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Fingerprint Database using Object Relational Database system
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ABTRACT

Relational Database System using SQL to query data from database was populated. In such
that, Business Application, Engineering Application, Science Application , etc. have to used them ,but
when we need to use high complex data type in some application ,Relational Database System is can not
support for this categories.

Object-Relational Database System is the one technology to develop from Relational Database
System, by additional Object-Oriented Concept to its. SQL that to used in these, is SQL3 and this
project using Informix Universal Server version 9.14 that it has SQL3 implementation in good
command.

Fingerprint Database is to used by this project, its have high complex data type and keep in
Object-Relational Database System. Fingerprint Data Type is keep in Object that have method or
function to operate with its.

Fingerprint Database System in this project can to verify and identify authentication of each
fingerprint, and also each process that search fingerprint in database, insert fingerprint to database ,their
process was described by this paper, they start at input fingerprint images and find feature of each

fingerprint in all feature and then insert into or search from Fingerprint Database.
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v o n’: = Yy = - o .
wWar Asuuezinseee Dynamic binding
#29819999 Message passing

An_Employee Increase_Sal 500

Object ‘Fred’ of Object 'an_Empioyee’
class MANAGER of class EMPLOYEE
increase_sal 500

Increase_Sal (Incr)
Validate_Sal \J

Salary = Salary
+ Incr

Methods

W

g?fﬁ 2.3 Message Passing

! a 4 & !
Message H92AAIUIN Method 9 vtlan1wlu Object M3¥©31 A _Manager ( 930 Class
y 1 [ . i 4 4 a ) &
Manager ) Message 11929na41Ue Object #4991 An Employee ( 1Hu wisfiinesnileves
19 4 4 1 é Q’ ~ L4 o
Method) Tu#il Message 92314991 Increase_Sal 500 &avz IiuSuasuvesminauluusnih

500 (1A W15 1NIn9TUBS Method )
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o 4 1 4 o/ ] 9/ y
Taon l1ud2%euee Method 32ABUTUBDIADYBVDY Message 1UAI9819919UUL Method
1 o 4 & v @ Jdo y ° .
fgnnIzi1ee¥e Increase Sal FNAIWAWWRUSAL Class A1¥mua Object An Employee ,

Method Ti92gnn32i11A8NS binding ¥6 Message 11164 Method 484 Object

2.5 Polymorphism

Fuarmamnsoves Object Tumsiegdnn1siy Object finwiiafu ( #7191 Polymorphic
a R o Y =3
finumuneta J3duuyldnatsnaia)

Polymorphism ¥ 1¥d1elunisieziin Code Amilouriulu Instance Aeraundumnld v

v o A 4 v A o quad yy
18 wazansainmaldsuntaudng e o lvaasu 1a
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‘lf‘f!ﬂ‘i’l'ﬂga Object Ty SQL3 (Tuple object in SQL3)

7111 SQL 92191 relation 1Sluman  Tu SQL3 &uﬂzlﬁuﬂmauﬁamm object 141 11lugiéla
aan iy relation Iiflundneudy 9 object Tu SQL3 Fiihantdsd

1. Row objects 111U tuple laondn

2. Abstract Data Types (ADT) 1318t object W1 9 11 nazamsnlfifhy component ves

tuple 1680

3.1 Row Types
LY o d| o o
Tu SQL3 sumusadmuaiiu type 19 tuple 18 uasldnvaeadenfany class vod
. Mo A
object 1A 1uN15 Y58 IA row-type Nail
1. 1% keyword 71 CREATE ROW TYPE
YA
2. n¥evsd row-type
~ . g 3 1 = o’/’
3. U attribute list aq‘lumau LAY type U84 attribute HU 9

S o 1) dy
ETJU.‘U'U‘U@Q 17 ﬂizﬂ’lﬁ row-type 3WWNANHUSITUU
CREATE ROW TYPE (< component declarations >)

. Ny 4
A15UsEMet relation Tauld row-type 13191098529 lANINAIMITN relation 1aY tuple f

A v , & 2 g Aw e
Ao type 119 7 maniu - @3 uuufziiaese 114
CREATE TABLE (table name) OF TYPE (row-type name)

v v k2
Tun13 access component A1 9 Moglu row-type type 1UITIB491A71 component Tu SQL3
A =1 o o Y A2 o d a 9 9 2 o @
amnsaneed structure o ludatiueeld Tedudluiezdesenansadite component voedUIBS
9V Ya o o Y a .
18 sqQL3 vz 1ddnydnual double-dot Tumsdadeiia  ulSeuiaiion single-dot lu C
U Informix Universal Server A9dl data type MTU row type dumiloudu  mslddda

o ] o o A A a 1 1
SQL Aszirudeaiuiuly SQL3 #ezliswazideaiuanluduae

CREATE ROW TYPE AddressType(
Street CHAR(50),
City CHAR(20)




)

CREATE ROW TYPE StarType(
Name CHAR(30),
Address AddressType

31 3.1 f28819n15U580 9 Row Type

3.2 Abstract Data Types (ADT)
1 v & . 4 a
Tu row-type %z'luﬁﬂmﬁum encapsulate %4 vzdeadilu object Tu SQL3 oo uyiinues
class NliAaaulA encapsulate A209z 1962 ADT — ADT 9zgmi1 111915 component T tuple wag

v o 1 o ] o
e il wple uaTaseademelussiidnuazisu@eddy wple

1 4
= o

JUUUUYBINIT define ADT 9ziAall

1) CREATE TYPE <type name> (

2) List of attribute and their types

3) Optional declaration of = and < function for the type
4) Declaration of function (method) for the type

5 )%

o o o) 4 n‘: o i
Tuussvian 1) w1l create statement (0ENF0YY ADT WU o) VIINAT 2) uaAene
. J v A £ [=1 [ v v d|
attribute name $1°9 9 1D type YBWAAY attribute 1AY9 1% comma 1uAants  UsTnad 3) il
optional Tumsdsenmeiwe 9y operator #1911M15 compare = uag < iwugdnuvvBIMIUsznm
equality function fio
EQUALS <name of function implementing equality>
. %Y 1 A o =] v a ¥ o
1ag function < ANANYULIFUABINY INBSUsIAoU keyword #1371 EQUALS 1T LESS
o =1 ' . u’/’ 1
THAN UnU 151988 unaAUI1 Tu comparison operator 92510 A211U15192 14 operator #1 define 13
v Ad o [ dA_ . g Ca £
mariduiai iy Ausu <Afe “=or<"uaz > nAe “not<’  TUNY define 4 = LAy < 92N
1111119 WHERE clause ieitS suidiouanioziuy1d
UTI¥A 4) 9 define f14 function ¥4 ADT (115 suiarilon method 484 object)  1u SQL3
} 4 v
195 6N built-in function 13dMTIMA ADT Uag function aw o mandl TisuTufisedestszniesn

L4
. [ - |
W30 QN define 19113 function imaniu Afe



- . o . o
1. constructor function %99% return new object U84 type UU 9 T attribute MHUAWYN
° v A =1 n’/‘ ] | 4 é a
fdmuasusudulnithy NULL vonua 9y 81 T (Sudeves ADT wils TO 328U constructor
function
! a9 ' . oy d
2. observer function 3ZUNUINTUNT return value VBIAAY attribute 14 ADT 15U 91 A 11l
¥o attribute tag X 1Susulshlinuiu object 499 ADT  A(X) Afiof1 attribute Y89 A Tu object X
e ld XA unu lddeamitoudiu
. [ . o t [ 1 1 @ =1 v
3. mutator function JUUARE attribute 9¢711M3 set A1 WiTuamInaindesms  asfiundiey
Y o d| 3/ =} ° P . ' ' t:
Tnuam encapsulate $uflunezasalinis Mrua permission 1un15 execute function A9 q wau

Tu SQL3 92149 EXECUTE statement 1iof1uan3ihia1Lves function

function BU 9] 92N define 1310 lunTonwuenfids CREATE TYPE A4 61 function
Mmsdszmanieuen ervsdesnduinydsenienieluf lamsedududeeld built-in function #14

Y
o maniu

J . v o &

1 Informix Universal Server 9% 1% Opaque Type Tums represent 1t ADT Tu SQL3 %4

wilinaauTiAuee encapsulatedds  Tun13 319 Opaque Tu Informix Universal Server 9¢@ea3ng
_ 4 NN/ ] . " :

Support function fw  FulSeualiouny built-in function Y04 SQL3 uazdeeansnade function
Q' r=Y g 4 o ' N
suanTun e 1S onldlu SQL statement 18 510021880619 9 Y89 Opague Type AN

a1 lunends

CREATE TYPE AdressADT (

Street CHAR(50),
City CHAR(20),
EQUALS addrEq,

LESS THAN addrLT

Other functions could be declared here

71 3.2 #19819M3 U529 Abstract Data Type

3.3 719 Define Methods Y99 ADT

o i . ] ! i o . . {
NA9INARNITA34 attribute Y99 ADT ud3  Aegilaauiiiiu function declaration §UiuvA

FUNCTION <name> (<argument>) RETURNS <type>;
' 9/ A o o 2 v 9
Tulnag argument 125N VA FaAUILTIAY type YBIAUIT  F99SULN argument A2Y

comma
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function NA®WUVAD internal 11AE external  External function A® function MALUAY host
. 1 . A o/ d'd 4 Y o
language DY signature YBUANE function (1WFoLiailounY argument) Nilagluduvssnisfimua
. i ' A a & . '
Y84 ADT  internal function wgAIlouAva MY WRMANYBINIE1 SQL 4 option Tuvnedu
¥ v
a 1uflvzsamegludnuvervesiia SQL2 1a2 query language UNAIUUDS SQL3
® = ‘D:ﬂﬂh’fﬁh assignment operator
®  M3Ysenel local variable Tu function 32¥n Taedsemerevesdauls 1miadae colon
@ 9 o/
() LAZILATUNAIAIY type VBIAUILT
9/ <
o lddot operator 1115 access 014 component U structure
® 1 Boolean 3092 191152 Tun WHERE clause 18
o as o @ o o .
® BEGIN uaz END o 1diiudsmdidanats « f1ds 13lu body ves function

: . i v Y , . 1y 4
oIU external function ﬁqnﬁﬂumﬂ host language zADINa IUYDS signature BYAIY YW

i 4
~

g 2 9/ a 3/ = 9/ o o
ABILBNNL1 14N host language wiia ladeTumsdon  guuuuluns ldaudis

DECLARE EXTERNAL <function name> <signature>
LANGUAGE <language name>

U Informix Universal Server 3¢1919 CREATE FUNCTION statement Tun13er319
. J o sle’a’ 4 g by J v o ° . ]

function YUt Tesamnsanszir laneiui external {82 internal YUBYNUMINTMUA option AN 9
UD4 statement

internal function ‘ﬁﬁ%ﬂﬂﬂ Informix Universal Server 314n111 SPL (Store Procedure

2 & ) f ' o & &
Language) Tun13a31e daasiivemsfiinua retumn type ,fMUA argument 19 9 uagsIdfamnso
¢ o b dd L Ve & \ . & 4 :

118 SQL sawiedmdefimindum 1wy fdelunisvi loop, frdamaton'ly &7 external
function 92QnMMUATAY option Y84 statement MUl EXTERNAL wagazgnidoudionizn

' d ¥ ' Y o w a o Yy
host language (YU NT1H1 C uhmu uﬂmmsﬂmmﬂﬂmmmxumﬂ‘mw

FUNCTION AddressADT(:s CHAR(50), :c CHAR(20)
RETURNS AddressADT;
:a AddressADT;
BEGIN
:a = AddressADTOQ;

:a.street = :s;
acity =
RETURN :3;

END;
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FUNCTION addrEq(:al AddressADT, :a2 AddressADT)
RETURNS BOOLEAN;
RETURN (:al.street = :a2.street AND

:alcity = :a2.city);

FUNCTION addrLT(:al AddressADT, :a2 AddressADT)
RETURNS BOOLEAN;
RETURN ((:al.city < :a2.street ) OR»

(:al.city = :a2.city) AND :al.street < :a2.street));

317 3.3 d99819M31)52N17 Method 409 ADT
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UNT 4

a Y . .
FHAVD Q‘l’iﬂu Informix Universal Server
Informix Universal server 3¢ aniuayuns 14 usiinvesdoyn n3e Data type 8¢ 3 Uszinm

® Built-in Data type
® User-defined Data type

® (Complex Data type

4.1 Built-in Data type
fims ariiavesdoyaaieg oo lulii
4.1.1 Character data type
yiinvesdoyafiihidasnus  (Character) Halsznevl¥as : CHAR, CHARACTER
VARYING (M39VARCHAR) 11a2 LVARCHAR
wilaveadeyafifuiun NCHAR iing NVARCHAR w2 1diftudoyafithudasnys 1880
Universal server ﬂzﬁﬁ'uﬁuumyﬂﬂs uﬂiuﬁﬁ‘luuuu Global (Global language), N1H1
Tdsunsy Global language support (‘H?B GLS) ﬂzﬁﬁﬂymzﬁmyﬁ‘lﬁ Universal server 3An1511
141, NNYRS Code Tunnataiuld GLS szafuenunis o luiaded g Frielald
- IS LA IALVRIAIONYS
- mydmuadsnusdudn, i lng
- Snusiilal s we uaﬂ'f“;nuﬁg\iﬁ"zé’nmﬁﬁwawq Tumd
- uumm%yaﬁtﬂu numeric, monetary, date LLD% time
4.1.2 Numeric type
e gilavesdoyaiifiufauay Numerio) Ferlszneuliwaiiadoyafithudaiaveian &
fl?: --DECIMAL,MONEY, SMALLINT, INTERGER, INT8, SERTAL 1168 SERIALS
o wiateyafidumuszinadauay|dun SMALLFLOAT uag FLOAT
4.1.3 Large-object data type
ﬁag' 2 yinfe Simple-large-object type ‘?ﬂ‘l’f’tﬁu Text 110 Byte L@ Smart-large object type
Farlsznevlu¥ae CLOB uag PLOB
4.1.4 Time data type
Usgnev'|tAa DATE, DATETIME uag INTERVAL

4.1.5 Miscellaneous data type
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dsznou'ifae BOOLEAN

4.2 User-Define data type
a 9 a 1Y A PYSPYS 4 My A a I da
llﬂ'liﬁi’N‘lmﬂ‘ll’e)Q‘Ila'i;,lﬁ‘ﬂﬂ'lﬂuﬂIﬂﬂQi‘HﬂJUNﬂWJJVlﬂ RUANIN Built-in data type Al
' o o Y o ~ 1 z .
Database server uazﬁmmﬁﬂﬂqumﬂiumi%ﬂmuuazﬂﬂmsnu‘vuﬂma\ﬁ’fmgammuu Universal

v
o ¥ ' _ o
server ﬁmmuzm‘vﬁmawayaiwu, Opaque type (la% Dinstinct type fail

4.2.1 Opaque type

o =Y 9 a g d’l’ a d I A (=) t v 1

Wuriavestayaniuiuguninua ufseaudoas hieunsoutuendiulszney
Tnt Database server 14 Opaque gnad1eanoinlnssad1evesnizn C uag Routine A1eqfignifotu

£ 4
A1 C azuenl Database server aiuayums Ifuriiavesdoyamaniu Routine voan1w1 C
A LY 9/ =Y v i g :: 4
Feaivayums IFaugiiadeyn Opaque type sz dedoyaiiiiuTasaard1euee Opaque type 1
4 4 o ' 3 4 1
Database server tWoTioziiudeyamaniul3lu Database server Tatfi Database server lail&iins
v & d ) v & g oy & g y ) o
wilasteyamituvesadiumaniuusssifuadoyafiiu Byte #io Byte vinnuluamiiacly
. t a o 9 9 Y v é’ ° [y
Database Routine mmwﬁumqumﬂ‘mm Opaque type 928314 Operation %199 YUV INUNY
Yoyavues Opaque type 13U 15 U1REY Instance 2 #2904 Data type, ulasriiavesdoyann Opaque
type 48U Data type ¥iindUY w3ouaneA1doya Instance Y84 Data type Database server 925N15(58n
. 1 { LY a . VAL & v

14971 Routine fi19q AliMsmTuayun1v9I1Y8e Operation a1ty Hevzdinisds Tnseadaely

t A o 1
1UuuVYe9 C M3 Pointer 11/7 Database server Tugiliuuvessminesaen

4.2.2 Distinct type

. . 1 =3 9/ aa a A w 14 A 1 o
Distinct type i luriiavesdoyaniiyuuumsitumiiousiy Opaque type uAAIAUANAIIAY

A A o v a Y] Y o1oa 1A P
Ao %aﬂum‘uuuaz‘lummiﬂmz‘l‘mmu data source type ‘lﬂ 1YY U distinct type v decnum gn
y 4 g

o o a ig " { o [
afvuadetuiusidadeyaniuuuy real ¥A9 routine HM9TUAURT real 958 database server
[ o o v r 1 =1 1 ) 3
Ap8IAN1IMIA UL WD decnum 13 usad1e]lsAamA1weq decnum 1oz real Tiamnsafiss wan,
=1 o v 9 A A b4 ' = . v 1 2 =1 "
av uaz 1Wisuneuduaideyariiaould uennniteeiinig casting adeyannile luifurdeya
v & 1 o . . v 4 a & I
BNAMIINOENYAIY Casting function wimifilumsilaey data type wiianile 1t data type

a a &£
SAYUANUN

4.3 Complex data type
- 4 o
Complex data type Unfszdszneylitrerilavesdeoyadunsaniu wu mannsoad
Complex data type fsznoulUfae Built-in data type, Opaque data type, Distinct data type %50

Complex data type 8] 14 Fehuana1efidfiyyuINTZNi1e Complex data type 1A% User-defined
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type Ao 1s1amnsnzidtedoyalundazdaulszneuves Complex data type Lagdamifiudu

b 4
Usznoumaniulag SQL statements 18

4.3.1 Collection type

A 1 A a 9 A g A A [y . LY g v

Ao nAUYDY element Allyiadoyatuluwiia@eariu Collection type IvisuNVVBYALAZ
o o 1 . . 1 4 '
famsfudeyafifiu collection data MeluNnAALBIVEAIIIN Collection type UsznouAILLS
Useneu 2 ag1ehe

3 . .
1. Type constructors 3913 znau'lﬂ%w set, multiset {0 list
é 1 [ L. ) A
- Set 9 Collection data type 9NN element Tu set 9 hilidwy nazes liiadoyanely
t:; ‘d [

set Mivillounu

= 9y

. aA . £ oo w a A
- List A® Collection data type ¥4¥)1°] element 1u set 9wud9U LAY AWTDNUBYAVUNND

=

Nt
24 140 @ ~ A
- MULTISET #® Collection data type %4%n°] element T set Tuilid1Au uazmminm’fwaw
A L 9
milouru’la
4 g @ o a 9 .
2. Element type mnﬂumﬂmuﬂ‘huﬂwy‘amm Collection type €] element VB
Collection type awsniwiiadeya’ldnnetis vndu data type Miu SERIAL unz
SERIALS
4.3.2 Row type
o/ Q’I’ 1 J A ! 1 ‘
Ao M3 uaiuved element A3id 1 element YUyl FeszgniSondniiu field udaz field Wil
#o field unzwiiadoyaved field Yne field Y99 Row type 115 oy ldimileuiuriy columns o4 Table
u:t:; a J o A 7= ] P o o o
UATRUANAIAUNIN A row type 1% TTIAT default DU field uaz sz mua ngiiedy
Y v , v 13 P Vo
ANQNABILIU field 18 tazis lamnsald filed MANIUUY table. 10 usvz1F 1Ay row

14
type 1811117 Row type Usgnoudae 2 sila fio

1. Name row type
g ' i o v4 . 4 |1
Name row type {Junguveq field ignimuanisldden 1#ea Files ) nilsszdreduihudau
& A e Y A A 3 S/ d A 4
Us2nB UV row type AIULTALNBDUNITAI N name row type Ho715194 11 name row type witlu¥en
ad a 4 v Yo a v A =t v
5019921 database cmw"lnmﬂu"lﬂi 157192 UNIT NI N name row type LUBITIUATTUABDINTG type
4 & g v 4 9 = ) ¥ v 4
MU mmumuﬂsxﬂawawayamsmmmimz access U 131994NITTIT NN name row type Y
o i e 24 1
RusaziduauIty address Fef 1911970 1992AB915 access lifusazosfilsznouves address
kel v il []
19U street, city, state LI0Y postal code fariuidiei1erd1e name row type %o address type m‘i’f’ﬁ nnsah
¢ access 1UfuAag filed 18 Tnunsa

#298149949 name row type e person_t
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CREATE ROW TYPE person_t

( name VARCHAR(30) NOT NULL,
address VARCHAR(20),
city VARCHAR(20),
state CHAR(2),
zip VARCHAR(9),
bdate DATE
);

11U 4.1 fed1ems Usznis Row type U Informix

a o ' 4 y 9/
11uA29619999 name row type ¥o person_t Nlsznovlyfiag 6 filed Ao : name, address,
. . i o J d 9 a A ]
city, state, zip, 110% bdate 1110 WNIONILAMUA data type YD4 filed A199) Whideyastaduld

TEXT, BYTE 1§udu

2. Unnamed row type
=] ' A o 9/ a v = @ o
Unnamed row type 11unquued field Agnfmualaslaseadrevestu Tumieusudy
name row type 3 TamsaReeimua’l unnamed row type iU table 1@ Unnamed row type 14

