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1 Introduction

This manual is abowt MARVEL. a knowledge-based software development environ-
ment. Several papers present the idea and the architecture of MARVEL (section 6):
this manual concentrates un teaching the user how to use the system. The manual
consists ol the tollowing parts:

e a Tutorial which introduces the user to the MARVEL system and provides a
step-by-step guide to creating a sample environiment.

e a Relerence section that documents each built-in command of MARVEL .

o the C/NMaRVEL enviroument which has been used for MARVEL development,
complete with rules. envelopes and an objectbase.

1.1 Who Would Use This Manual

There are basically 1wo tvpes of people for whom this manual might be useful. The
first are students who waut to learn the (' programming language and know nothing
about UNIN. This manual will provide these students with an environment in which
to learn (" without having to spend additional time learning about UNIX. The second
group of people who might find this manual useful are those who are interested in
MARVEL for research purposes.

1.2 Typographical Conventions

In order to make this manual more readable there are certain tvpographical conven-
tions that vou will notice and should understand. Any text that you type in the
client’s Text Window {figure 2) is “quoted™ with double quotes. Any text that vou
tvpe in the Client Window is in boldface. All object names are “quoted”, all at-
tribute names are /n this font. all class names are WRITTEN [N THIS FONT. and all
rule names are AS THIS. Anything between angle brackets. < >. is the generic name
for that thing which is different from the specific namme. For example, the name of
any object would bhe shown as <object name>.

1.3 About MARVEL

The idea of N[ARVEL wax couceived a: the Sottware Engineering Institute of Carnegie
Mellon University by Perer H. Feiler and Gail E. INaiser in the summer of 1986. A
“proof-of-concept” tmplementation was done at the SEI at that time by Popovich.
The first large-zcale implementation ot MARVEL started at Columbia University in
the fall of 1936. Duriug the summer of 1937, the project was a joint one with Siemens
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Research and Technology Laboratory. This implementation. as well as the SEI im-
plementation. was built on top of a multiuser prograimming environment for C called
Smile and was completed in September 1987, The second large-scale implementation.
version 2.6. began in September 1987 and was completed in February 1990.

MaRvVEL 2.6, was a completely standalone system with a persistent object manager
replacing Smile: in no way should this object manager be considered to be a general-
ized objecthase facility. [t was appropriate for exploring the automatic environment
generation facilities of N[ARVEL in a real. usable system. MARVEL 2.6 consists of
two executable programs. the kernel and a separate strategv loader. The strategy
loader operates in a separate process to facilitate basic fault tolerance when changing
environments and debugging strategies.

The basic idea of NIARVEL i to automatically generate an environment that supports
the specific needs of users working on a software project. MARVEL provides facilities
to generate such an environment in two phases. First, a person called the MARVEL
adminstrator writes o description of a software project. The description

¢ specifies the organization of the objectbase containing the components of the
project in terms of classes and attributes. For example, a C program may
consist of modules (each of which may contain macros. types. variables and
functions). documentation. and test suites. In the literature referenced above.
this is technically called the data model:

e models the sottware development process tor that particular project in terms of
rules which have logical conditions and eftects. For example. an editor (rule)
can have a condition that the specified module be assigned to the current pro-
grammer. and an effect {result of the editor’s activity) be that the module’s
status is not-checked. implving it is necessaryv to invoke a type checker. The
combination of all the rules forms the process model of an environment.

e provides mappings in the rules to envelopes. which in turn can call arbitrary
C'OTS (commercial off the shell) tools or local toals.

Second, a person called the userstarts up NARVEL and loads an appropriate subset of
the description to create NARVEL's kernel. The kernel incorporates the description,
tailoring its behavior according to the model of the software process depicted in
the description. The kernel includes an objectbase manager that understands the
organization part of the description. and tailors its model of the data according to it.
The result is a tailored MARVEL that the user can use to develop the target software
svstem which 1s called the MARVEL environment.

Figure 1 depicts the generation of a NARVEL environment. MARVEL's server sup-
plies the mefa-knowldge shared by all NARVEL environments, in particular how to
construct aud maintain the objectbase and how to perform chaining between rules.
The project administrator defines the data and process model which are loaded into
the server. The server then tailors its behavior. and provides each of its clients an
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environment in which to work. The client< can ouly access information about the
objectbase through the server. I addition. when the client is executing an external
tool. the rool receives it~ information through ManrvEL's Shell Envelope Language
(SEL) interlace: that is. the information stored on the File System is hidden from the
tools. The objectbase can only be accessed by the server.

\[ARVEL has two types of interfaces: a command line interface, and one using X11-
windows (version 3 or +). The tutorial presumes that the reader is using the X-
windows interface. However. both interfaces have equivalent power, thus the same
objects could be created in the line interface.

1.4 About This Manual

\luch of the iuformation in this manual is presented in the format of a tutorial
of MarvEL. The rurorial is included with the distribution system. Then there
are a number of sections on advanced topics. and a veference section that contains
manual pages for all the built in marvel commands. Finally. there are appendices
that document all the strategies used in the tutorial. and provide a software map for
MARVEL.



2 TUTORIAL 3

2 Tutorial

2.1 Marvel Overview

The long-rern woal of the NARVEL project is 10 develop a kernel for multi-user devel-
opment envivonmeuts that atlows teams of programiners to cooperate on developing
a large-scale software project. The kernel will provide concurrency control and ohject
management primitives that will enable project administrators to build an environ-
ment that implements concurrent software process models that describe a spectrum
of interactions. ranging from cooperation among members of the same development
team to isolation of teams who work on unrelated parts of the project.

MARVEL 15 a rule-hased <oftware development environment kernel that provides as-
sistance iu carrving out the sottware development process. MARVEL is built on top
of au object management system that abstracts the components of the project under
development as objects and stores them in an objectbase. The software develop-
ment process of the project is modeled in terms of rules, each of which encapsulates
a development activity. MARVEL assists software developers by applying forward
and/or backward chaining among the rules. automatically invoking the development
activities modeled by these rules.

A project administrator writes a specification of the project data model and process
model. Both specifications arve written in the MARVEL Strategy Language (MSL). The
administraror loads rhese specifications into the kernel. creating a MARVEL environ-
ment that supports both rhe data management and process management requirements
of the project.

The data model is specified in terms of classes. each of which consists of a set of typed
attributes that can be inherited from multiple superclasses. In the data model, there
is always a unique Top-Level class. There are several varieties of attributes: small,
medium. large and link. Small attributes can be integers, reals, time stamps. user ids,
strings. or an enumerated set. Medium attributes are represented as files on the file
svstem. Large attributes are essentially set attributes that contain instances of other
classes as their values. thus implementing composite objects. and giving the MARVEL
object management svstem {OMS) a hierarchical traversal capability. Set attributes
can he restricted in the data model to have only one member: these are called instance
attributes. Link attributes point to other instances in the objectbase. based upon a
specific class. thus giving the MARVEL OMS arbitrary graph traversal capability.
Link attributes can also be restricted to have only one link: these are called instance
link attributes. Existing software syvstems can be immigrated into MARVEL using
the Marvelizer tool. The NMARVEL OMS supports creation and deletion of objects
according to the data model.

The process model i~ described in terms of rules that specity the behavior of the
tailored MARVEL environment in terms of what comumands are available and what
kind of assistance is provided. MARVEL supports several models of assistance. ranging
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from automation 1o consistency maintenance mocdels. The set of rules that are loaded
into a MARVEL environment torm a network of possible forward and backward chains.
MARVEL rules are more complicated then their expert svstems ancestors: each rule
contains a condition that st be satisfied tor the rule to fire. an activity, which is
a eeneral mechanism to cxecute arbitrary external tools. and multiple effects that
assert the results of the 1ool o the MARVEL objectbase.

MARVEL 3.0 implement~ a client/server model that supports multiple concurrent
users of the same objectbase. Each user requests commands that access the ob-
jecthbase via the <erver. Concurrent user commands can cause rule chains to fire
concurrently. The server maintains a context for each client and performs the chain-
ing resulting from each client’s commands within that client’s context. Conflicting
accesses by concurrent rile chains to the objectbase are detected by a locking concur-
rency control protocol that implements granularity locking on the composite object
hierarchy. Locks are managed v a lock manager. and there are six basic types of
locks. Shared. Evclusive. Strong Sharved. Strong. Erclusive, [ntentional Shared, In-
tentional Evelusive. These correspond to the lock modes of S, X, SS, SX, IS, IX.
Locks are internally managed. and the user will never have to manually set locks. This
conflict detection protocol provides the bottom laver of a transaction management
subsystem. The top laver of the subsvstem is a conflict resolution protocol that uses
project-specific control rules to resolve the conflicts detected by the bottom layer.

2.2 Single-User Tutorial

\We now present a single-user tutorial to the C/NARVEL environment. In this tutorial,
the nser will become familiar with several of the Built-In commands provided by
the MARVEL environment. In addition. the user will gain experience in executing
environment-specific rules. and observing forward and backward chaining.

1. Type make_db <marvel_dir>

\Where <marvel_dir> is the name of a directory in which vou will be working.
Note: <marvel_dir> must not already exist.

2. Tvype cp_cmarvel <marvel_dir>
This script will copy the appropriate files into the <marvel_dir> directory.

At this point vour environment is ready to run MARVEL.

3. Tvpe marvel_server <marvel_dir>
This will run the server. with <marvel_dir> as the MARVEL directory that
vou set up in step .
If vou don’t specily the directory. MARVEL assumes the current directory. o
vou could cd ro <marvel_dir> and call the server without arguments.
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[t is alzo pos<ible to run the serverin the background: in this example, the client
has 1o be run in a different window. To run the server in the background, the
user would tvpe “marrvel_server <marvel dir> &7

Note. when vou execute this command the following messages will appear:

Error messages will be saved to file Marvel-server.log.
marvel _server: server started on <host>
marvel_server: the objecttase will be saved to file data/objectbase

You cau verify that the server is running by tvping jobs (in another window)
and the computer will respond with the following:

(NUM] + Running marvel _server <marvel dir>

You can run the server iu the background. but doing so will prevent you from
seeing diagnostic ourput from the server. It is recommended to run it in the
foreground at least the hrst few times. You can read this information in the
Marvel-server.log file created in <marvel_dir>.

From another window. type

marvel <-a> <-h hostname> <-w> <marvel_dir>

-a switch tells NIARVEL to run in administrator mode: default is
normal mode. The administrator has additional Built-In commands
available that the uormal client does not.

-h hostname specities the host machine where the server is running;
default is current host.

-w switch tells MaRVEL o run in the X-window system interface;
default is iy (conunand line) interface.

<marvel_dir> explicitly tells MARVEL the working directory - like
the server. vou can ¢d to <marvel_dir> and run the client without
specifving the directory: default is current directory

Note that vou can run multiple clients on the same working directory. but
only one server can be running for anyv working directory. Multiple clients are
intended for team development. For this example. vou should enter:

mareel - <marvel_dir>

The following nicssages arve printed to the client’s window



2 TUTORIAL S

carvel tC T Tt Sratus Window T.rrerz Tniest
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o . Ruie
Text Window Menu

Figure 2: [avout of MARVEL client

Marvel Software Development Environment
Columbia University Department of Computer Science
Version 3.0

Error messages will be saved to file Marvel-client.<pid>.log.
Connected to server on <host>

An additional message is printed to the Server:
marvel_server:<user>@<host> logged in.

[t 1s not necessary to have the server’s window continuously visible, but we
might refer to it occasionally. so vou might prefer to iconify it now.

We are now ready to proceed with the tutorial. Throughout this tutorial. the
Client Window refers to the original window in which the marvel -w command
was entered.

(S]]

We direct vour attention to the MARVEL window (figure 2). In the upper left
corner. the current version (3.0) is printed. The upper right corner will always
describe the “Current Object” in the objectbase. There is always a Current
Object (for now. it is "none” since there are no objects in the system) and
the user can change this focus by clicking on an object with the RIGHT mouse
button. The display will automatically register this change.

There are two panels on the right side of the window: The Built-In Commands
Menu and the Rule Menu. The two buttons UP and DOWN in the Rule Menu
Panel allow the user to scroll through all the rules loaded into the system. [f
vou click on the DOWN button. for example. the rules that are visible change
to debuy ... reewErr. Click on the UP button to restore the first page of the
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(v

Rule Menu. For a description of each built-in command. see the descriptions in
section 3.

- We are now ready ro beging We must add a top level instance to create the

database. Choose the ADD command. from the Built-In Commands Menu, by
chicking on the Apn hox with anv mouse butron. The Built-In Commands
Menu is replaced by the Add Menu. which asks the user to select HIER, HORIZ
or CANCEL. Note that the command ADD has been displayed in the Status
Window. We select horizontal, by clicking on HORIZ. At this point, it makes no
sense 1o add hierarchically since there are no objects in the objectbase to use
as a reference. NIARVEL is prompting for us to “Enter <instance>", so we type
in the name for the new object “Top™ and press return. Note in the Displav
Window rhere is now a small box labelled “Top™. Also observe that the Current
Object has autennatically changed to this object.

. Click on this object (to do this. click the LEFT button near the black square

labeled top. It doe~su’t have to be exactly on the square - just near it) to view
information about this node. The following is now printed in the lower Text
Window:

Name: Top [D: 0 Owner Class: GROUP

This is a 1op level object.
budd.status ((Built. NotBuilt. I[nitialized)] = [nitialized
progrets [~et of class PROJECT]

This tells us the tvpe of object (it belongs to the GROUP class) and that it
has two attributes. build_status and projects. The projects attribute states that
an object of class GROUP can have children of the class PROJECT in the set
attribute projects. This is a large attribute that defines the structure of the
objecthase. The build_status attribute is a small attribute. These can be inte-
gers. reals. timestamps. users. or enumerated sets. In this case. build_status is
an enumerated set that can take on one of three values “Built™. “NotBuilt” or
“Initialized™ and its current value is ~Initialized™. In MARVEL these attributes
are very important since they are used in rule predicates to enact rule chaining.

We note that the Current Object is “Top™. so we can add hierarchically (verti-
cally) to populate the objecthase. Adding hierarchically means that the objects
will be added to he children of the Current Object. Select the ADD command.
and select HIER for adding hievarchically. MARVEL now prompts:

Enter <attribute> <name> [<optional subclass name>]

Enter in “projects hwi™. This tells MARVEL rhat the name of the object is
“hwl™ and it is being added to the PROJECT class. since the projects attribute is
defined to be a set_of PROJECT. \Ve now see two objects on the screen connected
vertically by a line that «efines a parent/child relationship. Again, click on (or
near) the box labelled “hwl™ and we will receive the following information:
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Name: hwl [D: | Owner Class: PROJECT
Parent Object: Top (class GROUP) Owner Attribute: projects

arvehore_stafus [t Archived. NotArchived. Initialied)] = Initialized
heeild_status [(Built. NotBuilt. Initialized)] = I[nitialized
lthraries [set of class L1B]

prograns [set of class PROGRAM]

doc iset of class pOC]|

ines [set of class INC]

sre [set of class MODULE]

Here. since this object is not a top level instance. MARVEL also prints out
information specifving the parent of this object. and the attribute that defines
rhis parent/child relationship. Note that the Current Object has now changed
to “Top/projects/hwi™. This tells the full path to the object. starting from the
top-level instance “Top~ through attribute “projects™, to the “hwl” object.

