Optimizing Searches with Hashes

By David Adams
TN 05-44
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About the Samples

Packaging
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Supported Hashing Algorithms
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The Demonstration Test Screens
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Hashing Tests

006 HashTools Tests

F Hashing { Hashing Speed 1 Search Speed r Collision Counts ]

Type or paste some text into the sample input below to test the text hashing
routines. Select BLOB to run the BLOB hashing routines instead.

Sample Input
abcdefghijklmnopgrstuvwxyz1234567890

‘DB [3] OText ®BLoe [ Hash |
Results
729241521
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Hashing Speed Tests
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( Hashing ' Hashing Speed I Search Speed T Collision Counts ]

How expensive is hashing? Use this screen to test hashing real data. Select a
hashing algorithm, a data set, a number of values to hash, and press Run.

Data Set to Use Values to Hash

Small Set with Duplicates (11 records) v 11 Run )

Speed checking hashing functions

Sample Type: Small Set with Duplicates
Values Hashed: 11

All times in milliseconds.
AP: 6

BKDR: 4

DJB: 5

ELF: 5

JS: 6

PJW: 6

RS: 5

SDBM: 6

SumBytes: 19
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Hashing Search Speed Tests
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( Hashing T Hashing Speed ' Search Speed { Collision Counts ]

Use this screen to compare the speed of locating records using different hashes.
Notice that the results vary depending on the specific data used.

Data Set to Use Values to Find

( Small Set with Duplicates (11 records) v 11 | Run )

@ Include QUERY BY FORMULA in tests (slow)

Hash Method Min Max  Average Hash Match Avg Final Match Avg
AP 11 38 25 1 1
BKDR 11 35/20.454545 1 1
DJB 11 40 22.36363¢€ 1 1
ELF 10 35/18.90909C 1 1
S 10 36 21 1 1
PJW 15 35 24.545454 1 1
RS 12 43 22.18181¢ 1 1
SDBM 12 30 20.18181¢ 1 1
SumBytes 10 33 20.36363€ 1 1
QUERY BY FORML 1881 1933 1909.090¢ 0 1

11 record(s) compared.

~ Done
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Hashing Collision Tests
006

HashTools Tests

( Hashing T Hashing Speed T Search Speed } Collision Counts {

Use this screen to count and locate duplicate hashes from distinct strings. For any
particular data set and hashing algorithm, such collisions are possible. If you import
your own data, this screen can help you decide which hash to use.

Data Set to Use

( Paths - Roughly 1 KB long (1,000 records)

B ()

Hash Found Hash Value
AP 84423 graduation/LABORED/evaporate/SCUFFLm
84423 MIFFED/BOTHERSOME/HEEDLESS ficy/pa
EKDR 85427 least/innocence /win/CHUG/GUILE/SPIEL
DJB 85427 vineyard/terminology/tail/proclamation
85543 cranky/allimportant/belittle /hulking/FA
ELE 85543 lid/coating/ROCKY005 /accolade/bust/R
Js 86010 lively/holocaust/snag/bark005/DENTIST
86010 PERIPHERAL/bidding/HEARTTOHEART/Iz
PJW 86067 CEREBRAL/SOJOURN/whittle/INEDIBLE/w
RS 86067 clash/weasel/keg/PARAMOUNT/DOTTY,
86156 largely/SACCHARINE/BELLICOSE/goodte
SDEM 86156 yump/PUNCTUATE/clutch005 /APPAREN
SumBytes [ Show | 86157 CLAP/obscenity/if/contented/OUTSPREA

86157 happening/MERCILESS/standin/GANG/S
86220 deputy/interpolate/PARAPET/BRASSY/EX
86220 levy/CIRCULATION/MANSLAUGHTER/PIL "
86261 approach/next/descend/INAPPLICABLE/
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Source Code Only: Sanity Checking Screen

0606 4) B3 : Dialogs

If you modify or extend the source code, this screen should help you. The
Run button below calls a private sanity checking method that passes a
specific string to each hashing method. The correct output for this output is
known for each hashing algorithm. Therefore, if there are errors in the
hashing code, they're easy to see. This function is particularly useful since
some bit-wise and mathematical code performs differently interpreted and
compiled. If you change the hashing code, verify your work both interpreted
and compiled.

Sanity checking hashing functions M
Input:  abcdefghijklmnopgrstuvwxyz1234567890

Method Expected TextBLOB

AP 2062213678 2062213678 2062213678
BKDR 1006102968 1006102968 1006102968
DJB 729241521 729241521 729241521

ELF 126631744 126631744 126631744

JS 1651003062 1651003062 1651003062
P)W 126631744 126631744 126631744

RS 1950351854 1950351854 1950351854 N
SDBM 1302087688 1302087688 1302087688

&

SumBytes 3372 3372 3372 :
e RIC
The report output is tab-delimited text. [ Run ‘
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Related Technical Notes
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What Is Hashing?
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SumBytes: A Simple Example Hashing Function
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C_TEXT($text)
C_LONGINT($length;$character;$sum)
$text:="abcdefghijklmnopgrstuvwxyz1234567890"
$length:=Length($text)

C_LONGINT($sum)

For ($character;1;$length)
$sum:=$sum-+(Ascii($text[[$character]]))

End for
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Optimizing Searches with Hashing
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/Volumes/Echidna/Documents/Projects/Writing/Materials/Tech_Notes_and_Present
atio ns/1_In_Progress/Hashing/HashingFunctions/4D_2004_2.app/Contents/4D\ E
xtensions/Spellcheck/CordialSpeller.bundle/Contents/MacOS/CordialSpeller

HEPTIERE LT, o L bIRARD, FROL D RMEZFEITTHa—FTT,

C_TEXT($1;$new_path)
$new_path:=$1
QUERY ([Stored_Paths];[Stored_Paths]Path=$new_path)

FROa—RNFEWSATIEELLEELETN, EWAARITRD EBRoTEREZEL T,
4th Dimension @7 TV 37 F A hOEX & HERT 201 TldZe <, KXFE/NFH R L
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FX A NT 4 — ORI % 4th Dimension ® 2~ RTEITTARBFL L LCiX, F&E

D=a— KD X 512 QUERY BY FORMULA i~ > RZEFHHATHHDONE 2 b ET,

C_TEXT($1;$new_path)
$new_path:=$1
QUERY BY FORMULA([Stored_Paths];[Stored_Paths]Path=$new_path)

