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Abstract support for system building and version control. This

When designing software, programmers usu- model is centered around a set of objects that represent
ally think in terms of modules that are represented functions and classes. Most activities are carried out by
as functions and classes. But using existing config- the operations of these objects. In contrast, most exist-
uration management systems, programmers have t0ing configuration management systems carry out their
deal with versions and configurations that are orga- functions with a set of tools that sit on top of a passive
nized by files and directories. This is inconvenient database or file system.
and error-prone, since there is a gap between han-  Qur framework has a strong object-oriented flavor,
dling source code and managing configurations.  put it is not limited to supporting object-oriented pro-

We present a framework for programming gramming. Any programming language that supports
environments that handles versions and configura- separate compilation can fit into our framework. Cur-
tions directly in terms of the functions and classes rently, we are focusing on supporting C and C++,
in source code. We show that with this framework, though our framework can also handle languages like

configuration management issues in software reuse Modula-2, Modula-3, Ada, and Pascal without major
and cooperative programming become easier. We modification.

also present a prototype environment that has been

developed to verify our ideas. Functions 6];\”}
Directories
Keywords: Configuration management, Program- = ws = @ej
ming environment, Cooperative programming, Software ':] ':]

reuse

1. Introduction

Modern programming languages support construct:
like functions and classes that let programmers decon
pose source programs into modules. However, existin
programming environments do not allow programmers
to handleconfiguration managemedirectly with these
functions and classes. System building and version cor
trol are usually organized by files and directories. Wher
controlling versions, programmers deal with versions of
files and versions of directories. When describing the
system building process, programmers specifies th
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dependencies between source files and object files.
In this paper we present a framework for program-

. . . . There are limitations to our approach, though. Since
ming environments that handles configuration manage- . S

. . . .~ our framework is based on the modulization of pro-

ment directly in terms of the functions and classes in the

source code. We define the operations required for th%rams, it cannot properly handle documents generated

. . ' efore a project is decomposed into modules. Our envi-
purpose, study their semantics, and find a general strat- . : : )
ronment is designed to support configuration manage-
egy to support them. We show that our framework can . . .
software design, implementation, and

handle a large module as a single unit, and this ability o "

. . . . ?’naintenance, but not for activities like requirement
can make the configuration management issues in soft- ~ ..~ . - .
eDecmcatlons and feasibility studies. Also, our frame-

ware reuse and cooperative programming easier. V\évork is aimed to support the development of new pro-

also describe a prototype environment we have imple- - . .
mented to verify our ideas. grams. It cannot manage existing code without doing

Our framework is based on a model with unifiedSome significant transformation.

Figure 1:From CM with files to CM with logical structures.



2. The Problem and tedious. _

System building and version control are two of the since MAKE [9] _and Its dgsce_nd_e nts are the most
most important problems in configuration managemenli[?OIOUIar sy;tem building tools in e_X|st|ng en\_/|ronmer_1ts,
Higher-level activities like cooperative programming, et us take It as an example. Atyp|cal makefile desc_rlbes
software reuse, and software maintenance all rely o e dependencies between files as a three layer directed

good support to handle these two problems. AIthougt‘?CyCIiC graph (DAG), In which a set of executables

existing configuration management systems supportogepeng on a stet fOf objecft_lflles_llhtheDnAtge fO(;)JeCt :;lles
rich and diverse set of functions for system building an €pend on a set of source files. 1hiS ordependen-

version control, they are similar in that their mecha—Cies is very shallow, and apparently cannot reflect the
: logical structure of a source program with more levels

nisms are mostly defined in terms of files and directo- " ; )
fies. of decomposition. For large projects, we can combine

An obvious limitation to handling version control in object files into library files before linking them into the
terms of files and directories is that we cannot have Velg;:ecE'tables, andlthus create tmorcle_bleveli n th|sh h|er_ar—
sions of sub-file entities like functions and classes. But § V- "OWEVET, Uniess we create a library Tor €ach major
more important problem is that we cannot handle th unctions and classes, and use many levels of libraries of

versions of high-level functions and classes with simpl ibraries, this structure still cannot faithfully reflect the
operations true structure of the source code.
Suppose that we are developing a C program usin The situation is even worse when we are develop-

a version control tool that supports versions of files an g large programs that use multiple makefiles. Since

