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Preface

This documentdescribestheAda StructuredLibrary (ASL or AdaSL),a setof library
routines,frameworks,andcontainerclassesfor Ada95. The documentdescribesthe
following partsof thelibrary:

� TheBaseclasspackages.

� Thecontainerclasses

� Thegenerallibrary routines
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Chapter 1

Overview of the Baseclass
package

This packagecontainsthebaseclassusedby therestof thesystem.All taggedtypes
shoulddecendfrom theabstracttypesdefinedhere.

Two abstracttypesaredefined:ObjectandLimited Object. Obviously, Objectis not
limited andLimited Objectis. No otherdifferencesexist.

Thebaseclasseseachprovidethreemethods:

To String - Returnastringrepresentationfor anobject.

Get Object Name - Returna namefor an object. For debuggingerrors,it is often
usefulif theobjectprintsits actualnamesotheexacttaggedtypeis known. All
taggedtypesshoulddefineoneof thesefunctions.

Cast - A castingoperatorto allow interfacesandmultiple inheritance.

1.1 The Cast Method

Ada95doesnot includeany directsupportfor multiple inheritanceor interfaces.How-
ever, suchsupportcanbeeasilyaddedto thesystemthroughconsistentuseof theCast
method.

The baseCastmethodsimple returnsthe objectpointer passedin. If the developer
wantsto createa taggedtypewith interfaces,they shouldcreatea new taggedtypefor
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2 CHAPTER1. OVERVIEW OF THE BASECLASSPACKAGE

eachinterfaceor subclass.Theneachinterfaceshouldoverridethe Castmethodand
provide theability to convert betweenthevarioussubclassesandinterfaces.It should
alsocall theparentCastmethodfor anything it doesn’t wantto implicitly handle.

For instance,supposewehave thefollowing interface:

with Baseclass;

package Intf1 is

type F1 is abstract new Baseclass.Object
with null record;

type F1_Class is access all F1’Class;
type F1_Ptr is access all F1;

procedure P1 (A : access F1) is abstract;

function P2 (A : access F1) return String
is abstract;

end Intf1;

andanotherinterface:

with Baseclass;

package Intf2 is

type F2 is abstract new Baseclass.Object
with null record;

type F2_Class is access all F2’Class;
type F2_Ptr is access all F2;

procedure P3 (A : access F2) is abstract;

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

end Intf2;

andwe want to supplyan objectwith both of theseinterfaces.We cancreatea new
taggedtypeasfollows:

with Baseclass;
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with Intf1;
with Intf2;

package Impl1 is

type Object is new Baseclass.Object with private;
type Object_Ptr is access all Object;
type Object_Class is access all Object’Class;
subtype Object_Parent is Baseclass.Object;
subtype Object_Parent_Ptr is Baseclass.Object_Ptr;

function Cast (To_Cast : access Object;
New_Type : in Ada.Tags.Tag)
return Object_Class;

type Impl1_F1 is new Intf1.F1 with private;
type Impl1_F1_Ptr is access all Impl1_F1;
procedure P1 (A : access Impl1_F1);
function P2 (A : access Impl1_F1) return String;

type Impl1_F2 is new Intf2.F2 with private;
type Impl1_F2_Ptr is access all Impl1_F2;
procedure P3 (A : access Impl1_F2);
function P4 (A : access Impl1_F2) return String;

private

type Object is new Baseclass.Object with record
My_F1 : Impl1_F1_Ptr;
My_F2 : Impl1_F2_Ptr;

end record;

type Impl1_F1 is new Intf1.F1 with record
My_Object : Object_Ptr;

end record;

type Impl1_F2 is new Intf2.F2 with record
My_Object : Object_Ptr;

end record;

end Impl1;

The above codecreatesan Object type. It also createstwo other taggedtypesthat
definetheinterfacesrequired.Thecastmethodsaredefinedasfollows:
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function Cast (To_Cast : access Object;
New_Type : in Ada.Tags.Tag)
return Object_Class is

begin
if (New_Type = Intf1.F1’Tag) then

return Object_Class(To_Cast.My_F1);
elsif New_Type = Intf2.F2’Tag) then

return Object_Class(To_Cast.My_F2);
else

-- Call my parent’s Cast method.
return Cast(Object_Parent_Ptr(To_Cast),

New_Type);
end if;

end Cast;

With this castfunction,a variableof typeObjectcanbecastto eitherof theinterfaces
usingthefollowing syntax:

This_F1 := Intf1.F1_Class(Cast(My_Object, F1’Tag));
This_F2 := Intf2.F2_Class(Cast(My_Object, F2’Tag));

Any methodsdefinedfor thenew interfaceshasaccessto themainobjectfor theinter-
faces.Obviously, thecreationroutines(factoriesorwhatever)shouldbuild thestructure
for theobjectsto point to eachother.

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



Chapter 2

Ada Structured Library
Container Classes

This library containsthe Ada StructuredGenericContainers(ASGC) and the Ada
StructuredObjectContainers(ASOC),which is a setof genericandobjectcontainer
classesthatcanbeusedfrom Ada95programs.A numberof generalpurposecontain-
ersareimplemented.Theseare:

� Vector

� Doubly linkedlist

� Array List

� Tree

� Singly linkedlist

� HashTable

� Heap

� Graph

� DirectedGraph(DiGraph)

� Btree

Unlike many othertypesof containers,thesearebasiccontainersthatcanbeusedfor
a numberof functions(stacks,queues,sets,bags,etc.). In theauthor’s opinion,those

5



6 CHAPTER2. ADA STRUCTUREDLIBRARY CONTAINER CLASSES

functionscanbemappedto many typesof containers,it is theuseof thecontainerthat
definesthefunction.

For mostof thecontainers,several implementationsaredefined.The implementation
typesare:

� Fixed

� Expandable

� Dynamic

Eachhasit’sown advantagesanddisadvantages,discussedlater.

Eachcontainerdefinestwo public taggedtypes,Object and Iterator. As well, each
abstractcontaineralso definesthesetypes. The Object is the actualcontainer. The
Iteratoris theobjectusedto iteratethroughtheitemsin thecontainer.

Two differentpackagehierarchiesarecurrentlydefined.Oneis thegenericcontainer
classlibrary, which definesa setof genericcontainersthat cancontainany type. Al-
thoughthecontainedtypemaybeany type(taggedor not),containersanditeratorsare
taggedtypes.

The generic container class library is instantiated with the type in package
Asoc CollectiblenamedObjectClass. The Asoc Collectiblepackagedefinesan 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.Objectcanbecontainedusingtheobjectcontainerclasslibrary. All
thethingscontainedin acontainermustbeof thesameexacttype.

All taggedtypesdefinedby the ASGC derive from a singlebaseclassdefinedin the
baseclasspackage.

2.1 Using Generic Containers

Genericcontainersexist in a genericpackagehierarchy. This meansthat the base
package(Asgc)is agenericpackageandthusall it’s childrenaregenericpackages.To
instantiatea specificcontainer, all thepackagesfrom thebasepackageto thespecific
containermustbeinstantiated.

