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Abstract

The formal specificationof information managemensystemsprovide long term advantagesn termsof systemsievel-
opmentand maintenance.In this paper, algebraic specfication techniquesare usedfor the formal designspecfication of
a library information managemensystem.The derivedspecificationhasbeenusedas a basisfor the implementatiorof an
object-orientedibrary information managemensystem.The useof formal techniquesn information systemspecifications
greatly help the constructionof easily verifiable systemdesignsand lead to highly adaptablesystemimplementations.The
derivedspecificationled to the easydevelopmenof classhierarchies. Also, it wasnotedthat modificationsand changesn

the seach criteria were easyto accommodate.
l. Introduction

Moderninformation managemensystemsare highly complexandthey undego rapid and constant
changesn their functionalityandusage.Thereforejt is importantthatthesemissioncritical systemse
accurateyerifiableandflexible to constanthangesn their operationaknvironment.In recentyearsthe
useof formal specificatiortechniquesiasgrownto bea highly desirableneansf designingdeveloping
andmaintaininglarge andcomplexinformationsystems.In this paper the simplicity andappropriateness
of formal specificationtechniquess illustratedusing the algebraicspecificationtechniqueto specifya
Library InformationManagemengystem(LIMS). This LIMS specificationhasnot only led to the easy
developmenbf classhierarchiesbut the LIMS systemis well adaptedto modificationsand changes
in the searchprocedures.

The LIMS systemis a databaseof all information regardingbooksand other readingmaterialin

a library. This databases storedas a booklist, which is an unorderedsequencef book informations.

Any new information that resultsfrom the addition of a book to the library is appendedo the end of
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this booklist. The systemis expectedo answerqueriesrelatedto the statusof the bookin the library.
For this reason the systemhasdifferenttypesof orderedelementlists that index on certainspecified
searchstringsandprovidesanindexinto the booklist. In this specfication, sincethe searchtermshave
beenrestrictedto author name,title, and call number,there are three elementlists. A removalof a
book from the library reflectsthe deletion of information relatedto the book from this booklist, and

the other elementlists.

An entry in suchan elementlist is a tuple {string, index}, wherestring representan authorname
in caseof anauthorlist, atitle in caseof a title list, or a call numberin caseof a call numberlist and
indexis anindex (bookid. number)into the booklistfor the particularbook information. For example,
considera booktitled “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 three elementlists, the author, title and call
numberlist are updatedsuchthat the tuples{Dix, 1000}, {HCI Design, 1000}, {123456, 1000} are

addedto the three elementlists in an appropriateorder.
Il. Algebraic Specification of the LIMS System

The algebraicspecificationof the LIMS systemhasbeendonesystematicallywith emphasion the
generalizatiorof 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 integerlist and a tuple of information suchas: {(name, index number), (title, index
number} etc.,arethe basicconstructdn this specification.For easierunderstandingind completeness
purposesthe 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 usedto extractthe 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
stringsare of differentlengthsthenthe shorterstring is recursivelymatchedwith the longer string with

its last characterdeleteduntil the stringsare of equallength. Oncethe stringsare of equallengthevery



charactempositionin both the stringsare checkedfor a match,and, (v) Greater: This function checks

whethera given string is greateror lesserthananotherstring and canbe usedto createan ordering.

TailC(CreateCS¥
TailC(ConsC(sg)) =

Greater(ConsC(skl), ConsC(s2¢2)) =

Match(CreateCSCreateCSF
Match(ConsC(si¢l), ConsC(s2¢2)) =

String

Import: Integer,Char,Boolean
Constructors for String:

CreateCS: — String

ConsC: StringX Char — String
Observersfor String:

HeadC: String — Char

TailC: String — String

DeleteC: String — String

LengthC: String — Integer

Greater: StringX String — Boolean
Match: String X String — Boolean
Vs, s1,s2 € String,c,c1,c2 € Char

HeadC(CreateCSy Undefined
HeadC(ConsC(x3)) = If (s = CreateCS}henc elseHead(s)

CreateCS
If (s = CreateCS}hen CreateCSelseConsC(RilC(s), c)

DeleteC(CreateCSy CreateCS
DeleteC(ConsC(x)) = S

LengthC(CreateCS} 0

LengthC(ConsC(s3)) = LengthC(s)+ 1
Greater(CreateCEreateCSkF False
Greater(sCreateCSk True,whens != CreateCS
Greater(CreateCS) = False,whens != CreateCS

