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Software is Everywhere 

11 From Military Applications to Children's Toys 

11 Market Demand Drives Increase in System 
Complexity 
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+ Automobile Industry Example: 

• Safety 
• Comfort 
* Performance 

+ Leverage The Power of The Computer to Augment 
Mechanical Systems 

The Tale of Two Online Courses ... 
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l.<>1·-:,!a.\la1-vnv,unt 
V,,·,,.,-·1. 
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1. .. ·,,.,.:1.-

Increasing System Complexity 

• Systems of Systems 

+ Complex Systems Made up of Smaller Sub­
Systems 

+ Require Coordinated Efforts of Tens to Thousands 
of People From Various Backgrounds 

.. As the Role of Software Increases, Customers 
Demand: 

+ Robust Quality Software 

+ Reduced Development Cycles 
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LMTJLA 
L<,;vl11 M"r~cc1l(>lh1i 
1 ·.,-,,., .... ·;_ 

l 1,hig tti,,. UMl.:::ld (JbJ;:..:t O;frnlutcd l'n>gmmwJ:,,; T,-.:lm!qui-s to t;n,3k a l.,'llll 
&,!hm,c F.111i1cm11r,1t -.\lltar,\Sp.·.im1Hl 

Guess the# Lines of Codes??? 

Lexus LS460 W~ USAFF-22 Raptor 

Retail: $86,000 Retail: $177.6 M 

LMU!LA 
1.~'}"1 .. 1,1,., .. ,.,,,..,,., 
l;uu,,i.,-"l_ 
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The Problem 

The Tale of Two Online Courses ... 
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L,~;,,l,,.'.',la,.,.·m•>Uilf 1·,,·,,,. .... ·t. 

t::,,i1* th,;· tlML,md Ol>Jl·d Oricnta!t,i f'n~tdmmlnj:; Tt,;lmtqi.;,_..,. to Cn"~!e a l.;:-nn 
5,,n1,.,,rcl-:fl\1nmmr11t -!wl.!rAS?<'-:,m;._,u 

Lines of Code 

LexusLS460 USAF F-22 Raptor 

1,800,000 7,000,000 

LMUILA 
b"};'-'!u.~l~'.'ryr<wm.u 

1:•11;,,? Ill<' UML,md Ohjh't or:~illatnl J•:.,..n:wu:llnJ.l T~·dmlqH<'l '" C:1-..1c a l.~11 
!i•,lh11<1~ ErwJr,.,mn.·nl -.'\f\L>r A Sp,:.mr~.<11 

The Problem 
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L,)y<..la?.1,,ry1n<Hnlt 
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l',!11~ II!.' l::O.fl. "-'ld fJhJ,.-..:1 O!itnlatcd Pru,;r.1;-nmlng ·n-ehn!que"i to Crute a 1.~'1111 
S<,,'hmn:V.rwlr<>,m'lr:11 ·"\J1f<ir,\S()<.u,:;,•_of\ 

The Problem 

"RISK 
+ Inaccurate Understanding of End-User Needs 

+ Constantly Changing Requirements 
+ Late Discovery of Serious Projects Flaws 
+ Schedule slips 

LMU:LA 
!..<))!,!,~ ~J»<, ··~">UH< 
{1,,· ... ,-.:;_ 

\!.,I\\\!- t!,,• lJ:\fL:,md Oh}'<"t Orl~lll'4kd l'U'l,!1':lmU:lajl: T,•dnthtU.-s 1<> O;lllt :i 1.,~.in 
s,.nwim,tu<"!;..mm,ut -.\nlMASp,'JP.r,c'fl 

