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8. ListFiles (NewDTree, NewCWD) = Empty

9. ListFiles (CreateFile (DT, c1, s), c2) = if (Where (c1) = Where (c2))

then if Member (ListDirs (DT, c1), s)

then Add (ListFiles (DT, c2), s)

else ListFiles (DT, c2)

else ListFiles (DT, c2)

10. ListFiles (DeleteFile (DT, c1, s), c2) = if (Where (c1) = Where (c2))

then Remove (ListFiles (DT, c2), s)

else ListFiles (DT, c2)

11. ListFiles (CopyFile (DT, c1, s1, s2), c2) = if (Where (c1) = Where (c2))

then Add (ListFiles (DT, c2), s2)

else ListFiles (DT, c2)

12. ListFiles (CopyFileDown (DT, c1, s1, s2), c2) = if (Where (c2) = Where (Down (c1, s2)))

then Add (ListFiles (DT, c2), s1)

else ListFiles (DT, c2)

13. ListFiles (CopyFileUp (DT, c1, s), c2) = if (Where (c2) = Where (Up (c1)))

then Add (ListFiles (DT, c2), s)

else ListFiles (DT, c2)

14. ListFiles (MoveFile (DT, c1, s1, s2), c2) = if (Where (c1) = Where (c2))

then Add (Remove (ListFiles (DT, c2), s1), s2)

else ListFiles (Remove (DT, c2), s1)

15. ListFiles (MoveFileDown (DT, c1, s1, s2), c2) = if (Where (c2) = Where (Down (c1, s2)))

then Add (ListFiles (DT, c2), s1)

else ListFiles (DT, c2)

16. ListFiles (MoveFileUp (DT, c1, s), c2) = if (Where (c2) = Where (Up (c1)))

then Add (ListFiles (DT, c2), s)

else ListFiles (DT, c2)

References

[1] P. AmmannandA. J. O�utt. Mechanical derivationof category partition tests fromZ speci�cations. 1992.
Submittedfor publication.

[2] A. Diller. An Introduct ion t o Formal Met hods. WileyPublishingCompanyInc., 1990.
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4. LEqual (Append (SL1, s1), Append (SL2, s2)) = (s1 = s2 ^ LEqual (SL1, SL2))

5. DelTail (Null) = Null

6. DelTail (Append (SL1, s1)) = SL1

7. Tail (Null) = "/" -- Odd indeed!

8. Tail (Append (SL1, s1)) = s1

TheMiStix speci�cationis below. It uses various objects andoperations fromtheprevious twospeci�cations. Most
notably, Where is de�nedto returna list of strings (STRLIST) andthe List functions returnsets of strings (the
�rst is the set of directories, andthe secondis the set of �les).

DTREE SPEC: trait

CWD : StrList

introduces

NewDTree : �! DTree

NewCWD : �! CWD

CreateDir : DTree, CWD, String �! DTree

DeleteDir : DTree, CWD, String �! DTree

Down : DTree, CWD, String �! CWD

Up : CWD �! CWD

Root : CWD �! CWD

Where : CWD �! StrList

CreateFile : DTree, CWD, String �! DTree

DeleteFile : DTree, CWD, String �! DTree

CopyFile : DTree, CWD, String, String �! DTree

CopyFileDown: DTree, CWD, String, String �! DTree

CopyFileUp : DTree, CWD, String �! DTree

MoveFile : DTree, CWD, String, String �! DTree

MoveFileDown: DTree, CWD, String, String �! DTree

MoveFileUp : DTree, CWD, String �! DTree

ListDirs : DTree, CWD �! StrSet

ListFiles : DTree, CWD �! StrSet

constrains NewDTree, NewCWD, CreateDir, DeleteDir, Down, Up, Root, Where,

CreateFile, DeleteFile, CopyFile, CopyFileDown, CopyFileUp, MoveFile,

MoveFileDown, MoveFileUp, ListDirs, and ListFiles

sothat for all [DT : DTree ; c1; c 2 : CWD ; s; s 1; s 2: Str ing]

1. Where (NewCWD) = Null

2. Where (Down (DT, c, s)) = if (Member (ListDirs (DT, c), s))

then Append (Where (c), s)

else Where (c)

3. Where (Up (c)) = if (Where (c) = Null)

then Null

else DelTail (Where (c))

4. Where (Root (c)) = Null

5. ListDirs (NewDTree, NewCWD) = Empty

6. ListDirs (CreateDir (DT, c1, s), c2) = if (Where (c1) = Where (c2))

then if (Member (ListFiles (DT, c1), s)

then Add (ListDirs (DT, c2), s)

else ListDirs (DT, c2)

else ListDirs (DT, c2)

7. ListDirs (DeleteDir (DT, c1, s), c2) = if (Where (c1) = Where (c2))

then Remove (ListDirs (DT, c2), s)

else ListDirs (DT, c2)
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({}, {<>,<a>}, <a>)

({<>}, {<>,<a>}, <a>)

3. Type of dirs

({<b>}, {<>}, <>) -- cwd = <a> impossible, so do this instead,

4. Type of cwd

({<b>}, {<>,<a>}, <>),

Notethat �les anddirectories are not forcedtobe listedsimultaneously.

