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Queueing models

« Single-server queue (M/G/1)

Parallel queues
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Performance-energy trade-off

« Energy saved by switching
the server off when idle

* However,
performance impaired, if
switching the server back on
takes time (setup delay)
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Cost model

« Performance: * Energy:

E[T] = mean delay per job E[E] = mean energy per job

(in seconds) (in joules)
E[X] = mean number of jobs E[P] = mean power consumed
= AE[T] = ME[E]
Power consumption levels:

« Definition:

delay = response time 0= POff < I:IIC"e = Psetup = Pbusy
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Objective function

* Energy-Response-time- « General form:
Weighted-Sum (ERWS):.
E[T] + E[E]/B w,-E[T]™-E[E]®! + w,-E[T]*-E[E]®?
e.g. Wierman & al. (2009) by Maccio & Down (2013)
« Energy-Response-time-Product — ERWS!
(ERP): w;=1,t=1¢€=0
w,=1/B,t,=0,e,=1
E[T]E[E] — ERP:
w,=1,t,=1,¢e,=1

e.g. Gandhi & al. (2010b) w,=0,t,=0,e,=0
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Single-server queue with setup delays
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Optimal switching on/off policy
Maccio & Down (2013)

« M/G/1-FIFO « Policies:
— Setup delay D generally — NEVEROFF: o =0
distributed with mean 1/y — DELAYEDOFF: 0 < ¢ < 0

— INSTANTOFF: ¢ =
« Control parameters:

— Delayed switch-off for an e Theorem:
exponential time with mean 1/a For ERWS objective function
— Server switched on after k new optimal policy is either
job arrivals NEVEROFF or INSTANTOFF
* Objective function: Gen. form — Similar result in
t t e Gandhi & al. (2010b) for
WlE[T] 1 E[E]el + WZE[T] 2 E[E] 2 ERP objective function
A,, gg:‘tgol‘l";ifvg'l‘zgtyrical g?nrgtglle-serverqueue
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Optimal switching on/off policy

Gebrehiwot & al. (2014)

 M/G/1-FIFO

— Setup delay D generally
distributed with mean 1/y

« Control parameters:

— Delayed switch-off for a gen.
distributed time with mean 1/a

— Server switched on after k new
job arrivals

* Objective function: Gen. form

W, E[T 4 E[E]? +w,E[T]?2 E[E]*2
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Policies:
— NEVEROFF: o =0
— DELAYEDOFF: 0 < o < o
— INSTANTOFF: oo =

Theorem:

For gen. objective function
optimal policy is either
NEVEROFF or INSTANTOFF

— NEVEROFF is better if
P.q IS sufficiently small

compared to Py,
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Multi-server queue with setup delays
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Analysis of server farms with setup delays
Gandhi & al. (2010a)

« M/M/n « Mixed policy:
— Setup delay D exponentially — ON/IDLE(t)
distributed switching idle server off only if

nr of busy and idle servers >t

« Objective function:
Separately E[T] and E[P]

Conclusions:

— “Under high loads, turning
servers off can result in higher
power consumption and far
higher response times.”

— “As the size of the server farm

 Policles:
— ON/IDLE = NEVEROFF
— ON/OFF = INSTANTOFF

— O_N/OFF/STAG = INSTANTOFF is increased, the advantages of
with "staggered bootup” turning servers off increase.”
A,, gglrrgol‘l";ifvg'l‘zgt‘:—ical II\D/I?JrIttil-lserverqueue
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Analysis of server farms with setup delays
Gandhi & al. (2010a)
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(d) E[P] for high setup time (@ = 0.1571),
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Optimization of server farms with setup delay
Gandhi & al. (2010b)

 M/M/n * Policies:
— Setup delay deterministic — NEVEROFF
— Additional sleep states S with — INSTANTOFF
0 = Pyff < Psjeep <P — SLEEP(S)
off s-Iefep-) dle — Probabilistic and other
and deterministic . Th _
(setup) delays corert. . :
For n = 1, optimal static control
0 = djgle <sleep < dofy is either NEVEROFF,
INSTANTOFF or SLEEP(S)
« Obijective function; ERP * Robust policy:
— DELAYEDOFF with MRB
E[T]-E[P]