Shared Characteristics of Software 
Failures 

" Ad-hoc Requirements Management 

., Brittle Architectures 

" Overwhelming Complexity 

.. Modules That Don't Fit Together 

.. Software That's hard to maintain or extend 

., Teammembers in each other's way 

.. Poor Communication 

5fl/2008 
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LMUiLA 
h-<>,:<Aas;.\l • .a,•y,n•,<1uf 

t:~11'.;!. lh,:· U~ILnud ObJt-..1 Orienlll!e<i l'~r .. nmllnl). Tc'\'.hntq1,._.,. lo Crratc II l.c-un 
s,,nw,uc 1,:u,11nm1lf11t ··.'IE.wr:\Sr•=,_~-~1 

Some Numbers 

.. According to the Gartner Group: 

+ 74% of all IT/Software projects fail 

* Over Budget 

* Over Schedule 

• 28% Fail Altogether 

.W/2008 

LMU\LA 
}:,}:,:a_!\l."'r!'m.O«U/ 

The Cause 

t.\11~,'! 11,,• UM Laud ObJut OrimMtd J'nigr,,un:iln,! Th'hnh11~·1 w cn~~it .. 1....,,111 
s,,n"~1': Emlrnmll<'nt -:\nt.irASpc~rrfat1 

.. Traditional Programming Paradigms Lack the 
Scalability and Flexibility Required to Effectively 
Manage the Increasing Complexity of Current 
Systems 

The Need 

.. What are Required are New Paradigms to 
Improve Programmer Productivity to Effectively 
Meet These Challenging Demands 

5fl/2008 
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LMlJ]LA 
L<,y<,l,. M!>r:v,n<,t>U! 
, ·.,·~··,-·1_ 

l'~hlj!. l!k' U~ll.1:,.'ld Oh},:! Orlcnlatcd Pm,;rurnn-Jng T;:..:hnlques to Cre~te a 1.enn 
s~o,n:m,t:r,.'!r<>'m~:1t -:u,r .. rASP<.ir,;.,,_-n 

The Problem 

"RISK 
• Inaccurate Understanding of End-User Needs 
• Constantly Changing Requirements 
• Late Discovery of Serious Projects Flaws 
+ Schedule slips 

LMU]LA 
t~» ,,I,~ 1\1,u. ·,m'""' 
(;.,·,, .... ·t! 

li,tnµ th,' U\U,:.ml Ohjh"I Orfo11lat~d l'J,>)<1"1!1JIJ:l:',! lh•hli1,1u,..,. '" Cit<il~ "l.,•m1 
sonm,"' Em1r.'iln1<;1t -.'\nLir,\Sp,:.imw"-1 

Shared Characteristics of Software 
Failures 

., Ad-hoc Requirements Management 

., Brittle Architectures 

.. Overwhelming Complexity 

• Modules That Don't Fit Together 

.. SoftwareThat's hard to maintain or extend 

"Te.am members in each other's way 

" Poor Communication 

517/2008 

The Tale of Two Online Courses ... 
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LMUILA 
}"l.~'~"' .}l~,..,. . .,,,n,ut 

\,',,[Ill!- IIJ;.. UM Lund Ott Jed Orimt:i.!cd J•niirirnming T<...:hntqu..-s lo Creo.fe" L<--u.11 
S<,flwi,1cl-:nvimmnrnt ·.'\r!UrASp,.·;;r-2_,u 

Some Numbers 

.. According to the Gartner Group: 

+ 74% of all IT/Software projects fail 

* Over Budget 

* Over Schedule 

+ 28%Fail Altogether 

W/2008 

L1\'1UILA 
t;''~;":,,. .. ~tl,».<")"n:l"UUf 

The Cause 

t:.~h1i! u~, l.1Ml,,md ')hJc-.,t Orltu1,.urd l'•w,!rnmull,~ Tc..·lmt,11"'~ tn Cn•it ::. l.,•nu 
!'>f>l"l\\lm,Em·ln>lln'l<'II! -.'I.IU,\TASp,c.mr~(l 

• Traditional Programming Paradigms Lack the 
Scalability and Flexibility Required to Effectively 
Manage the Increasing Complexity of Current 
Systems 

