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Abstract rent power v/s performance scheduler switch
can be made automatic.

Power savings is a key focus area in today’s mi-

croprocessors, with almost all latest micropro- :
cessors providing wide variety of power sav-1 | ntroduction
ing features. Processor P-state is the capabil-

ity of running the processor at different volt- p;-assor power management has been an area
age and/or frequency levels. Processor C-stalg, ¢ js getting a lot of attention in recent years.

is the processor capability t0 go into variouSth ¢ has resulted in wide variety of processor
low power idle states (with varying wakeup nqer management features like processor P-
latency). Linux kernel policies like cpufreq- giates and C-states. Linux kernel has drivers
ondemand governor and cpuidie-menu goversn g griver infrastructure to support these fea-
nor make effective use of these processor POWES, o

management features, giving power savings to

the end user. Linux kernel scheduler also hagasic support for such processor power man-
power management related switches, which letagement features is a nice starting point. But,
the administrator to switch between power v/ssych support overlooks the fact that many of
performance scheduling policy on platformsthose features can be inter-twined with differ-
with multi-core and hyper-threading proces-ent kernel components. Specifically, P-states
SOrs. and C-states are inter-related and also coupled

with process scheduler and processor features
This paper looks at various inter-relations be-jijke Hyper-threading, Multi-core etc.

tween Linux power management features and

process scheduler. In particular, it covers var-This paper takes a look at such inter-
ious issues and mechanisms for incoporatinglependencies, changes and optimizations in
power management related information in pro-Linux kernel to make overall system perfor-
cess scheduler. Paper focuses on merits deaance/power efficient. The paper starts with
merits of different solutions and challenges in-some background information in section 2.
volved. Paper will also look into how the cur- Then looks at the ways to introduce automatic
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power and performance switches that adapt tgeneric way. Menu governor is a cpuidle policy
the system conditions and fine tune existing somanager that determines the optimal idle state
lutions in section 3, followed by highlighting that the processor will use dynamically [8].
the inter-dependencies among the components
iggc\lﬁ?j):egoinasdsggsi ér.lem In section 4. Papeé.?, Other related processor features
Hyper-threading Technology is a processor fea-
ture that provides the support for multiple log-
ical threads of execution on a single processor
core. Threads aim at increasing the utilization
2.1 P-states, cpufreq and ondemand gover-  of core level resources. Hyper-threading Tech-
nor nology introduces some key interactions across
power, performance and optimal scheduling

Processor P-state is the capability of processotrh atare detailed in later sections.

to switch its operating voltage and/or frequencyanother processor feature that has impact on
at run time. This capability allows the pro- power, performance and scheduling is Intel
cessor to provide different performance levelsg) pynamic Acceleration [1]. This is a fea-

based on the current requirements of the Sysgyre where in a processor can provide more
tem. The main benefit of the feature being thﬁ‘requency than advertised, provided there is
reduction in the processor power consumed &nough thermal power headroom and the sys-
lower voltage-frequency states [6]. tem has the need for this increased frequency.

2 Background

cpufreq is the generic infrastructure in Linux
kernel to handle processors with P-state2.4 Process scheduler and power v/s per-
capability[3] [4]. formance switch

ondemand governor is a kernel driver that man-
ages the processor frequency/voltage dynami-inux kernel process scheduler has /sysfs

cally, based on current processor utilization [7].sWwitches to switch between performance and
power scheduling policies. These switches,

_ for hyper-threading and multi-core domains,
2.2 C-states, cpuidle and menu governor impacts the process load balancing in lightly

loaded cases (where number of active processes

Processor C-state is the capability of processod’® less than the number of available logi-
to support multiple idle states; states in whichc@ CPUS). In performance mode, load bal-
processor does not retire instructions. Such idl@nCcer tries to keep each processor package busy
states are characterized by the amount of powdy distributing the processes across packages
consumed while in that state and the latencyVhile certain logical processors in the pack-
to enter/exit that state (and may also vary in@9es may be idle. This allows processes to
amount of content preserved in the processod€t greater amount of resources, thus provid-

across such a state entry and exit). ing better performance. In power sgving mode,
load balancer tries to keep all logical proces-

cpuidle is a currently in development infras- sors in a package busy, before allocating pro-
tructure, to support processor idle states in a&esses on another processor package. This lets
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Figure 1: Current state of Power Management and Procesddehne

entire packages to be idle, there by reducing th8.1 Automatic scheduler power perfor-
power consumed [5]. mance switch

