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 1. Introduction

C language is procedural language. For very small programs, no other organizing principle is needed. The programmer creates the list of instructions and the computer carries out. When programs become larger, a single list of instructions becomes unwieldy. For this reason the function was adopted as a way to make programs more comprehensible. Dividing a program into functions and modules is one of the cornerstones of structured programming. 

As programs grow ever larger and more complex, even the structured programming approach begins to show signs of strain. The project is too complex, the schedules slips, more programmers are added, complexity increase, costs skyrocket, the schedule slips further and disaster ensues. Analyzing the reasons for these failures reveals that there are weaknesses in the procedural paradigm itself. No matter how well the structured programming approach is implemented, large programs become excessively complex. There are two related problems. First, functions have unrestricted access to global data. Second, unrelated functions and data provide poor model of real world.

C++ is object-oriented language. Its fundamental is to combine into a single unit  both data and functions that operate on that data. Such a unit is called an object. An object’s function, called member functions, typically provide the only way to access its data. The data is hidden, so it is safe from accidental alternation. No other functions can access the data. This simplifies writing, debugging and maintaining the program.

---- Object-Oriented Programming in C++, Robert Lafore ----

Refactoring is the process of changing a software system in such a way that it does not alter the external behavior of the code yet improves its internal structure. It is a disciplined way to clean up code that minimized the chances of introducing bugs. In essence, when you refactor you are improving the design of the code after it has been written. 

---- Refactoing Improving the Design of Existing Code by Martin Fowler---
[RJL: Please  give full bibliog references above: Author: Title (Pub: 'date)]
CHGEN stands for C and H code generator. CHGEN outputs a set of code in C programming language with the name ending with .c and .h that are based on a schema file and ER diagram for a database application. It has been developed for many years at University of Massachusetts, Lowell.

The purpose of CHGEN is to aid programmers in developing computer-aided design application with long-duration transactions on complex objects. The memory-resident data model used by CHGEN is that of a network or object-relational database, whose tables represent a normalized entity-relationship model extended with inheritance. Foreign keys are represented by parent-child and super-to-subclass linked lists. The tables are stored externally as a persistent database of ASCII text records with foreign keys to composition parent  and/or superclass record instances.

A set of code generated by CHGEN for a given schema file is as following :

1. Schema header file

2. pr_load.c

3. pr_delete.c

4. pr_dump.c

5. pr_free.c

6. pr_stats.c

7. pr_log.c (if the option “log” has been used when executing a schema file) 

1.1 Objective

The objective for this project is to refactor CHGEN version 11 to GENCPP, standing for C++ generator, so that it would output a set of code in C++ programming language instead of C programming language with the same behavior as before.

A set of code generated by GENCPP for a given schema file is as following :

1. Schema header file

2. XXschema.h
(XX stands for a table abbreviation)

3. XXops.cc

(XX stands for a table abbreviation)

4. pr_load.cc

5. pr_delete.cc

6. pr_dump.cc

7. pr_free.cc

8. pr_stats.cc

9. pr_log.cc (if the option “log” has been used when executing a schema file) 

1.2 What I have done ?

There are many parts in CHGEN system that can be applied with object-oriented concept and Standard Template Library (STL). Due to the limitations of time, what I have done by now is to declare tables based on the schema file by using class type instead of struct type and re-design the internal structure of CHGEN’s outputs for all options provided by the previous version as described in the later chapter [4?] (e.g., the option log, searching the element by binary tree instead of sequential search and etc).When declaring table-rows as classes, some routines and macros available in CHGEN which directly access tables’ data need to be refactored. 
[RJL: I can't find a discussion (in Ch. 4) of your redesign of the internal structure of chgen's outputs that explains [the significane of?]  what was actually done, or how/why/when the currency pointers XXcurr are used or replaced.?]
In addition, some bugs were found from the previous system as well as some declarations and conflicts in passing parameter types have not been recognized when compiling with g++ as described in the later chapter. [Were the bugs corrected???]
1.3 Working Directory

The working directory is /usr/proj3/case/bdelog2ks/ntansala/gencpp

2. CHGEN 11

2.1 Architecture of source files

CHGEN 11 constitutes 

· 37 Source files

· 8 Header files

(more details when cvs checkout from /usr/proj3/case/gen/base/Master)

The architectures of CHGEN 11’s source files that need to be refactored are in the  following figures. [From $CASE/bdelog2ks/ntansala/gencpp/doc/gen.ppt  -RJL]
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Figure 2.1 CHGEN Architecture