6 Algebr aic Mi St i x Speci �cat i ons

We �rst start with a speci�cation for a string set and a string list. These will be imported into the eventual
speci�cationfor theMistix �le system.

STRSET SPEC: trait

introduces

Empty : �! StrSet

Add : StrSet, String �! StrSet

Member : StrSet, String �! Boolean

Remove : StrSet, String �! StrSet

constrains Empty, Add, Member, and Remove

sothat for all [SS : St rSet ; s 1; s 2: St r i ng ]

1. Member (Empty, s1) = FALSE

2. Member (Add (SS, s2), s1) = if s1 = s2

then TRUE

else Member (SS, s1)

3. Remove (Empty, s1) = Empty

4. Remove (Add (SS, s1), s2) = if s1 = s2

then Remove (SS, s2)

else Add (Remove (SS, s2), s1)

STRLIST SPEC: trait

introduces

Null : �! StrList

Append : StrList, String �! StrList

LEqual : StrList, StrList �! Boolean

Tail : StrList �! String

DelTail : StrList �! StrList

constrains Null, Append, DelTail, Tail, and LEqual

sothat for all [SL1; SL2: St rLi s t ; s 1; s 2: St r i ng ]

1. LEqual (Null, Null) = TRUE

2. LEqual (SL1, SL2) = LEqual (SL2, SL1)

3. LEqual (Append (SL1, s1), Null) = FALSE

22



(b, {<c>}, {<>,<a>}, <a>)

3. Precondition2

(b, {<b>}, {<>,<a>}, <>)

4. Precondition3

(b, {<a,b>}, {<>,<a>,<b>}, <a>)

(b, {<a,b>,<b>}, {<>,<a>}, <a>)

5. Type of �les

No test case possible that satisfies precondition

6. Type of dirs

No test case possible that satisfies precondition

Type of cwd

7. No test case possible that satisfies precondition

5.12 Testing the MoveFi le Operation

Sincethepreconditions forMoveFi l e ,MoveFi l eDown, andMoveFi l eUp areidentical tothatforCopyFi l e , CopyFi l eDown,
andCopyFi l eUp , respectively, the test inputs shouldbe identical. Test outputs di�er inthat the source �le should
nolonger exist here.

5.13 Testing the List Operation

Functional Unit:
List

Inputs: None

Environment Variables:
�l es : PFul l Name
di r s : PFul l Name
cwd : Ful l Name

Categories: None frompreconditions, althoughthe presence or absence
of �les and/or directories incwdclearlyseems tobe acategory

5.13.1 GeneratedTests

Tests are triples of (�l es , di r s , cwd ).

1. BaseTest Case - All Categories Normal

({<a,b>}, {<>,<a>}, <a>)

2. Type of �les
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(b, c, {<a,b>}, {<>,<a>}, <a>)

4. Precondition3

(b, c, {<a,b>}, {<>,<a>,<a,c>,<a,c,b>}, <a>)

(b, c, {<a,b>,<a,b,c,b>}, {<>,<a>,<a,c>}, <a>)

5. Type of �les

No test case possible that satisfies precondition

6. Type of dirs

No test case possible that satisfies precondition

Type of cwd

7. (b, c, {<b>}, {<>,<c>}, <>)

5.11 Testing the CopyFi leUpOperation

Functional Unit:
CopyFileDown

Inputs:
n? : Name

Environment Variables:
�l es : PFul l Name
di r s : PFul l Name
cwd : Ful l Name

Categories:
Precondition1

* Satis�ed: File n? exists
*Unsatis�ed: File n? does not exist

Precondition2
*Satis�ed- parent directoryexists
*Unsatis�ed- parent directorydoes not exist

Precondition3
*Satis�ed: File n? does not exist inparent
*Unsatis�ed: Directorynamedn? exists inparent
*Unsatis�ed: File namedn? exists inparent

5.11.1 GeneratedTests

Tests are fourples of (n?, �l es , di r s , cwd ).