9. Now. in ~imilar fashion. we add the tollowing objects:

Object Action

class: PROGRAM. name “test” | Click on “hw!” with the RIGHT button,
and choose the ADD command, HIER,
and enter in “programs test”
class: INC. uame “includes” (lick on “hwl™ with the RIGHT button.
and choose the ADD command, HIER,
and enter in “incs includes”
class: HFILE. name “main.i” | The Current Object is
“Top/projects/hwl/incs/includes”
('hoose the ADD command, HIER. and
enter in “hfiles main.h".
class: MODULE. name “sr¢” Click on ~“hwl”™ with the
RIGHT button. and choose the ADD command.
HIER. and enter in “src src”
class: CFILE. name “utils.c” The Current Object is
“Top/projects/hwl/src/src”. Choose the ADD
command. HIER, and enter in “cfiles utils.c”
class: CFILE. name “main.c’ ('lick on “test” with the RIGHT button.
and choose the ADD command. HIER,
" and enter in “cfiles main.c”

10. Click on ~utils.c” with the LEFT button to get information about this object
printed out to the NMARVEL Text Window. This object has several new attribute
rvpes we haven't seen vet: contents is a medium attribute, that is, a file on the
file svstem which contains the actual (' code for this object. There are two
trpes of medium attributes. teri and binary. The object_code attribute stores
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the resulting object vode from this C file. The reservation_status. timestamp.
owner. compide_statu~. aud analyze _~tutus attvibutes are small attributes. The
final type of artribute is the Link attribure. A link is a semantic relationship be-
tween two objects in the objectbase that talls outside of the standard hiearchical
relationships as defined in the composite objectbase. The ref attribute is a set
of links to other objects trom the HFILE class: in this case, this attribute defines
the #include relationship between ' code files and C header files.

Name: utils.c [D: 6 Owner (lass: CFILE
Parent Object: src (class MODULE) Owner Attribute:cfiles
reservation_status [(CheckedOut. Available. Initialized)] = Initialized

timestamp [time] = <Current Date and time>

owner [nser]

compile_stutus  [(Compiled. NotCompiled. Initialized)] = Initialized
analyze shatus ((Analyzed. NotAnalyzed. Initialized)] = Initialized
compile_loy (text]

analyze_loy [text]

contents [text]

object_code (binary]

ref [set of links of class HFILE]

We now priut ont the EDIT rule. using the PRINT command in the Built-In
Command meun. After selecting PRINT. MaRVEL displays the Print Menu.
Select RULEs. and when MARVEL directs you to click on the rule name, click
on the EDIT box found in the Rule Menu (lower right corner). About 40 lines of
text are printed: using the arrows. scroll back until the beginning of the newly
added text is visible (look for ~Click on the rule name.” in the Text Window).
Figure 3 contains the output.

This is reallv a lot of information. Let’s look at the RULE header first: [t
specifies the type of object that this edit rule works on (in this case an object
from the CFILE class). Note that there are three edit rules in the C/MARVEL
system - one each for DOCFILE. HFILE. and CFILE. The main reason why there
are three separate ones. is that we want different behaviour for each - this will
become apparent later. once vou are familiar with chaining. The CONDITION
of this rule states rhat the variable ?c (which is of class CFILE) is bound to an
object selected by the user. We will momentarily execute this rule on utils.c,
50 7¢ will be bound as ?¢ = utils.c. This rule specifies that the object bound to
?¢ must be owned by the Current User, and that s reservation_status attribute
must be “CheckedOut™.

[f we look at the information that NMARVEL printed about utils.c. we see that the
owner attribute is currently undefined. and resercation.status is “Initialized™.
Under these circumstances, the EDIT rule would not be satisfied. so MARVEL
would attempt to satistv the CONDITION (in figure 3) by backward chaining
to other rules. \We <ee from the CHAINS output that MARVEL can backward
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Marvel Text Window
RULE: edu[2c:CFILEY:
CONDITION
(AND
i Yc.omner = Currmtlser )
( Yc.reservation_status = CheckedOut)
ACTIVITY:
Tool: EDITOR, operation: edit,
Args: 2c.contents canalyze_status c.analyze_log Tc.compile_status ?c.compile_log }
EFFECTS:
0: (AND
(?c.analyze_status = NotAnalyzed)
(c.compile_status = NotCompiled)
(Ccaimestamp = CumrentTime))
1: NC( 2c.reservation_status = CheckedOut )

CHAINS:

backward chains:

(?c.owner = CurrentUser) --> automation chain to: reserve {?f:FILE }

2e.resaration_status = CheckedOut) --> automation chain to: reserve [26:FILE|

forward chains:

(2 analyze_status = NotAnalyzed) --> auiomation chain to: dirty[?m: MODULE)
analyze{?c:CFILE]

(2c.compile_status = NotCompiled) --> automation chain to: diny{?m: MODULE)
compile{?:CFILE)

STRATEGIES:
edit

Figure 3: EDIT rule

chain to the RESERVE rule to make the reservation_status = CheckedQOut: if we
executed the EDIT rule. NIARVEL would backward chain to the RESERVE rule.
MARVEL would fire the RESERVE rule. which checks out the file (the user has
to type in a <hort description of this file since this is the first time that this file
has been reserved). and this would satisfy the CONDITION for EDIT.

AMARVEL would then be able to fire the EDIT rule, which it would do. and an
emacs window would appear on the screen. ready for the user to enter in the
file. Once this editing process is done. MARVEL would fire any rules that it
can forward chain to. That is. there might be other rules in the system that
can now be tired since their CONDITION has been satisfied by the EDIT rule.
\We see (Figure 3) that MARVEL would forward chain to the DIRTY [MODULE].
ANALYZE [CFILE]. and COMPILE [CFILE] rules. You should now scroll the text
back to the end of the window (i.e.. click on the down arrow until the text stops
scrolling).

Another way to view this information is through the PRINT GRAPH feature.
Select the PRINT rule and when the Print Menu is displaved. select GRAPH.
The Display Window now shows a crude representation of the rules and their
chaining behavior. Find the box with EDIT(CFILE) inside and click on it with the
LEFT button. [f vou missed and another box has been selected. click anywhere in
the Display Window with the RIGHT button to redisplay the rule graph. Note
rhat the £DIT rule has one possible backward chain (the node above labeled
RESERVE(FILE). and three forward chains. DIRTY(MODULE), ANALYZE(CFILE)
and COMPILE(CFILE). This utility is very useful for determining the chaining
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’ Top

sre

@ main.h utils.c

Figure 1: The Current Objectbhase

behavior of the eiven environment. Select DONE to continue the tutorial.

We now have N objects in the objectbase (see figure 1). However, the C files and
the H files are empty. To actually write code. we can’t use any of the built-in
commands. since they are used onlyv to build the structure of the objectbase.
We must use one of the user-provided rules.

In the Rule Menu tlower right corner). we sce a box labeled EDIT. This corre-
sponds 1o a rule that edits a file. What we will now do is edit the two C files and
add code to them. Select the EDIT rule. and when MARVEL prompts for the
rule arguments. click on the ~utils.c™ object (or type “utils.c™) and press return.
\We must keep an eve on the window with the client in it, since we will soon be
asked 1o enter in the description of ~utils.c” when MARVEL backward chains
to the RESERVE rule. As an example (see figure 3). we enter contains useful
functions. press returu. and then enter a line containing only a *.” Once the
RESERVE rule has finished processing. the EDIT rule goes to work, placing on
the screen an emacs window. For this tutorial. yvou should enter in the following
C file:

#include <stdio.h>

void subi()

{
printf("subl: Beginning\n");
printf("subl: End\n");

}

We now leave emacs. (CTRL-X ¢TRL-C). thus completing the EDIT rule. MAR-
VEL will now execute all the forward chains it can. resulting in figure 5.

2. Click on ~utils.c” with the LEFT button. and note that both the resereva-

tion_status has changed ro "CheckedOut™ and the owner attribute is defined
as “<vour user-id>". [n addition. the analyze status attribute is set to "Ana-
Ivzed™ and the compide _status attribute is set to "Compiled.”
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Client Window

Now reserving .../ Top/progectsthw l/srersre, cfilesjuuils.ctutils.c

Now creating RCS directory...

-../Top/projectsihw | fsre/srefefilesiutils. ¢/ RCSiutils.c,v <--
.../Toplprojects/hw 1 fsre/srefefiles/uuls. clutits.fe

initial revision: 1.1

eater description, terrmunated with single * * or end of file:

NOTE: Thists NOT the log message!

contains useful functions

>> >> done

-./Toplprojecishw L /src/sre/ctilesfutils .c/unls.: reserved
Editing utils.c

Changes Made and saved.

analyzing utils.c on Mon Sep 16 18:35:51 EDT 1991
lint utils.c

analysis successful, results available with viewErr

compiling utils.c on Mon Sep 16 18:35:56 EDT 1991

compile successful, results avaifable with viewErr

-

Marvel Text Window

FIRING RULE . edit (utils.c)
PRECONDITIONS for edit( utils.c)
Can backward chain to ...
reserve( utils.c )

EXECUTING: reserve( utils.c )

EXECUTING: reserve( utils.c)
EXECUTION RESULT : reserve( utils.c ) has satisfied precondition of edit (utils.c )
RE-EVALUATING: ediutils.c)

EXECLUTING : edit( utils.c )

EXECUTING : edit( utils.c )
EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:
edit(utils.c)
Can forward chain to ...
analyze(utils.c)

EXECUTING analyze( utils.c )
EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:
analyze(uuls.c )
Can forward chain to ...
compile(utils.c )

EXECUTING compule( utils.c )
EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:
compile(utils.c)
Execution cycle completed

Figure 5: Result of EDIT[utils.c]

3. Moving on. we now add code to the "main.c” object. Click on the EDIT rule.
and then click ou the “main.c” object with the LEFT button. and press return.
Ouce again. NARVEL will have to backward chain to the RESERVE rule. so you
should have the Clieut Window available to tvpe in a description of this file. In
figure > we enter in contains the main procedure. followed by a line with a
=" When the emacs window appears. enter in the following C file.

#include <stdio.h>

#include "main.h"

main()

{

printf("Version: %s\n", VERSION);
printf("This 1s the main file.\n");

subi();
b3

Now save this file and leave emacs. (CTRL-X CTRL-C). and watch MARVEL exe-
cute its chaining cyvcle (figure 6). What happened? Well. click on the "main.c”
object with the LEFT button. to print out its information.

Name: main.c [D: 7 Owner Class: CFILE
Parent Object: test (class PROGRAM) Owner Attribute: cfiles
reaevvation_status [t CheckedOut. Available. Initialized)] = CheckedOut
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Ctient Window Marvel Text Window
Now reserving . /Top/projects.hw | fproprams/esiciiies/main c/main.c FIRING RULE : edit tmzin.c)
Now creating RCS directory... PRECONDITIONS for edit(ma:n.c) ARE NOT SATISFIED
o ¥/pm1cclsfhw1}prognms.t:sx)cﬁlcs/mam.a‘RCS/mam.c,x <. Can backward chain 1o ..
./Toplprojecishw | /programs Aest/c files/main o/man.c reserve (main.c)
witial revision: 1.1
enter description, terminasted with single ** or end of fiie: EXECUTING : reserve (main.c)

NOTE: This 15 NOT the log message!

EXECUTING . reserve {(mainc)

contains the main procedure EXECUTION RESULT : reserve ¢main.c) has satsfied precondiuion of:

> >> done

. . edit{main.c)
RE-EVALUATING : edit (mawn.c)
EXECUTING . cdit {(main.c)

-.[Topfprojectshw I /programsAcsikiilesfmaim. ¢y main. 2 reserved

EXECLUTING : edit (main.c)

Editing main.c. EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:
Changes Mace and saved.

analyzing main.c on Mon Sep 16 19:28:08 EDT 199} Can forward chainto ...

> analyze(main.c)

iint mamn.c

analysis {ailed. results availzble with viewEm EXECUTING analyze{main.c)

14

EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:

analyze{main.c)

Execution Cycle compicted

Figure 6: Result of EDI'T[main.c]

tomve stannp [rime| = <Current Date and time>

owner [user] = <Current User>

compile _status  [{Compiled. NotCompiled, Initialized)] = NotCompiled
analyze_status [(Analyzed. NotAnalvzed. Initialized)] = NotAnalyzed

compile_loy [text]

analyze _loy [text]

contents [text]

object_code [binary]

ref {zet of links of class HFILE]

[t appears that the file was successtully reserved. but there were problems during
the analvsis of “main.c”. Let’s EDIT the "main.c” file to see what the problem
was. Select the EDIT rule. and then with the LEFT button. click on "main.c”
and press return.

\When the emacs window appears. there are several buffers besides “main.c”.
The middle buffer. “main.canalyze log”. contains the results of what happened
when lint was run on “main.c”: the lower buffer is currently empty since it
contains the results of what happened wheu cc is run on main.c. and that
hasn't been doue vet. [f we look at the "main.canalyzelog” buffer we see that
the analvsis tailed because lint was unable to find the “main.h”™ file. This is
rather obvious. since we haven't created this file vet. Leave emacs now without
making any changes to "main.c”. MARVEL takes no action, since the object
has not been changed.

Select the EDIT rule. and click with the LEFT button on the “main.h” object.
and press return. MARVEL will once again backward chain to RESERVE, so be
prepared to enter in a short description for this file. \Ve enter main header
file. followed by a line with a =." and when the emacs window appears, enter
in the following short header file:

edi(man.c)
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#ifndef _MAIN_H
#define _MAIN_H

#define VERSION "1.0"
fendaf

Now leave emacs.

13, We jiow manually analvze “main.c” by selecting the ANALYZE rule (We mayv
have 1o click on the Up in the Rule Menu to make the ANALYZE rule visible;.
clicking on the “main.c™ object with the LEFT button. and pressing return
(figure 7). Well. what happened? Basically. N[ARVEL doesn’t know that the
HFILE main.h i~ a " header file. and that the lint tool needs it. We can see
this information veadily by looking at the ANALYZE rule. Select the PRINT
conunand from the Built-In Command Menu. When the Print Menu appears.
select RULEs. and then click on the ANALYZE rule in the Rule Menu (again, we
may have to make the ANALYZE rule visible by clicking on the UP button). The
output ix in fgure 10,

Client Window Marvel Text Window
analyzing main.c on Mon Sep 16 19:49:57 EDT 1991 FIRING RULE : analyze (main.c)
lint main.c EXECUTING : analyze(main.c)
analysis failed, results available with viewErr EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:

analyze(main.c)
Execution Cycle completed

Figure 7: Result of ANALYZE[main.c]

The cONDITION part has a derived parameter *h. which is bound at runtime
to all those HFILEs that ?¢ links to through the ref attribute. Since ?c (main.c)
currently has no links set. the ANALYZE rule does not see the HFILEs. This is
especially important since the ACTIVITY section sends to the shell script (which
invokes the lint tool) the header file contents. \We realize that we have not set
things up correctly. so we make the link right now. If the Text Window is not
scrolled down to the end. we do that now by clicking on the down arrow until
the text scrolls to the end.

