Extensible Protected Types: Proposal Status 1 A.J. Wellings Department of Computer Science, University of York, UK Email: andy@cs.york.ac.uk

B. Johnson and B. Sanden Department of Computer Science, Colorado Technical University, USA Email: bjohnson@cos.colotechu.edu, bsanden@acm.org

J. Kienzle and T. Wolf Software Engineering Laboratory Swiss Federal Institute of Technology in Lausanne, Switzerland Email: Joerg.Kienzle@epfl.ch, twolf@acm.org

S. Michell Maurya Software, Ontario, Canada Email: steve@maurya.on.ca 2

Abstract 3 At the last workshop, the issue of being able to extend protected types 4 in the same manner as tagged types was discussed. The conclusion was 5 that further consideration was needed before a definitive proposal could 6 be made. The goal of this Position Paper is to summarise a full proposal 7 and to identify the outstanding issues. 8 Keywords: concurrent object-oriented programming, inheritance ano- 9 maly, Ada 95. 10 1 Introduction 11 At the last workshop, the issue of being able to extend protected types in the 12 same manner as tagged types was discussed [1]. The conclusion was that further 13 consideration was needed before a definitive proposal could be made. After the 14 workshop, a group of enthusiasts held numerous email discussions on how best to 15 integrate Ada’s object-oriented programming and protected type model. The 16 results will shortly appear in the literature [5, 6]. The goal of this Position 17 Paper is to summarise the proposal and to identify the outstanding issues. In 18 section 2, we define the core extensions needed for our model. In section 3, we 19 consider how these extensions can be integrated into the full language. Finally, 20 in section 4 we summarise the outstanding issues are draw our conclusions. 21 A full rational for our model along with some examples can be found in [4] 22 (available at http://www.cs.york.ac.uk/ftpdir/reports/). 23

1

2 Extensible Protected Types – The Basic Model 24 2.1 Declaration and Primitive Operations 25 For consistency with the usage elsewhere in Ada, the word ‘tagged’ indicates 26 that a protected type is extensible. A protected type encapsulates the opera- 27 tions that can be performed on its protected data. Consequently, the primitive 28 operations of a tagged protected type are, in effect, already defined. They are, 29 of course, similar to primitive operations of other tagged types in spirit but not 30 in syntax, since other primitive operations are defined by being declared in the 31 same package specification as a tagged type. Consider the following example: 32

protected type T is tagged

33

procedure W (...);

34

function X (...) return ...;

35

entry Y (...);

36

private -- data attributes of T

37

end T;

38

O : T;

39

W, X, and Y can be viewed as primitive operations on T. Interestingly, the call

40

O.X takes a syntactic form similar to that in most object-oriented languages.

41 2.2 Inheritance 42 Tagged protected types can be extended in the same manner as tagged types: 43

protected type T1 is new T with

44

procedure W (...); -- override T.W

45

procedure Z (...); -- a new method

46

private -- new attributes of T1

47

end T1;

48 A child protected object has full access to private data declared in its parent. 49 If a procedure in a child protected type calls a procedure or function in 50 its parent, it does not have to wait to obtain the lock on the protected object 51 before entering the parent (otherwise deadlock would occur). There is one lock 52 for each instance of a protected type and this lock is used when the protected 53 object is converted to a parent type. This is consistent with current Ada when 54 one procedure/function calls another in the same protected object. 55 2.3 Dispatching and re-dispatching 56 Given a hierarchy of tagged protected types, it is possible to create class-wide 57 types and accesses to class-wide types; first consider only protected subpro- 58 grams, for example: 59

type Pt is access protected type T’Class;

60

P: Pt := new . . .; -- some type in the hierarchy

61

P.W(...); -- dispatches to the appropriate projected object.

62 Of course from within P.W, it should be possible to convert back to the class- 63 wide type and re-dispatch to another primitive operation. Unfortunately, an 64

operation inside a tagged protected type does not have the option of converting 65 the object (on which it was originally dispatched) to a class-wide type because 66 this object is passed implicitly to the operation. We propose to use calls of the 67 form type.operation, where type is the type to which the implicit protected 68 object should be converted. The following is an example of this syntax for a 69 re-dispatch: 70

protected body T is

71

...