[image: image2.wmf]gen

_structures ()

make_

cptr

 ()

make_

pptr

 ()

lut

_get_name ()

#tables

make_declare_ops ()

make_class_

cptr

 ()

make_class_

pptr

 ()

notes : Add

make_class_

pptr

 ()

make_class_

cptr

 ()

make_declare_ops ()


Figure 2.2 gen_structures Architecture

[image: image3.wmf]gen

_pr_add ()

gen

_pr_link ()


Figure 2.3 gen_c_files Architecture
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Figure 2.4 gen_pr_add Architecture
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Figure 2.5 gen_pr_delete Architecture
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Figure 2.6 gen_pr_delete Architecture

2.2 Architecture of output files

CHGEN 11 will generate a set of code in C programming according to a schema file as following :

1. Schema header file declares table definitions and macros.

Macros
· btree_add_row(tbl) 

· child_exists()

· child_loop() 

· encoding()

· exists() 

· find_int_loop() 

· find_int_loop_all() 

· find_key_loop()

· find_key_loop_all() 

· find_str_loop() 

· find_str_loop_all() 

· first_child()

· last_child()

· next_all()

· next_child()

· pr_create()

· pr_delete()

· pr_dump_row()

· pr_find() 

· pr_get_default()

· pr_get_flt()

· pr_get_int()

· pr_get_key()

· pr_get_str()

· pr_maxkey() 

· pr_rcount() 

· pr_set_default()

· pr_set_flt()

· pr_set_int()

· pr_set_key()

· pr_set_key()

· pr_var_find() 

· PrintCheck()

· start_child_chain()

· table_loop() 

· table_loop_all()

· var_child_loop()

· var_find_int_loop_all() 

· var_find_int_loop_all() 

· var_find_str_loop() 

· var_find_str_loop() 

· var_find_str_loop_all() 

· var_first_child()

· var_last_child()

· var_table_loop() 

· var_table_loop_all()

2. pr_load.c

pr_init()
Initializes the contents of the virtual database, making it available for pr_load() and pr_add().

pr_load()
loads the contents of the virtual database from the specified file, using the specified view.  All rows from the file that meet the criteria of the view will be loaded

Its architecture as shown in Figure 2.7

pr_parse()
Parses a single row to a virtual database table

Its architecture as shown in Figure 2.8

pr_link()
links a single row to a virtual database table

Its architecture as shown in Figure 2.9

pr_add()
add a single row to a virtual database table

Its architecture as shown in Figure 2.10

macros
· alloc_element() 

· insert_element() 

· link_child_1() 

· link_child_bp_m() 

· link_child_nobp_m() 

· link_parent_1() 

· link_parent_bp_m() 

· link_parent_nobp_m() 

· pr_check_fkey() 

· pr_check_str() 

· pr_gen_key() 

· pr_gen_pkey()  

3. pr_delete.c

pr_delete()
deletes a single row from the database

Its architecture as shown in Figure 2.11

macros
· del_row() 

· unlink_parent_1() 

· unlink_parent_bp_m() 

· unlink_parent_nobp_m() 

· unlink_child_1() 

· unlink_child_bp_m() 

· unlink_child_nobp_m() 

4. pr_dump.c

pr_dump()
write-out (dump) all rows that meet the specified view  to the specified filename.

Its architecture as shown in Figure 2.12

5. pr_free.c

pr_free()
release the memory allocated to all rows in all virtual database tables.

macros
define 1 macro : free_table() 

6. pr_stats.c

pr_stats()
write-out some basic statistcis about the schema and    what is currently loaded.

7. pr_log.c (if the option “log” has been used when executing a schema file) 

pr_startlog()
starts a logging session.

pr_stoplog()
stops a logging session.

pr_replay()
replays a logsession based on a log file.

Its architecture as shown in Figure 2.13 and 2.14.
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Figure 2.7 pr_load()
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Figure 2.8 pr_parse()
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Figure 2.9 pr_link()
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Figure 2.10 pr_add()
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Figure 2.11 pr_delete()
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Figure 2.12 pr_dump()
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Figure 2.13 pr_replay()
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Figure 2.14 pr_replay_log()

3. GENCPP

3.1 Architecture of sources files

GENCPP constitutes 

· 39 Source files

(1 more source file has been created “gen_ops.c”)

· 8 Header files

(more details in /usr/proj3/case/bdelog2ks/ntansala/gencpp/src)

