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Product administration is a strategic technology for
managing software products. AT&T has developed two
software systems, SABLE and NMAKE, that support
a software product throughout its life cycle and contrib­
ute to good software project management. SABLE
combines the traditional software administration role of
source code control and modification request tracking
with support for quality assurance, document genera­
tion, interproject communications, security, and
software cost analysis. Using software components
managed by SABLE, NMAKE controls software prod­
uct manufacture by automatically maintaining source
file interdependencies to build an up-to-date product.
With SABLE and NMAKE, developers can also share
official versions ofcode while maintaining private
development areas.
Introduction

As software systems have become more complex, so has the
concept ofsoftware products. Today's software products arenotmerely
code. They must bewell-designed systems with appropriate documenta­
tion, and be easy to install, learn, use, and maintain. TheSoftware
Technology Laboratory ofAT&T Bell Laboratories has reorganized its
software development process to meet thesenew, higher standards.

In thisarticle, product refers to customer deliverables as well
as internal or intermediate items, such as requirements documents and
test scripts needed to produce deliverables. Deliverables may include
software, hardware, firmware, documentation, or a mixture ofthese.
Project refers to the staff and technical/administrative subculture
responsible for creating the product. System refers to the software por­
tion ofthe product.

Older software administration systems concentrate onsource
control and/or modification request tracking. With source control, users
can track precisely what has changed from one version ofthe source to
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the next and restore old versions ofthe source using infor­
mation about what has changed. By tracking modification
requests (i.e., MRs, requests for product enhancements or
fixes), users can track the progress ofrequests for change.

The SABLE product administration system devel­
oped by AT&T has expanded the traditional software
administration role ofsource control and modification
request tracking byboth providing more capability inthese
areas and branching outinto related areas such as quality
assurance, document generation, inter- and intraproject
communications, security, software manufacture, and cost
ofrework. SABLE users benefit from the added control
over the development process and over intraproject com­
munications. With SABLE, it is clear who is working on
what, what state it is in, and what has been changed for
each release. SABLE is inuse or being evaluated bymore
than 180 projects throughout AT&T.

The initial requirements for SABLE were defined
by anexpertsoftware administration team. The team
examined many existing systems and chose the Change
Management System as a suitable baseline from which to
build the first release ofSABLE. Since then, therehave
been two additional releases thathave included enhance­
ments requested by customers from AT&T as well as
concepts from older systems.

Beyond the need to maintain a complete, recover­
able product component history is the need to build a
usable product. InSABLE, build control is handled by a
software manufacturing tool known as NMAKE. 1 NMAKE
is efficient, supports concise build specifications, allows
common specifications to be shared within and between
projects, and is especially well-suited to the SABLE man­
agement paradigm. NMAKE is used inmore than 250
AT&T projects.

NMAKE is anevolution ofthe UNIX® system
build programs make," augmented-make,3 bUild,4
and mk.5 It has been designed to handle the dynamic
nature ofsoftware development, especially where many
developers are working ona single software product.
Thereis also a consistent, maintainable partitioning of
information inNMAKE. This partitioning allows various
groups ofusers to share common actions, while also pro­
viding per-user overrides for these actions.
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Thecombination ofSABLE and NMAKE provides
extensive product administration support. SABLE adminis­
ters product source files bymaintaining a complete history
ofmodification requests and the resulting source file
changes. This history allows a directory structure to be
populated with specific source file versions from any point
inthe product lifetime. NMAKE administers product target
files by using the source files ina SABLE·populated direc­
torystructure and its own history information to generate
up-to-date product targets.

SABLE and the Product Life Cycle
SABLE is a support system for the product devel­

opment process. As such, it is important thatSABLE fit
the structure ofa well-run process yetbe flexible enough
for local variations. Thefollowing sections examine the
typical phases ina product's life cycle and describe the
supportSABLE provides for each.

Product Documentation. Adocument is usually the
first tangible output in the life cycle ofa product. It may be
a business case, a feasibility study, a research finding, or a
joint working agreement. Inwhatever form, it is animpor­
tanthistorical document that should be preserved and
available to project members throughout the product's life.
Inmany projects, several otherequally important docu­
ments, such as a project plan? or a quality plan," are
produced soon after this initial document. Detailed specifi­
cations and documents are continuously added and updated
throughout the product's life.

