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Motivation

Examples of Complexity in the news:

About SLS’ Schedule Delay: “Low monetary reserves limit the programs’ flexibility to cover increased costs or delays resulting
from unexpected design complexity, incomplete requirements, or technology uncertainties.”. — NASA (Apr. 2017)

About the F-22: "We must break the old habit of adding layer upon layer of cost, complexity and delay to systems that are
so expensive and so elaborate that only a small number can be built and are usable in only a narrow range of low-probability
scenarios” - Secretary of Defense Gates (July 2009)
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| Motivation

General ideas: . Complexity is associated with problems . Systems are becoming more complex
bUdget overruns Comp|exityh
Complexity — mm) schedule delays

system failures
program cancellation.

How is Complexity managed currently
* No agreed upon definition or working understanding of complexity
 Complexity management is largely done based on intuition and experience

* Existing complexity management techniques are limited:
 Techniques require a lot of data gathering and manipulation
. Design Structured Matrix (DSM) and manipulation
. Techniques are very specialized

. Requirement analysis, Manufacturing complexity
. The complexity estimation was conceived for another industry
. Complexity in Computer science

How to manage complexity more effectively in Systems Development

The University of Alabama in Huntsville Slide 5
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What is Complexity?

Common Definitions

g \{X\ e
* Oxford Dictionary O o EN o\

The state or quality of being intricate or complicated. .
. INCOSE Nonlinearity

ﬁ measure of how well knowledge of a system’s component parts explains the system’s 0100101001101

ehavior and also by the number of mutually interacting and interwoven parts, entities

or agents 0101010100100

* Simon

==) 1000100100100
001011111010...

A complex system is a system composed of a large number of parts that interact in a
nonsimple way, and that therefore have an emergent behaviour.

No agreed upon definition

length
3 aspects of complexity leflCUIty to describe
. Nonlinearity / Emergence
The system is more than the sum of its components 0100101001101
0101010100100 0
* Difficulty to describe the system 1000100100100
Associated with the information content of the system 001011111010...

Difficulty of creation

csig]
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. Difficulty of creation
Difficulty of the process that brought the object into existence
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Effort

MOrking definition of complexity //’;Z T
Definition: |: 9 sO4 |

o0 0 /

“Complexity is the minimum effort required to acquire a \ r- /
system based on the system specifications” ’ \\'M‘H‘ ,/ ‘
* Where: .~ -

« “effort” is a measure of the resources spent: Time, Money,
Labor, Information

E|S
* Under this understanding an identical object can have

different complexity values depending on the resources

available, and the allocation of such resources -I 2:
Factors that contribute to complexity mm=
« Size — Number of Components, Number of parts, Specifications

Number of lines of code

* Interactions — Number of interactions, Type of
interactions

 Degree of Organization — Hierarchical organization

The University of Alabama in Huntsville Slide 7 CS. I L
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\Eing SysML for the complexity assessment

What is SysML — “Systems Modeling Language”

* Graphical language which uses 9 different types of diagrams to
represent a system.

e Extension of UML (Unified Modeling Language) used in software
development

* Model Based Systems Engineering (MBSE) often uses SysML

* Used to create models of the system for various purposes.

Requirement tracking, physical modeling, Communication, Trade
Studies and so on.

Why use SysML to measure complexity

S sML models used for other purposes already contain information
out the size, interactions and hierarchical organization of the
system

* Integrating complexity in the model will allow designers to
immediately take into account the impact of their decisions on
system complexity

