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 Process of bringing new products, such as goods 
and/or services, to the market

1. Critical to every firm’s long-term survival 

2. Development of projects grouped into portfolios

3. Portfolio reorientation during the NPD pipeline

Reorientation: the complex set of decision-making and 
reallocation processes throughout the pipeline.



 Optimization problem:
 Allocation of diminishing resources to the portfolio at 

various stages
 Dynamic reallocation of resources based on periodic 

reviews

 Additional complexity:
 Consumer demand is strongly stochastic

 Correlated with market value for the product
 Production rate is weakly stochastic



Stage-Gate™ is developed by  Robert G. Cooper.
The NPD funnel is  adopted from Loch, Christoph H. and Kavadias, Stylianos. Handbook of New 
Product Development Management, Elsevier, 2008.



Allocation of diminishing resources:
I. Teams

1. Business & Management
2. Process Engineering
3. Product Engineering
4. Quality Assurance / Test Engineering

II. Tools
I. Surface Mount Technology machine
II. Manufacturing / Enterprise Resource Planning 

software
III. Toys

1. Muda (seven categories of waste)
2. Muri (overburden)



Examples of objective functions:
I. Temporal

1. Makespan (Cmax)
2. Cycle Time
3. Lateness / Tardiness
4. Lead Time (Throughput Time)
5. Takt Time

II. Pecuniary
III. Utilitarian



Examples of objective functions:
I. Temporal
II. Pecuniary

1. Maximize Profits
1. Net Present Value
2. Expected Commercial Value

2. Minimize Costs
III. Utilitarian

I. Maximize machine utilization
II. Minimize WIP
III. Ensure sustainability



NPD Objective Function:

max   $(ECVj,t * j,t),
where                                        J

ECV =  [(PVj,t (1+r)T-t)  PCj,t  Cj,t ]  PTj,t Dj,t
:  Expected Commercial Value

j  J :  Jobs (J is the total # of projects)
t  T :  Time (T is the deadline)
PTj,t :  Pr{technical success of  j at t | &}
PCj,t :  Pr{commercial success of  j at t | &}
Dj,t :  Remaining total development cost of  j at t
Cj,t :  Total development cost of  j at t
r :  Discount rate

Adopted with revisions from R.G. Cooper, S. J. Edgett & E.J. Kleinschmidt, Portfolio Management for New Products. 2nd Edition, 
Cambridge, Mass: Perseus Books, (2001).





 Bernoulli feedback



 M: Markovian or Memoryless, such as Exponential
 Exponential inter-arrival times := Poisson Process

 Ek: Erlang with parameter k
 Erlang-A, -B, and -C are common in telecommunications

 Hk: Hyper-exponential with parameter k
 D: Deterministic => constant
 G: General => All









 Non-convex solution space
 Stochastic parameters
 Dynamic decisions
 Strongly NP-Hard



 Classical-Optimization (LP/IP/NLP)
 Simulation / trial-and-error
 Online / Approximate Algorithms
 Chance -Constraint Programming 
 Dynamic Programming
 Heuristics (indexing policies, 

metaheuristics, etc.)



 Classical-Optimization (LP/IP/NLP)
 Simulation / trial-and-error
 Online / Approximate Algorithms
 Chance -Constraint Programming 
 Dynamic Programming
 Heuristics (indexing policies)



 Dynamic resource allocation problems
 Reusable resources
 Recurring tasks
 Probabilistic arrivals (stochastic demand)

 “Uses the language of Markov Decision Processes”

Ex) min-cost integer multi-commodity flow problem, 
which is a subset of min-cost network flow problems 



 Step 0: Recursive Outer Loop Initialization
 Set iteration counter n = 1
 Approx. Value Function Vt  t  T

 Recall Bellman’s principal of optimality:

 Where 
 c := cost
 x := decision variable
 Rt := “state vector,” state of resources at time 



 Step 1: Forward Pass Inner Loop
 Step 1.0: Initialization

 Time index t = 1
 Initial number of resources = R1
 Approx. demand using Monte Carlo sampling

 Step 1.1: Sub-problem
 Solve for Value Function Vt(Rt,Dt)
 Obtain optimal decision vector xt  t  T

 Step 1.2: System-Dynamics Equation
 Solve for Rt

 Step 1.3: Advance Time Counter



 Step 2: Update Value Function  t  T
 Step 3: Advance Iteration Counter n = n + 1
 Goto Step 1

Recursive Outer 
Loop: 

Refine Vt

Forward-pass Inner 
Loop: 

1. Fix Dt
2. Obtain Rt
3. Refine xt



Rule-based methods for prioritizing service processes:

 Which tasks or jobs

are to be processed on

 Which servers

and in

 What order.



 Smith’s Rule (Smith 1956) 
 A myopic or greedy policy

 Also known as:
 Weighted Shortest Processing Time (WSPT)
 “c” rule: argmax {cii}

 Sequence jobs in non-decreasing order of their ratio of 
processing time to weight: 

Process job i first if j * j  i * i

See proofs in Megow, et al., “Models and Algorithms for Stochastic Online Scheduling,” 
Mathematics of Operations Research (Aug 2006), Vol. 31, Issue 3, 513-525.



 Gittins Index (Gittins 1979) 
 Applies Smith’s rule when:

 There are parallel machines
 There are batch jobs
 Preemption is allowed 



 Klimov’s Rule(Klimov 1974, 78) 
 Applies Gittins Index when there is/are:

 A single server, or
a single station of homogeneous servers

 Multi-class queues
 k  K classes of jobs 

 iid arrivals ~ PP(k)
 iid service times ~ exp(k)
 Holding cost ck

 Objective: min

weighted holding cost



I. Generate Gittins Index
1) Order any 2 jobs i and j relative to its cost function

Ci < Cj  i < j
2) Let vi,j = (Ci – Cj) / (Mi,r,a + … + Mj-1,r,a), where

r  {1,2,…,R} : resources
a  {1,2,…,A} : activities in a given job
Mi,r,a = -1

i,r,a : mean service time for resource r
processing activity a on job i

II. Prioritize jobs according to larger index
vK = maxi<j vi,j



Additionally, Klimov Rule is proven to be
optimal among:
 All preemptive policies, exponential service times (Lai & Ying

1988)
 Arbitrary arrival processes, 2 job classes, exponential service

times
(Chao 1993)

 Single server, general service time distributions
(Glazenbrook and Nino-Mora 2001)

 Parallel server, multi-class, Bernoulli feedback, non-
preemptive policies  M|G|m systems
 Special case of the undiscounted branching bandits family

(Glazenbrook 2002)



Wang, et al, “Optimal Resource Allocation in New Product Development Project: A Control-Theoretic Approach,” 
IEEE Transactions On Automatic Control, 47(8), (2002), 1267-1276.

Theorem 1. Optimal schedule is work-conserving (balanced workload, no 
idleness)

Theorem 2. If , it is NOT optimal for  server r1 to process activity j 

and for server r2 to process activity i simultaneously.
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