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The Container Libraries

This document describes version 1.5 of the container libraries. The container
libraries implements many fairly often used data structures, such as sets, lists,
stacks, etc., giving solutions to a very broad range of data structuring issues. It is
intended that the container libraries will be extended in the future to include data
structures such as trees, and mappings. The container libraries contains a number of
abstract patterns which can be used as the basis for other container data structures.

The entire inheritance hierarchy for the container librariesis:

container Container
libraries
collection  arrayContainer list sequential Container
/\
multi Set hashTable recList stack queue deque prioQueue
set extensibleHashTable

classificationSet

The container libraries are fragmented into relatively small fragments to enable the
programmers to be very selective in picking the proper data structures without being
burdened with the overhead of the other data structures.

We will in the following discuss the patterns in the container libraries individually.

Container

Cont ai ner is the abstract superpattern for all patterns in the container libraries,
defining all common attributes of container patterns.

Container patterns are generic patterns in the sense that the element type of the ele-
ments kept in the container is specified through the el enent virtual attribute.

Cont ai ner definesthe following additional attributes:
i ni t: To beinvoked before the container object may be used. é:t?rr:éeﬂtneesr
cl ear : empties the container.
enpt y: returnstrue, if the container does not contain any elements.
si ze: returns the number of elementsin the container.

capaci ty: returns the current capacity of the container. Most containers will dy-
namically expand as usage demands, and capacity returns the current capacity
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(subject to changes later, when usage demands). If the capacity of the
container isin principle indefinite, capacity returns - 1.
has: takes areference to an element object, and returns true if the element isin the
container.
scan: scans through the entire container, invoking INNER for each element in the
container satisfying a predicate.
fi nd: scans through the entire container, invoking INNER first time an element is
found, satisfying a predicate. Find also returns a reference to the element
found.
copy: creates an exact copy of the container. Only elements satisfying a predicate
is copied to the new container.
equal : avirtual procedure pattern, taking two element references. Equal returns
true is the two element references are identical. Equal is used in the
implementation of the above operations (and some of the later mentioned
operations). If some other equality test is wanted for specific containers, this
can be accomplished by further binding equal in that container.
Cont ai ner also definestwo exceptions:
enpt yCont ai ner Error : is invoked if the container is empty, and some container
operation is invoked which demands a non empty container.
i 11 egal Cel | Ref er ence: isinvoked, if some container operation is making illegal
references internally in the container private data structures.
Collection
Col l ection is a subpattern of the container pattern and is the abstract
superpattern for all position independent container patterns in the container
libraries, defining all common attributes of these patterns.
Col | ect i on defines the following additional attributes:
Col!(ta)ction i nsert : takes an element reference and inserts the element in the collection.
attributes

del et e: takes an element reference and del etes that el ement from the collection.

uni on: takes a reference to another collection, and unifies the elements in both
collections into this(collection).

diff,sect,synDiff:similartounion.

MultiSet

Ml ti Set is a subpattern of the col | ecti on pattern. Mul ti Set is an unstructured
collection of element references, where duplicates are allowed. Mul ti Set does not
define any additional operations.



Set

Set

Set isasubpattern of the nul ti Set pattern. Set islike nul ti Set , except that dupli-
cated are not allowed. Set does not define any additional operations.

ClassificationSet

Cl assificationSet is a subpattern of the set pattern. d assificati onSet is
used for dynamic classification of elements. d assificationSet defines two
additional attributes:

subset s: isaset containing the subsets of thiscl assi fi cati onSet .

i nsert Subset : takes a cl assificationSet and inserts it as a subset of this
cl assificationSet. The exceptionill egal Subset will be invoked if the
subset inserted contains elements, that are not instances of a subpattern of the
el ement typeof thiscl assi ficationSet.

superSet: if this classificationSet is a subset of another
cl assi ficationSet, super Set will referencethat cl assifi cationSet.

scanUncl assi fi ed: likescan except that it only scans those elements that are not
member of any subsets of thiscl assi fi cati onSet .

Let usillustrate by an abstract example, assuming that css1 contains the elementsa,
b andc, css2 contains the elementsc, d and e, and finally cs contains the elements
bandf:

cssl CSSs2
(o1
b c €
a b f d
C
Then after

cssl[]->cs.insert Subset
cs will contain the original elements, and the css1 subset:

ClassificationSet
attributes
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€SS2

D

Note that the element b, originally located in both cs and css1, now is located ex-
clusively in css1. In this situation, cs.scan(# ... #) will run through the
elements a, b, ¢, d, e and f. and cssi.scan(# ... #) will run through the
elementsb and f .

If we then execute
css2[]->cs.insert Subset
we will have the following situation:

Note again, that c isexclusively in css2. If we now execute

g[]->cssl.insert, f[]->css2.insert andb[]->cs.del ete

we will have the following situation:

Finaly,
cssl.scanUnclassified(# ... #)

will only scan the elementsa and b, whereas
cssl.scan(# ... #)

will scan all elements(i.e. a, b, c,d, e, f andg).



HashTable

HashTable

HashTabl e is a subpattern of the col | ecti on pattern. HashTabl e implements a
hash table data structure with the following additional attributes:

rangel ni ti al : defines the range of internal hash values of the hash table.
r ange: returns the actual range of internal hash values of the hash table.

hashFunct i on: takes an element reference and returns a hash value for that ele-
ment. In most uses of hashTabl e, this function must be further bound to give
amore intelligent distribution of hash values.

scanl ndexed: takes a hash value and scans all elements in the hash table with the
same hash value.

fi ndl ndexed: takes a hash value and finds an e ement with the same hash value,
satisfying predicate.

statistics: enables calculation of various statistics about the usage of the hash
table.

ExtensibleHashTable

Ext ensi bl eHashTabl e iS a subpattern of the hashTabl e pattern. Ext ensi bl e-
HashTabl e allows for extension of the range of hash values of the hashTabl e.
Unless the specified hashFunction somehow explicitly can cope with dynamic
changes to the hash range, the entire hashTable needs to be rehashed.
Ext ensi bl eHashTabl e implements the following additional attributes:

ext end: extends the range of hash values of the hash table.
r ehash: makes atotal rehash of the contents of the hash table.

ArrayContainer

ArrayCont ai ner is a subpattern of the cont ai ner pattern. ArrayCont ai ner IS an
abstraction of an element repetition, implementing the following additional
attributes:

put , get : inserts/returns an element reference at a given position.
bubbl e-, shel | - and qui cksort : sorting operations.

capaci tylnitial, capacityl ncrenent, capacit yExt end: are used for control-
ling the strategy for extending the ArrayCont ai ner. capacitylnitial IS
used to specify the initial size of the repetition. capaci tyl ncrenent is used

HashTabl e
attributes

Extensible-
HashTable
attributes

ArrayContainer
attributes
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to specify the additional index values to be allocated when the
capaci t yExt end isinvoked.

SequentialContainer

Sequent i al Cont ai ner IS a subpattern of the cont ai ner pattern and is the abstract
superpattern for patterns in the container libraries that implements data structures,
where the elements are sequentially ordered, and where only the elements in the
front or back of this sequence can be manipulated (e.g. stacks and queues).
Sequent i al Cont ai ner does not define any additional operations.

Stack

St ack is a subpattern of the sequent i al Cont ai ner pattern. st ack implements an
ordinary stack with push, pop and t op operations.

Queue

Queue is a subpattern of the sequent i al Cont ai ner pattern. Queue implements an
ordinary queue withi nsert, renove and f ront operations.

Deque

Deque is a subpattern of the sequent i al Cont ai ner pattern. Deque implements an
ordinary double-ended queue Wlth i nsert Front, i nsert Back, renmoveFront, re-
moveBack, f ront and back operations.

PrioQueue

Pri oQueue is asubpattern of the sequent i al Cont ai ner pattern. Pri oQueue imple-
ments a priority queue withi nsert, renove, front andscanPri ority operations.
All operations takes a number, identifying a priority. ScanPri ority scans through
all elements of agiven priority.
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List

Li st is asubpattern of the cont ai ner pattern. It implements a double-chained list
data structure. The I i st pattern is a little special, since many operations takes list
positions as arguments instead of elements. The reason is, that the typical usage of
lists are to manipulate the list itself (finding the element just before a given position
intheligt, etc.). This adds a little extra complexity to the operations of thel i st pat-
tern, relative to the other container patterns.

Central to the understanding of the list pattern, is the understanding of the t heCel | -
Type pattern. TheCel | Type isavirtual pattern, defined in cont ai ner pattern (but it
is a private attribute, except for the 1ist subpattern). In the Iist pattern,
t heCel | Type contains the references to the successor and predecessor list positions,
as well as the el mreference to the element object contained at this list position.
TheCel | Type describesthe list positions (also often called list el ements).