72

procedure P (...) is

73

begin

74

. . .

75

T’Class.Q (...);

76

. . .

77

end P;

78

end T;

79

T’Class indicates the type to which the protected object (which is in the hi-

80 erarchy of type T’Class but which is being viewed as type T) that was passed 81 implicitly to P should be view converted. This allows it to define which Q pro- 82 cedure to call. This syntax is also necessary to allow an operation to call an 83 overridden operation in its parent, for example: 84

protected body T1 is -- an extension of T

85

...

86

procedure W (...) is -- overrides the W procedure of T

87

begin

88

. . .

89

T.W(...); -- calls the parent operation

90

. . .

91

end W;

92

end T1;

93 This new syntax does not conflict with any other part of the language because 94 it is strictly only a type that precedes the period. 95 Requeuing can also lead to situations where re-dispatching is desirable. Re- 96 queuing to a parent entry would require barrier re-evaluation. Requeues from 97 other protected objects or from accept statements in tasks could also involve 98 dispatching to the correct operation in a similar way. 99 2.4 Entry Calls 100 Our proposal allows entries to be overridden with the constraint that child 101 entries must strengthen their parent’s barrier. The syntax and when is used to 102 indicate this. To avoid having the body of a child protected object depend on 103 the body of its parent, it is necessary to move the declaration of the barrier from 104 the body to the specification of the protected type (private part). Consider 105

protected type T is tagged

106

entry E ;

107

private

108

I: Integer := 0;

109

entry E when E’Count ¿ 1; -- barrier given in the private part

110

end T;

111

protected type T1 is new T with

112

entry E ;

113

private

114

entry E and when I ¿ 0;

115

end T;

116

A: T1;

117 If a call was made to A.E, this would be statically defined as a call to T1.E and 118 would be subject to its barrier (E’Count > 1 and I > 0). The barrier would 119 be repeated in the entry body. 120 There is only one queue for each overridden entry. In order to avoid inheri- 121 tance anomalies[3]), we propose that all external calls to a protected object are 122 dispatching. This is in conflict with regular tagged types, and to to resolve this, 123 a new pragma could be introduced “External Calls Always Dispatch” which 124 would apply to regular tagged types. 125 2.4.1 Calling the Parent Entry and Parent Requeues 126 An integral part of OOP is the ability of a child object to call its parent’s 127 operations. The main problem is that Ada forbids an entry from explicitly 128 calling another entry. 129 Our proposal is to allow the child entry to call the parent entry and for that 130 call to be treated as a procedure call. It is clear that calling the parent entry is 131 different from a normal entry call; special syntax has already been introduced 132 to facilitate it (see section 2.3). As the parent call is viewed as a procedure 133 call, it is not a potentially suspending operation and, therefore, allowed within 134 a protected entry. However, the parent’s barrier is still a potential cause for 135 concern. One option is to view the barrier as an assertion and raise an exception 136 if it is not true.^1 The other option is not to test the barrier at all, based on 137 the premise that the barrier was true when the child was called and, therefore, 138 need not be re-evaluated until the whole protected action is completed. 139 Even with this approach, there is still the problem that control is not re- 140 turned to the child if the parent entry requeues requests to other entries for 141 servicing. This, of course, could be made illegal and an exception raised. How- 142 ever, requeue is an essential part of the Ada 95 model and to effectively forbid 143 its use with extensible protected types would be a severe restriction. 144 We propose that requeue in the parent is allowed. A consequence of this is 145 that no post-processing is allowed after a parent call. 146 3 Integration into the Full Ada 95 Model 147 The above section has considered the basic extensible protected type model. Of 148 course, any proposal for the introduction of such a facility must also consider 149 the full implications of its introduction. This section considers the following 150 topics: 151 ffl private types, 152 ffl abstract types, and 153 1Special consideration would need to be given to barriers which use the ’Count attribute in the parent, since these will clearly change when the child begins execution.

ffl generics and mix-in inheritance 154 3.1 Private Types 155 Ada 95 supports the notion of private and limited private types. A protected 156 type is a limited type, hence it is necessary to show how extensible protected 157 types integrate into limited private types. The following illustrates how this is 158 easily achieved. 159 In order to make a type private, its full definition is moved to the private 160 part of the package. This can also be done for extensible protected types: 161

package Example1 is

162

protected type Pt0 is tagged private;

163

private

164

protected type Pt0 is tagged

165

-- primitive operations.