versions of directories, and we want to keep the currerﬂ]akef'les lack formal communication channel_s like
status of a functioff in this program. An easy solution parameters and return values, the exchange of informa-

to this problem is to create a version of the file that conyor ble;tweerrl] makefiles kcaf_r; Ao?rlly trely on tlr:n plicit F|3tf0t?'
tainsF. However, a version of the containing file does®® St'h we ki\'ll‘eaBatrTa ?hl tﬁ uzzsh etreiu 0
not guarantee a fixed statusFofSinceF may use func- anoth€r maketiies, then the author as o know

tions in other files, we have to create versions of the file@’h'ch object files are generatedBylf we add, rename,

that F depends on. Then since the filegdepends on or delgte a file from the_ F“Od“'e manag_edB)ythen
may depend on other files, we have to create versio akefileA has to be modified carefully. Since the map-

for those files too. Furthermore, since different version®'"Y between the source code and the dependencies

of F may use different functions and thus depends oﬁiescribed in makefiles is not trivial, this modification
different files, we have to create versions of the makel'&Y bg difficult. Also, if we hav_e another makefge
files that manageB and the files® depends on. At the that relies on the result of makefile then the author of
same time, since there are multiple versions for eac has to :mow nat only what generates, but also what
source file and makefile, we have to tag them properl ge:era esk. th ‘or benefit of modulization i
so we know which version & maps to which versions S We Know, the major benetit of modulization 1S

of source files and makefiles. If we use mismatched verlt—hte se_tpa_rattlon cl)f conclerrl;_A func?r(])nt (3[r a IC Iasts encadpsul-
sions of files, the result will be unpredictable. ates 1s internal complexities, so that Its clients can dea

Determining which file§ depends on is not trivial only with its simplified interface. But as we have shown,
especially wherk is a high-level function that directly th|sf_sepa:_at|on of concernt 'S ?Ot avalllcaﬁle |fv\\//v N hhandlte
or indirectly uses many lower-level functions. The filestONtguration management in terms ot fiies. We have 1o

F depends on may scattered in multiple directories I}mow the internal structure of a function or a class when
we miss a file thaf actually depends on, then the we are handling its versions and configurations.
behavior ofF is subject to changes when we revert to am Configuration Management in POEM
earlier version. A safe bet is to create versions for all the ) g ) -

To solve the problems listed in the previous section,

files F possiblydepends on. But this is usually an over- _ k s
kill. Starting with the intention of keeping the current W& @ré developing a programming environment called

status of a single function, we may end up in creating 20EM (Programmable Object-centered EnvironMent)
version of the whole directory or even the whole project/16]: POEM manage system building and version con-
which contains many functions tHatdoes not use. trol directly in terms of the functions and classes in the

The major problem with handling system building source code. It lets users interact with the logical struc-

in terms of files is that the dependencies between filg&!'® Of their software via a graphical user interface, and

seldom match the decomposition structures of function&!loWs multiple programmers to develop software coop-

and classes. Understanding and maintaining the masratively over a local area network.
Figure 2 shows a typical screen of POEM. There

ping between these two structures is usually difficult i X
are twoworkareaswindows on the left hand side, and
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Figure 2: A typical screen of POEM

three editors on the right hand side. The small boxes isoftware unit boxes, move them around, and draw links
the workarea windows asoftware unitsEach of them between them interactively.

represent a function or a class. If we click mouse button POEM uses existing C and C++ compilers in the
on a software unit, then POEM will load itgerface UNIX operating system as its backend. It does not
implementation and documentationinto the corre- require modification to the syntax of C and C++. But
sponding editors on the right hand side. The interfacsince thaises_interface links andt_uses_interface links
specifies the resources provided by a software unit. It ialready describe the exchanging of definitions between
similar to a “.h” file in traditional C/C++ programming software units, the#Include” directives should not be
environments. The implementation contains the codeised when the corresponding links exist. Using links
that realizes what is specified in its corresponding interand “#include” directives simultaneously is redundant
face. It is similar to a “.c” file in traditional C/C++ pro- and may cause integrity problems.

gramming environments. The documentation is a textu

description of the software unit. Programmers can pu -1. System BU"P"”Q ] )
anything their think appropriate there. The example in Figure 2 is actually the implement-