If (HeadC(ConsC(s1gl) > HeadC(ConsC(sZ;2) then True
elseif (HeadC(ConsC(sigl)) = HeadC(ConsC(s%;2)))

then Greater(&ilC(ConsC(s1¢l)), TailC(ConsC(s2¢2))) elseFalse
True
If (LengthC(s1l)= LengthC(s2))yhen{ if (c1l = c2)

then Match(s1,s2) else False} else if
(LengthC(s1)> LengthC(s2))then Match(s1,ConsC(s2c2))
elseif (LengthC(s1x LengthC(s2)thenMatch(ConsC(sl¢l), 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 assumedo recoverthe book
informationusingthis uniqueidentificationnumber. During informal discussionsbookid andindex are
usedinterchangeablyHowever,as functionsthey havebeendefinedand treatedseparately An intlist
is a list of integers. Figure 2 representghe algebraicspecificationof an Intlist, with the necessary
axiomg. Operationgnclude: (i) Headl: This functionreturnsthe elementat the headof theintegerlist,
(i) Taill: This function is usedto removethe headof a given list and returnits remainingelements,

(i) Getl: Given anintegervalue thatindicatesa position and an integerlist this function returnsthe

2 Null indicatesthat this operationreturnsa null elementthatis not an integer



integerelementat that positionwithin the list, (iv) Opsl: This function definesthe logical combination

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

logical operationof NOT, the operationBUTNOT takestwo lists and constructsa third list consisting

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

a list are also lists.

Opsl = { AND, OR, BUTNOT }

Intlist

Import: Integer

Constructors for Intlist:

CreatelL: — Intlist

Addl: Intlist X Integer — Intlist
Observersfor Intlist:

Headl: Intlist — Integer

Taill: Intlist — Intlist

Getl Integer X Intlist — Integer
Opsl: Intlist X Intlist — Intlist

Vil,11,12 € Intlist,t € integer
Headl(CreatelL}F
HeadI(AddI(il, i)) =
Taill(CreatellL)=

Taill(Addl(il, i)) =

Getl(k, CreatellL)=
Getl(k, Addl(il, i)) =

AND(1, 12) =
OR(1,12) =
BUTNOT(, I2) =

Undefined

If (il = CreatelL)theni elseHeadI(il)
CreatelL

If(il = CreatelL)thenCreatelL

else AddI(Tail(il), i)
Null
If (k = 1) thenHeadl(AddI(il, i)

elseGetl(k - 1, Taill(AddI(il, i)))
{IB3|Vzeell AN zel2—uze€l3}
{IB3|Vzell AN yel2 —ux,y€l3}
{13|Vzell A z>312—1z€l3}

A.3. Specificationof an Element Information

Figure 2. Trait 2: Integer List

An elementinformation (called eleminfo)is a tuple {string,

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

list this informationbelongsto. A sequencef eleminfois aelementist. A searchfor alibrary resource

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

booklistwhereinformation pertainingto a bookis stored. Figure 3 illustratesthe algebraicspecification

of an eleminfowith the necessaraxioms. Functionsthat are requiredto manipulateeleminfoinclude:

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

from eleminfo.

Eleminfo

Import:

String, Integer

Constructors for Eleminfo:

CreateEl:

String X Integer — Eleminfo

Observersfor Eleminfo:

Figure 3. Trait 3: Element Information (Continued) . . .



