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DDR2 DDR3 LP-DDR LP-DDR2
Technology Parameter [29] [31, 33] [18, 38] [35, 38]
Operating Voltage 1.8V 1.5V 1.8V 1.2V
Operating Frequency 400MHz 800MHz 200MHz 400MHz
Maximum Device Width (pins) 16 16 32 64
Peak Channel Bandwidth (sequential) 6.4GBps 12.8GBps 3.2GBps 6.4GBps
Dynamic
Timing (CAS, RAS, RC) 12, 40, 55ns 15, 38, 50ns 12, 40, 54ns 15, 42, 57ns
Active Current (read, write) 160, 160mA 250, 250mA 130, 130mA 137, 154ns
Energy per bit (peak, typical) 111, 266mW/Gbps 70, 160 mW/Gbps 110, 140 mW/Gbps 40, 50 mW/Gbps
Static
Idle current (power-down, standby) 50, 70mA 45, 70mA 3.6, 20mA 3.6, 20mA
Min power-down period 84ns 90ns 20ns 20ns
Exit latency 20ns 24ns 10ns 10ns

Table 2. Memory technology comparison.

channel frequency (and bandwidth) is twice that of LP-DDR2, which means that each timing parameter

requires more LP-DDR2 cycles.

LP-DDR2 chips have more I/O pins (e.g., x16 DDR3 vs x64 LP-DDR2), which makes sense when

individual memory chips, not modules, are deployed in mobile platforms. A wider interface means that

LP-DDR2 can use fewer chips to supply the same number of bits for a channel. Accessing fewer chips

per request could be interesting if fine-grained, rank-level power modes were to be implemented [6, 9].

Energy. LP-DDR2 operating currents are not yet public and we infer them from older parameters and

research prototypes. We examine the percentage difference between LP-DDR2 and LP-DDR currents in

published prototypes [19] and apply the same difference to LP-DDR currents from Micron devices [32].

Conversations with Micron engineers confirmed the validity of this approach.

Energy per bit =
mW
Gbps

=
PowerCalc(V, Idd, f,Util)

Util × f × DDR × ChipWidth
(2)

Equation (2) quantifies memory energy efficiency as the energy consumed per bit transferred. We calcu-

late memory power as a function of system and utilization parameters [31] and divide it by the memory

bandwidth used.

Figure 7 shows energy per bit as a function of bandwidth utilization. DDR3-1600 has a peak band-

width of 1.6Gbps per pin. However, these pins use a lot of energy. With 100% channel utilization, DDR3

requires 70 pJ/bit; 30% and 10% of this energy is background and termination, respectively. These I/O

overheads are incurred even when the chip is idle but in active power mode. Such active-idle power is

13
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Figure 3: Performance (top) and scalability (bottom) comparisons of Phoenix++ (blue) and Phoenix 2

(orange). Vertical lines mark 32 threads, the number of physical cores on our test machine. For the scalability

comparison, black lines represent ideal scaling.

Hardware Settings

CPU

4 Nehalem-EX chips
8 cores per chip
2-way Hyper-Threading per core
Total 64 hardware contexts on system

Cache
Per core data / instruction L1, 32 KB
Per core L2, 256 KB
Shared L3, 24 MB

Memory 32 GB
Interconnect Point-to-point QuickPath interconnect

Software Settings

Operating System Linux kernel 2.6.32
Compiler GCC 4.4.3 with -O3 optimization

Table 5: Experiment settings.

5. EXPERIMENTAL RESULTS
Table 5 describes the hardware and software settings for

our experiment. We ported the test cases that ship with the
Phoenix 2 release [12] to work with Phoenix++. During the
porting process, we updated a few of the workloads to more
efficient implementations, in order to evaluate against more
realistic usage scenarios. To make the comparison fair, we
back-ported those optimizations to the Phoenix 2 versions.
Likewise, to make replication possible, we report results us-
ing the (relatively small) data sets available on the Phoenix 2
website [10]. All the results are the averages of 5 runs when
the machine was idle; the execution of the various configu-
rations were interleaved to reduce bias.

5.1 Performance Summary
Figure 3 compares the performance of Phoenix++ against

Phoenix 2. Phoenix++ is substantially faster and more scal-
able across all workloads; notice that the axes are log scales.

Some workloads exhibit peak performance at 32 threads, as
the performance degrades slightly when we start to utilize
Hyper-Threads. At 32 threads, Phoenix++ achieves a 4.7x
speedup on average over Phoenix 2.
Profiler analysis reveals that Phoenix++ achieves this per-

formance improvement through combinations of all the ma-
jor enhancements described in Section 4. The newly in-
troduced containers improved most of the workloads, even
word_count, for which Phoenix 2 had been optimized. The
more effective combiner objects contributed to better data
locality and lower memory allocation pressure, resulting in
substantial scalability improvement on most applications.
For matrix_multiply and string_match, which do not
emit any intermediate key-value pairs, the combiner’s
discard() interface function turned out to be useful, as
Phoenix 2 suffered high overheads executing empty reduce
tasks. Finally, histogram and linear_regression, which
exhibit the smallest per task computation, benefited signifi-
cantly from the reduced function call overhead due to func-
tion inlining enabled with CRTP.
In the following sections, we try to quantify the benefit of

each of these optimizations.

5.2 Container Performance
As described in Section 4.1, containers were introduced

to provide a modular way to cover different key distribu-
tions. In Figure 4, we compare the performance of the three
default containers provided by Phoenix++ against a fixed-
width hash container which mimics the container used in
Phoenix. Notice that not every container can be used with
every workload, and that matrix_multiply and string_
match are not included in the plot, since they do not emit
any key-values during the map phase and are, thus, insensi-
tive to container choices.
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