166

...

167

private

168

-- data items etc.

169

...

170

end Pt0;

171

end Example1;

172 Note that in this example, the primitive operations of type Pt0 are all declared 173 in the private part of the package and are thus visible only in child packages of 174 package Example1. Other packages cannot do anything with type Pt0, because 175 they do not have access to the type’s primitive operations. Nevertheless, this 176 construct can be useful for class-wide programming using access types, e.g. 177 through 178

type Pt˙Ref is access Pt0’Class;

179 Private types can also give a finer control over visibility. One might declare 180 a type and make some of its primitive operations publicly visible while other 181 primitive operations would be private (and thus visible only to child packages). 182 For example: 183

package Example2 is

184

protected type Pt1 is tagged

185

-- public primitive operations, visible anywhere

186

...

187

with private

188

-- data items etc., see (1) below

189

...

190

end Pt1;

191

private

192

protected type Pt1 is tagged

193

-- private primitive operations, visible only in child packages

194

...

195

private

196

-- additional data items etc., see (2) below

197

...

198

end Pt1;

199

end Example2;

200 Note that the public declaration of type Pt1 uses “with private” instead of only 201 “private” to start its private section. This is supposed to give a syntactical indi- 202 cation that the public view of Pt1 is an incomplete type that must be completed 203 later on in the private part of the package. 204 The private parts of the incomplete and the full declaration of Pt1 also have 205 different visibility scopes: 206

1. The items declared in the private part of the public incomplete declaration 207 are visible to types derived from Pt1 anywhere. 208 2. The items declared in the private part of the full declaration of Pt1 are 209 visible to types derived from Pt1 in child packages of package Example2 210 only. 211 Extensible protected types thus offer even more visibility control than ordinary 212 tagged types: the latter must declare all their data components either in the 213 public or in the private part, whereas an extensible protected type may choose 214 to make some of them public (to descendants only) and some of them private. 215 Alternatively a protected type can be declared to have a private extension. 216 Given a protected type Pt2: 217

package Base is

218

protected type Pt2 is tagged

219

...

220

private

221

...

222

end Pt2;

223

end Base;

224 A private extension can then be written as: 225

with Base;

226

package Example3 is

227

protected type Pt3 is new Base.Pt2 with private;

228

private

229

protected type Pt3 is new Base.Pt2 with

230

-- Additional primitive operations

231

...

232

private

233

-- Additional data items

234

...

235

end Pt3;

236

end Example3;

237 Here, only the features inherited from Pt2 are publicly visible, the additional 238 features introduced in the private part of the package are private and hence 239 visible only in child packages of package Example3. 240 Private types can be used in Ada 95 to implement hidden and semi-hidden 241 inheritance, two forms of implementation inheritance (as opposed to interface in- 242 heritance, i.e. subtyping). For instance, one may declare a tagged type publicly 243 as a root type (i.e., not derived from any other type) while privately deriving 244 it from another tagged type to reuse the latter’s implementation. This hidden 245 inheritance is also possible with extended protected types. Given the above 246 package Base, hidden inheritance from Pt2 can be implemented as follows: 247

with Base;

248

package Example4 is

249

-- the public view of Pt4 is a root type

250

protected type Pt4 is tagged

251

-- primitive operations, visible anywhere

252

...

253

with private

254

-- data items etc.

255

...

256

end Pt4;

257

private

258

-- the private view of Pt4 is derived from Pt2

259

protected type Pt4 is new Base.Pt2 with

260

-- additional primitive operations, visible only in child packages

261

...

262

with private

263

-- additional data items etc.

264

...

265

end Pt4;

266

end Example4;

267 The derivation of Pt4 from Pt2 is not publicly visible: operations and data 268 items inherited from Pt2 cannot be accessed by other packages. If some of 269 the primitive operations inherited from Pt2 should in fact be visible in the 270 public view of Pt4, too, Pt4 must re-declare them and implement them as 271 call-throughs to the privately inherited primitive operations of Pt2. In child 272 packages of package Example4, the derivation relationship is exposed and hence 273 these inherited features are accessible in child packages. 274 Semi-hidden inheritance is similar in spirit, but exposes part of the inheri- 275 tance relation. Given an existing hierarchy of extensible protected types: 276

package Example5˙Base is

277

protected type Pt5 is tagged

278

...

