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Abstract plugged into a corresponding socket on the motherboard
and has an individual voltage supply.

Power management has become a very importantre-  As an energy efficient architecture for higher per-
search area and various approaches have been pmposedformance,chip-muItiprocessor (CMPhas been adopted
As an energy-efficient architecture, chip multiprocessor by chip manufacturers as the main technology for fu-
(CMP) has been widely adopted by chip manufactur- yyre processors. Therefore, it is imperative to develop
ers. In this paper, we study power management schemegower management schemes for systems on multicore
for real-time systems dolock-partitionednulticore plat- platforms. However, applying the power management
forms, where the processing cores are grouped into differ- schemes for multiprocessor systems directly to CMP
ent blocks and cores on one block share the same POWEImight bring in some potential problems due to the in-
supply voltage (thus have the same frequency). We evalunerent differences between these two architectures. For
ate the energy efficiency of different block configurations. cpps, even though it is possible to provide each core an
Simulation results show that block-partitioned CMP has individual voltage supply [6, 10, 15, 13], it could lead to
it; inherent advantgges to fuIIfi!I the goal of power effi- very complex chip design, especially when a chip may
ciency and low design complexity for future CMPs. contain tens (or even hundreds) of processing cores [18].

Following the same line of research as in [8], in this
work, we studyblock-partitionedCMP configurations,
where more than one cores are grouped together to form

Power efficiency has become a crucial issue in cur- one block. The cores on one block will share the voltage
rent computing systems. For the mobile and portable supply (thus have the same frequency) to reduce the de-
devices, battery is one dominant constraint with fixed sign complexity. We consider bolymmetriqwhere the
energy budget. For the high-performance servers, thenumber of cores on each block is the same) asyim-
ever-increasing power consumption brings in not only the metric (where the number of cores on block is differ-
tremendous difficulty and high cost of building and oper- ent) block configurations. We study both static and dy-
ating the cooling system, but also the reliability concerns namic power management schemes for block-partitioned

Power management for uniprocessor or multiproces- CMPs. For different block configurations, we evalu-
sor real-time systems has been well explored and manyate their power efficiency through simulations and dis-
techniques have been proposed [3, 5, 11, 14, 16, 19, 20]cuss the design complexity tradeoffs. To the best of our
Based on thelynamic voltage/frequency scaling (DVFS) knowledge, this is the first work on studying the energy
technique, most power management schemes for multi-efficiency and design complexity for real-time and em-
processor real-time systems try to maximize energy sav-bedded systems on block-partitioned CMP plotforms.
ing by balancing the workload among processors and g remainder of this paper is organized as follows.
slowing down each processor individually [3, 20]. This gection 2 introduces the concept of block-partitioned
is possible as hose approaches assume that each procegy ps and presents the problem. Section 3 discusses
sor can run at individual frequency/voltage to optimize g~ power management (SPM) for block-partitioned
energy savings. Traditional multiprocessor systems give ~\1ps. Section 4 addresses dynamic power management
good support for it since in general each processor is ppyy schemes. Section 5 presents the simulation re-

“This work was supported in part by NSF awards CNS-0720651 and SUlts and discusses the power efficiency of different block
Faculty Research Award of The University of Texas at San Aioto configurations. Section 6 concludes the paper.

1. Introduction
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Figure 1. Different block configurations for a CMP with 8 cores
2. Block-Partitioned CM Ps (BP-CM P) all cores on one block become idle, the block can be