So,for instance,if wewantasortablefixedvectorandanordered(notsortable)doubly-
linkedlist bothof floatingpoint type,thefollowing packagecouldbeused:

with Asgc.Ordered.Sortable.Vector.Fixed;
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with Asgc.Ordered.Dlist.Dynamic;

package Float_Containers is

package Float_Base is
new Asgc(Contained_Type => Float);

package Float_Ordered is
new Float_Base.Ordered;

package Float_Sortable is
new Float_Ordered.Sortable;

package Float_Sortable_Vector is
new Float_Sortable.Vector;

package FLoat_Ordered_Dlist is
new Float_Ordered.DList;

package My_Vector is
new Float_Sortable_Vector.Fixed;

package My_DList is
new Float_Ordered_DList.Dynamic;

end Float_Containers;

Thenwe couldwrite a procedureto usethesecontainers:

with Float_Containers;
with Text_IO; use Text_IO;

procedure Use_Float_Containers is

package Members renames Float_Containers.Float_Base;
package Stack
renames Float_Containers.Float_Ordered;

My_Members : Members.Object_Class
:= new Float_Containers.My_Vector.Object

(Size => 10);

My_Stack : Stack.Object_Class
:= new Float_Containers.My_DList.Object;

Val : Float;

begin
Stack.Push(My_Stack.all, 1.0);
Members.Add(My_Members.all,
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Stack.Get_At(My_Stack.all, 1));
Stack.Push(My_Stack.all, 2.0);
Members.Add(My_Members.all,

Stack.Get_At(My_Stack.all, 1));
Stack.Push(My_Stack.all, 3.0);
Members.Add(My_Members.all,

Stack.Get_At(My_Stack.all, 1));

while (Stack.Member_Count(My_Stack.all) /= 0) loop
Stack.Pop(My_Stack.all, Val);
Put_Line("Popped " & Float’Image(Val));

end loop;
end Use_Float_Containers;

This methodof instantiatingall thepackagesmayseeminconvenient,but it allows the
operationson thecontainerto beasgenericaspossible.For instance,if all youneedis
genericcontaineroperations,youshouldcastthetypeinto andAsgc.ObjectClassand
usethatparticulartypefor theoperations.This way, you canjust renamethepackage
youareusingandyoucanusea differentcontainerwith no othercodechanges.

It is alsorecommendedthatyou renamethepackageto somethingyou wantto usethe
operationfor. Thisalsogivesmoreflexibility by renamingthepackage.It alsoletsyou
namethepackagewhatyouareusingit for, suchastheStackin theexampleabove.

2.2 Storage Management and Containers

All thecontainerscanusestoragemanagement.Eachgenericcontainerhasamanaged
version,with ” Managed”appendedto the endof the name. The managedversion
takesa storagemanagementtype anda storagemanagervariableas formal generic
parameters,it will usethatstoragemanagerfor all dynamicallyallocateddataandfor
all accesstypesit defines.

Severalmethodsof specifyingstoragemanagementwereconsidered,andnoneof them
seemedverygood.Thelesserof theevils waschosen.Someotheroptionsconsidered
were:

Specifythestoragemanageratobjectcreation- Thiswouldinvolvelotsof nastycasting
andwould requirea pointerto thestoragemanager(sincethey arelimited types).

Specifythestoragemanageron every operation- This is similar to above exceptthat
the storagemanagerwould have to be held for every allocatedobjectso it could be
properlydeallocated.

Createa separatepackagewith thestoragemanagerasa requireddiscriminant- This
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requirespretty muchcompletecodeduplicationsinceall the pointersmusthave the
storagemanagerspecified.

Passin adummytypeasagenericparameteranduseits storagemanager- Thismakes
thingsa little easier, but just seemstoo wierd to use.

The third approachwastaken. Sincethe codeis pre-processedby scriptsanyway, it
wasn’t a big dealto addamanagedversionof eachcontainer.

However, I’ d really like it to bean optionalgenericformal parameter, but thereis no
way to do this that I couldfigureout. If anyonehasany ideason how to do this, I’m
listening...

2.3 Container Types

As mentionedbefore,thecontainerscomein threedifferenttypes:

Fixed - Fixedcontainersaredefinedwith astaticsize(all currentlyimplementedcon-
tainersusean array). Fixed containersareguaranteedto not allocatememory
dynamically(unlessNew Iteratoris called,which will dynamicallyallocatean
iterator).Fixedcontainersgenerallytake a sizediscriminanton creation,which
is thenumberof elementin thecontainer.

Expandable - Expandablecontainersaremuchlike fixedcontainers,exceptthatthey
will expandtheir sizewhenan item it addedwhenthey arefull. They will not
currentlyreducetheir size(althoughthat could feasiblebe added).Thesewill
only usedynamicallocationwhenthey areinitially createdor whenthey expand.
Expansiondoesrequirea copy, soit is not veryefficient. Expandablecontainers
generallytake two discriminants:an initial sizeandan amountto increasethe
thecontainerwhenit is expanded.Theincreaseamountcanbezero,thenit will
behave like afixedcontainer.

Dynamic - Dynamiccontainersusedynamicmemoryallocationfor eachitem in the
container. Dynamiccontainersdo not generallytake asizediscriminant.

Thecontainerhierarchyis:

Asgc - Thebasegenericcontainerclass.This hold functionsthatareavailablefor all
containerclassesandholdsa few methodsfor operatingon containers.

Asgc.Ordered - Thispackageis thebaseof thepackagehierarchyfor packageswhere
eachentryhasanordinalvaluethatcanbeaddressed.Orderedtypescanbeused
asvectors,listsqueues,or stacksandhavedirectsupportfor operationsfor those



10 CHAPTER2. ADA STRUCTUREDLIBRARY CONTAINER CLASSES

functions.All theorderedcontainershavethesameinterface,thedifferency lies
in theefficiency for performingcertainoperations.

Asgc.Ordered.Sortable - This packageis thebaseof orderedcontainerswhosecon-
taineditemscanbecomparedusing>, <, etc. Thusthey canbesorted.Other-
wise,they areexactly likenormalorderedcontainers.All orderedcontainersare
alsoavailableassortablecontainers.

Asgc.Ordered.Sortable.Vector, Asgc.Ordered.Vector - A variablesizedarray. Indi-
vidual elementareefficiently addressable,but insertionanyplacebut theendis
not efficient. Fixedandexpandablecontainersareavailable.

Asgc.Ordered.Sortable.Alist, Asgc.Ordered.Alist - A variablesizedarraylist. Indi-
vidualelementreferencesareefficient (but notasefficientasavector).Insertion
is efficient of doneat the beginningor at theend,but not in the middle. These
make goodstacksor queuesif the maximumsize is known or not very much
expansionwill bedone.Fixedandexpandablecontainersareavailable

Asgc.Ordered.Sortable.Dlist, Asgc.Ordered.Dlist - A doubly linked list. Insertion
at any point is very efficient, but direct referenceto an elementnumberis not
very efficient. Fixed, expandable,anddynamiccontainersareavailable. The
fixed and exapandablecontainersusearray indexes for the next and previous
references,socopying themis efficient. They alsodo not do memoryallocation
for every new element.Referencingthrougharrayindexesis slower thandirect
pointers,though.

Asgc.Tree - A binary tree. It may be optionally balance(a balanceddiscriminant
determinesthis). Fixed,expandable,anddynamiccontainersareavailable.

Asgc.List - A singly linkedlist. Insertionat any point is efficient andreferencingthe
beginning andnext valuesis efficient. Searchingmustbe linear and iterators
for this containercannotbackup. Fixed, expandable,anddynamiccontainers
areavailable. The fixed andexapandablecontainersusearray indexesfor the
next andpreviousreferences,socopying themis efficient. They alsodo not do
memoryallocationfor everynew element.Referencingthrougharrayindexesis
slower thandirectpointers,though.

