
《编译原理》书面作业

截止日期：2025 年 11 月 30 日

若发现问题，或有任何想法（改进题目、调整任务量等等），请及时联系助教

Q1. 以下是某简单语言的一段代码。其语法基本与 C 语言一致，但支持嵌套的函数声明，且
允许全局语句（类似 Python）。这里不考虑 if 语句的作用域。

1 int a0, b0, a2;
2 void foo() {
3 int a1, b1;
4 void bar() {
5 int a2;
6 a2 = a1 + b1;
7 if (a0 != b0) baz();
8 }
9 a1 = a0 - b0;

10 b1 = a0 + b0;
11 if (a1 < b1 + a2) bar();

12 }
13 void baz() {
14 int a3;
15 a3 = a0 * b0;
16 if (a2 != a3) foo();
17 }
18 a0 = 1;
19 b0 = 2;
20 a2 = a0 - b0;
21 baz();

1. 假设该语言编译器采用一个全局的单符号表栈结构。试指出：在分析至语句 11 和 16 时，
当前开作用域分别有几个？各包含哪些符号？所访问的 a2 各是在哪行语句声明的？

2. 假设该语言编译器采用多符号表的组织和管理方式，即每个静态作用域均对应一个符号
表；且该语言编译器采用多遍扫描机制，在静态语义检查之前每个作用域中的所有表项均
已生成。试指出：在分析至语句 11 和 16 时，当前开作用域分别有几个？各包含哪些符
号？

参考答案：

1. 在分析至语句 11 时，开作用域：全局作用域（含符号 a0, b0, a2, foo），foo 作用域（含符号
a1, b1, bar），所访问的 a2 是在第 1 行语句声明的；在分析至语句 16 时，开作用域：全局作
用域（含符号 a0, b0, a2, foo, baz），baz 作用域（含符号 a3）。在分析至语句 16 时，所访问
的 a2 是在第 1 行语句声明的。

2. 在分析至语句 11 时，开作用域：全局作用域（含符号 a0, b0, a2, foo, baz），foo 作用域（含
符号 a1, b1, bar）；在分析至语句 16 时，开作用域：全局作用域（含符号 a0, b0, a2, foo,
baz），baz 作用域（含符号 a3）。
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Q2. 现有文法 G[S] 的翻译模式：

S → A { print(A.x) }

A → A1aB { A.x := __(1)__ }

A → B { A.x := B.x }

B → bA { B.x := __(2)__ }

B → c { B.x = 0 }

1. 此翻译模式的语义是统计字符串中字符 b 的数目，请根据此语义补全 (1) (2) 两处语句。

2. 对于输入串 cabc，请画出带标注的语法分析树。

3. 该文法含有左递归，无法应用 LL(1) 分析。请消除文法中的左递归（新引入的非终结符
用 R 表示），并给出消除后的翻译模式。

4. 针对消除左递归后的翻译模式构造递归下降分析程序，下面给出了相关全局变量和函数
的声明，其中 matchToken(char) 的定义与课件一致，使用 lookahead 表示向前查看的
符号。注：消除左递归后的文法可能仍然不是 LL(1) 文法，如果遇到可能的冲突我们要
求优先匹配非空产生式。
请写出 parseR(int) 的定义。

1 static char lookahead;
2 void parseS();
3 int parseA();
4 int parseB();
5 int parseR(int R_i);
6 void matchToken(char expected);

参考答案：

1. (1) A1.x + B.x；(2) A.x + 1。

2. 语法分析树如下所示。

S

A (x = 1)

A (x = 0)

B (x = 0)

c

a B (x = 1)

b A (x = 0)

B (x = 0)

c
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3. 如下所示。
S → A { print(A.x) }

A → B { R.i := B.x } R { A.x := R.s }

R → aB { R1.i := R.i + B.x } R1 { R.s := R1.s }

R → ϵ { R.s := R.i }

B → bA { B.x := A.x + 1 }

B → c { B.x = 0 }

4. 如下所示。（不必拘泥于语法细节）

1 int parseR(int R_i) {
2 int R1_i;
3 switch (lookahead) {
4 case 'a':
5 matchToken('a');
6 R1_i = R_i + parseB();
7 return parseR(R1_i);
8 case '#':
9 return R_i;

10 default:
11 printf("syntax error\n");
12 exit(1);
13 }
14 }

Q3. 现有文法 G[S] 的翻译模式（注意 ; 和 , 都是该语言的终结符）：

S → D { print(D.width) }

D → D1; T { L.type := T.type; L.offset := D1.width; L.width := T.width } L

{ D.width := D1.width + L.num * T.width }

D → T { L.type := T.type; L.offset := 0; L.width := T.width } L

{ D.width := L.num * T.width }

T → int { T.type := 'int'; T.width := 4 }

T → real { T.type := 'real'; T.width := 8 }

L → { L1.type := L.type; L1.offset := L.offset; L1.width := L.width } L1, id

{ foo(id.name, L.type, L.offset + L1.num * L.width); L.num := L1.num + 1 }

L → id { foo(id.name, L.type, L.offset); L.num := 1 }

1. 变换翻译模式，使嵌在产生式中间的语义动作集中仅含复写规则，且在自底向上的语法分
析过程中，文法符号的所有继承属性均可以通过归约前已出现在分析栈中的确定的综合
属性进行访问。

