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Mid-term examination— due Monday 15 October

Thisis atake-homeexamination.The goalis to learnthe materialon practicalparsing,specificallyLR(1) parsing throughthe
implementatiorof anLR(1) parsergeneratar

Preparation

Readall the materialin Chapter2 of Scott,andin Chapter3 of Cooperand Torczon(handout). You may alsoconsultAho,
Sethi,andUllman or othersourcedistedin the coursesyllatus.

What should be built

Write a parsergeneratar The parsergeneratotakesasinput a formal descriptionof a context-free grammarand producesas
outputa parseffor thelanguagealefinedby thegrammar

Theformal descriptionof a context-free grammaiis written in extendedBNF notationdefinedbelow.

The generategbarseris an LR(1) parser Its action andgoto tablesshouldbe constructedaccordingto the procedureoutlined
in Chapter3 of CooperandTorczon. The generategarserreadsin a sequenc®f tokens. The generategarserproduceshe
outputYes or No. It doesnot needto build anexplicit parsetree.

The generategbarsemay bein arny programminganguageput you mustbe ableto compile,run, andtestit. The generated
parsemaybedata-drven (afixed skeletonparserconsultsexplicit tables),or it maybe code-driven(thetablesarefoldedinto
the controlflow of theparser).

In caset is possibleto produceanLR(1) parseffor theinputgrammarthe stateqitem sets)andthefinal action andgoto tables
shouldbe printedin human-readablésymbolic)form.

In caseit is not possibleto producean LR(1) parserfor the input grammay detailederror messagesustalsobe printedto
describahereason®f failure.

The parsemeneratoshouldbetestedon at leastthegrammarsgyivenbelov (which will alsobe providedon-line).
The parsemeneratomaybein ary programminganguagebut you mustbeableto compile,run, andtestit.

Scanning

You may assumeahatscannings donein somestandardvay, andthe parserseesokensreturnedby the scannerYou canglue

adhocscannerso the generategbarserspr you canevendo thescanningyy handfor yourtestinputs.If youwish,ontheother
hand,you canintegratethe parsergeneratowith a scannegeneratograndhave acommonsyntaxdescriptiorfile thatspecifies
boththecontet-freegrammarandthe severallexical classe®f alanguage Notethatthis mayinvolve substantiallynorework.

Grammar specificationlanguage

The grammarof thelanguageusedto specifygrammarss specifiedherein termsof itself.

1 Ganmar --> Synbols_Li st

2

3 Synbols List --> Synbol Synbols_ List

4 | Synbol

5

6 Synbol --> ldentifier Right_Arrow Productions_List
7

8 Productions_List --> Production Productions_Separator Productions_List
9 | Production

10

11 Production --> Identifiers_List

12

[EEY
w

Identifiers List --> ldentifier |Identifiers List |
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The terminal symbolsin the grammarspecificationlanguageare identifiers, the right arron, and the productionseparatar
Identifiersareasin ModulaZ,or they canbe anarbitrarystringenclosedn a<...> pair. Theright arrow is written- - > or: : =,
andthe productionseparatois written| or/ .

Identifiersthatappeaontheleft-handsideof right arronvsarenon-terminals Any otheridentifiersareassumedo beterminals.
Analysis
Onceyou have built the parsergeneratorexperimentwith variousgrammarsincludingall thataregivenbelov. Reportyour

experienceslf agrammardoesnot permitthe constructionof an LR(1) parsey shav how to modify the grammar(preserving
thesamelanguage!).

Example grammars

Expressions

1 Expr --> Expr plus Term
2 | Expr mnus Term
3 | Term
4 Term--> Termtines Factor
5 | Term divide Factor
6 | Factor
7 Factor --> |par Expr rpar
8 | num
9 | id
JW _Pascal
1 program --> program headi ng bl ock full _stop
2
3 program headi ng --> program keyword identifier
4 | eft _parenthesis file_identifier_list
5 ri ght _parenthesis sem col on
6
7 file_identifier_list -->file_identifier comm
8 file_identifier_list
9 file_identifier
10
11 file_identifier --> identifier
12
13 bl ock --> | abel _decl aration_part constant _definition_part
14 type_definition_part vari abl e_decl arati on_part
15 procedure_and_function_decl aration_part
16 st at ement _part
17
18 | abel _decl aration_part --> | abel _keyword | abel _|ist sem col on
19
20
21 | abel list --> label conma | abel |i st
22 | abel
23
24 | abel --> unsigned_integer
25
26 constant _definition_part --> const_keyword
27 constant _definition_list
28 seni col on |
29
30 constant _definition_list --> constant_definition sem col on
31 constant _definition_list