Asgc.Heap - A heap,orderedsothe largestvaluecomesout on top. As usual,inser-
tion andremoval or O(log n) operations.However, searchingfor a valuein the
heapis still O(n). Maybesomedayanotherdatastructurewill be laid over the
heap(perhapsabalancedtree)to makesearchesquicker. Fixed,expandable,and
dynamicheapsareavailable,muchliketrees.Notethatthefixedandexpandable
structurestake MUCH lessstoresincetheir left, right, andup link valuescanbe
determinedby their positionin thearray;link indexesarenot needed.Notethat
theheapcanbemadeto make thesmallestvaluecomeout on top by reversing
the">", "<", ">=", and"<=" functionspassedin to thegenerics.

Asgc.Hash - A hashtable. A hashfunction mustbe provided,andthe performance
of thehashtabledependsgreatlyon theperformanceof thehashfunction.Note
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that fixed, expandable,and dynamichashtablesdo not work quite like other
functions.A fixedhashtableis aclosedhashtablewith agivensize.An expand-
ablehashtableis givena sizeanda maximumfill percentage.If thehashtable
will exceedthemaximumfill percentage,it will insteadcreatea new hashtable
(samesizeasthe first) andchainthemtogether, so both will be searchedfor a
value.A dynamichashtableis anopenhashtable,thesizeof thetableis speci-
fied. Notethathashtablescanoptionallyholdmorethanoneof thesamevalueif
theAllow Duplicatesdiscriminateis setto True. TheSearchandSearchAgain
functionswill efficiently iteratethroughall thevaluesin thetable.A hashfunc-
tion mustbe suppliedfor hashtables. The quality of the hashfunction is very
important,aswell asthesizeof thehashtablechosen.Readyourdatastructures
bookon hashtablesfor moreinfo.

Asgc.Graph - A graphcontainer. This containercanbe usedto implementarbitrary
standardgraphs(not directedgraphs)or directedgraphs. Internally the graph
containerusesa hashtablefor searching;it unfortunatelyhasto exposesomeof
this becauseit needsa hashtablesizeanda hashfunction to do this, so those
mustbe provided to the generics.The graphcontaineris alsoa little unusual
in that it actuallyhastwo containertypes:onefor holdingthegraphnodesand
onein eachnodeto hold the links. Eachof thesemay be individually chosen
to bedynamic,fixed,or expandable,giving ninedifferentcontainersthatcanbe
specified.Unfortunately, thismakesthingsalittle complesto specify. A separate
sectionis dedicatedto thegraphcontainerlaterandtalksabouthow to useit. As
with hashtables,thehashfunctionandhashtablesizeareimportantif thesearch
functionsaregoingto beefficient.

Asgc.Btree - A Btreecontainer. This implementssomevariationsof Btreeswith B+
and B* extensions. Only a dynamicversionis available. The other versions
werejust too hardto do. A Btreeshouldbe fasterthana balancedbinary tree
for mostoperations,but doesnot exposeits internaltreerepresentation.It hasa
betterworst-caseperformancethana hashtable(all operationsarelogarithmic)
but worseaverageperformancethana hashtablewith agoodhashalgorithm.

All thecontainersareimplementedasgenericchildrenin their hierarchy, soto instan-
tiatea genericof a container, thewholehierarchyup to therequiredcontainermustbe
instantiated.For instance,to createa dynamictreeif floats, the following would be
used:

with Asgc.Tree.Dynamic;

package Float_Containers is
new Asgc(Contained_Type => Float);

package Float_Tree is new Float_Containers.Tree;
package Float_Dyn_Tree is new Float_Tree.Dynamic;
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Noticethatthepackagespecifiedto instantiateachildgenericis thealreadyinstantiated
parentgeneric,not theactualcontainername.

Thissamehierarchyis definedfor objectcontainers,exceptthatthenamesarechanged
from Asgc to Asoc. The Asoc container’s valueis a classpointerto the Objecttype
definedin Asoc Collectible. So any type that inherits from Asoc Collectible.Object
canbeput into anAsoccontainer. Notethatif thevaluesin thecontaineraregoingto
be compared(searched,sorted,put into a tree,hashtable,etc.) they mustbe objects
with thesametag.Otherwise,it wouldbedifficult to comparethemsinceit wouldraise
anexception.

2.4 Container Operations

All containerssupportthefollowing methods:

Add(O, Val) - Add thevalue”Val” to container”O”. Theaddpositionmaybeany
location,it dependsuponthecontainer.

Delete(O, Val) - Deletethevalue”Val” to container”O”. If acontainersupports
morethanoneentryof thesamevalue,only oneof thevaluesis deleted.

Member Count(O) return Natural - Returnthenumberof itemsin thecon-
tainer.

"="(O1, O2) return Boolean - Comparestwo containersto seeif they are
equivalent. Themeaningof this variesfrom containerto container. In general,
this isn’t a very useful function for containerswith nondeterministicpositions
(suchasheapsor 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 Class - Makeacopy of anobject.

Set Callbacks(O, Cb) - Setthecallbackobjectfor thecontainer. Seethesec-
tion on callbacksfor moredetails.

Generic For All(O) - A genericmethodthat will call the function specifiedin
the genericfor every memberin the container. If the containeris onewith a
specifiedorder, thememberswill beprocessedin order.

New Iterator(O) return Iterator Class - Return a dynamically allo-
catediteratorfor thegivenobject.Notethatthevaluepassedin mustbeapointer
to theobject,thereforeobjectsthatareusedwith iteratorsmustbeableto beref-
erenceby access.
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New Iterator(O) return Iterator - Return an iterator for a given con-
tainer. This is not a class-widefunction,but oneis providedfor every container.
Note that the valuepassedin mustbe a pointerto the object,thereforeobjects
thatareusedwith iteratorsmustbeableto bereferenceby access.

Set Container(Iter, O) - Settheiterator’scontainer. Whenaniteratoris just
declared,it doesnot intrinsically have a containerassociatedwith it. Thecon-
tainermustbeassignedeitherby assigningtheiteratorto anotheriteratoror the
returnvalueof New Iteratoror by calling SetContainer.

2.4.1 Ordered and Sortable Container Object

Methodsfor all orderedandsortablecontainersfollow. Note thatwhenusingoneof
thecontainersfor a stackor a queue,the”At” operationswork logically. Location1 is
thetopof thestack,2 is oneunderthetop,etc.Location1 is theheadof thequeue,etc.

Add At(O, Loc, Val) - Add Val at thegivenlocationin thecontainer. All mem-
bersat that locationandafter in thecontainerwill bepushedforwardoneloca-
tion.

Set At(O, Loc, Val) - Setthevalueat thegivenlocationto thespecifiedvalue.
TheAddedcallbackis calledfor thenew valuethentheDeletedvalueis called
for theold value.

Get At(O, Loc) return Contained Type - Get the valueat the specified
location.

Delete At(O, Loc) - Deletethespecifiedlocation. All locationsafter that loca-
tion aremoveonelocationback.

Push(O, Val) - Usethecontainerlike a stackandpushonevalueontothetop of
it.

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

Enqueue(O, Val) - Usethecontainerlikeaqueueandaddanentryontothehead
of it.

Dequeue(O, Val) - Usethecontainerlike aqueueandtake thetail entryoff it.

Sorting

Genericsortpackagesareincludedfor sortablecontainers.Thefollowingsortpackages
areavailable:
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Asgc.Ordered.Sortable.Bubble Sort - A standardbubblesort.

Asgc.Ordered.Sortable.Quicksort - A standardbubblesort.

Eachof theseprovidestwo sortprocedures:

Sort(O) - Sort the object. This routinewill dynamicallyallocateiteratorsfor its
operations.