1. BaseTest Case - All Categories Normal

(b, {<a,b>}, {<>,<a>}, <a>)

2. Precondition1
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(b, c, {<a,b>}, {<>,<a>,<a,c>}, <a>)

(b, c, {<a,b>,<a,c>}, {<>,<a>}, <a>)

4. Type of �les

No test case possible that satisfies precondition

5. Type of dirs

(b, c, {<b>}, {<>}, <>)

Type of cwd

6. (b, c, {<b>}, {<a>, <>}, <>)

5.10 Testing the CopyFi leDownOperation

Functional Unit:
CopyFileDown

Inputs:
n?: Name
d ?: Name

Environment Variables:
�l es : PFul l Name
di r s : PFul l Name
cwd : Ful l Name

Categories:
Precondition1

*Satis�ed: File n? exists
*Unsatis�ed: File n? does not exist

Precondition2
*Satis�ed: Directoryd? exists
*Unsatis�ed: Directoryd? does not exist

Precondition3
*Satis�ed: File n? does not exist ind?
*Unsatis�ed: Directorynamedn? exists ind?
*Unsatis�ed: File namedn? exists ind?

5.10.1 GeneratedTests

Tests are �veples of (n?, d ?, �l es , di r s , cwd ).

1. BaseTest Case - All Categories Normal

(b, c, {<a,b>}, {<>,<a>,<a,c>}, <a>)

2. Precondition1

(b, c, {<b>}, {<>,<a>,<a,c>}, <a>)

3. Precondition2
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1. BaseTest Case - All Categories Normal

(b, {<a,b>}, <a>)

2. Precondition1

(b, {<a,c>}, <a>).

3. Type of �les

No test case possible that satisfies precondition

4. Type of cwd

(b, {<b>}, <>),

5.9 Testing the CopyFi le Operation

Functional Unit:
CopyFile

Inputs:
ol d ?: Name
new?: Name

Environment Variables:
�l es : PFul l Name
di r s : PFul l Name
cwd : Ful l Name

Categories:
Precondition1

*Satis�ed: File old? exists
*Unsatis�ed: File old? does not exist

Precondition2
*Satis�ed: File new? does not exist
*Unsatis�ed: Directorynamednew? exists
*Unsatis�ed: File namednew? exists

5.9.1 GeneratedTests

Tests are �veples of (ol d ?, new?, �l es , di r s , cwd ).

1. BaseTest Case - All Categories Normal

(b, c, {<a,b>}, {<>,<a>}, <a>)

2. Precondition1

(b, c, {<b>}, {<>,<a>}, <a>)

3. Precondition2
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Precondition1
*Satis�ed: File does not exist
*Unsatis�ed: Directorynamedn? exists
*Unsatis�ed: File namedn? exists

5.7.1 GeneratedTests

Tests are fourples of (n?, �l es , di r s , cwd ).

1. BaseTest Case - All Categories Normal

(c, {<a,b>}, {<>,<a>}, <a>)

2. Precondition1

(c, {<a,b>}, {<>,<a>,<a,c>}, <a>).

(b, {<a,b>}, {<>,<a>}, <a>).

3. Type of �les

(b, {}, {<>,<a>}, <a>)

4. Type of dirs

(a, {<b>}, {<>}, <>) -- cwd = <a> impossible, so do this instead,

5. Type of cwd

(c, {<b>}, {<>,<a>}, <>),

5.8 Testing the DeleteFi le Operation

Functional Unit:
DeleteFile

Inputs:
n?: Name

Environment Variables:
�l es : PFul l Name
cwd : Ful l Name

Categories:
Precondition1

*Satis�ed: File exists
*Unsatis�ed: File does not exist

5.8.1 GeneratedTests

Tests are triples of (n?, �l es , cwd ).
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5.5.1 GeneratedTests

Tests are zeroples of ().

1. BaseTest Case - All Categories Normal

()

Note that this oddstate of a�airs is due toRoot beingaconstant function. Since there are noinput parameters,
there are nocategories andpartitions toderive tests from.

5.6 Testing the Where Operation

Functional Unit:
Where

Inputs: None

Environment Variables:
cwd : Ful l Name

Categories:
None basedonpreconditions

5.6.1 GeneratedTests

Tests are singles of (cwd ).

1. BaseTest Case - All Categories Normal

(<a>)

2. Type of cwd

(<>),

5.7 Testing the CreateFi le Operation

Functional Unit:
CreateFile

Inputs:
n?: Name

Environment Variables:
�l es : PFul l Name
di r s : PFul l Name
cwd : Ful l Name

Categories:
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5.4 Testing the UpOperation

Functional Unit:
Up

Inputs:
None

Environment Variables:
di r s : PFul l Name
cwd : Ful l Name

Categories:
Precondition1

*Satis�ed- parent directoryexists
*Unsatis�ed- parent directorydoes not exist

5.4.1 GeneratedTests

Tests are pairs of (di r s , cwd ).