(Most Recent Busy)
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Optimization of server farms with setup delay
Gandhi & al. (2010b)
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Fig. 4. Dynamic capacity provisioning capabilities of INSTANTOFF, LOOKAHEAD and DELAYEDOFF, The dashed line denotes the load at time ¢, pit), the
Crosses denotes the number of servers Mat are busy or idle at GMe ¢, My, i (t), 30d the dors represent the number of jobs in the sysTem at tme ¢, N{t).
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Dispatching problem

» Dispatching
= Task assignment = Routing

— Random job arrivals with
random service requirements

— Dispatching decision made
upon the arrival

« Our setting: M/G/.
— Poisson arrivals
— generally distributed job sizes

— heterogeneous servers with
FIFO gueueing discipline
(NEVEROFF or INSTANTOFF)
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Static dispatching policies

« RND= e SITA=
Bernoulli splitting Size Interval Task Assignment
— choose the queue pure — choose the queue with similar
randomly jobs
— Nno size nor state information — based on the size of
needed the arriving job, but

no state information needed
— Harchol-Balter et al. (1999)
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MDP approach

« Any static policy (RND, SITA) « As the result, you get a better
results in parallel M/G/1 queues dynamic dispatching policy

« Fix the static policy and « Thisis called
determine relative values for First Policy Iteration (FPI)
all these parallel M/G/1 queues in the MDP theory

« Dispatch the arriving job to . Applicable for the

the queue that minimizes ERWS objective function
the mean additional costs
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Relative values

* Definition:

For a fixed policy
resulting in a stable system,
the value function v(x)
gives the expected difference
In the infinite horizon
cumulative costs between

— the system initially

in state X, and

— the system initially
in equilibrium

Definition:
For a fixed policy
resulting in a stable system,
the relative value v(x) — v(0)
gives the expected difference
In the infinite horizon
cumulative costs between
— the system initially
in state X, and
— the system initially
in state O
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Size-aware M/G/1 queue without setup delays
Hyytia et al. (2012)

« State description: « Mean values:
2
U=A1+...+Aj E[-r]:E[S]+gI(El[_Sp)]
A= . et
Ohoéeimamlng service time E[P] _ (1_ ,O)Pid|e n ,0 . Pbusy

— U = backlog = unfinished work

Result:
Size-aware relative values

VT (u) - VT (0) = 2(1 ,0)
Vp(u)—=Vvp(0) =u-(Pyysy — Rdle)
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Size-aware M/G/1 queue with setup delays
Hyytia et al. (2014a)

« State description: « Mean values:
2
U=Aqg+A;+...+A 1= AE[S7]  d(2+4d)
0TA1 n E[T]=E[S]+ 2(1—,0)+ 2(L Ad)
— Aj = remaining service time o +d
of job | E[P]= "1 Pousy
— Ay = remaining setup delay
— u = virtual backlog * Result:
Size-aware relative values
 Assume: Vr (u) - vy (0) = Aud (2+4d)

2(1 ,0) - 2(1-p)(L+2d)

Vp (U)=Vp(0) = 1% - Pousy

Deterministic setup delay d and

I:)setup = I:)busy
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FPI policy

Hyytia et al. (2012, 2014a)

e For NEVEROFF servers:

Dispatch the job with service
time x to queue | minimizing
the mean additional costs:

at (U, X, 1) =u+ X+
v (U+ X, 1) = V7 (U,1)
ap (U, x,1) =

Vp (U+ X,1)—Vp (U,I)

For INSTANTOFF servers:

Dispatch the job with service
time x to queue | minimizing
the mean additional costs:

ar (U, x,1)=u+x+d;-L(u=0)+
vr (U+x+d;-1(u=0),1)— vy (u,1)
ap (U, x,1) =
Vp (U+ X+dj -1(u=0),1)—Vvp(u,I)
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Numerical results
Hyytia et al. (2014a)
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Two-server system,
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Numerical results

Hyytia et al. (2014a)

Table 3
Four-server systems,
Parameter (a) Identical (b} Llineare {c)Sguared e
rerg ST Service rates | RS P (R M M | L1.1.1 .2 3,4
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(a) Idemntical servers.

(b Linear running cost. (c) Squared power consumption,
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Numerical results

Hyytia et al. (2014a)

Table 3
Four-server systems,
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Other queueing disciplines
Hyytia et al. (2014Db)

* LIFO in the M/G/. setting with
setup delays

* PSinthe M/D/. setting with
setup delays

« Butitis another story ...
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