switched/powered off for more energy savings. With
Thanks to the fast-increasing clock rate, the perfor- the ability of managing the power consumption at two
mance of modern computers has increased steadily indifferent levels (i.e., cores and blocks), this BP-CMP
the last few decades. However, the price for such per-structure could significantly reduce the design complex-
formance increase is tremendously increased power conity/cost while providing certain flexibilities to adjust ko
sumption. To address such problems, instead of focus-age and frequency for energy savings.
ing on complex design techniques (e.g. superscalar and In what follows, depending on the different numbers
deeper pipelining) that exploit instruction level paral- of cores one each block, we focus on two categories of
lelism (ILP), alternative architectures have been studied block-partition configurationssymmetricandasymmet-
taking advantages of thread level parallelism (TLP) of ric configurations.
modern applications. For example, to provide the same . .
level of performance, instead of having a superfast but 2+-2- Symmetric Configurations
complex processor, we can have several simple cores run-
ning in parallel at a comparatively low frequency on a For symmetric block partitioninghe number of cores
single chip (CMP), which is also energy efficient. on each block will be the sameHowever, for a CMP
Considering the nice features on high performance with given number of cores, depending on the number
and energy efficiency, CMP has been adopted by the ma-of cores on one block, we can have differsginmetric
jor chip manufacturers for the next generation processorsblock configurations.
(e.g., Intel Core2 Quad processor [1] and AMD Phenom  As one example, suppose that we have one CMP with
Quad-Core processor [9]). On these multicore proces-8 cores. If each core form one individually block and has
sors, to support flexible power management, each corea separate power supply as shown in Figure 1(a), each
has individual voltage supply [1, 9]. However, as the core may adjust its supply voltage and frequency inde-
number of cores on a chip becomes larger (tens [18] orpendently based on its workload. However, if there is
even hundreds), it could be very complex and expensiveonly one power supply and all cores belong to one com-
to provide individual power supply for each core. mon block as shown in Figure 1(b), the supply voltage of
2.1. Block Partitions the block will be determined by the most loaded core and
all cores are assumed to have the same high freqéiency
In our work, we consider a CMP witt* processing  Here, the dotted rectangles represent the blocks.
cores, wherék > 1. The cores are assumed to be ho-  Here, the individual block configuration provides the
mogeneous, i.e., they have identical functions with each most flexible power management, but it will incur the
other. Considering the fact that it is possible to provide highestdesign complexity/cost. In comparison, the com-
different supply voltages for different regions on a chip mon block configuration only needs one power supply
using the voltage island technique [6, 10, 15], the coresWith reduced design complexity/cost, but with limited
on one chip will be partitioned intblocks For the cores ~ Power management abilities on the cores. For a better
thatare on the same block, they will share the same power 1Although it is possible to have the cores run at differentdopro-
Squly VOltage and thus have the same frequency' cessing frequencies with the same high supply voltage, daéian

With clock gating, a core can be_ easily put into sleep gjreyits needed will make the design more complex and we it
when it has no workload for execution. Moreover, when consider this aspect in this paper.




tradeoff between design complexity/cost and power man-to model the power consumption for block-partitioned
agement flexibility, we may have either two cores per CMPs. Note that, instead of focusing on power man-
block (denoted asymmetric-2, or four cores per block  agement for individual components, system-wide power
(denoted asymmetric-4 which shown in Figure 1(c)). management has caught researchers’ attention recently
Note that, for symmetric block configurations, the num- [2, 12, 17]. A simple but powerful system-wide power
ber of cores on each block is normally the power of two. model has been studied for uniprocessor systems, where
the power consumption of a computer system running at

2.3. Asymmetric Buddy Configuration frequencyf is modeled as [21];

Although having the same number of cores on each P(f) = Ps+ Pina + Py = Ps + Pipa+ Cop + f™ (1)
block could lead to simplified design, the symmetric
block configurations may not be the most energy efficient Despite its simplicity, this model includes all essential
for different workload requirements. In this section, to power components of a system. Herg, is the power
provide flexible support for various workloads, we study used to maintain the basic circuit of the system (e.g.,
asymmetric block configurations where the number of keeping the clock running), which can be removed only
cores on the blocks may be different. In particular, bor- by powering off the whole system. Whenever the sys-
rowing the idea from buddy memory allocation, we con- tem is executing some workload, the active power, which
sider the asymmetriouddyconfiguration. has two parts’;,, and P, will be consumedF;,,; does

For the above example, the asymmetric buddy con- not depend on the supply voltage and frequency, and can
figuration is shown in Figure 1(d), where there are four be effectively removed by putting the power manageable
blocks and the number of cores on each of them is 4, 2,components of the system into sleep when the system is
1, and 1, respectively. That is, in the asymmetric buddy idle. Py is the active power that depends on the supply
configuration, the first block contains half of all the cores Voltage and processing frequency [4].
on the chip, and the second block contains half of all the ~ Following the similar idea and extending the above
remaining cores, and so on. The last two blocks will con- power model, we develop the power model for BP-CMP
tain one core each. In general, for a CMP wiittix > 1) based computing systems. As the first step, we define a
processing cores, there will f2+1) blocks in the asym- ~ few terms. The total number of cores on the CMP consid-

metric buddy configuration and the number of cores on ered is denoted as. and the number of blocks is defined

the blocks will be2(*—1) 2(k=2) ' 'and2°, respectively. asny. Itis assumed that there ane; processing cores
Note that, with the asymmetric buddy configuration, on thed’s block (1 < i < n;), which is denoted a®;.