Eleminfo

Name: Eleminfo — String
Index: Eleminfo — Integer
Vs € String,i € Integer

Name(CreateE(s, i)) = S

Index(CreateEl(si)) = i
Figure 3. Trait 3: Element Information

A.4. Specificationof an Elementlist The elementlist (called elemlist) is an orderedsequencef element
information. Theelemlistis the startingpoint for the specificatiorof the LIMS. A searchfor a particular
bookis initiated by finding an appropriateshorterlist of integerswhich containsthe index information
of all eleminfothat matchthe searchstringin the searchrequest.This may be a list of bookswritten by
oneauthor,or a list of bookswith the sametitle. Figure4 givesthe algebraicspecificationof elemlist
with the necessaraxioms. Sincethe call numberof a bookis unique,a searchon a call numberreturns
a single elementlist. Operationghat are requiredon the elemlistinclude: (i) LengthE: This function
is usedto find the length of the elementlist, (ii) PosE: This function returnsthe positionof a stringin
the elementlist, the first positionbeingpositionnumberone. Whenthe list is empty, PosEreturns+,
(i) ValE: Given the position of an elementin the list, find the eleminfo at that position, (iv) AddE:
This is a function to add an eleminfointo the elemlistin an appropriateposition, so that the ordering
of the elemlistis maintained(v) RemoveE: Givena bookidk in an elementlist, this functionremoves
an eleminfo e, which hasindex(e)= k, from the elemlistand returnsthe updatedelemlist, (vi) FindE:
The input string for this function might be the original input string or a shortenednput string created
by SearchE.FindE searchedor a matchfrom the position specifiedby SearchEin the elemlist and
createsa list of bookids that correspondo all the matchesn 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 matchis not found the last
characterof the searchstring is deletedand SearchEcalled recursivelyuntil a matchis found. Oncea

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

Elemlist

Import:

Eleminfo, Integer, String, Intlist

Constructors for Elemlist:

CreateEL:

— Elemlist

ConsE: EleminfoX FElemlist — Elemlist
Observersfor Elemlist:

LengthE: Elemlist — Integer

PosE: String X Elemlist — Integer
ValE: Integer X Elemlist — FEleminfo
AddE: EleminfoX Elemlist — Elemlist
RemoveE: Integer X Elemlist — FElemlist

Figure 4.

Trait 4: Element List

(Continued) . . .



Elemlist
FindE: String X Elemlist X Intlist

XlInteger — Intlist

SearchE: String X Elemlist — Intlist
Vi € Elemlist,il € Intlist

i,k € Integer,s € String

e,e! € Eleminfo

LengthE(CreateEL¥F 0

LengthE(ConsE(d)) = if (3 1) thenLengthE(l)+ 1

PosE(s,CreateEL)= +o0

PosE(s,ConsE(e))) = If (match(name(e)s)) thenl elsePosE(s)) + 1

ValE(i, CreateEL)= Undefined

ValE(i, ConsE(e))) = If (i =1)theneelseValE(i- 1, 1)

AddE(e,ConsE(e’)l) = If (greater(name(e’pame(e)))then Consk(e ConsE(e’,l))
elseConsE(e’,AddE(e,l))

AddE(e,CreateEL)= ConsE(eCreateEL)

RemoveE(k,ConsE(e))) = If( k = Index(e))thenl| else ConsE(e RemoveE(k]))

RemoveE(kCreateEL)= CreateEL

FindE(s,|, il, k) = If (match(Name(®IE(k+1), s)

thenFindE(s,|, AddI(il, Index(\alE(K)), k+ 1)

elseAddI(il, Index(\MalE(k)))

SearchE(Create$), = Null
SearchE(sl) = If (PosE(s)) < LengthE(l))thenFindE(s,|, CreatelL,PosE(s])) else
SearchE(DeleteC(s))

Figure 4. Trait 4: Element List

A.5. Specificationof a Book Information  Information pertainingto a particularbookin the LIMS is stored
as a book information (bookinfo). It consistsof a book identification (bookid), the authorname,the
title of the book, the call numberof the book, detailedinformationregardingthe book (the fourth string
in the signature)and the statusof the book (called copy) in the library (whetherit hasbeenchecked

out by someuseror it is available).

Everybookin thelibrary canbe referencedy a uniqguebookid andthis is the key usedin searching
for a particularbook in the library. Figure 5 gives the algebraicspecificationof bookinfo and the
requiredaxiomsfor it. Operationghat needto be definedon bookinfoinclude: (i) Author: To retrieve
the authornamefrom the giveninformation. (ii) Title: To retrievethetitle of the book from bookinfo.
(i) 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:
CreateBl: Integer X StringX String X String
X StringX Integer — Bookinfo

Figure 5. Trait 5: Book Information (Continued) . . .



