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The Boeing Company —Commercial Airplane Division

The Boeing Commercial Airplane Group (BCAG) is the world's largest producer of commercial
jetliners. BCAG has about 290 customers including airlines, leasing companies, governments
and pivate firms. Boeing provides a complete product line of 29 airplane models to serve every
pasenger market from 100seasto nealy 600seds, aswell asa mmplete line of freighters.

Define and Control Airplane Configuration / Manufacturing Resource Management
(DCAC/MRM)

DCAC/MRM is a"breakthrough” initiative that will im prove the processes the company uses to
produwe arplanes and further reduces costs, cycle time axd defeds. DCAC/MRM will
significantly enhancethe company' s ability to deliver more value to its customers.

DCAC/MRM will simplify and improve internal processes for handling airplane configuration
data. These processes will enable BCAG to generate the data defining a austomer' s requested
configuration for an airplane to med their particular requirements. Data such as the type of seds,
gdleys, lavatories, carpet, avionics, and engines will be used to turn a "basic" airplane into a
customer' sindividually configured airplane.

Manufaduring Resource Management (MRM) will  simplify and improve the manufaduring
processes that are driven by the arplane cnfiguration cata.

DCAC/MRM has four main adivities:

First, DCAC/MRM will creae asimplified business ystem for handing the flow of parts data
by groupng the parts in modues (a olledion d parts, plans and todls). The modues will be
grouped acarding to "tail ored business $reans,” depending ontheir degreeof variability. There
are threebusiness sreans. basic and stable for the parts that are used onead airplane moddl;
available options for parts we have dready engineged and delivered to the austomer (e.g.,
galleys) and unque options or newly designed parts that have never been certified and celivered
before. An airplane will be @nfigured by groupng existing modues together with any new
modu es designed for that particular customer.

Sewnd, DCAC/MRM will smplify the arrent configuration management process within
BCAG. Today' s "effedivity" system -- the process by which a austomer identificaion code is
assgned to engineaing drawings -- will be replacal with a new, automated system of
configuration control based ona unique arplane identifier and modues. Eadh airplane will be
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assgned an aircraft identification number (like an auto Vehicle Identification Number) that will
be used to identify all the arplane's parts by part number.

Third, DCAC/MRM will develop a single source of product data (SSHD) for ead airplane that
includes a"single bill of material." The datawill be structured in such away that everybody who
needs it will have accesto it. Each functional group will use flexible mmputing applicaion
programs that will allow them to extrad only the data they need in a form that will be most
useful to them.

Fourth, DCAC/MRM will take alvantage of the tailored business s$reans to implement in the
fadory environment new, simplified methods of tracking and adering parts, scheduling
production, and managing inventory for ead business $ream.

The new DCAC/MRM processes are planned to be fully implemented in 2000.This will gredly
streamline and simplify major processes within BCAG and transform the aontent of many jobs.

The DCAC/MRM projed isthe largest re-engineaing projea of itskind and urifies our people
aroundcommon pocesses, simplified systems, and acairate data. Employeeteams can nav
eliminate non-productive work, seled the right processfor ead job, and undrstand their
contributionto ou products.

Computing Systems

The various applicaions employed by DCAC/MRM reside on Hewlett-Padkard applicaion
servers, utili zing database services on IBM Numa-Q data servers, at 77 work sites throughou the
company. The DCAC/MRM system architedure and software ae designed to suppat up to
65,000employees using PC and UNIX workstations. All the information reeded to configure,
define, produce, and suppat Boeing airplanes is represented by the SSHD, which replaces 410
internally devel oped computer systems once used throughout the company. However, integration
is dill required between DCAC/MRM and some of the eisting productions g/stems runrnng on
mainframe computers (MVS, IMS, VMS, etc.).

Third Party Systems

In November of 1994,the Program Technicd Advisory Board (PTAB) was formed to dred
applicaion and techndogy integration. This board is comprised of senior technicd
representatives from Boeing and representatives from the foll owing strategic vendas. Baan,
CIMLINC, HP, IONA, Orade, SDRC, IBM, and Trilogy. Thisboard meds quarterly to dscuss
the strategic diredion d all of these partners to ensure the cntinued successof the program.
Also, the CEOs of the vendar partners med with Boeing senior management on a quarterly basis
to discussthe partnership.

In addition to senior level technicd and management involvement, thereisatadicd on-site
product manager and technicd team for ead partner to help with the vendar-spedfic techndogy.
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Project Information

Early in 1994 Boeing Commercia Airplanes Group President Ron Woodard initi ated the
DCAC/MRM process improvement effort. DCAC/MRM isa “breakthrough” initiative that will
improve the processes BCAG usesto configure and produce arplanes andis the single largest
oppatunity to further reduce @sts, cycletime and defeds. It will significantly enhanceBoeing's
ability to deliver more value to its customers.

