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FIELD OF THE INVENTION

This invention is related to a Computer Integrated Design Control System and
Method for concurrent engineering, and parﬁcularlyl te methuds useful in con-
nection with the design, development and manufacturing of complex elec-
tronic machines such as computer éystems and their compléx electronic

parts.

Related Applications:




in the Patent and Trademark O fice patent files or records of any country,
but otherw se reserves all rights whatsoever. FIELD OF THE | NVENTI ON
This invention is related to a Conputer |Integrated Design Control System
and Method for concurrent engineering, and particularly to methods useful
in con- nection with the design, devel opnment and manufacturing of conpl ex
el ec- tronic machines such as conputer systens and their conpl ex
el ectronic parts. Rel at ed Appl i cati ons:
-2 - The preferred enbodi nent of our claimed invention is described in
detail heregin. r preferred enbodi nen desireably interact, with other
'lehe prgélrre% emgod?ment o*:pour ciatimgg%nvention ?s_ dgscnbed in detaltl
herein. Our preferred embodiment may desireably interact with other
inventions which may be considered related applications filed concurrently
herewith, having inventors in common with this our preferred embodiment of

this invention.

For convenience of understanding, these other applications describe various
éystems, methods and processes for data manageme_nt particularly suited for
use With this invention, our Data Management System and method for Con-
current Engineering which provides greater detail about our Aggregation

Manager for a Data Management system.

The related applications include the application entitiled Data Management
éystem for Concurrent Engineering, and Data Management System for Prob-
lems, Releases and Parts for Computer Integrated Design Control which
describes a method for managing problems, releases and multiple releases,
and Data Management System and Processes describing how various proc-

-esses and utilities interact, and Data Management Sysiem having Shared

Libraries.
All of these related applications are filed concurrently herewith, and their dis-

closures are incorporated herein by this reference. All are commonly

assigned to International Business Machines Corporation, Armonk, New York.

GLOSSARY OF TERMS

While dictionary meanings are also implied by certain terms-used here, the

following glossary of some terms may be useful.



i nventions which may be considered rel ated applications filed concurrently
herewi th, having inventors in common with this our preferred enbodi nent of
this invention. For conveni ence of understandi ng, these other
applications describe various systens, nethods and processes for data
managenent particularly suited for wuse with this invention, our Data
Managenent System and nethod for Con- cufrent Engi neering which provides
greater detail about our Aggregation Manager for a Data Managenent system
The rel ated applications include the application entitiled Data Managenent

System f or ncurrent Engj neeri and Da nagenent -
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and Data Managenent System and Brocesses descri bi ng how vari ous proc-
esses and utilities interact, and Data Managenent System having Shared
Libraries. aptAll of thesezgmicatiet RidRradhitd)Sintereade.l ed concurrently

herewith, and their dis-. closures are incorporated herein by this
reference. Al are commonly :

ASC Accredited Standards Committee (ANSI)
BOM Bill of Materials

Cim Cbmputernlntegrate_d Manufacturing

CR ' Control Repository

CRC Cyclic Redundancy Check

CLSI Compiler VHDL Analyzer developed by Compass Design Systems

DCS Design Contro'l System. Our Design Control System incor-
porates Data Management System processes, inclucﬁng
interactive data management systems which supply proc-
esses which may be applicable in general data manage-
ment systems, such as a process rﬁanager, a promotion
manager, a lock manager, a release manager, and aggre-
gation manager and the other processes we describe

| herein as part of a Computer Integrated Design Control
System and, where the context applies, Data Management
Slystem, is a Data Manage_m'ent System functioning within

an overall integrated design control system.
piLP Designer [nitiated Library Process

DM Data Manager or Data Management



assigned to International Business Machines Corporation, Arnonk, New York.
GLCSSARY OF TERM5 Wi le dictionary neanings are also inplied by certain
terms used here, the follow ng glossary of sonme terns may be useful.

AFS - Andrew File Sysiem- File Managenent System devel oped
by Transarc Inc. and used on Uni x/ Al X NetworKks. API
Application Program({m ng) Interface. ASE - Accredited
St andards Committee (ANSI) BOM Bill of Materials
- DMCU Data Management Control Uti!ities
DMS Data Management System:
DR Data Repository -
EC Engineering Change
EDA Electronic Design Automation
GUl Graphical User lnteﬁace
PDM . Product Data Management
PIM . Product Information Managemént
PN Part Number
RAS . Random Access Storage
sim static inline memory
tape-out Delivery of a coherent set of design data to manufacturing.

Also known as Release Internal Tape (RIT) within IBM.

TDM the Cadence Team Design Manager (most currently
Version 4.4)
VHDL V'ery.High-level Design Language - A high level language

comprised of standards supported by IEEE and the EDA
industry. The language is widely used in the electronics
and computer i_ndustry and by the military as an alternative
to Verilog and ADA, other high level computer coding lan-

guages.



CIM - Comput er I ntegrated Manufacturing CR

Control Repository CRC Cyclic Redundancy Check CLS
Conpi | er VHDL Anal yzer devel oped by Conpass Design Systens DCS
Design Control System OQur Design Control Systemincor-

por ates Data Managenent System processes, including

i nteractive data nanagenent systens whi ch Supply proc-

esses which nay be applicable in general data manage-

ment systens, such as a process manager, a pronotion

manager, a | ock nanag&;, a_rel ease manager, and aggre-

gati on nman&REKGROVRD EBAEINYERIERY we descri be her ei n

as part of @ Conputer Integrated Design Control _ Syst em

and, wher el\l}éggagaﬁr‘g%fg@@ﬁ%# E%Ko%t&%ﬁ{r\@g%&?ﬁﬁ%tdesign automation)”, pubﬁéﬁ%ﬁm

is a Dat a ( ctioni an overal |
i nt egr at ed ;4855SR RRNBUSINeSY MABAD, No.6 June 1993 P42-46, 48, it was noted that

while billions of dollars have been spént over the past (then and still last) five

years for electronic design automation systems (EDA) and software to help
companies cut their design cycle, a huge gulf remains between design and
manufacturing. To eliminate the gulf and thus truly comply with the
commandments, companies are extending the concept of concurrent engi- -
neering to enterprise wide computing. The concept, which calis for inte-
grating all the disciplines from design to manufacturing is becoming the
business model of thé 1990s. Achieving an enterprise wide vision requires
tying together existing systems and programs and managiﬁ.g the data that
flows among them. Software that makes that linkage possible is lérgely in the
class known by two names: product data management (PDM) or product
information management (PIM). Mr. Robinson, the author, described the
experiences of several companies with PIM and PDM, in paﬁicular Sherpa

and Cadence.

The design of complex parts, such as integrated .circuits,. computers, or other
complex machines in a complete manufacturing operation like IBM's requires
computer capability, with computers capable o.f processing multiple tasks,
and allowing concurrent data accéss by multip]e users. The IBM System 390
operating sysfem kann_as Multiple Virtual Storage (MVS) all-ows such things
as relational database management methods, such as the TiME system
described by U.S. Pétent 5,333,316, to be used to reduce design time. The

TIME system is used within IBM for the purposes described in the patent



Dl LP: Designer Initiated Library Process DM Dat a

Manager or Data Managenent -4 -
DMCU Dat a Managenent Control Utilities DV Dat a
Managenent System DR Dat a Repository EC

Engi neeri ng Change EDA El ectroni c Design Automation Ul

G aphi cal User Interface PDM 6 Product Data Managenent

during circdit design. However, these prior efforts treated design as directed
to an entity and did not achieve the efficiencies provided by the system
detailed in our description of our invention, which also can run under MVS,
but also under other operating systems. Our detailed description of our
invention will illustrate that we have furthered the objects of the invention of
5,333,316 by increasing the flexibility of a number of circuit designers who
may concurrently work on designing the same integrated circuit chip and
reducing the irﬁerference between chip designers. With the prior system, a
user (a person, processor or program capable of using data in a relationat
database) was given a private copy of the master table. Alteration of a row in
the user table was not automatically updated in the master fable. because a
lock mechanism prevented the row update, but that was an great :improve-
ment at the time, because no longer did multiple users have to wait for
copying of a table, each time data from a user needed to be updated. This
row locking and treatment of data has become widespread in the relational
database field, and it has been enabled for use with multiple instances of a
platform even on'Unix machines today. We should note that also in the MVS
art, there have been proposed various lib_rafy systems, e.g. those repres-
ented by U.S. Patents 5,333,312 and 5,333,315 and others which relate to
IBM’s Image Obiject Distribution Manager in the imagerlus product line of
IBM, and IBM’s Office Vision are examples of systems enabling control of a
source document while allowing access by multiple users. Implementation of
these patented ideas enable synchronous and asynchronous copying of a
document into a folder in a target library. These methods provide for check
out of a document and its placement in a target library while locking the doc-
ument in the source library to prevent changes while the checked out docu-
ment is out. But these steps are only some of the many things that are

needed to bring a 'product to a release state. Bringing a product fo a release



PI M - Product | nformation Managenent PN Par t

Number RAS Random Access Storage sim static
inline nenory t ape- out Delivery of a coherent set of design data to
manuf act uri ng. Al so known as Rel ease Internal Tape (RIT)
within IBM TDM t he Cadence Team Desi gn Manager (nost
currently Version 4.4) -7-vHDL Very Hi gh-1 evel
Desi gn Language - A high level |anguage conpri sed of
standards supported by | EEE and t he EDA I ndustry. The

| anguage | i del y used in the el ectron ut er

i ndustry asﬁ@wﬁss objert phife GUrrgh: Qﬁ"éi‘ﬁ%gi?‘\}é relating to design _(?‘Cﬂ%t‘%[gl rilog
and ADA, OWMQEQPngé’&'unﬁ?”pUter codi ng | an- : guages.

Concurrent engineering is required among many engineers working in par-
allel and at different locations worldwide. Furthermore, as noted by Oliver
Tegel in “ Integrating human knowlédge into the product development
process” as published in the Proceedings of the ASME Database Symposium,
Engineering Data Management: -Iﬁtegrating the Engineering Enterprise ASME
Database Symposium 1994. ASCE, New York, NY, USA. p 93-100, specialists
who are not working directly together are often needed for solving the
demanding tasks that arise during the development of today’s advanced p:;o-
ducts. During product development, assistance is required from other .
departments such as manufacturing, 6perations schedulin.g, etc. Even the
vendors and customers should be integrated into the product development

process to guarantee the product developed will be accepted in the market.

There is a need for integrators/coordinators/model builders and the
designers to work together to create a next release. lnformation from dif-
ferent people in different forms must be collected aiming at a final good
design. A problem occurring during product development is, how to know
which people to contact for whaf kind of information, but that is only one.
During all of the process concurrent engiﬁeering, particularly for the needs of
complex very large scaled integrated system design, needs to keep every-
thing in order and on track, while allowing people to work on many different
aspects of the project at the same tirﬁe with diffeﬁng authorizations of control

from anywhere at anytime.



BACKGROUND OF THE INVENTION In the article entitled" Beyond EDA

(el ectronic design automation)", published in Electronic Business Vol. 19,
No. 6 June 1993 P42-46, 48, it was noted that while billions of dollars
have been spent over the past (then and still last) five vyears for

el ectroni c design automation systens (EDA) and software to help conpanies
cut their design cycle, a huge gulf remairf between design and

manuf acturing. To elimnate the gulf and thus truly conply with the
comandnents, conpani es are extending the concept of concurrent engi
neering to nterprise w Ut] The .concept,, I C alls I nt e-
grating al 'Y HE &FﬁPPﬁFﬁﬁgEe?? Gﬁ“?ﬂoﬂaﬁﬁgaéP ﬁg fgeagﬂ ﬂFﬁg t he
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tyi ng together exi stim sys and ranms and ‘managi ng the data t
fl ows anongt émpﬁeééw@abhw tmk@grétaa&lmImﬁgﬁm%%ummla&dl @é@ﬁis\é in

the it has the modularity making it possible to fulfill these needs in a concurrent
engineering environment particularly useful to the design of compléx very
large scaled integrated systems as employed in a computer system itself. The
making of these systems is a worldwide task requiring the work of.many engi-
neers, whether they be employed by the manufacturer or by a vendor,
working in parallel on many complete parts or circuits which are sub-parts of
these parts. So as part of our develbpment, we reviewed the situation and
found that no-one that we have found is able to approach the creation of
“Computer Integrated Des:gn Control System” like ours or employ the
methods needed for our environment. Our methods are inodular and fulfill

specific functions, and yet make it possible to integrate them within a com-

plete “Computer Integrated Design Control System”.

A patent !iterature review, especially one done with retrospective hindsight
after understanding our own system and method of using our “Computer
Integrated Design Contro.l System” will show, among certainly others, aspects
of DMS systems which somewhat approach some aspect of our own design,
but are lacking in important respects. For instance,aftef review of our
detailed description, one will come to appreciate that in modern data proc-
essing systems the need often arises (as we provide) to aggregatée disparate
data objects into a cohesive collection. These data objects may reside at
various levels of completion, spanning multiple versions and/or repositories
in a hierarchical, multi-tiered data management system. Additionally, these
data aggregations may need to be hierarchical themselves, in order to enable -

the creation of large groupings of data with var_ying levels of granularity for



cl ass known by two nanes: product data managenent (PDM or product
informati on managenent (PIM. M. Robinson, the author, described the
experiences of several conpanies with PIMand PDM in particul ar Sherpa
and Cadence. The design of conplex parts, such as integrated circuits,
conputers, or other conplex machines in a conplete manufacturing operation
like I1BMs requires conputer capability,-%i th conputers capabl e of
processing nmultiple tasks, and allow ng concurrent data access by multiple
users. The IBM System 390 operating system known as Multiple Virtual

St or age |1 gws such things as relational database nanggenent
met hogs, (2/:@% Cgaéatlﬁ@w'méhgy%ﬂgdﬂ ke Fstﬁjwagemerﬁa%mmsag%@aﬁéer?o be

used, to redyge odagi :a%%[r%ég%sta?ﬁtenotmé\é%s%%et@ei Ruinsrde W il &k LMok B t he

pur poses descri be
o - data objects comprising the data aggregate, but they have a need to manage

the particular collection. Management of a data aggregation may include cre-
ating the aggregation, adding or deleting data objects, moving the aggre-
_gation through a hierarchical, multi-tiered data management system and
tracking the status of the data aggregation in re_al-tir"ne while maintaining the
coherence of the data aggregation. Creation of a data aggregation or the
addition of a data object to an existing data aggregate may need to be
'accomplisheq within the data manégement system or v_ia data objects
imported into the. data management system through application program
interfaces for the data management system.

With such a focus, when one reviews the art, one will certainly find, currently,
data management systems which provide means for grouping components of
a data system to facilitate the retrieval thereof. However, these data manage-
ment systems are insufficient and lacking because they fail to address the
above-referenced need for grouping disparate data items, just to mention one

aspect of our own developments.

Another example, U.S. Patent No. 5,201,047 to Maki et al. (issued April 6,
1993) téaches an attribute based classification and retrieval system wherein it
is unnecessary to implement an artificial code for indexing classifications.
The patent teaches a method for defining unique, user-determined attributes
for storing data which are capable of being readily augmented without neces-
sitating the modification of the underlying query used for retrieval thereof.
However, the Maki et al. patent requires that the data items being grouped

share at least one common attribute to. enable the grouping, and therefore



during circuit design. However, these prior efforts treated design as
directed to an entity and did not achieve the efficiencies provided by the
system detailed in our description of our invention, which also can run
under MWVS, but al so under other operating systens. Qur detailed
description of our invention will illustrate that we have furthered the
obj ects of the invention of 5,333,316 by!Pncreasing the flexibility of a
nunber of circuit designers who nay concurrently work on designing the
sanme integrated circuit chip and reducing the interference between chip

designers. Wth t rior system user. (a person, 0cessar p ram
capabl e of f@is %aggf‘%ﬁ eaprroglgpﬁ@%gp&ﬂ@@p&g%g)a%ggg-q;éﬂrfgegrf?églt é'%gopy
of the master_ta : i row in the user table was not
automatica?"%{}at&paﬂé‘?éﬂﬁ%ﬁﬁ?{%gaﬁ%g Earc%'abl e, because a | ock nechanism
prevented the row update, but that was an great inprove- nent at .the tineg,
because no longer did nultiple users have to wait for copying of a table,
each tine daher datamtanemardenyaterns duelreps e drealinirsof date aggriegatesand

treatnent of data.has becone wi despread in the relational database field,
and it has coeptecetmbrdirular praresees implemepled imieadriasystera. ATt f or m even

O e 98yt R I L MR B ] LS, 58, 1605 °
teaches the creation of a Bill ‘of Resources table which represents the
resources consumed in the performance of a given.process. Attribute tables
for the given resources are utilized to determine whether additional proc-
esses which will consume some or all of the resources of a given process can
be initiated. The patent to Chapman et al., requireé that each process to be
initiated have a particular Bill of Resources aggregate associated therewith.

i This tightly coupled constru'ct does not permit the creation of data aggregates
not related to a particular proceés implemented in the data management
éystem. Furthermore, since a process must be contemplated in arder to
create a Bill of Resources table, Chapman et al. do not permit the creation of
aggregates without foreknowledge of the process that requires the resource.
Thus, in a manner similar to that described for Maki et al., Chapman et al.
require that a relationship between the elements exist prior to the formation

of the Bill of Resources grouping.

Also, unrelated DMS systems are known which are used fog' hardware imple-
mentations which enable related data in a computer memory, storage or /0
subsystem to be physically grouped in proximity to other such data so as to
improve hardware performance, application performance; and/or to solve
memory management issues are known. For example, U.S. Patent No.
5,418,949 to Suzuki (issued May 23, 1995) teaches a file storage management

system for a database which achieves a high level of clustering on a given



ented by U S. Patents 5,333,312 and 5, 333,315 and others which relate to
IBMs Inmage Obhject Distribution Manager in the imagel us product |ine of
1BM and IBMs Ofice Vision are exanples of systens enabling control of a
source document while allow ng-access by multiple users. Inplenentation of
t hese patented i deas enabl e- synchronous and asynchronous copying of a
docunent into a folder in a target I|brar& " These nmet hods provide for check
out of a docunent and its placenment in a target library while | ocking the
doc- unment in the source library to prevent changes mhile t he checked out

docu- needeg)atgg Wy teé?tlﬁes lggﬁﬁ}gs{qu?éaa& t0fth ¥ ?%@Eoﬂ ahNEtoTBGY Jnlid é‘tgﬁltg%hat

are rlng produ gasd"'sFate ri‘nging a product to a
rel ease speed. The {)atent uses map files including a metamap filé-for defihti@phgean

obj ect of the current devel opnents relating to design control in a

manuf act ur itogaget tdlations of data. These hardware implementations are not related to
the present invention, as they involve the management of the physical con-
tents of a data object rather than the management of aggregations of data
objects as we perform the methods of our present invention. It is contem-
plated, however, that such known hardware techniques may be implemented

in a system comprising the aggregation management features disclosed

herein, thereby further augmenting the overall system efficiency.

During our development process we have viewed the development of others.
Even the best of the EDA (electronic design automation) design houses don’t

have an integrated approach like we have developed.

For the purposes of this background, we will discuss some of the various
approaches already used specifically viewing them in light of our own sepa-
rate developments which we will further elaborate in our detailed description

of our invention which follows later in this specification.

In the field of EDA, there are today two preeminent veldors of development
software, Cadence Design Systems, Inc. and Viewl.ogic, Inc. Of course there
are others, but these two co-mbanies may have a greater range of capability
than the others. Also, there are in house systems, such as IBM’s ProFrame
which we think is unsuitable for use. [t will not function well as a stand-alone
DM point tool for integration into a foreign framework. But even the largest
microelectronic systems are customers of the two named vendors which we

will compare. Today, a DCS, it will be seen, without our invention, would



Concurrent engineering is required anong many engi neers working in par-
allel and at different |ocations worldw de. Furthernore, as noted by diver
Tegel in " Integrating human know edge into the product devel opnent
process"” as published in the Proceedi ngs of the ASME Dat abase Synposi um
Engi neeri ng Data Managenent: Integrating the Engineering Enterprise ASVE
Dat abase Synposi um 1994. ASCE, New York, -W¥; USA. p 93-100, specialists
who are not working directly together are often needed for solving the
demandi ng tasks that arise during the devel opnent of today's advanced pro-

d : ' d d | -opnent Si ' ' )
depar i mont $EQ4ER TRUNPGFEr GHFRS, OBEPaAD Ay N M T hEondl MR e
vendor s and, chst ey $o3iaHLAobeJutl SF SERANf dbGraKigduchdeve! oprent

process to ‘guarantee product devel ope e accepted 1 n the market.
There is a need for integrators/coordinators/ nodel builders and the
designers to work together to create a next release. Information fromdif-
ferent peopoe the plirpbsesiof chborpasisons aftbeoaoblvecd estriptiomgf aur gnvineatk good
desi gn. A problem occurring during product devel opnent is, how to know

whi ch peoplreento ogisiiCectpyter Inliearated féesden iGamdratelystem” bwe wikadiscesp g one.

features of the Cadence Team Design Manager Version 4.4 and ViewLogic’s
ViewData in Sections which compare with and refer to the Sections of our
own preferred “Computer Integrated Design Control System” as set forth at
the beginning of our detailed description of our invention. This comparison
will show the shortcomings of these prior systems, as well as some changes
which could be made to these prior systems to allow them to improve per-
formance in our concurrent engineering environment by taking advantage of

aspects of our own development as alternative embodiments of our invention.

Historically many attempts have been made to.collect or group objects
together in order to solve typical data_ management problems. These prob-
lems may include identifying all of the files used to create a model, or
grouping files together to facilitate transport through a medium. The intent is

usually to ensure the group remains together for a specified period of time.

The most common method in use today is to create a listing of files com-
monly referred to as a Bill of Materials. Many .commercial products perrﬁit
creation of such a BOM, but these BOM are static list BOM. For example, is
one of the members of the BOM disappears or gets changed, the user is

unaware that the original data set used to create the BOM is no longer valid.



During all of the process concurrent engineering, particularly for the
needs of conplex very large scaled integrated system design, needs to keep
every- thing in order and on track, while allow ng people to work on nany
different aspects of the project at the sane tinme with differing

aut hori zations of control from anywhere at anytine. For the
pur pose of the follow ng discussion, need!o say that we call our systema
"Conputer Integrated Design Control System and Met hod" because it
enconpasses the ability to integrate CI'M EDA, PDM and PIM and because it

h h | ari ' ' i bl e, ful fill th j :
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systemitse maki ng of these systens IS a w de task requiring

t hebwor k Ofaé:lmma@wénd Al€ebhie Whiehh®in bée¥edan 3T Cy@gubyr tntegratedf act ur er
or y a venaor, :

Design Control System.

SUMMARY OF THE INVENTION

Our invention provides a design coﬁtrol system usable in a concurrent engi-
neerihg process which can cooperate in a distributed enviroonment worldwide
to enable a design to be processed with many cqncurrent engineering peopte
and processes. The syétem we employ uses.a data management control
program tangibly embodying a program of instructions executable by a sup-
porting machine environment for'performing method steps by an aggregation
manager of a data management system haVing a library organization which
receives a request of a user initiated from said displayed client screen and
fulfills the request by a providing result via our data management system’s

aggregation manager.

Our invention provides an improved way to make or import a model, and pro-
vides a dynamic way to track the model during its course through its design

phase. We provide a way to track the BOM.

Iﬁ 6rder to make a common model, we display for creation of a model one or
more control screen sections as part of a control panel input screen allowing
creation of a model by interactive user acﬁvity, by importiﬁg a file listing, by

searching of a Iibrary of files in said data management system and importing

a located file, or by use of an application program interface with a collection



working in parallel on many conplete parts or circuits which are sub-parts
of these parts. So as part of our devel opnent, we reviewed the situation
and found that no-one that we have found is able to approach the creation
of "Conputer Integrated Design Control Systeni |ike ours or enploy the
met hods needed for our environnent. Qur nethods are nodular and ful fill
specific functions, and yet nmake it possibde to integrate themwthin a
com plete "Conputer Integrated Design Control Systent. A pat ent
literature review, especially one done with retrospective hindsight after
under st andi ng our own syst-em and met hod of using our "Conputer |ntegrated
Desi gn ConPf B10ds) Spanaasment yhiihes.afsiFestippaiotispidcrREHS! S&E“p"éb?é“egf DVS
systens whic omewhat approach sonme aspect of our own design, but are

| acki ng i n"?ﬁll‘b‘i?t ant respects. For instance,after review of our detailed

description. GG WablaP 00 ch S ARRCE Bl 3l nisd ERIPERrdlghangIibe-nares! ng

systems the n er arises (z to aggregate disparate data
obj ects i nppap HAIMRFINLEnE flelE 6! AaNoddiNRBRRt idetbicactostimyamesofde data

various | evels of conpletion, spanning nultiple versions and/or
reposi t ori ebjedt whichiigsandhgeasl 2 napldd anclored dat a nanagenent system
Addi tionally, these . . o ) : .

(b) a display screen section displaying a second field representing a
library where said named anchor resides;

(c) a display screen section displaying a third field representing the type
of data object ideqtiﬁed by said anchor namé;

(d) a display screen section dis_playing a fourth field representing user
entries for the version of said named anchor;

(e) a display screen section displaying a fifth field representing user
entries for the level of said named anchor for use by a user or a third party
tool for; creating, modifying or deleting an aggregate collection of data
objects, encompassing those used for items that are identified, tabulated,
tracked, validated and invalidated, and promoted, as are bills of materials, by
said data management system; and

(f) a display screen section diéplaying a sixth field representing user

entries for the status of said named anchor.

Our model thus consists of one anchor and one or more associated com-
ponents, each of which is a data object in said data management system.
This means that our components can beloné to any level and version of any
library in said data management system and said components are not
restricted to the same library, level and version as the anchor, and our com-
ponents can and do comprise _multiple data types, including data generate_d
by tools of said data management system and third party fools. Thus we

" further provide that each component is labeled as an input or an output of its



dat a- aggregati ons may need to be hierarchical thenselves, in order to
enable the creation of |arge groupings of data with varying | evels of
granularity for -9 - t he
data included therein. In such-a data nmanagenent system the end-users of
the data aggregates are not necessarily the "owners"” of all or any of the
data objects conprising the data aggregat-dj-but they have a need to manage
the particular collection. Managenent of a data aggregation may include
cre- ating the aggregation, adding or deleting data objects, noving the

aggre- gation through a:hierarchical, nulti-tiered data rranag;{errent system
and trackPSgosiated pREhAr-ofhushwe FrpXidsyiiat §ach ang somaanent mav g eo

mai nt ai ni n%ntgl;{gf ﬁog%rﬁgﬁf &%ﬁ%};‘%ﬁgth@pggt,gangc%?/égﬁaﬁtuicgna cg’\{n%%tnieﬂp ié)E aargz"llltoﬁ1

aggregatio 0 an exl'sting data aggregate

may need t 9o BRotRGCAMRANRBIM 14l difier R0 dBNRIRIREof $¥H B0tRIcovio-dat a

obj ect s
nent acting as one anchor and further consisting of one or more associated

components each of which is a data object in said data management .system.
In accordance with our invention our components can belong to any level

and version of any library in said data management system and our compo-
nents are ndt restricted to the same library, level and version as the anchor,
and our components can comprise multiple data types, including data gener-

ated by tools of said data management system and third party tools.

Each of our components has field identifiers like those of our anchor and
each component is also labeled as an input or an output of its associated
anchor. Each one component may be an anchor to still another different
model, with each component being labeled as an input or output in relation to

its anchor file.

All components of a model are either static (and thus does not move through
said data management system but is tracked by the system) or dynamic (and
moves through said data management system with its associated model as

part of an action of promoting a model when a model is proroted, a dynamic
member being labeled as an input or an output with respect to its associated

anchor).

Anchors are always dynamic and they themselves can be dynamic members

(input or output of another anchor) or a hierarhical BOM.



i nported into the data managenent system through application program

I nterfaces for the data nanagenent system Wth such a focus, when one
reviews the art, one will certainly find, currently, data nanagenent
systens whi ch provide nmeans for grouping conponents of a data systemto
facilitate the retrieval thereof. However, these data nmanage- nent systens
are insufficient and | acking because they!f¢ail to address the
above-referenced need for grouping disparate data itens, just to nention

one aspect of our own devel oprrents Anot her exanple, U.S. Patent No.
5,201,047 to Maki et al. (issued 1993) teaches n attribut gased
cl assi fi calGOSRPARENtSSPRY é\%ﬁymt%ﬁf Wﬂ’é‘rceffﬁhﬁt’ arp dynagued §&Wet%a?ﬁ§f3 ment

an artifi chali cads, Loiexng FI8sRLULCA ARseaM IR SHrobsaEhaE 2

met hod for ni ng arft I que,” user - term ne ut es or storihg data

whi ch are eapphte sPJtlchhéf areadiiby “augpBAt 8Bjatd BﬁHtthE?Qﬁﬁrt noviedtding the
modi fi cation of the und ying query used for retrieval thereof. However,

t he Maki etoalpormite(dyagio oestatithicatbe Bavanvakastide iftoegrarepaddifidthr e at
| east one con(}‘rt?nt %ttri bute to enable the grouping, and therefore -
or deleleq.

With these facilities, concurrent engineering is enhanced, and after creation

of a model, thereafter, our system provides continuously tracking the created
- model while allowing a user to modify it by adding components, deleting

components, changing the status or déleting said created model, and

allowing promotion of a model in our data processing system through the

libraries of our data processing system. '

This, along with many other changes have been made as detailed in the

description of our invention which follows.

BRIEF DESCRIPTION OF THE DRAWINGS.

The subject matter which is regarded as the invention is particularly pointed
out and distinctly claimed in the concluding portion of the speciﬁcation,-The
invention, however, both as to organization and method of practice, together
wi_th further objects and advantages thereof, may best be understood by ref-
erence to the following description taken in connection with the accompa-
nying drawings. We note that where a particular FIGURE requires more than
one sheet to illustrate the FIGURE with required character size, there is
included in the FIGURES an overview FIGURE illustrating the layout of the
sub-figures, which are numbered as alphabetical extensions of the FIGURE

number, e.g. as 11a, 11b, 11c, 11d, etc.



- 10 - fails to address the problens of managi ng data aggregates forned
fromdis- parate and unrel ated data objects. O her data managenent
systens address the creation of data aggregates coupled to particul ar
processes inplenmented in the data system For exanple, U S. Patent No.
5,321,605 to Chaprman et al. (issued June 14, 1994) teaches the creation of
a Bill of Resources table which represent‘§7the resources consuned in the
performance of a given process. Attribute tables for the given resources
are utilized to determ ne whether additional proc- esses which wll

The:patent | U RRap MU eEe SRR ale i Eh s R EREuC btghP bl 1 81 S
have a parphertiaibyBihdndts Raseubans @é!%&&—?‘&ﬁd%%‘?@ abRol RgsRhith  This

tightly coupled construct does not .permt the creation of data aggregates
accordance with our detailed description.

FIGURE 2 illustrates our preferred embodiment’s data entry.
FIGURE 3 illustrates our preferred Design Control System Level Structure;

FIGURE 4 illustrates our preferred Design Controt System Level Structure

with Versions;

FIGURE 5 (illustrated in parts FIGURE 5a and 5b) illustrates our preferred

Design Control System Library,Search Examples; -
FIGURE 6 illustrates our preferred Mechanism for Update Locks;

FIGURE 7 (illustrated in parts FIGURE 7a and 7b) illustrates our preferred

Promotion Mechanism;

FIGURE 8 (illustrated in parts FIGURE 8a and 8b) illustrates our preferred

Design Fix Management and EC Control;

FIGURE 9 illustrates our preferred DCS Using an Actor / Object Environment;

and

FIGURE 10 illustrates our preferred Example of Location Independent Data

Tracking;



not related to a particular process inplenented in the data managenent
system Furthernore, since a process nust be contenplated in Qder to
create a Bill of Resources table, Chapnan et al. do not permt the creation
of aggregates w thout foreknow edge of the process that requires the
resource. Thus, in a manner simlar to that described for Maki et al.,
Chapman et al. require that a relationshil®between the el enents exi st
prior to the formation of the Bill of Resources grouping. Al so,

unrel ated DVS systens are known which are used for hardware inple-

ment ati ons ich.enable. relate a l.na conputer menory, storage or 1/0O
subsyst em t'd9HE® aﬁﬁqs Lihes 1§F0§§gﬁ5#/ﬁb§r€5&%g?y to other such data so as to
i mprove hardware performance, application performance; and/or to solve
menory managenent issues are known. For exanple, U S. Patent No. 5,418, 949

to Suzuki (figawed2MesclibestB8QRMIBCDEE Frotéds Storage management system
for a database which achieves a high | evel of clustering on a given :

Figure 13 describes the QRDELMDL Process.

Figure 14 describes the QRMDLINV Process.

Figure 15 describes the QRINVMDL Process.

Figure 16 d.escribes the QRMDLLST Process.

Figure 17 describes the QRMDLDAO Process.

Figure 18 describes the QRMDLDA1 Process.

Figure 19 describes the QRMDLGNM _Process.

Figure 20 describes the QRMDLINM Process.

Figure 21 describes the QRMDLMOD Process.

Figure 22 describes the QRMDLRES Process.

Figure 23 describes the QRMDLSET Process.

Figure 24 describes the QRBLDPRM Process.



page- and teaches |l oading related data froma secondary storage unit at high
speed. The patent uses map files including a netamap file for defining page
to page relations of data. These hardware inplenmentations are not rel ated
to the present invention, as they involve the managenent of the physical
con- tents of a data object rather than the managenment of aggregations of
data objects as we perform the nethods -df-our present invention. It is
contem pl ated, however, that such known hardware techni ques may be
i nplenented in a system conprising the aggregati on managenent features
di scl osed herein, thereby further augnmenting the overall system
efficiencyfﬁgufh?$HESSUPeﬁéW%FHHW5H$D§H%G@§§SMB have vi ewed the devel opment
of others. Even the best of the EDA (el ectronic design autonmation) design
houses don't have an integrated approach |i ke we have devel oped. For the
purposes offif e 26UkeFBEIthe R |éa9p$88§s%.-50”e of the various
approaches al'ready used specifically viewmng themin |light of our own sepa-
rate devel opnents which we will further elaborate in our detailed
description :

Figure 27 describes the QRMFIMOD Process.

Figure 28 describes the QRSUPMFI Process.
Figure 29 shows the main menu for the Model Management Utilities

Figure 30 illustrates the data entry screen for launching a Library Search

used in creating Models.
Figure 31 shows the main screen for editing and viewing existing Models.

Figure 32 diagrams a sample text file which may used to import the informa-

tion required fo create a Model.

DETAILED DESCRIPTION OF THE INVENTION

Overview (Section 1.0)

In order to introduce our Design Control System we will describe it as it can
be applied to development of complex circuit design and development
projects such as microbrocessor design projects. The implementation of our

Design Control System can be implémerite_d in a variety of ways using many



of our invention which follows later in this specification. In the field
of EDA, there are today two preeni nent vendors of devel opnent software,
Cadence Design Systens, Inc. and ViewLogic, Inc. O course there are

ot hers, but these two conpanies may have a greater range of capability
than the others. Also, there are in house systens, such as |IBMs ProFrane
which we think is unsuitable for use. It-#tl not function well as a
stand-al one DM point tool for integration into a foreign framework. But
even the largest mcroelectronic systens are custoners of the two naned

Yﬁcgg{ ?O}TL&E@‘@ngV\éllalfb?r?xrsrpaasrig'su-{t% ¥ tor'a Qg%turirtenWelnlgin%%rﬁ’n%earoiw_irl‘)g“heour
require fifhing HOGESHELUPIEERPreY eMibBRRARBHE i¥RSEIBLUEESyHBd thhn WetACt

and even sucﬂ a conbi nati on woul d not acﬁl eve.our desirable results.
this teaching all or part of our exact implementation of user interfaces,
methods, features, properties, characteristics and attributes may vary
depending on the platform chosen and the surrounding design system. All of

these variances will nevertheless employ those routines which implement our

processes and which meet our requirements.

Platform (Section 1.1)

The Design Control System (DCS) in our preferred embodiment, even though
it can be implemented with other platforms, runs on a network of RS/6000’s.
(workstation class “personal” computers) with an AlX operating system
arranged in a Client-Server fashion. Each client and server in-our preferred
embodiment, is able to implement cross platform code via interpretation, and
thus can implement programs written in cross platform languages like Java
and VRML. In such situations, Java can interact with VRML by describing
extension modes, acting as scripts, and describing th- actions and inter-

actions of VRML objects.

While more powerful situations are contemplated, the systein can be installed
in a prior art system, like that described in U.S. Patent 5§,333,312. Thus, as we
sﬁow in Figure 1, the pﬁor art system of the earlier patent, can be employed
in this application, by providing the system with new programs. However,
such a system, as illustrated by FIGURE 1 Will be a data processing system 8,
which may include a plurality of networks, such as Local Area Networks
(LAN), 10 and 32, each of which preferably fnclddes a plurality of individual
cofnputers 12 and 30 (which may be RS/6000 workstations or powerful PCs



For the purposes of conparison, after our own description of our environ-
ment, our "Conputer Integrated Design Control Systenf, we will discuss the
features of the Cadence Team Desi gn Manager Version 4.4 and ViewLogic's
ViewData in Sections which conpare with and refer to the Sections of our
own preferred "Conputer |Integrated Design Control Systenmi as set forth at

t he begi nning of our detailed description2df our invention. This conparison
wi |l show the shortcom ngs of these prior systens, as well as sone changes
whi ch could be nade to these prior systens to allow themto inprove per-

formance in our concurrent engineering enyvironment by taki.n age of
aspects of SHER asvihed&M I Aptihs- 45 %‘P‘E‘gﬁ‘%tq §'é&ér‘?ﬁg?ji : ﬁ?%s“ag sgg{f/eqﬁérfvent i on.

