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Motivation

* necessary to handle legacy systems

e can't trust anything but source code
y 2



Method

e design ER schema for architecture theory
* identify minimum basis relations
* model legacy system as instance of the theory

* derive basis relations from source using
conditional structural patterns on source

 query/visualize using strong transitive query
engines to get higher level abstract relations



Representation

* ER factbase as Prolog source facts
* ASCII = easy represent, debug, portable
e each fact independent = extensible

® source = can use source transformation
to derive & query



Source Code

Overview

e normalize

* annotate

® extract

* analyze
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An Example

* actual steps in a design recovery from source

* example is source for a simple programming
language interpreter (uTuring) written in
the Turing Plus language



] Design Recovery Demo [
Oesign Recowvery Using Source Transformation
K.H. Schneider & J.R. Cordy
Hduwanced Software Design Technology Project
software Technology Laboratory, Queen's University
July 1992
step 0. Augment - add implicit library definitions to source
“J 9337 ] Step 0. Augment - add implicit library definitions to source [
[Hit return to ﬁ Signatures of Turing+ implicit functions
external function chr (i : int) : string
external function ord (c @ string) @ int
external function strint (s : string) : int
external function intstr (i : int, w : int) : string
external function strreal (s : string) : real
external function realstr (e ¢ real, w : int) : string
external function length (s : string) : int
external function eof (i : int) : boolean
external function index (= : string, 32 : string) : int
external function max (i @ int, i2 : int) : int
external function min (i @ int, i2 : int) : int
external function repeat (= : string, i : int) : string
external function size (i : int) : int

& uTuring U1.00

% Copyright (c) 1984  James R. Cordy
put “fel;H/e[JMicro-Turing Monitor U1.00"
put skip, "Hait !

A include "limits, i"

& uTuring Limits U1,00

% Copyright (c) 1984  James R. Cordy
"microturing.bsource” 3427 lines, 70936 characters
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Design Recovery Demo [

Step 1. Hormalize - separate declarations,
THL w7.7af (23.12/94) (c)1985-94 Queen's University at Kingston
Compiling Txl/normalize. Txl
Farsing microturing. bsource

Transtorming
lunwindUarList]
[unwindBindList]

[unwindParmList ]

imports, exports; expand binds; etc.,

[removeForwardA

O Step 1

. Normalize - separate declarations, imports, exports; edpand binds; et

=

[removeForward
[mergefoduleSty
[placelmportsAn
[sortSubprogran
[mergeProcedures
[mergeFunct ions
[mergeFarwardPr
[mergeForwardFy
[unpar | mpartlis
[unwindImpartL i
[unparExpartlis
[unwindExpartL i

for kw
Lar

tprocedure, tend, tendif, tendloop, tendfor, telsif, telseif, telse,
tinwariant, texit, texitwhen, tarray, tof, tint, tboolean, tstring,
tthen, twhen, tnot, tdiw, tmod, tand, tor, ttrue, tfalse, tchr, tord,
t length)

1. .nkeywords

i int

enterident (ix, keyword (kw))

identtable (ix).token

const
const
const
const
const

= keywordtoken (kw)

end for

ﬂmpnht Error

gexport identindex

gexport identtoken

gxport identident

gxport enterident

gxport reinitialize
end ident

module scan

chlank = 10
cletter 1= 1
cdigit 1= 2
cspecialchar = 3
cquote = 4




[a Design Recovery Demo

Step 2. Rename - name all entities to reflect scope
THL w7.7af (23.12/94) (c)1985-94 Queen's University at Kingston

Compiling Txl/rename. Tx|

Farsing microturing. normalized ...
Transtorming ...