by appropriately selecting the blocks to be powered on, The j'th processing core on block; is denoted as; ;,

it is possible to run exactlgnyp (1 < p < 2¥) number ~ Which is suppose to run at frequengty;. The maximum

of cores required by various workloads. For instance, if processing frequency for the coresfjs,..

a certain workload needsprocessing cores to obtainthe ~ Considering the fact that processing cores can be eas-

maximum energy savings, we can use the bldgksand ily put into power saving state with the clock gating tech-

B2 in Figure 1(d). However, for the case of symmetric-4 nique [1], it is assumed that each core has two sta@es:

configuration shown in Figure 1(c), we have to use both tive andsleep A core is in active state if it is actively

blocks to satisfy the performance requirements, which e€xecuting some workload; otherwise, it is idle and can

could be energy inefficient. It is also possible to run ex- be efficiently (in couple of cycles) put into sleep state.

actly 5 cores by exploiting the symmetric-1 (i.e., individ- Therefore, one dynamic power componéhtwill be as-

ual block) configuration as shown in Figure 1(a). How- Sociated with each core. In addition, when all the cores

ever, symmetric-1 configuration hablocks and will re-  on one block are in sleep state, we may switch off the
quires different power supply, compared to the asymmet- power supply for the block to obtain more power/energy
ric buddy configuration that only needpower supply. savings. Therefore, each block has two statsand

For the general case of a CMP wittf process- ©Off. Considering that the leakage power may depend
ing cores, compared to the* power supply for the  on the number of circuits, each block will have one
symmetric-1 configuration, as mentioned early, the asym- Voltage/frequency independent active power component
metric buddy configuration hg# + 1) blocks and thus ~ Pina. Thus, for one BP-CMP based computing system,
only needgk + 1) power supply, which can significantly ~ its power consumptiof’ can be modeled as:
reduce the design complexity/cost while providing flexi- o
ble power management ability for various workloads. P - Ps+z .

=1

nc;

Pha+> vii Py |
j=1

2.4. Power Consumption for BP-CMPs
The same as in Equation B, denotes the static power
To effectively evaluate the energy efficiency of dif- from all the power consuming components, whicbas-
ferent configurations, in this section, we first study how stantand can only be removed by powering off the whole
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Figure 2. SPM for a CMP with four cores and the symmetric-2 par tition.

system. z; represents the state of the blogk. If any work, we adopt théongest task first (LTFheuristics as
core on the block is active and the block is an,= 1; the priority assignment policy [20].

otherwiser; = 0 and B; is switched off. Similarlyy; As one example, suppose that one real-time applica-
represents the state of thigh core on blockB;. As be- tion consists of 0 independent taskis = {7;,(6), 71 (5),
fore, the frequency dependent active power for the Core Ty (4), Ts(4), Tu(3), T5(3), Ts(2), Tr(2), Tx(2), To(1)},

is defined asP;”? = C.y - f", where bothC'.; andm where the value associated with each task is its WCET.
are system dependent parameters. Note that all cores oRvith LTF priority assignment heuristics (where the tie is
block B; run at the same frequengy. broken by giving higher priority to the task with smaller
task id), the tasks in the task detare ordered by their
2.5. Problem Description priorities with taskly having the highest priority and task

Ty having the lowest priority.
In this work, we consider an real-time applicationcon-  Assuming that each task uses its WCET, when the ap-

sisting of a set of independent tasks- {7}, T3, ..., T, } plication runs on one multicore platform with four cores
with a periodD running on multicore platforms. Here, at the maximum frequencj..., the schedule is shown
the worst case execution time (WCET) of ta8k is  in Figure 2(a). In the figure, X-axis represents time and