WAL LA AT UE, SHUCRICF &N CFE KT DB 2N 25 2 LN TEET,
QUERY BY FORMULA([Stored_Paths]; CS_AlphasAreEqual([Stored_Paths]Path;$new_path))

RICFENLFOXFNZEH L TIHR TS 5 —EIRY LiFE4, QUERY BY FORMULA [ZIEf#EIZ
BfE L E£4 238, FEFRICAAENES . $HZ 4D Server TIXFRIA 0D HICHEE LT EE W,
T4 =327 2kB =) 2F7T 572, 4th Dimension (3fE, La—R&r—FLTTF
FARNT 44—V RONEEZFHET, 4D Server DA, L a— RIIfRTOd xRy hT—7
BLICZ ATV FANBREINRDLTED, N7 4 —v U ARFELLETFLEST, 20Xy F
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Stored_Paths
Path
Hash 23

Hash 7 1 —/L RiZlE, L a— RIZEERS L7z Path Oy v 2 BMRFENTWET, Hash @
X, PV TEEMNTL 2T, MBICERTL2ZENRTEET,

" Trigger for [Stored_Paths]

Case of

¥ (Database event=On Saving Existing Record Event )

[Stored_Paths]Hash:= HashTools_HashText(->[Stored_Paths]Path;"'SumBytes")

¥ (Database event =On Saving New Record Event)

[Stored_Paths]Hash:= HashTools_HashText(->[Stored_Paths]Path;"'SumBytes")
End case

AT T2 R ADHITIE, A FOEEN 3372 12780 4, ZoXkHricdhnid, EELa—
ROBHITIER I H T3, QUERY BY FORMULA 2l L TL a— K& D& DU E Dby
HROVIC, FTROXIBRFIREZEL Z &L TRECEDRNLaA—NITEAEDH D VITT
T, AT HZENTEDLINLTT,

1 W BT DRICH LW A E Ay v a T b,

2.BED Ny vaba— RISHLTA VT Y 7 ARFBEETT 5, #RE LT, KfFCADR
WL a— RETART, 5D DEERNICT TR SN D,

3EINI L A= ARG, ERHEH LIS L BT 5,

TROa— RiE, ZoOHEZBERICHEELIZHD T,

C_TEXT($1;$new_path)

$new_path:=$1

C_LONGINT($hash)

$hash:= HashTools_HashText (->$new_path;"'SumBytes")

QUERY ([Stored_Paths];[Stored_Paths]Hash=$hash)
QUERY SELECTION BY FORMULA([Stored_Paths]; CS_AlphasAreEqual ([Stored_Paths]Path;$new
_path))

EFEOa— R T, QUERY OFER, Ny v aDERHT LW ZD LD L —FT 5 La— R
DrESNET, T—H_X—R(210000 fFDO L a— RAKEFEINTEY, v v =2 ($hash) D
NHEEONRAEEETHLa— RFB8 2 fFLr2nwo ThihiX, QUERY SELECTION BY
FORMULA =~ FRFHRD L a— FEE, Ny a2 Launga o 10000 Tz,
bEN 20BN Z 1T £,



% 1Z QUERY SELECTION BY FORMULA 2B/ BRA 23§ 57201, E2E & v 9 I
ST L. £ D%, QUERY SELECTION BY FORMULA @ L W N T-RBRIZHOWVWTEE L
72 & v E9,

Collisions and the Need for Sequential Comparisons

AR O = — RZ2 TR0 L 5 I L TESHBA TSR0 LERA,

C_TEXT($1;$new_path)

$new_path:=$1

C_LONGINT($hash)

$hash:= HashTools_HashText (->$new_path; "SumBytes")

If (Records in selection[Stored_Paths>1)

QUERY ([Stored_Paths];[Stored_Paths]Hash=$hash)

QUERY SELECTION BY FORMULA([Stored_Paths]; CS_AlphasAreEqual
([Stored_Paths]Path;$new_path))

End if

Ny VaDER—HT L L a— KRbiuE, ThRET TEEL 2 — FOFEXHRTE Lo
EWVZIE, BFTLHED LITRY FHA, BARDMEN, o< FEU Ny a2 EL T hE
PERH D72 TT, BlxiX, abc DA b TF— X DOEFHEIL, cab 53X W bca LRILTY, L
FEOI— RTENY Va N FTRDONRNADT AX—FT — X 2R LIfETHD 3372 L—T2%
La—FRFzRBFLTVET,

/Volumes/Echidna/Documents/Projects/Writing/Materials/Tech_Notes_and_Present
atio ns/1_In_Progress/Hashing/HashingFunctions/4D_2004_2.app/Contents/4D\ E
xtensions/Spellcheck/CordialSpeller.bundle/Contents/MacOS/CordialSpeller

La— RFpR O R2iFiuE, L TW D7 —XI3HFELERA, —HTHLa—RB0ED
THROM-TGE ZOT =X I E —BT 20 LT, —HELRVhrb LA,
Ny Y a DEIXEZRET D Z LD DT, #RITIAEE(false positive) D AIREMENH Y E 7,
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L 1E%¢(false positive) Dl OB N HLEEO L a— RBRFE U Ny Va2 FO5a03H 0 £77,
LTemoT, Ny YaBln—8T 5 a— NI, BEREICNEZFHARS TE R A,

Note /v i = |IRR#5E(false positive)z4TeZ L3 H Y 373, FRIEH (false negatives)
EAELRILIEIHY ERA, TOT —FITHIET 2Ny L a BB THONLRWVIGE,
EOT—ZIIFELER A,



Collisions Rates of Different Hashing Algorithms

oL ale ko TSRO LIRS 25 DU Tl ) £ A, 1L 5, 2ITREDOIE
LidHra— FEREZBIHICES T 2 L0 TEHERL LTHAMBEAH Y £9, Ny v =i
NTW2IEE, HRCEZBEERD AL, LEBHOEHERCEET, TTCATEE
X9z, SumBytes 7TV X LNFEEERZTEHENELS, HEVENZT LTI XLTH
DEEVZERA, EARN Y v o EE LD AT DR EEAN, FRTHEER
Ny vl L ZOERIHFICELS 20 T, UTFORTIE, KXFL/ALFERR LA
TR RVERA T F AT —ZIZx L, £T7 T Y XLBRENIEE DB THEZR AL Z
TONEE LD THIZHDTT,