¥
s type TR column M58 field 1@mmiy

4.3.3 Inheritance properties
. o wa A, ) v A g
Universal server %Zﬁﬂﬂﬁlg'llﬂ'liﬁﬂ‘i’l@ﬂﬂmﬁmm (179 inheritance) ﬂl’ﬂdﬂlﬂyﬁﬂlﬂu name
. a o A ag ¥ & 4 Vo
Tow type L0 type table Inheritance fadusaulunisneyaaly type 3o table amnsaioz1dsy
wa o 4 v e . ’ £ {
AUANTANIMNANINN type M3 table DU 1A uaNAYDY inheritance @nyn Ws nUAsunlas
oy A i é 1 Q’ = ey L}

uRlvnuaudRduiimdunennldavu g naza s NezmAuguautia lnigd 114
Inheritance ﬁ@g 2 ilafe

® Type inheritance

. . ¥ Yo A @ ! g "o |

Type inheritance 151 ldduriiadeyafiihi name row type IIMmi 51 mnsnfiozld

inheritance TUNANYBI name row type 'lusﬂnmmmmmmmmm name row type 19 (type

hierarchy) %Qi‘uuﬂﬁu subtype %zﬁumﬂﬂmﬁuumm data field 1A% behavior Y99 type 'ﬂ

4 .
iFhu supper type nwiﬂgﬂuwmﬂmwuﬂw Type hierarchy gavivayudefvesns
F4
Meudsse 14l
- H9MABMS 314 data type MIJULLY module
o/ o o o 9 v o
- SudsgAunmnibinduun 1 lmiveseefisena uues schema

- Sutseiu 1891 field vosdoyasy limeninmaiRag iinmg
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9 s . A 9
-gwsnln type ﬁwaﬂqmﬁuumm routine 41970 type ou'ld

Defineing a Type Hirerarchy

¥

o v o A A - ' . Yo AM
i]’lﬂzﬂllﬁﬂﬂﬁ’m'ﬂ‘lﬁ-l‘ﬂ@ﬂ type HTBNLTUTUNI type hlerarchy ‘lﬂ JUAD

Person_t

l

Employee_t

l

Sales_rep_t
31 4.2 uaasd1utuLes Type Tu Informix

A ' o o 3 A4 '
Supperype NogUUTATBIARUFULBY type szUsznouTURIEMNY field Henne subtype #

v Y ~ . 4 1 1 o’: 9/ Y 9 ' P = b1
@gﬂ'lﬂiﬂﬁ']ﬂ']iﬂ‘ﬂﬂg inherit mmmuu"lﬂ WABINNITOIN supertype ABUNTEUMTHITN subtype

o ' ' ¢=yd Y & o @ o
Feg1eee JUfliTlunsa31e suppertype I8 person_t YBIGIAUFUVDS type

CREATE ROW TYPE person_t
( name VARCHAR(30) NOT NULL,
address VARCHAR(20),

city VARCHAR(20),
state CHAR(2),

Zip INTERGER,
bdate DATE

3 1143 mydseme Supper type 14 Informix

Tumsad1e subtype 32AMUA keyword ¥8 under 11aZHBYDY suppertype N19E inherit 311 62
1 A e 4 & ey d' 1
agnae TUiidunmsadas subtype ¥8 employee_t Fedunonnmerutinvenn? field Notlu person_t

A A ay 1g 4 & g 1 [} ]
LAz LM IAMANA U ENTR IMNARS field ¥® salary 1oz manager FuTlu field 1 1fiog Tu person_t



® P~ —r
GnIMEMmIANGN  NITIBMAAIANIZIY y

| CREATE ROW TYPE employee _t
( salary INTERGER,
manager VARCHAR(30)

)
UNDER person_t;

71U 4.4 Mm3vszma Sub type 11 Informix

® Table inheritance
| Table fignsmuaithi name row type win'i"'uﬁﬁﬁumgunﬁﬁmuﬁtﬂu table inheritance %4
By A e msaAuneaqaoula 71 data 48 behavior 119N suppertable AMIANUFUVBA table
hirarchy 1007 table hierachy (HuUmMsAmMuaARIIIENRLEIINIe table 71 subtable wwiunean
GEGILEN supertable fofveq table inheritance A9
- FIumAeMI A 193 duuLYRY data Fudlu module
- Fudszfuniugndesvesmainduin 1 mivesessiszne uves schema
- awnsafiszademsae unwdeya iy table M50 40 table W table hierarchy
U table hierarchy 1%‘1‘! subtable @150 & UWSﬂﬂmﬁuﬁaﬁiN‘] 971 supertable 16 Uﬂ‘ﬁy
- %)% constraint definition ( primary key, unique, 448% referential constraints )
- storage option
- NN trigger

-Access method

MNgUlaAIRIIIANRUFI 1314 Table 11a¢ Type hierarchy

Type hierarchy Table hierarchy
|
} Person_t -— > Person
,; l }
. Employee_t -« — Employee
| | }
Sales_rep_t <« > Sales_rep

, 30N 4.5 uaRenuENRUTIEMI19 Table 1D Type hirerachy

34110
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f79819M 3314 table
CREATE TABLE person OF TYPE person_t;

CREATE TABLE employee OF TYPE employee t
UNDER person;

CREATE TABLE sales_rep OF TYPE sales_rep_t
UNDER employee;

s 1

1N 4.6 #719819n15 U527 Table 11 Informix

eell

{Hhumsade Table person, employee LAY sales rep UU type person_t, employee_t LAY
sale_rep_t AWAWY Tagfivng type ﬁatﬁu type hierarchy 9¢AAABINY table ‘ﬁ'ﬁagi“lu table
hierarchy 8N#2886191%U employee table 9T UNOARUANDANIAN person table 1A employee_t type
azﬁu‘waﬂﬂmﬁuﬁﬁﬂm type W10 person_t type Lo Tushueudenu sales_rep table ‘ﬁﬁv‘ﬂﬂﬂ
faauliA9n employee table 1111 sales_rep_t type TUMOARUANLIANININ employee_t type 13U

- a
1RyINU

4.4 User-define routines

User-define routine (UDR) ﬁ‘J‘u routine ‘Vd'lf.l_ﬂﬁmuﬂuﬁﬂ’cf L‘i’l‘ ﬂ‘ﬂslu system catalog table U84
database L1 d mﬁﬂﬁﬂxﬁﬂﬂﬂl‘%’ routine mﬁ’l‘lfull’,mﬂﬂ SQL statement Y30 routine '5‘1161 (57999
321519 user-define routine Lﬁamﬁwmﬁu user-defined data type 1L6¥ complex data type

UDR L?Ju"lﬁf?q function ®3® procedure Tﬂﬂ‘f;”J‘lﬂu%}’J function 11 routine c?e%"uﬁn'i‘lu set
Y99 argument LazaIA LT set Y89 value 151@ 130 1F function Tu SQL expression 18 dau
procedure 925 UANTIY set Yoq argument uave lidsslagnduuiae 151 Tiamnsald procedure Tu
SQL expression it

Routine ¥94 UDR ansnifiulédeiiae

- Store procedure language (SPL) routine (£ routine ‘ﬁf’f’m‘ﬂm body Qﬂﬁ gUA2UATHT SPL
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4.5 Access Methods
Universal Server 92535115 JUN13 Access Bg09435113
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4.5.2 Secondary Access Method
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®  Generic B-trees

® R-trees
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4.5.2.1 Generic B-Trees
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4.5.2.2 R-Trees
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4.6 DataBlade Module
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Data Structures
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4.7 Large Object Support
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4.8 Smart Large Object
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4.9 Simple Large Objects
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vHAY0 ia Opaque Data type
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2. Function NMMNIUTINNY Opaque type 7117 database server TNITDAARRALVIYDNIY
b4
Tu Opaque type 14
. 4 i . )
3. Routine 8u NawisagniSon1d1alay Support function n3eiTun1¥a1uTay end user

Tum3tauiy Opaque type 18
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® A fixed-length opaque type

® A varying-length opaque type
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5.1.1 A Fixed-length Opaque type
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. . o A 9/ 4 a . .
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5.3 Additional SQL-Invoked Routines
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®  Built-in function

® Aggregate function
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5.3.3 Operator Function
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5.4.1 Creating the Internal structure
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A Varying-Length Opaque Data Type
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length Opaque type 1a81n@da A2W8712997A¥89 Opaque type fide 2 killobyte 11z lun1sfiez
AMUAYLIAYEA varying-length Opaque type 1 Imiloufuiz 192 19815 MAXLEN 990 151amnso
fmunvinalagedle 32 Killobyte 1o’ InIfnmiisimunvinalasldiide MAXLEN uds
Universal server 1307192904 resource 9199 @131 Opaque type & uazdvuinyeedoyaiinn
(AUAIYBY MAXLEN 920n154439 error 1Wm31u

ﬁ?athﬁTﬁ?\iﬁlumiﬁ?N Opaque type "71‘1?8 var_type *?iﬁﬂu varying-length Opaque type ‘%ﬂﬁ
YUIAFIGA 4 kilobyte

CREATE OPAQUE TYPE var type (INTERNALLENGTH=VARIABLE,

MAXLEN=4096);

Memory Alignment
A 4 i P ‘Y a - A o o/ v 9
i Universal server drusiidoya lui routine Midmunlag user Suteiadoyaves
"1 [ ' o d'o o E g 4; 1o
Opaque type luogluvaavguasmissanuiidmun  Tumsw  Alignment HuIUegiu C
definition Y®4 Opaque type UUIT UL
SAMNIANEAMUAMNII  memory-alignment  FMTU  Opaque  type  AdudIda

ALLIGNMENT %8914 1un15er379 Opaque type famswiias /1 3auae 114

Alligment

value Meaning Purpose

1 Align structure on single-byte Structures that begin with 1-byte quantities

boundary

2 Align structure on 2-byte boundary Structures that begin with 2-byte quantities such
as mi_unsigned_smallint

4 Align structure on 4-byte boundary Structures that begin with 4-byte quantities such
as float or mi_unsigned_interger

8 Align structure on 8-byte boundary Structures that contain members of the C double

data type

MITN 5.2 UaANAIWNG TUNITYI Memory Alignment
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5.4.2 Writing The Support functions
. g . Ay, 4 . 4 &
Support function (U function N 1FMUATUN (user-defined function) FegAiTen iy
- =] 1d 3 3 B =~ = o dw
7UnuuveIn1Y C Tasunnasiesszgnisoniuiiu external function afausniisfins@euilassu
a4 Y a ) Y o o <& A ) v g yya 1 dAa 1 d
H¥UIN 159A09MT compile HANITNATURA compile 1A 1UBU 3 Iud RS enIuty  share
£ 4 )
libraries 14 server computer 151909%N51ATUUAUNIYDY share libraries a1l lulsz Toasda
4 o . ' 3 o

CREATE FUNCTION (1/81519241 support function imaniu 1uifiu'131u database server azis 1oy

[ 1 L) . . § .
111 19'1891 database server @109 share libraries 18 MY 1387 run time

5.4.3 Registering the Opaque Type with the Database

o ~ a [ . a g = g
ATILITNNTINNITAIN internal structure AL support function UDITUAUDYAN flu Opaque

type 1iA215192 19 Sql statement eia"h.lﬁyiumﬁﬁwﬁwhmmﬁnfu‘lﬂzﬁu‘ﬁ"lu database
® CREATE OPAQUE TYPE statement Tunis 1941y Opaque data type mitouith data type
wilanils
® CREATE FUNCTION statement 14A15311 support function 11iAv 131U database

® CREATE CAST statement Tumsfiag Jda1u support function oy cast function

5.4.3.1 Registering the Opaque Data Type
CREATE OPAQUE TYPE statement 9z1ilun171iue1 Opaque type 1uifu131u

é o o/ ' y

database X doyad M1 database Ae 117
4 T - Y]

- 40 LAZKN U199 Opaque type

£ g A ai v L7 A v

Y¥OUDI Opaque type witluyovos data type V1 Sql statement 1% uazaiu %z”lumamaymaq
internal structure 415U Opaque type

- The size of the opaque data type

o - é o/

137198 NTHUAVUIAVUDY opaque type #20 modifier INTERNALLENGTH S9UUISUTAANUHIRA
U949 opaque type ity fixed-length NIBUUY varying-length

- The values of the different opaque type modifier

CREATE OPAQUE TYPE statement 8131507192 1MUf modifier @M1 opaque type 186

v

Hfe ; MAXLEN, PASSEDBYVALUE, CANNOTHASH (tag ALIGNMENT uag wﬁum%’ayamm
o & =1 Ao g ' b% Y
Ty 52uuR1519v09 sysxtdtypes Lua"lwiﬂmuwumummaa opaque type 13u sysxtdtypes {107

= o a Ve ] oﬂ' o & 1
CREATE OPAQUE TYPE statement a¢1Hunavildiian i ldfusaaeiSonin extended identifier
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5.4.3.2 Registering Support Functions
195 duyuveesids CREATE FUNCTION statement Tunns#19g1in support function
1113y database 1184910 support function 92QAIBEUAIY external language 19U A1¥1 C Tagfi

CREATE FUNCTION statement 3 syntax YDIAITIAIR o'l

CREATE FUNCTION func_name(parameter_list)
RETURN ret_type
EXTERNAL NAME ‘pathname’
LANGUAGE C NOT VARIANT

Sql statement Tz Saums sudoyan1en 19 database fasie 11
©® name “71‘% Junc_name 110 owner U84 support function
®  optional specific name #1115 support function
®  data type YD parameter, patameter list QS return value, ret_type Y84 support function
®  Jocation, pathname YN source code U994 support function
® language “7;1‘?!1&% 84U support function WU C language
® routine modifier TAAII support function 9213 return swadwin lumsafy

arguments : NOT VARTANT

5.4.4  Granting Privileges for an Opaque Data type -

afausnidfelinsadreviindonyn Opaque type gt 131 database ERATIITEEL S
4 GRANT °l‘ums‘ff';%zﬁmuﬂﬁmﬁﬁlumﬂ%’mumaq%’aya‘nﬁﬂﬁvﬁ'@da"lﬂﬁv

® Privileges on the use of the opaque data type

® Privileges on the support functions of the opaque data type

5.4.4.1 Privileges on the Opaque Data Type

lumsiiezadis Opaque type Inulu database i131doefiansluns iyl
N$MeINIA197 N0y database e CREATE OPATUE TYPE 914 wiindayn Opaque type v
Ta#EnTlunisIdeusziuves owner 1oz DBA Tumsidousiiadeyn Opaque type 137d04)
A lums 1o (privilege) , Owner A3 9z IWANT U3 199100 user ﬂuéunﬂuﬁl%'g uyy

494179 GRANT USAGE ON TYPE
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database server 9¥RMIAT0duUANT umsidanuile Insfinwiiveuss Opaque type
ﬂﬂﬂgagﬂu;ﬂuunﬁwﬁ"wm Sql 1461 database server a2 linsareuang lumsl9evesdida sql
solali}

© access column Y99¥iiAY3yA Opaque type an5lun13 Select, Insert, Update 1ta¢ Delete

sifludnfmualunis access colums
® invoke user define routine ﬁi‘i’f‘lﬁﬁﬂ{l’ﬂyﬁ Opaque type (i argument 'lumi‘ﬁ%z excute
routine A14°] ?m%‘fiums excute dzilusIf MUATZAYTUATT access user define routine
Sothavnefide GRANT lumssmuadnilums 1damuuriadeya cirde Opaque type

' A
L user ¥® dexter:
-~

GRANT USAGE ON TYPE circle TO dexter

5.4.4.2 Privileges on the Support Functions
= ° b a b
Jumsfogain support function 1Wifiu'131u database 159@0afiAnT lumstulden
N$MeInIEe7 N6 database A1da CREATE FUNCTION 92379 support function T Tau#
a o ) o v . & ¥ aa o
anPlunts 199 ezifhiues owner uag DBA lun3 1441 support function MUITIABIIANT lUMS

149 (privilege)

5.4.5 Create SQL-Invoked Function

]
~

. : NNy .
SQL-invoked function e Herfsuiismuaulavdl¥ end-user) Tneidldmmnsanezion

o
v )

9/ 4 Y > . =y 9 o o
1 lugtuunves SQL statement 18 (39B9TEU SQL-invoked function Wamie 14iuny
i 4
opaque type 14 Tugiuudsse 1
= . LA . .4 ¢ A4 d o . 4w
® Fuy arithmetic 38 built-in function YuN1InN INeNIAUUAYUMINNIUNYINY
arithmetic operation (l8® built-in function UU opaque type
_ — -, ,
e |56y relational-operator function ¥l iefezenivayy operation TumsnfToy
ooy opaque type
a . 4 v A o o A A a A o
® $uu end-user routine Vum vl emivayuMIIUARNANUBAIMTBIINUVY
opaque type
, o2 C A ; vy
® (Fvu casting function Junlvil ifemiveuT convert doyatuenmileniniivaly

HazNAY U opaque type
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- Operating on Data
. o ° . . né ag ¥ 0 A
Universal server 3¢ U UAYUMINNIUYDY Sql-invoked function mauqt‘gmﬁlma‘ MAUUUNT

] v
fudeyaluztiuvuvesdids Sql Ao luiifle Arithmetic and text operator functions

®  Built-in functions

© Aggregate functions

- Operator function for Opaque types

v Vv
Universal server 35 Ueun159119 1 iAve4 operator Tugduunvessids Sql dse 11/

. . & a 9 0o a o v 9 ~ g o
®  Arithmetic operator mﬂﬂmm WANUUNTT ﬂ'Uﬂ’l“U’e]‘lgﬂWﬂuﬁ’Jlﬁ"U

o W

oA v 9 { o
® Text operator %gﬂ'\muﬂ'ﬁﬂUﬂlE)%lﬁﬁlﬂUﬂ’]E)ﬂBi

Universal server 9Z1A30% operator function AN (HBINY arithmetic operator LAY text
1 . & [ o o & 9/
operator 1A87 operator function IMATIUZITUAY built-in data type 151909UMIITYU operator
. A 1 ' P o o = ad P
function AU umn i lunsNegyieusy new Opaque data type lasnlunsdifisuilou
J a’: &l ] 9 ] 9 o o [ qyd
operator function AN Tnal imdeanile ¥ uswhnunginaaiaie Asde liiife
A 3 v v A d9y ¥ 1 Y v < 4
1. &pYnd operator function AveATIRUFEAA IANAIIINEY uABE1e Ishandeves
operator  function Iifeelinnuddnareiuniniiisy ¥9veq function plus()
mileufunu¥oves function Plus()
| v o ¥ o Y s 9
2. Operator function 924 843AMI AU UIUYES parameter 19DE19QNADS

- 9 U ar ' 9
3. Operator function AN return AMNAVD EJNQﬂﬂ@QLLE"I%LHN'Izﬁ‘LI

- Built-in Function for Opaque Data Type
) ey @ = . . a é‘ 4 -1 ' [ .
Universal server 1A%N13 30173 03 Sql-invoke function WIAHYUYILT UTUNI built-in function
o a s: a ¢ & v L. . i H
Tumsguiiumsmeduadginsandiosdu Taef built-in function A Universal server 3j1iuy
° o a 9 A g . . A ° o a9
Mawufuiiadeyatiiiu built-in data type uaglumsNagriruiusiiaveya Opaque data type 157
g . . I ] L ) W
&oafin3¥ou built-in function WMuTuw azlunsdifis Ty built-in function Imaidun 159009
[l 18] ° A o 1 qyd A ) . . . 8 v A Ay ¥ U
willgus e mnginaiaianeg daaelUilfe Foved builtin function AveaseiuFeanm 1dna
9 J [} d A R . . L) = vy 1 o o ' A‘l
W7 umeg 1 lsAnndeved built-in  function lsselAMMIFNUANANAUIINTAY FPYBS

function abs() zmiauUMIA V¥RV function Abs()
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1. Built-in function sz@eeiinmsdouiuiuld
2. Built-in function 1¢#04§AMsu§mIuves parameter ldat19gndes

3. Built-in function 92A94 return MAALIBEWNYAABILATIMINZ AN

- Aggregrate Function for Opaque Data Type
Universal server 31U YUNITNINUYDY aggregrate function uu‘vﬁﬂ%y‘a Opaque data
type ﬁlwfﬂllﬂf;’
® COUNT
® MIN
® MAX

- Comparing Data

Universal server 92a1{uayumMs191mveq function Aeriioyy1d s mnsafiezifou
Foudoyalugtuunvedds Sqi dail

® SQL operators is a conditional clause

® Relational operator function

- Condition for Opaque Data Types

Universal server agaiiuayuntsvimtugiinfidiudou lufusiadoya Opaque type
ugduuvesdrda Sq il

® ThelS and IS NOT operators

® The IN operator R8P U function equal()

® The BETWEEN operator A0MINY function compare()

- Relational Operators for Opaque Data Type
Universal server 930191363 operator function ‘ﬁﬁﬁuﬁqumsﬁmumm relational operator
Taut relational operator  universal server a3 ou 3 eevieud built-in data type 151801509
b . 4 v ° a 9 14 v = y ]
¥ TIN relational operator ﬂxumﬁlwﬂumimmu‘wﬂmaga Opaque type VLﬂLm:ﬁ DUITUMTAINIU
. 4’ v Y ] 1 9 o dar t 4”
Y89 relational operator Yurn I isdeanile 1@ ua ldimunginasineste 1
] . . ¥ o A Sy y v " o
1. %Y1 relational operator function A84RssALFEA NN Idna W) uaedelsH
A . [ = Yeg 1 o o 1 A .
AINYDUDY operator function thﬂ'E)fJ?Jﬂ'J'lllzﬁﬂﬂNﬂull'lﬂ'um‘b"u YOV fungtlon
equal() imlouiufiu¥eves function Equal()

. . v & g a
2. Relational operator function WAl parameter 2 mmuﬂu‘uuﬂ%ga Opaque type
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. . Y g . ' d
3. Relational operator function 9zfeailu boolean function HAZY return ANl

boolean

Yy « ° . o o a v 14
1319093 IAIMUA function equal() Tun13 WMINVYUAUDYA Opaque type DI
vy agq ¥ a v a o 1 [ qy
ADINIT E)l!ﬂ]u']ﬂclﬂ column YNYUAVDYAUNNIUA N AU
® constranied as UNIQUE or PRIMARY KEY
® compared ith the equal(=) operator in an expression