2.5 Existing kernel solution As hinted in section 2.4, there is a tunable
which lets administrator to pick among the per-

formance and power setting in scheduler. With

The P-state management, C-state managemegbs ontion, administrator can switch between:
and power/performance policies in scheduler

support in current kernel (2.6.22) [2] are inde-
pendent of each other. They are done in a standper f or mance node - Where tasks are dis-
alone way by separate part of code in Linux tributed equally across the processor pack-
kernel and they do not interact with each other. ages first, before other cores/threads in the
package gets tasks to run. This lets tasks
This paper highlights the interdependencies  to maximize the utilization of resources in
and interactions across these different features  a package, there by getting the high per-
and we look at various ways of tying these formance
features together. The goal is to optimize
the power performance under diverse workload power save node - Where tasks are dis-
conditions with minimal user interaction. tributed among the cores/threads of a
package first, before they are distributed
to another packages. This lets entire
packages to be idle conserving power
3 Fine-tuning switches while one package makes full use of its
cores/threads. Note that there may be
some performance penalty in this mode as

For any policy or optimization to be fully useful cores/threads share package resources.

to the end user, it has to be auto-tunable. Fol-
lowing section looks at oppurtunities to intro-
duce automatic switches in power managementlote that the current tunables are global, sys-
and scheduler area. tem wide settings.



Is there a way to get best of both worlds withoutscheduler implementation that takes the deci-
actually involving the system administrator?  sion from the first step and enforce them. First
step mentioned above can trigger the resource
First challenge is to make this auto tunablecontention issue that is happening on a partic-
And the second challenge is to efficiently in-ular domain. If the system is lightly loaded, in
corporate the auto tunable knowledge into theaddition to regular CPU load balance, periodic
process scheduler by incorporating the perforidle load balancer can also look at the shared
mance Vs power mode selection at each reresource usages on different domains and can
source sharing (perf-domain) or power sharingminimize the resource contention by making
domain. the leastly loaded (from shared resource per-
spective) domain, pull the resource intensive
To address the first challenge, one needs ttnad from the contended domain. Or for power
know the shared resource usage for individsavings, the leastly loaded domain can pull the
ual tasks. Based on individual task usage antbad from other leastly loaded domains to min-
the available shared resources per domain (typgmize the number of power-domains carrying
ically per package), need for performance poldoad.
icy with in that domain can be determined.
In today’s platforms, one need to rely on per-
formance monitoring counters to get an esti-
mate of the resource usages and there is no
easy way for software to come to conclusion3.2 C-state governor dependency on real
that the shared resources are getting contended,  time process scheduling
from that information. Also, performance mon-
itoring counterg are mostly architecture Sp.eC'f'CLinux kemel today has an interface in
and mostly varies from processor generation tq , L .
) . : place for drivers to limit the idle laten-
generation. Quite a bit of hardware and soft-_.

: : o cies Get _acceptabl e_|l atency() and
ware research is going on in this area. In the . o . o

. 2 : riends). This interface allows drivers to limit
absence of precise information, we can explo

D : "fhe C-state the kernel will try to use while the
some heuristics to characterize the task as M it is set
source intensive. For example, we can rely on '
task's RSS to characterize it as memory intenone [imitation of this interface is that it is sys-

sive (and hence cache intensive) or not. Simtem level. Even if there is one audio/video play-
ilary, we can treat highest priority tasks as re-hack process that announces a low latency, all

source intensive and implement performanceogical CPUs in the system cannot go to deep
policy for the domain where the task is running.c-state.

One can also use the individual CPU’s utiliza-

tion and use performance policy for a CPU'sAddressing this limitation can be done using

domain, if that particular CPU is 100% busy. combination of different approaches below:

While the heuristics are not entirely accurate, if

the process scheduler infrastructure is in place, ¢ RT Process The latency limit control

one can simply replace the heuristic with a bet- can be made per process and automatically

ter algorithm when one surfaces. set to the processors that have user level
RT tasks assigned to them. Latency limit

Second and equally interesting, more important  needs to be set when RT task is sleeping as

compared to the first challenge, is the efficient  well, to address the wakeup latency.