Data Set Values SDBM BKDR RS AP DJB JS ELF PIJW Sum-
JEHLEER) 10 T 118925 2 3 4 5 14 23 327 327 3147
JEHLEER 3 30405 0 0O 0 ©O o 3 77 77 1183
MR 4 T 4754 0 0O 0 ©O 0 O 1 1 791
NZHK) 1KB & 1000 0 0O 0 O 0 O 0 0 88
NZHK) 16KB & 1000 0 0O 0 O 0 O 0 0 88
JEHLEER 9 Bt 977 0 0O 0 ©O 0 O 0 0 250
TANT v Rk 831 0 0O 0 ©O 0 1 3 3 218

IS~ 2 3 4 5 14 27 408 408 5765

LTI, MEMICHTERBDDBRWIEIL, 0T AT Y XARERLATEY ., bo

EHEENDIRNDIX SDBM T, b o & BEENRLVDIL SumBytes ThH D Z LR 00 £

To ROBITIZ, Ny v ad8NdT —ZDEBLZWVIRIC LB R6NTHET, ZOERND

LA AIND LI, Ny v all o TERIZKDO LSR5 2 N TEET,

e SumBytes ® X 5 RFEIARIIR Ny 2 TH-oTh, FHREIIEHN, EX20boTH D, &
Lz, 120000 HFREO 2 =— 7 2B Z Ny ¥ a LTeE | 2.6%FEOEIA T L
/Ny 2 ZEFEN72\0N(3147/118925=2.64%), MBEEZFETT %G, 5L d
Tl 7T arnt 98%D L a— R(115778 )RRV T E 5O ThHIVIX Y i@ b
EBT 50T, LabIiidbo L bHMA Y &= 20 L7256 OMICHEE 20,

o FEDT—HZIIKL, bo bEEOEZ IS WA Y Va2 BT ETOMEIZSH S, Ny
a2 DHMIE, BXRBOREEETSHZ L TH Y| £5C 4D Server TIEZ DA B KE
Wb Th b,

*  SumBytes U4 Dy v | TEIZEEF THDH, FEBE. SDBM, BKDR, RS 35 XU AP
DOFERITEN D R CHOTF NI, 7272 L, ZZTHERLET—ZIZIALHREDOTHY |
EBROT =2 THRIUHERDELND &0 ) BRTIE ARV,

Testing Your Data

BAY 27 A N ERHT AN b U< AR A, SIS LTSy S L

BHRLOTHDLIOT, WHITRATHEHAL T, e OPEEHM/HT L ENTEET,



BKDR & SDBM (%727 7 4L N ThHLHESNTWET, HRIOT —X TT A M &3
T 5D ThHILE, T—HEEFEIHL LT T AT —FR—ATHHLALTLIZE N, 7
7ANMZE, FEe Sl OB LET,

Data_Set_Name String 60

Sample_Text Text

o7 a— Kk, [Sample]Data_Set_Name 7 4 — /L KO—EHTHTXTHLa— 2O
LODT =2ty FeBRLET, Ny vald, A R— MR U BT Ko THEIERK
SNET, AVF=PBRETH, YT NAOBE TNy 22T AMTHIENTEET,

Note VU 7NT—HN—XTEFTINDA—FDOEZL, IV A VLE-RFRTOT A B X
CEALZEELTEBY, a2 XAV E— RTARONEHELET,

More Information About Collisions

and Why You Should Test

FWEDT— 5T A b E LR Th/y b AR ERSTES L B E LR, AMET
ALELEEIDEELVDIINVWI ETHLH Y FHA, RIROT =Xy FTIE, ZHLENLD
NV a DELBMRIIFEICETLED, TXTOT—FIZBNTZI THD EIERY A,
BEER Ny v ald, BWERE, DOV EREROMEOREANTHFIZIEN MR ERL, 5
FEOHEZMEY BZEIRNBDTHLEENTWVET, LArLenb, KYICHERMN
TE, RBCHERT = A AR RTFERSNEE A, BEOHRTIE, ANENDT—4
B, HOBKR TIPSR T RN —AR I H Y T, 728 21F, BEEOt &0 ) LTI
z L0 BIE0EEHEN, AKELZRS A XY TEETIT ], ke w, X, yiFEoBEHE
NEHh, ZOLIRDITT, BHERTALITYZALTH-TH, Ny vallFORELD D&
N HDTT,

Replacing QUERY SELECTION BY FORMULA

77 =%/ /— bk 05-41 Case-Sensitive Operations in 4th Dimension T4 U 541 TV
FTD, MREEEILT 5 HEICONT, SHIICERLTYEWEENET,

C_TEXT($1;$new_path)

$new_path:=$1

C_LONGINT($hash)

$hash:= HashTools_HashText (->$new_path;"SumBytes")
QUERY ([Stored_Paths];[Stored_Paths]Hash=$hash)
QUERY SELECTION BY FORMULA([Stored_Paths];
CS_AlphasAreEqual([Stored_Paths]Path;$new_path))

AR D Ny v 2 MR TiE. QUERY SELECTION BY FORMULA #fffH L CW A7, L bif
4D Server TSN LN T 4 —< A THENEINTWVWET, Ny U aBmEBRORBE L
LCEEND La— Ko kEiFniE, QUERY SELECTION BY FORMULA (Z+hn 721 %<



DEXHBREFIT LT IERY ¥ A, =V, QUERY SELECTION BY FORMULA =2~ K
XV EHERRBRECEIRZDIZENTEET, U FEK#ELShZa— FTEITSRATWY
DB ONEE L DI-H DT,

LW E Ny a2 D,

Ny ak ATy 7 AR LU THRMEO WL 3 — FEHERT 2,

JEo L a— RS hiE, SELECTION TO ARRAY Tur— K45,

BB DB FEHEE N —T TRIEL, TTOT —4 & —HT 5L ORbIVUEREKNREL 7 v a v
WZZED L a— REBNT 5,

A W N R

ZOX I L THEEE L 2— RiX, QUERY SELECTION BY FORMULA #4256 X0 %
RO FHDB 0o TOETD, RBIICETHRPES 2V £4, LLFIESDBM 7 v =2 X
LML, TDa—FZEPOF2 ANl bDTT,

C_TEXT($1;$new_path)

$new_path:=$1

C_LONGINT($hash)

$hash:= HashTools_HashText (->$new_path;"SDBM")

QUERY ([Stored_Paths];[Stored_Paths]Hash=$hash)

If (Records in selection([Stored_Paths])>0)

ARRAY LONGINT($record_numbers_that_might_match;0)

ARRAY TEXT($text_values_to_check;0)

SELECTION TO ARRAY([Stored_Paths];$record_numbers_that_might_match)
SELECTION TO ARRAY([Stored_Paths]Path;$text_values_to_check)

ARRAY LONGINT($record_numbers_that_do_match;0)

For ($loop_counter;1;Size of array($text_values_to_check))

If ( HashUTlility_AlphasAreEqual ($new_path;$text_values_to_check{$loop_counter}))
" The new path matches the current element in the text array.