® ysed with IN operator in a condition

- Opaque Type Sorting
function compare() A9 invoke-function FannInfeziSusdiuvesteyaiidensld
Universal server 9149 function compare() Tun1s excute 3 ﬂuuwmﬁwﬁa SELECT ﬁdﬁiﬂvlﬂﬁ”
® The ORDER BY clause
® The UNIQUE and DISTINCT keywords
®  The UNION keyword
database server 3¢ 14/ compare function Tun13 144 BETWEEN operator cl‘u?ﬁ’é’ Q‘T’ilﬁ‘]u
deou'lvves Sql
Universal server 9 9A1A3 0% compare function ﬁﬁmuﬁ'v built-in data type (318013 fl‘ﬁi):,’
319 compare function gux milumsTneLiiadena Opaque type 1Ay Susfinsadieiu
Y84 compare function 1 1s] Ls151'6\3uﬁh‘le’ﬁwm"lé’ﬁmmngmm«ﬁﬁwia"lﬂﬁy
1. #9v84 compare() function AedmsefuFenmiilanarnuds usedalsinnde
99 compare() function luneeiinamdAnaatuimingy Feves function
compare() wmilounu ﬁu‘ﬁmm function Compare()
2. compare function 93484 return 1 interger NuAAINAINTVRINMIIS v UTOUAAD
Tl
® <0 9ZLTAII argument LINUDYADI (<) argument faes
® 0 9UAAII argument HIATBUIMIAUAY (=) argument faeg

® >0 9TUAAII argument HINNINATT (>) argument NeTOI

- Create End-User Routine
Universal server E)'l{iyﬁrlﬁ’ﬁ 18 MUR Sql-invoke function (8% procedure #1949 9 end -
] o w . . {o & a 4
user a3l 18 g iuuveasi1de Sql 18 end-user routine 1¥u function AiudimAN luns iR

v ° (Y o . [ ¥
end-user ABaM A uYiiadeya Opaque type Tunou TN A314 end-user routine Hinane 11l
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e (§uu end-user routine TugUIUVYBINTHT C U3 SPL
® 11 end-user routine 1if1131u database &26f1ds CREATE FUNCTION 301
end-user procedure 140131 database d8f169 CREATE PROCEDURE

a . ' '
o AuadN (Grant) luns 1t end-user routine #1199 1A user

151809513800 end-user function TumsTeumTTBufuRY casting function  dmiuviiadeyn
Opaque type Tumsads casting function 13 192198749 CREATE FUNCTION lumitin end-user
function 'lUiEU13ly database uazf1de CREAE CAST lumisth casting function ‘ldifiul3lu

database

5.4.6 Customizing Use of Access Methods
Universal Server 32 uayuny #3719 B-tree secondary access method nazezlmsfimua
sivytumsidendas TaenAudafinds CREATE INDEX (lagliill USING clause) wad
. . A . AYgge o &
generic B-tree index U4 column ©38UU function wi‘vmﬂuﬂmnuﬂﬂmmm\i
a3 fin15a31e Opaque data type 157989111991 secondary access method Heguuwiiade
Y
3a Opaque type [V Fnsaniledosegde 1UTiRUaRY secondary access method dnivuiindeya
Opaque type
®  Generic B-tree aiuayums e msiiadeya Opaque type T ?
o yiladoya Opaque type Ao spatial 1570111507198 14 R-tree index 18 1vy 2
® 3 secondary access method 21 vy 171 index Wﬁndmwﬁﬂ%ya Opaque type
Tunse379 index #MTU secondary access method VU column %@Q‘Uﬁﬂ‘l’f@}gﬁ Opaque type
¥ e 9 A s/ o
11&7 database server 32NN1TAUNT operator class NAYIVBINY secondary access method, Operator
qy a @ o o . a 9y A
class HoztuaifmMuan1s NI (strategy functions) UUBUAUDYR Opaque type 4 secondary

access method 17019 aldeu support function 1@

5.4.6.1 Using the Genreic B-Tree
. & g
Generic B-tree secondary access method il operator class UnAfie btree_ops i

operator-class function 13AM71ABINY index dMivyiiadeyn built-in data type Lagivthanee
¢
fail
o . w9 o w . . Yy a 9 1 d| e w A
o Fudwudeyand1Ruues lexiographical f1¥iiAYeyA Opaque type Tditudeuh
o ) v i o . s W A Y
1 logical A usesaneimua operator-class functions WIMIUFUAVBYA

Opaque type Tun1s SamsifeafuddunmisBesnms 14
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1 v . . 1 9/
* ulfvuiivunrdeya 2 A1904 one-dimensional value Tunstinwiiadoya Opaque type 5
fdeyauInnd 1 1 i3 msefiezimun operator-class function A s ediy
¥
frdoyn 2 Aweedeyayiinilld fus1liamnsnfmua one-dimensional value Y89
viiadoyn Opaque type T8uAUT Aoz iarmnsnldans B-tree index 15U secondary

v
access method "l,ﬂ

5.4.6.2 Indexing Spatial Data
M3 Generic B-tree secondary method Mlumsdasvsirdudoyared
s @ . . = . a
dsgTomidmsy one-dimensional data, btree ps 9i1lu operator-class function UnAv®4 B-tree
: = A . Wy . . . ady
operator class F99EITLINAUVOYA one-dimension N1U B-tree index lunsdindoyaves Opaque
o) . . 14 Yy o £ v A ¥
type Y8UT WU multidemensional 4AA5AoTIA13 1% secondary access method 1un3dniSuedoyn
11T U89 multidimensional data A7¢
o s o 9 1 g . . q- .
R-tree secondary method N1/5¢ Tomlanndins Uﬂlﬂyﬁ‘ﬁl'ﬂu spatial %39 multidimensional
' . v o d 1
%Y map 1D diagram 1 database ﬂmm1ﬁmiﬁiN;ﬂuwmsmﬂunﬂuunu R-tree 1310101507192

o . a 9 Y - 4
NIMUA R-tree index VU column VBIYUAUDYA spatial 19

5.4.7 Other Operation On Opaque Data type
v qy a < o A 1 a o o a 9 b 4
‘lumuu%zaﬁuwmﬂﬁmmmumm mﬂmmmmnwumeya Opaque data type Vlﬂ
Y 2 v . B Y 1
® TUTDILLVINIURYD Opaque type 910 application program 1Reghals

* mwsaiwenanms ifausiadeyn Opaque type 910 database 18061413

5.4.7.1 Accessing an Opaque Data Type
& A o 9 a gy 9 o ¥ a A g vy
ATITAMIWMINTNYUAYDYA Opaque type 13 meniweyaviiail vl
4 ] ] r
database 71 117115y program Naunsadansd 1Ua database lﬁacl‘lsflﬂuﬂlj‘liﬁﬂ‘lsf@ya Opaque type
® An INOFORMIX-ESQL/C application 121431 uuusrdaves Sql tazdauly
ﬂ'N“‘] fio lvarchar,fixed binary N30 var binary
. . o8 a9 aq 9
® A external routine ( user-routine ngAEUAIBN 1Y C) Ny Datablade API

. . i Y
®  An SPL routine (user-define routine ‘ﬁq AUBUAILATYA store procedure)

5.4.7.2 Dropping an Opaque Data Type

! o a o a g vy ¥ o o
Li1‘13\1?('111'15ﬂVl%Zt’lﬂlﬁﬂﬂ'ﬁ'VIN']U“llﬂ\l‘lfllﬂﬂlm;‘lﬁ Opaque type ‘lﬂﬂ'ﬁlﬁuﬁﬂ\uﬂﬂ’l

4
k4 o

£ 4 []
{040gU  database muu‘lumiﬁ11:Uﬂxanmsﬁmwwvuﬂ*ffaya Opaque type 159909%1lu

o o { ° a o [ y
ANYULMS reverse AUMIMs NI doyawila Opaque type 1AL 1311 database Sadie 14/
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Remove ioufaoui/asriiadoyn Opaque type MogUU column 1u database Wi
a g A
yiladeyauuudu
Yo & a a Y a 9 A <
18189 INVOKE lumssnd@nans lums lemivuriladeya Opaque type FINBUUU
o Y o
92 I ANTA0A179 USAGE ON TYPE
g =y ~ Q(
1¥1de INVOKE Tumson@n@nalunts excute function %3 routine vesdoyn
& o a % . o W
Opaque type mﬂauuuw"lﬁ'ﬁwﬂumi excute function M3® routine ERULRGE
EXCUTE ON FUNCTION 1158 EXCUTE ON ROUTINE
%6187 DROP CAST lumsonidinnislfanives casting function uuwiiadeyn
Opaque type
¢s1%1 DROP FUNCTION %38 DROP ROUTINE lumssnidnnisldniu support
function Yeewiladexa Opaque type T database fits1irdeldaniey
12819 DROP TYPE lumsoadnnis 19amaiiadioyn Opaque type 1u database 137

o o 9 1
fds ey
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UNT 6

mi‘h’f’\‘lm Datablade Module

Datablade module 1huflifius U39 Object #199393%% Code 7 Informix Universal Server
Tl Taveefintsiindy function Tvsimudh'ly) Universal Server am13073AMI T Datablade
modeul Tunms I lusedune 184 Data type Indmiloususunts 1441y Built-in function

Taevia111187 Datablade module sreniumumsieuduTdsunsafildou Taommiz 5y
Tﬂmﬂsu5ﬂﬂ1itﬁﬂaﬁu%yaﬁtﬂuuwuﬁ (Spatial data management) , M391 Index (ReIfLIBAM
(Document indexing) , 1iazM3iSunAueya (Retrieval) Datablade module Ma107 Aacrmsngnls
sunvTdsunsug @eld 1w Tdsunsuiufindeyameunnd (Medical records application) ez
AudeyamnnnTsaneruanawursiiuaneedy 9219 nformix spatial databalde module lun1s

4 Y o ' d v
nuveynuazlylunmsreuohdsues Tsameriaa e (fhudy

6.1 Datablade Module Component

Datablade module 92 Us¢np 1A ufeien SarelUi

® Extended data type (i data type ‘vﬁﬂ'lnﬁﬁxﬁmﬁummn Database server G'I?\ﬂ‘lﬁuﬂ'
Collection data type, Row data type, Distinct data type 1ag Opaque data type

® Routines HerfFusaq vos C n¥e Pascal ﬁnzqm’%'ﬂﬂ'l‘i’f'am 910 Database server 1UA13
1‘1’}'\11uﬁu‘vﬁm’faya Opaque type M3® Client application

® Casts i routine AAUABUInATEYATEN 4 data type

® Interfaces 191 Unique IDs AI¥SU Databalde module 158 Subsets vosriiadoyauay
routine ‘ﬁatj‘lu Datablade module Tﬂﬂﬁ Datablade module %zifue;jﬁ'u Databalde
module DUAT interface §a01iae Blademanager 93@09141931%n9) Datablade module
interface me‘fu %xqﬂﬁm’ﬁ"lﬂiu Database server ‘qumm

®  Qualified data typed L?Juwﬁﬂ%'a;gaﬁﬁlu built-in data type Y84 Universal server 1%U
CHARACTER i{ag DECIMAL %ammsﬂﬁﬂzxﬁmﬁu%ﬁmuﬂdwq W1

® Tables and indexs 3213 Database table 1A% index TumsIdaruuviiadoyalmi
130 1997UAY Client application

® Error codes and error message wiiudoniwfivendeRawatn (Erron) fignidanlu
Datablade module

® Client code 11 code ToyaAlHindes Client mmmﬁ%zh’fﬁeﬁauﬂssnaué‘uq

¥4 Datablade module 16
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6.2 Developing Databalde modules

Tun1sfierad1e Datablade module wiRgITBsfuMIAmMuaTiladoyaa1e 1ag Routine
v a 9 o a g 3 ~ . o [ a 9 .
a1 Pegldeuiuriiadeymiu , nsWey Supporting code dMiuvlaveyALAY Client

. . 9 . °
application , MINAAOY  (Testing), MIATIMIVOAANAIA  (Debugging), MINUBAAS
(Documenting), 1182 N3559% Modale A1 13@20f (Packing)

Datablade Developers Kits 9237uinT04iens® Tools A1y Ielun1sad1e Datablade

o d' A J 3 Y 1 9 o ) ~ o =)
module TaginToeilonnaguzadeaunaionogimiselaednlula 3zinsdamIon Product
1 o v v . 19 ¥ ! &
anndmivdldntanugndeaasil User interface 1991418 Tauh Datablade module mamiu
amnsnsudseiulddnee 1en 1814 Informix Universal server
. d A4 A v . a o o
Bladesmith 1iuinsoeliolun1sad1e Project NozinMsAuzUiiuuves Datablade module
] v []
11 nnsanee e Bladesimth 15319 Project Masmiundvedimsdmua Object A Mt
494 Databalde module 15U Data type, Routine 1a¢ Blasesmith 2§19 Source code ”lug SIGIUEN
M1 C, 314 header files, makefiles, functional test files, SQL scripts, message 140% packing files
1 ' dy L4
ANemal v
y v Y ]
Bladepack 92iihuinSesilofiard e Datablade module ludugaiio Taefiszoygidliis
1 4 v
fmuadoyaved Databalde module 59MAMUA directory 71 151un131f1L Datablade module
g3 kb i o g .
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symmetric version 9 alife
Ds(P,Q) = D(P,Q) + D@Q,P)............... (74)

1 i 1 ° 2 .. A o
fdundeansiuse 1Ufe Amuald F= [£(x, y)]wer ifunmnilons digital Sedsedy

Y94 grey - level LN5oUA flxy) € {0,L,....,L} Amuase lUW hi funrudives grey - level
- 9 ¥ o £ | ' =] [ A . o
. s¥AuN i uazdmualh Pi = il 49 Pi fie ANUI9LITIUYDITZAY grey — level 11 i WU
X.
o3|
MxN (HUsUIAY090 N
A
Frequency
>
0 64 127 192 256

gl/ﬁ 7.5 AN Synthetic histogram

91130 Synthetic Histogram 429uuf S wuald S e Threshold uaziidodutivgm
(Hosduiimsmuie INY [O-—S] T grey — levels vhisfhudnves object ALY
[(S+1)-L] tuszithiduves background Saluffi L = 255 (256 grey — levels) Tuuangufoy
19939 [0 (S - 1] tThu object unz [S — L] 1l background umuded IiAamuiy donsumsn

& Y 4 A g o Aay a o 44
ﬂ’]ﬁ'WUﬁ'luua'Jﬁ'lﬂﬂJ’]Lf?Jﬂ'JfJﬂaﬂﬂ’]i'ﬂi‘]ﬁ%i\?ﬂ\iu [THIINTNINT

Ds(P,Q) = ) Pilog g + > Qilog % ............... (7.5)
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o =3 1 o o/ o . [y 3 ]
Smualet S ($lufn threshold d15UN1591 segmentation ATTUAUSWAITUINUIIANNUINE
o

d ayu . o 9 9 o z:y o 0 '
Sl object T grey ~ level AszfAmualadsiiPo={p,p,..., p} UAZMILIAUNAIMANLE
1 2 S

4 o p B B B o a4
(§lufiy background i Pe={ p, p,..., p} NH
L

s+l s+2

°  hi
= — ,i=12,...,8;Ps= Y hi ... (7.6)
? Ps ,Z__:‘
B hi
i S+1,84+2,..,L i (7.7)
{) MN - Ps
J o S o L B d v A o ~ o % 0
Jodung Z p = Zp 1 11 model Q AU N Qo = { ¢, q,..., g}
= 4 = i 1 2 S

dM5U object 1AZ QB = } 85U background mamﬁauumﬂmmwuﬂ cross

&
i
&
Y
s
N

Ny
) W
) W
By

De
fond 3
=

entropy YB4UBLIUA object 1AL
Do(S) = Ds(Po,Q0) +.vevennnnnns 7.7)
Y d
Y cross entropy YBIUBVLVA background it

De(S) = Ds(PB,QB) v.eevveenenneen (7.9)

i 4
qan Tef 9z v total cross entropy feaanmsae 11l

D(s) = Do(s)+DB(S) ...coovvrrvnnnn (7.10)
o o
s o P s o q
Ypugl £ [+X quel & |+
s g = p
2 s
L B P L B q
Z plog[ + ]+Z qlog[ + ]
=51 1 q =5 ! p
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o ' Y 9 ] 1 1 o3| '
%Wﬂﬁﬂﬂﬂ‘lﬁﬂ\iﬂ’ﬁ']’Jﬁl.ﬂi]%ﬁé]\iﬂ?ﬂ?ﬂlﬂﬂﬁﬁﬂ"wd D(s) ngﬂﬁiﬂiﬂﬂﬂ’l S 113&1]1‘!?11 threshold

14
ITRTLY mmhﬁmmm (3.4 uumm‘lummaﬁmim Qs uag Qo 1Ay mumuﬂauﬂa"lﬂmﬁﬂm

Ao msmagana1n 1aeld model YBINITLINLIIANNU 92 TUUBY Poisson

A, i=8+1,842,...,L; e, (7.12)
B

€

=1

A 1 73
Fan1vod A uaz A v'ldaadl
o] B

LR
t~

£ 4
=1

ioargUnannTIAe MuTon Algorithm 18840
Begin

Mindiv = High - value; {fimmual¥ Mindiv 15us mnnfigasiiidiuly1d)

For 2 <S<L-1do

Begin

AU 12,...,S lngldmnmsi (7.6)

I

ﬁ1u'ammﬂ'1

—-
i

S+1,5+2, ..., L Tagldanniss (7.7)
f1UIUNIAT T olderums (7.13)
1

ATUIUNIAN avlFaumssi (7.14)

AU 1,2, ..., S lagldams (7.11)

1l

FUIUNIAT 1,2,..., S Taeldauinmsf 7.12)

It

->Qm-Q0°aA> 0>a -~y w -~y o
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fruuminl D) Tagldmanms (7.10)

if (Mindiv > D(s))
Begin
Mindiv =D(s) ;
Threshold=S;
End
End
End.
7.4.3 Thinning

Fhi3FnsFiianm binary #1280 I netuthinmTasesae Sifieegaifiv (median axis)
%301 thinning & uesdunmieziinliins extract WA minutia @ie 11 3513 thinning i1
1‘1’:’5 2214355 ves Zhang and Suen’s method

Taens 19214 windows Y11 3x3 18T imunandsgalf 7.6 el tumsvineu Tangdu
Taeisazinsenfidumus Po uaz Po Wuganmiun (1) Tﬂﬂm%zﬁwmimmﬁaudwﬂmwﬁ

o 1 &' 1 I~ o t 4 ] v =Y
Sumnie P0 vuszifanudiugadt (0) viehi Tasis1azlditeu lu 2 davlumsinsenie

Pl P2 P3

P7 PO P4

P7 Pé6 P5

51 7.6 uaRIE UMY INUNAR YD Zhang and Suen

daufi 1 ;
1. A(PO) =1 2. 1 < B(PO) <7
3. P2*P4*#P6 =0 4. P4*P6*P7 =0
dufi2
1. A(PO) =1 2.1 < B(PO) <7
3. P2*%¥P4*P7 =0 4. P2*P6*P7 =0

APO) = tudmauganmitilg o1 Judirmadioaiu
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B(P0) = ﬁ‘huauqﬂmwﬁﬁ‘lu 1

g’;’ 1 ' d a u’: n’: {
Tashiduleu i 4 folundazdufusioiomma yanmiusegnifiousn nmden

H kd
(1) Wunmd © Tavszvirmsasiaeuw bifimsiddeundas Shunsfugantsii tinning &0

75N157U84 Zhang and Suen

7.4.4 Orientation
g an t 1 . . 4 ) o cg’ A Y ‘a't:ly
AIEMIMmAIveN  YewRAE minutia A1) dmTunmaeilalenidn Taelufidisn
] . . . . . & 1% o 1
92 1925M15999 least mean square orientation estimation algorithm mQﬂizﬂau‘lﬂmwumumm
o c:ydl
Il Ao
1 2 { . < o3|
® Lianmatgiiaiie e 13 image oanitu block vy wx w (16 x 16)
' - A { ¥ . b, - .. '
®  MA1 gradiant Y9N MAWUINO NIV image Curlx(ij) uaz Curly(ij) vounny
[] v ¥ [}
pixel YBIMWAR MU () TaeTuiiis1 1% Mask Tl Sobel operator 478
® MY loacal orientation MIBMIAIVEINY  YBIARE block center NAUMUY pixel

v
(i) Taoldanmadeee 1t

i+(w/2)  j+(w/2)
Vi) = D0 D 2Curbe(u, vy * Curly(u,V) ............. (7.15)

u=i~(w/2) v=j-(wi2)

i+(w/2)  jH(w/2)

2
WGy = "0 Curlx(u,v)-Curl;(u,v) ................... (7.16)

u=i—-(w/2) v=j-(w/2)

d Yy o Huy g o . . . .4
vrulainar Aldvedlue least square estimate U84 local ridge orientation 91 block center

9 99 pixel (i)

7.4.5 Extraction
o A w L Hy v o .. a4 4
Wuns extract 138 YNALDIAT minutia ?J?)ﬂiﬂiﬂTWTl"lﬂ 91ANIIN thinning TU‘VI‘H minutia N
< : . . . . . : .

