rolodex/specification rolodex-orig-from-primer.rsl Page 1

 1 (****
 2 *
 3 * This file is a collection of all of the Rolodex objects and operations
 4 * discussed in the formal specification primer. Some of the advanced
 5 * operations are not fully defined, as discussed in the comments. See the
 6 * primer for a complete discussion.
 7 *
 8 *)
 9
10
11
12 (**
13 * Object Rolodex and its subsidiary objects define the basic Rolodex
14 * structure.
15 *)
16
17 object Rolodex is name:Name and cards:Card* and state:SystemState;
18 object Card is name:Name and id:Id and age:Age and sex:Sex and addr:Address;
19 object Name is string;
20 object Id is integer;
21 object Age is integer;
22 object Sex is Male or Female;
23 object Male;
24 object Female;
25 object Address is string;
26
27
28 (**
29 * Operations Add, Delete, Change, and Find are the basic rolodex operations.
30 *)
31 operation Add(r:Rolodex, c:Card, fs:FileSpace)->(r’:Rolodex, fs’:FileSpace)
32
33 precondition:
34
35 (* The length of the name is <= 30 characters *)
36 (#(c.name) <= 30)
37
38 and
39
40 (* The length (i.e, numer of digits) of the id is 9 *)
41 (#(c.id) = 9)
42
43 and
44
45 (* Age is a reasonable range *)
46 ((c.age >= 0) and (c.age <= 200))
47
48 and
49
50 (* The length of the address is <= 40 chars *)
51 (#(c.addr) < 40)
52
53 and
54
55 (* There is no card in the input Rolodex with the same Id
56 * as the given input card. *)

                                                                                        57 not (exists (c’ in r.cards) c’.id = c.id);
                                                                                        58
                                                                                        59
                                                                                        60 postcondition:
                                                                                        61
                                                                                        62 (* A card is in the output rolodex iff it is in the input rolodex or
                                                                                        63 * it’s the new card to be added. *)
                                                                                        64 forall (c’:Card)
                                                                                        65 (c’ in r’.cards) iff ((c’ in r.cards) or (c’ = c))
                                                                                        66
                                                                                        67 and
                                                                                        68
                                                                                        69 (* The previous state of the output rolodex is the card list of the
                                                                                        70 * input rolodex. See the Undo operation for use of the previous
                                                                                        71 * state. *)
                                                                                        72 (r’.state.prev = r.cards)
                                                                                        73
                                                                                        74 and
                                                                                        75
                                                                                        76 (* The checkpointing state is properly maintained. *)
                                                                                        77 if r.state.options.chkpton then
                                                                                        78 if r.state.chkpt = 0 then (* Time to do checkpoint save *)
                                                                                        79 (r’.state.chkpt =
                                                                                        80 r.state.options.chkptinterval) and
                                                                                        81 (fs’ = Save(fs,r))
                                                                                        82 else (* Not time yet, decrement counter *)
                                                                                        83 (r’.state.chkpt = r.state.chkpt - 1) and
                                                                                        84 (fs’ = fs)
                                                                                        85 else
                                                                                        86 true;
                                                                                        87
                                                                                        88 end Add;
                                                                                        89
                                                                                        90
                                                                                        91 op Delete(r:Rolodex, n:Name)->(r’:Rolodex)
                                                                                        92 pre:
                                                                                        93 (* There is a card of the given name in the input Rolodex *)
                                                                                        94 exists (c’ in r.cards) c’.name = n;
                                                                                        95 post:
                                                                                        96 (* Cards in the output Rolodex consist of those
                                                                                        97 * in the input Rolodex, except for those with
                                                                                        98 * the same name as the given input name. *)
                                                                                        99 forall (c’:Card)
                                                                                       100 (c’ in r’.cards) iff ((c’ in r.cards) and (c’.name != n));
                                                                                       101 end;
                                                                                       102
                                                                                       103
                                                                                       104 op Change(r:Rolodex, n:Name, c:Card)->(r’:Rolodex)
                                                                                       105 pre:
                                                                                       106 (* There is a card of the given name in the input Rolodex *)
                                                                                       107 exists (c’ in r.cards) c’.name = n;
                                                                                       108 post:
                                                                                       109 (* The given card is in the output Rolodex *)
                                                                                       110 (c in r’.cards)
                                                                                       111
                                                                                       112 and