 UML has been useful in managing complexity in software systems
developments

The University of Alabama in Huntsville Slide 8
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SysML diagrams for complexity estimation

bdd [Package] Initial Distiller Structure [ distiller breakdown lJ

ibd [Block] Distiller[ 1.distiller bleck diagram (inﬂiﬂl}ﬂ
ablocks
Diztiller «FlowPorts «FlowPorts
= dirty water : H20 mﬂ'".‘z: H20 5'”'19:"_1 - Residue sludge? : Residuedge : Residue
Ll Ll _a
maini : H2C
wFlowPorts wFlowPorts wFlowPorts wFlowPorts
* cin : Fluid c out : Fluid middle : Fluid baottam : Fluid
]
ablocks sblocks sblocks
condenser : Heat Exchanger evaporator : Boiler drain : Valve
4] 1]
h out ; Fluid hin : Fluid top : Fluid bottom ; Heat

wFlowPorts «FlowPorts wFlowPorts wFlowPorts

. «FlowPorts
condenser drain evaporator FlowForts main3 : H20 purified : H20 =
wblocks wblocks wblocks [_gq n - Heat a1 t'.r?ﬂt
Heat Exchanger Valve Boiler
main4 : H20
| .
Ll

Block Definition Diagram (BDD) Internal Block Diagram (IBD)

CSIC
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Complexity Metric I [ “’J [ ‘HﬁfAff}EiA)J

1)
P o i I
huml)cr of
Interfaces Components Interfaces Architecture
. . . Number of Adjacency / \
Complexity Metric of Sinha and Suh: |
° the System Related to Interface Related to System
Design and Management Integration Effort
C, = LA (Topological Complexity)
) ;g‘ Y E(4)
i C =
n

Related to Component
Engineering

Adaptations:

* To account for external interactions
. Graph Energy replaced by cyclomatic complexity
. Included a term for external interactions
 To leverage the information available

. The interaction complexity is directly determined based on the information available
about the interactions without having to build an adjacency matrix

Complexity Metric: C = z’flai +<znlzn 1Bi1+2#12q 1Yim>%
i= i=1 4 j= =1 Ltpm=

n: number of internal components

g: number of external components

a;: Complexity of ith component

Bij: Complexity of the interaction between the ith and jth components

¥im: Complexity of the interaction between the ith internal component and mth external component

v: Cyclomatic complexity as adapted by Lankford for class diagrams C S I L
The University of Alabama in Huntsville Slide 10 L _I
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Complexity Metric - Example

bdd [Package] Initial Distiller Structure [ distiller breakdown ﬂ

eblocks
Distiller

WA S

Complexity = 7?

N

condenser drain evaporator
ablocks wblocks ablocks
Heat Exchanger Valve Boiler
Eumple-x'rt-g.r- =4 Eumpl-ex-'rt:,r =3 Eumpl-&x-'rt-g.r =1

The University of Alabama in Huntsville

ibd [Block] Distiller[ 1.distiller block diagram (in'rtiﬂl}‘]J

«FlowPorts _ _ «FlowPorts
dirty water : H20 mainz : H20 slidgel -Residue o) 3067 - Residuedge : Residue
= > > =

maini : H20
«FlowPorts wFlows Ports «FlowPorts wFlow Ports «FlowPorts
cin : Fluid cout : Fluid middle : Fluid bottom : Fluid in ; Fluid
il Lt
wblocks wblocks wblocks
condenser : Heat Exchanger evaporator : Boiler drain : Valve
4] (1]
h out : Fluid hin : Fluid top : Fluid bottom : Heat
«FlowPorts wFlowPorts «FlowPorts wFlowPorts
«FlowPorts
«FlowPorts main3 : H20 purified : H20 =
o
g in : Heat g1 : Heat
= >
main4 : H20
P
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Complexity Metric - Example

bdd [Package] Initial Distiller Structure [ distiller breakdown ﬂ

ibd [Block] Distiller[ 1.distiller block diagram (in'rtial}‘]J

eblocks
Distiller

Vallles

Complexity =

THT'