SABLE supports this documentation process in
several ways. SABLE hasa template capability so that fre­
quently written documents can usea standard format
following organization guidelines. Several standard tem­
plates (such as outlines for annotated requirement
specifications or design specifications) are supplied with
SABLE. An "include" capability allows fragments ofa doc­
ument (e.g., a graph or a table) to be reused inother
documents.

A"collection" capability allows a group ofrelated
documents to be treatedas a single entity. Theuser can
print a complete copy ofa user guide by specifying the
name ofthe collection rather than a complete listofthe
files thatmake up the guide. NMAKE is used behind the



scenes, without user involvement, to print the up-to-date
version ofthe collection. Similarly, a global change can be
made to the guide byspecifying the change and the name
ofthe collection.

Documents can be saved so thatchanges to the
document source can be tracked, as is done for source.
Modification requests (MRs) can be entered and tracked
against documents. Thereare even MR states (e.g.,
inspect and publish) thatare specifically for documents.
Quality metrics for documents can be calculated and sent
to the AT&T Bell Laboratories Quality Assurance Center
for inclusion inquality assurance reports.

Product Development. Every time a product is modi­
fied, it is modified for a reason. In SABLE, these reasons
are captured inMRs. Whenever any source under SABLE
is changed, the change and the reason for the change are
recorded and anassociation is established between the MR
and the related source change. With this information, a
user can always tell how and why the product was changed
and can recreate specific versions ofthe product.

As work progresses inresponse to the modifica­
tion request, the MR passes through a series ofstateson
its way to resolution. During this time, each person or
team responsible for the next action to be taken is auto­
matically notified ofthe transition. In this way, SABLE can
pace the development process. MRs are created,
accepted, assigned, submitted for test, integration-tested,
system-tested, approved, and closed. (This is only a sub­
set ofavailable states. Other stateshandle situations that
may arise in the life ofanMR, thus giving project mem­
bers the flexibility to manage the development process on
a day-to-day basis.)

Software projects without a product administra­
tion system often waste considerable time when they must
freeze a source version to doa system build and monitor
changes made by developers who arenotworking directly
onthe build. Build problems usually arise when the source
does notintegrate. In trying to get the system built, devel­
opers make changes to theirversion (so thatit will build),
while at the same time, otherdevelopers are changing
local source copies for the next build. Because these local
copies don't reflect the build team changes, the next build
is delayed further while changes are being integrated.

When a product administration system such as SABLE is
used onlarger projects that do regular system builds, it
can track and integrate (orkeep separate) changes made
by the build team and the otherdevelopers. This is consid­
erably more productive.

Product Building. Product building occurs throughout
the product life cycle. Source is continually changed to test
new features, to fix bugs (malfunctions), or to restore
capabilities from earlier phases in the life cycle. Mer
source has been changed, the product must be rebuilt to
reflect these changes. To conserve machine resources and
reduce build time, only those portions oftheproduct
affected bysource changes should be rebuilt. Rather than
manually rebuilding components (apotentially error-prone
process), building is done automatically by a separate, spe­
cialized program. This program is described indetail inthe
next major section.

Product Testing. Quality has become increasingly
important inthe competitive marketplace. One component
ofa successful quality assurance program is effective, effi­
cient testing. SABLE hasa mechanism for establishing and
recording the membership oftest teams and uses this
information when processing MRs in the test states. In
addition, test teams receive a description ofthe features to
be testedalong with the MR; thus, they can save time by
focusing onthose features thatare ready to be tested. The
MR description can also give the test teams some addi­
tional information about what to look for while testing.

SABLE also provides several optional test states,
such as "integration tested" and "system tested." If a test
team uncovers problems, it can pass its findings back to
the assigned developer ina rejection description thatis
appended to the original MR. SABLE automatically notifies
the developer, who can use this description as a basis for
investigation and resolution. This decreases turnaround
time byproviding faster, more complete communications.