The Need 

.. What are Required are New Paradigms to 
Improve Programmer Productivity to Effectively 
Meet These Challenging Demands 
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LMU!LA 
l.<>\<,\,.;\1:,ymn.,,..r 
t· .. -~ ... <,. 

l';lng th-.' l::O.fl.11ad Ohj.-d Orfont:i.led l'w,;rurn1rJ:,g ·nc..:hntqu,,~ to Cm11e ::i l.~'Un 
ii<>!lw.:!re Y.n•!1v1m\\'.,1t -.\m~r ,\ S['<<!G,•.<1 

Options Currently Available 

LMlJ\LA 
.l.<»d•~ :''>J».r,•·•~"""" 
l;u · .,·. -~-

l!sh~ Ch,' U'-11.,md Obji•,:t Orfo11bltd PJtl\<l'.rnm:l1Y,c Th'hhh\Ur>J to Csul~ 11 l.,'atl 
S<,!'ll\'l!r<:l:u<:!P,tmi.:;11 -.\nl.lrAS(>cJrm,'!l 

The Software Engineering Process 

13 

{Ici.i><iiieff, ... ~.11 ··~'/~"''' 

lime Line 

The Tale of Two Online Courses ... 

LMlJ[LA 
f..-..}<.>h1.'l.J,n·.~·n,•mu1 v,, '·' :1: 

t:,n~ th,· U:O.U.uud Ot>JHI Orknt:i.te<i. f'm;:i-.imml!!i! T£....:bntqll<'.'S lo Cre:i.1e ll l1<-n11 
s,,nw .. rtl-:m1wm1k'nt ··.'inmA$p,.'-m:L~:>!1 

Three Schools of Thought - Coding 

• "Cowboy" Coding 

+ Shoot From the Hip Approach to Software 
Development 

• Task-Oriented 

+ Traditional "Structured" Approach to 
Programming 

+ Collection of Logical Functions 

• Object-Oriented 

+ Focus on Objects and How They Relate to Each 
s1112ooa Other 1• 

\;~It~,). 11,,,, U!\11,um\ Ohjh"t Orit11l111.-<l J•,\lgm1m1Ung li...:lmlq1"'~ in en-,,,.- ,..1.,::-nn 
s,,n""111l\m·lnmmn11 -J\nwr,\Spi,.mr,,,1 

Agile Software Development Paradigm 

• Focus on Rapid Continuous Delivery of Working 
Software 

+ Incremental Software Development Approach 

+ Centered on Self-Organizing Teams 

+ Constant Communication Between Business 
People and Developers 

• Lacks Structure, Detailed Requirements 
Analysis, and Much Needed Documentation 

S/7/2008 16 
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LMU:LA 
l o~<,ln :\J:u·. m<>uu! 
1 ·.,·~···"o"·· .. 

l'<lng tbo.- U:\11.~md <Jh.J< ... 1 O!ier1ta1NI hn;:ra,mrJ:,g T,-dullqur:o; to t:n-~k a l.s>un 
Sl,nw;:reF.m11omtl.nt ·.'\ntar,\Sp,:Jn:rM1 

The Proposal 

Lean Thinking 
The Unified :\iodcling Language 
Object Oriented Programming + 
The Systems Engineering Process 

LEANSQF'I'WAREDEVELOPMENT 

5/7/2()0fl 

LMU:LA 
t ,),..1, :\In~. ''-~<>uu: 
t;u·,,., ... ·1 .. 

lhht,? ""' UMl.:;:.ad Ol>JN"I Ori~11llind Pn,grnmulln!( T\·d111h11u-s lu Onll~ :u: 1 .. ~.m 
s,.nmm, l:u•ir..•m1~111 -.\nw,\SpcJP.iw~1 

Lean Software Development 

The Tale of Two Online Courses ... 
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L.MTJILA 
~f''Y'_"" ~~-a,-:,,n•mul 