condenser drain
sblocks wblocks
Heat Exchanger Valve

||FT-T

Co mple-x' =

r
. |

lpex

Enmpl_ex'rtg,r =3

«FlowPorts ) ] «FlowPorts
dirty water : H20 mainz : H20 sludge? : Residue sludge? : Residuedge : Residue
= > > =
maini : H20
«FlowPorts wFlows Ports «FlowPorts wFlow Ports «FlowPorts
cin : Fluid cout : Fluid middle : Fluid bottom : Fluid in ; Fluid
il Lt
wblocks wblocks wblocks
condenser : Heat Exchanger evaporator : Boiler drain : Valve
4] (1]
h out : Fluid hin : Fluid top : Fluid bottom : Heat
«FlowPorts wFlowPorts «FlowPorts wFlowPorts
«FlowPorts
evaporator «FlowPorts main3 : H20 purified : H20 |::|
.
ablocks L qin : Heat g1 : Heat
- —
Boiler [—' »
. main4 : H20
Complexity = 1
P
Interaction Type Complexit
| W0 ] 8
Residue .5
T a A
Slide 12
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Complexity Metric - Example

bdd [Package] Initial Distiller Structure [ distiller breakdown ﬂ

eblocks
Distiller

Vallles

Complexity = 7?

N

condenser drain evaporator
ablocks wblocks ablocks
Heat Exchanger Valve Boiler
valles VRllEeS Valles
Complexity = 4 Complexity = 3 Complexity = 1

ibd [Block] Distiller[ 1.distiller block diagram (in'rtial}‘]J

«FlowPorts

dirty water : H20 main : H20

maini : H20
«FlowPorts
cin : Fluid

wblocks
condenser : Heat Exchanger

-
¥
h out : Fluid
«FlowPorts

«FlowPorts main3 : H20

-4 in : Heat

—3

11

g1 : Heat
=

aFlow Ports
Jriddie : Fuid

sludge1 : Residue

wblocks

top : Fluid
«FlowPorts

evaporator : Boiler

—l

main4 : H20

aFlowPorts
sludge? : Residuedge . Residue

wblocks
drain : Valve

ottom : Heat
Flow Ports

«FlowPorts
purified : H20
.

Interaction Type

5
___ Heat | 1

The University of Alabama in Huntsville
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Complexity Metric - Example

Cyclomatic complexity as adapted by Lankford

v=e —n+2p
* e = Number of relations
* n = Number of blocks

* p = Number of graph connected components

The University of Alabama in Huntsville

bdd [Package] Initial Distiller Structure [ distiller breakdown lJ
sblocks
Distiller
ll‘.CIn'||::-IIE:=:-cTrt;t-= ?
condenser drain evaporator
zblocks sblocks zblocks
Heat Exchanger Valve Boiler
Cumplln.;xf'rt; =4 Cum|:':-l=e;c?'rt-y =3 Cum|:':l=e;:=it-y =1
ibd [Block] Distiller [ 1.distiller block diagram (initial} ‘]J
aFlowPorts . ) «FlowParts
dirty water : H20 main2 : H20 sludge! “Residue 54000 - Residuedge - Residue
» > =
main1 : HZ20
wFlow Ports i Flow Ports wFlow Ports wFlow Ports «FlowPorts wFlow Ports
cin : Fluid c out : Fluid middle : Fluid bottom : Fluid in ; Fluid out : Fluid
il il
wblocks sblocks wblocks
condenser : Heat Exchanger evaporator : Boiler drain : Valve
V] (1]
h out ; Fluid hin : Fluid top : Fluid bottom : Heat
«FlowPorts «FlowPorts «FlowPorts «FlowPorts
«FlowPorts
FlowPorts main : HZ0 purified : H20 =
-
g in : Heat g1 : Heat
[ >
maind : H20
P
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Complexity Metric - Example

Cyclomatic complexity as adapted by Lankford
v=e —n+2p
* e = Number of relations : 7
\

bdd [Package] Initial Distiller Structure [ distiller breakdown lJ

’I‘Iﬁi&l’

sblocks
Distiller

Cumplé;c&;t-= ?

