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Abstract

The Design and Implementation of

Class Interface Manager of Unix Dee

Joseph Koi Kwok Yau

This report describes the design and implementation of the Class Interface Man-
ager (CIM) layer of the Dee Compiler. The Class Interface Manager is a database
maintaining class interface information and attribute information generated by Dee
programs. [t provides read. write and query services to the Dee Semantic Analyser
(sA). the Dee linker (DINK) and the Dee browser (R1). The database is able to sup-
port multiuser access, In this report. we describe the design and implementation of

the Unix version of Dee’s ¢iM and a design proposal for the next version of the CIM.
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Abbreviations

0oPl Object Oriented programming languages.
ALN Attribute list node.

AST Abstract syntax trec.

Al Attribute table.

CIDB C'lass interface database.

CIM ('lass interface manager.
CIM-AST Abstract syntax tree for C'IM.
CLN ('lass list node.

MM Cache memory manager.
COMM (‘ommunication manager.

CTN Class tree node.

DBM Database manager.

DINK Dee linker.

i IF'unctional interface layer.

FLM File locking manager.

ns High system.

L1 Local functional interface layer.
Lpt Local processing unit.

LS Low system.

MTN Method tree node.

RI'l Remote functional interface layer.
Rl Read interface (Dee browser).
RPU Remote processing unit.

SA Semantic analyser.

TRAN Translation layer.

VTN Variable tree node.
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Chapter 1

Introduction

Object oriented programming languages (OOPL) introduce the coneept of program
ming using classes, methods and imheritaiiec, These concepts make the development
and organization of software more “natural™ and make programns casier to mamntam
It is also because of these new concepts. that the approach in the design of a trads
tional compiler cannot be applied to the design of an OOPL compiter. A mechanism
is needed to access the massive amount of class interface information during the

compiling process.

1.1 Background

Dee is a strongly typed. object oriented language and enviromment with advanced
facilities for developing and maintaining programs developed here at Concordia i
versity. Currently there are three implementation of Dee.

e PC-Dec version 1: Deely].

o PC-Dee version 2: Dee[l12].

e Unix! Dee: Current version of Dee.

'Unix 15 a registered trademark of AT&'T Laboratories



‘The major components of Dee are the parser. the semantic analyser. the linker. the
class merfi <o manager and the browser. There are two typesof final physical outputs
generated hy the compiler: the objeet code and the inferface of a class. Both of these
files are generated by the compiler if the compiler detects no error in the source code.
The class interfaces generated by the compiler are stored in a database. Only the
compiler can update this database. The linker and the browser. however. can only
read from the database. The interface of a class contains implementation details of a
Dee elass. Different programmers see different veews of this interface. A programmer
who chooses to inherit a class will see a more detailed interface compared to one who
is a client. During a compiling session. the compiler reads interfaces from a database
and has access to implementation details that are not shown to the programmers.
On the other hand. by using the browser. p.ogrammers can see selected comments
which are not needed by the compiler. Therefore a Dee prograininer can use the
hrowser to display information about the view of a class or the inheritance relationship
hetween different elasses. The information provided by the browser simplifies the
programmers task to develop a Dee application. Implicitly speaking. the database
is designed to support object oriented development. The compiler writes interface
information to the database and the database in turn supports the compiler. the

linker and the biowser.

Other examples of object oriented programiming languages with a browsing inter-
face are Smalltalk [6. 7] and Eiffel [20. 21]. Neither of these programming languages
use a database to store valid class view or interface information. The browser of these
svstems extract information directiy from the source text of a class. The OMEGA
programming system [I18]however uses a relational database to provide different views
ol & program. It has a similar approach to Dee but. as in Smalltalk and Eiffel. the
stored information is obtained from program text. In these kinds of implementation.
the browser may have the chance of providing out-of-date information to the prograin-
met. This happens when a programmer makes an update to the source and uses the
browser for query without recompiling the new source. In this case. the source code

and the compiled code may be out of step. As a result. the browser may not provide



valid view or interface information to the programmer. ln Deea database is used to
store only the valid compiled class. The browser extracts iterface information from

the database only. therefore eliminating the out of step situation.

A Dee program is a collection of classes. 1t consists of a roof ¢lass and the classes
needed by the root class. A class consists of a header and a list of attributes. During,
the compiling process. the source text of a class, e.g. ('L is read by the compiler.
The compiler gets class interfaces information about other classes. which (" depends
on. to perform type checking and validation. If the compilation is successful. a elass
interface of (" is generated by the compiler. All such interfaces ave stored into o
database. So only valid classes™ interface are stored in the database. As a result, b
using the database. the browser always can provide up-to-date valid class views to

the programmer.

1.2 Class interfaces

A Dee program consists of a root class and the classes needed by the oot elass. A
class consists of a header and a list of attributes. A class intetface of a class s an
extract of the class. It consists of two types of information: class information and it
associate attribute(s) information.

Fach Class interface contains the following information about the class itself:

1. Name of the class.
2, Parameters in the class declaration.

3. Comment in the class declaration.

o

Inherit list.

St

Extends list.
Uses list.

Ancestor list,

© ~ o

. Attribute list.



Each itemn in the attiibute list of the class contains the following information about

the attributes of the elass:

1. Name of the attribute.

2. A flag indicating whether the attribute is a variable or a method.
3. A flag indicating whether the attiibute is public or private,

1. Comment in the attribute declaration.

Parameters of the attribute declaration.

ot

6. Result of the method.

~I

A flag indicating whether the attribute is a method or a constructor.

8. A flag indicating whether the attribute is concrete. abstract or special.

-

). Defined by class name.

|

—

). hmplemented by class name.

Not all of the interface information is extracted directly from the Dee source
program. Part of the information in the class interface is generated by the compiler,

not written by the programimer.

In the implementation of Dee. the class interfaces are stored into a database,
There are three implementations of such a database:

o ’C-Dece version 11 Deel8]: Class interfaces in many small files.

o P(-Dee version 2: Dee[l2]: C'lass interfaces in a B-tree.

e linix version: Class interfaces described in this report.



The database is designed to suit the need ol the compiling process in varions
stages. The stages are the Semantic Analyser (SA). Dee Linker (DINK). and the

browser (R1}). RI stands for read interfaces.

® SA requires class interface information from the database to do type checking,

and other validation.
® DINK requires class interface information to generate (7 code,

® RI requires class interface information to display the inhertance information

The Class Interface Manager (C1M) is built on the database (C1DB) to provide
query and update services about class interface to the semantic analy sery DINK and

RI.

1.3 New CIM

The performance of the Class Interface Manager of the PC version of Dee [1] was
not satisfactory. The inefficiency was due to the limitation of the architecture of the
index file system that PC-Dee used in its implementation. The data schema of the
class interfaces contained a lot of repeated and redundant elements for each of the

classes stored.

A direct disk access method is used by ¢iM to maintain its database i the pPC
version of Dee, therefore the system would spend maost of its time (about 80%4' ) of the
update just for the updating of the index file. The performance is not acceptable o)

serious use of the compiler.

In addition to the above, the PO version of Dee only supports single user system
(MS-D0s). With the price of Unix machines today and their multinser capability. it
is reasonable and feasible to develop a new version of Dee on Unix platforms that

supports multiuser access.



In designing Unix Dee. M is one of the modules that needed improvement. The

new design of ¢1M shonld consider the following goals:

e [liciency  Improve query /update access times.

e Redundaney  Reduce redundancey of storage.
o Resonrce sharing  Allow sharing of class interface database.
o Data Consistency  An integrity strategy is needed to prevent the corruption

of ¢c1bB due to the introduction of resource sharing schema.

Portability  The source code should be portable to other Unix platforms.

Achieving these goals involved total rewriting and redesigning the access methods and
data structures of the ¢iL In addition. some kind of resource locking mechanism
for the database had to be introduced to allow multiuser access. The system should
be coded for a standard (" compiler on a Unix platformi to make system migration

simple. The GiNv Ges? compiler is used in this project to write the source code.

In Chapter 2 of this report. the detailed design and implementation of the current
version of Unix Dee’s ¢ is discussed, In Chapter 3, a proposal of the future version

of CIA is presented in detail.

GNU and GOC s a trademark of the Free Software Foundation, Ine

6



Chapter 2

CIM: Cache Model

2.1 The Idea

The primary function of the class interface manager is to provide database access
services to its clients. In our case the clients are the Dee semantic analyser (Sa). the

Dee linker (DINK) and the Dee online browser (R1).

There are three kind of Dee libraries used by Dee. The standard Dee library con
taining standard basic Dee class. the user Dee ibrary containing nser’s own Dee o lass
and the shared Dec Librarycontaining shared Dee elass for a team of Dee programmers,

Therefore three kinds of databases mmst be maintained by the ¢iv

The {ollowing are the three kind of databases (CIDB) maintained by the i,

o The system class interface database contains the class interlace information
which is generated by sA through ¢1M using the standard class library. "Ihis
database contains the default standard class interface information nsed by every

user,.

o The shared class interface database contains the class interface inlormation
which is generated by the €M through sa using the shared dlass library. This

database contains class interface information shated by a group of users

o The user class interface database contains class intetlace information of the



user’s Dee code. All Dee users have their own database to store their own class

information.

When the compiler needs interface information of a class. it will send a request
to the 1M, The 1M will then search the class interface information in the user class
interface database. If the class does not exist in the user class interface databasc.
the v will then search the class interface information in the shared class interface
database. If again, the class does not exist in the shared class interface database, the

1M will search the class interface information in the system class interface database.

In the PC-Dee. the main contribution to inefficiency of the CIM is the disk access
required to update the indexes. Since in the PC version the size of the index file is
quite big. due to the design of the data structure of the database. it is very expensive
to perform updates and queries. In the event of an update. the system spends about
S0% of the time to perform the update of the index file alone. Since direct disk 1/0
is used to perform the update. the system spends most of its time performing disk

1/0 by moving the disk head back and forth.

In order to reduce the number of disk accesses and hence the time to perform 1/0.
the Unix CIM usces a region of memory as a cache for disk accesses. This region is used
tostore intermediate and final results before they are written to the secondary storage.
The data in CIDB consists of two index structures and a large number of records
containing class information and attribute information. Any updates or queries are
performed in the cache memory through the two index structures. When the update
is {inished, the data in the cache are copied directly to secondary storage without
further transformation. This greatly reduces the amount of disk 1/0 compared to the

PC-Dee’s C1M.

To allow multiuser access, a simple locking manager is used by the CIM to manage
resource sharing among users. Another purpose of the locking manager is to keep the
database from getting into an inconsistent state due to the introduction of multiuser

accessibilit y.

o



The data structure of the index and the data structure of the records are de
signed in such a way that only necessary information is included, thus reducing the

redundancy experienced in the first version of PC-Dee.

2.2 System Architecture

In designing the structure of the CIM, a top-down design approach is used. A higher
levelof abstraction of the system’s structure is first identified with its major functional
areas. The design at this level of abstraction is called the logieal arelutecture. Tt
describes the major functional arcas of the system and their inputs and out puts
without going into details. A lower level of abstraction of the system’s stracture can
be obtained by further extending each major functional arca into details. T'he physical
architecture describes the physical design of the system in reasonable detail. We use
the top-down design approach to help us organize the design of the system. In the
next two sections we describe the logical architecture and the physical arehitecture

of the CIM.

2.3 Logical Architecture

The goal of the design of the CIM was to achieve an architecture in which several
almost independent components communicate through simple interfaces. Indesigning
the functional architecture of CIM, functional arcas that are highly independent of
eachother are identified. They are the functional interfaec (11), the dalabase managyer

(pBM). and disk 1/0 layer. Figure 2.1 shows the logical architecture of Unix CTM.

The functional interface layer provides an interface to cornmnnicate with the ex
ternal environment. It acts as an interface for CIM to communicate with other cornpo
nents of the Dee system. Update/query requests are received through this interface.
The FI's job is to transform the request into a set of DBM layer’s operations and send

them to the lower lavers for further processing.

9



External Module

CIK

P1I

DBM

ONIX DISK
1/0

CIDB

Figure 2.1: Logical Architecture of Unix C'IM

The database manager layer consists of all the procedures necessary to manage
the database i a logical sense. Actual searching and update on the database are

performed only by the DBM primitives.

The disk 1/0 laver contains primitive Unix operating system'’s file I/O procedures.

This layer contains Unix 1/0 calls such as fopen(). fclose(). fread() and fwrite().

2.4 Physical Architecture

Figure 2.2 deseribes the actual physical architecture of CIM with its processing units.
mass storage device and its interconnections. The physical architecture of CIM is
divided into 3 parts:

o lugh system (1S).

o /ow system (LS).

10
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Figure 2.2: Physical Architecture of Unix CINM

Regicne of Cache Maemory

e Physical storage.

Basically the HS is devoted to the management of the update/query transactions and
resource locking. The Ls is devoted to the management of the management ol the

cache memory and the management of the file 1/0 systen.

2.4.1 High System

The HS consists of functional inlerface layer (¥1), file locking manager (FLM) aud
database manager (DBM). The Fluses services from both FLM and bBM. [t provides
the functional interface to communicate with the external world. Update/query ve
quest are received through the interface and are sent to the DBM. The LM provides
a file locking service 1o the ¥1. The DBM performs database update through the 1

which acts as the cache memory manager (CMM).



2.4.2 Low System

The LS consists of the cache memory manager (CMM) and the Unix Disk 1/0 layer.
The MM acts as an intermediate stage between the database manager and the Unix
disk 1/0 layer. It handles the cache memory management and performs high level file
1/0. Any update/query request, sent down by the DBM are performed on the cache
memory before being written to the secondary storage. The ¢MM provides cache
memory management and cache memory update/retrieval/allocation services as well

as high level file 1/0 services to the DBM.

2.5 Data Structure

During, the compilation of a Dee class. an abstract syntax tree (AST) is created at
runtime by the sA{l4]. The AST contains information which will be used by the
code generator. Since only part of the information in the AST are useful to the saA.
DINK. and RI, keeping the {full AST in the sccondary storage as the CIDB is a waste
ol secondary storage. The solution is to create another AST which stores only the

interface information needed by the sA. DINK and RI.

The new CIM abstract syntax tree (CIM-AST) is created in the cache memory at
the satme time as the AST is created. It contains information extracted from the
AST. Each node of the CIM-AST contains only the data needed by the sA. DINK and
Ri. Each node contains information of a class interface. The CIM-AST is created by
invoking an update request to the ¢iIM-DB through CIM's functional interface. The
data structure of CIM-AST is defined in the DBM which is in the HS. Figure 2.3

describes the overall index structure of the database.

There are two physical entry points to access the database. These entries are
made through two index structures. One is through the hash table index structuce

and the other is through the CIM-AST index structure.

Generally speaking. the hash table index stiucture organizes the class interface

12
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Pointer to data pool
Figure 2.3: C'IM's Overall Index Stineture

information by attributes. It contains implicit information such as *in what classes «
particular attribute is declared”™. Whereas the CIM-AST index structure organizes the
class interface information by classes. It contains implicit information such as “for a

particular class. what are the attributes it declares™.

The browser requests class interface information that are indexed by the hash
table and cIM-AST. The semantic analyser(sA) and the linker (DINK) request eliss
interface information indexed by CIM-AST only. CIM-AST has indexes pointing to the
data pool which contains records of class interface. These records are of variable

length. The hash table has indexes pointing to the nodes in the ¢iM-asT.

In the event of an update/query. the request is sent through the functional in
terface (F1), the database manager (DBM) and then to the cache memory manage
(cMM). The database is updated or queried by the pDBM through the CMM™s e
vice routine in the specified cache memory regon. The CMM updates the database
through the CIM-AST index structure first and then through the hash table index

structure in the cache meamory region. The indexes of the two index structures are

13
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Figure 2.4: C'IM-AST Index Structure

defined as the Iz cache memory address. Multiple sets of these structures exist due
to the fact that there are multiple sets of databases (user, share, standard) in the

system.

