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Introduction:
Activity failure

Common to many R&D -projects (especially NPD), but also
occurs in other sectors: pharmaceuticals, chemicals,
construction industry, software development, innovation, ...

Individual activity failure results in overall project failure
=> project pay -off is not obtained

FDA review

toxicology tests

undesirable side effects

building permit

loan requests

market potential

patent infringement
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Problem Description:
Example
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Problem description:
Example: deterministic durations

Feasible schedule

1 4
-3M$ -12M$
2 3 5
-1M$ -2M$ -17M$

time (t)
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Problem description:
Example: deterministic durations

Feasible schedule

1 4
-3M$ -12M$
2 3 5
-1M$ -2M$ -17M$
I I I I I | | I I I I >
0 1 2 3 4 5 6 7 8 9 10 11 time (t)

| | |
[-1.00][-3.00][-2.00]
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Feasible schedule

1 4
-3M$ -12M$
2 3 5
-1M$ -2M$ -17M$
1 1 I | | | | | | | >
0 1 2 3 4 5 6 7 9 10 11 time (t)

| 80.00|

[[1.00}{-2.97}{-1.96] ———{ -27.59]

{ Discounting : ci x e |

173.11}—{Result = 39.60 M$ |
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Problem description:
Example: deterministic durations

Feasible schedule

1 4
-3M$ -12M$
2 3 5
-1M$ -2M$ -17M$
1 1 I | | | | | | | | >
0 1 2 3 4 5 6 7 8 9 10 11 time (t)

[-1.00}{-2.97}{-1.96 ———{ -27.59] [73.11]—{Result = 39.60 M$ |
e PR

[-1.00}{-2.97}{-1.47] —— -16.55] [32.90]—{Result = 10.91 Ms |
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Problem description:
Example: deterministic durations

Optimal schedule

-3M$ -2M$ -17M$ -12M$

time (t)
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Problem description:
Example: deterministic durations

Optimal schedule

2
-1M$
1 3 5 4
-3M$ -2M$ -17M$ -12M$
| | | | | | | | | | | >
0 1 2 3 4 5 6 7 8 9 10 11 time (t)

| | | |
[-3.00][-2.00][-1.00] [-17.00]
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Problem description:
Example: deterministic durations

Optimal schedule

2
-1M$
1 3 5 4
-3M$ -2M$ -17M$ -12M$
T T ! ! ! ! ! ! ! ! ! >
0 1 2 3 4 5 6 7 8 9 10 11 time (t)

] | | |
[-3.00][-2.00||-1.00] [-17.00]| [-12.00] [80.00]

{ Discounting : ci x e |

[-3.00}{-1.98H-0.98}— -16.33 -11.19]

171.67[HResult = 38.18 M$ |
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Problem description:
Example: deterministic durations

Optimal schedule

2
-1M$
1 3 5 4
-3M$ -2M$ -17M$ -12M$
T T ! ! ! ! ! ! ! ! ! >
0 1 2 3 4 5 6 7 8 9 10 11 time (t)

] | | |
[-3.00][-2.00||-1.00] [-17.00]| [-12.00] [80.00]

[-3.00}[-1.98}[-0.98] —{-16.33}———{-11.19] [71.67] {Result = 38.18 M§ |
Hxpixp2| Hxpixp2xps| H X p1X p2X p3x ps | H X p1X p2X pax pax ps |

[-1.00}[-1.49)[-0.75]—{ -16.55——— -9.80 ] [32.25] {Result = 12.19 M3 |
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Problem Description:
Definitions

Stochastic activity durations (exponentially distributed)
=> use of a Continuous Time Markov Decision Chain

Expected - NPV-objective: incurred cash flow c, at the
start of activity |

Optimization over the set of policies that start activities
at the end of other activities

Number of activities n

Mean duration d; of activity |

Activity | has probability of technical success P
Discount rate r

No renewable resource constraints
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Model Description:
Stochastic durations 1 Continuous time Markov decision chain