The dash-line arrows between software units aré”g of POEM under POEM itself. The main function of
uses_interface IinkS. If thel’e iS auses_interface link POEM is represented asa SOftWa.re Unit Iocated near the
from software unifh to software uniB, it means that the (0P Of the workared. To build the executable code of
implementation ofA depends on the interface Bfitis ~POEM, we select this software unit by clicking mouse
analogous to including a “h” file in a “.c” file under tra- PUtton on it, and choosuildExeunder theBuild menu.

ditional environments. The solid-line arrows between” O©EM will compile all the software units whose object
software units are uses._interface links. If there is a c0de is outdated, and link their object code into a exe-
t uses. interface links from software unif to software ~ cutable program. To run the program, we can choose

unit B, it means that the interface Afdepends on the Rununder theBuild menu. L
interface ofB. It is analogous to including a “.h” file in What POEM does about system building is similar

another “.h” file under traditional environments. to what MAKE does. It checks the dependencies
A workarea window supports the functionality of a P&tween components of a program and compiles only

typical graphical editor. Programmers can create ne\U‘e outdated ones. Bu_t there are three diffgrences. First,
we do not have to write a separate makefile. The soft-



ware units and their links in the workareas windowsto reside in the same workarea. There is no need to cre-
work like a graphical makefile. They give POEM all the ate a separate directory or workspace for each version of
necessary dependency information. Second, we do natproject. Operations on one version of a software unit
have to know the locations of the object code. The harwill not interfere with other versions.

dling of object code is hidden from users. Third, the . .

relations we specified in the workareas are the Iogiceff"3' Cooperative p_rog_rammlng )
relations between functions and classes, not the compi- 1€ Software units in one workarea may have links
lation and linking dependencies between files. By lookP0iNting to software units in other workareas. In the

ing at the graph shown in workarea windows, we carfvorkareas in Figure 2, white boxes are locally defined
easily get a big picture of the general structure of oufOftware units, and grey boxes are actuallystedows
program. of software units defined in other workareas. For exam-

ple, the grey box labelegbemui:1 near the bottom of
3.2. Version Control workareaA is a shadow of the earlier version pafe-

If we want to keep the current status of a class or eui:2, which is located at the top of workarBa The
function, we can select its corresponding software unishadow boxes are created automatically when users try
and choos&napshot under theversionmenu. Figure 3  to draw a link across the workarea boundaries.
shows the result of applying theapshot operation on a The software unipoemui:1 is a C++ class that uses
software unipoemui. The black boxes afexed versions many other functions and classes. Some of those func-
of software units that are created by shepshot opera- tions and classes are defined in other workareas that are
tion. POEM creates a fixed version for all the modifiednot shown in Figure 2. But in spite of this complexity, it
software units that can be reached from poemui, an$ represented as a single shadow box in its client, work-
link them together in the same ways as in the currerdareaA. When we are using a software unit from another
working version. POEM also makes sure that if a softworkarea, we can ignore all its internal complexity.
ware unit is fixed, then all the software units it can reach  In this example, workareB is actually owned by

via links are also fixed. another programmer working on a different machine. As
[N a client, we cannot modify its contents, but we can use
WorkAres  Class  Soffwarelingd  Edit Build  Version  Stiadow the software units it contains by pointing links to them.

To reduce interference, programmers are recommended
to use only the older but stable versions of software
units developed by other programmers.

3.4. Software Reuse

In POEM, reusable libraries are represented as spe-
cial workareas. Figure 4 shows the workarea for the
Motif library. Each software unit in this workarea corre-
spond to a Motif widget class or a Motif function. If we
want to use one of them, we can simply establish a link
to it. These software units behave just like normal ones.
If we click mouse on a library software unit, POEM wiill
load its header file into the interface editor, and its man-
ual pages into the documentation editor.

FOEMLNG ++

[N
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Figure 3: Making snapshot of a class.