Li st definesthe following additional operations:

prepend: takes an element (i.e. areference to an element) and adds it to the front
of the list. Prepend returns the position of the element in the list (i.e. a
reference to the instance of theCell Type, containing the new element
reference). This position may later be used to reference the element in the list
(e.g. finding the succ of pred positionsin the list).

append: Similar to pr epend, except that it inserts the element at the end of thelist.
head: Returns the position in the beginning of the list.

| ast : Returns the position in the end of thelist.

tai | : Returns a copy of the list, except for the first list element which have been

removed.

preanpl e: Returns a copy of the list, except for the last list element which have
been removed.

concat enat e: takes two lists and returns a new list which is the concatenation of
the two lists.

i nsertBefore,insertAfter: Takesan element and alist position, and inserts the
element before (respectively after) the list position.

del et e, del et eBef or e, del et eAf t er : takes alist position and deletes the list po-
sition (respectively the list position before or after) from the list.

splitBefore, splitAfter: takesalist position and returns two lists that are the
lists from the beginning up to the list position, respectively from the list posi-
tion until the end of the list. The list position will be in one of thelists.

at : takes an element and returns the first list position, containing a reference to
that element.

| ocat e: returns the position of the element in the list, satisfying predicate. This
operation is similar to find, except that it returns the position, not the element.

iterate, iterateFrom iterateReverse, iterateReverseFroni iterates
through the list structure in different ways. In contrast to scan (inherited from
container), all iterate variants respects the sublist structure such that a sublist
will not be traversed automatically.

List attributes
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ReclList attributes

scanFrom scanRever se, scanRever seFroni sSimilar to the i t er at e operations
above.

RecList

RecLi st IS a subpattern of the list pattern, and makes it possible to represent recur-
sivelists. TheCel | Type is further bound to include thesubl i st reference, and if the
list position represents a sublist, subl i st will contain a reference to the sublist.
TheCel | Type further defines the when attribute, which may be used to specify
actions to be executed in case the list position contains an element reference,
respectively asublist. Finally, recLi st defines the following additional operations:

i nsert Subl i stBefore, i nsertSublistAfter: Takes a list and a list position,
and inserts the list as a sublist before (respectively after) the list position

RecLi st defines the exception i I | egal Subl i st, which is invoked if the elements
of an sublist are not instances of a subpattern of the el enent type of thisrecLi st .



Using the Container

Libraries

The container libraries consists of a number of fragments: cont ai ner, col | ect i on,
sets, classification, arrayContai ner, hashTabl e, seqCont ai ners, | i st and
reclLi st

cont ai ner . bet contains the definition of the abstract pattern cont ai ner. It
isthe origin fragment for all the other container fragments.

col I ecti on. bet contains the definition of the abstract pattern col | ecti on.
Itistheoriginfor theset s, cl assi fi cati on andhashTabl e fragments.

set s. bet contains the definition of the mul ti Set andset patterns. It is the
origin of thecl assi fi cat i on fragment.

classification. bet contains the definition of the cl assifi cati onSet
pattern.

hashTabl e. bet contains the definition of the hashTabl e and ext ensi bl e-
HashTabl e patterns.

arrayCont ai ner. bet contains the definition of the ArrayContai ner
pattern.

l'ist.bet containsthe definition of thel i st pattern.
recList. bet containsthe definition of ther ecLi st pattern.

seqCont ai ner s. bet contains the definition of the abstract pattern sequen-
tial Contai ner along with the stack, queue, prioQueue and deque
patterns.

An application may utilize the container libraries by including the appropriate
library fragment. E.g. in order for an application to utilize the nul ti Set pattern, the
application must have the following outline:
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Using MultiSet ORIA@ N ' ~bet al/ basiclib/vl.5/betaenv';

| NCLUDE ' ~bet a/ cont ai ners/vl.5/sets
--- program descriptor ---
(# ...
recordBag: @rultiSet(# elenent:: record #);
aRecord: @ecord;
aPerson: @erson; (* person is a subpattern of record *)

do ...
recordBag.init;

aPerson[] -> recordBag.insert;
aRecord[] -> recordBag.insert;

}éﬁordBag.scan(# where:: (# current. key<3000 -> val ue #)
do current. print
#);
(* prints all records in recordBag that has a key | ess that
* 3000. It is assuned that record inplements a virtual print
* operation
*)
# .
In order to utilize the other fragments, just replace

| NCLUDE ' ~bet a/ cont ai ners/vl.5/sets
with e.g.

| NCLUDE ' ~bet a/ cont ai ners/ v1. 5/ hashTabl e’

and in order to use more than one container fragment, just insert severa
INCLUDEsS:

Using several

containers | NCLUDE ' ~bet a/ cont ai ners/vl. 5/ sets'

| NCLUDE ' ~bet a/ cont ai ners/v1. 5/ hashTabl e’

Note that since the container fragments has ORIGIN in betaenv, the above is
equivalent to:

ORIGA N ' ~bet a/ contai ners/vl.5/sets'
--- program descriptor ---
(# ...
recordBag: @rultiSet(# elenent:: record #);
do ...

#)

Examples of Use of the Container
Libraries

The following will illustrate the usage of some of the container fragments.
Following each example, the output from the example program is given.
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Set

ORI
*

(*
*
*
*
*

(#

do

Example

G N ' ~beta/containers/vl. 5/ sets'; setsDemo.bet
program descriptor ---

This deno programillustrates the usage of the set pattern. The first part

of the deno illustrates inserting elenents fromthe sets, and

the last part illustrates the union and synDi ff operations.

At the end of this file, a copy of the output of this programis given

intSet: set
(* intSet is a set containing integerjects *)
(# elenent:: < integerbject #);

intSetl, intSet2, intSet3:. @ntSet;
i: [210]"i nteger bj ect;

(* initializing the integerjects *)
(for int:10 repeat & ntegerCbject[]->i[int][]; int->i[int] for);

(* initializating intSetl and inserting integerjects into it *)
intSetl.init;
"intSetl.capacity: '->puttext; intSetl.capacity->putlnt; newine;
(for int:4 repeat '*'->put;
ifint][]->intSetl.insert
for);
(* printing the size of intSetl *) '+'->put;
"intSetl.size: '->puttext; intSetl.size->putlnt; newine;
(* printing intSetl *)
"intSetl.elenents: '->puttext;
intSetl.scan(# do current->putint; ','->put #); newi ne;

(* initializating intSet2 and inserting integerjects into it *)
intSet2.init;
(for int:4 repeat

i[int+3][]->intSet2.insert

for);

(* printing intSet2 *)

"intSet2.elenents: '->puttext;

i ntSet 2. scan(# do current->putint; ','->put #); newine;

(* illustrating the use of the union, diff, sect and synDi ff operations *)

"intSet2->intSet3; intSetl->intSet3.union: '->puttext;
i nt Set 2->i nt Set 3; i ntSet 1->i nt Set 3. uni on

i ntSet3.scan(# do current->putint; ','->put #); newine;
"intSet2->intSet3; intSetl->intSet3.synDiff: '->puttext;

i nt Set 2->intSet3; intSetl->intSet3.synDiff;

i nt Set3.scan(# do current->putint; ','->put #); newi ne;
(* illustrating finding some integerObject in insSets *)
"intSet3.find(# predicate::< (# "elne7" #) #): '->puttext;

intSet3.find(# predicate::< (# do (current=7)->val ue #)
do current->putint
#); newine;

"7->intSet3. has: '->puttext;

(if i[7][1->intSet3.has

/ltrue then 'yes'->putline

el se 'no' ->putline

if);

"10->i nt Set 3. has: '->puttext;

(if i[210][]->intSet 3. has

[ltrue then 'yes'->putline
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hashTableDemo.
bet

#)

el se 'no' ->putline
if);

(*********** prJT kkkkhkkkhkhkkhrhkkhkhk*k

nt Set 1. capacity: -1
nt Set 1. si ze: 4

nt Set 1. el enents: 4,3, 2,1,

nt Set 2. el enents: 7,6, 5, 4,

nt Set 2->i nt Set 3; intSet1->intSet3.union: 1,2,
nt Set 2->i nt Set 3; intSetl->intSet3.synDiff: 1
ntSet3.find(# predicate::< (# "eln=7" #) #):
7->i nt Set 3. has: yes

10->i nt Set 3. has: no

*********************************)

*
*
*
*
*
*
*
*
*
*

HashTable Example

ORIA N ' ~bet a/ cont ai ners/vl. 5/ hashTabl e';

(

L S . T TR T N

program Descriptor --

This denmo programillustrates the usage of the hashTable and
ext ensi bl eHashTabl e patterns. The first part of the deno
illustrates inserting and del eting el enents fromthe hashtabl es,
the mddle part illustrates the diff and sect operations, and the
| ast part of this programillustrates the possibilities for
speci fying extend the hashTable dynamically (illustrated by the
hashTabl e4 object). The use of the statistics operations are al so
illustrated here.
At the end of this file, a copy of the output of this programis
gi ven
)
(#

i nt HashTabl e: hashTabl e (* a hashTabl e contai ni ng i nt eger Obj ects *)
(# elenment:: < integerject; hashFunction::< (# do e->value #);
#);

i nt EHashTabl e: ext ensi bl eHashTabl e

(* a hashTabl e containing integerObjects *)