Preliminary concepts:
Status of activity i attime t:

Not started  W{(t)=0
Started/in progress ~ W(t)=1
Finished W(t)=2
W)= (W,(1), W(t), ..., W(t)) defines the state of the system

Size of statespace Q has upper bound| Q=3 "
Most of these states do not satisfy precedence constraints

=> a strict and clear definition of the statespace is essential
=> use of UDC -concept to define the statespace
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Model Description:
UDC: max set of activities that can be executed in parallel

: =(®)
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Model Description:
UDC: max set of activities that can be executed in parallel

UDC: [ )

: =(®)
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Model Description:
UDC: max set of activities that can be executed in parallel

UDC. ([ )

: =(®)
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Model Description:
UDC: max set of activities that can be executed in parallel

( Y UDC:

r N
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Model Description:
UDC: max set of activities that can be executed in parallel

( "\ UDC4

ol
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Model Description:
UDC: max set of activities that can be executed in parallel

UDGCo UDCs

: =(©)
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Model Description:
Network of UDCs

O {O @O {OOCH{®)

O
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @
. Finished
UDCs States assigned to UDC:

(2,2,2,2,2,2,0)
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @
. Finished
UDCs States assigned to UDC:

(2,2,2,2,2,2,0) -> 80M$
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @
. Finished

UDC, States assigned to UDC:

(2,2,2,2,2,1,0)
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @
. Finished

UDC, States assigned to UDC:

(2,2,2,2,2,1,0)

|_>(2,2,2,2,2,2,0) [80.00M$]
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo uDC; UDC; UDCs UDCs
(O)em 010} (C16]0) e (01010 ) (O}
O Not started ~
& ron ©lO,

UDCs States assigned to UDC:
(2,2,2,2,2,1,0)
I—»(2,2,2,2,2,2,0) [80.00M$]

Discount factor : (1/d)x(r+(1/di))™?

ds = 3 => Discount factor = 0.97
Discounted value at state entry = 77.67M$
ps = 0.75 => NPV at state entry = 58.25M$
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo uDC; UDC; UDCs UDCs
(O)em 010} (C16]0) e (01010 ) (O}
O Not started ~
& ron ©lO,

UDCs States assigned to UDC:
(2,2,2,2,2,1,0) -> 58.25M$
I—»(2,2,2,2,2,2,0) [80.00M$]

Discount factor : (1/d)x(r+(1/di))™?

ds = 3 => Discount factor = 0.97
Discounted value at state entry = 77.67M$
ps = 0.75 => NPV at state entry = 58.25M$
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @
. Finished

UDC, States assigned to UDC:

(2,2,2,2,2,1,0) -> 58.25M$
(2,2,2,2,2,0,0)
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @
. Finished

UDCs States assigned to UDC:
(2,2,2,2,2,1,0) -> 58.25M$
(2,2,2,2,2,0,0)

(2,2,2,2,2,1,0) [58.25M$]
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @
. Finished

UDCs States assigned to UDC:
(2,2,2,2,2,1,0) -> 58.25M$
(2,2,2,2,2,0,0)

(2,2,2,2,2,1,0) [58.25M$]

Only decision left is to start activity 5
=> incur cost ¢cs = -17M$
=> NPV at state entry = 41.25M$
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @
. Finished

UDCs States assigned to UDC:
(2,2,2,2,2,1,0) -> 58.25M$
(2,2,2,2,2,0,0) -> 41.25M$
(2,2,2,2,2,1,0) [58.25M$]
Only decision left is to start activity 5

=> incur cost ¢cs = -17M$
=> NPV at state entry = 41.25M$
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @

. Finished

UDC, States assigned to UDC:

m (2,2,2,2,2,1,0) -> 58.25M$
(2,2,2,2,2,0,0) -> 41.25M$
(2,2,2,2,1,2,0)
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @

. Finished

UDC, States assigned to UDC:

m (2,2,2,2,2,1,0) -> 58.25M$
(2,2,2,2,2,0,0) -> 41.25M$
(2,2,2,2,1,2,0)

(2,2,2,2,2,2,0) [80.00M$]
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @

. Finished

UDC, States assigned to UDC:

m (2,2,2,2,2,1,0) -> 58.25M$
(2,2,2,2,2,0,0) -> 41.25M$
(2,2,2,2,1,2,0) -> 76.92M$

(2,2,2,2,2,2,0) [80.00M$]
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @

. Finished

UDC, States assigned to UDC:

m (2,2,2,2,2,1,0) -> 58.25M$
(2,2,2,2,2,0,0) -> 41.25M$
(2,2,2,2,1,2,0) -> 76.92M$
(2,2,2,2,1,1,0)
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @

. Finished

UDC, States assigned to UDC:

m (2,2,2,2,2,1,0) -> 58.25M$
(2,2,2,2,2,0,0) -> 41.25M$
(2,2,2,2,1,2,0) -> 76.92M$
(2,2,2,2,1,1,0)

(2,2,2,2,2,1,0) [58.25M$]
(2,2,2,2,1,2,0) [76.92M$]
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @

. Finished

UDC, States assigned to UDC:

m (2,2,2,2,2,1,0) -> 58.25M$
(2,2,2,2,2,0,0) -> 41.25M$
(2,2,2,2,1,2,0) -> 76.92M$
(2,2,2,2,1,1,0)

(2,2,2,2,2,1,0) [58.25M$]
(2,2,2,2,1,2,0) [76.92M$]

Probability activity finishing first
=> (1/di)x(SUM(1/di))?
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @

. Finished

UDC, States assigned to UDC:

m (2,2,2,2,2,1,0) -> 58.25M$
(2,2,2,2,2,0,0) -> 41.25M$
(2,2,2,2,1,2,0) -> 76.92M$
(2,2,2,2,1,1,0)

43% (2,2,2,2,2,1,0) [58.25M$%]
57% (2,2,2,2,1,2,0) [76.92M$]

Probability activity finishing first
=> (1/di)x(SUM(1/di))?
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @

. Finished

UDC, States assigned to UDC:

m (2,2,2,2,2,1,0) -> 58.25M$
(2,2,2,2,2,0,0) -> 41.25M$
(2,2,2,2,1,2,0) -> 76.92M$
(2,2,2,2,1,1,0) -> 56.96M$

43% (2,2,2,2,2,1,0) [58.25M$%]
57% (2,2,2,2,1,2,0) [76.92M$]

Probability activity finishing first
=> (1/di)x(SUM(1/di))?
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @

. Finished

UDC, States assigned to UDC:

(2,2,2,0,0,0,0)
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]
UDCs

O Not started

O Started @ @

. Finished

UDCs States assigned to UDC:
(2,2,2,0,0,0,0)

| »(2,2,2,1,0,0,0) [21.51M$]
| »(2,2,2,0,1,0,0) [17.46M$]
| »(2,2,2,0,0,1,0) [18.26M$]
> (2,2,2,1,1,0,0) [17.46M$]
> (2,2,2,1,0,1,0) [18.26M$]
> (2,2,2,0,1,1,0) [14.26M$]
> (2,2,2,1,1,1,0) [14.17M$]
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Model Description:

lllustration of statespace and backward SDP -recursion
UDCo UDC: UDC: UDC,4 UDCs
(0] [016) g (C1610)5 (B1010) (0]

UDCs
O Not started

O Started @ @

. Finished

UDCs States assigned to UDC:
(2,2,2,0,0,0,0) -> 21.51M$
|—>(2,2,2,1,0,0,0) [21.51M$]
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Model Description:
lllustration of the optimal policy
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Model Description:
lllustration of the optimal policy
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Model Description:
lllustration of the optimal policy
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Model Description:
lllustration of the optimal policy
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Model Description:
lllustration of the optimal policy