The architectures of GENCPP’s source files after refactoring are as following figures.
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Figure 3.1 GENCPP Architecture
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Figure 3.2 gen_structures Architecture
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Figure 3.3 gen_cc_files Architecture
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Figure 3.4 gen_macros Architecture
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Figure 3.5 gen_ops Architecture
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Figure 3.6 gen_pr_add Architecture
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Figure 3.7 gen_pr_delete Architecture
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Figure 3.8 gen_pr_free Architecture

3.2 Architecture of output files

GENCPP will generate s set of code in C++ programming according to a schema file as following :

1. Schema header file

declares RC table class definition and all macros including all macros from pr_*.cc

2. XXschema.h
(XX stands for the table abbreviation)

declares XX table class definition that inherits from RC table class

3. XXops.cc

(XX stands for the table abbreviation)

set_*()
set the value to private specific data field

get_*()
get the value from the private specific data field

create_row()
initialize the memory for an object of that table class

add_row()
add a single row to a virtual database table

Its architecture as shown in Figure 3.12

parse_row()
parses a single row to a virtual database table

Its architecture as shown in Figure 3.10

link_row()
links a single row to a virtual database table

Its architecture as shown in Figure 3.11

delete_row()
deletes a single row from the database

Its architecture as shown in Figure 3.13

dump_table()
write-out (dump) all rows of XX table class that meet the specified view to the specified filename by calling dump_row()

Its architecture as shown in Figure 3.14

dump_row()
write-out (dump) the specific row that meet the specified view to the specified filename 

Its architecture as shown in Figure 3.14

add_row_dump()
log a call to add_row to hcg_logfile

Its architecture as shown in Figure 3.x

log_do_add_row()
add given viewname, tablename and a string of additional information

log_do_set_int_

row()
set a value of an int field

log_do_set_flt_

row()
set a value of a float field

log_do_set_key_

row()
set a value of a key field

log_do_set_str_

row()
set a value of a string field

4. pr_load.c

pr_init()
initializes the contents of the virtual database, making it available for pr_load() and pr_add().

pr_load()
loads the contents of the virtual database from the specified file, using the specified view.  All rows from the file that meet the criteria of the view will be loaded

Its architecture as shown in Figure 3.9

pr_parse()
parses a single row to a virtual database table by calling the method parse_row() of XX table class

Its architecture as shown in Figure 3.10

pr_link()
links a single row to a virtual database table by calling the method link_row() of XX table class

Its architecture as shown in Figure 3.11

pr_add()
It is no longer used. add_row() will be used instead

5. pr_delete.c

pr_delete()
It is no longer used. delete_row() will be used instead

6. pr_dump.c

pr_dump()
write-out (dump) all rows that meet the specified view   to the specified filename by calling the method dump_table() of XX table class.

Its architecture as shown in Figure 3.14

7. pr_free.c

pr_free()
release the memory allocated to all rows in all virtual database tables.

8. pr_stats.c

pr_stats()
write-out some basic statistcis about the schema and    what is currently loaded.

9. pr_log.c (if the option “log” has been used when executing a schema file) 

pr_startlog()
starts a logging session.

pr_stoplog()
stops a logging session.

pr_replay()
replays a logsession based on a log file.

Its architecture as shown in Figure 3.15 and 3.16
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Figure 3.9 pr_load()
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Figure 3.10 pr_parse() and XX::parse_row()
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Figure 3.11 pr_link() and XX::link_row()
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Figure 3.12 XX::add_row()
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Figure 3.13 XX::delete_row()
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Figure 3.14 pr_dump(), XX::dump_table() and XX::dump_row()

[image: image29.wmf]gen

_pr_delete ()

gen

_pr_

delbt

 ()


Figure 3.15 pr_replay()
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Figure 3.16 pr_replay()

4. Refactoring CHGEN to GENCPP

4.1 Conceptual Refactoring

To refactor CHGEN to GENCPP, the most important thing is to understand CHGEN’s output files, schema file and pr_*.c, for both architectures and functionalities via a variety of options provided in CHGEN. Therefore, object-oriented concept can be applied to these output files before the refactoring CHGEN to GENCPP is started. 

The conceptual processes of refactoring CHGEN to GENCPP are as following :

1. Study the architecture and functionalities of output files generated by CHGEN via a variety of options.

2. Apply object-oriented concept to CHGEN’s output files by designing their architectures and functionalities. 

3. Refactor CHGEN’s output files manually according to the previous process. In addition, there are some tests each time as refactoring appears to test whether they work completely.