(# element:: < integerject; hashFunction::< (# do e->value #);
#);

hasht abl el: @ nt HashTabl e
(# rangelnitial::< (# do 2->value #) #);

hasht abl e2: @ nt HashTabl e
(# rangelnitial::< (# do 4->value #) #);

hasht abl e3: @ nt HashTabl e;

hasht abl e4: @ nt EHashTabl e
(# rangelnitial::< (# do 2->value #) #);

i: [10] ~integerject;

do (* initializing the integerObjects *)
(for int: 10 repeat
& ntegerQbject[]->i[int][]; int->i[int]
for);
(* initializing hashTablel and putting sone integerCbjects into it.
hashtabl el.init;
"hasht abl el. capacity: '->puttext;
hasht abl el. capaci ty->putl nt;
new i ne;
" hasht abl el. range: '->puttext;
hasht abl el. range- >put | nt;
new i ne;
(for int: 4 repeat i[int][]->hashtablel.insert for);
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" hasht abl el. el enents: '->puttext;
hasht abl el. scan

(# do current->putint; ','->put #);
new i ne;
" hasht abl el. si ze: '->puttext;

hasht abl el. si ze->put I nt;

new i ne;

new i ne;

(* initializing hashTabl e2 and putting sone integerCbjects into it.
hashtabl e2.init;

" hasht abl e2. capacity: '->puttext;

hasht abl e2. capaci ty->put | nt;

new i ne;

" hasht abl e2. range: '->puttext;
hasht abl e2. range- >put | nt;
new i ne;

(for int: 4 repeat i[int+3][]->hashtabl e2.insert for);

" hasht abl e2. el enents: '->puttext;
hasht abl e2. scan
(# do current->putint; ','->put #);
new i ne;
" hasht abl e2. si ze: '->puttext;
hasht abl e2. si ze->put I nt;
new i ne;
new i ne;

(* initializing hashTabl e3 and putting sone integerCbjects into it.
hasht abl e3.init;
(for int: 4 repeat i[int+6][]->hashtabl e3.insert for);

" hasht abl e3. el enents: ' ->puttext;
hasht abl e3. scan

(# do current->putint; ','->put #);
new i ne;
new i ne;

(* deleting integerject 3 fromhashTabl e3 *)
' 3->hasht abl e3. del ete: '->puttext;

i [3][]->hashtabl e3. del et ¢;

hasht abl e3. scan

(# do current->putint; ','->put #);
new i ne;
new i ne;
(* illustrating the diff, and sect operations on hashTabl es *)
' hasht abl e2- >hasht abl e3; hasht abl el[]->hashtabl e3.di ff: '->puttext;

hasht abl e2- >hasht abl e3;
hasht abl e1l[ ] - >hasht abl e3. di ff;
hasht abl e3. scan

(# do current->putint; ','->put #);
new i ne;
' hasht abl e2- >hasht abl e3; hasht abl el[]->hasht abl e3. sect: '->puttext;

hasht abl e2- >hasht abl e3;
hasht abl el[ ] - >hasht abl e3. sect;
hasht abl e3. scan

(# do current->putint; ','->put #);
new i ne;
(* Illustrating the use of extensibl eHashTabl e:

* |nitializing hashTabl e4 and putting sone integerCbjects into it.
*

hashtabl e4.init;

" hasht abl e4. capacity: '->puttext;

hasht abl e4. capaci ty->put | nt;

new i ne;

" hasht abl e4. range: '->puttext;

hasht abl e4. range- >put | nt;

new i ne;

*)

*)
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(for int: 4 repeat i[int+3][]->hashtabl ed.insert for);

"hasht abl e4. el enents: '->puttext;
hasht abl e4. scan

(# do current->putint; ','->put #);
new i ne;

" hasht abl e4. si ze: '->put Text;
hasht abl e4. si ze->put I nt;

new i ne;
(* illustrating extending an expensi bl eHashTabl e *)
"hasht abl e4. statistics(# do screen[]->print #): '->putline;
hasht abl e4. stati stics
(# do screen[]->print #);
(for int: hashTabl e4.range repeat
i nt->putint;
'->hasht abl e4. scanl ndexed(# ... #): '->puttext;
i[int][]->hashTabl e4. hashFuncti on
->hasht abl e4. scanl ndexed (# do current->putint; ' '->put #);

"found' ->putline;

for);
' 3->hashTabl e4. ext end(# do hashTabl e4. rehash #)'->putline;
3->hashTabl e4. extend (# do hashTabl e4. rehash #);
(for int: 10 repeat

i nt->putint;

' ->hasht abl e4. has: ' ->puttext;

(if i[int][]->hashtabl e4. has

/1 true then 'yes'->putline

el se

'no' ->putline
if);

for);
(for int: hashTabl e4.range repeat
i nt->putint;
' ->hasht abl e4. scanl ndexed(# ... #): '->puttext;
i[int][]->hashTabl e4. hashFuncti on
- >hasht abl e4. scanl ndexed
(# end:: < (# do 'found ->putline #)

do current->putint; ' '->put
#)
for);
" hasht abl e4. range: '->puttext;
hasht abl e4. range- >put | nt ;
new i ne;
" hasht abl e4. el enents: '->puttext;
hasht abl e4. scan
(# do current->putint; ','->put #);
new i ne;
" hasht abl e4. si ze: '->put Text;
hasht abl e4. si ze->put I nt;
new i ne;
"hashtabl e4. statistics(# do screen[]->print #): '->putline;

hasht abl e4. statistics

(# do screen[]->print #);
(************ QJTPLJT kkkkhkkkkhkkhkhkkhkkhx*k
* hasht abl el. capacity: -1
hasht abl el. range: 2
hasht abl el. el enents: 3,1, 4, 2,
hasht abl el. si ze: 4

* %k k F

hasht abl e2. capacity: -1
hasht abl e2. range: 4
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#)

hasht abl e2. el enent s:
hasht abl e2. si ze: 4

5! 6! 7! 4!

hasht abl e3. el enents: 7, 8,9, 10,

3->hasht abl e3. del ete: 7,8, 9, 10,

hasht abl e2- >hasht abl e3; hasht abl el[] - >hasht abl e3. di ff:
hasht abl e2- >hasht abl e3; hasht abl el[] - >hasht abl e3. sect:

hasht abl e4. capacity: -1
hasht abl e4. range: 2

hasht abl e4. el enents: 7,5, 6, 4,
hasht abl e4. si ze: 4

hasht abl e4. stati stics(# do screen[]->print #):
Hi stogram (2, 2)

Maxi mum Col | i si ons: 2

M ni mum Col I i si ons: 2

Average Collisions: 2

1- >hasht abl e4. scanl ndexed(# ... #): 7 5 found
2->hasht abl e4. scanl ndexed(# ... #): 6 4 found
3->hashTabl e4. ext end(# do hashTabl e4. rehash #)
1- >hasht abl e4. has: no
2->hasht abl e4. has: no
3->hasht abl e4. has: no

4- >hasht abl e4. has: yes

5- >hasht abl e4. has: yes

6- >hasht abl e4. has: yes
7->hasht abl e4. has: yes

8- >hasht abl e4. has: no

9- >hasht abl e4. has: no

10- >hasht abl e4. has: no

1- >hasht abl e4. scanl ndexed(# ... #):
2->hasht abl e4. scanl ndexed(# ... #):

6 found
7 found

3->hasht abl e4.
4- >hasht abl e4.
5- >hasht abl e4.

scanl ndexed(# ..
scanl ndexed(# ..
scanl ndexed(# ..

f ound
4 found
5 found

hasht abl e4. range: 5

hasht abl e4. el enents: 6,7,4,5,

hasht abl e4. si ze: 4

hasht abl e4. statistics(# do screen[]->print #):
H stogram (1,1,0,1,1)

Maxi mum Col | i sions: 1

M ni num Col l i sions: O

Average Collisions: 1

********************************)

List Example
ORIA@ N ' ~betal/contai ners/vl.5/1ist"'

program descriptor ---
(* This denp programillustrates the usage of the list pattern

5,6,7,

41

listDemo.bet

The first

* part of the deno illustrates inserting and deleting elenments fromthe lists.