16. Select the LINK comniand from the Built-In Comumand Menu. and MARVEL will
prompt “Pick the <ource object or pick done”. Click with the LEFT button on
“maii.e” and MARVEL will ask for the link attribute. Since there is only one link
attribute for the CFILE class. MARVEL automatically chooses the ref attribute
and replies “Pick the source link attribute: ret™. Now MARVEL is prompting
for the destination object. so click on "main.h”™ with the LEFT button.

Note that MARVEL has drawn a curved. undirected arc between these two ob-

jects. \When the objectbase is displaved. all links are curved, and all parent/child!
relationships are straight lines. Click on "main.c™ with the LEFT button to see
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7.

,_
s,

19.

how the new information is displaved. Note that now the ref attribute is de-
fined ro point to “mai.h” (with ID of | to disambiguate.) Back links are also
printed. which can be checked by clicking the LEFT button on *main.h™ and
noticing that rhe thivd line of cutput savs ~Linked to by object main.c (class
CEILE)".

Now let’s manually analyze “inain.c” once again by selecting the ANALYZE rule
and clicking on "main.c” and pressing return. Note that the ANALYZE rule has
completed successfully. and that it forward chains to the COMPILE rule. This
rule also complctes successfully. and MARVEL chains to the BUILD rule. which
fails (figure 11). To find out why this BUILD rule failed. select the VIEWERR rule
defined in the Rule Menn (again. it might not be visible. so use the UP/DOWYN
button~ to hring it into view). Select it. and click on “test™ with the LEFT
button. and press return (Hgure N).

Client Window

== build errors ============
build .../Top/projects/hw 1 /programs/test/iestexec on

Mon Sep 16 23:25:12 EDT 1991
1d: Undefined symbol

_subl

Figure 3: Result of VIEWERR[test]

For zome reaxon. the BUILD rule was unable to find function subi from “utils.c”.
So now we look ar the BUILD rule for PROGRAM. When we print out the BUILD
rule. use the scrollbar to find the BUILD rule for class PROGRAM (see figure 10).
So we see that we have left something out: we need to add libraries to this
project since the BUILD rule requires all the CFILEs not owned by the specific
PROGRAM to be archived into an archived libravy file (.a file). If the Text
Window is not scrolled down to the end. we do that now by clicking on the
down arrow until the text scrolls to the end.

We need 1o add an object of class LIB to be a child of hwl. From the BUILD rule
we see that we need to add it to the libraries attribute of *hwl”. So. we change
our Current Object to “hwl™ by clicking on “hw!™ with the RIGHT button. Note
how the C'urrent Object changes to “Top/projects/hwl™. Next, select the ADD
command. specify HIER. and enter the attribute name tollowed by the object
name “libraries lib”. Now we want to tell NIARVEL that the CFILE “utils.c”
should be archived into this library. There is no attribute in the CFILE class
object to specify this. but we once again see from the BUILD rule that objects
from the MODULE class contain a link to a LIB class object. If we click on “src”
object with the LEFT button. we will see the following:

Name: sre [D: 3 Owner (Class: MIODULE
Parent Ohject: hiwl (class PROJECT) Owner Attribute: sre
wrehive _statu: [{ Archived. NotArchived. Initialized)] = Initialized
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modules [\t:l of class .\l(')DI'LEj
cfile - [Let of class CFILE]
Ihrury [set of links of class LIB]

So the data model is configured 1o have each module point to a library in which
it will avchive its CFILE objects. \We set the link now between “sr¢” and ~lib”
in a similar fashion as betore. Select the LINK command, click on “sr¢™ with
the LEFT button when MARVEL prompts with ~Pick the source object or pick
done”™. MARVEL automatically chooses the library attibute (“Pick the source
link attribute: library™) since there is only one possible link attribute to choose
from. C'lick on the “lib”™ object with the LEFT button to fix the destination
of this link when MARVEL prompts with “Pick the destination object or pick
done”. \ curved arc will appear between “sre” and ~lib”™.

Now that we have <er this link. we must archive this module, so select the
ARCH rule from the Rule Menu and click on ~svc”, pressing return when done
(see figure ). Note that MARVEL forward chains to the rule which archives a
library. and then continues to antomatically build the “test” program.

Client Window Marvel Text Window
r.nmung ar - on hba. FIRING RULE: archiisre)
ar creating _Topmprojectshw 1 ibrasex/libilb EMECLTING: arch(src)
4 - _[Topiprojecshw sre/seefeflesutls cl.tils.c.n EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:
sunnng ranhb on arch(s:c)
archuve now as ailable in iib.a
b.:ld w[l'npifru)mu/hw I?Iugruns/wsuxmc\:c an EXECUTING: arch(lib)
Mon Sep 16 23:27:119 EDT 1991 EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:
¢ . /Topfprojects/hw iiprograms/lesticfiles/main.c/ arch{Lib)
main.c.o .. /Top/projecuihw L libranies/ibfiib a -1 -ic Can forward cham to ... build{test)
-lm -0 ... /Topiprojecishw lprogramsiiestiesiexec
build s.coessful EXECUTING : build(tes1)
EVALUATING FORWARD CHAINING POSS(BILITIES AFTER EXECUTING:

build(test)
Caz forward ¢hain w ... build (hwl)
EXECUTING: build(hw 1)
EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:
build(hw 1}
Execuuon Cycle completed

Figure 9: Result of ARCH[src]

We are now ready to run the program! Choose the EXEC_PROG rule from the
Rule Menu. and click on “test” with the LEFT button, pressing return when
done. Find the client window: it is waiting for a list of parameters to give to
~test”. Press return since there are none, and the program executes (figure 12).
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RULE: 2nalyze | 2c.CFILE]

CONDITION:
(forall HFILE ’h suchthat (LINKTO {%¢ ref "hi}))

NB (Pcoznalyze status = NotAnalyzed)

ACTIVITY:
Tool: COMPILER, Operat:on: analyze,
Args: 2c.contents 7canalyze_log Th.contents

EFFECTS:
0: (Pc.aralyze_status = Analyzed)
1 {2c.analyze_status = NotAnalyzedi

CHAINS:
forward chains,
(Pc.analyze status = Analyecd) --> automation chain o

1

arvel Text Window

RULE. build {?p: PROGRAM]

CONDITION:
(AND (forall PROJECT ?P suchthat MEMBER (?P_programs 7p})}
(forall MODULE Mm suchthat (MEMBER [7P.sr¢ h]')l
(foral LIB 2| suchthat (LINKTO {?m.library A)))
(forall CFILE ¢ suchthat (MEMBER [?p.cfiles c})})

(AND (7¢c.compile_status = Compiled)
(?Larchave_status = Archived))

ACTIVITY:
Tool: BUILD, Operation: build _program,
Args: c.object_code Yp.exec Tp.build_log N.atlle

EFFECTS:
0 NF(?p.build _status = Buil)
1: NF(?p.build_status = NoBuilt)

compile{c:CFILE)

forward chains:
[?c.analyze_status = NotAnalyzed] -->consistency chain to;

diny[?7m:MODULE]

STRATEGIES:
compile

CHAINS:

backward chains:

("e.compile_status = Compiled) --> automation chain to.
compile{?c:CFILE]

backward chains

(M.archive _status = Archived) --> automation chain to:

areh{?LLIB)
STRATEGIES:
build

Figure 10: The ANALYZE and BUILD rules

Client Window
Lnt =ainc FIRING RULE ¢
1naiyns succssaful, maulis avaasie s viewErr
soapding Dea s ou Mos Sep 16 23:2508 EDT 14l

sompdc successfiul, reeula svaladie wita viewCere
Build .../Top/progcu/biw I /pmgrmsnesy zactec vn
Mo Sep 16 23:25:11 EDT {991
=3 .. Topproecistw Lprofimeie st SAT&DE
-il - -im -0 _STopprogcia’twl programeiesiiesis wec
Sald faded

Marvel Text Window

sl yie{ mung)

EXECUTING: analyzs(=a.ns)
EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:

analy ze(unc)

Caa {rrward chiun W ..compue {munc)

EXECUTING: compemain£)
EVALUATING FORWARD CHANING POSSIBLITIES AFTER EXECUTDNG:

compie{mun.c)

Can Forward chain @ ... bwld(icsd

EXECUTING: budd(est)
EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:

brz il 28)

Caa furward chan w .- ety (Bwl)

EXECUTING: ainy(hw i)
EVALUATING FORWARD CHAINING POSSBILITTES AFTER EXECLTING:

Srty(hel)

Cazforward chain 0 . Sean (Dan )

EXECUTING: -lean (e

B)

EVALUATING FORWARD CHANNING POSSIBILITEES AFTER EXECLTING:

Erecuuan Cycle

Figure [1: Corr

Client Window

excculing .../ Toplprojects/hwl/programs/icsuitestexec on
Mon Sep 16 23:58:25 EDT 1991

Enter in the parameters for
... Top/projects/hw /programs/testitestexec:

<No Parametars, preass return>

Version: 1.0

This is the main file.
subl: Beginning
subl: End

[

Figure 1

clean (rmainb)
compieed

ect Result of ANALYZE[main.c|

Marvel Text Window
FIRING RULE: exec_prog(iest)
EXECUTING: exec_prog(test) )
ZVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:
exec_progitest)

Exccution Cycle completed

Result of EXEC_PROG(test]
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It

. To finish the tutorial. execnte the DEPOSIT rule on the three files we have

edited  "main.e”. “maih” and urils.e”. In each case. the Client Window
will promipt the user to verity the deposit of the file (enter "v”) and then ask
for a message (we tvpe in “done”™). This completes the single-user tutorial.

Wheu vou ave done with MaRVEL. select the QUIT command from the Com-
mand Menu. When the NARVEL Window has disappeared. go to the the Client
Window. and enter kifl_sereer. This will kill the server process. Alternatively.
vou could go to the window with the marvel<erver running. and tvpe CTRL-¢
to stop the program.

24, THAT'S IT! You should now take a close look at the strategy files (with .load

suffix) that are in <marvel_dir> to become familiar with the rules in each of
them. You should also look at the shell scripts (no suffix). Each shell script
{eg.. budledd is written in MARVEL's SEL. Shell Envelope Language, and has
been compiled into an appropriate KSH/SH/CSH shell file (with .env suffix).
You should be tamiliar with these as well.

Please note: For now don’t change the Data Model as defined in data_model.load
siuce it will invalidate the objectbase that vou have created, and you will have
to start from ~cratch. There are internal ways to update the objectbase (e.g.,
to add/subtract an attribute toffrom a certain class). but we haven't explained
them here. Rules can be added/deleted but vou should be well acquainted with
C/MARVEL hefore attempting this. Good Luck!
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3 DMarvel

3.1 Built-In Commands

This section deseribes eachi of the built-in commands available to the user. These
commands are available in all N\[ARVEL environments. and are located in the Built-In
Command menu. the upper right panel of the MARVEL client window. Environment-
specific commands match rules as defined by the project administrator: for example.
a command COMPILE that matches a rule designed to compile a ' file. Built-in com-
mands directly manipulate the structure of the objectbase. Each built-in command
is described in detail. and a list of common error cases is provided.

3.1.1 add

The ADD command adds a new objeci the objectbase.

MARVEL mainrains a concept of a ~Current Object”™. Whenever an object is added.
it's location in the objectbase is determined relative to the Current Object. The
Current Objecr can be changed with the CHANGE command.

There are two wayvs to add an object: horizontally and hierarchically (verticallv). A
Marvel objectbase is o divected graph. which conforms to a structure as defined in the
data model. The objecthase is constructed by composite objects. That is, an object
has an artribute (called a set attribute) which is itself a collection of objects trom a
specific class. Adding an object horizontally makes the new object a sibling to the
Current Object. Thar is. the new object will have the same parent that the Current
Object has. and belong to the same set attribute. Adding an object hierarchically
makes the new object a child of the Current Object. belonging to the user-specified set
attribute (figure /refadd-command). After adding an object, the screen will refresh
to show the new display.

""""""""""""""" Azarrg mein 2 onleraTIaisally o hwl

Top

main.c

Figure 13: Adding an object

If an optional sub-class namne is entered by the user. theu the object to be added will
be classified as an object of thar sub-class. instead of the class of the set attribute.
This operation will anly he allowed if the sub-class name provided is actually a sub-
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class of rhe class of the <ot attribnte. When the client <elects the ADD command. the
Add Menu is displayed. prompting the user tor HIER. HORIZ. or CANCEL.

I. Click on ADD
20 Click o HORIZL HIER or CANCEL
3o 0mery Typein the attribute and the object name
(HORIZ) Type in the object name.
4. Type iu the <optional sub-class name>
3. Press return.
6. Confirm the addition by clicking VES. or cancel the addition by clicking NO.

Errors:

[ the optional -ub-class i~ not a valid class. or not a valid sub-class for the given set
attribure, rhen the A DD command is aborted,

[f the atiribure i~ nor valid tor the Current Objecr. MarvEL will reply ~Template attribute
<attribute> not tound. ADD failed”.

If the user is atrempring to add the first instance hierarchically. MARVEL responds “The
first instance can not he added downward. add failed.”

If the Current Objecr already has an object in the user-specified set attribute with the given
name. Marver will reply “There already is an object with name <object name> in set
attribute <atrribute>.”

If the atrribure clioseu by the user is not a set attribute (i.e.. it is an instance attribute which
can have at most one member), and rhe nser attempts to add more than object to this at-
iribute, MARVEL respounds with “<Current Object>.<attribute> is already assigned(<the
object>). ApD failed™.

Concurrency Errors:

If another client is currently accessing the Current Object in write (exclusive) mode, then
the ADD conumand will be aborted. and the following message will be printed:

Concurreunt access conflict on object <object .name>

Your command requested accessing <object_name> in write (exclusive) mode

But user <other client > is running rhe <rule> rule. which is accessing <object_name>
in write {exclusive) mode

Aborting rhe transaction. add: 1x_\WRITE on Current Object failed

If another client has deleted the Current Object. and the current command is to add an
ohject hierarchicallv. MARVEL will reply ~Current Object is invalid. Refreshing vour screen.
Add failed.”™ Thi~ ocenes because the display has become out of date with respect to the
objecthasze.
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3.1.2 browse

Fhe BROWSE command allows the user 1o graphically navigate through the object-
base, and selectively view anv desired ~ub-trec.

The objecthase displaved 10 1the user can be in one of two states: Top-Level, or
Sub-Tree. Since there can be mulriple objects belonging to the Top-Level class. the
objectbase is actually a torest of object trees. The ouly wayv to view all of the trees at
once iz to be in the Top-Level state. When the objectbase is being displaved in the
Sub-Tree stare. the object that is the root of the sub-tree is centered in the top row
of the screen. Note: The (urrent Object focus is unchanged by any user browsing.

When the user selects the BROWSE commands. the browse menu replaces the Com-
manc Menu. and the clienr i~ in Browse Mode. The user can choose from -oomin.

oomout. pun. rufo or dove.

L. zoomen allows the nser to choose an object ou the screen to be the next sub-tree
root.

2. zoomout expands the sub-tree up one level. and makes the parent of the current
sub-tree root. rhe new sub-tree root. This is onlv applicable on the current
object. which is the roor of the given sub-tree.

3. pan allows the user to move horizontally in the tree (left or right) from a given
object. This command is a shorthand for zoomout followed by zoomin.

Loanfo prints out the wfortuation for the selecred node.

3. done leaves the Browse mode.