4. Study CHGEN’s source files.

5. Refactor CHGEN’s source files so that they can generate output files as the third process. The tests as in the third process can be applied in this process.
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Figure 4.1 The conceptual processes of refactoring CHGEN to GENCPP

4.2 Detailed Refactoring

There are 37 source files and 8 header files for CHGEN. Some of these files need to be refactored or re-implemented as described in chapter 3.  There are … steps to refactor CHGEN to GENCPP.

Step 1
:
Generate XXschema.h and XXops.cc

chgen_externs.h
declare extern FILE  *XXschh_fp[MAXTABLES], 

XXops_fp[MAXTABLE]; to output XXschema.h and XXops.cc respectively

chgen_global_vars.c
declare FILE  *XXschh_fp[MAXTABLES], 

*XXops_fp[MAXTABLE];

close_files.c
close *XXschh_fp[] and *XXops_fp[] according to the number of table in the schema file.

gen_ops.c
Generate class method of each class table in XXops.cc

gen_structures.c
declare class RC standing for Root Class for each class table in the schema header file

declare class for table instead of structure type in XXschema.h.

open_files.c
open *XXschh_fp[] and *XXops_fp[] according to the number of table in the schema file

replace generating pr_*.c by pr_*.cc

Step 2 :
Refactor pr_load()

gen_load_data.c :

in gen_pr_parse()
Refactor from Figure 2.8 to 3.10. 

gen_pr_add.c :

in gen_pr_link()
Refactor from Figure 2.9 to 3.11. 

Step 3 :
Refactor pr_add()

gen_pr_add.c :

in gen_pr_add()

in gen_pr_add_macros()  

in gen_pr_link_macros()
Refactor from Figure 2.10 to 3.12.

Rename gen_pr_add() to gen_add_row() and move to gen_ops.c

Replace prload_fp by schh_fp and move gen_pr_add_ macros() to gen_macros.c

Replace prload_fp by schh_fp and move gen_pr_link _macros() to gen_macros.c

Step 4 :
Refactor pr_delete()

gen_pr_delete.c :

in gen_pr_delete()

in gen_pr_unlink_macros()
Refactor from Figure 2.11 to 3.13.

Replace prdelete_fp by schh_fp and move gen_pr_unlink_ macros() to gen_macros.c

Step 5 :
Refactor pr_dump()

gen_pr_dump.c :

in gen_pr_dump()
Refactor from Figure 2.12 to 3.14.



Step 6 :
Refactor pr_free()

gen_pr_free.c :

in gen_pr_free_macros()
Replace prfree_fp by schh_fp and move gen_pr_unlink_ macros() to gen_macros.c

Step 7 :
Refactor pr_replay()

gen_pr_log.c :

in gen_replay_log()

    gen_log_do_add()

    gen_log_do_set_int()

    gen_log_do_set_flt()

    gen_log_do_set_key()

    gen_log_do_set_str()
Refactor from Figure 2.13 and 2.14 to 3.15 and 3.16



Step 9 :
Refactor macros

Many macros have been provided and implemented for table operations declared in the system. It is possible to assign each macro to be a method in each table class. However, it could affect the maintenance cost since every table class’s methods refer to them. Therefore, all macros are still needed to be the same. 

· Move macros to schema.h

Due to macros will be used by all class tables’ operations, all macros declared in pr_*.cc are needed to be moved to schema.h so that XXops.c implementing XX’s operations can recognize and implement these macros completely.

· Modify macros

· Replace tbl by tbl##begin because tbl is no longer used when declaring class for table instead of struct.

· Access to private data of class table by using class table’s methods.

· Some macro parameters, either “pk” or “pkey” or “field”, that refers table class’s primary key, is no longer needed since each table has the same primary key name “pkid”, not XXid. These macros are as following :

· link_child_1(ca,pa,cf,pk,p,c) 

· link_child_nobp_m(ca,pa,cf,pk,p,c) 

· link_parent_1(ca,pa,cf,pk,p,c) 

· link_parent_nobp_m(ca,pa,cf,pk,p,c) 

· pr_check_fkey(ctbl_abbr,ctbl_ptr,ckey,ptbl_abbr,pkey,ptbl_ptr) 

· pr_find(tbl,pkey,value) 

· pr_var_find(tbl,tblvar,pkey,value) 

· find_key_loop(viewname,tbl,field,value) 

· find_key_loop_all(tbl,field,value)

However, find_key_loop() and find_key_loop_all() can be used with foreign key. Therefore, the two new macros should be created as following :