This is an area the authors are actively explor-
ing currently.
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e ti mer s The latency limit control per pro- kernel can potentially conserve more power by
cess and use that while setting any timerunning highest frequency while processor is
on behalf of that process. Once this infor-busy and later going into a deep C-state state.
mation is included in timer structure, la- This policy, also referred as race-to-idle policy,
tency limit can be enforced while going to should take the current C-state latency require-
idle just before the expiration of particular ment into consideration (otherwise processor
timers. may not really enter the deep C-state), and do

_ the race-to-idle only when it expects it to be
e i nterrupts Hardest problem to solve paneficial for overall power.

is enforcing latency requirements for in-

terrupts. Potentially, there can be a IRQ . . _
sharing, where one process wants to havéro understand the scenario, consider a numeri-

latency enforced on and other process d&a €xample. Table 1, row 1, gives the power
not care about the latency on interrupts it"Umbers from an actual system. Power con-

needs from that IRQ. Kernel drivers neegSUMed when the system is fully idle and power
to keep track of process that may utilize cOnsumed while running 100% CPU load on
the interrupt and enforce latency on pro-One core at all supported frequencies. Ro_w_2
cessors that are supposed to take interrugf NOt the actual measured number. But, it is
on that particular IRQ, using the lowest la- & hypothetical example which is closely related

tency time requested among all the pI‘O-tO_ROW 1, but with much less idle power. Row
cesses. 2 is only used to show the effect of power num-

bers on policy selection.

At the time of writing this paper all the above
options are being explored and incrementa
patches to address this is expected soon.

[\Iow consider system running at various loads,
with power consumption according to table 1.
Energy consumption can be calculated using
the power numbers in table, at different loads
by taking into account the amount of time spent
4 Reﬁolving inter dependenci&s in idle and the amount of time spent running at
different frequencies (assuming the load scales

directly with frequency). Figure 2 shows a

4.1 P-state governor dependency on C-  cpart with energy consumption in y-axis at var-

state governor ious loads in x-axis (relative to highest fre-
guency). As seen in the figure, ondemand

Ondemand governor today tries to run eactphOWs lower energy consumption than race-to-
processor at slowest possible frequency that cafdl® With base power numbers. But, with lower

keep the tasks running on that processor happif le power numbers, race-to-idle performs bet-
When there is a task that keeps processor at s&§" €specially at lower load.

70% busy (at highest freq), ondemand will try

to find a P-state that is slightly higher than 70%As can be seen from the data, different policies
so that the processor can run at low freg/lowcan be better on different situations. It depends
voltage for most of the time. But, this policy on system power numbers at different frequen-
may not be the right one in all conditions, es-cies and at idle. Further, on a same system, dif-
pecially when there is a deep C-state that cafferent policies may be better depending on the
save lot more power at idle. In such scenariosload.
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lde [ CPU@| CPU@| CPU@ | CPU@

Power| Max | 0.8 Max| 0.6 * Max | 0.4 * Max
Measured System power 13.7 27.3 22.7 194 17
Hypothetical System with lower idle power 8.7 27.3 22.7 194 17

Table 1: Power numbers for idle and different frequenciedNatts)
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Figure 2: Energy consumption at different loads with DBS eaw-to-idle

4.1.1 Implementation details/challenges gaurd band across this statistics to prevent any

wrong frequency decisions. Tracking idle time
First step here is to implement a simple r(,Jme_stqtistigs in e_ach processor in more fine granu-
to-idle policy that a user can switch to instead'2ty (like microseconds), ondemand can get

of ondemand. More important challenge hereriOI of _gaurd band and be_more aggre_ssive in
is to identify dynamically which policy will be choosing the low frequencies there by increas-

better under what conditions and using that poli"9 thé power advantages.
icy transparent to the user. Better still is to haveAdding this micro-accounting has become sim-

one single governor that can switch to differentp|er now with tickless and CFS related changes

modes depending on the conditions. Thisis af, 5aq Only additional change needed is to
area that needs further investigations and ana%iccount for interrupt activity on an idle CPU

ysis. correctly. The patch to do this and use this in-
formation in ondemand governor is in flight and

