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This project investigates the design and implementation of
parallel computer architecture using techniques to save
the leakage current in the multi-core system. The method
applied in this project enhances the MESI cache
coherence protocol by modifying its state transition to
allow cache lines to be turned off with invalidation
requests and external signals. The system simulates the
function of a two-level cache, in which L1 cache is a direct
mapped write through cache and L2 is a two-way
associated write back cache. Functional and performance
tests on this cache system show that the power
consumption of L2 cache is substantially reduced at the
cost of slightly larger size of the design and more
compulsory cache misses.

to disable the corresponding block in L1 cache if this
cache block exists. Another state called Transient Clean
means the data stored in this cache line is the same as
the copy in main memory. If a cache block is in Exclusive
state or Shared state, and a BusRdx request or an
external turn off signal intends to invalidate this block, the
state will go to the Transient Clean state and propagate
the invalidation to L1 cache in a similar way. The only
difference between Transient Dirty and Transient Clean is
that when the block is invalidated by grant signal, the
block in Transient Dirty state will be flushed to the bus, but
the block in Transient Clean state will not.

The testbench is constructed by using SystemVerilog
random function to enhance the flexibility and coverage of
test cases. Every variable is randomized with constrains.
The private and shared requests rate was set by
randomizing the time interval between two consecutive
requests. Write request percentage is set by comparing
random number with a threshold. Cache reference
address is constrained in a scope based on previous
cache reference to exploit spatial locality.

Methodology

A two-level private cache is implemented. L1 cache is a
direct-mapped write through cache with 64 entries of 16byte cache line. No dirty bit is needed in this cache
structure, because the cache writes through the data to
the low level memory on every write hit to make sure
value in L2 cache block is always up-to-date. The L2
cache is a two-way associated write back cache with 1k
entries of the same size block and Least Recently Used
replacement policy. Two ways of turning off cache blocks
have been implemented (BusRdx turning off and external
turning off).

MESI (Illinois) protocol is the most popular protocol for
multiprocessor system to maintain cache coherence. The
classic MESI protocol works as a state machine with four
transition states, Modified state, Exclusive state, Shared
state, and Invalid state. In this modified version of MESI
protocol, two more transient states are added into state
transfer diagram. The state Transient Dirty means the data
of the cache block temporally in this state is different from
value in the memory. If a cache block is currently in
Modified state, and a BusRdx request or an external turn
off signal is seen by the bus snooping unit, then the state
of this cache block will be altered to the Transient Dirty
state by the bus-side cache controller, and the state
machine will generate an invalidation signal as an output
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In order to achieve power saving, a switching unit is added
to this system to enable external turn off. This switching
unit is a RAM with a timer that can trace the access history
of each cache block. There is an 11-bit global timer that
increment at the positive edge of the clock, and a local
timers RAM with 1024 entries (one for each L2 cache
block). Every local timer entry is a 3-bit register that will be
incremented in a Grey Code fashion when the global timer
is pointing to it. Every local timer entry will be reset to its
initial value by any hit in L1 cache. Whenever the local
timer change its value to 100, it will generate a external

signal to turn off a L2 cache block according to the global
timer. This mechanism will work like the BusRdx request
to invalidate L2 cache block and the corresponding L1
cache block if it’s necessary.

The first test case is the random address test. In this test
case, 90 percent of all requests are private reads or
writes, 10 percent of them are shared reads and writes.
The read/write ratio is 7:3. The processor sends a private
request every 5.5 clock cycles averagely, and bus sends
a shared request every 47 clock cycles averagely.

The active ratio is calculated by the following formula:

If the more shared requests have been issued from the
bus, more shared write will occur with no changes on the
read/write ratio. In this case, more BusRdx requests will
turn off more cache lines and the compulsory misses of
L2 cache will increase. If more write requests have been
issued, more BusRdx requests will be snooped from the
bus, and more L2 cache blocks will be turned off and
higher compulsory miss rate is expected.

Conclusion

Power analysis for random memory reference case shows
16 percent of L2 cache power consumption can be saved
at the cost of 2.6 to 4.6 percent more compulsory misses.
The performance test case that exploits spatial locality
suggests 20 to 30 percent of power can be saved. The
performance loss caused by extra misses will be less than
5 percent. Besides, synthesis result suggests 1.6 percent
of more logic gates and 0.7 percent of more power are
needed to complete the functions of the two-level
coherent cache system with modified MESI protocol. The
overall power saving is still considerable.
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The second test case exploits spatial locality. In this test
case the cache performance is determined by three
variables. The first one is the locality factor (the scope of
consecutive cache reference address), another one is the
percentage of shared requests, and the last one is the
percentage of write requests.

If the locality factor X is
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entries. The off time will
decrease if X increases.
On the other hand, the compulsory misses will increase if
the X increases.
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