assumed to be known and denotedwuas. Tasks ar-  Y-axis represents the processing speed/frequency (e.g.,
rive at the beginning of each period and must finish be- cycles per second) for the tasks. The area of the task box
fore the end of the period (which is also denoted as represents the workload of the task. Here, we can see that
frame-based applications). Considering both static powerpoth the first and third core€0) andC'2) complete their
management (SPM) and dynamic power managemenigasks at times, the second core({1) at time9 and the
(DPM) schemes, we focus on exploring different block- fourth core (03) at time7.
partitioned conflguratpns for t_he _mult|core pla_tforms. Suppose that the deadline of the applicatiomis=
Such results will provide a guideline for studying the 9 static slack exists on all the cores, which can be used
tradeoff.between design complexity and power efficiency {5 sjow down the execution of the tasks for energy sav-
for multicore platforms. ings. If each core could be managed individually, the
scaled frequencies for the four cores wouldob&f,, 4.,
3. SPM for BP-CMPs 0.45 frazs 0.4 fmaz and0.35 frmae, respectively. How-
ever, as shown in the figure, the four cores are partitioned
In this section, we first study the SPM schemes for into two blocks where the first two cores form bloBk
block-partitioned multicore platforms. The firstand most and the last two cores form block1. Recall that, the
important step in the scheduling for parallel systems is to cores on the same block share the same supply voltage
map tasks to the active processing units. Different strate-and frequency. To meet the timing constraints, the com-
gies for assigning tasks’ priorities will lead to different mon frequency for the cores on the same block should be
task mappings, which result in different schedule lengths. determined by the core with the most workload on that
For efficient power management in parallel systems, pre-b|OCk. Therefore, the first two cores on blo&l0 will
vious work shows that the maximum energy savings canrun at frequency 00.45 f,,,... while other two cores on
be obtained if the workload can be perfectly balanced block B1 run at frequency).4 f,,. as shown (the dotted
among the processing units [3, 5]. However, it has beengray boxes) in Figure 2(a).
shown that finding the optimal priority assignment for However, considering static and frequency indepen-
tasks to balance the workload is NP-Hard [3]. In this dent active power on each block (see Equation 2), it may



deadlin deadlin deadlin

T T
80 To To| T4 To| T4
T4 To T6 T6
BO
T1 @ T1 @ T1
. T6 BO T7 ~— T7
€ B
B2 T2 @ T2 |75 @ T2 |75
T5 T8 —‘
T8 B1 T8
83 (3 3 @ 3 @ 3
T7 N T9 — T9
| | |
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
(a) individual blocks (b) single block (c) two blocks with 2 cores each

Figure 3. GSSR for different BP-CMP configurations

not always be energy efficient to use all the blocks. For 4. DPM for BP-CM Ps
the above example, if only two cores on the first block

B0 are used while the second bloéK is switched off, As most real-time tasks use only a fraction of their
Figure 2(b) shows that all tasks complete at tinéebe- WCETSs at run-time [7], significant amount of dynamic
fore the deadline and the two cores on bldg®k can be slack is expected and various DPM schemes have been
slowed down to the frequency 018 f1.qz- proposed to use such slack for more energy savings. We
For illustration purpose, suppose th& = 0.1, have studieq one global schedL_JIing based DPM a]gorithm
C.; = 1 andm = 3. If the frequency independent ac- for a set of independent real—t|m(_e tasks on multlprpces—
tive power is relatively small, for exampl@,g = 0.1 sor systems, nameglobal scheduling with slack sharing

for each block, simple calculation shows that the en- (6SSR]20], where dynamic slack is shared among pro-
ergy consumption within one period of the application C€SSOrs atrun-time to obtain more energy savings. In this
for the first case of using all the blocks (Figure 2(a)) is Work, we extend GSSR to the block-partitioned CMPs.
16.20, which is much better than the second case of using
only one block (Figure 2(b)) with the energy consump-
tion of 26.48. However, when the frequency indepen-
dent active power on each block dominates (for example,
P;,q = 1.0), the energy consumption for the second case
of using one block would bd2.48, which is less than
that of the first case a#8.21. Therefore, depending on
the relative value of;,,4, the optimal number of blocks
used for a certain application could be different. In gen-
eral, for smaller values oF;,;, more cores should be
used and the optimal number of blocks becomes larger.

4.1. Illustration Example

For the previous example in Figure 2, suppose that
the application has the deadlin®e = 9. During
one actual running, suppose that thé tasks take
1,3,2,3,2,1,2,1,1 and1 time units, respectively.

For the case of one core per block as shown in Fig-
ure 3(a), the supply voltage and frequency for each core
can be managed separately, and GSSR works the same as
in previous work [20]. That s, at time O, all cores start to
) run at the maximum frequendgl,,... Attime 1, taskTy

Recall that the number of cores on each block is the finishes early on cora, and5 units of dynamic slack are
power of2. For a given application running on a multi- - generated. After sharirgunits of the slack with cores,
core platform withn,. cores, to find out the most energy 3 ynjts of the slack will be used to slow down the execu-
efficient symmetric block configuration, we can firstfind g1y of the next task; running on corer, to the speed
out the optimal number of blocks to be used for min- ¢ 0.5f,mes. The detailed explanation of GSSR can be
imizing energy consumption while meeting the timing ¢y in [20] and is omitted for brevity. Similarly, after

constraint for the_configurgti_on withe; cores on One  (4skT, finishes early at time, the frequency for core,
block. By comparing the minimum energy consumption il pe set a9).6 f,nar as shown in Figure 3(a).