Hi stori ca! lﬁ%gﬁ%@)}n@%ttegor}ﬁ%i b{%i%oﬁjctggggo @Q%ré%e (&%u&(:’ill%[r;ld%lol&) obj ects

t oget her ata” managenent pr ens. These prob-

lems may i peigQoLERNIddWEOd6a0ne%r ke fducASStY Hevivesatemaynmelati- or
grouping files together to facilitate transport through a nedium The

intent is [iuadald ytdre appivationsergfesopreenhjenss wigeh insay berpegicgieally i ed

period of tine. The nost comon nmethod in usé today is to create. a

| i sting of accessedbna user within the data processing system 8. As we have said the
system is provides with a repository, illustrated by main frame/server com-
puter 18, which may be coupled to the Local Area Network 10 by means of
communications links 22, and also to storage devices 20 which serve as
remofe storage fof' the LAN 10. Similarly, the LAN 10 may be coupled via
communications links 24 suppdrting TCP/IP through a subsystem control
unit/communications controlier 26 and. communications link 34 to a gateway
server 28. Gateway server 28 is prefel;ably an individual computer which
serves to link the LAN 32 to LAN 10. The main system cun be located any-
where in the world, and remotely from the various servers and cli'ents
coupled to it over communications links. The main system can accommodate
hundreds of users making requests to the centralized repository (a large
server 18, such as one of IBM’s S/390 platforms or IBM’s RISC System/6000
Scalable POWERparallel Systems (SP) platform for design control informa-
tion. (AIX, S/390, RS/6000, RISC System/6000 and Scalable POWERparalilel

Systems are trademarks of International Business Macaines Corporation,

Armonk, New York.)

Since this repository 18 (a large server and its associated storage) is critical
to the entire design team, it has the ability to remain available if a single
server fails. In addition, the datais secured via a backup or archiving mech-
anism performed on a regular basis. Our DCS has important performance
characteristics. It can handle a distributed computing env?ronment with data

being transmitted over LANs and telephone lines linking distant locations in



nonly referred to as a Bill of Materials. Many commercial products perm:t
creation of such a BOM but these BOM are static |list BOM For exanple, is
one of the nmenbers of the BOM di sappears or gets changed, the user is
unaware that the original data set used to create the BOMis no | onger

val i d. - 13 - W have
created a new process which we call an Ag§regati on Manager which can be
used in Bill of Materials applications but which overcones prior dis-

advant ages and al so one vvhi ch can be used in our Conputer Integrated

Desi gn Cont rce Syst.em RY CF, THE | NVE % ?J Sac(\:/eesrgtlrl]oraa;?éovi des

a design c@ ABD 39§‘F'§rﬁhg%%s e XReriEIce e BRticeaR|e delay g
physically located at another site. Due to the complexity of the design,
maximum throughput is attained by transferring only the control data neces-
sary to carry out the specific task. For large projects design control informa-
tion can be physically segregated by library, version and level to minimize
the bottleneck caused by too many users accessing the same physical server.
In the case of the design data, the phj(sical data is tracked via pointers when-
ever possible, so as to minimize the amount of file movement between
servers. Although, the “official” control information is centralized in one
place, the DCS permits certain data to be cached locally on the users
machine to improve performance by reducing traffic to the Design Control
Repository. For example, much of the control information for private libraries
can be cached locally in order to maximize performance-for private library
accesses. For public libraries, the DCS allows the user to take “snapshots” of
a library in which the fmage of the library is refreshed lbcally. The user con-
tinues to work with his local image of the library until he deems it necessary
to refresh the image. The amount of control data that is actually cached is
dependant on the environment and the actual implementat_ion. Many of the
performance issues are discussed further in the Sections to which they

pertain.

Libraries and Design Control Repository (Section 1.2)

The Design Control System has two important components. The Design
Contro! Repository contains the control information for all components of the
design. This includes such things as the names of all the pieces, the .type of
data, the level, the version, thé owner; and any results which are deemed

quality control records. These results indicate the “degree of goodness” of



neeri ng process which can cooperate in a distributed environnment worl dw de
.to enable a design to be processed with many concurrent engi neering peopte
and processes. The system we enpl oy uses a data managenent control program
tangi bl y enbodyi ng a program of instructions executable by a sup- porting
machi ne environnment for perform ng nethod _steps by an aggregati on nmanager
of a data managenent system having a Iibr&?y organi zati on which receives a
request of a user initiated fromsaid displayed client screen and fulfills
the request by a providing result via our data managenent systenis

port 2 mABBICLRgt RS el RS e Bl 46 I BER Haks AREIOur i ng i ts
th ks ' ' I n
order to mba O5 B pRidEs pcR K O pBriBhelod pECE SF I s "

nore contr eepBSit@BNcaRBd MG iABrdTFdbIPfimp|&RBAIY irPRRSlormNBIUA detdtRase
allowing creation of a nodel by interactive user activity, by inporting a

file listirfglatignakedijetti orgentedaetd.prarysing affldtedeisyssan dT de batua nagderent
systemand inporting a located file, or by use of an application program
i nt erface Weptafoagis ys4gliynbased on the environment.

As we have said, and as illustrated by the machine to person interface
depicted by FIGURE 2, our program of instructions executable by a sup-
porting machine environment for or performing method steps by an
aggregation manager of a data management system having a Iibrary organ-
ization which receives a request of a user initiated from said displayed client
screen as illustrated by FIGURE 2 and fulfills the request by a providing a
result which provides a dynamic way to track a model dtring its course
through its design phaée via our data management system’s aggregation

manager.

In order to make a common model, we display for creation of a model one or
more control screen sections which provide our control information compo-
nents 235, 236, 237, 238, and 239 as part of a control panel input screen
allowing creation of a model by interactive user activity, by importing a file
listing providing the data of screen sections 235, 236,_ 237, 238, and 239, by
searching of a library of files in said data management sys'tém and importing
a located file conta'ining the data of screen sections 235, 236, 237, 238, and
2389, or by use of an application program interface with a collection of model
management utilities which provides the data of screen sections 235, 236,
237, 238, and 239. These data fields of our control screen which when
created by a user comprise data entered in the form boxes (a form is a

screen section entry field for representing a model) illustrated in FIGURE 2,



- 14 - of nodel managenent utilities. Qur sections of said control
screen panel include: ~ (a) a display screen section displaying a first
field representing the name of an anchor nane field of a nodel which is
identical to the name of a data object which is serving as a naned anchor;
(b) a display screen section displaying a second field representing a
| i brary where said named anchor resides; -2*- (c) a display screen section
displaying a third field representing the type of data object identified
by sai d anchor nane; (d) a display screen section displaying a fourth
field representing user entries for the version of said paned aanﬁé;

er

(e) a di spkay wheesntriauad enothespizs vhGiRed byithersystem piaReriN§
listing providing the data of screen sections, by searching of a library of files
in said data management system and importing a located file containing the
data of screen sections, or by use of an application program interface with a
collection of model management utilities, all provide the data of a control
screen panel sections which include:

(a) a display screen section displaying a first field representing the name
(235) of an anchor name field of a model which is identical {o the name of a
data object which is serving as a named anchor;

(b) a display screen section displaying a second field representing a
library (236) where said named anchor resides;

(c) a display screen section displaying a third field representing the type
(237) of data object identified by said anchor name; i

(d) a display screen section displaying a fourth field representing user
entries for the version (238) of éaid named anchor; '

(e) a display screen section displaying a fifth field representing user
entries for the tevel (239) of said named anchor for use by a user or a third
party tool for creating, modifying or deleting an aggregate collection of data
objects, encompassing those used for items that are identified, tabulated,
tracked, validated and invalidated, and promoted, as are bills of materials, by

said data management system.

Furthermore, while, as in the other cases for entry section fields, the same
screen does not have to, but can, display an additional fieid which displays
status information: Thus, as illustrated by FIGURE 2, the system provides a
display screen section displaying a sixth field representing user entries for
the status of said named ancﬁor. Now each field can be display separatély

and various combinations can be made, but all fields are provided by and



entries for the I evel of said naned anchor for use by a user or a third
party tool for creating, nodifying or deleting an aggregate collection of
data objects, enconpassing those used for itens that are identified,

tabul ated, tracked, validated and invalidated, and pronoted, as are bills

of materials, by said data managenent system and (f) a display screen
section displaying a sixth field represent®ng user entries for the status
of said naned anchor. Qur nodel thus consists of one anchor and one

or nore associ ated com ponents, each of which is a data object in said

data managenent system This .neans that our conponents can beiéﬁfn‘g t 0o .any
| evel and WS b o8f syslemy iAdra i &8 antien madeh bR caly be lauedai d

-n I I
Che anchor Aahdt BuinEFRld b inicB %sﬁ'aif%‘?f%asr%rarﬁ?@ fiieer B veids Mes,
ncl uding daicholeAReAiiBfan ek BhsIck SRlbRS wmmgemmwwemm third

party tools. hus urther provi at each conponent | abel ed as an
i nput or ar_b)putjpgyst@in)l_ts

Our model thus consists of one anchor (with a name 235) and one or
more associated components, each of which is a data object in said data
management system. This means that cur components can belong to any
level and version of any library in said data management system and said
components are not restricted to the same library, level and version as the
anchor, and our components can and do cbmprise multiple dafa types,
including data generated by tools of said data manégement system and third

party tools. i

Now once a model is created or otherwise identified, it becomes part of our
system. Indeed the second component is our Design Libraries. They hold the
actual pieces of design under the control of the system. There is no limit to
the number of libraries under the management of the Design Control Reposi-
tory, and hierarchical designs are allowed to traverse through multiple
libraries. The libraries are managed by Data Managers (Librarians) who are
members of the design team. All major facets of the libraries are program-
mable so they can be tailored to-'the needs of the design group they service.
Certain design groups require more data control than others, so the flexibility
exists to widely vary the degree pf data control. Libraries are categorized as
Public or Private. Both can be shared, but the main difference is that a
private library is managed by the actual designer. It's used to hold his daily,
updates and often will have no formal control. The DCS achieves this by

defaulting alt control information to a simple non-restrictive form. For



- 15 - associ ated anchor. Thus we provide that each one conponent may be
an anchor to another different nodel, and when such a conponent is an
anchor to another different nodel, said different nodel consists of said
such conpo- nent acting as one anchor and further consisting of one or
nore associ ated conponents each of which_is a data object in said data
managenent system | n accordance with oar® nvention our conponents can
belong to any level and version of any library in said data managenent
system and our conpo- nents are not restricted to the sanme library, |evel
and version_as the ancho

, d . ' tiple dat
(ypes: EncrutSoaFh hainer B SEGRE T ddF R %gag’gﬂtg%sy&y;
an Ir - : : I Ke
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still another different nodel, with each conponent being | abel ed as an
i nput or outatatinitheirdibaanoheoDCS automatically establishes all the proper AFS
and AIX permissions. Owners of private libraries control who can access their
data with the system accommodating the use of default “access groups” (such
as AFS groups) so the designer doesn’t have to enter the userids of e_all his
team members each time he creates a new library. Since Private Libraries
are considered working areas, data contro! checks are minimized in order to
maximize performance. For example, when a new data element is created,
the DCS does not check the Control Repository to make sure the owner has
the proper authorities, locks, etc.. lnstgad, a designer is permitted to work in
a completely unrestricted fashien in his own work space:. All controls are
placed on public libraries. The o'nly control checking required is to ensure
there are no data conflicts within the Private Library. It is acceptable for two
Private Libraries to contain the same design data, so no checks across
libraries are done. Public Libraries are the official project data repositories.
All data delivered to external customers comes from Public Libraries. Public
Libraries are overseen by Data Managers who configure the libraries with
varying degrees of control. Typically the libraries are urganized with a‘level
_structure whereby the lowest levels have the least amount control. Control
gets more stringent as the levels increase, and the highest level denotes data
released to manufatturing. Almost every attrib.ute concerning data integrity is
programmable by the Data Manager. Through a Data Manager Utility, they
configure the structure (the number of levels and versions, including the con-
nections between them), the various authorities, the required criteria to enter
each level, and the types of Library Controlled Processes required at each

level. The system can handle numerous public libraries, and each public



Its anchor file. Al'l conponents of a nodel are either static (and thus
does not nove through said data nmanagenent system but is tracked by the
systen) or dynamc (and noves through said data nanagenent systemwth its
associ ated nodel as part of an action of pronoting a nodel when a nodel is
pronoted, a dynami c nenber being | abeled_as an input or an output with

respect to its associated anchor). AncRbis are al ways dynam c and t hey
t hensel ves can be dynam c nenbers (input or output of another anchor) or a
hi erar hi cal BOM - 16-
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promote. |fment of our DCS architecture we provide an Automated Library Machine
(ALM). More than merely a repository for data, the ALM is a userid capable
of accepting, executing and dispatching tasks without any human inter-
vention. This enables the designers to make requests of the ALM to promote
data or run library processes without the need for a Data Manager to process

it.

In order to improve throughput, the ALM can dispatch parallel tasks if the

operating system (i.e. AFS) supports it and the situation allows it.

This concepté improves efficiency, and increases security, since the ALM is
the only user, that requires writable permissions to the data repositories. The
physical location of the data resi.ding in Public Libraries is determined by the
Data Manager. The DCS along with the Data Manager (and his alternates) are
the only means of writing data into or removing data from these physical
locations. As a means of safety, the Data Manager does have the ability to
access and overwrite data in these physical locations without using the DCS
(i.e thruthe OS). This is .necessary in the unlikely event the contro! informa-
tion gets out of sync with the physical data, and the Data Manager hasto
manually complete a transaction. Physical locations are defined through the
Data Manager Utility for setting up Public Libraries. More details on this are

available in the Data Manager User Interface Section 15.

Data Types (Section 1.3)

Data may be identified by a filename (anchor name 235) and a filetype (236).
The DCS automatically segregates all data by “type”. Types are very useful to



they- are static, they are called "support” objects and they don't nove. Al
conponents (dynam c or static) cause BOMinvalidation if they are nodified
or del et ed. Wth these facilities, concurrent engineering is enhanced,
and after creation of a nodel, thereafter, our system provides
continuously tracking the created nodel while allowng a user to nodify it
by addi ng conponents, deleting conponenrg?’changing the status or deleting
said created nodel, and allow ng pronotion of a nodel in our data
processi ng systemthrough the |I|ibraries of our data processing system
This, along with many ot her changes have been nade as detailed in_ the

descri pt i oASHICIBIE 2iMGes Of Satawmitnz eyl erirrocess grprexample YWHERI Gt sEsE

DRAW NGS. | ect ter, whi ch i s.regarded as the inventi S
articul arP & 8??% qggﬁ}yaﬁﬁtad?‘é‘% AP ‘T‘a1pr?e('f’ﬁ§?1ns['?|% t%o ecﬂoﬁgi%ng portion
of th bbisefipt ffe. THIE Cal g ERRIme ROSfstem GSeotaaieds d
0 € SpPepbsiseipt file. Caldhe8 oy} tém USeHCeRVieds @ an
nmet hod of %r'act i tge, t oget hgr W t(?] f%?t her ot()T%cts and advant ages thereof,
may best bgegrstpite theodabiusetypes of data within a particular Cell (design compo-
nent). This segregation is a fundamental building block to Design Control
Systems since certain types of data require more design control than other
types. Our DCS allows each individual type to be controlled on a level and

version basis within a library. The DCS is capable of tracking any data type

from any point tool, even third party vendors.

Levels (Section 1.4)

Each Public Library consists of n levels which are established by the Data
Manager. The naming of the levels (239) are arbitrary, but _each denotes a
degree of quality of the design. Data moves into and out of levels via a “pro-
motion” mechanism. There are two types of levels in the DCS, Engineering

(or working) and Release Levels.

FIGURE 3 shows a typical level structure with 3 Engineering Levels denoted
E1, E2 and E3, two main Release Levels denoted R1 and R2, a Sideways '
Release Level S1, and a Fast Path Stream consisting of F21 and F22. Data
can be promoted into é1, F21, E3 and S1 from outside of the library, but it
can only enter R2 from E3. E1, E2 and E3 are arranged in a serial fashion.
The normal promotion path is for data to enter E1 (t'he least controlied level)
and migrate up through E2, E3 and finally info R2 (the most tightly controlled
level). The external paths into F21 and E3 are known as “fast paths” and exist
to accommodate emergency updates to pieces of design residing at the-

higher levels. There are two different types of fast path arrangements:



erence to the follow ng description taken in connection with the acconpa-
nying drawi ngs. W note that where a particular FIGURE requires nore than
one sheet to illustrate the FIGURE with required character size, there is
included in the FIGURES an overview FIGURE illustrating the |ayout of the
sub-figures, which are nunbered as al phabetical extensions of the FI GURE
nunber, e.g. as 1la, 11b, 11c, 11d, etc. -29-

- 17 - FIGURE 1 illustrates a prior art systemin which our present
system can operate by changes nmade to the database and design contro

T ust 1 at o SBL P Erbn BEaORIBRr B Sot Ry Sy associa eIRs T (B o s
our preferred DeSirg&rﬁdeJ\Rell, i§¥1556@0l3?\)0§§/” tﬁrfo’dﬁh%ﬁi;ch data can enter. Level
' E3 is an example of this where the user simply promotes data from
the private library'into E3. The DCS will run any pre-processes
defined at E3, but any criteria that would normally be necessary {o

traverse through E1 and E2 is bypassed.

Fast Path Levels are staging areas where data is promoted into, and pro-
moted through, in order to reach the target Engineering Level.
There can be any number of Fast Path lgavels_for ény given Engi-
neering Level. If there’s more than 1, it’s known as a Fast Path
Stream since the data must migrate through all the Fast Path Levels
before reaching the Engineering Level. F21 and F22 constitute a
stream, which could’ve contained more than 2 levels. We have pro-
vided at least one level to provide an area where all the processing
normally run at the E1 and E2 levels can be run to ensure that the

fast path data meets all the same criteria.

Release Levels are handled in a different manner. R1 is the oldest release
level and it’s frozen, which means its contents can’t be updated any longer. It
contains a static snapshot of a design delivered to an external customer. R2
is now the active Release Level which is the destination of any data promoted
from E3. The Data Manager programs the connection of £1 to E2 to E3 to Rn.
The DCS automatically freezes the previous Release Level and connects E3
to the new Release Level whenever the Data Marnager creates a new one.
Unlike main Release Levels, Sideways Release Levels are always active and
there can be n Sideways Levels for each' Release l;evel.'The-purpo'se of the
Sideways Levels is to hold post tape-out updates such as microcode patches

to hardware under test. Since the Release Level corresbonding to that level



FIGURE 4 illustrates our preferred Design Controt System Level Structure
W th Versions; FIGURE 5 (illustrated in parts FI GURE 5a and 5b)
illustrates our preferred Design Control System Library , Search Exanpl es;
FIGURE 6 illustrates our preferred Mechani smfor Update Locks; FI GURE 7

(illustrated in parts FIGURE 7a and 7b) illustrates our preferred
Pronoti on Mechani sm FIGURE 8 (illustrated in parts FI GURE 8a and 8b)
illustrates our preferred Design Fix Managenent and EC Control; FI GURE 9

illustrates our preferred DCS Using an Actor / (Object Environnment; and

' rr Exanpl e of Locatjon | ndependent Data
_IIZ_Ir g:JEFnéo Iolflh%sra\r/v%tree Sls %%bgtglsffr@oze%c,i aud arln%ew iteration of design is %rop_agatmg

through the Engineering Levels, the only path into a Sideways level is
directly from’a Private Library. The Data Manager has the ability to recon-"

figure the Engineering Levels at any time based on these rules:

* The connections between levels can be changed at any time. (i.e.
E1->E2->E3 can be changed to E1->E3->E2.)
* A level can be removed as long as no data resides in that level.

* A level can be added at any time.

The Data Manager can create a new Release Level at any time. Existing
frozen Release Levels can be removed as long as no data resides in that
level. A frozen level can become an active level again if no data resides in
the current.active Release Level. The DCS performs a “thaw”, a step which
removes the current Release Level (R2) and connects the previous level (R1)
to E3. As shown in FIGURE 3, the DCS'supports the normal promotion path

to E1 as well as “fast paths” info E2 and ES3. Thé_ following minimum checks

are performed at all entry points:

* The owner attempting to send data to a Public Library must possess the
update lock. If no lock exists, the sénder obtains the lock by default. {f
another user has the lock and the sender is a surrogate, he can obtain the
lock {the system immediately_ notifies the original owner). If the sender is

"not a surrogate, the action is halted, until ownership is properly trans- '

ferred.

* If the level to which the data is being promoted to has any entry criteria, it

is checked to ensure the data passes the criteria.

Versions (Section 1.5)



- 18 - Figure 11 describes the QRVDLADD Process. Figure 12 descri bes
t'he QRVDLDEL Process. Figure 13 describes the QRDELMDL Process. Fi gure
14 describes the QRVDLI NV Process. Figure 15 describes the QRINVMDL

Pr ocess. Figure 16 describes the QRVDLLST Process. Figure 17 descri bes
t he QRVDLDAO Process. Figure 18 describes the QRVDLDAL Process. Fi gure
19 descri bes the QRVDLGNM Process. -31-

Each public library consists of n versions (238) which are defined by the Data
Manager. The concept of versions exist to support parallel design efforts. All
versions have the same Engineering (Working) Levels, but have different
Release Levels depending on the frequency of tape-outs for that version.
Data in separate versions is permitted to traverse the levels at independent
rates. For example, if a piece of design has 2 versions, 1 version may exist at
E1 while the other version exists at E3. FIGURE 4 is an extension of FIGURE 3
in which library structure has been expanded to show 3 versions, V1, V2 and
V3. In theory there’s no limit to the number of versions just as there’s no limit
to the number of levels. Versions can be independent or dependent. Inde-
pendent versions are isolated and must ultimately contain the entire set of
design components. Dependent versions are based on previous versions
(which the Data Manager specifies when creating a new-version). By sup-
porting the concept of dependent versions, only the incremental data neces-
sary for a new design variation needs to be libraried in the new version. The
Library Search mechanism will be able to construct a complete design Bill of

Materials by picking up data from both versions.

Library Search (Section 1.6)

Our preferred embodiment of the DCS provides support for "Library

. Searches”. This allows data, which is used-in multiple iterations of the design,
to exist in only one place. In other words, if a design compbnent is changed,
only that component needs to be fe-_librar?ed at a lower level. A full model
can still be constructed by starting the search at the lowest level where the
component is known to exist. The li_bréfy'search mechanism willl pick up the
latest piece.s at the lowest level, then search t_hrough the next highest level fo

pick up more pieces, and so on until it reaches the highest .l'evel. where all



Fi gure 20 describes the QRVDLI NM Process. Figure 21 describes the
QRVDLMOD Pr ocess. Figure 22 describes the QRVMDLRES Process. Fi gure 23
‘descri bes the QRVDLSET Process. Figure 24 describes the QRBLDPRM
Process. - 19 - Figure 25
descri bes the QRVFI ADD Process. Figure 26 describes the QRVFI DEL Process.
Fi gure 27 describes the QRMFI MOD Process. 32"

components reside. In addition to searching through levels, the mechanism
also searches through versions. The user provides a starting library Ieve_l,
version and either a single- type or a list of types. iIf the version is based on'a
previous version, and all the necessary design components can’t be located
in the starting version, the mechanism searches the previous version based

on the following two rules:

1. If the search begins at an Engineering Level in one version, it resumes at

the same Engineering Level (not the lowest level) in the previous version.

2. If the search begins at a Release Level (including a Sideways Level) in
one version, it resumes at the latest Release Level in the previous

version. This may be older or more recent in time than the released data

in the current version.

FIGURE 5 shows examples of the Library Search Mechanism. The library
search utility is available to designers, Data Managers and third party’ tools.
The interface is both command-line and menu driven to accommodate any
environment. In addition to the required parameters of type, level and

version, the user has the option of specifying the name of a data object.

These additional options exist:

Noacc
This allows the utility to use a temporary cached copy' of the search
order inforhation for performance reasons. Since this information
may be obsolete, the absence of the option results in the actual

Design Control Repository being accessed and the search per-

formed from within it.



Fi gtjre 28 describes the QRSUPMFI Process. Fi gure 29 shows the main nenu
f'or the Model Managenent Utilities Figure 30 illustrates the data entry

screen for launching a Library Search wused in creating Mdels. Figure 31
shows the main screen for editing and view ng existing Mdels. Fi gure 32
di agrans a sanple text file which may used_to inport the informa- tion
required to create a Mbdel . DETAI LED DBSCRI PTI ON OF THE | NVENTI ON

Overvi ew (Section 1.0) In order to introduce our Design Control System we

will describe it as it can be applied to devel opnment of conplex circuit
desi gn antrjrépd{eevel opnent projects such as m croprocessor design projects.
The inple dt%tion of our Desi gn Control System can be inplenented in a

variety of ways usjpge fRE¥esults into an external file.

Various Sorts

They control the way the output is sorted and displayed.

Nosearch

Only list data found at the starting level.

First/All
Indicates whether to include all existences of a particulér design
component or only the first one in the search order.
Select
Presents a selection list of all candidates so the user can chcose
those of interest.
Noversion
Prevents the search from tracing back across version boundaries.
Levels
Displays the séarch order based on the existing level structure.
Versions

Displays the search order based on the existing version structure.

Locks (Section 1.7)

In order to properly control shared data, the DCS supports several types of
locking mechanisms. Two of the locks exist to control groupings of files that
may comprise a model build. These are known as move and overiay locks.

The user can set one of these locks uéing a,uﬁlity which allows him to control



- 20 - conputing platforns as is suitable for a. concurrent engi neering
project. Wiile we will describe our preferred enbodi nent, it should be
recogni zed that with this teaching all or part of our exact inplenmentation
of user interfaces, nethods, features, properties, characteristics and
attributes may vary depending on the platformchosen and the surroundi ng
design system All of these variances wi-l3¥ -neverthel ess enpl oy those

routi nes which inplenent our processes and which neet our requirenents.
Platform (Section 1.1) The Design Control System (DCS) in our preferred
enbodi nent, even though it can be inplenented with other platfornms, runs
on a net wortRecoRs el lock hased lest eettain figldss Thpatses san-erisrsneeifis)datat h

an Al X operatl r\]/%lciyard indicating “ALL”, for

+ Name of Design Components

* Type of Design Components

* Level of Design Components

* Version of Design Components

* Library Name

By specifying only a library name and four wildcards, the user .is requesting
that all data in the library be locked. By filling in all five entries, a specific
designh component will be locked. Various dégree of locking exist in between
those extremes. ‘ |

If the information corresponds to a Bill of Materials (BOM) and the user
wants to set the lock on the entire BOM, a BOM Flag will exist allowing him
to specify this action. .Regardless of how these fields are filled in, all locks
will be set individually so they may be removed individually. A lock does not
have to be removed the same way it was set. The user will also specify the '
type of lock, Move, Overlay, or Update (Ownership). The following definitions

exist:

Move Locks mean the data can’t be overlaid by the same data at lower
i levels, nor can it be promoted to a higher level. This provides a
method for completely freezing an Engineering Level while a model

build or large scale checking run is in progress.



arranged in a Cient-Server fashion. Each client and server in our
preferred enbodinent, is able to inplenent cross platformcode via
interpretation, and thus can inplenent prograns witten in cross platform
| anguages |i ke Java and VRML. In such situations, Java can interact with
VRWML by describing extension nodes, acting as scripts, and describing the
actions and inter- actions of VRWML objeédts. Wi | e nore powerful
situations are contenplated, the systemcan be installed in a prior art
system |like that described in U S. Patent 5,333,31.2. Thus, as we show in
Figure 1, the prior art systemof the earlier patent, can be enployed in

this appl Pvgrlaynlogks @red subget o enaysstaskswi e dataycandharverpihbydhe  such

t illustrat FIGQURE 1 will t [ t 8,
o o vy ol oS R Py v Tetelhs bl N SRR B SRR i
(LAN), 10 and 32,.6gch of which preferably includes a plurality of -

i ndi vi dual conputers 12 and 30 (which may be RS/ 6000 workstations or
power ful PCs

Update (Ownership) Locks are the means by which a designer takes owner-
ship of a piece of data. Update locks are designed to prevent mul-
tiple designers from updating the same design component in an
uncontrolled way, thus resulting in data corruption or lost informa-

tion. There are two types of Update locks, permanent and tempo-

rary.

A permanent Update lock exists when the designer specifically requests to |
own a piece of data. This is done t:hrough a utility, and the DCS keeps track
of this ownership. Other designers may copy and modify the data in their
private libraries, but any attempt to promote that data into the public library
will fail, unless the designer is a designated surrogate of the owner. The only
way these locks are removed are by the owner resigning the lock or a surro-
gate assuming the ownership of the data, and the corresponding lock. A tem-
porary Update lock exists to facilitate sharing a piece of data among multiple
designers. The user can either request a temporary Updafe fock in advance
(i.e. when he begins editing the data), or he can wait until he initiates the
promote into the public library. The DCS will first check to see if anyone has
a permanent Update lock, and if so, it will only allow the promotion to con-
tinue if the user is a designated surrogate. If nobody has a permanent Update
lock, then the DCS will issue a temporary Update lock for the time the data
remains “en route” to the final promote destination. Once it arrives safely, the
témporary Update lock is removed _a._nd.thg data-can be claimed for owner-
ship by someone else. Surrogates are “alternate” owners of data. For

example, a proie'ct may be arranged such that each piece of design is owned



- 21 - such as the IBM Aptiva's. As common in such data processing
.systens, each conputer nay be coupled to a storage device 14 and/or a
printer/output device 16. One or nore such storage devices 14 nay be uti -
|ized, to store applications or resource objects which nmay be periodically
accessed by a user within the data processing system8. As we have said the
systemis provides with a repository, ilt¥strated by nain frame/server com
puter 18, which nay be coupled to the Local Area Network 10 by neans of
comuni cations |inks 22, and al so to storage devices 20 which serve as

Communi cat POAPTIRCS s Bit AR Heb Roqip oo (Ltdy s A bR BYeY ©
Unt L COMTURECAESiBRTHANY LAELE NS LrRBiherclUIURL O} HART AL e Buiriér 2agal evay

server 28. (Gateway server IS pre ably'an i ndivi conput er whi ch

serves to fellnketDESLAM: BZe backdNdESignBreshaaid beys karogale,ta uk aiaingthimy -
where in the world, and renmptely fromthe various servers and clients

coupl ed t dhietrighteto takeneminesahipof a design chneporeent. $he tsenragate zaooeithrrat e

hundr eds of users naki ng requests to the centralized, repositor Sa | ar ge
use the locking utility to specifically take ownership prior to makmgya y

updates, ar he can wait until he initiates a promotion. The DCS will check to
see if the design component is currently owned, and if so, check to see if the
user is a defined surrogate. If both are true, it will give the user the chance to
“take oWnership” and allow the promote {o continue. The original owner
would be notified that his surrogate has taken ownership.

FIGURE 6 illustrates the lock mechanisms for Update locks.

Bill of Materiais Tracker (Section 1.8)

The DCS has a built-in Bill of Materials (BOM) Tracker to facilitate tracking
many design components in large projects. The main objective of the BOM
Tracker is to group certain design components to make it easier to promote
them through the library and track their synchronization. This is crucial for
| data sets that contain some source and some derived files from that source.

The following features exist in the BOM Tracker:

* It supports automatic data grodping, based on the désign component
-namé, with the notion of required and optional data tybes. One example
might be a grouping which consists of a graphical symbol denoting the I/O
of a design component, the corresponding piece of entity VHDL and the
architectural VHDL. Any changes made to the symbol shbuld be reflected
in ihe entity, so the entity would be required. A change may also be made
to the architecture, but it’s not alwa'_ys necessary, so the architectural |

VHDL would be optional. When a promote is initiated to a public library,



server 18, such as one of IBMs S/ 390 platforns or IBMs Rl SC Systeni 6000
Scal abl e PONERpar al | el Systens (SP) platformfor design control infornma-
tion. (A X, S/390, RS/ 6000, RISC Systenf 6000 and Scal abl e PONERpar al | el
Systens are trademarks of International Business Macdi nes Corporation,
Armonk, New YorKk.) Since this repository_18 (a |large server and its
associ ated storage) is critical to the entire design team it has the
ability to remain available if a single server fails. In addition, the
data is secured via a backup or archiving mech- anismperforned on a

regul ar basis. r,.DCS %?YS | nport ant .per f.or cha LSLd l.f can

handl e a di st r?"t?ﬁ?'%e‘?fb !f{‘ef ﬁga. '&?'r“o'h‘fféﬁi” t&%{tﬁgﬁa@gcﬁ%ﬁ %ééﬁ%gﬁg%rtat ed

over LANs and &%ﬂa?if%iné 'ié‘%%ﬁhb&‘?bf'%éjaéfaat& el RGAG pPBMotel. If so, then all

- 22 - real tine. ers at one site experience ho noticeabl e del ays

accessi ng dat arequired data types are checked to ensure they exist. in addition, any
optional data types are checked for existence and they are also picked up.
The entire grouping is promoted to the target level. If a required data type
does not exist, the promotion fails. Automatic data grbups are pro-
grammed into the DCS by the Data Manager. Since they are BOMSs, all

rules of BOM tracking, invalidation and promotion exist for the members

of the grouping.

« BOMs are used for two main reasons. First they are used fo group many
smaller pieces of data into larger more manageable chunks to facilitate
movement through the library and increase data integrity by reducing the
risk of data getting out of sync. The other main reason is to track the com-
ponents of a model (i.e. simulation, timing, noise anal'yéis, etc.). The DCS
offers a very flexible user interface for creating BOMs in order to satisfy
the various scenarios. The user can manually create BOMs by selecting
pieces of design interactively, filling in search criteria and i.nitiating a
library search, or importing a simple text list. In addition, an API exists for

point tools to create a BOM listing and pass it into the DCS.

¢ The power of the BOM Tracker is augmented Wih our automatic invali-
dation routine. Once a BOM is created, the DCS constantly monitors for a
change to the BOM. i any member is 0\.rer(aid or deleted, a notification is
sent to the owner of the BOM indicating that the BOM is no longer valid.
The owner can continue to work with his model, but he is aware that he’s
no Ionger_ usjng valid Qata. Even though a BOM is invalid, it can still be
moved through the 'iibrary. This accommodates the occasion where a |

piece of a model had a relatively insignificant change. if the model builder



physically | ocated at another site. Due to the conplexity of the design,
maxi mum t hroughput is attained by transferring only the control data neces-
'sary to carry out the specific task. For large projects design contro
informa- tion can be physically segregated by library, version and | evel
to mnimze the bottleneck caused by too _nmany users accessing the sane
physi cal server. |In the case of the desr@ﬁ'data, the physical data is
tracked via pointers when- ever possible, so as to mnimze the anmount of
file nmovenent between servers. Although, the "official" control

information is centralized in one place, the DCS pernmts certain data to
be cached | ocHg8MDHH YPRECRSSALY IorhUHE thg ’Fﬁﬂ?'@\?'&‘sﬂéﬁ?‘{‘jﬁ‘?&'ﬁw h&m g%duci ng

traffic to the sl 4 eaPbolaa BRRRTHASK Yre BRIMGHARLRIdHER! the control

information for privat rarir es cah be cache y in ofder to
maxi m ze performance for private |library accesses. For public libraries,

the DCS al | owssthhes 98 BOMS fsadk®d sEo@lRSt®hsces¥ibledn! Wy @hys.i TheMirsthistbye
i mage of the library is refreshed locally. The user con- tinues to work

wi t h his | ocalautoegicafotifimatidnbieag.ye-urdii) lto lire doaver as sowtesaBPMti® refresh
the image. The anpunt of_ control data that is actually cached is dependant
on the envirorinsalidated- t Hee seeend is hyiresans at displawaghe BAMeLithen inttrance

| ssues are di Sacc i%/seﬁ}jo];' li'rr1 trgpe)crartlfgrrg‘lh?hiss ?étfn%nsshé\gs \M'é %r\]/e;['amegtatus of the BOM,

and all members of the BOM with their individual status.

* The BOM Tracker also supports the concept of a “support” object. This
can be a design component, a piece of information, documentation, et_c.;
that can be tracked with a BOM, but are never promoted or moved with a
BOM. An example might entail using a BOM to track various modules of a
large software application. The source and object code of the module
move through the various levels as a BOM. In this case a support file may
be a C+ + class (or object) which resides in the class to be included as
part of the BOM, thus rendering the BOM invalide if the class were modi-
fied or deleted, but it prevents the DMS from moving the class object as

the application modules are promoted.

« BOMs are hierarchical in nature and a BOM can be nested within a larger
BOM. Whenever a piece of data is overlaid or deleted, the DCS looks to
see if that piece belonged to a BOM. If so, it immediately checks to see if

" the BOM belongs to other BOMs. it recursively checks all BOMs it
encounters until it’s at the top of the hierarchy. All BOMs found will be

invalidated (if they are currently valid) and the owners notified.