2.5.1 CIM-AST

All the classes and their associate attributes” information are indexed by a tree struc-
ture. Figure 2.1 shows the physical structure of the CIM-AST index structure. On
one dimension of the tree structure, it is a binary search tree of nodes sorted by class
name. Each of these nodes is called Class Tree Node (CTN). The sort key of CTN is
the class name. On the other dimension. the roots of two binary subtrees are indexed
by the ¢'rN. The nodes of these subtrees are called Method Tree Node (MTN) and
Variable Tree Node (VTN). The binary subtrees are sorted by the method name and

the vartable name respectively.

In addition to the index to its method tree and variable tree. the ¢'TN also contains

14



indexes to the data pool which contains records of class interface information, such
as cluss name. class paramcter, comment, mherit bst, crte nds st uses ist, aneestor

lList.

Each method tree node (MTN) and ecach variable tree node (VN also contains
indexes to the data pool which in turn contains attribute-related information of thei
associated class. such as attribute name. attribute kind, attribute type. comment.
method parameters, resull of method, ele.. The data structure of 1M AST is defined

in the database manager (DBM) layer.

The entry point of the CIM-AST index structure is called a class root der

points to a class tree node (¢'ITN) which is the root of the ¢1M AsT.

2.5.2 Hash Table

A hash table contains an Attribute Table (A1) of 26 slots and o« number of linked
lists. It is a hash table managed by a very simple hashing, algorithin (the st letter ).
Figure 2.5 shows the structure of the hash table. The slots of the Attiihute Table
are the entry points of the index structure. The fash ke y is the attedute name and
the hash inder is the first letter of the atiribule name. ' he hash function is not case
sensitive. Each slot has an index pointing to a lincar linked lists of Atirdbute 141

Nodes (ALN).

The ALN are sorted with the aliribute name as the key. Fach ALN has an indes
pointing to another linear linked lists of (lass List Node (CrLN ). Inaddition o theae
the number of CLN under cach attribute is also recorded iu the attiibute list nodie

(ALN).

The class list node CLN is sorted with elass name as the key. It comtains aninde-

to an associate Attribute Tree Node (A'TN) of the CIM-ASTT subtree index strncture

15
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2.6 CIM Memory

2.6.1 Image and Memory

The CIM uses a cache device to keep the database in the memory. Any update o
query are performed by using the database in the cache. The cache s a large cache
memory where intermediate and final results of data are stored before they are written
to the secondary storage. Since all intermediate updates and queries are performed
using cache memory. the number of physical file 1/0 transfer is greatly reduced. "The
cache memory is maintained by the cache memory manager (CMM). Several cache

memory regions are used to keep the ¢IpB.

An Tmage is a snapshot of the runtime memory used to keep CIM-DB. An image
represents the database in bit map form. Thereis a standard tmage. o share tiage.
a user image and a temporary inage. Fach of these images resides in sepatate cache
memory region. When a specific image is copied to secondary storage, the hit map
of the cache memory region is copied bit for bit to a physical file. The resulting file
is called an tmage file. There are three types of file corresponding to the three type

of image: the standard image file. the share image file and the uscr anage file,

An image is only created when an image file is cached into the cache memaory
region. The address in the cache memory region is called the IS cache memory

address.

2.6.2 The Cache Memory Manager

The cache memory manager is a physical layer under the database marager DB,
It is responsible for performing various cache memory management services for the
DBM. These services include cache memory allocation, some cache 1/0O serviees and
address conversion between CIM cache memory address and Unix runtime memory
arldress. The conversion is necessary because of the way in which Unix responds 1o

a request for memory, In the next seetion. we will disonss the conversion process in




detanl.

2.6.3 Unix Memory Address Space

In SunQOs'. the physical runtime memory is divided into pages. The size of cach
page is 1096 bytes. The whole memory address space can be represented as a linear
linked ist of pages. In a logical sense. this address space is one long continuous

address space. but in a physical sense it is not.

When a malloc() call is received by the Unix runtime memory system. the system
allocates memory space from the pages of the runtime memory. If there is not enough
space on the current page to satisfy the request. malloc() allocates all of the remaining
space on the current page and as much additional space as required from further
pages.  Since the requested memory comes from two different pages. an improper
memory alignment always occurs at the end of the first page and at the beginning
of the second page. Therefore writing to the memory returned by malloe() results in

having contaminated data in the memory.,

The only way we can prevent this kind of event from happening is to keep track
of the size of the free memory in the current page. This can be achieved by building
another memory management system on the top of the Unix memory system and

letting, it monitor the memory allocation process.

2.6.4 Cache Memory Address Space

To prevent memory space being split in two different pages. the cache memory man-
ager (CMM) is created on top the Unix memory manager to monitor the memory

allocation. It has a similar architecture to the Unix memory manger.

One of the services provided by the cache memory manager (CMM) is address

conversion. It provides a service to convert address format betwesn CIM cache memory

'SunOs 15 a registered trademark of Sun Microsystems. Ine
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addresses and the Unix runtime memory addresses, The MM maintains a linear

linked list of Unix runtime memory pages. The page length is 1.096 bytes,

When a cachemalloe() request message is received. the cache memory manages
cMM will compare the requested memory size to the fice memory size in the cu
rent memory page. If the current memory page has enough memory to allocate the
required space. CIM will allocate the memory in the current page. In the event of
insufficient memory in the current page. the system will allocate memory on the nest
page. The CIM cache memory address is the only memory address which is aceessibie

by the DBM.

2.6.5 Page Structure

There are four cache memory regions maintained by the cache memory manager

(eMM). each of which is indexed by a table containing the following information:
1. The address of the first memory page of the cache memaory region linked
list,
2. The address of the first [ree memory page in the linked hst,
3. The address of the first available free memory in the free memory pagee.

4. The size of the cache memory.

. The size of the free memory.

-

6. The size of the available memory in the first free memory pagee.

2.6.6 Indexing and Swapping the Cache

All 1M cache memory addresses within a region are relative to the start addiess of
the region. The minimum offset is 1. The maximun offset is the size of the egion.

Offset 0 represents a null pointer.

Since any query/update operation is performed in the cache memory regions. it

is possible for the memory regions to have memory fragmentation diue 1o a defete
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operation. ‘The data structure of the memory does not allow us to perform memory
de-allocation of a segment in a page. 'This means in order to maintain the consistency
of the cache memory address, segments of fragmented memory cannot be reclaimed
individually. Segment fragmentation is cumulative and will increase the load time of
the image. A memory swapping facility is implemented to eliminate fragmentation.
Memory swapping in cache memory region is done automatically by the Dee systen.
Memory swapping will be triggered when a pre-set number of delete events have
oceurred or during memory allocation time. Example of these delete events are class

deletion and elass update.

CIM keeps three memory regions: one for the standard classes. one for the shared
class classe< and one for the nser’s own classes. In addition. there is a temporary
region for memory swapping. The default standard class region is static in size and
will not change during runtime. The users™ region and the shared class region are
dynamic in size. These regions will increase their size when the user compiles a new
class of the corresponding class library. These regions also will be updated when the

user has modified the interface of an existing class of the corresponding class library.

The condition which triggers the swapping mechanism is when the number of
delete event has veached to a pre-set limit or when the cache memory system has

used up all the pre-allocated cache memory.
2.6.7 Algorithmn
The cache memory allocation algorithm is listed below:

I. Il current free cache memory space is bigger then required. goto step 3.

~

2. Frpand current cache memory.

3. Allocate the current cache memory regions.
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The swapping of cache memory region performed by earpand is listed below:

I. Move the current cache memory pages to the temporary cache memory region

2. Allocate a new current cache memory region from svstem with size 1.5 times

of the old region,

3. Copy the logical content of the temporary region into the new current cache

meniory.

4. De-allocate the memory in the temporary cache memory region.
The copy operation in step 3 is defined as follows:

o Traverse the CIM-AST of the temporary image in preorder. For every nnman hed
node. build a C16M-AST in the specified image. When it is complete, the resulting

image will not have any memory fragmentation.

2.7 Resource sharing

2.7.1 Locking Schema

One of the major goals in this project is to introdnce multinser capability to e

ciM and hence to the Dee system. One way to avoid cortupting the database ina

multiuser environment is to require that access 1o the database be done in o mntually
) e . .

exclusive manner. This means that when a process is performing an update/query

operation on a database, no other process can modify the same database,

In the CIM. the resource locking schema is controlled by the file locking manages
(FLM). There are two type of requests received by the functional intertace (1)
update/query request and lock request.  Lock request received by the functional
interface will involve a call to FLM to perform a lock on the image file. 1f 300 o guery

request. a read lock will need to be applied to the image file before the query requet
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tznr. ' readlock , finti!writelock

tene readlock , Granted Not Granted

trr*. ' writelock , Not Granted Not Granted

Figure 2.6: Compatibility Matrix of Locks

is sent to the database manager (DBM). For an update request, a write lock will need
to be applied to the image file before the update request is sent to FI from external
modules. Request from the R1 will require a read lock on the database, whereas

tequest from the compiler will require a write lock on the database.

In the implementation of the file locking manager (FLM). FLM uses the Unix syvstem
lile control call fentl() to lock the image file. There are two kinds of fentl() lock: a
1ead Jock and a write lock. The locking of a database file is performed by a fentl()
call in the FLAM layer. The compatibility relation between the two modes of locking
can be represented by a compatibility matrix. Figure 2.6 shows the compatibility
matrix. Ifa read lock is currently applied on the database. a further read lock can be
applied to the database at the same time. If a read lock is currently applied on the
databasc. any further write lock will be blocked until the current read lock is freed.
Il & write lock is currently applied on the database. any further read lock or write

lock will be blocked until the current write lock is {reed.
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2.7.2 Algorithm

The following algorithm performs a read lock on the current image tile, This algorithm
will block the granting of read lock if there is currently a write lock applicd on the

datahase.

loop

exit when featl{rcadlock) granted or timeout
end foop
If timeout

then return “lock request not granted”

else return “lock request granted™

end if

The following algorithm performs write lock on the current image file, This algonthn
will block the granting of write lock il there is curtently a read lock or write lock

applied on the database.

loop

exit when fentl{writclock) granted or timeout
end loop
If timeout

then return “lock request not granted”

else return “lock request granted™

end if

2.8 Data Consistency

One of the important issues in designing the CIM is data consistency. "The s shonld
he able to keep the database from data corruption due to a crash during a compiling,

session. The update to the database should be atomie. Either the databise is updated
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successhully or the update is not done. The combination of the locking mechanism

and the cache mechanism provides a scheme to maintain the database in a consistent
state. In order for a user to use the database. the database will first be locked by
the compiler process and then the content of the database will be read into the cache
memory. Any update or query is then performed by using the cache. If during this
time the compiling process crashes. the database in the secondary storage does not
get corrupted. The crashing of a process usually involves the killing of the process
cither by the user or by the system. For example, the killing of a window which is
compiling a new class terminates the compilation. An update is considered successful
il it completes writing the cache to the secondary storage. If during the update (write
operation) to the secondary storage. the system crashes. the update does not take
cffect and the contents of the previous version of CIDB do not get corrupted. In any

case. the database is free of corrupt data.

2.9 Functional Interface

The functional interface (F1) provides an interface to et the compiler and the browser
communicate with the ¢ The interface contains a number of CIM system routines.
These routines have the form of a prefix MODULE. followed by the Action and the
Object and then followed by the parentheses. Each of the functions returns a value
ol type STATUS which indicates either that the operation is completed successfully

or that is failed.

o STATUS MODULE-ActionObject()

2.9.1 Interface for System

There are two routines that are used by the Dee upper level system. They are the
routines to load and save the images. During system start up. the Dec system’s

initialization routine makes a call to the ¢IM module to load the database images
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into the svstem memory. The save image routine is also controlled by the Dee upper

level system.

e Status CIMDB-Loadlmage()

-Load all C1M 1mages into the cache memory.

e Status CIMDB-Savelmage()

-Save the current CIM images to a image file.

2.9.2 Interface for the compiler and the browser

Aside from providing routines for the Dee upper level system, CIM also provides a
number of routines for the compiler and the browser. These routines provide database
update/query services as well as the database locking services to the compiler nnit

and the browser unit.

o Status CIMDB-WriteClass((lassRee)

~Insert a class record into the current image.

e Status CIMDB-WriteAttribute( Class Name, AttribulcRec)

-Insert an attribute record of a class into the current image.

e Status CIMDB-CheckClass(ClassNam)

-Check if a class is in the current image.

e Status C'INDB-DeleteClass( ClassName)

~Mark a class and all of its attributes in the current image as deleted.




o Status CIMDB-ReadClass{(lassName, & ClassRec)
Attempt to read interface information for the given class from CIM images.
The funetion looks for the class first in the user image. then in the shared im-

age. then in the standard image.

e Status CIMDB-ReadClassList( ClassName, &linklist)
Attemipt to get a linked lists of class interface records information for the given

class in the current image.

e Status CIMDB-Read(lassAtt(ClassName AttName & AttRec)
Read a record containing attribute information for a given class and a given

attribute in the current image.

e Status CIMDB-ReadClassAttList ( Class Name, & linklist)

Get a linked lists of attribute information of a given class in the current image.

e Status CIMDB-ReadSameAtt(character. € linklist)
Attemipt to get a linked lists of attribute records of different class in the cur-
rent image by giving the first letter of the attribute name.

If success return DONE., otherwise return ERROR.

o (IMDB-Lock(image_no, mode)
Attempt to apply a lock on the image indicated by image_no. To apply a read

lock. set mode to READLCK. To apply a write lock. set mode to WRITELCK.

Condition to grant a read lock is as follow:

Il a write lock is already on the image. this call will be blocked until the write
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lock is released. Once this call is successfully executed. a read lock s applied
on the image image_no.

If there are read locks on the image tmage_no. this call will not be blocked.
Once this call is successfully executed. the read lock is applied on the image
indicated by image_no.

(‘ondition to grant a write lock is as follow:

If write locks or read locks are already on the image image _no. this call will he
blocked until these locks are released. Once this call is successfully executed. a

write lock is applied on the image image_no.

CIMDB-UnLock(image _no)

Release a read lock or write lock on the image indicated by the anage no.
g A 4

CIMDB-UnLockAll(image _no)

procedure to release all the locks on the image indicated by the vnage no




Chapter 3

A Proposal: Server Model

The cache version of €Iz described in the previous chapter satisfied the goals that we
set. [t achieved onr goal of minimizing the storage of data file. A file locking facility
was introduced to manage multiuser access of the database. By using a cache, the
response time of CIM was greatly improved comparing to the PC version of CIuM.

However a weakness of the Unix CIM is observed in the implementation:

o It does not provide adequate file security.

3.1 Deficiency in File Security

In the current implementation of Unix CI1M. there are three database files maintained
by the M. The user image file. the shared image file and the standard image file.
The size of the standard image file is static due to the fact that no user can modify
the standard image. The file protection mode of the standard image file is set to
"world: read only™ in the file system since reading is the only operation that a user

process can perform it,
The size of the user image file and the size of the shared image file is dynamic.

The only processes that can access the user image file are the user’s own processes.

The file protection mode of the user image file is set to “owner: read and write” in
the file system.



However. in the case of the shared image file. the file protection mode is set to
“world: read and write” in the file system in order to allow multinser access. Since
the shared image file is set to “world: read and write™, a potential secunity leak exists.
It provides the opportunity that an unauthorized process could modify or delete the
image file. In order to fill up this security hole, a server is proposed in this chaptes

to handle multiuser access to the shared database.

3.2 The Idea

To overcome the deficiency in file security, a CIM remote server is created to handle
the shared database’s access. The ownership of the shared file belongs 1o the server
process. Any update or query request to the shared database are performed by the
server. ['pdate or query request to the user and the standard database ave performed

by the user process through CIM. In this case the security hole is hiled.

3.3 System Architecture

In this design the system architecture of the 1M is divided into two separate parts:
the LOCAL CIM and the CIM SFRVER. The CIM SERVER provides remote query fupedate
services to the LOCAL CIM. A remote query/update request is an query/update

performs on the shared database by CIM SLRVER.