1. BaseTest Case - All Categories Normal

({<>,<a>}, <a>)

2. Precondition1

({<>,<a>}, <>)

3. Type of dirs

No test case possible that satisfies precondition

4. Type of cwd

No test case possible that satisfies precondition

5.5 Testing the Root Operation

Functional Unit:
Root

Inputs:
None

Environment Variables:
None

Categories:
None basedonpreconditions
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(b, {<a,b,c>}, {<>,<a>,<a,b>}, <a>)

(b, {<a,c>}, {<>,<a>,<a,b>,<a,b,c>}, <a>)

4. Type of dirs

No test case possible that satisfies precondition

5. Type of �les

(b, {}, {<>,<a>,<a,b>}, <a>)

6. Type of cwd

(a, {<b>}, {<>,<a>}, <>),

5.3 Testing the DownOperation

Functional Unit:
Down

Inputs:
n?: Name

Environment Variables:
di r s : PFul l Name
cwd : Ful l Name

Categories:
Precondition1

*Satis�ed- subdirectoryexists
*Unsatis�ed- subdirectorydoes not exist

5.3.1 GeneratedTests

Tests are triples of (n?, di r s , cwd ).

1. BaseTest Case - All Categories Normal

(b, {<>,<a>,<a,b>}, <a>)

2. Precondition1

(b, {<>,<a>}, <a>)

3. Type of dirs

No test case possible that satisfies precondition

4. Type of cwd

(a, {<>,<a>}, <>),
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2. Precondition1

(b, {<a,c>}, {<>,<a>,<a,b>}, <a>).

(b, {<a,b>}, {<>,<a>}, <a>).

3. Type of �les

(b, {}, {<>,<a>}, <a>)

4. Type of dirs

(a, {<b>}, {<>}, <>) -- there is no directory <a>, so do this instead,

5. Type of cwd

(b, {<a,c>}, {<>,<a>}, <>),

5.2 The DeleteDir Operation

Functional Unit:
DeleteDir

Inputs:
n?: Name

Environment Variables:
�l es : PFul l Name
di r s : PFul l Name
cwd : Ful l Name

Categories:
Precondition1

*Satis�ed: Directoryexists
*Unsatis�ed: Directorydoes not exist

Precondition2
*Satis�ed: Directoryis empty
*Unsatis�ed: Directorycontains a�le
*Unsatis�ed: Directorycontains asubdirectory

5.2.1 GeneratedTests

Tests are fourples of (n?, di r s , cwd ).

1. BaseTest Case - All Categories Normal

(b, {<a,c>}, {<>,<a>,<a,b>}, <a>)

2. Precondition1

(b, {<a,c>}, {<>,<a>}, <a>).

3. Precondition2
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[1]). Obviouslynot all categories apply to all testable units. For eachoperation, the precondition(s) gives rise to
one or more additional categories. We treat categories suchthat one partition is considered\Normal", andother
partitions are other thannormal. We include, bydefault, aResults sectionthat holds all categories at the normal
partionandone at a time enumerates categories over all possible partitions. Insome cases, setting a category to
Normal will make apartitioninanother categoryinfeasible. Inthis case, wemake a feasible choice. The resulting
number of test cases is 1 plus the total number of partitions minus the total number of categories. Ingeneral, of
course, the test engineer is free tode�ne additional result combinations as appropriate.

The categories andassociatedpartitions that apply to all operations are as follows: (Note: Partitionvalues are
not complete for giventests...)

Categories:

Type of di r s
*Normal: fhi; h a i g, f h i ; h a i ; h a ; bi g , f h i ; h a i ; h a ; c i g , f h i ; h a i ; h a ; \::00i g
*Root Only: f h i g

Type of �l es
*Normal: f h a i g , f h b i g , f h a ; b i g , f h a ; c i g , f h a i ; h b i g
*Empty: f g ,

Type of cwd
*Normal: h a i
*Root: h i

5.1 Testing the CreateDir Operation

Functional Unit:
CreateDir

Inputs:
n?: Name

Environment Variables:
�l es : PFul l Name
di r s : PFul l Name
cwd : Ful l Name

Categories:
Precondition1

*Satis�ed: Directorydoes not exist
*Unsatis�ed: Directorynamedn? exists
*Unsatis�ed: File namedn? exists

5.1.1 GeneratedTests

Tests are fourples of (n?, �l es , di r s , cwd ).

1. BaseTest Case - All Categories Normal

(b, {<a,c>}, {<>,<a>}, <a>)

12



4.10 The Move Fi le Operations

Themove �le operations are speci�edmuchas the copy�le operations are. Indeed, we explicitlyset the semantics
of movetobe that of acopyfollowedbyadelete.

MoveFi l e b= CopyFi l eo
9
Del et eFi l e [n?=ol d ?]

MoveFi l eDown b=CopyFi l eDown o

9
Del et eFi l e

MoveFi l eUp b=CopyFi l eUpo
9
Del et eFi l e

Since the preconditions of move�le operations are identical withthose of the correspondingcopy�le operations,
weomit the robust operationspeci�cations here.

4.11 The List Operation

TheoperationLi s t displays all of the�les andsubdirectories inthe current workingdirectory. Subdirectories are to
be distinguishedwithspecial marks; we ignore that aspect here.