*-BOMs support move and overlay locks. The user can set a move or
overlay lock on a BOM, and the DCS will set individual locks on all the

members. If a member is a BOM, all of its members will receive individual

f—



per t-ai n. Li braries and Design Control Repository (Section 1.2) The
Design Control System has two inportant conponents. The Design Contro
Repository contains the control information for all conponents of the
design. This includes such things as the nanes of all the pieces, the type
of data, the level, the version, the owner, and any results which are
deened quality control records. These ¥esults indicate the "degree of
goodness" of - 23 - t he

desi gn conponent and they are used by the DCS to make decisions regarding
opos Lory kbl BsRE |<ERaeRUPaBrpor R Purrr e anPrinbmLiact MY s abase
( ;rre): ational, s g0diffitg Md FB-Felel BEW o fitiHy'iRdn@ déstted hibRisStialibRyact ual
reset locks.
« The DCS supports the concept ol; a BO-M promote, which means the user
can request that all the contents of the BOM be promoted simultaneously.

This increases data integrity by helping to ensure a matching set of

design data traverse through the library in sync.

« BOMs can contain members who reside at different levels, different ver-
sions and even different libraries. The DCS will only promote those
members which exist in the current library, and reside in an Engineering
Level below the target level. If a member exists in a different version and

is also below the target level, it will also be promoted.

« There is separate authorizations for creating and promoting BOMs. This
is set up by the Data Manager, so they can have complete flexibility in

controlling who can create and move BOMs.

Promotion Criteria and Promotion Mechanism (Section 1.9)

An important aspect of the DCS is that it provides a method for the design to
traverse to different levels of goodness. As the design stabilizes at the higher
levels, the number of pieces which need to be moved and trackéd can be
very large. The DCS uses the concept of promotion criteria and robust mech-
anisms to first determine what data can be promoted, then carry out the task
in an expedient manner. The DCS supports two variations, “move” and
“copy”, promotes. In a “move” promote, data appears to the user like it only:
exists at the target level once the promote completes. The user is unable to

access the copy that existed at the previous level. For example, if a design



ment-ation is usually based on the environnent. As we have said, and as

Il lustrated by the machine to person interface depicted by FIGURE 2, our
program of instructions executable by a sup- porting machi ne environnent
for or performng nethod steps by an aggregati on manager of a data
managenent system having a library organ- _ization which receives a request
of a user initiated fromsaid displayed cPent screen as illustrated by
FIGURE 2 and fulfills the request by a providing a result which provides a
dynamic way to track a nodel diring its course through its design phase

via our data nmanagenent system s regati on  napager. I n. order tp nmake a
common nod&PMRRN téﬁlaéye‘%l%rfs%?%‘é?ggﬁ‘sgf PLORBERS 'téﬁ%g%wh%m? BBCHPP% 1S
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inmporting a located file containing the data of screen sections 235, 236,
237, 238, samponent are promoted into a level, the old component is not truly overlaid.
It.is moved off to the side so it can be restored in an emergency. Promotion
criteria usually exists in the form of library process or pseudo-process
results, but in general it can be any condition that must be met by the the
object(s) being promoted. It is defined by the Data Manager and can exist for
any design component at any level and version. Certain design componerits
don’t undergo any formal checking or evaluation in the design process, so
they may never have any promotion criterié. Other pieces may undergo the
majority of checking so they may have lots of criteria. The objective of the
DCS is to track actual results for each design component and use the pro-
motion criteria to determine if the design can attain the next level of good-
ness. When a design component is overlaid or deleted, all corresponding
results are deleted too. The DCS supports an emergency override mech-
anism which allows the Data Manager to promote data which does not meet
the criteria. Invoking an .emergency override cause a log entry tfo be written
indicating criteria has been bypassed. The Data Manager determines which
results are necessary for which types of design at each Engineering and
Release Level. These results may get recorded through “library controlled” or
“external” processing. At the ﬁrﬁe the promote is initiated (whether it be
against individual design components or BOMs), the méchanism illustrated

by FIGURE 7a and FIGURE 7b is invoked to determine what pieces should be

promoted. There are three types of promote transactions:

1. Promotion of an. Individual Design Component

2. Promotion of a Group of loosely-coupled Design Components



239,- or by use of an application programinterface with a collection of
model  managenent utilities which provides the data of screen sections 235,
236, 237, 238, and 239. These data fields of our control screen which when
created by a user conprise data entered in the formboxes (a formis a

screen section entry field for representingg a nodel) illustrated in FlI GURE
2, - 24 - and when
retrieved or otherw se obtained by the systemby inporting a file listing

provi ding the data of screen sections, by searchl ng of a Ilbrary of files

I n said dat sytema ortin ocatedfllec t he
data of scr e? é‘g {IE of a4 r‘BﬂPB gbw b%? 9'?)5?0[5’?%%[}% %&&@% with
a collection of nodel rranagenent utilities, all provide the data of a

control  seraemRARRL SR | Ehalffi s I 9§d in all (ke 2adbsPbRYcaxeseLN

section displaying a first representing the nanme
and 3 reqUIre additional optimization for high performance. in case 1, each

step in the mechanism is executed once and the promotion either succeeds
or fails. Case 2 is initiated by a user selecting a group of objects to be pro-
moted. They may or may not have any relation to each other. ln this case
some optihization is done, but each object i$_ basically treated as if it were
initiated as an individual promote. For example, the authority check only
needs to be done once since the same user is requesting the promotion for
all the objects. However, 'since each object can have unique locks, criteria,
processes defined, etc., most of the stebs need to be repeated for each
object. Case 3 is the most complicated because the DCS offers a great deal
of flexibility. The actual implementation is dependant on the platform of the
DCS and the type of c.ontrol mechanism in place (file-based, object oriented
database, relational database, etc.). If the user community wants to eliminate
fiexibility in return for increased performance, the DCS can enforce rules
such as no library processing allowed for members of a BOM. In this sce-
nario, the entire algorithm would be executed on the BOM itself to ensure the
proper authority is in place, it meets the promaotion criteria, and any proc-
essing that’s defined is executed. However, each member could bypass
some of the checks thus saving a significant amount of time. If the user com-
mdnity opts for fleXibility, some optimization can still be performed. For
example, if a BOM contains 10 members and the mechanism calls for five
checks on each member, there doesn’t need to be 50 requests for informa-
tion. Depending on the platform, it may be optimal to either make one large
request for each member (ten total requésts) and obtain all five pieces of
information in the request. In other céses it may be optimal to initiate-a

request for a piece of information, but solicit it on behalf of all ten members



(235) of an anchor nanme field of a nodel which is identical to the nane of
a data object which is serving as a nanmed anchor; (b) a display screen
section displaying a second field representing a library (236) where said
nanmed anchor resides; (c) a display screen section displaying a third
field representing the type (237) of data_object identified by said anchor
namne; (d) a display screen section dﬁ%playing a fourth field
representing user entries for the version (238) of said naned anchor;

(e) a display screen section displaying a fifth field representing user
entries for_.th e 239) of said named anchor for use by a user, or a

| evel
third part{Ve g%tla?¥‘69“ teht3inee thase PPMR can becpdr ?WQ;Vawrangfzs‘g&§€°us
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while, as in the other cases for entry section fields, the same screen
does not hawets 8 mbitip!e promdtes {Hatyreawhastdaltows dhe uiset to vbdGdstch ppd mpse
status information; Thus, as illustrated by FIGURE 2, the system provides a
di spl ay scteepghetulibpledeypisafpngaah develtheipomotasr meshaniam s éollewed i es
for '

as stated abqve. For example, when initiating a promote, the user can specify
to move data from E1 to E3 with a single invocation. However, the DCS will
internally break it into two separate promotes witﬁ the full mechanism being

‘run for the E1 to E2 promote, then again for the E2 to E3 promote.

Library Controlled Processing (Section i.10)

The concept of Library Controlled Processing allows tasks to be launched,
from a public library, against one or more design components, with the
results being recorded against the components. This is an automated method
to ensure that tasks, and checks deemed critical to the level of design are run
and not overlooked. Since some of these tasks could be third. parfy fools, the
actual implementation can vary in sophistication. In its simplest form, Library

Controlled Processing consists of the following constituent parts:

Foreground Processing: .
This is the conduit by which the user enters any information
required to run the tooi._Menus may be presented or the user may

interact in some other way.

Pre-Processing:
This refers to a library controlied process that is launched prior to
the data being promoted to the target level. The process must finish

and complete successfully, based on the promotion criteria of that



t he status of said nanmed anchor. Now each field can be display separately
and various conbinations can be nade, but all fields are provided by and

- 25 - used by our system At any tine; the entire nodel schema can be
di splayed, as it is in the field 240, which displays several nodels nanes,
as well as their anchor, type, library, version, |level and status (which
is dynanically tracked by our system). 43" Qur nodel thus consists of one
anchor (with a nanme 235) and one or nore associated conmponents, each of
which is a data object in said data nanagenent system This nmeans that our
conponents can belong to ang | evel and version of any library in said data
managenent syst em Riif§e8ai @ the prpmein istasentine. ko examal@. if2 ATB-RIQRESS

library, level anqsv éflsr{e%afalsevtepﬁz, then when the promote to E2 initiates, the
process is. launched and the promote “suspends” until the process
completes. Once it finishes, the result is compared against the cri-

teria to ensure it’s satisfactory. The promote then resumes.

Post-Processing:
This refers to a library controlled process that is launched after the
data arrives aft the target level. The results of the process are used

as promotion criteria to the next level.

Designer Initiated Library Processes (DILP):
This is very similar to a post process, but insiea_d of the DCS
launching the process, it’s manually.launched. by the designer.
DILPs usually exist to retry Post-Processes which failed. This elimi-
nates the need for the user to re-promote the data just to initiate the
processing. If a DILP is used to recover a failing Post- Process, and
the DILP is successful, the good result will overwrite the bad result
from the Post-Process. Just because DILPs are primarily used to
recover failing Post-Processes, the DCS doesﬁ't make this a
restriction. The Data Manager can set up DILPs as stand-alone
prdcesses with no corresponding Post-Process. DILPs that exist to
recover failed Post-Protesses are optional in that they are not
counted as required promotion criteria. Stand-alone DILPs can be
optional or mandatory, with mandatory DILPs being required to run
successfully in order for the data to promote to the next level. The
DCS allows the Data Manager to designate which DILPs are manda-

tory and which are optional.



anchor, and our conponents can and do conprise nultiple data types,

i hcl udi ng data generated by tools of said data managenent system and third
party tools. Now once a nodel is created or otherwise identified, it
beconmes part of our ~system Indeed the second conponent is our Design

Li braries. They hold the actual pieces of design under the control of the
system There is no limit to the nunber -¢f-libraries under the nanagenent
of the Design Control Reposi- tory., and hierarchical designs are allowed
to traverse through nultiple Ilibraries. The libraries are managed by Data
Managers (Librari qgg who are nenbers of the design team Al mmjor facets
of the |ibr&"F é"é% B¢} B3rudonBEsicesEest hey can be tailored to the needs

f the desi : . CE, t al ' ' dat a
cont rol t han ot her IeRoNi SRl OB S b U R B bF e rae”
of ‘data control . LiddikitsindcRui r8B0sdetednes exRUd & Réarll t AbSordibidrcan

be shared, but the main difference is that a" private library'is managed by
the actual designahatibh'cutsigietofttherbgelifsedaits Yromhdbtzryg CaoctrofieédPrac |

have no formal control. The DCS achieves this by defaulting all control

information to a stspeiscombriernajtDatetRrosessingm FPoexample, suppose a Library
Process exists to run a layout checking program which checks for
wiring and gro(md rule violations. Ultimately the program will
return some pass/fail result, such as a return code, which the DCS
uses aé the process result. The tool may also return other useful
information which the designer wants to save, such as the number
of wires or cells in the design. Pseudo processes provide a reposi-
tory for this kind of data. Like DILPs, these can be used as manda-
tory criteria for promotion, or they can be optional and used solely
for information. They can even serve as status indicators for design
components progressing through a lengthy process at a particular
level. The concept of level independence means the checking
program could be run at the E2 level, but the pseudo process
results can be stored at E3. In short, the DCS allows a pséudo
process to be defined at any level, and it can be set by a process
‘running at the same level, any other level or completely outside of
the library. The DCS providés an APl for setting level independent
pseudo processes. The APl can be used by designers, Data Man-
agers or third party tools, and employs a “process search” similar to
a library search. This means the API allows the user to specify the -

name of t'he- process, thé data type, level and version. The DCS will

use this as a starting level and search for all matching pseudo proc-

esses defined at or above this leve! by following the same library

search mechanism as in FIGURE 5. A flag also exists to disable the



- 26 - exanpl e, any designer can create private libraries on their own.
They auto- nmatically becone the owner and have the right to make '
addi ti onal designers "backup"” owners. As the owner they can.edit, save,
nodi fy, or delete any data in their library. The DCS automatically
establishes all the proper AFS and Al X perm ssions. Owmers of private
libraries control who can access their datba with the system acconmpdati ng
the use of default "access groups" (such as AFS groups) so the designer
doesn't have to enter the userids of all his team nmenbers each tine he
creates a new library. Since Private Libraries are considered working
areas, data controfcaBEERA setethe raswitled the poockss specifirk ahthat ipeef andance.
For exanple, when a new data elenment is created, the DCS does not check
the Control ReposiYd™P?o make sure the owner has the proper authorities,
| ocks, etc.. Instead, a designer is permtted to work in a conpletely

unrestrict chy ASREE diady B r YRIEsSREEEN v bl E?ltﬁe Ydta Manager for

a given data type at a particular level and version. In addition, processes can
be chained together in independent or‘debendent sequences. [n a
dependent sequence, each process must complete successfully before the
next process in the chain can initiate. For example, when compiling VHDL,
'the entity must always be compiled prior to the architecture. | Thus two com-
piles could exist as a dependent sequence where the entity is compiled, the
result checked, and if successful, the architecture is compiled. In an inde-
pendent chain, the first process initiates, and when it completes, the next
process runs regardless of the outcome of the first process. Processes can
also execﬁte us’ing input data other than the object used to initiate the pro-
motion. Using the VHDL compile example, the actual object being promoted
could be a simulation BOM which contains that entity and architecture VHDL.
The DCS provides a robust system for the Data Manéger to define the proc-
esses which should bé run, and the type of data they should run on. Certain
library controlled processes require special resources such as large
machines, extra memory capacity, etc.. Therefore, the DCS allows the Data
Manager to specify a particular machine or pool of batch machines where the
tasks can execute. Either the tés_k is transferred to the specific machine ora
reduest is queued up in the batch submission sysfem. In the event that a
task must run on a completely different platform, the DCS provides hooks to
launch a library controlled process from one platform which initiates a task .
on a different platform (i.e. a mainframe). The resuits are returned back to the
original Automated Library Machine and processed. This Cross-Platform

capability allows the DCS to encompass a broad and sophisticated method-

ology utilizing tools on many platforms. Regafdless of how the process is



pl aced on public libraries. The only control checking required is to ensure
there are no data conflicts within the Private Library. It is acceptable
for two Private Libraries to contain the sanme design data, so no checks
across libraries are done. Public Libraries are the official project data
repositories. Al data delivered to external custoners cones from Public
Libraries. Public Libraries are overseen46y Dat a Managers who configure
the libraries with varying degrees of control. Typically the libraries are
organi zed with a level structure whereby the |owest |evels have the |east

amount control . Control ﬂets nore stringent as the | evels increase, and
t he hi ghest!aHBeRed dsoiesuitadpust yiEmataydoetorassnded yithin de DA ageeny

ttribut i i nt ity is. pr bl i th Va -
R e R R R B ol
of levels apgichahHidOpsrty w&:kl&é'nn&o&%rﬁeé‘@.vﬂ%&ﬂ@ﬁasggégw@téépeﬁg;ﬁjmpﬁe

various authorities, the required criteria to enter evel,
types of Lidyerrto ComdyotHecrestitecafs tife pedigreednfirnRaioh bdckviel theTDESs Toieem
can handl e nunerous public libraries, and each public

DCS provides both an interactive means and a report generator to view

process results. FIGURE 7a and FIGURE 7b illustrate the method by which

promotions and library controlled processing interact.

External Data Processing (Section 1.11)

External Data Control is very similér to the Designer Initiated Library Process
in that the user launches a task against some design component(s).

However, unlike DILPs which require that the design components be under
the control of a Public Library, this type of processing is-done on data in
Private Libraries and designer’s work spaces. External processing is the
mechanism whereby the DCS captures the results of the process along with
pedigree information concerning the input data, output data and any neces-
sary software support or execution code. This pedigrez information is stored
along with the design component for which the designer initiated the process.
When the designer promotes that component-at a later time, the DCS checks
the pedigree information to ensﬁre nothing has changed. It then checks to
see if the external processing matches any of the defined library processes
which are required for fhe promote. If so, and the external processing results
meet the criteria, the library process results are set (as if the library process
just ran automatically) and theé promote proceeds. If no matching process can
be found, the external results continue to be saved with the design compo-
nent as they process may match that at a later level. The concept of External

Data Processing exists to increase productivity by allowing the designer to



- 27 - i brary can service unlimted users. In accordance with our
preferred enbod- inment of our DCS architecture we provide an Autonmated

Li brary Machine (ALM. Mre than nerely a repository for data, the ALMis
a userid capable of accepting, executing and dispatching tasks w thout any
human inter- vention. This enables the designers to make requests of the
ALMto pronote data or run library procéégés w thout the need for a Data
Manager to process it. In order to inprove throughput, the ALM can

di spatch parallel tasks if the operating system (i.e. AFS) supports it and
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writing data into or renoving data fromthése physi cal
anism for calculating pedigree information is not implemented. For this
reason it’'s imperative for the DCS to ensure that all the proper input, output
and software data are included in the pedigree information. External Data
Processing occurs in two phases. In the first phase, the designer runs some
tool or process and if the results are acceptable, he runs a utility to designate
the data for external pr_ocessing. The role of the utility is to create the
Pedigree information which contains a listing of the input and output data, the
results, and some type of data identification code for each member of the
Pedigree and the Pedigree itself. A simple identification code is a cyclic
redundancy check. Thé utility can be independent of or iticorporated into the
actual third party tool. The second phase consists of librafying the data and
the results. The designer invokes a special form of a promote which first does

the following:’

1. Check the data identification code (i.e. CRC) of all members in the
Pedigree

2. Check the data identification code of the Pedigree itself.

These 2 steps are designed to ensure the same data used to generate the
result is indeed being libraried. The identification codge of the Pedigree
ensures that the contents of the Pedigree weren’t manually altered. From
this point on, the normal promotion mechanism in FIGURE 7a and FIGURE 7b
is followed with one exception. The boxes where Foregrotind, Pre and Post
‘Processing occur are all bypassed. Rather than simply checking existing
results to see if they meet criteria, the DCS m—akes a list of all Pre-p.rocesses

for the target level and Post processes for the previous level. It then checks



| ocations. As a neans of safety, the Data Manager does have the ability to
access and overwite data in these physical |ocations wthout using the DCS
(i.e thru the OS). This is necessary in the unlikely event the control
informa- tion gets out of sync with the physical data, and the Data
Manager has to manually conplete a transaction. Physical |ocations are
defined through the Data Manager Uility {or setti ng up Public Libraries.
More details on this are available in the Data Manager User Interface
Section 15. Data Types (Section 1.3) Data may be identified by a
fllenarre(a nane, 235) and a filetype (236). . The DCS automatically
segr egat es 18f| e&‘é?'?feowfo'f'?ﬁ%m f%ﬁ\é'gea:Fé tWr‘WL%%'F@F ptr%cesses ‘were run
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no corresponding Pedigree results exist, or any Pedigree result does not

meet the prescrived criteria, the promote fails.

Authorities (Section 1.12)

" The DCS permits the Data Manager to establish a wide variety of authorities
which gives him great ﬁeXibility in managing the library. Each type of
authority can be defined very loosely (the user is authoﬁzed for all design
components, at all levels, in all versions) to very tightly (the user is author-
ized on an individual design component basis). The utility for granting

authorities works in one of two modes:

+ In one mode the Data Manager is offered a screen in which he can fill in
the design component name, type, level, version, user ids, and the type of

authority. For any field, except for the user ids, he can default it to “ALL".

¢+ In the other mode an authority profile can be callea up and executed. An
authority profile allows the Data Manager {o pre-define the types of
authorities for a given type of job. For example, profiles may exist for
Designer, Technical Leader, Model Builder, etc.. This inlarmation is con-

_tained in an editable ASC file in which the Data Manager defines the kinds
of authority to varying degrees of restriction. Once the profiles are
created, the Data Manager uses this mode to_either add/delete users

to/from the profile and process the changes within the DCS.
Authorities exist for the following tasks:

+ Setting Locks (Move, Overlay, Update, ALL)



extensions to qualify data such as using a "pse extension to denote a
postscript file. The Cadence Desi gn Managenment System uses Cell Views to
segregate the various types of data within a particular Cell (design conpo-
nent). This segregation is a fundanmental building block to Design Control
Systens since certain types of data require nore design control than other
types. Qur DCS all ows each individual typé9to be controlled on a | evel and
version basis within a library. The DCS is capable of tracking any data
type fromany point tool, even third party vendors. Level s (Section
1.4) Each Public Library consists of n |evels which are established by the

Data Managér’. ofReting feslgnosompancatrfad/os B9 M it feyels éggl?'“ﬁﬁf‘ngach
denotes a d it f the design. Data noves into and out of

| evel s via ael"g%\?%?’oé(rer%tg?%r'f'éoﬁgchani sm There are two types of levels in the
DCS, Engi neer¢ pehtidgtsowes ki ng) and Rel ease Levels. . FIGURE 3 shows a
typical |evel structure with 3 Engi neering Levels denoted E1, E2 and ES3,
two mai n Relda$ttatireybitsadeRodexbsBs and R2, a Sideways Rel ease Level S1,

and a Fast Path Stream consisting of F21 and F22. Data
¢ Setting Pseudo Process Results

Data Manager GUI User Interface (Section 1.13)

The DCS contains a robust Data Manager interface which is used to
“program” the library. It’s configured as a series of sub-menus arranged
under higher level menus. Each sub-menu has fields to fill in and may
-employ Predefined Function (PF) keys for additional features. Graphical ele-
ments such as cyclic fields, radio buttons, scrollable windows,.etc.. may be

used to further enhance usability. Utilities exist to:

Define the library properties

The user is afforded a means to enter the path of the repository
where the data resides, the userid of the Data Manager and any
alternates, the userids of any Automated Library Machines, and
whether the library is under Design Fix or Part Number and EC
control. If the library is under any type of control, a'dditional entries
are made for the data types which should be tracked by Part
Number, the data types which shguld be tracked by Désign Fix
number, the EC control level, and a field for a generic problem fi)_(
number, For any ALMs, the bCS will automatically add fhe proper
. authorities (including operating system authorities) to permit the

ALM to store data and record results.



can sbe pronoted into E1, F21, E3 and S1 fromoutside of the library, but it
can only enter R2 fromE3. El, E2 and E3 are arranged in a serial fashion.
The normal pronotion path is for data to enter E1 (the least controlled

| evel) and mgrate up through E2, E3 and finally into R2 (the nost tightly
controlled level). The external paths into F21 and E3 are known as "fast
pat hs" and exist to acconmpdate energencyQupdates to pieces of design
residing at the. higher levels. There are two different types of fast path
arrangenents: - 29 - Fast
Path Entry means there is no |last path |level associated with the Engi-
neering | e\Rgfing the stuckge (lavels.twarsivgs and theidintereennastioas). Level
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defined at E3, butiegp &id UBFiSnd Nkl BhEnBE HIR] {0/ dBRndE ¢S FRteYcd -
nections of the levels, and the dependance of versions on other ver-
sions. A minimum interface consists of one screen for level structure
and one for version structure. The level structure screen displays

the current structure.

Define the types of data which will be under library control.
For all data types known to the DCS, this enables the Data Manager
to select those managed in-this particular library. The screen dis-
plays all known data types in the system with a flag indicating
whether it’s being tracked by this library. Each data type also has a
field for an alternate storage location. This solves the problem
caused by certain data types that can be very large. Therefore,
problems may- arise in trying to store these data types along with
the all the other types in a particular level. By specifying an alter-
nate storage location, these large data types can be further segre-

gated.

Manage Library Controlled Processes

For each level, the Data Manager can add, modify or delete proc-
esses. For each process information.is required about the type of
machine it can run on, any necessary arguments, the result criteria,
disposition instructions for the oufput, whether it's dependent on
another process, and whether it should be deferred. The DCS pro-
vides Process Specific Boilerplates which can be used to manage
process configurations for an entire projeét. Necessary and required

information for each process can be programmed into the DCS, so



tra\;xerse through El and E2 is bypassed. Fast Path Levels are staging areas

where data is pronoted into, and pro- noted through, in order to
reach the target Engi neering Level. There can be any nunber of
Fast Path | evels for any given Engi- neering Level. If there's
nore than 1, it's known as a Fast Path Stream since the data nust
m grate through all the Fast Path Level s-5!- before reaching the

Engi neering Level. F21 and F22 constitute a stream which

coul d've contained nore than 2 |l evels. W have pro- vi ded at

| east one level to provide an area where all the processing Lo
normal 1y run at tM&eB12 e Managesn aliwmptssie define shatnnacess faihis Hidrary,

fast path data ne all..t criteriag. Rel gase Levels are handled in
a different manner%ﬁ\slgi tge?ﬁeelagl é’s??rr"‘@{rbgggu'ﬁ g@% a'éﬁ?ﬁ’( ‘ﬁhlgdf'f‘ofpn?a'\‘/\hi ch
nmeans its content gveaidéd aR9 diRAalRMaany longer. It contains a static
snapshot of a design delivered to an external custoner. R2 is nowthe
active Rel ease Level which is the destination of any data pronoted from

E3. The Data Manager prograns the connection of El to E2 to E3 to Rn. The
DCS aut omat i cal | yThedefoemation for esicbuyoResease heeenleradieditathiradividE@lly

on a menu containing all the above fields or a utility exists to load
“process groups” which are pre-defined library controlled proc-
esses. The Data Manager simply selects a process group and
attaches it to the appropriate data type, level and-version. The
process groups are ASC bésed files which contain the necessary

process information in a prescribed format. They can be created

using any ASC editor.

Set up authorities.

See the previous Section 1.12 for details.

Define automatic data groupings (Subset of BOM Tracking)
This enables the Data Manager to define a data group which con-
‘sists of a master object and member objects. Each member object
can be required or optional. For.each master object entered, the
user must enter a list of member objects with their required/optional
flag. In addition, an Erase-To-Level flag exists which determines the
outcome of the following scenario: a data group, comprised of
‘optional members, exists at a fevel. The same data group, without
some of the optional members, exists at the next lowest level. Upon
promotion of the lower leve! data group, the DCS will either erase
the members of the upper l_evel-qgta_ group or leave them,

depending on the Erase-To-Level flag. By leaving them in place, it



to tthe new Rel ease Level whenever the Data Manager creates a new one.

Unli ke main Rel ease Level s, Sideways Rel ease Levels are always active and
there can be n Sideways Levels for each Rel ease Level. The purpose of the
Si deways Levels is to hold post tape-out updates such as m crocode patches
to hardware under test. Since the Release Level corresponding to that |evel
- 30 - of hardware is probably frozen, 34hd a new iteration of desi gnis
propagating through the Engineering Levels, the only path into a Si deways
level is directly froma Private Library. The Data Manager has the ability
to recon- figure the Engineering Levels at any tinme based on these rules:
[err] The connect iahﬂg’stf@ WQ%SI%%@“ée‘d?ﬁ{alﬂé'%%ﬁb&ﬂ"aﬁ"%éﬁ?eﬂbﬁﬁ o?io_l%t_er

El- >E2- >E3 can bed%tgﬂgg&gpg_o El- >E3->E2.) [err] A level can be renoved as
|l ong as no data residés in that |evel.

Design Fix Tracking (Section 1.14)

One of the most powerful aspects of our DCS is provided by the process used
to track fixes to design problems. This is accomplished by tightly or loosely
coupling the DCS to a problem management database. Typically, a problem is
found and entered in the problem tracking database. Once the design compo-
nents are identified which require updating, the DCS is used to attach the
problem number to those design components. Ideally this should be done
prior to the design components entering the library, but it can be done as
part of the promote. It's often redundant to track all design components with
problem numbers, so the DCS can be programmed to only enforce Design Fix
Tracking on certain data types. Whenever a promote is initiated, the DCS
checks to see if the library is in Design Fix Tracking mode (which means
some data types require Fix problem numbers to enter the library), and looks
to see if any of the data types included in the promotion are being tracked.
For those that are, a screen displays all known problem'ﬁx numbers for that
design component. The user can select an existing one or add a new one to
the list. At this time, the DCS will check to see if the EC control level is being
crq_ssed (or bypassed via a fast path promote)_. If so, it will attempt to asso-
ciate the problem fix ndmber to an EC identifier. If it can’t automatically
determine this association, the user is prompted to enter the EC identifier for

the selected problem fix number.

If the designer chooses to do the association in advance, a utility exists

which allows him to enter a problem fix number or choose a default number.



[err] A level can be added at any tinme. The Data Manager can create a new
Rel ease Level at any tinme. Existing frozen Rel ease Levels can be renoved
as long as no data resides in that I|evel. A frozen |evel can becone an
active level again if no data resides in the current active Rel ease Level.
The DCS perfornms a "thaw', a step which renoves the current Rel ease Level
(R2) and connects the previous |evel (R1l) 3to0 E3. As shown in FIGURE 3, the
DCS supports the normal pronotion path to E1l as well as "fast paths" into
E2 and E3. The followi ng m nimum checks are perfornmed at all entry points:
err] The er,_ attenpting.to send data to a Public Library nust possess
the | | opdicttelin Ttz @yt dinded Sy HeTubie Sur Hietangtpats By
default. If M ASEL: th . el : te, he
can obtain attﬁ% thé%@%tggkw?ﬁt ﬁé’"@?ﬁ? ei%grialr?%e(&éi Z’?%I !?E%o(?iﬁ i e%tu'titﬁeesa%o?%élvﬁgf
owner). |f grivét 12pR@R shidwing wARh @esighcRacherftd xaititbPa probliémt &twhikt i |
ownership is properly trans- ferred. [err] If the level to which the
data i s beiprgbproseredixed bya dasigebmparent eTharepart geneiratorhedtves the
ensure the data passes the criteria.

user to enter the problem number and see which design components are

associated to it. Or the design component can be specified to see which
problems it fixes. Finally, and EC identifier can be specified and all problem

numbers and design components associated with the EC can be displayed.

Part Number / EC Control(Section 1.15)

In addition to tracking design fixes, the DCS can track the design by part
number and/or EC. For projects whichl_ assign part numbers to various design
components, the DCS provides utilitieé to generate and-associate these part
numbers to the design components. In addition, the DCS supports Engi-
neering Changes where successive tape-outs are assigned an EC identifier.
All design components participating in an EC are associated with the EC
identifier. Since part numbers are assigned to specific design components,
the DCS uses the links between components design fixes and EC’s to track
thé association of part numbers to ECs. The DCS uses the concept of a
PN/EC control level to permit the Data Manager to determin= at which level
PN's and Design Problem numbers get associated with EC numbers. As
design components cross this level, the DCS checks to see whether a
problem number or PN exists for the component. If so, and the system is able
to determine which EC that number is associated with, it automatically con-
nects the component to the EC. Otherwise, if no EC information can be found,
the user is asked to enter it. The rules for Design Fix and EC control are as

follows:



Versi ons (Section 1.5) -31
- Each public library consists of n versions (238) which are defined by
the Data Manager. The concept of versions exist to support parallel design
efforts. All versions have the sane Engi neering (Wrking) Levels, but have
different Release Levels depending on the frequency of tape-outs for that
version. Data in separate versions is pebtfittted to traverse the |evels at

i ndependent rates. For exanple, if a piece of design has 2 versions, 1
version nmay exist at E1 while the other version exists at E3. FIGURE 4 is
an extension of FIGURE 3 in which library structure has been expanded to
show 3 ver sivfe BC cavcentdin Wiiltiple DbsighyFikéere' s no linit to the nunber
of versions just as there's no limt

* Any s'ingle Design Fix # (number) can only be associated with a single EC;

* One design component can have many Design Fix numbers, but they must

all belong to the same EC; and

 Variations of a design component can exist in muitiple ECs, but each must

have a unique set of Design Fixes.

FIGURE 8a illustrates a legal exahple._ It shows two EC’s where the first con-
tains two desigri fixes and the second cont_ains a single design fix. There are
three design components, of which the one denoted A0 is associated with
Design Fix #1 and Design Fix #2. Design component A1 is a different vari-
ation of design corhponent A0 The example shows how the two ver_sions of
design component A must belong to separate ECs. In FIGURE 8b the rules
have been violated since design component A1 is associated with Design Fix
#2 which belongs to EC #1. The DCS detects this condition and alerts the
user to either move Design Fix #2 over to EC #2, or detach design compo-
nent A1 from Desigﬁ Fix #2. In addition to tracking all the part number and
EC information the DCS is capable of generating a variety of reports
including one listing all the part numbers for a given EC. This report can be

sent to manufacturing in advance ‘so the foundry can raanage their resources.

RAS and Security (Section 1.16)

The DCS is designed in sulch a-manner that provides maximum security for
the control data. None of this data is present in simple ASC files residing in a

writable repository. All updates to this information must be made through the



to t’he nunber of |evels. Versions can be independent or dependent. | nde-
pendent versions are isolated and nust ultimately contain the entire set of
desi gn conmponents. Dependent versions are based on previous versions
(which the Data Manager specifies when creating a new version). By sup-
porting the concept of dependent versions, only the incremental data neces-
sary for a new design variation needs to-é-libraried in the new version.
The Library Search nmechanismw || be able to construct a conplete design
Bill of Materials by picking up data from both versions. Li brary Search
Section 1. d enbodi.nent of the DCS provides support for
'('LI brary ggé?%ﬁggi't'g?%ysa‘é‘i o5iged c&‘?%?'e\/\h'%éﬂ“?‘é dada @ninherists f‘bfgg?ﬁ'g? ~ati ons
of the desi r n
.rQa'% hEpe ?ﬁ% %W%ﬁgﬁer‘gr}ﬁ RMAES oflt'ﬂ %1% have, \9? gferf% ‘331119 a

conponent 1Is ange conponent nee rari e

| ower | eveh‘hlsApf‘ekl'éntBDﬂﬁér usars frbhd hdlﬁfyﬁf{ﬁéhéﬂ@%s%’né*@ﬁhtaf@uié?ée grarch

at the [ owest |evel where the conponent is known to exist. The library
sear ch nmecbee DS wiNdarpi cantipud e avaiddistity isi sdtesved by implaweatingatel DCEhen
search thr ngfh%t he next highest level to pick up nore pieces, and so on
until it r&admeioliowing graser: evel where all
if the primary DCS server fails, the system can be brought up on another
server with minimal human intervention. The physical locations of all

libraries are determined by the Data Manager which permits the data to -

be strategically located throughout the network to improve availability.

Multiple paths exist to request information from the Control Repository.
They provide alternate routes in the event of network or router problems.

Archiving and backing up data is accomplished with the following features:

* The Design Control Reposifory can be archived onto tape or backed up to
another repository by the Data Manager as often as deemed necessary. In

the event of corruption, this back up copy can be restored into the primary

repository.

* All libraries can be archived to tape or backed up tu alternate repositories

defined by the-Data Manager as often as deemed appropriate.

« The DCS provides a utility which checks to see if a backed-up or archived
copy of the Design Control Repository is in sync with a backed ub or
archived éopy of a library. During the archiving procedure, the system
assigns unique identification codes (i.e. CRC codes) to each data object.
These codes are used during the recovery to ensure the data was not

tampered with while dormant on the back-up repository.



- 32 - conponents reside. In addition to searching through |levels, the
mechani sm al so searches through versions. The user provides a starting
library level, version and either a single type or a list of types. if the
version is based on a previous version, and all the necessary design
conponents can't be located in the starting version, the nechanism
searches the previous version based on fﬁg'follomﬁng two rules: 1. If

t he search begins at an Engi neering Level in one version, it resunes at

t he sane Engi neering Level (not the |owest level) in the previous version.

2. If th h begi t. a Rel | _(i.ncl.udip ' '
one ver st on. T8° SYSRRPravidancs MAtBer Ther sRENBIDA T AP UR ) 1T
version. Thi Sbweﬁﬁpoéﬁggch%eméﬁogiﬁqggin' el dvint tReQat 8 b[ett 4o TRMetéa a

from the active library.

GUI User Interface (Section 1.17)

The User Interface consists of all the menus, dialog boxes, and screens by
which the designefs interact with the DCS. They all have the following charac-

teristics in common:

They are user friendly with convenient on-line help.

They share a common look and feel to make it easy for the user fo find

common features.

When something fails or the user makes an entry error, the system clearly
indicates the error with an English description of the problem, and sug-

gestions on how to fix it.

« A command line interface exists to perform any operation that can be

done through the graphical user interface.
Various designer utilities exist to:

Initiate promote requests. The minimum interface requires the user to enter
the name of a design component or select from a.list, enter the level
from which to begin the promote, the target level where the promote
should terminate, a flag indicating whether it's a BOM promote, and

the version.