13 1erulenfe ludauves ridge ending Lag ridge bifurcation TaeTiis 19219 Mask M358 windows Y19

[ 4 T y
3x3 930 ludniliseznosaige Po Taeldennisdewe 'y
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CN = Y [PG+1D) = P(@)| oo (7.17)
i=l

P1 P2 P3
P7 PO P4
P7 P6 PS5

v .

g'ijﬁ 7.7 WON windows YUIA 3*3 ﬁ?‘ﬁumiﬁ”l extract

CN f® f1 condition number
£ 4
#1 CN=2 uaz 3P0 Iauihi 1 udaga Po uaziTiuge ridge ending

b4
#1 CN =6 uag 9a PO IAuihu 1 uda9a PO Wuezifiuge ridge bifurcation

g F
Ed
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Uni 8
P3dugUesaIBHINe (Minutia Matching)

v
suuRIITeUAIiinie laudn Tulia (Automatic Fingerprint Identification System :AFIS)
' 1 4 T Qy ¢§
wilsznevlUfiedmilszuananain q da  uazifieenaluaneiiadlonils q ervzilszneu
. . . . . g 9 {~A 5y
#7 Ridge ending 1% Ridge bifurcation a1 9 7 uazernszIfedayannanaiasaneyda
A Y ¢ 2 A d g 2 g 4 &
nIBUBYd (noise) vesawilalorues  mngaziusuiulomavinnniezasamnulunyy wile
v A4 ¥y & a kY a Y4 o ,:’f A da o [
AONTle (one-to-one) 1A #9934 q udaszuvluFmniiadezimsmareiafeiti Temmi 1y 187
1 Qy & o n:isl a A Qy A t:icl ci Y
wlymoiiiesseinesns TagdnRezifieno 10 mwilileusaiill lonmagefiga  uagndenn
o o 4 v 4 4 a Ja o
HusgrhmsinenTasAirermymilunyvdeni
i Qw ° JI 9 i ] 9 [] 1 °
M3 matching vosa1wtiale aunsngimIndunsesdeyaneglugmdeyadeunisei
o J & A Aulsl {1 a o A 9 v ¥
mIAnnunnzuuuvesaviinleh lnnnmiilouduwnivaeialenedlugudeyald  Taede
o o @ 9/ a v & v 1 qy ] e 1 LY Y
yanezihnmsndunseszidnnms teuduwnvesdldies Fsdoyamaril iy Ysedadda, swa
o w ' [ 4 i o { 1y
Usgdda Jaq nieeyalavasinwinsasisaeudeulviiiludenimmieduaviitiogreu
d o s a4 Y Y & g
migaziumsaaimuvesawiinleonse reum wnngwdoya wadnwinlavnnluduaeuusadl
a °© o Qy A N . ~ 3 =3 Qy A d' ]
faz1ir1ia Class vowaeiaile (Classification Fingerprint) Ingszidonieunwizaioiilofiogu
= o iy A A d oA o o Y o o ° N
Class lagaiuawilalenitusunyn  anmiuludussugamonizdinmssiuismaiaguuneents
a o S 4 a v o L a4 ¥ 4 a
ouiuvesmeilaiianeglugmdeyadumetaiiehgnilowdwusuyy
o =1 Yo o W9 ¥ c&l & 14 | o A 2 A
Tudrnuimeassdiavi ldadstuumine hifludiuvesnsda  Class vesawihile

0 °

A g ' w a Y $ a o A v o
mdﬂﬂa%x‘mmimu’mmmﬂzu‘uuﬂunﬂ row ‘mg‘iuﬂmﬂl’ay‘amﬂuummmmfz)mm 10 suUAy

] v
Ay

{ ' Y 3 a t A i o cg
Lliﬂ‘ﬁ'ﬁﬂ'l'ﬂﬂﬂﬁﬂ TﬂUﬂ1ﬂgﬂ']ﬂ'liwwu'lﬂﬂllﬂﬁ'm']iﬂlwnfll\lﬁﬂu‘imﬁﬂ'ﬁ"Dﬂ Class ﬂlaqawmﬁa"lﬁ'

a

(Classification Fingerprint)

K3 5 4

8.1 115 Matching U8321842319

A o 9 o o & p-] o W Aa PR

B3 Query §1UVBYA AIENINT Return aetialie 10 Suduusnifiawzuuuinnige

o g o - . ' d 4 '

Tagagsiing Retumn v uihudgm Tasdunoulums Matching ansautiesniiuamiuneudes'’la
=)
fio

1) Registration

2) Minutiae pairing

3)  MIAIUIUNIAINSUUY (Computation matching score)
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8.1.1 Registration
9y o o 1 a v Qv A &
xiw:"l‘manmwm Hough Transform[10] 1umsmmmjuﬁgﬂmq 9 NBYUUMNYUINBIND
P 1 Aad . A A .
Lﬂtl‘lJH'lﬂ1VlﬂVl’r’(ﬂ11Jﬂ’li‘Vl“l‘i.lﬂ'lﬂu’nl’e)
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A o 1 . . da ad & A o oA dq ¥ d 1A [ 9
flaffuA1ves orientation) By ludm P nazlumeiiesuiaous Bt uazsin
2 o4 oo 4 A S 4 dd a 9 agq ¥ S A d d . AW Yo
awihiesutiaesdoaetiaeniuduyndun  aundlvaelislesmg 15y version i lavns
., 9 w c{' A o A& A . o a 9 ~ o a
rotate ,shift ,scale UANUAWLINDIEN P Fadlohmuiunee nganessiunnhga 1wz
5‘4’ Qw P} 9 a 3 dvd v oA 0 [~ 1 0’: 9 o
neu lumMIMuaItiie i NUBI I UABULABIZYIATNIZINTT transform NN 1A TNy
P~ v oA VA o 3 A © 9y o a [ A [V
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ae'luil

o W ¥ E
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71/ (¢) ABriauN15¥1 Registration, (d) ABYAI9INW1 Registration 1aa
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a o aad 4 o ] ' o 1 1
TaoUn? Hough Transform exifivadafufuafumsmuluusazgailigansstuiiing

o vy 9 ° v A g o 1 3 o
sz ifgeldmiranuivunalngmemafufuaunaiil gluuuvesmsutaceziiiua

X cosf@ sinf\x Ax
Fs, 0,80, 89 =5 . +
y —sin8 cosf \y Ay

o 1 . . =) o o
19 5,0 uaz (Ax, Ay) Afif scale , rotation uAg shift Wislmesauddulaslin

2D
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a d 1 o o dy
WD ITUADTAINVDUIVAAIU
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o t ' $ i d =1 i
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TSN Bt AT transform 1 ladmsi lUsmasindudnnilee Tavesimstunnasiu
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Ax cosf sinf -
=qQ S P
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[ o 1 P={ LY 9 ¥ nv
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PROCEDURE Hough
alk, 1, m, ) = G,

k=1, Lo £\ K]

I = Y, ..., LI

me L, s M

O = 1; o ¥ N

FOR {py, py @ & ¥ DO

FOR (g, Q. /B & QDO
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FOR 8 & {By,...0 8.3 DO
& e o = &, < N
""!n,‘} { (;-z\"% N I‘ s, sing ) [P ;
VAT Ty TR s B, eosth ) WPy

A ¥ . s
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END FOR
END I¥
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BRD FOR
EHD FPOR

ﬁe&ul’d ] arg max&.,x)m‘u 3(1{: .14 m' n)
BXD PROCEDURE

U7 8.3 Sane@iinlums Registration

8.1.2 Minutia Pairing
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ITnput: B get of n, minutise polints in the
query fingorprint £1 and the rolled

, ) =}¥
fingerprint database £ uu{f i . Let the

r=d

rith database fingerprint have n,
minutiae points f’{f;,i;,..‘fif"}.

outputt: A ldst of top 10 resords from the
databage with matching score greater
than a thraghoeld T.
Begin
POR r = 1 £ta N DO
1, Register the database fingerprint
with respect to the guery
fingerpring .
2. Compute the common bounding bux for
t+he query and referencs
fingerprints, Let the quexry print

pave n. and reference print have n,

minutiae in this Dbox.
3., Set thae mumber of paired minutise
for the rth database fingerprint

m to zerc.
FOR i = 1 to n, DO
Compnte the tolerancs wechor
far the ith miagtiae points in
the rth databage fingerprint
Foature vector £ .
1If 1t can be paired with a
query minutias, then increment
u® and mark the query minutia
paired, A palred gquery minutiae
will not ba paired again.
BND FOR
4. Compute the matching acore
(M8 {gyx)}e
m: *mx
7z * g
%, Update a list of top 10 seoring
database fingerprinks.
END FOX
D

71l 8.5 agUlsaneFiiui 19 1un1s Matching
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UNH 9
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a A

shindoyameiiniie (Fingerprint data type)

U

9 a 4 Ao = 4 ' o -4 ¥
Tumsad Data type Fiianiiengs lifilasadanneuaiy 8193ARATNNA User-
L& duy uy w v . . i o ¥
defined type ¥4 Informix ¥u31A 18ya 1lud2lunoudu  Fingerprint data type Tufil AflemIadng
~ . o A o g ' S a A& '
Opagque type ¥UA varying-length WUIBY IWBNINTIINY feature ﬂumuﬂaziﬂmsmua cm‘lutmaxgﬂ
k4 k4
A 'y o a o -] .
awiiilod feature Tiviiunngtateiiafle Tedeeihmaifivluluy varying-length Opaque type

1 o -1 o y
Tasaeazisvafisziinsidulidene 1l

Figerprint Data Type
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" XY Zeta .. XY Zen

71/l 9.1 dnmaizmnifivas lugnudoya

v o .
9.1 159149 Internal structure Y94 Fingerprint data type
A ' A Ay, . y o '
B3N feature ¥89a10tia N 1AM Extraction 99ANLIIUY 1u1.mazsgﬂ‘um feature
o a v I o 1 tav A & g Aa o .
il xy,0  Taefian xy Wudumis xy Tuganmeesgimeiiiiesaiiugahinansaie ending

- . . 1 g = 1 3 v AA d v 4'{ a o .
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/* BladeSmith 3.40.TXXXXX typedef pnt_t */
typedef struct

{

mi_integer X;

mi_integer Y;

mi_integer Zeta;

}

pnt_t;

/* Warning: Do not modify. pnt_t checksum: 0 */

/* BladeSmith 3.40. TXXXXX typedef fing_t */

typedef struct

{

pnt_t data[1];
}

fing t;
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9.2 M3LEH Support function Y84 Fingerprint data type

. ¥ . ! o 4, ) o A g
a15 19910 11T sz1aas Support function 1BsduNuT WA UYUAYBYA fing_t

Support Function  Function Signature

Input Fing_t * fing_tInput(extrnl_format)
Mi_lvarchar *extrnl_format;

Output mi_lvarchar *fing_tOutput(intml_format)
fing t * intml_format;

Receive Fing_t * fing_tReceive(client_intrnl_format)
Mi_sendrec * client_intrnl_format;

Send mi_sendrecv *fing_tSend(srvr_intrnl_format)
fing_t * srvr_intrml_format;

Import Fing_t * fing_tImport(extml_bcopy_format)
Mi_impexp * extml_bcopy_format;

Export mi_impexp * fing_tExport(intml_bcopy_format)
fing t * intrnl_bcopy_format;

Importbinary Fing_t * fing tImbin(client_intrl bcopy_format)
Mi_impexpbin * client_intrnl_bcopy_format;

Exportbinary mi_impexpbin * ﬁng_tEprin(srvr__intrnl_bcopy__format)

fing t * srvr_intrnl_bcopy_format;
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create opaque type fing_t(
internallength = variable,
maxlen = 6144,
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create function fing_tIn (lvarchar)

returns fing_t

external name "SINFORMIXDIR/extend/Fingerprint.1.7.3p.41/Fingerprint.bld
(fing_tInput)"

language c;

create implicit cast ( Ivarchar as fing_t with fing_tIn);

create function fing_tExpB (fing_t)

returns impexpbin

external name "SINFORMIXDIR/extend/Fingerprint.1.7.3p.41/Fingerprint.bld
(fing_tExportBinary)"

language c;

create cast ( fing_t as impexpbin with fing_tExpB );

7171 9.5 HAAIAITATN Cast function
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grant usage on type fing_t to public;
grant execute on function fing_tIn (lvarchar) to public;
grant execute on function fing_tOut (fing_t) to public;

grant execute on function fing_tExpB (fing_t) to public;
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create function score2 (fing_t,fing t)

returns double precision

external name
"$SINFORMIXDIR/extend/Fingerprint.1.7.3p.41/Fingerprint.bld(score2)"
language c;

grant execute on function score2 (fing_t,fing_t) to public;
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CREATE TABLE Fingerprint (Fing_Col fing_t);

INSERT INTO Fingerprint VALUES (12 35 64 36 78 96 ... 25 68 94°);
INSERT INTO Fingerprint VALUES (*58 96 42 15 92 35 ... 45 89 63°);
SELECT score2(f1.Fing_Col,f2.Fing_Col) N
FROM Fingerprint f1,Fingerprint f2
ORDERBY 1

7171 9.9 uerasns lauilarian Score

Ui input fume INSERT INTO Statement 98 19 udnuaie
‘XY ZetaXY Zeta ... XY Zeta’
g . { o ' . o
iy String fezsinisrim1y1f Support function Input/Output vnmsutautiu Intemal
[] b 4
format I gudeyaldvinmstuiin uafid dafie Sting gaiuszdesdianlaiiu 256 Bytes (Aaued
] | i 1A Y A - a 1A o
Juiduod String A% Character Tiifiu 256 #2)  Fedusdeamsoe input ifusTE I MUATEdRY
g p
0 ] t 4
%19 Module Tufly Client tHe¥1m3 Insert aslugudoyalasmniz  uazlums mset AT
g ] / i
FumsSenld Support function Send/Receive Adits laaswerld
¥ a & Y a4 e W) 3 v s a4 d
Tuns 1aues ehuaiezade Table Hi%e Fingerprint iNevmsiAudoyavesatetizliedia

o/

o ¥ v o y
92R1M5 search 1 13 lagsza e ludnuaizasll

CREATE TABLE Fingerprint (
Fid integer,
Picture BYTE,
Fing fing t
)
uagzdaiimaadhe Table e 13Tums Query 8ne for_query Iﬂaﬁ;ﬂuuuﬁqﬁ
CREATE TABLE for_query (
Qid integer,
Query fing t
)
Table for_query Frei1%fons search maviiafefideans Tavazsinms insert input 5

A 44w Ay Yy aa a A 'Y o &
a’]Uu'nJ?J‘V]ﬁ'a\?ﬂ'ﬁW']a\iiu for_query table Iﬂﬂumﬁlluﬁ‘mzﬂﬂqul‘v{ﬂq row (RUAUDINNINUYDIINA




75

| ' o (Y ¥ H ¥ s 9/ o
vo3 tool NFegiwmpailudnuasil mimiuTaSonldfeddu score() 130 score20) 14 Taudnuue

- Y @ a:l
Msisen laNaall

Select score2(query, fing), fid, picture
From for_query, fingerprint
Order by 1 desc

& 2 o v Jdy Y
Ui Nadns N lduuaag

,
%
I
i £
4
2
,
i
I
,
£
J%
£
I
£

S

xecuting all SAL statements in Untitled.sql.
Select executed. Results shown in Output] tabbed page.
xecuting all SGL statements in Untitled.sql.

JUT 9.10 uomIdNHAGWS T 18919 Query

9.7 7151% DataBlade !ﬁ@ﬁ%}N Fingerprint Data Type

11714 DataBlade Developer Kit Tun1ar§199zsiinisiSon 191151053 BladeSmith,
BladePack, BladeManager 118101 TaolufifszunasionsGon 1o Tdsunsy BladeSmith i\
314 Fingerprint Data Type a3um3i3on14T51ns3 BladePack 3992313115 Copy files A4 7

1o g . ¥ : 4 .
N3uilulunis Register salugmudoya uazTisunsu BladeManager 718 1 3ien1s register




1 1 é o 1 '
DataBlade Module aslugmideyn sz'livendis 95 q udramnsaomeninngleves

Informix "lﬁal’

€

(4

b 4 ]
drduduneuveans 19404 BladeSmith ie a3 14 Fingerprint Data Type J@4il

U7 9.11 uam i usnUeImITaSN fing t

& 8 p- 4 . . o Y g
Tuduaenusnezidunsimua¥ous Fingerprint Data Type Taois1zfimua iy

fing_t

1
Is)

D

76



d‘ I = 0 d’ J [
gV 9.12 Fumsarwdwedins Amua lnsiadNves Opague Type fiosvimisadniunse i

Q’I’ { o 1 o A 1
Tudumeunaessziiumsnwiezlinisfmualasseadeniolu Opaque Type nola

77



78

sUA 9.13 mafmuagUiyvey Opaque Type

3 a = ° 3 a ° FY J 2 a d .
TutuasuNameiilun1sAmuai1 Opaque Type Mz 19Ny adsvuaiiasiy Varying-

Length Opaque Type




79

it 9.14 Amuadilnseasnnte lussdivdafiuos Istha

H ¥ g S . ) Q8 A Y N .
Tutussuilazthumssimuained lnssadunioludhueiisns 151 %947 BladeSmith

Qs g -3 o/ H 1
@ezluda e code Funues Tnvsalusid TaetstludeutrlUud luae



80

{ o { o as d’ J
Ui 9.15 ifumsSiun Support Function Tve¥ims I8y fing_« s o sy

M g 1 S 3 o o h 4 o d ¥ a
FUABUVDINI A 1MUA Support Function szimifmualuilediuais q isriutluded
' & o . o
uazo1vvzaniing 1deuneldlusuinn 967 BladeSmith ;peazyiinisade Code Mo Tay
o wa ' o o Y ' YA qu a a A o dyy
salutd ualuvneasessinmsadiannzlases e P e mnsnmuaue sinded 1a
& o Y ¥ d A .
Faludnuaeiioed field meolulnssadraihustiadeyaves large object
¥ 3 o a o v 9 1Y) wa '
myadreil BladeSmith 3zfmuams nesae q 1ieelasde Iudadaussedes luidr 1y

uflvludmiidieanneziinalunou register aslugudeya



81

o

z.' %
S 7
Uil 9.16 TumougARIGVBNMISAIN fing ¢

4 2 w \ W € , &
Tuduneugaeil wumadei1ds SQL A1 q N9z11mM3 Register adlugudoyadan

A o < A dy VYA q ¥ ya g
AINITONITAIMUANINIT grant ﬁﬂﬁjﬁﬂﬂul‘h’\i'}uqﬂﬂﬂﬂ’w




82

g1ii 9.17 w1i19004 BladeSmith iMFATN Data Type AN 9 U2

A o 9/ o Y ° v g 1 9 o A ::r
WoisvimIadaed smuaidafesimanduiduneglumihsendn dwennil s
9/ o/ v 3 o = o a1 9
annsnad1aa SQL , Code 19 4 Nagai1 1) Register aalugmdoyaunziitlinen Inaae 188n

qy g A 1 iy ¥ Y
IﬂULi'ﬁ]SLﬁBﬂLNH Generate Lﬁ@ﬁi'\\i’ddﬂ'\\i 9 mu'ﬁ"lﬂwuﬂmum



83

UNN 10

Nan1Inaae

] 9y
nantananesh IdiTudeg el

.
S

e
P
i

§U#1 10.1 M54 Oriented field
1 ¥ v [
A5 Oriented Field t@vyuussaietiate vvemiamnaesaotomenildlslums
. AW Y d a o A a4 At o '

matching 103U IAsziilunisAsmaTagsmnanuavssatetiaile - Tagdt lumsmezimsuii

2 4 g d Y . a ' g & Aq @ o '
amaeihdessniiluvien q uaahmsmasmeveslundazufion Fegasilduazdunsunn g

Y A ] 9/ g 1 1 :’ d't:lyd A’/’ v o) [

lAefuerunuds mazaziue luvendandrluniidn  luduseuds leziiunis

smoothing NN



.
.

o

319 10.2 N15%11 Smoothing AW
o Ve o ] \ Y g o . 4 4 o .o
84910 1ATIN15%1 Oriented Field 1171 923111 smoothing ATWINBN 11N AA noise #19

da 4 o
4 NNAYUAUNA

P

o . . A Y LY a) =1 o ' c’:
‘ 15911 Binarize BN 1]5 UITAUNTNIIN Gray level lﬂulWU\’ﬂTme]f’nl‘Vﬂuu

84



85

JUN 10.4 M3 Thinning AW
%{ 9

4 o 8 4 ] o ! o A .
Lﬁi’)“ﬂ']ﬂ']i Binarize AW ‘l]llﬂ'.]ﬂfﬂgﬂ']ﬂ'ﬁﬂ'ﬂﬂi\ﬁ'N"U@\Tﬂ'lw H?@ﬂ'ﬁ'ﬂ'] Thinning NN

£ d
a e 9 )

o 4 Ay v | = Y & ' a v @ o oay Y
HUIBDY GINWﬁ'ﬂ‘lﬂﬂxlﬂuI.WU\?Lﬁlﬁ]ﬁ]Qﬁ']UU’JNB‘V]Nﬂ'J']Nﬂ'ﬂQLWUQLLﬂ lWﬂl.‘]fﬂl.’ﬂ']uuuﬁgwaaWﬁﬂ‘lﬂ

o/ g ° 19
ganuiiunImeIf18ga Y

s
AN

s
31 10.5 M3 Extraction 710




86

A . L d Y d o ' 2 a4 b oda o
(19¥11M3 Thinning i3 21321 921N MIAN feature YOIAWIITD 1IUARBNITT Extract
UEY o 1 Qv A 1 0’: .;' o
AW WAIANS Extract 71 1A vziTusn feature vosanetiaile luudazen  ludussuiiannsnseii
. & duy . 4 ' { o
ATZUIUNNT Quality Checker 1AA70 &af 1ALIANTT Post-Processing A1 BaA feature A1e 9 Miu
Vv
femor Iaslunszuaumsveas niuiinsdimuanauni1eved Ridge sofimuassoern
' v A & ° g o+ A o 2 a o A v
senihaduaiwiiafe Tavdmuaiiusuniovesisawiiafe uasfeannrafiniazangaliam
Y o Yo a g A Ay Y o o A Y
doams Taserdedsnngndhanuduinsudle walideudigafivhmsiiuiazanyazdes
o Ay ¥ o o‘: v 9/ ] 3
Flugailfiniinig Extract vedamapuLsnUA I NIUIBY
r-}

