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Abstract

The formal specificationof informationmanagementsystemsprovide long term advantagesin termsof systemsdevel-

opmentand maintenance.In this paper,algebraicspecification techniquesare usedfor the formal designspecification of

a library informationmanagementsystem.Thederivedspecificationhasbeenusedas a basisfor the implementationof an

object-orientedlibrary informationmanagementsystem.Theuseof formal techniquesin informationsystemspecifications

greatly help the constructionof easily verifiablesystemdesignsand lead to highly adaptablesystemimplementations.The

derivedspecificationled to the easydevelopmentof classhierarchies. Also, it wasnotedthat modificationsand changesin

the search criteria were easyto accommodate.

I. Introduction

Moderninformationmanagementsystemsarehighly complexandtheyundergo rapid andconstant

changesin their functionalityandusage.Therefore,it is importantthatthesemissioncritical systemsbe

accurate,verifiableandflexible to constantchangesin their operationalenvironment.In recentyears,the

useof formalspecificationtechniqueshasgrownto bea highly desirablemeansof designing,developing

andmaintaininglargeandcomplexinformationsystems.In thispaper,thesimplicity andappropriateness

of formal specificationtechniquesis illustratedusing the algebraicspecificationtechniqueto specifya

Library InformationManagementSystem(LIMS). This LIMS specificationhasnot only led to theeasy

developmentof classhierarchies,but the LIMS systemis well adaptedto modificationsand changes

in the searchprocedures.

The LIMS systemis a databaseof all information regardingbooksand other readingmaterial in

a library. This databaseis storedasa booklist, which is an unorderedsequenceof book informations.

Any new information that resultsfrom the additionof a book to the library is appendedto the endof
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this booklist. The systemis expectedto answerqueriesrelatedto the statusof the book in the library.

For this reason,the systemhasdifferent typesof orderedelementlists that index on certainspecified

searchstringsandprovidesan index into the booklist. In this specification,sincethesearchtermshave

beenrestrictedto authorname,title, and call number,thereare threeelementlists. A removalof a

book from the library reflectsthe deletionof information relatedto the book from this booklist, and

the other elementlists.

An entry in suchan elementlist is a tuple {string, index}, wherestring representsan authorname

in caseof an authorlist, a title in caseof a title list, or a call numberin caseof a call numberlist and

index is an index (bookid. number)into thebooklist for the particularbook information. For example,

considera book titled “HCI Design” written by “Alan Dix” andits call numberbeing“123456” . Now

if this book is addedto the library, then information pertainingto this book is addedto the booklist

with a book identification number,say 1000. Then, the threeelementlists, the author, title and call

numberlist are updatedsuchthat the tuples{Dix, 1000}, {HCI Design,1000}, {123456, 1000} are

addedto the threeelementlists in an appropriateorder.

II. Algebraic Specification of the LIMS System

The algebraicspecificationof theLIMS systemhasbeendonesystematicallywith emphasison the

generalizationof the varioussearchmethods.For example,althougha searchfor a particularbook in

the library may be carriedout in variousways (viz. searchon authorname,searchon title, etc.), the

specificationhasbeendonein sucha way that a searchfor a particularbook is definedirrespectiveof

the type (author name,title, etc.) of the searchstring.

A. Basic Constructs

A string, an integer list and a tuple of information suchas: {(name, index number),(title, index

number)} etc.,arethe basicconstructsin this specification.For easierunderstandingandcompleteness

purposes,the LIMS specificationsof thesebuilding blocks and operationson them, before the actual

specificationof the system.

A.1. Specificationof a String Some important functions for the specificationof a string include: (i)

HeadC: This is used to extract the head (first character)of the string, (ii) TailC: This function is

usedto returna string s without its first element,(iii) LengthC: This function calculatesthe length of

the string, (iv) Match: This function matchestwo stringsand checksfor a string match. If the two

stringsareof differentlengthsthenthe shorterstring is recursivelymatchedwith the longerstring with

its last characterdeleteduntil thestringsareof equallength. Oncethe stringsareof equallengthevery
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characterposition in both the stringsare checkedfor a match,and, (v) Greater: This function checks

whethera given string is greateror lesserthananotherstring andcanbe usedto createan ordering.