Fixed software units are read only, but they can be
used in the same way as other software units are. If we
click on a fixed software unit, POEM will bring up its
interface, implementation, and documentation in the
editors. Other software units can also use a fixed soft-
ware unit by pointing links to it. There is no need for
check-in or check-out operations. POEM internally use
RCS [24] to save space on fixed software units, but most [

of those actions are hidden from users. Figure 4: The workarea for Motif library.
POEM allows multiple versions of a software unit




In existing environments, reusing a library functionis not trivial, programmers seldom do this with their
or class is more tedious. To reuse a library function ocode. As a result, many chances for software reuse are
class, programmers have to locate its archive file and itsissed.
header file, and then modify the makefiles to incorporate
them. At the same time, programmers have to locate té. 1Nhe Model
corresponding manual pages in some remote directory. The model of POEM has four major concepgsfi-

This is both tedious and error-prone. If there are multiware units subsystemswvorkareasandclasses of soft-

ple versions of the same library, then programmers mayare units In this section, we discuss these basic
accidentally get the header file from one version and theoncepts and their roles in system building and version
archive file from another version. The manual pagegontrol.

read by programmers may not match the software eithe

An more important advantage of POEM is that we
can directly reuse functions and classes that are n
made into libraries. For example, if we want to reuse th
class represented by the software pnémui, which is
defined in workare8 of Figure 2, we can simply estab-
lish links from our new software units poemui. This is
shown in Figure 5. Although poemui depends on man
other software units, the reuse can be accomplished wi
a single operation. There is no need to copy or modif
software units in the original workarea.

Operations

[Set Aftributes |
Clean-u
nterface
mplementation|

ocumentation|

Data attributes _/

[N
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X
a library)

v poe 1 Figure 6: The POEM model.

From a programmer’s point of view, POEM con-
sists of a set of software units that are interconnected by
links. As illustrated in the inset of Figure 6, a software
unit contains a set afata attributesa set obperations
and a set ofinks. Data attributes are encapsulated and

Figure 5: Reusing a class. not_directly accessible to programmers. _Operations can
be invoked by other software units or directly by pro-

Actually, POEM does not differentiate between agrammers. Links are considered as parts of the software
reused software unit and a locally created one. All softynits they originate from, but can be modified directly

ware units in a project are treated the same. We can faby programmers. To support the basic functions of our
low the links to a reused software unit just like browsingframework, we only need two kinds of links -

any other software units. If we want to moQify the yses_interface links andt_uses_interface links.
source code of a reused software unit, we can invoke the A software unit usually represent a function or a

revise operation of the reused software unit to get &lass in C and C++. But if it is desired, we can put a set
modifiable version. The ability to tailor a reused soft-of closely related functions or classes into a single soft-
ware unit is important when we are reusing high-levelyare unit. Individual functions and classes in the same
functions and classes. software unit, however, cannot be accessed separately.
In contrast, reusing a function or class that is not  The subsystendesignated by a software unit
made into a library in a traditional environment is ratherg(x), is the set of software units that can be reached
difficult. We have to know the location of all the object from X via links. X is called theroot software unitof
files it generates, and all the libraries it uses. Besideg(X) A subsystem can usually be operated as a single
modifying makefiles to incorporate a large module isynit by invoking the operations of its root software unit.
usually difficult. For example, invoking theuild operation of a software
Another problem with existing environments is thatunit X will generate the derived objects of the whole

modules can be reused easily only when they are madgibsysten(X) not just those of the root software unit
into libraries. Since making large modules into librariesy.

poernui:l




According to our definition, subsystems may over-units as instances of a class. Upon creation, a software
lap each other. For example, in Figure 6 the subsystemmit inherits all the data attributes and operations from
S(A) contains software unitd, C, D, X andY; the sub- the class it is created from. Users can also create new
systemS(B)containsB, Y, andZ. Y appears in both sub- classes of software units to meet their special needs.
systems. To insure the compatibility between software units,

Software units are partitioned into mutually exclu- we require that all new classes should be created as the
sive workareas Workareas serve two purposes in oursubclasses of existing ones. A subclass can redefine the
framework. First, they divide the name space of softoperations it inherits from its parent class, but cannot
ware units into manageable units. Second, they defineemove them. By doing so, we can insure that the opera-
the boundaries between programming tasks. Eactions defined in system-defined classes will be available
workarea has awnerprogrammer. Only the owner can in all classes.
edit software units in a workarea. The ownership of a

workarea, however, can be transferred between pro- . )
grammers With our framework, we want to achieve three

In each workarea, there are some mutable softwar@2i0r goals in handling system building. First, we want
units that are under development, and some immutabf@ SIMPlify the specification of the system building pro-

ones that represent old versions. The mutable ones afgSS: After establishing the links between software
called active versionsthe immutable ones are called UNitS, programmers should be able to generate the exe-

fixed versionsUsually, a programmer will edit active cutable of a program without writing a separate make-

software units in one workarea, and access fixed soffil€: Second, we want to free programmers from the
ware units in other workareas at the same time. Fixe'@nipulation of derived objects. The identification of

software units in remote workareas can be accessétpiect files and libraries should be handled automati-
directly without check-in or check-out operations. cally, so that programmers can use a large subsystem