Figure 14 ~hows the varions options available to the user. Note that while the Browse
mode is active. the three mouse buttons change their functionality:

o Left pans left to the next sub-tree. [f there is no sub-tree to pan left to, MARVEL
responds with “Cannot pan lefr. This is a leftmost node.”

o Middle is an accelerator for zoomin/zoomout. \When the user clicks on any
object except the current sub-tree root object. that object becomes the new
sub-tree root {:oonin). \When clicked on the current sub-tree root, MARVEL
expands up rhe sub-tree one level. and makes the parent of the current sub-tree
root. the new sub-tree root ( :ocmout).

o Right pans right to the next sub-tree. If there is no sub-tree to pan right to.
MARVEL responds with “Cannot pan vight. This is a rightmost node.”

Errors:

None. However. it is possible that the objecthase being browsed is out of date with the
current objectbaze. <ince other clients might have deleted or added objects; this will be
transparent 1o the client. The only client interaction that might be impaired is the info
option to print information abour a given object. If rhe ohject chosen by the user has heen
delered by ~ome other client. then MarverL will not be able to print any information for

that objecr {obyvionsly!y,
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Figure 11: Browsing capabilities
3.1.3 change

The CHANGE command allows the user to change the Current Object focus. as dis-
plaved in the upper right corner of the screen. When the user selects the CHANGE
command. NIARVEL prompts the user to “Pick an object to change to”, and waits
until the user has clicked on an object. The Current Object focus is immediately
changed ro this object. The RIGHT button is an accelerator for this command - click
on any object with the RIGHT button. and it will become the Current Object.

Concurrency Errors:

[f the user selects an object which another client has deleted. MARVEL responds “Ob ject
not found. Refreshing screen™ and the display is refreshed.

3.1.4 copy

The COPY command allows the user 10 copy objects in the objectbase to be children
of other objects. as allowed by the duta model.

[t 1s not possible to change the class of a given object. once the object has been
created and given a specific tvpe. However. an object can be copied to an attribute
whose owner class is a superclass ol the object’s class. An object cannot be copied
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to itself (Le.. if the set artvibure is that same as the atrribute that the Source Object
belongs to. the Target Parent Object cannot be the parent of Source Object).

When an object i copied. the entire sub-tree rooted at that object is copied as well.
All small and medinm attribures are also copied, bur link attributes are not.

Top-Level vhjects. as defined i the data model. cannot be copied. In addition. objects
cannot be copied to be children of themselves. or children of vne of their descendents.
This would violare the hierarchy of the objecthase.

I. Click on copy

Pick the Source Object

Pick the Target Parent Object

(It more than one large attribute in Target Pavent Object) Pick the target
attribute. otherwise the only attribute is automatically chosen.

Confirm the copy of <Source Object> to <Target Parent Object>.<attribute>
by clicking YEs. or cancel the copy by clicking NoO.

-

-t

Errors:

If the Source Object helongs to a class that is incompatible with the set attribute (i.e., not
the same clas<. and not a sub-class of the set attribute class). then MARVEL responds with
“Copy error: Class <Source Object ("lass> of object <Source Object> is not compatible
with attribute <atrribure> of class <attribute class>". and the COPY command is aborted.

If the Target Parenr Object currently has an object in the given set attribute with the same
name as rhe source abject. MARVEL reponds with “Copy error: Object already exists in
<attribute> with uame <Source Objecr Name>". and the copy command is aborted.

If the Taraet Parent Object is the Source Object. or a descendent of the Source Object.
MarveL responds with ~Copy error: Can't copy an object to be a descendent of itself”.
and the copy commaud i~ aborted.

Concurrency Errors:

[f another client is currently accessing either the Target Parent Object or the Source Object
in write (exclusive) mode. then the copy command will be aborted. and the following
message will be printed:

Concurrent access contlict on ohject <object_uame>

Your command requested accessing <object.name> in write (exclusive) mode

But wser <other client > is runuing the <rule> rule. which is accessing <object_name>
in write (exclusive) mode

Aborring the rransaction. copy.cnid: tx_WRITE on Current Object failed

3.1.5 delete

The DELETE command allows the user to delete objects from the objectbase.
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Since the data model i+ constructed with camposite objects. deleting an object deletes
the entire sub-tree rooted at that obect. However. any objects linked to from within
this sub-tree are not deleted. Onee the object has been deleted. the new objectbase
image is displaved.

l. Click on DELETE

2. Pick an object 10 delete

3. Conlirm the deletion of <Object> by clicking YVES. or cancel the deletion by
clicking No.

Errors:

{f the client clicks roolow in the MARVEL window. NMARVEL responds with ~Delete: Invalid
Pick™. and the pELETE command is halted. If this happens, the client must select the
DELETE command again.

Concurrency Errors:

If another client is curreutly accessing the chosen object in write (exclusive) mode, or
accessing an objecr within the <ub-tree in write (exclusive) mode (thus accessing the chosen
object in intentional write mode). then rhe DELETE command will be aborted. and the
following message will he prinred:

Concnerent access couflict on object <object name>

Your conmand requested accessing <object_name> in strong write (no children
can be accessed) mode But user <other client> is running the <rule> rule.
which is accessing <object.name> in write (exclusive) mode

Aborting rhe transaction

If another clienr has deleted the chosen object. then MARVEL will respond ~Object not
found. refreshing vour screen...”. and the objecrbase image will be refreshed.

3.1.6 execute

The EXECUTE command allows the user to execute an arbitrary MARVEL command
script. A script is a file with « special header of 15 characters: #'marvel script.
Within the file is a list of NMARVEL commands to execute. Since thev will be executed
without graphical interaction. the commands are written using the Command Lin«
interface. and any user input will be queried as determined by this interface. For
full specifications of this interface. we refer the reader to section 3.2. This command

essentially provides a hbatch interface to NIARVEL.
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3.1.7 help

The HELP command allows the user to get more information about a variety of sub-

jl,‘(‘l S.

When the client <elects thie HELP comumand. the Help Menu is displayved with the
following options:

¢ 7 outputs the current listing of help available. broken down into the three
sections: Swuhject, Command and Rule.

o Command prompts the client to select a command from the Command Menu.
Ay information about the command is printed to the client’s Text Window in
a fashion ~similar to the UNIX command man.

o Subject prompts the client to enter in one of the topics as printed in the Subject
section from above. and information about this subject is printed to the client’s
Text Window.

e Rule promprts the client 1o select a rule from the Rule Menu. Any information
about the rule is printed to the Output Window in a fashion similar to the
UNIX comnmiand man.

3.1.8 link

The LINK command allows the user to link an object to another object in the object-
hase. as allowed by the data model.

A link is a semantic relation between two objects. as defined in the data model. that
does not conform to the strict lilerarchical composition of the objectbase. The link is
rooted at one object 1the sonrce) and links to another object (the destination). The
destination instance and the source mstance may be the same object.

. Click on LINK

2. Pick the source object or DONE

3. Pick the source link attribute (it rhere is only one link attribute, it is chosen
automatically) trom the provided menu

4. Pick the destination object

Errors:

If the <ource ohject selected by the client has no link atrributes, NARVEL responds with
“link aborted: ~elecred objecr has no link attributes.”

If the deztination object is not the same class as. or not a sub-class of, the link attribute
class. MARVEL respouds with “Incompatible Tvpes.”

If the destinarion objecr is already being linked to through this link attribute. MaARVEL
responds ~object <destination object> already linked by this attribute.”
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If the link artribure is a siugle link. and the wser is artempting to create another link.
MaRvEL respouds “single link artribute alieady a-signed.”

Concurrency Errors:

[f another client ha~ created the link from <:ource object > to <destination object>. MaR-
VEL responds "obhject <destinarion object > already linked by this attribute™, and the screen
will refresh ro show rhe [ink.

If another client hax deleted either the <source object > or the <destination object>. MaRg-
VEL responds ~Object Not Found. Refreshing vour screen.” and the most recent objectbase
will be displaved.

3.1.9 move

The MOVE command allows rhe user to move objects in the objectbhase to be children
of other object~. a< allowed by the data model.

[t 1s not possible to change the class of a given object. once the object has been
created and given a <pecific type. However. an object can be moved to an attribute
whose owner class is a ~uperclass of the object’s class. An object cannot be moved
to itself (i.e.. the Tavget Parcent Object cannot be the parent of Source Object).

When an object i~ moved. the entire sub-tree rooted at that object moved, as well.
Top-Level objects. as defined in the data model. cannot be moved. In addition. objects
can not he moved to be children of themselves. or children of one of their descendents.
This would violate rhe hierarchy of the objecthase.

L. Click on MOVE

2. Pick the Source Object
3. Pick the Target Parent Object
4. {More than one large atiribute in Target Parent Object) Pick the target at-
tribute. otherwise the only attribute is automatically chosen.
3. Confirm the move of <Source Object> to < Target Parent Object>.<attribute>
by clicking YES. or cancel the move by clicking NO.
Errors:

If the Source Objecr helongs to a class that is incompatible with the set attribute (i.e., not
the same class. and not a ~ub-class of rhe class). then MARVEL responds with “Move error:
(lass <Source Object Clas=> of object <Source Object> is not compatible with attribute
<attribute> of clazs <attribute class>. and the MOVE command is aborted.

If the Target Parent Object currently has an object in rhe given set attribute with the
same name as the ~onree object, MARVEL reponds with ~Move error: Object already exists
in <arrribute wame> with name <Source Object Name>". and the MOVE command is
aborred.
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If the Targer Parent Object is the Sonree Object. or a descendent of the Source Object.
MARVEL responds witle “Nove error: Can’t move au object 1o be a descendent of itself™.
and the VTOVE command i~ aborred,

[f the user tries 1o move an object to rhe ~ame set attribure that it currently belongs to.
NMarver replies witl “You can’t move an object 1o irself.”

Concurrency Errors:

[f another client is currently accessing either rhe Target Parent Object or the Source Object
in write (exchusive] mode. then the yovE command will be aborted. and the following
message will be prinred:

Concurrent acesss conflict on object <object .name>

Your connnand requested accessing <object_name> in write (exclusive) mode

But nser <other client > is running the <rule> rule. which is accessing <object_name>
in write (exclusive) mode

Aborting the rransaction. move_cind: 1x_WRITE on Current Object failed

3.1.10 print

The PRINT command allows the user to display the definitions of various components
of the environment. Uhe LEFT button is an accelerator for PRINT INST. When the
user selects the PRINT command. the Print Menu replaces the Command Menu, and
the user can choose from the following options:

e class prints out the definitions ol all the loaded classes

o snst prints out nformation for an object that the user chooses

o rules prints onr the definition of a rule that the user chooses

o current prints out information about the current object

o Crapl displays o grapli of all Lthe rule chaining connections within the given rule
zet. Consistency implications are represented by dashed lines. while automation
implications are drawn as solid lines. The default view shows every rule in the
svstem. To focus on any one rule. click with the LEFT button on the box on
the screen that contains that rule. To return to the default view. click on any
rule with the RIGHT button. YWhen focusing on a rule. backward chains are
represented as lines originating at the center node (rule) rising vertically to
nodes drawn above the original rule. Forward chains are represented as lines
originating at the center node (rule) falling vertically to nodes drawn below the
original rle.

o Doune leaves the Priut Mode.

COIlCUI‘l‘EllC}’ Errors:

If another client has deleted the <object> for which the user requests to view information.
MaRrVEL responds ~Object Nor Found. Refreshing vour screen.” and the most recent

objectbase will be displaved.
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3.1.11 quit

The QUIT command termuinates the client process.

3.1.12 refresh

The REFRESH command vedisplays the client’s objecthbase. This is necessary when
the objectbase has changed. and the client’s ohjectbase image is out of date.

3.1.13 rename

The RENAME command allows the user to get more information about a variety of
subjects.

L. Click on RENAME
2. Pick rhe object 1o rename. or pick DONE
3. i not voNE) Enter new name lor <object>

Errors:

[f the set artribute that conraius <object> already has a member with the new name
entered by the client. NMARVEL responds with “<new name> must be unique amongst the
children of <parent object>. renaine of <object> failed.”

Concurrency Errors:

[f anorher client is currently accessing either the Target Parent Object or the Source Object
in write (exclusivej maode. then the RENAME command will be aborted. and the following
message will be printed:

Concurrent access conflict on object <object_.name>

Your command requested accessing <object_-name> in write (exclusive) mode

But user <other client> is running the <rule> rule. which is accessing <object.name>
in write (exclusive) mode

Aborting the transaction. rename_cmd: 1x_WRITE on Current Object failed

3.1.14 set

The SET command allows rhe user to modify several parameters of the run-time
environment. \When thix command is selected. the Set Menu is displaved with the

following options:
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Show all C Onpir carrent values
auto_update_dizplay =77 Unnsed =77
verhose ~Makes NIARVEL S responses more explanatory
Cor terse,
chaining.type (hange behavior of load (admin)
display_link- i Hide or Show links on screen
print_links \When printing an object. print those
other object that it links to
print_back_links When printing an object. print those
other objects that link to it
prompi Change the current Prompt (Command Line)
rule .mode = Unused ==~
small_fout Change the small font type
normal_font ! (Change the normal font type
bold_font | Change the hold font type

3.1.15 unlink

The UNLINK command allows the user 1o remove a link between two objects in the
ohjectbase,

A link is a semantic relation hetween two objects, as defined in the data model. that
does not conformi to the strict hierarchical composition of the objectbase. The link
is rooted at one object (the source) and links to another object (the destination). To
remove a link. the client must specify the source object. the link attribute, and the
destination ohject.

I. Click on UNLINK

2. Pick the <ource object or DONE

3. (If not DONE) Pick the sonrce link attribute (if there is only one link attribute.
it 15 chosen automaticallv) from the provided menu

1. Pick the destination object

Errors:

[f the source object selected by the client has no link atrributes, MARVEL responds with
“link aborted: selected object has no link atrributes.”

If the link arrribute has uo current links. A[ARVEL responds with ~unlink: attribute <attribut. >
has no links.”

If the de<tination object is not being linked ro through this link attribute. MARVEL responds
“<source objecr> is not linked ro <destination object> by attribute <attibute>.”

Concurrency Errors:
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If another client has removed the link from <source ohject> to <destination object>.
MaRVEL responds with either “<Zsource object > is nor linked to <destination> by attribute
<atrribute>", or “unlink: atrribute <attribure> las no links”™. and the screen will refresh
to remove the link.

[f anotlier clicnt hias delered either rhe <source object> or the <destination object>, MaRr-
VEL responds “Object Notv Fonnd. Refreshing vonr -creen™ and redisplays the current
objectbase,

If another clienr is currently accessing the choseu object in write {exclusive) mode. then the
UNLINK command will he aborted. and rhe following message will be printed:

(‘oncurrent access couflict on object <object_name>

Your command requestred accessing <object_name> in write (exclusive) mode

Bur user <other vlienr > is running the <rule> rule. which is accessing <object_name>
in write {exclusive) mode

Aborting the rransaction. unlink: rx \WWRITE on Current Object failed

3.1.16 usage

The USAGE commaud allows the user to receive usage information for the Built-In
commands. When the user selects USAGE. the Usage Menu replaces the Command
Menu. At this point. the user can choose to print information about each command
(7). or can chouse to view the information for an mdividual command by selecting
COMMAND. and then when MARVEL prompts. the user clicks on the desired command
from the C'ommand Menu.

