatareavailablefor all
containerclassesandholdsafew methodgor operatingon containers.

Asgc.Ordered - Thispackages thebaseof thepackagéehierarchyfor packagesvhere
eachentryhasanordinalvaluethatcanbeaddressedOrderedypescanbeused
asvectors|ists queuesor stacksandhave directsupportfor operationgor those
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functions.All the orderedcontainerdave the sameinterface thediffereng lies
in the efficiengy for performingcertainoperations.

Asgc.Ordered.Sortable - This packages the baseof orderedcontainersvhosecon-
taineditemscanbe comparedising>, <, etc. Thusthey canbe sorted. Other
wise, they areexactly like normalorderedcontainersAll orderedcontainersare
alsoavailableassortablecontainers.

Asgc.Ordered.Sortable.Vector, Asgc.Ordered.Vector - A variablesizedarray Indi-
vidual elementareefficiently addressableyut insertionaryplacebut the endis
not efficient. Fixedandexpandablecontainersareavailable.

Asgc.Ordered.Sortable.Alist, Asgc.Ordered.Alist - A variablesizedarraylist. Indi-
vidual elementreferencesireefficient (but not asefficientasavector).Insertion
is efficient of doneat the beginningor at the end, but not in the middle. These
malke good stacksor queuesf the maximumsizeis known or not very much
expansiorwill bedone.Fixedandexpandablecontainersareavailable

Asgc.Ordered.Sortable.Dlist, Asgc.Ordered.Dlist - A doublylinked list. Insertion
at ary pointis very efficient, but direct referenceto an elementnumberis not
very efficient. Fixed, expandableand dynamiccontainersare available. The
fixed and exapandablecontainersuse array indexes for the next and previous
referencesso copying themis efficient. They alsodo notdo memaoryallocation
for every new element.Referencinghrougharrayindexesis slower thandirect
pointersthough.

Asgc.Tree - A binary tree. It may be optionally balance(a balanceddiscriminant
determineghis). Fixed, expandableanddynamiccontainersareavailable.

Asge.List - A singly linkedlist. Insertionat any pointis efficientandreferencinghe
beginning and next valuesis efficient. Searchingmustbe linear and iterators
for this containercannotbackup. Fixed, expandableanddynamiccontainers
are available. The fixed and exapandablecontainersusearray indexesfor the
next andpreviousreferencesso copying themis efficient. They alsodo not do
memoryallocationfor every new element.Referencinghrougharrayindexesis
slower thandirectpointers though.

Asgc.Heap - A heap,orderedsothe largestvaluecomesout ontop. As usual,inser
tion andremoval or O(log n) operations.However, searchingor avaluein the
heapis still O(n). Maybe somedayanotherdatastructurewill be laid over the
heap(perhaps balancedree)to make searchesguicker. Fixed,expandableand
dynamicheapsareavailable,muchlik e trees.Notethatthefixedandexpandable
structuresake MUCH lessstoresincetheir left, right, andup link valuescanbe
determinedby their positionin the array;link indexesarenot neededNotethat
the heapcanbe madeto make the smallestvaluecomeout on top by reversing
the" >","<" " >=" and"<=" functionspassedn to thegenerics.

Asgc.Hash - A hashtable. A hashfunction mustbe provided, andthe performance
of the hashtabledependgreatlyon the performancef the hashfunction. Note



2.3. CONTAINER TYPES 11

that fixed, expandable and dynamichashtablesdo not work quite like other
functions.A fixedhashtableis a closedhashtablewith agivensize.An expand-
ablehashtableis givena sizeanda maximumfill percentagelf the hashtable
will exceedthe maximumfill percentageit will insteadcreatea new hashtable
(samesize asthe first) and chainthemtogether so both will be searchedor a
value.A dynamichashtableis anopenhashtable,the sizeof thetableis speci-
fied. Notethathashtablescanoptionallyhold morethanoneof the samevalueif
the Allow_Duplicatesdiscriminateis setto True. The SearchandSearchAgain
functionswill efficiently iteratethroughall thevaluesin thetable. A hashfunc-
tion mustbe suppliedfor hashtables. The quality of the hashfunctionis very
important,aswell asthesizeof thehashtablechosen Readyour datastructures
bookon hashtablesfor moreinfo.

Asgc.Graph - A graphcontainer This containercanbe usedto implementarbitrary
standardgraphs(not directedgraphs)or directedgraphs. Internally the graph
containerusesa hashtablefor searchingit unfortunatelyhasto exposesomeof
this becausét needsa hashtable size and a hashfunction to do this, sothose
must be provided to the generics. The graphcontaineris alsoa little unusual
in thatit actuallyhastwo containertypes: onefor holdingthe graphnodesand
onein eachnodeto hold the links. Eachof thesemay be individually chosen
to bedynamic,fixed, or expandablegiving nine differentcontainerghatcanbe
specified.Unfortunatelythis makesthingsalittle complegto specify A separate
sectionis dedicatedo thegraphcontaineldaterandtalksabouthow to useit. As
with hashtablesthehashfunctionandhashtablesizeareimportantif thesearch
functionsaregoingto beefficient.

Asgc.Btree - A Btreecontainer This implementssomevariationsof Btreeswith B+
and B* extensions. Only a dynamicversionis available. The otherversions
werejust too hardto do. A Btreeshouldbe fasterthana balancedinary tree
for mostoperationsbut doesnot exposeits internaltreerepresentationlt hasa
betterworst-casgerformancehana hashtable (all operationsarelogarithmic)
but worseaverageperformancahana hashtablewith agoodhashalgorithm.

All the containersareimplementedasgenericchildrenin their hierarchy soto instan-
tiate a genericof a containeythewhole hierarchyup to the requiredcontainermustbe
instantiated.For instance to createa dynamictreeif floats,the following would be
used:

wi th Asgc. Tree. Dynami c;

package Float Containers is

new Asgc(Cont ai ned_Type => Fl oat);
package Float_Tree is new Fl oat _Contai ners. Tree;
package Float_Dyn_Tree is new Fl oat _Tree. Dynanmi c;
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Noticethatthepackagespecifiedo instantiatea child generids thealreadyinstantiated
parentgeneric,nottheactualcontainemame.