[nameflodules "MAITH]
[rnameForwardProcedures '"HAIH]
[nameProcedures 'MAIH]

[nameForwardF ul

] Step 2. Rename - name all entities to reflect scope

[nameFunct ions
[nameExternal F
[nameExternal F
[nameExternal Py
[nameExternal Py
[nameExpaort edC
[nameMadul elar
[nameProcedure
[nameFunct ianl
[nameExternalll
[nameExternalC
[namelariables
[nameConstant s

Brocedure MAIH_error (MAIN_error_msg @ string)
if not MAIH_current|ine_1.MAIH_error then
MAIH_current | ine_1.MAIH_error 1= true
MAIH_current | ine_l.tokens (MAIM_currentptr_1) . MAIH_error :=
MAIH_currenterror_1 := MNAIH_error_msg
end if
end MAIH_error

true

madule MAIH_ident

var MAlIH_ident_identtable_1 : array 1..MAIH_maxidents_1 of

record
ident : string (NAIH_maxstringlength_1)
token @ int

end record

for MAIH_ident_ix_2 : 1..MAIH_maxidents_1
MAIH_ident_identtable_1 (HAIM_ident_ix_2).token := MAIH_tidentifier_1
MAIH_ident_identtable_1 (HAIH_ident_ix_2).ident := ""

end for

function MAIN_ident_ident index (MAIH_ident_identindex_ident
for MAIH_ident_ident index_ix_1 : 1..MAIHN_maxidents_1
if MAIN_ident_identtable_1l (MAIN_ident_identindex_ix_1).
MAIN_ident_ident index_ident = MAIH_ident_ident index_ident then

: string) @ int
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step 3. Argmatch - annotat
(Yields standardiz
THL w7.7af (23.12/94) (c)i
Compiling Txl|/argmatch.Txl
Farsing microturing.rename
Transtorming ...
[attachProcFormalHamesToAr
[attachFuncFormalHamesToAr

e arguments with formal var/const attributes
ed base source)
H955-94 Queen's University at Kingston

d ...
guments L[]
guments C]

19.0u 0.0s 0:205[0== Step 3. Argmatch - annotate arguments with formal var/const attributes

ET}

[1] 9552
[Hit return to

M
far MAI
uar

A1

I1
MA |
I1

end far

import
export
expart
export
export
expart
end MAITH_id
"microturin

MAIH_tift_1, MAIN_tloop_1, MAIH_tfor_1, MAIH_tput_1, MAIH_tget_1,
MAIH_tprocedure_1, MAIN_tend_1, MAIH_tendif_1, MAIH_tendloop_1,
MAIH_tendfor_1, MAIH_telsif_1, MAIH_telseif_1, MAIH_telse_1,
MATH-t inwariant_1, MAIN_texit_1, MAIH_texitwhen_1, MAIH_tarray_T1,
MAIH_tof_1, MAIN_tint_1, MAIH_tboolean_1, MAIH_tstring_1, MAIH_tthen_1
, MAIH_twhen_1, MAIH_tnot_1, MAIH_tdiu_1, MAIH_tmod_1, MAIH_tand_1,
MAIH_tor_1, MAIH_ttrue_1, MAIH_tfalse_1, MAIH_tchr_1, MAIH_tord_1,

AIH_t length_1)}

H_ident_kw_1 : 1. MHAIN-ident_nkeywaords_1
MAITH_ident_ix_1 : int

H_ident_enterident [MAIH_ident_ix_1 : war

MAIN_ident_enterident_index_, MAIN_ident_keyword_1 CHAIH_ident_kw_1)

AlH_ident_enterident_ident )
MH_ident_identtable_1 (HAIH_ident_ix_1).token :=
AIH_ident _keywordtoken_1 (MATH_ident _kw_1)

MAlH_erraor

MAITH_ident_ident inde:x
MAIH_ident_identtoken
MAIH_ident_ident ident
MAIH_ident_enterident
MAlH_ident_reinitialize

ent

g.base” 3372 |ines, 148623 characters
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Step 4a. Scope
TeL w7.7ad (23,

Compiling Txl/rename. Tx|

Farsing microturing. normalized ...
Transtorming ...