*

* At the end of this file,

*

(# intList: list(# elenment::< integerject #);

intListl, intList2: @ntList; intList3: “intlList;
[ 10] Ni nt eger Obj ect ;
listPosition: ~intList3.theCell Type;

do (* initializing the integerObjects *)

a copy of the output of this programis given
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(for int:10 repeat & ntegerCbject[]->i[int][]; int->i[int] for);

(* initializing intListl and putting sonme integerCbjects into it *)

intListl.init;

"intListl. prepend:

(for int:4 repeat
if[int][]->intListl. prepend

for);

intListl.scan(# do current->putint; ','->put #); newine;

->put t ext;

(* initializing intList3 and putting some integerCbjects into it *)
intList2.init;
"intList2. append:
(for int:4 repeat
i[int+3][]->intList2. append

->put t ext;

for);

i ntList2.scan(# do current->putint; ','->put #); newine;

(* illustrates the reverse scanning *)

"intList2. scanReverse: '->puttext;

i ntList2. scanReverse(# do current->putint; ','->put #); newine;

(* initializing intList3 *)
& ntList[]->ntList3[]; intList3.init;

(* illustrating concatenation of lists *)

"intList1l[]->intList2. concatenate->intList3[]: '->puttext;
intListl[]->intList2.concatenate->intList3[];

i ntList3.scan(# do current->putint; ','->put #); newine;

(* illustration getting the position of some integerChject in the |ist
* replacing the el enent at that position

*

""10"->("2"->intList3.at).eln{]: '->puttext;

i[2][]->intList3.at->listPosition[];
i[10][]->listPosition.elnf];
i ntList3.scan(# do current->putint; ','->put #); newine;

(* illustrates deleting an element fromthe list *)
"6->intList2.at->intList2.delete: '->puttext;
i[6][]->intList2. at->intList2. delete;

i ntList2.scan(# do current->putint; ','->put #); newine;

i[7][]1->intList3.at->listPosition[];
(* illustrating inserting integer(bjects before sonme list position *)
"(8,7)->intList3.insertBefore: '->puttext;
(i[8][].,listPosition[])->intList3.insertBefore;

i ntList3.scan(# do current->putint; ','->put #); newine;

(* illustrating deleting integerQbjects after some |list position *)
"7->intList3.deleteAfter: '->puttext;
listPosition[]->intList3.deleteAfter;

i ntList3.scan(# do current->putint; ','->put #); newine;

(*********** OJTP'JT EE R I O O

intListl. prepend: 4,3,2,1

i ntList2. append: 4,5,6,7,

i ntList2. scanReverse: 7,6,5, 4,
intListl[]->intList2.concatenate->intList3[]: 4,5,6,7,4,3,2,1,
"10"->("2"->intList3.at).eln{]: 4,5,6,7,4,3,10,1

6->intList2. at->intList2.delete: 4,5,7,
(8,7)->intList3.insertBefore: 4,5,6,8,7,4,3,10,1,
7->intList3.deleteAfter: 4,5,6,8,7, 3,10, 1,

* % Sk Sk Ok Ok F %
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******************************)

#)






Interface Description for
the Container Libraries

Container.bet

ORIG N ' ~bet a/ basi clib/vl. 5/ betaenv'
BODY ' pri vat e/ cont ai ner Body' ;

(*

* COPYRI GHT

*

* Copyright (C) Molner Informatics, 1992-95
* Al'l rights reserved.

*)

-- lib: Attributes --
cont ai ner:
(* The top nost pattern in the data structures hierarchy.
* Container is an abstract superpattern and the currently avail able
* subpatterns are (indentation specifies specialization):
*
cont ai ner
col l ection
mul ti Set
set
classificationSet --- allows for sets of sets, etc.
hashTabl e
ext ensi bl eHashTabl e --- allows for extending the index
range
list
recList --- allows for recursive lists
arrayContai ner --- includes bubbl e/shell/quicksort
sequenti al Cont ai ner
stack
gueue
prioqueue
deque

L R R S T I R I R R

)
(#
<<SLOT cont ai nerLi b: Attri but es>>;
el enent : < obj ect
(* The qualification of the objects, contained in this
* container. Wen using one of the subpatterns of container
* further binding of elenent is used to restrict the kinds of
* objects, that can be inserted into the container. None of
* the predefined container types specializes el enent.

*)

19
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init:<

(* Should be invoked before any usages of any type of

* contai ner

*) (# do clear; INNER #);

clear:<

(* Renoves all elenments currently in the container, nmaking it

* enpty

*) (# do INNER #);

enpty: < bool eanValue (* Returns true if the container is enpty *)
(# do (size = 0)->value; |INNER #);

si ze: < i ntegerVal ue

(* Returns the nunber of elenents currently in the container

*) ,

capacity: < integerVal ue

(* Returns the current capacity of this container. Somne

speci ali zations may dynamically extend its capacity. In

this case, capacity returns the current capacity (subject to

extension at sone later stage). If -1 is returned, the

capacity of the container is infinite (limted only by

nmenory).

*) (# do - 1->value; |INNER #);

equal : < bool eanVal ue

(* Defines the equality test, used in the various subpatterns

* of container in the inplenentation of the different

operations. Users of container patterns nust further bind

equal to contain the proper equality test for the specified

el ement type. Default equality test for equal references

(i.e. the sane object)

* %k Ok Ok *

EEEE I
~—

(# left,right: "el enent
enter (left[],right[])
do (left[] = right[])->value; |INNER
#) ]
has: < bool eanVal ue
(* Takes an el enent, and checks whether it is in the container
*
)
(#
elm ~el enment;
donel nl nner: @ool ean;
cont ai nerHasPrivate: @..
enter elnf]
do (*' OLM has1' - >putline;*)
| NNER ;
(*' OLM has1X ->putline;*)
(if not donelnlnner then
(*' OLM donel nner' ->putline; *)
cont ai ner Haspri vate
if)
#);
scan:
(* Scans through the container, invoking INNER for each

* element in the container, for which "where" returns true
* "Start" is invoked at the start of the scanning, and "end"
* is invoked at the end of the scan. |In each turn of the
* scan, "current” refers to the current elenment in the
* container. The elenents will be scanned in unpredictable
* order, unless otherw se explicitly nentioned otherw se in
* the subpatterns
*)

(#

wher e: < el enent Predi cat e;
current: “el enent;
start: < object;
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end: < obj ect;
cont ai ner ScanPrivate: @..
#);
find:
(* Searches through the container, executing INNER for the
* el ement found and returning the first elenment found that

* satisfies the predicate. "Start" is invoked at the start of
* the search, and "end" is invoked at the end of the search
* In each turn of the scan, "current" refers to the current
* element in the container. |If no elenment satisfying the
* predicate is found, the notification "notFound" is invoked.
*)

(#

predi cate: < el enent Predi cat e;

current: “elenent;

not Found: < Noti fi cation
(#
do 'El enment not found in container'->nmsg.putline; | NNER
#)

start: < object;

end: < obj ect;

contai nerFindPrivate: @..

exit current[]

#) ]
copy:
(* Default copy is one-level (shallow) copying. 1.e. copying
* the container and all objects in the container. Only

* el ements satisfying "predicate"” will be copied. During the
* copying, "current" will refer to the el enent being
* considered for copying. |f another copying in needed, this
* can be done by further binding "copy", and assigning "true"
* to "donelnlnner", which will result in the default copying
* being ignored
*)

(#

donel nl nner: @ool ean;
t heCopy: “contai ner;
predi cat e: < el enent Predi cat e;
current: el ement;
cont ai ner CopyPrivate: @..
do | NNER ;
(if not donelnlnner then
cont ai ner CopyPri vate
if)
exit theCopy[]
#);
enpt yCont ai ner: Exception
(* Invoked if sonme operation not valid for enpty containers
* are invoked on an enpty contai ner
*) (# do 'Enpty container'->nsg.putlLine; |INNER #);
enpt yCont ai ner Error: < enpt yCont ai ner
(* Used to handl e enptyContainer errors, not handled by | oca
* exception handlers in operations for containers
*) ,
i1l egal Cel | Ref erence: < Exception
(* I'nvoked if some operation tries to reference a non-existing
* cell
*)
(#
do 'Reference to nonexisting cell Cbject in container'-
>msg. put Li ne;



22 The Container Libraries

| NNER
#) ]

el ement Pr edi cat e: bool eanVal ue
(* This pattern is used as the superpattern for all predicates

* in the find, scan and copy operations.

*) (# current: “elenent enter current[] do true->val ue; |NNER #);
theCel | Type: < (* Private *)
(* This pattern is used as the comon superpattern for al

* data structure cells, used by inplenentations of the

* subpatterns of container.

