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1.
E — { El.false := E.true; El.true := newlabel } E; A
{ E2.false := E.true; E2.true := E.false } Fy
{ E.code := El.code || gen(El.true ':') || E2.code }
2

S — repeat { Sl.next := newlabel } S until
{ E.true = S.next; E.false = newlabel } F
{ S.code := gen(E.false ':') || Sil.code || gen(Sl.next ':') || E.code }
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1.
E — FEy AN ME; { backpatch(El.truelist, M.gotostm);

E.truelist := merge(El.falselist, E2.falselist);

E.falselist := E2.falselist; }



S — repeat MS; until My FE
{ backpatch(S1.nextlist, M2.gotostm);
backpatch(E.falselist, Ml.gotostm);

S.nextlist := E.truelist; }
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A — (A;) { A.instr := Al.instr }

A— A — Ay { A.instr :

A —int { A.instr := Push int.val }
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S —id:=F { S.instr := E.instr || Store id }

S — 51;5, { S.instr := Si.instr || S2.instr }

E— FEyif B {E.instr := ... }
A—id { A.instr := Load id.val }
B— A >A; { B.instr := ... }
B— By ANBy { B.instr := ... }
B — —-B; { B.instr := }

B — true { B.instr := Push 1 }

B — false { B.instr := Push 0 }

A— A+ Ay { A.instr := A2.instr || Al.instr || Plus }

A— Ay — Ay { A.instr := A2.instr || Al.instr || Minus }

2. BERWTPR, Kb Ar > Ay FHT (A — A2 > 0) if (A — A2 # 0); Bi A By ST
By if Bi: By ST 1if (Bi—1#£0).
E— E;if B { E.instr := El.instr || B.instr || Cond }
B — A; > Ay {B.instr := A2.instr || Al.instr || Minus || Cmp
|| A2.instr || Al.instr || Minus || Cond }
B — B ABy { B.instr := B2.instr || Bl.instr || Cond }

B — —-B; { B.instr := Push 1 || Push 1 || Bl.instr || Minus || Cond }
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Principles and Practice of Compiler Construction HW

Due: 12/9/2025

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

Q1. Consider the L-translation scheme used for statement translation in the slides, and the
semantic functions included.

No need to consider break statement.

1. If we add production £ — E A E to the basic grammar, where nand operator A is
defined as P A Q = —(P A Q). Please give the semantic activity set of the production.

Use short-circuit evaluation.

2. If we add production S — repeat S until E to the basic grammar, please give the se-

mantic activity set.

Solution:
1.
FE — { El.false := E.true; El.true := newlabel } E; A
{ E2.false := E.true; E2.true := E.false } FEj
{ E.code := El.code || gen(El.true ':') || E2.code }
2.

S — repeat { Sl.next := newlabel } S; until
{ E.true = S.next; E.false = newlabel } F

{ S.code := gen(E.false ':') || Sl.code || gen(Sl.next ':') || E.code }

Q2. Consider the S-translation scheme used for statement translation in the slides when using
backpatching technique, and the semantic functions included.
The nonterminal with only empty production in backpatching is shown as M. No need to

consider break statement.

1. If we add production £ — E A E to the basic grammar, where nand operator A is
defined as P A Q = —(P A Q). Please give the semantic activity set of the production.

Use short-circuit evaluation.

2. If we add production S — repeat S until E' to the basic grammar, please give the se-




mantic activity set.

Solution:
1.
E — Fy AN ME; { backpatch(El.truelist, M.gotostm);
E.truelist := merge(El.falselist, E2.falselist);
E.falselist := E2.falselist; }
2.

S — repeat M;S; until MyFE
{ backpatch(S1.nextlist, M2.gotostm);
backpatch(E.falselist, Ml.gotostm);

S.nextlist := E.truelist; }

Q3. Consider a simple stack-based virtual machine. The virtual machine maintains a stack

containing integers, and supports the following 3 instructions:
e Push n: push integer n into the stack;

e Plus: pop the stack top element n; and second-top element ny, push n; + ny into the

stack;

e Minus: pop the stack top element n; and second-top element ns, push n; — ny into the
stack.

One or more instructions make a instruction sequence. In the initial state, the stack is empty.

Given a arithmetic expression language containing only addition and substraction:
A—-A+A|A-A|(A) | int

Terminal ¢nt stands for an integer, we can use int.val to get the semantic value of the gram-
matical symbol. Any expression can be translated into an instruction sequence, such that,
when the virtual machine finishes this instruction sequence, there is only one element in the
stack, equaling the value of the expression.

To simplify, we use ”||” to join two sequences. For example, expression 1 + 2 — 3 can be

translated into sequence
Push 3|| Push 2|| Push 1|| Plus || Minus

After running, the stack top element is 0.

1. The translation process above can be described as the following S-translation scheme,

where synthesized attribute A.instr stands for the instruction sequence of A. Please fill




the blanks.

A— A+ Ay { A.instr : }
}

A — (A;) { A.instr := Al.instr }

A— A — Ay { A.instr :

A —int { A.instr := Push int.val }

2. Now give the virtual machine a variable table, enable it to load and store integer values

of variables. Following new instructions are included:

e Load z: load the value of x from the table and push it to the stack;
e Store x: pop the stack top value and write into table as x;

e Cmp: if the stack top element is greater or equal to 0, modify it to 1; otherwise,
modify it to 0.

e Cond: if the stack top element is non-zero, pop it; otherwise, pop it and the second-

top element, and then push a 0.
Consider a simple language L, which only consists of assignment statements:

S—id:=FE|S;8
E—A|EifB

A= A+A|A-A|(A)|int|id
B—A>A|BAB|-B|true| false

Terminal id stands for a variable, use id.val to get its semantic value.

Add identifier expression id, to read the value of variable id.

Assignment statement id := E means write the value of F into variable id. Condition
expression F if B means: if boolean expression B has true value, the expression has the
value of F; otherwise, the value is 0.

In boolean / relational expresions, > means “greater than”, A means "logical and”, —
means “logical not”, true means "true”, false means "false”.

Let P be a program of language L. If all the loaded variables in P have been assigned
before the load, then we call P a legal program.

Any legal program of language L can be translated into an instruction sequence, such
that, after running the sequence, any variable in the program has the right value.

The translation process can be described as the following S-translation scheme (parts




included in (1) are ignored). Please fill the blanks.

S —id:=F { S.instr := E.instr || Store id }

S —51;5, { S.instr := Si.instr || S2.instr }

E— FEyif B{E.instr := ... }
A —id { A.instr := Load id.val }
B— A, > Ay { B.instr := ... }
B — By ABy { B.instr := ... }
B — —-B; { B.instr := }

B — true { B.instr := Push 1 }

B — false { B.instr := Push 0 }

Solution:

A— A+ Ay { A.instr := A2.instr || Al.instr || Plus }

A— A — Ay, { A.instr := A2.instr || Al.instr || Minus }

2. Ay > Ay is the same as (A} — Ay > 0) if (A1 — Ay # 0); By A By is the same as By if By;
- B is the same as 1 if (B; —1#0).

E— E;if B { E.instr := El.instr || B.instr || Cond }
B — A; > Ay {B.instr := A2.instr || Al.instr || Minus || Cmp
|| A2.instr || Al.instr || Minus || Cond }

B — B ABy { B.instr := B2.instr || Bl.instr || Cond }

B — —-B; { B.instr := Push 1 || Push 1 || Bl.instr || Minus || Cond }

The solution is not unique.
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