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1 Introduction and Problem Formulation

=
]
e Rescheduling, just as its name implies, means to schedule the jobs again, ucionanm.
. . The existing. ..
together with a set of new jobs. 1[r;, D () <.
Home Page |

e In the rescheduling on a single machine, a set of original jobs has already been [ ¢ e |
scheduled to minimize some cost objective, when a new set of jobs arrives and | « | »
creates a disruption. The decision maker needs to insert the new jobs into the "« | »

existing schedule without excessively disrupting it. Page 2 of 18
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e By Hall and Potts (2004), the rescheduling problem for jobs on a single ma-

chine can be stated as follows.

Let Jo = {1, ..., Jn, } denote a set of original jobs to be processed non-

preemptively on a single machine.
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In the model, we assume that the jobg/in have been scheduled optimally
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to minimize some classical objective and théats an optimal schedule.
Let Ty = {Jng+1s - Jno+ny | dENOtE a set of new jobs.

erte j = jo U jN Home Page |
Each jobJ; € J has an integral processing time> 0, an integer release e Page |
dater; > 0 and an integer due datk. EN N
We assume that the new jobs’ information (processing times and release SRR
dates) becomes known at time zero after a schedule for the jolhsluds been _Pesesotis |
determined, but before processing begins. N
Full Screen |
Letn = np + ny.

Close |

Let 7* ando* denote an optimal schedule of the jobs%f and.7, respec-
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tively.
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e oF0r any schedule of the jobs in7, we define the following variables:
e S;(o) is the time at which jol/; € J starts its processing.
e Ci(0) = Sj(o) + p; is the time at which jolJ; € J is completed.

o Chax(0) = max{Cj(o)} is the makespan of jobs i under the schedule

g.
e D;(m*,0) is the sequence disruption of job € Jp, i.e., if J; is thex-th
job in 7* and they-th job in o, respectively, thed,(7*, o) = |y — x|.
o Aj(m*,0) = |Cj(0) — C;j(r*)| is the time disruption of joly; € Jo.
Here the sequence disruption of jdbe Jo in schedules is the abso-
lute value of the difference between the positions of that jobamdr*.

When there is no ambiguity, the above five parameters are simplified to

C, Chax, D;(7*), andA;(7*), respectively.
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e The standard classification scheme for scheduling problems is a three-field
classification«|3|y, where« indicates the scheduling environmeptgde-
scribes the job characteristics or restrictive requirements;atefines the
optimality criterion.

Here we consider only single-machine problems, thus implying that
a=1.

Under 3, we indicate a constraint on the amount of disruption where
applicable.

Such constraints include the following four forms:

® Dyax(m") < kX maxjcq,{D;(7")} < k, the maximum sequence disruption
of the jobs cannot exceed

o > Dj(m*) < ki ), eq, Di(7") < k, the total sequence disruption of the
jobs cannot exceekl

® Anax(m) < kX maxjeq,{A;(7*)} < k, the maximum time disruption of
the jobs cannot exceed

o > A7) < ki Y seq,Aj(m7) <k, the total time disruption of the jobs
cannot exceed.
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Let f be the cost function to be minimized.

The scheduling problems are of the following forms:

® 1|Dpax(m*) < K| f

[ ] 1‘ Z Dj(ﬂ'*> S k|f Introduction and. ...
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o 1|Apa(m*) < K|f

{ 1‘ Z A](ﬂ-*) S k|f Home Page |
For a job sef C 7, a schedule of the jobs in€ C 7 is called regular for Tile Page |
& if there is no other schedutesuch thaiC;(h) < C;(o) for every job.J; and >

there is at lease one joh such thatC;(h) < C;(o).

The jobs in a regular schedule are said to be regularly scheduled.

RIS
Pagecot 15|
Gosack |
ee \We will only consider optimal schedules, since there must be an optimal Ful Soreen_|

schedule which is regular whefr= f(C4, ..., C,,) is non-decreasing for each _oee |
Y |
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2 The existing complexity results and

open problems

e Polynomially solved problems:
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1 Anax () < k| Lmax, O(n + nylogny), Hall and Potts (OR, 2004)

1| Dinax (7%) < k|Lmax, ~ O(n + nylogny), Hall and Potts (OR, 2004) Mt
Title Page |

HApax(7) < k| > C;,  O(n+nylogny), Hall and Potts (OR, 2004) “« | »
N
| Dpax(7*) < k| > C;,  O(n+nylogny), Halland Potts (OR, 2004) page 70118 |
Go Back |

1> Di(n*) <k|>2C;,  O(ndn), Hall and Potts (OR, 2004)

17rj, Dinax(7*) < k|Cpax, O(n%(no +ny)), Yuan and Mu (Accepted by EJOR, 2006) _ owe |
Quit |

Llr;, > D;(m*) < k|Cpax- polynomial time  Yuan and Mu (In submission, 2006)
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e NP-hard problems:

1Y Aj(7*) < k|Lmax,  strongly NP-hard Hall and Potts (OR, 2004) et
1| Aj(m*) < K|S Cj, O(nony min{noPy,nyFo}), Halland Potts (OR, 2004) "
1|7, Amax(7) < k|Cpax, Strongly NP-hard Yuan and Mu (2006)
Lr;, > Aj(7*) < k|Chax, Strongly NP-hard Yuan and Mu (2006) i::: |
RS
e Open problems:

1| > Dj(n*) < k|Lmax. See Hall and Potts (OR, 2004).