String
Import: Integer,Char,Boolean
Constructors for String:
CreateCS: ���������
	��
ConsC: �������
	���
������������������
	��
Observersfor String:
HeadC: �������
	������������
TailC: �������
	������������
	��
DeleteC: �������
	������������
	��
LengthC: �������
	�������	�������� �
Greater: �������
	���
��������
	����"!$#�#�%&�'��	
Match: �������
	���
��������
	����"!(#�#�%)�*�+	,.-�/0-*1+243 57698�:�;�<
=�>�24?'20?0@�20?�5769A�B�C+;
HeadC(CreateCS)= Undefined
HeadC(ConsC(s,c)) = If (s = CreateCS)thenc elseHead(s)
TailC(CreateCS)= CreateCS
TailC(ConsC(s,c)) = If (s = CreateCS)thenCreateCSelseConsC(TailC(s), c)
DeleteC(CreateCS)= CreateCS
DeleteC(ConsC(s,c)) = s

LengthC(CreateCS)= 0
LengthC(ConsC(s,c)) = LengthC(s)+ 1
Greater(CreateCS,CreateCS)= False
Greater(s,CreateCS)= True,whens != CreateCS
Greater(CreateCS,s) = False,whens != CreateCS
Greater(ConsC(s1,c1), ConsC(s2,c2)) = If (HeadC(ConsC(s1,c1) > HeadC(ConsC(s2,c2) then True

elseif (HeadC(ConsC(s1,c1)) = HeadC(ConsC(s2,c2)))

thenGreater(TailC(ConsC(s1,c1)), TailC(ConsC(s2,c2))) elseFalse
Match(CreateCS,CreateCS)= True
Match(ConsC(s1,c1), ConsC(s2,c2)) = If (LengthC(s1)= LengthC(s2))then { if (c1 = c2)

then Match(s1,s2) elseFalse} else if

(LengthC(s1)> LengthC(s2))then Match(s1,ConsC(s2,c2))

elseif (LengthC(s1)< LengthC(s2))thenMatch(ConsC(s1,c1), s2)

Figure 1. Trait 1: String

A.2. Specificationof an Integer List LIMS usesintegersas indexesto book information. Therefore,the

definition of a list of integers(hereaftercalled an intlist) becomesessential. All booksare uniquely

identified by a book identification numbercalled bookid, and LIMS is assumedto recoverthe book

informationusingthis uniqueidentificationnumber.During informal discussions,bookidandindexare

usedinterchangeably.However,as functionsthey havebeendefinedand treatedseparately.An intlist

is a list of integers. Figure 2 representsthe algebraicspecificationof an Intlist, with the necessary

axioms2. Operationsinclude: (i) HeadI: This functionreturnstheelementat theheadof theintegerlist,

(ii) TailI: This function is usedto removethe headof a given list and return its remainingelements,

(iii) GetI: Given an integervalue that indicatesa position andan integerlist this function returnsthe

2 Null indicatesthat this operationreturnsa null elementthat is not an integer
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integerelementat that positionwithin the list, (iv) OpsI: This function definesthe logical combination

operationsof two elementsin a list, the operationsbeing AND, OR, or BUTNOT. Contrary to the

logical operationof NOT, the operationBUTNOT takestwo lists andconstructsa third list consisting

of elementsthat are presentin one but not in the other. This operationis useful when elementsof

a list are also lists.

Intlist
Import: Integer
Constructors for Intlist:
CreateIL: D�E =�:GFH<�30:
AddI: E =�:GFH<�30:�I E =�:GJ4>�J0; D�E =�:GFH<�30:
Observers for Intlist:
HeadI: E =�:GFH<�30: D�E =�:GJ4>�J0;
TailI: E =�:GFH<�30: D�E =�:GFK<�30:
GetI E =�:GJ�>�J ;�I E =�:GFK<L3 : D�E =�:GJ�>�J ;
OpsI: E =�:GFH<�30:�I E =�:GFK<L3 : D�E =�:GFH<�30:
OpsI = { AND, OR, BUTNOT }M�<�F
2GF)NO2GF&P76 E =�:GFK<�30:02�<Q6R<S=�:GJ�>�J0;
HeadI(CreateIL)= Undefined
HeadI(AddI(il, i)) = If (il = CreateIL)theni elseHeadI(il)
TailI(CreateIL)= CreateIL
TailI(AddI(il, i)) = If(il = CreateIL)thenCreateIL

elseAddI(Tail(il), i)
GetI(k, CreateIL)= Null
GetI(k, AddI(il, i)) = If ( k = 1) thenHeadI(AddI(il, i))

elseGetI(k - 1, TailI(AddI(il, i)))
AND(l1, l2) = { l3 |

M�TU6UF&NWVXTY6�F&P D TU6ZFK[
}

OR(l1, l2) = { l3 |
M�TY6UF&NWVX\(6ZF)P D T�2�\Y6UFH[

}
BUTNOT(l1, l2) = { l3 |

M�TY6UF&NWVXTY]�F&P D TU6ZFK[
}

Figure 2. Trait 2: Integer List

A.3. Specificationof an Element Information An elementinformation (called eleminfo) is a tuple {string,