Bookinfo
Observersfor Bookinfo:

Author: Bookinfo — String
Title: Bookinfo — String
Callnum: Bookinfo — String
Bookid: Bookinfo — Integer
Copy: Bookinfo — Integer

Vn, k € Integer a,t,c,I € String
Author(CreateBI(k, a,t, c, 1, n)) =
Title(CreateBI(k, a,t, c, I, n)) =
Callnum(CreateBlk, a, t, c, I, n)) =
Bookid(CreateBI(k, a, t, c, I, n)) =
copy(CreateBIk, a,t, c, I, n)) = n

Figure 5. Trait 5: Book Information

~ 0o "o

A.6. Specificationof a Book List The specificationof a book list (booklist) is the mostimportantpart of
the specificationof the LIMS system. The booklist is actually the databaseof information regarding
all the booksin the library. Figure 6 givesthe algebraicspecificationof a booklist and the necessary
axioms. Functionsthat canbe definedon the booklistinclude: (i) AddB: This functionis a constructor
thatis usedsimilar to a Consfunction usedin the previoustraits. It is usedto add a new bookinfo to
the booklist, (i) RemoveB: Given a bookid, this function is usedto removea book from the booklist,
(iif) UpdateB: This functionis usedin updatingthe booklist with information pertainingto the status
of a book, while it is either checkedin or checkedout, (iv) SearchB: This functionis usedto Search

for a particularbook in the booklist given a bookid.

Booklist

Import: Bookinfo

Constructors for Booklist:

CreateBL: — Booklist

AddB: BookinfoX Booklist — Booklist
Observersfor Booklist:

RemoveB: Integer X Booklist — Booklist

SearchB: Integer X Booklist — Bookinfo
UpdateB: Integer X Integer X Booklist — Booklist

Vn, k € Integer,l € Booklist

b € Bookinfo
RemoveB(k,CreateBL)=
RemoveB(k,AddB(b, I)) =

SearchB(kCreateBL)=
SearchB(kAddB(b, 1)) =
UpdateB(nk, CreateBL)=
UpdateB(nk, AddB(b, 1)) =

CreateBL
If( k = bookid(b) A Copy(b)= 1) thenl

elseAddB(b, RemoveB(k,))

Null

If (k = Bookid(b))thenb elseSearchB(k|)
CreateBL

If (k = Bookid(b))

then AddB(CreateBI(Bookid(b)Author(b), Title(b), Callnum(b),n), I)

elseAddB(b, UpdateB(nk, 1))

Figure 6. Trait 6: Book List




A.7. Specificationof a SaveList The savelist (savelist) containsinformation pertainingto a particular
searchoperation. Information retrievedduring a searchoperationmay be savedin a savedlist. This
informationis of type intlist, thatis, it is a list of integersthat give the index numbersof booksin the
booklist which matcha particularsearchterm. Figure 7 givesthe algebraicspecificationof a savelist
andthe necessaryxioms. Operationghat 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 usedin counting the number of
elementdn the savelist,(iv) RemoveV: This functionis 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: — Savelist

AddV: SavelistX Intlist — Savelist

Observersfor Savelist:

HeadV:
TailV:
LengthV:
RemoveV:
GetV:

Savelist — Intlist

Savelist — Savelist

Savelist — Integer
Integer X Savelist — Sawvelist
Integer X Savelist — Intlist

Vi € Integer,l € Savelist

e € Intlist
HeadV(CreateSL¥
HeadV(AddV(l,e)) =

TailV(CreateSL)=
TailV(AddV(l, e)) =

LengthV(CreateSL¥F
LengthV(AddV(l, e))
RemoveV(i,CreateSL)=
RemoveV(i,AddV(l, e)) =

GetV(i, CreateSLF
GetV(i, AddV(l, e)) =

Undefined
If (I = CreateSL)thene

elseHeadV(l)
CreateSL
If (I = CreateSL)thenCreateSL

elseAddV(TailV(l), e)

0

Lengthv(l) + 1

CreateSL

If (i = LengthV(AddV/(l, e))) thenl

elseAddV(RemoveV(i,l), e)
Undefined
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
commandsare ddfined 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: Thisfunctionis usedfor addinga bookto the library andupdatingthe LIMS systemwith
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10.

11.

12.

13.

14.

15.

16.
17.

informationregardingthe newarrival. It canalsobe viewedasa constructoffor the LIMS booklist.
Removebook: Given a bookidk, his function is usedto removea book from the booklist.

BookL: Given a state,this function returnsthe currentbookilist.

AuthorL: Given a state,this function returnsthe currentauthorlist.

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

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

Savel : Given a state,this function returnsthe currentsavelist.

Checkout: This function allows the userto checkout a book from the library and updatesthe
booklist regardingthe statusof the book accordingly.

Checkin: This is a function pertainingto the operationof the library which updatesthe statusof
book, when the book is returnedby the user.

SearchAT: Searchinghe LIMS systemfor a particularbookin the library, the searchbeingcarried
out by the authorname. This function returnsa list that might be zero or more elementdong and
which containsthe booksid’s of all successfulearches.

