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Research Objectives

e Adapt and extend “availability payment” concepts
currently in use for Public Private Partnerships (PPPs) to
contract design and pricing for Performance-Based
Logistics (PBL) contracts

e Availability-Based Contracts (a subset of PBL)

— Decision making (and contractual obligation) with availability
as the performance measure

e Contract Availability Requirement Development
— Using public-private partnership models

— Goal: do not overpay the private sector, while at the same time
minimizing the risk that the asset will become unsupported



Availability

Availability is the probability that system will respond to demand;
it is the outcome of the logistics

Uptime
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vatiabuty Uptime + Downtime
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Hot Redundancy Architecture
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Availability-Based Contracts

Customers of availability-centric systems are entering into “availability
contracts” in which the customer buys the availability of the system or process
(rather than actually purchasing the system itself)

 The Armidale Class Patrol Boat Project

— “...deliver up to 3600 sea days per year
fixed cost in-service support contract
to maintain the availability of the
specified capability requirements.”
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e High Availability Server Industry - Microsoft

— Availability is driven by how quickly a
fault can be recovered from by
switching to a redundant system

— The logistics of sparing is not part of the
problem

— Design for availability means minimizing
the switch over and switch back times

— Time to repair is not part of the analysis SEAE



Problem Statement

Requirements System Contract Terms

Penalty (deduction function)

The availability The system
requirement could (in parameters that are
general) be expressed not being solved for

as a probability may be uncertain
distribution

Assessment Time Window
Payment Plan

Gaps in the State-of-the-Art

 The dependency between parameters is neglected, e.g., reliability/
demand and level of maintenance, or temporal dependencies in data

e End of support (EOS) date is assumed to be fixed (it is not)
 The learning process is neglected
e Scalability and risk allocation is not addressed

 The flow down of this process into the supply chain is not addressed

There is little science behind the determination of an
availability requirement in a contact




Model Design

The goal of the analysis is to insure a minimum level of availability at all times.
The outcome-based orientation of our problem places an emphasize on
selecting the proper time frames to evaluate the performance. Meanwhile the
nature of reliability and maintenance actions are generally event based.

e The model involves the Contractor The System represents The Performance is the
integration of the event- decisions are the model of the LG of the system
based structure (demand represented as an maintenance and n responsc}e to a

Affine Controller logistics process contractor’s decision

generation) with a time-
based controller Affine

N

. Performance
e The time-based controller Controller System
uses the historical demand
data in equal periods of
time to determine new
) Measurement
order sizes
* Demands are generated by ' -
a discrete-event simulator VInGS WAEEUTETIES 1 e e
) i payment model in the contract
that SImU|atES the behaVIOr quantrﬁes the Contractor's
of the system in time performance for awarding incentives ERSIT,
or penalties 5 SN
L)



Discrete-Event Simulator

- The net generates maintenance demands
| \\\via sampling failure distributions for the

: \‘s‘ystem’s parts and uses the inventory to
sd‘pport the system’s maintenance
req\i)\\e\:sts. The net produces a time series
(and éqst) of the system’s failure,
mainte\h\gnce, and operation.
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A special type of discrete event e System Performance
simulator (a Petri net) is used to
capture concurrency and Measurement
synchronization properties of the \
system. _/\ .
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tri Net
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- Replacement

e After a failure event if the
o ) st it availability is below the
requirement” the part is
. i e replaced
" ! oo ) e This assumes that
(ro Yt oy W“ PRI replacement time is always
w $ less than repair time
. o Jme o After replacement, the
" ) — system will be available
4 immediately, i.e., the
it - inventory lead time is
KDWW T considered in the
e v T ot (0 T ot (0F inventory model
(expTime(20%w); L infexpTime(s

(ut,dt)

“The “requirement” is an

Down

1Ting Repairs Repair Shop . . .
av operational availability
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Inventory

e Asan order arrives (caused by a
replacement event) a new part
from inventory is needed

e If the inventory level goes below
a certain level, it will be
replenished up to a certain level

e The inventory is connected to
the manufacturer so each
delivery from the manufacturer
can have a different reliability

);(D,C‘*

-

(p,0)

Replace Order

order-1

[order<TRSH]

order

Inventory

Quantity

end

int_timef

End of Period

pd
~100

Period

period

int_time()

L INT

)

(pd,p,c+(int_time()-t)*hc)

Period
Costs

PPC

P+order@-+expTime(ILT)

Call

Manufacturer

Quantity



[

—

CC TIM

L INT

170

ut

1%inl

(utydt)

P failure

input (inl1);
\ 4 output (t);

1p0*ut)<(95*(ut-+dt))]

(ut,dt action_
Availabilty (expTime(50*w
\Y

Repair Done at

Fixed at

Replace

A

A
(ut,dt) 1" inl1@+t
A4
failure indication
IN

‘ 1%inl 1in1
(100*ut)>=((ut+dt)*95
0
w t

Repair

input (in1); INT input (in1);
output (t); output (t);
action _._action

(expTime(20*wWY); 17 inYexpTime(v

(ut,dt)

Repairs Down
P Repair Shop
AV

IN

Maintenance

After the failure event
the part goes for repair if
the availability exceeds
the required availability
(at this instant in time)

Downtime of the system
increases and a new
availability is calculated
after repair

Good-as-new repair is
assumed



Availability Performance and its
Measurement

e Due to the accumulative nature of availability (how it is
accumulated along the timeline), we need to look at the role
of the time assessment window in the measurement system

 The time assessment window refers to the period of time
over which the availability is measured, e.g., monthly,

qguarterly, annually, etc.