Index}. The string could beeitheran authorname,title, or a call number,dependingon which element

list this informationbelongsto. A sequenceof eleminfois a elementlist. A searchfor a library resource

initiates a searchinto this elementlist dependingon the searchrequestand returnsan index into the

booklistwhereinformationpertainingto a book is stored.Figure3 illustratesthealgebraicspecification

of an eleminfowith the necessaryaxioms.Functionsthat arerequiredto manipulateeleminfo include:

(i) Name: This function extractsthe string from eleminfo. (ii) Index: This function extractsthe index

from eleminfo.

Eleminfo
Import: String, Integer
Constructors for Eleminfo:
CreateEI:

8�:�;�<
=�>OI E =�:GJ4>�J0; D"^ F&J0_R<
=.`�a
Observersfor Eleminfo:

Figure 3. Trait 3: Element Information (Continued) . . .
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Eleminfo
Name: ^ F)J0_Y<
=�`�a D 8�:�;�<
=�>
Index: ^ F)J0_Y<
=�`�a D�E =�:�J�>�J ;M.3�6U8�:�;�<
=�>�2�<Q6 E =�:GJ4>�J0;
Name(CreateEI(s, i)) = s

Index(CreateEI(s,i)) = i

Figure 3. Trait 3: Element Information

A.4. Specificationof an Element list The elementlist (calledelemlist) is an orderedsequenceof element

information. Theelemlistis thestartingpoint for thespecificationof theLIMS. A searchfor a particular

book is initiated by finding an appropriateshorterlist of integerswhich containsthe index information

of all eleminfothatmatchthesearchstringin thesearchrequest.This maybea list of bookswritten by

oneauthor,or a list of bookswith the sametitle. Figure4 givesthe algebraicspecificationof elemlist

with thenecessaryaxioms.Sincethecall numberof a book is unique,a searchon a call numberreturns

a singleelementlist. Operationsthat arerequiredon the elemlist include: (i) LengthE: This function

is usedto find the lengthof the elementlist, (ii) PosE: This function returnsthe positionof a string in

the elementlist, the first positionbeingpositionnumberone. Whenthe list is empty,PosEreturns b�c ,

(iii) ValE: Given the position of an elementin the list, find the eleminfo at that position, (iv) AddE:

This is a function to addan eleminfo into the elemlist in an appropriateposition,so that the ordering

of the elemlistis maintained,(v) RemoveE: Given a bookid k in an elementlist, this function removes

an eleminfoe, which hasIndex(e)= k, from the elemlistandreturnsthe updatedelemlist, (vi) FindE:

The input string for this function might be the original input string or a shortenedinput string created

by SearchE.FindE searchesfor a match from the position specifiedby SearchEin the elemlist and

createsa list of book ids that correspondto all the matchesin the list to the input string. This is done

by recursivelycalling FindE until a string that doesnot matchis encountered,(vii) SearchE: SearchE

looks for a string match within an elementlist to the given string. If a match is not found the last

characterof the searchstring is deletedandSearchEcalledrecursivelyuntil a matchis found. Oncea

matchis found thenSearchEcalls FindE to createa list of indexesthat matchthe input string.

Elemlist
Import: Eleminfo, Integer,String, Intlist
Constructors for Elemlist:
CreateEL: D"^ F)J0_ZFK<�30:
ConsE: ^ F)J0_Y<
=�`�a'I ^ F&J _ZFH<�3 : D"^ F&J _ZFK<L3 :
Observers for Elemlist:
LengthE: ^ F)J0_ZFK<�30: D�E =�:GJ�>�J0;
PosE:

8�:�;�<
=�>OI ^ F&J0_UFH<�30: D�E =�:GJ4>�J0;
ValE: E =�:GJ�>�J ;�I ^ F&J0_UFH<�30: D"^ F&J _Y<
=.`�a
AddE: ^ F)J0_Y<
=�`�a'I ^ F&J _ZFH<�3 : D"^ F&J _ZFK<L3 :
RemoveE: E =�:GJ�>�J ;�I ^ F&J0_UFH<�30: D"^ F&J _ZFH<�3 :