· find_fkey_loop(viewname,tbl,field,value) 

· find_fkey_loop_all(tbl,field,value)

· Some macros are no longer used since they are moved to be each table class’s methods

No.
Macros
Methods

1. 
pr_set_int(tbl,fld,value)
set_<<field name with int type>> (value)

2. 
pr_set_flt(tbl,fld,value)
set_<<field name with float type>> (value)

3. 
pr_set_key(tbl,fld,value)
set_pkid(value) for primary key

set_XXid (value) for foreign key 

(XX stands for table abbreviation)

4. 
pr_set_str(tbl,fld,value)
set_<<field name with string type>> (value)

5. 
pr_get_int(tbl,fld)
get_<<field name with int type>> ()

6. 
pr_get_flt(tbl,fld)
get_<<field name with float type>> ()

7. 
pr_get_str(tbl,fld)
get_<<field name with string type>> ()

8. 
pr_get_key(tbl,fld)
get_pkid() for primary key

get_XXid() for foreign key 

(XX stands for table abbreviation)

9. 
pr_create(tbl_abbr)
create_row()

10. 
pr_add(view,tbl_abbr,tbl_ptr)
add_row(view)

11. 
pr_delete(tbl)
delete_row()

4.3 Bugs found

There are several bugs found during refactoring.

1. When executing CHGEN with the noorder option for a given schema file, pr_delete() is segmentation fault.

2. “tbl” has been recognized when compile with cc except g++. Therefore, “tbl” needed to change to #tbl instead.

3. There is the mistyped parameter in pr_init()  (pr_load.c) when calling 

clear_mem(hcg_ts_list,sizeof(hcg_ts_list));

Since the first parameter needs to be a pointer of character.

4. pr_set_int(), pr_set_flt(), pr_set_key() and pr_set_str() do not work with log option. Therefore, pr_replay cannot implement when any field in element of table has been changed during logging.  [Fixed in genv12 - RJL 021003]
5. Test

Test is needed to evaluate the refactoring CHGEN to GENCPP to check whether they generate the same result. 

Schooldb has been used to be the data test for this test. Its schema is shown as Figure 5.1
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Figure 5.1 Schooldb’s schema

After executing gencpp with this schema by using the log option, the system will generate output files as following :

· schooldb.h

· ENschema.h and ENops.cc

· RMschema.h and RMops.cc

· RSschema.h and RSops.cc

· STschema.h and STops.cc

· TEschema.h and TEops.cc

· pr_load.cc

· pr_delete.cc

· pr_dump.cc

· pr_free.cc

· pr_stats.cc

· pr_log.cc

Notes :

[??? RJL]
To run these programs, the comment is needed for pr_init() in pr_load.cc for the line : “clear_mem(hcg_ts_list,sizeof(hcg_ts_list)); “

The following is the main program to implement schooldb schema. There are 2 parts :

part 1 : to implement pr_startlog and pr_stoplog

part2 : to implement pr_replay

main()

{

    /**** part1. for pr_startlog & pr_stoplog ****/

    pr_init ("students.viewdefs", "students2k.dat") ;

    pr_load ("RosterView", "students2k.dat") ;

    pr_startlog ("SchoolLog", "RosterView") ;

    printf ("\n ******************** ROSTER 2000 ****************** \n");

    Print_Roster();

    Add_Course ("ST000001", "RS000002") ;

    Add_Course ("ST000004", "RS000004") ;

    Drop_Course ("EN000004") ;

    Change_Room ("RM000001", 29);

    printf ("\n ************** ROSTER 2000 (UPDATE) ************** \n”);

    Print_Roster();

    pr_stoplog ("RosterView",1) ;

    pr_dump ("RosterView", "students2k_1.dat", 1, "w") ;

    pr_free();

    /**** part 2. for pr_replay ****/

/*    pr_replay ("RosterView", "SchoolLog.txt", 1, 1) ;

    pr_dump ("RosterView", "students2k_2.dat", 1, "w") ;

*/

}

After compile this main program with GENCPP’s output files, the result would be

Part 1 

· students2k_1.dat

· SchoolLogDB1.dat

· SchoolLogDB2.dat

· SchoolLog.txt

Part 2 

· students2k_2.dat

· SchoolLogDB3.dat

Notes :

· students2k_1.dat is equivalent to students2k_2.dat

· SchoolLogDB2.dat is equivalent to SchoolLogDB3.dat

<<<< Samples of these files are in the Appendix A >>>>
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