2. 在自底向上分析过程中，语法栈为 v，栈顶位置为 top，可以用 v[top+i].width 访问
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top+i 位置的非终结符的 width 属性。写出在按每个产生式归约时语义计算的一个代码
片断。不用考虑对 top 的维护。

3. 对于输入串 int id, id，最终会打印出什么？（虽然可以靠语义猜出来，但建议还是用 LR
分析过程完整算一遍）

参考答案：
本题翻译模式变换方法不唯一，合理即可。

1. 需要变换的只有 D 的两个产生式，因为在其语义动作中，L 的继承属性无法确定地从栈上得
到。变换后的翻译模式如下所示。

S → D { print(D.width) }

D → D1; T { L.type := T.type; L.offset := D1.width; L.width := T.width } L

{ D.width := D1.width + L.num * T.width }

D → MNT { L.type := T.type; L.offset := M.width; L.width := T.width } L

{ D.width := L.num * T.width }

T → int { T.type := 'int'; T.width := 4 }

T → real { T.type := 'real'; T.width := 8 }

L → { L1.type := L.type; L1.offset := L.offset; L1.width := L.width } L1, id

{ foo(id.name, L.type, L.offset + L1.num * L.width); L.num := L1.num + 1 }

L → id { foo(id.name, L.type, L.offset); L.num := 1 }

M → ϵ { M.width := 0 }

N → ϵ { }

2. 如下所示。

S → D { print(v[top].width) }

D → D1; TL { v[top-3].width := v[top-3].width + v[top].num * v[top-1].width }

D → MNTL { v[top-3].width := v[top].num * v[top-1].width }

T → int { v[top].type := 'int'; v[top].width := 4 }

T → real { v[top].type := 'real'; v[top].width := 8 }

L → L1, id

{foo(v[top].name, v[top-3].type, v[top-5].width + v[top-2].num * v[top-3].width);

v[top-2].num := v[top-2].num + 1 }

L → id { foo(v[top].name, v[top-1].type, v[top-3].width); v[top].num := 1 }

M → ϵ { v[top+1].width := 0 }

N → ϵ { }

解析：对于产生式 L → L1, id，归约时语法栈如下所示。此时 L.type继承自 T.type，L.offset
继承自 D.width 或 M.width；L.width 继承自 T.width。

· · · D 或 M ; 或 N T L1 , id
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对于产生式 L → id，归约时语法栈如下所示。继承关系与上面相同，只是栈顶符号排列不同。

· · · D 或 M ; 或 N T id

3. 输出 8。
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Principles and Practice of Compiler Construction HW

Due: 11/30/2025

If you have any suggestions, feel free to contact the TAs.

Q1. The following is a code section of a simple language. Its grammar is basically the same
as C, but it enables nested function declaration and global statements as Python does. We do
not need to consider the scope of if statements.

1 int a0, b0, a2;
2 void foo() {
3 int a1, b1;
4 void bar() {
5 int a2;
6 a2 = a1 + b1;
7 if (a0 != b0) baz();
8 }
9 a1 = a0 - b0;

10 b1 = a0 + b0;
11 if (a1 < b1 + a2) bar();

12 }
13 void baz() {
14 int a3;
15 a3 = a0 * b0;
16 if (a2 != a3) foo();
17 }
18 a0 = 1;
19 b0 = 2;
20 a2 = a0 - b0;
21 baz();

1. If the compiler of the language uses a global stack structure of single symbol table. Please
point out: When analyzing lines 11 and 16, respectively, how many open scopes are there?
What symbols are there in the open scopes? The a2 accessed is declared in which line?

2. If the compiler of the language uses multiple symbol tables, which is, each static scope
owns its own symbol table. The compiler uses multiple-pass scanning technique, when
doing static semantic check, all the table entries of all the scopes are already generated.
Point out: When analyzing lines 11 and 16, how many open scopes are there? What
symbols are there in the open scopes?

Solution:

1. When analyzing line 11: Open scopes: global scope (containing symbols a0, b0, a2, foo),
scope of foo (containing symbols a1, b1, bar), a2 accessed is declared in line 1.
When analyzing line 16: Open scopes: global scope (containing symbols a0, b0, a2, foo, baz),
scope of baz (containing symbol a3), a2 accessed is declared in line 1.

2. When analyzing line 11, open scopes: global scope (containing a0, b0, a2, foo, baz), scope of
foo (containing symbols a1, b1, bar)
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When analyzing line 16, open scopes: global scope (containing a0, b0, a2, foo, baz), scope of
baz (containing a3).