The LOCAL CIM processes query /update requests on the standard database and
the user's database only. Any query/update requests on the shared database receives
by LOCAL CIM is sent to the €IM SERVER through the Unix TCP/IPY for remote

processing.

TCP/IP stand for ‘Transfer Control Protocol/Inter Process Commumcation
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Fignie 3.1: Physical Architecture of CIM (Server Model)

3.3.1 Local CIM

Figue 3.0 shows the physical architecture of LOCAL CIM. It is divided into three
parts: the funclional iterfacd(v1). the local processimg wmt (LPU) and the ramnole

pro-process et (RPV).

The functional mterface is the interface of CIM to the outside world. It routes
ditferent requests to different processing units. There are two kinds of request: local
requests and romole requests. A local request is a query/update request on standard
database or user database received by the CIM. A remote request is a query/update
1equest on the shared database received by the cism. The functional interface will
route a local request to the local processing unit and will route a remote request to

the remote preprocessing unit.

The way that LOCAL C1M work is as follows: Upon receiving query /update request
from the external module. the functional interface will route the request to the local
processing wmit or to the remole processing unit according to which database file the

reguest will act on. H a query/update request on shared database is received by the
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Figure 3.2: Physical Architecture of Local Processing Unit (L1P'U)

F1. it will send the request to the ReU for pre-processing. When the ReU finished
processing the request. it will send the result to the rrand the viwill in toarn send the
result to the external module. If a query/update request on other (standard. user)
database is received by the 110t will send the request to the Lev for processing. | he

result is returned to the 1 by the LU which in turn sends it to the external modunle.

LPU

The local processeng unit (LPU) is a module which is dedicated 1o processing the
query/update request on the user’s database and on the standard database. 1t con
sists of the local functional wmtcrface layer (L), the file locking manager (110 ). the
database manager (DBM). the cache memory manager (CMM) and the Pnix Disk 1/0
laver. It has exactly the same architecture as the version of Pnix 1M descnibed i

chapter 2.

Local requests received by the local functional interface layer are transformed into
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Fignre 3.3: Physical Architecture of Remote Preprocessing Unit (RPU)

high level database requests. These requests are then sent to the database manager.
The database manager in turn transfers the database requests into a set of low level
database primitives. These primitives use the facility provided by the cache memory
manager to perform the query/update on the cache. Once the database manager
has finished the query/update, results are passed up to the local functional interface
laver which in turn sends the results to the functional interface. Local locking requests

received by the local funetional interface layer are directed to the locking manager.

RPU

The romote proprocessing unit (RPU) is responsible for preprocessing the request be-
[ore sending the request to the ¢iM SERVER. Basically speaking. it is made up of
a translation laver. a communication layver and a communication link to the ¢iv
sFRVER. The translation layver is responsible for two things: packing each request
into a textual form for communication purpose. and unpacking the result and trans-

forming it into a standard interface format.

The actual architecture consists of the remotc functional interfacc layer (RF1). the
translation layer (TRAN) and the communication manager (COMM). Upon receiving
a request from the functional interface (F1). the RFI sends the request to TRAN which
will pack the request together with its parameters into a text record. The record is
then sent to the coOMM for external communication. The cOMM layer is responsible

for the communication between the RPU and the ¢IM SERVER. When a record is
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Figure 3.4: Physical Architecture of CIM SERVER Model

received by the coMM. the coymy will send the content of the record to the ¢iv
SERVER for remote processing. oMM will then monitor the conmmmnication link for
the response of the ¢1M SERVER. Once the ¢IM SERVER has finished processing, the
request. it will send the result through the communication link. ‘The coma will pich
up the result and put it into a record and send the record to the TRAN lor unpacking.
After the TRAN has unpacked the result into standard interface forn. the result s
then sent to the RET and then to the £l in the LOCAL 1M and finally to the external

module,

3.3.2 CIM Server

The CIM SERVER consists of communication manager (CoMM). the franslalion layer
(TRAN), the server’s functional interface (st1), the database manager (DM, the
cache memory manager (CMM), Unix disk 1/0 layer. In a logical sense it provides
concurrent query/update services on the shared database. There can be multiple
communication linkages existing between CIM SERVER and several remote processing,

unit (RPU) links at any one time. The COMM layer constantly monitors the cormmm
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mication link for the arrival of packed messages. Since there may be multiple links

existing at any one time. the monitoring of each link is done by scheduling.

Once packed requests are received by the COMM. packed requests are kept in a
request guene. The COMM is responsible for the communication system and event
scheduling. The scheduling mechanism is used to monitor the request queue. Once a
complete request is spotted in the head of the queue, the complete request record will
be send to the ‘TRAN for unpacking into the functional interface format. After the
request is unpacked, it is semt to the server functional interface (SF1), the database
manager DBM for processing. From Figure 3.4, we can see that all the layers under
the sK1 have exactly the same architecture as the local processing unit with the
exception that the file locking manager (FLM) is removed. The file locking manager
is not needed in the server because the scheduling mechanisin only allows one request
for database processing at any one time. Once the DBM carried out the query /update.
tesults are sent back to the TRAN for packing into text record form. Once the results
are in text record form, the coMM will send the record through the communication

link (o the LOCATL CIM,

3.4 Communication

A commmication protocol is used to handle the communication between the LOCAL

CIM and the 1M SERVER. Three stages are identified in a communication session.

e Establishing the conunection.
e Data transfer.

¢ Connection termination.
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3.4.1 Establishing the Connection

The initial phase of communication between LOCAT CIM and CIM SERVER is a {wo
way handshake communication. At the beginning of the session, the client (LOCAT
CIM) connects with the server (CIM SERVER) through a public communication channel
(UNIX SOCKET). Once a connection has been initiated. the operating svstem at the
server side will atomically notify the client to use a private communication channel
instead of using the public communication channel for further communication. ‘1'he
public channel will then freed for the connection with other process. Once a private
channel is established, an initial handshake is performed.  The client will send a
connect request to the server. According to the information in the request messagpe.
the server will check whether the client has permission to use to the server, Then the
server will reply with a "connection acceptance” or “reject message™ to the caller. The
client must send a handshake message to confirm the acceptance. After received the
confirmation. the server will establish all system resonrce needed by this connection

session.,

The purpose of the handshake is to introduee the elient to the server. The request
message that the client sends to the server consists of these parameters: client process
id., station id.. priority. The acceptance message send by the server consists of the

following parameters: connection time. job number.

3.4.2 Data Transfer

The data transfer for the server is nonblocking send/receive, A nonblocking mech
anism is used so that the server will achieve a higher level of coneurrency. Data
transfer for the client is blocking send/receive. Service request is sent by the « hent

and service reply is sent by the server,
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3.4.3 Connection Termination

The conneet session only can be activated by the client by initiating a terminate
request to the server. After the server has received this message. 1t will send an
acknowledgment to the client. Then both side de-allocate all system resources for

1his session,



Chapter 4

Conclusion

4.1 Cache Model

The implementation of the cache model of the class interface manager has been
completed. It has been successfully integrated to the other components of the Dee
programming environment [2] [I4]. Currently the Dee programming enviromment
runs on a network of SUN IP(C'! workstations under SunOs' Release 11,1 and X
Windows. We have also succefully ported the Dee compiler and the linker (DINK)
to a 8038G! type's computer running Xenix? Porting the entite Dee programming,
environment together with the browser to the 80386 is possible. 1t is not done because
our version of Xenix does not have X Windows. Although we have not ported the Dee
programming environment to Unix platform other than the IPCY and 80356, however
porting it to other Unix platforms should be simple. since the Dee compiler is totally
written in standard C programming langnage with standard Unix rontines. The

source code of the cache model of Unix CIM is about 90K and is mide up of 11 files.

Up to the present date, the standard database has about 28 standard Dee classes,

A number of students is building a wider standard library for Dee.

OSun, IPC and SunOs are registered trademarks of Sun Microsystems, Ine
180386 is a registered trademark of Intel Corporation
?Xenix is a registered trademark of Microsoft-Corporation




4.1.1 Performance

The cache load-in and cache write-back time of the CIM is so quick that a user would
not notice any delay. By integrating it to the Dee programming environment, we ob-
tained quite satisfactory performance. Since the performance of the ciM is Dee code
dependable, it is not possible to make a precise measurement on its performance. In-
stead we try to represent its performance on an average scale. Currently there are 28
standard Dee classes (excluding special classes) with a total of 262 attributes success-
fully compiled by Unix Dee. Base on 1,000 load-in and write-back cache operations
on the current standard Dee classes, each load-in time is about 19.1 milliseconds and
cacl write-back timeis about 14.0 milliseconds. Notice that the load-in time is longer
than the write-back time: this is because the load-in operation includes the time to

itialize the cache manager.

4.1.2 Storage Overhead

The current database file is 61,661 bytes long. The class interface data occupies 27.093
bytes and the system overhead is 31571 bytes. The storage overhead is about 128%
of the actual data. Although the storage overhead is quite high, it is a necessary for
the performance. The storage overhead of ¢IbB includes address spaces for pointer

ficlds. system table and index structures.

4,2 Server Model

The implementation of the server model has been started, but is not complete. A
prototype of the communication manager and its scheduler has been finished and both
are giving encouraging result. The prototy pe performs messages transfer between the
CIM SERVER and a number of clients. It also handles events scheduling. These cvents
include constant monitoring the communication links. putting the messages into the

corresponding message quene and the detection of complete messages. Design of the



protocol layer (TRAN) has been finished and implementation is in progress.  Other

components can be easily implemented by reusing the code of the cache model.

4,3 Further Work

Since the slowest operations performing by the ¢Iy are the cache load-in operation
and the cache write back operations, therefore for further work on C1a, we focus on
enhancing its performance. Although the performance of cache version CIM is quite
satislactory, one can further enhance the time spend on cache-writeback operation. In
the case of a very large Cing. the time saved by the enchanced write-hack operation
is substantial. The cache operation of the CIM uses a cache strategy such that the
cache-loadin loads the whole database into the memory at load titne, Any apdates
to the database would require writing the whole cache back to the disk at save time.
Although it gives quite a satisfactory performance. it is possible to further minimize
the write-back time by writing only the changed portion of the cache to the secondary
storage. The cache memory is organized in a linked lists of memory pages and the
cache memory address location is same as its corresponding, file address. one can
easily modify the cache manager to write only the dirty pages to the database file,
This requires the cache memory manager (CMM) to mark a particular page with a

dirty bit whenever a change is made to a memory location.

Further enhancement on the server model of the ¢y includes, adding the capa
bility of source code sharing in addition to the class interface sharing. These provide
the users of a remote node with the ability to compile a Dee class that inherits some
shared classes in a local node. All the necessary tools are already designed in the
server model. To add the source code sharing mechanisim, only minor modifications
to the current design are needed. This involves setting up a database 1o store the

shared source code data.
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4.4 About This Project

Theobjectiveof this project is to implement a Unix version of Dee. The Dee project is
headed by Dr. Peter Grogono. There are four other graduate students involved in the
project. They are Benjamin Yik-Chi Cheung, Lawrence A. Hegarty, Wai Ming Wong
and myself. Each of the students is responsible for the design and implementation of
a specifie module of the Dee compiler. Benjamin works on the linker and the browser.
Lawrence works on the semantic analyser and the code generator. Wai Ming works
on the parser. ['work on the class interface manager. The work was finished on May
of 1992 and the system is up and running on the Department of Computer Science’s

IPC network.

The development of the project was going smoothly in the design phase. Regular
meetings were carried out every three to four weeks to discuss varies design issues and
to monitor the project’s progress. Informal discussions between individuals were car-
ried out every one or two days. Matter such as interface standards between modules.

data structures and the language’s syntax were discussed in these meetings.

During the implementation phase, we ran in a lot of trouble with the ' compiler.
Benjamin reported two bugs in the ¢ee compiler. There is also incompatibility

! g )
between the Gee compiler and the ¢ debuger DBX. The DBX debuger sometimes
provides us with out-of-step trace information. In some cases. we have to put a
printf() statement to every other line in the suspicious source in order to trace the
program. All these problems make the implementation a little inconvenience, but

with patience. they were all overcame.,

10
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Appendix A

Class Example: String

The class Strang is a basic class for strings of ASCI characters. It inherit< the classes
Monord and the elass Order. The kevword speeial, appearing as the body of a method.

iicates that the method is implemented by (' code.

H
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class Strang
-- Basic class for strings of ASCII characters
inherits Monoid Order

public method maxstringlen Int
-- Return the maximum permitted length of a string
begain
result
end

*= 255

public method = (other. String) Bool
-= Return true 1ff the receeiver 1s equal to the argument
special

public method < (other String): Bool
-= Return true 1f the receiver 1s lexicographically less than the
~= argument

special

public method show
-- Return a
-~ function

© String
string representing the string (') This 1s the identity
for strings but 1s provided for compatibility

Page |

began
result .= self
end
public method zero String

-~ Return the
begin
result =
end

publac method
-~ Return the
special

public method
-~ Return the
spec:al

public method
-- Return the

empty string

o

+ (other String) String
concatenation of the receiver and the argument

len Int
length of the receiver

sto1 Int
1nteger denoted by the string If there 1s no such integer,

-- raise a system exception

special

public method
-- Return the

stof Float

floating point number denoted by the string If there 1s no

-- such number, raise a system exception

special

public method
-- Return the

ctoi- Int

ASCII code of the first character of the receiver System
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-- exception 1f the receiver 1= the empty string
special

public method substr (x Int y 1Int) String

~~ Return the substring starting at character position x

-- and containing y characters with sensible defaults
special

public method pat (s String) Int
-~ heturn the index of the first position at which the receiver (viewed
-~ as a pattern) eccurs in the argument Return 0 if the receaver does not
~- occur in the argument
special

public method rep (count Int): String
-- Returns count copies of the receiver concatenated For example,
== (" ") rep(5) returns a string of 5 blanks. Returns the empty string
-- 1f count 1s zero or negative System error 18 i1f the result is too
~- long

special

public method left (width Int) String
~~ Raturn the receiver left justafied an a field of width characters.
begin
rosult = self + (" ") rep(width - self.len)
end

public method right (width Int) String
-- Return the receiver right justified in a field of width characters.
begin
result = (" ") rep(width - self.len) + self
end

public method print

-- test routine

~- for the first program
spacial

public cons get

-- test routine

-~ for the first program.
special

public method toByte ‘Byte

-- convert first characher of the string to byte.
special

46



Appendix B

Class Example: Order

This class provides protocol for any class which is totally ordered. Tt inherits the
class Compare. Notice that the keyword speeal does not appear in the hody of any
methods. This is due to the fact that the body of these methods can be coded in

Dee.
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class Order

-- This class provides protocel for any class whach is totally ordered.
-- A descendant must implement two of the comparason methods
-~ The others w11l ther be implemented by the code of thas class.

inherits Compare

public method < (other' Order). Bool
== Return true 1f7 the receiver 15 less than the argument under the
-- ordering of the current class.

public method = (other: Order)‘ Bool
-- Return true 1ff the receiver 1s «jual to the argument under the
-- ordering of the current class

public method <= (other. Order) Bool
-~ Return true 1ff the receiver 1s less than or equal to the argument under
the
-- ordering of the current class.
begain
result = (self < other) or (self = other)
end

public method > (other: Order). Bool
-~ Return true 1ff the receiver 1s greater than the argument under the
== ordering of the current class.
begin
result '= other < self
end

publaic method >= (other Order): Bool
== Return true 1ff the receiver 18 greater than or equal to the argument un
der the
-~ ordering of the current class
begin
result .= (other < self) or (self = other)
and

public method min (other. Order): Order
-- Return the smaller of the receiver and the argument under the ordering
-- of the current class
begain
if self < other
then result .= self
else result = other
{1
end

public method max (other' Order) Order
-- Return the larger of the receiver and the argument under the ordering
-- of the current class
begain
1f other ¢ self

I8
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then result
else result
fi
end

Fraday, July 17, 1992

gself
other

Page
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Appendix C

Source Code Listing

A source code listing of the I'1 layer. PLM laver and the DBM layer are shown in this
appendix. It consists of 10 files. The descriptions of these files are as follow:

dh deflh contains the variable definitions of the DBM layer.

db_fun.h contains the routine definitions of the FI laver.

db_fun.c contains the source code of the FI layer.

db sys.e contains the source code of the DBM layver which maintains

system initialization and high level memory management.

db_class.c contains the sonrce code of the DBM laver which maintains
the ¢'IN subtree.

db_attri contains the source code of the DBM layver which maintains
the ATN subtree.

dh_attin.e contains the source code of the DBM laver which maintains
the linked list of CLN.

db _attli.c contains the source code of the pBM laver which maintains
the linked list of ALN.

db_lock.h contains the variable definitions and the routine definitions
of the FLM layer.

db_lock.c contains the source code of the FLM layer.

a0
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/* Databse of the Dee Class #/

/* MAy 92

#define NO_IMAGE 4

$define DB_ATTRIBUTE_TABLE_SIZE

#define DB_CLASS_TREE_NODE_SIZE
#define DB_ATTRIBUTE_TREE_BODE_SIZE sizeof (DbAttributeTreeBodeType?