rolodex/specification rolodex-orig-from-primer.rsl Page 2

113
114 (* No other cards of the same name are in the Rolodex *)
115 forall (c’:Card | c’ != c)
116 (c’ in r’.cards) iff ((c’ in r.cards) and (c’.name != n));
117 end;
118
119 op Find(r:Rolodex, n:Name)->(cl:Card*)
120 post:
121 (* Cards in the output list consist of those
122 * in the input Rolodex with the given name *)
123 forall (c:Card)
124 (c in cl) iff ((c in r.cards) and (c.name = n))
125
126 and
127
128 (* The output card list is sorted by ascending
129 * order of card id. *)
130 forall (i,j:integer |
131 (i in [1..#cl]) and (j in [1..#cl]))
132 if i<j then cl[i].id < cl[j].id;
133 end;
134
135
136
137 (**
138 * Operation Undo undoes the last Add. It could be extended to undo other
139 * operations.
140 *)
141 op Undo(r: Rolodex)->(r’:Rolodex)
142 post:
143 (* If the input Rolodex has a previous card list,
144 * then the cards of the output Rolodex are that list
145 * and the previous of the output is nil (so only one
146 * level of undo is possible).
147 * Otherwise, the output Rolodex is the same as the
148 * input Rolodex. *)
149 if (r.state.prev != nil)
150 then (r’.cards = r.state.prev) and (r’.state.prev = nil)
151 else r’ = r;
152 end;
153
154
155 (**
156 * Object SearchInfo and its subsidiary objects define search patterns used in
157 * the extended version of the Find operation defined below.
158 *)
159
160 object SearchInfo is np:NamePattern and idp:IdPattern and
161 ap:AgePattern and sp:SexPattern and adp:AddressPattern
162 description: (*
163 Each component of SearchInfo is a search pattern that corresponds to
164 one of the fields of a card..
165 *);
166 end SearchInfo;
167
168 object AgePattern is lessp:AgeLessThan or gtrp:AgeGreaterThan or

                                                                                        169 rangep:AgeRange or eqp:Age
                                                                                        170 description: (*
                                                                                        171 An AgePattern allows the user to search for cards with an age value
                                                                                        172 less than a given age, greater than a given age, between a range of
                                                                                        173 given ages, equal to a specific age, or with a specific age.
                                                                                        174 *);
                                                                                        175 end AgePattern;
                                                                                        176
                                                                                        177 obj NamePattern; (* Should be defined comparably to AgePattern *)
                                                                                        178 obj IdPattern; (* Ibid. *)
                                                                                        179 obj SexPattern; (* Ibid. *)
                                                                                        180 obj AddressPattern; (* Ibid. *)
                                                                                        181
                                                                                        182 object AgeLessThan is lts:LessThanSymbol and age:Age
                                                                                        183 description: (*
                                                                                        184 This pattern specifies all ages less than a particular age.
                                                                                        185 *);
                                                                                        186 end AgeLessThan;
                                                                                        187
                                                                                        188 object AgeGreaterThan is lts:GreaterThanSymbol and age:Age
                                                                                        189 description: (*
                                                                                        190 This pattern specifies all ages greater than a particular age.
                                                                                        191 *);
                                                                                        192 end AgeGreaterThan;
                                                                                        193
                                                                                        194 object AgeRange is age1:Age and rs:RangeSymbol and age2:Age
                                                                                        195 description: (*
                                                                                        196 This pattern specifies all ages in a range between age1 and age2.
                                                                                        197 *);
                                                                                        198 end AgeRange;
                                                                                        199
                                                                                        200 object LessThanSymbol;
                                                                                        201 object GreaterThanSymbol;
                                                                                        202 object RangeSymbol;
                                                                                        203
                                                                                        204
                                                                                        205 (**
                                                                                        206 * The following version of operation Find takes SearchInfo as input. Compare
                                                                                        207 * it to the earlier definition of Find, that takes just a Name as input.
                                                                                        208 *)
                                                                                        209 operation Find(r:Rolodex, si:SearchInfo)->(cl:Card*)
                                                                                        210 post:
                                                                                        211 (*
                                                                                        212 * All cards in the output list must be found according to the given
                                                                                        213 * search info, and the output list must be sorted by Card id.
                                                                                        214 *)
                                                                                        215 CardsFound(r,si,cl)
                                                                                        216 and
                                                                                        217 SortedById(cl);
                                                                                        218 description: (*
                                                                                        219 Find zero or more cards that match the constraints specified in the
                                                                                        220 given SearchInfo.
                                                                                        221 *);
                                                                                        222 end Find;
                                                                                        223
                                                                                        224 function CardsFound(r:Rolodex, si:SearchInfo, cl:Card*)->boolean =