[. Click on USAGE
2. Click on 7 1o print out all the usage commands. or
Click ou COMMAND
3. Click on the commaund for which vou wish to priut out usage information.

3.2 Command Line Interface

[n section 3.1. the user was expected to be using the graphical interface. MARVEL
also supports a command line interface. This is usetul for users who don't have access
to an X-Based machine. and for creating batch sets of commands. This section will
brieflv provide the command line svntax required by each command:

3.2.1 add

add -ho <name> adds an object named <name> horizontally to the Current Object.

add -hi <attribute> <name> [<optional-subclass name>] addsan object name:l
<name>hicrarchically to the <attribute> set attribute of the Current Object. If the
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OptiOIlal sul)-cla» lajne 1~ ]Hu\'i(l(}([, !l[F' ulljl'('t 1= rla\,~iﬁed as an Ol)ject Of thﬁt ClaSS.
only if ir is a legal ~ub-cla<s.

3.2.2 change
change <name> hinds an object whose name is <name> and which has the same class
as the Current Object: If found. this object is made the Current Object.

change -c <class> <name> [ <attribute> <name> ] =* changes the Current Ob-
ject to the object as directed by the user. If only <class> and <name> are en-
tered. then this changes the Current Object to point to that object. If additional
<attribute> <name> pairs ave provided. then MARVEL searches vertically, through
each suceessive objecr until all pairs are exhausted.

change -a <attribute> <name> changes vertically to the object within the given
attribute <attribute> whose name is <name>.

change -up changes the Current Object to be the parent of the Current Object.
3.2.3 copy
copy <to-class> <to-name> <to-azttribute> copies the Current Object to be a

child of thie object of class <to-class>. ind name <to-name>. The object is copied
to the <to-attribute> attribure,

copy <from-class> <from-name> <to-class> <to-name> <to-attribute> copies
the object of class <from-class>. with name <from-name>. to be a child of the object
of class <to-clas~>. and name <to-name>. The object is copied to the <to-attribute>
attribute,

3.2.4 delete

delete <class> <name> deleres the vbject from class <class> with name <name>.

3.2.5 execute

execute <marvel-script file> executes the specified MARVEL script file.

3.2.6 help

help { <command> | <subject> | <rules> | ? } gets help on the specified topic.
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3.2.7 link

1ink <src-class> <src-name> <src-att> <dest-class> <dest-name> creates a
semantic link from the object ol class <sre-class>. and name <src-name> to the
object of class <dest-class> and name <dest-name>. The link is created in the
<sre-att> link attribute.

3.2.8 muove

move <to-class> <to-name> <to-attribute> moves the Current Object to be a
child of the object of class <to-class> and name <to-name>. The object is moved
to the <to-attribute> attribute.

move <from~class> <from-name> <to-class> <to-name> <to-attribute> moves
the object of class <from-class>. with name <from-name>. to be a child of the object
of class <to-class> and name <to-name>. The object is moved to the <to-attribute>
attribute.

3.2.9 print

print print~ ont the eutire objectbase

print -c <class> prints out the definition of the specified class. [f <class> is
omitted. then all classes are printed.

print -r <name> prints out all the rules with the given name <rule>. If this pa-
rameter is omitrec. then a listing of the headers of all the rules are output (not the
tull rule definitions).

print -C prints out information about the Current Object.

print -x <control_rule> prints out all the control rules with the given name
<controlrule>. If this parameter is omitted. then a listing of the headers of all
the control rules are output (not the full control rule definitions).

3.2.10 rename

rename <to-name> renames rhe current object to be the given name <to-name>.

rename <from-class> <from-name> <to-name> renames the object with class <from-
class> and name <from-name> to the given name <to-name>.
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3.2.11 set

set [ <variable> | <variable> <value> ]* allows the user to set certain envi-
ronment variables. [f the variable is a Loolean flag. then no <value> required: this
rogeles its value. [ a value 1 required. then the variable is set to <value>.

3.2.12 unlink

unlink <src-class> <src-name> <src-att> <dest-class> <dest-named removes
a link from the object of class <sre-class>. and name <src-name>. to the object of

class <dest-class> and name <dest-name>. The link is removed from the <src-att>

link attribure.

3.3 Tips & Troubleshooting
3.3.1 Object is ambiguous in current context

When the client is attempting to fire an environment-specific rule. MARVEL some-
times responds that a given object is ambiguous. For example. suppose that the client
is attempting to invoke the EDIT rule on an object named “main.c”. MARVEL might
respoud thart:

main.c is ambiguous in the current context:
class: CFILE, location: Top/projects/pl/src/src/modules/n/cfiles/main.c
class: CFILE, location: Top/projects/pl/src/local/modules/m/cfiles/main.c

When the server receives the command to EDIT “main.c”. it searches from the Current
Object for the closest object with this name. In this case. it found two objects named
“main.c . located at different locations in the objectbase. It is the job of the user
to disambiguate. so MARVEL can continue. The client would CHANGE the Current
Object to the desired "main.c” (see CHANGE command), and then repeat the EDIT
request.

3.3.2 Browsing during commands and rules

There are times when the objectbase becomes so dense that it is impossible to draw
the names of the various objects: how is the client to kuow which objects are which?
For example. if the client is attempting to copy an object. and the name is not
displaved. how can the client determine the correct object on which to click? The
answer lies in 1the MIDDLE button. Whenever the client clicks the MIDDLE button
on an object. that aobject becomes the root of the sub-tree that is displayed (see
BROWSE conunand). igure 15 show: a simple example. Here. the client wishes to
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Click on include with MIDDLE button ]

Top

include

include

Click on src to complete the copy J rClick on d.h, then click on include with MIDDLE button —l

Top Top

SIC ~ffmes—— src

Figire 153 Browsing during commands and rules

copy the object ~Lh” to be a child of "sr¢”™. The client knows that the object is
a child of “include™. but the name is not currently visible. The client selects the
COPY command and wheu NARVEL prompts for the source object. the client clicks
onn “include” with the MIDDLE button: now that “d.h™ is visible. the client selects
it by clicking on it with the LEFT button. MARVEL now prompts for the Target
Parent Object. The client wants it to be “src”, but that object is not visible, so the
client clicks on “include™ with the MIDDLE button. thus performing a zoomout (see
BROWSE). and clicks on =sr¢” with the LEFT button when it becomes visible: *d.h"
is copied. and “src” now has a child “d.L". Note that the user would have to choose
the set attribute to copy the object to. but that step was omitted for clarity.

3.3.3 Canceling a built-in command or rule

Most of the built-in commands have facilities for canceling once the client has selected
the command. ADD. BROWSE. DELETE. LINK. PRINT. QUIT. RENAME, UNLINK all
allow the client ro select DONE. or CANCEL to stop the rule.

The ApD rule only allows this when the Add Menu is displayed. Once the
user has <elected HIER. or HORIZ. the only wav to cancel the command 1s
to press return. MARVEL will then output the usage information for ADD.
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[f the RENAME command has been invoked. and an object has already
been <elected by the clicnt, the command can still be can still be canceled
by pressing veturn when NMARVEL prompis for the new name. MARVEL
will reply “You must <pecifv a name” and wait for the client to click on
another object. At that point. the client can click on DONE to cancel.

If the LINK or UNLINK command has been invoked. the client can cancel
the command by <electing DONE. If the source object has more than one
link attribute. then a Menu is displayved with these items, and the client
is forced to choose one of them: thus. at that point. the command can no
longer be canceled. The best that the client can do is remove (when LINK
was invoked) or add (UNLINK. resp.) the link to undo the procedure.

The other commands provide no clean way for the client to cancel. And in some
cases. there is no way to cancel. The CHANGE. cOPY. and MOVE commands can all
be canceled by making an invalid pick on the objectbase. This is done by clicking
with the LEFT button in the Display Window below the last row of objects. MARVEL
responds with “invalid pick™. and the specific command is canceled.

The EXECUTE command prompts the client tor a file name. and if the client presses
return. the command is canceled.

The last three commands. HELP. SET. USAGE. have no method for canceling - the
uzer must complete the command: for example. the user could randomly choose to

click on 2 il the HELP command was mistakenly selected.

An environment-specific vule can be canceled by pressing return when MARVEL
prompts for the rile arguments.

3.3.4 Text Window

[f the Text Window is not tully scrolled to the end when the user invokes a built-in
command or rule. then the Text Window becomes garbled. Fortunately, the informa-
tion is correctly printed. but the client will have to wait until the command or rule
has finished before viewiug what was printed. While a command or rule is executing.
the Text Window cannot be scrolled. The Text Window only maintains a history of
512 lines.

While the client is executing an activity, neither the Text Window, nor the Display
Window is refreshed. If either is occluded by another window. the Text Window is
refreshed after every rule. and the Display \Window is refreshed at the completion of
all chaining.
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3.3.5 Object Names

Currently. there is no restriction (other than no spaces) on the names of the objects
which the client can enter. The client should take care to enter in valid names. For
example. having an object named “don’t™ is not valid since the * character causes
problems. Other obvious nanes like =" and =" <hould not he used.

[f for some reason. an object is created with a name that causes problems. the client
can still delere the ohject by deleting the parent object. If this object is a top level
object. then the client must delete the entire objectbase manually and start again.
[f. however. the client has renamed an object to have a faulty name. then the client
can immediately rename the object back to the original name, and even though an
error message is printed. evervthing is back to normal.
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Figure 16: The Current Objectbase
4 Multi User Tutorial

The Multi-User tutorial assumes that the user has alreadv completed the single-user
tutorial in section 2. We will be using the same objectbase that the single-user tutorial
creates (figure 1G). \We assume that the user has the server executing. and one client
is running: this client will be referred 1o as Client.

4.0.6 Concurrency Conflict: Automation

We now describe « simple scenario for the Multi-User Tutorial. Assume that we
want to extend the example from the single-user tutorial; specifically, we want to add
several more functions and change the existing sub1. Client will change sub1, while
Client-2 adds some more utility tunctions. This tutorial can be simulated by one
person by creating two windows, one for each client. Note: This tutorial assumes that
Client and Client-2 have different user id’s. bhut are within the same UNIX group.

I. Open a window and start another Client-2 in <marvel_dir>; this client de-
cides to add another file to be a sibling of “utils.c”. So Client-2 clicks on “src”
with the RIGHT button and adds hierarchically an object “new.c” to the cfiles
attribute by tvping “cfiles new.c”. Note that the objectbase for Client has not
changed to display this object. To update the objectbase at any time. a client
may select the REFRESH command. and it Client does this then the most recent
objecthase will be displaved. Client-2 should go ahead and edit “new.c” and
add the following routine. As hefore. NMARVEL will execute backward chaining
to RESERVE the file. Client-2 zhould not exit emacs.

#include <stdio.h>

void sub2()
{
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4.0.7

printf("sub2: Beginning\n");
printf("Now calling subli\n");

subl1();
printf(’sub2: End\n");
}

While Client-2 is working. Client should click on "new.c” to see how MARVEL
displays concnrvent information. The last line of this output states “(locked by
user <user> 1t mode N)7. This tells us that <user> is accessing this object
in Exclusive Mode. Click on “sre™ with the LEFT button and observe the lock
description tor this object: ~(locked by user <user> in mode [X)". This tells us
that <user> is accessing a descendant of this object (new.c) in Exclusive Mode.

Client shonld edit =utils.c” and modify the subl routine to be the following:

#include <stdio.h>

void subl()

{
printf("subl: Beginning\n");
printf("subl not implemented.\n");
printf(“subl: End\n");

¥

Client should now save these changes and exit emacs. Figure 17 contains
the result of this command. There were two concurrency conflicts reported.
The first occured when MARVEL attempted to fire the DIRTY rule on the par-
ent MODULE of ~utils.c”. You should print out the DIRTY rule, and look for
DIRTY[MODULE]. Note rhat the CONDITION checks through all the children
CFILE objects of the given MODULE for an object that satisfies the two given
predicates. Since Client-2 is currently accessing “new.c” in Exclusive Mode,
this condition is unable ro be satisified. so the DIRTY rule is not fired. Simi-
lar reasoning explains the second concurrency conflict when MARVEL forward
chains to ARCH ~utils.c”™.

Have Client-2 exit emacs now. and execute the BUILD rule on “test” to build
the test program.

Concurrency Conflict: Consistency

There is a second tyvpe of conflict that arizes which causes a transaction to be rolled

back.

For further information on transactions see the Administrator’'s manual. Es-

sentially, when a forward automation chain fails. the transaction is aborted, and
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Client Window

Now reserving .../Top/projectsinw Ifsrefs:cisiiles/atis.ulils.
Now eating RCS duectory .

_fTop/projecishw stefsea/cfilesfutils S/RCS tis.c.w <--
~J/Topforojecta/hw Vcra/sreffilesfutils wusits Jo

: om0

intial revision:

erninated with singie o end of Lie:

NOT the irg message!

containz usaful functions

>> > done

SToplproectsi fs-chs:ecfilesputls.cs tls o roverved
Editing utils.c

Changes Made and saved.

snalyzing uuls.c on Mon Sep 16 18:35:51 EOT 1991
It atils.c

aralysis successful, results availabie with viewErm

compiling utils.c on Maon Sep 16 {8:35:56 EDT 1991

~ompile successful, results available with viewEm

11

Maurvel Text Window

FIRINGRULE  can{unis-c)
PRECONDITIONS for edigf _tils.}
Car backwarg chainto ...
aesenve( Ltils.c )

EXECLUTING: reservef ctils.c

EXECLTING: reserve( uils.c)
EXECLUTION RESULT : reserve( uiils.c ) has satisfied precondition of edit {utils.c )
RE-EVALUATING: edit{utils.c)

EXECLUTING : edi¥( wlils.c)

EXECUTING : edi( utils.c)
EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:
edif{utils.c)
The following locking conflict could not be resolved: «

Concurrent acaess conflict on new.c
Your command fired the dirty rule, which requested aceessing new.c in
read (shared) mode. But user <user> is ranning the edit nule, which is
accessing new.c in write (exclusive) mode.

Aborting the wansaction.

Can forward chainto ...
amalyze{anls.c)

EXECUTING anaiyze( utils.c )
EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:
amalyze{utils.c )
Can forward chain to ..
compile{utils.c)

EXECUTING compile( utils.c )
EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECLTING:
compile{uuls.c )
The foliowing tacking conilict could not be resoived:

Conzurrent 1ccess conflict on new.c
Your command fired the dirty rule, which reguested accessing new.c in
r=ad (shared) mode, But user <user> is running the edit rule, which is
azzessing new.c in write (exciusive) mode.

Aborting the Tansaction.

Execution eycle completed

Figure L7: Multi User Concurrency Conflict

MARVEL continues the forward chaining cycle. For example, when the DIRTY rule
was aborted. MARVEL was still able to ANALYZE and COMPILE in figure 17. However,
if a consistency forward chain fails. then N[ARVEL must “rollback”™ changes to restore

the objecthase to a consistent state.

1. Have Client-2 execute the EXEC_PROG rule on “test”. When Client-2 presses

<return> in the Client Window (in response to

“Enter in the parameters for

..Jrestexec”). the program outputs the following:

Version: 1.0

This is the main file.
subl: Beginning

subl not implemented.
subl: End

2. Now. have Client-2 execute the EXEC_PROG rule on

“test” again. but don't

press <return> in the Client Window.