- If the time assessment window is too long, then contractor actions
near the end of the window will have little impact on the availability
measurement (contractors will be inclined to “drop the ball” late in
the window because nothing they do will change the result).

- Alternatively, if window is too short, contractors are penalized for the
initial condition of the system and the inventory.

- Therefore the size of the assessment window will determine the
sensitivity of contractor performance actions to different interruptions
and eventually affect the contractor’s risk-taking attitude. SR,
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Payment Design Model

The control-feedback mechanism for availability contracts is based on an affine
control model. The model aims to determine the optimal
incentives/disincentives in an availability contract so that the customer can

expect the best performance or availability given the long-term budget

constraint while the contractor maintains a steady revenue (with profit).

Purpose of the optimization

model:

e Design the contractual

terms:

- Maximum Availability
Payment (MAP)

- Deductions

e Simulate the two-layer
problem (public request,

private react)

Input

Highway Condition

Output

Maximized Profit

v

"\ change 0am ut
strategy

Highway
Performance

MAP(t) Stochastic
Deduc(y)

Variable

Maximized Availability

wit), v(t)
A(), B(t), C(t), D(Y)

Owner

v

Satisfy the Long-term
Budget Constraint

v

Change Contract
Terms



Two-Layer Optimization

e Public Sector: Design a set of =
Maximum Availability Payments .
(MAPs), and a deduction function max Z Ve

: t=1
(based on the performance) so as to: Subject to:

- Make sure the project is within MAP, — Deduction(y;) < Budget(t)
budget t=1,..,T

- Incentivize the private sector to
provide the best performance

e Private Sector: Given the MAPs and
the deduction matrix, decide their
strategies throughout the operation
phase, such as: quality of the
construction, O&M plan, and service
guality, so as to:

Where y{ solves problems (t =1, ...,T)

MAP, Deduction(y)

- Maximize their profit

« - ( E[MAP, — Deduction(y, ) —Cost, ]
(1+i)'

t=1

- Minimize their risk
Deduction(y, )—Cost, < MAR,, t=1,..., T

y = availability (contractor performance) 1= interest rate
T = assessment time window size Deduction = penalty payments
MAP = Maximum Availability Payment  Cost = logistics costs

(could be affordability cap?) A )Y



Payment Model

A model that determines what amount the contractor is paid
 The payment is based on:

- The availability of the system, x(t)

- The length of the contract, T (number of payments)
- The penalty function, m

- MAP (maximum availability payment)

 There is no MAP if the availability drops below some
threshold

L ( E[MAP — Deduction(y, ) —Cost]
maxz( @) |
=1

Deduction(y, ) —Cost, < MAP,, t=1,...,T



Case Study

We tested the algorithm on an inventory model whose
demand is driven by the failure of parts and subsequent
maintenance requests.

The objective of customer was to minimize the costs over fixed
time window while maintaining availability. Meanwhile
contractor was optimizing their revenue.

We used Affine Controller to model contractor decision making
and use convex optimization to final the global optimum

The model will help the contractor optimize (or stabilize) the revenue while
optimizing the outcome for customer

Different inventory decision making parameters and costs are being tested
to find the optimum strategy and contract

The variance of the outcome was controlled using a Monte Carlo method
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Results

700
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e The amount of risk decreases

when the performance is
assessed more often during the
contract term.

e Lower risk is highly desirable
for contractors, however, a
contractor might benefit from
higher costs.
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Unresolved Issues

The demand/failure distribution plays a
key role 200
- One item or multiple items

The integration between time-based and
event-based systems is a defining part
in modeling process and results

INVENEOTORY LEVEL

The effect of prediction technologies

(prognostics) on the contractor behavior

remains unexplored ASSESSMENT WINDOW LENGTH(DAYS)
Assessment windows results can have a

feedback effect on the behavior of the

contractor for the next cycle. Here we

assumed the contractor works the same through the year with identical
cycles in all assessment window periods.

The effect of value at risk on contractor side remains unexplored St

70



Conclusions

We studied the effect of the availability assessment window
on the incentives of the contractor and outcome

We where able to demonstrate that there is an optimum size

of this window
- The number of samples we need to determine the performance of
contactors has an optimum

Different inventory decision making parameters and costs are
being tested to find the optimum strategy and contract

Contractor’s decisions are also highly influenced by the

amount of risk involved
- Just focusing on expected value can be misleading especially in cases
where there are only a few samples St
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