—



I n the current version. FI GURE 5 shows exanpl es of the Library Search
Mechanism The library search utility is available to designers, Data
Managers and third party tools. The interface is both command-1ine and
menu driven to accommobdate any environnment. In addition to the required
paranmeters of type, level and version, the user has the option of

speci fying the nane of a data object. Theéée additi onal options exist:

Noacc This allows the utility to use a tenporary cached copy of

t he search order information for performance reasons. Since this

I nformatio may_ he ohsolete, -the apsence of .the i LSt s in
t he act ual Send results frqum; ?ﬂe ?qtsé)‘bf' 3’;?8§f?%? ag&rﬁéy.afégagg@gy gﬂg the
search per - user t& YriEAtld ATMY &Y Pelifgree and the target level and

version to which the Pedigree information should go.

Set up and manage a private library. The utility has fields where the user can
specify the name of the library (if one is to be created), the Iibrary
path where the repository will reside, the userids of the owners, and
either the userids or authorization groups of those who can access

- it. Thesé properties can be called up for modification at any time.
Whenever the owner 6r access fields are altered,-the DCS automat-
ically updates the authority records within the Design bontrol
Repository as well as the operating system (i.e. AFS) permissions of
the directory where the library resides.

Create and monitor a Bill of Materials. The utility offers two modes of opera-
tion. In the first, the user identifies the Bill of Materials, and enters
the names of all design components to be added as members. This
same utility will display any existing information for a BOM, so
members can be modified or deleted. For each member, the user
must indicate whether it’s an input, output or support member. For
an existing BOM, a function exists to revalidate all members, but
this can only be done by the BOM owner. The second mode builds
the BOM by reading all the information from an ASCT text file written
in a prescribed format. This mode can be used by designers, Data
Managers, and third party tools. Regardless of how the BOM is
created, a newly created BOM will result in the Valid flags being set
for all members. The user who creates the BOM using the first mode
is automatically the owner, whereas the inpu_t file used fo_r the

second mode contains the owner information.



- 33 - File Wite the results into an external file. Vari ous
Sorts They control the way the output is sorted and displ ayed.
Nosear ch Only list data found at the starting |evel. First/ Al

I ndi cates whether to include all existences of a particular design
conponent or only the first one in the search order. Sel ect

Presents a selection |ist of all candidafes so the user can choose

t hose of interest. Nover si on Prevents the search fromtracing
back across version boundari es.

View process and pseudo process results. The user specifies the design com-
ponent, data type, level and version. He can specify the exact
process or obtain a list of all processes. For each process, the
display shows the result (if it exists), the date and time it was set,
how it was set (library controlled process, external process, or man-
ually) and the criteria. These results can only be changed by the
Data Manager.

Associate design problem numbers to design components. The designer
uses this to pre-associate problem fix numbers to design.compo-
nents before they are promoted into the library. This way technical
leaders énd other designers can determine if a particular problem is
being worked on. The interface requires the user fo identify the com-
ponent by name and type. Since it's not in the public library yet,_it
has no level or version. The user must also supply the problem fix
number. The DCS automatically assigns the “working” status to it.
Later, when the designer wants to promote the component, the
problem fix number will appear on the selection list, and after the
promote completes, the status will change to “libraried”. The DCS
allows the Data Manager to define a generic problem number which
designers may select to associate with miscelianeous design-

changes that have no corresponding design problein.

WWW / Internet Access (Section 1.18)

. The DCS provides a mechanism which 'permits access to all process and
pseudo process results through the World Wide Web. Key quality control
indicators can be exported out of the DCS into an accessible format by users

on the WWW. Usually these results would exist in a secure repository which



Level s Di spl ays the search order based on the existing |evel
structure. Versions D spl ays the search order based on the
exi sting version structure. Locks (Section 1.7) In order to properly
control shared data, the DCS supports several types of | ocking nmechani sns.
Two of the |ocks exist to control groupings of files that nay conprise a
model build. These are known as nove and-@Yerlay | ocks. The user can set
one of these locks using a utility which allows himto control
- 34 - the scope of the |ock based on certain fields. The user can enter
specific data, or a wldcard, indicating "ALL", for _ .
could only be accessed by WWW users who are working on the project. In
addition to accessing information, the ALMs can receive special e-mail

requests from users to perform these tasks:

+ Generate various status reports on topics such as PN-EC and Design Fix
Tracking, Process & Pseudo Process Results, or BOM information. The
DCS would generate the report on the fly and return it to the user’s
Internet or e-mail address.

< If the user has the proper authority, he can submit e-mail requests to add
pseudo-process informatibn into the DCS. The contents. of the mail would
contain a specifically formatted command which the DCS can interpret to
set the appropriate results. This could be used by people remotely con-
nected to a project (such as the chip foundry) to send status information
directly to the DCS.

« The DCS permits an authorized user to send commands through the
Internet Common Gateway [nterface (CGI) to query information from the

DCS or invoke Designer Initiated Library Processes (DILPs).

Actors & Objects (Section 1.19)

In the event of a project where a single large design team or multiple smaller
ones, require their dala to reside in a single repository, the pofential exists
for a performance bottieneck in the Automated Library Machine. The DCS
offers a feature called Actors & Objects to.combat this. Actors & Objects
allow the Data Manager to define an alternate structure in which designers
tasks are dispatched to a poo! of Automated Library Machines (Actors). No .
design data is stored on any of them; they mel;e!y execute thla tasks then

store the results and data into the Design Contro! Repository (Object). The



[errs] Name of Design Conponents [err] Type of Design Conponents [err]
Level of Design Conponents [err] Version of Design Conponents [err]

Li brary Nane By specifying only a library nane and four w |l dcards, the
user is requesting that all data in the library be locked. By filling in
all five entries, a specific design conponent will be | ocked. Various
degree of |ocking exist in between those®@xtrenes. If the information
corresponds to a Bill of Materials (BOW and the user wants to set the

| ock on the entire BOM a BOMFlag will exist allowng him to specify this
action. Regardl ss of how these fields are filled in, all locks w.l| be

set indivi HG@ I@a‘ﬁﬂetrl‘ﬁﬁf‘ Regtrektheciipye @f ioks oaetuAatyr iSA@ﬂ'%‘GEddB&erﬁW have
(o be {oToFS e Mt B ol SR, PhER FIFBES uhb gL
exi st determine which ALM to route a particular job to. FIGURE 9 shows an :

Actor/Object environment with four Actors. Jobs involving the data type of

layout and timing are segregated to ALM4. All remaining work is sent to

ALMs 1 through 3. The DCS determines which to use based on an mech-

anism which tries to find either a free ALM or choose one that may be able to

spawn a parallel process {assuming the operating system supports it).

Importing and Tracking Data (Section 1.20)

Internally the DCS tracks all data by component name, data type, level,
-version, library and most importantly a file reference (fileref) number. These
six attributes give every piece of data in the system a unique.identity. In a
private library, all data is tagged with a DCS identifier as part of the filename,
but the identifier may or may not be unique. This is because brivate libraries
don’t have a concept of levels, versions or file references. They are merely
working areas for the designer, and only require the data to be identified by
name and type. The system permits the designers to have multiple copies of
a design component by using iteration numbers to distinguish between recent
and older data. However, even though the concépts don‘t apply, the DCS still

assembles an identifier and tags the data. There are two methods by which a

piece of data can appear into a private library.

1. The designer creates the data from within the private library using some

tool (Schematic editor, text editor, circuit simulator).

2. The data is created by some tpbl completely outside of the private library,

but the designer wishes to import it into the library.



Move Locks nean the data can't be overlaid by the sanme data at | ower
l-evel s, nor can it be pronpted to a higher level. This provides a

nmethod for conpletely freezing an Engi neering Level while a nodel

build or large scale checking run is in progress.

- 35 - Overlay Locks are a subset of nove | ocks. The data can't be
overlaid by the sane data from’1%wer levels, but it can be
pronoted to higher | evel s. Updat e (Ownership) Locks are the
means by which a desi gner takes owner- ship of a piece of data.

updat | ng-t NG LIRS GRaE: Uit EOBnERe 7 Eipes the filenamn ElnEFGtRe dads, Phus
{)e/;glst IO][]gUIp ] ?ggﬁ{s,ﬁég&n%ée?ﬁpltgﬁgi#g%%%&he designer will b8hskEQ&E are two
specify the data type either prior to, or during invocation of the tool. In the"
second case, the user will be prompted for the data type during the import. In
both cases of a data type entry requirement the DCS will automatically
default the versioh, level and file reference number in order to assemble a
uniform-identifier code. This code will be appended to the design ﬁomponent
name and will become the new name of the object. Upon promotion from a
private library into a public library, the DCS will automatically assign a real
file reference number to the object. Based on the destination version, and
level, the DCS will assemble a new identifier and rename the object accord-
ingly. The file reference number remains the same for the life of the object.
As the object traverses through the levels of the library, tae level is the only
piece of the identifier that changes. In addition, the DCS maintains the same
identifier informétion internally. This is considered the official tracking infor-
mation and is always updated first during a promotion or installation of a new

object into a public library. The object renaming is done afterwards.

Appending the identifier to the object name serves two purposes:

[t increases data security by pfoviding a way for the DCS to check data
integrity during promotions. The information contained irternally must
match the external identifier at the start of a promote. A mismatch signi-

“fies possible tampering of the data outside of the DCS, and the Data
Manager is alerted to the mismatch.

« it provides an alternate way for a user or another tool (such as the library
search mechanism) to ascertain the version, level, and data type of an

~ object simply by looking at it. This cdntributes to the availability by pro-
viding a means to locate and access data e\}en if the Design Control

Repository is unavailable (i.e. server down).



rary. A permanent Update | ock exists when the designer specifically
requests to own a piece of data. This is done through a utility, and the
DCS keeps track of this ownership. Qher designers may copy and nodify the
data in their private libraries, but any attenpt to pronote that data into
the public library wll fail, unless the gesigner I s a designated
surrogate of the owner. The only way théd&-1 ocks are renoved are by the
owner resigning the lock or a surro- gate assunm ng the ownership of the
data, and the corresponding lock. Atem porary Update |ock exists to

facilitate [ a piece o at a_apon |tiple, designers., _can
ei t her requ%@?rgé}géﬁggﬁﬂf%p d&%?rﬁggﬁzg?%crﬂé&%h%gs tqueé’%'\fér’?& O;Egﬁ%g%&ﬁs
editing th iaAr, | ' ki r L Ni0 t he
ubl § c1 1 brisry O HioR gL e Tl e DS bors e Dy Raddlfer {1 SbRSh S et
Updat e | ocknaandepbsiseries bsWe hestd dowhltovardyhrvel ofgtammatidy.c®ar tinue if
the user is a designated surrogate. |If nobody has a permanent Update | ock,
t hen the DESample, el dasa for artibwany gowddeeside otkneé@hysiaaltdinectona tiatdata
remains "en route” to the final pronote destination. Once it arrives

safely, th&OUWRRGIRPIBIRILPY VP&%R"i%'Ye%Meaﬁ%{f@ be 3pRafale direstorigsi med
for owner- 5410, RYps QFHALE s Fover Ui HRAMAIRT Aws M DE WS & 8hidat a-

For
mize the library to a given environment. For example, he can define his

repositories in such a way that the data which moves most often is located on
a single volume on his fastest server. Data which never moves (i.e. Release
Level data) can be located on slow servers or spread out over multiple
servers. As the Data Manager defines his library structure, he can specify the
locations for every level of each version. In addition, if he has specific data
types that he wishes to further segregate, he can specify'a.location for them.
Finally, the DCS supports a feature called Automatic Coriponent Grouping in
which éll data types for a given component name will-automatically be
located in a subdirectory off of the level directory. FIGURE 10 illustrates a
portion of a library directory structure with different levels of storage
granularity. LIB_DIR is the primary directory for all data in the library. Under
it, data is segregated by version where version 1 data resides in the subdi-
rectory VERS1. At this point the diagram illustrates thrize examples of further
segregation. In the VERS? directory are the schematics and behaviors which
comprise level E1 and E2 for all 3 d.esign components. Although they are
physically mixed together, their unique identifiers allow the DCS and users fo
tell them apart. The diagram shows the circuit layouts to be further segre-
gated by data type. So they reside in subdirectory TYPE_LAYOUT Once data
reaches level E3, it is segregated by level and type. LEV_E3 c;ontains all tl_je
schematics and behaviors for the E3 level, but the layouts reside in the

TYPE_LAYOUT directory under LEV_E3 The final example shows data segre-



exanple, a project may be arranged such that each piece of design is owned
- 36 - by a primary designer, but also has a backup owner (designer) to
take over the design during vacations, energencies, etc.. In this case,
the owner can tell the DCS that the backup designer should be a surrogate,
thus giving him the right to take ownership of a design conponent. The
surrogate can either wuse the |ocking utFP?ty to specifically take
ownership prior to maki ng any updates, or he can wait until he initiates a
pronmotion. The DCS will check to see if the design conponent is currently
owned, and if so, check to see if the wuser is a defined surrogate. |f both
are true, iglat’%ﬁ PnlyitYdevabwitharo regargrigryae this is feenowribesialgrselayehl | ow

t he pronot : | pye ri. igﬁﬁo er. ug{j ge Lfied. hi s
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for Updat egfighdanager to group the data in the most advantageous way. In addition,
the Data Manager could invoke Automatic Component Grouping, which would
result in further subdirectories under VERS7, LEV_E3 and LEV_RT1 to segre-

gate the pieces by component name.

Note: This is unnecessary in the TYPE_LAYOUT directories since the only
difference between the objects is the component name. In order to boost
performance, every time a structural change is made to a l.ibrary which
involves repositories, the DCS automatically generates a master cross refer-
ence between library/level/version/type and physical location. This table is
used by mechanisms such as the library search engine to locate data without
requiring.extenéive qi,uerying of the Design Control Reposit.ory. It also
enables library searches to occur in the event the Design Control Repository

is unavailable.

Our Aggregation Manager for a Data Management System(2.0)

Our Aggregation Manager provides a process for creating, modifying and
tracking aggregates of data in a Data Management System runhing in a client
server environment and is part of our overall Computer {ntegrated Design
Control System, but can be organized as a separate Data Management
Systems Aggregation Manager, so we will describe this part as applicable to
a Data Management System. Our Aggregation Manager provides the process
functions set forth in our Design Control System Section 1.8, and interacts

with the other pfocesses we have described. Specific aspects of our process



Bill- of Materials Tracker (Section 1.8) The DCS has a built-in Bill of
Mterials (BOM Tracker to facilitate tracking many design conponents in

| arge projects. The main objective of the BOM Tracker is to group certain
desi gn conmponents to nake it easier to pronote themthrough the library
and track their synchronization. This is crucial for data sets that
contain sone source and sone derived file$4fromthat source. The follow ng

features exist in the BOM Tracker:- It supports automatic data

groupi ng, based on the design conponent nane, with the notion of
required and optional data types. One exanp ht be a groupi ng which
consi sts of 10 @i Aaoregatn Ww@whe’vq pgsrnbe&arg sheH Ty E¥NGSent

t he corresgqn‘?ll Qe §3 ce of entity VHDL and the architectural VHDL. Any
changes nade % ynbol shoul d be reflected in the entity, so the
entity would be required. A change may al so be nade to the
architecture, but it's not always necessary, so the architectural VHDL

woul d be optional. Wien a pronote is initiated to a public library, -
Elements of the system may exist on a homogenous computer platform, or
the elements may be scattered across multiple platforms. The Data Manage-
ment system may incorporate processes f_or hardware design, software devel--
opment, manufacturing, inventory tracking, or any related field which
necessitates execution of repetitive tasks against multiple iterations of data in

a quality controlled environment.

The:present Aggregation Manager permits a user or a third party tool to
create an aggregate collection of objects, encompassing those used as a Bill
of Materials. In our preferred embodiment these objects are files residing in
a Data Management System, but one skilled in the art could apply this defi-
nition to other types of data such as results, database tables, or any items
that can be identified, tabulated and tracked by some organizational means.
The remainder of this text refers to an aggregate collection by the simple

pseudonym of Model.

By definition a Model consists of one master or Anchcr and one or more
members or Components. In our preferred embodiment, the anchor and com-
ponents are pieces of data in the DMS. The components can belong to any
level and version of any library in the DMS, and they are not restricted to the
same library, level and version as the anchor. In addition, the members can
consist of multiple data types, including data generated by disparate tools.

Each component is labeled as an input or output in relation to the anchor file.



- 37 - or between levels of a public library, the DCS checks to see
whet her a data grouping is defined for the data type being pronoted. |f

so, then all required data types are checked to ensure they exist. In
addi tion, any optional data types are checked for existence and they are
al so pi cked up. The entire grouping is pronoted to the target level. If a

requi red data type does not exist, the-prtonmotion fails. Automatic data
groups are pro- granmed into the DCS by the Data Manager. Since they are
BOws, all rul es of BOM tracking, invalidation and pronotion exist for the

menber s of the grouping. BOVE are used for two nmain reasons. First
they are uSsd QQQ@Q&HE”n&WaQEEHEF‘I"@ﬁ Heearebicgl Mpdels whesebydgePmpengnt

manageabl e_ghun faciljitate movenent through . .the |ibrar increase
o 2 s nt eoPl PYBESOMAIA Iy tachb® an ABHAGF R (et Ml RER 1§ e rbne
ot her mai ng; kSt K : L
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Manager. Once again, these components can belong to libraries, levels and

versions ot.her than that of the top-level Model.

Models can be created by interactive data entry on the part of the user, by
importing a text file listing all the members of the Model in a prescribed way,
or by an innovative library search feature. This mechanism provides an expe-
dient and convenient way to search through a Data Management System for a
p_articular type of data residing at or above a given control level. This fea-
tures permits the user to quickly build large Models with hundreds or thou-
sands of members. Furthermore, an Application Program: Interface allows
third party tools to couple the Iibrgry search mechanism with the file
importing scheme to automatically create Models as an extension of the

process.

Upon creation of a Model, our Aggregation Manager provides continuous
tracking of the anchor and the components. To begin with, the present Aggrg-
gation Manager incorporates powerful algorithms whicin monitor all the
members of all the Models in real time. If any member.is overlaid with a

" madification, or deleted altogether, an immediate notification is sent to the
owner of thg? Model. This notification clearly states the Model being invali-
dated, the member which caused the invalidation and time-date information
for providing an audit trail. In addition to simple Models, these algorithms
will traverse Model_ hierarchies and_notify the owners of all Models: affected
by the disturbance of any lower level member. Our Aggregation Manager

also permits the Models themselves to move through the Data Management



offers a very flexible user interface for creating BOVs in order to satisfy
the various scenarios. The user can manually create BOVs by sel ecting
pi eces of design interactively, filling in search criteria and initiating a
i brary search, or inporting a sinple text list. In addition, an APl exists
for point tools to create a BOMIlisting and pass it into the DCS. [err]
The power of the BOM Tracker is augnentedé h our automatic invali-
dation routine. Once a BOMis created, the DCS constantly nonitors for a
change to the BOM [f any nenber is overlaid or deleted, a notification is
sent to the owner of the BOMindicating that the BOMis no | onger valid.
The owner SXAt&BniN agémilar fantionite ertiranidideImowrment Medelwmpeemeat he' s
no | onger usi. valid data. Even though a BOMis invalid, it can still be
noved thr oWéH&?ﬁéé}Fr%erWﬁ‘efﬁﬂggﬁ'cWHhﬁ%ﬁi Bsthenerapes patdicalinere a pi ece
of a nodel had a relatively insignificant change. If the nodel builder
- 38 -

The present Aggregation Manager also permits the Aggregate Manager to

interact with the Library Manager, Process Manager, and Lock Manager in
order to promote an entire Model of files through the DMS, initiate Library
Processes against a Model or set Move and Overfay locks on an entire
Model. This facilitates data management of large inventories of objects which

require identical actions to a group of pieces.

Our breferred embodiment interacts with the Authority Manager to control
who can create Models and who can promote them through the DMS. Model
Create and Promote authority can be granted in a broad iashion where a
user can create and move any Model in the system, or a user’s authority can
be restricted down to a specific library, level, version and type of data. Our
Aggregation Manager also includes utilities to delete Models, delete indi-
vidual components of an existing Model, transfer ownership of a Model to
another user, incrementally add new members to an existing Model, and view
the current status of the Model. If the Model is invalid, the utility clearly indi-
cates which members are invalid with time-date information regarding the
invalidation. An authorized user can even override an invalid Model! and

reset the status back to valid.

Our Aggregation Manager provides a means to create, modify and track an
aggregation of items hereafter referred to as a Model. In the preferred
embodiment, a Model consists of one Anchor and one or more Components.
Together, the Anchor and Components comprise the members of the Model

and they all reside in the DMS using our PFVL method.



deens it unnecessary to re-build the nodel, this feature allows himto
continue his work and even nove the BOM through the library. [err] Status
on BOVs is and should be accessible in two ways. The first is by

automatic notification (e.g. e-nmail) to the owner as soon as a BOMi s

I nval i dated. The second is by means of displaying the BOMeither inter-
actively or in report form This listing-§hows the overall status of the

BOM and all nenbers of the BOMwi th their individual status. [err] The
BOM Tracker al so supports the concept of a "support” object. This can be
a design conponent, a piece of information, docunentation, etc., t hat
can be tracked with a BOM but are never pronoted or noved with a BOM
An exanple mght entail using a BOMto track various nodul es of a | ar ge
sof tware application. The source and object code of the nodule nove

Lhr ough e d e helsnage Aol infe SRR B AR BRI e oY De

a C+ + class _chreS| es in : . € 1 ncltuded as
part of thes erl hiaspéreme f4d s k& DB rhoeal thdsudh th DS aFRisWSFS/igR4li -

fied or deleted, but it prevents the DM5 from noving the class object as
t he appl i catmeansifaiutneyiray Ergevobt@es of data through a data management
system with high performance. Additionally, the present Aggregation
Manager also contemplates interaction with the Authority Manager to provide
a means for authorizing users to create and/or promote Models in the DMS.
These authorities are controlled by the Data Manager using the DMS config-

uration utilities. The Aggregation Manager also interacts with the Lock

Manager to permit a user to lock an entire Model with a single invocation.

Additiolnally, our Aggregation Manager permits Automated Library Proc-
essing to be executed against a Model. whereby the Anchor can be subjected
to any Library Processing available to regular data objects. The Process
Manager treats the Anchor like any other file thus permitting it to attain

process results which must meet pre-defined promotion criteria.

All Components of a Model are either static or dynamic. A dynamic compo-
nent is one that moves through the DMS with the Mode! as part of a Maodel
promote. A static member does not move thrdug'h the DMS, but it is tracked
like all other members. Dynamic members are denoted by an | or O flag for
Input or Output data with respect to the Anchor. The Anchor is denoted by an

A flag and static members are denoted by S flags.

Models can be created interactively by authorized users or in the background

using the Application Program Interface provided by the Aggregation



[err\s] BOVs are hierarchical in nature and a BOM can be nested within a

l.ar ger BOM Whenever a piece of data is overlaid or deleted, the DCS

| ooks to see if that piece belonged to a BOM If so, it imrediately
checks to see if t he BOM bel ongs to other BOMs. It recursively checks
all BOWs it encounters until it's at the top of the hierarchy. Al BOW
found will be invalidated (if they areéurrently valid) and the owners
notified. [err] BOWMs support nmove and overlay |ocks. The user can set a
nove or overlay lock on a BOM and the DCS will set individual |ocks on
alt the menbers. If a nmenber is a BOM all of its nenbers wll receive

i ndi vi dual Manager. Once created, the Aggregation Manager continuogsly_tracks theycks.

These | ocks, ¢ be renmoved by using the.main lock utility and. speci fyi ng
Che” T op- ) eI e PR Hiadiseh I B0 L T BB aroos T calaing ;7= r Lsor
| ocks. members, changing the status or deletin_cj it. Anchors of one Model can bea

Component of another Model, thereby creating hierarchical models.

The preferred embodiment contains a collection of Mlode! Management Utili-
ties arranged under a hierarchy of menus. FIGURE 29 illustrates the main
screen with Main Menu Bar, 72910, at the top. This menu bar affords the user
the chance to Exit and also provides on-line Help, which is presented through
one or more subsequent screens. Directly under the Main Menu Bar lies the
primary window which consists of fields 72911 through 72915. Field 72911 is
the Name of the model which is identical to the name of the data object
serving as the anchor. Field 72912 is the Library or Package where the
anchor resides. Drop down menu button 72917 displays a list of all known
libraries in the DMS. Field 72913 represents the Type of data object. in our
preferred embodiment, this would be the file type of the anchor file..Drop
down menu button 72918 displays all installed data types in the Package.
Fields 72914 and 72915 are for the user to enter the Version and Level of the
anchor, respectively. Drop down menu buttons 72919 and 72920 present a list

of available Versions and Levels for the Package.

The lower portion of the screen depicts radio buttons, 72923, v_(lhich offer the
user three operations related to Models. The first button permfts the user to
Delete the Model. This function can only be performed by the owner of the
Model or the Data Manager. Upoﬁ selecting this function, a subsequent
dialog box permits four possible operations by way of two optional push

buttons. They are:



[err] The DCS supports the concept of a EOM pronote, which neans the user
gan request that all the contents of the BOM be pronpted sinultaneously.
This increases data integrity by helping to ensure a matching set of

design data traverse through the library in sync. [err] BOMs can contain
menbers who reside at different levels, different ver- sions and even
different libraries. The DCS will only préhete those menbers whi ch
exist in the current library, and reside in an Engi neering Level bel ow
the target level.. If a nenber exists in a different version and is al so
bel ow the target level, it wll also be pronoted. [err] There is separate
aut hor i zat iAarchdrorThis ¢esify imthe peromedi ofighBANEdeTang the delatieref Hie by t he
Dat a Manager, so they can have conplete flexibility in controlling who

can create and movéngmdata obieghBeMoiedi®PEYi a and Pronotion Mechani sm
(Section 1.9) An inportant aspect of the DCS is that it provides a nethod

for the design to erse | | f he desi
R i i R S e S
moved and tracked ggache

Pushing none of the buttons results only in Model deletion with all data
objects remaining in tact in the DMS. Pushing both buttons results in the
Model and all objects comprising the model to be deleted. Upon hitting enter,
the program will automatically check for, and invalidate, any higher level
Models which is comprised of this Model. Tﬁe user is always given the
opportunity to cancel prior to deletion of the Model. Model and component
deletion are performed respectively by the QRMDLDEL and QRMFIDEL rou-
tines described in FIGURES 12 and 26.

The second option is for Editing or Viewiﬁg an Existing Model. Selection of
this button reveals FIGURE 31 which depicts Menu Bar, 72926, at the top. It
offers the following selections: File, Returh, Filter, Owner, Status, and Help.
Below the Menu Bar is the Model information fields, 72927, which display the
current Model Owner and Model Status. Under fields 72927, is the header
information, 72928, This field denotes column headings for the Mode! infor-
mation depicted in field 72929. Field 72929 displays one recurd for each
member of the Model. The top record is the Anchor file of the 'Model,_and the
remaining records are the Components, any of which may be an Anchor fo a
fower level Model. Each record consists of the object Name, Data Type,
Library, Version, Level and Status. Just to fhe left of the Name is a single

character denoting the relationship to the Model. It may be:

* Anchor of a Model



very |large. The DCS uses the concept of pronotion criteria and robust mech-
anisns to first determ ne what data can be pronoted, then carry out the
task in an expedi ent manner. The DCS supports two variations, "nove" and
"copy", pronotes. In a "nove" pronote, data appears to the user like it
only exists at the target |evel once the gronnte conpl etes. The user is
unable to access the copy that existed af®the previous |evel. For exanple,
if a design - 40 -

conponent is at level E2 and the user pronotes it to E3, when the pronote
is finished and the user refreshes his image of the library,” he sees the
data at E3 ‘olBut qfihg Medehdengteriieing Aaciies abaye i appears at the
previous |evel. The wuser can access it at either |location. As new

iterations of \he sgfrr? Si o t are.pr t q&into a level, the old
conponent is ttplt'tr |K/83@89329898{‘%%?&?9‘%%02886358@ ‘he side so it can be
restored in an energency. Pronotion '

» Static member of the Model denoted by the Anchor above it.

Field 72929 also serves as a line editor to permit the user to perform editing
functions on individual members of the.Model such as deleting them, using
QRMFIDEL or changing the status via the QRMFIMOD routine described in
FIGURE 27. The removal of a member or, convei'sion of a status to Invalid,
would result in the overall Model status converting to Invalid. Additionally,
detailed information may be p}"eviewed for Anchor records. such as number
of Components, and the level at which the selected Anchor résides in the
overall Model hierarchy. Our preferred embodiment entails using single
character commands typed on the desired line number, in order to invoke'the
proper action. However, one skilled in the art could appreciate how other
means such as cut and paste, selection using a pointer device such as a
mouse, and/or menus or tool bars could be used to achieve the same means.
Scroll bars 72930 and 72931 are present to permit.the user to view additional
‘records which may not fit on the screen, or the remainder of records too wide

to fit on the screen.

Additional functions are provided on Menu Bar 72926. Upon sélécti_ng Filter,
the user is presented with a dialog box offering radic buttons to select either
Hierarchy or No Hierarchy. These buttons determine whether the model infor-
mation is displayed in Window 72929 with all Anchors and Components or
just the Anchors. There’s alsc a pusﬁ button to select Indented display which
formats the output in a manner such that every hierarchical level of the

Model is indented. Additionally, push butténs exist fo allow the user to format



criteria usually exists in the formof library process or pseudo-process
results, but in general it can be any condition that nust be net by the the
object(s) being pronoted. It is defined by the Data Manager and can exi st
for any design conponent at any level and version. Certain design
conponents don't undergo any formal checking or evaluation in the design
process, so they may never have any prondtion criteria. Qther pieces my
undergo the mmjority of checking so they may have lots of criteria. The
objective of the DCSis to track actual results for each design conponent

and use the pro- notion criteria to determne if the desi n_a ta| the
next | evel Qﬁd{ﬁ%ﬂy infogatiopp dhese HHS‘P@ﬁaé%hﬁSHetﬁtd'FQ'%%?? %Hf‘a 8[‘

al | correiﬁt&)nglip&%. results are deleted too. The DCS supports an errergency
override 10 {"Sm whi ch al l ows the Data Manager to pronote data which
does not neet the criteria. Invoking an enmergency override cause a | og
entry to be wihtfeen indicating criteria has been bypassed. The Data
Manager .determ nes which results are necessary for which types of design
at each EngithPgsé ng and Rel ease Level. These results may get recorded
through "library controlled” or "external" processing. At the tine the
pronote is inkibramed (whether it be against individual design conponents
or BOWs), thevger;_’cl;gr?ni smillustrated

Level

Status

Reason for Invalidation
Time Stamp of Invalidation
User Causing Invalidation
File Reference Number

Model Reference Number

Our preferred embodiment also includes a field where the user can specify
the Maximum Number of Levels displayed on the screen. Upon hitting enter,

the display window 72929 is immediately updated.

The user may also select Owner from menu bar 72926 to change the Model
ownership. This results in a dialog bbx showing the current owner in an edit-
able field. The user may fill in a new user and upon hitting enter, the program
will verify that the user is the owner. If so, it will switch the ownership. The
user may also select Status from Menu Baf 72926 in order to update the
Model status. A subsequent dialog offers two radio buttons labeled Anchor
Only or All Members. Upon choosing one of the options, the algorithm
ensures the user is the Model owner, and proceeds as follows: if the current
status is valid, it will change it to invalid. If the All Members option is

selected, all Components will change to Invalid as well as the Anchor. Addi-



by Fl GURE

7a and FIGURE 7b is invoked to determ ne what pieces should be

pronmoted. There are three types of pronote transactions: 1. Pronotion
of an Individual Design Conponent 2. Pronotion of a G oup of
| oosel y- coupl ed Desi gn Conponents

- 41 -

3. Pronmotion of a Goup of tightly-coupled Design Conponents

(i.e. BOMW) Basically, the same nechanimis enployed in all three

cases, but

cases 2 and 3 require additional optimzation for high

performance. In case 1, each step in the nechanismis executed once and

t he pronoti.on
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any rel atl
each objec
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Bagt ch
upon commlt of the changes to the DMS. If the current status is Invalid, the:

er succeeds or fails. Case 2 is initjated bg user

program will switch either the Anchor or the Anchor and all Components to
Valid depending on the option chosen. Model ownership and status is
altered via QRMDLMOD and compo'nent status is changed by the QRMFIMOD
routines described in FIGURES 21 and 27 respectively.

Returning to- Menu Bar 72926, the File selection results in a drop down menu

offering the following choices:

Save Changes Commits any edits made on the current Model to the DMS.
These changes can only bé made by the Model owner or the Data
Manager. i

Reports Offers a variety of formatted reports that can be generated for the
current Model. Our preferred embodiment includes replication of
window 72929 with hierarchical or non-hierarchical formatting.
Additional information beyond that’shown in window 72928 may also
be included in the reports. Some examples are model reference
num.be_rs, date/time of invalidation, user causing the invalidation,
reason for invalidation, etc. Our Aggregation Manager also contem-
plates the export of the report data in popular commercial

spreadshe'et and database formats.

Print Prints the current view ir window 72929 {o an attached printing

device or to a file in a printer-specific format (ie. PostScript).



I nitiated as an individual pronote. For exanple, the authority check only
needs to be done once since the same user is requesting the pronotion for
all the objects. However, since each object can have uni que | ocks,
criteria, processes defined, etc., nost of the steps need to be repeated
for each object. Case 3 is the nost conplicated because the DCS offers a
great deal of flexibility. The actual inﬁ?énentation I s dependant on the
platformof the DCS and the type of control nechanismin place
(file-based, object oriented database, relational database, etc.). If the

user comufy verlis, Lo Gl SGy LLEK Bl LLY | RAELHEA, (95nd REsAROEHe

per f or manc e rary processing

al |l oned for menber f ' - Aoy : | b&x dlefsriel them
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woul d be executed on the B to ‘ensure the " proper authority is in
place, it neets thaopfreDexie) criteria, and any proc- essing that's
defined is executed. However, each nnenber could bypass sone of the checks
t hus saving a significant amount of time. If the user com munity opts for

flexibility, sone optim zation can still be perforned. For exarg)l e, if a
BOM cont ai #¥ any igwherengdheiarditing Araresmibaluser maY Fetyen 1R iz 318n each

on the pl atrErat 11 FHR e b erting Fl Ralhor did ToR Wiy gar 7eaBeRREC N9

user is given the opportunity to commit any unsaved changes to the DMS.

Returning to the main user screen in FIGURE 29, the user may elect to creafe
a new Model or add members to an existing Model using the radio buttons,
72923. Only authorizéd users can create Models, and only users who own an
existiﬁg Model can add members. The only excepﬁdn is the Data Manager.
Upon selection of the Create / Add to Model! via button, tl.e user may also

use cyclic field drop down menu 72924 to select the input method.

The first choice is via a Library Search. This results in the appearance of the
user screen in FIGURE 30. The top of the screen contains menu bar 72925
with choices File and Return. Return may be used to ieave this function and
return to the main screen in FIGURE 29 at any time. No new Models or mod-
ificatio_ns to existing Models will be saved. Upon selecting File, the useris
presented with a drop down menu with the choices Commit «nd Exit. Commit
is the means-for the user to communicate to the DMS that the data selected
from the library search should be permanently added to the model. Exft
allows the user tb completely exit the Model Management Utilities at any

time. The user is given the opportunity to commif any unsaved work.

The main portion of the screen in FIGURE 30 is comprised of data entry fields

72912 thru 72915 with supportidg drop down menu buttons 72917 thru 72920.



request for each member (ten total requests) and obtain all five pieces of
information in the request. In other cases it may be optinmal to initiate a

request for a piece of information, but solicit it on behalf of all ten
menber s - 42 - (five

total requests). Since these BOVs can be extrenely |large, the various

ki nds of optim zations and trade-offs bet¥een flexibility and perfornmance
determ ne the exact inplenentation. As a convenience feature the DCS sup-
ports a nultiple pronote feature which allows the user to request a pronote

through nultiple |evels, Fo h level th ] Lsmi | owed
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72912 thru 72915. This data can be entirely different from that entered in
fields 72912 thru 72915 of FIGURE 29. Hence, a 'Model in one Library,
Version, Level and Filetype can contain members of a completely different

Library, Version, Level and Filetype.

The only option on FIGURE 30 is push button 72940. This permits the user to
explicitly request that any selected data be Added to the Existing Model. tn
certain instances the user is already aware of an ex'isting Model to which
additional members are desired. The presence of this button allow positive

; confirmation in advance, thus avoiding a subsequent watning dialog box.

Upon filling in all the information and hitting enter, the program embarks on
the library search and presents a selection screen with all the data that was
located. The user may select as many items as desired. The selection is per-
formed by placing one of the following characters-(1 G S A) next to the
desired data object to denote it as an [nput, Output, Anchor, or Static
member. Upon hitting enter, the following algorithm is implemented. If no
Model identified by the main screen in FIGURE 29 exists, then it's assuméd .
that the user is creating a brand new Model. Thus, the program expects bush
butfon 72940 to be deselected. If those assumptigns are satisfied, the
program proceeds to create the new model. On the other hand, if push button
72940. is selected, this indicates the user believes a model exists that really
doesn’t. Therefore an error message is displayed and the user is given the

opportunity to quit or have the new model created.