" Add the original record number the array of record numbers

* we'll use below to build the resulting selection.

C_LONGINT ($record_number)
$matching_record_number:=$record_numbers_that_might_match{$loop_counter}
APPEND TO ARRAY ($record_numbers_that_do_match;$matching_record_number)
End if

End for

" The array below is either empty or has record numbers of records whose

" Path field = the new path we're looking for.

CREATE SELECTION FROM ARRAY([Stored_Paths];$record_numbers_that_do_match)
End if

Note O =— FOWRMAMRERAFICONTIH, Y—Ra—RX—RZHFENA TNV
HashTools_FindTextByHash * v K& L T IZ& 0,

WR SN — FTREMOHE L 72> TS DX, SELECTION TO ARRAY I L U8 CREATE
SELECTION FROM ARRAY =~ > FOMEH T, M=~ Fi&4D Server flicxy NV —72
KELSNTWET, Zhboavr FefidsL, La—RF7F—2Z0bLONREEIND



bz, BRENTZ T 4=V RT—ZETRWBEINDITZD, La— R A ARKEWEES
L. M7 ) ORFMEMEIZ SR £9, TiX, ZEEN DWVORMAEH N T LD, AY
— RTFTRANOREREHLTHEL LI,

How Much Time Can Hashing Save?

HEM D THBD 2 LITIHIER S Y £5, BEMRT U A2 ERTUZ, Rk > ThF
BEL 2D L CHENTH 2 L XMETT R, BB CHMAT LT —# TiE, x> THER
BB L LNVERA, TORK T, 4th Dimension Thix 727 — & v F %

M UTZBRFERDET BN TWET, ROMEIL,

WTFNLEBEOT A FEETLEREEZ Y

BTRDLIEFEYETT,

Source Values AP BKDR DJB ELF 1S PJW RS SDBM Sum- Q/BY/F
/N A 1KB 1000 0.86 0.81 0.81 0.88 0.82 0.83 0.82 0.83 1.67 108.46
/XA 16KB 1000 6.67 6.84 6.50 6.32 6.18 6.18 7.13 6.40 23.57 301.41
JERER) T 977 0.43 0.38 0.44 0.43 0.37 040 0.45 0.41 1.11 251.89
HEDHY 11 0.18 0.27 0.64 0.18 0.18 0.36 0.18 0.36 0.55 268.64
JERER) B 100 0.37 0.27 0.27 0.22 0.30 0.31 0.27 0.33 0.57 267.02

SR 1.70 171 1.73 1.60 1.57 1.62 1.77 1.67 5.49 239.48

T4ty M, MEBEMEL, 22— REoT— 42 A LE L, FOLHI T —HXT
. Ny a2 BT AY Y MIHFEDRELS BV FHA, T—ENEL, RELRDITE,
Ny aDHFILBICOL EOITRVET, ZORIZOVTOFELWELEL, 77=h1 /) —

I 05-41 Case-Sensitive Operations in 4th Dimension (2 # S T E1,

Note

QUERY BY FORMULA (IR L 22— K& v — K457, [MET A M2#EVELTYH
FrERFEAMFIE—E T, TOMDOT A MZOVWTIE, AR ER, 2FV AL —TF
4 TV AT AOEERL, 4th Dimension Oy 7 7 75 v a2 BIZ ko TEEY
DAEEMERDHVET, 2O/ = TIEZDO LI REBERDLAYRT DD, TA L

EEBIEFEITLE L,

AP, BKDR, DJB., ELF, ]S, PIJW, RS BXL T SDBM (T Xk 5y v =ld7 A MERP IS,
FERETHLEARTIENTEET, ROKFIINDLEREEL L, HxlTr—Ft v T

DWTHRERLIZBA.

HDOTT,

Sumbytes & QUERY BY FORMULA 22 72 Va2 RO LTS



Source

N Z-#) 1KB
INZ-#) 16KB
#1000 25 HiFE
WHEERERED Y
#7100 SHGE

T

Values
1000
1000
977

11
100

TNy a

1.00
1.00
1.00
1.00
1.00
1.00

Sumbytes
2.01
3.61
2.69
1.85
1.95
2.42

Q/B/F

130.46
46.19

609.54
909.23
912.89
521.66

4% & Sumbytes 1ZAEM ey 2 LD K 2.4 (FORER23 22220 . QUERY BY
FORMULA i% 500 fi5LA EORERI 323035 Z E 3y 97, R TIEARL, EBEO 7 v v 7%
AT 2L L5725 TLE DM, LOBITIE, Sumbytes BIEA N L-HGTH, 7—4
BHBOTDOIZELTZREITENEWES D 1 B THY ., 1 WU EORERLND 2D D
?1X QUERY BY FORMULA 7215 ¥, /N va AT 1uE, BhEW 72 < BIRISEEE A A 3

DT ENRGMHDFELEN, £ T 4D Server 2 L7254,

Flra=— 7 TIERVEEZ R

BT ABEBIZONTIZESITL L 9 1ZUHIZ4D Server it DWW TEZXTAHEL L 9,

Source
/N 1KB
/S A 16KB
JERER) T
HEDHY
JERER) B
SR

Values
1000
1000

977
11
100

AP

324
338
333
328
332
331

BKDR
398
396
392
394
396
395

DB
401
393
400
404
398
399

ELF
392
395
395
400
394
395

JS

399
396
394
382
394
395

PIW
400
397
398
399
396
398

RS

392
395
397
405
397
397

SDBM
399
396
393
391
391
394

Sum-
399
395
398
396
397
397

Q/BY/F
5064
8267
9490
9400
9510
8346

[ U5 —#IZ X % 4th Dimension & 4D Server 5 A MEREZ L TH D &, BIEENZ
KON F£9,
- Ay VarRMALESEOEN I 2 VEEMIZELELTH 1 BUNEA, QUERY BY