*)
(#
copy: <

(# theCel | Copy: “theCell Type
do &t heCel | Type[]->theCell Copy[]; | NNER
exit theCell Copy][]
#)

do | NNER

#);

i mpl enent ati onScanner: < (* Private *) containerlnpl ement ati onScanner
i mpl enent ati onCopier: < (* Private *)
(#
theCategory: < (* Private *) container;
thePredicate: (* Private *) ~el enentPredicate;
t heCopy: (* Private *) ~theCategory
enter (theCopy[],thePredicate[])

exit theCopy[]
#);
doEnter: @
(# theQher: “container;
enter theQher[]
#)
ent er doEnter
(* will copy the contents of theQher[] into TH S(contai ner)

do | NNER
exit THI S(container)[]
#)

(* container *)

cont ai nerl npl enent ati onScanner: (* Private *)

(#
currentElm (* Private *) ”object;
currentCell: (* Private *) "object;
start: (* Private *) @tart O,
startOP: < (* Private *) (# do INNER exit currentEIn{] #);
next: (* Private *) @extOP;
nextOP: < (* Private *) (# do INNER exit currentEl n{] #);
nore: (* Private *) @roreOp;
moreOP: < (* Private *) bool eanVal ue

do | NNER

#)

Collection.bet

ORIA N 'cont ai ner"';
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BODY ' private/collectionBody';

(*

* COPYRI GHT

*

* Copyright (C Molner Informatics, 1992-94
* Al'l rights reserved.

*)

- lib: attributes ---

col | ection: container

(* Collection is the superpattern for all collection data
* structures. Defines the operations:

* insert, delete, union, diff, sect, xclO

* Container is an abstract superpattern and the currently avail able
* subpatterns are (indentation specifies specialization):

*

* col l ection

* mul ti Set

* set

* classificationSet --- allows for sets of sets, etc.
* hashTabl e

* ext ensi bl eHashTable --- allows for extending the index
* range

*

(# <<SLOT collectionLib: attributes>>;

insert:<
(* Takes an elenent and inserts it in TH S(collection) *)
(# elm ~el enent
enter elnf]

do | NNER
#);
del ete: <
(* Takes an el enent and renoves the object from
* THI S(col l ection). Invokes the notification notFound, if the

* el enment cannot be found.

*

(# elm *~el enent;
not Found: < Notifi cation

(#
do 'Elenment not found in container'->nmsg. putLine;
| NNER

#);

enter eln]

do | NNER

#) |

uni on: <

(* Takes a collection, and unifies its elements into
* THI S(col | ecti on)

*

(# theQher: ~collection

enter theQher[]

exit this(collection)[]
#);
diff:<

(* Takes a collection, and renoves its elenments from
* THI S(col | ecti on)

*

(# theOher: “collection

enter theQ her|[]

exit this(collection)[]
#);
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sect: <
(* Takes a collection, and keeps in THI S(col | ection) those
* elements that are in both collections
*
(# theOher: “collection
enter theQ her|[]

exit this(collection)[]
#) ;
synDi ff:<
(* Takes a collection, and inserts into TH S(col |l ection) those
* el ements not being in both collections
*
(# theOher: “collection; tnpl, tnp2: ~collection
enter theQher[]

exit this(collection)[]
#)
theCel | Type::< (* Private *)
(# elm "el ement;
copy::< (# do elnf]->theCell Copy.elni]; INNER #);
enter eln]

do I NNER
exit eln]
#) ]

i mpl ement ati onCopier::< (* Private*)
(# theCategory::< collection do | NNER #)
do | NNER
#) (* collection *);

Sets.bet

ORIG N '"col l ection'
BODY ' privat e/ set sBody' ;
*

* COPYRI GHT

* Copyright (C Molner Informatics, 1992-94
* Al'l rights reserved.

*

--- lib: attributes ---

mul ti Set: collection
(* MultiSet is a data structure for collecting elenments (dublicates
* are allowed of the sanme elenent). Defines no new operations.

* MultiSet is the superpattern for Set, which ignores dublicates.
* The avail abl e subpatterns are (indentation specifies
* specialization):
* nmul ti Set
* set
* classification
*
(# <<SLOT nultiSetLib: attributes>>;

clear::< (# ... #);

size::< (# ... #);

insert::<

(* inserting in a multiSet is somewhat dependent on the
* particular subpattern. In some cases, insertion in only

* done if the element is not already in the nulti Set
* (e.g. sets). The local attribute, allowedTolnsert, controls
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* whether the elenment is actually inserted in the nulti Set.
*
(# all owedTol nsert: @ool ean;
mul ti SetlnsertPrivate: @..
do true->all owedTol nsert;
(**OLM starting insert' ->putline;*)
I NNER;
(**OLM 1. INNER after'->putline;*)
(if allowedTolnsert then nultiSetlnsertPrivate if)
#) ;
delete::< (# multi SetDel etePrivate: @.. do multi SetDel etePrivate;
theCel | Type:: < (* Private *)
(# pred, succ: (* Private *) ~theCell Type;
remove: (* Private *) (# ... #)
do I NNER #);
i mpl ement ati onScanner::< (* Private *)
(# mul ti Setl npl ement ati onScannerPrivate: @. .;
startOP.:< (* Private *)
(# theCell: ~theCell Type

#);
nextOP::< (* Private *)
(# theCell: ~theCell Type

#);
noreCP: : < (* Private *)
(# ... #)

#)
i npl ement ati onCopier::< (* Private *)
(# theCategory::< nulti Set;
donel nl nner: @ool ean;
nmul ti Set | npl ement ati onCopi erPrivate: @..
do | NNER,
(if not donelnlnner then nmulti Setlnpl ementati onCopierPrivate

if)
#)
storage: (* Private *) @..

do | NNER

#) (* nultiSet *);
(* ____________________________________________________________ *
(*--- set: multiSet ---------mmmmmm e *)
(* ____________________________________________________________ *)

set: nulti Set
(* Aset is amultiSet in which dublicates are renoved. Defines no
* new operations

*

(# <<SLOT setlLib: attributes>>;

insert::<
(* Inserts only the elenent if it is not in the set already *)
(# ... #);

i npl ement ati onCopier::< (* Private *)
(# theCategory::< set do I NNER #);
do | NNER
#) (* set *);

| NNER #) ;
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Classification.bet

ORIG@ N 'sets'

BODY ' private/classificati onBody';
*

* COPYRI GHT

*

*
*

Copyright (C) Molner Informatics, 1992-94
Al'l rights reserved.

lib: attributes ---

classificationSet: set

>nsg.

A classification set is a set in which subsets may be defi ned.
The subsets of a classificationSet are such that inserting
el ements in the subsets, nmakes the el enent a nenber of the
classificationSet. Inserting an elenent in one of the subsets of
the classificationSet, which is already in the classificationSet
(or one of its subsets), will nove the elenment fromthe
classificationSet (or the subset) into the proper subset. If a
classificationSet is inserted as a subset of
THI S(cl assificationSet), it is ensured that inserting elenents in
the subset will not result in dublicates being present in
THI S(cl assificationSet). The reference SuperSet in
THI S(cl assificationSet) refers to the classificationSet,
THI S(cl assificationSet) might be a subset of. SuperSet is NONE
if THI S(classificationSet) is not a subset of any other
classificationSet. Defines two new operations:

i nsert Subset, scanUncl assified

<<SLOT classificationSetLib: attributes>>;
clear::< (# ... #);
size::< (# ... #);
subsets: @
(* The subsets currently registered in TH S(cl assificationSet)
*
set(# elenent::< classificationSet #);
super Set: “classificationSet;
i nsert Subset:
(* Takes a classificationSet, and defines it as a subset of
* this classificationSet. The elenments of this subset wll
* now be nmenber of THI S(cl assificationSet)
*
(# ss: ~“classificationSet;
i1l egal Subset: < Exception
(* WIIl be invoked if a subset is inserted with an
* element type is not a subpattern of the el enent type of
* THI S(cl assificationSet).

do 'The el ements of the subset does not share '->msg. put Text;
"qualifications with the elenents of this set'-

put Li ne;
| NNER
#)
enter ss[]
#)
insert::< (# ... #);
delete::< (# ... #);

scanUncl assi fi ed:
(* simlar to scan, except that it only scans those el enments
* that are NOT nmenmber of any subsets
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(# where: < el ement Predi cat e;
current: ~elenent;
start: < object;
end: < obj ect

do start; ...; end

#);

i mpl ement ati onScanner::< (* Private *)

(# currentSubset: (* Private *) ~subsets.theCell Type;
t heSubset Scanner: (* Private *) “contai nerlnpl enentati onScanner;
startOP:: < (* Private *)

(# ... #);
nextOP::< (* Private *)
(# ... #)

#)
i mpl ement ati onCopier::< (* Private *)
(# theCategory::< classificationSet

#)
#) (* classificationSet *);

ArrayContainer.bet

ORIGA N 'contai ner';
BODY ' privat e/ arrayCont ai ner Body' ;
*

* COPYRI GHT

* Copyright (C Molner Informatics, 1992-94
* Al'l rights reserved.