3. Client should click on ~test” with the LEFT button to view the status for that

object: “(locked by user <user> in mode N).

1. Have Client edit “utils.c” and change the definition of sub1 to be:
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#include <stdic.h>

void subi()
{
printf{("’subl: Beginning\n");

printf(“subl has a syntax error\n")

printf("subl: End\n");
}

Please note the missing semicolon after the second printf statement. Client
should save these changes and exit emacs. Figure 138 contains the output of the
following forward chaining cvele. NMARVEL now initiates the forward chaining
cvcle and fives the ANALYZE rule. which succeeds. and the COMPILE rule. which
fails. As a result of rhis lailure. NIARVEL chains to the DIRTY rule on “src¢™ and
then fires the DIRTY vule on ~lib”. No problems have occured so far. However,
after MARVEL executes the DIRTY rule on ~lib™. it forward chains, through
a consistency chain. 1o the DIRTY rule on PROJECT “hwl™. This rule can’t be
fired. since Client-2 is currently accessing “test” in exlusive mode. So MARVEL
must rollback these consistency chains which. in this case, are the the two DIRTY
rules.

Client can veritv rhat these DIRTY rules were indeed rolled back by printing
] v p g

out the informarion tor “sre” and ~lib”™. In both cases. the archivestatus has
heen restored 10 “Areliived.”

ey
I~
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Murvel Text Window

FIRING RULE et {utils )
EXECUTING  adit (utils.c)

EXECUTING . edit (unis.c)
EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:
edit(utils.c)
Can forward chain to .
analyze(utils )

EXECUTING analyze(utils.c)
EVALUATING FORWARD CHAINING POSSIBILITIES AFFTER EXECUTING:
analyze(utils.c)
Can forward chainw ...
compile(utils <)

EXECUTING compile(utils.c)
EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:
compile{utils.c)

EXECUTING. dinytsre)
EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:
diny(src)

EXECUTING: disty(lib)
EVALUATING FORWARD CHAINING POSSIBILITIES AFTER EXECUTING:
dirty(lib)
The Tellowing locking conflict could not be resolved y

Concurrent access conflict on object test
Your command lired the dirty rule, which requested accessing test in
read (shared) mode. But user cuser> is running the exec_prog rule,
whuch is accessing test in write (exclusi-2) mode.

Aborting the transaction.

Rolling Back dirty

Rolling Back dirty

Consistency chain is roiled back

Execution cycle completed

Figure [8: Multi User Concurrency C'onflict With Rollback

C/Marvel Sources

This section coutains all the strategy files that make up the Tutorial as presented in
this manual. [t also includes all the SEL shell scripts that enact each of the tools
This is a valuable resource tor learning how rules work together to form chains, and
how SEL shell scripts perform their accomplished tasks

5.1

5.1.1

O O R B R R R

Strategy Files

cmarvel.load

Marvel Software Development Environment

Copyright 1991

The Trustees of Columbia University

in the City of New York
All Rights Reserved



5 C/MARVEL SOURCES I

*®#

This file contains ASL commands to build an environment for developing
C programs using 2 maximal amount of chaining amongst the rules.

®

strategy cmarvel

# Import all the addition data and process models needed to build up the
# environment.

imports data_model, dirty, archive, build, compile, execute, doc, edit,
rcs, print;

exports all;

5.1.2 data.model.load

Marvel Software Development Environment

Copyright 1991
The Trustees of Columbia University
in the City of New York
All Rights Reserved

H O O R R B R

strategy data_model

This strategy contains all the class definitions needed for a typical
C environment. The class definitions are imported by all other
strategies that define various aspects of the process model for
C/Marvel.

=R R R

# Interface with other strategies.

# Since this 1s a basic data model that all other strategies import, we
# don’t specify anything.

imperts none;
exports all;

# Class definitions

objectbase
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#

GROUP 1s the top-level class. An instance of GROUP contains several
projects. A Marvel objectbase can contain several group objects.

®

GROUP :: superclass ENTITY;
build_status : (Built, NotBuilt, Initialized) = Initialized;
projects : set_of PROJECT;

end

# PROJECT 1s an entity that defines much of the structure of a typical
# software project. PROJECTs can contain libraries, binaries, programs
# documents and includes in this example.

PROJECT :: superclass :=NTITY;
archive_status : (Archived, NotArchived, Initialized) = Initialized:
build_status : (Built, NotBuilt, Initialized) = Initialized;
libraries : set_of LIB;
programs : set_of PROGRAM;
doc : set_of DOC;
incs : set_of INC;
src : set_of MODULE;
end

PROGRAM is important to distinguish from PROJECT. A PROGRAM is a single
executable unit, whereas a PROJECT is a collection of PROGRAMs, and other
entities. PROGRAMs thus contains things like documents, cfiles, modules,
if 1t is large, and include files.

I*T O R O

PROGRAM :: superclass ENTITY;
build_status : (Built, NotBuilt, Initialized) = Initialized;
build_log : text;

docs : set_of DOC;
cfiles : set_of CFILE;
incs : set_of INC;
exec : binary;

end

# LIB is a shared archive type library. The ultimate representation of a
# library is a .a file, that i1s, an archive format file.

LIB :: superclass ENTITY;
archive_status : (Archived, NotArchived, Initialized) = Initialized;

' "

afile : binary = ".a";
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end

# MODULE organizes CFILES based upon some higher order. Each module knows
# which library (possibly more than one) it will be archived to. MODULES
# can recursively contain other MODULES, and sets of CFILES.

MODULE :: superclass ENTITY;
library : set_of link LIB;
archive_status : (Archived, NotArchived, Initialized) = Initialized:
modules : set_of MODULE;
cfiles : set_of CFILE;
end

# FILE 1s the generic class for anything that is represented as a unix
# file. There are specializations (subtypes) for CFILE, HFILE and DOCFILE
# in this system.

FILE :: superclass ENTITY;
owner : user;
timestamp : time;
reservation_status : (CheckedOut, Available, Initialized) = Initialized;
contents : text;
end

# Extra information 1s needed to record the state of compilation and
# analysis (lint, in our case) for CFILEs. A CFILE contains links to

# various HFILEs that it #includes.

CFILE :: superclass FILE;

compile_status : (Compiled, NotCompiled, Initialized) = Initialized;
compile_log : text;

analyze_status : (Analyzed, NotAnalyzed, Initialized) = Initialized;
analyze_log 1 text;

contents : text = ".c'";

" T

object_code : binary = ".o0";
ref : set_of link HFILE;

end

# For HFILEs, we only want to know if they have been modified recently,
# which will cause a global recompilation.
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HFILE :: superclass FILE;
recompile_mod : boolean = false;
contents @ text = ".h";

end

# For DOCFILEs, we only want tc know if they have been reformatted recently,
# so we can reformat the document.

DOCFILE :: superclass FILE;
reformat_doc : boolean = false;
formatted_file : binary;

end

# DOC :s a class that represents an entire set of documents, typically for
# a PRCJECT or PROGRAM. A DOC can contain individual documents, and files
# of it’s own.

DOC :: superclass ENTITY;
documents : set_of DOCUMENT;
files : set_of DOCFILE;

end

# DOCUMENT represents a complete individual document, such as a user’s manual
# or technical report.

DOCUMENT :: superclass ENTITY;
docfiles : set_of DOCFILE;
end

# INC represents a set of include (.h) files.

INC :: superclass ENTITY;
archive_status : (Archived, NotArchived, Initialized) = Initialized;
hfiles : set_of HFILE;

end

# BIN represents a place where binaries for PROGRAMs (parts of a PROJECT) are
# kept.

BIN :: superclass ENTITY;
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executable : binary;
end

end_objectbase

5.1.3 dirty.load

Marvel Software Development Environment

Copyright 1991
The Trustees of Columbia University
in the City of New York
All Rights Reserved

H B # 8 & # & &

# This strategy contains various '"dirty" procedures to make sure that
# 1f a certain file 1s modified, then certain propogations take place.
# These rules are hidden from the user since the user should not be

# allowed to use these rules.

strategy dirty

imports data_model;
exports all;

rules

hide dirty[?1:LIB]:
(exists MODULE ?m suchthat (linkto [?m.library 71]))

(?m.archive_status = NotArchived]

{}

[?1.archive_status = NotArchived];

hide dirty[?m:MODULE]:
(exists CFILE ?c suchthat (member [?m.cfiles ?c]))

(or [?c.analyze_status = NotAnalyzed]
[(?c.compile_status = NotCompiled])

{}

(?m.archive_status = NotArchived];
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hide dirty[?Proj:PROJECT]:
(and (forall PROGRAM ?P suchthat (member [?Proj.programs 7P]))
(forall LIB ?L suchthat (member [?Proj.libraries ?L])))

(or [?L.archive_status = NotArchived]
[?P.build_status = NotBuilt])

{}

(?Proj.build_status = NotBuilt);

hide clean[?proj:PROJECT]:
(forall LIB ?1 suchthat (member [?proj.libraries ?1])):

[?1.archive_status = Archived]

{}

[?proj.archive_status = Archived];

hide dirty(?g:GROUP]:
(exists PROJECT ?proj suchthat (member [?g.projects ?projl))

[?proj.archive_status = NotArchived]

{}
no_forward (?g.build_status = NotBuilt );

hide clean(?g:GROUP]:
(forall PROJECT ?proj suchthat (member [?g.projects ?projl))

[(?proj.build_status = Built]

{}
no_forward (7?g.build_status = Built);

hide clean[?h:HFILE):
(and (exists INC ?i suchthat (member [?i.hfiles ?h]))
(exists PROJECT ?proj suchthat (member [?proj.incs 7i])))

(and ( ?proj.build_status = NotBuilt ) # otherwise cleans right after
( ?h.recompile_mod = true )) # dirtying the files.

{}

[ ?h.recompile_mod = false ];
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(W]

.1.4 archive.load

Marvel Software Development Environment

Copyright 1991
The Trustees of Columbia University
in the City of New York
All Rights Reserved

# 2 R O R R R

# This strategy contains the definition of the archiver tool that can
# call either a script to archive a whole preject, or a script to
# archive a module.

strategy archive

imports data_model;
zxports all;

objectbase

ARCHIVER :: superclass TOOL;
archive : string = archive;
list_archive : string = list_archive;
end

end_objectbase
rules

# This rule archives a module if all its CFILES have been compiled.
#
arch(?m:MODULE] :

(and (forall CFILE ?c suchthat (member [?m.cfiles ?c]))
(exists LIB 71 suchthat (linkto [?m.library ?1])))

(?c.comp:le_status = Compiled)

{ ARCHIVER archive ?c.object_code ?1l.afile }

Archived];
NotArchived] ;

[?m.archive_status
[?m.archive_status
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## arch_lib: archive all the modules in each library. Again, this is an
b4 inference rule that causes arch_mod to be executed to do the
#u real work.

arch{?1:LIB]:
(forall MODULE ?m suchthat (linkto [?m.library ?1]))

{?m.archive_status

= Archived]
{1}
[?1l.archive_status = Archived]:

# list_arch: this rule just lists the contents of an archive.
#

list_arch[?1:LIB]:

{ ARCHIVER list_archive ?l.afile }

5.1.5 build.load

Marvel Software Development Environment

Copyright 1991
The Trustees of Columbia University
in the City of New York
All Rights Reserved

#H O OB R B R R R

strategy build

# This strategy provides a rule to build a PROGRAM. It also provides two
# inferences rules that will build an entire PROJECT or GROUP.

imports data_model;
exports all;

objectbase
BUILD :: superclass TOOL:

build_program : string = build:
end
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ot
[

end_objectbase

rules

# Build the group only 1f every project has been built
#
build [?group:GROUP]:
(forall PROJECT ?proj suchthat (member [?group.projects ?projl))

[(?proj.build_status = Built]
{72

no_forward (?group.build_status = Built):

# Build the project only 1f all the programs are built and all the
# libraries and include files have been archived.
#
build [?proj:PROJECT):
(forall PROGRAM ?p suchthat (member [?proj.programs ?pl)):
(?p.build_status = Built]
{1}

no_forward ( ?proj.build_status = Built);

# Build 2 program 1f all the C files of the program have been successfully
# analyzed and compiled.

build [?p:PROGRAM] :
(and (forall PROJECT 7P sucathat (member [?P.programs ?p]))
(forall MODULE ?m suchthat (member [?P.src 7m]))
(forall LIB 71 suchthat (linkto [?m.library 71]))
(forall CFILE 7?c suchthat (member [?p.cfiles ?c¢])))

(and (7c.compile_status
(?1.archive_status

Compiled)
Archived))

{ BUILD build_program ?c.object_code ?p.exec 7p.build_log 71l.afile }

Built)
NotBuilt):

(?p.build_status
(?p.build_status
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it

.1.6 compile.load

(W}

Marvel Software Development Environment

Copyright 1991
The Trustees of Columbia University
in the City of New York
All Rights Reserved

# O OH R B R R

strategy compile

# This strategy contains rules to compile and analyze CFILE type objects.
# Compilation is done with cc, and analyzis with lint. In our example,
# a file must successfully be analyzed before it is compiled.

imports data_model;
exports all;

objectbase
COMPILER :: superclass TOOL;

compile : string = compile;
analyze : string = analyze;

end

end_objectbase

rules

compile [?c:CFILE]:
(forall HFILE ?h suchthat (linkto [?c.ref ?h])):
# if the C file has been analyzed successfuly but not yet compiled,
# you can compile it. The compilation changes the status of the C
# file to either compiled or error.
(and ( ?c.analyze_status = Analyzed )

no_backward ( 7c.compile_status = NotCompiled))

{ COMPILER compile ?c.contents ?c.compile_log ?c.object_code "h.contents }
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( ?c.compile_status = Compiled );
[ ?c.compile_status = NotCompiled ];

analyze[?c:CFILE]:
(forall HFILE ?h suchthat {linkto [?c.ref 7h])):
no_backward (?c.analyze,status = NotAnalyzed)
{ COMPILER analyze ?c.contents ?c.analyze_log ?h.contents }

( ?c.analyze_status = Analyzed);
[ 7c.analyze_status = NotAnalyzed ];

5.1.7  execute.load

#

# Marvel Software Development Environment
#

# Copyright 1991

# The Trustees of Columbia University

# in the City of New York

# All Rights Reserved

#

strategy execute
# This strategy contains rules to debug and execute PROGRAM type objects.

imports data_model;
exports all:

objectbase

EXECUTE :: superclass TOOL:
exec : string = execute;

end

end_objectbase

rules

exec_prog(?p:PROGRAM] :
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]

no_forward (?p.build_status = Built)

{ EXECUTE exec ?p.exec "RUN" }

3

debug[?p:PROGRAM] :

no_forward (?p.build_status = Built)

{ EXECUTE exec ?p.exec "DEBUG" }

5.1.8 doc.load

#

# Marvel Software Development Environment
#

# Copyright 1991

# The Trustees of Columbia University

# in the City of New York

# All Rights Reserved

3

# doc envelope: Contains rules for formatting the given document, and for
# displaying the document in xdvi.
#

strategy doc

imports data_model;
gxports all;

objectbase
FORMAT :: superclass TOOL;
format_latex : string = format_latex;
display_dvi : string = display;
end
end_objectbase

rules

display(?doc:DOCFILE]:
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(?doc.reformat_doc = false)

{ FORMAT display_dvi ?doc.formatted_file }

format [?doc:DOCFILE] :
(?doc.reformat_doc = true)

{ FORMAT format_latex ?doc.contents 7doc.formatted_file }

(?doc.reformat_doc
(?doc.reformat_doc

false):
true):

5.1.9 edit.load

Marvel Software Development Environment

Copyright 1991
The Trustees of Columbia University
ir the City of New York
All Rights Reserved

H OH OB O H R R R

strategy edit

# This strategy defines the editor tool and a viewer tool which displays

# the errors associated with a particular C file. The rules for editing are
# overloaded, they set appropriate attributes depending upon the type of

# object being edited.

imports data_model;
exports all;

objectbase

EDITOR :: superclass TOOL;
edit : string = editor;
edit_h : string = editor_h;
end

VIEWER :: superclass TOOL;
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viewErr : string = viewErr;
viewBuildErr : string = viswBuildErr;
view : string = view;

end

end_objectbase

rules

this edit rule is for editing ¢ files. Note that all these rules have the
same activities, but different postconditions. If there were special

editors. they could be invoked by calling edit rules with different
activities.