1.:~r'i\ (II,, UMl.1rnd Ohj<...:I Orlrn\a\tC l'roif"~mm!t~ Tt..;hntq= to Crra\e a l.t-1111 
S<,fh"',~ F.ntJri,m1'1fnt -.'1..Mar ,\ :i'.p,;';um·-~ 

The Lean Software Approach 

517/2008 

LJVTUILA 
t.<>>;•A,~_';'

1
1·"'":;"nt""ul 

1:~fa;l UJ;- U~U.;uul Objh"I Orfout,;1c<l J'">,?l'llfma!ng T~dmtq\1t"< w C11·,nc "- l.ffill 
s,,n",.~ f:111Jwmnrn1 -.\nL>r ASpc~rrn•'!l 

The Object-Orient~d Programming 
Paradigm 
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L.MTJ/LA 
L."S"t" ;\l:.r:,'l'tH,~•n! l·n·,,,,.,.··,· 

The UML 

l 's1ng Hi,_· V:\11.::md OhJc..._.l Orl<:fllalcd l'm,;m,1nnh1;; "li.'<'hn!qutS lo Create 2 l..,nn 
S1,!1mm.·El1'1w11u1<;1t ·.\ntarASp,1..im,<_TI 

" The UML is comprised of a set of diagrams 
used to form a model of the system to be 
created 

" Expands understanding of the system under 
development and how it is to work 

" As a Blueprint is to a house, The UML 
Diagrams are to Software 

.. Language Independent 

LMU/LA l.',lll)? ti"'' U\U.,:nd OhJ,..,t OritJJ12kd P1n,cmmmllll; "l,'dmh[U,.,, fo Cm,k a I.MIU 
Su!ln'lli,, I:11,1r..::m1;;nt -.\nl.lr ASpcdmwa 

Lean Thinking 

.. Do more with less by placing an emphasis on 
waste minimization and flexibility in the 
development process 

5/712JJ08 
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L<>1'9h< • .\l:n".'nwuut 
lJuh-,,-,hy 

LMl.TILA 
l,<>)·--1'-'M»rr._..,,.,uf 
1: .. · ... ,.·1. 

t:~ll!f\ U1<· V:\H.ond Ot>J,--d Orlc1l1akci f'~rJmm!n,: Tt...:hn!qll<.-s lo C.'T'ik o l,<1111 
:,i<ilh'i'K1tF:U1111,1111ll'nt -.'\El.:rrA~JX',lff,;.·..-1 

Lean Thinking 

t:~tlt;? Ill!\ t.JMLaml Objc-.·t f)riell!a!fd ""')?l':.!.Umiin,: T<,<'1111h\l!.."i l<I Ca·,,i~·;: L<call 
SH!hnm, Em·ln>111lll'.lll -.\,-;t.rr ASpe-;urr,, . ..-1 

Benefits of Lean 

.. Enterprise Improvements (Manufacturing): 

+ Waste reduction by 80% 

+ Production cost reduction by 50% 
+ Manufacturing cycle times decreased by 50% 
+ Inventory reduction by 80% while increasing 

customer service levels 

11 Goalis to leverage these same benefits in the 
software ehvironment by applying the 5 
principles of lean 

517/2008 
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L:Vn:J/LA 
Lo.,,ln'.\tnr.'IWAu:>t 
l '»· .... , .... -.... 