Q2. We have the following translation scheme of grammar G[S]:

S → A { print(A.x) }

A → A1aB { A.x := __(1)__ }

A → B { A.x := B.x }

B → bA { B.x := __(2)__ }

B → c { B.x = 0 }

1. This translation scheme is to compute the number of symbol b in the string. Complete
the statements (1) and (2).

2. For input string cabc, draw the annotated syntax tree.

3. The grammar has left recursion, so we cannot apply LL(1) here. Eliminate the left
recursion here (the new nonterminal included here use symbol R). Give the translation
scheme after the elimination.

4. Design a recursive descent parsing program for the scheme after elimination. Some dec-
laration of related global variables and functions are given below. Where the definition
of matchToken(char) is the same as in the slides, lookahead stands for the look ahead
symbol.
Notice: the grammar after elimination may still be not LL(1), but we can design the
program by requiring non-empty production to have a high priority.
Give the definition of parseR(int).

1 static char lookahead;
2 void parseS();
3 int parseA();
4 int parseB();
5 int parseR(int R_i);
6 void matchToken(char expected);

Solution:

1. (1) A1.x + B.x; (2) A.x + 1.

2. Syntax tree as follows.
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S

A (x = 1)

A (x = 0)

B (x = 0)

c

a B (x = 1)

b A (x = 0)

B (x = 0)

c

3. As follows.
S → A { print(A.x) }

A → B { R.i := B.x } R { A.x := R.s }

R → aB { R1.i := R.i + B.x } R1 { R.s := R1.s }

R → ϵ { R.s := R.i }

B → bA { B.x := A.x + 1 }

B → c { B.x = 0 }

4. As follows.
Grammar details are not important.

1 int parseR(int R_i) {
2 int R1_i;
3 switch (lookahead) {
4 case 'a':
5 matchToken('a');
6 R1_i = R_i + parseB();
7 return parseR(R1_i);
8 case '#':
9 return R_i;

10 default:
11 printf("syntax error\n");
12 exit(1);
13 }
14 }

Q3. We have translation scheme of grammar G[S].
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Notice: ; and , are terminals of the language.

S → D { print(D.width) }

D → D1; T { L.type := T.type; L.offset := D1.width; L.width := T.width } L

{ D.width := D1.width + L.num * T.width }

D → T { L.type := T.type; L.offset := 0; L.width := T.width } L

{ D.width := L.num * T.width }

T → int { T.type := 'int'; T.width := 4 }

T → real { T.type := 'real'; T.width := 8 }

L → { L1.type := L.type; L1.offset := L.offset; L1.width := L.width } L1, id

{ foo(id.name, L.type, L.offset + L1.num * L.width); L.num := L1.num + 1 }

L → id { foo(id.name, L.type, L.offset); L.num := 1 }

1. Transform the scheme, so that the semantic actions in the middle of productions only con-
tain copy rules, and all the inherited attributes can be accessed by synthesized attributes
in the analyze stack.

2. During the parsing process, the stack is v, stack top pointer is top. We can use
v[top+i].width to access the width attribute of nonterminal at position top+i.
Write code sections for reducing each production. You do not need to consider the
maintainence of top.

3. For input string int id, id, what will be printed finally?
Although you can guess the answer by the semantic, we advise you calculate it by the
complete LR parsing process.

Solution:
The transformation is not unique. Reasonable is ok.

1. Only two productions of D need transformation. That’s because, in their semantic actions,
the inherited attributes of L may not be found definitely in the stack. One possible scheme
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after transformation is as follows.

S → D { print(D.width) }

D → D1; T { L.type := T.type; L.offset := D1.width; L.width := T.width } L

{ D.width := D1.width + L.num * T.width }

D → MNT { L.type := T.type; L.offset := M.width; L.width := T.width } L

{ D.width := L.num * T.width }

T → int { T.type := 'int'; T.width := 4 }

T → real { T.type := 'real'; T.width := 8 }

L → { L1.type := L.type; L1.offset := L.offset; L1.width := L.width } L1, id

{ foo(id.name, L.type, L.offset + L1.num * L.width); L.num := L1.num + 1 }

L → id { foo(id.name, L.type, L.offset); L.num := 1 }

M → ϵ { M.width := 0 }

N → ϵ { }

2. As follows.

S → D { print(v[top].width) }

D → D1; TL { v[top-3].width := v[top-3].width + v[top].num * v[top-1].width }

D → MNTL { v[top-3].width := v[top].num * v[top-1].width }

T → int { v[top].type := 'int'; v[top].width := 4 }

T → real { v[top].type := 'real'; v[top].width := 8 }

L → L1, id

{foo(v[top].name, v[top-3].type, v[top-5].width + v[top-2].num * v[top-3].width);

v[top-2].num := v[top-2].num + 1 }

L → id { foo(v[top].name, v[top-1].type, v[top-3].width); v[top].num := 1 }

M → ϵ { v[top+1].width := 0 }

N → ϵ { }

Explanation
For production L → L1, id, the stack when reducing is as follows. At this time, L.type is
inherited from T.type, L.offset from D.width or M.width; L.width from T.width.

· · · D or M ; or N T L1 , id

For production L → id, the stack is as follows. The inherit relation is all the same, only stack
top symbols are different.

· · · D or M ; or N T id

3. 8.
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