——-----

drain evaporator || gy,

zblocks
Heat Exchanger

Valve

wblocks wblocks
Boiler

* n=Number of components : 3

* p = Number of graph connected componrents : 1

The University of Alabama in Huntsville

\ Cu:lmp;:;&it: Z

~

Cumﬁl-e;c-'rt-y =3 Cumf:l-e;:-it-y =1 }

ibd [Block] Distiller [ 1.distiller block diagram (initial} ‘]J

wFlowPorts 1

_dirty water : H20 main2 : H20 2

wFlow Ports
middle : Fluid

«FlowPorts

3 sludgel : Residue sludge? : Residuedge : Residue

«FlowPorts wFlow Ports

out : Fluid

P
wFlow Ports i Flow Ports
in : Fluid c out : Fluid
il

evaporator : Boiler

P
wFlow Ports
bottom : Fluid

t

L

wblocks wblocks

drain : Valve

=l

=

4 (1]
h out : Fluid hin : Fluid 5 bottom : Heat
«FlowPorts «FlowPorts «FlowPorts
«FlowPorts
FlowPorts main : HZ0 purified : H20
qin : Heat g1 : Heat
[ >
maing : H20 7
P
Slide 15
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Complexity Metric - Example

Cyclomatic complexity as adapted by Lankford

v=e —n+2p
* e = Number of relations : 7
* n=Number of components : 3

* p = Number of graph connected components : 1

v=7-34+2(1)=6

The University of Alabama in Huntsville

bdd [Package] Initial Distiller Structure [ distiller breakdown lJ

sblocks
Distiller

Complexity = 2.69

condenser drain evaporator
zblocks sblocks zblocks
Heat Exchanger Valve Boiler
Cu:lmplléxf'rt-y- =4 Cumﬁl-e;c-'rt-y =3 Cumf:l-e;:-it-y =1

ibd [Block] Distiller [ 1.distiller block diagram (initial} ‘]J

wFlowPorts
dirty water : H20

main1 : HZ20

wFlow Ports
cin : Fluid

xblocks

condenser : Heat Exchanger

mainZ : H20 sludge! : Residue
P P
i Flow Ports wFlow Ports wFlow Ports
c out : Fluid middle : Fluid bottom : Fluid
il il

wblocks
evaporator : Boiler

sludge? : Residuedge : Residue

«FlowPorts

wblocks
drain : Valve

«FlowPorts

wFlow Ports
out : Fluid

V] (1]
h out ; Fluid hin : Fluid top : Fluid bottom : Heat
«FlowPorts «FlowPorts «FlowPorts «FlowPorts
L | «FlowPorts
FlowPorts main : HZ0 purified : H20
qin : Heat g1 : Heat
[ >
maind : H20
P

=l

=
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Complexity Metric - Example

Cyclomatic complexity as adapted by Lankford

v=e —n+2p
* e = Number of relations : 7
* n=Number of components : 3

* p = Number of graph connected components : 1

v=7-34+2(1)=6

n n n n q v
S (BT T T )
i=1 i=1 j=1 i=1 m=1 n

The University of Alabama in Huntsville

bdd [Package] Initial Distiller Structure [ distiller breakdown lJ

sblocks
Distiller

Complexity = 2.69

condenser drain evaporator
zblocks sblocks zblocks
Heat Exchanger Valve Boiler
Cu:lmplléxf'rt-y- =4 Cumﬁl-e;c-'rt-y =3 Cumf:l-e;:-it-y =1

ibd [Block] Distiller [ 1.distiller block diagram (initial} ‘]J

wFlowPorts
dirty water : H20

mainZ : H20

main1 : HZ20
wFlow Ports
cin : Fluid

P
i Flow Ports
c out : Fluid
t

L
xblocks

condenser : Heat Exchanger

wFlow Ports
middle : Fluid

sludge! : Residue

wblocks
evaporator : Boiler

L

wFlow Ports
bottom : Fluid
t

>

sludge? : Residuedge : Residue

«FlowPorts

wblocks
drain : Valve

«FlowPorts

wFlow Ports
out : Fluid

=l

=

V] (1]
h out ; Fluid hin : Fluid top : Fluid bottom : Heat
«FlowPorts «FlowPorts «FlowPorts «FlowPorts
«FlowPorts
aFlowPorts main3 : H20 purified : HZ0
qin : Heat g1 : Heat
[ >
maind : H20
P
Slide 17 ‘ NP ‘
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Complexity Metric - Example