If test scripts are used, as inautomated regres­
sion testing, they can be stored under SABLE and the
appropriate script versions can be retrieved via SABLE's
getve r s ion command (in thiscase, "get the specific
version ofthe test scripts that satisfies a given set of
MRs"). These MRs may describe changes needed to test
the next version ofthe system.
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SABLE accepts MRs from external systems, so
thatifa mechanized test system is inplace, the problems
found during testing can be automatically castas MRs and
shipped to SABLE. When the MRs reach SABLE, they
may be enteredautomatically into the database or held for
review and thenentered selectively. This connection
between a test system and SABLE eliminates manual
entry and can increase the thoroughness ofproblem
descriptions supplied with the MR.

Product Maintenance. Aproblem frequently encoun­
teredinmaintenance is the need to reproduce the version
ofa product related to individual customer trouble reports.
On occasion, the source for the customer's product version
has been lost, either because the older version simply was
notsaved or because information describing the exact cus­
tomer version was not recorded. Even ifthe problem has
been identified and a solution is known, a fix can notbe
made because the original source version can notbe
located. Because SABLE, with NMAKE's help, gives
users the ability to recreate prior product versions (from a
listofMRs), projects are better able to solve customer
problems.

Product Shutdown. Thereare many reasons why an
organization may stop work ona product. Theproduct may
have reached the end ofits useful life; it may have been
turned over to the customer or another organization, as
frequently happens with government and foreign con­
tracts; or, it may have been unsuccessful for business,
management, or technical reasons.

Having a record ofthe product source throughout
the life cycle can aid the transition to shutdown. In each
case, a wrap-up analysis should be done as partofa con­
tinuous improvement program. Theday-to-day quality and
productivity data thatSABLE accumulates can be invalu­
able inthis analysis. For example, SABLE stores every
MR inits inactive MR database. When a product has out­
lived its usefulness, the organization may be developing a
product sequel or a product similar to the previous one.
Having all product-related documentation and source under
SABLE makes it much easier to reuse designs, specifica­
tions, plans, and source code, even ifthey are only used as
examples for future work.

Theknowledge transfer that should take place
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during product shutdown frequently takes much longer
than it should. It takes time to gather the relevant, up-to­
date information. And frequently it takes even longer for
those receiving this information to digest it because their
knowledge ofand access to the product history has natu­
rally been more limited. Because SABLE is anorderly
system and can store (historical) documents and MR his­
tory, it is easier for both sides in the transition.

NMAKE and Product Building
Software product building has traditionally been

done by the make program. Thereare many variations
(augmen ted-make, build, mk, and nmake), but all
work ina similar way. Adescription ofsource file interde­
pendencies is placed ina Makef i 1e. Each ofthese
dependencies asserts a relationship between a target file
and its prerequisite files and provides anaction (shell
script) thatbuilds the targetfile from its prerequisites.
Assertions take the form:

target: prerequisite. ... prerequisite,
action

If the targetfile does notexist, or ifits modification time is
older than the modification time ofany ofits prerequisites,
the action is executed to build (orrebuild) the targetfile.

Although NMAKE is similar toother UNIX sys­
tembuild programs, it has many additional features that
make it the clear choice for build control inSABLE. The
significant differences are discussed inthe following
sections.

Specification. Input specifications to NMAKE are
partitioned into three general areas.
- Base rules are shared byall NMAKE usersand are

automatically defined for each NMAKE installation.
These rules describe the local system interface and pro­
vide definitions for common actions such as:
- lint: Pass all C source files through the lint

processor
- cpio: Copy all product source files to a single

c pia archive suitable for shipping to other systems
- clobber: Remove all generated targets, leaving

the original source files intact.



- Global Makefiles are typically shared bymembers
ofa single project. These rules may describe specialized
compiler interfaces and project-specific common
actions.

- Makefiles provide source component interdepen­
dencies and build actions for each particular product. A
single project may have many Makefiles, each
describing a subcomponent ofthe total product.

Automatic Dependency Analysis. Acommon problem
with any build program occurs when changes made to the
source files are notreflected inthe Makefile specifica­
tion. This usually involves implicit file dependencies (often
found in include statements) thatare added to, or
deleted from, source files. Inc 1 udefile modifications
may goundetected ifsuch dependencies are omitted from
the Makefiles. Such omissions could result ininsidious
bugs inwhich portions ofa single program are compiled
with different versions ofthe same inc 1 udefile.