#define DB_CLASS_LIST_NODE_SIZE
#define DB_ATTRIBUTE_LIST_NODE_SIZE sizeof (DbAttributeListNodaType)

#define FOURD O
#define SOTFOUND 1

#define REMOVED O
#define BOTREMOVED 1

#define DONE O
#define ERROR 1

#define RIGHT O
#define LEFT 1

#define FALSE O
#define TRUE 1

/* DEFINITION 0F

/*» binary tree node for class

*/

typedef struct DbClassTreeNode

{
cimAddress Name;
cimAddress ClassDef,
cimAddress ClassComment,
cimAddress IEUAList;
cimAddress InvarlList,

cimAddress VariableTreePtr,
cimAddress MethodTreePtr;
char ClassDeleteFlag,

cimAddress Left;
cimAddress Right,
} DbClassTreeNodeType;

/»
/*
/*
/*
/*

/e
/*
/*

/e
/»

./

s1zeof (DbAttributaTableType)

s1zeof (DbClassTreeBodeType)

sizeof (DbClassListNodeType)

D E E DATABASF®

Class Name
Class Definition */

Class Comment «/
*/
Invarient List #/

pointer to Attribute Traee */
pointer to Attribute Tree ¢/
Delete Flag #/

Pointer to laft subtree */
Pointer to Right subtree ¢/

/+ binary tree node for attribute ¢/
typedef struct DbAttributelreeNode

91

S

Page 1

NODE

*/
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{
cimAddress Name, /% Attribute Hame »/
char AttributeKind, /s Attribute Kand V/M s/
char AttrabuteType, /e Attrabute Type #/
cimAddress Comment, /* Attribute Comment */

cimAddress DefinitionlList, /# Attribute Definition List =/

cimAddress Left, /* Pointer to the left subtree ¢/
cimAddress Right, /* Pointer to the right subtree ./
} DbAttributeTreeNodeType,

/% Attribute list use by browser */
typedef struct DbAttributeListNode

cimAddress Rame, /% Attribute Name */
cimAddress AttributeCount, /* Count of same attribute in current image ¢/
cimAddress DbClassListPtr, /* Pointer to Class List */

cimAddress Next,
+ DbAttributeLastNodeType;

/* Class link list of attrabute use by browser »/
typedef struct DbClasslListRode
{

cimAddress Name, /* Class Name */

cimAddress AttributeTreePti; /+* Pointer to the Attribute Tree Node #/
cimAddress Next,
} DbClassListNodeType,

/* Head Pointer of Class Root, with index as the corresponding Images #/
extern cimAddress eDbClassRoot [NO_IMAGE],

/* Entry Table of the browser’s data base »/
extern cimAddiess #AttributeTable[N0O_INAGE]([27];
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/
Thas function check af
the class estrptr
exit in the current image

Return BOTFOURD if Class Eame not found in current image,
return FOUND 1f Class Name exist in current image

»/

extern int CIM_DB_Check_Class (/% char sstrptr ¢/),

/*
Thas function write the
class record *ptr to
the current image.

Return DONE if wraiter is success,
return ERROR if write 18 not success
*/
extern int CIM_DB_WriteClass (/% cim_ClassiORecord eptr #/),

/*
This function read the
record sptr in the current
image by giveing the class
name #strptr

Return Done if read is success,
return ERROR if read 1s not success
*/
extern int CIM_DB_Read_Class (/* char sstrptr, cim_Attrabute]ORecord spty

/*
This function read a list of classe records
which is in the current image #ptr gives
the head of the link list

Return FOUND if there exist such a list,
return NOTFOUBD if it is an kempty list.
*/
extern int CIM_DB_Read_All_Class (/¢ cim_ClasslORecord #ptr */),
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/s
This function return a list of class names
which 18 1n the current image

o

extern Clas3SlotPtr CIM_DB_Read_Class_List(),

/e
This function delete the
class record in the current
by the name #strptr

Return DONE 1f delete is success,
return ERROR 1f delete is not success.
o/
extern int CIM_DB_Delete_Class (/% char #*strptr */);

/e
This function write attribute
tecord 1nto the current image
under the class name sstrptr

Retrvn DONE 1f write 1s success,
return ERROR 1f write 1s not success
./
extern i1nt CIM_DB_Write_Attribute (/% char *strptr, cam_AttributeIORecord sptr */)

/*
This function read an attribute
record #*ptr from the current 1image
vi1th class name sstrptrl and
attribute name #strptr?

Return DONE 1f read success,
return ERROR if read not success

o/

extern int CIM_DB_Read_Attrabute (/#* char #sstrptrl, char *strPtr2,
cam_AttributeIORecord »ptr /),

/*

This function rsad a list of attrabute
record under the class name #strptr in
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the current image. #ptr gives the head
of the link list

Return FOURD 1f there exist such a last,
return NOTFOUND 1f 2t is an kempty list.
./
extern int CIM_DB_Read_Attribute_List(/# char sstrptr, cim_lORecListType #ptr /),

/*
This function read a list of attribute
records under the class name sstrptri in
the current image which matches the partial
attrribute name *strptr. #ptr gives the head
of the link list

Return FOUND if there exist such a list,
return NOTFOQUND 1f 1t 1s an kempty list
*/
extern int CIM_DB_Read_Class_PartAtt_List (/¢ char sstrptit,
char sstrptr2,cam_Attyibutel{lRecord eptr /),

/*
This function read a list of attribute
record which match the partial attrabute
name *strptr in the current image. #ptr
gives the head of the link last

Return FOUED if there exist such a list,
return NOTFOUND 1f it 1s an kempty list
*/
extern int CIN_DB_Read_PartAtt_List (/+ char ¢strptc, cim_IGRecListType sptr ¢/,

/*
This function initial the current image
*/
extern CIM_DB_Init_lImage O,
/e
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This procedure initial the locking mechanism by initializing the
integer file descraptor
Given 1d (image :d) and fd (value of file descriptor)

./

extern CIM_DB_Lock_InitId(/+ int 1d, int fd /),

/»
This procedure lock the specific database indicated by ad,
Type of lock 1s indicated by setting value of mode to
the value READLCK or WRITELCK
return ERROR the lock is fail
1f previously the same process 1s having a different
type of lock on the indicated database and is not released.
return DONE the lock 1s successfully applied
1f previcusly the same process do not have any
lock on the indicated database or
1f previously the process
have the same kind of lock on the database.
s/
extern 1nt CIM_DB_Lock(/+ int 1d, 1nt modes/),

/e

This procedute release the lock on the specific database indicated by 1d
o/
extern CIM_DB_Rlse_Lock(/¢ 1nt 1d #*/),

/*
This procedure telease all the lock that the current process have on all

the databse

./
extern CIM_DB_Rlse_All _Lock(),

30
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#include <stdio.h>
#include <string h>
#include <stdlab h>
#include <malloc h>
#include <sys/types.h>
#include <unistd h>
#include <fcntl.h>
8ipclude "“deecam h"
#include "cim-10.h"
#include "cim-mem h"
#include "db_def.h"
#include 'db_lock h"

int CIM_DB_Write_Class(ClassRec)
cam_ClassIORecord *ClassRec,
{
return(DbAddClass_ClassNode(DbClassRoot [CIM_mem_getActivelmage()},ClassRec ),
}

int CIM_DB_Check_Class(Hame)
char *Hame;

{

cimAddress Where ,Prev;

int Prev_Dar,
DbClassTreeNodeType sWhere_ptr,

if (DbFindClass(DbClassRoot[CIM_mem_getActivelmage()] Hame,
Where ,Prev,8Prev_Dir)==R0TFOUND)
return(ERROR),
else
{
Where_ptr=(DbClassTreeNodeType *)CIM_mem_address(¥here),
if (Where_ptr->ClassDeleteFlag=="K’)
return{DONE) ;
else
return(ERROR),
}

int CIM_DB_Write_Attribute(Name,AttrRec)
cam_AttributelORecord *AttrRec;
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rhar eHams

{
return(DLAddAttribute _ClassName(Name AttrRec)),

int CIM_DB_Delote_Class (Name)
char eNHame,
{
retrrn(DbMarkDeleteClass (Name) ),

/t“.'t“.‘..“.“‘..““000“‘.O.““!.‘.t‘...t.‘#“.‘.".t‘tt“.t.l.t“‘.t“."“.‘/

int CIM_DB_Read_Class(Name,Record)
char #Namo,
c1m_ClasslUORecord *Record,
{
DbllassTreeNodeType eWhere_ptr,
cimAddress Where,
cimAddress Prev,
nt Prev_Dir,

1t (DbFi1ndClass(DoClassRoot [CTM_mem_getActivelmage()],Bame Where,
Prev ,8Prev_Dir)==NOTFOUND)
1eturn(ERROR) ,
else
{
Where_ptr=(DbClassTreeNodeType #)CIM_mem_address(Where),

Record->Name=CIM_mem_getStrang. Where_ptr->Hame),

1f (Where_pti->ClassDef '= BULL)
Record->ClasuDef=CIM_mem_getString(Where_p:r->ClassDef),

elae

Record->ClassDet=§ULL,

1t (Where_pti->ClassComment '= NULL)
Record->ClassCorment=CIM_mem_getStrang(Where_ptr->ClassComment),
t‘lSt’

Reco1d->ClassComment=NULL,

1f (Where_ptr->IEUAL1ist '= RULL)
Record->1EUAL1st=CIM_mem_getString(Where_ptr->IEUAList) ;

s
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else
Record->IEUAL1st=NULL,

1f (Where_ptr->InvarlList '= BULL)

Record->InvarList=CIM_mem_getStringi{Where_ptr->Invarlist),
else

Record->InvarList=NULL,

return(DORE)
}

int CIM_DB_Read_All_Class(1ioptr)
cim_ClassIORecListType ®#j0ptr,
{
*10ptr=JULL,
CIM_Get_Class(&+10ptr,DbClassRoot [CIM mem_getActivelmaget)]),
1f (#10ptr==NULL)
return (NOTFQUND),
else
return (FOURD),

ClassSlotPtr CIM_DB_Read_Class_Last ()

{

ClassSlotPtr ptr,

ptr=NULL,
CIM_Get_Class_List(&ptr,DbClassRoot [CIM mem_getActivelmage()]),
return(ptr),

}

CIM_Get_Class_List(ioptr,ptr)
ClassSlotPtr *=1o0ptr,
cimAddress #ptr,

{

DbClassTreeBodeType sptr_ptr,
ClassSlotPtr 1pt,

1f (*CIM_me. _.checkRull(ptr))
{
ptr_ptr=(DbClassTreeBodeType *)CIM_mem_address(ptr),

af (ptr_ptr'=§ULL)
{

7Y
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CIM_Get _Class _List(feroptr,ptr_ptr->Left),
Ipt=cim_GietClassSlotHode (CIM mem_getActivelmage()),
Ipt->Name=CIM_mem_getStrang(ptr_ptr->HName),
insertAllClassLast(&ei1optr,klpt),
}
CIM_Get_Class_List(keioptr, ptr_ptr->Right ),
}
}

InsertAl1ClassList Caoptr,lptr)
ClasaSlotPtr #10ptr,
ClassSlotPtr ¢lptr,

{

ClassSlotPtr tmpro_ptr,

1f (ejoptr==§ULL)
sioptr=+iptr,
alen
{
tmpio_ptr=eloptr,
white (tmpro_ptr->Next'sNULL)
tmpro_ptr=tmpio_ptr->Hext;
tmpro_ptr~>Next=slptr,

}

CIN_Gat _Class(roptr,ptr)
cim_ClasstORecLastType se10ptr,
cimAddiess eptr,

{

DbClassTreolodeType eptr_ptr.,
cim_ClassIORecord  *lptr,

pti_ptr=(DbClassTireeNodeType *)CIM mem_address(ptr},

1f tptr_ptr=EULL
{
CIN_Got _Class(2eioptr,ptr_ptr->left),
if (ptr_ptr->ClassDeleteFlag == '§")

{
lptr=(cim_ClasslORecord *)calloc(1,cim CLASSIORECSIZE),

Iptr->Rame=CIM _mem_getStringiptr_ptr->lame),

if (ptr_ptr->ClassDef = FULL)
1pti->ClassDef=CIM_mem_getStrang(ptr_ptr->ClassDef),
else
Iptr->ClassDef=NULL,

60
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1f (ptr_ptr->ClassComment '= NULL)
1ptr->ClassComment=CIN_mem_getString(ptr_ptr->ClassComment)
else
lptr->ClassComment=NULL,

if (ptr_ptr->IEUAList *'= RULL)
lptr->1EUAL13t=CIM_mem_geiString(ptr_ptr->IEUALast),
else
1ptr->IEUAL1st=RULL,

af (ptr_ptr->InvarList ‘= NULL)
lptr->InvarList=CIM_mem_getString(ptr_ptr->InvarList),
else
lptr=>InvarLaist=RULL,

InsertClassl0OList(2*ioptr,lptr),

}

CIM_Get_Class(&*joptr,ptr_ptr->Right),
}

}

InsertClassIOList(aoptr,lptr)
cim_ClassIORecListType #**10ptr.
cim_ClassIORecord #lptr,

{

cim_ClassIORecListType #aptr, =tmpio_ptr,

aptr=(cim_ClassIDRecListType *) calloc(1,cim CLASSIORECLISTSIZE),
aptr->Recordl0_ptr=lptr,
aptr->Next=NULL;

1f (#ioptr==RULL)
*ioptr=aptr,
else

{

tmpio_ptr=esioptr;

while (tmpro_ptr->Next!=RULL)
tmpio_ptr=tmpio_ptr->Hext,

tmpio_ptr->Bext=aptr,

/"‘0"..‘.““" .."O“‘O..‘t.“‘..l.“.u.‘t‘.b““0‘0“0‘.‘..‘..000000.0‘#00000000./

int CIM_DB_Read_Attribute(ClassName,AttBame, Record)

]
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char sClasslame,
char e¢AttBame
cim_AttributelORecord ®#Record,