Li s t

�Fi l eSys t em
Fi l es !;Di r s ! : PFul l Name

Fi l es ! =f f : �l es j cwd � f g

Di r s ! =f d : di r s j cwd � dg

WecouldalsospecifyLi s t soas toonlyinclude the simple names inthe current directory.

Li s t

�Fi l eSys t em
Fi l es !;Di r s ! : PName

Fi l es ! =f f : �l es j cwd =f ront f � l as t f g

Di r s ! =f d : di r s j cwd =f ront d � l as t dg

Finally, List couldeasilybe split soas to specify�les anddirectories separately. We leave this as anexercise to
the reader.

4.12 The LogO� Operation

The logo�operationis technicallynot part of the abstract datatype, andsowedonot specifyit explicitly.

5 Z and Cat egory-Par t i t i on Bas ed Tes t Speci �cat i ons

Weconsider \standard"categories derivedfromthe speci�cationas awhole. We list these categories once for the
entiretest speci�cationandthenrefer tothecategories as necessary. Certainof thesecategories appear toarise from
designdecisions, e.g. the use of \.." torepresent the parent speci�cation. (Since inthis speci�cation, \.." has been
deliberatelysuppressed, wedonot include suchacategoryhere, eventhoughsuchacategoryis present inour paper
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Tocopya�le toasubdirectory, weget:

CopyFi l eDown

�Fi l eSys t em
n?; d ?: Name

cwd _h n?i 2 �l es

cwd _h d ?i 2 di r s

cwd _h d ?;n?i =2 �l es [ di r s

�l es0 =�l es [ cwd _h d ?;n?i

Tohandle the casewhere the new�le cannot be createdinthe subdirectory, weget:

Di rect or yOrFi l eAl readyExi s t s I nSubdi rect or y

�Fi l eSys t em
n?; d ?: Name
repor t ! : Mes s age

cwd _h d ?;n?i 2 �l es [ di r s

repor t ! =\Di rect or y or �l e al ready exi s t s i n s ubdi rect or y00

Therobust speci�cationis:

RCopyFi l eDown b=CopyFi l eDown ^ Ok

_ Fi l eDoesNot Exi s t

_ Di rect or yOrFi l eAl readyExi s t s I nSubdi rect or y

Tocopya�le tothe parent directory, weget:

CopyFi l eUp

�Fi l eSys t em
n?: Name

cwd _h n?i 2 �l es

cwd 6=h i

f ront cwd_h n?i =2 �l es [ di r s

�l es0 =�l es [ f ront cwd_h n?i

Tohandle the casewhere the new�le cannot be createdinthe parent directory, weget:

Di rect or yOrFi l eAl readyExi s t s I nParent

�Fi l eSys t em
n?: Name
repor t ! : Mes s age

f ront cwd_h n?i 2 �l es [ di r s

repor t ! =\Di rect or y or �l e al ready exi s t s i n parent00

Therobust speci�cationis:

RCopyFi l eUp b=CopyFi l eUp ^ Ok

_ Fi l eDoesNot Exi s t

_ Parent Of Root DoesNot Exi s t

_ Di rect or yOrFi l eAl readyExi s t s I nParent
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Del et eFi l e

�Fi l eSys t em
n?: Name

cwd _h n?i 2 �l es

�l es0 =�l es n f cwd_h n?i g

Inthe case that a�le does not exist, wede�ne

Fi l eDoesNot Exi s t

�Fi l eSys t em
n?: Name
repor t ! : Mes s age

cwd _h n?i =2 �l es

repor t ! =\Fi l e does not exi s t00

Therobust delete �le command, RDel et eFi l e , is:

RDel et eFi l e b=Del et eFi l e ^ Ok

_ Fi l eDoesNot Exi s t

4.9 The Fi le CopyOperations

Thechangedirectoryoperations are:

� CopyFi l e - copya�le toanother �le inthe same directory

� CopyFi l eDown - copya�le toasubdirectory.

� CopyFi l eUp - copya�le totheparent of the current workingdirectory, if it exists.

There are twoinputs toCopyFi l e : ol d ?, whichis the name of the �le tobe copied, andnew?, whichis the name of
thenew�le. There are twoinputs toCopyFi l eDown, n?, whichis thenameof the�le tobe copied, andd ?, whichis
thename of the subdirectoryintowhichthe �le is tobe copied. There is one input toCopyFi l eUp , n?, whichis the
nameof the �le tobe copied. (Note: inthis speci�cation, �le names are considered, but �le contents are ignored.)