This samehierarchyis definedfor objectcontainersexceptthatthenamesarechanged
from Asgcto Asoc. The Asoc containers valueis a classpointerto the Objecttype
definedin Asoc Collectible. So ary type that inherits from Asoc Collectible.Object
canbe putinto an Asoccontainer Notethatif thevaluesin the containeraregoingto
be comparedsearchedsorted,put into a tree,hashtable, etc.) they mustbe objects
with thesametag. Otherwisejt would bedifficult to comparehemsinceit wouldraise
anexception.

2.4 Container Operations
All containerssupportthefollowing methods:

Add( O Val) -Addthevalue”Val’ to container'O”. Theaddpositionmaybeary
location,it dependsiponthecontainer

Del ete( O, Val) -Deletethevalue”Val”to container'O”. If acontaineisupports
morethanoneentry of the samevalue,only oneof the valuesis deleted.

Member Count (O return Natural -Returnthenumberofitemsin thecon-
tainet

"="(0Ll, @) return Bool ean - Comparedwo containergto seeif they are
equivalent. The meaningof this variesfrom containerto container In general,
this isn’t a very useful function for containerswith nondeterministigositions
(suchasheap=r hashtables)but worksfairly well for trees lists, etc.

Verify.Integrity(O - Performsinternal checkson the integrity of the con-
tainer’s datastructures.Raisesan exceptionif the containerhassomeinternal
problem.

Copy(O return Object_C ass - Makeacopy of anobject.

Set Cal | backs( O, Ch) - Setthecallbackobjectfor the container Seethe sec-
tion on callbacksfor moredetails.

Generic_For ‘Al l (O - A genericmethodthatwill call the function specifiedin
the genericfor every memberin the container If the containeris one with a
specifiedorder, thememberswill beprocessedh order

New.l terator (O return Iterator_Cl ass - Returna dynamically allo-
catediteratorfor thegivenobject. Notethatthevaluepassedn mustbeapointer
to theobject,thereforeobjectsthatareusedwith iteratorsmustbeableto beref-
erenceby access.
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Newlterator(O return Iterator - Returnan iteratorfor a given con-
tainer Thisis nota class-wide€unction, but oneis providedfor every container
Note thatthe value passedn mustbe a pointerto the object, thereforeobjects
thatareusedwith iteratorsmustbe ableto bereferenceby access.

Set Container(lter, O - Settheiteratorscontainer Whenaniteratoris just
declared|t doesnot intrinsically have a containerassociatedvith it. The con-
tainermustbe assignectitherby assigningheiteratorto anotheriteratoror the
returnvalueof New_Iteratoror by calling Set Container

24.1 Ordered and Sortable Container Object

Methodsfor all orderedand sortablecontainerdollow. Note thatwhenusingone of
thecontainerdor a stackor aqueuethe”At” operationsvork logically. Locationl is
thetop of the stack,2 is oneunderthetop, etc. Locationl is theheadof thequeuegtc.

Add_At (O, Loc, Val) -AddValatthegivenlocationin thecontainerAll mem-
bersat thatlocationandafterin the containemwill be pushedforwardoneloca-
tion.

Set At (O Loc, Val) - Setthevalueatthegivenlocationto thespecifiedvalue.
The Addedcallbackis calledfor the new valuethenthe Deletedvalueis called
for theold value.

Get At (O Loc) return Contai ned_Type - Getthe value at the specified
location.

Del et e At (O, Loc) - Deletethespecifiedocation. All locationsafterthatloca-
tion aremove onelocationback.

Push( O, Val) - Usethecontainedike a stackandpushonevalueontothe top of
it.

Pop( O, Val) -Usethecontainedike astackandpopthevalueoff thetop of it.

Enqueue( O, Val) - Usethecontainedike aqueueandaddanentryontothehead
of it.

Dequeue( O, Val) - Usethecontainelikeaqgueueandtake thetail entryoff it.
Sorting

Genericsortpackagesareincludedfor sortablecontainersThefollowing sortpackages
areavailable:
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Asgc.Ordered.Sortable.Bubble Sort - A standardubblesort.
Asgc.Ordered.Sortable.Quicksort - A standardubblesort.

Eachof theseprovidestwo sortprocedures:

Sort (O - Sortthe object. This routinewill dynamicallyallocateiteratorsfor its
operations.

Sort (O Iterl, Iter2) -Sorttheobjectbutusetheiteratorsprovidedinstead
of allocatingthem. The positionof theiteratorsis destryed.

2.4.2 TreeContainer Object

No specialmethodsare requiredfor tree containers.Note that a tree cannever hold
morethanoneof the samevalue.

24.3 List Container Object

List containersaddthe following methods:

Add_Head( O, Val) - Addthegivenvalueto theheadof thelist.
Add_Tai |l (O, Val) - Addthegivenvalueto theTail of thelist.
2.4.4 Heap Container Object

Heapcontainersareusedto find the Maximum (or minimum)valueatthetreeroot, so
specialmethodsaredefinedto operateon theroot:

Get Head(O return Contai ned_Type - Returnbutdonotremovethevalue
attherootof theheap.

Remove Head( O, Val) - ReturninValthevalueattherootoftheheapthendelete
it from theheap.

245 Hash Table Container Object

Hashtablecontainersaddno speciafunctionsto the basiccontainemperations.
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2.4.6 Btree Container Object

Btreecontainersaddno specialfunctionsto the basiccontainermperations.

2.4.7 Graph Container Object

Graphcontainergrovide thefollowing additionalmethods:

Set Li nk_Cal | backs( O, Cb) - Setthe callbackobjectfor the container See
thesectiononlink callbacksfor moredetails.