[ramefadules "MAITH]
[nameForwardProcedures '"MAIH]
[nameProcedures 'MAIN]

analysis - infer containment relation focts
12/94) (c)1985-94 Queen's University at Kingston

[nameForwardFud

(] 5tep 4a. Scope analysis - infer containment relation facts

[nameFunct ions
[nameExternal Fu
[nameExternal Fu
[nameExternal Pr
[nameExternal Pr
[nameExpartedCs
[nameMadul elars
[nameProcedure
[nameFunct ianls
[nameExternallg
[nameExternalCq
[namellariables
[nameConstant =

Bnd MAIH_errar
module MAIH_ident

$ contains CMAIN, MAIH_ident) §

var MAIH-ident_identtable_1 : array 1..MAIH_maxidents_1 of
record
ident : string (MAIN_maxstringlength_1}
token : int

end record
$ contains (MAIN_ident, MAIN_ident_identtable_1]) %
for MAIH_ident_ix_2 : 1..MAIH_maxidents_I
} contains (MAIN_ident, MAIH_ident_ix_2) %
MAIN_ident_identtable_1 (MAIN_ident_ix_2).token := MAIN_tidentifier_I

MAIM_ident_identtable_1 (MAIN_ident_ix_2).ident := ""
end far

function MAIH_ident_ident index (MAIN_ident_ident index_ident




[
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Step 4b. Resource identification - infer resource set focts

THL w?.7ad (23,

Compiling Txl/resources, Txl
Farsing microturing.base ...
Transtorming ...

[varResaurces]
[conResources]
[pconResources]
[ forconResaurce
[handlerconReso
[moduleResaurce
[procedureResou
[ funct ionResaur
[externalProced
[externalFunct i
23.0u 0.0 0:24
[1] 2644

[Hit return tao

12/94) (c)1985-94 Queen's University at Kingston

(] Step 4b. Besource identification - infer resource set facts

MAIH_currenterror_1 = NAIH_error_msg
end if
Brd MAIH_erraor
module MAIH-ident
$ module (MAIH_ident) §

wvar MAIH—ident_identtable_1 : array 1..MAIH_maxidents_1 of

recard
ident : string (MAIH_maxstringlength_13)
token @ int

end record
$ variable (NAIH_ident_identtable_1) %
for MAIN_ident_ix_2 : 1..MAlH_maxidents_1
$ constant (MAIH_ident_ix_2) §
MAIH_ident_identtable_1 (MAIH_ident_ix_2) .token := MAIH_tidentifier_1

MAIM_ident_identtable_1 (MAIN_ident_ix_2).ident := ""
end far
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Step 4c. Importfexport analysis - infer module import/export facts
TWL w7.7ad (23.12/94) (c)1958-94 Queen's University ot Kingston
Compiling Txl/impexps.Txl

Farsing microturing.base ...

Transforming ...

[importsAndExportsInfodules]

[imparts|nProcedures]

[impart=lnFunctions]
1% Dol O O £l

Q.0u 0.0 0:11
[1] 2659
[Hit return to

]

Step 4c. Import/export analysis - infer module import/export facts

MAIH_ident_enterident (MAIH_ident_ix_1 : war
MAIN_ident_enterident_index_, MAIN_ident_keyward_1 (HMAIN_ident_kw_1]}
MAIN_ident_enterident_ident )

MAIH_ident_identtable_l (MAIH_ident_ix_1).token :=
MAIN_ident_keywordtoken_1 (MAIH_ident_kw_1]}

end for

import (MAIH_error)

B imports (MAIN_ident, MAIN_errar) §

export (MAIH_ident_ident index)

% exports (MAIM_ident, MAIN_ident_identindex) §
export (MAIH_ident_identtoken)

$ exports (HMAIN_ident, MAIN_ident_identtoken) %
export (MAIH_ident_ident ident)

% exports (MAIM_ident, MAIN_ident_identident) §




] Design Recovery Demo

Step 4d. Reference analysis - infer wse relations

TWL w7.7ad (23.12/94) (c)19558-94 Queen's University at Kingston
Compiling Txl/references. Txl

Farsing microturing.base ...

Transtorming ...