{
DbClassTreeNodeType «C_Where_ptr,
DbAttributeTreeNodeType ¢A_khere_ptr,
cimAddress Where,
¢ imAddress Prev,
int Prev_Dar,
1f (DbFindClass(DbClassRoot [CIM_mem_getActavelmage()], ClassName,
Where,Prev , &Prev_Dar)==R0TFOUND)
return{ERROR),
else
{
C_Where_ptr=(DbClassTreeSodeType *)CIM_men_address (Where);
if (C_Where_ptr->ClassDeleteFlag=='Y")
return (ERROR) ,
else
{
if (DbFindAttribute(C_Where_ ptr->VariableTreePtr, AttName,
Where ,Prev ,tPrev_Dir)==R0TFOUND)
{
1f (DbFindAttribute(C_Where_ptr->MethodTreePtr AttName,
Where ,Prev,tPrev_Dir)==NOTFOURD)
return (ERROR),
}
A_W¥here_ptr=(DbAttributeTreefodeType #)CIM_mem_address (Where),
Record->Name=CIM _mem_getString(A_Where_ptr->Name),
Record=->Attrabutekind=A_Where_ptr->AttributeKind;
Record->AttrabuteType=A_Where_ptr->AttributeType,
1f CA_Where_ptr->Comment t= JULL)
Record->Comment=CIM_mem_getStx 1ng(A Where_ptr->Comment),
else
Record->Comment=NULL.,
if (A_Where_ptr->Definitaonlist '= NULL)
Record->Definitionl ast=CIM_mem_getString(A_Where_ptr->DefinitionList),
vlse
Record->DefinitionList=NULL,
return (DONEY,
}
}
}

int CIM_DB_Read_Attribute_List(Name,10ptr)
chat sName,
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cim_IOReclListType *#1io0ptr,

{
DbClassTreeBodeType sWhere_ptr,
cimAddress Where;
cimAddress Prev;
int Prev_Dar,

*ioptr=HULL,
if (DbFindClass(DbClassRoot[CIM_mem_getActivelmage(}],
Name ,Where,Prev ,&Prev_Dir)==NOTFOUND)
return(R0TFOURD) ;
else
{
Where_ptr=(DbClassTreelodeType *)CIM_mem_address{(Where),
CIM_Get_Attribute(&*joptr,Where_ptr->VariableTreePtr),
CIM_Get _Attribute(2+10optr,Where_ptr->MethodTreePtr),
if (sioptr==NULL)
return (NOTFOUND),
else
return (FOUED),

CIM_Get_Attribute(aoptr,ptr)

cim, I0RecListType ##io0ptr,
cimAddress *ptr,

{

DbAttributeTreeNodeType #ptr_ptr,
cam_AttributelORecord *lptr,

ptr_ptr=(DbAttributeTreeNodeType *)CIM_mem_address(ptr),

if (ptr_ptr!=BULL)
{
CIM_Get_Attrabute(k*ioptr,ptr_ptr->Left),

1ptr=(cim_AttrabutelORecord #)calloc(1,cam_ATTRIBUTEIORECSIZE),
lptr->Bame=CIM_mem.getStrang(ptr_ptr->Name),

lptr->Attribut eKind=ptr_ptr->Attrabutekind,
lptr->AttributeType=ptr_ptr->AttrabuteType,

1f (ptr_ptr->Comment '= NULL)
lptr->Comment=CIM_mem_getString(ptr_ptr->Commaent),
else
1ptr~>Comment=NULL;

if (ptr.ptr->DefinitionList != BULL)
1ptr->DefinitionList=CIM_mem_getString(ptr_ptr->DefinitionList),
else
lptr->DefanitionList=§ULL;
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Iptr->Class¥ame=RULL,
InsertjOLiat(@sioptr,lptr),

CIM_Get_Attribute(gejoptr ,ptr_ptr->Right),
}

Insert10List (1optr,lptr)

cim_ T0ReclListType ee3optr,
rim_AttrabutelORecord #lptr,

{

cim_10RecListType saptr, *tmpiro_ptr,

aptr=Ccim_l0RecL1stType #)calloc(1,cam_IORECLISTSIZE)
aptr->RecordI0_ptr=1ptr:
aptr~>Hext=HULL;

it (s10ptr==FULL)
®10ptr=aptr,
else
{
tmpio_pti=#ioptr,
vhile (tmpro_ptr->Next'=NULL)
tmpio_ptr=tmpio_ptr->Next,
tmpio_ptr->Next=apty,

}

[essvanse .0.0‘.".O..““‘t‘.‘..l“.“"‘.."t‘“‘t““t“‘#““““‘t““““‘t‘t‘t“/

int CIM_DB_Read_Class_PartAtt_List(ClassName,AttName,10ptr)
char eClassName,

chatr *Attlame,

cim_I0RecListType e*3j0ptr,

{

cimAddress Where,
Prev,
Node,

mt Prev_Dir,

DbClassTrenlodeType #Where_ptr,

sicptr=NULL,
1f (DbFindClass(DbClassRoot {[CIM_mem_getActivelmage()],
ClassName ,Where ,Prev ,2Prev_Dar) == NOTFOUND)
retutn(80TFOUND)Y,

61
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else

Where_ptr=(DbClassTreeHodeType #)CIM_mem_address(¥here),
CIM_.Get_Class_PartAtt (&+ioptr ,Where ptr->VariableTraePtr AttName),
CIM_Get_Class_PartAtt (Reioptr,Where_ptr->MethodTreePtr AttName) ,
if (+10ptr'=KULL)

return(FOURD),
else

return (§OTFOURD) ,

CIM_Get_Class_PartAtt(1optr,Ptr, AttName)

cimAddress #Ptr,

char sAttName,

cim_IORecListType s*joptr,

{

DbAttrabuteTreeNodeType #*ptr_ptr,

cim_AttrabutelORecord slp* v,
ptr_ptr=(DbAttributeTreeNodeType *)CIM_mem_address(Ptr)

if (ptr_ptr!=HULL)
{
CIM_Get_Class_PartAtt(&*1optr,ptr_ptr->Left,AttBame)

if (strncmp(AttName,CIM_mem_getString(ptr_ptr—>Hame),strlen(AttBame))==0)
{
l1ptr=(cim_AttributelORecord ¢)calloc(1,cam_ATTRIBUTETIORECSIZE)
lptr->Hame=CIM_mem_getString(ptr_ptr->Hame),
lptr->AttributeKind=ptr_ptr->AttrabutekKind,
lptr->AttributeTypesptr_ptr->AttributeType,

1f (ptr_ptr~>Comment *'= BULL)
1ptr->Comment=CIM_mem_getStrang(ptr_ptr=>Comment),
else
lptr->Comment=NULL,

if (ptr_ptr->DefimitionList *= RULL)
lptr->DefinitionList=CIM_mem_getString(ptr_ptr->Definitionlaist),
else
1lptr->DefainitionList=NULL,

lptr->ClassBame=NULL,
InsertlOLat(&#10ptr,lptr),

}

CIM_Get_Class_PartAtt(&+i1optr,ptr_ptr->Right ,Attlamae),
}

6
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/O..‘O."0..‘.4‘tt..#‘t.‘O‘.O“..“.Q‘O.‘.‘.O..“...““..‘.“"‘#"...““‘#“t‘.t.t/

CIM_DB_Lock_Initid(aid, fd)
int ad,

int fd,

{

token[id]=AVAIL,
Imaga_fdl1d]=fd,

}

CIM_DB_Lock(1d ,mode)
int id,
int mode,

{
1f (mode == READLCK)
roturn{f_read_lock(ad)),
elsae if (mode == WRITELCK)
return(f _excl_lock{1d)),
else
return(ERROR) ,

CIM_DB_Rlse_Lock(1d)
int ad,
{
f_unlock(1d) ,
}

CIM_DB_Rlse_A11 _Lock()

{
int ad,
1id = 0,
whi1la (1d < RO_TMAGE)
{
f_unlock(id),
1d=1d+1,
}
}

/“"O.““'.."..OO‘.“.“t““0.“..““‘#"‘.“‘.‘l‘!"‘O““‘t".“.“‘t“‘i.“.t/
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int CIM_DB.Read_PartAtt_list{AttName,ioptr)

char =Attlame,

cim_ClasslORecListType *+*10ptr;

{

DbAttributelist¥odeType »Head_ptr,

DbAttributeTreeNodeType ¢ptr_ptr,

cim_AttributeIORecord *lptr,

int key;

*ioptr=RULL;

key=DbListTableHash(AttName),

Head _ptr=(DbAttributelistNodeType *)

CIM_mem_address(AttributeTable[CIM_mem_getActivelmage ()] [keyl),

while (Head_ptr'=NULL)

{
1f (strncmp(AttName ,CIM_mem_getString(Head _ptr->Rame),
strlen(AttName))==0)
CIM_DB_Get_PartAtt_List_AttList(8s10optr Head_ptr->DbClasslastPii),
Head_ptr=(DbAttributeListNodeType ¢)CIM_mem_address(Head_ptr->Next),
}
if (*10ptr'=NULL)
return(FOURD) ;
else
return(8J0TFOURD) ,

}

CIM_DB_Get_PartAtt_List_AttList(Cioptr,Ptr)
cim_ClasslORecListType *#*10ptr,

cimAddress *Ptr,

{

cimAddress *AttPtr,

DbClassListHodeType *Head_ptr,
DbAttributeTreeNodeType *ptr_ptr,
cim_AttributelDRecord +lptr,

Head ptr=(DbClasslistNodeType *)CIM_mem_address(Ptr),
while (Head_ptr'=NULL)
{
ptr_ptr=(DbAttrabuteTreeNodeType *)
CIM_mem_address (Head _ptr->AttributeTreePtr),
lptr=(caim_AttributelORecord #)calloc(1,cum_ATTRIBUTEIORECSIJE),

lptr->§amesCIM_mem_getString(ptr_ptr~>Name);
lptr->AttributoNandsptr_ptr->AttraibuteKind,
lptr->AttributeType=ptr_ptr->Attributelype,

if (CIM_mem_getStrang(ptr_ptr->Comment) '= NULL)
lptr->Comment=CIM_mem_getString(ptr_ptr->Comment},

if (CIM_mem_getStrang(ptr_ptr->Detinitaonlist) '= NULL)
lptr->DefinitionList=CIM_mem_getString(ptr_ptr->Definztionlast?,

1ptr->Classlame=CIN_mem_getString (Head_ptr->Nama),

i
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InsertClasslOList (&*io0ptr,lptr);

Head_ptr=(DbClassListNodeType #)CIN_mem_address(Head_ptr->Next);
}

/‘.““.‘QO.‘O...‘.“‘.“..0.““‘““"“‘.““.‘O.“..’..“‘“0.0‘.“““‘.“.ttt../

void CIM_DB.Inat_Image()
{

Dblnitimage(),
}

/.““O“"O““".t“‘.“‘t...“.“..‘.t‘.‘.‘t““.““‘“.t““..‘“..““““t‘.“/

CIM_DB_Display_Attribute(aoptr)
cim_I0ORecListType ssioptr,

{

cim_AttributeIORecord #ptr;

it (ea1optr!=RULL)
{
ptr=(si1optr)=->Recoerdl0_ptr,
printf(*%s=---Attribute Hame\n",ptr->Kame),
putchar(ptr->Attributekaind);

praintf("\n-=---- Attribute Kind\n"),
putchar{(ptr->AttributeType),
printf(*\n-=-=---- Attrabute Type\n");
1f (ptr->Comment '= NULL)
printf (" ¥%s-----=-=- Attribute Comment\n",ptr->Comment);
1f (ptr->DefinitionList '= BULL)
printf( " Yg-------=n= Attribute DefinitaonList\n",ptr-~>DefinitionList);

1f (ptr->Classlame ‘= NULL)

068
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Printf("Ys----=-acn-- ClassHame\n\n\n" ,ptr->Classiamae),

CIM_DB_Display_Attrabute(&((+ioptr)->Next)),
}

CIM_DB_Display Class(ioptr)
cim_ClassIORecListType s*joptr,
{

cim_ClassIORecord *ptr,

it (sioptr!=NULL)
{
ptr=(»ioptr)->Recordil.ptr,

printf(class Name--~->{s\n",ptr->Name);

if (ptr->C assDef '= BULL)
prants(“class Def----- >%s\n" ,ptr->ClassDef),
if (ptr->ClassComment '= NULL)
printf{"class comment->%s\n",ptr->ClassComment),
1f (ptr->IEUAL1st != NULL)

prantf(“IEUAList---—~- >%s\n" ,ptr->IEUAL1st),
if (ptr->InvarList != KULL)
printf("InvarList---~- >Ys\n'' , ptr->Invarlist),

printf("\n"),

CIM_DB_Display_Class(&({»1optr)->Next)),
}

69
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#include <stdio h>
®1nclude <string h>
#includa <malloc.h>
$include <math h»
#1nclude <fcntl.h>
#include "daeecim h"
#include “cam-30 h"
$include “c m-uti h"
#include ""cam-mam h"
#1nclude "“dL_def h"

extarn cimAddress *DbClassRoot {NO_IMAGE],
extern cimAddress sAttributeTable [NO_IMAGE][27];

/®
main(arge,argy)
int arge,

char saigvli,

{

int 1,j,
CIM_load(),

1=1,
DblnitImage (1),
cim_save_Image(1),

printf(“Count before add is %d\n" ,CIM_mem_getCount()),

CIM_mem_addCount(),
cim_save_Image(1)

printf("Count after add 1s %d\n",CIM_mem_getCount()),

prantf("Here 1s root point to %s\n" ,DbClassRoot[1]),

for ()=0,)¢<=25 ,4+))

printf(“Here 1s table %d point to %s\n",3,AttributeTable[i][3]),

}

./

Page 1

/0“0‘00.."ﬁ“‘..0““O““‘.‘.‘#‘“..“'tl“““"“0“-““‘.“/

/% Initialize the cutrrent 1mage

/* 1f the curtent 1mage file ex1st then read and anitialize the
/+ DbClassRoot and the AttributeTable by loading in from the file
/+ and 1f 1t 18 not exist then this routine will create the

/+ corresponmding 1mage file set it's Db_ClassRoot and the

/+ AttributeTable point to cim’s NULL

*/
./
o/
*/
o/
«/

/O..“.“‘.“‘Q!.‘.“““‘l“‘...““‘....““".““’."“t.“‘t“/

Dblnitimage ()

{

int 1,

long offsetRoot, offsetTable,
cimAddress tmpRoot,tmpTable;
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camAddress *ptrRoot, *ptrTable,

if (CIM_mem_KNew()==1)
{
DbClassRoot[CIM_mem_getActive Image()]=(cimAddress =)
CIN_mem_malloc(CIM_AddressSpace) ,
CIM.mem_assignlffset (DbClassRoot [CIM_mem_getActivelImage(}],0),

offsetRoot=CIN_mem_offset(DbClassRoot [CIN_mem_getActivelmage()]),
/» set deletecount equal zero #/

CIM_mem_resetCount ();

CIM_mem_assign0ffset(tmpRoot ,offsetRoot),

/* update the node address in the current image file ¢/
CIM.mem_updapeNodeAddress(tmpRoot);

AttributeTable[CIM_mem_getActivelmage ()][0] =
(cimAddress *)CIM_mem_malloc(CIM_AddressSpace),
CIM_mem_assign0ffset(AttributeTable[CIM_mem_getAct 1velmage () J[0],0),

offsetTable=CIM_mem_offset (AttributeTable[CIM_mem_getActivelmagn()1{0]),
CIM_mem_assign0ffset(tmpTable ,offsetTable),

/* update the table address an the current image file ¢/
CIM_mem_updapeTabl eAddress ( tmpTable),

for (i=1;i<=26,++1)
{
AttributeTable[CIM _mem_getActiveImage()][a1]=
(cimAddress*)CIM_mem_malloc(CIM_AddressSpace),
CIM_mem_assignOffset(AttributeTable[CIM_mem_getActivelmage(}]{1],0),

}
}
else
{
ptrRoot=(cimAddress »)CIM_mem_getHodeAddress(),
/* i1nitialize the current DbClassRoot ./

DbClassRoot[CIM_mem_getActivelImage () ]1=(cimAddress «)CIM_mem_gatString(ptrioot),

ptrTable=(cimAddress *)CIM_mem_getTableAddress(),
/* initialize the current AttributeTable, entry O /
AttributeTable[CIM_mem_getActivelmage (1]{0]=

(camAddress *)CIM_mem_getString(ptrTable),

offsetTable=CIM_mem_offset ( (cimAddress »)CIN_mem_getString(ptrTabla)) ,
for (i=1;i<=26,++1)
{
offsetTable=offsetTable+9,
/* initialize the current AttributeTable, entry 1-256 =»/
AttributeTable[CIM_mem_getActiveImage()][1]=
(cimAddress #)CIM_mem_Ltoaddress(offsetTable),
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/¢ roturn TRUE 1f reorganization of current image 15 necessaly */

it DbImageCheckReOrg()

{
1f (CIM_mem_gerCount() > 2)
return(TRUE) ,
clse
return(FALSE),
}

/* reorganization of the current image, mailn routine

void DbimageRelrg()

{
CIM_createTemplImage(),
CIM_mem_switchImage (CIK_Temp_Image)
DbInatimagety,
/¢ return to current image */
CIM_mem_restorelmage(),

*/

DhClassReOrg(DbClassRoot [CIM_mem_getActivelmage () ]).