Add_Li nk(O, From To, Contents, lgnoreDup := True) - Add a
link from the "From” valueto the "To” value. If the link alreadyexists and
Ignore Dup is False,an ltem_Already_Exists exceptionis raised. If thelink al-
readyexistsandlgnore Dupis True,thecall doesnothing. Otherwisethelink is
addedandtheusercontentf thelink is setto the ContentparameterNotethat
this will not changethe exists contentsif thelink alreadyexists andduplicates
arenotallowedandlgnore Dupis setto True. Threeroutineareprovidedin this
form, onewith two iterators,onewith the”From” asaniteratorandthe”To” as
avalue,andonewith the”From” asvalueandthe"To” asaniterator

Li nk_Exi sts(O, From To) return Bool ean - ReturnsTrueif alink ex-
istsbetweerthe elementsn the containeithatcontain”’From” and"To”.

2.5 Data Storagein Containers

The datausedto maintaina containers datastructureds guaranteedo be uniqueto

thecontainer If acontaineris copiedby assignmenobr the Copy function,acomplete
new datastructureis allocatedto matchthe onefrom the sourcecontainer Whena
containelis destreyed,all thedatastructuresassociateavith it arefreedautomatically

This doesnot apply to the valuesthe usersuppliesthe container The usermay use
callbackgo provide a similar function.

Notethatfor setoperationgunions,intersectionsetc.) the containerassumehatif a
pair of valuescompareasequal,thenthey arereplaceableit doesnt matterwhich of
themis added removed, etc. The usermustbe carefulto honorthis semantidf they
expectsetoperationgo work correctly
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2.6 Callbacks

Theusermaydefinea callbackstype (inheriting from the Callbackstypein Asgc)that
hasmethodsthat will be calledwhen operationsare performedon the valuesin the
container Thefollowing methodsareprovided:

Added(Cb, O Val) - An itemwasaddedto the containerwith an explicit add
operationof sometype (Add, Enqueueetc).

Copi ed(Ch, O Val) -Anitemwascopiedfrom onecontaineito anotherthisis
only calledfor explicit copiesbetweercontainersnotfor copy operationsnside
the container

Del eted(Ch, O Val) -Anitemwasdeletedrom thecontainer

The containersare careful to perform the Added method before they perform the
Deletedmethodif valuesare beingreplacedsoit is safefor the userto keepa ref-
erencecountin theobjectto tell how oftenit is beingused.Also, theusermayreplace
the objectwith a new object, but mustbe VERY carefulto keepthe "value” of the
object(whencomparedgxactly the sameasthe objectbeingreplaced.

Thesecallbacksare primarily intendedfor automaticstoragereclamation.So, for in-
stance the value may be a pointerto somedatastructurethat the userdynamically
allocatesand putsin the container The usercanadda referencecountinitialized to
zeroin the datastructure.On every Addedor Copiedcall, the usershouldincrement
the referencecount. On every Deletedcall, the usershoulddecrementhe reference
countandif it reachezerothe valuecanbe freed. This removesthe difficult opera-
tion of freeingmemaoryfrom the main body of the users code(often called“garbage
colletionlite”.

Anotherway to do thisis to have Addeddo nothing,Copiedmale a copy of thevalue,
andDeletedalwaysfree the value. Sincethe valueit is passedin out”, the usercan
modify the valuepassedn andthevaluereturnedwill be putinto the new container

2.7 lterators

Iteratorsare objectsthat hold somepositionwithin a containerand can performop-
erationsbaseduponthatposition. This implies, of course thatcontainershave some
order, but the orderis arbitraryandnot alwaysreversable.

Becausef the arbitrarinesof the order, an operationon a containerthat modifiesthe
containers contentawill invalidateall iteratorsthatreferencehe containerif they are
usedwithouttheir positionbeingresetanexceptionwill beraised.If the operatiorthat
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modifiesthe containelis performedusinganiterator, thatspecificiteratorwill still be
valid andwill referenceghe”Next” valuein thecontainer Theonly exceptionis when
thelastitem in the containeris deleted,the iterator cannotback up andwill thusbe
invalid.

Iterator operationsthat move the position of the iterator will generally return an
End Markerto tell if theiteratorattemptedo move pasteitherendof thecontainer

Whenan iteratoris createda classpointerto the baseobjectdefinedin Asgcis re-
quired. This meansthat all containerghat needto be iteratedmust be dynamically
allocatedor aliased.It would be niceif this wasnotthe caseput it is very difficult to
referenceoneobjectfrom anothewithout a pointer

Basicmethodsoniteratorare:

Add(lter, Val) -Addstheitemto thecontainetheiteratorreferencesandposi-
tionstheiteratoron theaddedtem.

First(lter, |s_End) - Settheiteratorpositionto thefirstitemin thecontainer
If thecontaineiis empty the PastEndwill bereturnedn Is_.Endandtheiterator
will notbevalid.

Next (Iter, |s_End) - Movetheiteratortothenextitemin the container If the
currentitemis thelastitemin thecontainerthentheiteratorwill notbemodified
(it will still bepositionedonthelastitem)andls_.Endwill besetto PastEnd.

Del ete(lter, |s_End) - Remwe the valuereferenceby the iterator from the
container If the valueis the lastitem in the containey Is_.End will be setto
PastEndandtheiteratorwill beinvalidated.Otherwise theiteratorwill be po-
sitionedontheitem afterthedeletedtemandls_Endwill besetto Not_PastEnd.

Is Same(lterl, Iter2) return Bool ean - ReturnsTrue if the iterators
arepositionedon the samelocationin the samecontainer

Get(Iter) return Contai ned_Type - Returnthevalueat the currentposi-
tion of theiterator

Get Incr(lter, Val, |s_End) -Returnthevalueatthepositionoftheiterator
then move the iterator to the next item in the container The standardNext()
methodsemanticapplyto this function,too.

"="(lterl, lter2),"="(lterl, Val),"="(Val, Iterl) -
Normal comparisoroperationson iteratorsdo not comparethe iteratorsthem-
selesbut thevaluesthey reference.

Search(lter, Val, Found) - Searchfor the specifiedvaluefrom the begin-
ning of the container If the valueis found, thenFoundis setto True andthe
iteratoris positionedon the positionholdingthatvalue. Otherwise Foundis set
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to Falseandtheiteratorwill beinvalid. The efficiency of this operationdepends
onthespecifiedcontainer

Sear ch_Agai n(lter, Found) - Searchagainfor thevalueatthe currentposi-
tion of theiterator Calling Search(JandthenSearchAgain() until Falseis re-
turnedin Foundis guaranteedo getall itemsin the containemwith the specified
value.