32 constant _definition
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33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

constant _definition --> identifier equal _sign constant

constant -

-> unsi gned_nunber
si gn unsi gned_nunber
constant _identifier
sign constant _identifier
string

unsi gned_nunber --> unsigned_i nt eger

constant _i

type_definition_part

type_definition_list

unsi gned_rea

dentifier --> identifier

sem col on

type_definition_list
type_definition

type_definition --> identifier equal _sign type

type --> sinple_type

structured_type
poi nter_type

sinple_type --> scal ar_type

subrange_type
type_identifier

scalar_type --> left_parenthesis identifier_list

identifier_list

subrange_t

type_i dent

structured_type --> packed_keyword unpacked_structured_type

ri ght _parenthesis

identifier
ype --> constant two_dots constant

ifier -->identifier

unpacked_structured_type

unpacked_structured_type --> array_type

array_type --> array_keyword | eft_bracket

i ndex_type_li st

record_type
set _type
file_type

--> type_definition sem col on

--> identifier comua identifier_list

--> type_keyword type_definition_list

i ndex_type_list

ri ght _bracket of_keyword conponent _type

i ndex_t ype

i ndex_type --> sinmple_type

conponent _

record_type --> record_keyword field_list

field_list

type --> type

--> fixed_part semicolon variant_part

--> index_type comua index_type_list

end_keyword



CS454/554CompilerConstructionfall 2001

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

fixed_part
variant _part |

fixed_part --> record_section_list
record_section_list --> record_section sem col on
record_section_list |
record_section
record_section --> field_identifier_list colon type
field identifier_list --> field_identifier comm
field_ identifier_|list
field_ identifier

field_identifier --> identifier

variant_part --> case_keyword tag field type_identifier
of _keyword variant _I|ist

variant_list --> variant semicolon variant_list |
vari ant

tag_field --> field_identifier colon

variant --> case_label list colon |left_parenthesis
field_list right_parenthesis

case_l abel _list --> case_l abel comma case_l abel _|ist |
case_| abe
case_| abel --> constant

set _type --> set_keyword of _keyword base_type
base_type --> sinple_type
file_type --> file_keyword of keyword type
pointer_type --> up_arrow type_identifier
vari abl e_decl arati on_part --> var_keyword
vari abl e_decl aration_li st
sem col on
vari abl e_declaration_list --> variabl e_declaration sem col on
vari abl e_decl aration_Ii st
vari abl e_decl arati on

vari abl e_declaration --> identifier_list colon type

procedure_and_function_declaration_part -->
procedure_or_function_decl aration_li st

procedure_or _function_declaration_list -->
procedure_or_function_decl aration semnicol on
procedure_or_function_declaration_list |

procedure_or _function_decl aration --> procedure_decl aration
function_decl aration
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157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218

procedure_decl aration --> procedure_headi ng bl ock

procedur e_headi ng --> procedure_keyword identifier semcolon
procedure_keyword identifier

| eft _parenthesis

formal _paraneter_section_|ist
ri ght _parent hesis seni col on

formal _paraneter_section_list --> formal _parameter_section

sem col on

formal _paraneter_section_|list
formal _paraneter_section

formal _paraneter_section --> paraneter_group
var _keywor d paranet er _group
function_keyword paraneter_group
procedur e_keywor d
identifier_list

paranmeter_group --> identifier_list colon type_identifier

function_declaration --> function_headi ng bl ock

function_heading --> function_keyword identifier colon

result_type senicol on

function_keyword identifier

| eft _parenthesis

formal _paraneter_section_|ist

ri ght _parenthesis

colon result_type sem col on

result_type --> type_identifier

statement _part --> conpound_st at enent

statenent --> | abel col on unl abel | ed_st at ement

unl abel | ed_st at ement

unl abel | ed_statenent --> structured_stat enent

si npl e_st at emrent

sinpl e_statenent --> assignnment_statenent |
procedure_st atenent |
go_to_statenent
enpty_st at enent