4y ¥ o . vy =) o Ay A
Nﬁ'ﬂulﬂ 91NN1T Extract mmmm‘lﬂ insert NFIHUBYANIDICNING search ¥aleuUINdN

3 9
doans1d

L

Ui 10.6 4aAIMIS Insert Yoy

avlugmdaya

]
] 3

v . Y o 4 ' e
Tunii190v89n13 insert 98ABATINITAIMUA key 101 VIR0 TI9211A key 3 11/ 16 ums
.. o A A a a a ] p ]
join AUMI19DY 9 iReMTwazBuaiaANse 111480
= 1 ~ o . 9/ o ey Y a3 v
FININATINAALD UARBUTNILVIINTT insert 18 WASWEN 1A9INNTT Extract 92tSun

. i Y N y
integer Nitane 1 luminetlaanie



87

51 10.7 WARIAMS Search 71 1RDINg M TBYA

@ o P o o d‘d ' c:'a:; . ai 15y
WOAWTV1NNIT search A 10 DUAVLUTANUAINANTA Tageziiaaslu option button nogau

a

1 . 2 o o 1
a9ved form 191 MNI0 Y click Aonasllldine  jilaeitialiehiiiu Result Avzilsingeglunseu

AU UUUD form



88

unagil
14 14 Yo o o ¥ a Y2 9
INMINARBUEAZIINASAUATIVBINNANLATAT MmITlAToudtens 1damees
. i a o v o d b4 9 9/ . v [
Object fioglugudeynFeingduiug uazitudondedovesnsldemluuuy object Tnedodn

A A A ' ¥ A 1 d a 9 a o 4 qu Y '
ﬂﬂUﬂ'J'l‘lJUﬂﬂqqu\i‘luﬂ']51‘lf\1'lu luﬂﬂﬂ1ﬂ371ﬂu‘]§uﬂ‘ll@%mﬂﬁ"]lﬂiﬂﬂ’]ﬂuﬂﬂlu1‘]5\3'11“0\3"1@] LN
Y A An VA 3 a o Y 9 o v g a ¥ A o 9y
‘Uaﬁﬁﬂ‘w‘lﬂﬂa M1 tools A9 9 Wﬂzu‘lu’ﬂ‘h’\ﬂu@]?ﬂuutnﬂ lWi13?11ﬂu‘5uﬂ1]@\31|@¥ﬁ'ﬂ1’nﬂ'\5ﬂ5'N
& Y yq ¥ & . q 9 &vl i . 4w A sl I vlsl
MUWTNﬂ'ﬂNﬂ@Qﬂ’W‘U@Qﬂi‘KIUQ cﬁ\iﬂz'ﬂ‘ﬂ'ﬂ tools M1 ﬂ Uﬁ1u1iﬂﬂ%31'1”1"!]%11?]‘1]@\1‘1]@%{"1““ f
A o d Y a ' 4 4, 9/ o 9 Y, ° 4
iNuUlﬂu‘ualﬁﬂﬂU’]\iﬂu\iﬂﬂ']‘lﬂﬂ'ﬁ‘w%luflﬂﬂf)u%’]ﬂﬂxa’l‘lﬂﬂ Hazam
Y A Yo v o Y L add
ﬂi:ﬁﬂ'ﬁqﬂ“ﬂ"ﬂﬂ@ vlﬂi'ﬂzﬂﬁﬂixlnur]’]i AMINNIUVNITSUVUFIUVDYRAIGUINBITUANLILA
Y v y
ﬂiz'l]']l‘lﬂ"liauw'nﬁlaﬂﬂ']'Wﬁ'lflu?ﬁa M Image Processing Hagﬁ’lﬂ'uﬂﬂﬁﬂ'ﬂﬁriuﬂ’l”waTUU'Jﬁﬂuu

d a o v A o = v A o S ady v
MNUUWNINIG Insert UBYA NIBWNINIGLT Elfﬂ‘lf method INBNINTT search WTﬁTUu’JN@Wﬁ@Qﬂ'ﬁ‘lﬂ

teymuazglasin

D.

Y a a J v 1 9/ A o c:’ dv A VoA
ﬂiymmﬂmumu"lmy%zmammﬂ‘n tools IWBATTNINIUTUHIUBINANIUIN tools N
o a A .y y 4y 4w &
ﬁ’m'li'ﬂi’e)sﬁﬂlV]ﬂTuIﬂUﬂﬁﬂu@gl‘(@ﬂ llﬁ%ﬂi5ﬂ'ﬁﬁﬂﬂwﬂﬂilﬂigﬁclUﬂ"l‘ll'mﬂ@u‘U'l\iﬂ'lU'lﬂ Lagiug
: Y ¥
99 9 Taomwizluauved Image Processing Aoudessidrlsiniiissnniugiaseauting

o o =

9o N 2 o vy 14w g9 9 v . &
auzfiamddinanegiennnui ldvinideyauazamisailszgnaldau ldmmiu
wsamalunisiannee
i o 1 ] f yaa 3 1
ewraneRaureluduves  Image  Processing  IMaosvu i Tasemnsofing
A a4 da & Y A dA o 3 f o £
Recovery awidendumetuanld “5eAfAen13M1 Enchantment Fingerprint Images UUIBI Y392
; ) A a9 4w A 4
A9NANaN1g Extract 10 1AA1 feature NYNABININGIUU
TuaUv89n15 matching 1AM ITANNANANTAYBIATS Classification (WON1TTANGNATY
t:v A a =t a & 9 Y A d A’ w o 1 Ay Y 1
faileneunioiims search 959¥eayiAiims search NS2u  wazdaini ldueduvens
Classification 3114 1un1s Post-Processing 1a9ndae
o o [ } A y I 4
manadiaim it i nlassengulizawmsatiugn viafludssTuniweldluns
o v a J =) 4'( o o/ 9 .:;‘ A d'dv o 1) a a
Wannde Iosulddn  mswlesnnluilvgiiuszuugmdeyaaeiiafiendeveiuhudegsil
' " e A 9 Y a o W 0 ' a & aa a ¢ a
yaf1eeNd1Ae 500 Aum (Brdnndninnudmuming)  ddifisineuiunesiteares

A M g ¢ do a
Lﬂsa\‘iuaﬂuuﬂ:gﬂummaﬂmnsm’du



VITMIHUNIN

1) Norman J. Landis :"C for Pascal Programmers” 1989:ISBN 0-673-39917-6

2) Rafael C. Gonzalez, Richard E. Woods:”Digital Image processing”:Addison-Wesly Publishing
Company ISBN 0-201-60078-1

3) P.A.Maragos and R.W.Schafer : “Morphological skeleton representation and coding of binary
image” , IEEE Trans.on Acoustics Speech and Signal Processing,
Vol. ASSP-34, No.5 October 1986 , pp. 1228-1244

4) BX.Jangand R.T. Chin, “Analysis of thinning algorithms using mathematical morphology”,
IEEE Trans.Patt.Anal. Mach.Intell., Vol. 12, No.6 , June 1990, pp.541-551

5) A.D.Brink, “Thresholding of digital images using two dimensiopnal entropies” ,
Pattern Recognition , Vol. 25, No. 8, 1992 , pp. 803-808

6) Nikhil R. Pal , “On minimum cross entropy thresholding” ,
Pattern Recognition , Vol. 29, No. 4, 1996 , pp. 575-580

7) A.Jain, L. Hong, and R. Bolle. “On-line fingerprint verification”
IEEE Trans. Pattern Anal. And Machine Intell. , 19(4) : 302-314, 1997.

8) M. Kawagoe and A. Tojo. “Fingerprint pattern classification”
Pattern Recognition , 17(3) : 295-303, 1984.

9) L.Hong, A.K. Jain, Sharath Pankanti , and Ruud Bolle , “Fingerprint Enhancement” , to appear
In Proc. 1¥ WACV, Sarasota, FL, Dec., 1996

10) Nalini K. Ratha, Kalle Karu, Shaoyun Chen, and Anil K. Jain “ A Real-Time Matching System for
Large Fingerprint Databases”
IEEE Trans. Pattern Anal And Machine Intell , 18(8) , August 1996

18) tun eidlseTue, “ ms@ouldsunsunn@dmivasnssu «
wuasmaluladunung , 739 wilh, 2538

19) Michael Halvorson, *“Step, by Step Microsoft Visual Basic 5” : A division of Microsoft Corperation
ISBN 1-57231-435-4

20) INFORMIX — Universal Server Informix Guide to SQL : Syntax, Version 9.1

21) DataBlade Developers Kit User’s Guide, Version 3.4

22) INFORMIX — Universal Server Da_taB:I?de A.PI Programmer’s Manual, Version 9.12

4



J = Yo w 1% - = LY | Y o o v %
nasiluenansnanulidmiumsldnuienisnwvintu leygslmilldussleviaunis

Lidnsallag viedu BnnwvinudilvidauUailen uavdesensdaisdnvesenarsynaseninisinluly



/*

** Title: Fingerprint.h

** SCCSid: % W% %E% %U%

** CCid: % W% %E% %U%

*#* Author:

*¥ Created: Mar 06, 1999 09:14:08 AM

** Description: Generated header file.

** Comments: Generated for project Fingerprint.1.7.3p.41.
*/

/*

** Special Note: This file should not be modified.
*k No merging is performed on this header file. It
** is regenerated each time the project is written.

*/

#ifndef HDR_Fingerprint H
#define HDR Fingerprint_H

¥
** Configure tracing by setting TRACE DEBUG_Fingerprint
** to 0 to completely disable tracing or 1 to enable

** tracing. This define may be set from the compiler

** command line by using the -DTRACE_DEBUG_Fingerprint=0 flag.

*/

#ifndef TRACE_DEBUG_Fingerprint
#define TRACE_DEBUG_Fingerprint 1
#endif

#ifndef DBDK_LOHSIZE

#define DBDK_LOHSIZE sizeof(MI_LO_HANDLE)
#define DBDK_LOBINFNSIZE DBDK_LOHSIZE
#endif



/* This data structure returned by LOhandles. */

typedef struct

{
mi_integer nlos;  /* Number of large object handles. */
MI_LO_HANDLE los[1]; /* Valid large object handles. */

} MI_LO_HANDLES;

/*

** Large object file name mask. '?'is a wild-card that
** is filled in when a large object is written to disk.

*/

#define LO_FN_MASK "?7772777%.lo"

/* Error messages
k¥
¥k English versions of these error messages are automatically

ok added to the syserrors table as part of your DataBlade module

** registration. If youdo not like the default messages, you

*ok can create new errors and change these defines to use your
*ok new codes. You can not, however, change the text of the default
*k messages because they are shared by other DataBlade modules.
*/

#define ERRORMESG1 "UGEN1"
#define ERRORMESG2 "UGEN2"
#define ERRORMESG3 "UGEN3"
#define ERRORMESG4 "UGEN4"
#define ERRORMESGS "UGENS"
#define ERRORMESG6 "UGEN6"
#define ERRORMESG7 "UGEN7"
#define ERRORMESG8 "UGEN8S"
#define ERRORMESGY "UGEN9"
#define ERRORMESG10 "UGENA"
#define ERRORMESGI11 "UGENB"
#define ERRORMESGI12 "UGENC"



#define ERRORMESG13 "UGEND"
#define ERRORMESG14 "UGENE"
#define ERRORMESGI1S5 "UGENF"
#define ERRORMESG16 "UGENG"
#define ERRORMESG17 "UGENH"
#define ERRORMESG18 "UGENI"

#define ERRORMESG19 "UGENJ"

/* Use DBDK_TRACE to direct trace messages to the trace file. */
#if TRACE_DEBUG_Fingerprint

#define DBDK_TRACE (1<<16)
felse

#define DBDK_TRACE 0

#endif

/*

** Print a message to the trace file and for the user.

** N.B.: This macro uses Gen Con. Your function must

**  declare Gen Con as MI_CONNECTION * and either

**  ppen the connection or set it to NULL.

*/

#define DBDK_TRACE_ERROR( Caller, ErrNo, ErrLevel )\

Gen_Trace \
( \
Gen_Con, \
Caller, \
__FILE | \-
_LINE_, \
ErrNo, \
"Fingerprint”, \
ErrLevel, \

MI_SQL |DBDK_TRACE \



/* Print a message to the trace file. */

#if TRACE_DEBUG_Fingerprint

/*
** Print a message to the trace file.
** N.B.: This macro uses Gen_Con. Your function must
**  declare Gen_Con as MI_CONNECTION * and either
**  open the connection or set it to NULL.
*/
#define DBDK_TRACE_MSG( Caller, ErrNo, ErrLevel ) \
Gen_Trace \
( \
Gen_Con, \
Caller, \
__FILE_ \
__LINE_, \
ErrNo, \
"Fingerprint", A
ErrLevel, \
DBDK_TRACE \

#else

#define DBDK_TRACE_MSG( Caller, ErrNo, ErrLevel )

#endif

/* These macros are used on entry to, and on exit from, a function. */

#define DBDK_TRACE_ENTER( Caller ) DBDK_TRACE_MSG( Caller, ERRORMESG13, 20)

#define DBDK_TRACE_EXIT( Caller) DBDK_TRACE_MSG( Caller, ERRORMESG14, 20 )

/*

** Interval types.



*/
#define YEAR_TO_MONTH 1
#define DAY_TO_SECOND 2

/* Function prototypes. */
mi_integer Gen_nstrwords( gl_mchar_t *, mi_integer );

gl _mchar_t * Gen_sscanf

(
MI_CONNECTION * Gen_Con,
char * Gen_Caller,
gl_mchar_t* Gen_InData,
mi_integer ' Gen_InDatalen,
mi_integer Gen_Width,
char * Gen_Format,
char * Gen_Result
);
void Gc;n_LoadLOFromFile
(
MI_CONNECTION * Gen_Con,
char * Gen_Caller,
char * Gen_LOFile,
MI_LO_HANDLE * Gen_pLOh
)
void Gen_StoreLOToFile
(
MI_CONNECTION * Gen_Con,
char * Gen_Caller,
char * Gen_LOFile,
MI_LO_HANDLE * Gen_pLOh
);
void Gen_Trace
(
MI_CONNECTION * Gen_Con,

char * Gen_Caller,



char * Gen_FileName,

mi_integer Gen_LineNo,
char * Gen_MsgNo,
char * Gen_Class,
mi_integer Gen_Threshold,
mi_integer Gen_MsgType

/* BladeSmith 3.40. TXXXXX typedef pnt_t */

typedef struct

{
mi_integer X
mi_integer Y;
mi_integer Zeta;

}

pat_t;

/* Warning: Do not modify. pnt_t checksum: 0 */

/* BladeSmith 3.40. TXXXXX typedef fing_t */

typedef struct

{

pnt_t data[1];
}
fing t;

/* Warning: Do not modify. fing_t checksum: 0 */

/* BladeSmith 3.40. TXXXXX typedef Houghldx */

typedef struct

{
mi_integer S;
mi_integer Z;
mi_integer X,
mi_integer Y;




Houghldx;
/* Warning: Do not modify. Houghldx checksum: 0 */

#endif



/****************************************************************

* %k

** Function name:

sk

** score

* 3k

** Description:

* %

** Special Comments:

k%

*k Entrypoint for the SQL routine score (fing_t,fing_t) returns double precision.

¥

** Parameters:

k¥

** Return value:

%k

** mi_double_precision *
*k

** History:

sk

*k Mar 06, 1999 - Generated by BladeSmith Version 3.40. TXXXXX.

* %k

** Identification:

*¥

*ok Waming: Do not remove or modify this comment:

*k score Functionld: bafa51d0-c0a0-11d2-806f-204c4£4£5020
*F

s e e sl e e e sk o s e ok e e o ok e ke s s ke sk s ok ok o o ok o e o s i e e s e e e e s s e e e e Sk e ok ok ok ok ke sk ksl sk ke sk sk skok sk ok ok
*/

mi_double_precision *

score

mi_bitvarying * query,

mi_bitvarying * reference,



MI_FPARAM * Gen_fparam /* Standard info - see DBDK docs. */

mi_double_precision *Gen_RetVal; /* The return value. */

MI_CONNECTION *Gen_Con; /* The connection handle. */
fing t *R_set,*Q_set,*P_set;

mi_integer R_nitems,Q_nitems,R,Q;

mi_integer Xtop, Ytop,Xbottom, Ybottom;

mi_integer QXtop,QYtop,QXbottom,Q Ybottom;
mi_integer RXtop,RYtop,RXbottom, R Ybottom;
mi_integer Count,zeta_d,Qinbox,Rinbox;

HoughlIdx *Hidx;

mi_double_precision Sk,zeta_1,Xm,Yn,Px,Py,score_fing;

/* Get the current connection handle. */

Gen_Con=mi_open( NULL, NULL, NULL );

/* Verify that the connection has been established. */
if( Gen_Con==0)
DBDK_TRACE_ERROR( "score", ERRORMESG], 10 );
DBDK_TRACE_ENTER( "score" );
Gen_RetVal = (mi_double_precision *)mi_alloc( sizeof( mi_double_precision * ) );
if{ Gen_RetVal = 0)
{
DBDK,_TRACE_ERROR( “score", ERRORMESG2, 10 );
return (mi_double_precision*)NULL;
}
/* Step 1: registration */
Hidx = Houghl_1(query,reference,Gen_fparam);
if(Hidx == (Houghldx*)NULL)
{
mi_db_error_raise(Gen_Con,MI_EXCEPTION,"Hough Index Routine return
ERROR!™);

return (mi_double_precision ¥)NULL;



} -
Sk = (Hidx->S*1.0)/10;

zeta_d = (Hidx->Z);

zeta_l =zeta_d*P1/180;

Xm = (Hidx->X)*1.0;

Yn = (Hidx->Y)*1.0;

/* Compute number of reference fingerprint (fingerprint in database) */
R_nitems = (mi_get_varlen((mi_bitvarying *)reference)-sizeof(fing_t)+ sizeof( R_set->data ))

/ sizeof( R _set->data );

/* compute number items of query fingerprint*/
Q_nitems = (mi_get_varlen((mi_bitvarying *)query)-sizeof(fing_t)+ sizeof( Q_set->data ))
/ sizeof( Q_set->data );

/* Step 1.1 : Compute result fingerprint from Hough */

/* Point to where the return value is to be placed. */
P_set=(fing_t*)mi get vardata((mi_lvarchar*)reference);
R_set=(fing t*)mi_zalloc(sizeof(fing_t)*R_nitems);
for(R=0;R<R_nitems;R++)
{
Px=(P_set->data[R].X)*1.0;
Py=(P_set->data[R].Y)*1.0;
R _set->data[R].X = (mi_integer)(Sk*(Px*cos(zeta_l)+Py*sin(zeta_1))+Xm);

R_set->data[R].Y = (mi_integer)(Sk*(Py*cos(zeta_l)-Px*sin(zeta_1))+Yn);
R_set->data[R].Zeta = P_set->data[R].Zeta+zeta_d;
/* Zeta is in 0<=Zeta<180 */
if (R_set->data[R].Zeta >= 180)
R_set->data[R].Zeta ~= 180;
else if (R_set->data[R].Zeta <0)
R_set->data[R].Zeta +=180;



/¥ The Result from Hough transform,its may be negative in some items */

/* Step 1.2 :save data to fingerprint variable */

P_set=(fing_t*)mi_get_vardata((mi_lvarchar*)query);

Q_set=(fing_t*)mi_zalloc(Q_nitems*sizeof(fing_t));
for(Q=0;Q<Q_nitems;Q++)

{
Q_set->data[Q].X=P_set->data[Q].X;
Q_set->data[Q].Y=P_set->data[Q].Y;
Q_set->data[Q].Zeta=P_set->data[Q].Zeta;
}

/* Step 2: find Bounding box in each fingerprint and intersect Bounding box*/
QXtop=QYtop=MAX_PIC;

QXbottom=QYbottom=0;
for(Q=0;Q<Q_nitems;Q++)
{
if ((Q_set->data[Q].X<QXtop) && (Q_set->data[Q].X>=0)) QXtop = Q_set->data
[Ql.X;
if ((Q_set->data[Q].Y<QYtop) && (Q_set->data[Q].Y>=0)) QYtop = Q_set->data
[QlY;
if ((Q_set->data[Q].X>QXbottom) && (Q_set->data[Q].X>=0))QXbottom = Q_set->
data[Q].X;
if ((Q_set->data[Q].Y>QYbottom) && (Q_set->data[Q].Y>=0)) QYbottom = Q_set-
>data[Q].Y;

}
RXtop=RYtop=MAX_PIC;
RXbottom=RYbottom=0;
for(R=0;R<R_nitems;R-++)
{
if ((R_set->data[R].X<RXtop) && (R_set->data[R].X>=0)) RXtop = R_set->data
[R].X;




if (R_set->data[R].Y<RYtop) && (R_set->data[R].Y>=0)) RYtop =R_set->data

[R].Y;
if ((R_set->data[R].X>RXbottom) && (R_set->data[R].X>=0))RXbottom = R_set->
data[R].X;
if ((R_set->data[R].Y>RYbottom) && (R_set->data[R].Y>=0)) RYbottom = R_set->
data[R].Y;
}
/* find Boundind box */

Xtop = (QXtop >RXtop) ? QXtop : RXtop;
Ytop = (QYtop > RYtop) ? QYtop : RYtop;
Xbottom = (QXbottom >RXbottom) ? RXbottom : QXbottom;
Ybottom = (QYbottom > RYbottom) ? RYbottom : QYbottom;

/* Step 2.1: mark features not in Bounding box */
/*if Q features not in Bounding box ,mark it not to compare */
/*if in Bounding Box increase Qinbox */
Qinbox=0;
for(Q=0;Q<Q_nitems;Q++)
if ((Q_set->data[Q].X >= Xtop) && (Q_set->data[Q].X <= Xbottom) &&
(Q _set->data[Q].Y >= Ytop) && (Q _set->data[Q].Y <= Ybottom))

{
Qinbox++;
}
else
{
Q_set->data[Q].X = (mi_integer) MARK;
Q_set->data[Q].Y = (mi_integer) 'MARK;
}

/*if R features in Bounding box ,mark it not to compare */
/* increase Rinbox */
Rinbox =0;
for(R=0;R<R_nitems;R++)
if ((R_set->data[R].X >= Xtop) && (R_set->data[R].X <= Xbottom) &&



(R_set->data[R].Y >= Ytop) && (R_set->data[R].Y <= Ybottom))

{
Rinbox++;
}
else
{
R_set->data[R].X = (mi_integer) MARK;
R_set->data[R].Y = (mi_integer) MARK;
3

/* Step 3: pair each feature of fingerprint and compute Score for each paired */
/* if 'Oriented filed' is in Zeta +5 and -5 angle degree */
Count =0;
score_fing = 0.0;
if( (Qinbox !=0) && (Rinbox !=0))
{
for (Q=0;Q<Q_nitems;Q++)
for (R=0;R<R_nitems;R++)
if( (R_set->data[R].Zeta >=0) &&
(R_set->data[R].X >=0) &&
(R_set->data[R].Y >=0) &&
(Q_set->data[Q].Zeta >=0) &&
(Q _set->data[Q].X >=0) &&
(Q_set->data[Q].Y >=0) &&
(R_set->data[R].Zeta <= (Q_set->data[Q].Zeta+5)) &&
(R_set->data[R].Zeta >= (Q_set->data[Q].Zeta-5)) &&

(R_set->data[R].X >= (Q_set->data[Q].X-BOUND)) &&
(R_set->data[R]. X <= (Q_set->data[Q].X+BOUND)) &&
(R_set->data[R].Y >= (Q_set->data[Q].Y-BOUND)) &&
(R_set->data[R].Y <= (Q_set->data[Q].Y+BOUND)) )
{

Count++;

/* mark not paired it again */



R_set->data[R].X = (mi_integer) MARK;
R_set->data[R].Y = (mi_integer) MARK;
R_set->data[R].Zeta = (mi_integer) MARK;
}
score_fing = (Count*Count*1.0)/(Qinbox*Rinbox*1.0);

}

mi_free(R_set);

mi_free(Q_set);

*Gen_RetVal = score_fing*1.0;

DBDK_TRACE_EXIT( "score" );

return Gen_RetVal,;

}
/* Warning: Do not modify. score checksum: 815827793 */

[k 3 e sk sk e e ok sk sk o 3 ok sk sk sk ok ok sk sk sk o o sk sk e o ok 3 s e i o sfesfe e e e sk sl ok ok o ok s dke ok ke sk

%k

** Function name:

*k

*k score2

*%

** Description:

* ¥

** Special Comments:

¥k

*ok Entrypoint for the SQL routine score2 (fing_t,fing_t) returns double precision.