Entry_Count (O, Val) return Natural - Returnthe numberof timesthe
specifiedvalueis in the container

Uni on(Dest, Ol, 2) - Performasetunionof O1andO2 andreturntheresult
in Dest. Thesevaluesare classpointersto object, not straightobjects,because
iteratorsmustbe usedto work on the containersThis routineworks evenif ary
of the containersare the samecontainer Note thatthis is a pure setunion, if
eitherof the sourcecontainergontainmorethanoneof the samevaluethenthe
resultof thiswill beinvalid or anexceptionmightberaised.

Intersection(Dest, Ol, @) -Performasetintersectiorof O1andO2and
returnthe resultin Dest. Thesevaluesare classpointersto object, not straight
objects,becausdteratorsmustbe usedto work on the containers.This routine
works evenif ary of the containersarethe samecontainer Note thatthis is a
puresetintersectionjf eitherof the sourcecontainerscontainmorethanoneof
the samevaluethenthe resultof this will be invalid or an exceptionmight be
raised.

Bag_Uni on(Dest, OLl, 2) - Performabagunionof O1andO2andreturnthe
resultin Dest. Thesevaluesare classpointersto object, not straightobjects,
becauseteratorsmustbe usedto work on the containers. This routine works
evenif ary of the containersarethe samecontainer Sincea bagcancontain
multiple of thesamevalue,thedestinatiormustbeableto hold duplicatevalues.
Otherwise anexceptionwill probablyberaised.

Bag.I ntersection(Dest, Ol, O2) - Performa bagintersectionof O1 and
02 andreturntheresultin Dest. Thesevaluesare classpointersto object,not
straightobjects,becauséteratorsmustbe usedto work on the containers.This
routineworks evenif ary of the containersarethe samecontainer Sincea bag
can contain multiple of the samevalue, the destinationmust be able to hold
duplicatevalues.Otherwise anexceptionwill probablyberaised.

2.7.1 Ordered and Sortable Container Iterator

Iteratorsfor orderedandsortablecontainerdhave the following methods:

Last (Iter, |s_End) - Setthe iteratorpositionto the last positionin the con-
tainer Is_.Endwill besetto PastEndif thecontaineris empty
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Prev(Iter, |s_End) - Setthe iteratorpositionto the previous positionin the
container If the iteratoris at the first item in the containey the iteratoris not
modifiedandls_Endis setto PastEnd.

Set Loc(lter, Loc) - Settheiteratorpositiontoadirectlocation.If thelocation
is notvalid (or the containeris empty)a ConstraintError will beraised.

Get Loc(lter) return Natural - Returnthe currentdirectlocation of the
iterator

Is After(lterl, Iter2) return Bool ean - ReturnTrueif thepositionof
Iterlis afterthe positionof Iter2 in the container Theiteratorsmustreference
thesamecontainer

|sBefore(lterl, Iter2) return Bool ean - ReturnTrueif the position
of Iterl is beforethe positionof Iter2 in the container The iteratorsmustrefer
encethe samecontainer

"-"(lterl, lter2) return |Integer - Returnthe differencebetweenthe
locationof Iterl andthelocationof Iter2.

"+"(Iterl, Ofset) return Iterator -Returnanew iteratoratthegiven
offset from the position of Iterl. If the positiongoesbeyond the rangeof the
containera ConstraintError will beraised.

"-"(lterl, Ofset) return Iterator -Returnanew iteratoratthegiven
offset from the position of Iterl. If the positiongoesbeyond the rangeof the
containera ConstraintError will beraised.

Swap(lterl, Iter2) - Swap the valuesat the given locationsin the iteratot
Note that no callbackis calledfor this if the operationoccursin the samecon-
tainer If Iterl and Iter2 referencedifferent containers,Added callbacksare
calledfor bothvalueson their destinatiorcontainersandthenDeletedcallbacks
arecalledfor thesourcecontainers.

Add_After(lter, Val) -Addthegivenvalueaftertheiteratorscurrentposition.
After this operatiortheiteratorwill bepositionedonthe newly addedvalue.

Add Before(lter, Val) -Addthegivenvaluebeforetheiterators currentpo-
sition. After this operationthe iteratorwill be positionedon the newly added
value.

Set (Iter, Val) - Setthevalueof theiterators position. The Added callbackis
calledfor the new valuethenthe Deletedvalueis calledfor the old value.

Get Decr(Iter, Val, |Is_End) -Returnthevalueatthepositionoftheiterator
thenmove theiteratorto the previousitemin the container The standardNext()
methodsemanticapplyto this function,too.
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Iteratorsfor sortablecontainerscanbe comparedrdinally, sothey addthe following
methods.Thesecomparisormethods(aswith the" =" operator)comparethe values
theiteratorsarepositionedat, not the positionof theiterator

"S"(lterl, Iter2)
">"(lter, Val)
">"(Vval, Iter)
"<"(lterl, Iter2)
"<"(lter, Val)
"<"(Val, lter)
">="(lterl, Iter2)
">="(lter, Val)
">="(Val, Iter)
"<="(lterl, lter2)
"<="(lter, Val)
"<="(Val, Iter)

2.7.2 TreeContainer Iterator

Iteratorsfor treescan be usedto traversethe tree as a tree. Note that the standard
iteratormethodsFirstandNext will do anin-ordertraversalof thetree.

Root (Iter, |s_End) - Move to theroot nodeof thetree. If the treeis empty
Is_.Endwill besetto PastEnd.

Left(Iter, |s_End) -Movetheiteratortotheleft subtreeof theiteratorscurrent
position.If theleft subtreedoesnot exist, Is_ Endwill besetto PastEndandthe
iteratorwill remainin the sameposition.

Right(lter, |s_End) - Move the iteratorto the right subtreeof the iterators
currentposition.If theright subtreedoesnotexist, Is_.Endwill besetto PastEnd
andtheiteratorwill remainin the sameposition.