CIM_copylImage(CIM_mem_getActivelmage() ,CIM_Temp_Image),

CIM_save(),
CIM_loadt),
DbhInitimaget?,

/¢ reorganization of Class by breath fairst traversal /

DbClassReOrg(Class)
cimAddress sClass,
{

«im_ClassIDRecord ClassRecPtr,

Page 3

/*Class ReOrg*/
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DbClassTreeNodeType *Class_ptr,

Class_ptr=(DbClassTreeNodeType *)CIM_mem_address(Class),
1f (Class_ptr'=HULL)
{
1f (Class_ptr->ClassDeleteFlag == 'B')

{
ClassRecPtr Rame=CIM_mem_getString(Class_ptr->Name),
ClassRecPtr ClassDef=CIN mem_getString(Class_ptr~>ClassDef),
ClassRecPtr ClassComment=CIM_mem_getStrang(Class_ptr->ClassCommant?),
ClassRecPt1 1EUAL1st=CIN_mem_getString(Class_ptr~>1EUAlast),
ClassRecPtr InvarList=CIM_mem_getString(Class_ptr~>Invarlast),

CIM_mem_switchImage (CIM_Temp_Image);
CIM.. _Write_Class(&ClassRecPtr),
CIM_mem_restorelmage(),

DbAttReOrg(ClassRecPtr Name,Class_ptr->VariableTreePtr),
DbAttReOrg(ClassRecPtr.Name,Class_ptr->MethodTreePti),

}
/* reorganize next Class 1in breath first sequence */
DbClassReOrg(Class_ptr->Left},
DbClassReOrg{Class_ptr->Raght),
}

/* reorgainization of Attribute by breath first traversal ¢/
DbAttRelOrg(ClassName Att)

char *ClassKame,

cimAddress =Att,

{

DbAttributeTreeNodeType #Att_ptr,

cam_AttrabutelORecord AttraituteRecPtr,

Att_ptr=(DbAttributeTreeNodeType #)CIM_mem_address(Att),
1f ( Act_ptr '= NULL)
{
AttributeRecPtr Bame=CIM_mem_getString(Att_ptr->Name),
AttraibuteRecPtr AttributeKind=Att_ptr->Attributefind,
AttributeRecPtr AttributeType=Att_ptr->AttributeType,
AttributeRecPtr Comment=CIN_mem_getString(Att_ptr->Comment),
AttributeRecPtr Definiticnlist=CIM_mem_getStraing(Ati_ptr->Defimitionbast ),

CIM_mem_switchImage(CIM_Temp_.Image/,
CIM_DB_¥rite_Attribute(ClassName, fAttributeRecPtr),

CIM_mem_restorelmage(),

DbAttReOrg(ClagsName Att_ptr->Left),
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DLAttReOrg(ClassBame ,Att_ptr->Right),
}
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/* date May 92 =/

#include <stdio h>

#include <strang h>
#include <stdlib.h>
$include <malloc h>
#include '"deecam.h"
#include “"cim-10 h"
#include "cim-mem.h"
#include "db_def .h"

cimAddress *DbClassRoot [BO_IMAGE],
cimAddress *AttrabuteTable[NO_IMAGE] [27],

/““"‘“‘l““‘#"““t“‘."‘.".‘.QO*.“.‘.““..O....“0.“"““‘00“‘.0‘/

void CopyClassRecordToBode(Node,Record)
cimAddress s«Node,
cim_Class]ORecord sRecord;

{

DbClassTreeNodeType »Class_ptr,
Class_ptr = (DbClassTreeNodeType ¢)CIM_mem_address(Node),

strcpy(CIM_mem_getString(Class_ptr->Hame) ,Record->Name),
if (Record->ClassDef '= NULL)
strcpy (CIM_mem_getStrang(Class_ptr->ClassDef) ,Record->ClasaDef),
if (Record->ClassComment '= NULL)
strcpy (CIM_mem_getString(Class_ptr->ClassComment) ,Record->ClassComment),
if (Record->IEUALast ‘= BULL)
strcpy(CIM mem_getString(Class_ptr->I1EUAL1st) ,Record->IEUAL1st),
1f (Record->InvarList ‘= BULL)
strepy(CIM mem_getString(Class_ptr->InvarList) ,Record->Invarlast),

Class_ptr->ClassDeleteFlag='H",

void AllocateClassKode (Node,Record)
cimAddress slode,
cim_ClassIORecord *Record,

{

char sbuf_ptr=CIM_mem_malloc(DB_CLASS_.TREE_NODE_SIZE),

int LN¥ame,
LClassDef,
LClassComment ,

-1
o
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LIEUALYst ,
LInvarList,

char ebuf_ptrName,
sbuf_ptrClassDef,
shuf_ptrClassComment,
ebuf _ptrlEUALast,
ebuf_ptrinvarlList,

long offset,
offsetBame,
offsetTlassDef,
offsetClassComment ,
offsetIEUAL1st,
offsetInvarlList,

DbClassTreeNodeType ¢Node_ptr,

Node_ptr=(DbClassTreoNodeType *) buf_ptr,

LRame=strlen(Record->Name) ;
buf_ptrName=CIM_mem_malloc{(LBHame+1),
offsetiame=CIM_mem_offset (buf_ptrName),
CIM_mem_assignOffset(Node_ptr->Name,offsetName),

1f (Record->ClassDef '= NULL)
{
LClassDef=strlen(Record->ClassDef),
buf_ptrClassDef=CIM_mem_malloc(LClassDef+1);
offsetClassDef=CIM_mem_offset (buf_ptrClassDef),
CIH_mem_assxgnOffset(Node_ptr->ClassDef,offsetClassDef),
}

else
CIM_mem_assignOffset (Node_ptr->ClassDef,0),

1f (Record->ClassComment '= NULL)
{
LClass®omment=strlen(Record->ClassComment),
buf_ptrClassComment=CIM _mem_.malloc(LClassComment+1),
offsetClassComment=CIM_mem_offset(buf_ptrClassComment),
CIM_mem_assignOffset (HBode_ptr->ClassComment ,offsetClassComment);

elsa
CIM_mem_assignOffset (Node_ptr->ClassComment,0);

1f (Record->IEUAL1st '= NULL)
{
LIEUAL1st=strlen(Record->]JEUAList);
buf_ptrIEUAL1st=CIM_mem_malloc (LIEUAL1st+1);
offsetIEUAL1st=CIN_mem_offset (buf_ptrIEUAList);
CIN_mem_assignOffset (Node_ptr->IEUAL1st,offsetIEUAL1st);
}

else
CIM_mem_assignOffset(Node_ptr->IEUAL1st,0),

70
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1f (Record->InvarList != RULL)
{
LlnvarList=strlen(Record->InvarList),
buf_ptrinvarList=CIM_mem_malloc(LInvarList+1),
offsetInvarList=CIM_mem_offset(buf_ptrinvarList),
CIM_mem_assignOffset (Hode_ptr->InvarList ,offsetInvarList),
}

else
CIM_mem_assignOffset (Bode_ptr->InvarlList,0),

CIM_mem_assignDffset(Node_ptr->VariableTreePtr,0),
CIM_mem_assignOffset(Hode_ptr->MethodTreePtr,0),
CIM_mem_assignOffset(Node_ptr->Left ,0);
CIM_mem_assignOffset(Bode_ptr->Right ,0),

offset=CIM_mem_offset(buf_ptr), /« Address of the Structure Node &/
CIM_mem_assignOffset(Hode,offset),

void ReUseNode(Node,Record)
cimAddress *Node,
cim_ClasslIORecord *Record,
{
int LName,
LClassDef,
LClassComment ,
LIEUALast,
LInvarList;
ant LCName,
LCClassDef,
LCClassComment ,
LCIEUALast,
LCInvarlast,

long offset,
char *buf_ptr,

DbClassTreelodeType *Kode_ptr,

Kode_ptr =(DbClassTreeNodeType #)CIM_mem_address(Node)
LName=strlen(Record->¥ame),

if (Record->ClassDef ‘= NULL)
LClassDef=strlen(Record->ClassDef),
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elsn
LClassDaf=0,

1f (Record->ClagsComment *= NULL )
LClassComment=strlen(Record->ClassComment),
¢lse
LClassComment=0,

1f (Record=->I1EUAL1st '= RULL )
LIEUAL1st=strlen(Record->1EUAL1st),
aelse
LIEUAL1s8t=0,

1f (Record->InvarLast ‘= NULL )
LInvarlast=strlen(Record->InvarList),
elsa
Linvarlist=0,

LCName=strlen(CIM_mem_getStraing(Node_ptr->Hame)),

1f (CIM_mem_getStraung(Node_ptr->ClassDef) '= FULL)
LCClassDef=strlen(CIM_mem_getString(Bode_ptr->ClassDef)),
else
LCClassDef=0,

11 (CIM_mem_getStrang(Node_ptr->ClassComment) '= RULL)
L.CClassComment=strlen(CIM_mem_getString(Node_ptr->ClassComment));
¢lse
l.CClassComment=0,

1f (CIM_mem_getStrang(Node_ptr->IEUAL1st} *'= NULL)
LCIEVAList=strlen(CIM_mem_getString(Node_ptr~>IEUAL1st)),
else
LCIEUAL1st=0,

1f (CIM_mem_getStrang(Node_ptr->InvarList) '= NULL)
LCInvarList=strlen(CIM_mem_getString(Hode_ptr->InvarList)),
else
LCInvarlList=0,

1f ((LCName~LBame) < 0)
{
buf_ptr=CIN_mem_malloc(LEame+1)},
of fset=CIM_mem_offset(buf_ptr),
CIM_mem_assignOffset(Node_ptr->Name,offset);
}

1f (LClassDef==0)
CIM_mom_assignOtfset(Bode_ptr->ClassDef,0),
elge 1f ((LCClassDef-LClassDef) < 0)

'
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{
buf_ptr=CIM_mem_malloc(LClassDef+{),
offset=CIN_mem_offset(buf_ptr),
CIM_mem_assignOffset(Node_ptr->ClassDet,offset),
}

if (LClassComment ==0)
CIM_mem_assignOffset(Node_ptr->ClassComment ,0),

else if ((LCClassComment-LClassComment) < 0)
{
buf_ptr=CIM_mem_malloc(LClassComment+1),
offset=ClM_mem_offset(buf_ptr);
CIM_mem_assignOffset(Bode_ptr->ClassComment,offset),

}

1f (LIEUALi1st ==0)
CIM_mem_assignOffset(Node_ptr->IEUAL1st,0),

else 1f ((LCIEUAList-LIEUALa1st) < O)
{
buf_ptr=CIM_mem_malloc(LIEUAList+1),
offset=CIM_mem_offset(buf_ptr),
CIM_mem_assignOffset(¥ode_ptr->IEUAL1st,offset),
}

if (LInvarList ==0)
CIM_mem_assignOffset (Bode_ptr->InvarList,0),

else 1f ((LCInvarLaist-LInvarList) < 0)
{
buf_ptr=CIM_mem_malloc(LInvarList+1),
offset=CIM_mer offset(buf_ptr),
CIM_mem_assignuffset(Node_ptr->Invarlist,offset}),

}

int DbAddClass_ClassBode(Root,Record)
cimAddress ¢Root,
cim_ClassIORecord *Record,
{
DbClassTreeNodeType #Prev_ptr,
sWhere_ptr,
camAddress Where,
Prev,
Node,
int Prev._Dir

Page b
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1f (DblImageCheckReOrg()==TRUE)
DbimageReO1gl),
1f (DbFaindClass{(Root ,Record->Name,Where ,Prev,&Prev_Dir) == ROTFOUHED)
{
AllocateClasslode(Bode ,Record);
CopyClassRecordToNode (Noda,Record);
1f (8tremp(Where,Prev)==0)
strcpy(Root ,Hode),
else

{
Prev_ptr=(DbClassTreeRodeType #)CIM_mem_address(Prev);

1f (Prev_Dar == LEFT)
CIM_mem_assign0ffset (Prev_ptr->Left,atol(Node)),

else
CIM_mem_assignOffset (Prev_ptr->Right ,atol(Node))

)
return{DONE) ,
}
elsa
{
Where_ptr=(DbClassTreeNodeType #)CIM_mem_address(Where) ;
11 (Where_ptr->ClassDeleteFlag == 'Y’)
{
strcpy (Bode ,Where) ,
ReUseNRode(Node ,Record),
CopyClassRecordTolode(Node,Record),
return(DONE),
}
ulse
return(ERROR),
}

int DbMarkDeleteClass(Name)
char ¢Name,

{

DbClassTir eoNodeType *Where_ptr,
nt Prev_Dar;
cimAddress Where,

Prev,

1f (DbFindClass{(DbClassRoot [CIM_mem_getActivelmage()],
Name ,Where ,Prev,&Prev_Dir) == BOTFQUED)
return(ERROR) ,
else

{
Where_pti =(DbClassTieeNodeType ¢)CIM_mem_address(Where),
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Where_ptr->ClassDeleteFlag="Y',
DbDeleteAttributeTree(Name Where _ptr->VariableTreePtr),
DbDeleteAttributeTree(Bame,Where_ptr->MethodTreePtr),
CIM_mem_assignOffset(Where_ptr->VariableTreePt: ,0),
CIM_mem_assign0ffset(Khere_ptr~>MethodTreePtr,0),
CIM_mem_addCount (),

return(DORE),

/“““!‘““l“““‘.!“..".‘.‘Q‘-'.Q"" ‘.“‘..““‘.“‘..‘/
/* Given a class name, where return the locatton of it’s node #/
/* prev return the predecessor of 1it’s node and this function */
/* return true 1f found i1n the tree, false 1f not found ./
/“‘l“‘.‘.“.“"“‘."0.““.".“‘.‘0“.“‘.““““.‘t“‘.‘/

ant DbFindClass(Root ,Name,Where,Prev,Prev_Dir)
cimAddress *Root,
char sName,
cimAddress sWhere,
cimAddress *Prev;

int *Prev_Dir,
{
DbClassTreeNodeType *Where_ptr,
*Prev_ptr;
int found = BOTFOURD,
CIM_mem_assignOffset (Prev,0), /eprov=RULLs/
Prev_ptr =(DbClassTreeNodeType *)CIM_mem_address(Prev), /eprev_pte=BULLe/

Where_ptr = (DbClassTreeNodeType *)CIM_mem_address(Root), /#p_ptr=t_ptre/

while ((Where_ptr '= NULL) && (found == BOTFOUND))
{
if (strcmp(Hame,CIM_mem_getString(Where_ptr->Hame)) < O)
{
Prev_ptr=Where_ptr,
*Prev_Dir=LEFT;
Where_ptr = (DbClassTreeNodeType *)CIM_mem_address(Whero ptr->Left),
}
else 1f (strcmp(Hame,CIM_mem_getString(Where_ptr->Name)) > 0)
{

Prev_ptr=Where_ptr;
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*Prev_Dir=RIGHT,
Where_ptr = (DbClassTreeNodeType #)CIM_mem_address(Where_ptr->Right),
}
else 1f (strcmp(Name,CIM_mem_getString(Where_ptr->Hame)) == 0)
found=FOUND,

1f (Prev_ptr'=BULL)