Sort(O, Iter1, Iter2) - Sorttheobject,but usetheiteratorsprovidedinstead
of allocatingthem.Thepositionof theiteratorsis destroyed.

2.4.2 Tree Container Object

No specialmethodsarerequiredfor treecontainers.Note that a treecannever hold
morethanoneof thesamevalue.

2.4.3 List Container Object

List containersaddthefollowing methods:

Add Head(O, Val) - Add thegivenvalueto theheadof thelist.

Add Tail(O, Val) - Add thegivenvalueto theTail of thelist.

2.4.4 Heap Container Object

Heapcontainersareusedto find theMaximum(or minimum)valueat thetreeroot,so
specialmethodsaredefinedto operateon theroot:

Get Head(O) return Contained Type - Return,but donotremovethevalue
at theroot of theheap.

Remove Head(O, Val) - Returnin Val thevalueattherootof theheapthendelete
it from theheap.

2.4.5 Hash Table Container Object

Hashtablecontainersaddno specialfunctionsto thebasiccontaineroperations.
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2.4.6 Btree Container Object

Btreecontainersaddno specialfunctionsto thebasiccontaineroperations.

2.4.7 Graph Container Object

Graphcontainersprovidethefollowing additionalmethods:

Set Link Callbacks(O, Cb) - Set the callbackobject for the container. See
thesectionon link callbacksfor moredetails.

Add Link(O, From, To, Contents, Ignore Dup := True) - Add a
link from the ”From” value to the ”To” value. If the link alreadyexists and
Ignore Dup is False,an Item Already Existsexceptionis raised.If the link al-
readyexistsandIgnore Dupis True,thecall doesnothing.Otherwise,thelink is
addedandtheusercontentsof thelink is setto theContentsparameter. Notethat
this will not changethe existscontentsif the link alreadyexistsandduplicates
arenotallowedandIgnoreDup is setto True.Threeroutineareprovidedin this
form, onewith two iterators,onewith the”From” asaniteratorandthe”To” as
a value,andonewith the”From” asvalueandthe”To” asaniterator.

Link Exists(O, From, To) return Boolean - ReturnsTrueif a link ex-
istsbetweentheelementsin thecontainerthatcontain”From” and”To”.

2.5 Data Storage in Containers

The datausedto maintaina container’s datastructuresis guaranteedto be uniqueto
thecontainer. If a containeris copiedby assignmentor theCopy function,a complete
new datastructureis allocatedto matchthe onefrom the sourcecontainer. Whena
containeris destroyed,all thedatastructuresassociatedwith it arefreedautomatically.

This doesnot apply to the valuesthe usersuppliesthe container. The usermay use
callbacksto provideasimilar function.

Notethatfor setoperations(unions,intersections,etc.) thecontainersassumethat if a
pair of valuescompareasequal,thenthey arereplaceable,it doesn’t matterwhich of
themis added,removed,etc. The usermustbecarefulto honorthis semanticif they
expectsetoperationsto work correctly.
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2.6 Callbacks

Theusermaydefinea callbackstype(inheritingfrom theCallbackstypein Asgc)that
hasmethodsthat will be calledwhenoperationsareperformedon the valuesin the
container. Thefollowing methodsareprovided:

Added(Cb, O, Val) - An item wasaddedto the containerwith an explicit add
operationof sometype(Add, Enqueue,etc).

Copied(Cb, O, Val) - An itemwascopiedfrom onecontainerto another. this is
only calledfor explicit copiesbetweencontainers,not for copy operationsinside
thecontainer.

Deleted(Cb, O, Val) - An item wasdeletedfrom thecontainer.

The containersare careful to perform the Added methodbefore they perform the
Deletedmethodif valuesarebeingreplaced,so it is safefor the userto keepa ref-
erencecountin theobjectto tell how oftenit is beingused.Also, theusermayreplace
the objectwith a new object, but mustbe VERY careful to keepthe ”value” of the
object(whencompared)exactly thesameastheobjectbeingreplaced.

Thesecallbacksareprimarily intendedfor automaticstoragereclamation.So, for in-
stance,the valuemay be a pointer to somedatastructurethat the userdynamically
allocatesandputs in the container. The usercanadda referencecount initialized to
zeroin thedatastructure.On every Addedor Copiedcall, theusershouldincrement
the referencecount. On every Deletedcall, the usershoulddecrementthe reference
countandif it reacheszerothe valuecanbe freed. This removesthe difficult opera-
tion of freeingmemoryfrom themainbodyof theuser’s code(oftencalled“garbage
colletionlite”.

Anotherway to do this is to haveAddeddo nothing,Copiedmakea copy of thevalue,
andDeletedalwaysfree the value. Sincethe valueit is passed”in out”, the usercan
modify thevaluepassedin andthevaluereturnedwill beput into thenew container.

2.7 Iterators

Iteratorsareobjectsthat hold somepositionwithin a containerandcanperformop-
erationsbaseduponthatposition. This implies,of course,thatcontainershave some
order, but theorderis arbitraryandnot alwaysreversable.

Becauseof thearbitrarinessof theorder, anoperationon a containerthatmodifiesthe
container’scontentswill invalidateall iteratorsthatreferencethecontainer, if they are
usedwithout theirpositionbeingresetanexceptionwill beraised.If theoperationthat
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modifiesthecontaineris performedusinganiterator, thatspecificiteratorwill still be
valid andwill referencethe”Next” valuein thecontainer. Theonly exceptionis when
the last item in the containeris deleted,the iteratorcannotbackup andwill thusbe
invalid.

Iterator operationsthat move the position of the iterator will generally return an
End Marker to tell if theiteratorattemptedto movepasteitherendof thecontainer.

Whenan iterator is created,a classpointer to the baseobjectdefinedin Asgc is re-
quired. This meansthat all containersthat needto be iteratedmustbe dynamically
allocatedor aliased.It would beniceif this wasnot thecase,but it is very difficult to
referenceoneobjectfrom anotherwithout apointer.

Basicmethodson iteratorare:

Add(Iter, Val) - Addstheitemto thecontainertheiteratorreferencesandposi-
tionstheiteratoron theaddeditem.

First(Iter, Is End) - Settheiteratorpositionto thefirst item in thecontainer.
If thecontaineris empty, thePastEndwill bereturnedin Is Endandtheiterator
will not bevalid.

Next(Iter, Is End) - Move the iteratorto thenext item in thecontainer. If the
currentitemis thelastitemin thecontainer, thentheiteratorwill notbemodified
(it will still bepositionedon thelastitem)andIs Endwill besetto PastEnd.

Delete(Iter, Is End) - Remove the valuereferenceby the iterator from the
container. If the value is the last item in the container, Is End will be set to
PastEndandtheiteratorwill beinvalidated.Otherwise,theiteratorwill bepo-
sitionedontheitemafterthedeleteditemandIs Endwill besetto Not PastEnd.

Is Same(Iter1, Iter2) return Boolean - ReturnsTrue if the iterators
arepositionedon thesamelocationin thesamecontainer.

Get(Iter) return Contained Type - Returnthe valueat the currentposi-
tion of theiterator.

Get Incr(Iter, Val, Is End) - Returnthevalueatthepositionof theiterator
thenmove the iterator to the next item in the container. The standardNext()
methodsemanticsapplyto this function,too.

"="(Iter1, Iter2), "="(Iter1, Val), "="(Val, Iter1) -
Normal comparisonoperationson iteratorsdo not comparethe iteratorsthem-
selvesbut thevaluesthey reference.