Wecopya�le locally, weget:

CopyFi l e

�Fi l eSys t em
new?; ol d ?: Name

cwd _h ol d ?i 2 �l es

cwd _h new?i =2 �l es [ di r s

�l es0 =�l es [ cwd _h new?i

Therobust speci�cationis:

RCopyFi l e b=CopyFi l e ^ Ok

_ Fi l eDoesNot Exi s t [ol d ?=n?]
_ Di rect or yOrFi l eAl readyExi s t s [new?=n?]
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Therobust changedirectorytoparent command, RUp , is:

RUp b=Up ^ Ok

_ Parent Of Root DoesNot Exi s t

For changingtothe root directory, we specify:

Root

�Fi l eSys t em

cwd 0 =h i

SinceRoot is total, RRoot is:

RRoot b=Root ^ Ok

4.6 The Where Operation

TheoperationWhere prints out the complete name of the current workingdirectory.

Where

�Fi l eSys t em
Ful l Name ! : Ful l Name

Ful l Name ! =cwd

SinceWhere is total, RWhere is:

RWhere b=Where ^ Ok

4.7 The CreateFi le Operation

TheoperationCreat eFi l e creates anew�lewiththe (simple) name n? inthe current workingdirectory.

Creat eFi l e

�Fi l eSys t em
n?: Name

cwd _h n?i =2 di r s [ �l es

�l es0 =�l es [ f cwd_h n?i g

Therobust create �le command, RCreat eFi l e , is:

RCreat eFi l e b=Creat eFi l e ^ Ok

_ Di rect or yOrFi l eAl readyExi s t s

4.8 The DeleteFi le Operation

TheoperationDel et eFi l e deletes a�le fromthe current workingdirectory.
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Inthe case that asubdirectoryis not empty, wede�ne

Di rect or yNot Empt y

�Fi l eSys t em
n?: Name
repor t ! : Mes s age

9 f : �l es [ di r s � cwd_h n?i � f

repor t ! =\Di rect or y not empt y00

Therobust delete directorycommand, RDel et eDi r , is:

RDel et eDi r b=Del et eDi r ^ Ok

_ Di rect or yDoesNot Exi s t

_ Di rect or yNot Empt y

4.5 The Change Directory Operations

Thechangedirectoryoperations are:

� Down - change toasubdirectoryinthe current workingdirectory

� Up - change tothe parent of the current workingdirectory, if it exists.

� Root - change tothe root directory

For changingtoachilddirectory, we specify:

Down

�Fi l eSys t em
n?: Name

cwd _h n?i 2 di r s

cwd 0 =cwd _h n?i

Therobust changedirectorytochildcommand, RDown, is:

RDown b=Down ^ Ok

_ Di rect or yDoesNot Exi s t

For changingtothe parent directory, we specify:

Up

�Fi l eSys t em

cwd 6 =h i

cwd 0 =f ront cwd

Up has the preconditionthat cwd is not root prior tothe operation.

Parent Of Root DoesNot Exi s t

�Fi l eSys t em
repor t ! : Mes s age

cwd =h i

repor t ! =\Parent of root does not exi s t00
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4.3 The CreateDir Operation

TheoperationCreat eDi r creates anewdirectorywiththe (simple) name n? inthe current workingdirectory.

Creat eDi r

�Fi l eSys t em
n?: Name

cwd _h n?i =2 di r s [ �l es

di r s0 =di r s [ f cwd_h n?i g

Inthe case that adirectoryor �le namedn?alreadyexists, wede�ne

Di rect or yOrFi l eAl readyExi s t s

�Fi l eSys t em
n?: Name
repor t ! : Mes s age

cwd _h n?i 2 di r s [ �l es

repor t ! =\Di rect or y or Fi l e al ready exi s t s00

Wefollowthe conventionof Diller [2] inde�ningtheOk report:

Ok

repor t ! : Mes s age

repor t ! =\Ok 00

Finally, wede�ne the robust create directorycommand, RCreat eDi r , as:

RCreat eDi r b=Creat eDi r ^ Ok

_ Di rect or yOrFi l eAl readyExi s t s

4.4 The DeleteDir Operation

TheoperationDel et eDi r deletes anemptysubdirectoryinthe current workingdirectory.

Del et eDi r

�Fi l eSys t em
n?: Name

cwd _h n?i 2 di r s

: 9 f : �l es [ di r s � cwd_h n?i � f

di r s0 =di r s n f cwd_h n?i g

Inthe case that asubdirectorydoes not exist, wede�ne

Di rect or yDoesNot Exi s t

�Fi l eSys t em
n?: Name
repor t ! : Mes s age

cwd _h n?i =2 di r s

repor t ! =\Di rect or y does not exi s t00
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4 Z Mi St i x Speci �cat i ons

We begin the speci�cationwitha description of the base types needed. There are two basic types of objects in
the system: �les anddirectories. The typeName corresponds toa simple �le or directoryname (for example, the
MiStix�le \foo"):

[Name ]

Sequences of Name are full �le or directorynames (for example, theMiStix�le \/fee/�e/foo"):

Ful l Name ::=seqName

Therepresentationchosenherehastheleaf elementsat thetail of thesequence, andso, forexample, therepresentation
of \fee/�e/foo" is the sequence h f ee ; �e ; f ooi . We use the Zsequence manipulationfunctions f ront , whichyields a
subsequence upto the last element and l as t , whichyields the atomat the endof the sequence. Full �le names are
unique inthe system, as are full directorynames. Further, we restrict the systemsothat a�le andadirectorymay
not share the samename.

