examples/interpreter PascalInterpreter.java Page 1

 1 /****
 2 *  <p align=center>
 3 *  ------------------------------------------------ <br>
 4 *  SIMPLE INTRODUCTORY VERSION, <br>
 5 *  WITH ASSIGNMENT, ADDITION, AND MULTIPLICATION, <br>
 6 *  ON INTEGER TYPES ONLY <br>
 7 *  ------------------------------------------------ <br>
 8 *  </p>
 9 *  <p>
10 * PascalInterpreter is a parse-tree interpreter for a subset of the Pascal
11 * programming language. Its primary public method is eval, which takes a
12 * parse tree and symbol table, and evaluates the tree if it is an executable
13 * portion of a program.
14 * <p>
15 * The interpreter works with an Object-valued program memory array. Prior to
16 * calling eval, the initInterpreter method is used to allocate array storage
17 * and perform other initialization. The constructor calls initInterpreter,
18 * and it may be called subsequently for reinitialization.
19 * <p>
20 * Calls to eval use the memory array as the working store for the program
21 * being evaluated. The memory retains its state between calls to eval, unless
22 * initInterpreter is called again, or an already-allocated memory is
23 * re-initialized to null using the clearMemory method.
24 * <p>
25 * All of the public methods called by eval are publicly accessible.
26 * However, they are likely of lesser value to outside callers, given that eval
27 * dispatches to the appropriate submethods based on the type of tree it
28 * receives.
29 * <p>
30 * See the method comments for further details.
31 *
32 */
33 public class PascalInterpreter {
34
35 /**
36 * Construct this with the given static pool and stack size. Call
37 * initInterpter to do the work.
38 */
39 public PascalInterpreter (int staticSize, int stackSize) {
40 initInterpreter(staticSize, stackSize);
41 }
42
43 /**
44 * Evaluate the given tree node, in the context of the given symbol table.
45 * The tree must be that of an executable Pascal construct, which is one of
46 * the following: a list of statements, a single statement, or an
47 * expression.
48 * <p>
49 * For statement evaluation, the output of eval is a modified program
50 * memory. For expression evaluation, output is the returned Value, and a
51 * modified memory if the expression has side effects. The evaluation of
52 * statements and statement lists always produces a null return value.
53 *
54 * CSC 330 NOTE: The statement structure of EJay is a bit different than
55 * Pascal. In particular, data decls are intermingled with stmts in a
56 * block. This is not the case in a Pascal compound statement. So, you’ll

                                                                                        57 * have to do things a bit differently at the top level of the EJay eval
                                                                                        58 * method than is done here for Pascal. One thing for sure, you should not
                                                                                        59 * print out an error if you see a data decl here. You should either pick
                                                                                        60 * out the stmts in advance, or ignore data decls if they come up.
                                                                                        61 *
                                                                                        62 * ANOTHER 330 NOTE: To simplify Assignment 4, no nested blocks will be
                                                                                        63 * part of the test data, so you don’t have to deal with them here.
                                                                                        64 */
                                                                                        65 public Value eval(TreeNode node, SymbolTable symtab) {
                                                                                        66
                                                                                        67 if (isStmtList(node)) {
                                                                                        68 evalStmtList((TreeNodeList) node, symtab);
                                                                                        69 return null;
                                                                                        70 }
                                                                                        71 else if (isStmt(node)) {
                                                                                        72 evalStmt(node, symtab);
                                                                                        73 return null;
                                                                                        74 }
                                                                                        75 else if (isExpr(node)) {
                                                                                        76 return evalExpr(node, symtab);
                                                                                        77 }
                                                                                        78 else {
                                                                                        79 Utilities.error(node,
                                                                                        80 "Node type " + symNames.map[node.id] + " is unevaluatable.");
                                                                                        81 return null;
                                                                                        82 }
                                                                                        83
                                                                                        84 }
                                                                                        85
                                                                                        86 /**
                                                                                        87 * Evaluate a stmtlist by looping through each and call eval on it.
                                                                                        88 */
                                                                                        89 public void evalStmtList(TreeNodeList nodes, SymbolTable symtab) {
                                                                                        90
                                                                                        91 TreeNode node;
                                                                                        92 TreeNodeList rest;
                                                                                        93 boolean done = false;
                                                                                        94
                                                                                        95 for (node = nodes.node, rest = nodes.siblings; !done; ) {
                                                                                        96 eval(node, symtab);
                                                                                        97 if (rest == null) {
                                                                                        98 done = true;
                                                                                        99 }
                                                                                       100 else {
                                                                                       101 node = rest.node;
                                                                                       102 rest = rest.siblings;
                                                                                       103 }
                                                                                       104 }
                                                                                       105
                                                                                       106 }
                                                                                       107
                                                                                       108 /**
                                                                                       109 * Evaluate an individual Pascal statement, which is one of null,
                                                                                       110 * assignment, if, procedure call, or compound.
                                                                                       111 */
                                                                                       112 public void evalStmt(TreeNode stmt, SymbolTable symtab) {