assi gnnent _statenment --> variabl e assi gnnment_si gn expressi on
function_identifier assignment_sign

expressi on

variable --> entire_variable specifier_list
entire_variable

entire_variable --> identifier

specifier_list --> specifier specifier_list
speci fier

specifier --> up_arrow
record_field
array_i ndex
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219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280

record_field --> fu

| _stop field_identifier

array_index --> left_bracket expression_list right_bracket

expression_list -->

expression --> sinpl

expression coma expression_|ist |
expressi on

e_expression rel ational _operator

si npl e_expr essi on
si npl e_expr essi on

rel ati onal _operator

--> equal _sign |
unequal _sign
| ess_sign |
| ess_equal _sign
great er _equal _si gn
greater_sign
i n_keyword

si npl e_expression --> term addi ng_operat or

addi ng_operator -->

si npl e_expr essi on
term |
sign term

plus_sign |
m nus_sign |
or _keyword

term--> factor multiplying_operator term|

factor

mul ti plying_operator --> asterisk_sign

factor --> unsigned_

string

sl ash_sign |
di v_keyword
nod_keywor d
and_keyword

nunber |

nil _keyword
| eft _parenthesis expression right_parenthesis

set

not _keyword factor

function_identifier |eft_parenthesis
actual _paraneter_list right_parenthesis
vari abl e

constant _identifier

function_identifier

function_identifier

-->identifier

set --> left_bracket elerment_list right_bracket

element _list --> element comma el enent _|i st

el ement --> express

on two_dots expression

expr essi on

procedur e_st at enent

--> procedure_identifier |left_parenthesis
actual _paraneter _|i st
ri ght _parenthesis
procedure_identifier
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281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342

procedure_identifier --> identifier

actual _paraneter _|list --> actual _paraneter conmmm
actual _paraneter_|ist |
act ual _paraneter

actual _paraneter --> expression |
procedure_identifier |
function_identifier

go_to_statement --> goto_keyword | abel
enpty_statenent -->

structured_statenent --> conpound_statenment |
condi tional _statenment |
repetitive_statenent |
wi t h_st at ement

conpound_st atenent --> begi n_keyword statenent _|i st
end_keyword

conditional _statement --> if_statenment |
case_st at enent

if_statement --> if_keyword expression then_keyword
statenent el se_keyword statement |
i f_keyword expression then_keyword
st at enent

case_statenent --> case_keyword expression of _keyword
case_list end_keyword

case_list --> case_list_elenment sem colon case_list |
case_list_el ement

case_list_elenent --> case_label _|ist colon statenent |
repetitive_statenent --> while_statenment |
repeat _statenent |

for_statenent

whil e_statenent --> while_keyword expressi on do_keyword
st at enent

repeat _statement --> repeat_keyword statenent _|i st
until _keyword expression

statenent _list --> statenment semnicolon statenment _|ist |
st at enent

for_statenent --> for_keyword control _variabl e
assi gnnent _sign for_list do_keyword
st at enent

for_list -->initial_value to_keyword final_val ue |
initial_value downto_keyword final _val ue

control _variable --> identifier

initial _value --> expression
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343
344 final _value --> expression
345
346 with_statement --> with_keyword record_variable_list
347 do_keyword st atenent
348
349 record_variable_list --> variable comma
350 record_variable_list |
351 vari abl e
352
353 sign --> plus_sign |
354 nm nus_sign
Modulaz
1 Program
2 --> Modul e
3
4 Modul e
5 --> nmodul e identifier
6 sem Bl ockNoScope identifier dot
7
8 Bl ock
9 -->
10 Bl ockNoScope
11
12 Bl ockNoScope
13 --> OptDecls begin Stnts end
14
15 OptDecls
16 -->
17 | Decls
18
19 Decls
20 --> Declaration
21 | Decls Declaration
22
23 Declaration
24 --> const Opt Const Decl s
25 | type Opt TypeDecl s
26 | typerec RecTypeDecl s
27 | var Opt Var Decl s
28 | ProcDecl
29
30 RecTypeDecls
31 --> TypeDecl
32 | RecTypeDecls and TypeDecl
33
34 Opt ConstDecl s
35 -->
36 | ConstDecls
37
38 Opt TypeDecl s
39 -->
40 | TypeDecls
41
42  Opt Var Decl s
43 -->
44 | VarDecls
45