4.1 State Description

The state of the�le systemis as follows:

Fi l eSys t em

�l es : PFul l Name
di r s : PFul l Name
cwd : Ful l Name

8 f : �l es [ di r s � f 6 =h i ) f ront f 2 di r s

di r s \ �l es =;

cwd 2 di r s

There are three components: �l es , di r s , andcwd . The �rst component, �l es , is the set of �les that currentlyexist
inthe system. The secondcomponent, di r s , is the set of directories that currently exist in the system. The �rst
invariant states that all intermediatedirectoriesmustexist for a�leor directorytoexist. Thesecondinvariant states
that �le anddirectorynames are distinct. The last component, cwd , does not recordanypermanent feature of the
�le system, but is insteadusedtomarka (user's) current directory inthe system. The thirdinvariant states that
cwd must correspondtoanexistingdirectory.

Wenowproceedwithoperations that changeor observethestate. We�rst specifythedesiredoperation, andthen
proceedtomake the operationtotal byde�ningbehavior for cases inwhichthe preconditionof anoperationis not
satis�ed.

4.2 The Initial State

Areasonableinitial state for the�le systemis oneinwhichthere is onlytheroot directory(i.e. theemptysequence):

I ni t Fi l eSys t em0

Fi l eSys t em0

�l es0 =f g

di r s0 =f h i g

cwd 0 =h i

It is clear that the newstate producedbyI ni t Fi l eSys t em 0 satis�es the invariants of Fi l eSys t em.
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� DeleteDir DirName

If DirName is anemptysubdirectoryof the current directory, it is removed, otherwise anappropriate error
message is printed.

� Down [DirName]
If DirNameexists as asubdirectoryof the current, the current directoryis set toDirName.

� Up

The current directoryis set totheparent of the current directory.

� Root

The current directoryis set tothe root.

� Where

Prints the\extended"nameof the current directory. The extendedname includes thenameof everydirectory
betweenthe current directoryandthe root, inclusive.

� CreateFile FileName

If FileName is not alreadya�le or directoryinthe current directory, it is createdinthe current directory.

� DeleteFile FileName

If FileName is a�le inthecurrent directory, it is removed, otherwiseanappropriateerror message is printed.

� CopyFile OldFileNameNewFileName

Creates acopyof the�leOldFileName inNewFileName (sinceMiStixignores �le contents, this is equiv-
alent tocreatinganew�le calledNewFileName)

� CopyFileDown OldFileNameDirName

CopiesOldFileName intothe directoryDirName.

� CopyFileUp OldFileName

The �le is copiedtothe parent of the current directory.

� MoveFile OldFileNameNewFileName

Changes thename of the �leOldFileName toNewFileName.

� MoveFileDown OldFileNameDirName

MovesOldFileName intothe directoryDirName.

� MoveFileUp OldFileName

The �le is movedtotheparent of the current directory.

� ListDirs

Prints the names of all subdirectories inthe current directory.

� ListFiles

Prints the names of all �les inthe current directory.

� Logoff

Stops execution.

MiStixmust handle the followingexceptional conditions inauser friendlymanner:

� Directoryor �le alreadyexists onacreate, move, or copy.

� Directorycontains �les onaremove.

� Directorydoes not exist onachange, or delete.

� File does not exist onacopy, move, or delete.
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� ChangeDir [NewDirName]
IfNewDirNameisgivenandexistsasasubdirectoryof thecurrent, thecurrentdirectoryissettoNewDirName.
IfNewDirNameis notgiven, thecurrentdirectoryis set totheroot. If theNewDirNameis \..", thecurrent
directoryis set tothe parent of the current directory.

� Where

Prints the\extended"nameof the current directory. The extendedname includes thenameof everydirectory
betweenthe current directoryandthe root, inclusive.

� CreateFile FileName

The �leFileName is createdinthe current directory.

� DeleteFile FileName

If FileName is inthe current directory, it is removed, otherwise anappropriate error message is printed.

� Move OldFileNameNewFileName

Move OldFileNameNewDirName

Changes the name of the �leOldFileName toNewFileName or movesOldFileName into the directory
NewDirName. If theNewDirName is \..", the �le is movedtothe parent of the current directory.

� Copy OldFileNameNewFileName

Copy OldFileNameNewDirName

Creates acopyof the�leOldFileNameinNewFileName(sinceMiStixignores �lecontents, this is equiva-
lent tocreatinganew�lecalledNewFileName) or copiesOldFileNameintothedirectoryNewDirName.
If theNewDirName is \..", the �le is copiedtothe parent of the current directory.