Production

The first production release of DCAC/MRM was for parts fabrication dants in February 1996,
integrating three of the COTS systems. Enterprise Resource Planner (ERP), Product Data
Manager (PDM) and Computer Aided Process Planner (CAPP). This release only required a
handful of communicaions between systems. In resporse to this, ead system' s Applicaion
Program Interface (API) was encgpsulated by a single CORBA objed; this was acomplished
using IONA'" s Orbix product. This initial integration architedure was not designed for the total
system. Rather, it demonstrated the use of tecdhndogy to med the mwmpany’s businessneeds.

With eat release, more systems are being integrated, and more communicaions between
systems exist. Becaise future relesses are epeded, and more systems with more
communicaions will beintegrated, a scdedable achitedureisrequired.

In 1996and 1997 19 artsfabrication dants went into production.
In 1998and 1999major comporents of Define (DCAC) went into production

The next release will provide the asembly andinstallation dants with the MRM processes, and a
significant part of thisrelease will be cmplete by mid-2001.

Workstations

e 26IBM NUMA-Q dataservers
e 162HP K570and K460 applicaion servers
* 40,000PC and Sunworkstations

Toolsand Languages

e C Used within COTS applications

e C++ Used within Applicaion Integration layer

e Pel Used within COTS appli caions and Appli caion Integration layer
e Td Used within COTS appli caions and Appli cation Integration layer

Page 3 of 9 11/01/00



OOPSLA 2000
Practitioner Reports

e Java Used within COTS appli caions and Appli caion Integration layer

* Rationa Cleacase Used within COTS applicaions and Application Integration layer

* Rationa Rose Used within COTS appli caions and Appli caion Integration layer

e Paradigm Plus Used within COTS applicaions and Application Integration layer

* HP Softbench Used within COTS appli caions and Appli cation Integration layer

e HPITO Used in the System management comporent of Applicaion
Integration layer

» Boeing Internal Web Used for development eff orts, to share dedronic fil es, provide
documentation, and dHliver training. We deliver more than 30
percent of our businessprocesstraining viathe Boeing intranet

Commer cial-Off-The-Shelf (COTS) Products
DCAC/MRM is emphasizing the use of COTS software padkages, for prime businessprocesses.

Baan's ERP (Enterprise Resource Planner) has been seleded as the enterprise resource
management comporent.

SDRC's Metaphase has been seleded for Product Data Management (PDM), which will manage
the cnfiguration and versioning of engineaing releases.

CimLinc's Linkage Computer Aided ProcessPlanning (CAPP) has been seleded for
manufaduring processplanning.

SalesBuilder, by Trilogy has been seleded to doffer basic and ogional equipment to airline
customers.

IONA Tedndogies Inc. has been seleded to dfer the Objed Request Broker software and
CORBA compliant services for our Applicaion Integration framework.

RogueWave Software is used for C++ dasslibrariesin some gplicaions.

Orade RDBMS is used for database services, and for linking applicaion and dhta servers.

Client Server Mode

The DCAC/MRM system is based on open standards, client-server computing, and commercial
off- the-shelf software gplications. The gplication architedure is based onthe use of emerging
standards defined by the Objed Management Groupand a cmbination d Objed Request Broker
and the Messaging Oriented Middleware techndogies. The delivery system is a multi-tiered,
client-server architedure wnsisting of data servers, applicdion servers, and a variety of desktop
devices. The systems management architedure is based ona centralized help desk that adivates
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various levels of technical assistance using internal and external resources. The help desk uses a
detailed set of procedures and a suite of systems management tools.

Custom Application

DCAC/MRM represents a radical overhaul of the way we use information technology. It
integrates complex, flexible data sources, so our users find information easier to access than in
the past. Using distributed computing technology, the resiliency of DCAC/MRM allows our
business practices to evolve in our constantly changing environment.

We avoided creating systems with rigid business practices built into them. The systems
integrated by DCAC/MRM can change rapidly in response to external issues, such as market and
government requirements. The challenge was to integrate software applications that had not been
designed to work together into a cohesive, easy-to-use system.

The Application Integration project is chartered with producing the architecture and designing
and building the integration layer that allows Commercial Off-the-Shelf Software (COTYS)
application packages and existing Boeing production systems to interact under the guidelines of
CORBA standards.

The Application Integration mission is to integrate multiple, diverse applications within a
heterogeneous computing environment in a de-coupled, cost effective, flexible fashion with
maximum reuse and assurances of data consistency.