FORMULA (% — T8 HE#ER D,

- Sumbytes DNV 2T NTY ALDNRT F—< L ADENY —N_TERL 2o T

LES, ZNIEHT =%ty MIERTL2BHRTH 5,

- i EHEE R LI ANT =~ 2D TV 21X, QUERY BY FORMULA [ & 1T EHE< 72
WEDIZHZDNR, FEO7 vy 7E TNV HE>TWD,

(Y

o Limid, o & iz,

NI F =~ AR TRDOT L LS £,



Source Values Ehnyia Sumbytes Q/B/F

/R A-#) 1KB 1000 1.00 1.00 12.75
/XA -#) 16KB 1000 1.00 1.00 20.91
#1000 &£HEE 977 1.00 1.01 23.99
FHEEEED Y 11 1.00 1.00 23.72
#7100 S HiGE 100 1.00 1.00 24.07

SR 1.00 1.00 21.09

FoFRiZ, EEOHEMABRRE L /70y 7 HEBBLTCT A MFETTHI ORI ZHHFML T
WE 9, 4th Dimension & 4D Server ®5 —# # HEffilZ b4 5 & . QUERY BY FORMULA
134D Server HiZhfbsivTWnWa Ebhs it LivER A, [l =~ KiX,4th Dimension
TlE ANy v 2 ® 521 FORERIN 0D F L7223, 4D Server TIEZ D HFEN 21 FICiE X0
MHTT, Wz 5725, 4D Server TIX 255N VWH Z L b TEET, LLAanb,
CHITML D GIEC B DRI 2 7272 FARFINC RIER DT d—~ o AEN DI o T
ZlicksboTYd, Zuy ZHICEREIEX, Ny ¥ 203 0.3-0.4 . QUERY BY FORMULA 1%
5-9.5 L7 BEDIZIVRRVEBNE NS Z ERG00 ET,

A Few Words About Performance Tests

DT EHA ) - hTHFTNDT X MERIE LR G, BEREICES 2B LTS
EEV, TAMEREZL OBEZIELAISNDBOTHY . I 2 THIFRERNEBEOMEM
AT HCHEHTIEED LW OIRIEIZZR WD TY, N7 4+ —< 2 ADFXSIZRERIZ OV TS
ML ENNZET, BBENABEMIITEDLARVIZT TIN, ¥ RAF AL > TEBEORME
AR B0 3, TCIRERARELE I, TR M2 A AEE CHEAIND LDOT
FRVAEICH, BEETILERD D ET,

4th Dimension Versus 4D Server

307 A hCHFCH 28] < 075, 4D Server THE SumBytes DR EAER ey o T AT
URALESIEFELED LR o725 TF, 4th Dimension O34, SumBytes i%, 22D 7
Wy v a B0 B LT 1.8-3.6 (FO R 20 ) E Lz, 724 4D Server Tl Rav e
HOTL L 5%, 4D Client AlOREL SN I-RE T, HREROA v F v 7 ZARFEFEITL
THEY., THICRER, BERMBEFMNS D 2 L RBERLTHET,



1LHLWRRAZT TA4 7 MIITTAYy v ad 5,

2.4D Server iy Y2 FHELTA VT v 7 AR EFATSH D,

3.4D Server PHEMFIZABTH L a— REZLZOTHA M eZITHS,
4.0 —HNCEANZHEM L, 7F A MERKEL T, La— FETORINEZIED,
5.1 22— KEEORES % 4D Server IZEfE7 5,

6. CREATE SELECTION FROM ARRAY Tt L7 v a v %#1ED,

TAMIEH LIz — 21Ty A A/ &<, FHEDRCDT, 40T v 7 ARRERIC
DD AHITENIF E /<, 4D Server, 4D Cleint IR T L 6 27 v 7&K T L7908,

INTHA VT v ARBEFATT HOIITRARIR, LERUHRERE VI LORH D LD
WWHEZES, ZoZ&iE, 10E07 2 MIET RN 1 EO7T A MIhn 2k O 10 % X
DH DR LDy ET, 2T A FOFERE, 1000 L=— Fodns 500 La— R
Dt L7 v a % QUERY SELECTION BY FORMULA TIEA DIZhh> % FEfEIZ 16000 X U £,
EEDFETIE 350 S VR TLZ, QUERY SELECTION BY FORMULA Zf#fH L7=1% 5 MK
W= AT DD L) EBNLIREIICEER & 20 £, a5 v 2 iE. QUERY
SELECTION BY FORMULA [ZWHOTHEIWZIZIEZOINHBTHL LW ET, Himmicid,

1000 L a— FoOH N5 1000 La— KoL 7 v a o &1E5H L X1 QUERY SELECTION BY
FORMULA WHFIZ2 X 9B A ET0, Ny va TE{fbS Nz HEE, 20X 5254 TH
400 S VM TH Y ,QUERY SELECTION BY FORMULA ® 16000 S VU L 0 o L EmETT,

Why Is QUERY SELECTION BY FORMULA So Slow?
ZiUs LT h, 7 QUERY BY FORMULA % QUERY SELECTION BY FORMULA 1 = Ui &
IRT =<V ANRPEHLHDOTL £ 90, O ED>OEHIZ,. QUERY BY FORMULA 73 SELECTION
TO ARRAY D L5127 4 — /W FEALTIE RS La—RFaRz e —FLTWLH 2 &IZH VD £7°,
La— R A ZARRENELE, ZOBEWVTEETT, LiIVni, SEIOT A TR A
ADNESIpLa— R LT, ZOMBIEE TEXEY FHA, FAL I DHEREZHD T
WIZiX, 4th Dimension DN 22— RZ ML MLERH D £T, WAWARENZNTSH Z &1
ARETY A, MRDOE A, MELROITHBERREEL . T b E RS 572D DHTIETT,
Z Z Ti%. QUERY BY FORMULA = QUERY SELECTION BY FORMULA Offif & & A GH
THRITORELEL WS Z AWMV E LT, ZORERBERREZSBEICES, vV —F iy
7 YRR LE D e & i b T B 7 D EEEM e FIEICOWTEBLTwEELE I,



Technique:

Refining Query Results with Multiple Hashes

oL ale kBRI DT DD DI, Y— b ) Y B LTS L a— ROk
BE2LRSTHENWIEZTT, F—7 I a—Fn 1000 4hHiuE, XA T4 7~ KD
QUERY BY FORMULA 1% 1000 9 X TZFH~NE T, Ny =2l K> TEDOHD 600 1Rk
ShaieblE, v—~r vy ns =Y OkiE 400 TR ET, 4D Server DHé, 7= & 2 400
I o7c e LTH, EFREELAY— RIZIERMREY £, Ny v a P liEs 2 AT
Lo ThhE, BERON Ny Va2 B MBEDETHERT 2R TEET, Ay vald, TA D
F—XZTRLTAT, bEVHELZRISAVHOZRVET, KOF—HR—RAR LTI F
v TiE, AP, ELF, BKDR X9 3D Ny > 2 2L T, NAZEHHELTOET,