The Five Principles of Lean 

" Specify value 
" Identify all the steps in the value stream 
.. Make the value flow 

" Let customers pull value 
" Pursue perfection through continuous 

improvement 

LMU/LA 

The Benefits of Lean Software Development 

" A formalized approached to solving complex 
problems and ensuring the realization of 
successful software systems 

.. Considers the entire life-cycle 

• From Requirements to Future Upgrades 
• Business and technical aspects of system 

development 

Combines. SE with LEAN, UML, and OOP 

5{//2008 
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L<);<>l::,.,'\fo,-..m•mnl n .. · .... ,~·1: 

LMUILA 
L<>}•A». !H<><')'>no<mf. 
l_'o· ... ,.·1. 

t:,-ir,g tit<- UML1md 01-J<.-,;t Orknt:i.tt'<i: l'm,::rimr;>ll!i! T<....:hntqu,'S to C:l'alt;: l.t-U!l 

S<,lh\-..1<:t<:11vlro1111\i"nt -;\.;;t..rASf'<';;m;,_,o 

The Benefits 

fallll! lb,• UMl,:i.ml Ohjt,'1 01!rut:,tr<i l'l»J!~1<m>ln,? Tb'h11lq1,.-., 10 Cmnr :, Lie3n 
s,,nw .. ,..- Em1r.,mnn1t -:\nLlr A ~pe,,nfr•t 

The Business Benefits of Lean Software Development 

.. Cost savings yield: 

• Increased throughput 
• Improved cash-flows 

• Higher quality 
+ Increased market response 

• Repeat business 

• Enterprise growth 
+ Increased profits 

5/7/2006 
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L.VHJ:LA 
}c,1<,ln ~1:"-:,--tu(,.,ut 

l',tng [ti,.• U:0.11.:md OhJ,..:1 Ork!Jluled J•ropammf:,g lh:hn!que,i to Crute :i. l.<"Iln 
S<,thnm: t:11,t1.:,mli'."t · .'\Il!ur AS['<am,,_,n 

Enterprise Impact - Strengthen Strategic Advantage 

Two Ways to Increase. Profits: lnaease sales or cut costs 

* In the face of fierce competition, price is nearly fixed, 
thereby limiting your options 

_ ..... 1----:.------------.;;::----

;Spm~Pn>fl! 
co,tto ........ 

LMU:LA 
l..<>)•,lu?>l,u,•mo,u» 
t·o ·,,.,<t~ 
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lf;htt t!~' lJ;\fl.:mtl (JbJ,-.•t Ori~11Mtd l'1<",1:1"11l1Hiil~ 1',·clmh1m•,; I<. 0,;<1!t" l.,'U>I 
S<ifi1rnre r.rw!r,mm,111 •• \nw A Sp,c.:m1wn 

A Brief Example 

The Tale of Two Online Courses ... 

33 

35 
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L,,~<-'ln .'llu,..,,u,,,uut 
,· .. -... _,<1. 

Long-Term Profitability 

" Quality robust code that is reusable 
+ Fully Tested 

+ Tried & True 
+ No more re-inventing the wheel 

+ Extensible 

11 Continued success by leveraging past innovations 

.. More responsive to constantly changing customer 
needs 

51712008 34 

NGC 7'x1 O' Low-Speed Wind Tunnel 
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LMlJJLA 
L<,\-<,lnM"r:,,n1<,um 
1·.,·h·,·~·:: 

l',lng 11,e u:,.n.,:ad ()hJ<.,.,t OrlurtQ\cd l'rogr.i.mmi:i,: T<·dmlq= to t:r":"ule a J.~·nn 
S<.011>:ftf.m-;ro111111:":1t -.'\nrur,\Sp;,ar,:,:;.•.<i 

Statement of Work 
• Current System 

+ Combination of 1950's and 1970's electronics 
+ Analog System 
+ Manually operated 
+ Decreasing reliability 
+ Limited availability of spares 

• Proposed System 
+ Updated Real-Time Controller System 

• + Digital Based 
· • Automaticpapabilities 

+ User.Touch Screen 
• Increased System Visibility 

5/7/2008 

LMUJLA U.1fll)l tt .. • U:\Jl.,md OhJr,•t Ork1,h1t~d l'wgt~u,mi:',! T,•,•lml'llltl; 111 Cltwl~ :i J.,,,nt 
S•lln'>t1>:l:u•irom11sm -.\11!.ir,\Spc-,,r,;1,-a 

!..<>}•A,.1\l,u·.mo,u~: 
1-.. -,,.,-.·t_ 

From Blank Sheet to Architecture 

• Constant Communication Required 

5f7/2008 

+ Original Designers Have Long Retired 

+ Operators/Technicians Primary Requirements 
Source. 