The concept of workarea is different from the con-Without knowing what derived objects it generates.
cept ofworkspacewhich is used in many existing con- Lastly, we want to let programmers customize the sys-
figuration management systems [1][7][17][22]. In tem building process in terms of subsystems. For exam-

systems that use workspaces, each programmer creafd€: Programmers should be able to turn on the
his or her own workspace that copies all the files from &€Pugging flag of a subsystem with a simple action, no
common workspace. To save space, some of those syBatter how many software units it contains.

tems supply mechanisms to maketual copies so that System bw_ldlng in our enV|ronment is handled by
shared files can be logically but not physically dup“_the build operations of software units. To gene_rate the
cated. In our model, workareas are used to partition thEx€cutable of a program rooted at software Mnjpro-

set of software units. Software units are not duplicate@ra@mmers should invoke tieild operation oiX. If the
either physically or logically. building is successful, then_ the exe(_:utable file vy|ll be

An advantage of using workareas instead of Wc)rk__returned as the result of theild operation. If the build-

spaces is that we can handle the sharing of software arfpd fails, then the error messages will be associated with
facts between programmers more naturally. If twothe software units that contain the erroneous code. Pro-

programmers use the same version of a subsystem, th@fgmMmers can also build the derived objects of individ-

they will automatically shared all the source objects and/@! Subsystems by invoking tbeild operations of their
derived objects of that subsystem. In DSEE [14] and©Ct software units.

SHAPE [17], the sharing of derived objects is handled _Internally, this system building process is carried
by more complicated mechanisms. out collaboratively by theuild operations of all soft-

Different kinds of software units need different dataWareé units in a subsystem. Each software unit compiles
attributes and different implementation of their opera-tS Source code if its derived objects are outdated, propa-

tions. For example, some software units used in a C prélates theébuild message along the links, and then collect

gram may contain YACC code instead of plain C codederived objects from the subsystems it uses. As illus-
ted in Figure 7, the propagationkafild messages is

These software units need an extra data attribute to stol@ ' )
the intermediate C code generated by YACC, and differeSSentially a depth-first traversal of the graph formed by
ent implementation of operations to handle this differ-SOftware units and their links.
ence.

To meet this requirement, we define a setla§ses
for commonly used software units, like those for C,
C++, and YACC. A class defines a set of data attributes

and a set of operations. Users can create new software

.1. System Building



4.2. Version Control
Our version control system has two major goals.
First, we want to provide facilities that allow program-
mers to create, select, and use versions in terms of sub-
systems. Second, we want to simplify the access to old
versions while still minimizing the space they occupy.
\ In terms of version control, we classify software
units intofixed versionandactive versionsA fixed ver-
sion is an immutable copy; an active vensis a writ-
able working copy. An active version provides a
snapshobperation that generates an fixed version as its
predecessor. A fixed version provideeaiseoperation
that creates a new active version as its successor. In the
beginning, every new software unit is created as an
active version. By repeatedly applyirsgpapshot and
revise operations, we can create a version history tree
for each software unit. This is illustrated in Figure 8.

Interface
Object cod
Libraries

Interface Interface

(Bkéjec_t co Object code
ibraries Libraries
Z <

= )

Version 1.1 Version 1.2

Snapshot Version 1.2

.- e e ~]

During the system building process, software arti- [ Version 1.1 Version 1.2 Version 1.3 )
facts are passed along thees_interface links and
t_uses_interface links. When compiling, a software unit

Figure 7: The system building process

Revise Version 1.2

gets the interfaces of its submodules along its links. In [ R - ]
the linking stage, derived objects are also passed Version 1.1 Version 1.2 ﬁefsmn 13
upstream along the links. This flow of software artifacts Version 1.2.1.1

is illustrated in the inset of Figure 7.

