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Finding forced waiting conditions
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An algorithm for finding forced waiting conditions

+ Input: Jobs V, feasible waiting conditions W, set U c V
¢ Output: A list L of jobs

List L =[]
while (there is a job ie V\U that is not a waiting job in W)
begin
insert i attheend of L ,
if (some waiting condition (X, j) becomes satisfied) defole o sudd
delete (X, j) from ‘W ' W, k‘u) Cordi B ous
end

return L
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First example

U=1{2,3}

First example

U=1{2,3}

L=11, ] = termination

Claim: Every job not in L U U waits for U= {2, 3}




Second example

U= {2}

Second example

U= {2}
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Second example

U= {2}

Second example

U= {2}

2
IW3

L=11,3,4, ] = terminationwithL=[1,3,4,5,7]

Claim: 6 waits for U= {2}
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Correctness of the algorithm

 (U.j)is a forced waiting condition &/ ¢ (and g U) |

Key lemma 7

~ Thereisa lmear reahzat1on of ‘Wstartmg wﬂ:h all ]ObS j
. for Wthh (U ]) is not a forced wa1t1ng condltlon [ RE e

= only U and forced waiting jobs are not in L
at termination of the algorithm

Proof of key lemma (by contradiction)

ke ok

@oce ~ jobis/ ism in a forced waiting condition with U/isin U
k_/’

? maximal initial segment S of green jobs
meax/ R

must be blue ) L k

k green d:zg there is a linear realization R with U after &

must be green

j first green job not in S = cannot occur here

= there is a waiting condition (X, ;) with X is after S in R’

= there is some ie X before jin R
but all jobs beforej in R are in S = contradiction
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A Dijksta-like algorithm for positive arc weights

Assume w.l.o.g that d,,; =0 (only one outgoing arc per OR node)
and that waiting conditions are feasible

set S; := 0 if there is no (w, j) €A
for uagsesdeed OR nodes w eout(j ), set S, = min{S;+d,, | (j, w) €A}

// el Sy =0 otherurse

_ 0.4 ALGOR 74N

A Dijksta-like algorithm for positive arc weights

, _ by @
1
\\\ — an l(/(qp'(a(@} é\ W&VkQOt
choose OR-node w = (X, j) with minimum S,, and mark w A
reduce indegree of j by 1 —_—> = |
if indegree(j ) = 0 then /fﬁ(fqu‘\«j WI(OXNL

set S; =max{S, | (w,j) €A}
for unmarked OR nodes w € out(j ), set S, = min{S;+d,, | (j, w) €A}
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A Dijksta-like algorithm for positive arc weights.
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OR~ veode

choose OR-node w = (X, j) with minimum S, and mark w
reduce indegree of j by 1

if indegree(; ) = 0 then
set Sj =max{S$, | (w,j) €A}
for unmarked OR nodes w e out(j ), set §,,= min{S;+ d,, | (, w) €A}

(0.5 THEOREM -

Sv&ﬂnw > O

Q€ e  wiu- tuex 9},«3&4« g\'mm e>, He ‘
AVD (o &m‘v\« D= (’VQW") A i OC vl + [W/Qosfwa * VH) tig

Pods () Correchuom:
b € G o vecker of shadt Frues conluchd 6 fre jerble
leb % 6 Ho ES ecks (s Lowana 26D of (U, )

Assccrae iS4 S% | | |

Tlew chosr nock v wnik Sv>3t Gewel S'f/ Wi 4 1 e £ g

Casp 1: v is au AND - u;wl.q, . |
. =P } OP' VLOO(Q. w = (X) V) C(ﬁ{'{'l SW = Sl/ + D(WV - )




2

=0 C‘C/Lofce/'@\[ V> SV% = SQUJ( (,((\,(G/{. gl 7 gw*
<0 aeduceod bo Mo care thet U e ai OR-uodle

Case 2: Vs ou OR-uodde

=0 SL AND"(AC)D{_Q_ . Cm“-, SV‘%: QL:¥+ div C¥)