Figure 4. Trait 4: Element List (Continued) . . .
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Elemlist
FindE: 8�:�;�<
=�>OI ^ F&J0_UFH<�30:�I E =�:GFK<L3 :I E =�:GJ4>�J0; D�E =�:GFH<�30:
SearchE:

8�:�;�<
=�>OI ^ F&J0_UFH<�30: D�E =�:GFK<�30:M.F�6 ^ F&J _ZFH<�3 :02G<�F�6 E =�:GFK<�30:<�24de6 E =�:GJ�>�J ;�243f6Z8�:�;�<
=�>J�20J*gh6 ^ F)J0_R<S=�`�a
LengthE(CreateEL)= 0
LengthE(ConsE(e,l)) = if (e

]
l) thenLengthE(l)+ 1

PosE(s,CreateEL)= + c
PosE(s,ConsE(e,l)) = If (match(name(e),s)) then1 elsePosE(s,l) + 1
ValE(i, CreateEL)= Undefined
ValE(i, ConsE(e,l)) = If ( i = 1) thene elseValE(i - 1, l)
AddE(e,ConsE(e’,l) = If (greater(name(e’),name(e)))thenConsE(e,ConsE(e’,l))

elseConsE(e’,AddE(e,l))
AddE(e,CreateEL)= ConsE(e,CreateEL)
RemoveE(k,ConsE(e,l)) = If( k = Index(e))then l elseConsE(e,RemoveE(k,l))
RemoveE(k,CreateEL)= CreateEL
FindE(s,l, il, k) = If (match(Name(ValE(k+1), s)

thenFindE(s,l, AddI(il, Index(ValE(k)), k+ 1)

elseAddI(il, Index(ValE(k)))
SearchE(CreateS,l) = Null
SearchE(s,l) = If (PosE(s,l) i LengthE(l)) thenFindE(s,l, CreateIL,PosE(s,l)) else

SearchE(DeleteC(s),l)

Figure 4. Trait 4: Element List

A.5. Specificationof a Book Information Informationpertainingto a particularbook in theLIMS is stored

as a book information (bookinfo). It consistsof a book identification (bookid), the authorname,the

title of thebook, thecall numberof thebook,detailedinformationregardingthebook (the fourth string

in the signature)and the statusof the book (called copy) in the library (whetherit hasbeenchecked

out by someuser or it is available).

Everybookin the library canbereferencedby a uniquebookidandthis is thekey usedin searching

for a particular book in the library. Figure 5 gives the algebraicspecificationof bookinfo and the

requiredaxiomsfor it. Operationsthat needto be definedon bookinfo include: (i) Author: To retrieve

the authornamefrom the given information. (ii) Title: To retrievethe title of the book from bookinfo.

(iii) Callnum: To retrievethe call numberfrom bookinfo. (iv) Bookid: To retrievethe bookid from

bookinfo. (v) Copy: To retrievethe statusof the book from bookinfo.

Bookinfo
Import: String, Integer
Constructors for Bookinfo:
CreateBI: j�k�l�m0n�m0o�p�q�l�o�r
k�n�p�q�l�o�r
k�nOp9qhl�o�rSk�np�q�l�o�r
k�n�p�j�k�lGm�n�m ots"u�v�v�w�r
k�x�v

Figure 5. Trait 5: Book Information (Continued) . . .
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Bookinfo
Observers for Bookinfo:
Author: u(v�v�w+r
k.x�v�s�q�l�o�r
k�n
Title: u(v�v�w+r
k.x�v�s�q�l�o�r
k�n
Callnum: u(v�v�w+r
k.x�v�s�q�l�o�r
k�n
Bookid: u(v�v�w+r
k.x�v�s�j�k�lGm�n�m0o
Copy: u(v�v�w+r
k.x�v�s�j�k�lGm�n�m0oy k{z0w(|Uj�k�lGm4n�m0o(}�z�l0z4~'z0jt|�q�l�o�r
k�n
Author(CreateBI(k, a, t, c, I, n)) = a
Title(CreateBI(k, a, t, c, I, n)) = t
Callnum(CreateBI(k, a, t, c, I, n)) = c
Bookid(CreateBI(k, a, t, c, I, n)) = k
copy(CreateBI(k, a, t, c, I, n)) = n

