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Introduction Wy
e Costs  Methods for raw costs
— Raw Cost may not be suitable
» Build from scratch for switching costs
— Switching Cost — E.g. Linear regression
* Build from prior Significant errors!
products
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Literature s
(Before DARPA AVM 2011)
: Switchi ts studied f ifi
Most studies were on raw costs  domainsisystems o
* Manufacturing parts « Software-intensive systems

 Development costs E.g. (Wang, G, et. al., 2009)
e Tools:

// E.g. SEER-H (hardware

" ; systems)
Switching costs for a generic
SEER-SYS, COSYSMO I

(Systems engineering costs only)

system: unanswered

AVM: Adaptive Vehicle Make
This document has been publicly released and is not subject to export controls
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Our Work

-Performed in DARPA AVM, 2011

Concept and
Properties of
Switching Costs

Methods of
Calculating
Switching Costs

 Activity-Based
Approach;

o Support Early-
Stage Estimation

-

J,

@ Different Processes

. 7

Applicable to
Systems
Generated With

e Minimize manual EJ
(Expert Judgment)

Do not explicitly require
data calibration
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Definitions e

e Architecture/Design « AA (All Activities) Set

— Components — Include all design
Flows/Connections are activities
special components e Primitives:

SAME(), SWITCHABLE(), etc.

Switching Cost AA C ,, (4, B) Raw cost AA C(A4)
Switching Cost Csw (A, B) Raw cost C(A)
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Overall Estimation Framework g/

Process: Top down, recursion back

Conceptual
More details 9
More details @ £8yalo

More details

Raw Cost:
C(A) = f(C(4))= C(a, A) + C(o, A)

C(A) =C(a,A) UCl(c,4)

Switching Cost:
Csw(A, B) =f( C 4y (A, B))

=Csw(a, A, B) + Csw(o, A, B)
Csw(A,B) = Cgyy (o, A, B) U Cqyy (0, A, B)

|
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Switching Design Process s

«D»

A is prior product

Activities: Match each component
. System level: with some prior
components
Step 1, 2,4
Implement switch

 Component level )
designs

Step 3

Integration Remaining steps:
integrate, V&V, etc.
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Component Level v

Component  Design

A B
Activities
|o| B
ésw (0,A,B) = U IA‘an,A,B CA Cl
n=1 1
A

Compare by types

Three types of
changes:

f.(c®): Add from scratch
£.(CA, CB): Modify from a
prior component

£-(C4): remove a
component

2

This document has been publicly released and is not subject to export controls

www.incose.org/symp2018 9



Recursions

AcquisitionPrice(c1), Y

exist?

HistoricalData(c1), or CostModel{v

N

v

Pick one to be

fi () or fo(cy)

c1 decomposableto N
components ki, ..., kx?

EJ

v Y
C(c1) =C(a,c1)UC(o,¢)
where é(o’, )= U,;Kzlfc(ki)

y

Call fc flow chart to
compute each f;(ki)

fc()

. ) Y
Previous Res.ults fo (c1, c2) Use it
exist?

—
N
v N
c1, c2 decomposableto £l -
the next level? | -
v Y
Use Equation 2.1 to estimate
the next level’s Csw(c1, c2).
v

"
(Y

fs()
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System Level Wy

Conl0 A, B)=(Cy (A, B), Copl0, B))
= C, (A, B) + Cg (0, B)

C (A, B): system level activities on analyzing and selecting
arrangements

CSW(aL B). system level activities on building B besides the
costs on B's components

- E.g. designing, integrating and verifying/validating system B
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Switching cost is always non-negative

Properties

C.(A, B) < C(A) + C(B)

Minimum switching cost exists

Switching Cost
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Example - HVAC

Compressor

Air Loop

Condenser

Damper Damper

P

Evaporator

g 3

/

Room1l

Air Loop

Evaporator

1 zone Control ]

Room2

Compressor Condenser

Mechanical pipe
Electroniclinks (e.g. 10, Network)

B
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Process and Tools

0, = COMPressor, 0, o = {Cy 1}, 0,5 = {Cy 5}
0, = condenser, 0, 5= {C;, 1}, 0, 5= {C, 5}

O3 = vaporizer, 03 ,= {C3 1}, 035 = {C5}

0, = damper, 0,4 = 9, 045 = {C41, Cs 2}

05 = controller, 05 = {C5 1}, 055 = {Cs5 5}

0 = user control panel, o, = ¢, 055 = {Cg 1}
05 = software on controller, 0; 5 = {C; 1}, 07
={c2}

0g = software on user control panel, og 5 = ¢,
Ogg = {Cg 1}

0, = 10 link between controller and
controlled components
(e.g.damper/condenser), Gg 5 = {Cg 1}, Ogg =
{Co 2}

0,, = Network link between user control
panel and zone controller,

O10a= 0, 0108 = {C10.1}

[ Arché.har - SEER-H

I.ﬂ:::i:ﬂ:]ﬂ1

Help

= YA

file Edit Estimate View Reports Charts Tools Options Collaboration Window

1LPHE2Blch9Q/-ANBEOHEEE

I Inputs
)| Work Elements (Pafametersf Schedule & Qtys r Labor Rates, Co
“ | Mechanical/Structural: Core_Turbine Least
— & 1.6: Core_Compressor ~|- PRODUCT DESCRIPTION
(] -l {§ 1.7: Core_Turbine I°L Weight (Ib) 1,730.
-\ 1.8:Cora_Combustor ~Volume (cubic feet) 12.9¢
— 1y 1.9:Single_Fan_(nDTC) =} MATERIAL COMPOSITION
i r‘i 110 Cme_?rffusar L | L Percent Auminum/MallGETTTT 1
1 ~ A 111 Fan_Diffuser | 1 -PercentSteel Alloy ¥ Charts
2 1 19 Com Sla | |
=ES Production Cost Al
| Reports
M (Quick Fstimate [ Detail Fstimate | = 40 15
|{Ready ||Work Elements: 14
.

SEER-H*

*courtesy Galorath Inc.
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Conclusion

e Switching cost
— Concept, Properties, Methods, Principles

e Our method
— Automation: Minimize EJ

— Not parametric
e Unlike COSYSMO Il etc.
« Do not explicitly require data calibration, thus reduce it

— Leverage existing tools, models, prices, data

— First answered the question of switching cost for a
complete generic system (AVM)
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