� List

Prints the names of all �les andsubdirectories inthe current directory. The subdirectories shouldbe distin-
guishedfromthe �les byatrailingslash(\/").

� Logoff

Stops execution.

MiStixmust handle the followingexceptional conditions inauser friendlymanner:

� Directoryor �le alreadyexists onacreate, move, or copy.

� Directorycontains �les onaremove.

� Directorydoes not exist onachange, or delete.

� File does not exist onacopy, move, or delete.

3 Revi s ed Inf ormal Mi St i x Speci �cat i ons

MiStixis speci�edinformallybelowwitha descriptionof the syntaxandsemantics of eachcommand. Several of
the commands take one or more arguments, whichare directoryor �le names. Directoryand�le names are strings
of characters, '-', '_', '=', and'+'.

� InitFileSystem

Supplyavalidinitial (empty) state for the �le system.

� CreateDir DirName

IfDirNameis not alreadya�leor directoryinthecurrent directory, creates anewdirectorycalledDirName
as asubdirectoryof the current directory, else anappropriate error message is printed.
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1 I nt r oduct i on

This paper presents several di�erent speci�cations of a simple �le systembased on the Unix �le system. This
project was started froma class assignment initially used inundergraduate computer science courses at Clemson
University, andmorerecentlyingraduatesoftwareengineeringcourses atGeorgeMasonUniversity. Insections 2and
3, we present twoslightlydi�erent informal speci�cations forMiStix. The initial speci�cationwas usedinclasses
throughFall 1992. While derivingformal speci�cations andtest speci�cations, we foundseveral inconsistencies and
inaccuracies withthe speci�cations, as well as features that were di�cult to express withformal approaches. The
most important problemswerethat the initial speci�cationdoes not completelydescribe�le names, allows a�le and
adirectoryof the same name inthe same subdirectory, andsome of the original commands (ChangeDir, CopyFile,
andMoveFile) actuallycombine several commands. We rectifythese problems inthe secondinformal speci�cation
andthe formal speci�cations.

Section4givesamodel-basedspeci�cationforMiStixinZ, andsection5gives functional test speci�cations based
onthe Zspecs andtheCategory-Partitionmethod. Results fromtest cases derivedfromthese speci�cations are in
our companionpaper [1]. Finally, section6gives analgebraic speci�cationforMiStix.

MiStixis ahierarchical systemconsistingof di rect or i es and�l es . Eachdirectorycancontainanarbitrarynumber
of �les ands ubdi rect or i es , where a subdirectory is also a directory. MiStixignores the contents of �les; it is only
concernedwiththe �le's name. During operation, MiStixkeeps trackof a \current directory". Initially, there is
one emptydirectorycalledthe root , whichis the current directory.

Thereare atotal of eighteenoperations de�nedin(the revisedspeci�cationfor)MiStix:

� One operationtocreate avalid(empty) initial state for the �le system.

� Twooperations tocreate anddelete directories

� Twooperations tocreate anddelete �les

� Three operations tocopy�les

� Three operations tomove�les

� Three operations tochangethe current directory

� One operationtoprint the full pathname of the current directory

� Twooperations to list �les anddirectories

� One operationto logo�

2 Or i gi nal I nf ormal Mi St i x Speci �cat i ons

MiStixis speci�ed informally belowwitha description of the syntaxandsemantics of eachcommand. Initially,
there is one emptydirectorycalledthe root , whichis the current directory.

� CreateDir DirName

IfDirNameis not alreadyinthecurrent directory, creates anewdirectorycalledDirNameas asubdirectory
of the current directory, else anappropriate error message is printed.

� DeleteDir DirName

If DirName is anemptysubdirectoryof the current directory, it is removed, otherwise anappropriate error
message is printed.

2



Functional and Test Speci �cat i ons for
t he Mi St i x Fi l e Sys t em

Paul Amma nn

Je� O� u tt

fpa mma n ,ofu t g@gmu .e du

De p a rt me n t o f In f o r ma t io n a n d So f t wa r e S yst e ms En

Ge o r g e Ma s o n Un i ve r s i t y , Fa i r f a x, VA 22 030
J a n u a r y 19, 1 9 9 3

Abstract

MiStix is a simple �le systembased on the Unix �le system. MiStix is used in classroomexercises in
graduate software engineeringclasses at GeorgeMasonUniversity. Inthis document, we supplyseveral di�erent
speci�cations forMiStix. First wegiveaninformal speci�cation. Next, sincethe informal speci�cationturns out
to be di�cult to formalize directly, we supply a revisedinformal speci�cation that matches subsequent formal
speci�cations. We give a model-based speci�cation for MiStix inZ, followedby functional test speci�cations
basedontheCategory-Partitionmethod. Finally, wegive analgebraic speci�cationforMiStix.
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