examples/interpreter PascalInterpreter.java Page 2

113 switch (stmt.id) {
114 case 0:
115 break;
116 case sym.ASSMNT:
117 evalAssmnt((TreeNode2) stmt, symtab);
118 break;
119 case sym.IF:
120 evalIf((TreeNode3) stmt, symtab);
121 break;
122 case sym.PROCEDURE:
123 evalProcCall((TreeNode2) stmt, symtab);
124 break;
125 case sym.BEGIN:
126 eval(((TreeNode1) stmt).child, symtab);
127 }
128 }
129
130 /**
131 * Evaluate an assignment statement by evaluating the LHS as an l-value and
132 * the RHS as an r-value expression. If the type of the LHS and RHS are
133 * the same, then assign the r-value to the memory location designated by
134 * the l-value. If the LHS does not designate a memory location, output an
135 * error message. Also output an error if the LHS and RHS types differ,
136 * output an error message.
137 */
138 public void evalAssmnt(TreeNode2 assmntStmt, SymbolTable symtab) {
139
140 LValue lval = evalIdentLValue((LeafNode) assmntStmt.child1, symtab);
141 Value rval = evalExpr(assmntStmt.child2, symtab);
142
143 /*
144 * Outta here if the LHS does not designate a memory address.
145 */
146 if (lval == null) {
147 Utilities.error(assmntStmt.child1,
148 "The LHS of an assignment must be an assignable designator.");
149 return;
150 }
151
152 /*
153 * Also outta here if RHS is null, which means there was an error
154 * during its evaluation. The error message(s) for this will have
155 * already occurred, so don’t do any more.
156 */
157 if (lval == null) {
158 return;
159 }
160
161 /*
162 * Do the assignment if the LHS and RHS are the same type. This is the
163 * BOTTOM LINE when it comes to the evaluation of assignment.
164 *
165 * Have a close look here -- we’re defining assignment in EJay using
166 * assignment in Java. It’s taken a bit of work to get here, but
167 * ultimately this is what interpretation is about. I.e., the
168 * fundamental constructs of the language being interpreted are defined

