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Power Grid& Market

Power supply = demand Z% blackous)
Renewable energy sources: intermittent

Lack of reliable, largecale, economical energy
storage solutions

Independent System Operator (ISO):
New power market features:
A Demand side regulation service (RS)

Credits provided to the participamtho modulates its power
consumptiondynamicallyso as to track th&Ssignal

(2]




Demand Sideg Data Centers

Electricity:3%o0f the overall consumption in the U5

Powercapping/management techniques
Enableflexibility in power consumption
Workload flexibility

Datacentersoffer a unique
opportunity for providing power
regulation service (RS) reserves.

Benefits of Participation

Helpsolve unstable renewable energy problem

Provideadditional reserves taccommodate otheless
flexible uses of electricity

Achievesignificant monetargavings [ 3 J

[1]: J Koomey Growth in Data Center Electricity Use 2005 to 2010.
Oakland, CA: Analytics Press. August, 1, 2010




Data Centers in Advanced Power Market
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Contributions

A A dynamic control policy for solvisgrver commitment
problem, leveraging:

Serverlevel power capping techniques
Information on server power states and overheads
Job scheduling & allocation decisions

ARS provision bidding value estimation

A Data center leve{compared to previous work on a single serv

A Our solution is able to accurately track the ISO signal, and:
We achievés0%-+monetary savings
The proposed policy does not cause m&)mSdegradation
Policy is agnostic of the specific type of workloads running

Significant improvement in both monetary savings &b
compared to prior results based on a single se(@hen et al.
ICCAD 2013)
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Single Server Level:

A DVFSLi HPCAQ6

A Power CappingdVFS multi
thread allocation/migration
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Data Center Power Management
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| Data Center Server Farms:
: A Powerand resource budgetinghan

| A Server Commitment: sleep and idleeisner
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A Resource consolidation poligywang et
al. ISLPED]2




Power Market and DataCenter Participation

Power Market: Data Center Participation:

A Analytical profit model of data center
participation[GhamkharBmartGridComm12]

bidding[Caramani€DC12]
A Analysis of different advanced power

A [?D?Siataﬁéji!:dsggcifnprOV'S'On market for data centers to participate
[AikemalGCC12]

A Workload allocation among
geographically distributed data centers
[Wang ICDCS13][Wang SIGMETRICS13]

A Dynamic pricing policy for RS

Thiswork isthe first to designpoliciesfor the data centerfor:

A Powerbudgetingand management
A Serverrommitment

to enablethe datacenterto participatein the advancedoower market 8 J
programs




Regulation Service (RS)

Price Settling:
Get contract

Bidding: (P, Rﬂ

—F:10/1/11
—5:9/1/10

Regulation Signal
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Typical PIM 150sec ramp rate (F) and 300sec
ramp rate (S) regulation signal trajectories

ISO: RS Data Center
signal Regulation
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P.{0) =P + Z(tR
Preal (t) B Pcap (t)‘
R

5(t) needsto be small:
5(t) > threshold => lose license

Error: &t)=

E= < Credit Earned
Costs:P"P-P"R

A [El vy R: nfarket clearing
prices

A Creditsare reducedased on
statistics o (t)
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Data Center Model

A Server States:
Active:Psqner= Payn * Pstatic wf
PaynCan be modulated by DVFS o _*|

CPU resource limits gm
Pyn=k* RIPS d
Idle: P.....=

server ' static
SIeep:Pserver: sleep

Constantlow power, but resuming s
from sleep hasime delay (.. and

energycost gy Server 1
.. Server2
A Servicing Model:
Allocation XX
QI | 2 Servern
Queue ﬁ X X
Job arrival FIFO Server N

Homogeneous jobs
( 9 Jobs) Each server: 1 job at a time
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Dynamic Power Control Policy

/\Goals | [P ®)- Pyt
Reducehe tracking error &t)= =

Improvethe energy efficiencyncluding:
reducethe energy wastaluring the server state transitioperiod
reducethe static energyvaste

Reduceahe workloadQoSperformancedegradation
AOptimization

min  J(x(t),u(t)) =a
omn (x(t),u(t)) =a,

Pt ()~ Pp(®)]t 2Ny (1) 25N (1) - 2N (1)
1 il 1

Tracking Error Transition Energy Waste Static Energy Waste
X(t): data center states at t (including server states and workload states);
u(t): available control set at t;
Nian(t): # Of servers that are suspending to or resuming from the skate at t;
Ngeedt): # Of servers irsleep at t; [ 13 J
Noeadt): # Of servers running at their peatapacities at t.