Figure 5. Trait 5: Book Information

A.6. Specificationof a Book List The specificationof a book list (booklist) is the most importantpart of

the specificationof the LIMS system. The booklist is actually the databaseof information regarding

all the booksin the library. Figure6 gives the algebraicspecificationof a booklist and the necessary

axioms.Functionsthat canbedefinedon thebooklist include: (i) AddB: This function is a constructor

that is usedsimilar to a Consfunction usedin the previoustraits. It is usedto adda new bookinfo to

the booklist, (ii) RemoveB: Given a bookid, this function is usedto removea book from the booklist,

(iii) UpdateB: This function is usedin updatingthe booklist with information pertainingto the status

of a book, while it is eithercheckedin or checkedout, (iv) SearchB: This function is usedto Search

for a particular book in the booklist given a bookid.

Booklist
Import: Bookinfo
Constructors for Booklist:
CreateBL: s"u(v�v�wO�Hr��0l
AddB: u(v�v�w+r
k.x�v'pUu(v�v�wO�Hr��0l{s"u(v�v�wO�Hr�� l
Observers for Booklist:
RemoveB: j�k�lGm�n�m o�pZu(v�v�w��KrL� lQs"u(v�v�wO�Hr��0l
SearchB: j�k�lGm�n�m o�pZu(v�v�w��KrL� lQs"u(v�v�w+r
k.x�v
UpdateB: j�k�lGm�n�m o�p9j�k�lGm4n�m0o�pUu�v�v�wO�Hr��0lQs"u(v�v�w��KrL� ly k{z0w(|Uj�k�lGm4n�m0o�z0��|Uu�v�v�wO�Hr��0l� |Yu(v�v�w+r
k.x�v
RemoveB(k,CreateBL)= CreateBL
RemoveB(k,AddB(b, l)) = If( k = bookid(b) � Copy(b)= 1) thenl

elseAddB(b, RemoveB(k,l))
SearchB(k,CreateBL)= Null
SearchB(k,AddB(b, l)) = If (k = Bookid(b)) thenb elseSearchB(k,l)
UpdateB(n,k, CreateBL)= CreateBL
UpdateB(n,k, AddB(b, l)) = If (k = Bookid(b))

thenAddB(CreateBI(Bookid(b),Author(b),Title(b), Callnum(b),n), l)

elseAddB(b, UpdateB(n,k, l))

Figure 6. Trait 6: Book List
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A.7. Specificationof a SaveList The save list (savelist)containsinformation pertainingto a particular

searchoperation. Information retrievedduring a searchoperationmay be savedin a savedlist. This

information is of type intlist, that is, it is a list of integersthat give the index numbersof booksin the

booklist which matcha particularsearchterm. Figure7 gives the algebraicspecificationof a savelist

andthe necessaryaxioms. Operationsthat needto be definedfor manipulationof the savelistinclude:

(i) HeadV: This function returnsthe head(first entry) of the savelist,(ii) TailV: This function removes

the first elementfrom the savelist, (iii) LengthV: This function is used in counting the numberof

elementsin the savelist,(iv) RemoveV: This function is usedto removean elementfrom the savedlist

from the given position and return the updatedsavelist,(v) GetV: This function returnsthe element

from a given position in the savelist.

Savelist
Import: Intlist, Integer
Constructors for Savelist:
CreateSL: s�q{}+��m*�Kr��0l
AddV: q{}+��m*�Kr��0l�p�j�k�lG�Hr��0l�s�q{}��Om*�Hr�� l
Observers for Savelist:
HeadV: q{}+��m*�Kr��0l�s�j�k�lG�Kr��0l
TailV: q{}+��m*�Kr��0l�s�q{}��Om*�Hr�� l
LengthV: q{}+��m*�Kr��0l�s�j�k�lGm4n�m0o
RemoveV: j�k�lGm�n�m o�p9q�}���m'�Hr��0l�s�q{}+��m*�Kr��0l
GetV: j�k�lGm�n�m o�p9q�}���m'�Hr��0l�s�j�k�lG�Hr��0ly r{|�j�k�lGm�n�m o�z4�h|Zq{}+��m*�KrL� lm�|Uj�k�lG�Kr��0l
HeadV(CreateSL)= Undefined
HeadV(AddV(l, e)) = If (l = CreateSL)thene