[embedPraocCalls "FAIN]

[embedFuncCalls 'MAIN Al lFuncs]

[embedUarParmRefs "MAIN]

[embedPutRefs 'HMOLb]

[embedGetRefs B S5tep 4d. Reference analysis - infer use relations =
[getModuleRefs 3 HMAIH_error = true

[getProcedureRs

[getFunct ionRef $ write_ref (MAIH_error, MAIH_currenterror_1) §

17.0u 0.0z 0:20 V=

[1] 9666 $ read_ref (MAIN_error, NAIN_error_msg) %

[Hit return to
end if
Brd HAIH_error

module MAIH_ident

wvar MAIH_ident_identtable_1 : array 1..
% read_ref (MAIN_ident, HMAIH_maxidents_1) §
of

record

ident : string (

$ read_ref (MAIH_ident, MAIH_maxstringlength_1} %
)
token @ int
end record
for MAIH_ident_ix_2 + 1..
% read_ref (MAIN_ident, MAIM_moxidents_1) %

$ write_ref [(MAIM_ident, HMAIH_ident_identtable_1) %
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Design Recovery Demo 2

Step 4e. Parameteri

THL w7, 7ad (23.12/94) (c)19558-94 Queen's University ot Kingston
Compiling Txl|/parameters. Txl
Parsing microturing.base ...

Transforming ...
[varParameterFacts]

[constParameterFacts]

[varArgumentFacts]
[constArgument Fact

zation analysis - infer parameterizotion relations

1

9.0y 0.0s 0:11 B2

5tep 4e. Parameterization analysis - infer parameterization relations

[1] 9674 |

[Hit return to

procedure MAIH_ident_enterident (
$ var_parameter {(MAIH_ident_enterident_index_) §

} const_parameter (MAIM_ident_enterident_ident) %
)

pre LIBRARY_length (MAIH_ident_enterident_ident) <=
MATH_maxstringlength_1

MAIM_ident_enterident_index_:= MAIH_ident_ident index |
$ const_argument (HAIH_ident_enterident_ident,
MAIM_ident_ident index_ident) %

)
if MAIN_ident_enterident_index_= 0 then
for MAIH_ident_enterident_ix_1 : 1..MAIN_maxidents_1
if MAIN_ident_identtable_1 (MAIH_ident_enterident_ix_12),
MAIH_ident_enterident_ident = "" then

MAIH_ident_enterident_index_:= MAIH_ident_enterident _ix_1
MAIH_ident_identtable_1 (MAIM_ident_enterident_ix_1),
MAIH_ident_enterident_ident := MAIH_ident_enterident_ident
exit
end if
end for




[

Design Recovery Demo

step 2. Extract and merge fact sets

[1] 9693

The result of these transforms is a raw foctbose from which more useful
‘uses', etc. are easily derived.

design relations, such as 'partof’,

For example,

[Hit return to

usesi®, ¥l - read_ref(®,Y).

usesiH, Y] - write_ref(¥, Y,

] Step 5. Extract and merge fact sets ET]
Bal Is{MAIN clear, ident ),

cal ls{HAIH
cal ls{HAIH
cal ls{HAIH
cal ls{HAIH
cal ls{HAIH
cal [s{HAIH
cal ls{HAIH
cal ls{HAIH
cal ls{HAIH
cal ls{HAIH
cal ls{HAIH
cal ls{HAIH
cal ls{HATH
cal ls{HAIH
cal ls{HAIH
cal ls{HAIH
cal [s{HAIH
cal ls{HAIH
cal ls{HAIH
cal ls{HAIH
cal ls{HAIH
cal ls{HAIH

"microturing. facts" 2543 lines, 113376 characters

clear, runstack),
crmode, L IBRARY gtty).
crmode, LIBRARY stty).
echo,LIBRARY gttyl.
echo, LIBRARY sttyl.
edit , LIBRARY intstr).
edit,LIBRARY length).
edit,LIERARY min}.
edit,LIERARY ard).
edit ,LIBRARY repeat).

edit,HAIH
edit,MAIN
adit,MAIN
edit,MAIH
edit,MAIN
edit,MAIN

crmode ),
echa) .
enter).
execute),
nocrmaode ) .
noechal,

edit,scan).

enter,LIBRARY intstr),
enter,L|BRARY lengthl.

enter,LIBRARY ard).
enter, parse),
enter, scan),




] 5tep 5. Extract and Merge Fact Sets

cal I=s(NAIN exec execarraytype,MAIN exec execsimpletype),

cal |s(MAIH exec execassert MAIH exec execerror),

cal ls{MAIN exec execassert, MAIN exec execexpression).