*k

** Parameters:

*%k

** Return value:

k%

** mi_double_precision *
*%

** History:

*%k



*¥ Mar 06, 1999 - Generated by BladeSmith Version 3.40. TXXXXX.

*%

** [dentification:

*%
*k Warning: Do not remove or modify this comment:
** score2 Functionld: 203¢7d20-d36a-11d2-b042-204c4f4£5020
* %k
e sk ok 3k e S oe e e ke e e ke ke * sk 3k 3k ok ok ok sk sk ok sk Sk sk ok ok ok ok ok ok ok ok ok o o ofe o o ke ke e e ok sk ke ok ok ok ok ok ok ook
*/

mi_double_precision *

score2

(

mi_bitvarying * Argl,

mi_bitvarying * Arg2,

MI_FPARAM * Gen_fparam /* Standard info - see DBDK docs. */
)

{
mi_double precision *Gen_RetVal; /* The return value. */
MI_CONNECTION *Gen_Con; /* The connection handle. */
fing t *R_set,*Q_set,*P_set;
mi_integer R nitems,Q_nitems,R,Q;
mi_integer Xtop, Ytop,Xbottom, Ybottom;
mi_integer QXtop,QYtop,QXbottom,QYbottom;
mi_integer RXtop,RYtop,RXbottom,RYbottom;
mi_integer Count,zeta_d,Qinbox,Rinbox;
Houghldx *Hidx;

mi_double_precision Sk,zeta_1,Xm,Yn,Px,Py,score_fing;

/* Get the current connection handle. */

Gen_Con =mi_open( NULL, NULL, NULL);

/* Verify that the connection has been established. */
if( Gen_Con==0)
DBDK_TRACE_ERROR( "score2", ERRORMESG]I, 10 );



DBDK_TRACE_ENTER( "score2" );
Gen_RetVal = (mi_double_precision *)mi_alloc( sizeof( mi_double_precision * ) );
if( Gen_RetVal = 0)
{
DBDK_TRACE_ERROR( "score2", ERRORMESGZ2, 10 );
return (mi_double_precision*)NULL;
}
/* Step 1: registration */
Hidx = Hough1(Argl,Arg2,Gen_fparam);
if(Hidx == (HoughIdx*)NULL)
{
mi_db_error_raise(Gen_Con,MI_EXCEPTION,"Hough Index Routine return
ERROR!");
return (mi_double_precision ¥*)NULL;
}
Sk = (Hidx->S#¥1.0)/10;
zeta_d = (Hidx->Z);
zeta_| = zeta_d*PI/180;
Xm = (Hidx->X)*1.0;
Yn = (Hidx->Y)*1.0;

/¥ Compute number of Arg?2 fingerprint (fingerprint in database) */
R_nitems = (mi_get varlen((mi_bitvarying *)Arg2)-sizeof(fing_t)+ sizeof( R_set->data ))

/ sizeof( R_set->data );

/* compute number items of Argl fingerprint*/
Q_nitems = (mi_get _varlen((mi_bitvarying *)Argl)-sizeof(fing_t)+ sizeof( Q_set->data ))
/ sizeof( Q_set->data );

/* Step 1.1 : Compute result fingerprint, from Hough */
/* Point to where the return value is to be placed. */

P_set=(fing t*¥)mi_get_vardata((mi_lvarchar*)Arg2);

R_set=(fing_t*)mi_zalloc(sizeof(fing_t)*R_nitems);



for(R=0;R<R_nitems;R++)
{
Px=(P_set->data[R].X)*1.0;
Py=(P_set->data[R].Y)*1.0;
R_set->data[R].X = (mi_integer)(Sk*(Px*cos(zeta_l)+Py*sin(zeta_[))+Xm);

R_set->data[R].Y = (mi_integer)(Sk*(Py*cos(zeta_l)-Px*sin(zeta_l))+Yn);
R _set->data[R].Zeta =P_set->data[R].Zeta+zeta_d;
[* Zeta is in 0<=Zeta<180 */
if (R_set->data[R].Zeta >= 180)
R_set->data[R].Zeta -= 180;
else if (R_set->data[R].Zeta <0)
R_set->data[R].Zeta +=180;
}

/* The Result from Hough transform,its may be negative in some items */

/* Step 1.2 :save data to fingerprint variable */

P_set=(fing_t*)mi_get vardata((mi_lvarchar*)Argl);

Q_set=(fing_t*)mi_zalloc(Q_nitems*sizeof(fing_t));
for(Q=0;Q<Q_nitems;Q++)

{
Q_set->data[Q].X=P_set->data[Q].X;
Q_set->data[Q].Y=P_set->data[Q].Y;
Q_set->data[Q].Zeta=P_set->data[Q].Zeta;
}

/* Step 2: find Bounding box in each fingerprint and intersect Bounding box*/
QXtop=QYtop=MAX PIC;
QXbottom=QYbottom=0;
for(Q=0;Q<Q _nitems;Q++)
{
if ((Q_set->data[Q].X<QXtop) && (Q_set->data[Q].X>=0)) QXtop = Q_set->data
[Q1X;



if ((Q_set->data[Q].Y<QYtop) && (Q_set->data[Q].Y>=0)) QYtop = Q_set->data

[QlY;
if ((Q_set->data[Q].X>QXbottom) && (Q_set->data[Q].X>=0))QXbottom = Q_set->
data[Q].X;
if ((Q_set->data[Q].Y>QYbottom) && (Q_set->data[Q].Y>=0)) QYbottom = Q_set-
>data[Q].Y;
}
RXtop=RYtop=MAX_PIC;
RXbottom=R Ybottom=0;
for(R=0;R<R_nitems;R++)
{
if (R_set->data[R].X<RXtop) && (R_set->data[R].X>=0)) RXtop = R_set->data
[R].X;
if (R_set->data[R].Y<RYtop) && (R_set->data[R].Y>=0)) RYtop = R_set->data
[R]Y;
if (R_set->data[R].X>RXbottom) && (R_set->data[R].X>=0))RXbottom = R_set->
data[R].X;
if ((R_set->data[R].Y>RYbottom) && (R_set->data[R].Y>=0)) RYbottom =R_set->
data[R].Y;
}
/* find Boundind box */

Xtop = (QXtop > RXtop) ? QXtop : RXtop;

Ytop = (QYtop > RYtop) ? QYtop : RYtop;

Xbottom = (QXbottom > RXbottom) ? RXbottom : QXbottom;

Ybottom = (QYbottom > RYbottom) ? RYbottom : QYbottom;

/* Step 2.1: mark features not in Bounding box */

/* if Q features not in Bounding box ,mark it not to compare */

/* if in Bounding Box increase Qinbox */

Qinbox=0;
for(Q=0;Q<Q_nitems;Q++)

if ((Q_set->data[Q].X >= Xtop) && (Q_set->data[Q].X <= Xbottom) &&
(Q_set->data[Q].Y >= Ytop) && (Q_set->data[Q].Y <= Ybottom))



Qinbox+t;

}
else
{
Q_set->data[Q].X = (mi_integer) MARK,;
Q_set->data[Q].Y = (mi_integer) MARK;
}

/*if R features in Bounding box ,mark it not to compare */
/* increase Rinbox */
Rinbox =0;
for(R=0;R<R_nitems;R++) '
if ((R_set->data[R].X >= Xtop) && (R_set->data[R].X <= Xbottom) &&
(R_set->data[R].Y >= Ytop) && (R_set->data[R].Y <= Ybottom))

{
Rinbox++;
}
else
{
R_set->data[R].X = (mi_integer) MARK;
R_set->data[R].Y = (mi_integer) MARK;
}

/* Step 3: pair each feature of fingerprint and compute Score for each paired */

/*if 'Oriented filed' is in Zeta +5 and -5 angle degree */

Count = 0;

score_fing = 0.0;

if( (Qinbox 1= 0) && (Rinbox 1=0))

{

for (Q=0;Q<Q_nitems;Q++)
for (R=0;R<R_nitems;R++)
if( (R_set->data[R].Zeta >=0) &&

(R_set->data[R].X >=0) &&
(R_set->data[R].Y >=0) &&



(Q_set->data[Q].Zeta >=0) &&

(Q_set->data[Q].X >=0) &&

(Q_set->data[Q].Y >=0) &&

(R_set->data[R].Zeta <= (Q_set->data[Q].Zeta+5)) &&
(R_set->data[R].Zeta >= (Q_set->data[Q].Zeta-5)) &&

(R_set->data[R].X >= (Q_set->data[Q]. X-BOUND)) &&
(R_set->data[R].X <= (Q_set->data[Q].X+BOUND)) &&
(R_set->data[R].Y >=(Q_set->data[Q].Y-BOUND)) &&
(R_set->data[R].Y <= (Q_set->data[Q].Y+BOUND)) )

{
Count++;
/* mark not paired it again */
R_set->data[R].X = (mi_integer) MARK;
R_set->data[R].Y = (mi_integer) MARK;
R_set->data[R].Zeta = (mi_integer) MARK;
}

score_fing = (Count*Count*1.0)/(Qinbox*Rinbox*1.0);
}
mi_free(R_set);
mi_free(Q_set);
*Gen_RetVal = score_fing*1.0;
DBDK_TRACE_EXIT( "score" );

return Gen_RetVal;

}

/* Warning: Do not modify. score2 checksum: 716255067 */
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%k

** Function name:

k%

*k Houghl

* %

** Description:

F*k



** Special Comments:

*%

** Entrypoint for the SQL routine Hough1 (fing_t,fing_t) returns HoughlIdx.

%k

** Parameters:

* %

** Return value:

*ok

*% Houghldx *
#%

** History:

k%

** Mar 06, 1999 - Generated by BladeSmith Version 3.40. TXXXXX.

.

%k

** [dentification:
*%
** Warning: Do not remove or modify this comment:

ok Houghl Functionld: 23468d10-cdf5-11d2-b02a-204c4f4£5020

*k
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*/

Houghldx *

Houghl

(

mi_bitvarying * Argl,

mi_bitvarying * Arg?,

MI_FPARAM * Gen_fparam /* Standard info - see DBDK docs. */

)
{
MI_CONNECTION * Gen_Con; /* The connection handle. */
Houghldx *  Get_RetVal; /* The return value. */
fing_t *Pset, *Qset;
mi_int1 Hkdck A /* array A[Sk][zeat_1][Xm]

[Yn] */



mi_integer S,zeta_d,Count,Px,Py,Qx,Qy,Xm,Yn;

mi_integer Q,P,Q nitems,P nitems;
mi_boolean 7z,
mi_double_precision zeta_1,Sk,CosZ,SinZ;

/* Get the current connection handle. */

Gen_Con =mi_open( NULL, NULL, NULL );

/* Verify that the connection has been established. */
if(Gen Con==0)
{
/*
** Opening the current connection has failed
** go issue the following message and quit.
*%
ok "Connection has failed in Houghl."
*/
DBDK_TRACE_ERROR("Houghl", ERRORMESGI, 10);

/* not reached */

/*

** Write to the trace file indicating

** that Houghl has been called.

*/

DBDK_TRACE_ENTER( "Houghl" );

/* Compute the number of variable length query items*/

Q_nitems =
(mi_get_varlen( (mi_bitvarying *)Argl ) - sizeof( fing_t ) + sizeof( Qset->data ))
/ sizeof( Qset->data );

/* Compute the number of variable length reference items*/

P_nitems=



(mi_get_varlen( (mi_bitvarying *)Arg2 ) - sizeof( fing_t ) + sizeof( Pset->data ))
/ sizeof( Pset->data );

/* Get input data to Q set and P set */

Qset = (fing_t*)mi_get vardata(Argl);

Pset = (fing_t*)mi_get_vardata(Arg2);

/* Allocate */

A=(mi_int1****)mi_fp funcstate(Gen_fparam);

if (A=(mi_int]****)NULL)

{
A=(mi_int]****)mi_dalloc(MAX_S*sizeof{imi_int1*),PER_COMMAND);
if (A = (mi_int]**+*)NULL )

{
mi_db_error_raise(Gen_Con,MI_EXCEPTION,"memory failed in Sk axis");
return (HoughIdx*)NULL;

}

for(S=0;S<MAX_S;S++)

{

*(A+S)=(mi_int1***)mi_dalloc(MAX_Z*sizeof(mi_int1*),PER._ COMMAND);
if{ *(A+S) == (mi_int1***)NULL)
{
mi_db_error_raise(Gen_Con,MI_EXCEPTION,"memory failed in
Zeta axis");

return (HoughIdx*)NULL,;

}
for(S=0;S<MAX_S;S++)
for(zeta_d=0;zeta_d<MAX_Z;zeta d++)
{
*(*(A+S)+zeta_d)=(mi_int1**)mi_dalloc(MAX_X*sizeof
(mi_int1*),PER_COMMAND);
if( *(*(A+S)+zeta_d) = (mi_int1¥*)NULL )
{



mi_db_error_raise(Gen_Con,MI_EXCEPTION,"memory

failed in Xm axis");
return (Houghldx*)NULL;

}
for(S=0;S<MAX_S;S++)
for(zeta_d=0;zeta_ d<MAX Z;zeta_d++)
for(Xm=0; Xm<MAX_X;Xm++)
{
*(k(*(A+S)+zeta_d)+Xm)=(mi_int1*)mi_dalloc
(MAX_Y#*sizeof(mi_int1),PER_COMMAND);
i ¥(*¥(*(A+S)+zeta_d)+Xm) == (mi_int1*)NULL )
{

mi_db_error_raise(Gen Con,MI_EXCEPTION,"memory failed in Yn axis");
return (HoughIdx*)NULL;

}
mi_fp_setfuncstate(Gen_fparam,(void****)A);
}
/* Hough */
/* Step 1: Clear array all */
for(S=0;S<MAX_S;S++)
for(zeta_d=0;zeta_ d<MAX Z;zeta d++)
for(Xm=0; Xm<MAX_ X;Xm++)
for(Yn=0;Yn<MAX Y;Yn++)
*(k(¥(*(A+S)tzeta_d)+Xm)+Yn) =0;
/* Step2: Compute and add evidence */
for(P=0;P<P_nitems;P++)
for(Q=0;Q<Q_nitems;Q++)
{
ZZ=MI_FALSE;
zeta_d=0;
while ((ZZ=MI_FALSE)&&(zeta_d<MAX_Z))



Count = zeta_d-(mi_integer)(MAX_Z-1)/2; /* -45 .. 45%/
if(Pset->data[P].Zeta+Count==Qset->data[Q].Zeta)

{
ZZ=MI_TRUE;
zeta_l = Count*P1/180; /* degree to radians */
CosZ=cos(zeta_l);
SinZ=sin(zeta_l);
Px = Pset->data[P].X;
Py = Pset->data[P].Y;
Qx = Qset->data[Q].X;
Qy = Qset->data[Q].Y;
for(S=0;S<MAX_S;S++) /¥05..15%
{
Sk =((S*1.00+(MAX_S-1)/2)/10;
Xm = Qx-(mi_integer)(Sk*(Px*CosZ+Py*SinZ));
Yn = Qy-(mi_integer)(Sk*(Py*CosZ-Px*SinZ));
Xm += (mi_integer)(MAX X/2); /*-64...463
*/
Yn +=(mi_integer)(MAX_Y/2); /*-64..+63
*/
if (Xm>=0)&&(Xm<MAX_X)&&(Yn>=0)&&
(Yn<MAX_Y))
CC*(*(*(A+S)+zeta_d)+Xm)+Yn))++;
}
}

else zeta_d++;

}

/* Step 3:find max evidence of array A */

Get_RetVal = (Houghldx*) mi_zalloc(sizeof(HoughlIdx));
if (Get_RetVal = (Houghldx*)NULL)

{



mi_db_error_raise(Gen_Con,MI_EXCEPTION,"Hough memory failed in Result

allocate");
return (HoughIdx*)NULL;
}
Count =0;

for(S=0;S<MAX_S;S++)
for(zeta_d=0;zeta_d<MAX_Z;zeta_d++)
for(Xm=0;Xm<MAX_X;Xm++)
for(Yn=0;Yn<MAX_Y;Yn++)
I *(H(H(*(A+S)+zeta_d)+Xm)+Yn) > Count)

{
Get_RetVal->S = S+(mi_integer)(MAX_S-1)/2;
Get_RetVal->Z =zeta_d-(mi_integer)(MAX_Z-
1)/2;
Get_RetVal->X = Xm-(mi_integer)(MAX_X/2),
Get_RetVal->Y = Yn-(mi_integer)(MAX_Y/2);
Count= *(*(*(*(A+S)+zeta_d)+Xm)+Yn);
}
/*
** Write to the trace file indicating
** that Houghl has successfully exited.
*/
DBDK_TRACE_EXIT( "Houghl");
return Get_RetVal;
}

/* Waming: Do not modify. Houghl checksum: 566424054 */
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*%k

*# Function name:

*ok



** Houghl 1
*k

** Description:

*k

** Special Comments:

*k

ok Entrypoint for the SQL routine Houghl_1 (fing_t,fing t) returns Houghldx.

*%k

** Parameters:

k%

** Return value:

*%

*k Houghldx *
*

** History:

*%

** Mar 06, 1999 - Generated by BladeSmith Version 3.40. TXXXXX.

k%

** Identification:
dk
** Warning: Do not remove or modify this comment:

** Houghl_1 Functionld: 42671e00-d055-11d2-b035-204c4£45020

Hk
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*/

Houghldx *

Houghl 1

(

mi_bitvarying * Argl,

mi_bitvarying * Arg2,

MI_FPARAM * Gen_fparam /* Standard info - see DBDK docs. */
)

{
MI_CONNECTION * Gen_Con; /* The connection handle. */



Houghldx *  Gen_RetVal; /* The return vahie. */

fingerprint*/

Hough Algorithm */

mi_integer Q_vl_nitems; /* number items of query fingerprint*/
mi_integer P_vl nitems; /* number items of reference

mi_intl **A; /* keep evidence for Xm and Ym in
mi_integer S,zeta_d,minS,maxS,minZ,maxZ,Q,P,Xm,Yn,Count,Px,Py,Qx,Qy;

mi_double_precision zeta_l,Sk;

fing t *Q _set,*P_set; /* Pointer to the input data */

/* struct to keep static evidence at S,zeta_1,Xm,Yn */
struct stat {

mi_integer X;

mi_integer y;

mi_integer evidence;

} EV[SCALE+1][ROTATE+1]; /* because of in C array reference is 0..n-1*/

/* Get the current connection handle. */

Gen_Con=mi_open( NULL, NULL, NULL );

/* Verify that the connection has been established. */
if( Gen_Con==0)
{

/%

** Opening the current connection has failed

** 50 issue the following message and quit.

*¥

*k "Connection has failed in Houghl_1."

*/

DBDK_TRACE_ERROR("Houghl_1", ERRORMESGI, 10 );

/* not reached */



¥

** Write to the trace file indicating

*#* that Houghl 1 has been called.

