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ldea of robust project scheduling

* Generate a baseline schedule that incorporates a degree
of anticipation of variability during project execution and/or
Information about the reactive scheduling approach to be
used

* Objectives:

o Solution robustness (stabllity):

 Measure of the difference between the baseline schedule and
the realized schedule

o Quality robustness:

« Sensitivity of the schedule performance in terms of the objective
value (makespan) other than stability
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The stochastic RCPSP

* Classes of scheduling policies:
o Resource-based policies
o Early-start policies
o Preselective policies
o Linear preselective policies
o Activity-based policies
o Pre-processing policies

* Drawback: no baseline schedule, thus no
measure of solution robustness
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* Proactive scheduling:

o Construct a robust baseline
schedule that accounts for the
available statistical knowledge of
uncertainty and that is protected as
best as possible against disruptions

e \Y] ° Reactive scheduling:

’ L o Revise or reoptimize a schedule
B whenever a schedule breakage
° 26 occurs
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The proactive and reactive RCPSP

This instance contains eight activities and two dummy activities.
This instance has one resource type of availability 8.
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sl Example for p

ﬂ-(ﬁl =p) Ww; 0
p=0 p=1 p=2 p=3 p=4 p=>5 p=6 p=7 p=8
o | 1 ; - - - - - - - - Total number of
|- 04 04 0.2 - - - _ - 4 o
5| - ] ) _ ] YOS I combinations:
by | - : : 0.6 04 : : : § 7 25 % 33 = 864
P4 - - - 0.1 0.5 0.4 - . . 1
Ds - - - - - - - 0.2 0.8 4
D6 - - . - - 0.4 0.6 - - 1
Pr - - . 0.5 0.5 . - . _ 1
ps |- - 0.7 0.3 - - - B B} 1
po| 1 - - - - - - - - 38

An example realization

p1 = (0,2,8,3,5,7,5,4,2,0)
(P =p,) = 0.054%




Proactive and reactive scheduling

Proactive solution

Reactive scheduling



The basic idea

We generate a pool of
schedules

The optimal PR-policy
among all PR-policies
obtained from the

generated pool

Our optimization
model: Markov
18] 524 e decision process

Objective: to minimize the expected value of
(cost of the baseline schedule
+ cost of a series of reactions)




A PR-policy

t=0 t=t

= PR-policy II for realization p;

t=t2 t=t3

[%ln(baseline schedule)

Disruption for [S[0Int at time ¢,

Disruption for S(Int at time ¢, DISFULtIOI’] for S12Int at time ¢5

v

by
CHHl S[O]nl —)S[l]l'[l —— js[vl'l,l]

11,1

sl A chain of reactions dictated by PR-policy II for p;

A 4

The number of reactions for the combination (I1, [)

I1= {CHH,]_,

, CHpyp|}




An example

mmad  PR-policy I

| ¥
p; = (0,2,8,3,5,7,5,4,2,0) gl ¢2 g3 g4 g5 g6 g7 g8 g9 glo
CHp, 1:S 171 6o o 0 0 0 0 0 0 0 0 O
o 0o 0 0 0 0 0 0 0 O
M1 0 1 5 0 7 4 2 7
3 3 4 4 3 3 3 3 5 5
o 0o 4 0 0 7 0 0 0 9
6 6 7 7 7 7 7 7 9 14
6 6 7 7 7 12 5 7 9 14
7 8 7 8 12 12 14 12 11 15
11 13 13 12 15 15 17 15 15 20
My = {CHn, 1) CHny o} 13 15 15 15 17 18 19 18 18 23




Deadchains

e A chain of reactions dictated by PR-policy II for p;

t tVH,l

t
CHp;: slolm; > sitm 5 —» S[vn'l]l'[,l |—’ What if this schedule is not feasible for p;?

= Whatis a deadchain?

S[v“'l]ﬂrl is a deadend Q if it is not feasible for realization p;.
CHy; is a deadchain if it contains a deadend.