Search(Iter, Val, Found) - Searchfor the specifiedvaluefrom the begin-
ning of the container. If the valueis found, thenFoundis set to True andthe
iteratoris positionedon thepositionholdingthatvalue.Otherwise,Foundis set
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to Falseandtheiteratorwill beinvalid. Theefficiency of this operationdepends
on thespecifiedcontainer.

Search Again(Iter, Found) - Searchagainfor thevalueat the currentposi-
tion of the iterator. Calling Search()andthenSearchAgain() until Falseis re-
turnedin Foundis guaranteedto getall itemsin thecontainerwith thespecified
value.

Entry Count(O, Val) return Natural - Returnthe numberof times the
specifiedvalueis in thecontainer.

Union(Dest, O1, O2) - Performa setunionof O1 andO2 andreturntheresult
in Dest. Thesevaluesareclasspointersto object,not straightobjects,because
iteratorsmustbeusedto work on thecontainers.This routineworksevenif any
of the containersare the samecontainer. Note that this is a puresetunion, if
eitherof thesourcecontainerscontainmorethanoneof thesamevaluethenthe
resultof thiswill beinvalid or anexceptionmightberaised.

Intersection(Dest, O1, O2) - Performa setintersectionof O1 andO2 and
returnthe result in Dest. Thesevaluesareclasspointersto object,not straight
objects,becauseiteratorsmustbe usedto work on thecontainers.This routine
works even if any of the containersarethe samecontainer. Note that this is a
puresetintersection,if eitherof thesourcecontainerscontainmorethanoneof
the samevaluethenthe resultof this will be invalid or an exceptionmight be
raised.

Bag Union(Dest, O1, O2) - Performa bagunionof O1 andO2 andreturnthe
result in Dest. Thesevaluesare classpointersto object, not straightobjects,
becauseiteratorsmustbe usedto work on the containers.This routineworks
even if any of the containersare the samecontainer. Sincea bagcancontain
multipleof thesamevalue,thedestinationmustbeableto holdduplicatevalues.
Otherwise,anexceptionwill probablyberaised.

Bag Intersection(Dest, O1, O2) - Performa bag intersectionof O1 and
O2 andreturnthe result in Dest. Thesevaluesareclasspointersto object,not
straightobjects,becauseiteratorsmustbeusedto work on thecontainers.This
routineworkseven if any of thecontainersarethesamecontainer. Sincea bag
can containmultiple of the samevalue, the destinationmust be able to hold
duplicatevalues.Otherwise,anexceptionwill probablyberaised.

2.7.1 Ordered and Sortable Container Iterator

Iteratorsfor orderedandsortablecontainershave thefollowing methods:

Last(Iter, Is End) - Set the iterator position to the last position in the con-
tainer. Is Endwill besetto PastEndif thecontaineris empty.
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Prev(Iter, Is End) - Set the iterator position to the previous position in the
container. If the iterator is at the first item in the container, the iterator is not
modifiedandIs Endis setto PastEnd.

Set Loc(Iter, Loc) - Settheiteratorpositionto adirectlocation.If thelocation
is not valid (or thecontaineris empty)a ConstraintErrorwill beraised.

Get Loc(Iter) return Natural - Returnthe currentdirect location of the
iterator.

Is After(Iter1, Iter2) return Boolean - ReturnTrueif thepositionof
Iter1 is after thepositionof Iter2 in thecontainer. The iteratorsmustreference
thesamecontainer.

Is Before(Iter1, Iter2) return Boolean - ReturnTrue if theposition
of Iter1 is beforethepositionof Iter2 in thecontainer. The iteratorsmustrefer-
encethesamecontainer.

"-"(Iter1, Iter2) return Integer - Returnthe differencebetweenthe
locationof Iter1 andthelocationof Iter2.

"+"(Iter1, Offset) return Iterator - Returnanew iteratoratthegiven
offset from the positionof Iter1. If the positiongoesbeyond the rangeof the
container, a ConstraintErrorwill beraised.

"-"(Iter1, Offset) return Iterator - Returnanew iteratoratthegiven
offset from the positionof Iter1. If the positiongoesbeyond the rangeof the
container, a ConstraintErrorwill beraised.

Swap(Iter1, Iter2) - Swap the valuesat the given locationsin the iterator.
Note thatno callbackis calledfor this if the operationoccursin the samecon-
tainer. If Iter1 and Iter2 referencedifferent containers,Added callbacksare
calledfor bothvalueson their destinationcontainersandthenDeletedcallbacks
arecalledfor thesourcecontainers.

Add After(Iter, Val) - Add thegivenvalueaftertheiterator’scurrentposition.
After this operationtheiteratorwill bepositionedon thenewly addedvalue.

Add Before(Iter, Val) - Add thegivenvaluebeforethe iterator’s currentpo-
sition. After this operationthe iteratorwill be positionedon the newly added
value.

Set(Iter, Val) - Setthevalueof the iterator’s position. TheAddedcallbackis
calledfor thenew valuethentheDeletedvalueis calledfor theold value.

Get Decr(Iter, Val, Is End) - Returnthevalueatthepositionof theiterator
thenmovetheiteratorto thepreviousitem in thecontainer. ThestandardNext()
methodsemanticsapplyto this function,too.
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Iteratorsfor sortablecontainerscanbecomparedordinally, so they addthefollowing
methods.Thesecomparisonmethods(aswith the"=" operator)comparethe values
theiteratorsarepositionedat,not thepositionof theiterator.

">"(Iter1, Iter2)
">"(Iter, Val)
">"(Val, Iter)
"<"(Iter1, Iter2)
"<"(Iter, Val)
"<"(Val, Iter)
">="(Iter1, Iter2)
">="(Iter, Val)
">="(Val, Iter)
"<="(Iter1, Iter2)
"<="(Iter, Val)
"<="(Val, Iter)

2.7.2 Tree Container Iterator

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

Root(Iter, Is End) - Move to the root nodeof the tree. If the tree is empty,
Is Endwill besetto PastEnd.

Left(Iter, Is End) - Movetheiteratorto theleft subtreeof theiteratorscurrent
position.If theleft subtreedoesnot exist, Is Endwill besetto PastEndandthe
iteratorwill remainin thesameposition.

Right(Iter, Is End) - Move the iterator to the right subtreeof the iterators
currentposition.If theright subtreedoesnotexist, Is Endwill besetto PastEnd
andtheiteratorwill remainin thesameposition.

Up(Iter, Is End) - Movethetheparentof thecurrentnode.If thecurrentnodeis
theroot node,thenIs Endwill besetto PastEndandthepositionof theiterator
will beunchanged.

Last(Iter, Is End) - It’s aseasyto do a reversein-ordertraversalasa forward
in-ordertraversal,so it is possibleto go backwardsthroughthe treeaswell as
forwards.This movesto thelargestentryin thetree.If thetreeis empty, Is End
will besetto PastEnd;

Prev(Iter, Is End) - Set the iterator position to the previous position in the
Tree.If theiteratoris at thefirst item in thetree,theiteratoris not modifiedand
Is Endis setto PastEnd.
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Get Decr(Iter, Val, Is End) - Returnthevalueat thepositionof the itera-
tor thenmove the iteratorto the previous item in the tree. The standardPrev()
methodsemanticsapplyto this function,too.

Iteratorsfor tree containerscan be comparedordinally, so they have the following
methods.Thesecomparisonmethods(aswith the ”=” operator)comparethe values
theiteratorsarepositionedat,not thepositionof theiterator.