Path
R | o

ELF Hash 2
BKDR_Hash 2%

BRERa—FTlH, ROLHICHy 22 3EHFHALT, B 7 a 2 K0IAHET,

C_TEXT($1;$new_path)

$new_path:=$1

C_LONGINT($hash)

$hash:= HashTools_HashText (->$new_path;"AP")

QUERY ([Stored_Paths];[Stored_Paths]AP_Hash=$hash)

If (Records in selection([Stored_Paths])>1)" Refine the selection with the second hash.
$hash:= HashTools_HashText (->$new_path;"ELF")

QUERY SELECTION([Stored_Paths];[Stored_Paths]ELF_Hash=$hash)

If (Records in selection([Stored_Paths])>1)" Refine the selection with the third hash.
$hash:= HashTools_HashText (->$new_path;"BKDR")

QUERY SELECTION([Stored_Paths];[Stored_Paths]BKDR_Hash=$hash)

End if

End if

Assume SELECTION TO ARRAY based code is used here.

BEONy a2 ERT LR, EBEOT =X TEILTAMEFITTILERHY £3, > —
TN ) BFTTL VA= FEBD R T, N7 =~ ARE LT D O D
TTMN, Ny v aZfifmS ETT 25 OIERMR 20 L Vb)Y —2F =2 RKE FhE,
FENTET ANy 2l BRI 20D VS T EEENRTITRY F/H A, ZRLTIIRIZ, WAWN
ANy aT A Y ANIE ST, ENFEIFUERERIZCENHDDONEHTOEEL X I,



Speed Cost of Hashing

Ny Ll 7% 2 b BLOB, 55 U K3 a A > b2 THEABIE LT 0T,
ZNR ) ORI NLETT, TN TH, 2y THIE, Ny alllo TRy om
BRI TEL 6D TY, UTORITIZ, ar A rsnkeT 7 r—3a r THRa RNy
aTNAYRLEFAL, Bied T2 E AT E Ny v a LESEOMERENE LD LN
TWET, AT 5 &, 150000 [HLL EOT A "3 TENE Lz, EA LI — Ry =71

IEEDOLDOTY, BHITTXTIYPHTRRLTHY £75,

Data Set Values AP RS ELF BKDR DJIB SDBM ]S PJW  Average

SR
W7
i
KL

977 1 1 1 2 2 2 1 5 2
b 831 1 1 2 2 1 2 1 5 2

4754 9 9 16 34 13 12 10 31 17

30405 39 41 49 46 56 56 46 185 65

1KB /Y& 1000 98 129 105 103 129 137 143 156 125

By

% 118925 270 203 238 @ 215 325 265 251 727 312

16KB /X4 | 1000 1682 1753 1734 1767 2223 2388 2423 2400 2046

sum

157892 2100 2137 2145 2169 2749 2862 2875 3509 2568
FNE AR RO SN TEY bo L bEERbONEICKE S TV ET, 2100(2.1
NI VBEEEZEH L AP RN —FEHR/Ny > 2T, 3509 2 V(3.5 )0 PIW N—FiE
WEWS ZENTMNDETH, ZOZHERNPLWVAZLDIE, EO Ny v aZz@ENTIRLEZM
BT RnEn) ZeTd, F@o~v a2l L, 150000 {FLLEOT =52 TT 2 & %l
LEeHaTH, —FEOAy v a2t —FBBO Ny a2 DAY — RZEL 1.5 BUFENLTT,
BEMEL LT, Ny yallhndBlE, ZEAEERTEL Lo THHNEREA,

TiX, REMWZRFTERHOIEIZZ S5 TEY, botbEmERbON LICREIN TV E
T, ZOEENL, EOTF—2ty FRXYEWLEREMZLEE L0000 £3, 7
LIRFHENT, 77— 7 ORI L2V RICHE L TS ZE W, Ny a3 il —r oy
YARETH Y | CFF|, BLOB, R¥ 2 AV MIFENDT — X RN OEEET/NA M
L CRHMES 2 B ERNH D DT, BEOLBEEHITIEF A MUZL-TIkRED £9, EDOT =R
FOWE, HEEIIRALID T o LEWT —Z A XTHERINLTWDOT, 120000 FEDOH
P 16KB /32 1000 R LY b Ny v aTHZ ENTEE L, BTHI2, RWTF—4
NV a T DI RVERNND L) Z L TY,

N

Note ZZTHINLETARCTHE, 7—F52T7FANFATLELTUHEHLTWET, AILT—
% % BLOB THRLEF UL S HICH< 2V £9, 77 =#/L/ — I 05-42 Scanning Text
and BLOBs Efficiently Ti&, 2O HIZHOWTH L Fra—RELHICFELLGHLE TV E
To TXAMERA Y MEEATHANDIHEDERRIZOVTHEHENTH Y £7°,



Technique: Building Longer Hash Keys

GEoDAy Y THED L a— Kict v k2818, BohOXMIERRELONET., ik
Loy v aOBHERIZZEOOESTYT, 22Tk, #EO NNy a2 2@ 3D 7 4 —L RiZ
BRETHRDOVIC, Ny a2 BEADETH-OXTIE LTRET 5 HEEHBA LET,

FOBEOa— REIRO LI 7LD £9,

C_LONGINT($ap_hash)

C_LONGINT ($elf_hash)

C_LONGINT ($bkdr_hash)

$ap_hash:= HashTools_HashText (->[Element_Map]XML_Path;"AP")
$elf_hash:= HashTools_HashText (->[Element_Map]XML_Path;"ELF")
$bkdr_hash:= HashTools_HashText (->[Element_Map]XML_Path;"BKDR")
" Convert the three hashes to a single string.