Li brrary Controlled Processing (Section 1.10) The concept of Library
Controlled Processing allows tasks to be |launched. froma public library,
agai nst one or nore design conponents, with the results being recorded
agai nst the conponents. This is an automated nethod to ensure that tasks,
and checks deened critical to the |level of design are run and not

over| ooked. Since some of these tasks couf¥ be third party tools, the
actual inplenentation can vary in sophistication. In its sinplest form
Library Controlled Processing consists of the follow ng constituent parts:
For eground Processi ng: This is the conduit by which the user

enters any ! afedek 'id%ﬁ‘t'ﬁed by the"infagueiienin 5IFURE 4R dPEs IeXife Hifs PRAY 458
presented qr.the er . . i [ - other :
Pre-Proces gls,ﬁg(:nes%\e ugga'ylsﬁqumgé“egf @Q{,g&gﬁ(}?bm@%?@gﬁﬁ%;?%XanruosgesS t hat
s | aunChe@uWo'nof%S;@ to be selected N8 sl PRieNSrdyrafPbeskdedis WRhialdiay thevel .
The process nust finish and conpl et e successfully, based on the
pronotion geidckéd alath dbj@tts to the Model. If push button 72940 is not selected, the

user is presented with a dialog box indicating two possible choices via mutu-

ally exclusive radio buttons.

1. Since a Model already exists, the user may add the selected data objects
to it by pushing this button.

2. The user may elect to replace the existing Model with a brand new one
comprised only of the éelected data objects. This is permitted by this

button.

Note: During the creation of the model, the program ensures that if an
Anchor was identified, it’s the same one denoted by FIGURE 29. Otherwise,
an error condition ensues, and the user is told that the Model may not

possess multiple Anchors.

The user may utilize FIGURE 30 multiple times to perform different library
searches and accumulate a list of members which can be committed to t_he
DMS at any time by selecting the File., Commit selection from menu bar
72925 on FIGURE 30. Each time a library search is invoked, the program
requests the Contro! Repositoryto return the File Reference numbers as part
of the search results. These numbers are uged to drive the actual Control

Repository queries responsible for updating the Models.

. The second method of inputting data into a Model is via the ASC List
selection on cyclic field menu 72924 of FIGURE 29. Upon hitting enter, the

user is presented with a dialog box requesting the name of a formatted text



- 43 - process, if the pronote is to continue. For exanple, if

a pre-process Is defined at |level E2, then when the pronote to E2
initiates, the process is |aunched and the pronote "suspends"
until the process conpletes. Once it finishes, the result is
conpared agai nst the cri - teria to ensure it's satisfactory. The
pronote then resunes. Post - Processi ng: - 76 - This refers to a library
controlled process that is |aunched after the data arrives at the
target level. The results of the process are used as pronotion

criteria tg the next |eyel er lnitiated Library Processe (PLLP):
This is ve?&? Qﬁ‘?n %P“Fc?f‘&“ﬂbgt Fb@b'%@s%‘ Qi PTEFEE"@Q(F‘BPOFHEG s the P

launching [RENR'BEGEE; atfogiBRY K Yed ﬁ%’ﬂ%ﬂ'gﬂ B ut"Gedfy 'L hat the same

information can be conveyed to the program in numerous other formats.
FIGURE 32 indicates five records to show a sam.ple Model containing an
Anchor in Record 72951 and four Components in records 72952 thru 72955.
Our Aggregation Manager supporis any number of records, and the Anchor
is not required to be listed first. The preferred embodiment shows each
record comprising the same forrhat which consists of six or seven tokens. The

first six fokens are required and represent:

* Name cf the object

Type of the object

Library

+ Version

Level

10 S Aflag

Thg seventh token is a File Reference number and it's optional. In certain
instances, especially those involving creation of Modeis through third party
tools, a File Reference number may be provided to improve performance. All

records must have six tokens, and any record may have the seventh token.

Once the user has specified the hame of the text input file, the program

immediately begins processing it. If it encoﬁnters any Anchor records, they
must match the Mode! identified in main menu FIGURE 29, otherwise it’s an
error and processing aborts. If a Model already exists, the user is given the

opportunity to replace or append the information in the text file to the existing

Model.



DI LPs usually exist to retry Post-Processes which failed. This elim -
nates the need for the user to re-pronote the data just to initiate the
processing. If a DILP is used to recover a failing Post- Process, and
the DILP is successful, the good result will overwite the bad result
fromthe Post-Process. Just because DILPs are primarily used to

recover failing Post-Processes, the DCS ddésn't nmake this a
restriction. The Data Manager can set up DI LPs as stand-al one

processes with no correspondi ng Post-Process. DILPs that exist to

recover failed Post-Processes are optional in that they are
colnted as SiRcfuthecllepgNRaMAINCE Mig q"ﬁ'.OfS'F&ﬂEFISdetﬁearﬁf Moé’é%?%‘eRefer’

P ccanat ut FPERE b inlo ertyihg AIBGARS 6B iso kel o] GOHLIAE o Inp ¥hptro
DCS al | ows jhe sitehatdRRpesVe berfdenhaBal @ cdieshwhbid sil@ Refemstdes are pro-

tory and whi ch are optional.
vided, no query is necessary since the File Reference number is the type of

identifier required for creating Models or adding members to Models. For all
records where the File Reference token is absent, the algorithm groups them
by Package, Version, Level and File Type. [t invokes separate queries for
each PFVL, but a single query within a PFVL can return a list of all File Refer-
ences for that PFVL. The program filters the list to find the- matching members
and saves the File Reference number; into a data structure. To further
improve performance, if a given PFVL has only a small number of members
(ie. five or less), then separate queries are done 'on each member as opposed
to one giant query for the overall PFVL. Our preferred enibodiment uses a
threshold of 5 to determine the cutoff between one giant query and muitiple
smaller queries, but the number is really a function of the embédiment's envi-
ronment, implementation of the Contro! Repository, bandwidth, size of user
community, etc. Once the File Reference numbers are obtained for all the
data objects in the list, the program proceeds with updating the DMS auto-

matically.

Returning to FIGURE 29, the user’s third method for inputting Model data is
via the Data Entry choice on cyclic menu 72924, This results in a simple data
entry screen where the user must interactively type in the same information
which is provided by the text file method previously described. In our pre-
ferred embodiment, the information is entered in the same format as FIGURE
32 which enables the same algorithm fo process it. If the user has File Refer-
ence numbers on hand, they can be enteréd as optional seventh tokens.

Once the user finishes typing all the desired records into the data entry



- 44 - Level | ndependent Pseudo Processes: These are speci al

types of process which are nore |ike process results than actual
processes. They exist as a neans to record infor- mat i on out si de
of the scope of results fromLibrary Controlled Proc- esses or

External Data Processing. For exanple, suppose a Library Process
exists to run a | ayout checking program Wﬂgch checks for W ring
and ground rule violations. Utinmately the programw || return

sone pass/fail result, such as a return code, which the DCS uses

as the process result. The tool may al sgo return, other useful .
nf or mat | ORCURRTL R CRBIBEIRT I BHTETeE te dteiall dhe imedificAions e the DMS.

of wires opel 1shniddie ASRbAN JERRYLD PLACSSIERNANELGCRId ARk in

tory for this ki | Ke hese can be use

tory criteri@uiker 29 Q1B i mdtel dMBASAEKIER, ot Leaals ?%nbtﬁécbrg%r‘ﬁhrﬁty
for information. They can even serve as status indicators for design

conponent st@pregiaeedt og appeaddhednfangition forivcess at a particul ar

| evel . The concept of |evel independence neans the checking
Regardless of the method of inputting Model data (Library Search, ASC List,
or Data Entry), the program proceeds identically from this point on. In the

case where the current Model is replacing an existing one, the following 3

steps are performed:

1. A query is made to the Control Repository to delete the old Model first
using QRMDLDEL in FIGURE 12.

2. The new Model is created using QRMDLADD in FIGURE 11.

3. Depending on the number of components, either QRMFIADD, described in
FIGURE 25, or QRSUPMFI{, described in FIGURE 28, is used to add all the

members.

Note: QRSUPMFI is a high performance method for adding multiple com-

ponents with a single query.

In the case where a new Model is being created, and no Model with the same
name exists, only Steps 2 and 3 are executed. Finally, if members are being
added to an existing Model, only Step 3 is performed. In all three cases, Step
3isa special high performance query which éllows a theoreﬁcally infinite list
of File Reference numbers to be passed to the Control Repository using a
single invocation. The list consists of a File Reference 'l I0SA pair separated
by a special delimiter. This arrangement permits large Models to be created

in a timely manner without causing severe bottlenecks at the Control Reposi-

tory.



programcould be run at the E2 | evel, but the pseudo process

results can be stored at E3. In short, the DCS all ows a pseudo
process to be defined at any level, and it can be set by a process
running at the sanme |evel, any other |evel or conpletely outside of
the library. The DCS prOV|des an APl for settlng | evel i ndependent
pseudo processes. The APl can be used by 865|gners Dat a Man-

agers or third party tools, and enploys a "process search” simlar to
a library search. This neans the APl allows the user to specify the
nane of the process, the data type, |level and version. The DCS w

use this aé‘% g&'&r"tﬁ"n’@@'@‘i@b’eé’ﬁ&v SERFO9TeGRtion Manrag ﬂ@%%é‘do%f t]!’)‘F’oc-

cear ch mechgrrdierZondf WbebRaneBk et ifies 1 PR Bap &' Bpmane

- 45 - line or called by a third party tool. An Application Program Interface exists'to
allow every action that can be initiated interactively. Some additional parame-
ters exist to enable the calling routine to instruct the Model Management
algorithms on how to handle cases where user interaction may be required.
For example, a parameter can be passed to instruct the program to automat-
ically delete any old Model found during the creation of a new Model. The
ability to be exercised by a third party tool makes the Aggregation Manager a
powerful data management addition to tools such as hierarchical désign

systems.

When a Model is created, it begins with a Valid status. Cur Aggregation
Manager incorporates algorithms \;\fhich constantly track the status of ali
Models in the DMS through the use of tables in the Control Repository. The
algorithms automatically invalidate a Model if any member is overlaid or
deleted from the DMS. The Aggregation Manager automatically notifies the
owner of the Model via electronic mail of the invalidation. The owner receives
information containing the identity of the /nvalid Model, the date and time of

the invalidation, the reaéon and the user who caused it.

This following describes the processes that support the Aggregation Manager
functions in Data Management Control Utilities. The processes are depicted
in Figures 11 to 28. To support these processes the Aggregation Manager

maintains the following tables in the Control Repository.
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ANCHOR_REF File reference of anchor file of model
OWNER Userid of owner of the model
INVALID Y =model is invalid

INVALIDATOR Us.erid causing:invalidat-ion

DATE Date when invzlid flag set

TIME Time when invalid flag set

Table 2 (Page 1 of 2). MODEL_FILES - Mapping of files to a model

Column Description

REF Reference number

MODEL_REF Pointer to model

FILE_REF Pointer to file

IO_FLAG I=Input file; O =Output file; S=Support file
INVALID Y =file is invalid




machi nes, extra menory capacity, etc.. Therefore, the DCS allows the Data
Manager to specify a particular machi ne or pool of batch nachi nes where the
"tasks can execute. Either the task is transferred to the specific nmachine
or a request is queued up in the batch subm ssion system In the event
that a task nmust run on a conpletely different platform the DCS provides
hooks to launch a library controlled preékss from one pl atform which
initiates a task on a different platform(i.e. a nmainfrane). The results
are returned back to the original Automated Li brary Machi ne and processed.
This Cross-Platform capability allows the DCS to enconpass a broad and
sophi sticafed nethod-~ olfogy utilizing tools on many platforns. Regardljess
of how t he afta%és(gaqesz of 2). MODEL_FILES - Mapping of files to a model - 46 -

| aunched, tteTesuttsTust—uttirmatety get—recorded—wtmm the DCS—Tt
?ﬁfgzgh Pl bl Bis: the DCS providggsgﬁpﬁgglication Program I nterface (API)

INVALIDATOR Userid causing invalidation
DATE Date when invalid flag set
TIME Time when invalid flag set

The QRMDLADD Process Figure 11: This process is used to add a new
Anchor file to the MODEL table in the Control Repository. After initialization,
a query 71101 is made theiContro! Repository to determine if the anchor file
exists in the FILES table. If not, an Error Message is issiied 71107 and the
process is aborted 71108. If it does exist, the Control Repository is checked
71102 to make sure that the requestor has MODEL CREATE authority. If nof,
an Error Message is issued 71107 and the process is aborted 71108. Next a
new Model reference number is obtained 71103 from ine Control Repository.
The new Model is then entered 71104 into the MODEL table in the Control
Repository. The Model Reference number is stacked 71105 for use by the

requestor, and the procesé returns 71106 {o the requestor.

Thé QRMDLDEL Process Figure 12: This process is delete an Anchor file
from the MODEL table in the Control Repository. After initialization, a query
71201 is made to the Control Repository to get the Model owner and Anchor
Reference. [f they are not found 71202, an Error Message is issued 71209
and the process is aborted 71210. If they do exist, the Cantrol Repository is
checked 71203 to make sure that the requestor has MODEL DELETE authority.



which third party tools can communi cate. Wien the task conpletes, the API
Ls used to convey the results and the pedigree informati on back to the
DCS. The DCS provides both an interactive means and a report generator to
view process results. FIGURE 7a and FIGURE 7b illustrate the nethod by

whi ch pronotions and library controlled ﬁéocessing I nt eract. Ext er na
Data Processing (Section 1.11) External @ata Control is very simlar to
the Designer Initiated Library Process in that the user |aunches a task
agai nst sone design conmponent(s). However, unlike DILPs which require that

t he desi t d .th ntrol of Publi¢c Library. is type

of processi HGU &N GOFRT Miesaags s issUpri vi208 anchihe: prosess s a'@gr«gﬁé@%&my;’
. Ex ' s € ' . t AL t he

heuts of NeKEMadE e T8 B PhocdE Al BRUARTIER. 19T Hon R BpRY

i nput  dat apetQtd Béim @dteprdREsQY cRESER ma%%rMZ%thb"&PétérrﬁHiéO@(hbtr%r iEXBeiLL i on
code. This pedigree information is stored along with the design conponent

for which pletediedtrgaet problemat iedot,nen Eracadessagdhisnissied da20g@erd fheonot es
that conponent-at a later tine, the DCS checks the pedigree information to

ensure notPIAs§Shds abeateged!210: i Heepropketed, wighout problem, a check 71206 is
made to determine if a model had been deleted by the QRDELMDL process.

If so, a flag is set to issue an informational message. In any case, the count
of the number of models deleted is put on the stack 71207 and the process

returns to the requestor.

The QRDELMDL Process Figure 13: This process receives the Anchor Refer- |
" ence of the model to be deleted. After initialization, a query 71251 is made
.the Control Repository to get the ModelRef for the Anchor file from the
MODEL table. A check 71252 is made to determine if the file was in the
MODEL table. If not, the process flows to 712257. If it does, all entries in the
MODEL_FILES table that have the given ModelRef are deleted 71253. Next
71254, the MODEL table entry is deleted. A check 71255 is made to deter-
mine if the delete was successful. If not, an informational message is issued
71256. In any case, a zero is pushed 71257 on the stack as an end flag and

then the AnchorRef just deleted is pushed 71258 on the stack.

The following steps will recursively examine all the nested model and model-
files to set the invalid flags. First, pull 71259 a FileRef fraom the stack. Check
71260 to see if it is the zero end -marker. If so, return 71264 to the caller. If
not Fetch 71261 MODEL_FILES entries from the Control Repository. If the
entry is still valid 71262, mark 71265 it as invalid. Next, check 71263 if the
Model is still valid. If not, the process flows back to 71253 to pull a new

FileRef. If the Model is still valid, mark 71266 it invalid, queue 71267 the



see:.if the external processing matches any of the defined |ibrary processes
which are required for the pronote. If so, and the external processing
results neet the criteria, the library process results are set (as if the
| ibrary process just ran automatically) and the pronote proceeds. If no
mat chi ng process can be found, the external results continue to be saved
with the design conpo- nent as they proc®ss may match that at a later

| evel . The concept of External Data Processing exists to increase
productivity by allow ng the designer to

- 47 - save, and | ater apply, results obtained during the nor ourse
of desi gn NaMey BRJHRIGRYSIRg themader eBiy 1o hesaing é"\faH@g ﬁ@%&i‘? sffioﬁgc
determ ne [t he f : r data integrity can easily be

br eached iﬁ‘eaA%%%é%eqr%éﬂgP%ﬁqsleﬁﬁqéﬁé é3%11{:kc'ul ating pedigree information is
not. inplemented. For this reason it's inperative for the DCS to ensure

that all the proper input, output and software data are included in the
pedi gr ee i THh® QRVIDUIN VERtozesa|Fifatea14: The QRMDLINV process is used to mark

a model as invalid in the Control Repository. After initialization, a query
71301 is made to the Control Repository to get the Model owner and Anchor
Reference. If they are not found 71302, an Error Message is.issued 71307
and the procéss is aborted 71308. If they are found, the Control Repository is
checked 71303 to make sure that the requestor has MODEL INVALIDATION
authority. If not, an Error Message is issued 71307 and the process is
aborted 71308. If the requestor has the authority, the QRINVMDL Process
described in Figure 15 is invoked 71304. Upon return from that process, the

' number of models marked invalid is pushed 71305 on the stack and the

process returns 71306 to the requestor.

The QRINVMDL Process Figure 15: This process receives the FileRef of the
file as well as the USERID requesting or causing the invalidation. The
USERID may be specified as a blank in which case no invalidations will be
made but the Model and its nested models will be traversed. In addition, a
pointer to a radix partition tree may be passed. If so, visited entries willi be

inserted into the tree. If not, the entries will be pushed on the stack.

After initialization, a zero is pushed 71351 6n the stack as an end flag. Next
71352, the FileRef is pushed onto the stack. Then, a query 71353 is made to
the Control Reposifory to retrieve entry from the MODEL table for this
FileRef. [f it was not found 71354, the process flows to 71358. Otherwise, a
check 71355 for a blank USERID is made. If it is blank, the process flows to
71357. If not, the mode! entry in marked 71356 invalid in the Control Reposi-



Processing occurs in tw phases. In the first phase, the desi.gner runs sone
kool or process and if the results are acceptable, he runs a utility to
designate the data for external processing. The role of the utility is to
create the Pedigree information which contains a listing of the input and
output data, the results, and sone type of data identification code for
each nenber of the Pedigree and the Pediree itself. A sinple
identification code is a cyclic redundancy check. The utility can be

i ndependent of or incorporated into the actual third party tool. The

second phase CC}QSitS s of libraying the data and the results. The designer
i nvokes a €°,5§ci <t Brefdel entontstaithan rRushed en thestack peinsartesdhinig: the 1.

podi o co. V8 ASAT P RERGHb B8R, I8 iekrsiniostie $o ne Pei orce i tsel 1

These 2 steps are designed to ensure the sane data used to generate t.he
result is indeed being libraried. The identification code of the Pedigree

ensur es t hale fdlbowiogt steps will rebardfeslygneenineraintie RBBLER mvdris. eFadt, £Tom

this point_on, the nornmal pronotion nechanismin FIGURE 7a and FI GURE 7b
FileRef is pulled 71358 from the stack. If there was none there 71360, the
process returns 71364 to the requestor. Otherwise, all model entries which
contain th_is FileRef are retrieved 71361. Next, a check 71362 for a blank
USERID is made. If it is blank, the process flows to 71365. If not, the model
entry in marked 71363 invalid in the Control Repository and the model entry
is either pushed on the stack or inserted into the tree 71365, the model count

is incremented 71366 and the AnchorRef of the Model is pushed 71367 is
pushed on the stack. The process then flows to 71359.

The QRMDLLST Process Figure 16: The QRMDLLST process is used to get a
list of all the component ﬁles of a specified model.- The model may be speci-

fied as either a ModelRef or a FileRef.

After initialization, a check 71401 is made to determine is a FileRef was speci-
fied. If so, the ModelRef is retrieved 71402 from the Control Repository.
Next 71403, the QRMDLDAO Process described in Figuie 17 is invoked. Upon

return from that process, this process will return 71404 to the requestor.

The QRMDLDAO Prpcess Figure 17: Initialization includes setting up the
Model and Model-File radix partitioned trees. To handle the recursion
caused by nested models, this process uses Luther Woodrum’s Radix Parti-
tioned Tree Services. Two trees are used. the “model” tfree will contain one
entry for each model file encountered. a priority key related to the model

nesting level is associated with each “model” tree entry. The “model_file”



Is f-oll owed Wi th one exception. The boxes where Foreground, Pre and Post
Processing occur are all bypassed. Rather than sinply checking existing
results to see if they neet criteria, the DCS nakes a list of al

Pr e- processes for the target |evel and Post processes for the previous

| evel . It then checks - 48 -
the Pedigree information for evidence thatg%QUivaIent processes were run
and achi eved acceptable results. If any processes exist in the DCS for

whi ch no correspondi ng Pedigree results exist, or any Pedigree result does
not neet the prescribed criteria, the pronpt e fails. Aut horities
(Section 1.4gf Wﬁh%‘”ﬁe@ peprRntsy forecanit @orighdile encoustaretitheh imnai iself in

Y?L'r 2?? Ol;zagﬁé ypeel tggle Vl\‘ﬂle(s:Q rtc"og lsflpe en treesaatrefét%)élegluls%rgalthenmnc}ifqu er} the
the containing model as the key. Retrieval of “model” entries occurs in two
passes. in the first pass which is used to build the trees, we wish to retrieve
entries from the smailest nesting level to the largest. In the second pass,
which is used to retrieve “model_file” entries, we wish to retrieve ‘entries.
from the largest nesting level to the smallest. to accomplish this a passt and
a pass2 priority key offset was defined (‘7FFFFFFF’x, and ‘3FFFFFFF'x
respectively.) On initial insertion the priority key is created by subtracting
the nesting fevel from the pass 1 offset. after the “model” entry is used in the
first pass it priority key is changed to be its nesting level. After the entry is
used in the second pass, the priority key is changed to zero. in this way, the
appropriate entry on any pass can be obtained. On the first pass, only pri-

ority keys between the pass1 offset and the pass2 offset will be considered.

on the second pass, only priority keys above zero will be considered.

passloff ==> ‘7fffffff'x
nesting level 1 °

nesting level 2

nesting level ...

nesting level n

pass2off ==> ‘3Ifffffff'x

nesting level n

nesting level ...
nesting level
nesting level

=N

zero ==>  '00000000"'x

After initialization the QRMDLDA1 Process described in Figure 71140 is
invoked 71411. Upon return from this process a check 71412 is made to

determine if there were any errors. If so, the process is aborted 71417. If



authority can be defined very |loosely (the user is authorized for all
design conponents, at all levels, in all versions) to very tightly (the
user is author- ized on an individual design conmponent basis). The utility
for granting authorities works in one of two nodes: [err] In one node
the Data Manager is offered a screen in which he can fill in t he design
conponent nanme, type, |evel, version, useféids, and the type of

authority. For any field, except for the user ids, he can default it to
"ALL". [err] In the other node an authority profile can be callea up and
executed. An authority profile allows the Data Manager to pre-define
the fypes BPL 2 chagk Rif13 Iematigrtcadefioraning fie duplicals. '“F’élEal éﬁ@én‘ﬁf‘@d pfof i | es

ot or mat 1 ofs e doee S iy jol68 IR JhRBEThe GBNEN FHM RfGsad foseatied .
VBnager 0efi PRRurkh® I AUBKed 71%a MNRE Phsts pURLMERE ATBR %81 from

restriction. ce the pro es are create a Manager uses this
made to eithisipraddésied eheckiBe415 is malde/ for s48 ifiRepy afé hay anskredimacress t he

changes within the DCS. Aut horities exist for the follow ng tasks:
entries. If there were, the next Model-File entry is obtained 71425 from the
Model File tree. A check 71426 is made to determine if there was a model-
file entry. If so, the model-file entry is formatted and stacked 71427. If not,
the model entry is formatted and stacked 71429 and the model count is incre-
mented 71430. The process then flows back to 71414. If no more entries
were foqnd 71415, a check 71419 is made to determine any models were
found. lf not, an Error message is issued a return code is set 71423 to indi-
cate a process error and the process returns to the requestor 71422. If
models were found, the model and model-file trees are celeted 71420. Next a
check 71421 is made to see if the duplicate model flag was set. If so, a return
code is set 71424 to indicate a. dup|i.cate. In either case, the process then

returns 71422 to the requestor.

The QRMDLDA1 Process Figure 18: After initialization, a query is issued
71441 to get the initial moc_lel entry from the MODEL table in the Control
Repository. A check 71442 is made to determine if it was found. If not, an
Error message is issued 71449 -and the process is aborted 71450 If it was, the
QRMDLINM process described in.Figure 20 is invoked. Upon return from
that process a check 71444 is made to determine of an insert failure had
occurred. If so, an Error message is issued 71449 and the process is aborted
71450 If not, the QRMDLGNM Process described in Figure 19 is invoked
71445 with the Pass1 parameter. Upon return from this process, a check
71446 is made to see if there are any more model entries. If not, the process

flows to 71454. If there were, a query is issued to retrieve the MODEL_FILE



[err:] Setting Locks (Mve, Overlay, Update, ALL)
: 4

=z 49 - Pronoti ng desi gn conponents and/or BOVs into | evels
(Engi neeri ng Level s, Release Level. [err] Creating BOV [err]
Initiating Library Processes [err] Setting Pseudo Process Results Dat a

Manager GU User Interface (Section 1.13) The DCS contains a robust Data
Manager interface which is used to "progrS&rW the library. It's configured
as a series of sub-nenus arranged under higher |evel nenus. Each sub-nenu
has fields to fill in and may enploy Predefined Function (PF) keys for

addi tional features, G aphical ele- :
en?ﬁes for the cu rjen‘f\'%odeelefrom the Control Repository. Next, a check

71448 is made to determine if the Model-File entry is itself a model. Ifitis
the entry is inserted 71451 into the model tree. In either case, the model-file
entry in inserted 71452 into the model-file tree. Next, a check 71453 is
made to determine if ALL was specified. If so, the process flows back to
71445. 1t not,

a check 71454 is made to see if the duplicate model flag was set. [f so, a
return code is set 71456 to'indicate a duplicate. In either case, the process

then returns 71455 to the requestor.

The QRMDLGNM Process Figure 19: This process is used to get the next
entry from the model tree. The process can be invoked either as a PASS1 or
a PASS2 process. On PASS1 processing, only priority keys between the
pass1 offset and the pass2 off;c.et will be considered. As the items are proc-
essed the priority keys will be inverted and based above zero for second
pass selection. On PASS2 processing, only priority keys above zero will be

considered. As the items are procéssed the priority keys will be set to zero.

After initialization, the maximum priority key is retrieved 71461 from the
model tree. A check 71462 is made to determine if theie was a failure. If so,
an Error message is issued and a return code set 71458 to indicate failure.
The process then returns 71471 to the caller. [f it did not fail, a check 71463

is made to determine which pass was specified.

If PASS1 was specified, a check 71644 is made to determine if the priority key
is greater than the PASS2 offset. If it is not, then set 71469 a return code to

indicate that there are no entries and return 71470 to the caller. Ot_herwise,



ment-s such as cyclic fields, radio buttons, scrollable wi ndows,.etc.. may

be used to further enhance usability. Uilities exist to: Define the

| i brary properties The user is afforded a nmeans to enter the path
of the repository where the data resides, the userid of the Data
Manager and any alternates, the_pserids of any Automated Library
Machi nes, and whet her the Iibréﬁg'is under Design Fix or Part
Nunber and EC control. If the library is under any type of
control, additional entries are made for the data types which

shoul d be tracked, by Part - _ Nunber, [ db
tracked by ftﬁ%’PBH‘#Qd s..tore 71485 ﬁd?]%‘%lr‘%’,rw? {% kégeé\g% ?%‘W%Z@%q@ %dﬁ%%#? el de
for a genepheAebk&EElurn area and refidf 8467 EPIhaBY LM, the DCS will

automati cally“add the proper authorities (including operating
system authorities) to permt the ALMto store data and record
resul ts.

If PASS2 was specified, a check 71472 is made to determine if the priority key
is positive. If it is not, then set 71469 a return code to indicate that there are
no entries and return 71470 to the caller. Otherwise, set the priority key to
zero and store it 71473. Next move 71466. the model entry into the return

area and return 71467 to the caller.

The QRMDLINM Process Figure 20: This process is used to insert a model
entry into the model tree. Affer initialization, the model entry is inserted
71481 in the model tree. Next, a check 71482 is made to determine if there
was an error on insert. If there was an error, an Error message is issued and
a return code is set 71486 to reflect the error and the process returns 71485
to the caller. If there was no insert error, a check 71483 is fnade fo deter-
mine whether the entry was a duplicate. If so, an Error message is issued

" and a return code is set 71486 to reflect the error and the process returns
71485 to the caller. Otherwise, the priority key is computed and inserted
71484 into the tree entry and the process returns 71485 to the caller.

The QRMDLMOD Process Figure 21: This process is used to modify a Model
entry in the MODEL table in the Control Repository. After initialization, A
query 71501 is made to determine if the new owner is in the USERDATA table
in the Control Repository. If not, an Error message is issued 71509 and the
prbcesé aborts 71510. (f it is, a query 71502 is made to get the original owner
of the model. A check 71503 is made to determine whether the entry was
found. If not, an Error message is issued 71509 and the process aborts

71510. If it was found, the Contro! Repository is checked 71504 to make sure

——



- 50 - Define the structure (levels, versions and their

interconnections). This is the nmeans by which the Data Manager
adds and del etes | evel s and versions. It also enables himto
defined the intercon- nections of the levels, and the dependance
of versions on other ver- sions, A mninmuminterface consists of
one screen for level structure -&hd one for version structure. The
| evel structure screen displays the current structure. Def i ne
the types of data which will be under library control. For al

data types, kno to the DCS, .thi nahl t he Data Manage - to
sel ect thoéléan%argfé’d‘qs ﬁ?ﬁ%%éﬁ-%&%'ﬁ??lﬂwy% ﬁﬁgogéqbgﬁo&irggssage s
pl ays all lﬁgg}g&l [ - 1t h Welel ' ;
whet her it"s bei ﬂgé@répc{ggﬁe@yo%%%sglﬁ%$z]ri§/\ﬁ£ggﬁé a?’g' ﬁ/gpe ae’é‘%nﬁgsma
field for aRe MODEIHBISHPIRIEchRSAREPBsitdR & FOdatRd. {NExt)aOdH &K 71506
caused by certain data types that can be very large. Therefore,

probl ens miy neades to detdrmyinagviicdhst BESEThese spgatifietly pésoatesey MBEOH the

invalid flag in the MODEL table in the Control Repository and return 71508.

The QRMDLRES Process Figure 22: This process is used to reset a given
FILE lock on all the components of a model. After initialization, a check
71601 is made to make sure that the requestor has FILE LOCK autﬁority. if
not, an Error message is issued 71609 and the process aborts'71610. Other-
wise the QRBLDMDL Process described in Figure 24 is invoked 71602. Upon
return from that process, preparations are made 71603 to scan the model
tree. The following steps will process each tree entry. Cet 71604 a record
from the tree. A check 71605 is made to determine if a record was found. If
not, the model tree will be disposed 71611 and the process will return 71611.
If a record was found, get 71606 the file information from the FILE_LEVEL
table in the Control Repository. A check 71607 is made to determine if the
information was found. If not, the model tree will be disposed 71611 and the
process will return 71611. If not, an Error message is issued 71613 and the
process aborts 71614; If the information was found, deiete 71608 the enfry
from the LOCKS table in the Control Repository. The process will then flow
back to 71604. | '

The QRMDLSET Process Figure 23: This process is used to reset a given
FILE fock on all the components of a model. After initialization, the
QRBLDMDL Process described in Figure 24 is invoked 71701. Upon return

from that process, preparations are made 71702 to scan the model tree.



the all the other types in a particular level. By specifying an alter-
nate storage |ocation, these |large data types can be further segre-

gat ed. Manage Library Controlled Processes For each | evel, the
Dat a Manager can add, nodify or delete proc- esses. For each
process information is required about the type of machine it can
run on, any necessary arguments, the resul¥—criteria, di sposition
i nstructions for the output, whether it's dependent on anot her
process, and whether it should be deferred. The DCS pro- vi des
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i_ “‘;‘ir mat | 0fnL FesaFReR" 3ThREK FAP0RFs A AHER AR if £ 7elbrd wil found. If
not, the model tree will be disposed 71710 and the process will return 71711.
If a record was foun_d, get 71705 the file information from the FILE_LEVEL
table in the Control Repository. Next, a check 71706 is made to determine if
the information was found. If not, an Error message is issued 71712 and the
process aborts 71713. If the information was found, a check 71707 is made fo
make sure that the requestor has FILE LOCK authori'ty'. If not, an Erfor
message is issued 71712 and the process aborts 71713. Otherwise, a check
41708 is made to detérmine if a non-null Level was specified. If not, get
71714 a LockRef from the Control Repository. Next, insert 71715 an entry
into the LOCKS table in the Control Repository. The process will then flow
back to 71703. If a non-null Level was specified, a check 71709 is made to
determine if it is the same as the current file. if so, the process flows forward

to 71714. If not, the process flows back to 71703.

The QRBLDPRM Process Figure 24: This process is used to build a model
promote tree to support the Model Promote function ot the Library Manager.
After initialization, retriéve 71901 the primary model entry from the MODEL
table in the Control Repository A check 71802 is made io determine if it was
found. If not, issue an Error message 71806 and abort 71807 the process.
Otherwise a check 71803 is made to determine if the model is valid. If not,
issue an Error message 71806 and abort 71807 the process. {f it is valid,
push 71804 a delimiter and then the primary model FileRef on the stack. The -
following steps will recursively examine all the nested models. and build the
promote tree. First, pull 71805 a ModelRef from the stack. Next, a check
71808 is made to determine if it is a delimiter. If so, return 71809 to the

caller. Otherwise, prepare 71810 to get all the model-file entries for this



V\,her; a Data Manager attenpts to define that process to his library,

some of the fields appear with default data already filled in. He can
override any of the data. The information for each process can
be entered/edited individually on a nmenu containing all the above
fields or a utility exists to | oad "process groups” which are
pre-defined library controlled proc- - 91 - esses. The Data Manager
sinply selects a process group and - attaches it to the appropriate
data type, level and version. The process groups are ASC based

hé
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of a master object and nenber objects. Each nenber object

this model-file is in the same package as the primary model file. If not, the

process flows back to fetch another model-file entry 71811. A check 71814 is

made to determine if this model-file is at the same level as the primary model

file. If not, the process flows back to fetch another model-file entry 71811. A

check 71815 is made to determine if this model-file has an “S” IOFlag. If it

does, the process flows back to fetch another model-file entry 71811. f the

model-file has passed the above checks its record is inserted 71817 into the

promote tree (duplicate entries are not inserted). A check 71816 is made to

determine if this was a duplicate entry. If it was, the process flows back to

fetch another model-file entry 71811. If not a duplicate, it.crement 71818 the

promote counter. Next, a check 71819 is made to determine if this model-file

is itself a model. If not, the process flows back to fetch another model-file

entry 71811. If it is a model, a check 71820 is made to determine if the model

is valid. If not, issue an Error message 71806 and abort 71807 the process. If

it is valid, push 71821 its FileRef on the stack. The process flows back to

fetch another model-file entry 71811.

The QRMFIADD Process Figure 25: This process is used add a file to a spec-

ified MODEL. After initialization; A check 72101 is made to determine if the

model exists in the MODEL table in the Control Repository. If not, an Error

message is issued 72109 and the process aborts 72110. {f it does exist, A

check 72102 is made to determine if the modelfile exists in the FILES table in

the Control Repository. |f not, an Error message is issued 72109 and the

process aborts 72110. Next, a check 72103 is made fto determine if the

model-file and the model are one and the same (which would cause a icop).



can -be required or optional. For each master object entered, the

user nust enter a list of nenber objects with their required/ optional
flag. In addition, an Erase-To-Level flag exists which determ nes the
outcone of the follow ng scenario: a data group, conprised of

optional nenbers, exists at a |level. The sane data group, w thout
sone of the optional nenbers, exists at th¥ next | owest |evel . Upon
pronotion of the |ower |evel data group, the DCS will either erase
the nenbers of the upper |evel data group or |eave them

JeBg 9 b an TR B hge B G SHLME Broone SRTor A1 19 Nibmber s
of older 5 check 72984 % HAUPH determine if the model is currently valid. If so, the
QRINVMDL process described in Figure 15 is invoked 72111. In either case,
a ModelRef is obtained 72105 from the Control Repository. The model-file
entry is inserted 72106 into the MODEL_FILES table in the Control Reposi-
fory. Néxt the number of models invalidated is pushed 72107 on the stack

and the process returns 72108 to the requestor.

The QRMFIDEL Process Figure 26: This process is used to delete a model-
file entry from the MODEL_FILES table. After initialization, get 72201 the
associated ModelRef from the MODEL_FILES table in the Control Repository.
A check 72202 is made to determine if it was found. If not, an Error message
; is issued 72207 and the process aborts 72208. [f it was fuund, get 72203 the
owner ar_]d AnchorRef from the MODEL table in the Control Repository. Next,
a check 72205 is made to determine whether the requestor has MODEL
DELETE authority. If not, an Error message is issued 72207 and the process
aborts 72208. If so, check 72206 is made to determine if the model is cur-
rently valid. If so, the QRINVMDL process described «n Figure 15 is invoked
72209. In either case, The model-file entry is deleted 72210 from the
MODEL_FILES table in the Control Repository. A check 72211 is made to
determine if it was found. If not, an Error message is issuea 72207 and the
process aborts 72208. Next the number of models invalidated is pushed

72212 on the stack and the process returns 72213 to the i'equestor.