* Test Engineers Have Input But Know Far Less 
Than Techs Regarding System Operation 

* Useful for Technical Specs 
* Have Operators Test Early Iterations 

The Tale of Two Online Courses ... 
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LMTJILA 
L<>F'l"' !,la<;-ll"H>ul 
1· .. -,.,.:t. 

t:~ll!j!;. Uli" UMl,:md ()hJ<-d Orlcnlakd Pm~r~mmlni 1i..-dmlqli<...,. lo Create ,: l,<-nll 
s,,nw .. rt Em1n•m1lt11t -.'lliiar ASp,:,,rru-,o 

Requirements 

" Upgrade the Model Control System (MCS) 

511/2008 

LMUILA ll~lt~,! t!w llMl,aml Ohjc-.·t Orio111"1rd l'mj.1.l'i!!Jtniiug 10:·dull,111,·~ 111 ""'"tc" l,ttm 
S•,lhv>1r~ Em1n.>m1wot -.'\,1LlrASp,,,rrn,-11 

L<>)•A,.i'l,li.,•ynu,uuf 
v .. ·,~,,·~·i) 

Use of UML & OOP 

• Aggressive Budget & Schedule Constraints 

+ Needed Quick Effective Tool to Generate 
Requirements 

* Used Minimal Set of UML Diagrams 

+ Small Software Team (2.5 Members) 

*i Cowboy 

*1 OOPer 
;5 Impressionable Newbie 

+ Needed Way to Have 3 Programmers Work on 1 

5
(7

12008 
System 
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LMU(LA 
J_,-,i~ln M"r~'l'<lc,un\ t·,,~,.,.,.,·:.· 

l'>!ng th,.• V!\U. and ObJ,~l O!'ltnfokd l'm~r.!mn:lng T,..;hnlqlU'S lo t:m,te a I.eon 
s1,nw;;1~ F.m1r;;:mir:it · .\ufar A Sp,::;,r,.;_,_,,n 

OOP Is Given Due to Complexity 

" Because Requirements Were Self-Generated 
Software Must Be: 

• Flexible 
• Extensible 
+Reliable 

• Robust 
OOP Paradigm Became Essential For Project 
Success 
+ Code Reuse to Shorten Design Time 

517/2008 

'NO":l.' 1,,~ Mes w1:11:-,w~t i,, "' _, .. r. ...,, i,-,.-:t. .... ~t 
,.prf:k<!lr.<,o~p,."00<.11<,ott>o-,,<.xnn"'l, .... ><11"""'""'"'1 
,.n·OnC:.m'i,t,..,...·,r,tt,.;,i».t.11,..,,.,."""""'S)"Ol~r:, 
;t,A5\!t .. ,1i,-.,..,.,...tt<o,, .. ~po"""'!"""t.""O;,s 
~,,,...,u,.;..~, wn~n,,.u,«m 

' 
(P.~wmiH,,.,,..J 

~--, 
~ 
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LMUILA 
L,~~9b. Mm-..m•,;1u1 
l',Jv,,.·1. 

t:,ir,g ll>i· UML:i.nd Ol>Jtd Onmlat:<! P:ugramm!cy. ·r,;..;hntqu..'5 lo Cre~k II LHm 
S<,fl:w>11t F.m11mm~·11t ··.'\mar ASp.,\ffil·~l 

II l.abVIEW RTFIFO INTER-PROCESS COMMUNICATION 

O PER1PHERA.LcOMPONen1NTI::;RCONNECT(PC1) 