">"(Iter1, Iter2)
">"(Iter, Val)
">"(Val, Iter)
"<"(Iter1, Iter2)
"<"(Iter, Val)
"<"(Val, Iter)
">="(Iter1, Iter2)
">="(Iter, Val)
">="(Val, Iter)
"<="(Iter1, Iter2)
"<="(Iter, Val)
"<="(Val, Iter)

2.7.3 List Container Iterator

Iteratorsfor listsaddthefollowing methodsto thebasiciteratormethods:

Add After(Iter, Val) - Add thegivenvalueaftertheiterator’scurrentposition.
After this operationtheiteratorwill bepositionedon thenewly addedvalue.

Add Before(Iter, Val) - Add thegivenvaluebeforethe iterator’s currentpo-
sition. After this operationthe iteratorwill be positionedon the newly added
value.

Set(Iter, Val) - Setthevalueof the iterator’s position. TheAddedcallbackis
calledfor thenew valuethentheDeletedvalueis calledfor theold value.

2.7.4 Heap Container Iterator

Iteratorsfor heapsaddno methodsto thebasiciteratormethods.
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2.7.5 Hash Table Container Iterator

Iteratorsfor hashtablesaddno methodsto thebasiciteratormethods.

2.7.6 Btree Container Iterator

Iteratorsfor Btressaddthefollowing methodsto thebasiciteratormethods:

Prev(Iter, Is End) - Set the iterator position to the previous position in the
Btree.If theiteratoris at thefirst itemin thetree,theiteratoris notmodifiedand
Is Endis setto PastEnd.

Get Decr(Iter, Val, Is End) - Returnthevalueat thepositionof the itera-
tor thenmove the iteratorto the previous item in the tree. The standardPrev()
methodsemanticsapplyto this function,too.

As well asthefollowing ordinalcomparisonsaredefined:

">"(Iter1, Iter2)
">"(Iter, Val)
">"(Val, Iter)
"<"(Iter1, Iter2)
"<"(Iter, Val)
"<"(Val, Iter)
">="(Iter1, Iter2)
">="(Iter, Val)
">="(Val, Iter)
"<="(Iter1, Iter2)
"<="(Iter, Val)
"<="(Val, Iter)

2.7.7 Graph Container Iterator

Iteratorsfor graphscanbe usedlike a normal iterator, but have within themanother
iteratorto iterateover the links a nodehas.Soeachnodein a graphhasa setof links
thattheusermayiterateoverwith thefollowing specialoperations.Notethatchanging
thelinks in a nodedoesnot invalidateotheriteratorsin thecontainer. Also notethatif
theiterator’snodereferenceis changed,thelink iteratorof theiteratoris invalidated.

Add Link(From, To, Contents, Ignore Dup := True) - Add a link
from the ”From” iteratorto the ”To” Iterator. If the link alreadyexistsandIg-
nore Dupis False,anItem Already Existsexceptionis raised.If thelink already
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existsandIgnoreDupis True,thecall doesnothing.Otherwise,thelink is added
andtheusercontentsof thelink is setto theContentsparameter. Notethat this
will not changethe exists contentsif the link alreadyexists andduplicatesare
not allowedandIgnore Dup is setto True.

Delete Link(Iter, Is End) - Deletethelink theiteratorcurrentlyreferences.
If thelast link in thecontaineris deleted,Is Endwill besetto PastEndandthe
link partof theiteratorwill besetto invalid (themainpartof theiteratoris still
valid, though).

Find Link(From, To) return Iterator - Find a link from the”From” it-
erator’snodeto the”To” iteratorsnodeandreturnaniteratorthatreferencesthe
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-
encethesamecontainer. If the link is not found,anItem Not Foundexception
will beraised.

Find Link(From, To, Found) - Find a link from the ”From” iterator’s node
to the”To” iteratorsnodeandmovethe”From” iteratorsothatits link reference
referencesthelink to the”To” iterator’snode.If thelink is not found,theFrom
iteratorwill not e changedandthe Foundparameterwill besetto False. If the
link is found, Found will be set to True. Several versionsof this exists with
variouscombinationsof iteratorandcontainedtypes.

Find Link Again(From, Found) - Searchfor the next link that hasthe same
destinationasthecurrentlink. This is only usefulfor graphsthatsupportdupli-
catelinks, with this functionall the links to a specificdestinationcanbefound.
If a link to thesamedestinationis not found,Foundwill besetto FalseandFrom
will not bemodified.Otherwise,Fromwill referencethenext link.

Link Exists(From, To) return Boolean - ReturnsTrue if a link exists
from From to To, Falseif it doesn’t exist. Several versionsof this exists with
variouscombinationsof iteratorandcontainedtypes.

First Link(Iter, Is End) - Movethelink referencefor theiteratorto thefirst
link in thenode.If thenodehasno links, Is Endwill besetto PastEndandIter
will beunchanged.

Next Link(Iter, Is End) - Movethelink referencefor theiteratorto thenext
link in thenode.If theiteratorreferencesthelastlink in thenode,Is Endwill be
setto Past EndandIter will beunchanged.

Follow Link(Iter) return Iterator - Follow the current link of ”Iter”
andreturnanditeratorthatreferencethenodethelink is to.

Follow Link(Iter) - SetIter to thenodethatits link referenceswhenit is passed
in.
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Link Count(Iter) - Returnthenumberof links in thenodetheiteratorreferences.

Get Link(Iter) - Returntheuserdatavaluefor thelink theiteratorreferences.

Set Link(Iter, Val) - Settheuserdatavaluefor thelink theiteratorreferences.

2.8 Using Graph Containers

As mentionedbefore,graphcontainersaremoredifficult to createbecauseof themulti-
tudeof optionsavailable.In thisexample,I will beusingthedynamicgraphcontainer,
thefixedor expandablecontainersmaybeeasilysubstituted.

A genericgraphcontainertakestwo formalparametersto instantiateit, a link container
andan iteratorfor the link container. Thesetwo parametersmustbecompatible(you
can’t usea dynamiclink containerwith a fixed link iterator, for instance).The link
containeranditeratorpassedin determineif thegraphnodesaredynamic,expandable,
or fixed.

Dynamic graph nodes must be instantiated with a child package named
Asgc.Graph.Dynamic.Links.Dynamic,thenames,it containsthetypesGraphLink and
GraphLink It. So,to instantiatea dynamicgraphcontainerwith dynamicnodes,use
somethinglike:

package Base is new Asgc(Contained_Type => Integer);
package Graph_Base is new Base.Graph
(Do_Hash => Hash_Integer,
Link_Contained_Type => Boolean);

package Dyn_Graph_Base is new Graph_Base.Dynamic;
package My_Graph_Links is
new Dyn_Graph_Base.Links.Dynamic;

package My_Graph is new Dyn_Graph_Base.Graph
(My_Graph_Links.Graph_Link,
My_Graph_Links.Graph_Link_It,
Allow_Duplicate_Links => False);

And My Graphwill bea packagethatthegraphscanbeusedfrom.

Fixed andexpandablegraphnodearemorecomplicatedbecausethey have discrimi-
nantsthathave to behandled.Theusercannotjust subtypesometypeandconstraina
typewith a sizebecausethatcannotbepassedin asoneof thepackagediscriminators
for thegraphpackage;Ada95doesnot allow that. Instead,theusermustinstantiatea
genericpackagewith the requiredsizes. For instance,in the above example,replace
thelasttwo lineswith:
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package My_Graph_Links is
new Dyn_Graph_Base.Links.Fixed(Size => 20);

package My_Graph is new Dyn_Graph_Base.Graph
(My_Graph_Links.Graph_Link,
My_Graph_Links.Graph_Link_It,
Allow_Duplicate_Links => False);

or

package My_Graph_Links is
new Dyn_Graph_Base.Links.Expandable
(Initial_Size => 20, Increment => 30);

package My_Graph is new Dyn_Graph_Base.Graph
(My_Graph_Links.Graph_Link,
My_Graph_Links.Graph_Link_It,
Allow_Duplicate_Links => False);

For fixedor expandablenodes.