cal Is(MAIN exec execassert,runstack).

cal Is{MHAIN exec execassignment ,MHAIN exec execerror).

cal Is(NAIN exec execassignment,MAIH exec execexpression).
rgfenterident /p

cal Is{MAIN ident enterident,LIEBRARY lengthl.

cal Is(MAIN ident enterident ,MAIH error).

cal ls(MAIH ident enterident,MAIN ident identindex).

cal ls{HAIN ident,MAIN ident enterident).

const_argument (MAIN ident enterident ident,MAIN ident identindex ident].
const_argument (MAIN ident keyword,MAIN ident enterident ident).
const_parameter{MAIH ident enterident ident).

constant {MAIH ident enterident ix].

contains({MAIN ident enterident MAIH ident enterident ident).
contains({MAIN ident enterident ,MAIN ident enterident index_J.
contains({MAIN ident enterident, MAIN ident enterident ix).
contains{MAIN ident,MAIN ident enterident].

exportsiMAIN ident,MAIH ident enterident].

procedureiMAIN ident enterident).

read_ref(MAIN ident enterident MAIH ident enterident ident).
read_ref(MAIHN ident enterident,MAIN ident enterident index_J.
reqad_ref(MAIN ident enterident , MAIH ident enterident ix).
read_ref(MAIN ident enterident MAIN ident identtable).
read_ref(MAIN ident enterident,MAIH maxidents).

read_ref(NAIH ident enterident,MAIH maxstringlengthy.
var_argument (MAIN ident ix,MAIN ident enterident index_J.
var—_parameter{MAIN ident enterident index_J.

write_refiMAIN ident enterident,MAIH ident enterident index_J.
write_refiMAIN ident enterident,MAIN ident identtable).

[Hit return to continue]




]

OQuery Result

B+l Pro 1.0d5 (20.4/95) Copyright 1995 by Legasys Corp. & James R. Cordy

Compiling
Farsing fa
Transformi

1. "enteri
contali

contai
contai
contai

cal led
cal led

cal led
cal led
cal led
cal led
cal led

cal |s
cal s
cal |s

reads
reads
reads
reads
reads
reads

analyze. Tx|
ctbase.analyze

rg

dent' is o procedure
ned in module 'ident'

ns const_parameter 'ident’
ns var_parameter 'index_'
ns constant "ix'

by module "ident'’
by procedure 'scanline' of module 'scan’

indirectly by procedure 'enter’
indirectly by procedure 'edit’
indirectly by program "MAITH
indirectly by procedure 'execute’
indirectly by procedure 'lood'

tfunction 'length' of library 'LIBRARY'
procedure 'error’
function 'identindex' of module 'ident’

const_parameter 'ident' of procedure 'enterident’
var_parameter 'index_' of procedure ‘enterident’
constant 'ix' of procedure 'enterident’

variable 'identtable' of module 'ident'
peruasive_constant '‘maxidents’

pervasive_constant 'maxstringlength’




OQuery Result

writes wvar_parameter

"index_' of procedure 'enterident’

writes variable 'identtable' of module 'ident'’

indirect |y reads variable 'currentline’

indirectly reads variable 'currentptr’

indirect |y reads const_parameter 'msg’ of procedure 'error’

indirect |y reads const_parameter 'ident’ of function 'identindex'
indirect |y reads constant 'ix' of function 'identindex'

indirect |y reads variable 'identtable’ of module 'ident'

indirect |y reads pervasive_constant 'maxidents’

indirect |y writes wariable 'currenterror’

indirectly writes varigble 'currentline’

reads as walue parameter constant 'keyword’ of module 'ident'

reads as value parameter constant 'idtext' of procedure 'scanline’

reads as wvalue parameter variable 'sttext' of procedure 'scanline'

reads as value parameter variable 'text' of procedure 'scanline’

writes as reference parameter variable 'ix' of module 'ident'

writes os reference parameter variaoble ‘coindex' of procedure 'scanline’
writes os reference parameter variable 'idindex' of procedure 'scanline'
writes as reference parameter variable 'stindex' of procedure 'scanline'