QperatorPC (OPC), 
Functions: Functions_; 

Real Time System (RTS) 

~TcnSeque-nccs 

•Omfi~tiou 

"S}'steroStntlls 

• Manual Coruro.1 ... Data Acquisition • Safety l.Dgic 

• Aut(!Qlatic Cr.ltrol - • Data 'fransfcr lo OPC 

• En.,·clope-Chamcterisl:i.?, ' • C'.ritlcall_y 'Iimoo Cootrol Loop 

Test Schedu/e Sequence 

: : 

F'~~""c'-t:=)c1.,,..;.f,.,O'f,..,~:1 

•JiOn;.~,~"'~'"""a!omw,.»'f~ 
a,..::l,;~•>tf>,19 

r,,t..,1 
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LMU/LA 
.l..<>}•,l,._:-;1,u.·,no,..u, 
v .. - ,., .. :.~ 
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lJ~ill!,l t!~' U'\U.:md Obj,-,:t Oriei,M~d P1n;;1,iwn:h,;! T,-d111h\lli:<'< tu C!t:it~ :i l.;-,111 
S<,!hnm,t:n•"!fl>llll'l<nt -.\nt.ur,\Sp...tmH-.1 

Wrap-Up 
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LMTTILA 
1..-.i-,Aa+\lm..._ . .,,.,,.u, r:,,~·-· :,. 

Reasons for Lean Software Approach 

• Because of Limited Knowledge Of Current 
Control System Functionality 

+ Needed to Focus on Objects & Their Interactions 
With a Systems View 

+ Full Reanalysis Required For Traditional Coding 
Approach 

11 Forced to do More With Less 

+ Less Resources, Budget, Schedule 

+ Produce Effective System Solution Under Fire 

5ll/2.008 

Wrap-UP 

1:,fll',l th,· UML1md OhJt<'I Orknlwttd J1nrt1'l!1m:iin,! Ttdtnh\l""i tn n1,m·"' l.,-:1u 
.'i1lflWlll\' E11~ln•mNnl -.'\111.lr A Spe.ml"MI 

• Software is EVERYWHERE 

• With growing complexity, increased need for 
systematic approach to ensure delivery of 
successful software systems 

11 The UML, OOP, Lean Thinking, and the 
Systems Engineering Process 

+ Coupled together to ensure successful delivery 
of robust,,high quality software components that 
amply meet customer needs while reducing 

sm
2008 

overall software life-cycle costs 
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Questions? 
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Resources 

l:"i!!g (!)<, t.)~fl. 1md Ql,jtd Or!~Jll"-ltci l'ru,:r,.mmllng T<-.:hnlqUt'S to Cru!e : l,i"llll 
S<'.llh1u1~ Em1rnl\\\1':1ll ·,'\nWASp,.,..m1•."fl 

• Lean Thinking, Banish Waste and Create Wealth in Your Corporation, James 
P. Womack and Daniel T. Jones, First Free Press Edition, 2003 
www.defense-aerospace.com/dae/articles/communiques/FighterCostFinal­
July06.pdf 

• www.stippy.com/japan-tech/computer--0n-wheels/ 
http://www.ops.fhwa.dot.gov/publications/seitsguide/section3.htm 

• www.incose.org.uk/Downloads/AA04%20SE%2otrends.ppt 
• Lean Enabl8rs for Systems Engineering, INCOSE Lean Systems Engineering 

Working Group, INCOSE 181h Annual International Symposium, Utrecht 2008 

• Lean Methods, 2003 Bohdan W. Oppenheim, LMU, Los Angeles 

• -www.incose.org/practice/techactiv~ies/wg/leansewg/docs/LeanSEWorkingGrou 
p1NC0SE..Jan2006WorkshopAZ.ppt 

• http://java.sun.com/dpcs/books/tutorial/java/concepts/object.html 

• http://wwW.lean.Org/WhatsLean/Principles.cfm 
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