We succeeded by using a loosely-coupled integration approach. Every software package
maintains its individual integrity. We incorporated the packages into DCAC/MRM by creating
standardized "plugs’ that alow us to remove or upgrade one package without disrupting the
whole system.

The "application integration architecture” at DCAC/MRM is based upon CORBA. It defines a set
of business objects, facilities and services necessary to enable the integration of our diverse
business applications, each with varying requirements. For instance, COTS components will
support event-based communication, security, transactional interfacing and enterprise-level
system management under the umbrella of CORBA specifications.

The distinguishing feature of this architecture is the integration mechanism partitioned around
"Iintegration business objects,” instead of having a single object encapsulating the entire
component system. The integration business object concept is supported in this architecture by a
client side View (stub) and server side Portal (skeleton). The View/Portal pair combined form a
single integration business object. The View/Portal pair are designed to enable the application of
integration services such as support for asynchronous communication, routing, auditing, etc.

Unfortunately, simply providing a set of integration business objects does not meet all

application integration requirements. First, the integration code is written in C++. Not al
component systems, including COTS and legacy systems, are written in languages that allow
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direct invocation of C++ member functions. This introduces the notion of adapters. Client
adapters are technology bridges that provide a method for a component application programmer
to invoke on a C++ member function in the application integration code. Server adapters are
necessary for the same reason. Technology bridges will be put in place wherever they are
required.

Auditing and system exceptions are handled from within the View and Portal. Auditing addresses
data integrity issues in the distributed system. Auditing simply means that messages passed
between component systems will leave behind a persistent set of "audit trail" records. By
matching and resolving audit trail records, potential dataintegrity errors can be identified.

Asynchronous communications and fan out (publish/subscribe) are handled using OrbixTalk
from lona. This service enables one application to send a message to a second application
without waiting for areturn message. In addition to providing asynchronous communication, the
application integration layer provides a guaranteed message delivery capability by using MOM
technology from IBM.

An integration business object in this architecture isa CORBA object that represents a business
concept such as a Process Plan or Bill of Material. An example of usage of integrated business
objects would be a manufacturing engineer using the CAPP application to access Bill of Material
and Part information from the PDM application to build a Process Plan. The business objects are
expressed in the Boeing Common Object Model, which was introduced as part of the BPR effort.

Representing application integration in the form of business object interactions has a number of
distinct advantages:
» It enablesthe integration technology to reflect the business process, thus
providing a more intuitive understanding of how the business is being supported;
» It promotes improved communication between business process and integration
teams
» Itimprovesoveral system adaptability to business changes, promoting an
improved competitive posture
» It resultsin reduced software maintenance cost, production support, and
maintenance cycle time
» |t demonstrates a commitment to object-oriented technology (which may inspire
COTS vendors to be more object-oriented)
» It represents a significant step toward along-term application integration
architecture, one that is flexible and provides the ability to grow and adopt newly
emerging technology.

Distributed-object technology was our key enabler. Applying the OMG Common Object Request
Broker Architecture (CORBA) led us to an innovative system integration approach that helped us
design a reliable information system with great flexibility. We were one of the first end-user
members of OMG and the first to investigate and prototype the use of distributed-object
technology in a large-scale, complex manufacturing environment, deployed over a widely
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distributed network with a diverse set of users. Of the gproximate 1 milli on transadions per
day, over 125,000are COTS-to-COTS and are processed by the CORBA integration layer.

Current DCAC/MRM Deployment: (after end o September 1998, rel ease)
» 38,000 wsers

e 19 PartsPlants MBUs

» 20remote sites

From phase to phese, we alded large numbers of users and largely becaise of the CORBA
architedure, we were aleto add herdware withou changing code to suppat this sding.

Phase | 25,000 gers
Phase 30,000 wsers
Phase Il (current) 38,000 gers

In summary, our architedure and techndogy seledions have dlowed us to add more users, more
sites and more functiondlity. All of this has happened withou experiencing the debilit ating
impads that changes to projeds of this £de normally endure.

Benefits

Quote from previous BCAG President Ron Woodard:

“We're the world's leading producer of commercial jetliners, and we've used the skills and
talents of our employees to make our complex, costly and oudated processes and systems work
over time. We have to implement DCAC/MRM because it will give us smpler, more dficient
ways of configuring and bulding airplanes — and doit at much lesscost.”