;€ {0,1}

Y = 1 if chain CHyy is a deadchain
Y = 0 otherwise




s Cost of a chain (a general function)

£(1,1) = g(stnt) + ZV“" e (5111, skIns i) +
k=1

h(ym,)

Cost of the baseline schedule

?_‘

Cost of reactions

Cost of deadchains

sy Conceptual formulation

Ip|
P: mlnz
NeE £uj=q

fAaL b

A

_'brobabilit_y of occurrence

The cost per unit time of the

S[k]n,l _ S[k—l]n,l

i [

completion of the baseline schedule

The weight o
each activity

|+

V11,1

The fixed cost
of a reaction

The cost of a
deadchain




Representation of states in Model 1

A

TT

The number of reactions that occurred so far

The set of ongoing activities

The current decision moment

The current schedule

An example (S1)

- (5§1,1,{4},0)




===l A chance transition

(51,0,0,0) §

& E0) | Continue with the same schedule
IR EWARDN |Infeasible: needs reaction




= A Vvalid reaction

v

(Sll 1) {1)4}) O) (Sgl 1’ {1’4}) 1)
e A valid reaction (general rules)

A

t
F U(S,t) L¢ u(s',t)

t t
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= Reaction possibilities for (51, 1,{1,4},0)
(5%,1,{1,4},0) g (5°,1,{1,4}, 1)

g (57,1,{1,4},1)
g (5%,1,{1,4},1)
v v v Y

Sl52 g3 gt gh g6 g7 g8 g9 gl g (5°,1,{1,4},1)

O 0 0 0 0 0 0 0 0 0

00 @ o © © o @ © © o

@m0 ® 5 0 7 4 2 7

3 3 4 4 3 3 3 3 5 5

0 0 4 © 0 7 0 © © o9

6 6 7 T 7 7T 7 7 9 14

6 6 7 7 7 12 5 7 9 14

7 08 7T 8 12 12 14 12 11 15

11 13 13 12 15 15 17 15 15 20

13 15 15 15 17 18 19 18 18 23




B0 1000.00 94400 1000.00 000 30000 1000.00

0340 i o630 A armo o oiteo o100 4 immi 0.3 118 20 1
'S ™ ar” “pag”
98516 & 1003.33 1 &N T02.0 A 1000.00 1800.00 a00.00 30000 [ 0.0 000
01180 < be o wamo S~ eeso < ATwemn b 3781 014 18961 tmat = om iiwoi 403
wo0 omas 8 mos bl w000 000 / 100000 I / 1000
/ PN
11160 90— 13200 3 aam1 SEEET) [ numo & —fai— vmmn amos 01 I
= ~ . A
.40 1000.00 0.0 664.00 1000.00 .56, 508.00 1 500.00 024 1000.00 63000 300.00 aa 660.00 300.00 0.00
2440 ™~ 1340 10120 N aaan ~ 1711 bos [ amzmo i.0d 1297 i 41502 anma Bal—e 41303 ~—Om— 41703
. - -
6TTET bad ar203 720.00 1000.00 o0 63000 =] 1000.00 660.00 P! 1000.00 |~ N 1000.00
w00 01180 a8t G0 awzmi fad drrmn oo S 037 . anmws < nm T3 - awmes
50640 Loo 293,93 81280 1000.00 72000 .33 1000.00 72000 n.as 1000.00
000 60— 11180 Tt 18001 s a4z 0,12 [ NG poares 05— 43
1000.00 as2.01 v, 720.00 400,00 1000.00 0, 1000.00 a2, 1000.00
2000 1180 . 42181 asoe1 oo amoet ~ [ ames
2000 mo ST mem 100,00 o9 100000 / o0
4000 0.60— 43160 K Yosl181 381001 ’m/ 417 266 1 1.00 61902
ss10s ; \ aza0 2000 20000 o o / 1000.00 om
2000 Ay e anaz amor =am— awei | / i [ emmea FETIT
7 ,' o~
553,18 00 2193 san.00 ,msn/ 100000 a00.00 /ﬂm ss0.00 a00.00 o 100,00
‘s 002 000 st sy s i im0z 603 —bu—s emos “ga— comes
1516 000 430,00 /m n-aﬂ/ 1000.00 630,00 /m' 1000.00
5000 62181 412961 = ot srim3 bib o i < pai— cirisa
waon e e e e o
000 580 ai2as1 6Teia oot suds
L) 1000.00 720,00 72000 016 1000.00
34200 sssz  —jo— ereaz [ eums
G120 782.00 1000.00 T2.00 )
Tono 720 czimi ; aama |
o0 2000 000 100,00 w000
000 580 61401 ——da0l o wirimi Gss3
’ Jal
w0000 s T4 amo 100200
5740 g cusmi < s~ so il e19zm1
508,00 300.00 T82.00 20,00 .7 oo
3440 15%0 Taze2 0 64243 R
a00.00 100000 0.0 000 o
5700 sis1020 N 71501  —Ow—p  TIEO L
500.00 1000.00 500.00 g 1000.00 0.00
Tas0 10 i o oo PR
600.00 000 oo /IW 50000 0.00 000
asmo 1081 Tms i 702 e 7102
e
000 1000.00 s00.00 0000 .50 1000.00
sse0 cieao Tana Tme om S Tmima
.00 10000
e Biaas
w000 10000
sxzazo cis3s1
0.0 000 00
Y oarso sisea0 11500
w000 10000
siaaz0 Tinzmo
w000 00
Loo Y suoe au0
\ e 000 00
o 11060 e ban siron
\ om AN s om o000
9940 Tias0 sis00 sz
0.0 a0