*)

--- lib: attributes ---
arrayCont ai ner: contai ner
(* ArrayContainer is an abstraction of a repetition, offering
* container capabilities as well as repetition capabilities.
* Furthernore, arrayContainer inplenments three popular sorting
* algorithms on the elements in the arrayContainer. Defines the
* operations:
* capacitylnitial, capacitylncrenent, capacityExtend
* get, put, delete, bubbleSort, shell Sort, quickSort
*

(# <<SLOT arrayContainerLib: attributes>>;
| ess: < bool eanVal ue
(* should be further bound to contain an ordering operation to
* be used by the sorting algorithnms. Less is only used during
* sorting, and can therefore be ignored if sorting is not
* appl i ed.
*

(# left, right: “el enment
enter (left[],right[])

do | NNER

#)
clear::< (# ... #);
size::< (# ... #);
capacity::< (# ... #)

capacitylnitial:< integerCbject(# do 25->val ue; | NNER #);
capacitylncrenment: < integer Obj ect (# do 10->val ue; | NNER #);
capacityExtend: < (# ... #);

put: <
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(* Takes an el enent and an index position and inserts the
* element at that position
*
(# elm ~elenent; inx: @ nteger
enter (eln{],inx)
#);
get: <
(* Takes an index position and returns the el enent at that
* position
*
(# elm ~elenent; inx: @nteger
enter inx

exit eln]
#) ;
delete: <

(* Takes an index position and del etes the el enent at that
* position (the deleted el enent is returned)

*

(# inx: @nteger; elm "elenent;

enter inx

exit eln]
#)
bubbl eSort:
(* Takes an index position and sorts the el enents in positions
* [1: n], using the bubbl esort algorithm
*

(# n: @nteger

enter n
do ...; INNER
exit this(arrayContainer)[]
#);
shel | Sort:

(* Takes an index position and sorts the el enents in positions
* [1. n], using the shellsort algorithm
*

(# n: @nteger

enter n
do ...; INNER
exit this(arrayContainer)|[]
#) ;
qui ckSort:

(* Takes an index position and sorts the el enents in positions
* [1: n], using the quicksort algorithm
*

(# n: @nteger;

enter n

do ...; INNER

exit this(arrayContainer)[]
#) ;

theCel | Type:: < (* Private *)
(# elm ~elenent; occupied: @ool ean
copy::< (#
do elnf]->theCell Copy.elnf];
occupi ed- >t heCel | Copy. occupi ed; | NNER
#)
enter elnf]
do | NNER
exit eln]
#) ]
i mpl enent ati onScanner::< (* Private *)
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(#1i: (* Private *) @nteger;
startOP.:< (* Private *)
(# theCell: ~theCell Type

o
nextOP::< (* Private *)
(# theCell: ~theCell Type

#);
noreOP: : < (* Private *)
(# ...
#)
#);
i mpl ement ationCopier::< (* Private *)
(# theCategory::< arrayContai ner; current: “theCell Type
oL #);
storage: (* Private *) @..
do | NNER
#) (* arrayContainer *);

HashTable.bet

ORIG N 'col |l ection'
BODY ' privat e/ hashTabl eBody" ;
*

* COPYRI GHT

* Copyright (C) Molner Informatics, 1992-94
* Al'l rights reserved.

*

--- librattributes ---

hashTabl e: col | ection
(* A hashTable is an efficient data structure for storing a unknown
* nunber of elenments for quick access. Defines the follow ng new

* operations: range, hashFunction, scanlndexed, findlndexed and
* statistics. The available subpatterns are (indentation specifies
* gpecialization):
* hashTabl e
* ext ensi bl eHashTabl e
*
(# <<SLOT hashTabl eLi b: attri but es>>;
clear::< (# ... #);
size::< (# ... #);

rangel nitial : < integerVal ue
(* This pattern is used to define the value domain for the
* hashFunction and thus the nunber of indices in
* this(hashTabl e).
*
(# do 25->val ue; INNER #);
range: integerVal ue
(* This pattern returns the nunber of indices in
* this(hashTabl e).
*
)
(# ... #);
i ndexVal ue: integerVal ue
(#
do | NNER;
(if value < 0 then -value->value if);
val ue nod range->val ue;
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#);

(if value = 0 then range->value if)

i ndex: indexVal ue(# enter value do I NNER #); thel ndex: @ ndex;
hashFuncti on: < i ndexVal ue

G

*

*

This pattern is invoked on all elenents inserted into
THI S(hashTabl e). The default behaviour will generate nany
collisions, and specialization is therefore strongly advi sed

(# e: el enent
enter e[]
do 0->val ue;
I NNER;
#);
has::< (# ... #);
insert::< (# ... #);
delete::< (# ... #);
scanl ndexed:
(* enters an index value, and scans all elenents in
* this(hashTable) with the sane index value (i.e. al
* collisions on that index value. That is, scanlndexed is
* simlar to scan, except that it only scans the el enents
* whi ch happen to be indexed at the same index in the
* hashTable. Each tine INNER is invoked, current refers to
* the actual elenent. Note that if you want to scan al
* element with the sane index as sone known el enment, elm you
* can do so by: elnf]->table. hashFuncti on->t abl e. scanl ndexed(#
* do ... #)
*)
(# inx: @nteger;

wher e: < el enent Predi cat e;
current: “elenent;

start: < object;

end: < obj ect;

hasht abl eScanl ndexedPri vate: @..

enter thel ndex->i nx

#):
findl

G

L I S . T I

*

(#

ndexed:
enters an index value, and seeks anong the el enents for the
first element, for which predicate holds true. |If such an

element is found, INNER is called, and then that elenent is
returned by findlndexed. Wile INNER is invoked, current
refers to the element found. Note that findlndexed behavies
sonewhat sinilar to Find, except that findlndexed only scans
through the elenments in the hashTable with the given hash
index (i.e. the collisions). This inplies that findlndexed
t akes advantage of the fact that this is a hashTabl e,
meani ng that findlndexed is a lot faster than Find. Note
that if you want to find sone elenment with the sane index as
sone known el enent, elnl, you can do so by:

el ml[] - >t abl e. hashFuncti on ->tabl e. findl ndexed(#
predicate::< (# ... do ... #) #); ->elnP[]

i nX: @ nteger;

predi cat e: < el enent Predi cat g;
current: el enent;

not Found: < Noti fi cation

(#

do 'Element not found in hashtabl e' ->nmsg. putline;
| NNER

#)

start: < object;
end: < obj ect;



Interface Descriptions

31

hasht abl eFi ndl ndexedPri vate: @..

enter thel ndex->i nx

exit current[]

#)
st at

G

* Ok Sk Ok F *
~

i stics:

calcul ates statistics on the current status of

thi s(hashTable). Returns a histogramin the formof a
tabl e, where each entry in the table contains the nunmber on
collisions for that hash index. Al so returned are the

maxi mum m ni rum and avegare nunber of collisions found in
the hashTable. The local print pattern prints this

i nformati on on some stream

(# histogram [range] @ nteger;

max, nin, average, usedlndices: @nteger;

print:
(# s: ~stream i: @nteger
enter s[]
do 'Histogram '->s.putText;
"('->s.put;

1->i; histogranfi]->s.putlnt;
| oop: (if i<range then

",'->s.put;

i +1->i; histogranfi]->s.putlnt;

restart | oop

if);

)'->s. putline;
" Maxi mum Col | i si ons:
"M ni mum Col | i si ons:
" Average Colli sions:
I NNER

->s. put Text ; max->s. putlnt;s.newine;
->s. put Text; mi n->s. putlnt;s.newine;
->s. put Text ; aver age->s. putl nt;s. new i ne;

#)

do maxl nt->mn; m nlnt->max;

(for i:range repeat
i ->scanl ndexed(# do histogranf{i]+1->histogranii] #)
for);
(for i:range repeat
(if histogranii]>max then histogranfi]->max if);
(if histogranfi]<min then histogranfi]->mn if);
(if histogran{i]>0 then
average + histograni]->average
usedl ndi ces+1- >usedl| ndi ces
if);
for);
(if usedlndices = 0 then 0->average
el se average di v usedl ndi ces- >aver age
if);
| NNER

exit (histogram max, mn, average, usedl ndices)

#)

theCel | Type::< (* Private *)
(# next: (* Private *) “theCell Type #);
i npl ement ati onScanner::< (* Private *)
(# i: @nteger;

startOP.:< (* Private *)
(# theCell: ~theCell Type

#:
nextOP::< (* Private *)
(# theCell: ~theCell Type

#);
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nmoreQOP: ;< (* Private *)
(# ... #)
#) ]
i mpl ement ati onCopier::< (* Private *)
(# theCategory::< hashTabl e

o
storage: (* Private *) @..
do | NNER
#) (* hashTable *);
(*__________._ ______________________________________________________ *
(*--- extensibleHashTable--------------------- - *)
(* _________________________________________________________________ *)