* R B H

edit[?c:CFILE]:
# if the file has been reserved, you can go ahead and edit it
(and ( ?c.owner = CurrentUser )

( ?c.reservation_status = CheckedOut))

{ EDITOR edit 7?c.contents 7c.analyze_status 7c.analyze_log
?c.compile_status ?c.compile_log }

(and (?c.analyze_status = NotAnalyzed)
(?c.compile_status = NotCompiled)
(?c.timestamp = CurrentTime));
no_chain ( ?c.reservation_status = CheckedOut );

# this edit rule is for editing document files.
edit[?f:DOCFILE]:

# if the file has been reserved, you can go ahead and edit 1t

(ard ( ?f.owner = CurrentUser )
( ?f.reservation_status = CheckedOut))

{ EDITOR edit ?f.contents }

(and (?f.reformat_doc = true)
(7f.timestamp = CurrentTime));
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it
[v2]

no_chain ( ?f.reservation_status = CheckedOut ):

# this edit rule is for editing include files.
edit [?h:HFILE]:
# 1f the file has been ressrved, you can go ahead and edit it

(zand ( ?h.owner = CurrentUser )
( ?h.reservation_status = CheckedOut))

{ EDITOR edit_h ?h.contents }
(and (?h.recompile_mod = true)

(?h.timestamp = CurrentTime));
no_chain ( ?h.reservation_status = CheckedQOut );

# The following rule views output from the compiler and analyzer for a
# particular file.
viewErr[?f:CFILE]:

{ VIEWER viewErr 7?f.analyze_log 7f.compile_log }

1

viewErr [?p:PROGRAM] :

{ VIEWER viewBuildErr ?p.build_log }

b

view[?f:FILE]:

{ VIEWER view 7?f.contents}

)

5.1.10 rcs.load

**

Marvel Software Development Environment
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# Copyright 1991

# The Trustees of Columbia University

# in the City of New York

# All Rights Reserved

#

# This strategy contains rules for doing revision control on FILE type objects.
strategy rcs

imports data_model;
exports all;

objectbase

RCS :: superclass TOOL:
reserve : string = check_out;

¢reate @ string = create_rcs;
deposit : string = check_in;

end

end_objectbase

rules

# reserve: reserve a file type object. In the C/Marvel example, you can

# use this rule on FILE, CFILE, HFILE and DOCFILE, because of
# the inheritance mechanism.

reserve[?f:FILE]:

(or [ ?f.reservation_status = Available ]
[ »f.reservation_status = Initialized ])

{ RCS reserve ?f.contents }

(and no_forward ( ?f.reservation_status = CheckedOut )

no_forward ( ?f.owner = CurrentUser ));
no_chain ( ?f.reservation_status = Available );

# deposit: deposit an object. This rule works on the same objects as the
# reserve rule.

deposit[?f:FILE]:
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(and [ ?f.owner = CurrentUser ]
[ ?f.reservation_status = CheckedQut 1)
{ RCS deposit ?f.contents }

no_forward ( ?f.reservation_status = Available )
no_chain ( 7?f.reservation_status = CheckedQut )

e

.1.11  print.load

Marvel Software Development Environment

Copyright 1991
The Trustees of Columbia University
in the City of New York
All Rights Reserved

H OH R R ” R B

strategy print

# This strategy contains rules to print out various files.
#

imports data_model;
exports all;

objectbase
PRINT :: superclass TOOL:
print_hp : string = print_hp;
print_dvi : string = print_dvi;
choose_printer : string = print_choose:
end
end_objectbase
rules

Print [?f:DOCFILE]:

(7f.reformat_doc = false)
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{ PRINT print_dvi ?%.formatted_file}

Print [?c:CFILE]:

{ PRINT print_hp ?c.contents }

Print [?h:CFILE]:

{ PRINT print_hp ?h.contents }

5.2 SEL Shell Scripts

3.2.1 analyvze

&
# Marvel Software Development Environment
#
# Copyright 1991
# The Trustees of Columbia University
# in the City of New York
# All Rights Reserved
#
# analyze envelope
#
# usage: analyze [CFILE.contents] [CFILE.analyze_log] [HFILE...
#
ENVELQOPE
SHELL ksh;
INPUT

text : thefile;
text : log_file;

set_cf HFILE : hfiles;

OUTPUT
none ;
BEGIN

echo "analyzing ‘basename $thefile‘ on ‘date’"
echo

61
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echo "analyzing ‘basename $thefile’ on ‘date’" > $log_file
echo >> $log_file
echo >> $log_file

# we need to make the -I list

tmp_dir=/tmp/analyze$s$
mkdir $tmp_dir

# Now the header files

# _____________________
for i in $hfiles
do

In -s 81 $tmp_dir
done

echc "lint ‘basename $thefile’"
lint $thefile -I$tmp_dir >> $log_file 2>&1
LINTSTATUS=$%"7

# Remove the Temporary Directory

u ______________________________
if [ "x$tmp_dir" '= "x" ]
then
rm -r $tmp_dir
f1

if [ $LINTSTATUS -eq 0 ]

then
echo analysis successful, results available with viewErr
echo analysis successful >> $log_file
RET_CODE=0

else
echo analysis failed, results available with viewErr
echo analysis failed >> $log_file
RET_CODE=1

f1

RETURN "$RET_CODE" ;
END
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.2.2 archive

N

#

# Marvel Software Development Environment

#

# Copyright 1991

# The Trustees of Columbia University

# in the City of New York

# All Rights Reserved

#

# archive envelope

“ .

# This archives the given object code file(s) into the specified

# library(ies). Apparently, Under the "ibmrt" platform, ranlib has
# to be run every time an object code is archived. Is this the case?
#

# usage: archive [set_of FILE.object_code] [set_of LIB.afile]

#

ENVELQPE

SHELL ksh;

INPUT

set_of cfiles : obj_code;
set_of binary : library;
QUTPUT

none ;

BEGIN

FINAL_RET_CODE=0

for lib in $library

do
echo running ar rv on ‘basename $1lib.°
echo
ar rv $1ib $obj_code
ARCHIVE_STATUS=$7

RET_CGDE=1

if [ $ARCHIVE_STATUS -eq 0 ]
then
if [ $MT '= "ibmrt" ]
then
echo running ranlib on $arch
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ranlib $1ib
RANLIB_STATUS=%7
fi

1f [ $RANLIB_STATUS -eq 0 ]
then
echo archive now available in ‘basename $1ib°
RET_CODE=0
f1

(2 )
5

if [ $RET_CODE -eq 1 ]
then
FINAL_RET_CODE=1
fi
done

RETURN "$FINAL_RET_CODE" ;

END

5.2.3 build

#

3 Marvel Software Development Environment
#

# Copyright 1991

# The Trustees of Columbia University

t in the City of New York

d All Rights Reserved

#

# build envelope

#

# usage: build [CFILE.object_code] [PROGRAM.exec] [LIB.afile]
#

ENVELOPE

SHELL sh;

INPUT

set_of binary : cfiles;
binary : executable;
text : build_log;
set_of binary : afiles;

6-4
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QUTPUT
none ;

BEGIN
echo "build $executable on ‘date’"
echo "build $executable on ‘date’” > $build_log

# we need to make the -I list

tmp_dir=/tmp/analyze$$
mkdir $tmp_dir

echo "cc $cfiles $afiles -11 -1lc -1m -o $executable"
echo "cc $cfiles $afiles -1 -lc -1m -o $executable” >> $build_log
cc $cfiles $afiles -11 -lc -1m -o $executable >> $build_log 2>&1

# this checks for existence, and to be sure
# 1t 1s the proper kind of executable.

u ____________________________________

MT=‘arch®

if [ "x$MT" = '"xsun4d" ]

then
file $executablel grep sparc > /dev/null
ans=3§7

elif [ "x$MT" = "xsun3" ]

then
file $executable | grep mc680 > /dev/null
ans=3§"7

elif [ "x$MT" = "xmips" ]

then
file $executable | grep mipsel > /dev/null
ans=$§7

elif [ "x$MT" = "xibmrt" ]

then
file $executable | grep executable > /dev/null
ans=3§7

else
ans=1

fi

if [ $ans -eq 0 ]
then
if ( test -x $executable ) # if the file is executable, then the
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then # build was successful.
echo build successful
RET_CODE=0
else
echo build failed # Otherwise, notify the user that
RET_CODE=1 # since the executable bit was not set
fi
else
echo build failed
RET_CODE=1

fi

RETURN “"$RET_CODE" ;
END

5.2.4 check.in

Marvel Software Development Environment
Copyright 1991
The Trustees of Columbia University
in the City of New York
All Rights Reserved

check_in envelope

usage: check_in [FILE.contents]

#H R OB R R HOH H R TR I

ENVELOPE check_1in;
SHELL sh;

INPUT
text . contents;
QUTPUT

none
BEGIN

BASENAME=‘basename $contents’
DIR=‘dirname $contents
rcsdirectory=$DIR/RCS

66
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echo "Check in $contents [y/n]?"

read REPLY
if [ "x$REPLY" = "xy" ]
then

# Get Message from the User

# _________________________
echo "Please Enter a Message:"
read REPLY

# the -f option forces a deposit even if not different from

# previous version. This 1s done to avoid an annoying INPUT/OUTPUT
# problem between ci and the shell. If you want to see it, try it

# without the -f option.
if ( test -n "$REPLY" )
then
ci -f -m"$REPLY" -u $rcsdirectory/${BASENAME},v $contents
else
c1 -f -u $rcsdirectory/${BASENAME},v $contents
fi

# Always a tricky subject: Remove the file,
# and check 1t back out.

rm -f $1/3object
co $rcsdirectory/${BASENAME},v $contents

echo $contents deposited
RET_CODE=0

else
echo $contents NOT deposited
RET_CODE=1

fi

RETURN "$RET_CODE"
END

5.2.5 check_out

t Marvel Software Development Environment
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# Copyright 1991
# The Trustees of Columbia University
# in the City of New York
tt All Rights Reserved
4
# check_out envelope
#
# usage: check_out [CFILE.contents]
#
ENVELOPE
SHELL sh;
INPUT
text : contents;
QUTPUT
none ;
BEGIN

BASENAME= ‘basename $contents’
DIRNAME=‘dirname $contents’
rcsdirectory=$DIRNAME/RCS

echo Now reserving $contents

# create the RCS directory if it doesn’t already exist.
if [ ' -d $rcsdirectory ]

then

mkdir $rcsdirectory
echo Now creating RCS directory...

Hh
b

if [ ! -f $rcsdirectory/$BASENAME,v ]

then
# If this file hasn’t been deposited yet, we must do it the first
# time. Note, that we retain the lock through the -1 option

if [ ' -f $Scontents ]
then

touch $contents
fi
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c1 -1 $rcsdirectory/${BASENAME},v $contents
echo $contents reserved

RET_CODE=0
else
echo "check out $contents [y/n]? "
read REPLY
if [ "x$REPLY" = "xy" ]
then

co -1 $rcsdirectory/${BASENAME},v $contents
echo $contents reserved
RET_CODE=0

else
eche "Reservation cancelled at your request."
echo $contents not reserved
RET_CODE=1

f1

fi

RETURN "$RET_CODE"
END

5.2.6 compile

#

% Marvel Software Development Environment
#

# Copyright 1991

# The Trustees of Columbia University
# in the City of New York

# All Rights Reserved

#

# compile envelope

#

# usage: compile [CFILE.contents]

# [CFILE.compile_error]

# [CFILE.object_code]

# [HFILE...]

#

ENVELQPE

SHELL ksh;

69
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INPUT

text : thefile;
text : error_file;
binary : thebinary;
set_of HFILE : hfiles;
OUTPUT
none
BEGIN

echo "compiling ‘basename $thefile‘ on ‘date’"
echo

echo "compiling ‘basename $thefile’ on 'date’'" > $error_file
echo >> $error_file
echo >> $error_file

# we need to make the -I list

tmp_dir=/tmp/compile$$
mkdir $tmp_dir

# Now the header files

# ______________
for 1 in $hfiles
do
ln -s $i $tmp_dir
done

echo "cc -g -c -11 -lc -1m -1X11 -I$tmp_dir -in: $thefile -out:$thebinary" >> §
cc -g -c -I$tmp_dir $thefile -11 -lc -1m -1X11 -o $thebinary >> $error_file 2>¢&
CCSTATUS=%7

if [ "x$tmp_dair" !'= "x" ]
then

rm -r $tmp_dir
f1

if [ $CCSTATUS -eq 0 ]
then
echo compile successful, results available with viewErr
echo compile successful >> $error_file
RET_CODE=0
else
echo compile failed, results available with viewErr
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echo compile failed >> $error_file
RET_CODE=1

fi

RETURN "$RET_CODE" ;
END

5.2.7 display

#
# Marvel Software Development Environment
#
# Copyright 1991
# The Trustees of Columbia University
t in the City of New York
# All Rights Reserved
#
# Display Envelope: This copies the dvi file to ~/Marvel/cmarvel/pix.dvi
# where a previous process is currently reading it.
#
# This assumes the following shell variable is defined.
# MARVEL_PIC=$MARVEL_ROOT/pix.dvi
# display envelope
-4
# usage: display [DOCFILE.formatted_file]
#
ENVELOPE
SHELL ksh;
INPUT
binary : thedvi;
OUTPUT
none ;
BEGIN

echo "Now copying file $thedvi to $MARVEL_PIC"
cp $thedvi $MARVEL_PIC

xdvi $thedvi &

RETURN "0O"



5 COMARVEL SOURCES

~1
[N

END

5.2.8 editor
Marvel SoItware Development Environment

Copyright 1991
The Trustees of Columbia University
in the City of New York
All Rights Reserved

editor envelope

usage: edit [CFILE.contents] [CFILE.analyze_status] [CFILE.analyze_log]
(CFILE.compile_status] [CFILE.compile_log]

This edits the chosen file, and incorporates a simple locking mechanism

by making the file writable when it edits it, and removing this capability
when 1t leaves. Note: If there are analyzed or compilation errors, then
this script will add those to the emacs buffer. (I don’t use vi --

#H O R O R R R R H O R R H O KRR

someone else can find out hovw to edit multiple buffers in vi.)
ENVELOPE editor;
SHELL sh;

INPUT

text : thefile;

enum : analyze_status;
text : analyze_log;
enum : compille_status;
text : compile_log;

QUTPUT
none ;

BEGIN
BASENAME= ‘basename $thefile’
acho

echo Editing $BASENAME.