The QRMFIMOD Process Figure 27: This process is used to modify a
MODEL_FILE entry in the Control Repository After initialization, a check
72301 is made to determine if a FileRef of zero was specified. If so, an Error

message is issued 72307 and the process aborts 72308. If not, a check 72302



Desi-gn Fi x Tracking (Section 1.14) One of the nobst powerful aspects of our
BPCS is provided by the process used to track fixes to design problens.
This is acconplished by tightly or loosely coupling the DCS to a probl em
managenent dat abase. Typically, a problemis found and entered in the
probl em tracking database. Once the design conpo- nents are identified

whi ch require updating, the DCS is used td3attach the problem nunber to

t hose design conponents. ldeally this should be done prior to the design
conponents entering the library, but it can be done as part of the

pronote. It's often dundant to track all design conmponents wth rgbl em
nunbers, sd$ trﬁédﬁgg‘{%ﬁnﬂé‘epﬁdb?éwal#‘b"bm%ﬂ: thie ipdhe Gentral R qf?%kl ng

' h
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if any of the data types included in the pronotion are béing tracked. For

those that MODElatstsledarthdiGantayisRapbsitarowns ﬁbptaremﬁdrmewﬂg@s ikeued hat
desi gn conponent. The user can select an existing one or add a new one to

the list. A230Fiand the pre¢rssU® s TR3eMhelilso, @ chack TZS%ISEﬁadeﬁDrdﬁter-evel
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Repository. ' If not, an Error message is issued 72307 and the process aborts
72308. If so, a check 72305 is made to determine whether the requestor has
MODEL MODIFY authority. If so, a check 72306 is made to determine
whether the requestor has MODELFILE MODIFY authority. Next, a check
72309 is made to determine whether RESET was specified. If so, Modify
72315 the MODEL _FILES entry and reset the invalid flag. Otherwise, a check
72310 is made to determine whether the ModelRef, FileRef or IOFlag was
changed. If so, update 72316 the MODEL_FILES entry. Next, a check 72310
is made to determine whether the ModelRef or FileRef was changed. If so,
the QRINVMDL Process described in Figure 15 is invoked. Next, a check
72312 is made to determine whether the. ModelRef was changed. If so, the

QRINVMDL Process described in Figure 15 is invoked. Finally. the number of

models invalidated is pushed 72313 on the stack and the process returns

72314.

The QRSUPMF! Process Figure 28: This process is used add a list of
MODEL_FILES into a specified MODEL. After initialization, a check 72401 is
made to determine whether the model exists in the MODEL table in the
Control Repository. If not, an Error message is issued 72411 and the process
aborts 72412. If it does exist, a check 72402 is made to determine if the
model is currently valid and that RESET was not Speciﬁed. If so, the

QRINVMDL Process describe in Figure 15 is invoked. In either case, prepa-



ci at-e the problemfix nunber to an EC identifier. If it can't automatically
determne this association, the user is pronpted to enter the EC identifier
for the selected problemfix nunber. | f the designer chooses to do the
association in advance, a utility exists which allows himto enter a
probl em fix nunber or choose a default nunber.

- 53 - The status is imrediately refl e¥fed as "wor ki ng". Once the
pronotion is initi- ated the status will switch to "libraried". The DCS
offers utilities to view or print reports show ng which design conponents

exi st for a problem or Lch robl ens are f[xe a design nt. The
report genERURTMY ALg I"Eﬂﬁe\,\?%g% Ug' S g Se APt hﬁegf’ﬁﬁw}ﬂ ﬁ%?%e‘fyﬁgﬁgqgge whi ch
design co Ci d ) 1o ' i
specified to %@té&\'/\%%@h g?é;agblﬁ'tr?g‘ {ﬁt%élioés&élﬁgl ?L%%gﬁd EC [ e??i'fgiqﬂ?@gan
be specifi g5l gafhndinke iPHRDREIBel-file exists in the FILES table in the Control Reposi-

tory. If not, an Error message is issued 72411 and the process aboris 72412.
Next, a check 72406 is made to determine if the model-file and the model are
one and the same (which wéuld cause a loop). If so, an Error message is
issued 72411 and the process aborts 72412. If not, a ModelRef is obtained
72407 from the Control Repository. The model-file entry is inserted 72410
into the MODEL_FILES table in the Control Repository. A check 72409 is
made to determine if this is the last group. If not, the process flows back to
get a group at 72404, If so, check 72413 is made to determine if the model is
currently valid. If so, the QRINVMDL process described in Figure 15 is
invoked 72114. In either case, the number of models invulidated is pushed

72415 on the stack and the process returns 72416 to the fequestor.

The present Aggregation Manager also incorporates a special type of Model
known as a File Group. These Models consist of a Master and one or more
Subordinate files. These Mastetr and Subordinates share the same Filename,
Library, Version, and Level at all times. They are defined by the Data
Manager using our Data Management Configuration Utility. Once defined,
the File Group is automatically assémbled when the Master 15 promoted into
the DMS, and the File Group automatically moves through the DMS whenever
the Master is promoted. Subordinates are either Required or Optional, with
promotions automatically failing when Required Subordinates are absent.
The Data Manager may also elect fo have upper-level Subordinates automat-
ically erased prior ta the lower-level File Group promoting into that level.
This features prohibits an optional member of a lower-level File Group from

inadvertently being associated with the Master of an upper-level File Group.



nunbers and desi gn conponents associated wth the EC can be displ ayed.

Part Nunber/ EC Control (Section 1.15) In addition to tracking design
fixes, the DCS can track the design by part nunber and/or EC. For projects
whi ch assign part nunbers to various design conponents, the DCS provides
utilities to generate and-associate these part nunbers to the design
conponents. In addition, the DCS supporté Engi - neering Changes where
successive tape-outs are assigned an EC identifier. Al design conponents
participating in an EC are associated with the EC identifier. Since part
nunbers.are assigned to specific design conponents, the DCS uses the |inks
bet ween conponents design fixes and EC s to track the association of part
nunbers to ECs. The DCS uses the concept of a PN EC control level to

perm t thephgia Mﬁeg&tﬁiﬁ%‘a %@faﬂed"@h—@&dﬂﬁ\éﬂ s of Dr AL, FWT ¢ Obl em

nunbers get associated wth n conponents cross t

level, thepBGInddetdsd titatIn8s¥RRURRY indtheld@Db&ER rﬁbwiaaa ierthBNutres nsay or the
conponent If so, and the systemi's. able t'o determ ne which EC that nunber

i s associ atrexkewartious imanteraenisadid enbancementsswhith fati mpithisrthetscopleeoEC.

G herwise, if no EC informati on.can be found,
the claims which follow. These claims should be construed to maintain the

proper profection for our inventions first disclosed.



the user is asked to enter it. The rules for Design Fix and EC control are

as follows: - 54 -

[err] One EC can contain rnultiple Design Fixes; [err] Any single Design
Fix # (nunber) can only be associated with a single EC [err] One design
conponent can have many Design Fi x nunbers, but they nust all belong to
the sanme EC, and [err] Variations of agsgesi gn conponent can exist in
mul ti pl e ECs, but each mnust have a uni que set of Design Fixes. FI GURE
8a illustrates a |legal exanple. It shows two EC s where the first con-

;?;ns t wo Qﬁﬁéug{é éné?‘rﬁéd?s”;d the second contains a single design fix. There-

1. A data management control progkam tangibly embodying a program of
instructions executable by a supporting machine environment for performing
method steps by an aggregation manager of a data management system
having a library organization which receives a request of a user initiated from
said displayed client screen and fulfills the request by a providing a result via
said data management system’s aggregation manager, said method steps
comprising:

(1) displaying for creation of a model one or more control screen sectionis
as part of a control panel input screen allowing creation of a model by inter-
active user activity, b-y importing a file listing, by searching of a library of files
in said data managerinent system and importing a located file, or by use of an
application program interface with a collection of model management utilities
utilities, said sections of said control screen panel including:

(a) a display screen section displaying a first field representing the name
of an anchor name field of a model which is identical to the name of a data
object which is serving as a named anchor;

(b) a display screen section displaying a second field representing a
library where said named anchor resides:;

(c) a display screen section displaying a third field representing the type
of data object identified by said anchor name; |

(d) a display screen secﬁon'displaying a fourth field representing user
entries for the version of said named anchor;

(e) a display screen section displaying a fifth field repreéenting user
entries for the level of said named anchor for use by a user or a third party.
tool for creating, modifying or deleting an aggregate collection of data

objects, encompassing those used for items that are identified, tabulated,

AR



three design components, of which the one denoted A0 is associated with
Pesign Fix #1 and Design Fix #2. Design conponent Al is a different vari-
‘ation of design conponent A0 The exanpl e shows how the two versions of

desi gn component A nust belong to separate ECs. In FIGURE 8b the rul es

have been viol ated since design conponent Al is associated with Design Fix
#2 which belongs to EC #1. The DCS detect87this condition and alerts the
user to either nove Design Fix #2 over to EC #2, or detach desi gn conpo-
nent Al fromDesign Fix #2. In addition to tracking all the part nunber and
EC information the DCS is capable of generating a variety of reports

i ncl udi ng &ckedsvalidated andinvyadidated,rirned srdmpted, gisvarie BES aflinaterdgsr bycan

be sent to uf acturing in adyance so the foundry can manage their
r esour ces. Said da @aé\?@e%éedﬂrﬁyts%/farf‘sﬁeai on 1.16) The DCS is designed in

such a. - mannefy Lk RRAYIdes JERLHWSROH] L %plR ieth REoFiUiflg dalp. None

of this data 'S pre In sinple residing |
reposi t ory enfitiés tdieestatud 6NéSidi AdMEARINCABr;TUst be made through the

and wherein said model consists of one anchor and one or more associ-
ated components, each of which is a data object in said data management
sysiem,

and wherein said components can belong to any level and version of any
library in said data management system and said components ai'e not
restricted to the same library, level and version as the anchor, and said com-
ponents comprise mulftiple data types, including data generated by tools of
_séid data management system and third p'arty tools,

i and wherein each component is labeled as an input or an output of its

associated anchor,

and wherein each one component may be an anchor to another different
model, and when such a component is an anchor to another different model,
‘said different model consists of said said such component acting as one
anchor and further consisting of one or more associated components each of
which is a data object in said data management system,

and wherein said components can belong to any level and version of any
library in said data management system and said componenis are not
restricted to the same library, level and version as the anchor, and said com-
ponents can compriée multiple data types, including data generated by tools
of said data management system and third party tools,

and wherein each component has field identifiers like those of said
anchor and wherein each component is also labeled as an input or an output

of its associated anchor,

* c L M S *



- 55 - proper utilities by authorized people. Libraried data only exists
in reposito- ries where the Data Managers or owners of the data have wite
perm ssion. This prevents other users from nodifying another designer's
data outside of the DCS. Nearly continuous availability is achieved by

i mpl enenting the DCS in the foll ow ng manner: If the primary DCS
server fails, the system can be brought ufSon anot her server with

m ni mal human intervention. The physical |ocations of all | ibraries are
determ ned by the Data Manager which permts the data to be

strategically | ocated.throughout the network to inprove avail abjli t‘%f)
ory.

Mil tiple pat hangdyagrsipg qaé&u%%ﬁt comporat May be am aHaocdAtsttl 2R IH6E|
They provi ?gre%ttn%aéﬁ %vifl?%ggﬁ cbﬂwp;[or}]%n?\é%%g Pafberllgé vavgrg(n Pnert%lf*toeJth{ ﬂpl ens.

relation to its anchor file,

and wherein all components of a model are either static and thus does
not move through said data management system but is tracked by the system
or dynamic and moves thron-xgh said data management system with its associ-
ated model as part qf an action of promoting 2 model when a model is pro-
moted, a dynamic member being labeled as an input or an output with
respect to its associated anchor; and

(2) thereafter, after creation of a model, continuously tracking the created
model while allowing a user to modify it by adding components, deleting
components, changing the status or deleting said created model, and
allowing promotion of a model in said data processing system through the

libraries of said data processing system.

2. A data management control program according fo claim 1 wherein said
aggregation manager includes for said tracking step a Bill of Materials (BOM)
tracker for facilitating tracking many design components for large projects in
which certain of said design E:omponents are grouped by a symbol for a

project for promotion an tracking synchronization.

B 3'. A data management control program according to claim 2 wherein said
aggregation manager includes support for automatic data grouping, based on
the design component name, with the notion of required and optional data

types.

I



Ar chi vi ng and backing up data is acconplished with the follow ng features:
{err] The Design Control Repository can be archived onto tape or backed up

to anot her repository by the Data Manager as often as deened necessary.
In the event of corruption, this back up copy can be restored into the
primry repository. [err] Al libraries can be archived to tape or
backed up to alternate repositories defined by the Data Manager as
often as deened appropri ate. [err] The DCS provides a utilit.y which
checks to see if a backed-up or archived copy of the Design Control
Repository is in sync with a backed up or archived copy of a library.
During the aréhidaty managatoent cdrteoigydigeam accordfig@ s claig@avherein said

i dentification c?des (i.e. - CRC codes) to each data object. " These codes

are used daPPHRPRUNR F’é@éﬁéFWQ'Bd%mup@orﬂﬁer autematic dade grouptftﬂw’p@ﬁ@@i i t h
whi | e dor nQ'BraBR:ctarl‘%yR% If up repository.

5. A data management control program according to claim 1 wherein said
program includes for use when a promote is initiated to a public library, or
between levels of a public library, a program check for determining whether a

data grouping is defined for the data type being promoted.

6. A data management control program according to claim 1 wherein said
program includes checks of all required and optional data types to determine
existence and said promote is of the entire grouping to a target level, but

when a required data type does not exist, the promotion {ails.

7. A data management control program according to claim 1 wherein said
program methods include track'ing; inilalidation and promotion exist for the
members of a design cbntrol system as a group treated by the rules of a bill
of materials, whereby tracking, invalidation and promotion exist for the
members of a group providing for grouping of many smaller pieces of data
into larger more manageable chunks to facilifate move.nent through the

library and increase data integrity by reducing the risk of data getting out of

synchronization.

8. A data management contro! program according to claim 1 wherein said

program methods includes a user interface for creating Bills of Materials
(BOMs) whereby a user can manually create BOMs by selecting pleces of

design interactively, filling in search criteria and. initiating a library search, or

* c L M S *
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- 56 - The system provides a nethod for restoring individual data
objects from backed-up or archived repositories in the event the data
object is deleted fromthe active library. QU User Interface
(Section 1.17) The User. Interface consists of all the nmenus, dialog
boxes, and screens by which the designers interact with the DCS. They all

have the follow ng charac- teristics in-¢t®mon: [err] They are user
friendly with convenient on-1line help. [err] They share a common | ook and
feel to nake it easy for the user to find comon feat ures. [err]

When sonething fails or the user makes an entry error, the systemclearly
i ndi cates t héS.ehrdatainanagemenigterinoieerdrrpt ReFrrsHing ke Clsv bl avﬁersﬁa s8|fy-

estions on howto f
g program methods includes an API exists for point tools to create a Bill of

Materials listing and pass it into the data management system.

10. A data management control program according to claim 1 wherein said
program methods includes an automatic invalidation routine for a bill of

materials created by the user.

11. A data management control program according to claim 10 wherein
once a BOM is created, the program constantly monitors for a change to the

BOM.

12. A data management control program according to claim 11 wherein if
ény member is overlaid or deleted, a notification is sent to the owner of the

BOM indicating that the BOM is no longer valid.

13. A data management control program according».to claim 11 wherein
when said BOM is no longer valid, an owner can continue to work with his
model, but by notification he is made aware that he’s no (ongér using valid

data.

-14. A data ni'anagement control program according to claim 11 wherein
when said BOM is no longer valid, it can still be moved through the library
-s0 as to accommodate an event where a piece of a model had a relatively
insignificant change, allowing a medel builder to deem it unnecessary to re-
build the model, and to allows continuing work and movement through the

library even in the even of invalidity.

Ly



[ertr] A command line interface exists to performany operation that can be
done through the graphical user interface. Various designer utilities
“exist to: I'nitiate pronote requests. The mininmuminterface requires the
user to enter t he nane of a design conponent or select from a.
list, enter the |evel fromwhich to begin the pronote, the
target |level where the pronote - -10shoul d termnate, a flag

i ndi cating whether it's a BOM pronote, and t he version

- 57 - Send results from External Data Processes to a library. This
utility allows the user to enter the nane of a Pedigree and the
target |evel and version to which the Pedigree information should

go.

15. A data management control program according té claim 10 wherein the
status 6f a Bill of Materials, including one no longer valide, is accessible by
automatic notification to the owner as soon as a BOM is invalidated, and by
display of the BOM either interactively or in report form to list the overall

status of the BOM, and all members of the BOM with their individual status.

16. A data management control program according to claim 10 wherein
said tracking of a model member includes tracking for a support object that

can be tracked with a BOM but not promoted or moved with the BOM.

17. A data management control program according to claim 10 wherein .
BOMs are hierarchical and a BOM can be nested within a larger BOM, and
when a piece of data is overlaid or deleted, the program determines whether
‘that biece belonged to a BOM, and if so, it immediately checks to see if the
BOM be_longs to other BOMs, and it recursively check all.BOMs it encounters
until it’s at the top of the hierarchy, and all BOMs found which are currently

valid will be invalidated and the owners notified.

18. A data management control program according to cleim 10 wherein.
BOMs are hierarchical and a BOM can be nested within BOMs support move
and' overlay locks. The user can set a move or overlay lock on a BOM, and
the program will set jndividual locks on all the members; if a member is a
BOM, all of its members will receive individual locks which can be removed
by using a main lock utility and specifying the top-level BOM or filling in the

desired fields to individually reset locks.

Ly



Set ‘-up and manage a private library. The utility has fields where the user

can specify the nane of the library (if one is to be created),
the library path where the repository will reside, the userids of
t he owners, and either the userids or authorization groups of

t hose who can access it. These G{operties can be called up for
nodi fication at any tine. WhenelPér the owner or access fields are
al tered,the DCS aut onat - ically updates the authority records

wi thin the Design Control Repository as well as the operating

system (i.e. AFS),permssions of . . the directory.where the. |ibrary
Y aee ! & 14 B adls Mhneusmen borirob progregt peraraina s Gt T8 atetEirl 3
nmodes of OrPr%f 2 bep- | efed AShthdd S51hde Bl
of Materials, gﬁnds% ;Fa%rrtga BOR prb&o?%g'iééérg%ao#%glﬁqéesﬂ%% components to be
added as nedHiehss of tHeSBOM be promé&@Esitiuiianeyuiyl bndiwiémy mayctny detng
information for a BOV so - menbers can be nodified or del eted. For
each nenbeosf designubae traverse througtsthe libliacptie syhet P Mistcantaim mgpaeersout put
or support nmenber. For an existing BOM a functjion exists to
reval i dat evBp|regidfoat diffesgnt levels, differenfivgreians gadyevs didtesenllibrariasom
owner. The,ksecond node, bui | ds the BOM. by readi.ng, all th
ot 1 dherviara RELOPlx Brampte tjase;Rmbers whith SRR iR & curtdH
' library, and reside in an Engineering Level below the target level, but if a
mgmber exists in a different version and is also below the target level, it will

also be promoted.

20. A data management control program according to claim 10 wherein the
program has separate authorizations for creating and promoting BOMs set
up by a data manager who has complete flexibility in conaolling who can ¢

create and move BOMs.

21. A data management control program according to claim 1 wherein
anchors are always dynamic and they themselves can be dynamic members
(input or output of anbther anchor) or a hierarh{cal BOM, while components
may be dynamic or static, and if they are dynamic they are classified as input
or output files and they move with the BOM during a pcromote, while if they

are static they don’t move.

22. A data management contro! program according to claim 21 wherein all
components (dynamic or static) cause BOM invalidation if they are modified

or deleted.
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in a prescribed format.

Managers, and third party tools.
created, a newy created BOM wi | |
for all nenbers.

Is automatically the owner
second node cont ai ns the owner
_58_

desi gn com onent
the exact.
process, thesf a data mafligddeny

and tinme it was set,
external prBRERFeSop FEguest of

Thi s node can be used by designers,

Vi ew process and pseudo process results

23. » gpbY debelptait heEey ey 1, 45

Dat a
Regardl ess of how the BOMis
result in the valid flags being set

The user who creates the BOM using the first node
wher eas thelogput file used for the

i nf or mat 1/on.
The user specifies the
nd ver an%ﬁECIfy
or each
%Isr@us:nt hevnrngsw tllb(:a:fy | breewiigésign twraca:lat e
i brar ntrollgdc ) OCess,

how it set
a useaaF?Jyt)laéﬁ%l %’ﬁ’é‘ S#‘tie PRI 18Ul t s

e fn?

can onl y beschangegab¥ui Bells the requédd yMaANagetiding a result via said

data management system's aggregation manager,

comprising:

(1)

said method steps

displaying for creation of a model one or more control

screen section as part of a control panel input screen allowing

creation of a model by interactive user activity,

file 1listing,

management system and

by importing a

by searching of a library of files in said data

importing a located file, or by use of an

application method interface with a collection of model management

utilities wutilities,

including:
(a) a display
representing the name

identical to the name

said sections of said control screen panel

screen section displaying a first field

of an anchor name field of a model which is

of a data object which is serving as a named

anchor;

{(b) a display screen section displaying a second £field
representing a library where said named anchor resides;

(c) a display screen section displaying a third field
representing the type of data object identified by said anchor name;

(d) a display screen section displaying a fourth field
representing user entries for the version of said named anchor;

(e) a display screen section displaying a fifth field
representing user entries for the level of said named anchor for use

By a user or
an aggregate
items that are
invalidated,

management system; and

a third party tool for creating,
collection of data objects,
identified,

and promoted,

modifying or deleting
encompassing those used for
tabulated, tracked,

validated and

as are bills of materials, by said data

[T



Associ ate desi gn probl em nunbers to desi gn conponents. The desi gner
uses this to pre-associate problemfix nunbers to design conpo-

nents before they are pronoted into the library. This way technical

| eaders and ot her designers can determne if a particular problemis
bei ng worked on. The interface requires_j;he user to identify the com
ponent by nane and type. Since it's not in the public library yet, it
has no | evel or version. The user nust al so supply the problemfix
nunber. The DCS agit orat ieaplay assrges tshecisnor Kisif)aysh@t us tsAxth. field
Later, when the designer wants to pronpte the caonponent, the '
probl em fi x *RRFASSPEHRY [UsEpp 18R 1He BRI D RT 73 "AHYF &PFRT it he
pronot e conpl et espa tWhRrsi@tdsS dWhbdelC haRgesds0 of | bk @htREr .anhen®CS more
allows the Data Manager to define a generic problem nunber which,

desi gners na§sEdPset TIELLER ateRi Ph thiSRelt sheliie gRigcynin said data

changes t hakahd)el® SRFERSPONdi ng design problem WMV / | nternet Access
(Section 1.18) The DCS provides a mechani sm which perm_ts access to all
process and and wherein said components can belong to any level and version

of any library in said data management system and said components
are not restricted to the same library, level and version as the
anchor, and said components comprise multiple data types, including
data generated by tools of said data management system and third
party tools,

and wherein each component is labeled as an input or an output
of its associated anchor,

and wherein each one component may be an anchor to another
different model, and when such a component is an anchor to another
different model, said different model consists of said said such
component acting as one anchor and further consisting of one or more
associated components each of which is a data object in said data
management system,

and wherein said components can belong to any level and version
of any library in said data management system and said components
are not restricted to the same library, level and version as the
anchor, and said components can comprise multiple data types,
including data generated by tools of said data management system and
third party tools, |

and wherein each component has field identifiers li.ke those
of said anchor and wherein each component is also labeled as an
input or an output of its associated anchor,

and wherein each one component may be an anchor to still
another different model, with each component being labeled as an

input or output in relation to its anchor file,

|



pseudo process results through the World Wde Web. Key quality control
Jdndicators can be exported out of the DCS into an accessible format by
users on the WMWV Usually these results would exist in a secure repository
whi ch - 59 - could only be
accessed by WAV users who are working_@gsthe project. In addition to
accessing information, the ALMs can receive special e-mail requests from
users to perforn1these t asks: Generate various status reports on topics
such as PN-EC aid Resig@h R compdfi@tlsi B, a Phefasaré Bseudo dfe@iessand
Results, or.  BOMinformation. The DCS woul d generate the rep ort on the

fly and retth 395t Pthemider FrFough Isﬁ?grﬁé’fa oPERRIFEFT® aﬁ%ﬁ?‘éeé% Put rdFr] o f
the user hasackbBe PHOPE&ie abydim tyr Benddl SmbBMdoves Madhkotigifjuesis tatadd

pSGUdO pr Ozgaensa%exlngr]:torsr;g%len? nw:.lt?lt gté haess[gg?a'.te-ghgodce%ngg rIIJ.Eu‘-a.SrtOfoft Qr? ar[:%'_lllon og I d
promoting a model when a model is promoted, a dynamic member being
labeled as an input or an output with respect to its associated
anchor;
and

{(2) thereafter, after creation of a model, continuously
tracking the created model while allowing a user to modify it by
adding components, deleting components, changing the status or
deleting said created model, and allowing promotion of a model in

said data processing system through the libraries of said data

processing system.

24. A data management control method according to claim, 23
wherein said aggregation manager includes for said tracking step
a Bill of Materials (BOM) tracker for facilitating tracking many
design components for large projects in which certain of said design
components are grouped by a symbol for a project for promotion an

tracking synchronization.

25. A data management control method according to claim 24
wherein said aggregation manager includes support for automatic data
grouping, based on the design component name, with the notion of

required and optional data types.

26. A data management control method according to claim 24
wherein said aggregation manager includes support for automatic data

grouping based on a graphical symbol.
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contain a specifically formatted command which the DCS can interpret to
~set the appropriate results. This could be used by people renotely con-
"nected to a project (such as the chip foundry) to send status information
directly to the DCS. [err] The DCS permits an authorized user to send

commands t hrough the I nternet Common Gateway Interface (CE) to query
I nformation fromthe DCS or invoke DE¥ gner Initiated Library Processes
(DI LPs). Actors & (bjects (Section 1.19) In the event of a project

where a single | g3hge ,dgRiAN rhB&MRRhtMébhiR1€ rebRbd edccorlfsy tLqsidia their
data to reside in a single repository, the potential exists for a

per f or mance WEEELREdR Pachase 1AGH SIS 67 LisSr 4R RRERPTREE FhelDESLRE s a

feature called,pator $ixkal)] €6t SpdQueelMdle1bNbe. o AGANS &k RIGCt S méddw the
Dat a Manager to define an alternate structure in which designers tasks are

di spat ched tdeskpéer 8¢texuinied edhebihsE apy dnkRe HHRERINGACKSOASfinggh for ddig gn
data is storggd.,o Yoy themdey nerely execute the tasks then store
the results and data into the Design Control Repository (Object). The

28. A data management control method according to claim 23
wherein said method includes checks of all reguired and optional
data types to determine existence and said promote is of the entire
grouping to a target level, but when a required data type does not

exist, the promotion fails.

29. A data management control methed according to claim 23
wherein said method methods include tracking, inval;dation and
promotion exist for the members of a design éontrol éystem as a
group treated by the rules of a bill of materials, wherepy tracking,
invalidation and proﬁotion exist for the members of a group
providing for grouping of many smaller pieces of data into larger
more manageable chunks to facilitate movement through the library
and increase data integrity by reducing the risk of data getting out

of synchronization.

30. A data management control method according to c¢laim 23
wherein said method methods includes a user interface for creating
Bills of Materials (BOMs) whereby a user can manually create BOMs by
selecting pieces of design interactively, filling in search criteria

and initiating a library search, or importing a simple text list.

31. A data management control method according to claim 23

wherein said method methods includes an API exists for point tools

R



- 60 - Dat a Manager can control the types of jobs each Actor is allowed
to perform by creating Actor Lists. These lists contain information which
the DCS uses to determne which ALMto route a particular job to. FIGURE 9
shows an Actor/Qbject environment with four Actors. Jobs involving the
data type of layout and timng are segpegated to ALMA. All remai ni ng work
Is sent to ALMs 1 through 3. The DCS determ nes which to use based on an
mech- anismwhich tries to find either a free ALM or choose one that may
be abl e totospesatrea aparialll ek proecsd s( ddsuimgngnd hpaspertatintg st éatra
supports irtn%' It_[rporgi ng and Tracking Data (Secti.on 1.20) Internally the
DCS tracks™at1“tata By Sonponent nane, data type, level, version, library
and nost inportantly a file reference (fileref) nunber. These

32. A data management control method according to claim 23
wherein said method methods includes an automatic invalidation

routine for a bill of materials created by the user.

33. A data management control method according to c¢laim 32
wherein once a BOM is created, the method constantly monitors for a

change to the BOM.

34. A data management control method according to claim 33
wherein if any member is overlaid or deleted, a notification is sent

to the owner of the BOM indicating that the BOM is no longer valid.

; 35. A data management coptrol method according to claim 33
wherein when said BOM is no longer valid, an owner can continue to
work with his model, but by notification he is made aware that he's

no longer using valid data.

36. A data management control method according to claim 33
wherein when said BOM is no longer valid, it can still be moved
through the library so as to accommodate an event where a piece of a
model had a relatively insignificant change, allowing a model
builder to deem it unnecessary to re-build the model, ana to allows
continuing work and movement through the library even in the even of

invalidity.
37. A data management control method according to claim 32

wherein the status of a Bill of Materials, including one no longer

valide, is accessible by automatic notification to the owner as soon

e



Six attributes give every piece of data in the systema unique. identity.
Ina private library, all data is tagged with a DCS identifier as part of
the filenane, but the identifier may or nay not be unique. This is because
private libraries don't have a concept of levels, versions or file
references. They are nerely working arggs for the designer, and only
require the data to be identified by nanme and type. The systempermts the
designers to have nmultiple copies of a design conponent by using iteration

nunbers to djsti sh. b ¢ ent nd, qld aLa. JHVWeNSK . SVEL.
t hough t he gbn%egggddg% ?Eggpﬂﬁ%ﬁﬁheiﬁgg g¥ Ig}'{afai':?glenbles an |de§t|f|er and

tags the datgerdhegvelarer timw rarchbdEoby *\mlleht athepjcvesabf siatascah Bpear
into a privge LiPLA Yaerpels d Téﬁgggﬁéa(ngcsgﬁh Gheat 8%l PRndat g ddam wi thin the

private librafy using sone ematic editor, text editor, circuit
sinmul ator). 2. The data is created by sone tool conpletely out5|de of

][ Ihgr 2; vaat e libr §I’ yA databyntanageemeggsIcgggfolwn%gﬁgd té’eéo@@&?ﬁ& {-_<§ Ef&ﬂn ti’f

wherein said tracking of a model member includes tracking for a
support object that can be tracked with a BOM but not promoted or
moved with the BOM.

39. A data management control method according to claim 32
wherein BOMs are hierarchical and a BOM can be nested within a
larger BOM, and when a piece of data is overlaid or deleted, the
method determines whether that piece belonged to a BOM, and if so,
it immedia.tely checks to see if the BOM belongs to other BOMs, and
it recursivelf check all BOMs it encounters until it's at the top of
the hierarchy; and all BOMs found which are currently valid will be

invalidated and the owners notified.

40. A data management control method according to claim 32
wherein BOMs are hierarchical and a BOM can be nested within BOMs
support move and overlay locks. The user can set a move or overlay
lock on a BOM, and the method will set individual locks on all the
members; if a member is a BOM, all of its members will receive
individual locks which can be removed by using a main lock utility
and specifying the top-level BOM or filling in the desired fields to

individually reset locks.

41. A data management control method according to claim 32
wherein the method supports a BOM promote whereby a user can request

that all the contents of the BOM be promoted simultaneously, and

ULl



- 61 - In either case, the fool (or wear) chooses the filaname. By
default, this is the design conponent nane. In the first case, the
designer will be asked to specify the data type either prior to, or during
i nvocation of the tool. In the second case, the user will be pronpted for
the data type during the inport. In bojdy_cases of a data type entry
requirement the DCS wll automatically default the version, level and file
reference nunber in order to assenble a wuniformidentifier code. This code

w Il be appaeded todnhggdesi @t GREPANERL o EQREF%%Qjﬁ%LLhb&ﬁ@ﬂﬁb%%ﬁr@?M’”a”E

of the object. Upon pronotion froma private rary rnto a pu C )
library, tRREBCFWE| Fordeipneanleds| Yoagssifle at radfferdnt] deyaifser ehterennber to

the obj ect veBasah QRat BereSkEDALIOR I ¥ELSEON th@Nflecd VGl t Dg%vv' A
assenble a relew identifier and renarrelt he o%] etélt ge(!:tcéfad?’hll ng(if/’. el e
ref erence rfhfpRrmgmbgRs néhiche exdpe Frortheheutriehe bibrahe, objdecesiddsirt ke

obj ect trayg Rk olghqt V&l s h i.brary,. the level is the only
pi ece of t heaflg%rﬁl IH{;I er tlhgttgl%:"ﬁatﬁlg?eggqetﬁ g?j‘L it (é)llﬁ%/ thf’]g B%iber]fafa’ﬁf%ﬁsnsmt he
same i den®i fiEierent oraraipomndnieraiasiol yelokhtlese itsrgemndieder.edtt fiellokikei al

tracking ipfog-omotBgi On and is always updated first during a pronotion or
installation of a new .

42. A data management control method according to claim 32
wherein the _method has separate authorizations for creating and
promoting BOMs set up by a data manager who has complete flexibility

in controlling who can create and move BOMs.

43. A data management control method according to claim 23

wherein anchors are always dynamic and they themselves can be

; dynamic members (input! or output of another anchor) or a hierarhical
BOM, while components may be dynamic or static, and if they are
dynamic they are classified as input or output files and they move

with the BOM during a promote, while if they are static they don't

move.

44. A data management control method according to claim 43

wherein all components (dynamic or static) cause BOM invalidation if

they are modified or deleted.

T



object into a public library. The object renaming is done afterwards.
Appending the identifier to the object nane serves two purposes: J[err] It
i ncreases data security by providing a way for the DCS to check data
integrity during pronotions. The information contained internally nust
match the external identifier at the start of a pronote. A m smatch signi-
fies possible tanpering of the data outsgigle of the DCS, and the Data -
Manager is alerted to the m smatch. [err] It provides an alternate way
for a user or DAAMANAGENMENTDSYSTEM ANDMETHOD FORCONCURRENTSM) to
ascertain the version, level, and data type of an obj ect sinply by

| ooking at it. This contributes to ENel gR]PHE)iIity by pro- viding a
nmeans to | e Eq‘d access data even if the Design Control Repository
I S unavai Im@ *e. server down).

- 62 -

A design control system for use in design of integrated circuits and other
manufacture having many parts which need to be developed in a concurrent engineering
environment with inputs from users and or systems located anywhere in the world
providing control information for coordinating movement of the design information
through development to release while providing dynamic tracking of elements, and bills
of materials in an integrated and coordinated control system utilizing a repository (18)
implemented in the form of a database, or a flat file system. Once a model is created,
control information design libraries hold the pieces of the design under control of the

: system without limit to the number of libraries, and providing for tracking and

hierarchical designs which may traverse multiple libraries. Data Managers become part

of the design team, and libraries are programmable to meet the needs of the design group
they service.

Fig. 3



One-.fiaj or advantage to this trackitig scheme is it's independent of the
phys- ical location of the data. The DCS pernmits the Data Manager to
establish as nany repositories as he needs down to any | evel of
granularity: For exanple, all data for.a library could reside in one
physi cal directory, the data could ge sggregated by version only, or there
could be separate directories for e cﬁ ype of data. This |evel of
flexibility allows the Data Manager to opti- mze the library to a given
envi ronment. For exanple, he can define his repositories in such a way
that the data which noveg npst=9pften is |located on a single volune on his
fastest server. Data whigime noves (i.e. Release Level data) can be

| ocat ed on sl ow servers dd out over nultiple servers. As the Data
Manager defines his library\gtructure, he can specify the |ocations for
every | evel of ersion/Tn addition, if he has specific data types
that he w she t her ge ate, he can specify.a location for them
Finally, the ture called Automatic Conponent G ouping in
whi ch all dat n conponent nanme will automatically be

| ocated in a sobd\Ne ry the level directory. FIGURE 10 illustrates

a portion of a [iQNary di structure withadifferent |evels of
storage granularit IBBRis th&primary dirgctory for all data in the

i brary. Under _
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it, data is segregated by version where version 1 data resides in the
subdi - rectory VERSL. At this point the diagramillustrates three exanpl es
of further segregation. In the VERSL directory are the schenmatics and
behavi ors which conprise level E1 and E2 for all 3 design conponents.