rolodex/specification rolodex-orig-from-primer.rsl Page 3

225 (* Cards in the given card list consist of those, and only those, in the
226 * given Rolodex that match the given search info. *)
227 forall (c:Card)
228 (c in cl) iff ((c in r.cards) and Match(c,si));
229
230 function Match(c:Card, si:SearchInfo)->boolean =
231 MatchName(c.name, si.np) and
232 MatchId(c.id, si.idp) and
233 MatchAge(c.age, si.ap) and
234 MatchSex(c.sex, si.sp) and
235 MatchAddress(c.addr, si.adp);
236
237 function MatchAge(age:Age, ap:AgePattern)->boolean =
238 if (ap?lessp) then
239 age < ap.lessp.age
240 else if (ap?gtrp) then
241 age > ap.gtrp.age
242 else if (ap?rangep) then
243 (age >= ap.rangep.age1) and (age <= ap.rangep.age2)
244 else if (ap?eqp) then
245 age = ap.eqp
246 else if (ap = nil) then
247 true;
248
249 function MatchName(Name, NamePattern)->boolean; (* To be defined *)
250 function MatchId(Id, IdPattern)->boolean; (* Ibid. *)
251 function MatchSex(Sex, SexPattern)->boolean; (* Ibid. *)
252 function MatchAddress(Address, AddressPattern)->boolean; (* Ibid. *)
253
254 function SortedById(cl:Card*)->boolean =
255 forall (i,j:integer |
256 (i in [1..#cl]) and (j in [1..#cl]))
257 if i<j then cl[i].id < cl[j].id;
258
259
260 (**
261 * Object FileSpace and its subsidiary objects define an abstract file space
262 * used in the file management operations below.
263 *)
264
265 obj FileSpace is File*;
266 obj File is type:FileType and name:FileName and data:FileData;
267 obj FileType is a:ASCIIType or b:BinaryType or rolo:RolodexType;
268 obj FileName is Name;
269 obj FileData is ascii:ASCIIData or bin:BinaryData or rolo:RolodexData;
270 obj ASCIIData is string*;
271 obj BinaryData is number*;
272 obj RolodexData is Rolodex;
273 obj ASCIIType;
274 obj BinaryType;
275 obj RolodexType;
276
277
278 (**
279 * Operations New, Open, Save, SaveAs, and Print are the basic file management
280 * opertions.