Dynamic Power Control Policy

Additional Designe&ules:

A For a server that is running a job:

=>Keep active at a power rate at led?3t;, until job finished, to guarante®o0S
A When no jobs are waitinip the queue

=>no idle server is activated.

A Server State Transition Rul@sandhi IGcC12
A server that has been in idletz, (timeout threshold:
=>goes to sleep;
When a new job arrives:
=>select the server with the smallest currégt(t) to activate;

When we need to force servers to sleep:
=>select the servers with the largest currégt(t) to put to sleep.

tiye(t): the time that a server has been in the idle state at time t




Dynamic Power Control Policy

Control Policy:

ACase 1Preal(t'1) < cap(t)

Active serversvith Pog.er< Poeak PserverA Pocar
Existing waiting jobs and idle servesstivate idle servers, P,

Sleeping servers: resume ussgyver state transition rules
Do the above three steps orderuntil P, (t) =Py t).

A Case 2P,,(t-1) > P (1)
Activeservers WithPyg, e < Poea Pserver™ Prin:

Active servers WithPyger= Poeak Pserver™ Prin:
|dle servers: suspend usisgrverstate transitionrules

Dothe above three stepsi order until B, (t) =F,t).
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Regulation Reserves Bidding

Average Power Consumption:

Avg. # of Servers in diff. states Transition power waste

alh — |
_ P+Rz(t))at _f LI - E <
P= Q ( 1h ) = Naoive ™ Fie + Nide ™ Fge + Noeen ™ PSI%p + I:T_T,"lh (1)

| .
o Power of Servers in diff. states
# of state transitions in 1h

v
Eloss,lh = Eloss* Nr& » (tres* Ntran) >(pb * Ndc) (2)

Energy waste of each transition

N,. = Nactive + Nide + Ngeep  (3) | o

x1h L/Total dynamic energy for processing jobs
N_...(t)dt *

: ?ICJ:/e( ) » Son » /7K (4)

mac AN Pynmac 1h
Nidle - Nsleep

Nactive -
den

Slack Min, Max power of servers
1

Regulation ReserveRE mir N Poeex - P, P- NchsIeep}

# of servers in the data center
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Methodology
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Power Trackingz Single Server ) ##1 $& o
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Mormalized System Time
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Results- Single Server g.DataCenter

Distribution of Power Tracking Error Distribution of Servicing Time Degradation
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Results- Fast Sleepvs.DeepSleep

Distribution of Power Tracking Error
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Probability

Results- Impact of ClusterUtilization

Distribution of Power Tracking Error
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Results- Impact of Different Workloads

CLUSTER LEVEL POWER REGULATION ON DIFFERENT WORKLOADS

Blackscholes| Canneal |Streamcluster| Facesim
P | 9.75%10% |9.71%10%| 9.84% 103 |9.84 % 103
R | 554%103 |498%103| 5.46% 103 |5.11 % 103
D 1.13 1.13 0.21 0.22 QoS
op 1.54 0.69 0.26 0.27 } Degradatio
3 0.03 0.03 0.03 0.03 Tracking
e 0.10 0.09 0.09 0.09 } Error
R/P| 56.8% 51.3% 55.5% 52.0%
91 and o are mean and standard deviation of performance degradation; & [ 25 J

and o, are mean and standard deviation of tracking error.




Conclusion & Future Work

A dynamic contropolicyfor the datacenter RS provision
Anestimationmethodto calculate the RS provision biddiv@ue

Datacentersare promising candidates for RS provisioning:

A Accuratelytrackthe RS signal; A With no majorQoSdegradation;
A Achieve 50%+ monetary savings A Regardless of types aforkloads.

Significant improvement afata centervs. prior singleerverresults,
takingsleep statesutilization, etc.into account

Cooling: slower timescale
Future work: e
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