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Exercise 1: (cache-state-SPR RAM) (3 points)
In the construction of fully associative caches we use a special kind of state RAM. This RAM at
the same time behaves like an SPR RAM, providing outputs for all registers simultaneously, and
like a cache-state RAM, allowing to invalidate all entries with provided value vinv in case if the
inv signal is on. In this exercise you need to specify this RAM and provide its construction.

Exercise 2: (coherence protocol) (6 points)
In the lecture we introduced master and slave diagrams together with the atomic cache coherence
protocol. Explore the diagrams and explain what actions (including state transitions, bus signals,
and data transfer) are performed by a master and slaves in case of

1. a cache hit for a read access,

2. a cache hit for a write access,

3. a cache miss for a read access,

4. a cache miss for a write access,

5. a cache hit for an RMW access (case (i) test fails and (ii) test succeeds),

6. a cache miss for an RMW access (case (i) test fails and (ii) test succeeds).

Exercise 3: (computing protocol signals) (2 points)
In the lecture we have specified circuits C1, C2, and C3 informally. In this exercise you need to
provide formal specification of circuits C1 and C2 (i.e. define outputs of these circuits as functions
of the inputs).

Exercise 4: (preserving invariants) (5 points)
Prove that the state invariants are preserved by the atomic execution of the MOESI protocol for
the case of a cache miss with a write access. Note, that you need to consider 2 cases: (i) when the
data is obtained from another cache (by data intervention) and (ii) when the data is obtained from
the main memory.
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