NMAKE solves this problem by automatically
scanning input source files for inc1 ude statements and
adding the included files onto the prerequisite listofthe
corresponding targetfiles. In this scheme, a source file is
rescanned whenever its modification time changes, ensur­
ing that the implicit prerequisites are always up-to-date.
Include styles for the C, Fortran (formula translator),
Ratfor (rational Fortran), and M4 (amacro processor used
as a front endto Ratfor) languages are directly supported
for efficiency. New languages are handled by supplying an
external scanning program thatis called by NMAKE for
each source file.

State Database. NMAKE is the only UNIX system
build program thatmaintains state information inits own
database. Other build programs rely solely onfile modifica­
tion times automatically maintained by the UNIX system.
Without the state database, a targetfile is outofdate
when its modification time is older than the modification
times ofany ofits prerequisite files. Thestate database
allows NMAKE to:
- Retain automatic inc 1 udefile dependency informa­

tion, recomputing only whenindividual source files
change.

- Do accurate file-modification time comparisons. Afile is
outofdate ifits current modification time is different

from the database modification time.
- Allow "statevariable" dependencies by retaining

NMAKE variable values and noting changes between
the current and database values.

- Note thata targetis outofdate ifits prerequisite list
changes.

- Note thata targetis outofdateifits action changes.
Viewpathing. Inmost projects, source changes are

made concurrently bya group ofdevelopers. As mentioned
above, anofficial source change requires the cooperation of
all developers to ensure proper integration. Viewpathing is
a technique thatallows each developer to share code while
maintaining private development areas. Aviewpath is an
ordered sequence ofdirectory hierarchies inwhich files
occurring earlier inthe sequence override files occurring
later. Inpractice, the lastview (lowest precedence) con­
tains a complete copy ofthe official source. With
viewpathing, each developer need only copy into the pri­
vate view thatportion ofthe product thatis different from
the official view. Figures Ia and Ib show the physical direc­
toryhierarchies for both private (shown ingray) and
official (shown ingold) source. Figure Ic shows the logical
view provided byoverlaying the private view ontop ofthe
official view. Not only does viewpathing avoid the problem
ofeach developer having a complete copy ofthe official
source, buteach developer's physical view clearly shows
the official files that have been changed. Aviewpath may
be many levels deep, with each view representing a differ­
ent phase ofproduct development.

Although viewpathing is a simple concept, it poses
some implementation difficulties. Build provides top view
file names for viewpathed files by temporarily creating
hard links to files inlower views. Aminor drawback is that
a viewpathed file must be copied to the top view (rather
than linked) ifit resides onanother file system. More seri­
ous problems arise when two or more builds run
simultaneously. One build can remove temporary links
before the others are finished operating onthem. Finally,
system crashes may result in temporary links suddenly
becoming permanent, effectively moving lower view files
to the top view. It is verydifficult to recover from this last
class oferrors.

An operating system or shared library implemen-
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Figure 1. Theview­
pathingfeature in
NMAKE allowsdevel­
opers to test alternate
buildstrategies of a
product usingonly
their ownchanges
againsta stable back­
ground. (a) Private
view; (b) officialview;
and (c) private view
imposed onthe offi­
cial view.

tation is ideal because every program can have viewpathing
without change. 8 This requires operating system changes,
however, because viewpathing is nota standard UNIX sys­
temfeature. These changes are noteasy to distribute,
especially inlight ofthe many UNIX system implementa­
tions onthe market. (AT&T does notrely onany single
UNIX system implementation.) Thealternative approach,
and one that requires no standard UNIX system program
changes, is to place viewpath capability ina few specialized
programs thatpass physical rather than logical file names
to othersystem programs. This is the mechanism cur­
rently usedbyNMAKE. Aresearch version thatuses
operating system viewpathing is planned.

Execution. NMAKE hasanefficient interface with
the UNIX system shell that saves time when many actions
are executed for a single build. Only one shell is executed
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for anentire NMAKE run. In addition, each action is sent
as a complete unit, so thatno restrictions are placed on
the action content. Other build programs either send each
action line or, at best, each action to a new shell.