                                                                                        281 *)
                                                                                        282
                                                                                        283 operation New()->r’:Rolodex
                                                                                        284 post: r’ = nil;
                                                                                        285 end New;
                                                                                        286
                                                                                        287 operation Open(fs:FileSpace, n:Name)->r’:Rolodex
                                                                                        288 post:
                                                                                        289 (*
                                                                                        290 * There is a file of the given name in either ASCII or Rolodex format
                                                                                        291 * in the given file space. If the latter, then the cards of the
                                                                                        292 * output rolodex contain the converted ASCII data. If the former
                                                                                        293 * (i.e., file is in Rolodex format), then the cards of the output are
                                                                                        294 * those in the file.
                                                                                        295 *)
                                                                                        296 exists (f in fs)
                                                                                        297 (* File and rolodex names are the same *)
                                                                                        298 (r’.name = f.name)
                                                                                        299
                                                                                        300 and
                                                                                        301
                                                                                        302 (* File data are the same as rolodex cards, parsed if ASCII *)
                                                                                        303 if (f.data?ascii) then
                                                                                        304 r’.cards = ParseRolodexText(f.data.ascii)
                                                                                        305 else if (f.data?rolo) then
                                                                                        306 r’ = f.data.rolo
                                                                                        307 else false; (* Neither ascii nor Rolodex file format *)
                                                                                        308
                                                                                        309 description: (*
                                                                                        310 Open is essentially a find operation, with the same underlying form of
                                                                                        311 postcondition as a basic find. This more concrete version of Open must
                                                                                        312 parse ASCII text data files, if that is format in which a rolodex was
                                                                                        313 saved.
                                                                                        314
                                                                                        315 The postcondition relies on a non-trivial auxiliary function,
                                                                                        316 ParseRolodexText, that would specify precisely the correspondence
                                                                                        317 between the textual and abstract representations of rolodex card data.
                                                                                        318 *);
                                                                                        319 end Open;
                                                                                        320
                                                                                        321 operation Save(fs:FileSpace, r:Rolodex)->fs’:FileSpace
                                                                                        322 description: (*
                                                                                        323 Save is essentially an add operation. It should be foramally specified
                                                                                        324 in a comparable manner.
                                                                                        325 *);
                                                                                        326 end Save;
                                                                                        327
                                                                                        328 operation Save(fs:FileSpace, r:Rolodex, type:FileType)->fs’:FileSpace
                                                                                        329 description: (*
                                                                                        330 This version of Save operates the same as the preceding more abstract
                                                                                        331 version, except that it uses the FileType input to determine the format
                                                                                        332 of the file in the output filespace.
                                                                                        333 *);
                                                                                        334
                                                                                        335 end Save;
                                                                                        336

rolodex/specification rolodex-orig-from-primer.rsl Page 4

337 operation SaveAs(fs: FileSpace, r:Rolodex, n:Name)->fs’:FileSpace
338
339 post: ; (* Comparable change to Save. *)
340
341 end SaveAs;
342
343 operation Print(r:Rolodex)->rp:RolodexPrintout
344 post:
345 exists (r’:Rolodex, c:Card) (
346 ((c in r’.cards) iff (c in r.cards)) and
347 SortedByName(r’.cards) and
348 (rp = GeneratePrint(r’))
349 );
350
351 description: (*
352 Printing produces the ASCII text for a sorted Rolodex. The
353 postcondition here relies on a non-trivial auxiliary function,
354 GeneratePrintText, that would define textual formatting details
355 precisely. GeneratePrintText is the complement of the earlier
356 ParseRolodexText function.
357
358 Note that the postcondition specifies sorting on the rolodex, rather
359 than on the printout, as would be the case with the following logic:
360
361 forall (c in r)
362 (GenerateCardPrint(c) in rp) and SortedByName(rp)
363
364 This logic for sorting a printout would be considerably more tedious,
365 since it would have to perform parsing to extract the name field from
366 the text representation of a card.
367 *);
368
369 end Print;
370
371 obj RolodexPrintout;
372
373 (**
374 * The following auxiliary functions should be defined as discussed in the
375 * formal spec primer
376 *)
377 function ParseRolodexText(ASCIIData)->Card*;
378 function GeneratePrint(Rolodex)->RolodexPrintout;
379 function SortedByName(Card*)->boolean;
380
381
382 (**
383 * Object UserTable and related objects define data needed for the
384 * specification of security.
385 *)
386 obj UserTable is UserInfo*;
387 obj UserInfo is uid:UserId and level:Level;
388 obj UserId is string;
389 obj Level is priv:Privileged or nonpriv:Nonprivileged;
390 obj Privileged;
391 obj Nonprivileged;
392