4.2 P-stategovernor dependency on sched- ~ Should hitlkml very soon.

uler statistics

4.3 Load balancing for HT processor and

Ondemand governor currently uses the proces- pOWer savings

sor statistics from kstats which is of jiffy gran-
ularity. This granularity is not very accurate in With current process load balancing for HT
terms of idle times and ondemand adds a bigrocessors, on a relatively lightly loaded sys-
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Figure 3: Power Management and Process scheduler depéssienc

tem, threads are spread across cores or packeres of same package and when Dynamic Ac-
ages, before they are scheduled together on Haeleration feature is available, scheduler can in-
sibilings. For example, if there are only two troduce certain "idle time" for low priority pro-
low priority threads active on a system, theycess so that the high priority process gets some
will get scheduled on different cores or sock-performance boost.
ets (on multi-socket systems), with HT sibil-
ings being idle. With this kind of scheduling, There are more ways to take the benefit of Dy-
as different cores are active, they cannot tak@amic acceleration in a fair (CPU power pro-
the advantage of power savings fully. Betterportional to process priority) manner and all of
scheduling in the above case is to schedule botthose methods require scheduler to be aware of
low priority threads on the same core on HTreal processor frequency and processor capa-
sibling CPUs. That will enable other completebilities like Dynamic Acceleration. This area
cores or sockets to be idle saving more power.is being actively pursued at present, especially
as it fits nicely into overall CFS architecture.
Accounting the timeslice based on frequency
4.4 Dynamic Acceleration dependency on  rather than wall clock time will also help in case
process scheduling of frequency reduction due to P-state governor.

Dynamic Acceleration provides an oppurtunis-4.5 C-state dependency on real time pro-

tic performance boost provided there is enough cess load balancing

power and thermal headroom to do so. The

scheduler load balancing plays an important

role in deciding the combination of various Real time tasks disabling high latency C-states
tasks that runs on a package, that can proas described earlier section 3.2 helps them to
vide oppurtunites for such dynamic accelerakeep good response time. But, if there are mul-
tion. One way to increase the oppurtunity oftiple processes, one assigned to each package,
performance boost is to look at combinations ofall packages may end up not utilizing deep C-
low priority and high priority tasks on different states because of implicit dependency of deep
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C-states across cores in a package. For exanB] Suresh B Siddha et al. Chip multi

ple, on a Dual socket system, with each pack- processing aware linux kernel scheduler,
age having two cores, 2 RT tasks on different  ols 2005.ht t p: / / www.

packages can make all four cores notenterdeep | i nuxsynposi um or g/ 2005/

C-state. But, if those two RT tasks are sched- | i nuxsynposi um procv2. pdf.

uled together on 2 cores of a single package o )

then other package will be free to enter deegb] Venkatesh Pallipadi. Enhanced intel
C-state saving power. So, there is a potential ~SP€edstep technology and demand-based
to factor in this aspect into load balancing of ~ SWitching on linux, intel software net.

RT process scheduler. More analysis of inter-  Nttp://ww.intel. confcd/ids/

actions like this are being done. devel oper/asno- na/ eng/
195910. htm

[7] Venkatesh Pallipadi and Alexey
5 FutureWork Starikovskiy. The ondemand governor, ols
2006.ht t p: / / wwww.
| i nuxsynposi um or g/ 2006/

With various interactions and optimizations . .
[ i nuxsynposi um procv2. pdf.

discussed in this paper, power management and
scheduler looks more as in figure 3. This Pa18] Adam Belay Venkatesh Pallipadi and
per highlights issues and incremental changes * shaghua Li. cpuidle - do nothing,

to address these issues. Though the paper does efficiently ..., ols 2007.

not talk about any modular framework to han- {5 1/ 0l $2006. 108. r edhat .
dle these inter-dependencies, it may well be in -5y 2007/ Reprints/

order for future. pal |i padi - Repri nt. pdf.
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