elseHeadV(l)
TailV(CreateSL)= CreateSL
TailV(AddV(l, e)) = If (l = CreateSL)thenCreateSL

elseAddV(TailV(l), e)
LengthV(CreateSL)= 0
LengthV(AddV(l, e)) LengthV(l) + 1
RemoveV(i,CreateSL)= CreateSL
RemoveV(i,AddV(l, e)) = If (i = LengthV(AddV(l, e))) then l

elseAddV(RemoveV(i,l), e)
GetV(i, CreateSL)= Undefined
GetV(i, AddV(l, e)) = If (i = 1) thenHeadV(AddV(l, e))

elseGetV(i - 1, TailV(AddV(l, e)))

Figure 7. Trait 7: Save List

A.8. Specificationof a State The state is the LIMS user interface specification. All user specified

commandsaredefined by the state.The stateof the LIMS systemconsistsof a booklist, threeelement

lists and a savelist. The operationsthat needto be performedby the systemare definedin the state.

Theseoperationsare:

1. Addbook: This function is usedfor addinga bookto the library andupdatingtheLIMS systemwith
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informationregardingthenewarrival. It canalsobeviewedasa constructorfor theLIMS booklist.

2. Removebook: Given a bookid k, his function is usedto removea book from the booklist.

3. BookL: Given a state,this function returnsthe currentbooklist.

4. AuthorL: Given a state,this function returnsthe currentauthor list.

5. TitleL: Given a state,this function returnsthe currenttitle list.

6. CallnumL: Given a state,this function returnsthe currentcallnum list.

7. SaveL: Given a state,this function returnsthe currentsavelist.

8. Checkout: This function allows the user to check out a book from the library and updatesthe

booklist regardingthe statusof the book accordingly.

9. Checkin: This is a function pertainingto the operationof the library which updatesthe statusof

book, when the book is returnedby the user.

10. SearchAT: SearchingtheLIMS systemfor a particularbook in the library, thesearchbeingcarried

out by the authorname.This function returnsa list that might be zeroor moreelementslong and

which containsthe books id’s of all successfulsearches.

11. SearchTL: SearchingtheLIMS systemfor a particularbook in the library, thesearchbeingcarried

out by the book title name. This function returnsa list that might be zero or moreelementslong

and which containsthe booksid’s of all successfulsearches.

12. SearchCN: SearchingtheLIMS systemfor a particularbook in the library, thesearchbeingcarried

out by thecall numberof thebook. This function returnsa list that is oneelementin lengthin case

thereis only onecopy of the book in the library. Otherwiseit returnsa list of book id’s that have

the samecall numberand representmultiple copiesof the book in the library.

13. Extract: This function is usedto extractan elementfrom a given position in the savelist. The

elementin the savelistis an integer list of bookid numbers.

14. Select: This function is usedin selectinga particular bookid from the list that is generatedby

SearchAT, SearchTL,or SearchCN.It is alsousedfor returninga bookid from a integerlist, which

is generatedby the Extract function that operateson a savelist.

15. Save: This function is usedto add the smaller list generatedby functionsSearchAT, SearchTL,

and SearchCNto the savelist.

16. Delete: This function is usedto deletea elementfrom a given position in the savelist.

17. Oper: This function specifies operationson the savelist. All the operationsspecified involve two

elements(denotedby meansof their positionsin the savelist)of the savelistand result in a new

elementbeingaddedto the savelist.Operationscanbe the logical operationsdefinedin intlist.
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Someof the above functions are actually compositionsof two or more functions that perform

operationson somestatevariable,the variablebeing the booklist, savelistor one of the elemlists,or

operationson the incominginformationfrom theoutsideenvironment.For example,therearefunctions

thatretrievecertainelementsof informationfrom theinformationthatis suppliedwhile addinga bookto

the library andcreatingnew piecesof elementinformationthat is appropriateto updateothervariables

of the state.Figure8 givesthe algebraicspecificationof the stateanddefinesaxiomsthat relateto the

specifiedoperationsof the LIMS system,that is, searchby authorname,searchby title, andsearchby

call numberfor a particular book in the library.