Up(lter, |s_End) -Movethetheparentofthecurrentnode.If thecurrentnodeis
therootnode,thenls_Endwill besetto PastEndandthe positionof theiterator
will beunchanged.

Last (Iter, |Is_End) -It'saseasytodoareversein-ordertraversalasaforward
in-ordertraversal,soit is possibleto go backwardsthroughthe treeaswell as
forwards.This movesto thelargestentryin thetree. If thetreeis empty Is_.End
will besetto PastEnd,;

Prev(Iter, |s_End) - Setthe iteratorpositionto the previous positionin the
Tree. If theiteratoris atthefirstitemin thetree,theiteratoris not modifiedand
Is_.Endis setto PastEnd.
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Get Decr(lter, Val, |Is_End) -Returnthevalueatthepositionof theitera-
tor thenmove theiteratorto the previousitem in the tree. The standardPrev()
methodsemanticapplyto this function,too.

Iteratorsfor tree containerscan be comparedordinally, so they have the following
methods. Thesecomparisormethods(aswith the "=" operator)comparethe values
theiteratorsarepositionedat, not the positionof theiterator

">"(lterl, lter2)
">"(lter, Val)
">"(Val, lter)
"<"(lterl, Iter2)
"<"(lter, Val)
"<"(Val, Iter)
">="(lterl, Iter2)
">="(lter, Val)
">="(Val, Iter)
"<="(lterl, lter2)
"<="(lter, Val)
"<="(Val, Iter)

2.7.3 List Container Iterator

Iteratorsfor lists addthe following methodgo the basiciteratormethods:

Add_After(lter, Val) -Addthegivenvalueaftertheiterator’scurrentposition.
After this operatiortheiteratorwill bepositionedonthe newly addedvalue.

Add Before(lter, Val) -Addthegivenvaluebeforetheiterators currentpo-
sition. After this operationthe iteratorwill be positionedon the newly added

value.

Set (Iter, Val) - Setthevalueof theiterators position. The Added callbackis
calledfor the new valuethenthe Deletedvalueis calledfor the old value.

2.7.4 Heap Container Iterator

Iteratorsfor heapsaddno methodgo the basiciteratormethods.
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2.7.5 Hash Table Container Iterator

Iteratorsfor hashtablesaddno methodgo the basiciteratormethods.

2.7.6 Btree Container |terator

Iteratorsfor Btressaddthefollowing methodgo the basiciteratormethods:

Prev(Iter, |s_End) - Setthe iteratorpositionto the previous positionin the
Btree.If theiteratoris atthefirstitemin thetree,theiteratoris not modifiedand
Is_.Endis setto PastEnd.

Get Decr(lter, Val, |s_End) -Returnthevalueatthe positionof theitera-
tor thenmove the iteratorto the previousitem in the tree. The standardPrev()
methodsemanticapplyto this function,too.

As well asthefollowing ordinalcomparisonsredefined:

"S"(lterl, Iter?2)
">"(lter, Val)
">"(Vval, Iter)
"<"(lterl, lter?2)
"<"(lter, Val)
"<"(Vval, lter)
">="(lterl, lter2)
">="(lter, Val)
">="(Val, Iter)
"<="(lterl, Iter2)
"<="(lter, Val)
"<="(Val, Iter)

2.7.7 Graph Container Iterator

Iteratorsfor graphscanbe usedlike a normaliterator, but have within themanother
iteratorto iterateover the links a nodehas. Soeachnodein a graphhasa setof links
thattheusermayiterateoverwith thefollowing specialoperationsNotethatchanging
thelinks in anodedoesnotinvalidateotheriteratorsin the container Also notethatif
theiterator's nodereferencds changedthelink iteratorof theiteratoris invalidated.

Add_Li nk(From To, Contents, IgnoreDup := True) - Add a link
from the "From” iteratorto the "To” Iterator If thelink alreadyexistsandlg-
nore Dupis False anltem_Already_Existsexceptionis raised.If thelink already
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existsandlgnore Dupis True,thecall doesnothing.Otherwisethelink is added
andthe usercontentsof thelink is setto the ContentgparameterNote that this
will not changethe exists contentsif the link alreadyexists and duplicatesare
notallowedandlgnore Dupis setto True.

Del ete Link(Iter, Is_End) -Deletethelink theiteratorcurrentlyreferences.
If thelastlink in the containeiis deleted|s_Endwill besetto PastEndandthe
link partof theiteratorwill be setto invalid (the mainpartof theiteratoris still
valid, though).

Fi nd_Li nk(From To) return Iterator -Findalink fromthe”From” it-
erators nodeto the"To” iteratorsnodeandreturnaniteratorthatreferenceshe
link from the "From” iterator So the returnediteratorwill referencethe same
nodeasthe "From” iteratorbut the link referenceof the iteratorwill reference
thelink thatgoesto the"To” iterator The”From” and"To” iteratorsmustrefer
encethe samecontainer If thelink is not found, an ltem_Not_Foundexception
will beraised.

Fi nd_Li nk(From To, Found) - Findalink from the "From” iterator’s node
tothe"To” iteratorsnodeandmovethe”From” iteratorsothatits link reference
referenceshelink to the"To” iterator’s node.If thelink is not found,the From
iteratorwill not e changedandthe Found parametewill be setto False. If the
link is found, Foundwill be setto True. Sereral versionsof this exists with
variouscombinationf iteratorandcontainedypes.

Fi nd_Li nk_Agai n(From Found) - Searchfor the next link thathasthe same
destinatiomasthe currentlink. Thisis only usefulfor graphsthatsupportdupli-
catelinks, with this functionall thelinks to a specificdestinationcanbe found.
If alink to thesamedestinatioris notfound,Foundwill besetto FalseandFrom
will notbemodified.Otherwise Fromwill referencehenext link.

Li nk_Exi sts(From To) return Bool ean - ReturnsTrueif a link exists
from Fromto To, Falseif it doesnt exist. Several versionsof this exists with
variouscombinationf iteratorandcontainedypes.