SearchTL: Searchinghe LIMS systemfor a particularbookin the library, the searchbeingcarried
out by the book title name. This function returnsa list that might be zero or more elementdong
and which containsthe booksid’s of all successfukearches.

SearchCN: SearchingheLIMS systemfor a particularbookin thelibrary, the searchbeingcarried
out by the call numberof the book. This functionreturnsa list thatis oneelementin lengthin case
thereis only onecopy of the bookin the library. Otherwiseit returnsa list of bookid’s that have
the samecall numberand represenimultiple copiesof the book in the library.

Extract: This function is usedto extractan elementfrom a given position in the savelist. The
elementin the savelistis an integerlist of bookid numbers.

Select: This function is usedin selectinga particular bookid from the list that is generatedby
SearchA, SearchTL,or SearchCNIt is alsousedfor returninga bookid from a integerlist, which
is generatediy the Extract function that operateson a savelist.

Save: This function is usedto add the smallerlist generatedby functions SearchA, SearchTL,
and SearchCNto the savelist.

Delete: This functionis usedto deletea elementfrom a given positionin the savelist.

Oper: This function specfies operationson the savelist. All the operationsspecfied involve two
elements(denotedby meansof their positionsin the savelist)of the savelistand resultin a new

elementbeingaddedto the savelist. Operationscan be the logical operationsdefinedin intlist.



Someof the above functions are actually compositionsof two or more functions that perform
operationson somestatevariable, the variable being the booklist, savelistor one of the elemlists,or
operationon the incominginformationfrom the outsideenvironment.For example thereare functions
thatretrievecertainelementf informationfrom the informationthatis suppliedwhile addinga bookto
the library andcreatingnew piecesof elementinformationthatis appropriateto updateothervariables
of the state. Figure 8 givesthe algebraicspecificationof the stateand definesaxiomsthat relateto the

specifiedoperationsof the LIMS system thatis, searchby authorname,searchby title, and searchby

call numberfor a particularbook in the library.

State

Import: Booklist, Elemlist, Savelist,Intlist

Constructors for State:

CreateST: BooklistX Elemlist X Elemlist

X FElemlistX Savelist — State

Observersfor State:

BookL:
AuthorL:
TitleL:
CallnumL:
SavelL:
Addbook:
Removebook:
Checkin:
Checkout:
SearchA:
SearchTL:
SearchCN:
Select:
Save:
Delete:
Extract:
Oper:

State — Booklist

State — Elemlist

State — Elemlist

State — Elemlist

State — Savelist

BookinfoX State — State
Integer X State — State
Integer X State — State
Integer X State — State
String X State — Intlist

StringX State — Intlist
String X State — Intlist
Integer X Intlist X State — Bookinfo
IntlistX State — Savelist
Integer X State — State
Integer X State — Intlist
Integer X Integer X State — State

Vb,b1,b2 € Bookinfo,st € State

i, ],k € Integer,il € Intlist
BookL(CreateST(blal, tl, cl, sl)) =
AuthorL(CreateST(blal, tl, cl, sl)) =
TitleL(CreateST(blal, tl, cl, sl)) =
CallnumL(CreateST(blal, tl, cl, sl)) =
Savel(CreateST(bkl, tl, cl, sl)) =

CreateEL CreateSL)F

Addbook(b,CreateST(CreateBlCreateEL CreateEL,

bl, wherebl is the booklist
al, whereal is the authorlist
tl, wheretl is thetitle list

cl, wherecl is the callnumlist
sl, wheresl is the savelist

CreateST(

AddB(b, CreateBL),
AddE(CreateEI(Author(b)Bookid(b)), CreateEL),
AddE(CreateEl(ifle(b), Bookid(b)), CreateEL),
AddE(CreateEl(Callnum(bBookid(b)), CreateEL),

CreateSL)

Figure 8. Trait 8 State (Continued) . ..
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State