Digraphsarespecifiedby usingDiGraphinsteadof Graphin the lastgenericpackage
instantiation.For instance,taking the first exampleabove, replacingthe last package
with thefollowing will makea digraph:

package My_DiGraph is new Dyn_Graph_Base.DiGraph
(Dynamic_Graph_Link, Dynamic_Graph_Link_It);

Notethat,obviously, if you follow a link in adigraphyoudon’t necessarilyhavea link
back. Also, sinceyou don’t have a link back,links in to a digraphto not eatup the
normallinks. However, thereis ahiddenlink backto all thelinks to anodeandit is the
samesizeasthenormallinks, soafixednodehasa limit on thenumberof othernodes
thatcanlink to it.

Note that links themselves support having data items on them (like the
Link ContainedTypeabove). They areaddedwith Add Link andcanbefetchedwith
Get Link or modifiedwith SetLink.

Also notethat duplicatelinks betweennodescanbe optionally supportedby setting
Allow DuplicateLinks to Trueasshown above.

2.8.1 Creating Your Own Graph Link Nodes

You cancreateyour own graphlink nodetypesif you needsomespecialproperties
(for instance,you have a lot of links in eachnodeand it needsto be moreefficient
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thana linkedlist). However, youmustbeVERY carefulto follow thesemanticsof the
interfacecarefully. SeethepackageAsgc.Graph.Linksfor detailsondoingthis.

2.8.2 Link Callbacks for Graph Containers

For graphcontainers,the links themselvescarrydatavaluesandthesemayhave call-
backsjust like regularvaluesin thegraph.SeetheCallbackssectionfor moredetails.
Sincelink valuesare not usedby the containerclasses,the valueson links may be
changedarbitrarily, unlike themaincontainercallbacks.

IMPORTANT – With regulargraphs,thesefunctionswill be calledTWICE for every
link added,deleted,or copied,sincethe link goesbothdirections.Themethodsmust
accountfor this properly, especiallyif they generatea new copy, sinceeachlink direc-
tion will haveadifferentcopy in thatcase.Themethodsshouldnotassumeany calling
order, sodoingsomethinglike ”Odd addsarerealandevenonejustusethelastvalue”
is dangerous.ThisdoesNOT applyto directedgraphs,they will only call thefunctions
onceperlink sincethelinks only go oneway.



Chapter 3

General ASL Library Routines

Somegenerallibrary routinesaredefinedby theASL library. Theseareroutinesthat
areoftenusedin Ada95code.

3.1 Semaphores

Ada95doesnot definesemaphoredirectly, but they areeasilydefinedusingprotected
types. Pleasedon’t usesemaphoresunlessyou really needthem. Protectedtypesare
muchsaferandeasierto use.However, if you needto block duringanoperation,need
a wakeupfunctionthatcannotbedonewith a rendevous,needa countingsemaphore,
or needa nestedsemaphore,thesepackagesarefor you.

ThepackageAsl.Semaphorecontainsanabstractsemaphoretype thatall semaphores
derive from andimplement. It containsthe whole interfaceto semaphores,with the
following methods:

Take(S) - Claim the semphoreS. This will block until S becomesfree and then
claimsS.

Give(S) - Releasea semaphoresoit canbetakenagain.

Try To Take(S, Success, Timeout) - Attempt to take the semaphore,but
fail theoperationif it takeslongerthanTimeout. If theoperationis successful,
Successis setto True,Otherwiseit is False.Timeoutdefaultsto 0.0.

Foursemaphoretypesaredeclaredin thefollowing packages:

27
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Asl.Semaphore.Binary - A standardbinarysemaphore.

Asl.Semaphore.Counting - A standardcountingsemaphore.Theinitial valueis spec-
ified whenthevariableis declared.

Asl.Semaphore.Nested - A binarysemaphorethatallowsthesametaskto takeit mul-
tiple times. Thenumberof claimsis trackedandthesemaphoremustbegiven
thesamenumberof times.A TaskingErrorwill beraisedif a taskotherthanthe
ownertriesto give thesemaphore.

Asl.Semaphore.Nested Prio - Like a nestedsemaphore,but it implementsa priority
inheritancealgorithm. DANGER - Thesesemaphoresdon’t work right unless
settingthedynamicpriority of a tasksetsit immediately. GNAT doesn’t do this
by underLinux. I’m thinking of a way to fix it, but nothinghascometo meyet.

3.2 Leak Detection Storage Pool

Asl.Leak DetectPooldefinesastoragemanagerthatcanbeusedto detectleaksin your
code.If youspecifythisstoragemanager, it will keepa linkedlist of all dataitemsthat
havebeenallocatedbut not freedusingit. After you aredone,you canusethestorage
managerto iterateoverall theelementsthathavenotbeenfreed.Thismeans,of course,
thatyoumustfreeall yourdata:-).

The iterator returnsan addressanda size. If your systemis deterministicaboutits
memoryallocation,you can set a conditionalbreakpointin the Allocate routine of
this packageright beforeit setsthe return addressthat hasthe leaked addressfrom
a previous run. Then you can move up stacklevels to seewherethe memorywas
allocated.Thesameaddresscanbereturnedagainif it is freed,sobeawarethatyou
mustcatchthelastallocation.

3.3 Reference Counted Pointers

Asl.RefcountPtr providesa “smart” pointerthat automaticallycleansitself up when
the last referenceto it getsfreed. This way, a pointermay be duplicatedmany times
throughouttheprogram,but it will only befreedwhenthelastduplicateis freed.This
way, theprogramdoesnot needto keeptrackof whenthepointeris really freed,only
thelocal usersneedto trackwhenthey aredone.This only workspointersthatcannot
point to themself(sincein acyclic structurethelastpointernevergoesaway).

Asl.RefcountPtr.Managedprovidesastoragemanagedversionof this. Stringversions
arealreadyavailablein Asl.RefcountStringandAsl.RefcountString.Managed.
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3.4 String Tokenizer

Asl.Strings.Tokenizerprovidesa convenientway to breaka string into piecesusing
separators(suchasspacesandtabs).

3.5 Telnet

Asl.Protocol.Telnetholdsa telnetprotocolenginethat implementsthe full RFC 854
andRFC855protocol.It allowsoptionsprocessorsto bepluggedin to handleoptions.

Asl.Protocol.Telnet.Optionimplementsa basic telnet option handler. It can handle
optionslike echo,binary, and othersthat are simple. Other more complex options
shoulddescendfrom this, sinceit doesthe dirty work of option negotiation. Several
optionsarealreadyavailable,including:

� Asl.Protocol.Telnet.Option.TerminalType

� Asl.Protocol.Telnet.Option.Window Size

� Asl.Protocol.Telnet.Option.Status

Asl.Protocol.Telnet.StreamIO implementan Ada streamover telnet. This is useful
with anAdaSocketsstream.Note thatcurrently, AdaSocketscalls to Readareblock-
ing until all the itemsarereadfrom the stream,so if you want to usetelnetover an
AdaSocketsyou have to readfrom the streamoneelementat a time. A patchexists
that correctsthis, but it’s hardto know whenthis will be appliedor if it will ever be
applied.

