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COL869: Special Topics in Concurrency

March 8, 2017 Home-work 3 Deadline Tue 07 Mar 2017

1. Prove using the operational rules of CCS that for N + 2 = 5 the following transitions are possible.

• PIPE5(d1⊥d2⊥⊥⊥)
in d3−→ PIPE5(d1⊥d2⊥⊥d3)

• PIPE5(d1⊥d2⊥⊥⊥)
τ−→ PIPE5(d1d2⊥⊥⊥)

• PIPE5(d1⊥d2⊥⊥⊥)
out d3−→ PIPE5(⊥⊥d2⊥⊥)

2. Construct a 6-stage pipeline in CCS for the MIPS machine. For simplicity assume

(a) there are no hazards,

(b) the five stages of the pipeline are

IF Instruction fetch

DEC Instruction decode

REG Read registers (even though this can be done in MIPS simultaneously with decoding,
assume it is separate).

EX Execute operation (assume only unary or binary operations and no branch instructions)

MEM Access operand in memory

WR Write result into register

3. Our construction of PIPEN+2 implicity assumed that parallel composition is commutative and
associative. It is now time to prove it. But we use a special technique of constructing bisimulation
relations.

The technique of bisimulations is a powerful technique which allows us to prove several algebraic
properties by constructing strong bisimulation relations. For example one may prove (for CCS
processes) that

(a) | is commutative and associative one may show that the following relations are strong bisim-
ulations.

| −Commutativity. {〈P | Q,Q | P 〉 | P,Q ∈ P}
| −Associativity. {〈(P | Q) | R,P | (Q | R)〉 | P,Q,R ∈ P}

(b) Similarly one may prove that the set P of CCS processes is a commutative idempotent monoid
with 0 as the identity element for the choice operator +, i.e. one may show that the following
relations are all strong bisimulations

+− Identity. {〈P + 0, P 〉 | P ∈ P} ∪IP
+− Idempotence. {〈P + P, P 〉 | P ∈ P} ∪IP
+−Commutativity. {〈P + Q,Q + P 〉 | P,Q ∈ P} ∪IP
+−Associativity. {〈(P + Q) + R,P + (Q + R)〉 | P,Q,R ∈ P} ∪IP

where IP = {〈P, P 〉 | P ∈ P} is the identity relation on processes.

4. Prove that P 6∼ Q if there exists a finite sequence of actions s ∈ Act∗ such that either P
s−→ or

Q
s−→ but not both.

5. Let FIFOk denote the specification of a bounded buffer of size k ≥ 0 and let FIFO∞ denote the
specification of an unbounded buffer. More precisely, if t ∈ D∗, a, d ∈ D then

FIFO∞(ε) 4
= in d.FIFO∞(d)

FIFO∞(at) 4
= in d.FIFO∞(td) + out a.FIFO∞(t)

Prove that for all k > 0,

(a) FIFOk(ε) 6∼ FIFOk+1(ε)

(b) FIFOk(ε) 6∼ FIFO∞(ε)