First _Link(lter, |s_End) -Movethelink referencdor theiteratorto thefirst
link in thenode.If thenodehasnolinks, Is_. Endwill besetto PastEndanditer
will beunchanged.

Next _Li nk(Iter, |s_End) -Movethelink referencdor theiteratorto thenext
link in thenode.If theiteratorreferenceshelastlink in thenode,ls_Endwill be
setto PastEndandlIter will beunchanged.

Fol  owLink(lter) return Iterator - Follow the currentlink of "lter”
andreturnanditeratorthatreferencehe nodethelink is to.

Fol I ow.Li nk(Iter) - Setltertothenodethatits link referencesvhenit is passed
in.
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Li nk_Count (1ter) -Returnthenumberoflinksinthenodetheiteratorreferences.
Get Li nk(Iter) -Returntheuserdatavaluefor thelink theiteratorreferences.

Set Link(Iter, Val) -Settheuserdatavalueforthelink theiteratorreferences.

2.8 Using Graph Containers

As mentionedefore graphcontaineraremoredifficult to createbecausef the multi-
tudeof optionsavailable.In this example,l will beusingthedynamicgraphcontainer
thefixed or expandablecontainersmay be easilysubstituted.

A generiographcontainettakestwo formal parameter$o instantiatet, alink container
andaniteratorfor the link container Thesetwo parametersnustbe compatible(you
can't usea dynamiclink containerwith a fixed link iterator, for instance). The link
containeranditeratorpassedn determinaf thegraphnodesaredynamic,expandable,
or fixed.

Dynamic graph nodes must be instantiated with a child package named
Asgc.Graph.Dynamic.Links.Dyamic thenamesit containghetypesGraphLink and
GraphLink_It. So,to instantiatea dynamicgraphcontainemwith dynamicnodes,use
somethindike:

package Base is new Asgc(Contai ned Type => |nteger);
package Graph_Base is new Base. Graph
(Do_Hash => Hash_I nt eger,
Li nk_Cont ai ned_Type => Bool ean);
package Dyn_Graph_Base is new G aph_Base. Dynani c;
package My_Graph_Links is
new Dyn_G aph_Base. Li nks. Dynanmi c;
package My_Graph is new Dyn_G aph_Base. G aph
(My_G aph_Li nks. Graph_Li nk,
My_Graph_Li nks. Graph_Link_It,
Al'l ow_Duplicate_Links => Fal se);

And My _Graphwill beapackagehatthegraphscanbeusedfrom.

Fixed and expandablegraphnodeare more complicatedbecausehey have discrimi-

nantsthathave to be handled.The usercannotjust subtypesometype andconstraina

typewith a sizebecause¢hatcannotbe passedn asoneof the packagediscriminators
for the graphpackage Ada95doesnot allow that. Instead the usermustinstantiatea

genericpackagewith the requiredsizes. For instancejn the abose example,replace
thelasttwo lineswith:
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package My_Graph_Links is
new Dyn_Graph_Base. Li nks. Fi xed(Si ze => 20);
package My_Graph is new Dyn_G aph_Base. G aph
(My_Graph_Li nks. Graph_Li nk,
My_Graph_Li nks. Graph_Link_It,
Al'l ow Duplicate_Links => Fal se);

or

package My_Graph_Links is
new Dyn_Graph_Base. Li nks. Expandabl e
(I'nitial _Size => 20, Increnent => 30);
package My_Graph is new Dyn_G aph_Base. G aph
(My_Graph_Li nks. Graph_Li nk,
My_G aph_Li nks. Graph_Link_It,
Al'l ow Duplicate_Links => Fal se);

For fixed or expandablenodes.

Digraphsare specifiedby usingDiGraphinsteadof Graphin the lastgenericpackage
instantiation. For instance taking the first exampleabove, replacingthe last package
with thefollowing will make adigraph:

package My_Di Graph is new Dyn_G aph_Base. Di G aph
(Dynami c_Graph_Li nk, Dynami c_Gaph_Link_It);

Notethat,obviously, if youfollow alink in adigraphyoudon’t necessarilhhave alink

back. Also, sinceyou don't have a link back, links in to a digraphto not eatup the
normallinks. However, thereis a hiddenlink backto all thelinks to anodeandit is the
samesizeasthe normallinks, soafixednodehasa limit onthenumberof othernodes
thatcanlink toit.

Note that links themseles support having data items on them (like the
Link_ContainedType above). They areaddedwith Add_Link andcanbefetchedwith
GetLink or modifiedwith SetLink.

Also notethat duplicatelinks betweennodescan be optionally supportedoy setting
Allow_DuplicateLinks to Trueasshown above.

2.8.1 Creating Your Own Graph Link Nodes

You can createyour own graphlink nodetypesif you needsomespecialproperties
(for instance,you have a lot of links in eachnodeandit needsto be more efficient
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thanalinkedlist). However, you mustbe VERY carefulto follow the semantic®f the
interfacecarefully. Seethe packageAsgc.Graph.Linkdor detailson doingthis.

2.8.2 Link Callbacksfor Graph Containers

For graphcontainersthe links themselescarry datavaluesandthesemay have call-
backsjust like regularvaluesin the graph. Seethe Callbackssectionfor moredetails.
Sincelink valuesare not usedby the containerclassesthe valueson links may be
changedarbitrarily, unlike the main containercallbacks.

IMPORTANT — With regular graphsthesefunctionswill be called TWICE for every
link added deleted,or copied,sincethe link goesbothdirections. The methodsmust
accountfor this properly especiallyif they generate new copy, sinceeachlink direc-
tionwill have adifferentcopy in thatcase.Themethodsshouldnotassumery calling
order, sodoingsomethindik e "Odd addsarerealandevenonejust usethelastvalue”
is dangerousThis doesNOT applyto directedgraphsthey will only call thefunctions
onceperlink sincethelinks only go oneway.



Chapter 3

General ASL Library Routines

Somegeneralibrary routinesaredefinedby the ASL library. Theseareroutinesthat
areoftenusedin Ada95code.