Addbook(b,CreateST(blal, tl, cl, sl)) =

Removebook(kCreateST(CreateBlCreateEL CreateEL,

CreateEL CreateSL)F

Removebook(kCreateST(blal, tl, cl, sl)) =

Checkin(k,CreateST(blal, tl, cl, sl)) =

Checkout(k,CreateST(blal, tl, cl, sl)) =

SearchA(s, CreateST(blal, tl, cl, sl)) =

SearchTL(sCreateST(blal, tl, cl, sl)) =

SearchCN(sCreateST(blal, tl, cl, sl)) =

Select(k,il, CreateST(blal, tl, cl, sl)) =

Save(l,CrearteST(CreateBlCreateEL CreateEL CreateEL,

CreateSL)=

Save(l,CreateST(blal, tl, cl, sl)) =

Delete(k,CrearteST(CreateBlCreateEL CreateEL CreateEL,

CreateSL)=

Delete(k,CreateST(blal, tl, cl, sl)) =

If (SearchB(Bookid(b)bl) = Null) then
CreateST(

AddB(b, bl),
AddE(CreateEIl(Author(b)Bookid(b)), al),
AddE(CreateEl(Tile(b), Bookid(b)), ),
AddE(CreateEl(Callnum(bBookid(b)), cl),

sl)

CreateST(CreateBlCreateEL CreateEL,

CreateEL CreateSL)

CreateST(

RemoveB(k,bl),
RemoveE(kal),
RemoveE(k{l),
RemoveE(kcl),

sl)
If(SearchB(k,bl) '= Null A Copy(SearchB(kbl)) = 0)

then

CreateST(UpdateB(X, bl), al, tl, cl, sl)
If(SearchB(k,bl) '= Null A Copy(SearchB(kbl)) = 1)
then

CreateST(UpdateB((, bl), al, tl, cl sl)
SearchE(sal)

SearchE(stl)

SearchE(scl)

SearchB(Getl(kil), bl)

CrearteST(CreateBlCreateEL CreateEL,
CreateEL AddV(CreateSL]))

CreateST(blal, tl, cl, AddV(sl, 1))

CrearteST(CreateBlCreateEL CreateEL,

CreateEL CreateSL)
CreateST(blal, tl, cl, RemoveV(k,sl))

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

Oper(i,j, CreateST(blal, tl, cl, sl)) = CreateST(blal, tl, cl,
AddV(sl, Opsl(GetV(i,sl), GetV(j, sl))))
Figure 8. Trait 8: State

B. Properties for Correct SystemOperation

The easyverification of certainbasicsystempropertiesis the mostimportantadvantageof using
formal specfication techniques.Somesuch propertiesinclude: (i) A book notin the LIMS database
cannotbe checkedout, (ii) A book notin the LIMS databasecannotbe checkedin, (iii) A book not
in the LIMS databaseannotbe 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 statespecificationsit is seenthat an updateof stateinformation occursonly on two conditions: (i)
Thebookis in the LIMS databasendthis is reflectedby the function SearchBwhich searchegor the
bookin the booklist,and,(ii) If the bookis presenthenthe function Copy checksto verify if the book
is present(indicatedby an integernumberl) in the library, meaningit is not checkedout. Using this

information, the proof for the first propertyis asbelow?: The first propertycanbe fomrally statedas
Statement: Checkout(k, Removebook(k, st)) = Removebook(k, st)

The proof of this property is derived from Figure 8, especiallythe axiom for Checkout (k,
Addbook(b, st)), where
Checkout(k, Removebook(b, st)) ; (k = Bookid(b)) Ab € bl

7 ’ .
= Checkout (k, st ) =st' ;~3bebl: bookid(h) =k

& Removebook(k, st) = st
The function searchB(k, BookL(Addbook(b, st)))! = Null Within the if conditionreturnsa 'False’ and hence
the stateis not updated.Giventhe bookid, SearchBrecursivelysearche$or a book from the booklist.
If the book is presentin the booklist it returnsthe bookinfo for the particular bookid, otherwiseit
returnsNull. This implies that checkoutdoesnot call CreateSTto updatethe checkoutinformation

for the particular bookid.

[1l. Conclusions

In this paper the algebraicspecificatiorof a LIMS hasbeenderived. The specification®f the basic
constructs,and the verification of the basicassumptionsboutthe correctLIMS operationshasbeen

presentedThespecificatiorhasbeenusedasa basisfor the implementatiorof an object-oriented.IMS.

3 The proofsfor other propertiescanbe similarly derived
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Although the exampleinvolved is relatively smallanddeterministic,the LIMS illustratesthe simplicity
andappropriatenessf usingformal techniquesn the specificationof informationmanagemengystems.
Theuseof suchtechniquegenhancehe designandsimplify the maintenancef informationmanagement

systemsand serveto improve the quality of moderninformation managemensystems.
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