# Determine 1f the file 1s there already
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Created="YES"
SaveReport=‘1ls -1 $thefile’
if [ 87 -eq 0]
then

Created="NQ"
fi

# Edit the file. Check to make sure on an X Terminal.
#

T=‘echo $EDITOR | cut -4’ ’ -fif

if [ "x$T" = "xemacs" ]

then
# Create an emacs .el load file
:: ____________________________

EL_FILE=/tmp/editor$$.el
touch $EL_FILE

# Check to see 1f we need to add analyze_log/compile_log
# buffers to the editing process.

ﬂ _______________________________
if [ $compile_status = "NotCompiled" ]
then
echo \(find-file-other-window \"$compile_log\"\) >> $EL_FILE
fi
if [ $analyze_status = "NotAnalyzed" ]
then

echo \(split-window\) >> $EL_FILE
echo \(find-file \"$analyze_log\"\) >> $EL_FILE
fi

emacs -fn 9x15 -geometry 80x55 $thefile -1 $EL_FILE
# Remove the Editor specific file

rm $EL_FILE
else

vi $thefile
fi

# Check to make sure that the file really existed.
#

if [ $Created = "YES" ]

then
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echo "File ‘basename $thefile’ Created."
RET_CODE=0

else
NewReport=‘1ls -1 $thefile’

if [ "$SaveReport" = "$NewReport" ]
then
echo '"No Changes Made"
RET_CODE=1
else
echo "Changes Made and saved."
RET_CODE=0
fi

fi1

RETURN "$RET_CODE";
END

.2.9 editor.h

U

Marvel Software Development Environment

Copyright 1991
The Trustees of Columbia University
in the City of New York
All Rights Reserved

editor_h envelope
usage: edit_h [HFILE.contents]
This edits the chosen file, and incorporates a simple locking mechanism

by making the file writable when it edits it, and removing this capability
when it leaves.

# O OH R R H O R R R R R

ENVELOPE editor;

SHELL sh;

INPUT
text : thefile;

QUTPUT
none ;



3 CoMARVEL SOURCES

BEGIN

BASENAME= ‘basename $thefilef
echo
echo Editing $BASENAME.

# Determine 1f the file 1is there already

Created="YES"
SaveReport=‘1ls -1 $thefile’
if [ $7 -eq 0 ]
then

Created="NO"

b
[

# Edit the file. Check to make sure on an X Terminal.
4

T=‘echo $EDITOR | cut -4’ * -f1¢
if [ "x$T" = “"xemacs" ]
then

emacs -fn 9x15 -geometry 80x55 $thefile
else

vi $thefile
fi

# Check to make sure that the file really existed.
#
if [ $Created = "YES" ]

then
echo "File ‘basename $thefils’ Created."
RET_CODE=0

else

NewReport=‘1ls -1 $thefile’

if [ "$SaveReport” = "$NewReport" ]
then
echo "No Changes Made”
RET_CODE=1
else

echo "Changes Made and saved."
RET_CODE=0
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fi1
fi

RETURN "$RET_CODE";
END

5.2.10 execute

#

% Marvel Software Development Environment
#

# Copyright 1991

# The Trustees of Columbia University
# in the City of New York

# All Rights Reserved

#

# execute envelope

#

# usage: execute [PROGRAM.exec] { debug DEBUG/RUN }

#

ENVELOPE

SHELL ksh;

INPUT
binary : thebinary;
literal : debug;

QUTPUT
none ;

BEGIN

echo "executing $thebinary on ‘date‘"
echo

%
# Get Parameters for execution
3

echo "Enter in the parameters for $thebinary: "
read -r
if ( test $REPLY )
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then
ARGUMENTS=""
else
ARGUMENTS=$REPLY
fi

#

# Execute or Debug on this executable with above parameters
#

if [ $debug = "DEBUG" ]
then

dbx -s "dbx.alias" -r $thebinary $ARGUMENTS
else

$thebinary $ARGUMENTS
fi

RETURN "0Q";
END

5.2.11 format_latex

#
# Marvel Software Development Environment
3
# Copyright 1991
% The Trustees of Columbia University
& in the City of New York
% A1l Rights Reserved
#
# format_latex envelope
#
# usage: format_latex [DOCFILE.contents] [DOCFILE.formatted_ file]
%
ENVELOPE
SHELL ksh;
INPUT

text . contents;

binary : thebinary;

OUTPUT

none ;
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BEGIN

echo "Now processing $contents
BASENAME=‘getname $contents’

latex $contents

if [ $! -eq 0]

then

echo "Cleaning up temp files"
rm $BASENAME.aux

rm $BASENAME.log

mv $BASENAME.dvi $thebinary
RET_CODE=0

else

echo "Errors in latex"”

# Remove binary, since 1t 1s now out of date.
#
if [ test -f $thebinary ]
then
rm $thebinary
fi
RET_CCDE=1
fi

RETURN "$RET_CODE" ;
END

5.2.12 list_archive

#

# Marvel Software Development Environment
#

# Copyright 1991

# The Trustees of Columbia University
] in the City of New York

# All Rights Reserved

#

# list_archive envelope

#
#

usage: list_archive [LIB.afile]

ENVELGCPE list_archive;



5 C/MARVEL SOURCES

SHELL ksh:

INPUT

binary : library;
QUTPUT

none ;

BEGIN

echo "‘basename $library‘ contains the following modules:"
ar t $library | sort

RETURN "0" ;
END

5.2.13 print_dvi

Marvel Software Development Environment

Copyright 1991
The Trustees of Columbia University
in the City of New York
A11 Rights Reserved

Envelope: print_dvi

Usage : print_dvi [DOCFILE.formatted_file]

IO RO - R R R B R

ENVELOPE print_dvi;

SHELL ksh;

INPUT

text : formatted_file;
QUTPUT

none ;
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BEGIN

echo "Now Printing $formatted_file to $PRINTER"
dvips $formatted_file

RETURN "Q";
END

[$1}

.2.14  print_hp

#

# Marvel Software Development Environment
8

# Copyright 1991

# The Trustees of Columbia University
% in the City of New York

# All Rights Reserved

¥

# Envelope: print_hp

#

# Usage : print_hp [FILE]

ENVELOPE print_hp;
SHELL ksh;

INPUT
text : file;
QUTPUT

none ;
BEGIN

echo "Now Printing $file to $PRINTER"

lpr $file
RETURN "0";
END

# Marvel Software Development Environment

S0
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[

# Copyright 1991

# The Trustees of Columbia University
# in the City of New York

# All Rights Reserved

4

# view envelope

#

# usage: view [FILE.contents]

ENVELOPE

INPUT

text : thefile;

OUTPUT
none ;

BEGIN

echo
echo Viewing $thefile ...

if [ “x$EDITOR" = "x" ]
then
less $thefile

else
xterm -e less $thefile &
fi
RETURN "0" ;
END

5.2.16 viewBuildErr

Marvel Software Development Environment

#

#

#

# Copyright 1991

# The Trustees of Columbia University
t in the City of New York

# All Rights Reserved

#
4

viewBuildErr envelope
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O

*

usage: viewBuildErr [PROGRAM.build_log]

ENVELOPE
SHELL ksh;

INPUT
text : build_log;

CUTPUT

none ;
BEGIN

echo ''======================== build errors ========================"
$PAGER $build_log

RETURN O
END
\End{verbatim}

\subsubsection{viewErr}

\begin{verbatim}

#

# Marvel Sof:tware Development Environment
#

# Copyright 1991

B The Trustees of Columbia University
2 in the City of New York

# All Rights Reserved

#

# viewErr envelope

#

# usage: viewErr [CFILE.analyze_log] [CFILE.compile_log]

#

ENVELOPE

SHELL ksh;

INPUT

text : analyze_log;

o

<
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text : compile_log;

OUTPUT
none ;

BEGIN

echo e o= =S=S=S=S===S=S=S=SSF analyze errors g SRS
cat $analyze_log

echo "!=zs======s======s==s===== compile errors S=E=S==E=SSSSITTSTSZEI=SSS

cat $compile_log

RETURN "0"
END
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6 DMarvel References

The MARVEL project began in June [936 jointly between Prof. Gail Kaiser of
Columbia University and Dr. Peter Feiler of the Software Engineering Institute, when
Prof. KNaiser was a Visitine Computer Scientist at the SEL The first implementation
was done during the [all of 198G by Steve Popovich. then a stalf inember at the SEI.
by modifving the SMILE environment developed at Carnegie Mellon University as
part of Dr. Nico Habcrmann's Gandalf project during the early 1980’s. This was the
version 0 implementation of MARVEL. Kaiser. Feiler and Popovich had all been mem-
bers of the Candalf project. The research effort was inspired by concepts introduced
in SMILE and in the CommonLisp Framework being developed by Dr. Bob Balzer's
eroup at the Information Sciences Institute. MARVEL was named after Professor
MARVEL. the name ol the Wizard of Oz character in his Kansas incarnation.

The MARVEL project moved to Columbia University. and the first serious implemen-
tation work begcan in January 1957, PhD student Naser Barghouti headed the effort
involving numerous project students: Russel Goldberg. Joe Milligan. Michael Sacks.
Tam Tran. Wendy Dilliard. Christine Hong. Wai Keung Hui. and Alexander Mogiel-
eff. During the sunnmer of 1987, Barghouti and Naiser conducted frequent discussions
with Dr. Bob Schwanke of Siemens Corporate Research. leading to refinements of the
initial MARVEL concepts. This work resulted in MARVEL version [.0, which was also
implemented on top of SMILLE.

The implementation of the more robust MARVEL 2.x. independent of SMILE. began
in September 1937 with project students Qifan Ju. Christine Lombardi and Mike
Sokolsky. Later. the svstem was alinost entirely rewritten through the joint efforts
of Naser Barghouri and Mike Sokolsky. initially as an MS thesis student and starting
in September 1933 as a research staft associate. NMARVEL was by now strongly in-
fluenced by the “process programming” concept promoted by Prof. Lee Osterweil of
the University of California at [rvine and other members of the Arcadia consortium.
as well as by ongoing discussions at the annual International Software Process Work-
shop series. MARVEL 2.01 was demonstrated at the 3rd ACM Practical Software
Eugineering Environments conlerence in November 1983.

MARVEL 2.10 was used in several class projects for the 126123 Programming Environ-
ments and Software Tools cowrse. involving Laura Johnson, Victor Kan. Kok-Yung
Tan and Michael Tannenblatt. There were further contributions by project students
Neil Avora. Issv Ben-Shaul. Laura Johnson. David Roebinowitz, Miriam Sporn, Kok-
Yong Tan. and Michael Tannenblatt.  Ari Shamash worked on the MARVEL user
interface as a part-time emplovee during Summer 1939, Project student Mara Cohen
collaborated with Barghouti and Sokolsky on the NARVEL user manual. The MAR-
VELIZER tool was added 1o make it possible to immigrate existing software into a
AMARVEL enviromment.

The fivst NMARVEL release was version 2.3, in spring 1989. MARVEL 2.6 soon fol-
lowed. in June 1939, NARVEL 2.5 or 2.6 was licensed to 13 sites: IBM. Siemens
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b)
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Corporate Rescarch. University ol Arizona. University of Maryland. Imperial Col-
lege ('nited Ningdom). University of Pisa ([taly). Software Design & Analysis. Soft-
ware Research \ssociates (Japan). Instep. University of Nancy (France), University
ol Victoria (Canada). Purdue University. Nestrel Institute. Bell-Northern Research
(Canada). and Digital Equipment Corporation. MARVEL 2.6 was demonstrated at
the ACM International Conference on Management of Data in May 1990. A special
version. MARVEL 2,65, was developed at the instigation of Software Design & Analy-
sis. which has been using NARVEL as a platform for investigating the implementation
of their activity structures process modeling formalism.

Work on the first mulriple-uzer MarvEL. version 3.0, began in summer 1990. This ef-
fort was lecl by Issv Ben-Shaul. first as an MS thesis student and beginning in Septem-
ber 1990 as o research staff associate. together with PLhD students Naser Barghouti.
George Heineman and Mark Gisi. and part-time employee Tim Jones. A preliminary
version was nxed in IX6123 in spring 1991 for class projects by all students: Tim Jones,
Nui Mok. Tushar Patel. Ari Shamash. Chikuei James Show. and Bruce Zenel. During
summer 1991, Will Marrero contributed as a part-time emplovee. and PhD student
Steve Popovich joined the project. Preliminary versions were demonstrated at the
[3th International Conference vn Software Engineering in May 1991, and at Software
Design & Analvsis and the Gth Knowledge-Based Software Engineering conference in
September [991. MARVEL 3.0 is scheduled for release in October 1991.

Work has already begun on MARVEL 3.1. to incorporate Barghouti's PhD thesis
results and other improvements. Kevin Lam participated in summer 1991 as a part-
time employvee. and there are currently several visitors and project students expected
to contribute during fall 1991, Release is expected in spring 1992.

At one time or another during the NMARVEL project. tunding was provided by NSE
Presidential Young Tnvestigator Award CCR-8353029. NSE Research Instrumentation
grant CDA-3920030. and NSF grant CCR-9106368: by AT&T Foundation Special
Purpose Grants. a DEC Incentives for Excellence award. a General Electric fellow-
ship. an IBM Researclh Initiation Grant. and an 1BM Fellowship; grants from Digital
Equipment Corporation. Bell-Northern Research. Siemens Corporate Research, SRA
America. Sun Microsyvstems. and Nerox Foundation: the NSF Engineering Research
Center for Telecommunications and a focal project of the New York State Center
for Advanced Technology - Computer & Information Systems. In addition to the
above. the Programming Svstems Laboratory at Columbia University was funded by
NSF grants CCR-3302741 and CCR-900930: grants from Citibank Financial Markets
Croup. rwo IBM Fellowships. and BN contracts and joint studies: a NYS CAT seed
project. NAS A training erant NGT 50533, and an American Association of University
\Women dissertation fellowship.

The following publications and dissertations have directlyv resulted from the MARVEL

project:

o Gail E. Kaiser and Peter H. Feiler. An Arvchitecture for Intelligent Assistance in
Software Development. Ninth Iuternational Conference on Software Engineer-
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ing. NMarch 1987, pp. 130-183.

Peter H. Feiler and Gail L. KNaiser. Granularity issues in a knowledge-based
programming environment. Information and Software Technology. Butterworth
Scientific. 29(10):331-339. December 1957.

Naser S. Barghonuti and Gail E. Kaiser. Implementation of a Knowledge-Based
Programming Enviroument. Twenty-first Hawaii International Conference on
System Sciences, January 1988, volume 1. pp. 34-63.

Gail E. Kaiser. Perer H. Feiler and Sreven S. Popovich. Intelligent Assistance
for Software Development and Maintenance. [EEFE Software. 5(3):40-49, May
1933,

Gail E. Naiser. Naser S. Barghouti. Peter H. Feiler and Robert W. Schwanke.
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