TheNMAKE/shell interface also supports concur­
rent action execution (as does mk), Theuser simply
specifies the maximum number ofconcurrent actions.
Concurrency is transparent and requires no Makefile
changes. Semaphores (signals) are provided for therare
cases inwhich mutual exclusion is required within a group
ofrelated actions.

Instead ofbeing executed bythe shell, actions
may be sent back to NMAKE to be read as Makefile
input. This mechanism is the key to the expressive power
ofbase rules and global Makefiles.

Results. NMAKE hascontributed to many projects



within AT&T, including some projects thathave notused
SABLE. Users have reported various improvements with
NMAKE including:
- Single processor build time decreased by a factor oftwo.
- n-processor build time decreased bynearly a factor ofn

(depending onmultiprocessor implementation).
- The size ofaninput Makefile decreased bya factor

of8 to 20.
- Thenumber ofinput Makefiles per project could at

times be reduced to one.
- The build time when all targets are up-to-date

decreased bya factor of4.

SABLE and Project Management
The SABLE architecture is shown in Panel 1.

SABLE was designed to support efficient development in
production shops. As such, it is based on the simple
principles of order, shared knowledge, clear responsibil­
ity, effective communication, subdivision of large tasks,
and built-in quality. SABLE gives project managers wide
latitude in determining the degree to which these princi­
ples are applied in each project. SABLE is a tool that
supports good project management, but it is not a substi­
tute for it.

Organizational Efficiency. For anorganization to func­
tion efficiently, large tasksmust be broken down and
responsibilities assigned clearly. Priorities and due dates
must be set. SABLE supports organizational efficiency in
several ways.

When anMR is accepted, it is assigned to a per­
sonor a team. Apriority and due date may also be set.
Thepersons assigned to the taskare notified. Ifnecessary,
anMR may be reassigned or even unassigned. If the MR
taskis large or spans several areas ofresponsibility, it may
be subdivided into otherMRs (called spawned MRs); these
may each be assigned to the appropriate staff members.
For example, a new feature ina software product may
require changing anapplication program, the human/mach­
ine interface, the database, and the user guide. Each of
theseareas may be the responsibility ofa different team.
With spawned MRs, this taskcan be broken down into
smaller tasks that can be assigned, tracked, and managed
separately.

If tasks described in two or more MRs tum out to
be interdependent, SABLE allows these MRs to be
declared mutually dependent, assuring thatchanges result­
ing from these MRs are processed together when
necessary. Users can also group MRs, such as for an
upcoming release. Inaddition, staff members can be
grouped into a team responsible for a specific area.

Communication. One reason that projects runinto
difficulty is because there is a lack ofcommunication
among team members. Both SABLE's support for docu­
mentation (formal communication) and the automatic
communication to appropriate team members when an MR
changes state are important communication features. In
addition, SABLE provides standard reports thatare typi­
cally required ina well-managed project (e.g., MR reports,
summary reports grouped byvarious categories,' or
changes to a source file by MR). SABLE also allows users
to customize reports and provides a data extract file so
thatusers can devise theirown special-purpose reports.

In larger projects, product development may be
done onone machine and system test onanother. SABLE
operates ina multimachine environment (host and satellite)
inwhich the local area network can be either a Datakit™

network multiplexer or anEthernet™ network. (Ethernet
is a trademark ofXerox Corporation.) It also works with
UNIX System V, Release 3 remote file sharing, which
allows files onone machine to be accessed from another
machine.

Different organizations often cooperate ondevel­
oping a product. For example, a systems engineering
organization and a development organization might work
together ona single product, or teams from two existing
products might work together to support aninterface
between them. It is important for these different organiza­
tions to share MR information, both MR descriptions and
MR status. Adevelopment organization might discover
thata change is needed to both the software and require­
ments; the MR would thenbe forwarded to the systems
engineering organization. Or, a factory might encounter
problems with a hardware design, possibly affecting other
product-related organizations. Because MR information
can be sent from one SABLE instance to another, SABLE
can support these types ofsituations.
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Quality Assurance. SABLE, through its support of
the product testing phase discussed above, is bynature a
quality assurance tool. Because SABLE keeps records of
MRs as they travel through the system, it can supply a
quality assurance team with a greatdeal ofstatusand his­
tory information. In particular, it provides data for the
quality metrics distributed by the AT&T Bell Laboratories
Quality Assurance Center. SABLE also provides anextract
file that can be used to produce customized quality assur­
ance reports.