                                                                                        169 * in terms of the fundamental constructs of the language in which the
                                                                                        170 * interpreter is implemented. Pretty curious, actually.
                                                                                        171 */
                                                                                        172 if (Types.equiv(lval.type, rval.type)) {
                                                                                        173 memory[lval.getVal()] = rval.val;
                                                                                        174 }
                                                                                        175 else {
                                                                                        176 Utilities.error(assmntStmt,
                                                                                        177 "The type of the LHS and RHS of an assignment must be the same.");
                                                                                        178 }
                                                                                        179
                                                                                        180 }
                                                                                        181
                                                                                        182 /**
                                                                                        183 * Eval an if by first evaluating its test expr. Then, eval the then part
                                                                                        184 * of the statement if the test expr is true, else eval the else part if
                                                                                        185 * present, or return if the if part is false. If the value is not
                                                                                        186 * boolean, or its value is null, then output and error and return without
                                                                                        187 * evaluating either part of the statement.
                                                                                        188 */
                                                                                        189 public void evalIf(TreeNode3 ifStmt, SymbolTable symtab) {
                                                                                        190 Value ifTest = evalExpr(ifStmt.child1, symtab);
                                                                                        191
                                                                                        192 if (Types.isBool(ifTest.type)) {
                                                                                        193 /* evaluate the then or else, as appropriate */
                                                                                        194 }
                                                                                        195 else {
                                                                                        196 Utilities.error(ifStmt.child1,
                                                                                        197 "The type of the expression in an if statement must be boolean");
                                                                                        198 }
                                                                                        199 }
                                                                                        200
                                                                                        201 /**
                                                                                        202 * Eval a proc call by performing these steps.
                                                                                        203 *
                                                                                        204 * (1) looking up the procedure name in the symtab <br>
                                                                                        205 * (2) pushing an activation record onto the stack <br>
                                                                                        206 * (3) binding actuals to formals, in the callING environment <br>
                                                                                        207 * (4) eval’ing the proc body, in the callED environment <br>
                                                                                        208 * (5) popping the activation record and returning the value, if any <br>
                                                                                        209 *
                                                                                        210 * Output an error message under the following circumstances:
                                                                                        211 *
                                                                                        212 * (1) the proc name lookup fails or is not that of a procedure <br>
                                                                                        213 * (2) the number or types of actuals and formals do not agree <br>
                                                                                        214 */
                                                                                        215 public Value evalProcCall(TreeNode2 procCall, SymbolTable symtab) {
                                                                                        216
                                                                                        217 //
                                                                                        218 // CSC 330 NOTE: The implementation details of this are left for your
                                                                                        219 // work in assignment 4. We’ll discuss conceptual details in class.
                                                                                        220 //
                                                                                        221
                                                                                        222 return null;
                                                                                        223
                                                                                        224 }

examples/interpreter PascalInterpreter.java Page 3

225
226 /**
227 * Eval an expr by switching on its node id. This will the id of a literal
228 * value, an identifier, or an operator. All cases are handled in the
229 * appropriate methods.
230 */
231 public Value evalExpr(TreeNode expr, SymbolTable symtab) {
232 switch (expr.id) {
233 case sym.INT:
234 return evalInt((LeafNode) expr);
235 //
236 // Other literals go here.
237 //
238
239 case sym.IDENT:
240 return evalIdent((LeafNode) expr, symtab);
241
242 case sym.PLUS:
243 return evalPlus((TreeNode2) expr, symtab);
244
245 case sym.TIMES:
246 return evalTimes((TreeNode2) expr, symtab);
247
248 //
249 // Other binary and unary exprs go here.
250 //
251
252 }
253
254 return null; // to shut the compiler up
255
256 }
257
258 /**
259 * Eval an addition expression by evaluating both operands, adding them
260 * together, and returning a Value for the result. Output an error if both
261 * operands are not the same numeric type, and return null. Also, return
262 * null if either or both operands evaluates to null.
263 */
264 public Value evalPlus(TreeNode2 expr, SymbolTable symtab) {
265
266 Value v1 = eval(expr.child1, symtab);
267 Value v2 = eval(expr.child2, symtab);
268
269 /*
270 * Propagate a null return from either or both args. No new error
271 * message is necessary here.
272 */
273 if ((v1 == null) || (v2 == null)) {
274 return null;
275 }
276
277 /*
278 * Output an error if both operands aren’t the same numeric type.
279 */
280 if (! ((v1.type.id == v2.type.id) && Types.equiv(v1.type, v2.type))) {