State
Import: Booklist, Elemlist,Savelist,Intlist
Constructors for State:
CreateST: u(v�v�wO�Hr��0l
pU�$�)m0�Z�Kr��0l�pU�$�)m0�Z�Kr��0lpU�$�)m0�Z�Kr��0l�p�q{}+��m*�Kr��0lQs�q�l�}�lGm
Observers for State:
BookL: q�l�}�lGm�s"u�v�v�wO�Hr��0l
AuthorL: q�l�}�lGm�s"�$�&m �Z�KrL� l
TitleL: q�l�}�lGm�s"�$�&m �Z�KrL� l
CallnumL: q�l�}�lGm�s"�$�&m �Z�KrL� l
SaveL: q�l�}�lGm�s�q{}+��m*�KrL� l
Addbook: u(v�v�w+r
k.x�v*p�q�l�}�lGm�s�qhlG}�l�m
Removebook: j�k�lGm�n�m0o�p�q�lG}+lGm�s�q�l�}�lGm
Checkin: j�k�lGm�n�m0o�p�q�lG}+lGm�s�q�l�}�lGm
Checkout: j�k�lGm�n�m0o�p�q�lG}+lGm�s�q�l�}�lGm
SearchAT: q�l�o�r
k�n�p�q�lG}+lGm�s�j�k�lG�Hr�� l
SearchTL: q�l�o�r
k�n�p�q�lG}+lGm�s�j�k�lG�Hr�� l
SearchCN: q�l�o�r
k�n�p�q�lG}+lGm�s�j�k�lG�Hr�� l
Select: j�k�lGm�n�m0o�p�j�k�lG�Kr��0l�p�q�lG}+lGm�s�u�v�v�w�r
k�x�v
Save: j�k�lG�Hr�� l�p�q�lG}+lGm�s�q{}+��m*�KrL� l
Delete: j�k�lGm�n�m0o�p�q�lG}+lGm�s�q�l�}�lGm
Extract: j�k�lGm�n�m0o�p�q�lG}+lGm�s�j�k�lG�Hr�� l
Oper: j�k�lGm�n�m0o�p�j�k�lGm4n�m0o�p�q�lG}+lGm�s�q�lG}+lGmy.� z �0� z �0� |Uu(v�v�w+r
k.x�v+zG� l�|Zq�lG}+lGmr�z���z4we|Zj�k�lGm�n�m o�zGr���|Uj�k�lG�Kr��0l
BookL(CreateST(bl,al, tl, cl, sl)) = bl, wherebl is the booklist
AuthorL(CreateST(bl,al, tl, cl, sl)) = al, whereal is the authorlist
TitleL(CreateST(bl,al, tl, cl, sl)) = tl, wheretl is the title list
CallnumL(CreateST(bl,al, tl, cl, sl)) = cl, wherecl is the callnumlist
SaveL(CreateST(bl,al, tl, cl, sl)) = sl, wheresl is the savelist
Addbook(b,CreateST(CreateBL,CreateEL,CreateEL,

CreateEL,CreateSL))=

CreateST(

AddB(b, CreateBL),

AddE(CreateEI(Author(b),Bookid(b)),CreateEL),

AddE(CreateEI(Title(b), Bookid(b)),CreateEL),

AddE(CreateEI(Callnum(b),Bookid(b)),CreateEL),

CreateSL)

Figure 8. Trait 8: State (Continued) . . .
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State
Addbook(b,CreateST(bl,al, tl, cl, sl)) = If (SearchB(Bookid(b),bl) = Null) then

CreateST(

AddB(b, bl),

AddE(CreateEI(Author(b),Bookid(b)), al),

AddE(CreateEI(Title(b), Bookid(b)), tl),

AddE(CreateEI(Callnum(b),Bookid(b)), cl),

sl)
Removebook(k,CreateST(CreateBL,CreateEL,CreateEL,

CreateEL,CreateSL))=

CreateST(CreateBL,CreateEL,CreateEL,

CreateEL,CreateSL)
Removebook(k,CreateST(bl,al, tl, cl, sl)) =

CreateST(

RemoveB(k,bl),

RemoveE(k,al),

RemoveE(k,tl),

RemoveE(k,cl),

sl)
Checkin(k,CreateST(bl,al, tl, cl, sl)) = If(SearchB(k,bl) != Null � Copy(SearchB(k,bl)) = 0)

then

CreateST(UpdateB(1,k, bl), al, tl, cl, sl)

Checkout(k,CreateST(bl,al, tl, cl, sl)) = If(SearchB(k,bl) != Null � Copy(SearchB(k,bl)) = 1)

then

CreateST(UpdateB(0,k, bl), al, tl, cl sl)

SearchAT(s, CreateST(bl,al, tl, cl, sl)) = SearchE(s,al)