279

private

280

...

281

end Pt5;

282

protected type Pt6 is new Pt5 with

283

...

284

private

285

...

286

end Pt6;

287

end Example5˙Base;

288 One can now declare a new type Pt7 that uses interface inheritance from Pt5, 289 but implementation inheritance from some type derived from Pt5, e.g. from 290

Pt6:

291

with Example5˙Base; use Example5˙Base;

292

package Example5 is

293

protected type Pt7 is new Pt5 with

294

...

295

with private

296

...

297

end Pt7;

298

private

299

protected type Pt7 is new Pt6 with

300

...

301

private

302

...

303

end Pt7;

304

end Example5;

305 As these examples show, extensible protected types offer the same expressive 306 power concerning private types as ordinary tagged types. In fact, because pro- 307 tected types are an encapsulation unit in their own right (in addition to the 308 encapsulation provided by packages), extensible protected types offer an even 309 greater visibility control than ordinary tagged types. Primitive operations of 310 an extensible protected type declared in the type’s private section are visible 311

only within that type itself or within a child extension of that type. Combining 312 this kind of visibility (which is similar to Java’s ‘protected’ declarator) with the 313 visibility rules for packages gives some visibility specifications that do not exist 314 for ordinary tagged types. 315 There is one difficulty with this scheme, though. It is currently possible in 316 Ada 95 to define a limited private type that is implemented as a protected type. 317 This raises the question whether the following should be legal: 318

package Example6 is

319

type T is tagged limited private;

320

private

321

protected type T is tagged

322

...

323

private

324

...

325

end T;

326

end Example6;

327 Here, although child packages could treat T as an extensible protected type, 328 other client packages could do very little with the type. Furthermore, the mix- 329 ture of protected and non-protected views of one and the same type may give 330 rise to incalculable implementation problems because in some cases accesses to 331 an object would have to be done under mutual exclusion even if the view of 332 the object’s type was not protected, simply because its full view was a pro- 333 tected type. Consequently, the kind of private completion shown in Example6 334 is probably best disallowed. 335 3.2 Abstract Extensible Protected Types 336 Ada 95 allows tagged types and their primitive operations to be abstract. The 337 Ada 95 model can easily be applied to extensible protected types. The following 338 examples illustrate the integration: 339

protected type Ept is abstract tagged

340

-- Concrete operations:

341

function F (...) return ...;

342

procedure P (...);

343

entry E (...);

344

-- Abstract operations:

345

function F1 (...) return ... is abstract;

346

procedure P1 (...) is abstract;

347

entry E1 (...) is abstract;

348

private

349

...;

350

entry E (...) when Cond;

351

end Ept;

352 The one issue that is perhaps not obvious concerns whether an abstract entry 353 can have a barrier. On the one hand, an abstract entry cannot be called so any 354 barrier is superfluous. On the other hand, the programmer may want to define 355 an abstraction where it is appropriate to guard an abstract entry. For example: 356

protected type Lockable˙Operation is abstract tagged

357

procedure Lock;

358

procedure Unlock;

359

entry Operation (...) is abstract;

360

private

361

Locked : Boolean := False;

362

entry Operation (...) when not Locked;

363

end Lockable˙Operation;

364

The bodies of Lock and Unlock set the Locked variable to the corresponding 365 values. Now because of the barrier strengthening rule, the when not Locked 366 barrier will automatically be enforced on any concrete implementation of the 367 operation. 368 The above example can be rewritten with a concrete entry for Operation 369 that has a null body. It should be noted, however, that with a concrete null- 370 operation, one cannot force concrete children to supply an implementation for 371 the entry. With an abstract entry, one can. 372 3.3 Generics and Mix-in Inheritance 373 Ada 95 does not support multiple inheritance. However, it does support various 374 approaches which can be used to achieve the desired affect. One such approach 375 is mix-in inheritance, which in Ada is done through generic packages that can 376 take a parameter of a tagged type. The generic package provides the mixed- 377 in components and operations; an instantiation then does the mix-in into an 378 existing base type. A version of Ada with extensible protected types must 379 also allow them to be parameters to generics and hence take part in mix-in 380 inheritance. 381 As with normal tagged types, two kinds of generic formal parameters can be 382 defined: 383

generic

384

type Base˙Type is [abstract] protected tagged private;