Cyclomatic complexity as adapted by Lankford
v=e —n+2p

* e = Number of relations : 7

* n=Number of components : 3

* p = Number of graph connected components : 1

v=7-34+2() =

n n n n q
2\ 2y P+ D D Y
t=1 1=14j=1 [=14=dm=1

[4+3+1]+[(2*0.8+1*0.5)+(2*0.8+1*1+1*O.5)]*§

1%
C

n

The University of Alabama in Huntsville

ibd [Block] Distiller [ 1.distiller block diagram [in'rtial}l]
«FlowPorts «FlowPorts
dirty water : H20 main2 : H20 sludge : Residue sludge? : Residuedge : Residue
|:_p B [ _ﬂ
L L
main1 : H20
«FlowPorts wFlow Ports «FlowPorts wFlow Ports
cin : Fluid c out ; Fluid middle : Fluid bottom : Fluid
Kl
wblocks sblocks sblocks
condenser : Heat Exchanger evaporator : Boiler drain : Valve
4] 1]
h out : Fluid hin : Fluid top : Fluid bottom : Heat
«FlowPorts wFlowPorts «FlowPorts wFlowPorts
o «FlowPort»
«FlowPorts main3 : H20 purified : H20 E":l
_lqin:Heat g1 : Heat
B >
mainé : H20
| .
L

bdd [Package] Initial Distiller Structure [ distiller breakdown lJ

sblocks
Distiller

Complexty = 259

evaporator
zblocks

condenser drain

wblocks wblocks

eat I:Txc.‘:haner & <l
Com Ie-x"“= B CI:II'I'Ill-E;C-'- =3 Cl:lmll-e;:—'- =1
'. plexity plexity plexity T

Interaction Type |__Complexity | _Internal (8) | External (y) |
| 000 W0 00000 | 8 2 2
5 1 1

1 ] 1
Slide 18
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Complexity Metric - Example

Cyclomatic complexity as adapted by Lankford
v=e —n+2p

* e = Number of relations : 7

* n=Number of components : 3

* p = Number of graph connected components : 1

v=7-34+2() =

n n n n q
¥t (ST b LT
1=1 1=1 ]=1 i=1 m=1

[4+3+1]+[(2*0.8+1*0.5)+(2*0.8+1*1+1*O.5)]*§

1%
C

n

6
C=8+5.2 *§

C=18.4

The University of Alabama in Huntsville

bdd [Package] Initial Distiller Structure [ distiller breakdown lJ

sblocks
Distiller

Complexty = 259

condenser drain

evaporator

wblocks

sblocks
Heat Exchanger i

glve

slue:

Cnmﬁl-e;c-'rt-y =3

Cl:lmplle-x"rt-y- =4

-

Cumﬁl-e;:-it} =1

wblocks

1e!

ibd [Block] Distiller [ 1.distiller block diagram [in'rtial}l]
«FlowPorts «FlowPorts
dirty water : H20 main2 : H20 sludge : Residue sludge? : Residuedge : Residue
|:_p B [ _ﬂ
L L
main1 : H20
«FlowPorts wFlow Ports «FlowPorts wFlow Ports
cin : Fluid c out ; Fluid middle : Fluid bottom : Fluid
Kl
wblocks sblocks sblocks
condenser : Heat Exchanger evaporator : Boiler drain : Valve
4] 1]
h out : Fluid hin : Fluid top : Fluid bottom : Heat
«FlowPorts wFlowPorts «FlowPorts wFlowPorts
o «FlowPort»
«FlowPorts main3 : H20 purified : H20 E":l
_lqin:Heat g1 : Heat
B >
mainé : H20
| .
L

Interaction Type |__Complexity | _Internal (8) | External (y) |
8 2 2

| 000 W0 00000
5 1

1 o
Slide 19

i [CSIL

Complex Systems Integration Laboratory



Case Study: Turbofan Engine

Comparison:

_ PWa03s PW1524G

Two spool high bypass ratio Turbofan high-bypass geared turbofan

Initial assumptions:

* All component complexity equal to 1

* Interaction between components equal to 0.1
* Interactions between subsystems equal to 0.2

Slide 20 Qsﬁ—LI
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se Study

4 Diffuse/Combustor Case

1 Buffer Air Cooler
2 Diffuser

3 Combustor

5 FADEC

& FanBlades

7 Fan Rotor

Comparison

Ca

s Outer Fairing
5 Fan Case
10 Fuel Nozzles

-0l Cooler (IDG Oil-Fuel)

11 Fuel Boost Pump
12 Main Fuel Pump
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53 LPT Rotor

51 LPT Stators,
51 PMAG
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64 ECS Cooler (Boeing Furnished)

65 Bi-Fi Duct
66 Nacelle Zone Ventilation Valve

58 #1/2 Bearing Compartment
59 #3 Bearing Compartment
67 Inner Fairing

&0 Towershaft

61 FEGV
&2 #4 Bearing Compartment

55 VSCF Generator
56 Hydraulic Pump

57 Accesory Gearbox

63 Low Shaft

68 Nacelle Anti-Ice Valve
69 Thrust Reverser
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&se Study: Turbofan Engine

Complexity assessment analysis on 2 turbofan engines:
e PWA4098 (69 Components, 268 interactions) |
e PW1524G (73 Components, 373 interactions) o e e

2 SysML models were created with the same 10 subsystems:
e All parts were assigned to a subsystem

bdd [Package] PW4058[ Structurelj

wblocks
Turbofan Engine

controls. fuel and Qil Systems MC LPC HPC HPT LPT nacelle fan cc
wblocks wblocks wblocks wblocks wblocks wblocks wblocks wblocks wblocks wblocks
FADEC Fuel and Qil Systems MC LPC HPC HPT LPT Nacelle Fan cC A
The University of Alabama in Huntsville Slide 22 o
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&se Study: Turbofan Engine

For each subsystem an internal block diagram was made:
Showing interactions between elements of the subsystem

ibd [Block] CC[ CC1]J

| combustor : Combustor

| diffuser : Diffuser | [ |

| buffer Air Cooler : Buffer Air Cooler diffuser Combustor Case : Diffuser Combustor Case ‘

Then an internal block diagram was made for the engine
Showing interactions between the subsystems

Slide 23 QS-‘I‘—LI

Complex Systems Integration Laboratory

The University of Alabama in Huntsville



Case Study: Turbofan Engine

) ) , :
Results the metric used in this study Results using Sinha and Suh’s metric
e  Complexity of components = 1 *  Complexity of components = 1
«  Complexity of interactions between components = 0.1 «  Complexity of interactions between
«  Complexity of interactions between subsystems = 0.2 components = 0.1
PW4098 PW1524G % Difference
ai 2Bi v/n ai 2 Bi v/n ai IBi v/n
Combustion Chamber 408 | 120 | 025 | 524 | 200 | 060 | 2501 | 50.00 | 8235
FADEC 1.00 | 050 | 100 | 1200 | 400 | 1200 | 0.00 | 15556 | 0.00 S Wa058 | PW1524G 1% Difference
Fan 410 | 130 | 050 | 743 | 210 | 071 | 57.74 | 47.06 | 35.29
Fuel & Oil Systems 1540 | 230 | 033 | 1417 | 440 | 014 | 831 | 6269 | 80.00 Sum of components| 69.00 | 73.00 5.63
High Pressure Compressor| 15.32 | 3.00 | 020 | 13.09 | 430 | 008 | 1568 | 3562 | 88.89 2Bij 26.80 37.30 32.76
High Pressure Turbine 320 | 110 | 067 | 420 | 190 | 050 | 27.03 | 53.33 | 28.57 E(A) 95.98 117.81 20.42
Low Pressure Compressor | 5.20 1.00 0.40 6.35 1.80 0.50 1991 | 57.14 | 22.22 E(A)/n 1.62 1.79 10.24
Low Pressure Turbine 6.35 1.20 0.50 5.20 1.40 0.40 19.91 15.38 22.22 Engine 104.24 133.20 24.39
Mechanical Components 10.24 2.90 0.60 12.33 4.90 0.33 18.55 51.28 57.14
Nacelle 613 | 450 | 067 | 605 | 160 | 050 | 137 | 95.08 | 2857
Sum of components 71.02 19.00 75.07 28.4 5.54 39.66
v/n (Subcomponents) 8.70 13.40 42.53
Engine 236.32 455.63 63.39
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Case Study: Turbofan Engine