                                                                                        281 Utilities.error(expr,
                                                                                        282 "Operands of ’+’ must be the same numeric type.");
                                                                                        283 }
                                                                                        284
                                                                                        285 /*
                                                                                        286 * Add the value of v2 to v1, and return v1. In order to cast out in
                                                                                        287 * Java, we have to separate the int and float cases. Note that in
                                                                                        288 * Java 1.5, these casts are not necessary.
                                                                                        289 *
                                                                                        290 * This is another BOTTOM LINE place, where some real work is getting
                                                                                        291 * done. Here we are implementing EJay addition directly in terms of
                                                                                        292 * Java’s addition.
                                                                                        293 */
                                                                                        294 if (Types.isInt(v1.type)) {
                                                                                        295 v1.val = new Integer(((Integer)v1.val).intValue() +
                                                                                        296 ((Integer) v2.val).intValue());
                                                                                        297 }
                                                                                        298 else {
                                                                                        299 v1.val = new Float(((Float)v1.val).floatValue() +
                                                                                        300 ((Float) v2.val).floatValue());
                                                                                        301 }
                                                                                        302
                                                                                        303 return v1;
                                                                                        304
                                                                                        305 }
                                                                                        306
                                                                                        307 /**
                                                                                        308 * A la evalPlus.
                                                                                        309 */
                                                                                        310 public Value evalTimes(TreeNode2 expr, SymbolTable symtab) {
                                                                                        311
                                                                                        312 Value v1 = eval(expr.child1, symtab);
                                                                                        313 Value v2 = eval(expr.child2, symtab);
                                                                                        314
                                                                                        315 if ((v1 == null) || (v2 == null)) {
                                                                                        316 return null;
                                                                                        317 }
                                                                                        318
                                                                                        319 if (! ((v1.type.id == v2.type.id) && Types.equiv(v1.type, v2.type))) {
                                                                                        320 Utilities.error(expr,
                                                                                        321 "Operands of ’*’ must be the same numeric type.");
                                                                                        322 }
                                                                                        323
                                                                                        324 if (Types.isInt(v1.type)) {
                                                                                        325 v1.val = new Integer(((Integer)v1.val).intValue() *
                                                                                        326 ((Integer) v2.val).intValue());
                                                                                        327 }
                                                                                        328 else {
                                                                                        329 v1.val = new Float(((Float)v1.val).floatValue() *
                                                                                        330 ((Float) v2.val).floatValue());
                                                                                        331 }
                                                                                        332
                                                                                        333 return v1;
                                                                                        334
                                                                                        335 }
                                                                                        336

examples/interpreter PascalInterpreter.java Page 4

337 /**
338 * Evaluate a designator expression as an r-value. In Pascal, a designator
339 * is either an identifier for an array reference. In the case of
340 * identifier, this method just passes the buck to evalIdent. The case of
341 * an array ref will be dealt with in the next version of the example (Week
342 * 6).
343 */
344 public Value evalDesig(TreeNode desig, SymbolTable symtab) {
345 if (isIdent(desig)) {
346 return evalIdent((LeafNode) desig, symtab);
347 }
348
349 //
350 // CSC 330 NOTE: Compute the LValue for an array or struct selector.
351 //
352
353 return null;
354
355 }
356
357 /**
358 * Eval the given ident as an r-value. First, look it up in the given
359 * symtab. If an entry is found, get the address of the ident via getAddr.
360 * Then return a new Value that contains the memory value at the computed
361 * address, and the type of the ident. If the ident lookup fails, or if
362 * the entry is not a variable, then output an error message and return
363 * null.
364 */
365 public Value evalIdent(LeafNode ident, SymbolTable symtab) {
366
367 SymbolTableEntry entry = symtab.lookup((String) ident.value);
368
369 if (entry == null) {
370 Utilities.error(ident,
371 "Identifier " + ident.value + " is not defined.");
372 return null;
373 }
374
375 if (! entry.getClass().getName().equals("VariableEntry")) {
376 Utilities.error(ident,
377 "Identifier " + ident.value + " is not a variable.");
378 return null;
379 }
380
381 int addr = getAddr((VariableEntry) entry);
382 return new Value(memory[addr], entry.type);
383
384 }
385
386
387 /**
388 * Eval the given designator as an l-value. This follows the same
389 * procedure as evalDesig, except here a new LValue is returned with the
390 * address value, instead of the contents of memory at that address.
391 */
392 public LValue evalDesigLValue(TreeNode desig, SymbolTable symtab) {