An important problem we have to deal with is the
cycles formed by théinks. Cycles ofinks are sometimes In our model, invoking thenapshot operation or
unavoidable when software units are mutually depentevise operation on a software unk will affect the
dent. These cycles may cause infinite loops in the propavhole subsyster(X) When thesnapshot operation is
gation ofbuild messages. One way to avoid this problerrinvoked, our model generates fixed versions for all the
is to pass the set of software units already visited in the1odified software units irfS5(X) and connect them
propagation as an argument to théld operation. The together in the same way as in the original version.
build operation is propagated only to those softwaréVhen the revise operation of a active software unit is
units that are not yet in the set. invoked, our model will create a subsystem that contains

The default parameters used to build the derivedctive software units in the local workarea and fixed
objects of a software unit are stored on each softwargoftware unit in remote workareas. The revise operation
unit. These parameters include the compiler and compHoes not create active versions in remote workareas
lation flags being used. Programmers can change thebgcause remote workareas are usually owned by other
parameters by invoking thet_attributes operations of ~programmers, and usually we do not want to directly
a software unit. For example, programmers can requestodify the code owned by other programmers.

a software unit to put debugging information in its ~ Figure 9 shows the effect oévise and snapshot
object code by turning on its debugging flag. By defaultoperations on a subsystem. Notice that since we do not
the set_attributes operations are also propagated alongmodify C andX in Figure 9(c), no new snapshots are
links, so that the same setting will take effect on thecreated for them in Figure 9(d). However, altholyis
whole subsystem. This propagation can be prohibite@ot directly modified either, a new snapshobai cre-
when programmers want to confine the effects of th@ted because it uses a modified versiovi of

new setting to the root software unit.

Figure 8: Version control of a single software unit.



tion in our framework is more hierarchical. The selec-
tion of versions is in terms of subsystems instead of
files, and each software unit hides the selections of its
subsystems from its parent software unit. In DSEE and
SHAPE, versions of files are selectedsajection rules
Selection rules may get files that are not compatible,
since two reliable files do not imply that their combina-
tion are also reliable. While this problem is less likely to
happen in our framework, we have to insure that only
one version of a software unit is used by a subsystem.
For example, in Figure 9(b) we have to insure that
andD’ use the same versionXf A possible solution to
this problem is to detect these conflicts during the sys-
tem building process, and let users set some rules to
(c) resolve them.

Figure 9: Version control of a subsystem. Our framework also aims to simplify the access to

In our model, a fixed software unit designates aold versions, while reducing the space they occupy. To

fixed subsystem. We insure that if a software Mnis save space, a sol_tu@re unit may del_ete_ its derived
. . . objects and check-in its source code in sitapshot
fixed, then all the software units 8(X)are also fixed. . . .
. ) . gperation. But we require that all these space conserving
By having this property, we can guarantee that given the" . . .
N . . actions be hidden from the users, so that a fixed version
same argument imuild operations,S(X) will always : . S
. . can be accessed in the same way as an active version is.
generate the same derived objects.

Like the system building process, travise and For example, if a fixed software unit checked in all of its

snapshot operations on a subsystem are carried out pgource code into some version repository, then when its
P ! L Y : Ldit operation is invoked, it should check out its source
the collaboration of individual software units. When

. ) : code internally before loading the code into editors. We
revising a subsystem, thevise message is propagated

along the link until it hits the boundaries of a workarea.al"so require that thenapshot operation not change the

. . ! . semantics of a subsystem. In other words, a fixed sub-
Each software unit then uses its owmise operation to

process its data attributes. Téepshot operation on a system should keep enqugh |nf_ormat|on SO that it can
subsystem is carried out similarly by propagating theregenerate the same derived objects.
Since a fixed software unit may check out its source

snapshot message. . . . . .
Our model to handle composite objects is similar toobJects and regenerate its derived objects internally, we

that of PCTE [10][4]. But there are two major differ- need an operation to remove these objects when the

ences. First, while all the attributes oftableobject in Exeg s;f;\;\i/srr]e fL(;rrnttlhs;Sno L?ngzgusﬂegér\]/_\ae dgfl:b;:rgn
PCTE are immutable, a fixed software unit in our frame- p op purpose. p op

e . . reduces the space occupied by a subsystem without
work may modify its attributes internally. For example, o : !
) . . . . affecting its behavior. Again, we propagate ¢lean-up
it may delete its derived objects and compress its source . LT .
essages along links, and let individual software units

quects to save Space. The only reqwrem_ent 'S th.at ea@:]acide what to do with their data attributes. Tlean-
fixed software unit should keep enough information so

that the same derived objects can be regenerated. Sel- operation may be invoked either explicitly by pro-