3.1 Semaphores

Ada95doesnot definesemaphorelirectly, but they areeasilydefinedusingprotected
types. Pleasedon’t usesemaphoresnlessyou really needthem. Protectedypesare
muchsaferandeasierto use.However, if you needto block duringanoperationneed
awakeupfunctionthatcannotbe donewith a renderous,needa countingsemaphore,
or needa nestedsemaphorethesepackagesrefor you.

The packageAsl.Semaphoreontainsan abstracsemaphoreypethatall semaphores
derive from andimplement. It containsthe whole interfaceto semaphoreswith the
following methods:

Take(S) - Claim the semphoreS. This will block until S becomedree and then
claimss.
G ve(S) - Releaseasemaphorsoit canbetakenagain.

Try_To_Take(S, Success, Tineout) - Attemptto take the semaphorebut
fail the operationif it takeslongerthanTimeout. If the operationis successful,
Successs setto True, Otherwiseit is False.Timeoutdefaultsto 0.0.

Four semaphor¢ypesaredeclaredn thefollowing packages:

27
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Adl.SemaphoreBinary - A standardinarysemaphore.

Asl.Semaphore.Counting - A standardcountingsemaphoreTheinitial valueis spec-
ified whenthevariableis declared.

Ad.Semaphore.Nested - A binarysemaphoréhatallowsthesametaskto take it mul-
tiple times. The numberof claimsis tracked andthe semaphorenustbe given
thesamenumberof times. A TaskingErrorwill beraisedif ataskotherthanthe
ownertriesto give thesemaphore.

Asl.Semaphore.Nested_Prio - Like a nestedsemaphorehut it implementsa priority
inheritancealgorithm. DANGER - Thesesemaphoreslon't work right unless
settingthedynamicpriority of atasksetsit immediately GNAT doesnt do this
by underLinux. I'm thinking of awayto fix it, but nothinghascometo meyet.

3.2 Leak Detection Storage Pool

Asl.Leak DetectPooldefinesastoragenanagethatcanbeusedto detecteaksin your
code.If you specifythis storagemanagerit will keepalinkedlist of all dataitemsthat
have beenallocatedbut notfreedusingit. After you aredone,you canusethe storage
manageto iterateoverall theelementshathase notbeenfreed. Thismeanspf course,
thatyou mustfreeall your data:-).

The iterator returnsan addressand a size. If your systemis deterministicaboutits
memory allocation, you can seta conditionalbreakpointin the Allocate routine of
this packageright beforeit setsthe returnaddresghat hasthe leaked addressrom
a previous run. Thenyou can move up stacklevels to seewherethe memorywas
allocated.The sameaddressanbe returnedagainif it is freed,sobe awarethatyou
mustcatchthelastallocation.

3.3 Reference Counted Pointers

Asl.RefcountPtr providesa “smart” pointerthat automaticallycleansitself up when
the lastreferenceo it getsfreed. This way, a pointermay be duplicatedmary times
throughouthe program but it will only befreedwhenthelastduplicateis freed. This
way, the programdoesnot needto keeptrack of whenthe pointeris really freed,only
thelocal usersneedto trackwhenthey aredone.This only works pointersthatcannot
pointto themself(sincein acyclic structurethelastpointernever goesaway).

Asl.RefcountPtrManagedrovidesa storagemanagedrersionof this. Stringversions
arealreadyavailablein Asl.RefcountStringandAsl.RefcountString.Managed.
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3.4 String Tokenizer

Asl.Strings. Dkenizerprovides a corvenientway to breaka string into piecesusing
separatorg¢suchasspacesandtabs).

3.5 Tenet

Asl.Protocol. Blnetholds a telnet protocol enginethatimplementsthe full RFC 854
andRFC855protocol. It allows optionsprocessorso be pluggedin to handleoptions.

Asl.Protocol. EInet.Optionimplementsa basictelnet option handler It can handle
optionslike echo, binary, and othersthat are simple. Other more complec options
shoulddescendrom this, sinceit doesthe dirty work of option negotiation. Several
optionsarealreadyavailable,including:

e Asl.Protocol. Elnet.Option.€rminalType
¢ Asl.Protocol. Elnet.Option.\ihdow Size

e Asl.Protocol. Elnet.Option.Status

Asl.Protocol. Blnet.StreamlO implementan Ada streamover telnet. This is useful
with an AdaSocletsstream.Note that currently AdaSocletscallsto Readareblock-
ing until all the itemsarereadfrom the stream,soif you wantto usetelnetover an
AdaSocletsyou have to readfrom the streamone elementat a time. A patchexists
that correctsthis, but it's hardto know whenthis will be appliedor if it will everbe
applied.

3.6 Abstract 1/0

UnfortunatelyAdahasnoabstracfile typelik e Jaszahas,soyou cant easilycreatenen

file types,suchastelnetsoclets. You have streamshut streamshave very limited sets
of typesthey canreadandwrite. Asl.AbstractlO attemptgo fill this void. It looksa
lot like Ada.Text_IO, but thefile typeis abstractlt providesall thedirty work of things
like IntegerlO, all thereall/O processorsieedto provide arethe basics.It hassubtle
differencesvith Ada.Text_1O, soreadthedocumentatioiin the packagecarefully.

Asl.AbstractlO.Telnetimplementsabstract/O overatelnetstream.

Therealandfixedl/O is arathercheaphack.It doeswork, buttheaccurag will suffer.
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3.7 Security

Asl.Securityprovidesanabstracimechanisnfor verifying usernames.No realmech-
anismscurrentlyexist, theusermustsupplytheir own.

3.8 Debug Output

Applicationsoftenneedsomewayto optionallygenerat@ehug outputuponcommand.
Asl.Delug Out providesa framework for this. The usercreatesand registersdelug

levels with a dehug processar Throughcommand,the levels may be enabledand

disabled.The userchecksa Booleanin thelevel, if it is onthey shouldgeneratalelug

output.

Asl.Delug Out.Commandrovidesa commandprocessocommandhat controlsde-
bug levels.