                                                                                        393
                                                                                        394 if (isIdent(desig)) {
                                                                                        395 return evalIdentLValue((LeafNode) desig, symtab);
                                                                                        396 }
                                                                                        397
                                                                                        398 //
                                                                                        399 // CSC 330 NOTE: Compute the LValue for an array or struct selector.
                                                                                        400 //
                                                                                        401
                                                                                        402 return null;
                                                                                        403
                                                                                        404 }
                                                                                        405
                                                                                        406 /**
                                                                                        407 * Eval the given ident as an l-value. This follows the same procedure as
                                                                                        408 * evalIdent, except here a new LValue is returned with the address value,
                                                                                        409 * instead of the contents of memory at that address.
                                                                                        410 */
                                                                                        411 public LValue evalIdentLValue(LeafNode ident, SymbolTable symtab) {
                                                                                        412
                                                                                        413 SymbolTableEntry entry = symtab.lookup((String) ident.value);
                                                                                        414
                                                                                        415 if (entry == null) {
                                                                                        416 Utilities.error(ident,
                                                                                        417 "Identifier " + ident.value + " is not defined.");
                                                                                        418 return null;
                                                                                        419 }
                                                                                        420
                                                                                        421 if (! entry.getClass().getName().equals("VariableEntry")) {
                                                                                        422 Utilities.error(ident,
                                                                                        423 "Identifier " + ident.value + " is not a variable.");
                                                                                        424 return null;
                                                                                        425 }
                                                                                        426
                                                                                        427 int addr = getAddr((VariableEntry) entry);
                                                                                        428 return new LValue(new Integer(addr), entry.type);
                                                                                        429
                                                                                        430 }
                                                                                        431
                                                                                        432 /**
                                                                                        433 * Eval an integer literal by making a new value for it.
                                                                                        434 */
                                                                                        435 public Value evalInt(LeafNode integer) {
                                                                                        436 return new Value(integer.value, Types.IntType);
                                                                                        437 }
                                                                                        438
                                                                                        439
                                                                                        440 /**
                                                                                        441 * Return true if the given node is an identifier.
                                                                                        442 */
                                                                                        443 public boolean isIdent(TreeNode node) {
                                                                                        444 return node.id == sym.IDENT;
                                                                                        445 }
                                                                                        446
                                                                                        447 /**
                                                                                        448 * Get the memory address of the given variable entry. If the entry is at

examples/interpreter PascalInterpreter.java Page 5

449 * level 0, then the address is relative to the 0th element of the static
450 * pool. If the lexical level of the entry is > 0, then the address is
451 * relative to the current tos.
452 */
453 public int getAddr(VariableEntry entry) {
454 if (entry.level == 0) {
455 return entry.memoryLocation;
456 }
457 else {
458 return entry.memoryLocation + tos;
459 }
460 }
461
462 /**
463 * Return true if the given tree node is a statement list.
464 */
465 public boolean isStmtList(TreeNode node) {
466 return node.getClass().getName().equals("TreeNodeList");
467 }
468
469 /**
470 * Return true if the given tree node is a statement.
471 */
472 public boolean isStmt(TreeNode node) {
473 return
474 (node.id == sym.ASSMNT)
475 ||
476 (node.id == sym.IF)
477 ||
478 (node.id == sym.PROCEDURE)
479 ||
480 (node.id == sym.BEGIN)
481 ||
482 (node.id == 0); // a null stmt
483 }
484
485 /**
486 * Return true if the given tree node is an expr.
487 */
488 public boolean isExpr(TreeNode node) {
489 return
490 (node.id == sym.IDENT) ||
491 (node.id == sym.REAL) ||
492 (node.id == sym.INT) ||
493 (node.id == sym.CHAR) ||
494 (node.id == sym.LEFT_BRKT) ||
495 (node.id == sym.LESS) ||
496 (node.id == sym.GTR) ||
497 (node.id == sym.EQ) ||
498 (node.id == sym.LESS_EQ) ||
499 (node.id == sym.GTR_EQ) ||
500 (node.id == sym.NOT_EQ) ||
501 (node.id == sym.PLUS) ||
502 (node.id == sym.MINUS) ||
503 (node.id == sym.OR) ||
504 (node.id == sym.TIMES) ||