Al t hough they are physically m xed together, their unique identifiers
allow the DCS and users to tell themapart. The diagram shows the circuit
| ayouts to be further segre- gated by daBd type. So they reside in

subdi rectory TYPELAYOUT Once data reaches level E3, it is segregated by

| evel and type. LEV_E3 contains all the schematics and behaviors for the
E3 level, but the l|ayouts reside in the TYPE LAYOUT directory under LEVE3
The final exanple shows data segre-

- 63 - gated only by level with no regard io type. This is'seen in the
rel ease level repository LEV-R1 By offering this kind of flexibilitythe
DCS permts the | <
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Dat avManager to group the data in the nost advantageous way. |n addition,
the Data Manager could invoke Automatic Conponent G ouping, which would
result in further subdirectories under VERS1, LEV E3 and LEV_Rl to segre-
gate the pieces by conponent nane. Note: This is unnecessary in the
TYPELAYQUT directories since the onl / |fference between the objects is

t he conponent nane. In order to boo formance, every tinme a structura
change is nade to a library which involves repositories, the DCS
automatically generates a master cross refer- ence between
library/level/version/type and physical |location. This table is wused by

mechani sns such as the library search engi nge—te—tocatie data w t hout
requiring extensive querying of the Design Qont rfdl RepQ§itory. It also
enabl es library searches to occur it event Ddsijg ! RBGTION _
Reposi tory iFunavallable. Qir Aggreqatio ndger HPr DATAAL a
Managenent System 2. 0) Qur Aggregation janag prgvild ess for
creating, nodjfying and & ?ﬁﬁggﬁgﬁF
- 2] £22 E2 LEVELS
E1
| | )
“FAST_PATH"
ENTRY USUAL ENTRY POINT
POINTS

PRIVATE LIBRARIES J‘

G.3

Vi V2 V3
Rl R1 Rl
51 R2 £3 R2
A
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POINTS - I -
NOTE: FAST PATH LEVELS F21 & E1
F22 NOT SHOWN FOR SIMPLICITY 1
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tracking aggregates of data in a Data Managenent Systemrunning in a client
server environnent and is part of our overall Conputer |ntegrated Design
Control System but can be organized as a separate Data Managenent Systens
Aggregati on Manager, so we will describe this part as applicable to a Data
Managenment System Qur Aggregation Mangg el provi des the process functions
set forth in our Design Control System SecCtion 1.8, and interacts wth the
ot her processes we have described. Specific aspects of our process

- 64 - flow for our Aggregation Manager which we described are shown in
Figures 11 through 32. El ements of the systemmay exist on a

honogenou$[EHIMRFEK Pl atform or

Version?2 Versionl

R1 * R1 Starting at Version 2
R2 |\ R2 Level E2 |

R3 \ E3

E3 | \* E2 Search resumes at same
E2 El level in Version 1.

£l

VersionZz Versionl

R1 * 1 Rr1 Starting at Version 2
R2 [\ *R2 Release Level R3

R3 * E3
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E2 El recent release level
El in Version 1.

Version2 Versionl
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R3 * \ R3 |

R4 \ | R4 Search resumes at most
- E3 \* R5 recent release level

E2 - E3 in Version 1.

El E2
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the €l enents nay be scattered across nultiple platforns. The Data Manage-
ment system may incorporate processes for hardware design, software devel -
oprent, manufacturing, inventory tracking, or any related field which
necessitates execution of repetitive tasks against nultiple iterations of
data in a quality controlled envir%nqe%b. The present Aggregation
Manager permts a user or a third party tool to create an aggregate
col l ection of objects, enconpassing those used as a Bill of Mterials. In
our preferred enbodi ment these objects are files residing in a Data
Managenent System but one skilled in the art could apply this defi-
nition t h ypes of data such as results, database tables, or any
itens tﬂgﬁéézﬁu%égsdentified, tabul ated and tracked by some organi zati ona
means. The remainder of this text refers to an aggregate collection by the
simpl e pseudonym of Model . By definition a Mddel consists of one master

or Anchcr an e or re e or Conponents. In our preferred

enbodi nent, t é&%ﬂ& an(yé%gﬁ d’@énents are pieces of data in the DVS. The
conponents can Rel oky to any Rljevel @@ayeﬁshgn &t derkitoary?in the DVS,
and they are nohéeTt \icted tﬁ t he

2 Sideways Level S1
S1---R3-* '\ R3

R4 \ | R4 Search resumes at most
E3 \* R5 recent release level
E2 E3 in Version 1.

El E2

El



sane’library, level and version as the anchor. In addition, the menbers ¢an
gonsist of nultiple data types, including data generated by disparate.
tools. Each conponent is |abeled as an input or output in relation to the
~anchor file. - 65 - Qur
Aggr egati on Manager permts hierarchical Mdels whereby a conponent of one
BOM may in fact be an anchor to a different_Mdel. There is theore-
tically nolimt to the levels of hi erafc ys%upported by our Aggregation
Manager. Once again, these components can belong to libraries, |evels and
versions other than that of the top-Ilevel Model. Model s can be created by
interactive data entry on the part of the user, by inporting a text file
listing all the nmenbers of the Mddel in_aq prescribed way, or by an
i nnovative |library search feature. Thj pehani sm provi des an expe- dient
and conveni ent way to search througk abPkea Managenent System for a
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particul ar type of data residing at or above a given control level. This
fea- tures permts the user to quickly build | arge Mbdels with hundreds or
t hou- sands of nmenbers. Furthernore, an Application ProgramInterface
allows third party tools to couple the library search nmechanismwth the
file inporting schene to autonatic:%lz 85eate Mbdel s as an extension of
the process. Upon creation of a del ;“our Aggregati on Manager provides
continuous tracking of the anchor and the conponents. To begin with, the
present Aggre- gation Manager incorporates powerful algorithnms which
nmonitor all the nmenbers of all the Mddels in real tine. If any nenber is
overlaid with a nodificatigp, or deleted altogether, an i nmedi ate
notification is sent tot er of the Model. This notification clearly
states the Mddel being AvAPE dat ed, the menber which caused the
inval i dation and Kore d&REQUETTEHEN ogrgfor providing an audit trail. In
addition to sinpfeQAHAE PRGRERI g2 ns will traverse Mde

hi erarchi es and i Model s affected by the

di sturbance of ahy | ower g . Qur Aggregation Manager also

perrﬁts th%All\f)cigéﬁMbthrr 's-to nove thyough the Data Managenent

OBTAIN INFORMATION
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CROSSED
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POST PROCESSES ' -
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- 66°- System In a simlar fashion to ordinary file novenent, Mode
nmovenment which disturbs another Mddel will result in the proper
notification. The present Aggregation Manager also permts the Aggregate
Manager to interact with the Library Manager, Process Manager, and Lock
Manager in order to pronote an entire Moddel of files through the DVS,
initiate Library Processes against a Mddel or set Mwve and Overl ay | ocks
on an entire Mdel. This facilitates data managenent of |arge inventories
of objects which require identical actions to a group of pieces. Qur
preferred embodi nent interacts with the8AGt8ority Manager to control. who
can create Mdels and who can pronote themthrough the DVS. Mddel Create
and Pronmote authority can be granted in a|broad iashion where a user can
create and nove any Model in the system a ser's authority can

Y
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be reéstricted down to a specific library, level, version and type of data.
Qur Aggregation Manager also includes utilities to delete Mdels, delete
i ndi - vidual conponents of an existing Mdel, transfer ownership of a
Model to another user, increnmentally add new nenbers to an existing Mdel
and view the current status of the Modsd. |If the Model is invalid, the
utility clearly indi- cates which nenbers are invalid with tine-date

information regarding the _invalidation. An authorized user ven

override an invalid Mdel _reset the status back to vajid. |, r

Aggr egati on Manager provl{de€ #THEJHS to create, nodify and tE@c#zan
erred

aggregation of itens hereafter réferred to as a Mudel. In t
Qne Anchor and one or nore Conponents.

s _conprise the nenbers of the¢ Mddel and
PFVL net hod. | :

enbodi ment, a Mddel consis
Toget her, the Anchor and
they all reside in the DVS using .our
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- 67°- Qur Aggregation Manager contenplates interaction with our

i brary Manager. to permt Mdels to be pronoted through the DMS. This
provides a neans for noving | arge volunmes of data through a data
managenent systemw th high performance. Additionally, the present
Aggregation Manager also contenplatgs ,iggeraction with the Authority
Manager to provide a neans for author{2|ng users to create and/or pronote
Models in the DMS. These authorities are controlled by the Data Manager
using the DM5S config- uration utilities. The Aggregation Manager al so
interacts with the Lock Mnager to permt a user to |ock an entire Model
wth a singéelgﬁvocation. Addi tional ly, our Aggregation Manager permts
Aut omat ed Bbr y Proc- essing to be executed agai nst a Mddel. whergby the
Anchor can bg subjected to any Library Processing avail able to regullar

data objects.| The Process Mypggergt rggts the A”LOEVE’L 'E’ﬁ)my other flile
thus permtting 1L I Hogem @ OOEem ®

LEVEL E1 DATA LEVEL E2 DATA
+—TYPE_LAYOUT A A A A A A

—WV.E OOCEsmo®

l*TYPE__LAYOUT A A M

L (tWR1 OOCAEeAmO®A

[ SCHEMATIC [J DESIGN COMP 1°
O BEHAVIOR & DESIGN COMP 2
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process results which nust nmeet pre-defined pronotion criteria. Al
€onmponents of a Model are either static or dynam c. A dynam c conpo- nent
is one that noves through the DMS with the Mbdel as part of a Model
pronote. A static nenber does not nove through the DMS, but it is tracked
like all other nenbers. Dynamic nenlgrg gge denoted by an | or 0 flag for
| nput or Qutput data with respect to the Anchor. The Anchor is denoted by
an A flag and static nenbers are denoted by S flags. Model s can be
created interactively by authorized users or in the background wusing the
Application Program Interface provided by the Aggregation

- 68 - Manager. Once creat =t he AggregatigpngManager continuously
tracks the Mdel and allows I uredl?f Bt by addi ng nmenbers,
del eting

11a

11b




menbérs, changing the status or deleting it. Anchors of one Mddel can be a
Cbnponent of another Mddel, thereby creating hierarchical nodels. The
preferred enmbodi ment contains a collection of Mdel Managenment Utili- ties
arranged under a hierarchy of nmenus. FIGURE 29 illustrates the main screen
with Main Menu Bar, 72910, at the t B/ T, is menu bar affords the user the
chance to Exit and al so provides on-Tine | p, which is presented through
one or nore subsequent screens. Directly under the Main Menu Bar |ies the
primary w ndow whi ch consists of fields 72911 through 72915. Field 72911 is
the Name of the nodel which is identical to the name of the data object
servi ng 32 t he anchor. jL | d. 72912 is the Library or Package where the
anchor ré&si . do u button 72917 displays a list of all known
libraries in the DV5. Field 72913 represents the Type of data object. In
our preferred enbodi nent, is wuld be theNile type of the anchor ,
file..Drop down nenu buttfon 72918 displays aly installed data types in the
Package Fiel ds 72914 an{ 729i%ialdze&iothe uber to enter the Version and
Level of the anchor, respectively. [Xop down/nenu buttons 72919 and 72920

present a list of avallabl < re—+evel s for the Package.
Does the No Issue an
Repos- Anchor file Error message
itory exist?
\r/ 71107
4
Does
requestor No
have Model Create Abort
authority?
71108

Get a
L ModelRef_

71103




The l'ower portion of the screen depicts radio buttons, 72923, which offer
the wuser three operations related to Mddels. The first button permts the
user to Delete the Mddel. This function can only be performed by the owner
of the Mddel or the Data Manager. Upon selecting this function, a
subsequent dial og box permts four]Hp;ségle operations by way of two
optional push buttons. They are: '

- 69 - Anchor This results in the renoval of the Mddel and the deletion
of the Anchor data object fromthe library. Files Results in
the renoval of the Model and all Conponent data obj ect s.

Pushi ng none of the buttons results only in Mddel deletion with all data

Vi

Insert the

entry into

the MODEL
table

71104

Stack the
ModelRef
number

71105

Return

71106

Figure 11b



obj écts remaining in tact in the DMS. Pushing both buttons results in the
-Model and all objects conprising the nodel to be deleted. Upon hitting
‘enter, the programw |l automatically check for, and invalidate, any

hi gher | evel Mbdels which is conprised of this Mdel. The user is always
given the opportunity to cancel pr{pr, gg deletion of the Mdel. Mdel and
conponent deletion are perforned respectively by the QRVDLDEL and QRMFI DEL
rou- tines described in FIGURES 12 and 26. The second option is for
Editing or Viewi ng an Existing Mddel. Selection of this button reveals

FI GURE 31 which depicts Menu Bar, 72926, at the top. It offers the

follow ng selections: File, n, Filter, Status, and Hel p. Bel ow
the Menu Bar is the Model im"DF“Ir 3%27, whi ch di splay the
current Mbdel Owner and Model® St ' fi 72927, is the header
information, 72928. This field denotes col um headings for the Mdel infor-
mati on depicted in field 729P9. Field 72929 displlays one record for each
menber of the Mddel. The topfrecord is the Anchory file of the Mddel, and

the remaining records are the Conponents, any off which may be an Anchor to
a |ower level Mddel. Each rpcord consists of thg object Nane, Data Type,

2a

12b |




Li brary, Version, Level and Status. Just to the left of the Name is a

single character denoting the relationship to the Mdel. It may be: *
Anchor of a Mbodel - 70 -
| nput of the Mbddel denoted by the Anchor above it. [err] Qutput of the

Model denoted by the Anchor above itg , %err] Static nenber of the Mde
denot ed by the Anchor above it. |eIJ3 2929 also serves as a line editor
to permt the user to performediting functions on individual nenbers of

t he Mbdel such as deleting them using QRWIDEL or changing the status via
the QRVFI MOD routine described in FIGJURE 27. The renoval of a nmenber or, _

converTT%E<$1f§§%§tui_z?éinvalid,

Initialization
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owner and
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Issue Error
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71209
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woul d result in the overall Mdel status converting to Invalid.

Addi tional ly, detailed information may be previewed for Anchor records.
such as nunber of Conponents, and the |level at which the sel ected Anchor
resides in the overall Model hierarchy. Qur preferred enbodi nent entails
using single character commands typed on the desired |ine nunber, in order
to i nvoke the proper action. Howevéf,/ dfe skilled in the art could

appreci ate how other means such as cut and paste, selection using a

poi nter device such as a nouse, and/or nenus or tool bars could be used to
achieve the sane neans. Scroll bars 72930 and 72931 are present to permt
the user to view additional records which may not fit on the screen, or

t he remai nder of records too wide to fit on the screen. Addi t i onal
functions are provided on Menu Bar 72926. Upon selecting Filter, the user
is presented with a dialqg box offering radio buttons to select either

Hi erarchy or No Hrgrarchy.—Thesg fjutt ohs determ ne whet her the nodel infor-
mation is displayedq In Wndow 74929 wi{h all Anchors and Conponents or

just the Anchors.| ThepebsLMbso d gush button to sel ect Indented display
which formats tHhe loghpohotRef, Manner $uch that every hierarchical |evel of
the Model is ingentedNo¥dis)i orjaljl y, push buttons exist to allow the user
to format

Was there
Problem?

Yes Set the
Informational
message flag

Was a
model
deleted?

No

Push the
model count ‘ Return

71208

71207

Figure 12b



- 71 - the display information. These buttons are used to display any

conbi nation of the foll ow ng: Nane Type Li brary Ver si on
Level St at us Reason for Invalidation Time Stanp of Invalidation
User Causing Invalidation Fi |l e Ref erence Nunber

17 / 89

Figure 13

13a 13C

13b 13d




screen.
updat ed.

an edit-
the program will

switch the ownership. The
in order to update the
buttons | abel ed Anchor

Ref erence Nunber
where the user can specify
Upon hitting enter,

as foll ows:
If the Al
Invalid as well

Repos-
itory

Only or Al

Menbers option is
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atus is valid,
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it will

Qur preferred enbodi nent al so includes a field
t he Maxi mum Nunber of Levels displayed on the
t he di splay wi ndow 72929 is i medi ately
The user may al so select Omer from nenu bar 72926 to change the
ownership. This results in a dialog box showing the current owner in
able field. The user may fill in a new user and upon hitting
verify that tHe/u&®r is the owner. If so, it will
user may al so select Status from Menu Bar 72926
Model status. A subsequent_dialog offers two radio
Upon choosi ng one of the
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- 72 - tionally, the programw ||l check for any higher |evel Mbdels
which contain this Mddel. If any are found, the user is warned, as they
will be invalidated upon conmt of the changes to the DMS. |If the current
status is Invalid, the programwll switch either the Anchor or the Anchor
and all Conponents to Valid dependiygg; ody t he option chosen. Model
ownership and status is altered via d%NDLNCD and conponent status is
changed by the QRMFI MOD routines described in FIGURES 21 and 27
respectively. Returning to Menu Bar 72926, the File selection results in
a drop down nenu offering the follow ng choices: Save Changes Comm ts any
edits ma t rent el to the DV These changes can
only be gg&ggg}ﬂﬁggg%bdg1zggger or the Data Manager. Reports
Ofers a variety of formatted reports that can be generated for the

current del . Qur preferred| enbodi nent {n¢ludes replication of

w ndow 732929 with hierarchiofl or non-hierafchical forna ng.
Delete the
MODEL entries Is the Yes
for this entry still

anchor file valid?

71254

No

Is the
Model still
wvalid?

Was a
model
deleted?

Yes

Issue
informational
mesasage

71256

Push a zero
on stack as
an end flag

71257




Addi ti onal information beyond that shown in wi ndow 72929 may al so

be included in the reports. Sone exanples are nodel reference

nunbers, date/tinme of invalidation, user causing the invalidation,
reason for invalidation, etc. Qur Aggregation Manager al so contem

pl ates the export of themreport daEg)rﬁgxmnnaf commer ci al

spreadsheet and dat abase formats. r'i n Prints the current viewin
wi ndow 72929 to an attached printing device or to a file in a
printer-specific format (ie. PostScript).

- 73 - Exi t Leaves the utility without saving any nodifications to
the Model . The user nust answer positively to a confirmation
di al og box before the programexits.

Figure 13c

Return
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At any tinme during the editing process, the user may return to the main
screen in FIGURE 29 by selecting the Return option on Menu Bar 72926. The
user is given the opportunity to commt any unsaved changes to the DVS.
Returning to the main user screen in FIGJURE 29, the user may elect to
creafe a new Mddel or add nenbers tp; gnggxi sting Mdel using the radio
buttons, 72923. Only authorized users can create Mdels, and only users
who own an existing Mddel can add nenbers. The only exception is the Data
Manager. Upon selection of the Create | Add to Mddel via button, the user
may al so use cyclic field drop down nenu 72924 to sel ect the input nethod.
The first choice is via a LigEaﬁﬁgffi g$ Tngfégisults in the appearance of
the wuser screen in FIGURE 30. Bf t een contai ns nmenu bar
72925 wth choices File and Return. Return may be used to |l eave this
function and return to the main screen in FIGURE 29 at any tine. No new

Mbdel s or nod- ifications to existing Mddels will Be saved. Upon sel ecting
File, the user is presented with a drop dowmn nenu WMth the choi ces Conmt
and Exit. Conmt is the neans{for the user to ¢ommipicate to the DVS that
the data selected fromthe liprary search should beg|permanently added to
the nodel. Exit Mark it
— > invalid >
71265
: Mark it
. —> invalid
71266

y

Queue the name
of the file
causing the

model entry to

be made invalid

71267

Push the
AnchorRef of
the Model

71268




allows the user to conpletely exit the Mddel Management Utilities at any
time. The user is given the opportunity to commt any unsaved worKk. The
mai n portion of the screen in FIGURE 30 is conprised of data entry fields
72912 thru 72915 with supporting drop down nenu buttons 72917 thru 72920.
- 74 - These serve the identical rpQge to those found in FI GURE 29,
but they are wused to select the nenbers o6f the Model. The program
interacts with the Search Manager to invoke a |library search using the
data entered in fields 72912 thru 72915. This data can be entirely
different fromthat entered in fields 72912 thru 72915 of FI GURE 29.
Hence, a Model in one Library';;VErsion, Level izi Fil etype can contain

4 1y

menbers of a conpletely diffe lglﬂre Vé'l , Level and Fil etype.

14a

14b




The only option on FIGURE 30 is push button 72940. This permts the user to
explicitly request that any selected data be Added to the Existing Model.
In certain instances the user is already aware of an existing Mdel to

whi ch additional nmenbers are desired. The presence of this button allow
positive confirmation in advance, % q;igyoiding a subsequent wat ning

di al og box. Upon filling in all thé intformation and hitting enter, the
program enbarks on the library search and presents a selection screen with
all the data that was |ocated. The user may select as nmany itens as
desired. The selection is per- formed by placing one of the foll ow ng

char act er 1 ex t desired data object to denote it as an

| nput , CﬁEZjHé%ﬁ¥£%6$ Z-g{:%tlc menber. Upon hitting enter, the foll ow ng
algorithmis inplemented. If no Mdel identified by the main screen in

FI GURE 29 exists, then it'g assuned that thauser is creating a brand new
Model . Thus, the program gxpects push hutton /2940 to be deselected. |If

t hose assunptions are sat sfFéathHéza§F8§ran1 roceeds to create the new
nodel. On the other hand, \(f push button 72940 is selected, this indicates
t he user believes a nodel eXxi doesn't. Therefore an error

nmessage i€<%iiﬁti%§%>and the user i $ given the

Get the Owner
Repos-— X and FileRef
itory of the Model

N~ 71301

Was
the Model
information
found?

No

Does the
requestor
have authority to
mark model
invalid?

No




opportunity to quit or have the new nodel created.

75 - If a Model identified by the information in FI GURE 29 does exi st,
the program assunes the user is adding new information. Therefore, it
expects push button 72940 to be selected. If so, then the program proceeds
wi th adding the selected data objeﬁhs/tébthe Model . I f push button 72940
is not selected, the wuser is presented wth a dialog box indicating two

possi bl e choices via mutu- ally exclusive radio buttons. 1. Since a
Model al ready exists, the user nay add the sel ected data objects to it
by pushing this button. 2. The user may elect to replace the existing
Model with a brand new one conprised only of the selected data objects.
This is permtted by this but t on.
i ¥
_ Issue Error
QRINVMDL message
71304 71307
y
Push the
number of
models marked Abort
invalid
71308
71305
Return
71306

Figure 14Db



Note: During the creation of the nodel, the programensures that if an
Anchor was identified, it's the same one denoted by FI GURE 29. O herw se,
an error condition ensues, and the user is told that the Mdel my not
possess nultiple Anchors. The user may utilize FIGURE 30 nmultiple tines
to performdifferent library searcags/agg accunul ate a list of nenbers
whi ch can be conmtted to the tinme by selecting the File,
Commt selection fromnmenu bar 72925 on FIGURE 30. Each tinme a library
search is invoked, the program requests the Control Repository to return
the File Reference nunbers as part of the search results. These nunbers
are used to drive the actual rd rol F@p05|t queries responsi ble for
updati ng t he Model s. The SF ipﬁtl ng data into a Model is
via the ASC List selection 72924 of FI GURE 29. Upon

hitting enter, the user is presented Anth a_dialog. bhox requesting the
name of a formattdgd text

15a 15¢C

15b | 15d




- 76 -
uses the fol -
see that the sane
ot her fornats.
contai ni ng an
thru 72955.
t he Anchor
shows each
seven tokens. The
Name of the obj ect

i S not

| om ng format,

Qur Aggregation Manager s
required to be |ist

[err]

[err] LeveIthguuj@S AHao

O

Repos—
itory

=>

&

[err] Library

Initialization

file like the one shown in FIGURE 32. Qur preferred enbodi nent
al t hough one skilled in the art would clearly
i nformati on can be conveyed to the program in numerous
FI GURE 32 indicates five records to show a sanpl e Mde
Anchor in Record 72951 and four Conponents in records 72952
$ any nunber of records, and
The preferred enbodi ment
record conprising the same format which consists of six or
first six tokens are required and represent:
Type of the object

[err]
[err] Version

Insert the
model entry
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b ———

71357

Push a zero
on the stack
as an end
flag
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the file
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The seventh token is a File Reference nunber and it's optional. In certain
i nstances, especially those involving creation of Mdeis through third
party tools, a File Reference nunber may be provided to inprove
performance. Al records must have six tokens, and any record nmay have the
sevent h token. Once the user has spegi fbed the name of the text input
file, the program inmmedi ately begins processing it. If it encounters any
Anchor records, they nust match the Mdel identified in main nmenu Fl GURE
29, otherwise it's an error and processing aborts. If a Mddel already
exists, the user is given the opportunity to replace_or append the
information in the text file to the existing Mdel.

- 77 - Since the file may contain a m xture of records with and w t hout
File Refer-

Retreive any valid
Model entries which
- contain this

FileRef as a member

Was it in
the model
table?

71361

Was a blank
userid
specified?

Was a blank
userid
specified?

71355 71362

i Mark the Mark the
E— Model as model invalid ————
- .invalid
71356 71363

Figuré 15b



ences, the underlying al gorithm perforns intelligent querying of the
Control Repository to inprove performance. In cases where File References
are pro- vided, no query is necessary since the File Reference nunber is
the type of |dent|f|er required for creating Mdels or adding nenbers to
Model s. For all records where the File Reference token is absent, the

al gorithm groups them by Package, Version, Level and File Type. It invokes
separate queries for each PFVL, but asingde query within a PFVL can
return a list of all File Refer- ences for that PFVL. The programfilters
the list to find the matching nenbers and saves the File Reference nunber
into a data structure. To further inprove performance, if a given PFVL has
only a small nunber of nenbers (ie. five or less), then separate queries
are done on each nenber as opposed to one giant query for the overal

PFVL. CQur preferred enbodi nent uses a threshold of 5 to determ ne the
cutof f between one giant query and nultiple E1 ;E he
nunmber is really a function of the enbodlnent ) €1gﬁwﬁgﬁ§e ES(E

i mpl ement ation of the Control Repokitory, bandw dth, size of user

comunity, etc._ Once the File Refefence nunhers are ohtained for all the
data objects i % 7 95e% P"c’-lﬁ’sﬁeﬁr ogr am jproceeds wi th updati ng the DVS aut o-
matical ly. was passed,
entry is put into Insert the
the tree, otherwise —-3 model entry
it is pushed on the into the tree
stack
71365

Increment the
model count

71366

\

Push the
Model Anchor
FileRef on
the stack

71367

Return
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Returning to FIGURE 29, the user's third nmethod for inputting Mddel data is
via the Data Entry choice on cyclic menu 72924. This results in a sinple
data entry screen where the user nust interactively type in the sane
information which is provided by the text file method previously
described. In our pre- ferred enbodinent, the information is entered in
the sane format as FI GURE 32 which enales dshe same al gorithmto process
it. If the user has File Refer- ence nunbers on hand, they can be entered
as optional seventh tokens. Once the user finishes typing all the desired
records into the data entry -

- 78- screen, a Commt button is provided to install the nodifications
into the DM5. Once again, if an Anchor is detected, it nmust match the
Model identified in FIGURE 29. Also, if a nodel already exists, the user
IS given the opportunity

Figure 15d



to replace it or append the information to it. Regar dl ess of the nethod
of inputting Model data (Library Search, ASC List, or Data Entry), the
progran1proceeds identically fromthis point on. In the case where the
current Mdel is replacing an existing one, the following 3 steps are

per f or med: 1. Aquery is made to th E? trol Repository to delete the old
Model first using QRVDLDEL in FP 2. The new Model is created
usi ng QRVDLADD in FI GURE 11. 3. Dependlng on the nunber of conponents,

ei ther QRMFI ADD, described in FI GURE 25, or QRSUPMFI, described in
FIGURE 28, is used to add all the nmenber s. Note: QRSUPMFI is a
hi gh perforgance nethod_faor adding nultiple com ponents with a single
query. IER]J@?k%ﬂEéMheﬂeE; new Model 'is being created, and no Mddel with
the sane nan® exists, only Steps 2 and 3 are executed. Finally, if nmenbers
are being added to an Step 3 is perforned. In al
three cases, Step 3 ig a special hlgh per Normance query which allows a
theoretically infinitg |lishitialization

Was a
FileRef
specified?

Repos-— —> Get ModelRef
itory

N~ 71402

QRMDLDAO
(ModelRef, - . Return
ALL) .

71404

71403



of File Reference nunbers to be passed to the Control Repository using a
single invocation. The |list consists of a File Reference | | OSA pair
Separated by a special delimter. This arrangenent pernmits |large Mdels to
be created in a tinmely manner wi thout causing severe bottl enecks at the
Control Reposi- tory. 31/ 8 - 79
- In addition to interactive use, oﬁr %ggregation Manager allows all of
the aforenentioned Mbdel Managenent Utilities to be executed froma
command |ine or called by a third party tool. An Application Program
Interface exists to allow every action that can be initiated
interactively. Sonme additional paranme- ters exist to enable the calling
routine to instruct the Model agenent alg%Fi nms on how to handl e cases
a

where user interaction may be ? WEr | e, a paraneter can be
passed to instruct the prograint gJ t

17a 17cC

17b 17d




ically delete any old Mddel found during the creation of a new Mddel. The
ability to be exercised by a third party tool nakes the Aggregati on Manager
a powerful data managenent addition to tools such as hierarchical design
syst ens. When a Model is created, it begins with a Valid status. Cur
Aggregation Manager incorporates algoyiggns which constantly track the
status of all Mddels in the DMS through the use of tables in the Control
Repository. The algorithnms automatically invalidate a Mddel if any nenber
is overlaid or deleted fromthe DVS. The Aggregati on Manager automatically
notifies the owner of the Mddel via electronic mail of the invalidation.
The omne r nf Qr on containing the identity of the Invalid
Model , :gggﬂﬂggggilng‘g?élthe i nval i dation, the reason and the user who
caused |t. This followi ng describes the processes that support the
Aggr egati on s in Data Managenent Control Utilities. The
"gdenicied

processes res 11 to 28. To support these processes the
Aggregati pn n@ﬂﬁﬁﬁt@ﬁﬁ@ alns the following tables in the Control

Reposi tory. Model-File trees

QRMDLDAL
{(ModelRef,
ALL)

Was there

an error? Abort
71417
Was a
duplicate Yes Set the
Model Found? Duplicate
Flag
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- 80 - Table 1. MODEL- Model conponents Col um

Description REF Ref er ence nunber ANCHORREF
File reference of anchor file of nodel ONNER Userid
of owner of the nodel * | NVALID Y=nodel :is invalid

| NVALI DATOR Userid caqfing i nval i dati on DATE

Date when invalid flag set 33789

Figure 17b
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models found?

Are there
any more
entries?
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Model-Files duplicate
Counter flag set?
71416
No
Get ' Return
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TI ME Time when invalid flag set Table 2 (Page 1
of 2). MODELFILES - Mapping of files to a nodel Colum

Description REF Ref er ence nunber MODEL REF

Poi nter to nodel FI LEREF Pointer to file 10 _FLAG

I =Input file; O=CQutput file; S=Support file | NVALI D
Y=file is invalid - 81 -
34/ 89

Figure 17/c
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Table 2 (Page 2 of 2). MODEL FILES - Mapping of files to a nodel Col um

Descri ption | NVALI DATOR Userid causing invalidation
DATE Date when invalid flag set TI MVE

Time when invalid flag set The QRVDLADD Process Figure 11: This process
is used to add a new Anchor file tqgdhe L table in the Contro

Repository. After initialization, & query 71101 is made the Control
Repository to determne if the anchor file exists in the FILES table. If
not, an Error Message is issued 71107 and the process is aborted 71108. If
it does exist, the Control Repository is checked 71102 to meke sure fhat
the requestor has MODEL CREATE authority. If not, an Error Message is

i ssued 71107 and the process is aborted 71108. Next a new Mddel reference

nunber is obtained 71103 froq;ﬁfﬁ;fffﬁfég Rqufkiory.

Issue Exrror
Message and set
1 return code to |—

indicate
process error

71423

Set return

code to
B indicate
duplicate

71424




The new Mbdel is then entered 71104 into the MODEL table in the Control
Repository. The Mddel Reference nunber is stacked 71105 for use by the
requester, and the process returns 71106 to the requestor. The QRVDLDEL
Process Figure 12: This process is delete an Anchor file fromthe MODEL
table in the Control Repository. After, iggtialization, a query 71201 is
made to the Control Repository to gét the Mddel owner and Anchor

Ref erence. If they are not found 71202, an Error Message is issued 71209
and the process is aborted 71210. If they do exist, the Control Repository
is checked 71203 to nmake sure that the requester has MODEL DELETE

aut hority. = - 82- I f not,
an Error Message is issued 71Fl ureociﬁs aborted 71210. Next
71204, the QRDELMDL Process d&schi rgur is invoked. Upon return

fromthat process, a_check is nmade 71205 to determ ne whether it com

18a

18b 18d

18¢c 18e




pleted with out problem If not, an Error Message is issued 71209 and the
' it conpleted, wthout problem a check 71206
had been del eted by the QRDELMDL process.

process is aborted 7121

is nmade to determne if a node

0. If

If so, a flag is set to issue an informational

process receives the An

initialization, a query 71251 is nmade
Mbdel Ref for the Anchor file fromthe
to determne if the file was in the
to 712257. J al | ies in the MODELFILES table that have the -
gi ven NbdelggnggggggF%teéLg?g%B. Next 71254, the MODEL table entry is
ipe if the delete was

\NS i ssued 71256.
| ag and

del eted. A check 71255
successful. If not, an
a zero i s pushed 71257

recursively exam ne al

<>

Repos-
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is m
i nf
on

t he

mat i onal nessage
. _ herg{agkl aga@ivend
just deleted is pushed 71288 on the stack.
ested nodel an

—

—

Get the
Initial Model
Entry

entry found?

Was the No

message.

I f not,

I n any case,
count of the nunber of nodels deleted is put on the stack 71207 and the
process returns to the requestor. T / LMDL Process Figure 13: This
Refer- enCe of "the node
the Contro
MODEL t abl e.
MODEL t abl e.

to be deleted. After
Repository to get the

A check 71252 is nmade
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I n any case,
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he follow ng steps w |
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Issue Erxrror
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Abort
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filesS to set the invalid flags. First, pull 71259 a FileRef fromthe stack.
Check 71260 to see if it is the zero end marker. |If so, return 71264 to
the caller. If not Fetch 71261 MODELFILES entries fromthe Contro

Repository. If the entry is still valid 71262, mark 71265 it as invalid.
Next, check 71263 if the Moddel is still valid. If not, the process flows
back to 71259 to pull a new FileRef. If the Mddel is still valid, mark
71266 it invalid, queue 71267 the

- 83 - name of the file causing the nB8eré&ftry to become invalid and

push 71268 the AnchorRef_ of that Mdel on the stack. The QRVDLI NV
Process Figure 14: The QRVDLI NV process is used to mark a nodel as invalid
in the Control Repository. After initialization, a query 71301 is nade to
the Control Repository to t .t he Model owner and Anchor

Figtutre Y sp
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failure?
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No

QRMDLGMN
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any more
entries?
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MODEL_FILES
— entries for
the current
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Reference. |If they are not found 71302, an Error Message is issued 71307
and the process is aborted 71308. If they are found, the Control Repository
Is checked 71303 to make sure that 'the requestor has MODEL | NVALI DATI ON
authority. If not, an Error Message is issued 71307 and the process is
aborted 71308. If the requestor has §p§ g%thority, the QRI NVMDL Process
described in Figure 15 is invoked 7? 04. "Upon return fromthat process, the
nunber of nodels marked invalid is pushed 71305 on the stack and the
process returns 71306 to the requestor. The QRI NVMDL Process Figure 15:
This process receives the FileRef of the file as well as the USERI D
requesting or causing the invalidation. The USERID nay be specified as a
bl ank in which case no invalidations will be nmade but the Mddel and its
nested nodels will be traversed. In addition, a pointer to a radix
partition tree may be passed. If so, visited entries will be inserted into
the tree. If nqt,the entries will be pushed on the stack. Af ter
initialization,|la zero is pushed 71351 on the stack as an end fl ag|. Next
71352, the FilgRef is pushed onto the stack. Then, a query 71353 i nade to
the Control Rep¢sitory tof ieve entry fromthe MODFI table for fhis

Is the
MODEL FILES

Insert the
Yes Model entry

entry retreived into the
itself a Model Tree
Model?

71448 71451

Figure 18c



FileRef. If it was not found 71354, the process flows to 71359. O herw se,
a check 71355 for a blank USERID is nmade. If it is blank, the process
flows to 71357. If not, the nodel entry in marked 71356 invalid in the

Control Reposi - - 84 -

tory. Next, the nodel entry is eith%b pugged on the stack or inserted into
the tree 71357 and the nodel count 1s increnented 71358. The foll ow ng
steps will recursively examne all the nested nodels. First, a FileRef is

pul l ed 71359 fromthe stack. If there was none there 71360, the process
returns 71364 to the requestor. OQtherwi se, all nodel entries which contain
this FileRef are retrieved 7 . Next, a cﬂg§§€£1362 for a blank USERID
is made. If it is blank, thedpr 1 Gis 65. If not, the node

entry in marked 71363 invalid in the Control Repository and the nodel entry
is either pushed on the stack or inserted into the tree 71365, the nodel
count

Insert the
Model-File
—>! entry into the
Model-File Tree

Was all
specified?