Quote from DCAC/MRM Vice President Bob Hammer:

“Our airplanes are modern, state-of-the at and best in the world. I'm afraid we caina say the
same @ou our business processes and systems. Today, we have an army of people who do
nothing but chedk and reched the data in ou systems to make sure it’s acarate. We want to
substitute our current systems with a system that provides reliable, acarrate data in the first
place”

Since the 19405, when The Boeing Company pioneeged the mass production d large arplanes,
we have built on ou tradition d engineaing and technicd excdlence Over the decales, this
tradition established us as the world' s leading manufadurer of large jet airplanes. Our engineas
used the latest tedhindogies to develop innowative arplane comporents and systems driven by
customers  needs. Our competitive dominance ontinued, bu it was based more on techndogies
applied to airplane comporent design than onefficient processes and systems.
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In the 198Gs, we recognized that the business ystems we used to manufadure arplanes had na
progressed as quickly as our airplane techndogy had advanced. Although we made severa
attempts to improve our processs, progress was dow -- largely because the proposed
improvements were locd rather than company-wide. It was clea that, to maintain ou market
paosition and keep a stable, well-motivated workforce, we needed to revolutionize the way we do
business

We studied ather companies aroundthe world and redi zed that to stay ahead of our competition,
we had to plan for the future. Our processes had to be flexible enough to evolve @ the market
changed. At the same time, we neeaded to reduce production costs and defeds by at least 25%and
time-to-market by 50 percent while mmpletely satisfying our customers.

Before the 1996implementation & DCAC/MRM, the very size of our company was a detriment
to its efficiency. The Boeing Company had grown and dvided into separate organizations, eat
with its own products, goas, and ohedives. Business processes and interlocking information
systems evolved to med the neeads of these organizationsinstead of the neads of a unified Boeing
enterprise. We used more than 800 computer systems to design, manufadure, control, and
suppat airplane componrents and assemblies. Most of these systems were digned acmrding to
function, were not integrated, and dd na communicae with ead oher. To add to the
complexity, some of these systems were & much as 40 yeasold.

Our complicaed processes and systems required new design and danning every time we built an
airplane even though upto 7%% of the arplane mmporents are @wmmon to all airplanes of the
same model. Furthermore, the list of comporents, or bill of material, creaed for ead airplane
had to be cnverted for, or manually re-entered into, as many as 14 Lll -of-material systems.

Compoundng the problem was a @nfiguration control system that assgned a astomer-spedfic
identification number to ead engineaing part drawing. Even when parts did na change,
drawings had to be dhanged, in some caes, dazens of times. Of the engineaing time spent
revising a drawing this way, the majority of the dfort, in many cases, added no \alue to the fina
product.

Under DCAC/MRM ead pieceof data within the company is owned, managed and updited in
one place-- thus creaing what Boeing cdls a SSHD. Rather than airplanes being associated with
parts, parts are now associated with airplanes. The latter approacd is made possble through the
elimination d the traditional part-drawing storage system. Storing part detail s within the SSHD
allows Boeing to keep track of parts while dso maintaining detail s of individual airplane designs.
The integrated system will reduce the time spent designing and bulding airplanes while
providing improved services to sales, engineaing and suppat staff who require eay accessto
spedfic arplane configuration cetail s.

DCAC/MRM allows our employees to accessdata much faster than before. People share acces
to information and reaognize how their work contributes to the company's business of buil ding
airplanes. When a austomer or a supgier has a question abou a comporent that involves more
than ore manufaduring or assembly unit, a Boeing employee ca find the anxswer quickly by
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accessing the SSPD. Our sales representatives use SSPD to help our airline customers understand
exactly what factors affect the cycle time, weight and cost of producing an airplane.

Early on, Boeing made a decision to integrate its chosen software packages with CORBA. This
approach alowed the project to make rapid initial steps by avoiding extensive application-level
revamping and allowed Boeing to take full advantage of its decision to buy instead of build. Asa
result, Boeing was able to establish communication between its various applications in a de-
coupled manner while alowing the applications to remain autonomous.

This new architecture will contribute to the reduction of the product development cycle of 24
months to only 6 months. Furthermore, the more cohesive nature of the solution means less error
and a more flexible development environment. The ability to add components quickly and easily
to the system will allow Boeing to respond rapidly to market demand. Boeing will gain the
added benefit of being able to quickly and easily design new planes according to customer
requirements. Largely due to the planned integration of sales and engineering data, DCAC/MRM
will alow Boeing to customize planes according to three business streams, covering minor
changes to major new development. Sales staff are able to check designs against the parts
database and send potentia designs from remote locations. We can provide airplane components
just in time for installation and create a single bill of material for each airplane, rather than the
multiple bills. This will reduce inventory buildup, and conversely, decrease the impact of
shortages which cause production slowdowns.

In summary, the evolution of information system technology allows us to leverage that
technology and apply it to our manufacturing environment on a massive scale. Because we can
now apply this advanced technology, we are making a significant contribution to our goal of
reducing by 50 percent the time between initial negotiations with our customers and the delivery
of afinished airplane.
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