                                                                                        505 (node.id == sym.DIVIDE) ||
                                                                                        506 (node.id == sym.AND) ||
                                                                                        507 (node.id == sym.NOT);
                                                                                        508 }
                                                                                        509
                                                                                        510 /**
                                                                                        511 * Initialize the interpreter by allocating the memory and initializing the
                                                                                        512 * top-of-stack pointer (tos). tos is initialized to the value of the
                                                                                        513 * memory index after the end of the static pool, which is the value of the
                                                                                        514 * given staticSize parameter. The total size of memory is staticSize +
                                                                                        515 * stackSize. The stackSize and stackSize data fields are also
                                                                                        516 * initialized, for subsequent runtime reference.
                                                                                        517 */
                                                                                        518 public void initInterpreter(int staticSize, int stackSize) {
                                                                                        519 memory = Memory.allocate(staticSize + stackSize);
                                                                                        520 tos = staticSize;
                                                                                        521 curActRecSize = 0;
                                                                                        522 this.staticSize = staticSize;
                                                                                        523 this.stackSize = stackSize;
                                                                                        524 }
                                                                                        525
                                                                                        526 /**
                                                                                        527 * Clear an already-allocated memory by setting all of its elements to
                                                                                        528 * null. Initialize the tos to staticSize, i.e., the stack is empty.
                                                                                        529 */
                                                                                        530 public void clearMemory() {
                                                                                        531 Memory.clear(memory);
                                                                                        532 tos = staticSize;
                                                                                        533 curActRecSize = 0;
                                                                                        534 }
                                                                                        535
                                                                                        536 /**
                                                                                        537 * Dump all of currently used memory to stdout, both static pool and
                                                                                        538 * stack.
                                                                                        539 */
                                                                                        540 public void dumpMemory() {
                                                                                        541 System.out.println();
                                                                                        542 dumpStaticPool();
                                                                                        543 dumpStack();
                                                                                        544 }
                                                                                        545
                                                                                        546 /**
                                                                                        547 * Dump the static pool to stdout.
                                                                                        548 */
                                                                                        549 public void dumpStaticPool() {
                                                                                        550 System.out.println("Static Pool:");
                                                                                        551 Memory.dump(memory, staticSize);
                                                                                        552 System.out.println();
                                                                                        553 }
                                                                                        554
                                                                                        555 /**
                                                                                        556 * Dump the stack to stdout, starting with tos as the relative 0 address in
                                                                                        557 * the dump.
                                                                                        558 */
                                                                                        559 public void dumpStack() {
                                                                                        560 System.out.print("Stack:");

examples/interpreter PascalInterpreter.java Page 6

561 if (tos == staticSize) {
562 System.out.println(" empty");
563 }
564 else {
565 System.out.println();
566 Memory.dumpRelative(memory, staticSize + 1, tos + curActRecSize);
567 }
568 }
569
570
571 /** Program memory, organized logically with a static pool on the top, and
572 * a growable stack starting after the last allocated element of static
573 * memory. Organizing static and stack storage into a single common memory
574 * pool allows uniform handling of static and stack addresses. Viz., both
575 * types of address are an integer index into the common memory. Static
576 * addresses are relative to offset 0. Stack addresses are relative to the
577 * current value of the tos index. */
578 public Object[] memory;
579
580 /** Current top-of-stack index. */
581 public int tos;
582
583 /** The fixed size of the static memory pool, as initialized by
584 * initInterpreter. */
585 public int staticSize;
586
587 /** The maximum size of the stack, as initialized by initInterpreter. */
588 public int stackSize;
589
590 /** Size of the most recently pushed activation. This is only used as a
591 * convenience for full stack dumps.
592 */
593 public int curActRecSize;
594
595 }