" Put a dash between hashes, like so:

* 24554-89099-34566

C_STRING(20;$longHashKey_s)

$longHashKey_s:=""
$longHashKey_s:=$longHashKey_s+String($ap_hash)
$longHashKey_s:=$longHashKey_s+"-"
$longHashKey_s:=$longHashKey_s+String($elf_hash)
$longHashKey_s:=$longHashKey_s+"-"
$longHashKey_s:=$longHashKey_s+String($bkdr_hash)
[Element_Map]Long_Hash_Key:=$longHashKey_s

FARM72Z 21, AR Loy v a OEHHBHERL T, BT 501E, Ny v axD
EODILFHINT 4 —)L RIZRIFE L TV 5 4 TY, 4th Dimension |%, 3 HOEEEEK T 4 —L
REA LTy 7 AMBTLHED G, OLODXFHNT 4=V REA T v 7 ZARBLIZIE I N
BT X FE T,

LFHN Ny a2z BN FTHITE, WAWASRFTIENRSE Z bvET, Bl 2 il 9 5512
W 5515, 16 HEEIC— v 2— R4 551k, BASE64 ([Z— 2 a— R4 5 5L L, #ARD 80
NA MUTTHDIVUE, AT v 7 ABEDOLFINT 4 =V FELTRIFT DI LN TEET,

BE DNy v 2 A A DE S FIEE, HashTools 2 R—% > K TRW Ny V2 2B T 5
ME—DHETIEH Y A, HlziE, 32000 N1 FOTF A FEEFREHEO Ny 2127 51K
b0z, 8000 A hFoDT vy ZIZHTFT, 42Dy v ak{KT D HELHY FT., £
DX RPN EICELD LD ThhUE, A7 v a v oRTA—2% L LTHRIAMEL Ny
VaDRRYARXEZITMADE Iy vaDN—F U EEHRZLIELTEET, Ny v
2 DNV—F v EEXIEZ D5E1L, Private B0 HashUtility _SanityCheckFunction * >
REFEALT, "y vaBRELLBEL TN Z EaMRL TSN, b BAA, TOT —
ZEGI T THERED L —F AZET L0 ) HIETHHWEREA,



Technique: Hashing Only Part of the Data

TEAYYa LRV ENS FECOWTHLER L TALMERH Y 3, flziF, Feats
FERE N Y 2T HOTIERLS, RO 8000 S METFENY Y aTEE I LET, 4
TV FRREVEE, TOEIBLRVEH Ty a2 TEET, b5 0L OOF A,
Ny Y2l CET BB L Z OMAMEIITE 5 L0 9 T, 1000 0 ¥ 22 MsH Y |
B0 8000 NA MEFENY Y2 T EOTHIUE, FIEMEIE TR T T8, FFaxy
FEREANY V2T RS, ZOMMIEA FEa Ay b A Rk TRASHET,

—ETE TNy a L LTH, Ay v aDRIFALEELbARWRICEELTE
SN Ny aPN—HTHIENDBEEILEINLIOE, ZNOHIEOT =2 BNE LS LA,
EWVHZEIETTT, BDIWE, BTN, EERLERIU A Y Y allRo 2T 00
bk, R, KENRAAL FRAEOKEETON T, MFEDIALL DT 200
BHEELET, bL, T—XO—8 0T aE v o LR, HEOEBBEZ 2D TH
UL, — IR B CE 2 & lTe D £ 7,

Technique: Case-Insensitive Comparisons

Ny T, Fe kA A N TR 50 C, 4th Dimension DEUEBE L X, 2
RENCKLF L LFRIKBIT 2 2 Lok £, KT LATF2 XY LARVBREZEDIE S 2
LELVOTHIIE, Ny v a2t HMICITFOMBELHK2 5 LRTEET, HlxE, ko
T—HAR—ATE, F—AB VT AT Ny vabIfFr—Avr o7 4 Ty v 2D
EEHELTVET,

Stored_Paths
Path
Hash 23
Hash_Case_Insensitive | 27

ZHICHIET DL P IO EESBRA LI LBTEET,

" Trigger for [Stored_Paths]

Case of

¥ (Database event=On Saving Existing Record Event )

[Stored_Paths]Hash:= HashTools_HashText (->[Stored_Paths]Path;"SumBytes")
C_TEXT($uppercase_text)

Suppercase_text:= Uppercase([Stored_Paths]Path)

[Stored_Paths]Hash_Case_lInsensitive:= HashTools HashText (->$uppercase_text;"SumBytes")
¥ (Database event=On Saving New Record Event)

[Stored_Paths]Hash:= HashTools_HashText (->[Stored_Paths]Path;"SumBytes")
C_TEXT($uppercase_text)



Suppercase_text:= Uppercase([Stored_Paths]Path)
[Stored_Paths]Hash_Case_Insensitive:= HashTools HashText (->$uppercase_text;"SumBytes")
End case

RA 2 b ERDOIZLLTF O T,

C_TEXT($uppercase_text)
Suppercase_text:= Uppercase([Stored_Paths]Path)
[Stored_Paths]Hash_Case_lInsensitive:= HashTools HashText (->$uppercase_text;"SumBytes")

Ny VA B RT AN, V= AT F A MRTRCRLFICEHRIN TV ET, Uppercase
ZMEE b, A LE L2, Bl Lowercase 2 L THWEHEA, LTI ZONy a2 %
B LTy & 2 RO A2 BT,

C_TEXT($1)

C_TEXT($new_path_uppercase)

$new_path_uppercase:= Uppercase ($1)

C_LONGINT($hash)

$hash:= HashTools_HashText (->$new_path_uppercase;"SumBytes")
QUERY([Stored_Paths];[Stored_Paths]Hash_Case_Insensitive=$hash)
QUERY BY FORMULA ([Stored_Paths]; [Stored_Paths]Path=$new_path)

Technique:

Searching for BLOBs, Pictures, and Documents

4th Dimension Ty & = £ UL 5 & 2 7 90000 91 K 0F & e £ A L XML
RAEFRRRT DD TLE, B, Ny 2320HMEESCRETIEOTEDT
=y 7 TR, ZTOM, BERICHEE L Gr REEOMRRICBEISL 0T, v F—x
k@ HashTools_HashDocument #* ¥ v Rix, AEBIZCFS], 7F A M, EZ7F ¥, F¥a
AV POy v aBBEEFTTEET, avR—Fr MEI, Ay Yo TRGEE Shiffx 7 o
— NEERTIBO AL THIENTEET, Ny va Sl LT, RO X5 R T
VAERF DD ENTEET,

b D RERERSEDOHREZ T TIE, 20 y EULEOA 7 0 2T LT, &FDO FFa X
M EESEAMN LRTIERY ERA, A7 ot20—RELT, HRFa2 A POy
VaNFzy s AL LTRESNET, F¥a 22 MIE< & HashTools_HashDocument
Ty vadh, FzyZ7FLlBEsnEd, ER—BLARVWEE, F¥a X MIHRE
EhET,