@ Olc‘v?@ >0

o+ G, > g ¥

Suppoe ot , e S =9L'*
\LL‘%) whey Ho Jynjrlw @sSig us. b ¢ flw vedue gc")

Sv is sed o Cl-Mh; SSJ +0(ij - < gc"é‘* oy :S\/’\L
LV

('-( LLwWM/L(ee'(>) Gr— S\\; < S‘- #:o(;v = SZ-)"(‘ o,t‘v = 5\;
| <"@ "/Q"uwe‘/ bmr)(@@} . |

=7 CcMLradf(,(“Q%‘C«/( Yl"o Sv ? S/‘F

T %25 el § <5 e WP 60

=0 COW[’TO(OL\CZ\GM‘ ‘L: 1LlQ C'ivco:“Oa. @~£ \'4 i



(

~ 85-

(Z> (2“4&{7‘142 Txercie U

Fer o wiuw-lax %5714.4 y <°0)°D, “_)eo,) s @ _s(r&:@;ow :
e catl o sobulic, S &c@;@&) Tf ewns, C\} <eo , oud He
“’d\«(—\uqxﬂ S\]SLLW\ QQ;[G& fﬁ Herm s g qusi[% _So’e&zu'c,,(

0.6 LEMMA A e = WABX .'SYLLVM« Qn("{«' nglo 7O Mﬂl )(wj. ;O\ ’

| hen o Qw»«@& QO&J:'{CH S T,m M %‘3LL‘\«3 Ca«o&@‘wo (S

Qem‘m (‘&as}r(m’@b a{ Wil ~ g X 97'@("4« = SL:“Q?IMM,Q &a;i&'ef‘g >\

Poof = Xjw 20 =0 @-f Q%ol} b <<X)j> e & o ce X
| ity ‘QL < Sy S, \
(HMersse S b ul [roribe )
T arcs (0] dofe o mealizabiee ol W7
M, Ky adane o cyche o e wenl b S, < S

Cu {ue,s\( anc @ﬂ() e U Q\(c_,az) wl«uow CRMMJz b e Ce Sp

& Wl <o I aalidhe R, EG defrs o (e B
¢ ke ow Dﬁ Hoe V;wavwdxx gk{ﬁff‘%w ™



8-

Rewoal : For dy 20 0(% 70, shic chara? @ws[@ye;ﬁ/e s

JW )

wd) sz?brfU%/QwL to C(Am@@qy 6Y lrfu,\ M~ lea X Q?SL%,{
Sh L Fm% fo ‘OLU’“\JJL QQ“};&Q\‘L?’ T VVQ7\4MMIK/Q b v CE)({wC[&P)

-

e &Q\AMQ/Q Comp Qrew‘LmH( GLJW MO( GKWJ‘

Some first observations

jeV ANDnode: §;2 max [S +dw]

(w.j)eA min-max system
we W ORnode: S, > min [S;+d,,]
(J:w)ed™
(o0, o9,..., ) ' ( - ,1) and (T1 ,- ) solutlons
lisasolution | = (mm{Sl, Ti}... mln{Sm b SOlUUOn‘

_'?}v ‘.0 There 1s a umque componentvw se mlmmal solutlon S > 0
0 Problem is fea51b1e iff every S <os -

. There is aumque maxnnal fea51ble subset of _]ObS -
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Certificate for SOLVABILITY € NP

Any feasible schedule S = (S, ,..., S,) is a certificate

for SOLVABILITY € NP

Certificate for SOLVABILITY € coNP

Let S =(S;,..., S,) be the unique minimal solution (maybe with )

For every AND node j, '\ - /

one can delf:te . 2 i | B /

all but one incoming arcs l/ | weeels

without changing S; = llf" Swel
| Pﬂ,&{";

Then every cycle has non-negative length

Relaxing in every AND-node
=> relaxed problem with only min inequalities (~ OR nodes)
=> can check S; > K by shortest path algorithms in polynomial time

=> relaxed problem is certificate for SOLVABILITY € coNP
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Complexity of checking solvability

A schedule and a tightened subproblem are polynomially
checkable certificates for membership in NP and coNP
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