Ext ensi bl eHashTabl e: hashTabl e
(* Extensibl eHashTabl e nakes it possible to extend the range of
* index values dynamically. |If the range of index value is
* extended, the user of this(extensibleHashTabl e) needs to take
* gpecial care that the hash index of the existing objects in the
* table is not changed, otherw se the table may not work properly.
* I n order to cope with hashFunctions that m ght be dependent on
* the range of index val ues, extensibl eHashTabl e defines a rehash
* function which may be invoked to rearrange the hash indeces of
* the existing elements in the table. Note that rehash'ing the
* table is a relatively costy operation, and should therefore only
* be invoked when absolutely needed. To nake extending a table
* safe fromeventual changes in the hash indeces of el enments
* already in the tabel, the following is advised: table.extend(# do
* table.rehash #) Defines two new operations: extend, rehash
*
#

<<SLOT extensi bl eHashTabl eLi b: attri but es>>;
ext end:
(* extends this(extensibleHashTable) with the given nunber of
* index val ues
*
(# increnment: @ nteger
enter increnent

(

#) ;
r ehash:
(* takes all elenents in this(extensibleHashTabl e) and
* cal cul ates new hash indexes for all of them
*
(# ... #);
i mpl ement ati onCopier::< (* Private *)
(# theCategory::< extensibl eHashTabl e do | NNER #)
do | NNER
#) (* extensibl eHashTable *);

SeqContainers.bet

ORIG N 'container';
BODY ' pri vat e/ seqCont ai ner sBody" ;
*

* COPYRI GHT
* Copyright (C) Molner Informatics, 1992-94
* Al'l rights reserved.
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*

ib: attributes ---

sequenti al Cont ai ner: contai ner

(*

*

*
*
*
*
*
*
*
#

(

do
#)

sequenti al Contai ner is an abstract superpattern and the
currently avail abl e subpatterns are (indentation specifies
speci al i zation):
sequenti al Cont ai ner

st ack

queue

prioqueue

deque

<<SLOT sequenti al Contai nerLib: attributes>>;
clear::< (# ... #);
size::< (# ... #);
theCel | Type::< (* Private *)
(# succ, pred: (* Private *) ~theCell Type;
elm "elenent;
copy::< (# do elnf]->theCell Copy.elni]; INNER #);
do I NNER #);
i mpl ement ati onScanner::< (* Private *)
(# sequenti al Cont ai ner| npl ement ati onScannerPrivate: @.

startOP:: < (# theCell: ~theCell Type ... #);
next OP:: < (# theCell: ~theCell Type ... #);
nmoreQOP: ;< (* Private *) (# ... #)

#) ]
i mpl ement ati onCopier::< (* Private *)
(# theCategory::< sequential Container do | NNER #);
storage: (* Private *) @..
| NNER
(* sequenti al Contai ner *);

stack: sequenti al Cont ai ner

*
(*
*

(#

do
#)

Stack is an ordinary stack data structure. Defines the
operations: top, push, pop

<<SLOT stackLib: attributes>>;
top: (* Returns the topnost el enent on TH S(stack) *)
(# elm ~elenent; enpty:< enptyContainer

exit elnf]
#);
push:
(* Takes an elenent and places it on the top of THI S(stack) *)
(# elm ~el enent
enter elni]
#);
pop:
(* Returns the topnost elenent, and renoves it fromthe stack

*

(# elm ~elenent; enpty:< enptyContainer

exit eln]
#)

i mpl enent ati onCopier::< (* Private *)
(# theCategory::< stack ... #)

I NNER

(* stack *);
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(* ____________________________________________________________ *)
(F--- QUEUE -----cmmmm oo *
(* ____________________________________________________________ *)

gueue: sequenti al Cont ai ner
(* Queue is an ordinary queue data structure. Defines the
* operations: front, insert, renove
*
(# <<SLOT queuelLib: attributes>>;
front: (* Returns the element in the front of TH S(queue) *)
(# elm ~elenent; enpty:< enptyContainer

exit elnf]
#) ]
i nsert:
(* Takes an elenent and inserts it at the end of TH S(queue) *)
(# elm ~el enent
enter eln]
#) ]
renove:
(* Returns the element in front, and renoves it fromthe queue

*

(# elm ~elenent; enpty:< enptyContainer

exit elnf]
#)
i npl ement ati onCopier::< (* Private *)
(# theCategory::< queue ... #)
do | NNER
#) (* queue *);
(* ________________________________________________________________ *)
(*--- PrioQUEUE ------ - m oo *)
(¥ oo ")

pri oQueue: sequenti al Cont ai ner
(* PrioQueue is a priority queue, in which the elenments are kept in
* separate queues for each priority. Defines the operations:
* front, insert, renove
*
(# <<SLOT prioQueuelLib: attributes>>;
size::< (# ... #);
front: (* Returns the element in front with the given priority *)
(# prio: @nteger; elm ~elenent; enpty:< enptyContai ner
enter prio

exit eln]
#) ]
i nsert:
(* Insert an element in the queue with the given priority *)
(# prio: @nteger; elm ~el enent
enter (eln{], prio)

#) ]

renove:
(* Renove and returns the front element with the given
* priority

*

(# prio: @nteger; elm ~elenent; enpty:< enptyContainer
enter prio
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exit eln]
#) ;
scanPriority:
(* scans through all elenments of the given priority *)
(# prio: @nteger;
wher e: < el ement Predi cat e;
current: "elenent;
start: < object;
end: < obj ect;
sequenti al Cont ai ner Pri oQueueScanPriorityPrivate: @..
enter prio
#);
theCel | Type::< (* Private *)
(# prio: @nteger;
t heQueue: ~queue;
copy::< (#
do prio->theCel | Copy. pri o;
(if theQueue[] = NONE then
el se theQueue. copy- >t heCel | Copy. t heQueue[ ]
if)
#)
do | NNER #);
i mpl ement ati onScanner::< (* Private *)
(# current Queue: "theCell Type;
t heQueueScanner: (* Private *) “containerlnpl enmentati onScanner
startOP:: < (* Private *)

(# ... #);
next OP::< (* Private *)
(# ... #)

#)
i mpl ement ationCopier::< (* Private *)
(# theCategory::< prioQueue
t heQueueCopy: "queue;

)
do | NNER
#) (* prioQueue *);
(*--- deque --------mmm - *
(* _______________________________________________________________ *)

deque: sequenti al Cont ai ner
(* Deque is a doubl e-ended queue in which elenents nay be inserted
* and renoved from both ends of the queue. Defines the operations:
* front, insertFront, renoveFront, back, insertBack, renoveBack
*
(# <<SLOT dequelLib: attributes>>
front: (* Returns the elenent in the front *)
(# elm ~elenent; enpty:< enptyContainer

exit eln]
#);
insertFront: (* Takes an elenent and inserts it at the front *)
(# elm "el enent
enter elni]
#)
renmoveFront:

(* Renove and return the elenent in front of TH S(deque) *)
(# elm ~elenent; enpty:< enptyContainer
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exit eln]
#) ]

back: (* Returns the elenent in the back *)
(# elm ~elenent; enpty:< enptyContainer

exit eln]
#);

i nsertBack: (* Takes an elenent and inserts it at the back *)
(# elm "el enent
enter elnf]
#) ]

renoveBack: (* Returns the elenent in the back, renoving it *)
(# elm ~elenent; enpty:< enptyContainer

exit eln]
#)
i mpl enent ati onCopier::< (* Private *)
(# theCategory:: < deque;
#)
do | NNER
#) (* deque *);

List.bet

ORIG@ N 'contai ner';
BODY 'private/listBody';
*

* COPYRI GHT

* Copyright (C Molner Informatics, 1992-94
* Al'l rights reserved.

*

--- lib: attributes ---
list: container
(* This list pattern defines a double-linked list data structure.

Most operations either enters or exits a list position. List
positions are references into a particular place in the list,
containing an el enent. These positions are instances of
t heCel | Type.
l'ist
recList --- allows for recursive lists

Defines the foll ow ng new operations: prepend, append, head,
tail, last, preanple, at, |locate, concatenate, splitBefore,
splitAfter, insertBefore, insertAfter, delete, deleteBefore,
del eteAfter, scanReverse, iterate, iterateFrom
iterateReverse, iterateReverseFrom

L S T T

*

(# <<SLOT listLib: attributes>>;
t heCel | Type: : <

(* theCell Type is the pattern fromwhich the individual |ist
positions are created. It defines the succ and pred
references to the list positions imediately before/after
this position in the list (NONE nmeans the end of the |ist
(either end). The elmattribute refers to the element at
this position in the list.