) ) , .
Results the metric used in this study Results using Sinha and Suh’s metric

e  Complexity of components = 1 «  Complexity of components = 1

«  Complexity of interactions between components = 0.2 «  Complexity of interactions between

«  Complexity of interactions between subsystems = 0.2 components = 0.2

PW4098 PW1524G % Difference
ai 2 i v/n ai 2Bi v/n Qi 2Bi v/n

Combustion Chamber 4.15 1.20 0.25 5.48 2.00 0.60 27.62 50.00 82.35
FADEC 100 | 050 | 1200 | 1200 | 400 | 100 | 000 | 15556 | 0.00 .
Fan 420 | 130 | o050 | 786 | 210 | 071 | 60.66 | 47.06 | 35.29 PWA4098 | PW1524G | % Difference
Fuel & Oil Systems 1580 | 230 | 033 | 1434 | 440 | 014 | 967 | 6269 | 80.00 Sum of components| 69.00 | 73.00 5.63
High Pressure Compressor| 15.64 | 3.00 | 020 | 13.18 | 430 | 008 | 17.04 | 3562 | 88.89 2Bij 53.60 74.60 32.76
High Pressure Turbine 340 | 110 | 067 | 440 | 190 | 050 | 2564 | 53.33 | 2857 E(A) 95.98 | 117.81 20.42
Low Pressure Compressor | 5.40 1.00 0.40 6.70 1.80 0.50 21.49 | 57.14 | 22.22 E(A)/n 1.62 1.79 10.24
Low Pressure Turbine 670 | 120 | 050 | 540 | 140 | 040 | 2149 | 1538 | 22.22 Engine 139.47 | 193.39 32.40
Mechanical Components 10.48 2.90 0.60 12.67 4.90 0.33 18.89 51.28 57.14
Nacelle 627 | 450 | 067 | 610 | 1.60 | 050 | 270 | 95.08 | 2857
Sum of components 73.04 19.00 77.13 28.4 5.45 39.66
v/n (Subcomponents) 8.70 13.40 42.53
Engine 238.34 457.69 63.03

CSIL

Complex SystemVs Integ;ation Laboratory

The University of Alabama in Huntsville Slide 25




Case Study: Turbofan Engine

Results the metric used in this study Results using Sinha and Suh’s metr?c
. Complexity of components varied from 1 to 10 * Complexity of components varied
from 1 to 10

. Complexity of interactions between components = 0.1

«  Complexity of interactions between subsystems = 0.2 *  Complexity of interactions = 0.1
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Case Study: Turbofan Engine

Results using Sinha and Suh’s metric
e  Complexity of components =1
* Complexity of interactions between

Results the metric used in this study
e  Complexity of components =1
Complexity of all interactions between components varied

components varied from 0.1 to 1
from0.1to 1 p
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| Conclusions

A complexity metric has been developed:
* Calculation of complexity based on a system modelled using SysML
 Shows the same trends that previous work in complexity estimation using DSM

* Provides insight has the impact of increasing interaction, and component
complexity

Current State of the Research:
 Metricis being applied to other engineered systems

Future Work:

 Create a function or methodology to estimate complexity based on the resources
spent: C = F(time, cost, Number of Engineer, Risk...)

* Compare complexity estimation to actual systems data
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ﬁ Questions?
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