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Finding “transitive” waiting conditions
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Is ({1,2},7) implied by the given system W ?

bw{- Sy @asy
J

it Case

rD6P= E s QOTLQOQ o it Cw U te=> all Liga ~ealiers L-ame. H

A}
0\_[47’ b‘e u 6@@'46_ \%n

l

An algorithm for finding forced waiting conditions

a Input: Jobs ¥, feasible waiting conditions W, set UC V'

a Output: A list L of jobs

(U, f) is a forced waiting condition <> j &L (and € U )

ListL =[]

while (there is a job i€ V\U that is not a waiting job in W)

begin

insert i at the end of L and delete it from V

if (some waiting condition (X, j) becomes satisfied)

delete (X, ;) from W

end

return L




U=1{2,5}

X 9 s IV\[/(,

L=[1, |

U=1{2,5}

U=1{2,5)




U=1{2,5}

2
L
L=[1,3,4, ] = terminationwithL=[1,3,4]

Claim: 6, 7 wait for U = {2, 5}

Correctness of the algorithm

(U, ) is a forced waiting condition <> j &L (and €U ) 0.2 THED REY

Key Lemma:

There is a linear realization of W starting with all jobs j
for which (U, ) is not a forced waiting condition .3 Lemud

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

Proof of key lemma (by contradiction)

eoe ~ jobis/ in a forced waiting condition with U/is in U

maximal initial segment § of green jobs
' 0000000000000 eeee t
R ? ol ier v@ W
will waxiwed iiteal g,e&m.eq,l

cof g ple

must be blue

k green = there is a linear realization R with U after k

must be green
R —0-0-0-0-000C0e 00000800 0—
‘I k
j first green job not in § => cannot occur here

=> there is a waiting condition (X, j) with X is after S in R’
= there is some i € X before j in R
but all jobs before j in R are in § = contradiction
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Earliest start times

17 arc weights d;

7 may be negative!

Start times S; of jobs must satisfy

- I S, +d,,
jEV  AND node: ﬁ(ﬂ}%{ wtdy)

min-max system
wE&W ORnode: §, = min {Sj +d_;‘w}

w =

(jwEA
$;20 /]\
do; =0 o, = x; 20 o scledilig
o J

Related work
2 Knuth [1977] Shortest paths
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A Dijksta-like algorithm for positive arc weights — Agostun ©.¢

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

and that waiting conditions are feasible

set S;:=0if there is no (w, /) EA , b Sji= @ for ol obar jobs ok S =0 Y w

for unmarked OR nodes w Eout(j ), set S, = min{S, +d,,, | (k, w) EA}

choose unmarked OR-node w = (X, j) with minimum S,

Wdiv Zoo;p

mark w and reduce indegree of j by 1 repeat

if indegree(j ) = 0 then

set §; :==max{S,|(w,j) EA}
for unmarked OR nodes w Eout(j), set S, = min{S, + d,,, | (k.w) EA}
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Certificate for SOLVABILITY € NP

Any feasible schedule S = (S ,..., §,) 1s a certificate
for SOLVABILITY € NP

Certificate for SOLVABILITY € coNP

L Some SJ or Sy, sy be oo

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

For every AND node j, '\ =
one can delF:te ' W I : w J vaosle G Q) é F g
all but one incoming arcs ./

without changing S;

Then every cycle has non-negative length %tezyéﬁ—d.—@&jfgz—fmsf—

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

Complexity of checking solvability

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

I

SOLVABILITY € NP M coNP
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