Access Control. For software, firmware, and docu­
mentation projects, source is the product andmust be
protected against unwanted or unauthorized changes. To
this end, SABLE provides several access control mecha­
nisms. To execute SABLE commands, a user must have a
SABLE login. The SABLE administrator is the only user
who can add logins, which are stored inSABLE's person­
neltracking system.

For a user to change source under SABLE, not
only must a valid MR identification be given, butthe MR
also must be assigned to the user. This helps assure that
source is modified for the right reasons and bythe
assigned staff.

Projects have the option ofrecording the history
ofall SABLE activities. This history serves as anaudit
trail and tracks when changes occurred and who made
them. These mechanisms form a second line ofdefense
and, obviously, depend onappropriate security precautions
being inplace for the equipment onwhich SABLE runs.

UserConsiderations
SABLE hasmany features that make it easy to

use and customize.
TheHuman/Machine Interface. SABLE provides both a

full-screen anda command-line interface. Thefull-screen
interface runs onstandard terminals used at AT&T and has
pop-up menus, as well as help and error messages. Figure
2 shows a typical SABLE screenused to createanMR.

Help messages pop upondemand and error mes­
sages pop upas errors occur. Once a menu hasappeared,
the system uses a first-match algorithm to selecta choice
based onwhat the user hasentered. This speeds data
entry. The interface provides standard field-navigation
capabilities as well as some other, more advanced capabili-

ties, including multiple selections from a pop-up menu. For
fields that accept lists, where the maximum allowable list
size is much longer than the usual listsize, there is a left­
right (horizontal) scrolling capability so thatall necessary
data can be entered.

SABLE provides a command-line interface so that
users can write shell scripts that call SABLE commands.
This allows users to createproject-specific commands and
reportgenerators. Where not limited byinherent differ­
ences in the terminal, the command-line interface and the
full-screen interface exhibit comparable behavior.

User Customization. ASABLE user can set interface
choices ina personnel tracking system (PTS) record. Each
user selects eitherthe full-screen or command-line inter­
face, aneditor forentering descriptions, the time delay
before a menu pops up, and eitherbrief or extended help
and errormessages. Auser also specifies administrative
information such as home machine and phone, and room
and organization numbers. After a user has been added to
SABLE, immediate access is granted to the corresponding
data so it can be changed at any time.

Project Customization. Because each project may
have different needs, eitherfor historical, managerial, or
contractual reasons, SABLE provides flexibility at the proj­
ect level as well. Thereare some project-wide choices for
those fields thatwill appear onthe screen. These choices
are based onwhether the fields are mandatory; whether
project-specific templates will be used, whether a com­
pletehistory will be kept, and what test statesand user
execution permissions for specific command sets will be
used. Because the valid values that appear inmany ofthe
pop-up menus are project-specific, thesevalues may be set
according to a project's needs. Theproject can set upa
menu tree so that a value selected for one field may
restrict values for laterfields. (In Figure 2, the menu tree
hasbeenset upso that only valid values appear ontheSys­
tem menu.) Because SABLE runsonall UNIX system
machines incommon use throughout AT&T, projects also
have considerable flexibility inchoosing the machine on
which to runSABLE.

Future Directions
SABLE is already a robust product administration

system by today's standards. But because ofits place in
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Figure 2. A SABLE pop-up menu with project-specified val­
ues. In this example, the userwaits to see the validvalues
forthe System field andthe menu for that field then appears.
Once a project-specified valuehas beenselected forProd­
uct, only certainvalues are validforSystem.

the development process and the ever-increasing demands
placed onthe AT&T development community, there is an
ongoing research and development effort for both SABLE
and NMAKE. Below we discuss some possible future
extensions and suggest potential benefits inthe product
administration area. Many ofthese features are planned for
future releases; others depend onmeasuring the possible
benefits to customers.

