Generalized Machine Activation Problem

JianLi, SamirKhuller
University of Maryland, College Park
Jan. 2011




Problem Definition

- Unrelated Machine Scheduling:
- M: the set of machines
- J the set of jobs
- pj+ processing time of joj on machinei
- Goal: find an assignmeatt. the makespans minimized
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Problem Definition

- Generalized Machine Activation (GMA):

A Machine Activation Cost:
W;(X): activation cost function of machine

--- A function of the load of machine C Wi(X)

--- Non-decreasing and piecewise linet
--- Left-Continuous

A Assignment Cost °

g;: the cost of assigning jolp to machinel
A Objective

Find an assignment such that the total cost (i.e., machi

activation cost plus assignment cost) is minimized
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Problem Definition
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The activation cost for each machine is fixed; We require the
makespans at mostT and minimize the total cost
wi(X)=w; for O<x<=Tandw(X)=% for x>T
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p,;=1for alli,j, i.e., the activation cost (i.e., facility opening cost) of
machinei is an increasing function of the number of jobs assigned
toi
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GSC generalizes the average cost center problem, the fault tolera
facility location problem and the capacitated facility location
problem.
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Our Results

THM: There is a polynomial time algorithm that findéractional
assignment such that-# jobs are {ractionally) satisfied and the
cost is at mosIn(n/¢)+1times the optimal solution.

. Machine Activation Problem
Bicriteriaapproximation: (nakespantotal cost)
Previous results:
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Our results
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Our Results

. Universal Facility Location
Previous results:
. Metric: Constant approximationgvahdiar> t | ¥Vyged@ o166 W
- Nonrmetric: Open[Hajiaghayi,Mahdian,Mirrokr® cb §d&hdiao> t | f
Our results
- Nornmetric: (In(n)+1}approximation
. GeneralizedsubmodulaCovering
Previous results:
- O(n nM)-approximationwhere M is the largest integer in the instanct
Our results:
- In(D)approximationwhere Dis the total demand
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Our Results

Machine Activation with Linear Constraints
. Each machine has a fixed activation cost

- For each machine, the set of jobs assigned to it must
satisfy a set ofl linear constraints

| 23 BijkXij - Tik 1eM;k=1;2;:5d

E.g.makesparO2 VA UNI AYiSX RSINBS
- THM: For any B there is a pohtime algorithm that
returns an integral schedule X,Y such that

1. (1) . j2J piijij . (2d—|—2)Tik foreachi and 1 - Kk - d;
P P
2. (2) B[ jom 'iYi]- O(zlogn) oy !ivie
. This matches the previous bound b1 [KLS10]
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Outline

- Greedy for Universal Facllity Location
. Greedy for Generalized Machine Activation
- Final Remarks




Greedy for UFL

A A set of facilities (machines) and clients (jobs)
A Facility opening cost;(u;) which is a nordecreasing
function of the load of facility (load= #clients assigned to it)

A Assignment cosf;

- u: the load vector
- %) . min. assignment cost under load vector

- Cu)=2 wi(w) +24u)

-- 2Z4u) can be computed via a mirost flow

u=<0,1,2,0>




Greedy for UFL

- u: the load vector

- Cu)=2iwi(u) +%4u)
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- GREEDY-UFL
Repeat
-- choose the machineand integerk>0such that

Cu—l—keiiCu
Yo k) — Clutkedi Cw

IS minimized.
Until all jobs are served.€.,|u| =n)




Greedy for UFL
- Analysis:
- We would like to show

IIliIli -k %u; I : k) . gi(ljluj)

whereu” is the optimal load vector

Lemma: For any load vecttu , there exisas  such that

5 — u=1(0;0;1;3;3
Lou- & max(u;u’) —u’ :<<4;4; 2;2;2)>
2. ¥4a) - Y4u")+Yuw) v a=(1;2;2;3;3)

3. lal =n




Greedy for UFL

- Analysis Cont:
f (or ) is the optimal flow corresponding te (or &)
Consider the flovg = f€ — f

(1) We can easily shogis a feasible flow in the
residual graphw.r.t. f

(2) Apply theconformal path decompositioto g.

(3) Divide the paths into groupsgl{, g,> Xbase on the
sources of the paths (indicated by colors)

01 J, 93 Such a structure is due to
v the fact thata > u




Greedy for UFL

- Analysis cont.

1. u- a- maX(u; u°) 04 do O3
2. Y{a) - Yu°) + Yu)

<€

. C(@) =c(g) =c(®) —c(f ) =%a) —Yu) - V(uf)
Therefore, Lemma (2)