Yes

Was Set return
duplicate code to
Model Flag indicate

set? duplicate

Model found

71456




is incremented 71366 and the AnchorRef of the Mddel is pushed 71367 is
pushed on the stack. The process then flows to 71359. The QRVDLLST
Process Figure 16: The QRVDLLST process is used to get a list of all the
conponent files of a specified nodel. The nodel may be speci- fied as
either a Model Ref or a Fil eRef. Afger ggitialization, a check 71401 is
made to determne is a Fil eRef was speéi- fied. If so, the Mddel Ref is
retrieved 71402 fromthe Control Repository. Next 71403, the QRVDLDAO
Process described in Figue 17 is invoked. Upon return fromthat process,
this process will return 71404 to the requester. The QRVDLDAO Process
Figure 17: Initialization includes setting up the Mdel and Mdel-File
radi x partitioned trees. To handle the recursion caused by nested nodel s,
this process uses Luther Whodrum s Radi x Parti- tioned Tree Services. Two
trees are used. the "nodel" tree will contain one entry for each nodel
file encountered. a priority key related to the nodel nesting level is
associated with each "nmodel" tree entry. The "nodel file" '

<::: Return j::)

71455

Figure 18e



- 85 - tree will contain one entry for each nodel _file encountered that

is not itself in the npodel table

the nodel ref of
entries occurs in two passes.

. These nodelfile entries are stored using

t he contai ning nodel as the key. Retrieval of "nodel"
inthe first pass which is used to build the

trees, we wish to retrieve entries Ji?’ he smal | est nesting level to the
| argest. In the second pass, which is'used to retrieve "nodelfile"

entries,
the small est.
was defined (' 7FFFFFFF x,

we wish to retrieve entries. fromthe largest nesting level to
to acconplish this a passi and a pass2 priority key offset
and ' 3FFFFFFF' x respectively.) On initial

insertion the priority key is created by subtracting the nesting |evel

fromthe pass 1 offset.

it priority key is changed t

used in the second pass, theoﬁi

t he
pri -

appropriate entry on any pas

g

after the "nodel" entry is used in the first pass

Ft' gta After the entry is
wés ed to zero. in this way,

an be obtained. On the first pass, only
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ority keys between the passl offset and the pass2 offset will be
considered. on the second pass, only priority keys above zero wll be
‘consi dered. passloff ==> "7fffffff'x nesting level 1 nesting |level 2
nesting level ... nesting level n pass2off ==> "3fffffff'x nesting

| evel n nesting level ... nesting Igﬁgl nesting level 1 zero ==>

' 0000000' x After initialization DAl Process described in Figure
71140 is invoked 71411. Upon return fromthis process a check 71412 is
made to determine if there were any errors. If so, the process is aborted

71417. |If . - 86 -
Figure 19a
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not,  a check 71413 is nade to determine if a duplicate nodel was found. If
S0, the duplicate flag is set 71418. If not, the QRVDLG\M Process descri bed
in Figure 19 is invoked 71414 with the Pass2 parameter. Upon return from
this process, a check 71415 is made to see if there are any nore nodel
entries. If there were, the next quﬁljﬁéée entry is obtained 71425 from
the Mbddel File tree. A check 71426 °i's de to determne if there was a
nodel - file entry. If so, the nodel-file entry is formatted and stacked
71427. If not, the nodel entry is formatted and stacked 71429 and the
nodel count is incre- nented 71430. The process then flows back to 71414.
If no nore entries were found 71415, a check 71419 is made to determ ne
any nodels were found. If not, an Error nessage is issued a return code is
set 71423 to indi- cate a process error and the process returns to the
requester 71422. |f pdel s were found, the nodel and nodel -file trees are
del et ed 71420. NextaN\check 71421 is made to see if the duplicate node
flag was set. |If &0, a I™eturn code is set 71424 to indicate a duplicate.

In either case,the process then retyrns, 71422 to thejrequestor.
Is the _ Set return

Priority Key No code to

greater than the indicate <—
Pass2 Offset? there are no
entries
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The "‘QRVDLDA1 Process Figure 18: After initialization, a query is issued
71441 to get the initial nodel entry fromthe MODEL table in the Contro
Repository. A check 71442 is made to deternmine if it was found. If not, an
Error nessage is issued 71449 and the process is aborted 71450 If it was,
the QRVDLINM process described in Fjgurgg20 is invoked. Upon return from
that process a check 71444 is made to determne of an insert failure had
occurred. If so, an Error nessage is issued 71449 and the process is
aborted 71450 If not, the QRVDLG\M Process described in Figure 19 is

i nvoked 71445 with the Passl paraneter. Upon return fromthis process, a
check 71446 is nmade to see if there are any nore nodel entries. If not,

the process flows to 71454. @t. t here were, jguery is issued to retrieve
t he MODELFI LE i1gure C - 87 -
entries for the current nodel fromthe Control Repository. Next, a check

71448 is made to determine if the Model-File entry is itself a model. If it
is

Retu_rn to caller

71471




theentry is inserted 71451 into the nodel tree. In either case, the

odel -file entry in inserted 71452 into the nodel-file tree. Next, a check
71453 is made to determne if ALL was specified. If so, the process flows
back to 71445. It not, a check 71454 is nade to see if the duplicate
nodel flag was set. If so, a return cpde is set 71456 to indicate a
duplicate. In either case, the procé§s f%en returns 71455 to the

request or. The QRVDLGNM Process Figure 19: This process is used to get
the next entry fromthe nodel tree. The process can be invoked either as a
PASS1 or a PASS2 process. On PASS1 processing, only priority keys between
the passl offset and the pass2 offset will be considered. As the itens are
proc- essed-the priority keys will be inve gﬁ nd based above zero for
second pass selection. On PASS2 bbéééingj_ [; priority keys above zero
will be considered. As the |tens are processed the priority keys will be
set to zero. After initialization, the maximumopriority key is retrieved
71461 fromthe nodel tree. A check 71462 is made to determine if there was
a failure. If so, an Error nessage is issued and a return code set 71458
to indicate failure.
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Priority key
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The "process then returns 71471 to the caller. If it did not fail, a check
.71463 is made to determ ne which pass was specifi ed. | f PASS1 was
‘specified, a check 71644 is made to determne if the priority key is
greater than the PASS2 offset. If it is not, then set 71469 a return code
to indicate that there are no entrijgs,agg return 71470 to the caller.

O herw se, - 88 -
reconpute and store 71465 a new priority key. Next nove 71466. the nodel
entry into the return area and return 71467 to the caller. | f PASS2 was

specified, a check 71472 is nade to determne if the priority key is
positive. If it is not, then set 71469 a return code to indicate that there

are no entries and return 7#0.tothe cal | éherwise, set the priority
key to zero and store it 71 : 7@ the nodel entry into the
return lgurre

20a

20b




area and return 71467 to the caller. The QRMVDLI NM Process Figure 20: This
.process is used to insert a nodel entry into the nodel tree. After
initialization, the nodel entry is inserted 71481 in the nodel tree. Next,
a check 71482 is made to determne if there was an error on insert. If
there was an error, an Error nessage ‘42 é sued and a return code is set
71486 to reflect the error and the p e returns 71485 to the caller. If
there was no insert error, a check 71483 is nmade to deter- m ne whet her
the entry was a duplicate. If so, an Error nessage is issued and a return
code is set 71486 to reflect the error and the process returns 71485 to
the caller. Oherwise, the priority key is conputed and inserted 71484
into the tree try and the p ess returns 71485 to the caller. The
QRVDLMOD Proce aJéEZE THi é)@tocess is used to nodify a Model entry
in the MODEL table |n the Control Repository. After initialization, A
query 71501 is made to determne if the new owner is in the USERDATA table
in the Control Repogftory. It not, a rror nmessage is issued 71509 and the
process aborts 715f£0. If it is, a query 71502 is nmade to get the original
owner of the nodef. AneheéRlZ§5é@n:3 de to determ ne whether the entry
was found. If not\ an Error nessage i g issued 71509 and the process aborts
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71510. If it was found, the Control Repository is checked 71504 to nake
.sure - 89 - that the
requestor has MODEL MODI FY authority. If not, an Error nessage is issued
71509 and the process aborts 71510. O herw se, the nodel entry in the
MODEL table in the Control Repositon%;yssgpdated. Next, a check 71506 is
made to determ ne whet her RESET was specified. If so, reset 71507 the
invalid flag in the MODEL table in the Control Repository and return 71508.
The QRVDLRES Process Figure 22: This process is used to reset a given FILE
|l ock on all the conponents of a nodel. After initialization, a check 71601
is made to make sure that the requestor has FILE LOCK authority. |If not,
an Error message is issued 71609 and the process aborts 71610. Qther- w se
t he QRBLDMDL Process described in Figure 24 is invoked 71602. Upon
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return fromthat process, preparations are made 71603 to scan the node
tree. The following steps will process each tree entry. Get 71604 a record
fromthe tree. A check 71605 is made to determne if a record was found. If
not, the nodel tree will be disposed 71611 and the process will return
71611. If a record was found, get %ﬁp 685he file information fromthe
FILELEVEL table in the Control Repository. A check 71607 is made to
determine if the information was found. If not, the nodel tree will be

di sposed 71611 and the process will return 71611. If not, an Error nessage
is issued 71613 and the process aborts 71614. If the information was
found, delete 71608 the entry fromthe LOCKS table in the Contro

Repository. The process w | 'Efp fl ow baCk%%é 71604. The QRVDLSET
t
er | M-,

Process Figure 23: This proce Igﬂre{ a given FILE lock on all
oL
1

t he conponents of a nodel. Af he QRBLDVDL Process .
described in Figure 24 is invoked 701. Upon return fromthat process,
preparations are made 71702 t§o scan the nodel, trlee.
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- 90- The follow ng steps will process each tree entry: Get 71703 a
rrecord from the tree. Then, a check 71704 is nade to determne if a record
was found. If not, the nodel tree will be disposed 71710 and the process
will return 71711. |If a record was found, get 71705 the file information
fromthe FILELEVEL table in the Control Repository. Next, a check 71706 is
made to determne if the information was found. |If not, an Error nessage
is issued 71712 and the process aborts3¥¥783. 1f the information was
found, a check 71707 is nmade to nmake sure that the requestor has FILE LOCK
authority. If not, an Error message is issued 71712 and the process aborts
71713. O herwi se, a check 41708 is made to determne if a non-null Level

was specifie «f _not et ~n71714 a LockRef fromthe Control Repository.
Next , insertqgléagiiﬁﬂf rQZZi 0 the LOCKS table in the Control
Repository. The process will then flow back to 71703. If a non-null Level

was specified, a check 71709 S made to determne if it is the sane as the
current file. If so, the pro esintlo forward

itialization
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to 71714. If not, the process flows back to 71703. The QRBLDPRM Pr ocess
Figure 24: This process is used to build a nodel pronote tree to support
the Mbdel Pronpte function of the Library Manager. After initialization,
retrieve 71901 the primary nodel entry fromthe MODEL table in the Control
Repository A check 71802 is nade tofgfpeégine if it was found. If not,

i ssue an Error nmessage 71806 and abort 71807 the process. Oherw se a
check 71803 is made to determine if the nodel is valid. If not, issue an
Error message 71806 and abort 71807 the process. If it is valid, push
71804 a deli.miter and t he primary nodel FileRef on the stack. The
fol I owi ngLstlep§ LMITCr e EE&Der exam ne all the nested nodels. and build
the pronote tree. First, pull 71805 a Mdel Ref fromthe stack. Next, a
check 71808 is nmade to determine if it is a delimter. If so, return 71809
to the caller. Oherw se, prepare 71810 to get all the nodel-file entries
for this 91
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nodel . Fetch 71811 a nodel -file entry fromthe MODELFILES table in the
Control Repository. A check 71812 is nmade to determne if it was found. I|f
not, the process flows back to 71805. A check 71813 is nade to determne if
this nodel-file is in the same package as the primary nodel file. If not,
the process flows back to fetch angﬁﬂz ngeI file entry 71811. A check
71814 is made to determne if this e? file is at the sane |level as the
primary nodel file. If not, the process flows back to fetch another

nodel -file entry 71811. A check 71815 is nade to determine if this

nodel -file has an "S" | CFlag. If it does, the process flows back to fetch

anot her nodel -file entry 7181‘Eilf t he nDdeI fl! has passed the above
h

checks its record is inserted te tree (duplicate
tgure-2

entries are not inserted) determne if this was
a duplicate entry. If it was, the process flows back to fetch another

nodel -file entry 71811. If n( . 1 ncrqnment 71818 the pronote
counter. Next, a check 71819{}is nade to deternming if this nodel-file is
itself a nodel. If not, the grocess flows back tq fetch another nodel -file

entry 71811. If it is a nodel}, a check 71820 is fade to determne if the

nodel 1is valid. If not, issge an ssage {1806 and abort 71807 the
process. |f ﬁ
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it i's valid, push 71821 its FileRef on the stack. The process flows back to
fetch another nodel-file entry 71811. The QRMFI ADD Process Figure 25:
This process is used add a file to a spec- ified MODEL. After
initialization; A check 72101 is nmade to determne if the nodel exists in
the MODEL table in the Control REDO%%£2r§9 If not, an Error nessage is

i ssued 72109 and the process aborts 107 If it does exist, A check 72102
is made to determine if the nodel-file exists inthe FILES table in the
Control Repository. If not, an Error nessage is issued 72109 and the
process aborts 72110. Next, a check 72103 is nade to determine if the

nodel -fil u| del one and the sane (which would cause a | oop).

- 92 - ffngH&H§§ rrézézggkage is issued 72109 and the process aborts
72110. Next, a check 72104 is nade to determne if the nodel is currently
valid. 1f so, the

Initialization
and set up of
Model Tree

Does
requestor Issue Error
have File Lock Message
Authority?
71609
a
QRBLDMDL Abort
71610

71602

"Prepare to
scan Model
Tree

71603




QRI NVMDL process described in Figure 15 is invoked 72111. In either case,

a Model Ref is obtained 72105 fromthe Control Repository. The nodel -file
entry is inserted 72106 into the MODELFILES table in the Control Reposi-
tory. Next the nunber of nodels invalidated is pushed 72107 on the stack
and the process returns 72108 to t hgsregestor. The QRVFI DEL Process
Figure 26: This process is used to delete a nodel- file entry fromthe
MODELFI LES table. After initialization, get 72201 the associated Mdel Ref
fromthe MODELFILES table in the Control Repository. A check 72202 is nade
to determine if it was found. If not, an Error nessage is issued 72207 and
the process aborts 72208. If it was fuund, get 72203 the owner and
Anchor Ref fromthe MODEL table in the Control Repository. Next, a check
72205 is nade to detegfm ne whether the requestor has MODEL DELETE
authority. If not, an|Errqr—ressag¥—+is—issyged 72207_and the proce%z borts
72208. |f so, check 1p206|is nmade to deterrine if tie all Y<cur Zﬁbhtly
valid. If so, the QRINVMDU pgocess desclibgd in Figure I5 is invoked
72209. In-either cas¢| Thg npdgh-fhlereptrycis deleted 72210 fromthe
MODELFI LES table in §he Cgntrol Repository.| A check 72211 is made to
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determne if it was found. If not, an Error message is issued 72207 and the
.process aborts 72208. Next the nunmber of nodels invalidated is pushed
72212 on the stack and the process returns 72213 to the requestor. The
QRMFI MOD Process Figure 27: This process is used to nodify a MODELFILE
entry in the Control Repository Aftel jnggialization, a check 72301 is
made to determne if a FileRef of zero was specified. If so, an Error
nmessage i s issued 72307 and the process aborts 72308. If not, a check 72302

93 - is made to determine if the file exists in the FILE table in the
Control Reposi- tory. If not, an Error nessage is issued 72307 and the
process aborts 72308. |If so, a check 72302 is nade to determine if the

nodel entry exists in the MODEL table in the Control Repository. If not,
an Error nmessage is issued 72307 and the process aborts 72308. If so, a
check 72304 is nmade to deter-
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mne if the nodel-file entry exists in the MODELFILES table in the Control
.Repository. If not, an Error nmessage is issued 72307 and the process aborts
72308. If so, a check 72305 is nade to determ ne whether the requester has
MODEL MODI FY authority. If so, a check 72306 is nade to determ ne whether
t he requestor has MODELFI LE MODI FY hogigty. Next, a check 72309 is nmade
to determ ne whet her RESET was specified. |If so, Mdify 72315 the

MODEL_FI LES entry and reset the invalid flag. Gtherwi se, a check 72310 is
made to determ ne whether the Mddel Ref, FileRef or |OFlag was changed. If
so, update 72316 the MODELFILES entry. Next, a check 72310 is nmade to
det er mi ne whet her the Mdei Ref or FileRef was changed. If so, the QRI NVMDL
Process described in Figure 15=k& |invoked. Ne check 72312 is nade to
det erm ne whet her the NbdeIReE:;E 22 the QRINVMDL Process
described in Figure 15 is inv ke nber of nodels
invalidated is pushed 72313 on the stack and t he process returns 72314.

The QRSUPMFI Procefs Figure 28. This pgocess is used add a }ist of

MODELFI LES into a ppecified MODEL. Aft initialization, a gheck 72401 is
made to determ ne et her the nodel exijsts in the MODEL tabje in the
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Control Repository. If not, an Error nessage is issued 72411 and the
process aborts 72412. If it does exist, a check 72402 is nmade to determ ne
if the nodel is currently valid and that RESET was not specified. If so,
the QRINVMDL Process describe in Figure 15 is invoked. In either case,

pr epa- - 94 - rations are
made 72403 for the first group. The follow ng steps will be fol- |owed for
each group. First, get 72404 a group.5ﬂe&ﬁ? A check 72405 is nade to
determne if the nodel-file exists in the FILES table in the Control

Reposi- tory. If not, an Error nessage is issued 72411 and the process
aborts 72412. Next, a check 72406 is nmade to determne if the nodel-file
and the nodel: are_ _one aﬂﬁéghe same (which would cause a loop). If so, an
Error ness gé—EElliééhed 7241 and the process aborts 72412. If not, a

Model Ref is obtained 72407 fromthe Control Repository. The nodel -file
entry is inserted 72410
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into the MODELFILES table in the Control Repository. A check 72409 is nade
to determne if this is the last group. If not, the process flows back to
‘get a group at 72404. |f so, check 72413 is nmade to determ ne if the nodel
is currently valid. If so, the QRINVMDL process described in Figure 15 is
i nvoked 72114. In either case, the qupq&;of nodel s invalidated is pushed
72415 on the stack and the process t'urns 72416 to the requestor. The
present Aggregati on Manager al so incorporates a special type of Mde

known as a File G oup. These Mddel s consist of a Master and one or nore
Subordi nate files. These Mastet and Subordi nates share the sanme Fil enane,

Li brary, Version, and Level at all tinmes. They are defined by the Data
Manager using our Data Managenent Configuration Uility. Once defined, the
File Goup is automatically assenbl ed when the Master as pronoted into the
DMS, and the File G oup automatically noves through the DVS whenever the

Master is jpronoted. Subordi natjes are either] Required o W th
pronoti ongjauto ically failing when Requifred Subordifhates are absept.
The Data Nhnager jfay pl so el ect to have upger-| evel r d\pat es aut pmat -
ically erdsed prifdgr tp the lower-level |Filg G oup }
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This features prohibits an optional nmenber of a lower-level File Goup from
inadvertently being associated wth the Master of an upper-level File
‘Group. - 95 - VWil e we
have descri bed our preferred enbodi nents of our invention, it will be
understood that those skilled in thg agt gboth now and in the future, may
make various inprovenents and enhan gmen s which fall within the scope of
the clains which follow These clainms should be construed to maintain the
proper protection for our inventions first disclosed.
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- 96 - What is clained is: 1. A data managenent control program
tangi bly enbodying a programof instructions executable by a supporting
‘machi ne environnment for perform ng nethod steps by an aggregati on nanager
of a data managenent system having a library organization which receives a
request of a user initiated from Saég/dl pl ayed client screen and fulfills
the request by a providing a result via said data managenment system s
aggregati on nanager, said nmethod steps conpri sing: (1) displaying for
creation of a nodel one or nore control screen sections as part of a
control panel input screen allow ng creation of a nodel by inter- active
user activity, by inporting.a file listhng, py searching of a library of
files in said data manaﬁ%e Ey:gt@m azggidorti ng a located file, or by
use of an application programinterface with a collection of nodel
managenent utilities wutilities, said sections of said control screen panel
i ncl udi ng: (a) a display screen section displaying a first field
representing the nanme

Insert a
entry in the
LOCKS table

71715




of ‘an anchor nane field of a nodel which is identical to the name of a data

. object which is serving as a named anchor; (b) a display screen section
~displaying a second field representing a |ibrary where said named anchor
resi des; (c) a display screen section displaying a third field

representing the type of data oquﬁi/iggntified by said anchor nane;

(d) a display screen section displaying a fourth field representing user
entries for the version of said naned anchor; (e) a display screen
section displaying a fifth field representing user entries for the |evel
of said naned anchor for use by a user or a third party tool for creating,

nodi fyi ng or del eting an agg gte collectiopg of _data objects,
enconpassi ng those used for ifg a igzp!‘fied, t abul at ed,
eneor fgure
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tracked, validated and invalidated, and pronoted, as are bills of
aterials, by said data nmanagenent system and (f) a display screen
'section displaying a sixth field representing user entries for the status
of said named anchor; and wherein said nodel consists of one anchor and
one or nore associ- ated conponents, each of which is a data object in
sai d data nmanagenent system and wherein said conponents can belong to
any level and version of any library in said data nanagenent system and
sai d conmponents are not restricted to %be game l'i brary, |evel and version
as the anchor, and said com ponents % npﬁlse mul tiple data types,

i ncl udi ng data generated by tools of said data managenent systemand third
party tools, and wherein each conponent is |abeled as an input oran
output of its associated anchor, and wherei n each one conponent may be
an anchor to .another diffgrent nodel, and when such a conponent is an
anchor to &nélﬁgﬂJdITQEreg§4géﬂel, said different nodel consists of said
said such ¢ i , st of one or
nore associated conponents each of
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which is a data object in said data nanagenent system and wherein said
conponents can belong to any level and version of any library in said data
‘managenment system and sai d conponents are not restricted to the sane
l'ibrary, |level and version as the anchor, and said com ponents can
conprise multiple data types, inclu?%ng ggta generated by tools of said
dat a managenent systemand third pa 4y t 0ol s, and wherein each
conponent has field identifiers |ike those of said anchor and wherein each
conponent is also | abeled as an input or an output of its associated
anchor, ) - 98- and
wher ei n each one conponent nay be an anchor to still another dif- ferent
nodel, with each conmponent being | abeled as an input or output in relation
to its anchor file,
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and ‘wherein all conponents of a nobdel are either static and thus does not
nove through said data managenent systembut is tracked by the system or
dynani ¢ and noves through sai d data nanagenent systemwith its associ-
ated nodel as part of an action of pronoting a nodel when a nodel is pro-
noted, a dynam c nmenber being Iabelq%sgssgn i nput or an output with
respect to its associated anchor; an (2) thereafter, after creation of
a nodel, continuously tracking the created nodel while allowing a user to
nodify it by adding conponents, deleting conponents, changing the status
or deleting said created nodel, and allow ng pronotion of a nodel in said
data processing systemthrough the libraries of said data processing
system 2. A data managenent control program according to claiml
wherein said aggregation nmanager includes for said tracking step a Bill
Materials (BOVW) tracker for facilitating tracking many desi gn conponents
for large projects In which certaih of said desjgn conponentsjare grouped
by a synbo proj-ect—for—pronpti on an tracki ng synchroni zation
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aggriegati on manager includes support for automatic data groupi ng, based on
the design conponent nane, with the notion of required and optional data
types. - 99 - 4. A
dat a managenent control program according to claim2 wherein said
aggregati on manager includes support for automatic data grouping based on

a graphical synbol. 5. A data mafagéfent control program according to
claiml1 wherein said programincludes for use when a pronote is initiated
to a public library, or between levels of a public library, a program
check for determ ning whether a data grouping is defined for the data type
bei ng pronot ed.
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6. A data nmanagenent control program according to claim1 wherein said
program i ncl udes checks of all required and optional data types to
determ ne existence and said pronote is of the entire grouping to a target
| evel, but when a required data type does not exist, the pronotion fails.
7. A data managenent control progragbafcg§ding to claim1 wherein said
program net hods i nclude tracking, invalidation and pronotion exist for the
menber.s of a design control systemas a group treated by the rules of a
bill of materials, whereby tracking, invalidation and pronotion exist for
the nmenbers of a group providing for grouping of many small er pieces of
data into |arger nore nmanageabl e chunks to facilitate novenent through the
library and increase data integrity by reducing the risk of data getting
out of synchronizati on. 8. A data managenent control program
according to claim11 wherein F ﬂr B% i ncl udes a user
interface for creating Bills @&f ! ISEEFE wher eby a user can
manual |y create BOVs by sel ecting eces of design interactively, filling
in search criteria and initigttng a  trorary searcph, or inporting a sinple
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- 100 - 9. A data managenent control program according to claim1l
wherein said program nethods includes an APl exists for point tools to
treate a Bill of Materials listing and pass it into the data nanagenent
system 10. A data nanagenment control program according to claiml
wherein said program nethods includes an autonatic invalidation routine
for a bill of mterials created by the user. 11. A data nmanagenent
control programaccording to claim10 vitere8$h once a BOMis created, the
program constantly nonitors for a change to the BOM 12. A data
managenment control program according to claim1l1l wherein if any nmenber is
overlaid or deleted, a notification is sent to the owner of the
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kS

BOM i ndicating that the BOMis no |onger valid. 13. A data nanagenent
control programaccording to claim 11l wherein when said BOMis no | onger
valid, an owner can continue to work with his nodel, but by notification

he is made aware that he's no | onger using valid data. 14. A data
managenment control program according to %I§in111 wherein when said BOMis
no | onger valid, it can still be noved ? r ﬁbh the library so as to

accommopdat e an event where a piece of a nodel had a relatively
insignificant change, allowi ng a nodel builder to deemit unnecessary to
re- build the nodel, and to allows continuing work and novenent. t hr ough

the Ilibrary even in the even of invalidity.
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15.© A data nmanagenent control program according to claim10 wherein the

. status of a Bill of Mterials, including one no |onger valide, is
~accessible by automatic notification to the owner as soon as a BOMi s
invalidated, and by display of the BOMeither interactively or in report
formto list the overall status of;4 hegBOM and all nenbers of the BOM
with their individual status. 16. A dat a managenent control program
according to claim 10 wherein said tracking of a nodel nenber includes
tracking for a support object that can be tracked with a BOM but not
pronoted or noved with the BOM 17. A data managenent control program
according to claim 10 wherei BOVE are hier cal and a BOM can be
nested within a | arger BOM Fi ura %datais overlaid or

del eted, the program determ ce belonged to a BOV and
if so, it inmmed atel checks to see if the BOM belongs to other BOWs, and
it recursively chec encounters unti the top of the
hi erarchy, and al BC]VB f ound Whl ch ar currently wvalid Il be

i nval i dated and the owners notifi ed.
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18. A data nmanagenent control program according to claim1l0 wherein BOVs
are hierarchical and a BOM can be nested within BOVs support nove and
overlay | ocks. The user can set a nove or overlay lock on a BOM and the
programw || set individual |locks on all the nenbers; if a nenber is a
BOM all of its nmenbers will receive individual |ocks which can be renoved

by using a main lock utility and speC|ty ng ghe top-level BOMor filling in
the desired fields to individually reset /1 ek
- 102 - 19. A data nanagenent contr ol progran1according to claim10

wherein the program supports a BOM pronote whereby a user can request that
all the contents of the BOM be pronoted simultaneously, and when a

mat chi ng set+ of design d traverse through the library in sync. BOVs
contain ne r @%Hbrg 'gzﬁéﬁidlfferent | evel s, different versions and

even different libraries,
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the programwill only pronote those nenbers which exist in the current
library, and reside in an Engi neering Level below the target |evel, but if
a nenber exists in a different version and is al so below the target |evel,
it will also be pronoted. 20. A data managenent control program
according to claim10 wherein the L0@r ggn has separate authorizations for
creating and pronoting BOVs set up by a data nanager who has conpl ete
flexibility in controlling who can create and nove BOWs. 21. A data
managenent control programaccording to claim1 wherein anchors are always
dynam ¢ and they thensel ves can be dynam c nenbers (input or output of
anot her anchor) or a hierarhical BOM while conponents nmy be dynanm c or
static, and if they are dynamic they are classified as input or output
files and they nove with the BOM during a pronote, while if they are
static they donjt nove. 2. A data managenment control program according
to claim21 whgrein al
invalidation ifljthey are

Was it found?
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Requestor have

authority to delete
Model-Files?

No
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currgntly (AnchorRef,
valid? NoMdls)
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or del et ed. -103- 23. A
dat a managenent control nethod for an aggregati on manager of a data
managenent system having a library organi zati on which receives a request
of a user initiated fromsaid displayed client screen and fulfills the
request by a providing a result via7§aid dat a managenent systenm s
aggregati on manager, said nethod steps’ conprising: (1) displaying
for creation of a nodel one or nore control screen section as part of a
control panel input screen allowing creation of a nodel by interactive
user activity, by inporting a file listing, by searching of a library of
files in said data nmanagenent systemand inporting a |located file, or by

use of an Flgure 26cC

Delete
Model-File
ettt entry from
MODEL__FILES

table

Was it found?

Push the
number of
models
invalidated
on stack
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application nethod interface with a collection of nodel nmanagenent
~utilities utilities, said sections of said control screen panel including:
"(a) a display screen section displaying a first field representing the
nanme of an anchor nane field of a nodel which is identical to the nane of
a data object which is serving as ayfgmgg anchor; (b) a display
screen section displaying a second field representing a library where
sai d nanmed anchor resides; (c) a display screen section
displaying a third field representing the type of data object
identified by said anchor nang; (d) a display screen section

displaying a fourth fieldrepresenting ntries for the version of
sai d naned anchor; (e)I?éL ﬁ@ﬁﬁé? 'égf section displaying a
fifth field representing user entries for the | evel of said naned anchor
for use by a user or a third party tool for creating, nodifying or

deleting an aggregate collection of data objects, enconpassing those used
for itens that are identified, tabulated, tracked, validated and

Ry
(=)

72213




i nval i dated, and pronoted, as are bills of materials, by said data
.managenent system and -104-

“(f) a display screen seczion displaying a sixth field representing user
entries for the status of said named anchor; and wherein said node
consi sts of one anchor and one or nmoge, @psoci ated conponents, each of
which is a data object in said data “managenent system and wherein
sai d conponents can belong to any |evel and version of any library in said
dat a managenent system and sai d conponents are not restricted to the sane
library, |level and version as the anchor, and said conmponents conprise

mul ti pl e data types, incl udi wdat a gener at tools of said data
nmanagenent system and third ’Flg Li re

27a 27d

27b | 27e
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party tools, and wherein each conponent is |abeled as an input or an
output of its associated anchor, and wherei n each one conponent may
be an anchor to another different nodel, and when such a conponent is an
anchor to another different nodel, said different nodel consists of said
said such conponent acting as one anchor and further consisting of one or
nore associ ated conponents each of icggis a data object in said data
managenent system and wherei n" sai d” conponents can bel ong to any

| evel and version of any library in said data managenent system and said
conponents are not restricted to the sane library, |evel and version as
the anchor, and said conponents can conprise nmultiple data types,

i ncludin t at tools of said data nanagenent systemand third
party to%g,fgﬂef%nd‘?kza

those of said y s :
i nput or an outjput of its associ ated anchor,
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and wherei n each one conponent may be an anchor to still another different
nodel, with each conponent being | abeled as an input or output in relation
to its anchor file, - 105-

and wherein all conponents of a nodel are either static and thus does not
nove through said data nanagenent ?ygx%@knn is tracked by the system
or dynam c and noves through said data’ nanagenent systemwth its

associ ated nodel as part of an action of pronoting a nodel when a nodel is
pronoted, a dynam c nenber being |abeled as an input or an output with
respect to its associated anchor; and (2) thereafter, after
creation of a nodel, continuously
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No
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Model-File
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No
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requestor
have authority to
modify the
Model?
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tratking the created nodel while allowing a user to nodify it by adding
,conponents, deleting conponents, changing the status or deleting said
“created nodel, and allow ng pronotion of a nodel in said data processing
systemthrough the libraries of said data processing system 24. A
dat a managenent control nethod acco?g/ukgo claim 23 wherein said
aggregati on manager includes for sa tracking step a Bill of Materials
(BOM) tracker for facilitating tracking nmany design conponents for |arge
projects in which certain of said design conponents are grouped by a
synbol for a project for pronotion an tracking synchronization.

25. A data managenent control nmethod according to claim?24 wherein said
aggregati on nmanager includes support for automatic data grouping, based on
t he design conponent name, with the notion of required and optional data

types.
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26. "A data managenent control nethod according to claim?24 wherein said
-aggregation manager includes support for automatic data grouping based on
a graphi cal synbol . -106- .

27. A data managenent control nethod according to claim23 wherein said
met hod includes for use when a promp§e igginitiated to a public library,
or between levels of a public library, a nethod check for determ ning
whet her a data grouping is defined for the data type being pronoted.

28. A data managenent control nethod according to claim?23 wherein said
met hod i ncludes checks of all required and optional data types to
determ ne exi stence and said pronote is of the entire
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grouping to a target level, but when a required data type does not exist,
-the pronotion fails. 29. A data managenent control method according
“to claim23 wherein said nethod nethods include tracking, invalidation and
pronotion exist for the menbers of a design control systemas a group
treated by the rules of a bill of ngperigds, whereby tracking,

i nval i dati on and pronotion exist for the nenbers of a group providing for
groupi ng of many smaller pieces of data into |larger nore manageabl e chunks
to facilitate novenent through the library and increase data integrity by
reducing the risk of data getting out of synchronization. 3

dat a managenent control nethod according to claim?23 wherein said nethod
met hods i ncludes a user interface for creating Bills of Materials (BOW)
whereby a user can manually create BOVs by selecting pieces of design
interactively, filling in search criteria and initiating a |library search,
or inporting a sinple text list.
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31: A data managenent control nethod according to claim23 wherein said

. method nethods includes an APl exists for point tools

~ -107- to create a Bill of Materials listing and pass it into the data
managenment system 32. A data managenent control nethod according
to claim23 wherein said nethod ngf h9d§ I ncl udes an automatic invalidation
routine for a bill of materials created By t he user. 33. A data
managenent control method according to claim32 wherein once a BOMis
created, the nethod constantly nmonitors for a change to the BOM

Figure 28
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34." A data managenent control nethod according to claim33 wherein if any
.menber is overlaid or deleted, a notification is sent to the owner of the
BOM indicating that the BOMis no | onger valid. 35. A data
managenment control method according to claim 33 wherein when said BOMis
no | onger valid, an owner can continugzyosgmork with his nodel, but by
notification he is made aware that he™s’” no | onger using valid data.

36. A data managenent control nmethod according to claim 33 wherein when
said BOMis no longer valid, it can still be noved through the library so
as to accommodate an event where a piece of a _nodel had a relatively
insignific égggl ak% in)g a nodel builder to deemit unnecessary to
re-build tﬁﬂ?i Qg%;nd §%§3|oms continui ng work and novenent through the
library even in the even of invalidity.
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37. A data managenent control method according to claim32 wherein the

. Status of a Bill of Materials, including one no |longer valide, is
~accessible by automatic notification to the owner as soon

-108- as a BOMis invalidated, and by display of the BOM either
interactively or in report formto list the overall status of the BOM and
all nmenbers of the BOMw th their indivjdual status. 38. A data
managenent control method accordi ng 84 /ci83i m 32 wherein said tracking of a
nodel menber includes tracking for a support object that can be tracked
with a BOM but not pronoted or noved with the BOM 39. A data
managenent contrql nmethod according to claim 32
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wherein BOVs are hierarchical and a BOM can be nested within a |arger BOV
and when a piece of data is overlaid or deleted, the nethod determ nes
whet her that piece belonged to a BOM and if so, it imediately checks to
see if the BOM belongs to other BOWs, and it recursively check all BOWs it
encounters until it's at the top of gfheghierarchy; and all BOW found
which are currently valid will be invalidated and the owners notified.

40. A data managenent control nethod according to claim32 wherein BOVs
are hierarchical and a BOM can be nested within BOVWs support nove and
overlay | ocks. The user can set a nove or overlay |ock on a BOM and the
met hod will set individual | I he ers; if a nenber is a BOM
all of its menbers will receﬂigﬁ#&%al 28& whi ch can be renoved by
using a main lock utility and specifying the top-level BOMor filling in
the desired fields to individually r t | ocks. 41. A data
managenent control nethod according”to cla 32 wherein the nmethod
supports a BOM pronote whereby a fiser can reyuest

Error

Issue Error
—> Message

72411

Abort
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that all the contents of the BOM be pronoted simnultaneously, and

.-109- when a matchi'ng set of design data traverse through the library in
'sync. BOMs contain nenbers who reside at different |levels, different
versions and even different libraries, the nethod will only pronote those
menbers which exist in the current ?gb;agsy, and reside in an Engineering
Level below the target level, but it a nenber exists in a different
version and is also belowthe target level, it will also be pronoted.

42. A data managenent control method according to claim32 wherein the

met hod has separate t i i8NS eating and pronoting BOWs set up
by ‘a data nmanager wh rj;gé‘éﬁg%e ‘?10§x ility
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in controlling who can create and nove BOMs. 43. A data managenent
control nethod according to claim23 wherein anchors are al ways dynam c
and they thensel ves can be dynam c nenbers (input or output of another
anchor) or a hierarhical BOV while conponents may be dynamic or static,
and if they are dynam c they are clggsifdged as input or output files and
they nove with the BOMduring a pronote, while if they are static they
don't nove. 44. A data managenent control nethod according to

. claim43 wherein all conponents (dynam c or static) cause BOMinvalidation
~if they are nodified or deleted.
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