CIM _mem_assignOffset(Prev,ClM_mem_offset(Prev_ptr));
else

CIM_mem_assignlffset(Prev,0),

1f (Where_ptr'=NULL)
CIM_mem_assignOffset(Where,CIM_mem_offset (Where_ptr));
elga
CIM_mem_assignBffset(Where,0),

return(found),

L L Ty T T L L T T T T T
./
void DbhDhisplayClassNode_ClassName(Kame)
char *Hame
{

cimAddress Where,

Prev,
int Prev_Dir,

1f (DbFindClass(DbClassRoot[CIM_mem_getActivelmage()],
Bame ,Where,Prev ,8Prev_Dir)==NOTFOUND)
printf("This class not exit in the tree\n"),
else

{

printi(“\nStart Pranting A1l The Class Nodes of Image %d\n",
CIM_mem_getActiveImage());

DbDisplayClassNode_ClassNode(Where),

}

DbDisplayClassBode_ClassNode{Root)
cimAddiess *Root,

{
DbClassTreeNodeType »Node_ptr,

if (*CIM_mem_checkNull(Root))

t
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Node_ptr=(DbClassTreeNodeType #)CIM_mem_address(Root),

DbDisplayClassNode_ClassNodu(Hode_ptr->Left),

printf(“class Name-~-->%s\n",CIM _mem_getString(Rode_ptr->Nama)),

if

if

if

if

(CIM_mem_getString(Node_ptr->ClassDef) *= NULL)

printf(“class Def----- >%s\n",CIM_mem_getString(Node_ptr->ClassDaf)),
(CIM_mem_getString(Node_ptr->ClassComment) '= BULL)

printf("”class comment~>%s\n" ,CIM_mem_getString{Node ptr->ClassCommunt}),
(CIM_mem_getString(Node_ptr->IEUAL1st) '= RULL)

printf("IEUAList-----~ >%s\n'*,CIM _mem_getString(Rode_ptr->IEUAL1st)),
(CIM_mem_getString(Node_ptr->InvarList) t= NULL)

prantf(“Invarlist----~ >%s\n" ,CIM_mem_getString(Node_ptr->1nvailast)),

prantf("Deleted----~-- >,
putchar(Node_ptr->ClassDeleteFlag),
prantf("\n");
DbDisplayClassNode_ClassHode(Node_ptr->Right),

}
}

/‘t““#“““'Ol““l“““‘t‘t‘..‘t‘t““‘t“‘.“..t‘.“““"‘0“"“..‘0/

%3




DB_ATTRI C Fraday, July 17, 1992

/¢ Routinus to maintain the tabse ot the Dee Class #/
/* Mar 97 */

#1nclude <stdio h>

tinclude <stiing h>
$1nclude <stdlib hd>
#i1nclude <malloc h>
#include "deocim h"
#include "cim~30 h"
#include "cim-mem h"
#1in.lude "db_def h"

extern cimAddress +DbClassRoot[NO_IMAGE],
extern cimAddress sAttributeTable[NO_IMAGE][27],

vo1d CopyAttributeRecordToRode(Node,Record)
cimAddress slode,
cim_AttributelfiRecord sRecord,

{

DbAtiributeTreeNodeType *Node_ptr,

char sbuf_ptrName,
ebuf _ptrComment,
*buf_ptrDefinitionList,

int LNam~,
LComment ,
LDefinitaoenLast,

iong offsetName,
o.fsetComment,
uffsetDefinitionlast,

Node _ptr=(DbAttributeTreeNodeType *)CIM_mem_address(Node),

LLName=strlen(Record->Name),
buf_ptriame=CIM_mem_malloc(LName+1),

of fsetName=CIM_mem_offset (buf_ptrHame);
CIM_mem_assignOffset (Node_ptr->Name,offsetName);
strcpy(CIM_mem_getStrang(Node_ptr->Name) ,Record->Hame) ;

Node_pti->Attributekind = Record->AttrabuteKind,
Node_pti->AttributeType = Record->AttributeType,

1f (Record->Comment *= NULL)

{

LComment=strlen(Record->Comment)},

buf _ptrComment=CIM_mem_malloc(LComment+1);

of fsotComment=CIM_mem_offset(buf_ptrComment);
CIM_mem_assignDffset (Node_ptr->Comment,offsetComment),
strcpy(CIM_mem_getString(Node_ptr->Comment) ,Record->Comment);

1f (Record->DefinitionList '= NULL)

A

Page 1
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{
LDefinitionList=strlen(Record->DefinitionList),
buf_ptrDefinitionList=CIM_mem_malloc{(LDefinitionList+1),
offsetDefinitionList=CIM_mem_offset (buf_ptrDefinitionList),
CIM_mem_assignOffset(Bode_ptr->Definitionlist ,offsetDefinitionlirst),
strcpy(CIM_mem_getString(Rode_ptr->DefinitionList),Record->Definitionlast),

}

vold AllocateAttributeBode(Node)

cimAddress *lode;

{
char sbuf_ptr=CIM_mem_malloc(DB_ATTRIBUTE_TREE_BODE_SI1ZL),
DbAttributeTreeNodeType *Node_ptr,
long offset,

Bode_ptr=(DbAttrabuteTreeNodeType *) buf_ptr,

CIM_mem_assignOffset (Rode_ptr->Name,0),
Node_ptr->Attributekind = ’0’,
Node_ptr->AttributeType = °0’,
CIM_mem_assignOffset(Kode_ptr->Comment 0},
CIM_mem_assignDffset (Node_ptr->Definitionlist,0),
CIM_mem_assignOffset(Node_ptr->Left ,0),
CIM_mem_assignOffset(Hode_ptr->Right,0);

offset=CIM_mem_offset(buf_ptr), /* Address of the Structure Node ¢/
CIM_mem_assignOffset(Node,offset),

int DbAddAttribute_ClassHame(line,Record)

char *line,
cim_AttributelORecord #Record,
{
DbAtttibuteTreENodeType *ClassHode_ptr,
*Prev_ptr;
cimAddress Where,
Prev,
cimAddress Fr_Bode;
int Prav_Dar,

strcpy(Fr_Node,”0"),
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ir (DbFinaClass(DbClassRoot[CIM mem_getActivelmage()],
line,Where,Prev,&Prev_Dir) == EOTFOUND)

return(ERROR),
else
{
1f (Record->AttributeKind=='V’)
{
if (DbAddVariable_ClassHode(Where,Record,Fr_Node) == DONE)
{
DbTableUpDate(line,Record->Name ,Fr_Node),
return(DCEE);
}
return(ERROR) ;
}
else if (Record->AttributeKind=='M’)
{
if (DbAddMethod_ClassNode(Where ,Record ,Fr_Node) == DONE)
{
DbTableUpDate(line,Record->Name,Fr_Bode),
return/DONE),
}
return(ERROR),
}
else
return(ERROR);
}

int DbAddVariable_ClassHode(ClassNode ,Record,F1_Node)
cimAddress *ClassBNode,
cim_AttributelDRecord *Record,
cimAddress »Fr_Rode,
{

DbClassTreeNodeType *ClassNode_ptr,

DbAttributeTreeNodeType sPr-~_ptr,

cimAddrass Where,

Prev;
int Prev_Dir;

ClassHode_ptr =(DbClassTre«NodeType #)CIM_mem_address(ClassNode),
1f (DbFindAttribute(ClassNode_ptr->VariableTreePtr,
Record->Bame,Where,Prev,&Prev_Dir) == ROTFOUED)
{
AllocateAttributeNode(Fr_Node);
CopyAttributeRecordToBode(Fr_Node,Reco1d),
if (strcmp(Where,Prev)==0)
strcpy(Classlode_ptr->VariableTreePtr ,Fr_Rode),
else
{
Prev_ptr=(DbAttributeTreeNodeType #)CIM_mem_address(Prav),
if (Prev_Dar == LEFT)

%6
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CIM_mem_assignOffset (Prev_ptr->Left,atol(Fr_Rode)),
else
CIM_mem_assignOffset(Prev_ptr->Right,atol(Fr_RNode)),
}
return(DOSE),
}
else
return(ERROR),

ant DbAddMethod_ClassKode(ClassHode,Record,Fr_Node)

cimAddress #ClassNode;
cim_AttributelORecord #*Record,
cimAddress *Fr_Node,
{
DbClassTreeNodeType #ClassNode_ptr,
DbAttrabuteTreeNodeType #Prev_ptr;
cimAddress Where,
Prev,
nt Prev_Dir;

CiassBode_ptr =(DbClassTreeNodeType ¢)CIM_mem_address(ClassNode),

if (DbFindAttribute(ClassNode_ptr->MethodTreePtr,
Record->Name ,Where,Prev ,&Prev_Dir) == NOTFOUND)
{
AllocateAttributeNode(Fr_Node,Record),
CopyAttributeRecordTolode(Fr_HNode,Record),
1f (strcmp(dhere,Prev)==0)
strcpy(ClassBode_ptr->MethodTreePtr,Fr_Bode);
else
{
Prev_ptr=(DbAttributeTreeNodeType #)CIM_mem_address(Prev);
1f (Prev_Dir == LEFT)
CIM_mem_asscign0ffset (Pr-v_ptr->Left,atol (Fr_Node));
else
CIM_mem_assignOffset (Prev_ptr->Right,atol(Fr_Node));
}
return(DORE)
}
else
return(ERROR),

Page 4
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[onn
/* G
/*p
/* r
[awe

int
cimA
char
cimA
cimA
int

{

L L L L T P P TP Y T T Py Y YT Ty
1ven a class name, where return the location of 1l's node */
rev return the predecessor of 1t’s node and this function */

eturn true 1f found in the tree, false 1f not found ./
“"‘."“.““‘."“O“.“‘t.‘.“".““““.“‘0‘0‘.“..‘/

DbFindAttribute(Root ,Name,Where,Prev,Prev_Dar)
ddress *Root,
sName,
ddress *Where;
ddress *Prev;
sPrev_ Dir,

DbAttributeTreelodeType #*Where_ptr,

*Prev_ptr,
int found = ¥OTFOURD;
CIM_mem_assignlffset(Prev,0), [eprev=RULLs/
Prev_ptr ={(DbAttrabuteTrasNodeTyp: *»)CIM_mem_address(Prev), /eprov_pt.=NULLe/

Where_ptr = (DbAttrabuteTreeNodeType *)CIN_mem_address(Root), /ep_ptr=t_ptre/

while ((Where_ptr != NULL) && (found == NOTFOUND))
{
1f (strcmp(Hame ,CIM_mem_getString(Where_ptr->Hame)) < 0)
{
Prev_ptr=Where_ptr,
*Prev_Dir=LEFT,
Where_ptr = (DbAttributeTreefodeType ¢)CIM_mem_address(Where_ptr->Left)
}
else if (strcmp(Name,CIM_mem_getString(Where_ptr->lame)) > 0)
{
Prev_ptr=Where_ptr,
*Prev_Dir=RIGHT,
Where_ptr = (DbAttributeTreeNodeType #)CIM_ mem_address(Where_ptr->Right)
}
else
found=FOUND;
}

if (Prev_ptr!=§ULL)

8X
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CIM_mem_assign0ffset (Prev,CIN_mem_offset (Prev_ptr));
nlse
CIM_mem_assignOffset (Prev,0),

1f (Whore_ptr'=NULL)
CIM_mem assignOffset(Where,CIM_mem_offset (Where_ptr)),
alsa

CIM_mem_assignOffsetl (Where,0);

return(found),

DhheleteAttributeTree(lame ,Root)

char *Name ,
cimAddress sRoot ,
{

DbAttributeTreeRodeType #Node ptr,

1f ('CIM_mem_checklull(Root))
{
Node_ptr=(DbAttributeTreelodeType *)CIN.mem_address(Root);
DbDeleteAttributeTree{(Hame,Node_ptr->Left);
DbTableDelete (Hame ,CIM_mem_getString(Hode_ptr->Name)),
DbDeleteAttributeTree (Name,Node_ptr->Right);
}

/"‘.“.0.“.'.‘.‘."OO““"‘O“‘Q.‘..‘t#".'."l‘t‘.'#..".'"'.."‘t“‘t“"‘tt‘../

void DbDisplayAttrabute¥ode_AttHead(Root)
cimAddress *Root,

{
DbAttributeTreeNodeType *Node_ptr,

3f ('CIH_mem_checkNull(Root))
Iofio_ptﬂ(DbAttributeTrealodeType *)CIN_mem_address(Root) ;
DbDasplaydttrabutelode_AttHead(Kode_ptr->Left);
prantf("Attrabute Name--~--~ >Y%s" ,CIM_mem_getString(Node_ptr->Name));

prantf{“Attrabute Rind-—--- ),
putchar(Fode_ptr->AttributeKind);

89



DB_ATTRI C Fraday, July 17, 1992 Page 7

prantf(*“\n");
prantf("Attribute Type----~ M),
putchar(Node_ptr->AttrabuteType);
printf("\n");
if (CIM_mem_getString(Node_ptr->Comment) != BULL)
printf("Attribute Comment-->s",CIM_ mem_getString(Rode_ptr->Comment)),
if (CIM_mem_getString(Node_ptr->DefanitionList) '= FULL)

praintf("DefinitionList-==-=~ >%s”,CIH_mem_getStrxng(!ode_ptr->Def1n1tionL:st)).
DbDisplayAttributeNode_AttHead(Node_ptr->Right);
}

void DbDisplayAttributeNode_ClassNode(Root)
cimAddress *Root,
{
DbClassTreeNodeType #Node_ptr;
if ('CIM_mem_checkHull(Root))
{
Node_ptr=(DbClassTreeNodeType #)CIM_mem_address(Root),
DbDisplayAttributelode_AttHead(Node_ptr->VaraiableTreePtr),
DbDisplayAttributeNode_AttHead(Node_ptr->MethodTreePtr),

else
praintf(''Class Node not exit")

void DbDisplayAttributeliode_Classiame(Lame)
char *Hame,

{

cimAddress Where,

Prev;
int Prev_Dar;
if (DbFindClass{DbClassRoot[CIM_mem_getActivelmage()],
Name ,Where ,Prev ,&Prev_Dir) == NOTFOURD)
printf("Class Name not exist\n");
else
DbDisplayAttributelode_ClassNede(Whera),

}

/"‘."““".‘..“.“.“‘..‘.‘0“‘.““.“.‘0.““..“0.“O..‘..“.0‘.0.....0.‘.“0./

90
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/# date May 92 ¢/

/+ Routines to maintain the Databse of the Dee Class #/

/* */

#include <stdio h>
#include <string h>
#ainclude <stdlib h>
#1nclude <malloc h>
#1include “'deecim.h”
#include “caim-10 h"
#include "cim-mem h"
#include "db_def h"

extern cimAddress *DbClassRoot [NO_IMAGE],
extarn cimAddress sAttrabuteTable[B0_IMAGE] [27],

int DbListTableHash(Hame)
char ¢Name,
{
int key_value,
char key,
key_value=(int)+Name,
1f (key_value==(1nt)’ ')
return(26),
1if (key_value>=97 & (key_value<=122))
return(key_ value-(int)’a’),
else 1f (key_value>=65 R& (key_value<=90))
return(key_value-(int)’'A’),
alse
return(99),

int DbFindAttributel 1stHead(Head, Hame ,Where,Prev)
cimAddress #Head;
char eHame;
cimAddress eWhere,
cimAddress ¢Prev,

{
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DbAttrabuteListlodeType *Whare _ptr, *Prev_ptr,
int quit=FALSE,
int found = BOTFOUND,

CIM_mem_assign0ffset (Prev,0);
Prev_ptr =(DbAttributelListNodeType #)CIN_mem_address(Prev),
Where_ptr = (DbAttributeListNodeType #)CIM_mem_address(Head), /ep_ptr = t_ptie¢/
while ((Where_ptr *'= BULL) && (found == NOTFOURD) && (quit==FALSE)}
{
if (strcmp(Name,CIM_mem_getString(Where_ptr->Name)) > 0)
{
Prev_ptr=Where_ptr;
Where_ptr = (DbAttributelistNodeType *)CIM_mem_address(Where_pty->Next},
}
else if (strcmp(Name,CIM_mem_getString(Where_ptr->Name)) == 0)
found=FOU¥D;
else
quit=TRUE;
}