3.6 Abstract I/O

Unfortunately,Adahasnoabstractfile typelikeJavahas,soyoucan’t easilycreatenew
file types,suchastelnetsockets.You have streams,but streamshavevery limited sets
of typesthey canreadandwrite. Asl.AbstractIO attemptsto fill this void. It looksa
lot likeAda.Text IO, but thefile typeis abstract.It providesall thedirty work of things
like Integer IO, all thereal I/O processorsneedto provide arethebasics.It hassubtle
differenceswith Ada.Text IO, soreadthedocumentationin thepackagecarefully.

Asl.AbstractIO.TelnetimplementsabstractI/O overa telnetstream.

TherealandfixedI/O is arathercheaphack.It doeswork, but theaccuracy will suffer.
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3.7 Security

Asl.Securityprovidesanabstractmechanismfor verifying usernames.No realmech-
anismscurrentlyexist, theusermustsupplytheirown.

3.8 Debug Output

Applicationsoftenneedsomewayto optionallygeneratedebugoutputuponcommand.
Asl.Debug Out providesa framework for this. The usercreatesandregistersdebug
levels with a debug processor. Throughcommand,the levels may be enabledand
disabled.TheuserchecksaBooleanin thelevel, if it is on they shouldgeneratedebug
output.

Asl.Debug Out.Commandprovidesa commandprocessorcommandthatcontrolsde-
bug levels.

3.9 Command Processor

Asl.Cmdprocprovidesa small framework that allow a commandprocessorover an
abstractI/O file. This letstheuserbindin commandsandhavethemexecutedwhenthe
usertypesin a specificcommand.A helpandexit commandarealreadyimplemented
andboundin.

Asl.Cmdproc.Telnetprovidesa full telnetlistenertask,you just provide theport to the
taskentry, it will giveyoubacktheactualcommandtableit is using,listenfor requests,
createthecommandprocessorsandtelnetstreamswhenrequestscomein. All youhave
to dois bindin yourcommands.If youwantsecurity, youcanpassin asecurityhandler.
It alsocreatesa debugprocessoranda debugcommandfor processingdebugoutput.

3.10 Date and Time Utilities

Asl.DateTime providesa fairly completedateandtime manipulationpackage.It has
thefollowing packages:

Asl.Date Time - Holds thebasictypesusedby all thedateandtime packages.This
alsoholdssomebasicutilities for calculatingwith time.

Asl.Date Time.Calendar - Providesa“CalendarTime” typethatcanbeusedfor date
andtimemanipulation.This is thebasictypetheuserswill dealwith.
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Asl.Date Time.Timezone - The abstractbasefor timezones.The timezoneusedby
thecalendarpackagemustbeasubclassof this type.Thispackagealsoprovides
asimpletimezonewith only aGMT offset,nodaylightsavings. It providesaset
of classesfor thevariouswierd timesthattimezonesstart(lastsundayof month,
first sundayafterthe10thday, etc.).

Asl.Date Time.Timezone.Simple - A simpletimezonethatonly hasastartandastop
timeperyear.

Asl.Date Time.Timezone.Complex - A timezonebaseduponthe*nix zoneinfo file.
It cando prettymuchanything you would need,althoughsomepolitical entity
someplacewill probablydreamup a way to breakit.

Asl.Date Time.Local - A packagethatattemptsto determineandsetthe local time-
zoneandto get the currenttime without having to dealwith Ada.Calendar. It
currentlyhasa *nix implementation.

Asl.Date Time.Register Simple Timezones - A procedurethat will registerall the
timezonesfrom the Timezonesdirectory(which werestolenfrom glibc-2.2)as
simpletimezones.

Asl.Date Time.Register Complex Timezones - A procedurethatwill registerall the
timezonesfrom theTimezonesdirectoryascomplex timezones.

As well, aprogramnamedConv Zonesconvertsfiles in the*nix zoneinfo formatinto
the Register SimpleTimezonesand RegisterComplex Timezonesprocedures.The
complex timezoneprocedureis very large,andprobablynot necessaryfor mostsys-
tems.However, if youneedto gobackin timeandhaveaccuratetimezoneinformation,
it’s the only way. If you cannotafford the memorybut needthe complex timezones,
youprobablywantto modify themakefileandzoneinfo 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
SetLocal Timezoneroutinein the Local packageto attemptto find the default time-
zone,or you shouldsetthedefault timezoneyourselfif you needa specialone.If you
registertimezones,you must registera UTC timezonethathasthenameandid setto
“UTC” andtheoffsetsetto zero.

After that, the CalendarTime type is what the userprimarily dealswith, it is used
to computetimes,convert betweentimezones,anddo othertime calculations.It can
handleleapseconds,day of weekcalculationswith differentfirst daysof weekand
daylightsavingstime. It canalsoconvertto/fromthestandardAdaTimetype,although
it might haveproblemswith daylightsavings.

IMPORTANT: Unlikeothercalendarpackagesin otherlanguages,thispackagewill not
normallylet youmoveinto invalid times.So,for instance,if yousetthetimeto Jan31,
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2001thenaddamonth,thispackagewill raiseanexception,becauseFeb31 is invalid.
If you set the time to April 1 20012:30AM CST, it will raisean exceptionbecause
daylight savings time hasskippedover this particulartime. Leap secondscan also
causeproblems,becausesomeminuteshas59 secondsandothershave 61 seconds.
You can avoid the exceptionsby settingthe ”Sloppy” flag in the time calculations,
however, thetimewill bemovedto avalid time. It handlesthemthefollowing ways:

Invalid day of month - Moveto thelastdayof themonth.

Invalid time due to DST - Add thedaylightsavingsoffset(usuallyanhour).

Invalid time due to leap seconds - moveto thefirst secondof thenext minute.

In thiscase,for instance,if yousetthetimeto April 1 20012:30AM CST, thetimewill
magicallymigrateto April 1 20013:30AM CDT.

If a portableway to transfertime betweensystemsis needed,thenthePortableTime
typecanbeusedfor this. It is UTC based,thuscanbesentto a remotesitein another
timezoneandberepresentedproperly. It canrepresentaverylargerangeof datesusing
only 32-bit types.

Also, CalendarTimecanbeconvertedto andfrom thestandard*nix timeval for inter-
actingwith *nix systems.If Interfaces.C.longis only 32-bits,however, this will run
out sometimein theyear2038.

Thecalendarpackagewill work with BC years,eventhoughit seemskind of silly. Just
rememberthat therewasnot yearzero,Settingthe yearto 0 will be 1BC, -1 will be
2BC, etc. Whenprinting, 0 will be convertedto -1, andso on automatically, so BC
yearswill print properlywith anegativesign.

3.11 Reference Counting Pointers

Thisprovidesareferencecountingpointer, aprimitivegarbagecollectorfor non-cyclic
datastructures.Thispackageusescontrolledtypeto detectwhenreferencesarecreated
anddestroyed. Whenan item hasno referencesleft, this packagewill automatically
freethedata.This way, you cancreateanitem andgive it to multiple users,they have
to all freeit beforeit will actuallybefreed.Thepackagesare:

Asl.Refcount Ptr - Themainpackage.

Asl.Refcount Ptr.Managed - Anotherversionthatusesa user-suppliedstoragepool.

Asl.Refcount String - A stringversionof thepackage.
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Asl.Refcount String.Managed - A string versionthat usesa user-suppliedstorage
pool.