SearchTL(s,CreateST(bl,al, tl, cl, sl)) = SearchE(s,tl)

SearchCN(s,CreateST(bl,al, tl, cl, sl)) = SearchE(s,cl)

Select(k,il, CreateST(bl,al, tl, cl, sl)) = SearchB(GetI(k,il), bl)

Save(l,CrearteST(CreateBL,CreateEL,CreateEL,CreateEL,

CreateSL))= CrearteST(CreateBL,CreateEL,CreateEL,

CreateEL,AddV(CreateSL,l))

Save(l,CreateST(bl,al, tl, cl, sl)) = CreateST(bl,al, tl, cl, AddV(sl, l))

Delete(k,CrearteST(CreateBL,CreateEL,CreateEL,CreateEL,

CreateSL))= CrearteST(CreateBL,CreateEL,CreateEL,

CreateEL,CreateSL)

Delete(k,CreateST(bl,al, tl, cl, sl)) = CreateST(bl,al, tl, cl, RemoveV(k,sl))

Figure 8. Trait 8: State (Continued) . . .
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State
Extract(k,CreateST(bl,al, tl, cl, sl)) = GetV(k, sl)

Oper(i, j, CreateST(bl,al, tl, cl, sl)) = CreateST(bl,al, tl, cl,

AddV(sl, OpsI(GetV(i,sl), GetV(j, sl))))

Figure 8. Trait 8: State

B. Properties for Corr ect SystemOperation

The easyverification of certainbasicsystempropertiesis the most importantadvantageof using

formal specification techniques.Somesuchpropertiesinclude: (i) A book not in the LIMS database

cannotbe checkedout, (ii) A book not in the LIMS databasecannotbe checkedin, (iii) A book not

in the LIMS databasecannotbe removed,(iv) A book cannotbe checkedout if it is alreadyregistered

as checkedout, and, (v) A book cannotbe checkedin if it is alreadyregisteredas checkedin. From

the statespecifications,it is seenthat an updateof stateinformationoccursonly on two conditions:(i)

The book is in the LIMS databaseandthis is reflectedby the function SearchBwhich searchesfor the

book in thebooklist,and,(ii) If the book is presentthenthe functionCopychecksto verify if thebook

is present(indicatedby an integernumber1) in the library, meaningit is not checkedout. Using this

information,the proof for the first propertyis asbelow3: The first propertycanbe fomrally statedas
Statement: ��� m*~0wOv���l'�Sw�zG�tm0�Uv*�Om � v�v�w��0w�zG� l4�����X��m �Zv'��m � v�v�w��Gw�z0�0lG�

The proof of this property is derived from Figure 8, especially the axiom for Checkout (k,

Addbook(b, st)), where ��� m*~0wOv*��l �4w�zG�tm0�Uv*�Om � v�v�w�� � z0�0lG��������w$��u(v�v�w+r��O� � ��� � � | � �
� ��� m*~0wOv*��l�� w�z4� lG�S�R� �0l����4¡ ¢ � | � �h£ � v�v�w�r��O� � ���¤w
¥ �tm0�Zv'��m � v�v�w��Gw�z4�0l��Q� �0l �

The function q{m*}+o�~ � uY��w�zGu(v�v�w�¦��
§���� � v�v�w�� � z4�0l����G� ¨��ª©Z���)� within the if condition returnsa ’False’ andhence

the stateis not updated.Given the book id, SearchBrecursivelysearchesfor a book from the booklist.

If the book is presentin the booklist it returns the bookinfo for the particular bookid, otherwiseit

returnsNull. This implies that checkoutdoesnot call CreateSTto updatethe checkoutinformation

for the particular bookid. «

III. Conclusions

In this paper,thealgebraicspecificationof a LIMS hasbeenderived.Thespecificationsof thebasic

constructs,and the verification of the basicassumptionsabout the correctLIMS operationshasbeen

presented.Thespecificationhasbeenusedasa basisfor theimplementationof anobject-orientedLIMS.

3 The proofs for otherpropertiescanbe similarly derived
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Although theexampleinvolved is relatively small anddeterministic,theLIMS illustratesthe simplicity

andappropriatenessof usingformal techniquesin thespecificationof informationmanagementsystems.

Theuseof suchtechniquesenhancethedesignandsimplify themaintenanceof informationmanagement

systemsandserveto improve the quality of moderninformationmanagementsystems.
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