from different symmetric block configurations, the opti-  £or the case where all the cores are on the same block
mal symmetric block configuration can be found. as shown in Figure 3(b), when tagk finishes early at

For the case of asymmetric configuration, after find- time 1, corec, cannot execute the next tadk at the
ing out the optimal number of coreg:,,; to be used to  lower frequency).5 f,..., Since other cores are expected
minimize the energy consumption for the application, ap- to run at f,,,,.. to meet the deadline. At time 3, there
propriate blocks can be selected and the energy consumpis dynamic slack on every core and thepectedrun-
tion can be calculated accordingly. Compared to that of ning frequencies for the cores a5 f..a2, 0.4 fmaz
the optimal symmetric block configuration, the optimal 1/3f,4z, and0.2f,,.., respectively. Thus, onelock-
configuration can be obtained. widefrequency adjustment can be performed. To ensure



all cores meet the timing constraints, the common fre- 5. Simulation Results
guency will be set as the maximum expected running fre-

quencies of all cores on the same blo8Ks (/. in this In this section, we evaluate the power efficiency of
case). Figure 3(c) further shows the case of symmetric-2jfferent block configurations for the BP-CMPs through
configuration, where the two blocks adjust their frequen- extensive simulations. For comparison, in theseline

Cies t00.5finax aNA1/3 fyaz, respectively, at time. approach, all cores on the chip are used and execute the
tasks atf,,.... When a core finishes all workload on it, it
4.2. GSSR for BP-CMPs is put into sleep for energy saving.

As the number of cores on single chip keeps increas-
ing [18], in our simulations, we consider CMPs wiih
cores,64 cores, and 28 cores, respectively. For the pa-
rameters in the power model, it is assumed that = 1,

m = 3 and normalized frequency is used with,. = 1.

From the above example, we can see that, for block-
partitioned CMPs, the dynamic voltage and frequency
adjustment has to consider all the cores on one block.

That is, depending on the amount of available dynamic hatis. th . f d d :
slack, each core may have oeepectecrunning fre- That s, the maximum frequency dependent active power
’ on each core i®*** = 1. Moreover, we assume that the

guency. However, to ensure that other cores on the same

o . Static powerP; = 0.01. For the blockb; with nc¢; cores
block can meet the timing constraint, the common fre- ~_ . . . .
. . on it, the block-wide frequency independent active power
guency for the cores on the same block will be minaxi-

. . . is assumed to b@? 4 = 0.1 * nc;. The synthetic real-
mumof their expected running frequencies. ) o mn :
time applications are randomly generated with each task

set containd 0, 000 tasks, where their WCETSs are ran-

Algorithm 1 GSSR for BP'CMPS domly generated following uniform distribution between
1: [* The current core ig; ;*/ [10,100]. The results reflects an average of the normal-
2: while Ready-Q# () do ized energy consumption over 100 runnings.

3: T = get next task fronReady-Q

4.  [* Slack sharing.*/ 5.1. SPM Results

5. Find corec; with minimum ST NT;;

6: if (STNT, > STNT;)then : . . ]
-, switch STNT, andSTNT, _ F|gure_4 first shows thg normalized energy consump
& endif tion for different symmetric block configurations under

o EFT, = STNT, + wey SPM. Here, X-axis is the ratio of the deadline over the

minimum schedule length assuming that all cores run at
fmaz and the workload is perfectly balanced. It repre-
sents the amount of available static slack, where larger
ratio values indicate more static slack. Y-axis is the nor-
malized energy consumption with the one consumed by
the baseline approach beiig

In the figure, for each block configuration, the optimal
number of blocks are used to obtain the minimum energy

