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Shared Resource Access Control with DVFS
for Low-Power Chip Multiprocessors

NORIKO TAKAGI, ! HirosHI SASAKI, 2 Masaakr Konpot?
and HIROSHI NAKAMURA 112

In a single Chip Multiprocessor (CMP), cores usually share resources in mem-
ory hierarchy, including the last-level cache and a memory bus. If applications
on diferent cores have their own performance constraint, though the constraint
can be satisfed by DVFS control of each core, conficts in shared resources lead
to the waste of power consumption. Thus, in this paper, we derive the con-
dition where the total power consumption becomes minimum by construction
power consumption model under resource conficts, and propose a method to
minimize the power consumption of CMPs by access control to multiple shared
resource with DVFS. The experimental results reveals that our technique can
reduce 15% of power consumption on average in dual-core CMP, and 13% in
quad-core CMP, compared with the case where only DVFS is applied.
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01 DVFSOOOO00000
Initialize (At the start of an phase P of PUj;)

set Itotalf): the total number of instructions in P
set tdeadzmef): the deadline of the phase P
e? =0

P P
Tiotal; = tdeadline; — tnow

DVFS Routine (At the end of k-th interval period)

For each PU i:

/* Step 1: Remaining time estimate */
nlifti = tdecadlinel - tnow, Ileftf = Teommit¥

E_ k% &
Testimate; = TDVFS [ lcommit; * lieft;

/* Step 2: PI Controller */
Restimate; = Testimate; /Trotal]
Ricse¥ = Tiept¥ [ Toorar ¥

e® = Restimater — Rleftf
k= PI_control(ef_l, er, f_ik_l)

/* Step 3: Frequency select */
fF = schmitt_trigger_func(fF)

/* Step 4: Recalculate frequency */
- K k=1
if (7% 1= £2 )

Tleft? -= Tpenalty

goto Step 2 and Step 3

}
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Supply voltage 0.988 - 1.441 V

L1-Inst (private) 32 KB, 2-way, 32 B line, 1-cycle
L1-Data (private) 32 KB, 2-way, 32 B line, 2-cycle

L2 (unified) 1 MB, 16-way, 64B line, 10-cycle (2 core)
2 MB, 16-way, 64B line, 10-cycle (4 core)
CAS, RCD, RP 4-bus cycle

RAS 12-bus cycle

8 B, 400 MHz

DVFS penalty 10 us

Clock frequency

Memory latency

Memory bus
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Partitioning Ig, Im 22.5 ns
Priority feedback interval 400 us
DVFS interval 200 us

PI control gain

Kp: 0.1, T7: 0.1 (2 core)
Kp: 0.3, T;: 0.2 (4 core)
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