*/

DBDK_TRACE_ENTER("Houghl_1");

Q_vl_nitems =
(mi_get_varlen( (mi_bitvarying *)Argl ) - sizeof( fing_t ) + sizeof( Q_set->data ))
/ sizeof( Q_set->data );

/* Compute the number of variable length reference intems*/

P_vl_nitems =
(mi_get_varlen( (mi_bitvarying *)Arg2 ) - sizeof( fing_t ) + sizeof( P_set->data ))
/ sizeof( P_set->data );

/* Get input data to Q set and R set */

Q_set = (fing_t*)mi_get vardata(Argl);

P_set = (fing t*)mi_get vardata(Arg2);

/* Get address from fp_funcstate */

A=(mi_int1**)mi_fp_funcstate(Gen_fparam);

if (A==(mi_int1**) NULL) /* Not Allocate or first Call */
{
A=(mi_int1**)mi_dalloc(MAX_X*sizeof(mi_int1*),PER_COMMAND);
if (A=(mi_int1**)NULL)

allocate!");

{
mi_db_error_raise(Gen_Con,MI_EXCEPTION,"A in Xm axis has failed to
return {mi_integer) NULL;

}

for (Xm=0;Xm<=MAX_X;Xm++)

{

*(A+Xm)=(mi_int1*)mi_dalloc(MAX_Y*sizeof(mi_int1),PER_COMMAND);
if (*(A+Xm)==(mi_int1*)NULL)
{



mi_db_error_raise(Gen_Con,MI_EXCEPTION,"A in Yn axis failed
to allocate!");

return (mi_integer) NULL,;

}
}
mi_fp_setfuncstate(Gen_fparam,(void**)A); /* save address to fp_funcstate */
}
, /* Hough Procedure */

/* Step L:Initialize all variable */
minS=(mi_integer)SCALE/2;
maxS=(mi_integer)SCALE+minS; /* Sk=S/10=0.5...1.5 SCALE =10%/
minZ=(mi_integer)(-1)*(ROTATE/2);
maxZ=(mi_integer)(ROTATE/2); /* Zeta=-90...90 ROTATE=180%/
/* Setp 2: Compute and add evidence */
for(S=min$S; S<=max$S;S++)
{
for(zeta_d=minZ;zeta_d<=maxZ;zeta d++)
{
for(Xm=0;Xm<MAX_X;Xm-++)
for(Yn=0;Yn<MAX__Y;Yn++)
*(*(A+Xm)+Yn) = 0; /*clear data in Xm,Yn index to
zero ¥/
for(P=0;P<P vl nitems;P++) /* (Rx,Ry,Alpha) in reference set */
for(Q=0;Q<Q_vl_nitems;Q++) /* (Qx,Qy,Beta) in query set */
if(P_set->data[P].Zeta+zeta_d=Q_set->data[Q].Zeta) /*
Alpha+Zeta=Beta*/

zeta_l=zeta_d*P1/180; /* degree to
radians */

Px =P_set->data[P].X;

Py =P_set->data[P].Y;

Qx =Q_set->data[Q].X;

Qy = Q_set->data[Q].Y;

Sk = (S*1.0)/10;



Xm = Qx-(mi_integer)(Sk*(Px*cos
(zeta_1)+Py*sin(zeta_1)));
Yn = Qy-(mi_integer)(Sk*(Py*cos(zeta_1)-Px*sin

(zeta_1)));
Xm += (mi_integer)(MAX_X/2); /*-64...+63
*/
Yn +=(mi_integer)MAX_Y/2); /*-64 .. 463
*/
if (Xm>=0)&&(Xm<MAX_X)&&(Yn>=0)&&
(Yn<MAX_Y))
(*(*(A+Xm)+Yn))++;
}
Ev[S-minS][zeta_d-minZ].evidence = 0;
/* find MAX evidence for Xm,Yn*/
for(Xm=0;Xm<MAX_X;Xm++)
for(Yn=0;Yn<MAX_Y;Yn++)
if(*(*(A+Xm)+Yn) > Ev[S-minS]{zeta_d-minZ].evidence)
{
Ev[S-minS]{zeta_d-minZ].evidence = *(*
(A+Xm)+Yn);
Ev[S-minS][zeta_d-minZ].x=Xm;
Ev[S-minS]{zeta_d-minZ].y=Yn;
}
}
}

/* Step 3:fine max evidence */
Gen_RetVal = (HoughIdx*) mi_zalloc(sizeof(Houghldx));
if (Gen_RetVal = (Houghldx*)NULL)
{
mi_db_error_raise(Gen_Con,MI_EXCEPTION,"Hough memory failed in Result
allocate");

return (HoughIdx*)NULL;



/* find MAX evidence for S,Zeta_l */

Count =0;

for(S=min§;S<=max$S;S++)
for(zeta_d=minZ;zeta_d<=maxZ;zeta_d++)

if(Ev[S-minS][zeta_d-minZ].evidence > Count)

{
Gen_RetVal->X = (Ev[S-minS][zeta_d-minZ].x-MAX_X/2);
Gen_RetVal->Y = (Ev[S-minS][zeta_d-minZ].y-MAX_Y/2);
Gen_RetVal->S=S§;
Gen_RetVal->Z = zeta_d;
Count=Ev[S-minS][zeta_d-minZ].evidence;

}

/*
** Write to the trace file indicating

** that Houghl 1 has successfully exited.
*/

DBDK_TRACE_EXIT("Houghl _1");

return Gen_RetVal;

}
/* Warning: Do not modify. Houghl_1 checksum: 170060365 */




' Class cImageProcessc

Option Explicit

Private Type SAFEARRAYBOUND
cElements As Long
ILbound As Long

End Type

Private Type SAFEARRAY1D

cDims As Integer

fFeatures As Integer

cbElements As Long

cLocks As Long

pvData As Long

Bounds(0 To 0) As SAFEARRAYBOUND
End Type

Private Type SAFEARRAY2D

cDims As Integer

fFeatures As Integer

cbElements As Long

cLocks As Long

pvData As Long

Bounds(0 To 1) As SAFEARRAYBOUND
End Type

Private Declare Function VarPtrArray Lib "msvbvm50.d1l" Alias "VarPtr" (Ptr() As Any) As Long
Private Declare Sub CopyMemory Lib "kernel32" Alias "RtiIMoveMemory" (pDst As Any, pSrc As
Any, ByVal ByteLen As Long)
Private Type BITMAP

bmType As Long

bmWidth As Long

bmHeight As Long

bmWidthBytes As Long




bmPlanes As Integer
bmBitsPixel As Integer
bmBits As Long

End Type

Private Declare Function BitBlt Lib "gdi32" (ByVal hDestDC As Long, ByVal x As Long, ByVal y As
Long, ByVal nWidth As Long, ByVal nHeight As Long, ByVal hSrcDC As Long, ByVal xSrc As
Long, ByVal ySrc As Long, ByVal dwRop As Long) As Long

Private Const SRCCOPY = &HCC0020 ' (DWORD) dest = source

Private Declare Function GetObjectAPI Lib "gdi32" Alias "GetObjectA" (ByVal hObject As Long,
ByVal nCount As Long, IpObject As Any) As Long

Private Declare Function timeGetTime Lib "winmm.dll" () As Long

Public Enum EFilterTypes
eSmooth
eBinary
eThin
eExtract
eOriented

End Enum

Public Enum eFilterError
eeFilterErrorBase = vbObjectError Or 1048 Or &H500
End Enum

Private m_eFilterType As EFilterTypes

Private hist(256) As Long

Private Const pi As Double = 3.14159265358979
Private Const L As Integer =256

Private Const initial As Integer =2

Private Const dynamics As Integer =1

Private Const statics As Integer =0



Public xMax, yMax As Long

Private curl_x(256, 256) As Long
Private curl_y(256, 256) As Long
Private curl_x 2(256, 256) As Long
Private curl_y_2(256, 256) As Long
Private zeta(16, 16) As Integer
Private extracted(256, 256) As Integer
Private Save_extract(256, 256) As Integer
Private thined(256, 256) As Integer
Private Const EP As Integer = 123
Private Const BP As Integer =456
Public RideWidth As Integer

Public Property Let FilterType(ByVal eType As EFilterTypes)
m_eFilterType = eType
End Property

' select the case of image processing
Public Function ProcessImage( _
ByRef piclmage As PictureBox) As Boolean

Select Case m_eFilterType
Case eSmooth

ProcessImage = SmoothFilter(picImage)

Case eThin

ProcessImage = ThinFilter(picImage)

Case eBinary
ProcessImage = BinaryFilter(piclmage)

Case eExtract

ProcessImage = ExtractFilter(picImage)



Case eOriented
ProcessImage = OrientedFilter(piclmage)
End Select

End Function

Public Function Feature(ByVal x As Integer, ByVal y As Integer) As Integer
Feature = extracted(x, y)

End Function

Public Function OrientedField(ByVal x As Integer, ByVal y As Integer) As Integer
OrientedField = zeta(x, y)

End Function

Private Sub gradiant(ByRef pict() As Byte)
Dim x, y As Integer
Forx =1 To xMax - 1
Fory =1 To yMax - 1
‘curl_y(x,y) = (pictx +1,y + 1) + (2 * pict(x + 1, y)) + pictx + 1,y - 1) _
' -pict(x- 1,y+1)- (2 *pict(x - 1, y)) - pict(x - 1, y - 1))
‘curl_x(x,y) = (pict(x + 1, y+ 1) + (2 * pict(x, y + 1)) + pict(x - 1,y + 1) _
' -pict(x - 1,y - 1) - (2 * pict(x, y - 1)) - pict(x + 1, y - 1))
curl_y(x,y) =pict(x - 1,y - 1) + (2 * pict(x, y - 1)) +pictx + 1,y - 1) _
-pict(x +1,y +1) - (2 * pict(x, y + 1)) - pict(x - 1,y + 1)
curl_x(x, y)=pict(x - 1,y +1) +(2 * pict(x - 1, y)) +pict(x - 1,y - 1) _
-pictx +1,y+1) - (2 *pict(x + 1, y)) - pict(x + 1,y - 1)
Nexty
Next x
*use sobel operator 3*3 mask

End Sub

Private Sub gradiant2()
Dimi,j As Integer
Fori=0 To xMax



Forj =0 To yMax
curl_x_2(@, j) =curl_x(i +1,j) - curl_x(, )
curl_y_2(G;, ) =curl_y(i,j + 1) - curl_y(, j)
Next ]

Next i

End Sub

Private Function block(ByVal x As Integer, ByVal y As Integer) As Integer

Dim suml, sum2, temp1, temp2 As Double

Dim1i,j As Integer

suml = 0: sum2 =0
Fori=(x-1)*16Tox * 16
Forj=(y-1)*16 Toy* 16
suml =suml + (2 * curl_x(i, ) * curl_y(, j))
sum?2 = sum2 + (curl_x 2(1,j) - curl_y_2(i,j)~ 2)
Next j

Next i

‘case divide by 0
If sum2 <> 0 Then
templ = 0.5 * Atn(suml / sum2) '-90.... 90
temp2 =templ * 180/ pi ' convert radiant to degree
If temp2 < 0 Then
block = 180 + Int(temp2) ' return integer degree value
Else
block = Int(temp2)
End If
Else
block =90
End If
End Function
Private Sub orientation()

Dim1i, j As Integer



Fori=1To 16
Forj=1To 16
zeta(i, j) = block(, j) 'find x,y location * §
Next j

Next i

End Sub

Public Function OrientedFilter(ByRef piclmage As PictureBox) As Boolean
'these are used to address the pixel using matrices
Dim pict() As Byte
Dim sa As SAFEARRAY?2D, bmp As BITMAP
Dim x As Long, y As Long
Dim1i As Long, j As Long
Dim fraction As Long, sum As Long
xMax =0: yMax =0
' get bitmap info

GetObjectAPI picimage.Picture, Len(bmp), bmp 'dest

' exit if not a supported bitmap

If bmp.bmBitsPixel <> 8 Then
MsgBox " 8-bit bitmaps only", vbCritical
Exit Function

End If

' have the local matrix point to bitmap pixels
‘ With sa

cbElements =1
cDims=2
.Bounds(0).ILbound = 0
Bounds(0).cElements = bmp.bmHeight
.Bounds(1).ILbound = 0
.Bounds(1).cElements = bmp.bmWidthBytes
.pvData = bmp.bmBits

End With



CopyMemory ByVal VarPtrArray(pict), VarPtr(sa), 4
yMax = UBound(pict, 2)
xMax = UBound(pict, 1)

Call gradiant(pict)
Call gradiant2

Call orientation

CopyMemory ByVal VarPtrArray(pict), 0&, 4
OrientedFilter = True

End Function

Private Function Top(ByVal y As Long) As Long
If (y < 0) Then
Top=1
Else
Top=0
End If
End Function
Private Function bottom(ByVal y As Long) As Long
If (y > yMax) Then
bottom =1
Else
bottom =0
End If
End Function
Private Function Right(ByVal x As Long) As Long
If (x > xMax) Then
Right=1
Else
Right=0
End If

End Function




Private Function Left(ByVal x As Long) As Long
If (x < 0) Then
Left=1
Else
Left=0
End If
End Function
Private Function X_sum(ByVal i As Integer, ByVal x As Long, ByVal y As Long, ByRef pict() As
Byte) As Long
Dim xx As Long
Select Case i
Case 0

X_sum = Val(pict(x, y))

Case 1
If (Right(x + 1)) Then R(x+1)=1
X_sum =255
Else
X_sum = Val(pict(x + 1, y))
End If
Case 2
If (Right(x + 1) Or Top(y - 1)) Then
X sum =255
Else
X _sum = Val(pict(x + 1,y - 1))
End If
Case 3
If (Top(y - 1)) Then
X _sum =255
Else
X _sum = Val(pict(x, y - 1))
End If
Case 4
If (Top(y - 1) Or Left(x - 1)) Then



X _sum =255
Else
X_sum = Val(pict(x - 1,y - 1))
End If
‘\ Case 5
| If (Left(x - 1)) Then
X _sum =255
Else
X _sum = Val(pict(x - 1, y))
End If
Case 6
If (Left(x - 1) Or bottom(y + 1)) Then
X_sum = 255
Else
X _sum = Val(pict(x - 1, y + 1))
End If
Case 7
If (bottom(y + 1)) Then
X_sum = 255
Else
X _sum = Val(pict(x, y + 1))
End If

Case 8
If (bottom(y + 1) Or Right(x + 1)) Then
X_sum =255
Else
X _sum = Val(pictx + 1,y + 1))
End If
End Select

End Function

Public Function SmoothFilter( _

ByRef picImage As PictureBox) As Boolean




'these are used to address the pixel using matrices
Dim pict() As Byte
Dim sa As SAFEARRAY?2D, bmp As BITMAP
Dim x As Long, y As Long
Dim1i As Long, j As Long
Dim fraction AsLong, sum As Long
xMax =0: yMax =0
' get bitmap info
GetObject API picImage.Picture, Len(bmp), bmp 'dest

' exit if not a supported bitmap

If bmp.bmBitsPixel <> 8 Then
MsgBox " 8-bit bitmaps only", vbCritical
Exit Function

EndIf

' have the local matrix point to bitmap pixels

With sa
.cbElements =1
cDims =2
.Bounds(0).ILbound = 0
.Bounds(0).cElements = bmp.bmHeight
.Bounds(1).ILbound = 0
Bounds(1).cElements = bmp.bmWidthBytes
.pvData = bmp.bmBits

End With

CopyMemory ByVal VarPtrArray(pict), VarPtr(sa), 4

' Do filter on pict into pict2

yMax = UBound(pict, 2)
xMax = UBound(pict, 1)
For x =0 To xMax

For y =0 To yMax



sum = 0: fraction=10

sum = sum + X_sum(0, x, y, pict)
sum = sum + X_sum(1, x, y, pict)
sum = sum + X_sum(2, x, y, pict)
sum = sum + X_sum(3, x, y, pict)
sum = sum + X_sum(4, x, y, pict)
sum = sum -+ X_sum(5, x, y, pict)
sum = sum + X_sum(6, x, y, pict)
sum = sum + X_sum(7, x, v, pict)

sum = sum + X_sum(8, x, v, pict)

fraction = sum\ 9

pict(x, y) = Str(fraction)

Nexty

Next x

' clear the temporary array descriptor
*without destroying the local temporary array
CopyMemory ByVal VarPtrArray(pict), 0&, 4

SmoothFilter = True

End Function

Private Sub read_frequency(ByRef pict() As Byte, ByRef hist() As Long, ByVal L. As Integer)
Dim x, y As Integer

Dim 1, j As Integer |

Fori=0ToL-1
hist(i) =0
Next i |

For x =0 To xMax




For y =0 To yMax
i = Val(pict(x, ))
hist(i) = hist() + 1
Nexty

Next x

End Sub
Static Function Log10(ByVal x As Double) As Double
Logl0 = (Log(x) / Log(10#)) .
End Function
Private Function Ps(ByRef h() As Long, ByVal S As Integer, ByVal lower_bound As Integer, status As
Integer) _
As Double
Static sum As Double

Dim 1 As Integer

If (status = initial) Then
i =lower_bound
sum = h(i)

Ps=0
Exit Function

Else

If status = dynamics Then
i=8
sum = sum + h(i)
Ps=0
Exit Function

End If

End Function
Private Function iPs(ByRef h() As Long, ByVal S As Integer, ByVal lower_bound As Integer, status As

Integer) _
As Double




Static sum As Double

Dim i As Integer

1If (status = initial) Then
i =lower_bound
sum = lower_bound * h(i)
iPs=0
Exit Function
Else
If status = dynamics Then
i=8
sum = sum + (S * h(i))
iPs=0
Exit Function
End If
End If
iPs = sum
End Function
Private Function Ps_inv(ByRefh() As Long, ByVal S As Integer, ByVal lower_bound As Integer, status
As Integer) _
As Double
Static sum As Double
Dim i, j As Integer
Dim xMax, yMax As Double
xMax = 256: yMax =256
If (status = initial) Then
1 =lower_bound
sum = (xMax * yMax) - h(i)
Ps inv=0
Exit Function
Else
If status = dynamics Then
i=8

sum = sum - h(i)




Ps_ inv=0
Exit Function
EndIf
End If
Ps_inv =sum
End Function
Private Function iPs_inv(ByRef h() As Long, ByVal S As Integer, ByVal lower_bound As Integer, _
ByVal upper_bound As Integer, ByVal status As Integer) As Double

Static sum As Double

Dimi As Integer

If (status = initial) Then
sum =0
For i = lower_bound To upper_bound
sum = sum + (i * h(i))
Next i
sum = sum - (lower_bound * h(lower_bound))
iPs inv=0
Exit Function
Else
If status = dynamics Then
i=8§
sum = sum - (S * h(i))
iPs_inv=0
Exit Function
End If
End If
iPs_inv =sum

End Function

Private Function POi(ByRef h() As Long, ByVal i As Integer, ByVal S As Integer, ByVal lower_bound
As Integer,
ByVal status As Integer) As Double




Static buffer As Double

Dim temp As Double

If (status = initial) Then
buffer = Ps(h, S, lower_bound, statics)
Else
temp = h(i) / buffer
POi =temp
Exit Function
End If
POi=0
End Function
Private Function PBi(ByRef h() As Long, ByVal i As Integer, ByVal S As Integer, ByVal lower_bound
As Integer, _
ByVal status As Integer) As Double
Static buffer As Double
Dim temp As Double

If (status = initial) Then
buffer = Ps_inv(h, S, lower_bound, statics)
Else
temp = h(i) / buffer
PBi =temp
Exit Function
End If
PBi=0
End Function
Private Function lambdaO(ByRef h() As Long, ByVal S As Integer, ByVal lower_bound As Integer,
ByVal status As Integer) _
As Double
Static buffer As Double

Dim templ, temp2 As Double

If (status = initial) Then




templ = iPs(h, S, lower_bound, statics)
temp2 = Ps(h, S, lower_bound, statics)
buffer =templ / temp2
Else
lambdaO = buffer
Exit Function
End If
lambdaO =0
End Function
Private Function lambdaB(ByRef h() As Long, ByVal S As Integer, ByVal lower_bound As Integer, _
ByVal upper_bound As Integer, ByVal status As Integer) As Double

Static buffer As Double
Dim temp1, temp2 As Double

If (status = initial) Then
templ =iPs_inv(h, S, lower_bound, upper_bound, statics)
temp2 = Ps_inv(h, S, lower_bound, statics)
buffer =templ / temp2
Else
lambdaB = buffer
Exit Function
End If
lambdaB =0

End Function

Private Function qOi(ByRef h() As Long, ByVal i As Integer, ByVal S As Integer, ByVal lower_bound

As Integer, _
ByVal status As Integer) As Double

Static lambdaObuffer As Double
Dim product, templ As Double

Dim j As Integer




If (status = initial) Then
lambdaObuffer = lambdaO(h, S, lower_bound, statics)
qO0i=0
Exit Function
Else
Ifi=0 Then
temp1 = Exp(-1 * lambdaObuffer)
qOi =templ
Exit Function
Else
product = Exp(-1 * lambdaObuffer)
Forj=1Toi
product = product * (lambdaObuffer / j)
Next j
End If
End If
qOi = product

End Function -

Private Function gBi(ByRef h() As Long, ByVal i As Integer, ByVal S As Integer, ByVal lower_bound
As Integer, _
ByVal upper_bound As Integer, ByVal status As Integer) As Double

Static lambdaBbuffer As Double
Dim product, temp1 As Double
Dimj As Integer

If (status = initial) Then
lambdaBbuffer = lambdaB(h, S, lower_bound, upper_bound, statics)
qBi=0
Exit Function -
Else
Ifi =0 Then
temp1 = Exp(-1 * lambdaBbuffer)




gBi =templ
Exit Function
Else
product = Exp(-1 * lambdaBbuffer)
Forj=1Toi
product = product * (lambdaBbuffer /j)
Next j
End If
End If
gBi = product
End Function
Private Function DO_O(ByRef h() As Long, ByVal S As Integer, ByVal lower_bound As Integer) _
As Double