Algorithm 1 summarizes the steps of the GSSR algo- consumption with given amount of static slack. From
rithm when being applied to BP-CMPs. The terms used the figure, we can see that, when the amount of available
are the same as in [20]. The expected finish time (EFT) static slack is limited (e.g., when the ratio is less thjn
for a task is the time when the task finishes execution if all cores will be used and similar performance is obtained
it uses all the time allocated to it. The start time of next for different block configurations. However, for the sit-
task (STNT) for a core is defined as the time when the uations where excessive amount static slack is available,
next task starts its execution on this core. Following the for the symmetric block configuration with more cores on
same steps as in [20], when a ceyefinishes its task at  one block (such a32 cores per block for CMPs with 32
time ¢, the expected running frequengy will be calcu-  cores in Figure 4(a}32 or 64 cores per block for CMPs
lated after proper slack sharing (linggo 11). After that, with 64 cores in Figure 4(b), an@4 or 128 cores per
suppose that core, on blockb;, we find out the com-  block for CMPs with 128 cores in Figure 4(c)), SPM may
mon frequencyf; for blockb; as the maximum expected consume more energy compared to the baseline. The rea-
running frequency of all cores on this block (linesand son is that, for the block contains more cores, at least one
13). At last, we setf; for all cores on this block. block will be used, and all cores on it will be used, incur-

Note that, since the common frequency is no lower ring more frequency independent power. When excessive
than the expected running frequency on any core, all tasksamount of static slack is available, all cores on that block
will finish before its EFT, which in turns guarantees to will be slowed down to a very lower frequency, which
meet the deadline [20]. could be energy inefficient [21].

10:. STNT,= EET;

1. f, = we/(EETy, — t);/lexpected frequency
12:  For blockb; wherec, € B;,

13: fz = max{fj|cj S BZ},

14:  all cores on this block will run af;;

15: end while
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As expected, for the block configurations with fewer smaller« is, the more dynamic slack will be available
number of cores on each block (e.t},4 or 8 cores per  at run-time. The actual execution of a task is generated
block), we can always use appropriate number of blocks based on the task’s AVET following a uniform distribu-
(while switching off other unused blocks) to obtain the tion. For this part, we assume that all cores on the chip
best energy savings by cutting down the frequency inde-will be used and tasks finish just in time (i.e., there is no
pendent power. However, with fine-grained block con- static slack).
figurations, more power supplied will be needed, which
could incur high design complexity.

To illustrate the energy efficiency of the asymmet- ~ From the results in Figure 6, we can see that, first,
ric configuration, Figure 5 further shows the normalized when less dynamic slack is available (i.e., larger val-
energy consumption for the asymmetric and symmetric- ues of 421 " all cores need to run at higher fre-
1 (i.e., cores having individual blocks) configurations. gquency which lead to more energy consumption. Sec-
From these results, we can see that the asymmetric conond, the performance difference between different con-
figuration can achieve almost the same level of energy ef-figurations is rather small (less thafi). At last, the
ficiency as the symmetric-1 configuration for all the dif- Symmetric-1 configuration performs the worst, especially
ferent settings. However, recall that the number of power when modest amount of dynamic slack is available (e.g.,
supplies needed under asymmetric configuration is much0.5 < 42 < 0.7). The reason is that, with individ-
smaller compared to that of symmetric-1 configuration.

ual power supply for each core, the processing frequency
for the cores will be adjusted independently. Considering
that GSSR is greedy oriented scheme, where all avail-
able slack will be given to the next ready task running
on one core, the cores will run at different frequencies
most of the time. On the other hand, for the configura-
of dynamic slack to be generated online, which is repre- tions with more cores on one block, due to the limitation
of the power supply, the cores are more likely to execute

sented as the X-axis in Figure 6. Here, AVET denotes the h ¢ hich b
average case execution time of real-time tasks, and thelt the same frequency, which turns out to be more energy

efficient under DPM schemes.

5.2. DPM Results

To emulate the run-time behaviors of real-time tasks,

__ AVET
we use one parameter= =57 t0 control the amount
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Figure 6. Normalized energy consumption for DPM

6. Conclusions [8] S.Herbert and D. Marculescu. Analysis of dynamic volt-

In this work, we propose block-partitioned configura- [9
tions for multicore platforms, where the processing cores

on a CMP chip are partitioned into different blocks and
cores on one block share the same power supply (thugoj
have the same frequency). Focusing on real-time applica-
tions consisting a set of independent tasks, we study both
static and dynamic power management schemes for real{11]
time systems on such block-partitioned multicore plat-
forms. For different block configurations (both symmet-

ric and asymmetric), we discuss the tradeoff between en-[12]
ergy efficiency and design complexity. Simulation results
show that block-partitioned CMPs (especially the ones

with asymmetric buddy block partitions) have its inher-

[13]

ent advantages to fulfill the goal of power efficiency and
low design complexity for future CMPs, and warrant fur-
ther investigations.
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