. . . . grammers, or internally by the system. When a
ond, instead of using the same predefined operations for . ) . .
: . . .. workarea is short of disk space, it may invoked the
all objects, we allow different software units to have dif- . :
. . C clean-up operations of its least-recently-used software
ferent implementation of theievise andsnapshot oper- .
. - . upits.
ations. This is necessary because different classes 0
software units may have different data attributes. 4.3. Discussion
In our frameWOfk, the selection of versions is made Our framework draws its power from two princi-
in terms of subsystems. When we makses_interface  ples. First, we organize software artifacts atcwefigu-
or t_uses_interface link to a certain version of software ration management level in para||e| with the
unit X, we are also choosing a certain versiorlSX)  modulization at thesource coddevel. A software unit
W? do not havg to know which versions of S_Oﬂwareplays two roles at the same time. It represents a function
units S(X) contains, or whether different versions of or a class in source code, and it corresponds to a config-
S(X)use different sets of software units. _ uration in configuration management. Since we use the
Compared with DSEE and SHAPE, version seleCsame decomposition structure, the gap between han-




dling source code and managing configurations is nar- To increase the flexibility of this environment, we
rowed. Additionally, since we represent the relationssupply an interpretive language that allows users to
between modules explicitly as links, programmers cardefine new classes of software units, or change the defi-
examine and traverse them directly without looking intonition of individual software units. Since most activities
the source code. This helps programmers to understamd POEM are carried out by the operations of software
the general structure of a program. units, defining new classes of software units has the
Second, our approach applies the principles og&ffect of tailoring the whole environment.
modulization and encapsulation to configuration man- In POEM, users do not directly access files and
agement. It is well known that modulization and encap-directories of the underlying file system. But instead of
sulation are very useful in managing source programstoring everything in the object layer, POEM still stores
Similarly, they can help greatly in handling configura-large software artifacts like source code, object code,
tion management. As pointed out by Osterweil [19],and documents as files in the underlying file system.
software processes can be considered as special peing so makes POEM more open to the outside world.
grams that are enacted by both human and computeSxisting tools like editors, compilers, and debuggers can
The data used by these special programs are softwabe invoked by the operations of software units to pro-
artifacts like source code, derived objects, system modsess these files. We can also utilize existing code and
els, documentation, version history files, etc. By apply-documentation by creating software units that reference
ing the principles of modulization and encapsulation orexisting files.
these software artifacts, we can simplify configuration  The purpose of the user interface layer is to let pro-
management greatly. Modulization helps us to decomgrammers access software units in the object layer. This
pose the configuration management tasks into managkyer is fairly simple because most functions of POEM
able units. Encapsulation helps us to hide the differerdre already supported by software units in the object
configuration management requirements of individualayer. Its major responsibilities are to display the con-

subsystems. tents of software units, to let users invoke operations of
. software units, and to show the relationship between
5. Implementation software units. A graphical user interface can easily be

As illustrated in Figure 10, the architecture of built, since software units and their links map naturally
POEM is composed of aser interface layemnd an to icons and edges. Operations of a software unit can
object layeron top of the file system. The object layer isalso be represented as items in a pop-up menu.
where the software units are stored. Currently we are  The implementation of POEM involves about 8,000
using an object-oriented database system called Objedines of C++ code on top of Motif, ObjectStore, YACC,
Store [13] to implement this layer. ObjectStore is basi-and LEX, and about 1,000 lines of code in the script lan-
cally an extension of the C++ language that supportguage of POEM. Considering the rich functionality
persistent objects. It allows multiple clients to work onPOEM supplies, the implementation is rather easy. This
the same database simultaneously in a distributed envis possible because our model is rather simple, and
ronment, and it supports transaction facilities to serializéecause we utilize many existing tools.

the operations on objects.
Up J 6. Related Work
(In?g;face ﬁ) MAKE [9] is the most commonly used system
el — building tool, but it has rather weak support for the mod-
’ \ ulization of makefiles. There is no formal channel of
communication between makefiles. If we want to use
multiple makefiles in a large project, then the passing of
arguments has to rely on implicit protocols. The lack of
formal arguments also makes the reuse of makefiles
more difficult. The VESTA configuration management
system [15] aims to solve these problems by the moduli-