s17en | ewon

sn\ 000 w0000 b3 w000
91440 715128 0 \\ 6 19 266 0
00 000 0
2100 700 —io— 7is00
000 00

B18320  memmiodmmp 81800

000 000 o0
018060 —ded—— omaza — doi—— smoa




/

=~

1000.00

06120

=

schedule St (1 - 5%,2 - S3,..)

time 6

{2,3}

no reaction

(2% + 2% = 12)

665.80

8

7

AN

612.80
72181

(5%,2,{1,4},0)

1,

g (58,2,{1,4},1)

The cost of this reaction:

|14 — 2|w, + |3 — 5|ws

+ |7 — 9|we + |7 — 9wy

+ (12 — 11|w; + w,. =

8+14+8+2+1+4+20
=53




e REpresentation of states in Model 3

(i 6o, de,
A T

The number of reactions that occurred so far

)
t |

The delay between the cut and the continuation

The current continuation

The current cut




—

A

cu = ({0;1;3;4}; {2}1 (*,*, 5:*:*;*;*;*;*;*))

The vector of the elapsed times of ongoing activities

The set of ongoing activities

The set of finished activities

o A continuation

@rsh

A A

co = ({5,6,7,8,9}, (+*,%,%%,0,0,1,5,7))

The vector of the relative starting times of idle activities

The set of idle activities
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e REpresentation of states in Model 3

(i 6o, de,
A T

The number of reactions that occurred so far

)
t |

The delay between the cut and the continuation

The current continuation

The current cut

= An example (S1,6,{2},0)

51 cuy = ({0,1,3,4}, {2}, (5%, 5,5, %,%,%,%,%))

COl = ({5’617‘819}! (*J*!*!*I*I 0)011;5;7))

(5%,6,{2},0) - (cuy,co04,0,0)




e State space

* We first generate all possible cuts that can be obtained from S
* We generate all possible continuations that can be obtained from S
- de €{0,1}

* There is a state for each combination (cu, co, de, v) such that
(Fuo)nlI=@and(FUO)UI =N

e An example (S1,6,{2,3},0)

CuZ = ({0'1'4}1 {2’3}1 (*l*’ 5’3’*1*’*1*1*’*))

C01 = ({5'6'7'8'9}1 (*J*I*l*)*) 0I0I1I5I7))

(cu,,co04,0,0) s (CUy,c0.,1,1)

COZ = ({5’6!7l8!9}l (*I*I*l*l*l 0I0I0I5I7))




Model 3: Markov decision process



../../PR_RCPSP/Model3.pdf

Model 3: 0

optim

aI PR-policy

1
23300
\ 1422
2 21310
\ 61.86
35210
\ 0.42
1.00
61.86
27200 0.1
\ 023 88.31
2 \
\ 61.31
30210 \ 0.12
1.00 0.12
\ 61.31 58.31 43.31
31200 28310

/.

L—
/

(%)

43.31

/




Selection- and buffer-based reactions

Selection-based v
Buffer-based v




A selection- but not buffer-based reaction
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Computational results

Three exclusive classes of reactions

The class of non-selection-based (NSB) reactions
The class of selection but not buffer-based (SNB) reactions

The class of buffer-based (BB) reactions } Selection-based

NSBO
1.13%

wy, =25andw, =0 \ NSB/
52.43%

In the optimal PR-policy
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