Eitan Altman

Bruno Gaujal

Arie Hordijk

Discrete-Event Control
of Stochastic Networks:
Multimodularity

and Regularity

f‘éﬁ Springer
L~



Table of Contents

Part | Theoretical fonndations

LIS L e S S R T T
L1l Orgesization of the chapter

12 Properties of moltimodniar fenctioes. ... oo oL
121 Gewernl propestis . R
1a% Muh.-nn:h.hntrmllm .....................

L The optimality of bracket policies for o sogle critenion ... ...
L3l Upper Bommels
L32 Lower Boomads . ... .. o o i e
Lagy Upl‘.m.l]ltrufihﬂr-:bliqm T et

1.4 “Erptunnﬁ.vu!'kra:hlpﬂl’:luirmhphmlﬂil.......

LG Ap]i'l:lflmdlh:npl‘.ﬂli.u.li:-llmnm ..................
51 Appﬁ:lti—mhlh-lpﬂ.-d (T2 graticm =1

Lit  Chistering versis Sinoothlng - .

LT Ap]'leunil:.'a.;md’dl’.mml.!

LA Appendis B Proof of Lemoms & ... .o oL
L% lppmitf."lr\mﬁrlﬂdiw.ﬂlmd.l N ey Pt
2 Balanced Sequerwes ... ... ...
21 leiroshaction e T T
211 Ur;l-u.hmuftkdnpt: .......................
21 Balwpeed seguesicrs amd hiwckert soquenees EET
23 Comstant gap sqpenoes ... oo eoiiiiaiiiiaeans
24 Churncierizstion of halssoed sequemoes ... ..o
25 Balmnerable tales. . cccoimioicicinmsimmsimsisiesnnsar s
101 The cwme K =
259 Theame W =0 . aaions
250 The cae KN = T T T
Fhd The getierml nse . . ..o i ioweas s
250 Extrmsions of the origmal problems . ..o oo o0



3 Stochastic Event Graphs = i iy
WD Bestredwethem ... Lol i
a3.1.1 {]mu-.muufl:h-ﬂﬂ.ptn A T R T T .

52 Swochastie Petra Nets ... liiiaa 55
121 Properiies . ... . . - . _—

132 Eveni graphs .. R TRy G el St e e O - |

13 Dvuluhdﬂtmtlmﬁn . L

b e | ‘itlhrnnnlh_tlrﬁz“rpm:h- B o S Pl H P

312 The (max plos) Sesmbermg ... ... ...
131 Evolution Equation in the (max, +) semi-ring 4

(1]
{13
1]
A4 ey oetoorkn . e icicemaaesies {159
DAl The GG/ gqueae .. .., . romas s

(1]

=

T

T

T

2342 Quewsimtomdemm ... oo

15 Liulley's aquation for (max,+ ) systems |

Part 11 Admission and routing comtrol

4 Admission control in stochastic event graplis - ™
LR T e e e e e e e e e ™
-ill Ur,q:l.u.l.l.ﬂ]mo“h-thptu SR |

421 h.l:-:.ln-mpnhck ﬂ:.rtil:l.lrllull.ﬁzn-:h ............ Bl

43 The FIFU quess . ..., .. - . R |
4a1 {Juqﬂ.mgnfthclmuhmunhﬂrm..... &2

431 Alultimesdularity (... A L

| [m.l:l'...--[ni.:mrrihnnrl.w nllinnn:lnlu'lw viss-. RB
L5 A dual paliey: muuzugumlshmlt-m-g bimme L.l a2
451 Waiting time . ; : cewsies B

AR Chmptiag - i i et e hLd

A58 Multisodulerity . S ]

i6 I.‘.'pr.indndnmnl:qm. R W, TC ML I . |
4l Dheal brmedeet segenees . ... ...Lanciiaiiiiiiaa . D6

482 The time alot appmach | seressreris) DB

6l Thtnu-lngl{:prun:h.lh.-hmkdu- ........... W

484 The ynbesmebey] cmse . ... ..., o R

5  Applications in quoging networks - ; seivanieesins LKE
Bl DmtresBmctioms . ... ceme e e

L% Tu;mhgn“-wuplm o bk e i bk o O
53 Swochastic ssomptens . . e e R e R L era e e T



il

62

Tabde: of Conmtients X1

WAl Imdependence between service times ad imter-arri]

Introslaction . ... vadve 111
611 nrpnunmu:u-dup:z e
Momting of costotoers (n multipe queaes . .. N ]
L] Preseoistion of te madel i vomansainissnin LB
.22 Optimal rogting ssquenee . ..o oo 113

Avernge waiting time in o simgle quese ... VS
E R g A M s S R N R LI 125
T42 Hnuhdlhluﬁpﬁﬂuglh-lﬂ
743 Properties......... ’ o ———— L.
_imlgtﬂ.l.ngtlm{nrtmqm ...................... L
Thl  Preseotstion of the Model
753 Optiean] Bable ... o0 ol ieilicie s
754 Alyrithnlnlmwlmm [T RPPRR . |
Numerion] experimemsts o B BT U PG P et [ 1 |
.l]:]rhﬁ::p:udul'ﬁn:.m!ﬂ .......................... 143
Appenaling: prood of Lemss 37 .. ; SRR |
Apprmﬁ:?.‘ﬂ:pnn[n[']'hcmm...... oy BN PR R Lo | o 3