Dim bufferl, buffer2 As Double
Dim suml, sum2 As Double
Dim i As Integer

Dim templ, temp2 As Double

suml = 0: sum2 = 0:
templ = POi(h, i, S, lower_bound, initial)

temp2 = qOi(h, i, S, lower_bound, initial)

For i =lower_bound To S
bufferl = POi(h, i, S, lower_bound, statics)
buffer2 = qOi(h, i, S, lower_bound, statics)
If (bufferl <> 0) And (buffer2 < 0) Then
If (bufferl / buffer2 = 0) Or (buffer2 / bufferl = 0) Then
Else
templ = Log10(bufferl / buffer2)
temp2 = Logl0(buffer2 / bufferl)
suml = suml + (bufferl * temp1)
sum?2 = sum? + (buffer2 * temp2)
End If




End If
Next i
DO_O =suml + sum?2

End Function

Private Function DB_B(ByRef h() As Long, ByVal S As Integer, ByVal lower_bound As Integer, _

ByVal upper_bound As Integer) As Double

Dim bufferl, buffer2 As Double
Dim suml, sum2 As Double
Dim i As Integer

Dim templ, temp2 As Double

suml = 0: sum2 =0:
templ = PBi(h, i, S, lower_bound, initial)

temp2 = gBi(h, i, S, lower_bound, upper_bound, initial) ’

Fori=S+ 1 To upper_bound
bufferl = PBi(h, 1, S, lower_bound, statics)
buffer2 = qBi(h, i, S, lower_bound, upper_bound, statics)
If (buffer]l <> 0) And (buffer2 <> 0) Then
If (bufferl / buffer2 = 0) Or (buffer2 / buffer] = 0) Then
Else
templ = LoglO(buffer'l / buffer2)
temp2 = Logl0(buffer2 / bufferl)
sum!l = suml + (buffer] * temp1)
sum2 = sum2 + (buffer2 * temp2)
End If
End If
Next i
DB_B =suml + sum2

End Function

Private Function DD(ByRef h() As Long, ByVal S As Integer, ByVal lower_bound As Integer, _




ByVal upper_bound As Integer) As Double

Dim temp As Double

temp =DO_O(h, S, lower_bound) + DB_B(h, S, lower_bound, upper_bound)
DD =temp

End Function

Private Function thresholding(ByRef h() As Long, ByVal L As Integer) As Integer
Dim i, upper_bound, lower_bound As Integer

Dim 8, threshold As Integer

Dim mindiv, buffer As Double

Dim templ, temp2, temp3, temp4 As Double

Dim temp5, temp6 As Double

1= 0: mindiv=1000

Do While h(i) =0
i=i+1

Loop

lower_bound =1

i=L-1

Do While h(1)) =0
i=i-1

Loop

upper_bound =i

'initial value

temp1 = Ps(h, S, lower_bound, initial)
temp2 = iPs(h, S, lower_bound, initial)
temp3 = Ps_inv(h, S, lower_bound, initial)

temp4 = iPs_inv(h, S, lower_bound, upper_bound, initial)

For S = lower_bound + 1 To upper_bound - 1




temp1 = Ps(h, S, lower_bound, dynamics)
temp2 = iPs(h, S, lower_bound, dynamics)
temp3 = Ps_inv(h, S, lower_bound, dynamics)
temp4 =iPs_inv(h, S, lower_bound, upper_bound, dynamics)
temp5 = lambdaO(h, S, lower_bound, initial)
temp6 = lambdaB(h, S, lower_bound, upper_bound, initial)
buffer = DD(h, S, lower_bound, upper_bound)
*If (mindiv > buffer) Then
mindiv = buffer
threshold = S
End If
Next S

thresholding = threshold
End Function
Public Function BinaryFilter( _

ByRef picImage As PictureBox) As Boolean
'these are used to address the pixel using matrices
Dim pict() As Byte
Dim temp_image(256, 256) As Byte
Dim sa As SAFEARRAY?2D, bmp As BITMAP
Dim 1, j As Integer
Dim x, y As Integer
Dim threshold As Integer

xMax =0: yMax =0
' get bitmap info

GetObject API piclmage.Picture, Len(bmp), bmp 'dest

' exit if not a supported bitmap

If bmp.bmBitsPixel <> 8 Then
MsgBox " 8-bit bitmaps only", vbCritical
Exit Function

EndIf




' have the local matrix point to bitmap pixels

With sa
.cbElements = 1
£Dims =2
.Bounds(0).ILbound = 0
.Bounds(0).cElements = bmp.bmHeight
.Bounds(1).1Lbound =0
.Bounds(1).cElements = bmp.bmWidthBytes
.pvData = bmp.bmBits

End With

CopyMemory ByVal VarPtrArray(pict), VarPtr(sa), 4

yMax = UBound(pict, 2)

xMax = UBound(pict, 1)

Call read_frequency(pict, hist, L)
threshold = thresholding(hist, L)

'Do Binary 254 = white, 0 = black
For x = 0 To xMax

Fory =0 To yMax

If Val(pict(x, y)) > threshold Then
pict(x, y) =254

Else
pict(x, y) =0

End If

Nexty

Next x

' clear the temporary array descriptor
'without destroying the local temporary array
CopyMemory ByVal VarPtrArray(pict), 0&, 4

BinaryFilter = True

End Function




Private Function restorage(ByRef pict() As Byte, ByRef temp_image() As Byte) As Integer
Dim x, y, z As Integer
z=1
For x =0 To xMax
For y =0 To yMax
If temp_image(x, y) <> 254 Then
If pict(x, y) = 254 Then
pict(x,y) =0
z=0
End If
End If
Nexty

Next x

restorage =z

End Function

Private Function condition_1(ByVal x As Integer, ByVal y As Integer, ByRef pict() As Byte) As Integer
' input positon of x,y of image

'output result of condition_1 thinning

Dima, b, c,d As Long

a=0:b=0:¢c=0:d=0

‘condition 1 A()

If (pict(x = 1,y - 1) = 0) And (pict(x, y - 1) =254) Thena=a+1
If (pict(x,y - 1) =0) And (pict(x + 1,y - 1) =254) Thena=a+1
If (pict(x + 1,y - 1) = 0) And (pict(x + 1, y) =254) Thena=a +1
If (pict(x + 1, y) = 0) And (pict(x + 1,y +1) =254) Thena=a+1
If (pict(x + 1, y + 1) = 0) And (pict(x,y + 1) =254) Thena=a +1
If (pict(x, y + 1) = 0) And (pict(x - 1,y + 1) =254) Thena=a +1
If (pict(x - 1, y + 1) =0) And (pict(x - 1, y) =254) Thena=a+1




If (pict(x - 1, y) =0) And (pict(x - 1,y - 1)=254) Thena=a+1

‘condition 2 BQ

‘FrmImage.Print pict(x - 1,y - 1)
b = Val(pict(x - 1, y - 1)) + Val(pict(x, y - 1)) + Val(pict(x + 1, y - 1)) + Val(pict(x + 1, y)) _
+ Val(pict(x + 1, y + 1)) + Val(pict(x, y + 1)) + Val(pict(x - 1, y + 1)) + Val(pict(x - 1, y))

‘condition 3 //P2*¥P4*P6
¢ = Val(pict(x, y - 1)) * Val(pict(x + 1, y)) * Val(pict(x, y + 1))

‘condition 4 //P4*P6*P8
d = Val(pict(x + 1, y)) * Val(pict(x, y + 1)) * Val(pict(x - 1, y))

'decision
If (a =1y And (254 <b) And (b < 2032) And (c = 0) And (d =0) Then
condition_1 = 0 'delete
Else
condition_1 = 254 'undelete

End If

End Function

Private Function condition_2(ByVal x As Integer, ByVal y As Integer, ByRef pict() As Byte) As Integer
' input positon of x,y of image

'output result of condition_2 thinning

Dima, b, c,d As Long

a=0:b=0:c=0:d=0

‘condition 1 AQ

If (pict(x - 1,y - 1) = 0) And (pict(x, y - 1) =254) Thena=a+1
If (pict(x, y - 1) =0) And (pict(x + 1,y - 1) =254) Thena=a+1
If (pict(x + 1,y - 1) =0) And (pict(x + 1, y) =254) Thena=a +1
If (pict(x + 1, y) =0) And (pict(x + 1,y +1)=254) Thena=a+1
If (pict(x + 1,y + 1) = 0) And (pict(x, y + 1) =254) Thena=a+1




If (pict(x, y + 1) = 0) And (pict(x - 1,y +1)=254) Thena=a +1
If (pict(x - 1,y + 1) = 0) And (pict(x - 1, y) =254) Thena=a + 1
If (pict(x - 1, y) = 0) And (pict(x - 1,y - 1) =254) Thena=a + 1

‘condition 2 B(
b = Val(pict(x - 1, y - 1)) + Val(pict(x, y - 1)) + Val(pict(x + 1, y - 1)) + Val(pict(x + 1, y)) _
+ Val(pict(x + 1, y + 1)) + Val(pict(x, y + 1)) + Val(pict(x - 1, y + 1)) + Val(pict(x - 1, y))

‘condition 3 //P2*¥P4*P8§
¢ = Val(pict(x, y - 1)) * Val(pict(x + 1, y)) * Val(pict(x - 1, y))

‘condition 4 //P2*P6*P8
d = Val(pict(x, y - 1)) * Val(pict(x, y + 1)) * Val(pict(x - 1, y))

‘decision
If (a=1) And (254 <b) And (b <2032) And (c=0) And (d = 0) Then
condition_2 =0 ‘delete
Else
condition_2 = 254 'undelete

End If

End Function

Public Function ThinFilter( _

ByRef picImage As PictureBox) As Boolean
'these are used to address the pixel using matrices
Dim pict() As Byte
Dim temp_image(256, 256) As Byte
Dim sa As SAFEARRAY?2D, bmp As BITMAP
Dim fraction As Long, sum As Long
Dim a, b As Integer

Dim x, y As Integer



xMax =0: yMax =0
' get bitmap info
GetObjectAPI picImage.Picture, Len(bmp), bmp 'dest

' exit if not a supported bitmap

If bmp.bmBitsPixel <> 8 Then
MsgBox " 8-bit bitmaps only", vbCritical
Exit Function

End If

' have the local matrix point to bitmap pixels

With sa
.CbElements = 1
£Dims =2
.Bounds(0).ILbound = 0
.Bounds(0).cElements = bmp.bmHeight
.Bounds(1).1ILbound =0
.Bounds(1).cElements = bmp.bmWidthBytes
.pvData = bmp.bmBits

End With

CopyMemory ByVal VarPtrArray(pict), VarPtr(sa), 4

' Do Thinning 254 = white, 0 =black

yMax = UBound(pict, 2)
xMax = UBound(pict, 1)
' set top and buttom to 0
For x =0 To xMax
pict(x,0) =0
pict(x, yMax) =0
Next x
'set left and right to 0
For y =0 To yMax
pict(0,y) =0



" pict(xMax, y) =0
Nexty

Do While (a=0) And (b=0)
For x =1 To xMax
; For y=1 To yMax
If pict(x, y) = 254 Then
temp_image(x, y) = 254
temp_image(x, y) = Str{condition_1(x, y, pict))
End If
Nexty

Next x

a =restorage(pict, temp_image)

Forx =1 To xMax

Fory=1 To yMax

If pict(x, y) = 254 Then

temp_image(x, y) =254

temp_image(x, y) = Str(condition_2(x, y, pict))
End If
Nexty

Next x

b = restorage(pict, temp_image)

Loop

' End while loop

' clear the temporary array descriptor
' without destroying the local temporary array

CopyMemory ByVal VarPtrArray(pict), 0&, 4




ThinFilter = True

End Function

Public Sub Post_Pro(ByVal rule As Integer)
Dim x, y As Integer
Dim NumX_block, NumY_block, j, i, EPCount, BPCount As Integer

Rule:1 19199 BP 1ia EP fioglu block Suveugilesnriou
Ifrule =1 Then
For x =0 To xMax
Fory=0To4
extracted(x, y) =0
Next y
Next x
For x =0 To xMax
For y=yMax - 4 To yMax
extracted(x, y) =0
Nexty
Next x
Forx=0To4
For y =0 To yMax
extracted(x, y) =0
Nexty
Next x
For x =xMax - 4 To xMax
For y =0 To yMax
extracted(x, y) =0
Next y
Next x

'End If



Tf RideWidth >= 5 And rule <> 1 Then
Rule 2: EP og luveuiwn RideWidth 7 fimua Waveon Inua
Elself rule = 2 Then
For x = RideWidth To xMax - RideWidth
For y = RideWidth To yMax - RideWidth
EPCount=0
If extracted(x, y) = EP Then
Fori=x To x + (RideWidth)
Forj =y +1Toy + (RideWidth)
If extracted(i, j) = EP Then
EPCount = EPCount + 1
extracted(},j) =0
End If
Next j

Next 1

Fori=x To x - (RideWidth) Step -1
Forj=y-1Toy - (RideWidth) Step -1
If extracted(i, j) = EP Then
EPCount =EPCount + 1
extracted(i, j) =0
End If
Next j

Next i

Fori=x -1 To x - (RideWidth) Step -1
Forj =y To y + (RideWidth)

If extracted(i, j) = EP Then
EPCount = EPCount + 1
extracted(i, j) =0

End If

Next j

Next 1



Fori=x+1 To x + (RideWidth)
Forj =y Toy - (RideWidth) Step -1
If extracted(i, j) = EP Then
EPCount = EPCount + 1
extracted(i, j) =0
End If
Next j

Next i

If EPCount > 0 Then
extracted(x, y) =0
End If
End If
Nexty
Next x

'End If

Rule 3:81 BP agluveuiun RideWidth iAoadu #1%ay Bp tuflsesn )
Elself rule =3 Then
For x = RideWidth To xMax - RideWidth
For y = RideWidth To yMax - RideWidth
BPCount =0
If extracted(x, y) = BP Then
Fori=x To x + (RideWidth)
Forj=y+1Toy+ (RideWidth)
If BP = extracted(i, j) Then
BPCount = BPCount + 1
extracted(i, j) =0
End If
Next j
Next i

Fori=x To x - (RideWidth) Step -1
Forj=y-1Toy - (RideWidth) Step -1



3

If BP = extracted(i, j) Then
BPCount = BPCount + 1
extracted(, j) =0

End If

Next j

Next i

Fori=x-1To x - (RideWidth) Step -1
Forj =y Toy + (RideWidth)

If BP = extracted(, j) Then
BPCount = BPCount + 1
extracted(d, j) =0

End If

Next j

Next 1

Fori=x+1 Tox + (RideWidth)
For j =y Toy - (RideWidth) Step -1
If BP = extracted(i, j) Then
BPCount = BPCount + 1
extracted(i, j) =0
End If
Next j

Next i

If BPCount > 0 Then
extracted(x, y) =0
End If
End If
Next y
Next x
'End If

i v g o Qy e’: '
Rule 4:97 BP Liag EP 1a 9 fiegluve uiwafoaiu Alddanaluvieg



Elself rule =4 Then
For x = RideWidth To xMax - RideWidth
For y = RideWidth To yMax - RideWidth
EPCount =0
If extracted(x, y) = BP Then
Fori =x To x + (RideWidth)
Forj=y+1Toy+ (RideWidth)
If extracted(i, j) = EP Then
EPCount = EPCount + 1
extracted(i,j) =0
End If
Next j

Next 1

Fori=x To x - (RideWidth) Step -1
Forj=y- 1 Toy - (RideWidth) Step -1
If extracted(d, j) = EP Then
EPCount = EPCount + 1
extracted(i, j) =0
End If
Next j

Next i

Fori=x-1 To x - (RideWidth) Step -1
Forj =y Toy + (RideWidth)

If extracted(i, j) = EP Then
EPCount = EPCount + 1
extracted(, j) =0

End If

Next j

Next i

Fori=x+1 To x + (RideWidth)
Forj =y To y - (RideWidth) Step -1



If extracted(i, j) = EP Then
EPCount = EPCount + 1
extracted(, j) =0

End If

Next j

Next i

If EPCount > 0 Then
extracted(x,y) =0
End If
End If
Nexty
Next x
End If
'Else
' EPCount = MsgBox("f90a1ANNHI oIy 5 ifu”lﬂ", vbInformation, "fI1HA")
‘End If
End Sub

Private Sub extraction(ByRef bit_thin() As Integer)
Dim x, y As Integer
Dim Cn, sum As Integer
Dim ending(256) As Byte
'Dim templ, temp2 As Integer
‘temp1 = 0: temp2 =0
For x =1 To xMax - 1
Fory=1 To yMax - 1
If bit_thin(x, y) = 1 Then
sum =0
sum = sum _
+ Abs(bit_thin(x + 1, y + 1) - bit_thin(x + 1, y)) _
+ Abs(bit_thin(x + 1, y) - bit_thin(x + 1,y - 1)) _
+ Abs(bit_thin(x + 1, y - 1) - bit_thin(x, y - 1)) _
+ Abs(bit_thin(x, y - 1) - bit_thin(x - 1,y - 1)) _



+ Abs(bit_thin(x - 1,y - 1) - bit_thin(x - 1, y)) _
+ Abs(bit_thin(x - 1, y) - bit_thin(x - 1,y + 1)) _
+ Abs(bit_thin(x - 1, y + 1) - bit_thin(x, y + 1)) _
+ Abs(bit_thin(x, y + 1) - bit_thin(x + 1,y + 1))

If sum =2 Then
extracted(x, y) = EP
Elself sum = 6 Then
extracted(x, y) = BP
Else
extracted(x, y) =0
End If
End If
Nexty
Next x
End Sub

Public Function ExtractFilter( _

ByRef picImage As PictureBox) As Boolean
'these are used to address the pixel using matrices
Dim pict() As Byte
Dim sa As SAFEARRAY?2D, bmp As BITMAP
Dim x, y As Integer
Dim1i,j As Integer

xMax =0: yMax =0
' get bitmap info

GetObjectAPI picImage.Picture, Len(bmp), bmp 'dest

' exit if not a supported bitmap

If bmp.bmBitsPixel <> 8 Then
MsgBox " 8-bit bitmaps only", vbCritical
Exit Function

End If



' have the local matrix point to bitmap pixels

With sa
CbElements = 1
.cDims =2

| Bounds(0).]Lbound =0
.Bounds(0).cElements = bmp.bmHeight
.Bounds(1).1Lbound =0
.Bounds(1).cElements = bmp.bmWidthBytes
.pvData = bmp.bmBits

End With

CopyMemory ByVal VarPtrArray(pict), VarPtr(sa), 4

yMax = UBound(pict, 2)
xMax = UBound(pict, 1)
' Do Extract 254 = white, 0 = black

' Convert image from 254 to 1

For x =0 To xMax

| For y =0 To yMax

If pict(x, y) = 254 Then
thined(x, y) = 1

Else

thined(x, y) =0
End If
Nexty

Next x

' Do extract algorithm
Call extraction(thined)
Call Post_Pro(1)
For x =0 To 256
Fory =0 To 256
Save extract(x, y) = extracted(x, y)

Next y




Next x

' clear the temporary array descriptor

' without destroying the local temporary array
CopyMemory ByVal VarPtrArray(pict), 0&, 4
ExtractFilter = True

End Function

Public Function RideCount() As Integer
Dim counter As Integer
Dim1i, j As Integer
counter =0
For i =0 To xMax
For j =0 To yMax
If (extracted(i, j) = EP) Or (extracted(i, j) = BP) Then
counter = counter+ 1
End If
Next j
Next i
RideCount = counter

End Function

Public Function AddFeature(ByVal x As Integer, ByVal y As Integer) As Boolean
Dim 1, j, Xtmp, Ytmp As Integer

Dim Found As Boolean

Dim xNearest, yNearest As Integer

Dim counterX, counterY As Integer

xNearest =7 ' for error +- 7 pixel
yNearest =7

Found = False

Xtmp=x-7

Ytmp=y-7

For counterX =0 To 14



For counterY =0 To 14
1 = Xtmp + counterX
j = Ytmp + counterY
Ifi>=0 And j >= 0 And i <=xMax And j <= yMax Then
Ifi<>xOrj<>yThen
If Save_extract(i, j) = EP Or Save_extract(i, j) = BP Then
Found = True
If Abs(i - x) <= xNearest Or Abs(j - y) <= yNearest Then ' for Nearest x,y point
xNearest =1
yNearest =]
End If
EndIf
End If
End If
Next counterY
Next counterX
If Found Then
extracted(xNearest, yNearest) = Save_extract(xNearest, yNearest)
End If
AddFeature = Found

End Function

Public Function SubFeature(ByVal x As Integer, ByVal y As Integer) As Boolean
Dim i, j, Xtmp, Ytmp As Integer

Dim Found As Boolean

Dim xNearest, yNearest As Integer

Dim counterX, counterY As Integer

xNearest =7 ' for error +- 7 pixel
yNearest =7

Found = False

Xtmp=x-7

Ytmp=y-7

For counterX =0 To 14



For counterY =0 To 14
1= Xtmp + counterX
j = Ytmp + counterY
Ifi>=0 And j >= 0 And i <= xMax And j <= yMax Then
Ifi < xOrj<>yThen
If extracted(i, j) = EP Or extracted(i, j) = BP Then
Found = True
If Abs(i - x) <= xNearest Or Abs(j - y) <= yNearest Then ' for Nearest x,y point
xNearest =1
yNearest =]
End If
End If
End If
End If
Next counterY
Next counterX
If Found Then
extracted(xNearest, yNearest) = 0

End If
SubFeature = Found

End Function

Public Sub Undoextracted()
Dim i, j As Integer
Fori =0 To xMax
For j =0 To yMax
extracted(i, j) = Save_extract(i, j)
Next j
Next i

End Sub