Full Screen

Close

Quit

RREEE


http://www.zzu.edu.cn

3 Combinatorial Structure of Optimal So-
lutions

The polynomial-time algorithms of the above problems are based on the well described
combinatorial structure of optimal solutions. Introduction and....
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The following are some well-known job sequence.

SPT sequence:In which, the jobs are sequenced according to the shortesr processing time

first rule: Home Page |

p1<p2 < ... < P Title Page |

KA

EDD sequence: In which, the jobs are sequenced according to the earliest due date first
rule:

Page 9 of 18

dy < ds < ... < dy.

ERD sequence: In which, the jobs are sequenced according to the earliest release date | FullSereen
first rule: Close

1 <re < <71y Quit
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Theorem 1 (Hall and Potts, 2004) For probleMA .« (7*) < k|Lnax, there
Is an optimal schedule of the (EDD, EDD) property, i.e., the jobs/inare
sequenced in ERD order, and the jobg/in are sequenced in ERD order too.

From the above property, an(n + ny logny) time algorithm are designed to
solve the problem|A .« (7*) < k|Lyax-
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Theorem 2 (Hall and Potts, 2004) For proble D, (7*) < k|Lnax, there
Is an optimal schedule of the (EDD, EDD) property, i.e., the jobs/inare
sequenced in ERD order, and the jobg/in are sequenced in ERD order too.

From the above property, an(n + ny logny) time algorithm are designed to
solve the problem | Dy (7*) < k| Liax-
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Theorem 3 (Hall and Potts, 2004) For problemA,.«(7*) < k| > C;, there
Is an optimal schedule of the (SPT, SPT) property, i.e., the johggrare
sequenced in SPT order, and the jobg/mare sequenced in SPT order too.

From the above property, an(n + ny log ny) time algorithm are designed to
solve the problem|A .. (7*) < k| Y~ C;.
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Theorem 4 (Hall and Potts, 2004) For problemD,,..(7*) < k| > C;, there
Is an optimal schedule of the (SPT, SPT) property, i.e., the johggrare
sequenced in SPT order, and the jobg/mare sequenced in SPT order too.

From the above property, a(n + ny log ny) time algorithm are designed to
solve the problem | D, (7*) < k| Y~ C;.
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Theorem 5(Hall and Potts, 2004) For problem ) D;(7*) < k| > C}, there
Is an optimal schedule of the (SPT, SPT) property, i.e., the johggrare
sequenced in SPT order, and the jobg/mare sequenced in SPT order too.

From the above property, @&(n?n3;) time algorithm are designed to solve the
probleml| )" D;(7*) < k| > Cj.
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Theorem 6 (Yuan and Mu, 2005) For problet}r;, Dyax(7*) < k|Chax, there
Is an optimal schedule of the weak ERD property, i.e., the joh% rare se-
guenced in ERD order; and furthermore, the inserted jolggins a maximum

weighted basis of a matroid.

From the above property, ai(n% (no + ny)) time algorithm are designed to
solve the problem|r;, Dyax(7) < k|Cpax.
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For the problemi|r;, >~ D;(7*) < k|Cuax, We consider its dual problem
1rj, Cmax < Y| Y Dj(m").

The above two problems have the same decision version
which whether there is a schedulesuch that

> Dji(r*,7) < k, andCrax(m) < Y.

Theorem 7 If the dual probleml|r;, Crax < Y|)>_ D;(n*) can be solved in
O(F(n)) time, then the original problem can be solvedl(F'(n) log M) time
by usinglog M time binary searches, whefé is length of the period of’.,,.«,

for example, we can choosd = 7 ,ay.
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Theorem 8(Yuan and Mu, 2006) For dual problehyy;, Cpax < Y| > D;(7%),

there is an optimal schedule of the the following three properties:

(1) The weak ERD property, i.e., the jobsjfy are sequenced in ERD order;

(2) The starting time of the first job iS =Y — > p, and there are no idle time nroducion and..
in[S,Y): o Do) <
(3) At each time moment when the machine can be used and there are no

original job is released, a released new jobs of maximum processing time IS | junepase |

processed. Tie Page |
RS

From the above property, ad(nlogn + n%;) time algorithm are designed to IR
solve the dual problem|r;, Crax < Y| Y D;(7%). Page 1701 16|
cogack |

Consequently, the problemt|r;, >  D;(7*) < k|Cnax Can be solved in EEEN

O((nlogn + n3) log riax) time. cose |
Quit |
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