1f (Prev_ptr'=BULL)
CIM_mem_assignOffset(Prev,CIM_mem_ofrset(Prev_ptr))
else
CIM_mem_assignOffset(Prev,0),
if (Where_ptr'=NULL)
CIM_mem_assignOffset(Where,CIM_mem_offset (Where_ptr)),
else
CIM_mem_assignOffset(WNhere,0),

return(found),

void DbAddAttributeListHead(line)
char *line;

{

DbAttributeListHodeType *Prev_ptr,
*Node_ptr,
sWhere_ptr;

cimAddress Whore;

cimAddress Prev;

cimAddress Node;

int key,

long count,

key=DbLastTableHash{(line),
if (DbFandAttributeListHead(AttributeTablel
CIM_mem_getActiveImage())lkeyl,line ,Where ,Prev) == ROTFOUAD)
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AllocateAttributelistHead(Node);
CopyLineToAttributeListHead(Node,line),

Node_ptr=(DbAttributelListNodeType ¢)CIM_mem_address(Node)
CIM_mem_assign0ffset(Node_ptr->AttributeCount,l),

Prev_ptr=(DbAttributeListBodeType *)CIM_mem_address(Prev),
1f (Prev_ptr == FULL)
{

CIM_mem_assignOffset (AttrabuteTable[CIN_mem_getActivelmage()][key],atol(Node));
Node_ptr=(DbAttributeListNodeType *)CIM_mem_address(Hode)
ClM_mem_assignOffset(Node_ptr->Hext,atol(Where)),

}
else
{
CIM_mem_assignOffset (Prev_ptr->Next,atc1(Node)),
CIM_mem_assignOffset(Node_ptr->Hext,atol(Where));
}
}
else

{
Where_ptr=(DbAttributelLi1stNodeType ¢)CIM_mem_address(Where);

count=atol (¥here_ptr->AttributeCount)+1,
CIM_mem_assignOffset(Where_ptr->AttributeCount,count),
}

AllocateAttributeListilead (Rode)

cimAddress sNode,

{
char sbuf_ptr=CIM_mem_malloc(DB_ATTRIBUTE_LIST_RODE_SIZE);
DbAttributeListBodeType #ptr;
long offset,

ptr=(DbAttributelistiodeType *) buf_ptr;
CIM_mem_assignOffset(ptr->Name,0),
CIM_mem_assignOffset(ptr->AttrabuteCount,0);
CIM_mem_assignOffset(ptr->Next,0);
CIM_mem_assignOffset(ptr->DbClassListPtr,0),

offset=CIN_mem_offset (buf_ptr); /¢ Address of the Structure Node #/
CIM_mem_assignOffset(Node,offset);
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CopyLineToAttributeListHead(Node,l1ne!
cimAddress *Node,
char #line,
{
DbAttributeListNodeType *#tmpl_ptr,
char *buf_ptrName,
int L¥ame;
long offsetName;

tmpl_ptr = (DbAttributeListHodeType #)CIM_mem_address(Node),

LB¥ame=strlen(line);

buf_ptrName=CIM_mem_malloc (LBame+1),
offsetName=CIM_mem_offset (buf_ptrHame);
CIM_mem_assignOffset(tmpl_ptr->Bame,offsetName),
strcpy(CIM_mem_getStrang(tmpi_ptr->Fame),line},

int DbDeleteAttributelListHead(line)

char *line;

{

DbAttributelListBodeType sPrev_ptr,
*Where_ptr;

cimAddress Where:

cimAddress Prev,

cimAddress Bode;

int key;

long count,

key=DbListTableHash(line),
if (DbFindAttrabuteListHead(AttrabuteTablel[
CIM_mem_getActivelmage()][key],l1ine ,Where, Prav) == BOTFQURD)

return(ERROR) ,

else
{
Where_ptr=(DbAttributeListNodeType *)CIM_mem_address(Where),
Prev_ptr=(DbAttributeListNodeType *)CIM_mem_address(Prev),
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countzatol (Where_ptr->AttrabuteCount)-1,

1f (count '= 0)

CIM_mem_assignOffset (Where_ptr->AttributeCount,count),
elsa

{

1f (Prev_ptr==RULL)
CIM_mem_assignOffsat (AttributeTanle[
CIM_mem_getActiveImage()][key] , atol(Where_ptr->Next));
else
{
Prev_ptr=(DbAttributeListNodeType #)CIM_mem_address(Prev);
CIM_mem_assign0ffset(Prev_ptr->Next,atol(Where_ptr->Next)),
}
}
return(DONE),
}

/.0‘0““.““.“'.‘.‘.O‘.““..‘!‘."tt“.'.".".‘t“‘.“‘Q“O‘.‘.t"l‘..“““‘t.‘/

DhDisplayAttributeLastHead(Head)
cimAddress sHead,

{
DbAttributeList¥odeType sHead_ptr,
Head_ptr=(DbAttributeListNodeType *)CIM_mem_address(Head),
if (Head_ptr==NULL)
printf("empty last\n\n\n'),
else
{
while (Head_ptr'=RULL)
{
printf("Attribute Name---==-~-- >%s\n",CIM_mem_getString(Head_ptr->Name)),
praintf("Attribute Count-~==~-- 3%\ **,Head_ptr->AttrabuteCount),
DbDi1splayAttributelistBode(Head_ptr->DbClassLastPtr);
Head_ptr=(DbAttributelListBodeType #)CIM_mem_address(Head_ptr->Next).
}
prantf(*\n\n\n"),
}
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/+ date May 92 +/

/* Routines to maintain the Databse of the Dee Class ¢/
/‘ "I

#include <stdio h>

#include <string.h>
#include <stdlib.h>
#include <malloc h>
#1include 'deecim.h”
#include “cim-io.h"
#include "cim-mem.h"
#include "db_def.h"

extern cimAddiess sAttributeTable[NO_IMAGE][27],
extern cimAddress *DbClassRoot [NO_JMAGE],

int DbFandAttributeListNode(Head ,Name ,WNhere,Prev)
cimAddress #Head,
char *Hame ;
cimAddress sWhere,
cimAddress »Prev,
{

DbClassListNodeType sWhere_ptr,

*Prev_ptr,
int quit=FALSE;
int found = ROTFOURD,

CIM_mem_assignOffset(Prev,0);
Prev_ptr =(DbClassListHodeType *)CIM_mem_address(Prev),
Where_ptr = (DbClassListBodeType #)CIM_mem_address(Head), /sp_ptr=t_ptre/

while ((Where_ptr != NULL) && (found == BOTFOUED) &2 (quit==FALSE))
{
if (strcmp(Name,CIM_mem_getStrang(Where_ptr ->¥ame)) > 0)
{
Prev_ptr=Where_ptr,
Where_ptr = (DbClassListFodeType *)CIM_mem_address(Where_ptr->Next);
}
else if (strcmp(Name,CIM_mem_getString(Where_ptr->Name)) == 0)
found=FOUND;
else
quit=TRUE;
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1f (Prev_ptr'=RULL)
CIH_mem_asslgnOffaet(Prev,ClH_mem_offset(Prev_ptr)),
else
CIM_mem_assignOffset(Prev,0),

if (¥here_ptrt=BULL)
CIM_mem_assignOffsat(Where,CIM_mem_offset(¥here_ptr));
olse
CIM_mem_assignOffsat(Where,0),

return(found),

int DbAddAttrabutelistNode(ClassName ,AttName,All _Node)
char #ClassName, /+*Classs Names/

char sAttName, /#Attribute Name+/

cimAddiess *All_Node,

{

DbClassListNodeType *Prev_ptr,
*Where_ptr,
*Hode_ptr,
DbAttributelistNodeType #Head_ptr,
cimAddress WhereAtt,
cimAddress Where;
cimAddress Prev;
cimAddress Node;
int key,

key=DbListTableHash(AttName),
if (DbFindAttributelistHead(AttributeTable[CIM_mem_getActivelmage(}][
key] ,AttName,WhereAtt ,Prev) == BOTFOUED)
return(ERROR),
alse
{
Head_ptr=(DbAttributelistBodeType *)CIM_mem_address(WhereAtt);
if (DbFindAttributeListNode(Head_ptr->DbClassListPtr,
ClassBame,¥Where,Prev) == FOTFOUND)
{
AllocateAttributeListNode(Node);
CopyLineToAttributeListNode(Node,ClassName,Al1l_Node);
Node_ptr=(DbClassListRodeType *)CIM_mem_address(Hode);
Prev_ptr=(DbClassListNodeType *)CIM_mem_address (Prev);
1f (Prav_ptr == NULL)

e
-1
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{
CIM_mem_assignOffset (Head_ptr->DbClassListPtr,atol(Node)),
Node_ptr=(DbClassListNodeType *)CIM mem_address(Node),
CIM_mem_assignOffset(Node_ptr->Next,atol(Where}),
}
else
{
CIM_mem_assignOffset(Prev_ptr->Next,atol(Rode)),
CIH_mem_assignOffset (Node_ptr->Rext,atol(Where)),
}
return(DONE),
}
else
return(ERROR),
}

AllocateAttributeListNode(Hode)
cimAddress sNode,

{
DbClassListNodeType #ptr,
char sbuf_ptr=CIM_mem_malloc(DB_CLASS_LIST_NODE_SIZE),
long offset;
ptr=(DbClassListHodeType *) buf_ptr,
CIM_mem_assignOffset(ptr->Name,0),
CIM_mem_assignOffset(ptr->AttributeTreePtr,0),
CIM_mem_assignDffset(ptr->Hext,0),
offset=CIM_mem_offset (buf_ptr), /* Address of the Structure Node #/
CIM_mem_assignOffset(Node,offset),

}

CopyLineToAttributelListNode(Node,Name,Allocd_Node)
cimAddress sKode,

char sName;
cimAddress sAllocd_Node;
{

DbClassListBodeType *tmpl_ptr;
char sbuf_ptrlame,
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LName,
offgsetlame,

tmpl_ptr = (DbClassListModeType #)CIM_mem_address(Node),

LEame=strien(Bame);
buf_ptrHame=CIM_mem_mallec(LName+1),
of fsetBame=CIM_mem_offset (buf_ptrEame);

CIM_mem

.ass1gn0ffset (tmpl_ptr->Fame,offsetBame),

strcpy(CIM_mem_getStrang(tmpi_ptr->Hame) ,Name),

strcpy(tmpl _ptr->AttrabuteTreePtr,Allocd_Node),

int DbDeleteAttributelistNode(ClassBame,AttName)

char *Clasclame,
char sAttliame,
{
DbClassl.astKodeType sPrev_ptr,
sWhere_ptr,

DbAttributelistNodeType sHead_ptr,
cimAddress Where,
cimAddress Prev,
cimAddress Node,
cimAddress Head,

int

key,

key=DbListTableHash(AttHame) ;
1f (DbFindAttrabuteListHead(AttributeTablel[

CIM_mem_getActiveImage()] [key] ,AttName,Where ,Prev)==N0TFOUED)

return(ERROR) ,

else

{

Head_

ptr=(DbAttributeListNodeType *)CIM_mem_address(¥here},

1f (DbFindAttraibutelListNode(Head_ptr->DbClassLastPtr,

ClassBame ,Where,Prev) ==ROTFOUND)

return(ERROR);

else

{

Where_ptr=(DbClassListHodeType *)CIM_mem_address(Where);
Prev_ptr=(DbClassListNodeType *)CIM_mem_address(Prev);
1f (Prev_ptr==NULL)

CIH_mem_assiganfset(Head_ptr-)DhClassListPtr.atol(Hhere_ptr-)!ext));

aelse

{
Prev_ptr=(DbClassListNodeType ¢)CIM_mem_address(Prev)
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CIM_mem_assignOffset(Prev_ptr->Next  atol(Nhere_pti->Noxt)),
return{DOKE),

}
}

int DbTableUpDate(ClassName,Att¥ame,Node)

char +ClassName;
char sAttBame;
cimAddress *Hode,

{

DbAddAttributeListHead(AttName),

1f (DbAddAttributeListNode(ClassBame,AttName Node)==ERROR)
{

DbDeleteAttributeListHead(AttName)

return(ERROR) ,
}

else

return(DONE),

int DbTableDelete(ClassHame,AttName)
char *ClasskKame,
char =AttName;
{
1f (DbDeleteAttributeListNode{(ClassName AttHame)==DONE)
{
DbDeleteAttributeListHead(AttHane):
return(DONE),
}
else
return(ERROR),

/.‘..‘.‘..“‘...‘.“““".".t..“.“.““‘.‘.““.“-‘.‘....‘..."..'.".U...O'QO../
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void DbDisplayAttributelistFode(Head)
cimAddress ¢Head,

{

DbClassListNodeType sHead_ptr,
DbAttributeTreeNodeType wptr,

Head_ptr=(DbClassListNodeType *)CIM_mem_address(Head) ;
1f (Head_ptr==N§ULL)
printf("empty list\n\n\n");

else
{
vhile (Head_ptr!=BULL)
{
printf("Class Name-~=-==---=~ >|%s\n",CIM_mem_getString(Head_ptr->Name)) ;

ptr=(DbAttrabuteTreeNodeType #)CIM_mem_address(liead_ptr->AttributelreePtr);
printf("Y)s~--Attribute Name\n" ,CIM_mem_getString(ptr~>Name));
putchar(ptr->AttributeKind),

prantf("\n----- Attrabute Kind\n*),
putchar(ptr->AttributeType),
printf("\n--~-=-- Attraibute Type\n");
1f (CIM_mem_getStrang(ptr->Comment) != BULL)
printf("Ys-~-~-=-=-= Attribute Comment\n' ,CIM_mem_getString(ptr->Comment));
1f (CIM_mem_getString(ptr->DefinitionList) != NULL)
printf("Yg-mae-ccoea- Attribute DefinitionList\n\n\n",

CIM_mem_getStraing(ptr->DefinitionList));
Head_ptr=(DbClassListNodeType »)CIM.mem_address(Head_ptr->Bext),
Printf( s 00 ssesettnssaserrisssntnstsssssananssnsr\n");

}
prantf("\n\n\n"},
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#define READLCK 1
#define WRITELCK 2
#define AVAIL O
#define RD 1
#define WR 2

struct flock arg(NO_IMAGE]: /+ This need to be goble inorder to work */
int Image_fd[NO_IMAGE],

int token[NO_IMAGE],
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®1include <stdio.h>
®anclude <strang.h>
®1nclude <stdlib h>
#1inciude <malloc.h>
#1include <sys/types h>
#1include <unastd.h>
®include €fcntl . h>
#®1n.lude ""deecim.h"
®1nclude "cim-10.h"
$1include "cim-mem.h"
81nclude "db_def h"
#i1nclude ""db_lock h"

int f_excl_lock(id)
ant id,

{

if ((token[1d] == AVAIL) || (token[id] == WR))
{
argl2d]} 1_type=F_WRLCK;
arglid] 1_whence=SEEK_SET,
arglid] 1_start=0;
arg(1d] .1_len=0,
while ((fcntl{Image_fd[id] ,F_SETLK,&arg[id]))'=0)
{
/+ printf("%d completing for a exclsive lock \n",Image_fd[1d]); »/
}
token[id)=wR,
return (DOBE) ,
}
else
return (ERROR),

int f_read_lock(id)
int id;
{
1f ((token{1d] == AVAIL) || (token[id] == RD))
{
arg[1d] 1.type=F_RDLCK,
vhile ((fcntl(Image_fd[id] ,F_SETLK,&arg[id]))'=0)

{
/* printf("%d completing for a read lock.\n", Image_fd[id]);
-/
}
token[id]=RD;
return (DORE) ;
}
alse
raturn (ERROR) ;
}
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f_unlock(id)

int id;

{

if (token[id] != AVAIL)

{
arglid].1_type=F_UJNLCK,
fentl(Image_fd(id],F_SETLK,&arg(1d]);
token[id]=AVAIL;
}

101