\ zation and parameterization of system models. It uses a
functional language to describe system models, and

File e X \ emphasizes the modullzatlon and parameterization of
System |__L| E E E E E system models. However, since the nature of system

\
<

building requires lots of parameters for each system
building functions, and since it is impractical to supply
all these parameters on each call to these functions,

Figure 10: The architecture of POEM



VESTA has to introduce a complex binding mechanisnversions implement a single interface. Adele [8] extends
to manage the parameters of system building functionghis model so that interfaces themselves may have ver-
Our framework shares the same goals with VESTA irsions. It also describes the relation between interfaces
system building, but uses an object-oriented approacand implementations as an AND/OR graph. Compared
instead of a functional approach. The parameters fowith our framework, Adele is more flexible to handle
system building are stored on software units instead ofariants of versions, but it is also more complicated.
passed as arguments to functions. Rumbaugh [21] proposed a framework to control

Early version control systems like SCCS [20] andthe propagation of operations between objects. The
RCS [24] handle the versions of files only. CVS [3] propagation policy is based on attributes associated with
enhances RCS by letting programmers handle versionglations. Our framework also relies on the propagation
of directories. DSEE [14] allows version selection inof operations to handle composite objects. But instead
terms ofthreadsthat refers to files or other threads. of using the full power of that rather complicated model,
ClearCase [1] enhances the functionality of DSEE andve found that treating all operations equally and using
runs on several platforms without special supports fromvorkareas to control the propagation is suffice to meet
the underlying operating system. our requirements.

Version control in terms of objects is studied in the .
area of software development environments as well a€. Conclusion
in the area of computer aided design (CAD). Zdonik The major goal of this research is to find a frame-
describes an object-oriented database system thafork that makes configuration management simple yet
includes a built-in version control mechanism [25]. powerful. We have shown that it is possible to provide a
PCTE+ [4] supports operations to manage versions gfrogramming environment that handles system building
composite objects. Katz surveyed version modeling irand version control according to the logical structure of
engineering databases, and proposed a unified framgeurce code. This makes programming easier because
work [12]. programmers no longer have to maintain the mapping

Several other systems also aim to free programmeitsetween the structure of source code and that of the
from the management of derived objects. Cedar [23] anghysical software artifacts. Our framework also handles
DSEE [14] usesource oriented system modedlerived  derived objects automatically, and allow programmers
objects are not directly managed by programmers, bub handle large subsystems as a single unit.
programmers still have to address them indirectly by  While the basics of this framework is established,
some functions. VESTA hides the management othere are still many problems to be solved. We are
derived objects by passing them as the results of builcdeveloping a formal model to describe the mechanisms
ing functions. in our framework, and prove the properties we claimed.

Most existing configuration management systemspe are also working on mechanisms to manage variants
use separate documents to describe the system buildiaf subsystems, so that programmers can switch between
process. CaseWare [6] stores the information about howhem more easily.
to build a particular type of object on the object type  We also need more field test on our ideas. Until
definition itself, and places the build context informa-now, our experience with POEM has been more than
tion on objects. But the compositions of configurationssatisfactory. But limited by the resources we have in a
are still described by separate collections cadlegem-  university, we have not use POEM on real-life projects.
blies The largest program we have tried to develop under

In Ada [1], since packages and subprograms ar@OEM is POEM itself, which contains only several
units of source code as well as units for compilation, thehousand lines of source code. We are especially inter-
gap between handling system building and managingsted in seeing how the working patterns using workar-
source code is smaller than in other languages. Besidasas in POEM will be different from those using
an Ada environment is responsible to decide which unitgsorkspaces in existing programming environments.
need to be re-compiled based on the logical relations
between them [5]. However, Ada organizes compiledR€ferences
packages in libraries, which have flat structures and thyg] Atria Software, Inc., “ClearCase Architecture and
cannot directly capture the relationship between pack- Database,” Atria Software, Inc., Massachusetts,
ages and subprograms. Ada also needs additional mech- USA, August 1993.
anisms to handle a mapping between versions dR] J. G. P. Barnes, “An Overview of Ada,” Boftware
libraries and their elements. CMVC [18] presented one  Practice and Experiengevol. 10, pp. 851-887,
of such mechanisms. 1980.

Gandalf [11] uses a module concept where a set 48] Brian Berliner, “CVS Il: Parallelizing Software
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