FPart 111 Scveral extensions

$11 Orguaization of the caPer. . ... ..oooeriorieeerens HiB
Properties of the oot and of paBees . . oo ooeoee oo nnes 158
]lnﬂq‘tn:lnﬂnlm.................... .
The nmliEmoclularity . R




xXn Tabile of Conteits

85 MDP oremisiion and sew strectoml peals ..o HIE

L] 5Mﬁnudnilﬂtrul1h:5|nlnlmt:tmm ............. 172
.10 Exsmples of srrival processes ... .. SR L |
Ellﬂﬂﬁﬂtthﬂuﬁqhwhwimﬂ vrrrmssreenas T8

1] Yﬂnﬂu,uﬂiuﬂhﬂhn-ﬂ.pdliq P b |
2.1 Introshsction .. ... S S | -~ |
w1 []r:uu.lﬂ:l:-.ulﬂ:!duptz ........................ 1s1

8.l 'I‘I:rp;m‘t:uumlmlrl-.u:lmunmﬂu caasasiiaas MA
9.1 A singl qoere with service driven westions . e rrres s J
9.4 An arriabdriven westion mode]

wh .n'.mnl-drrmp:ﬂugmkl

90 The potestinl wcntmn times are & renewal proces .. ... . 196
WE1 A sigle guene SN BT S SR RN 1 . 1
1Y ] Tbcp.:ﬂﬂganuulpuun ....................... 144
9.7 l-gaied serviee IO i . - |
071 A single quene _ . R T e peri e I
nra ‘l'I:.-r_-rd'.-l.ualr'L-m ......................... 11}

LTd  Applicsion vo am ATM swite .. .. S - |

10.0 Intwahuction .. ......... R R+
lﬂllﬂm:—.d’ﬂzdu;ter ........................ | i}
10.2 Monobonleity in inftlal actions ... Lot Hi
10.3 Exopesous eandom wmriahles aml pformatio [llu'mi S
10,4 Monotonicity: Wil miormation case ..., RS 1
10,5 Monotomicity: Fn:tnlm:.middndmhm-ﬁn ......... 12
LG State representation . ... ... .- 11
10461 Ge-q'-liullmhmmnl:.l-.- T . | |
10.6.2 Mosatomiciy af the mn:l.mgfm—:u - [

10.6.3 State repuresentation with delnyped mlm'llill-m llnl.ﬂurr 218

7 Redntiom between mubtimoednisrity, soperomyverity amd

subwmednibarity i 28
10.8 Appernedioe: Koy Lemma ... ... ..o 00000 o AN .

Part TV Comparisons

11 ﬂnm-hndqm-ﬂhﬂmti-amiﬂ]rn_ .

110 Dmtwoslosetion . Fa i 8 et .4, T
u:mmnmmmmw ................ i
113 A compurssan kemma and its applentions . ... .. ... 232

1131 Application 1 l'lrnLLl.Ll'lﬁ.l"-:u.rml]r.l'i.tmh-lill
than 1 completely coupled Mapsomoes ... ..., 25



Tahile of Contests

1133 lmﬁmﬂ.‘nﬁﬂtlﬁ:ﬂ:ﬂlﬂ:ﬁ.:ﬁriﬂbﬂhﬂiﬁ.

1133 Applicstion 3: Floid scalng e the peri 26
104 A seeond compartson bemma .. SRR . - - |
IIﬁAHﬂMrhﬂhﬂdmtﬂlt“hgthl : v 28
Himplex eomvexity .. ... .o ..ol iii i 248
12.1 Introductaon R PRI C PSS | |

1311 l]lpmnhmd'ﬂtdupur..__...._...............34.'].
12.2 Muliisnodulsr Trisngulations . ...... ... ccc0cenieienaa.. M
12.3 Minbimednbar FPosetioms - - ... o i MT
134 Sub-mesbes ... EOE e, |
125 Cones .. I R P . 263

1251 Inliml:hn .................................... 25

1152 Cone endening and mopstonscity . ... .. .. ... 205
126 .l.pl.i'zlctm F-rnﬁc-lu-mm-prm:-f’frlﬂ.f_t

tandewn quewss oL SR | g

1280 Anemommple . .......ccccieneiiaiiacinasiansnasis 08
Orders and bounds for multimodular fancthons ... ... ... o1
131 Imtroduction . . .. FrsaRR A | |
]ﬂ.‘immknnﬂuiuuﬂ:r-dlhu-uﬂer ................ B

1121 Shift ivnriam commterpearts ..o oonionaiao, . Ml
13,1 The graph onder asd ihe oobabsngee oo 208
134 Belntions aned coenteresnmples . . . - 2T

IﬂdlmMmmumwhdﬂ!mmw

I s s e S A o B SR B B b i 4

1342 The shift isvaran multimedulne onder does ot

bmply the shift mvarion oope onder B [t ]
lﬁumwhudﬂ'dnﬂmlqﬂjtheﬂmm

sl rmoandar odder ..o 2w

15 mmmuwmmhmm i

13,6 Routing to Paralled Quoenes . . . & ..J?E

Megolar Ordering ... .o oo i 2R

14.2 Prefininasries. ... .cocvvrvmurcmmrmnnroroessssssmmsrenans 285

1421 Gap Sequences . _ P e R e PR b, - - ]

14.2.2 Bnlml.!inqm A - ]

1423 Equh:t:mdﬂnhtrm -------------------- 28T
4.3 Application 1: Mashne] Walting Tiowes in Netword 1. |

14,00 The D/DT Moslel, . o — ]

l4as mmqﬂumm 1]

lium-muuﬂqllhhmtwhw .

IIJ.{']EEJ(“'}IM .......................... ...IHI.



Eé%g

lad wutﬂwwmmmmm
T T e NS . |

llﬁwmﬂﬂt“w o 1] ]

(EN ] Mmﬁr&t&mhmw-dmlmdﬂm. M

LT SR S S SIS P E R SRS | | |



	1
	2
	3
	4
	5
	6
	7