HDHHA LY NEETTCIL R AEEDODEAESCERE S Web TZIFFHTF D L o720 F L,
FiZix, 77 ANV EEEDTNIEAZT, BOOEHEMEL XS T DADRWET, EE
T 570, AT AT EHE%AY HashTools_HashPicture T/hv 2 L, RWTIRESH



TWAF—X& )6 HashTools_FindByHash CTEEZBR L £7,
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Tip: Constructing "Not Equals” Searches Correctly
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A Few Words for People Who Don’'t Like Math
SOFI=HN ) — FTE, FREROAY 2T AT Y ZAO T — RIZOW TR filhC
WEHATLE, SumBytes #i< Ny v a=da— KX, Wb Java, C, C++. Pascal,

Object Pascal ® Y —Z2a— RN TFLOYA B AFTEET,
http://www.partow.net/programming/hashfunctions/index.html
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T, RIZCTEMNIZELF Ny v ama— K&, % 4th Dimension O 7 —JIZiR L
FboEfRRLTBEET,



unsigned int ELFHash(char* str, unsigned int len)
{

unsigned int hash = 0;

unsigned int x = 0;

unsigned int i = 0;

for(i = 0; i < len; str++, i++)

{

hash = (hash << 4) + (*str);

if((x
{
hash "= (x >> 24);

hash & 0xF0000000L) != 0)

hash &= ~x;
}

}
return (hash & OxX7FFFFFFF);

}
/* End Of ELF Hash Function */

C_LONGINT($0;$hash)
C_TEXT($1;$str)

$str:=$1

$hash:=0

C_LONGINT($x)

C_LONGINT($len)

$x:=0

$len:=Length($str)
C_LONGINT($i)

For ($i;1;$len) * Note: 4D numbers strings from 1, not 0.
$hash:=($hash << 4)+(Ascii($str$i))
$x:=$hash & 0xFO000000

If ($x#0)

$hash:=$hash Al ($x >>24)
$hash:=$hash & ($x Al -1)

End if

End for

$0:=$hash

HEMIZE Yy hUA XFEREZHEH L TWDLIOTRWED , ERROa— REEDL TRBGN LR
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A Note About MD5

MD5 /o oo 7 A=) XA THN S & Db SRS E B ET, MD5 (X, H75
XEHIN Y v aTERL KR bET Ay v a T, R bEhiny vald, WHT5Z
EMIEFICHELL, LB o TR — R EOEERT — X 20T BICFH T, L
L. BxaT ey vaOfffld, Baedy a2 OfER KD bEME T, HashTools = 7R
—R Y MIEENLTVLZEDOMD Ny 2 21 3BATO CFFETH D DK L, MD5 I3EETIC K
OFET, MDSIZENTE TR END T, FHIE S L EZ T HLERRWRY | o7 ra ) X
DEMALEIEY NEHTY,

More Details About the Source Code

YU TNT s R AT, RARBT— Sty A LChEA By S B L, R R
RFEREIN D DOV —ABRRAT SN TVET, TRAb2—T ¢ U T 4 OLEHICH 75
DINENY T 2D —F T, UTICAASL I —FrO—EE2BHLET, KFETHRFASIN

TWB DM HashTools = R—% > FCTHIET 22 EDTEH A Y v RTY,

Method Scope Description
Compiler_HashTools Protected = XA/ TEZF
HashBlob_AP Private BLOBDOAP v v =
HashBlob_BKDR Private BLOB®BKDR/ N ¥ =
HashBlob_DJB Private BLOB®DIB/~» ¥ =
HashBlob_ELF Private BLOBDOELF Ny v =
HashBlob_JS Private BLOB®DIS/ v ¥/ =
HashBlob_PJW Private BLOBDOPIW Ny v =
HashBlob_RS Private BLOBMDRS /N> =
HashBlob_SDBM Private BLOB®SDBM/ /Ny o =
HashBlob_SumBytes Private BLOB®OSumBytes/» v ¥ =
HashDocument_AP Private FEa2 A FDOAPNY T 2
HashDocument_BKDR Private F¥ =2 A hDOBKDRMNy v 2
HashDocument _DJB Private F¥=2A hDODIBNy v 2
HashDocument _ELF Private F¥ a2 A FPDELFNy v 2
HashDocument _JS Private FEFa2 A MDISHNYy V2
HashDocument _PIW Private FEa2 A FOPIWANY T =
HashDocument _RS Private F¥a2 A FDORSHNY T2
HashDocument _SDBM Private F¥ =2 A hDOSDBM/ Ny =
HashDocument _SumBytes Private R =2 A hOSumBytes/ny ¥ =



HashDocument_AP
HashDocument_BKDR
HashDocument _DJB
HashDocument _ELF
HashDocument _JS
HashDocument _PJW
HashDocument _RS
HashDocument _SDBM
HashDocument _SumBytes
HashDocument _AP
HashTools Read Me Private
HashTools Read Me Public
HashTools_FindBlobByHash
HashTools_FindByHash
HashTools_FindPictureByHash
HashTools_FindTextByHash
HashTools_GetErrorText
HashTools_GetHashTypeNames
HashTools_GetLastErrorCode
HashTools_GetLastErrorLocation
HashTools_HashBlob
HashTools_HashDocument
HashTools_HashPicture
HashTools_HashText
HashTools_InitializeErrorText
HashTools_InitializeTypeNames
HashTools_InstallErrorSystem
HashTools_RestoreErrorHandler
HashTools_SetError
HashUtility_AlphasAreEqual
HashUtility_DocRefIsValid
HashUtility_PicturesAreEqual
HashUtility_SanityCheckFunction
HashUtility_TypeNamelsValid

Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Public
Private
Protected
Private
Private
Protected
Protected
Protected
Protected
Protected
Protected
Protected
Protected
Private
Private
Private
Private
Private
Private
Private
Private
Private

Private

THXRXNDAPNY T

7% A FOBKDR™Ny v =
TX A MODIBNy T2

T XA MDELF Ny v 2
THEABMDISNY V2

FX A RNOPIW A Y &
THFAXARDRSNY T2

7% A RDOSDBM/ Ny ¥ 2

7% A hDOSumBytesy v =
THXRXNDAP Ny T

Ea— RO
Public/Protected = — K D 7iH
BLOB% /v ¥ = ffi 3R
Ny Y 2 R
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