385

type Derived˙From is [abstract] new protected Derived [with private];

386 In the former, the generic body has no knowledge of the extensible protected 387 type actual parameter. In the latter, the actual type must be a type in the tree 388 of extensible protected types rooted at Derived. 389 Unfortunately, these facilities are not enough to cope with situations involv- 390 ing entries. Consider the case of a predefined lock which can be mixed in with 391 any other protected object to define a lockable version. Without extra function- 392 ality, there is no way to express this. For these reasons, the generic modifier 393

entry <> is used to mean all the entries of the actual parameter. The lockable

394 mix-in type can now be achieved: 395

generic

396

type Base˙Type is [abstract] protected tagged private;

397

package Lockable˙G is

398

protected type Lockable˙Type is new Base˙Type with

399

procedure Lock;

400

procedure Unlock;

401

private

402

Locked : Boolean := False;

403

entry ¡¿ and when not Locked;

404

end Lockable˙Type;

405

end Lockable˙G;

406 The code entry <> and when not Locked indicates that all entries in the 407 parent protected type should have their barriers strengthened by the boolean 408 expression not Locked. 409 The entry <> feature makes it possible to modify the barriers of entries that 410 are unknown at the time the generic unit is written. At the time the generic 411 unit is instantiated, the entries of the actual generic parameter supplied for 412

Base Type are known, and entry <> then denotes a well-defined set of primitive

413 operations. 414

This generic barrier modifier is similar to Frølund’s “all-except” specifier [2], 415 except that the latter also applies to primitive operations that are added later 416 on in further derivations, whereas entry <> does not. If new primitive opera- 417 tions are added in further derivations, it is the programmer’s responsibility to 418 make sure that these new entries get the right barriers (i.e., include when not 419

Locked).

420 4 Conclusions 421 This paper has summarised extensions to protected types to make them more 422 object oriented. Inevitably we have had to make some compromises and there 423 are still some outstanding issues. Perhaps the greatest compromise concerns 424 the way in which a child entry can call its parent. We propose that this call 425 be treated as an internal call and, therefore, not subject to blocking. However, 426 given that an entry call can always requeue to another entry call, the child entry 427 cannot assume that its parent call will return. This leads to a restriction of our 428 model in that there can be no post processing of parent calls. 429 The outstanding issues raised by this work include: 430 ffl whether a call to a parent entry should check the guard and raise “Program 431 Error” if it is not true; 432 ffl whether abstract entries should have guards; 433 ffl whether the facilities for mix-in inheritance are adequate for purpose. 434 References 435 [1] J.A. de la Puenta. New language features and other language issues. In 436 Proceedings of IRTAW9, Ada Letters, Vol XIX(2), pages 19–20, 1999. 437 [2] S. Frnolund. Inheritance of synchronization constraints in cocurrent object- 438 oriented programming languages. In Proceedings of ECOOP ’92, LNCS, 439 volume 615, pages 185–196. Springer, 1992. 440 [3] S. Matsuoka and A. Yonezawa. Analysis of inheritance anomaly in object- 441 oriented concurrent programming languages. In Research Directions in Con- 442 current Object-Oriented Programming, pages 107–150. MIT Press, 1993. 443 [4] A.J. Wellings, B. Johnson, B. Sanden, J. Kienzle, T. Wolf, and S. Michell. 444 Integrating object-oriented programming and protected types in Ada 95. 445 YCS 316, Department of Computer Science, University of York, UK, 1999. 446 [5] A.J. Wellings, B. Johnson, B. Sanden, J. Kienzle, T. Wolf, and S. Michell. 447 Integrating object-oriented programming and protected types in Ada 95. 448 ACM TOPLAS, to appear. 449 [6] A.J. Wellings, B. Johnson, B. Sanden, J. Kienzle, T. Wolf, and S. Michell. 450 Object-oriented programming and protected objects in ada 95. Reliable 451 Software Technologies - Ada-Europe 2000, to appear. 452