46 Const Decl s
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

--> Const Decl
| ConstDecls Const Decl

TypeDecl s
--> TypeDecl
| TypeDecls TypeDecl

Var Decl s
--> Vari abl eDecl
| VarDecls Vari abl eDecl

Const Decl
--> identifier colon Type equal Expr sem
| identifier equal Expr sem

TypeDecl
--> identifier equal Type sem

Var i abl eDecl
--> | DLi st colon Type sem
| I1DList colon Type col oneq Expr seni
| 1DList col oneq Expr sem

Pr ocDecl
--> procedure identifier Signature
equal Bl ockNoScope identifier sem

Si gnature
--> | par OptFormals rpar OptDecl Type

Opt Decl Type
-->

| colon Type

Opt Fornal s
-->
| Formals
| Formals sem

For mal s
--> For mal
| Formals senm For mal

For mal
--> Opt Mode | DLi st col on Type

Opt Mode
-->
| val ue
| var

Stnts
-->
| StntlList
| StntList sem

Stnt Li st
--> Stnt
| StntList sem Stnt

St
--> Bl ock
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109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170

| AssignStnt
| CallsStnt

| ExitStm

| Eval Stnt

| ForStnt

| 1fStnt

| LoopStnt

| ReadStnt

| Repeat St nt
| ReturnStnt
| WhileStnt
| WiteStnt

Assi gnSt nt
--> Expr col oneq Expr

Cal | St nt
--> ProccCal |

Exit Stm
--> exit

Eval St mt
--> eval Expr

For St nmt
--> for identifier coloneq Expr to Expr OptBy do
Stnts end

Opt By

-->
| by Expr

I fStnt
--> | fHead end
| 1fHead el se
Stnts end

| f Head
--> if Expr then
Stnts
| IfHead elsif
Expr then
Stnts

LoopSt mt
--> | oop
Stnts end

ReadSt nt
--> read | par text comm ReadLi st rpar

ReadLi st
--> Expr
| Expr comra Readli st

Repeat St nt
--> repeat
Stnts until Expr

Ret ur nSt nt
--> return

10
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171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232

| return Expr
Whi | eSt nt
--> while
Expr do
Stnts end
WiteStnt

--> wite | par text WiteList rpar

Wi teList
-->
| conmma Expr Witelist

Type

--> ArrayType
| RecordType
| SubrangeType
| identifier
| I'par Type rpar
| ref Type

ArrayType
--> array Opt TypeList of Type

Opt TypelLi st
-->

| TypelLi st

Typeli st
--> Type
| TypelLi st comma Type

Recor dType
--> record OptFields end

Opt Fi el ds
-->
| Fields
| Fields sem

Fi el ds
--> | DLi st colon Type
| Fields sem |DList colon Type

Subr angeType
--> | brack Expr dotdot Expr rbrack

Expr

--> Expr or Expr
| Expr and Expr
| not Expr
| Expr Relop Expr
| Expr Addop Expr
| Expr Ml op Expr
| Sign Expr
| Primary

Rel op
--> equal
| nequal
| Iess

11
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233 | greater

234 | le

235 | ge

236

237 Addop

238 --> plus

239 | mnus

240

241 Ml op

242 --> star

243 | div

244 | nod

245

246 Sign

247 --> plus

248 | m nus

249

250 Primary

251 --> identifier

252 | integer

253 | real

254 | text

255 | I|'par Expr rpar

256 | Primary dot identifier
257 | ArrayRef

258 | ProccCall

259 | Primary caret

260 | new | par Type rpar
261 | nil Ipar Type rpar
262

263 ArrayRef

264 --> Primary | brack rbrack
265 | ArrayHead rbrack
266

267 ArrayHead

268
269
270

> Primary | brack Expr
ArrayHead comma Expr

271 ProcCall

272
273
274
275 Call
276
277
278
279 | DLi
280
281

EBNF

> Primary | par rpar
Cal | Head r par

Head

st

Seeabove.

> Primary | par Expr
Cal | Head commra Expr

> jdentifier
| DLi st conma identifier

12