                                                                                        393 (**
                                                                                        394 * Operations Login and FindUser specify a rudimentary form of security.
                                                                                        395 *)
                                                                                        396 op Login(uid:UserId,state:SystemState)->(r’:Rolodex)
                                                                                        397 post:
                                                                                        398 (* Adds are OK in the output Rolodex if the given user
                                                                                        399 * is privileged, otherwise adds are not OK. *)
                                                                                        400 if FindUser(state.users,uid).level?priv
                                                                                        401 then r’.state.addok = true
                                                                                        402 else r’.state.addok = false
                                                                                        403
                                                                                        404 and
                                                                                        405
                                                                                        406 (* The output Rolodex has no cards. *)
                                                                                        407 (r’.cards = nil);
                                                                                        408
                                                                                        409 description: (*
                                                                                        410 The operational model here is that the login operation creates an
                                                                                        411 initial empty Rolodex, with the appropriate value for the addok flag.
                                                                                        412 This model affects the specification of the File Open operation, in
                                                                                        413 that the Open will read Rolodex cards from a file, but maintain the
                                                                                        414 Rolodex state established by Login. *);
                                                                                        415 end;
                                                                                        416
                                                                                        417 op FindUser(ut:UserTable,uid:UserId)->(uinfo’:UserInfo)
                                                                                        418 post:
                                                                                        419 (* The output user info is that info in the given user table
                                                                                        420 * with the given user id. *)
                                                                                        421 forall (uinfo in ut)
                                                                                        422 if (uinfo.uid = uid) then uinfo’ = uinfo else uinfo’ != uinfo;
                                                                                        423 end;
                                                                                        424
                                                                                        425
                                                                                        426 (**
                                                                                        427 * Object Options and its subsidiaries define data needed for checkpointing.
                                                                                        428 * The last clause in the Add operation operation above specifies the
                                                                                        429 * checkpointing formally.
                                                                                        430 *)
                                                                                        431 obj Options is chkpton:CheckpointOnOff and chkptinterval:CheckpointInterval
                                                                                        432 and showprevdata:ShowPreviousData;
                                                                                        433 obj CheckpointCount is integer;
                                                                                        434 obj CheckpointInterval is integer;
                                                                                        435 obj CheckpointOnOff is boolean;
                                                                                        436
                                                                                        437
                                                                                        438 (**
                                                                                        439 * Object CardData and related objects define data used in the historical
                                                                                        440 * dialog opertions defined below.
                                                                                        441 *)
                                                                                        442 obj CardData is c:Card and flag:boolean;
                                                                                        443 object LastAddInput is Card;
                                                                                        444 object LastDeleteInput is Name;
                                                                                        445 object LastChangeInput is Name and Card;
                                                                                        446 object LastFindInput is Name;
                                                                                        447 object ShowPreviousData is boolean;
                                                                                        448

rolodex/specification rolodex-orig-from-primer.rsl Page 5

449
450 (**
451 * Operations InitiateAdd and ConfirmAdd specify a rudimentary form of
452 * historical dialog managment for the Add operation. Historical dialogs could
453 * be similarly specified for other Rolodex operations.
454 *)
455
456 operation InitiateAdd(r:Rolodex)->(cd:CardData)
457 post:
458 (* If the historical dialog option is on, then output the previously
459 * entered card data, else output an empty card data. *)
460 if r.state.options.showprevdata
461 then cd.c = r.state.lastadd
462 else cd.c = nil;
463 end;
464
465 operation ConfirmAdd(r:Rolodex, cd:CardData)->(r’:Rolodex)
466 pre: (* Same precondition as original Add, but replace all occurrences of
467 * variable c with cd.c *);
468 post: (* Same postcondition as original Add, with same replacement as in
469 * precondition *);
470 end;
471
472
473 (**
474 * Object SystemState holds various compoinents of the system state, used by
475 * the indicated operations defined above.
476 *)
477 object SystemState is
478 prev:Card* (* For Undo *)
479 and
480 users:UserTable and addok:boolean (* For security *)
481 and
482 chkpt:integer (* For checkpointing *)
483 and
484 lastadd:LastAddInput and (* For historical dialgos *)
485 lastdel:LastDeleteInput and
486 lastchange:LastChangeInput and
487 lastfind:LastFindInput and
488 and
489 options:Options; (* For checkpointing and historical *)