3.9 Command Processor

Asl.Cmdprocprovides a small framavork that allow a commandprocessorver an

abstract/O file. Thisletstheuserbindin commandsindhave themexecutedvhenthe

usertypesin a specificcommand.A helpandexit commandarealreadyimplemented
andboundin.

Asl.Cmdproc.Elnetprovidesafull telnetlistenertask,you just provide the portto the
taskentry; it will giveyoubacktheactualcommandableit is using,listenfor requests,
createhecommandrocessorandtelnetstreamsvhenrequestgomein. All youhave
todois bindin yourcommandslf youwantsecurity youcanpassn asecurityhandler
It alsocreatesa dehug processoanda dehug commandor processinglelug output.

3.10 Dateand Time Utilities

Asl.Date Time providesa fairly completedateandtime manipulationpackage It has
thefollowing packages:

Asl.Date_Time - Holdsthe basictypesusedby all the dateandtime packages.This
alsoholdssomebasicutilities for calculatingwith time.

Adl.Date Time.Calendar - Providesa“CalendarTime” typethatcanbeusedfor date
andtime manipulation.Thisis the basictypetheuserswill dealwith.
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Adl.Date Time.Timezone - The abstractbasefor timezones.The timezoneusedby
thecalendapackagenustbea subclas®f thistype. This packagealsoprovides
asimpletimezonewith only aGMT offset,no daylightsavings. It providesa set
of classedor thevariouswierd timesthattimezonesstart(lastsundayof month,
first sundayafterthe 10thday, etc.).

Adl.Date Time.Timezone.Simple - A simpletimezonethatonly hasastartandastop
time peryear

Adl.Date Time.Timezone.Complex - A timezonebaseduponthe*nix zoneinfo file.
It cando pretty muchanything you would need,althoughsomepolitical entity
someplacevill probablydreamup away to breakit.

Adl.Date TimelLocal - A packagehatattemptso determineandsetthe local time-
zoneandto getthe currenttime without having to dealwith Ada.Calendar It
currentlyhasa*nix implementation.

Adl.Date Time.Register _Simple Timezones - A procedurethat will registerall the
timezonedrom the Timezonedirectory (which were stolenfrom glibc-2.2) as
simpletimezones.

Adl.Date Time.Register _Complex_Timezones - A procedurahatwill registerall the
timezonedrom the Timezoneglirectoryascomplex timezones.

As well, aprogramnamedCorv_Zonescorvertsfilesin the*nix zoneinfo formatinto

the Register Simple Timezonesand Register Complex_Timezonesprocedures. The

comple timezoneprocedures very large, and probablynot necessaryor mostsys-

tems.However, if youneedto gobackin time andhave accuratdimezondanformation,

it’s the only way. If you cannotafford the memorybut needthe complec timezones,
you probablywantto modify the makefile andzoneinfo files to only includethetime-

zonesyou need.

To use thesepackage,you must first register the timezonesyou need, either by
hand or by calling one of the proceduresto do this. Then you should call the
SetlLocal Timezoneroutinein the Local packageto attemptto find the default time-
zone,or you shouldsetthe default timezoneyourselfif you needa specialone. If you
registertimezonesyou must registera UTC timezonethathasthe nameandid setto
“UTC” andtheoffsetsetto zero.

After that, the CalendarTime type is what the userprimarily dealswith, it is used
to computetimes, corvert betweentimezonesanddo othertime calculations.It can
handleleap secondsday of week calculationswith differentfirst daysof weekand
daylightsavingstime. It canalsocorvertto/fromthestandarddda Timetype,although
it might have problemswith daylightsavings.

IMPORTANT: Unlike othercalendapackage otherlanguageshis packagewill not
normallylet you moveinto invalid times. So,for instanceif you setthetimeto Jan31,



32 CHAPTER3. GENERALASL LIBRARY ROUTINES

2001thenaddamonth,this packagewill raiseanexceptionbecausé-eb31isinvalid.
If you setthetime to April 1 20012:30AM CST, it will raisean exceptionbecause
daylight savings time hasskippedover this particulartime. Leap secondscanalso
causeproblems,becausesomeminuteshas59 secondsand othershave 61 seconds.
You can avoid the exceptionsby settingthe "Sloppy” flag in the time calculations,
however, thetime will bemovedto avalid time. It handleghemthefollowing ways:

Invalid day of month - Moveto thelastday of themonth.
Invalid timedueto DST - Add thedaylightsavingsoffset(usuallyanhour).

Invalid time dueto leap seconds - moveto thefirst secondf the next minute.

In this casefor instancejf you setthetimeto April 120012:30AM CST, thetime will
magicallymigrateto April 1 20013:30AM CDT.

If aportableway to transfertime betweensystemss neededthenthe PortableTime
type canbe usedfor this. It is UTC basedthuscanbe sentto aremotesitein another
timezoneandberepresente@roperly It canrepresenaverylargerangeof datesusing
only 32-bittypes.

Also, CalendarTime canbe corvertedto andfrom the standardnix timeval for inter-
actingwith *nix systems.If Interfaces.C.londs only 32-bits, however, this will run
outsometimen theyear2038.

Thecalendapackagewill work with BC years gventhoughit seemskind of silly. Just
remembetthat therewasnot year zero, Settingthe yearto 0 will be 1BC, -1 will be
2BC, etc. Whenprinting, O will be corvertedto -1, and so on automatically so BC
yearswill print properlywith anegative sign.

3.11 Reference Counting Pointers

This providesareferencecountingpointer, aprimitive garbagecollectorfor non-gsclic
datastructuresThis packagaisescontrolledtypeto detectwhenreferencearecreated
anddestryed. Whenan item hasno referencedeft, this packagewill automatically
freethe data. This way, you cancreateanitem andgiveit to multiple usersthey have
to all freeit beforeit will actuallybefreed.The packagesre:

Asl.Refcount_Ptr - Themainpackage.
Asl.Refcount_Ptr.Managed - Anotherversionthatusesa usersuppliedstoragepool.

Asl.Refcount_String - A stringversionof the package.
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Asdl.Refcount_String.Managed - A string versionthat usesa usersuppliedstorage
pool.