Controlling Non-ASCII Text. Atpresent, the standard
source control system used inSABLE can storeonly
ASCII (American Standard Code for Information Inter­
change) text. In some projects, it would be beneficial to
control non-ASCII text. For example, there is a need to
control object code as well as source code when doing
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incremental compiles, as well as a need to control digitized
data for pictures. Afuture release ofSABLE will provide
this capability, along with changes insize limitations and
improved speed ofthe source control system.

SoftwareManufacturing. SABLE and NMAKE are
powerful, independent tools intheirown right. Because of
this independence, however, the user is sometimes unnec­
essarily exposed to SABLE-NMAKE interface details.

Currently, each time a getversion command
is performed, SABLE does notknow ifa version ofthe
product will actually be built from that source or if the
source will be modified outside SABLE before the system
is built. Similarly, NMAKE does notknow whether the
source it is working with came from SABLE. Theresult is

.that, despite good intentions, one can never be sure, with­
outadditional checking, ifwhat leftSABLE was actually
used to build a product because ofthe uncontrolled win­
dow between SABLE and NMAKE.

Our goal is to provide better support for software
manufacturing byasserting more control over the SABLE-



NMAKE handshake. Then, notonly will therebe certainty
about what is being built, butwe will automatically be able
to keep complete records about when the system was
built, what went into the system and who requested the
build.

Documentation. The documentation feature pro­
vided by SABLE will continue to expand. Because SABLE
can be the document repository for a project, we want to
add document classification and search capabilities so that
documents can be found quickly, giving new team members
easy access to relevant documentation. Authoring tools and
electronic document ordering and distribution are other
possibilities.

More Supportfor Hardware Projects. SABLE has its
roots in software administration, but its goal is to support
hardware projects equally well. SABLE tracks hardware
MRs as well as it tracks software MRs. We have plans to
support hardware quality metrics justas we support soft­
ware and documentation quality metrics. The document
templating capability works as well for hardware-specific
documents as any others and we will investigate the stan­
dard hardware-specific document templates that should be
provided with SABLE. The ability to control non-ASCII
text, discussed above, may be ofvalue instoring digitized
data and schematics.

ReworkCostand In-Process Metrics. Because SABLE
collects additional information each time anMR changes
state, it can gather data onactual-versus-scheduled work
estimates. Analyzing the reasons for change and the
amount ofrework required can give a manager additional
insight for development process improvements. Similarly,
the collection ofin-process metrics, like inspection results,
can help a manager make midcourse corrections. Because
SABLE already keeps MR data, it would be natural to col­
lectin-process quality metric data or, at least, cooperate
with a system thatdoes. We will be investigating customer
needs and options in this area with the goal ofproviding an
integrated tool environment.

SourceAnalysis. There is a body ofuseful tools that
supports what might be called "source analysis." Some
examples are software module complexity metrics (see
McCabelO and Halstead"), software structural complexity
metrics and the related software structure graphs (dag,8

a directed graph drawing program), document analysis,
software information abstractors that support a data dic­
tionary population (c i a,8 the Cinformation abstractor),
and consistency and standards checkers. SABLE can pro­
vide and/or support these types ofanalyses because it
stores product source.

Because ofSABLE's ability to recreate different
versions ofsource for analysis, A-B comparisons can be
easily done. For example, project managers can see the
effect ofa new practice or technology they've putinto
place. In addition, because SABLE maintains MR data, a
project should also be able to address those characteristics
thataffect its bug rate.

SABLE can actas a source gatekeeper, and, if
necessary, can runselected analyses as source is stored.
SABLE can also support otheranalyses such as comparing
requirements document characteristics with the resulting
software, or comparing software to be tested with the cor­
responding test scripts. Because SABLE tracks source
changes, incremental analysis data updates would also give
a better indication ofchanges since the lastanalysis was
done. NMAKE with, perhaps, additional base rules
would be the natural engine to runtheseanalyses.

Summary
TheSABLEINMAKE combination has made signifi­

cant and tangible contributions tosoftware product
administration atAT&T. Each program, although useful onits
own, complements theother toprovide comprehensive sup­
portfor asoftware product throughout itslife cycle. Through
active research and development, we hope toimprove onthe
product administration benefits already seen.
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