* Ok Ok Ok k%
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(# succ, pred: “theCelltype;
elm ~el enent;

copy::< (# do elnf]->theCell Copy.elni]; INNER #);

do I NNER

#)
clear::< (# ... #);
size::< (# ... #);

prepend: (* insert elmas first elenent *)
(# elm ~element; position: ~theCell Type
enter eln]

exit position[]
#)
append: (* insert elmas last elenment *)

(# elm ~element; position: ~theCell Type
enter elnf]

ékit posi tion[]

#)

head:
(* returns the position elenent of the first position in the
* |ist

*

(# position: ~theCell Type

exit position[]
#) ]
tail
(* returns a copy of THI S(list), except the first el enment *)
(# Ist: ~list

exit Ist[]
#) ]
| ast:
(* returns the position elenment of the last position in the
* |ist

*

(# position: ~theCell Type

exii.position[]
#)
preanpl e:

(* returns a copy of THI S(list), except the |ast element *)
(# Ist: ~ist

exit Ist[]
#)
concat enat e:
(* returns a new list, containing the concatenated |ist *)

(# theCher, Ist: ~list; listConcatenatePrivate: @..
enter theQher[]

do listConcatenatePrivate; | NNER
exit Ist[]
#);
insertBefore: (* if position=NONE, insert elmas |ast elenent *)
(# elm "elenment; position, newPosition: ~theCell Type
enter (eln{], position[])

exit newPosition[]
#);
insertAfter: (* if position=NONE, insert elmas first elenent *)
(# elm "elenment; position, newPosition: ~theCell Type
enter (eln{], position[])
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exit newPosition[]
#) ;
delete: (* if position=NONE, delete nothing *)
(# del etedPosition, position: ~theCell Type;
enpty: < enpt yCont ai ner
enter position[]

exit del etedPosition[]
#)
del et eBefore
(* if position=NONE, delete |ast position elenent *)
(# del etedPosition, position: ~theCell Type;
enpty: < enpt yCont ai ner
enter position[]

exit del etedPosition[]
#);
del eteAfter:
(* if position=NONE, delete first position elenment *)
(# del etedPosition, position: ~theCell Type;
enpty: < enpt yCont ai ner
enter position[]

exit del etedPosition[]
#) ;
splitBefore:
(* splits this(list) into two lists, where the elenents before
* position (excluding position) is placed in preList and the

* rest of this(list) is placed in postList. PositionElmwill
* be the head of postList. |If position=NONE, prelList wll

* becone a copy of the entire list and postList will becone
* NONE

*)

(# position: “theCell Type;
prelLi st, postList: ~list;
listSplitBeforePrivate: @..
enter position[]
do listSplitBeforePrivate; | NNER
exit (preList[], postList[])
#) ;
splitAfter:
(* splits this(list) into two lists, where the elenents before
* position (including position) is placed in preList and the

* rest of this(list) is placed in postList. PositionElmwlI
* be the last element in postList If position=NONE, preList
* wll becone a copy of the entire Iist and postList wll
* become NONE
*

)

(# position: ~theCell Type;
preList, postList: ~list;
listSplitAfterPrivate: @..

enter position[]

do listSplitAfterPrivate; |NNER

exit (preList[], postList[])

#) ;

at: (* returns the position of elmin the list *)

(# elm ~el enent;
position: “theCell Type

enter eln]

ékit position[]
#)
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| ocat e:
(* returns the position of the element in the list, satisfying
* predicate. This operation is sinmlar to find, except that
* it returns the position, not the elenent.
*
(# predicate: < cellPredicate;
not Found: < Notification

(#

do 'Elenent not found in list'->nmsg. putlLine;
| NNER

#);

start: < object;

end: < obj ect;

position: “theCell Type;
listLocatePrivate: @..

exit position[]
#);
scanRever se:
(* simlar to scan, except that it scans the list in reverse
* direction
*
(# where: < el ement Predi cat e;
current: "el enment;
start: < object;
end: < obj ect;
| i st ScanReversePrivate: @..
#)
scanFrom
(* simlar to scan, except that it scans the list fromthe
* given position
*

(# where: < el ement Predi cat e;
position: “theCell Type;
current: "el enment;
start: < object;
end: < obj ect;
listScanFronPrivate: @..

enter position[]

#);
scanRever seFrom

(* simlar to scanReverse, except that it scans the list in

* reverse direction fromthe given position

*

(# where: < el enent Predi cat e;

position: “theCell Type;

current: “elenent;

start: < object;

end: < obj ect;

| i st ScanReverseFronPrivate: @..

enter position[]

#)
iterate:

(* simlar to scan, except that "current" refers to the
current cell inthe list. |If furthernmore the list is an
i nstance of the recList subpattern, iterate respects the
sublist structure by not scanning the elenents in the
sublists (as scan does). l.e. during an iterate of a
recList, "current"” may refer to a cell containing either an
el ement, or a sublist.

* %k k F
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*

(# where: < cell Predicate,;
current: “theCell Type;
start: < object;
end: < obj ect;
listlteratePrivate: @..
#) ]
i terateFrom
(* simlar to iterate, except that it takes a position, and
* starts the iteration fromthat position.
*
(# where: < cell Predicate;
position: “theCell Type;
current: "theCell Type;
start: < object;
end: < obj ect;
listlterateFronPrivate: @..
enter position[]
#) ]
i terateReverse:
(* simlar to iterate, except that it iterates backwards.
*
(# where: < cell Predicate;
current: “theCell Type;
start: < object;
end: < obj ect;
listlterateReversePrivate: @..
#)
i terateReverseFrom
(* simlar to iterateReverse, except that it takes a position,
* and starts the reverse iteration fromthat position.
*
(# where: < cell Predicate;
position: “theCell Type;
current: “theCell Type;
start: < object;
end: < obj ect;
listlterateReverseFronPrivate: @..
enter position[]
#) ;
cel I Predi cate: bool eanVal ue
(* This pattern is used as the superpattern for the predicates
* in the locate and iterate operations.
*
(# current: ~theCell Type
enter current[]
do true->val ue;
I NNER
#)
i npl ement ati onScanner::< (* Private *)
(# listlnplenentationScannerPrivate: @

sté.r'.[,(P::< (* Private *)
(# theCell: ~theCell Type
#;

nextOP::< (* Private *)
(# theCell: ~theCell Type
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#)
noreCP: : < (* Private *)
(# ... #)

#)
i npl ement ati onCopier::< (* Private *)
(# theCategory::< |ist
#)
storage: (* Private *) @..
do | NNER
#) (* list *);

RecList.bet

ORIGN "list';
BODY ' private/reclLi stBody';
*

COPYRI GHT
Copyright (C) Molner Informatics, 1992-94

Al'l rights reserved.

* Ok Ok Ok F 3k

)

--- lib: attributes ---

recList: list
(* This reclList pattern extends the list pattern to allow for
* sublists. Mbst operations either enters or exits a list

* position. List positions in a recList may contain either an
* elenment or a sublist. Defines the followi ng new operations:
*

* i nsert Subl i st Before, insertSublistAfter

*

(# <<SLOT reclListLib: attributes>>;

t heCel | Type: : <

(* theCell Type is the pattern fromwhich the individua
* recList positions are created. It also defines the when
* attribute which is used for accessing either the el enment or
* the sublist at this position. By further binding el enent,
* respectively sublist, in when, the actions to be executed in
* either case, may be specified.
*

(# sublist: ~list;

when:
(* to differenciate between this(theCell Type) hol ding an
* el ement or a sublist

*

(# elm< (# elm "el enent
exit elnf]

sublist:< (# I'st: Alist
exilllst[]
#) ;
recLi st Cel | WhenPrivate: @..
do I NNER; reclListCell WhenPrivate
#)
copy::< (#
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do (if sublist[] = NONE then
el se sublist. copy->theCel | Copy. sublist][]
if)
#)
do | NNER
#);
i nsert Subl i st Bef ore:
(* if position=NONE, insert Ist as last elenent *)
(# I'st: ~ist; position, newPosition: ~theCell Type;
illegal Sublist:< illegal SublistException
enter (Ist[], position[])

exit newPosition[]
#) ]
i nsertSublistAfter:
(* if position=NONE, insert |st as first elenent *)
(# Ist: ~ist; position, newPosition: ~theCell Type;
illegal Sublist:< illegal SublistException
enter (Ist[], position[])

exit newPosition[]
#) ]
i Il egal Subli st Exception: Exception
(#
do 'The el enent of this sublist does not share '->nsg. put Text;
"qualifications with the elenent type of the list'-
>msg. put Li ne;
I NNER
#)
i npl ement ati onScanner::< (* Private *)
(# sublistScanner: (* Private *) “containerlnpl ementati onScanner
sublistPosition: (* Private *) ~theCell Type;
subl i st Next Position: (* Private *) “theCell Type;
startOP:: < (* Private *)
(# theCell: "theCell Type;

#);
nextOP:: < (* Private *)
(# theCell: ~theCell Type;

#)
#)
i mpl enmentati onCopier::< (* Private *)
(# theCategory::< reclList do | NNER #)
do | NNER
#) (* reclList *);
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Index

The entries in this index are the identifiers defined in the public interface of the
libraries: The minor level entriesrefer to identifiers defined local to the identifier of
the major level entry. For those index entries referring to patterns with super- or
subpatterns within the library, these patterns are specified in special sections of the

minor level index for that identifier.
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